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PREFACE 


The editors are pleased to present the fifth edition of Greenfield’s 
Surgery: Scientific Principles and Practice. The field of surgery has 
changed fundamentally in the years since the first edition of this 
text. Growth in the knowledge base of clinical surgery continues 
exponentially. Surgical practice has been transformed through 
advancements in physiologic and cellular investigation, integra¬ 
tion of new techniques derived from imaging and robotics, from 
the concept of patient-centered care, and from the emerging field 
of biocomputation. The accelerating pace of scientific progress 
demands rapid adoption of new ideas into surgical therapy and a 
commitment to lifelong learning. Accordingly, the new edition of 
Greenfield’s Surgery seeks to integrate new scientific knowledge 
with evolving changes in surgical care. 

The fifth edition has been enhanced in every way, with changes 
to the book’s editorial board, authorship, content, organization, 
and visual presentation. The fifth edition of Surgery: Scientific 
Principles and Practice reflects the founding principles and guid¬ 
ance of Lazar J. Greenfield, MD. His perceptive wisdom helped to 
create a truly unique book that balances scientific advance with 
clinical practice. With this new edition, we welcome a new editor— 
Diane M. Simeone, MD. Her expertise, energy, and vision have 
invigorated this volume. 

We have solicited contributions from well over 200 authors, all 
chosen because of their scientific and clinical sophistication. Each 
contributor is currently an active practitioner in the field of surgery. 
Moreover, many have presented seminal articles and developed the 
new concepts in their disciplines that are featured in the text, for 
example, the new chapter “Policy Approaches to Improving Surgi¬ 
cal Quality.” Advances ranging from health services research to 
endovascular therapy mark the book as truly unique. 

Organizationally, the book begins with topics of broad rele¬ 
vance to the practice of surgery, followed with chapters arranged 
by organ system. Trauma and transplantation are presented in the 
form of separate sections rather than subdivided chapters. The 


content within each has been presented as individual chapters in 
appreciation of the significance of each topic. 

The book has been designed to create a text that not only looks 
better but also works better. The text is produced in a full range of 
colors, creating both visual impact and more opportunity to con¬ 
vey information quickly and with greater meaning. We continue 
our commitment to superb medical art in the form of line draw¬ 
ings—all created by a single artist. These illustrations have been 
enhanced to ensure a presentation that maximizes teaching effec¬ 
tiveness and clinical utility. Each chapter begins with a series of 
highlighted key teaching points, which are referenced within the 
text that follows. Individually numbered decision-making algo¬ 
rithms are featured throughout the book to provide diagnostic 
and management information in a simplified format. Tables carry 
classification bars, such as Diagnosis or Results, useful both when 
scanning the text for information and when accessing the book’s 
contents digitally. The most important articles and chapters on the 
topic are highlighted in the reference list. 

The fifth edition continues to be highly integrated with a new 
electronic format to provide supplemental educational material. 
These materials include review questions for reinforcement of 
concepts and for board examination preparation. Access to sup¬ 
plemental content produced by Lippincott Williams & Wilkins is 
an additional advantage of this electronic integration. 

Today, Greenfield’s Surgery: Scientific Principles and Practice 
has become the gold standard text in the field of Surgery. The edi¬ 
tors continue their commitment to the education of contemporary 
surgeons, and to improved care of the patients that they serve. We 
believe that with the many improvements implemented in this fifth 
edition, it will continue be the text by which all other surgery texts 
are judged. 

Michael W. Mulholland, MD, PhD 
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CHAPTER 1 ■ READING EFFECTIVELY TO ATTAIN 

PROFICIENCY IN SURGERY 

RICHARD H. BELL, Jr., LINNEA S. HAUGE, AND DEBRA A. DaROSA 


KEY POINTS 


Q During a residency in surgery, the successful surgeon-to-be 
advances from a novice, who must follow rules to achieve 
good outcomes, to becoming proficient, which means that 
accumulated knowledge and experience allows him/her to 
respond correctly to situations in a more automatic and 
effortless manner. 

Q Real learning (more than just memorization for the short 
term) occurs when information becomes stored in long 
term memory. Learning with understanding occurs when 
the student or resident has accumulated sufficient knowl¬ 


edge in long-term memory that he/she recognizes familiar 
patterns in the new situations that are encountered. 

Q Reading is a critical tool for acquiring surgical knowledge. 
Reading that leads to deep understanding can be facilitated 
by conscious strategies before, during, and after reading that 
increase the likelihood that information will be retained in 
long-term memory and be accessible when needed. 

Q The student of surgery can and should develop conscious 
strategies for assessing the extent to which their reading 
results in deep comprehension of the educational material. 


LEARNING, MEMORY, AND 
PROGRESSION TO EXPERTISE 


If you are reading this book, the chances are high that you will 
be (or are or have been) a surgery resident on the first day of 
your first rotation of your first year. Imagine (or remember) the 
call to the emergency room to evaluate a new patient with a 
complex problem, perhaps a 70-year-old male with an upper 
gastrointestinal hemorrhage and known coronary artery dis¬ 
ease. By that point in your education as a doctor, you will have 
learned enough basic rules about resuscitation to take a few 
steps—check the airway, start an intravenous line, send off 
blood for a type and cross match, perhaps place a Foley 
catheter. Soon, however, your knowledge, skills, and abilities 
are overwhelmed by the complexity of the situation. Perhaps 
the patient’s blood pressure falls, or the electrocardiogram pat¬ 
tern changes. Chances are that you turn at that point to a 
senior or chief resident, who comes to your aid, seemingly cool 
in the face of chaos, and makes precise and rapid adjustments 
in the patient’s treatment, develops a rapid differential diagno¬ 
sis, and orders the appropriate diagnostic testing. Finally, the 
attending surgeon arrives with an air of confidence born of 
experience, seems to recognize the problems immediately, and, 
after an incisive set of questions, makes a decision to take the 
patient to the operating room. What has happened to allow 
the senior resident or senior surgeon to achieve that level of 
competence and confidence? 

The beginning of a surgical residency marks the start of a 
new way of learning. Prior to that time, you may well have 
invested effort in accumulating knowledge of facts or under¬ 
standing of concepts that you knew you were extremely 
unlikely to ever need beyond the next examination. Suddenly, 
however, as a resident you are placed in a situation where you 
need to rapidly acquire information that you can use to build 
a sophisticated understanding of diseases and operations. You 
have a huge amount to learn and don’t have much time to 
waste on nonproductive educational activities. Much more 
than ever before, you need to retain the information you have 
encountered, store that information in ways that allow you to 


retrieve it in the future, and relate the information to other 
pieces of information you have acquired. 

How can we describe the transition from the first-year res¬ 
ident with a limited repertoire to the respected senior surgeon? 
A model that is widely used is the Dreyfus model, 1 originally 
used to describe the performance progression of U.S. Air Force 
pilots. The Dreyfus system (Fig. 1.1) specifies five levels of 
accomplishment: novice, advanced beginner, competent, profi¬ 
cient, and expert. 

A novice is capable of following rules, but not capable of 
changing the rules to adapt to new circumstances or knowing 
when the rules don’t apply. For example, the novice is capable 
of generating a standard set of postoperative orders, but 
would not be able to significantly modify them for individual 
patients. When the novice sees a patient, he or she has had so 
little experience that he or she cannot call on mental images of 
a disease—the novice is forced to depend on analytic reasoning 
to try to tie the pathophysiology he or she has studied to symp¬ 
toms and signs. The advanced beginner still functions largely 
on the basis of rules, but begins to develop some flexibility in 
applying them. The advanced beginner has had enough clinical 
experience to begin to recognize patterns in the patients he or 
she has encountered. 

The competent surgeon begins to identify patterns in situ¬ 
ations and has started to develop mental models of diseases 
and operations that guide his or her decision making. To a 
limited extent, the competent surgeon is able to apply knowl¬ 
edge of the known to new and unknown situations. At this 
stage, experience begins to supplant rules. The competent 
surgeon also begins to accept responsibility for the care of 
the patient and becomes more emotionally involved with 
patients. 

The proficient surgeon is able to effortlessly recognize 
many situations, drawing on his or her extensive real-world 
experience and significant prior learning stored in memory. 
The proficient surgeon may appear to operate from instinct 
because of the fluidity of his or her decision making, but the 
“instinct” is derived from a store of experience that has cre¬ 
ated models that allow the surgeon to choose quickly among 
competing scenarios. 
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FIGURE 1.1. The Dreyfus model of performance (see also Carraccio 
C, Benson B, et al. From the educational bench to the clinical bedside: 
translating the Dreyfus developmental model to the learning of clinical 
skills. Acad Med 2008;83:761-767). 


Finally, the expert seems to “always get it right.” The expert 
routinely comes up with an optimal performance and appears 
to do it effortlessly. The expert’s mental models of disease are 
so strong that he or she recognizes atypical features of cases 
that others miss. The expert may depend so much on “second 
nature” that he or she actually has difficulty describing his or 
her decision-making process. In general, the development of 
expertise in a given area takes 10 years or more. Most experts 
in surgery have focused on a particular area of surgery for 
decades. 


The Science of Learning and Memory 

The activities of your brain are conducted by cells, of which 
there are approximately 1 trillion. The number of brain cells 
does not increase during life; rather, the development of the 
brain results from increasing complex connections made 
between the brain’s neurons, of which there are about 100 bil¬ 
lion, the remainder of the brain cells being glial cells that orga¬ 
nize and support the neurons. Neurons communicate with 
each other via dendrites and axons, the dendrites carrying 
impulses to the neuron and the axon carrying impulses from 
the neuron to the dendrites of surrounding neurons. Because 
an individual neuron can have thousands of dendrites, the 
number of possible interactions between cells becomes almost 
unlimited. 

Learning occurs when the brain acquires new information; 
memory is the process through which that information is 
retained and stored for later retrieval. 2 When learning occurs, 
certain neurons start to function together. Repeated activation 
of those neurons makes subsequent activations faster and in 
some cases automatic, leading to the creation of memory. 
Storage of learning in memory in turn activates additional neu¬ 
ronal connections and associations. 

Memory appears to be of three types: immediate memory, 
working memory, and long-term memory. Immediate mem¬ 
ory allows you to recall enough information to quickly per¬ 
form a task such as entering a patient’s name into a computer 
and spelling it correctly. Working memory confers the ability 
to process information during the completion of tasks that 
take minutes to hours. Long-term memory refers to the stor¬ 
age of information for months or years. Storage of this type 
of information starts with the information being encoded by 
the hippocampus, which then exports it to long-term storage 
Q areas. A very important goal in surgical education is to increase 
the likelihood that important information will be retained and 
stored in long-term memory. Two factors that have been shown 


to be important in ensuring retention are sense and relevance. 
Sense implies that the information fits in with the learner’s pre¬ 
vious experience. Relevance means that the information is 
much more likely to be retained if it has meaning for the learner 
and is related to the learner’s real-life activities. Both of these 
principles are very important to keep in mind in the training of 
surgeons. As a resident, trying to read about endocrine surgery 
may not be very effective in promoting long-term memory if 
you are in the midst of a demanding vascular surgery rotation 
and have not had previous exposure to very many patients with 
endocrine problems. 


Learning with Understanding 

Learning with understanding occurs when the learner can 
make sense of new information in light of previous experience 
and can also see that the information is relevant to his or her 
learning needs. As one learns with understanding, pieces of 
information begin to relate to each other and eventually infor¬ 
mation is clustered in “mental models” or “scripts.” Material 
that is learned with understanding can not only be recalled 
but can also be used when novel but related situations are 
encountered. Recent work suggests that it is the elaborateness 
and depth of these “illness scripts” that characterize the 
expert physician. 3 Learning with understanding is not easy. 
As noted previously, learning with understanding can be quite 
difficult if the learner is not sufficiently familiar with a subject 
to be well positioned to learn more. Sometimes the prior 
information that a learner possesses about a subject is incor¬ 
rect and is difficult to eradicate. In surgery, learning with 
understanding is complicated when the learner is presented 
with conflicting information or misinformation from faculty 
or reading materials. 

The remainder of this chapter deals with reading and how 
one can use a textbook in a way that is most likely to lead to 
learning with understanding and timely progress toward pro¬ 
ficiency or expertise. Surgeons learn in many ways, and some 
are undoubtedly inclined to rely more on “doing” than read¬ 
ing. Reading is critical to learning to become a surgeon 
because it is a major way that experts transmit their accumu¬ 
lated understanding to those who are at lower stages in their 
comprehension. It is very hard to think of another way of 
learning that does this more efficiently. Having said this, read¬ 
ing is often not done well, not done efficiently, and not done 
at the right time and place. In the ensuing pages, we hope to 
offer practical advice about using this textbook and other 
printed materials to your maximal advantage in your surgical 
career. 


READING FOR RETENTION AND 
TRANSFER—REMEMBERING 
FOLLOWS UNDERSTANDING 


How do you read a chapter and more easily remember the 
material? What study strategies enable you to read efficiently, 
yet also permit you to retrieve the information from memory 
for use in patient care and on examinations? Why is it that 
sometimes you are asked a question on a topic about which 
you remember reading, but your recollection of the details is 
clouded? These are common concerns expressed by surgeons 
working to build and maintain a solid knowledge base in an 
era when the amount of knowledge is doubling every 18 
months. 4 In this portion of the chapter, we will explain 
approaches individuals may take to learn new information and 
then describe reading and study activities that promote deep 
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understanding and help translate new information into retriev¬ 
able knowledge. 


Surface Versus Deep Structured 
Learning Approaches 

The retention of information in long-term memory is affected 
by a student’s approach to learning. Individuals have tenden¬ 
cies to use either a surface or deep structured approach to 
reading and studying, although any given individual may 
change his or her approach at times. Readers who take a sur¬ 
face approach read “on autopilot,” not processing or fully 
thinking about the information being read. These individuals 
may go through the motions of highlighting sections in the Q 
text, but they don’t carefully choose key points. These learners 
tend to memorize facts indiscriminately, treat what is being 
read as unrelated bits of information, and find difficulty in 
later explaining what they read in their own words. 5 Surface 
readers glean satisfaction from the number of pages “cov¬ 
ered,” but then have difficulty remembering the content 
because the words were never translated into personally mean¬ 
ingful information. Surface-level readers search for facts that 
might appear on the test but not for the meaning of the text. A 
surface approach leads to temporary and superficial engage¬ 
ment with the educational material and does not promote 
long-term retention or understanding because little active 
thinking occurred during reading. A negative association has 
been reported between the surface study approach and exam 
performance. This approach is common in learners who are 
stressed, have performance anxiety, have little interest in the 
topic, possess limited time management skills and try to read 
too much in too little time, or lack the ability to discriminate 
between essential and less important concepts, thereby missing 
“the forest for the trees” and drowning in information 
overload. 6 

In contradistinction, deep structured learners are motivated 
by natural curiosity and a genuine need to know. Their pur¬ 
pose for reading is to acquire information that is considered 
relevant and personally meaningful. They take control of their 
own learning and seek to fully understand a topic. They rec¬ 
ognize when they understand what is being read, and also rec¬ 
ognize when they need more or different information to fully 
comprehend the material. These learners mentally engage with 
the information they read by questioning the material, asking 
themselves about key points, analyzing the material for rela¬ 
tionships with what they already know through experience or 
prior knowledge, and identifying underlying principles to 
guide their thinking. A deep structured learning approach is an 
active, integrative process. It results in learners translating the 
words, charts, and other forms of information into an orga¬ 
nized mental picture. This deep and structured approach leads 
to long-term retention. 7 


Study Considerations and Strategies 

Some readers fall asleep while reading, or find themselves hav¬ 
ing to reread a paragraph several times. Others commit to 
studying for a block of time, only to start hours later because 
they found other things to do. Active reading requires a per¬ 
son’s full attention. Even with the best of intentions, a reader’s 
success can be compromised if concentration is lacking. It is 
important to minimize or eliminate visual or auditory distrac¬ 
tions and to improve the study environment if there is poor 
lighting, clutter, or uncomfortable seating. Internal distractors 
(hunger, performance anxiety, sleepiness, etc.) require atten¬ 
tion as well. In order to use study time well, keen and consis¬ 
tent concentration are needed. 8,9 

Table 1.1 demonstrates a three-step reading approach designed 
to promote deep structured learning. 10 In the first stage, learners 
prepare before reading by activating their prior knowledge and 
setting themselves up to read with a purpose. The second stage 
suggests ways to process the information while reading and make 
it personally meaningful. The last step reinforces the need to revisit 
and rehearse what was read to better transfer the information 
from short-term to long-term memory. 


Before Reading: Activate Prior Knowledge 

There is a well-established correlation between prior knowledge 
and reading comprehension. 11,12 Before reading new material, 
the learner should carefully reflect on what he or she already 
knows about the topic and how it relates to other subjects 
already studied. Prior knowledge is the foundation upon which 
new information is built. A person with a high level of prior 
knowledge on a given topic can comprehend what is being read 
in less time and with less effort than a person who has limited 
experience or knowledge about the subject. Prior knowledge 
helps learners construct concepts and make meaning out of what 
is being read. 13,14 By activating existing knowledge about a topic 
before reading more about it, the learner can identify knowledge 
gaps and then actively read with the clear aim to fill them. Sev¬ 
eral strategies exist for activating one’s prior knowledge, includ¬ 
ing reflection and recording, interactive discussions, question 
and answer development, hypotheses development, and deciding 
what information about the subject matters the most. 

Reflection and Recording. One of the simplest methods is 
to bring to mind the subject and note what you know about it. 
You can revisit existing knowledge by listing the chapter head¬ 
ings and subtitles and documenting what you already know. For 
example, assume that a chapter entitled “Shock” lists eight sub¬ 
titles: pathophysiology, evaluation of shock, classification of 
hemorrhage, treatment of hemorrhagic shock, resuscitative flu¬ 
ids, special situations, experimental resuscitative fluids, and 
complications of shock. The process of briefly recording what 


TABLE 1.1 


STRATEGIES TO ACHIEVE DEEP STRUCTURED READING 


■ BEFORE READING 

■ DURING READING 

■ AFTER READING 

Activate prior knowledge: 

Take notes: 

Rehearse: 

■ Reflect and record 

■ Pictorial: Flow charts, maps, 

■ Periodic reviews 

■ Discuss 

diagrams 

■ Self-assessment 

■ Identify questions 

■ Verbal: Cornell method 

■ Summarize 

■ Make predictions 

■ Combined: Virtual Web page 


■ Decide what matters most 

design 
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you already know about each of these areas stimulates memory, 
clarifies what is known, and highlights learning gaps or needs. 
This prepares you to read actively and selectively to fill knowl¬ 
edge voids while also efficiently verifying that your comprehen¬ 
sion in areas where you have prior knowledge is sufficient. 

Interactive Discussion with Others. Some people acti¬ 
vate prior knowledge best through verbal exchange with 
others. Talking with a colleague about a specific topic can help 
highlight key points to be studied, highlight lessons learned 
through personal experiences, and clarify one’s understanding 
about the topic. These discussions can also yield important 
questions about the topic that require attention as well as 
provide an organizational structure for thinking about the 
subject. 

Question Development. Generating questions about a 
topic prior to reading helps you articulate what you think is 
important to know. It encourages you to think broadly about 
the subject and anticipate what information might be needed 
to take care of a patient with the given disease. You might 
anticipate a question posed by faculty or on an exam, or con¬ 
nect the topic with a patient care problem you’ve heard about, 
personally encountered, or anticipate being faced with in the 
future. When authoring questions on a topic, you should 
include questions related to word definitions, cause-effect 
relationships, and comparison-contrast information (how do 
the symptoms of appendicitis differ from other diseases caus¬ 
ing abdominal pain?). The process of asking questions about a 
topic (I wonder why. . . .; what causes. . .?; how is X similar to 
Y. . .?; how is it different than Z. . .?; what if the patient is. . .?) 
requires you to think deeply about what you don’t understand 
about the topic so reading can be focused to address identified 
learning needs. Noting questions before reading and then 
recording the answers while reading activates preknowledge, 
links the new information to forethought, and helps translate 
what is read to real-life situations, which makes the informa¬ 
tion all the more memorable. 

Prediction or Hypothesis Development. Learners bene¬ 
fit from making predictions about various aspects of a topic by 
tapping into what they already know and predicting how it 
relates to the subject under study. For example, if reading 
about rectal cancer, the reader might predict that multimodal¬ 
ity therapy is frequently employed, based on his or her preex¬ 
isting knowledge of pelvic anatomy and lymphatic drainage 
and past experience with other gastrointestinal malignancies. 
By hypothesizing answers to key knowledge gaps, readers can 
test their assumptions through focused reading. 

Deciding what Matters Most. Because time for study is 
limited, it is helpful to pause before reading about a topic to 
think about which aspects of it are critical, important, or use¬ 
ful to know. Focusing your reading can be done by any of the 
methods previously mentioned, as well as by simply listing 
personal learning objectives such as, “By the end of this study 
period concentrating on benign breast disease, I want to be 
able to do the following: (a). . .; (b). . . .” This process activates 
prior knowledge by determining what components of the topic 
are most important to you so you can then actively read the 
chapter with your objectives guiding your study. 


During Reading: Taking Notes 

If you don’t possess a photographic memory or an expert’s 
large store of prior knowledge on a subject so that material 
being read can be easily organized into long-term memory, note 
taking is needed or the material will be easily forgotten. It is 
inefficient to re-read each chapter or even review “highlighted” 


paragraphs. Interactive note taking leads to stronger memories 
and improved concentration while reading. According to Pauk 
and Owens, 15 note taking focuses attention on what is being 
read, which strengthens the original memory trace of the mate¬ 
rial. In addition, it results in a document available for later review 
and reinforcement. The aim is to create condensed notes driven 
by the identified learning needs from the “Before Reading” exer¬ 
cises described earlier, formatted for efficient future review and 
self-testing. Three note-taking methods are described in this sec¬ 
tion: visual notes, verbal notes, and combined visual/verbal 
notes. 

Visual Notes. Visual notes help learners organize informa¬ 
tion because they show relationships and hierarchies of con¬ 
cepts. Types of graphic organizers include tables, pictures, 
flowcharts, mind maps, and diagrams. 16 Graphic organizers are 
often already published in the text and serve to highlight the 
importance of the information. Reading the published version, 
however, is less useful than constructing your own because cre¬ 
ating your own version requires more information processing. 
Nevertheless, it can be useful to copy graphic organizers from a 
book to carry in a lab coat pocket to review during windows of 
available time or access when a clinical opportunity arises. 
Another strategy is to omit the data in parts of the published 
graph and later “fill in the blanks” to further reinforce under¬ 
standing and retention. 

Tables are useful for comparing and contrasting common 
types of details across variables. For example, a table would be 
helpful to learn about the various imaging techniques for pan¬ 
creatic cancer. The column headings might include “Name of 
Test,” “Cost,” “Risks,” “Sensitivity,” “Specificity,” and “Posi¬ 
tive Predictive Value.” This approach allows you to extract 
information from the book’s narrative and place it in the correct 
location in the table format. The finished table enables you to 
compare and contrast the tests and create a “big picture” view 
of the multiple factors involved in choosing an optimal diagnos¬ 
tic tool. 

A flowchart is a picture of the separate steps of a process in 
sequential order. Translating the material you read into a flow¬ 
chart helps you think through “if-then” scenarios and can 
uncover your incorrect or unclear decision pathways. After 
reading a segment of a chapter on a particular disease entity, 
you can, for example, draw a scheme for working up a jaun¬ 
diced patient or create an algorithm for the treatment of pul¬ 
monary embolus. 

Mind maps, sometimes referred to as concept maps, relate 
facts or ideas to other facts or ideas. Relationships and pat¬ 
terns across information are easily seen in mind maps. A mind 
map is a structured graphic display of an individual’s concep¬ 
tual scheme within a well-circumscribed domain. 17,18 There 
are various approaches to developing mind maps, but most 
methods share similar steps. The first step, the brainstorming 
stage, occurs by drawing or writing the topic in the center of 
the page (Fig. 1.2). If the chapter under study is about gastro¬ 
esophageal reflux disease (GERD), the reader would write the 
word “GERD” in the middle of a large sheet of blank paper. 
Lines are then drawn from the center topic outwardly to rep¬ 
resent the main ideas or categories that are written or illus¬ 
trated in the reading. Subheadings from the book could be 
used for these “spokes,” or the reader can choose his or her 
own collection of key ideas. For example, one spoke might have 
printed on it “Diagnosis” and a second spoke may contain the 
word “Treatment.” A third spoke might be “Epidemiology,” 
and a fourth might read “Complications.” Given that our minds 
don’t think in a linear fashion, mind or concept maps enable 
readers to build branches and subbranches onto the main spokes 
or build more main spokes, depending on what they are thinking 
at the time. Any number of branches can be added to the major 
spoke lines. Learners continue to build their maps as their 
thoughts and “search and find” mental association powers are 
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Endoscopy 



FIGURE 1.2. A basic “mind map” deal¬ 
ing with the topic of gastroesophageal 
reflux. 


unleashed. Mapping allows for free-flow thinking and sponta¬ 
neous thought and decreases the chances of premature closure 
about a topic or subtopic, which typically happens when using 
an outline approach. 

Once the initial brainstorming map is completed, the “orga¬ 
nizational stage” needs to occur. In this phase, readers redo 
their mind maps, sequencing the branches in sort of meaning¬ 
ful order. During this phase, readers may see hierarchies or new 
associations that can serve as a basis for organizing or modify¬ 
ing the map’s branches or subbranches. Additional details on 
how to construct mind maps are published elsewhere. 19 

Other types of graphic organizers include diagrams or pic¬ 
tures. The latter can be helpful, for example, in summarizing a 
segment of a chapter that describes anatomy. Anatomic pic¬ 
tures can either be drawn or copied from the Internet or other 
printed source and used to note structures. Creating graphics 
helps readers activate background knowledge, strengthens 
metacognitive skills, strengthens their ability to construct 
meaning from the printed word, and reinforces understanding. 

Verbal Notes. Research suggests that underlining (or high¬ 
lighting) while reading leads to greater understanding than 
reading alone, but writing notes while reading is significantly 
better for retention than underlining. Creating summaries in 
your own words of the material you read is critical to con¬ 
verting learning into memory. If notes can’t be done easily, 
then the information is not well enough understood to be 
incorporated for the long term. One note-making system 
worth considering is the Cornell method. 15 This method, pic¬ 
tured in Figure 1.3, provides a format for condensing and 
organizing notes. It makes use of paper with a 2.5-inch mar¬ 
gin on the left and a 6-inch area on the right in which to write 
notes. While reading, you write cue words in the left margin 
and key phrases or points in the right. Later, when reviewing 
notes, you can view the cue word while simultaneously cover¬ 
ing up the key phrases to discern whether you can extempo¬ 
raneously come up with the key points. For example, while 
studying the principles of tumor biology, cue words in the left 
margin might read “how cancers develop,” “role of the host,” 
“clinical staging,” etc. The bottom 2 inches of the page are 
used to write summary information or to note areas that need 
additional study. Templates for the Cornell method note for¬ 
mats and instructions about how to use them can be found on 
the Internet. 

Combined Methods. There are many ways you can inter¬ 
act with the material you read, be it verbally or visually. With 
today’s technology, you could set up a Web page for your read¬ 
ing notes. The Web page could include visual and verbal notes, 
all organized using a structure that makes sense to you. 


After Reading: Rehearse 

The importance of reviewing and rehearsing notes cannot be 
overemphasized in terms of its importance to long-term 
memory. Rehearsing material repeatedly helps it become 
“overlearned” and thus embedded in your memory. The pas¬ 
sage of time can be detrimental to memory, but returning to 
review notes at the start of each study session can signifi¬ 
cantly increase retention. There is consistent evidence that 
the process of rehearsal and recitation transfers information 
from short-term memory into long-term memory. 20 Recita¬ 
tion or rehearsal can include reflecting on the topic, writing 
about it, answering the questions you posed at the prereading 
stage, and/or talking to yourself or others about it. It is best 
to write or talk aloud when rehearsing because it involves 
multiple senses, which increases the chances of remembering 
the material. Consider reviewing by offering to teach the 
topic to others—“to teach is to learn twice.” When reviewing 
information, you will be more successful if your notes are 
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FIGURE 1.3. The Cornell method for note taking (see also Pauk W, 
Owens R. How to Study in College , 8th ed. Boston, MA: Houghton 
Mifflin Company Publishers; 2005). 
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organized in a manner that supports a systematic search, 
such as by hierarchies or categories. The rehearsal process 
requires processing the information by analyzing it, not merely 
reciting it. 

Self-assessment is a helpful form of rehearsal. Multiple- 
choice practice exams are convenient, but open-ended ques¬ 
tions allow for a richer interaction with the material and avoid 
some of the artifact in multiple-choice questions that is intro¬ 
duced by distractors. In summary, rehearsal is a critical part of 
learning. Periodic and consistent review will help you refresh 
and build your memory. 


MONITORING YOUR LEVEL OF 
READING COMPREHENSION 


Early in your education, your teachers helped you develop 
strategies to assess and improve reading comprehension. These 
strategies, known as comprehension monitoring , are likely so 
engrained in your reading process that now you give little 
thought to them. 

Comprehension strategies are “specific, learned procedures 
that foster active, competent, self-regulated, and intentional 
reading.” 21 The number and type of comprehension monitor¬ 
ing strategies that you use is predictive of retention. 22 There¬ 
fore, it is recommended that you do a personal inventory of 
your strategies before embarking on the difficult task of read¬ 
ing a surgery textbook to ensure that you are using your read¬ 
ing time as effectively as possible (Table 1.2). 

Your goals for text comprehension should be related to 
your desired outcome. If you are reading to learn and 
remember the factual answers to questions you anticipate 
will be asked of you during an upcoming conference, your 
strategies may be confined to recitation or listing. If your 
goal is to understand how or why a patient responds to a 
particular drug, your need for deeper processing requires 
that you use more elaborate comprehension monitoring 
strategies such as schematic mapping or written summaries. 
Studying for a high-stakes examination, such as the American 
Board of Surgery Qualifying or Certifying Examination, requires 
more elaborate comprehension strategies aimed at deeper pro¬ 
cessing. 


TABLE 1.2 


SUMMARY OF POSSIBLE STRATEGIES FOR MAXIMIZING 
READING COMPREHENSION 

■ Select reading materials of appropriate difficulty, suitable 
for academic progress and purpose 

■ Identify sources of potential personal bias or error in 
judging reading comprehension 

■ Do massed re-reading to improve fluency and/or 
immediate recall 

■ Use deep structured reading approach to improve 
understanding and retention 

■ Discuss reading content with colleagues to gauge your level 
of understanding 

■ Use self-assessments such as review guides or question 
banks 

■ Select self-assessment materials that are similar in 
format and difficulty to your targeted purpose for 
reading 

■ During self-assessments, stop and reflect on 
justifications for answering questions 


Comprehension monitoring is a metacognitive activity that 
includes self-evaluation and self-regulation. Self-evaluation 
refers to whether or not you understand what you have read. 
Self-regulation is the act of taking steps to correct problems 
you detect during self-evaluation. Of importance in this 
process is a sincere attempt to judge future performance—in 
other words, “do I understand this well enough now to do well 
on a future test? Or make a diagnosis in a patient?” The judg¬ 
ments you make about future performance impact what and 
how much you study, so honest and accurate self-assessment is 
important. 

Being familiar with one’s own limitations about knowl¬ 
edge, memory, and performance under stress is critical for 
enhancing accurate judgments about future comprehension 
performance. Accurate predictions require perspective, a 
capacity for self-criticism, and an understanding and accep¬ 
tance of biases that lead to cognitive error. 23,24 Cognitive dis¬ 
positions to respond (CDRs) to situations in predictable ways 
can lead to errors in critical thinking. An example of a CDR 
that can lead to cognitive error is “search satisfying,” which 
occurs when a search is called off once something suitable is 
found. In diagnosing a source of pain, for example, a plausible 
explanation is encountered, causing you to cease the search for 
others. Awareness of these pitfalls and using a strategy for 
reducing cognitive error (continuing your search for other 
potential causes of pain) are known as cognitive forcing strate¬ 
gies. Getting perspective and reflecting on one’s thinking 
process during reading, or in clinical situations, is an effective 
means for avoiding or minimizing potential errors in critical 
thinking. 23 

The judgments you make about reading comprehension 
are limited by the subjectivity inherent to self-evaluation. 25 The 
more familiar you are with a topic, the more likely you will 
overestimate your comprehension of it. 26 While we recommend 
that you read about topics related to your current rotation and 
patient encounters in order to take advantage of the retention 
effect of activating prior knowledge, be aware that when you 
are reading about a topic of immediate familiarity, you may 
overestimate your understanding of the material. Using a range 
of evaluation strategies to monitor your comprehension can 
help to avoid misinterpreting familiarity as understanding. 

The more coherent or easier textual material is to process, 
the higher you will judge your comprehension to be. 26 Reading 
texts and review guides that provide abbreviated overviews of 
surgical topics may be an expeditious way to cover a topic. 
However, the easier-to-process text may give you the misim- 
pression that you comprehend more than you actually do 
about the subject you are reading. 

Massed re-reading, or reading text twice in a row, has been 
shown to improve memory of information in the text on free 
recall and also improve the accuracy of comprehension moni¬ 
toring. 27 However, recent studies of massed re-reading com¬ 
pared to single reading demonstrate that massed re-reading is 
not an effective means of improving performance on multiple- 
choice tests. 28 Re-reading may be valuable when content is not 
familiar. However, the fluency gained during a re-read can be 
misunderstood as improved comprehension when, in fact, 
massed re-reading alone does not typically result in the deeper 
processing necessary for the level of comprehension that leads 
to retention. 

Comprehension accuracy can be improved by reducing 
uncertainty about the context in which you will need to recall 
information. 26 Familiarizing yourself with the examination 
format and with the type of information that will be targeted 
in the test can improve your judgment about your readiness. 
Another recommendation for improving accuracy of judg¬ 
ments about comprehension involves using colleagues to 
anchor your judgments. Reducing the subjectivity inherent in 
self-evaluation can be accomplished by talking with others 
about the text after reading it. 







Using your performance results from previous exams can 
serve as an effective guide for reading goals. A review book 
that mirrors the complexity of the questions you will face on 
an exam can also help reduce the uncertainty you may have 
about your future comprehension performance. Using a good 
review guide or question bank in conjunction with your text¬ 
book reading can both help you become familiar with test 
format and assess your retention. While taking practice tests, 
stop at intervals to review your answers (e.g., every 10 ques¬ 
tions) and consider your justification for the responses you 
gave. This type of self-assessment has been shown to improve 
future test performance, a result attributed to the critical 
thinking or reasoning required by the process. 29 Rephrasing 
and justification about reasoning are also metacognitive 
strategies that can improve retention and future comprehen¬ 
sion performance. 
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CHAPTER 2 SUBSTRATE METABOLISM 

IN SURGERY 

STEVEN E. RAPER 


KEY POINTS 


Q Intermediary metabolism—as the metabolic manipulation 
and balancing of ingested carbohydrate, fat, and protein— 
ultimately can process all nutrients to acetyl coenzyme A 
(CoA) for energy production in the citric acid cycle. 

Q Glucose must always be available for brain function; if not 
available directly from the diet, it can be mobilized for a 
brief period from glycogen stores and then derived from 
proteins in the liver and kidneys. 

Q Free fatty acids are a direct source of energy catabolized by 
cardiac and skeletal muscle. 

Q Hepatic protein synthesis, when excess amino acids are 
available, includes albumin, fibrinogen, and apolipopro- 
teins and can reach 50 g per day. 


Q The citric acid cycle includes a series of mitochondrial 
enzymes that transform acetyl CoA into water, carbon 
dioxide, and hydrogen-reducing equivalents; the hydro¬ 
gen-reducing equivalents are then transformed into adeno¬ 
sine triphosphate (ATP) by the electron transport chain. 
Each molecule of acetyl CoA that enters the citric acid 
cycle yields 12 molecules of ATP. 

Q Biotransformation of potentially toxic, often hydrophobic, 
compounds into hydrophilic, excretable compounds 
occurs mainly in the liver by the cytochromes P-450, the 
uridine diphosphate-glucuronyl (UDP-glucuronyl) trans¬ 
ferases, the glutathione (GSH) S-transferases, and the sul- 
fotransferases. 
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INTERMEDIARY METABOLISM: 
AN OVERVIEW 


“ [D]o You Have a More Exciting 
Word for ‘Metabolism’?”* 

Intermediary metabolism is the fate of dietary carbohydrate, 
fat, and protein after digestion and absorption. Although 
admittedly intricate, all surgeons should be familiar with the 
chemical reactions by which food is converted to energy. 
Understanding the major biochemical pathways is a prerequi¬ 
site to making use of the rapid—and exciting—expansion of 
medical knowledge directed at improving health beginning at 
the cellular level. Some representative recent advances will be 
discussed at the end of the chapter. 

The major intermediary metabolites are glucose, fatty acids, 
glycerol, and amino acids. Glucose is metabolized to pyruvate 
and lactate by glycolysis. Aerobic metabolism allows conver- 
Q sion of pyruvate to acetyl coenzyme A (CoA). Acetyl Co A 
enters the citric acid cycle resulting in carbon dioxide, water, 
and reducing equivalents (a major source of adenosine triphos¬ 
phate [ATPj). In the absence of oxygen, glycolysis ends in lac¬ 
tate. Glucose can be stored as or created from glycogen. Glu¬ 
cose can also enter the phosphogluconate pathway, where it is 
converted to reducing equivalents for fatty acid synthesis and 
ribose five-carbon sugars important in nucleotide formation. 
Glucose can be converted into glycerol for fat formation and 
pyruvate for amino acid synthesis. Gluconeogenesis allows syn¬ 
thesis of glucose from lactate, amino acids, and glycerol. 

With regard to lipid metabolism, long-chain fatty acids 
arise from dietary fat or synthesis from acetyl CoA. Fatty acids 
can be oxidized to acetyl CoA by the process of /3-oxidation or 
converted to acyl glycerols (fat) for storage as the main energy 
reserve. In addition to the fats noted previously, acetyl CoA 
can be used as a precursor to cholesterol and other steroids 
and in the liver can form the ketone bodies acetoacetate and 3- 
hydroxybutyrate, which are critical sources of energy during 
periods of starvation. 

Proteins are degraded in two major ways: energy indepen¬ 
dent, usually in lysosomes, and energy requiring, usually 
through the ubiquitin pathway. Of amino acids generated in 
protein catabolism, about three fourths are reutilized for pro¬ 
tein synthesis and one fourth are deaminated, with the result¬ 
ing ammonia converted to urea. Amino acids may be divided 
into nutritionally essential and nonessential. Nonessential 
amino acids require fewer enzymatic reactions from amphi¬ 
bolic intermediates or essential amino acids. Each day, humans 
turn over 1% to 2% of total body protein. 


cose and transferring it to the cytoplasm. The rate of glucose 
transport is enhanced (up to 10-fold) by insulin. Given the crit¬ 
ical role of glucose in survival, complex metabolic pathways 
have evolved for the storage of glucose in the fed state, the 
release of glucose from glycogen, and the synthesis of new 
glucose. 

Blood glucose is stored, primarily in liver and muscle, as 
glycogen. Glycogen is a complex polymer of glucose with an 
average molecular weight of 5 million. The liver can convert 
up to 100 g of glucose into glycogen per day by glycogenesis. 
The liver can also release glucose into the blood by glycogenol- 
ysis, which is the breakdown of glycogen, or by gluconeogen¬ 
esis, which is the formation of new glucose from substrates 
such as alanine, lactate, or glycerol. Hormones play a key role 
in the hepatic regulation of glycogen balance. Insulin, for 
example, stimulates glycogenesis and glycolysis; glucagon 
stimulates glycogenolysis and gluconeogenesis. 1 


Glycogenesis and Glycogenolysis 

The first step in glycogen storage is the transport of glucose 
through the plasma membrane. Once in the hepatocyte, glu¬ 
cose and ATP are converted by the enzyme glucokinase to glu- 
cose-6-phosphate (G6P), the first intermediate in the synthesis 
of glycogen (Fig. 2.1). Because complete oxidation of one mol¬ 
ecule of G6P generates 37 molecules of ATP, and storage uses 
only one molecule of ATP, the overall efficiency of glucose 
storage as glycogen is a remarkable 97%. Glycogenolysis does 
not occur by simple reversal of glycogenesis. Each succeeding 
glucose on a glycogen chain is released by glycogen phospho- 
rylase (Fig. 2.2). Eventually, G6P is re-formed. G6P cannot 
exit from cells and must first be converted back to glucose. The 
conversion of G6P to glucose is catalyzed by glucose-6- 
phosphatase, which exists only in hepatocytes, kidney, and 
Q intestinal epithelial cells. Neither brain nor muscle cells, which 
use glucose as a primary fuel source, contain the phosphatase 
enzyme. This lack of glucose-6-phosphatase ensures a ready 
supply of glucose for the energy needs of brain and muscle. 
Liver does not use glucose primarily for fuel but as a precursor 
for other molecules. 


Cell membrane 



CARBOHYDRATE METABOLISM 


The products of intestinal carbohydrate digestion are glucose 
(80%) and fructose and galactose (20%). Fructose and galac¬ 
tose are rapidly converted to glucose, and the body uses glu¬ 
cose as the primary molecule for transport and uptake of car¬ 
bohydrates by cells throughout the body. Blood glucose levels 
are tightly regulated by the liver despite wide fluctuations in 
dietary intake. About 90% of portal venous glucose is 
removed from the blood by liver cells through carrier-facilitated 
diffusion. Large numbers of carrier molecules on the sinu¬ 
soidal domain of the hepatocyte are capable of binding glu- 
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^'Anonymous quote cited in Doenst T, Bugger H, Schwarzer M, et al. Three 
good reasons for heart surgeons to understand cardiac metabolism. Eur J 
Cardiothoracic Surg 2008;33:862-871. 


FIGURE 2.1. The chemical reactions of glycogenesis and glycogenol¬ 
ysis. Glucose-6-phosphatase allows hepatic glucose to be transported 
out of the hepatocyte for use in other tissues. Glucose-6-phosphate, in 
red, plays a central role in carbohydrate metabolism. 
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FIGURE 2.2. Glucagon-stimulated enzyme cascade, responsible for 
the control of glycogen metabolism. Inactive forms are shown in 
black, active forms in blue. 


Glycolysis 

Glycolysis is the pathway—in all mammalian cells—by which 
glucose is converted to pyruvate or lactate (Fig. 2.3). The gly¬ 
colytic pathway is interesting in that glucose can be metabo¬ 
lized in the presence (aerobic) or absence (anaerobic) of oxy¬ 
gen. The aerobic conversion of glucose to pyruvate has three 
effects: (a) a net gain of two ATP molecules, (b) generation of 
two reducing equivalents of the nicotinamide adenine 
nucleotide (NADH + FT + ), or (c) conversion of pyruvate to 
acetyl CoA with subsequent degradation of acetyl CoA in the 
citric acid cycle (see later). The conversion of glucose to pyru¬ 
vate is regulated by three enzymes: hexokinase (glucokinase), 
phosphofructokinase, and pyruvate kinase, which are non- 
equilibrium reactions and as such, functionally irreversible. 

Under anaerobic conditions, NADFT + H + cannot be reox¬ 
idized by transfer of reducing equivalents through the electron 
transport chain to oxygen. Instead, pyruvate is reduced by the 
NADFT + FT + to lactate. Glycolysis takes place in the cyto¬ 
plasm, in contrast to the citric acid cycle, which is a mitochon¬ 
drial process. During times of glucose excess, as in the fed 
state, hepatic glycolysis can generate energy in the form of 
ATP, but the oxidation of ketoacids is a preferred hepatic 
energy source. 

In erythrocytes, a unique variant of glycolysis enhances 
oxyhemoglobin dissociation. The first site in glycolysis for 
generation of ATP is bypassed, leading to the formation of 
2,3-bisphosphoglycerate by an additional enzyme called bis- 
phosphoglycerate mutase. Kinetics of the mutase present in 
erythrocytes allow the presence of high concentrations of 
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FIGURE 2.3. The glycolytic pathway. There is a net gain of two 
adenosine triphosphate molecules per glucose molecule. Phosphofruc¬ 
tokinase is the key regulatory enzyme in this pathway; however, all the 
enzymes in red catalyze irreversible reactions. The pathway shown 
here is active only in the presence of aerobic conditions. 


2,3-bisphosphoglycerate to build up. The 2,3-bisphosphoglyc- 
erate displaces oxygen from hemoglobin, allowing a shift of 
the oxyhemoglobin dissociation curve to the right. 


Gluconeogenesis 

There is an absolute minimum requirement for glucose in 
humans. Below a certain blood glucose concentration, brain 
dysfunction causes coma and death. When glucose becomes 
scarce, as in the fasting state, glycogenolysis occurs. Once 
glycogen stores have been depleted, the liver and kidneys are 
capable of synthesizing new glucose by the process of gluco¬ 
neogenesis. Glucagon is produced in response to low blood 
sugar levels and stimulates gluconeogenesis. Gluconeogenesis 
is not a simple reversal of the glycolytic pathway. In glycolysis, 
as noted previously, the conversion of glucose to pyruvate is a 
one-way reaction. As a result, four separate, functionally irre¬ 
versible enzyme reactions are required to convert pyruvate 
into glucose (Fig. 2.4). These enzymes are pyruvate carboxylase, 
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FIGURE 2.4. The gluconeogenesis pathway. The irreversible nature 
of the glycolytic pathway means that a different sequence of biosyn¬ 
theses is required for glucose production. The enzymes in red catalyze 
irreversible reactions that are different from those in glycolysis. In 
mammals, glucose cannot be synthesized from acetyl coenzyme A, 
only from cytosolic pyruvate. 


phosphoenolpyruvate carboxykinase, fructose-1,6-bisphos- 
phatase, and glucose-6-phosphatase. Other enzymes are 
shared with the glycolytic pathway. 

About 60% of the naturally occurring amino acids, glyc¬ 
erol, or lactate can also be used as substrates for glucose pro¬ 
duction. Alanine is the amino acid most easily converted into 
glucose. Simple deamination allows conversion to pyruvate, 
which is subsequently converted to glucose. Other amino acids 
can be converted into three-, four-, or five-carbon sugars and 
then enter the phosphogluconate pathway (see later). Gluco¬ 
neogenesis is enhanced by fasting, critical illness, and periods 
of anaerobic metabolism. Active skeletal muscle and erythro¬ 
cytes form large quantities of lactate. In patients with large 
wounds, lactate also accumulates. The conversion of lactate 



FIGURE 2.5. The Cori cycle, an elegant mechanism for the hepatic 
conversion of muscle lactate into new glucose. Pyruvate plays a key 
role in this process. 


(through pyruvate) to glucose—a process possible only in the 
presence of oxygen—is an important means of preventing 
severe lactic acidosis (Fig. 2.5). 


Phosphogluconate Pathway 

When glucose enters the liver, glycogen is formed until the 
hepatic glycogen capacity is reached (about 100 g). If excess 
glucose is still available, the liver converts it to fat by the phos¬ 
phogluconate pathway (also known as the pentose phosphate 
pathway) (Fig. 2.6). The cytosolic phosphogluconate pathway 
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FIGURE 2.6. The phosphogluconate pathway. One of the major pur¬ 
poses of this pathway is to generate reduced nicotinamide adenine di¬ 
nucleotide, which can serve as an electron donor and allow the liver to 
perform reductive biosynthesis. 
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can completely oxidize glucose, generating C0 2 and nicotin¬ 
amide adenine dinucleotide phosphate (NADPH) through 
what is known as the oxidative phase. Hydrogen atoms 
released in the phosphogluconate pathway combine with oxi¬ 
dized nicotinamide adenine dinucleotide phosphate (NADP + ) 
to form reduced nicotinamide adenine dinucleotide phosphate 
(NADPH + H + ). 2 The oxidative phase is present only in tis¬ 
sues, such as the adrenal glands and gonads, that require 
reductive biosyntheses such as steroidogenesis or other forms 
of lipid synthesis. Essentially, all tissues contain the nonoxida- 
tive phase, which is reversible and produces ribose precursors 
for nucleotide synthesis. In erythrocytes, the phosphoglu¬ 
conate pathway provides reducing equivalents for the produc¬ 
tion of reduced glutathione by glutathione reductase. Reduced 
glutathione can remove hydrogen peroxide, which increases 
the conversion of oxyhemoglobin to methemoglobin and sub¬ 
sequent hemolysis. 


LIPID METABOLISM 


Lipid Transport 

Lipid transport throughout the body is made complicated by 
the fact that lipids are insoluble in water. To overcome this 
physicochemical incompatibility, dietary triglycerides are first 
split into monoglycerides and fatty acids by the action of 
intestinal lipases. After absorption into the small intestinal 
cells, triacylglycerols are re-formed and aggregate into chy¬ 
lomicrons, which then enter the bloodstream by way of the 
lymph. Chylomicrons are removed from the blood by the liver 
and adipose tissue. The capillary surface of the liver contains 
large amounts of lipoprotein lipase, which hydrolyzes triglyc¬ 
erides into fatty acids and glycerol. The fatty acids freely dif¬ 
fuse into the hepatocytes for further metabolism. Similar to 
chylomicrons, very low-density lipoproteins (VLDLs) are syn¬ 
thesized by the liver and are the main vehicle for transport of 
triacylglycerols to extrahepatic tissues. The intestines and liver 
are the only two tissues capable of secreting lipid particles. In 
addition to chylomicrons and VLDLs, there are two other 
major groups of plasma lipoproteins: low-density lipoproteins 
(LDLs) and high-density lipoproteins (HDLs). LDLs and 
HDLs contain predominantly cholesterol and phospholipid. 

The structure of all classes of lipoproteins is similar. There 
is a core of nonpolar lipids, either triacylglycerols or choles- 
teryl esters, depending on the particular lipoprotein. This non¬ 
polar core is coated with a surface layer of amphipathic phos¬ 
pholipid or cholesterol oriented so that the polar ends are in 
contact with the plasma. A protein component is also present. 
The A apolipoproteins occur in chylomicrons and HDLs. The 
B apolipoproteins come in two forms: B-100 is the predomi¬ 
nant apolipoprotein of LDLs, whereas the shorter B-48 is 
located in chylomicrons. The C apolipoproteins can transfer 
between VLDLs, LDLs, and HDLs. Apolipoprotein D and E 
also exist. Apolipoproteins have several functions in lipid 
transport and storage. Some, such as the B apolipoproteins, 
are an integral part of the lipoprotein structure. Other 
apolipoproteins are enzyme cofactors, such as C-II for lipopro¬ 
tein lipase. Lastly, the apolipoproteins act as ligands for cell 
surface receptors. As an example, both B-100 and E serve as 
ligands for the LDL receptor. 3,4 


are absorbed directly into the portal circulation and are avidly 
taken up by the liver. Lree fatty acids in the circulation are non- 
covalently bound to albumin and are transferred to the hepato- 
cyte cytosol by way of fatty acid-binding proteins. Latty acid 
CoA esters are synthesized in the cytosol after hepatic uptake 
of fatty acids. These fatty acid CoA esters can be converted into 
triglyceride, transported into mitochondria for the production 
of acetyl CoA and reducing equivalents, or stored in the liver as 
triglycerides. The rate-limiting step in the synthesis of triglyc¬ 
eride is the conversion of acetyl CoA to malonyl CoA. Malonyl 
CoA, in turn, inhibits the mitochondrial uptake of fatty acid 
CoA ester, favoring triglyceride synthesis. The liver also contains 
dehydrogenases that can unsaturate essential dietary fatty 
acids. Structural elements of all tissues contain significant 
amounts of unsaturated fats, and the liver is responsible for the 
production of these unsaturated fatty acids. As another exam¬ 
ple, dietary linoleic acid is elongated and dehydrogenated to 
the prostaglandin precursor arachidonic acid. 

Q Under basal conditions, most free fatty acids are catabo- 
lized for energy by cardiac and skeletal muscle. Under condi¬ 
tions of adipocyte lipolysis, the liver can take up and metabo¬ 
lize fatty acids. Although fatty acid synthesis occurs in the 
cytosol, fatty acid oxidation occurs in the mitochondria. Latty 
acid CoA esters bind carnitine, a carrier molecule, and in the 
absence of cytosolic malonyl CoA, they enter the mitochon¬ 
dria, where they undergo /3-oxidation to acetyl CoA and 
reducing equivalents (Lig. 2.7). Acetyl CoA can then take one 
of the following routes: (a) enter the tricarboxylic acid cycle 
and be degraded to carbon dioxide, (b) be converted to citrate 
for fatty acid synthesis, or (c) be converted into 3-hydroxy-3- 
methylglutaryl CoA (HMG-CoA), a precursor of cholesterol 
and ketone bodies. The mitochondrial hydrolysis of fatty acids 
is a source of large quantities of ATR The conversion of stearic 
acid to carbon dioxide and water, for instance, generates 136 
molecules of ATP and demonstrates the highly efficient storage 
of energy as fat. By a process called /3-oxidation, acetyl CoA 
molecules are cleaved from fatty acids. The acetyl CoA is then 
metabolized through the citric acid cycle under normal cir¬ 
cumstances. 

In times of unrestrained lipolysis, such as starvation, uncon¬ 
trolled diabetes, or other conditions of triglyceride mobilization 
from adipocyte stores, ketone bodies—predominantly 3- 
hydroxybutyrate and acetoacetate—are formed in hepatic mito¬ 
chondria from free fatty acids and are a source of energy for 
extrahepatic tissues. Ketogenesis is regulated predominantly by 
the rate of mobilization of free fatty acids. Once in the liver 
mitochondria, the relative proportion of acyl CoA destined to 
undergo /3-oxidation is limited by the activity of an enzyme, 
carnitine palmitoyltransferase-1. Lastly, there are mechanisms 
that keep the levels of acetyl CoA entering the citric acid cycle 
constant, so that only at high mitochondrial levels will acetyl 
CoA be converted to ketone bodies. Even the brain, in times of 
starvation, can use ketone bodies for half of its energy require¬ 
ments. At some point, however, the ability of liver to perform /3- 
oxidation may be inadequate. Under such circumstances, 
hepatic storage of triglyceride or fatty infiltration of the liver can 
be significant, leading to the development of nonalcoholic 
steatohepatitis (NASH). Triglyceride storage by itself does not 
appear to be a cause of hepatic fibrosis, but fatty infiltration 
may be a marker for the derangement of normal processes by 
alcohol or drug toxicity, diabetes, or long-term total parenteral 
nutrition. A specific type of micro vesicular fatty accumulation is 
also seen in a variety of diseases, such as Reye syndrome, mor¬ 
bid obesity, and acute fatty liver of pregnancy. 


Fatty Acid Metabolism 

Most human fatty acids in plasma are long-chain acids (C-16 Cholesterol Metabolism 

to C-20). Because long-chain fatty acids are not readily absorbed - 

by the intestinal mucosa, they must first be incorporated into chy- Cholesterol is an important regulator of membrane fluidity 

lomicrons. In contrast, short-chain and medium-chain fatty acids and is a substrate for bile acid and steroid hormone synthesis. 
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FIGURE 2.7. Diagram of hepatic fatty acid metabo¬ 
lism. Both dietary and newly synthesized fatty acids are 
esterified and subsequently degraded in the mitochon¬ 
dria for energy, first as reducing equivalents, then 
adenosine triphosphate via the electron transport chain. 
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Cholesterol may be available by dietary intake or by de novo 
synthesis. In mammals, most new cholesterol is synthesized in 
the liver from its precursor, acetyl CoA. Dietary cholesterol 
intake can suppress endogenous synthesis by inhibiting the 
rate-limiting enzyme in the cholesterol biosynthetic pathway, 
HMG-CoA reductase. A competitive antagonist, lovastatin, 
can also block HMG-CoA reductase and effectively lower 
plasma cholesterol by blocking cholesterol synthesis, stimulat¬ 
ing LDL receptor synthesis, and allowing an increased hepatic 
uptake and metabolism of cholesterol-rich LDL lipoproteins. 
The structure of the LDL receptor is known and serves as a 
model for the structure and function of other cell membrane 
receptors (Fig. 2.8). 

Cholesterol is lipophilic and hydrophobic, and most 
plasma cholesterol is in lipoproteins esterified with oleic or 
palmitic acid. The liver can process cholesterol esters from all 
classes of lipoproteins. Fiepatocytes can also take up chylomi¬ 
cron remnants containing dietary cholesterol esters. Newly 
synthesized hepatic cholesterol is used primarily to synthesize 
bile acids for further intestinal absorption of dietary fats. A 
large proportion of the bile acids secreted by the liver into bile 
are returned to the liver via the enterohepatic circulation 


(Fig. 2.9). Abnormally elevated levels of cholesterol in VLDLs 
or LDLs are associated with atherosclerosis, whereas FiDL 
levels are protective. 


Phospholipids 

The three major classes of phospholipids synthesized by the 
liver are lecithins, cephalins, and sphingomyelins. Although 
most cells in the body are capable of some phospholipid syn¬ 
thesis, the liver produces 90%. Phospholipid formation is 
controlled by the overall rate of fat metabolism and by the 
availability of choline and inositol. The main role of phospho¬ 
lipids of all types is to form plasma and organelle membranes. 
The amphiphilic nature of phospholipids makes them essential 
for reducing surface tension between membranes and sur¬ 
rounding fluids. Phosphatidylcholine, one of the lecithins, is 
the major biliary phospholipid and is important in promoting 
the secretion of free cholesterol into bile. Thromboplastin, one 
of the cephalins, is needed to initiate the clotting cascade. The 
sphingomyelins are necessary for the formation of the myelin 
nerve sheath. 
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FIGURE 2.8. The low-density lipoprotein (LDL) receptor, an example 
of a transmembrane receptor that participates in receptor-mediated 
endocytosis. The LDL receptor specifically binds lipoproteins that 
contain apolipoprotein B-100 or E. Once internalized, the lipoproteins 
are degraded. AA, amino acids. 


PROTEIN METABOLISM 


Formation and Catabolism of Plasma Proteins 

Q Essentially, all albumin, fibrinogen, and apolipoproteins are 
derived from the liver, which can add up to 50 g of protein to 
the plasma per day. Of the total hepatic protein synthesized, 


75% is destined for export in plasma. Most newly synthesized 
proteins are not stored in the liver, and the rate of protein syn¬ 
thesis is primarily determined by the intracellular levels of 
amino acids. The tertiary structure of many proteins under¬ 
goes posttranslational modification after they have been syn¬ 
thesized in the liver’s rough endoplasmic reticulum (ER). Gly- 
cosylation, or the addition of carbohydrate moieties, occurs in 
the smooth ER. Sialation, or the addition of sialic acid, occurs 
in the Golgi. Glycosylation is important in allowing some pro¬ 
teins to bind with specific receptors for subsequent hepatic 
uptake and processing. Removal of sialic acid residues, or 
desialation, from the terminal galactose molecules of glyco¬ 
proteins allows them to bind to the asialoglycoprotein (ASGP) 
receptor in the liver and undergo degradation. Desialation, 
therefore, is important in the clearance of senescent proteins 
from the plasma. 

Intracellular proteases hydrolyze proteins into peptides, 
and the peptides are in turn hydrolyzed by peptidases. Ulti¬ 
mately, free amino acids are generated. Unlike carbohydrate 
and lipids, excess amino acids are degraded if they are not 
immediately reincorporated into new proteins. Protein degra¬ 
dation occurs primarily by one of two routes. Asialoglycopro¬ 
teins are internalized into lysosomes via receptor-mediated 
endocytosis. The lysosomal enzymes do not require ATP and 
are nonselective in their activities; more than 20 known 
hydrolytic enzymes are present in lysosomes. A second path¬ 
way involves the covalent attachment of ubiquitin, named for 
the fact that it exists in all mammalian cells, targeting proteins 
for destruction. This pathway is ATP dependent and generally 
is used for proteins with shorter half-lives. 5 


Amino Acid Synthesis 

Essentially, all the end products of dietary protein digestion 
are amino acids, which are absorbed by the enterocytes into 
the portal circulation in an ionized state. Liver amino acid 
uptake occurs by one of several active transport mechanisms. 
Amino acids are not stored in the liver but are rapidly used in 
the production of plasma proteins, purines, heme proteins, 
and hormones. Under certain conditions, the amine group is 
removed from amino acids, and the carbon chain is used for 
carbohydrate, lipid, or nonessential amino acid synthesis. 6 

Ten nutritionally essential amino acids must be obtained 
from dietary intake (Table 2.1). However, human tissues con¬ 
tain transferases, which convert the cr-keto acids of leucine, 
valine, and isoleucine so that the corresponding cr-keto acids 
can be used as dietary supplements. The remaining nutrition¬ 
ally nonessential amino acids can be synthesized in one to 
three enzyme-catalyzed reactions. Hydroxyproline and hydrox- 
ylysine do not have a corresponding tRNA and arise by post¬ 
translational modification of proline or lysine by mixed 
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FIGURE 2.9. The enterohepatic circula¬ 
tion of bile acids. The primary bile acids, 
cholic acid and chenodeoxycholic acid, are 
synthesized in the liver from cholesterol. 
Deoxycholic acid and lithocholic acid are 
formed in the colon (blue lines) during 
bacterial degradation of the primary bile 
acids. All four bile acids are conjugated 
with glycine or taurine in the liver. Most of 
the lithocholic acid is also sulfated, which 
decreases reabsorption and increases fecal 
excretion. Bile acids are absorbed passively 
in the epithelium of the small and large 
intestine and actively in the distal ileum. 
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TABLE 2.1 CLASSIFICATION 


AMINO ACIDS REQUIRED BY ADULT HUMANS 

■ NUTRITIONALLY NONESSENTIAL 


■ NUTRITIONALLY ESSENTIAL ■ AMINO ACID ■ PRECURSOR 


Arginine 

Alanine 

Pyruvate 

Histidine 

Asparagine 

Oxaloacetate 

Isoleucine 

Aspartate 

Oxaloacetate 

Leucine 

Cysteine 

Methionine 

Lysine 

Glutamate 

a-Ketoglutarate 

Methionine 

Glutamine 

a-Ketoglutarate 

Phenylalanine 

Glycine 

3-Phosphoglycerate 

Threonine 

Hydroxyproline 

a-Ketoglutarate 

Tryptophan 

Hydroxylysine 

Lysine 

Valine 

Proline 

a-Ketoglutarate 


Serine 

3-Phosphoglycerate 


Tyrosine 

Phenylalanine 


function oxidases. Glutamate, glutamine, and proline are 
derived from the citric acid cycle intermediate a-ketoglutarate. 
Aspartate and asparagine are synthesized from oxaloacetate. 
Serine and glycine are synthesized from the glycolysis inter¬ 
mediate 3-phosphoglycerate. Cysteine and tyrosine are formed 
from essential amino acids (methionine and phenylalanine, 
respectively). 7 


Catabolism of Amino Acid Nitrogen 

Ammonia, derived largely from the deamination of amino 
acids, is toxic to all mammalian cells. The ammonia formed as 
a result of the deamination of amino acids is detoxified by one 
of two routes. 8 The most important pathway involves the con¬ 
version of ammonia to urea by enzymes of the Krebs-Hense- 
leit, or urea, cycle, which happens only in the liver (Fig. 2.10). 
A second route of ammonia metabolism involves synthesis of 
L-glutamine from ammonia and glutamate by renal glutamine 
synthetase. 


THE CITRIC ACID CYCLE 
AND INTEGRATION OF 
METABOLIC PATHWAYS 


The major function of the citric acid cycle is to act as a com¬ 
mon pathway for the oxidation of carbohydrate, lipid, and 
protein. Conversely, the citric acid cycle also plays important 
roles in gluconeogenesis, lipogenesis, and amino acid metabo¬ 
lism. In the fed state, a large proportion of ingested energy 
from foodstuffs is converted to glycogen or fat. The metabo¬ 
lism of sugars, fats, and proteins, then, allows adequate fuels 
for all tissue types under conditions from fed to fasting to 
starvation. The body accomplishes production of fuel sub¬ 
strates for organs and regulates intestinally absorbed nutri¬ 
ents for tissue consumption or storage by integrating three 
key metabolites: glucose-6-phosphate, pyruvate, and acetyl 
CoA (Fig. 2.11). Each of these three simple chemical mole¬ 


cules can be extensively modified to allow a large number of 
metabolites. 

The citric acid cycle is composed of a series of mitochon¬ 
drial enzyme reactions. The substrate that drives the citric 
acid cycle is acetyl CoA. 9 In the mitochondria, acetyl CoA 
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FIGURE 2.10. The urea cycle. Ammonia entering the urea cycle is 
derived from protein and amino acid degradation in tissues (endoge¬ 
nous) and the colonic lumen (exogenous). 
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FIGURE 2.11. Summation of the key regula¬ 
tory molecules used by the liver during diverse 
metabolic functions. Essentially, any compound 
found in the body can be synthesized in the liver 
from glucose-6-phosphate, acetyl coenzyme A, 
or pyruvate. As a consequence of the inability 
of mammalian liver to convert acetyl coenzyme 
A to pyruvate, fats cannot be converted to car¬ 
bohydrates. 


combines with oxaloacetate to form citrate. Through a 
series of enzymatic reactions involving both dehydroge¬ 
nases and decarboxylases, citrate is catabolized to result in 
the generation of hydrogen-reducing equivalents and car¬ 
bon dioxide (Fig. 2.12). Each molecule of acetyl CoA catab- 


Citrate synthase 


a-Ketoglutarate dehydrogenase 


Oxaloacetate 

Acetyl-CoA + H 2 0 

CoA 

Citrate 


HoO 


Cis-aconitate 


h 2 o 


Isocitrate 




NAD 

C0 2 + NADH + H + 


a-Ketoglutarate 

^►CoA + NAD 

r 


C0 2 + NADH + H + 

Succinyl-CoA 

t Pi +ADP 

ATP + CoA 


Succinate 

> 


FAD 

FADHo 


Y 

Fumarate 


f*— ^ 


Malate 

NAD + 




NADH + H + 


Oxaloacetate 


FIGURE 2.12. The citric acid cycle. Reduced nicotinamide adenine 
dinucleotide and reduced flavin adenine dinucleotide, formed in the 
citric acid cycle, are subsequently oxidized in mitochondria by means 
of the electron transport chain to generate adenosine triphosphate. 
Acetyl coenzyme A plays a key role. 


olized through the citric acid cycle yields three molecules 
of NADH + H + and one molecule of flavine adenine 
dinucleotide (FADH 2 ). These reducing equivalents are trans¬ 
ported to the inner mitochondrial membrane and the elec¬ 
tron transport chain to generate more ATP. Each molecule 
of NADH + H + is oxidized to yield three molecules of ATP, 
and each molecule of FADH 2 is oxidized to yield two mole¬ 
cules of ATP. One molecule of ATP is generated at the sub¬ 
strate level in the conversion of succinyl CoA to succinate; 
thus, the total molecules of ATP generated per molecule of 
acetyl CoA is 12. 

G6P can be stored as glycogen or converted into glucose, 
pyruvate, or ribose-5-phosphate (a nucleotide precursor). 
Pyruvate can be converted into lactate, alanine (and other 
amino acids), and acetyl CoA, or it can enter the tricarboxylic 
acid cycle by conversion to oxaloacetate. Acetyl CoA is con¬ 
verted to HMG-CoA (a cholesterol and ketone body precur¬ 
sor) or citrate (for fatty acid and triglyceride synthesis), or it is 
degraded to carbon dioxide and water for energy. In humans, 
acetyl CoA cannot be converted into pyruvate due to the irre¬ 
versible reaction of pyruvate dehydrogenase. Thus, lipids can¬ 
not be converted into either carbohydrates or glucogenic 
amino acids. 

Regardless of the fed state of the human body, there is a 
requirement for glucose utilization. The nervous system and 
erythrocytes have an absolute requirement for glucose. Glu¬ 
cose is a source of glycerol-3-phosphate for adipose tissue, 
and most other tissues for integrity of the citric acid cycle. To 
maintain adequate glucose for survival, other fuels can be 
used depending on environmental conditions. Under condi¬ 
tions of carbohydrate shortage, ketone bodies and free fatty 
acids are utilized to spare oxidation of glucose in muscle. 
These alternate fuels increase intracellular citrate, which 
inhibits both phosphofructokinase and pyruvate dehydroge¬ 
nase. In starvation, fatty acid oxidation results in the pro¬ 
duction of glycerol, which, along with gluconeogenesis from 
amino acids, is the only source of the required glucose. Ulti¬ 
mately, even the brain can substitute ketone bodies for about 
half of its energy requirements. The preferred energy sub¬ 
strates for liver are ketoacids derived from amino acid degra¬ 
dation even in well-fed states. This is designed to allow the 
consumption of glucose by obligate tissues. Glucose pro¬ 
duced by the dephosphorylation of G6P rapidly diffuses out 
of the cell and is taken up by the brain, muscles, and other 
organs. Hepatic glycolysis is used primarily for the produc¬ 
tion of intermediates of metabolism and not for energy. 
Hepatic fatty acid degradation for energy is also inhibited 
under most circumstances and occurs only during adipocyte 
lipolysis. 


BIOTRANSFORMATION 

Biotransformation is defined as the intracellular metabolism of 
endogenous organic compounds (e.g., heme proteins and 
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steroid hormones) and exogenous compounds (e.g., drugs and 
environmental compounds). Most biotransformation occurs 
chiefly in the liver, which contains enzyme systems that can 
expose functional groups, such as hydroxyl ions (phase I reac¬ 
tions), or alter the size and solubility of a wide variety of organic 
and inorganic compounds by conjugation with small polar mol¬ 
ecules (phase II reactions). A general strategy is to convert 
hydrophobic, potentially toxic compounds into hydrophilic 
conjugates that can then be excreted into bile or urine. 

Q The four general enzyme families responsible for hepatic 
biotransformation are the cytochromes P-450, the uridine 
diphosphate-glucuronyl (UDP-glucuronyl) transferases, the 
glutathione (GSH) S-transferases, and the sulfotransferases. 
Biotransforming enzymes are not distributed uniformly 
within the cells of the hepatic lobule. This heterogeneity may 
account for the ability of some drugs to cause damage prefer¬ 
entially in zone 3 hepatocytes (those nearest the central 
venule). 


Cytochromes P-450 

The cytochromes P-450 are named for their ability to absorb 
light maximally at 450 nm in the presence of carbon monox¬ 
ide. These enzymes are bound to the ER and collectively cat¬ 
alyze reactions by using NADPH and oxygen. The P-450 
isozymes present in mammalian liver catalyze reactions such 
as oxidation, hydroxylation, sulfoxide formation, oxidative 
deamination, dealkylation, and dehalogenation. Such reac¬ 
tions allow further phase II conjugation with polar groups 
such as glucuronate, GSH, and sulfate. The cytochromes P- 
450 can also create potentially toxic metabolites. Drugs such 
as acetaminophen, isoniazid, halothane, and the phenothi- 
azines can be converted into reactive forms that cause cellular 
injury and death. The cytochromes also are responsible for the 
formation of organic free radicals, reactive metabolites that 
can directly attack and injure cellular components or act as 
haptens in the generation of an autoimmune response. Several 
of the most potent known carcinogens are aromatic hydrocar¬ 
bons, which are modified by cytochromes P-450. 


Uridine Diphosphate-glucuronyl Transferases 

Glucuronidation is the conjugation of UDP-glucuronic acid 
to a wide variety of xenobiotics by either ester (acyl) or ether 
linkages. The transferases catalyzing these reactions reside in 
the ER. Many common compounds are metabolized in this 
way, including bilirubin, testosterone, aspirin, indomethacin, 
acetaminophen, chloramphenicol, and oxazepam. Clinically 
significant loss of activity can occur with acute ethanol expo¬ 
sure or acetaminophen overdose, when formation of UDP- 
glucuronic acid from UDP-glucose is outstripped by use. 
Some acyl linkages lead to the generation of electrophilic cen¬ 
ters that can react with other proteins. The covalent linkage 
of conjugated bilirubin to albumin is believed to occur by this 
mechanism. 


Glutathione S-transferases 


The GSH transferases are more selective in the biotransfor¬ 
mations they perform. GSH conjugation occurs only with 
compounds that have electrophilic and potentially reactive 
centers. The role of GSH conjugation catalyzed by the GSH S- 
transferases is demonstrated by acetaminophen. In metabo¬ 
lism of this drug, cytochromes P-450 create an electrophilic 
center that reacts with protein thiol groups or GSH. 10 The 
presence of GSH S-transferase allows the preferential detoxifi¬ 


cation of acetaminophen rather than its potentially injurious 
binding to thiol groups. A class of GSH S-transferases, known 
as ligandins, appears to facilitate the uptake and intracellular 
transport of bilirubin, heme, and bile acids from plasma to 
liver. In addition to the detoxification of potential toxins, GSH 
is a substrate for GSH peroxidase, an enzyme important in the 
metabolism of hydrogen peroxide. 


Sulfotransferases 


The sulfotransferases catalyze the transfer of sulfate groups from 
3'-phosphoadenosine-5'-phosphosulfate (PAPS) to compounds 
such as thyroxine, bile acids, isoproterenol, a-methyldopa, and 
acetaminophen. They are located primarily in the cytosol. 
Although many P-450 derivatives can be further conjugated 
by either the sulfotransferases or the glucuronyl transferases, 
a limited ability of the liver to synthesize PAPS makes glu¬ 
curonidation the predominant mechanism. 


HEME AND PORPHYRIN 
METABOLISM 


Heme is formed from glycine and succinate and is the func¬ 
tional iron-containing center of hemoglobin, myoglobin, 
cytochromes, catalases, and peroxidases. From glycine and 
succinate precursors, 5-aminolevulinic acid (5-ALA) is synthe¬ 
sized by the rate-limiting enzyme ALA synthase. The por¬ 
phyrinogens are intermediates in the pathway from 5-ALA to 
heme, and porphyrins are oxidized forms of porphyrinogen 
(Fig. 2.13). Inherited enzyme defects in the heme synthetic 
pathway cause the overproduction of various porphyrinogens, 
which can in turn cause clinical manifestations known as the 
porphyrias. 11 Acquired porphyria can be caused by heavy 
metal intoxication, estrogens, alcohol, or environmental expo¬ 
sure to chlorinated hydrocarbons. 

Bilirubin IXa is the predominant heme degradation product 
in humans and is derived mostly from hemoglobin. The 
enzyme heme oxygenase, located in cells of the reticuloen¬ 
dothelial system, is primarily responsible for this conversion. 
Heme oxygenase resides in the ER and requires NADPH as a 
cofactor. Hepatic processing of bilirubin is further detailed in 
the section on bile formation. 


METAL METABOLISM 


Iron uptake appears to occur by two distinct processes: (a) 
receptor-mediated endocytosis of iron-transferrin complexes 
and (b) facilitated diffusion across the plasma membrane. 
More iron is taken up and stored by the liver than by any other 
organ, with the exception of the bone marrow. Transferrin is 
synthesized in the liver and has specific plasma membrane 
receptors on a number of different tissues. After endocytosis, 
the transferrin and iron dissociate and the transferrin and 
transferrin receptor return to the cell surface for recycling. A 
pathway appears to involve the dissociation of iron and trans¬ 
ferrin at the plasma membrane and subsequent internalization 
by carrier-mediated diffusion. Once internalized, iron is stored 
and forms a complex with apoferritin. Each apoferritin mole¬ 
cule is capable of storing several thousand iron molecules. The 
iron-apoferritin complex, called ferritin, is responsible for 
iron storage under physiologic conditions. Iron storage in a 
protein-bound form is essential because free iron can catalyze 
free radical formation, leading to cell injury. 12 

Copper is transported to the liver bound to albumin or his¬ 
tidine and enters the hepatocytes by a process of facilitated 














Chapter 2: Substrate Metabolism in Surgery 


19 



Uroporphyrin 

(excretion) 

Coproporphyrin 

(excretion) 


FIGURE 2.13. The heme biosynthetic pathway. Inherited defects of each of the heme biosynthetic enzymes except d-aminolevulinic 
acid synthase have been described and lead to the clinical disorders known as the porphyrias. 


diffusion. Once inside the cell, copper can bind to several 
intracellular proteins for storage or as a necessary enzyme 
cofactor. Copper-binding proteins include metallothionein, 
monoamine oxidase, cytochrome c oxidase, and superoxide 
dismutase. Ceruloplasmin is a liver-derived protein that binds 
hepatic copper for transport to other tissues. The low levels of 
ceruloplasmin seen in patients with Wilson disease suggest a 
pathogenetic defect. 

Zinc is taken up by and competes for the same binding sites 
as copper. In hepatocytes, zinc binds predominantly to metal¬ 
lothionein and is excreted into bile, in which it enters the 
enterohepatic circulation. Other metals, usually found in trace 
amounts, are lead, cadmium, selenium, mercury, and nickel. 
These metals are usually bound to metallothionein or GSH, 
and intoxication is associated with free radical formation and 
liver injury. 


INTERMEDIARY METABOLISM 
AND SPECIALIZED CELL 
FUNCTION 


Once understood, the general principles of intermediary 
metabolism can be used to understand cell biology in special¬ 
ized cell types. Several examples, not intended to be all-inclusive, 
are discussed to demonstrate how biochemical pathways influ¬ 
ence cellular function. 


Hepatocyte-specific Measures 
of Liver Reserve 

To refine traditional estimates of liver reserve, such as the clin¬ 
ically based Childs-Pugh classification and cross-sectional 
imaging to quantitate liver volume, functional tests have been 
developed that measure the ability of an individual liver to 
carry out specific biochemical tasks and correlate this “func¬ 
tional capacity” with perioperative morbidity and mortality. 13 
Although myriad functional studies have been described, sev¬ 


eral are known to be more predictive of liver function. None 
are widely used due to the lack of availability in clinical labo¬ 
ratories and the relatively small population of relevant 
patients. 

Indocyanine green (ICG) is taken up by specific, ATP- 
independent carriers on the basolateral surface of the hepato- 
cyte and excreted unmetabolized into bile through a mechanism 
that is dependent on hepatic ATP. ICG does not undergo 
enterohepatic recirculation. In the absence of adequate hepa- 
tocyte ATP stores, ICG builds up in and saturates hepatocytes, 
preventing otherwise available carriers from taking up more 
ICG. As a result, there is decreased clearance of ICG from 
serum, and clearance rates correlate with improved survival in 
major liver resections. 14 A limitation is the dependence of ICG 
clearance on hepatic blood flow, which can be significantly 
altered in cirrhosis. 

Lidocaine is converted, by hepatocytes, into monoethyl- 
glycinexylidide (MEGX). The pathway includes oxidative N- 
dealkylation by the cytochromes P-450, and 97% of the con¬ 
version is done in the liver. There are data that show decreased 
complication rates when the MEGX test is used to predict the 
outcome of liver resection in cirrhotics. 15 The hippurate ratio 
is a measure of glycine conjugation of para-aminobenzoic acid 
to para-aminohippuric acid. These conjugations occur by 
non-P-450 phase II conjugation mechanisms. 16 The arterial 
ketone body ratio (AKBR) is also used to predict outcome. 
The AKBR is the fasting ratio of acetoacetic acid to (3- 
hydroxybutyric acid and reflects mitochondrial oxidized nicoti¬ 
namide adenine dinucleotide to reduced nicotinamide adenine 
dinucleotide. 13 


Cardiac Myocyte Substrate Utilization 

Under normal conditions, the heart generates 70% of its ATP 
from fatty acid oxidation, 30% from glucose, and the rest 
from oxidation of lactate, amino acids, and ketone bodies. 17 In 
heart failure, the myocardium shifts away from fatty acid oxi¬ 
dation and toward glucose oxidation. This shift improves con¬ 
tractile function and slows the progression of pump failure. 18 
In cardiac surgery, during reperfusion, oxygen levels are 
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restored, as is function of the citric acid cycle. However, there 
is a shift toward greater fatty acid oxidation due to elevated 
levels of circulating fatty acids, release of lipoprotein lipase by 
heparin, and decreases in malonyl CoA. 19 The substrate 
switch to higher fatty acid oxidation decreases glucose oxi¬ 
dation, worsens intracellular acidosis, and diverts use of 
ATP from contractility to restoring cellular homeostasis. 17,20 
Switching energy substrate metabolism from fatty acids to glu¬ 
cose improves myocardial efficiency. As an example, during 
cardiac surgery, the infusion of glucose, insulin, and potassium 
may stimulate the citric acid cycle; directly enhance myocar¬ 
dial function (through enhanced calcium sensitivity); restore 
myocardial glycogen stores; and cause a lowering of free fatty 
acids in the plasma. 21 


Metabolic Regulation of Insulin 
Secretion in the Beta Cell 

Mammalian beta cells of the islets of Langerhans are the sole 
source of insulin. Insulin is secreted by a process known as 
stimulus-secretion coupling, which begins with glucose enter¬ 
ing the beta cell via a specific glucose transporter known as 
GLUT-2. Intracellular glucose is metabolized beginning with 
phosphorylation by an equally unique hexokinase (glucoki- 
nase). The resulting glucose-6-phosphate is then metabolized 
by both glycolysis and the tricarboxylic acid cycle. The 
resulting ATP closes ATP-sensitive potassium channels, lead¬ 
ing to cell membrane depolarization and opening of calcium 
channels. Free intracellular calcium then leads to insulin 
secretion. 22 

A distinguishing feature of beta cells compared to hepato- 
cytes is that beta cells contain neither lactate transporters nor 
lactate dehydrogenase. As a result, neither lactate metabolism 
nor gluconeogenesis occurs in the beta cell. 23 Essentially, all 
glucose-derived carbon is funneled into the citric acid cycle, 
where 75% of the catabolic product is ATP, and the rest is 
used for protein synthesis. Pyruvate is forced into the citric 
acid cycle by a process called anapleurosis , or filling up. To 
overcome the unfavorable kinetics of driving pyruvate through 
the cycle, the beta cell contains seven times the usual level of 
pyruvate carboxylase. 24 


SUMMARY 


The basics of intermediary metabolism have changed little over 
the past decade. Knowledge of the fundamental biochemical 
reactions by which substrates are metabolized, however, is being 
exploited at an ever-accelerating rate to support and perhaps 
enhance specialized cellular function. Variations on basic meta¬ 
bolic themes in individual cell types allow the development of 


rational strategies to assess and improve cellular function, from 
the hepatocyte to the cardiac myocyte to the beta cell. 
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CHAPTER 3 ■ NUTRITION AND METABOLISM 


J. STANLEY SMITH, Jr. AND DAVID C. FRANKENFIELD 


KEY POINTS 


Q Recognize that the goal of perioperative or post-traumatic 
nutritional support is repletion or maintenance of protein 
and energy stores as a part of lean body mass to allow 
recovery from illness. 

Q Starvation and systemic inflammatory response result in 
erosion of the fat-free mass and body weight (malnutri¬ 
tion) and are indicators for nutrition support if present. 

Q Assess the patient’s nutritional status by the subjective 
global assessment. 

Q Identify nutritional requirements by estimating basal meta¬ 
bolic rate for age, gender, and body surface area and 
increase by 25% to 100% based on severity of stress. 

G Use enteral feedings whenever possible. 

Remember the inflammatory response in metabolism is 
found in more disease states than trauma and sepsis. 

Q Realize that inflammation increases energy utilization and 
alters the metabolism of glucose, protein, fat, and trace 
minerals. 


Q Supply calories as glucose and fat with a calorie to nitrogen 
ratio of 150:1. 

Q A strong relation between protein depletion and postoper¬ 
ative complications has been demonstrated in nonseptic, 
nonimmunocompromised patients undergoing elective 
major gastrointestinal surgery. 

© The maintenance of an intact brush border and intercellu¬ 
lar tight junctions prevents the movement of toxic sub¬ 
stances into the intestinal lymphatics and circulation; these 
functions may become altered in critically ill patients. 
Re-assess the adequacy of nutritional support to determine 
further needs. 

© Cancer or AIDS cachexia cannot be cured, only managed, 
and so removing the stimulus for inflammation is not pos¬ 
sible. 

<E> Excess glucose calories are converted to fat, are deposited 
in the liver, and result in hyperglycemia and glycosuria. 


Nutrition support is indicated in surgical patients if they are sig¬ 
nificantly malnourished prior to surgery, if they are expected to 
remain NPO (non per os, “nothing by mouth”) for more than 5 
days postoperatively, or if they are critically ill. 1-4 The main fea¬ 
ture of metabolism in the surgical patient is the presence of the 
inflammatory response. The inflammatory response is critical to 
survival from surgical or traumatic injury, yet it poses challenges 
in the nourishment of these patients. If the surgical injury is not 
sufficient to produce an inflammatory response, nutrition support 
in surgery is similar to that in simple starvation. Well-nourished 
patients with short-term undernutrition or mild inflammatory 
stress and limited weight loss do not have increased risk of com¬ 
plications during their surgical convalescence related to their 
nutritional status. 1 ^ However, as America becomes more obese, 
good nutrition does not equate to a body weight above the 
ideal. In an Italian study, body mass index (BMI) and waist cir¬ 
cumference were directly associated with systolic and diastolic 
blood pressure values. Processed meat, potatoes, and wine, typ¬ 
ically consumed in the unhealthy American diet, were directly 
associated with increased blood pressure. 5 

The goal of nutrition support is to minimize protein loss 
and to provide key nutrients to maintain immune and other 
critical functions during and after surgical or traumatic injury. 
This chapter addresses the areas of nutritional assessment, 
metabolism, and therapy including the nutritional response to 
inflammation. 


BASIC NUTRITIONAL 
METABOLIC PRINCIPLES 


Body Composition 

Total body mass is composed of aqueous and nonaqueous 
components. The nonaqueous portion is made up of bone 


mineral and the lipid portion of adipose tissue. The aqueous 
portion is divided between the body cell mass, which is made 
up of cellular components of skeletal muscle, organs, skin, 
blood, and adipose tissue, and the extracellular fluids and 
proteins, such as interstitial and intravascular volume, serum 
proteins, tendons, ligaments, and cartilage. The body cell 
mass is the metabolic engine of the body, while the extracellu¬ 
lar contents form the supporting structure for the body cell 
mass. Total body water makes up about 55% to 60% of total 
body mass. In the prototypical 70-kg male, this is 40 liters, 
with about 22 liters intracellular, 14 liters interstitial, and 3.0 
to 3.5 liters plasma. In obesity, there is generally expansion of 
both the body fat mass and the fat-free mass. Body composi¬ 
tion also varies as a function of age and gender (Fig. 3.1) 6 and 
becomes further altered following injury or surgery. 7 In clinical 
practice, body composition is not measured but rather inferred 
by using the Quetelet index, more commonly known as body 
mass index (kg/m 2 ), which is most directly a measure of the 
total mass as a function of weight but which generally corre¬ 
lates with body fatness. A body mass index of 30 kg/m 2 or 
higher is indicative of obesity. However, there are people who 
are obese at lower levels of body mass index and others who 
are not obese despite a body mass index in excess of 30 kg/m 2 . 8 

Body composition is altered following injury or surgery. 
The injury-induced changes are characterized by a rapid loss 
of lean body mass, a slower loss of body fat, and expansion of 
the extracellular fluid compartment, leading to a diminution of 
the metabolically active tissue even as total body weight 
increases. 9 The expansion of the extracellular water compart¬ 
ment is recognizable as edema, but the underlying changes in 
body cell mass and fat mass are difficult to recognize until late 
in the process, when they manifest as temporal or extremity 
wasting. Nonvisual assessment tools are limited. There is one 
report that midarm circumference correlates with outcomes in 
critically ill patients. 10 Bioelectrical impedance is another way 
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FIGURE 3.1. Body composition as a 
function of gender and age. (Data from 
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to measure the change in lean body mass, though its utility is 
still under investigation. 

Bioelectrical impedance operates on the principle that elec¬ 
trical resistance is proportional to the fluid and electrolyte con¬ 
tent of tissue. Since the lean body mass or body cell mass con¬ 
tains all of the fluid and electrolyte content, passage of an 
electrical current is a measure of the lean body or “fat-free” 
mass. This appears to work well in both healthy and critically 
ill patients and can give the practitioner a guide to accurately 
gauge nutritional and fluid support, especially in those 
patients with expanded extracellular water and increased body 
weight. 9 

Obese patients have an excess store of calories, but the 
body protein compartment is independent of the fat store. 
Obese people can be just as protein depleted as underweight 
people (i.e., it is possible to be overnourished and undernour¬ 
ished at the same time). 


Energy and Substrate Metabolism 

Conversion of Fuel to Work. From a simplistic mechani- 
cal standpoint, the human body is much like an engine. It uses 
oxygen to burn fuel (carbohydrate, fat, protein, ethanol) to 
generate energy used to perform work, and it exhausts or 
excretes the byproducts of this combustion (water, carbon 
dioxide, and heat) to the environment (Fig. 3.2). The human 
body does several kinds of work essential for life including 
mechanical work (e.g., locomotion, breathing), transport 
work (e.g., carrier-mediated uptake of nutrients into cells), and 
synthetic work (biosynthesis of proteins and other complex 



FIGURE 3.2. Fuel utilization in human metabolism. 


molecules). The energy used to do this work comes from the 
energy present in the chemical bonds of the nutrients we con¬ 
sume. Thus, the human body converts energy stored in the 
chemical bonds of nutrients into internal and external work. 
During starvation or following operative procedures when no 
nutrition is provided, the body oxidizes stored energy sources 
(i.e., body tissue) to generate this work. In humans, this 
process is relatively inefficient, since about half of this poten¬ 
tial energy is lost as heat. Some of the heat generated during 
this process is used to help maintain body temperature via 
carefully controlled regulatory mechanisms in the hypothala¬ 
mus. Excess heat is released primarily through the skin via 
evaporation, radiation, convection, and conduction. In surgi¬ 
cal patients, these central regulatory mechanisms often 
become “reset,” leading to the development of fever that 
under most circumstances is an appropriate response to injury 
and infection. An increase in body temperature, for example, 
results in an increase in enzymatic reactions that are necessary 
to support the inflammatory process. 

The Calorie. Energy (heat) is measured in joules or calories. 
The joule is the SI unit of energy and is defined as the energy 
required to exert a force of 1 Newton for a distance of 1 meter. 
Unit of measure is kg/m 2 /s -2 . The joule is intended to replace 
the calorie (technically referred to as the g-calorie) as the stan¬ 
dard unit of energy on the basis that it is measured in metric 
terms. In the United States, the g-calorie or kg-calorie (kilo¬ 
calorie) remains the most common way to express energy. A 
g-calorie is the amount of heat required to raise the tempera¬ 
ture of 1 gram of water from 14.5°C to 15.5°C at a pressure of 
one standard atmosphere (and hence it can be argued that the 
calorie, like the joule, is a metric measurement). The kg-calorie 
is the amount of heat necessary to increase the temperature of 
1 kg of water under the same circumstances. Joules and 
g-calories are small units of energy (1 joule is expended by a 
resting person every hundredth of a second) and so megajoules 
(MJ) and kilocalories are most often used in discussions of 
human nutrition. A megajoule is equivalent to 1,000,000 
joules, while a kilocalorie is equivalent to 1,000 calories. The 
conversion of megajoules to kilocalories is 1 MJ = 239 kcal. 

Respiration and Combustion. All work performed by 
the body is accompanied by oxidation of fuel via a series of 
decarboxylation/dehydrogenation reactions (glycolysis, tricar¬ 
boxylic acid cycle). The fuel is derived from food or from body 
tissue. The energy released by these reactions is captured in 
adenosine triphosphate (ATP) via a series of redox reactions 
(electron transport system). In the final reduction reaction 
hydrogen is combined with oxygen to form water. The oxygen 
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TABLE 3.1 CLASSIFICATION 


FUEL RESERVES OF A HEALTHY (70-kg) ADULT MALE 


■ ENERGY SOURCE 

■ k g 

■ kcal VALUE 

Fat 

14 

125,000 

Protein 

Skeletal muscle 

6 

24,000 

Other 

6 

24,000 

Glycogen 

Muscle 

0.15 

600 

Liver 

0.075 

300 

Free glucose 

0.02 

80 


present for that reduction and the carbon dioxide produced by 
decarboxylation are transported by the circulatory system and 
exchanged with the atmosphere by the lungs. Protein oxida¬ 
tion is a special case in which nitrogen is a byproduct besides 
carbon dioxide and water. The nitrogen is removed by the kid¬ 
ney after conversion to urea by the liver. 

Body Fuels. Human metabolism is arranged such that the 
fuels consumed in the diet are preferentially utilized when they 
are present, with excess stored for the postprandial period. In 
the postprandial state, the body contains fuel reserves that it 
can mobilize in an orderly fashion as the time of fasting 
increases. These same fuel reserves are tapped during stress 
metabolism, though in a less orderly fashion (Table 3.1). By 
far the greatest energy component is calorically dense fat, pro¬ 
viding 9 kcal/g. The body can store almost limitless amounts 
of fat. Body protein comprises the next largest source of poten¬ 
tial energy, but amino acids yield only about 4 kcal/g, and the 
total reserve is smaller. Unlike fat reserves, body protein is a 
structural and functional component of the body. There is no 
storage form. Loss of body protein, if severe, has functional 
consequences. In undernourished and underfed states, proteol¬ 
ysis is mildly accelerated to generate amino acids to support 
gluconeogenesis and other key synthetic processes. In the long 
run, a chronic catabolic state can lead to erosion of body pro¬ 
tein stores such that susceptibility to infection is increased, 
wound healing is impaired, and outcome is unfavorably 
impacted. Carbohydrate stores are minimal and exist as glu¬ 
cose or liver glycogen and can be depleted quickly unless 
replenished from exogenous sources. Though limited in stores, 
there is constant demand for carbohydrate in stress metabo¬ 
lism. Thus, carbohydrate and protein metabolism are linked 
because the body draws on endogenous protein to produce 
new glucose to meet the demand unmet by diet. 


Carbohydrate 

The basic unit of carbohydrate metabolism in humans is glu¬ 
cose. Nearly all dietary carbohydrate is converted to glucose, 
and glucose is the form of carbohydrate for oxidation. The 
human body has a constant need for glucose oxidation in the 
central nervous system and blood cells. A glucose supply of 
approximately 12 hours is available as liver glycogen, which is 
sufficient to cover glucose needs between meals. In periods of 
fasting extending beyond the glycogen supply, the body con¬ 
verts amino acids to glucose, recycles the available glucose, 
and eventually induces ketone production from fat, which can 
substitute for some but not all of the body’s glucose need. 
Resumption of glucose intake completely reverses these meta¬ 
bolic adaptations. In surgical nutrition, the inflammatory 


response accelerates the rate of glucose production from amino 
acids, minimizes glucose recycling, and limits ketone produc¬ 
tion, leading to pronounced gluconeogenesis from amino acids. 
These metabolic adaptations are much less responsive to dex¬ 
trose infusion after surgery or injury than in simple starvation. 


Lipid 

Lipids consist of a wide variety of hydrocarbon chains that can 
be classified several ways, including by chain length, degree of 
saturation, and location of the first double bond. Perhaps the 
most useful way to classify lipids for surgical nutrition is by 
chain length. 

Short-chain fatty acids (two- to five-carbon chain length) 
are derived from the fermentation of dietary fiber in the colon. 
Much of this short-chain fatty acid is used by the commensal 
bacteria and is important in maintaining a healthy environ¬ 
ment in the colon (i.e., optimal pH and bacterial populations). 
Some of the short-chain fatty acids are absorbed and are pre¬ 
ferred fuels for the colonocytes. Short-chain fatty acid absorp¬ 
tion is attended by absorption of water and sodium. 

Medium-chain fatty acids (six- to nine-carbon chain 
length) are not typically found in the human diet but are used 
widely in enteral nutrition products (they are manufactured 
by fractionating the fatty acids of coconut oil). They are used 
because they are easier to digest and absorb than long-chain 
triglycerides. Being water soluble, medium-chain triglyc¬ 
erides do not require emulsification or micelle formation. 
Lipase is not required. The medium-chain triglycerides are 
absorbed directly into the portal circulation rather than via 
the lacteals into the lymphatic system. They yield 8.0 kcal/g 
on oxidation. 

Long-chain fatty acids (greater than nine-carbon chain 
length) include the two fatty acids that are dietarily essential 
(linoleic and linolenic acid); are water insoluble; require bile 
salts for emulsification, lipase for digestion, and micelle and 
chylomicron formation for transport; and gain access to the 
bloodstream via the thoracic duct. In the cell, lipoprotein 
lipase is necessary for uptake, and carnitine is required to 
move the fatty acid from the cytosol into the mitochondria 
for oxidation. Long-chain triglycerides are the body’s main 
form of energy storage. Some of the long-chain fatty acids 
are precursors for important inflammatory mediators 
(prostaglandins, leukotrienes, thromboxanes). The type of 
eicosanoid produced is partly influenced by the type of fatty 
acid available, and the type of fatty acid available is influenced 
by dietary fat intake. 


Protein 


Protein is a key nutrient in surgical nutrition and differs from 
carbohydrate and fat because it contains nitrogen. Twenty dif¬ 
ferent amino acids are dietarily essential, and the quality of a 
food protein is determined by its content of these 20 amino 
acids. Proteins can be categorized structurally as amino acids, 
peptides, and proteins. The human gastrointestinal (GI) tract 
can absorb amino acids and small peptides, and must digest 
intact proteins into these smaller sizes for absorption. Protein 
is not stored by the body. All protein is functional. 

Absorbed amino acids pass first through the liver, where 
portions are extracted for synthesis of circulating proteins. 
The branched-chain amino acids (leucine, isoleucine, and 
valine) are untouched by the liver and so are transported to 
and extracted by muscle. Dietary and endogenous amino acids 
eventually mix and distribute into intracellular and extracellu¬ 
lar amino acid pools, where they are available upon demand 
for further metabolism. Excess amino acids are degraded and 
their carbon skeletons are oxidized to produce energy or are 
incorporated into glycogen or free fatty acids. In addition to 
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FIGURE 3.3. Whole body protein metabolism in a 
normal 70-kg man. 



Urinary N 

12 g (equivalent to ~80 g protein) 


the metabolism of dietary amino acids, the existing proteins in 
the cell are continuously recycled, such that total protein 
turnover in the body is about 300 g/day (Fig. 3.3). Vertebrates 
cannot reutilize nitrogen with 100% efficiency; therefore, 
obligatory nitrogen losses occur, mainly in the urine. Most of 
the nitrogen lost in the urine is in the form of urea (85%), with 


lesser amounts excreted as creatinine and ammonia. Urinary 
nitrogen losses diminish in individuals fed a protein-free diet 
but never reach zero because of the body’s inability to com¬ 
pletely reutilize nitrogen. In stressed patients, this ability to 
adapt to starvation is compromised such that proteolysis 
of body proteins continues at a substantial rate (Fig. 3.4). 


FIGURE 3.4. The response to starvation in normal, 
postoperative, and septic individuals. The normal per¬ 
son adapts to starvation by conserving body protein, 
which is manifested by a decrease in nitrogen excretion 
in the urine. Septic patients do not adapt to starvation 
by using ketones for energy and therefore urinary nitro¬ 
gen losses are much greater. 
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Although it is often assumed that skeletal muscle bears the 
brunt of this protein wasting, it is now apparent that net pro¬ 
teolysis also occurs in organs such as the gut and liver. If the 
ability to synthesize proteins is compromised by malnutrition 
or disease, function is generally correspondingly impacted. 
This may show clinically in patients as impaired wound heal¬ 
ing, immunoincompetence, or breakdown of the gut mucosal 
barrier. 

Metabolism of amino acids (from enteral or parenteral 
feedings) generates ammonia, which is one of the most toxic 
and reactive compounds in physiologic fluids. Yet, ammonia 
levels in blood are generally kept at nontoxic concentrations 
(20 to 40 ^iM); this is done primarily in the liver by converting 
ammonia to urea, a nontoxic soluble compound. A large por¬ 
tion of the ammonia used for urea synthesis arises from nitro¬ 
gen catabolism in extrahepatic tissues. Excretory or transport 
amino acids, primarily glutamine and alanine, serve as vehicles 
for transporting ammonia in a nontoxic form from peripheral 
tissues to the visceral organs. In these organs, ammonia is 
reformed and then either excreted (via kidneys, where it acts as 
an important buffering system) or detoxified to urea (liver). 
From the intestinal tract, the large ammonia load delivered to 
the liver escapes the systemic circulation because of the bio¬ 
chemical pathways in the liver that detoxify it. Only the liver 
has all the enzymes of urea synthesis, and these enzymes are 
located only in periportal hepatocytes. Thus, diseases affecting 
the periportal areas lead to an increased ammonia load into 
the systemic circulation. 


Nutrition Assessment 


Metabolism is altered to varying degrees by surgical injury. In 
many cases, these alterations are adaptive, short-lived, and 
sustainable by a previously well-nourished person, even if 
they are denied food for a few days after surgery. However, in 
patients with preexisting malnutrition or with sufficiently 
severe metabolic insult in response to surgical injury or infec¬ 
tion, early resumption of a nutrient supply is important in 
maximizing their recovery and minimizing their complication 
risk. 1-4 The aim of nutrition assessment is to identify the 
patient in need of early resumption of metabolic support and 
to determine the nutrient requirements to be fed to the 
patient. 

Q Starvation versus Inflammation as the Cause of Mal¬ 
nutrition. Starvation and systemic inflammatory response 
result in erosion of the fat-free mass and body weight (malnu¬ 
trition) and are indicators for nutrition support if present. 1-4 In 
starvation, the main features are reduced or absent nutrient 
intake with gradual loss of lean mass and body fat, preserva¬ 
tion of serum protein levels, and reversal of the metabolic 
response upon feeding. The usual causes of starvation are 
functional (dysphagia, nausea, emesis, malabsorption) and 
psychosocial (food insecurity, social isolation, depression). 

The main metabolic features of inflammatory response are 
elevated metabolic rate (hypermetabolism and hypercatabo- 
lism), an acute-phase protein response, and reduced sensitivity 
of the metabolic state to reversal by feeding. Impaired intake 
might also be present with an inflammatory response (i.e., the 
anorexia of illness). Inflammatory response is often the cause 
of malnutrition in patients with recent acute illness or chronic 
illness (e.g., cardiac cachexia, cancer cachexia). 

Q Subjective Global Assessment. Subjective global assess¬ 
ment is a valid way to determine whether tissue erosion has 
occurred and whether the etiology is starvation or inflamma¬ 
tion. 11,12 Subjective global assessment utilizes several types of 
information, including physical examination, weight history, 
recent nutrient intake, gastrointestinal symptoms, and history 
of disease. The patient is classified as class A (not malnour¬ 


ished), class C (definitely malnourished), or class B (all other 
cases that are moderate or indeterminant). A typical patient 
with class C malnutrition has a history of unintentional weight 
loss and physical signs of tissue erosion (temporal and/or 
extremity). The etiology (starvation vs. inflammation) is 
important to note, but it does not have a bearing on the classi¬ 
fication of malnutrition severity. 

Serum Proteins. Although still commonly used as markers 
of malnutrition, serum transport proteins usually do not 
decrease in response to starvation, even in advanced cases. 
When these proteins are decreased, it is usually a sign that the 
patient has had or continues to have an inflammatory 
response. 13 One of the features of inflammation is reprioritiza¬ 
tion of hepatic protein synthesis away from the transport pro¬ 
teins in favor of acute-phase reactants. C-reactive protein is an 
example of an acute-phase reactant that rises rapidly with 
inflammation and quickly falls back to normal when inflam¬ 
mation resolves. 13 

Nitrogen Balance. Nitrogen balance is an indicator of 
whether protein intake is keeping up with protein catabolism, 
and it may be the most important nutrition test in patients 
receiving nutrition support. Nitrogen balance is calculated 
from the amount of nitrogen consumed minus the amount 
excreted in a 24-hour period. Nitrogen intake is estimated 
from protein intake (g protein/6.25). The main route of nitro¬ 
gen excretion is the urine (90% or more). Nitrogen is also lost 
through the skin and stool, but this loss is usually very small 
(<2 g/day), difficult to measure, and therefore usually 
accounted for with a constant of 2 in the balance equation. It 
is ideal to quantitate total urinary nitrogen (TUN), but many 
laboratories only measure urea nitrogen. If urea nitrogen 
(UUN) is measured, an additional 2 to 3 g should be added to 
the output side of the nitrogen balance equation to account for 
these unmeasured losses: 

Nitrogen balance (g/d) = Protein intake/6.25 - (TUN + 2) 
Nitrogen balance (g/d) = Protein intake/6.25 - (UUN + 2 + 3) 

A nitrogen balance of -2 to +2 g/day indicates nitrogen 
equilibrium, and is the goal in surgical nutrition. Balances 
more negative than this should be managed by increasing the 
protein intake, and balances more positive than this are sugges¬ 
tive of error in the measurement (positive balance implies 
anabolism, but bedridden patients undergoing inflammatory 
response should not be anabolic). Limitations of the nitrogen 
balance technique include that it does not show when protein is 
being overfed, it takes several days for nitrogen to re-equilibrate 
in the body after protein intake has been changed, and renal 
dysfunction and GI bleeding may invalidate the study (renal 
dysfunction due to incomplete excretion of urea nitrogen, GI 
bleeding due to excess urea nitrogen production not associated 
with metabolism). Surgical critical care patients tend toward 
negative nitrogen balance unless large amounts of protein are 
administered, 14 and achievement of positive nitrogen balance 
has been linked to improved outcome, at least in one narrow 
segment of critically ill patients. 15 

Indirect Calorimetry. Resting energy expenditure can be 
measured at the bedside with indirect calorimetry. Patients 
must be either intubated or able to tolerate a hood placed over 
their face for collection of exhaled breath. Intubated patients 
must have a fraction of inspired oxygen less than 60%, while 
spontaneously breathing patients must be breathing room air 
only (no nasal cannulas, face masks, continuous positive air¬ 
way pressure [CPAPj machines, etc.). No air leaks can be pres¬ 
ent. Protocols have been developed to measure resting energy 
expenditure with just a 5-minute test period (requiring a tight 
5 % coefficient of variation on the minute-to-minute measures 
of gas exchange), which saves time yet yields a reliable figure 
for 24-hour resting energy expenditure. If this 5% steady-state 
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TABLE 3.2 CLASSIFICATION 


ACCURACY RATES OF METABOLIC RATE EQUATIONS IN 
HEALTHY INDIVIDUALS (PERCENTAGE OF INDIVIDUAL 
ESTIMATES FALLING WITHIN 10% OF MEASURED) 


■ EQUATION 

■ NONOBESE 

■ OBESE 

Harris-Benedict 

69 

64 

Owen 

73 

51 

WHO 

69 

57 

Mifflin-St. Jeor 

82 

70 

WHO, World Health Organization. 

Data from Frankenfield DC, Rowe WA, Smith JS, et al. Validation 
of several established equations for resting metabolic rate in obese 
and non obese people. J Am Diet Assoc 2003;103:1152, plus 
supplemental data for a total of 200 subjects. 


threshold is not met, a longer 30-minute measurement accept¬ 
ing a 10% coefficient of variation is accurate. These guidelines 
cover other aspects of measurement including environmental 
conditions, body posture, physical motion, feeding state, and 
interpretation of respiratory quotient. 16 

Estimation of Metabolic Rate. In most cases, energy 
Q expenditure is not measured, but estimated. Estimation of 
energy expenditure relies on the fact that all metabolic activity 
occurs within the fat-free mass. Fat-free mass is a function of 
body weight, height, age, and sex, and therefore, resting 
energy expenditure is likewise predictable from these vari¬ 
ables. In obesity, these relationships are preserved, but the 
strength of the relationships is diminished. Several equations 
exist for predicting resting energy expenditure from these vari¬ 
ables. For healthy people, the Mifflin-St. Jeor equation appears 
to be accurate more often than any of the other equations in 
existence (Table 3.2). 17 In non-intensive care unit (ICU) adult 
surgical patients without significant inflammatory response, 
this equation can probably be used without modification. In 
the more complex situation of critical illness, equations devel¬ 
oped for this special population, taking into account the effect 
of inflammation on metabolic rate, improve the accuracy of 
calorie prediction and thus are better guides to calorie replace¬ 
ment (Table 3.3). 18,19 In general, energy needs increase with 


the presence of inflammatory response (Table 3.4). 20 Interest¬ 
ingly, the expenditure of kilocalories is only minimally 
increased after elective surgery. The largest increase in energy 
expenditure occurs in patients with severe multiple trauma or 
major thermal injury. However, the average-sized adult who 
sustains even a major burn rarely increases his or her energy 
expenditure to more than 3,000 kcal/day. 


Overfeeding 

While the provision of enough calories is beneficial, giving too 
many calories can “overfeed” the patient. Excess calories, espe¬ 
cially in the form of sugars, lead to lipogenesis and hepatic 
steatosis interfering with hepatic function. To avoid overfeeding, 
critically ill patients may not fit the factors used to estimate their 
energy requirements and require indirect calorimetry to more 
accurately measure energy expenditure. There are two major 
consequences of overfeeding, hypophosphatemia and steatosis. 

Nutrition Interventions 

Elective Patients. Most patients undergoing elective operations 
are adequately nourished. Unless the patient has suffered signifi¬ 
cant preoperative malnutrition (subjective global assessment 
class C) or has a major intraoperative or postoperative compli¬ 
cation, intravenous solutions containing 5% dextrose may be 
administered for 5 to 7 days before the return of feeding with no 
detrimental effect on outcome. Therefore, the increased cost of 
feedings and the potential complications associated with intra¬ 
venous nutrition cannot be justified. On the other hand, mal¬ 
nourished patients should not be left unfed for more than a day 
or two after surgery. Assessment of nutritional status therefore 
should be completed early so that this information can be inte¬ 
grated into decision making and nutrition care planning. Enteral 
feeding is preferred to parenteral nutrition in patients who can¬ 
not resume an oral diet. Standard high-protein feeding formulas 
are adequate. Choice of product and volume of feeding are based 
on the results of the nutrition assessment. Most tube feedings 
today are manufactured with water-soluble dietary fiber, and the 
use of this nutrient should be standard in the feeding of surgical 
patients. If fluid intake must be limited, there are standard feed¬ 
ing formulas with a calorie concentration of 2.0/mL. 

Critical Care. Timing and feeding route are primary consider¬ 
ations in nutrition intervention in the critically ill surgical 


TABLE 3.3 CLASSIFICATION 


ACCURACY RATES OF METABOLIC RATE EQUATIONS IN CRITICALLY ILL PATIENTS (PERCENTAGE OF INDIVIDUAL ESTIMATES 
FALLING WITHIN 10% OF MEASURED) 


■ YOUNG ■ ELDERLY 


■ EQUATION 

■ ALL 
(n = 202) 

■ NONOBESE 
(n = 52) 

■ OBESE 

(n = 47) 

■ NONOBESE 
(n = 52) 

■ OBESE 

(n = 51) 

Mifflin-St. Jeor 

25 

23 

21 

21 

35 

ACCP 

35 

44 

34 

50 

12 

Ireton-Jones 

46 

33 

49 

50 

51 

Swinamer 

54 

61 

51 

60 

43 

Faisy 

53 

65 

72 

37 

39 

Brandi 

55 

61 

55 

61 

41 

Penn State 

67 

69 

70 

77 

53 

ACCP, American College of Chest Physicians. 

Data from Frankenfield DC, Smith JS, Cooney RN, et al. Relative association of fever and injury with hypermetabolism in critically ill patients. Injury 
1997;28:617. 






















Chapter 3: Nutrition and Metabolism 


27 


TABLE 3.4 CLASSIFICATION 


METABOLIC RATES OF CRITICALLY ILL PATIENTS CATEGORIZED BY REASON FOR ADMISSION VS. FEVER STATUS 
(MEASURE OF RESTING ENERGY EXPENDITURE/HARRIS-BENEDICT ESTIMATE OF RESTING METABOLIC RATE) 



■ FEVER STATUS 


■ REASON FOR ADMISSION 

■ T max >38°C 

■ Tmax <38°C 

■ REASON FOR ADMISSION MEANS 

Trauma 

145 + 22 

123 + 14 

134 + 23 

Surgery 

138 + 22 

125 + 14 

132 + 22 

Medical 

139 + 20 

125 + 20 

132 + 20 

Fever status means 

141 + 24 

124 + 17 



No significant difference among the reasons for admission, the difference by fever status p <0.0001, and no significant fever X reason for admission 
interaction. 

Data from Frankenfield DC, Smith JS, Cooney RN, et al. Relative association of fever and injury with hypermetabolism in critically ill patients. Injury 
1997;28:617. 


patient. The best outcomes are achieved with enteral feeding 
started within 24 to 48 hours. Independent of nutritional sta¬ 
tus, any critically ill patient who is not expected to resume oral 
feeding within 5 days should be started on nutrition support 
within 48 hours. 

Priorities of Care. Resuscitation, oxygenation, and arrest of 
hemorrhage are immediate priorities for survival. Wounds 
should then be repaired or stabilized as expeditiously as possible. 
Nutritional support is an essential part of the metabolic care of 
the critically ill trauma patient and should be instituted before 
significant weight loss occurs. Adequate nutrition supports nor¬ 
mal responses that optimize wound healing and recovery. 

At least four evidence-based guides to nutrition practice in 
Q critical care exist. 1-4 There is general agreement among the 
guidelines that enteral nutrition is preferable to parenteral, 
that feeding should be started within 24 to 48 hours and 
should not be supplemented with parenteral nutrition as long 
as some tube feeding is tolerated, that blood glucose can be 
controlled to less than 140 mg/dL, that blue food dye should 
not be used for detection of aspiration, that the head of the bed 
should be elevated to 45 degrees to minimize aspiration risk, 
and that gastric feeding routes are as good as postpyloric routes 
unless the stomach is proven to be dysfunctional. 

There is some divergence on whether immune or inflamma¬ 
tion-modulating feeding formulas are indicated in some criti¬ 
cally ill patients. There is at least one quality paper that has 
been published since the guidelines that supports the use of 
such feedings in patients with sepsis and risk for acute respira¬ 
tory distress syndrome (ARDS) or acute lung injury. 21 


THE BODY’S RESPONSE 
WHEN STRESSED BY 
INJURY OR SURGERY 

In the 1930s, Cuthbertson 22 described the time course for 
many of the posttraumatic responses and two distinct periods 
were identified. The early “ebb” or shock phase was usually 
brief in duration (12 to 24 hours) and occurred immediately 
following injury. Blood pressure, cardiac output, body temper¬ 
ature, and oxygen consumption were reduced. These events 
were often associated with hemorrhage and resulted in hypo¬ 
perfusion and lactic acidosis. With restoration of blood volume, 
ebb phase alterations gave way to more accelerated responses. 
The flow phase was then characterized by hypermetabolism, 
increased cardiac output, increased urinary nitrogen losses, 
altered glucose metabolism, and accelerated tissue catabolism. 


The “flow” phase responses to accidental injury are similar to 
those that occur following elective operation. The response to 
injury, however, is usually much more intensive and extends 
over a long period of time. 


Characteristics of the Flow Phase 
of the Injury Response 

Hypermetabolism. Hypermetabolism is defined as an 
increase in basal metabolic rate (BMR) above that predicted on 
the basis of age, sex, and body size in a healthy person. Meta¬ 
bolic rate is usually determined by measuring the exchange of 
respiratory gases and by calculating heat production from oxy¬ 
gen consumption and carbon dioxide production. The degree of 
hypermetabolism (increased oxygen consumption) is generally 
related to the severity of the inflammatory response to the 
injury, with temperature serving as a reasonable indicator of the 
higher metabolic rate. 16 

Altered Glucose Metabolism. Hyperglycemia commonly 
occurs following injury, and the elevation of fasting blood 
sugar levels generally parallels the severity of stress in the ebb 
phase. During the ebb phase, insulin levels are low and glucose 
production is only slightly elevated. Later, during the flow 
phase, insulin concentrations are normal or elevated; yet, 
hyperglycemia persists. This phenomenon suggests an alter¬ 
ation in the relationship between insulin sensitivity and glu¬ 
cose disposal, hence insulin resistance. Hepatic glucose pro¬ 
duction is increased and studies show that much of the new 
glucose generated by the liver arises from three-carbon precur¬ 
sors released from peripheral tissues. 

Measurements of substrate exchange across injured and 
uninjured extremities of severely burned patients indicate that 
glucose is used in small amounts by the uninjured extremity. In 
contrast, the injured extremity extracts large amounts of glu¬ 
cose. The wound converts most of the glucose to lactate, 
which is recycled to the liver in the Cori cycle. Additional stud¬ 
ies have shown that uninjured volunteers (controls) are able to 
dispose of an exogenous glucose load much more readily than 
injured patients. Moreover, the quantity of insulin elaborated 
by the injured was greater than in control subjects; nonethe¬ 
less, these rising insulin concentrations failed to increase glu¬ 
cose clearance in these patients (insulin resistance). Other 
studies have demonstrated a failure to suppress hepatic glu¬ 
cose production in trauma patients during glucose loading or 
insulin infusion. Either of these perturbations usually inhibits 
hepatic glucose production in normal subjects. Thus, pro¬ 
found insulin resistance occurs in injured patients. 


SCIENTIFIC PRINCIPLES 














28 


Part One: Scientific Principles 


Alterations in Protein Metabolism. Extensive urinary 
nitrogen loss occurs following major injury. Like other 
responses, the loss of nitrogen following injury is related to the 
extent of the trauma. But it also depends on the previous nutri¬ 
tional status, as well as the age and gender of the patient, 
because these factors determine the size of the muscle mass. In 
unfed patients, protein breakdown rates exceed synthesis, and 
negative balance results. Providing exogenous calories and 
nitrogen increases protein synthesis, but, even with achieve¬ 
ment of energy balance, the nitrogen loss is not attenuated. 23 
Only providing enough nitrogen intake can balance the nitro¬ 
gen loss. 

Skeletal muscle is the major source of the nitrogen that is 
lost in the urine following extensive injury. Although it is now 
recognized that amino acids are released by muscle in 
increased quantities following injury, it has only recently been 
appreciated that the composition of amino acid efflux does not 
reflect the composition of muscle protein. The release is 
skewed toward glutamine and alanine, each of which comprise 
about one third of the total amino acids released by skeletal 
muscle, even though they make up only 5% of the protein 
mass of muscle. The kidney extracts glutamine, where it con¬ 
tributes ammonium groups for ammonia generation, a process 
that excretes acid loads. The gastrointestinal tract also takes 
up glutamine to serve as an oxidative fuel and substrate for 
RNA synthesis. The gut enterocytes convert glutamine primar¬ 
ily to ammonia and alanine, and these two substances are 
released into the portal venous blood. This ammonia is then 
removed by the liver and is converted to urea, and the alanine 
may be removed by the liver and serve as a gluconeogenic pre¬ 
cursor. Following elective surgical stress, glutamine consump¬ 
tion by the bowel and the kidney is accelerated in a reaction 
that appears to be regulated by the increased elaboration of 
the glucocorticoids. Although skeletal muscle releases alanine 
at an accelerated rate, the gastrointestinal tract and kidney 
also release increased amounts of alanine. The alanine is then 
extracted by the liver to be used in the synthesis of glucose and 
acute-phase proteins. Hence, glutamine and alanine are impor¬ 
tant participants in the transfer of nitrogen from skeletal mus¬ 
cle to visceral organs; however, their metabolic pathways favor 
the production of urea and ammonia, both of which are ter¬ 
minal uses of nitrogen and must be excreted from the body. 

Alterations in Fat Metabolism. To support the hyperme¬ 
tabolism, increased gluconeogenesis, and interorgan substrate 
flux, stored triglyceride is mobilized and oxidized at an accel¬ 
erated rate. Glucose administration poorly attenuates this 
lipolysis, which may be the result of continuous stimulation of 
the sympathetic nervous system. Although mobilization and 


use of free fatty acids are accelerated in injured subjects, keto¬ 
sis during brief starvation is blunted, and the accelerated pro¬ 
tein catabolism remains unchecked. If unfed, severely injured 
patients rapidly deplete their fat and protein stores. Such mal¬ 
nutrition increases their susceptibility to added stresses of 
hemorrhage, surgery, and infection and may contribute to 
organ system failure, sepsis, and death. 


Homeostatic Responses and 
Adjustments to Stress 

Built into the body’s defense mechanism is a complex and 
complicated set of orchestrated responses initiated within 
moments of injury or insult. These responses are essential for 
survival and are designed to maintain body homeostasis at a 
time when key physiologic processes are threatened. These 
responses are immediately set into motion by various compo¬ 
nents of the injury response such as volume loss, tissue dam¬ 
age, fear, and pain. Later factors reinitiating or perpetuating 
these responses include invasive infection and starvation. 
These events are generally related to the severity of injury; that 
is, the greater the insult is, the more pronounced the specific 
response. The synthesis of key hormones and peptides allows 
the body to respond to such insults with remarkable resilience. 
From an evolutionary standpoint, these biologic responses 
result from a process favoring survival of the fittest in the 
struggle to preserve the species. From a teleologic standpoint, 
these responses are designed to benefit the organism, enhance 
recovery, and ensure a relatively speedy return to health. 

Whether the body is injured accidentally or within the care¬ 
fully monitored confines of an operating room, the responses to 
such trauma are similar. However, such settings are also differ¬ 
ent in ways that influence the extent and magnitude of the 
stress response (Table 3.5). Accidental injury is unplanned and 
uncontrolled; tissues are torn, ripped, bruised, and contami¬ 
nated. The associated volume loss may be substantial, leading 
to tissue hypoperfusion, which, if prolonged, results in cellular 
deterioration and death in tissues that were not initially trau¬ 
matized. Pain, excitement, and fear are generally heightened 
and uncontrolled. As a consequence, the magnitude of the 
physiologic response to major accidental injury is considerable. 

In contrast, the “elective” tissue trauma that is inflicted 
within the confines of an operating room is calculated, planned, 
and monitored. Although elective surgery causes pain, often 
interrupts food intake, and is generally associated with the 
removal of an organ or tissue, the perioperative management 
of elective surgical patients is often designed to attenuate such 


ITABLE 3.5 I 

DIFFERENCES BETWEEN ELECTIVE SURGERY AND ACCIDENTAL INJURY 

■ INSULT 

■ ELECTIVE OPERATION 

■ ACCIDENTAL INJURY (TRAUMA) 

Tissue damage 

Minimal; tissues are dissected with 
care and reapproximated 

Can be substantial; tissues usually torn or 
ripped; debridement often necessary 

Hypotension 

Uncommon: preoperative hydration 
employed and fluid status is carefully 
monitored intraoperatively 

Fluid resuscitation often not immediate; blood 
loss can be substantial leading to shock 

Pain / fear/anxiety 

Generally can be alleviated with 
preop medication 

Generally present 

Infectious complications 

Uncommon; prophylactic antibiotics 
often administered 

More common due to contamination, 
hypotension, and tissue devitalization 

Overall stress response 

Controlled and of lesser magnitude; 
starvation better tolerated 

Uncontrolled; proportional to the magnitude 
of the injury; malnutrition poorly tolerated 
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FIGURE 3.5. Relative rates of protein synthesis and 
breakdown in skeletal muscle in postabsorptive, post¬ 
prandial, and catabolic states. After an overnight fast, 
muscle releases net amounts of amino acids to help 
maintain circulating pool. Breakdown exceeds synthesis, 
although this may not be measurable using standard 
techniques. Following a meal, muscle amino acid uptake 
is greater than release and protein synthesis is greater 
than catabolism. In the catabolic surgical patient, pro¬ 
tein synthesis may be increased, but this rate is exceeded 
by the rate of breakdown. In the absence of nutritional 
support, profound muscle wasting can occur. 


changes. Patients are assessed prior to surgery by anesthesiol¬ 
ogists and surgeons to determine the need for preoperative 
nutritional support or additional medical consultation. 
Hydration prior to surgery is common, as is the administration 
of prophylactic antibiotics and drugs to relieve anxiety and 
fear. In the operating theater, the surgical site is “prepped” in 
a sterile fashion to minimize contamination, and numerous 
physiologic responses (i.e., blood pressure, pulse, urine out¬ 
put) are continually monitored. Blood and blood products are 
invariably available. During the operation, tissues are carefully 
dissected and incised to minimize tissue trauma; tissues are 
reapproximated with care when possible. Appropriately 
selected pharmacologic agents are used to block undesirable 
cardiovascular responses, and specific techniques such as 
epidural or local block anesthesia or patient-controlled anal¬ 
gesia are effective in minimizing postoperative pain. As a con¬ 
sequence, the physiologic responses to elective surgery are gen¬ 
erally of a lesser magnitude than those following major 
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accidental injury (Fig. 3.5). Improvements in surgical and 
anesthetic care now allow us to perform major elective opera¬ 
tions with minimal morbidity and mortality. However, in the 
critically ill, an inflammatory cascade is launched, reaching 
beyond the limits of the beneficial response. 

The Inflammatory Response. The response to operative 
stresses (elective injury) or accidental injury (trauma) is com¬ 
posed of two components: a neurohormonal arm and an 
inflammatory arm. These pathways work together to deter¬ 
mine the magnitude of the response. The principal counterreg- 
ulatory hormones involved are the catecholamines, the corti¬ 
costeroids, and glucagon. The inflammatory component of 
injury involves the local elaboration of cytokines and the sys¬ 
temic activation of humoral cascades involving complement, 
eicosanoids, and platelet-activating factor (Fig. 3.6). These 
mediators promote wound healing by stimulating angiogene¬ 
sis, white cell migration, and ingrowth of fibroblasts. During 
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elective surgical procedures, the local inflammatory response is 
confined to the wound and significant amounts of these media¬ 
tors do not gain access to the systemic circulation. Following 
accidental injury where there is massive tissue destruction or 
prolonged hypotension leading to cell injury, these substances 
may be produced locally in the wound in excessive amounts, 
resulting in “spillover” into the systemic circulation. In addi¬ 
tion, cells in other tissues (such as Kupffer cells in the liver) may 
become activated to produce these mediators. Such responses 
can lead to a systemic response in which these mediators cause 
detrimental effects such as hypotension and organ dysfunction. 
Q The inflammatory response is the major metabolic feature 
of injury and infection, and is one of the main reasons why 
nutrition support in such patients can be a challenge. Now we 
are starting to appreciate the extent to which the inflammatory 
response underlies the nutritional issues of chronic dis¬ 
eases. 24,25 An inflammatory component exists in the body 
composition changes of such disparate diseases as congestive 
heart failure, cancer, chronic obstructive pulmonary disease, 
human immunodeficiency virus (HIV), and rheumatologic dis¬ 
orders. 26-29 Recognition that inflammation drives what has 
been traditionally thought of as purely nutritionally related 
effects of disease opens a whole new avenue for the manage¬ 
ment of the body wasting of disease (cachexia). 

The inflammatory response is a primitive, complex, and 
indispensable part of the nonspecific immune system. 30 Impor¬ 
tantly, the changes in body composition caused by inflamma¬ 
tion are part of an orchestrated response by the body to the 
acute challenge to homeostasis. 

Inflammation occurs at different levels. Small-scale local¬ 
ized inflammatory responses are occurring frequently in the 
body with no systemic consequences. 30 In fact, such responses 
may be an important mechanism for increasing the controlled 
exposure of the cellular immune system to antigen. Moderate 
inflammation is still localized, but its effects are more obvious. 
This would best be illustrated by the body’s response to a piece 
of foreign material (e.g., a wood splinter), in which the classic 
signs of inflammation might be observed: rubor, tumor, calor, 
dolor, and functio laesa (redness, swelling, pain, heat, and loss 
of function). 30 Multiple traumatic/surgical injury produces a 
more exuberant inflammation, and systemic effects are more 
likely to be manifest (hypermetabolism, body protein catabo¬ 
lism, insulin resistance, fever, acute-phase protein response). 
However, dysregulation of this response causes the uncon¬ 
trolled inflammation of septic multiple organ failure, in which 
widespread endothelial damage and organ dysfunction occur, 
along with deranged intermediary metabolism and, some¬ 
times, cellular immune function collapse. 30,31 This type of 
inflammation-driven illness is a major cause of death in the 
ICU. 30 Severe loss of lean body mass is a feature of patients 
who survive this, but once convalescence is achieved, the 
inflammatory metabolism can normalize and the body can be 
repleted with proper nutrition and exercise. 

The inflammatory response, for reasons not fully understood, 
can convert from an acute to a chronic condition, in which the 
systemic manifestations of altered acute-phase protein synthesis, 
impaired intermediary metabolism, and cachexia are present. 32 
This form of inflammation is believed to be maladaptive, and is 
a common feature of many preexisting chronic disease states that 
occur in surgical patients, such as renal failure, hepatic failure, 
congestive heart failure, rheumatoid diseases, and cancer. Aging 
and obesity also have inflammatory features that contribute to 
the changes in body composition, function, and health. 

Teleologically, the inflammatory response seems to have 
evolved as a defense mechanism for short-term (5 to 7 days) 
challenges to homeostasis, such as trauma or infection. As peo¬ 
ple began to live healthier lives and to survive acute illness, 
chronic illnesses became more common. Many of these chronic 
conditions stimulate the inflammatory response in a chronic 
manner, which is probably counter to its “purpose.” Thus, 
while inflammation is an important component of recovery 


from acute illnesses, in chronic illness it can become pathologic, 
leading to malnutrition. 

Despite the costs to the body, the advantages of the inflam¬ 
matory response are (a) rapid mobilization of fuel and sub¬ 
strates from muscle and adipose tissue to maximize visceral 
functions leading to recovery (gluconeogenesis, glutamine syn¬ 
thesis, acute-phase protein synthesis), (b) initiation of the 
process of local control and elimination of the offending agent 
(fever response, neutrophil and macrophage recruitment), 
(c) presentation of signals to the specific immune system in 
order to induce its participation in elimination of the offending 
agent, and (d) reduction of fluid loss to maintain hydration in 
the face of interrupted intake. In other words, the inflamma¬ 
tory response is a crude form of internal nutrition support, 
fluid resuscitation, and antibiotic therapy. 

Inflammation is mediated by a host of biochemicals, includ¬ 
ing hormones, growth factors, enzymes, kinins, complement, 
cytokines, and eicosanoids. The initial injury stimulates local 
mast cells to release numerous mediators. 33 Chief among these 
mediators are the cytokines and eicosanoids. There are pro- 
and anti-inflammatory forms of each of these. The proinflam- 
matory forms predominate early (tumor necrosis factor [TNF], 
interleukin [ILj-1, IL-6, prostaglandin-2 series fPGE 2 ], 
leukotriene-4 [LT 4 ]). TNF and the prostaglandins are expressed 
early and along with IL-1 elicit the acute-phase response (fever, 
acute-phase protein synthesis, insulin resistance). The TNF and 
IL-1 peak early and then disappear from plasma, but first they 
stimulate IL-6 release. One of the effects of IL-6 is to reduce the 
level of insulinlike growth factor 1 (IGF-1), which leads to pro¬ 
teolysis and amino acid release from muscle (Fig. 3.6). 

Early in the inflammatory process, there is a marked rise in 
the elaboration of the counterregulatory hormones glucagon, 
glucocorticoids, and epinephrine. During the ebb phase of 
injury, the sympathoadrenal axis helps maintain the pressure- 
flow relationships necessary for an intact cardiovascular system 
to maintain blood flow in a low-volume state. With the onset of 
hypermetabolism, a characteristic of the flow phase, these and 
other hormones exert a variety of metabolic effects. Glucagon 
along with insulin resistance has potent glycogenolytic and glu¬ 
coneogenic effects on the liver, which signal the hepatocytes to 
produce glucose from hepatic glycogen stores and gluco¬ 
neogenic precursors. Cortisol mobilizes amino acids from 
skeletal muscle and increases hepatic gluconeogenesis. The cat¬ 
echolamines stimulate hepatic glycolysis and gluconeogenesis 
and increase lactate production from peripheral tissues (skele¬ 
tal muscle). Catecholamines also increase metabolic rate and 
stimulate lipolysis. The level of growth hormone is elevated, 
but there is resistance to its action (possibly because of sup¬ 
pressed levels of IGF-1), and thyroid hormone levels are 
reduced to low-normal concentrations. 33 Infusion of counter- 
regulatory hormones into normal subjects reproduces many of 
the metabolic alterations that are characteristic of injury. 34 

As the inflammatory stimulus is controlled and eliminated, 
the anti-inflammatory cytokines (IL-4, IL-10, IL-13) and 
eicosanoids (PGE 3 , LT 5 ) begin to predominate, and bring the 
inflammatory response to a conclusion. This is not to say that 
only pro- or anti-inflammatory mediators are being expressed. 
Rather, there is interplay between the two types of mediators, 
which tips in favor of the anti-inflammatory molecules as 
inflammation resolves. 

The genes that regulate cytokine biosynthesis are highly 
conserved, indicating that these peptides confer a survival 
advantage following injury. 33 Although excess production can 
be dangerous to the host, cytokines exert a number of benefi¬ 
cial nutritional effects under the majority of circumstances, 
which appear to outweigh the detrimental effects that occur in 
extreme pathophysiologic states. 

Mobilization of Amino Acids and Stimulation of Acute-phase 
Protein Synthesis. Cytokines act in concert with other media¬ 
tors to promote mobilization of amino acids from skeletal 
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muscle. This response provides key nutrients to support cellu¬ 
lar metabolism at a time when food cannot be acquired. The 
primary metabolic component of the acute-phase response 
affected by IL-6 is a qualitative alteration in hepatic protein 
synthesis with a resulting alteration in plasma protein compo¬ 
sition. Characteristically, proteins acting as serum transport 
and binding molecules (albumin, transferrin) are reduced in 
quantity, and acute-phase proteins (fibrinogen, C-reactive pro¬ 
tein) are increased. Acute-phase proteins are elaborated, in 
part, for the purpose of reducing the systemic effects of tissue 
damage. While the true physiologic role of many of the acute- 
phase proteins remains unclear, many act as antiproteases, 
opsonins, or coagulation and wound-healing factors, and they 
likely inhibit the generalized tissue destruction that is associ¬ 
ated with the local initiation of inflammation. For example, 
increases in fibrinogen enhance thrombus formation, while 
antiproteases reduce tissue damage caused by proteases 
released by dead or dying cells. C-reactive protein has been 
hypothesized to have a scavenger function and its serum level 
can be a measure of the inflammatory response. This acute- 
phase response normally confers a significant survival advan¬ 
tage following injury and infection. 

Hypoferremia and Hypozincemia. Serum iron and zinc levels 
are reduced in septic patients, an event that is cytokine medi¬ 
ated. The decrease in serum iron is probably important in pro¬ 
tecting the host against various bacteria. The reduction of iron 
can inhibit the growth rate of microorganisms that have a 
strict requirement for iron as a growth factor. Both TNF and 
IL-1 have been shown to mediate hypoferremia, hypo¬ 
zincemia, and other alterations in trace element metabolism. 

In chronic disease states, the milieu of mediators remains 
predominantly proinflammatory, leading to prolonged tissue 
damage and systemic effects on immune function, body com¬ 
position, and metabolism. 

Induction of the inflammatory response requires a stimulus. 
Physical injury and invasion of antigen are the stimuli most 
often described (trauma, pancreatitis, infection). However, 
local areas of hypoxia can be an inflammatory stimulus, so 
that heart failure and chronic obstructive pulmonary disease 
(COPD) may be added to the list of conditions that might 
cause inflammation. 30 ’ 31 Conversion of self to non-self tissue 
(e.g., cancer) or faulty recognition of self versus nonself tissue 
(e.g., inflammatory bowel disease, rheumatologic conditions) 
can also elicit inflammation. 25 


SPECIFIC STIMULANTS OF 
THE STRESS RESPONSE 


Volume Loss and Tissue Hypoperfusion 

Following hemorrhage or plasma loss, the body immediately 
attempts to compensate in order to maintain adequate organ 
perfusion. Pressure receptors in the aortic arch and carotid 
artery and volume (stretch) receptors in the wall of the left 
atrium detect the fall in blood volume and immediately 
respond by signaling the brain. Heart rate and stroke volume 
increase. Afferent nerve signals are also initiated, which stimu¬ 
late the release of both antidiuretic hormone (ADH) and 
aldosterone. ADH is produced by the posterior pituitary gland 
in response to hypotonicity and acts to increase water reab¬ 
sorption in the kidney. Aldosterone is produced via the renin- 
angiotensin system when the juxtaglomerular apparatus in the 
kidney senses a fall in pulse pressure. Aldosterone increases 
renal sodium reabsorption to conserve intravascular water. 
These mechanisms are only partially effective and, in the 
absence of adequate resuscitation, severe hemorrhage often 
leads to a prolonged low-flow state (shock). Under these cir¬ 
cumstances, oxygen delivery is inadequate to meet tissue 


demands and the cell is forced to switch to anaerobic metabo¬ 
lism, leading to lactic acidosis. 


Tissue Damage 

Injury of body tissues appears to be the most important factor 
setting the stress response into motion. Hypovolemia and star¬ 
vation do not initiate a hypermetabolic/hypercatabolic response 
unless they result in infection or tissue injury. For example, 
prolonged underperfusion may lead to ischemia, cellular 
death, and the release of toxic products that can initiate the 
“stress” response. Afferent neural pathways from the wound 
signal the hypothalamus that injury has occurred; tissue 
destruction is generally sensed in the conscious patient as pain. 
Efferent pathways from the brain are immediately triggered 
and stimulate a number of responses designed to maintain 
homeostasis. 


Pain and Fear 


Pain and fear are established components of the stress response. 
Both lead to excessive production of the catecholamines prepar¬ 
ing the body for the “fight or flight” response. 


Lack of Nutrient Intake and the 
Consequences of Malnutrition 

The metabolic response to injury and surgery demands 
increased energy expenditure. In many patients undergoing 
surgery, nutrient intake is inadequate for a period of time (1 to 
5 days) following operation. If energy intake is minimal (e.g., 
5% dextrose infusion), oxidation of body fat stores and ero¬ 
sion of lean body mass occur, with the resultant loss of weight. 
Body glycogen stores are limited and are depleted within 24 to 
36 hours. Consequently, glucose, which is required by the cen¬ 
tral nervous system and white blood cells, must be synthesized 
de novo. Amino acids, released principally by skeletal muscle, 
are the major gluconeogenic precursors. Most injured patients 
can tolerate a loss of 15% of their preinjury weight without a 
significant increase in the risk of surgery. When weight loss 
exceeds 15% of body weight, the complications of undernutri¬ 
tion interact with the stress process and impair the body’s abil¬ 
ity to respond appropriately to the injury, and may impair 
responses to added complications such as infection. 

Q The major goal of nutritional support, especially via the GI 
tract, in the surgical patient is to match the energy and nitro¬ 
gen expenditure that occurs following injury in order to aid 
host defense. 35-37 In contrast to injured patients, the catabolic 
and hypermetabolic responses that occur after elective opera¬ 
tions are of a lesser magnitude because there is less tissue 
destruction and the neurohormonal/inflammatory response is 
less intense. Consequently, well-nourished patients undergoing 
major operations do not require nutritional support after 
surgery unless it is anticipated that food intake will be pre¬ 
cluded for more than 7 days. 


Invasive Infection 


The major complication observed in surgical patients is infec¬ 
tion. Most patients, particularly those in intensive care units, 
are exposed to a variety of infectious agents in the hospital. 
Normal barrier defense mechanisms are disrupted by multiple 
indwelling pieces of plastic such as intravenous catheters and 
nasotracheal and nasogastric tubes. Breakdown of skin and 
mucous membranes allows portals of entry for bacteria. 38 
Infection alone may initiate catabolic responses that are 
similar to those described following injury in noninfected 
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patients. Both processes cause fever, hyperventilation, tachy¬ 
cardia, accelerated gluconeogenesis, increased proteolysis, and 
lipolysis, with fat utilized as the principal fuel source. Inflam¬ 
matory cells release a variety of soluble mediators that aid host 
resistance and wound repair, but undernutrition may compro¬ 
mise the available host defense mechanisms and thereby 
increase the likelihood of invasive sepsis, multiple organ sys¬ 
tem failure, and death. 


DETERMINANTS OF HOST 
RESPONSES TO SURGICAL STRESS 

The pattern of physiologic changes elicited in response to sur¬ 
gical stress results from the specific interaction of an individual 
patient with the stressful stimulus. The host must be capable of 
transmitting and integrating injury signals, both neural and 
humoral, and then mounting an appropriate response that 
requires the interaction of a number of organ systems. The 
nature, intensity, and duration of the stress are fundamental 
determinants of both the host mediators activated and the 
physiologic changes observed. The responses that follow a 
minor elective operation are similar to those observed during a 
comparable, brief period of fasting and bed rest. On the other 
hand, major thermal injury results in a prolonged period of 
hypermetabolism and a severe drain on the body’s energy and 
protein stores, resolving only with wound closure and resolu¬ 
tion of the sepsis that may have developed. Thus, there are 
profound metabolic differences between the body’s response 
to simple starvation and major stress (Table 3.6). 


Body Composition 

Body composition is a major determinant of the metabolic 
responses observed during surgical illness. Posttraumatic 
nitrogen excretion is directly related to the size of the body 
protein mass. The balance of nitrogen intake versus output 
from the body serves as a marker of protein metabolism. The 
net loss of a certain amount of nitrogen from the body implies 
the net breakdown of the corresponding amount of protein. In 
women, the size of the skeletal muscle mass is about one-half 
that of age-matched men; thus, it is the muscular young man 
in whom nitrogen losses are most marked after injury, and it is 
the elderly, sedentary woman in whom they are the least 
marked. 8 


Nutritional Status 


A strong relation between protein depletion and postoperative 
complications has been demonstrated in nonseptic, nonim- 
munocompromised patients undergoing elective major gas¬ 
trointestinal surgery. 23 Protein-depleted patients had signifi¬ 
cantly lower preoperative respiratory muscle strength and vital 
capacity, an increased incidence of postoperative pneumonia, 
and longer postoperative hospital stays. Impaired wound heal¬ 
ing as well as decreased respiratory, hepatic, and muscle func¬ 
tion in protein-depleted patients awaiting surgery have also 
been reported. 


Age 

Many of the changes in the metabolic responses to surgical ill¬ 
ness that occur with aging can be attributed to alterations in 
body composition and to longstanding patterns of physical 
activity. Although weight remains more or less stable, fat mass 
tends to increase with age while muscle mass tends to decrease. 
The loss of strength that accompanies immobility, starvation, 
and acute surgical illness may have marked functional conse¬ 
quences. The capacity of muscle to serve as an energy source 
may be limited during prolonged illness in the elderly patient, 
and muscle strength may rapidly become inadequate for respi¬ 
ratory and other vital muscle function. 

After the limited stress of elective operation, increases in 
energy expenditure are independent of age. Endocrine responses 
to elective operation and to trauma appear intact in older 
patients in terms of plasma cortisol levels and urinary excretion 
of adrenaline, noradrenaline, and 17-hydroxycorticosteroids. 

The prevalence of cardiovascular and pulmonary diseases 
increases with age. Diminished arterial compliance, impaired 
vasoconstriction, altered autonomic function and sensitivity to 
catecholamines, and decreased baroreflex sensitivity may all 
impair the maintenance of cardiovascular homeostasis during 
acute surgical illness. Thus, the delivery of oxygen to the tis¬ 
sues may be impaired in the elderly and may be inadequate 
when oxygen demands are highest. 


Gender 

Observed differences between the metabolic responses of men 
and women in general reflect differences in body composition. 
Lean body mass, expressed as a proportion of body weight, is 


[TABLE 3.6 |j 

METABOLIC DIFFERENCES BETWEEN THE RESPONSE TO SIMPLE STARVATION AND 

TO INJURY 


■ SIMPLE STARVATION 

■ SEVERE INJURY 

Basal metabolic rate 


+ + 

Presence of mediators 

- 

+ + + 

Major fuel oxidized 

Pat 

Mixed 

Ketone body production 

+ + + 

+ 

Hepatic ureagenesis 

+ 

+ + + 

Negative nitrogen balance 

+ 

+ + + 

Gluconeogenesis 

+ 

+ + + 

Muscle proteolysis 

+ 

+ + + 

Hepatic protein synthesis 

+ 

+ + + 
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lower in women than in men; this difference is thought to 
account for the lower net loss of nitrogen after major elective 
abdominal surgery in women. 


The Gut Mucosal Barrier Dysfunction as a 
Mediator of the Stress Response 

Under certain circumstances, the gut may become a source of 
sepsis and serve as the motor of the systemic inflammatory 
0 response syndrome. The maintenance of an intact brush bor¬ 
der and intercellular tight junctions prevents the movement of 
toxic substances into the intestinal lymphatics and circula¬ 
tion; these functions may become altered in critically ill 
patients. Maintenance of a gut mucosal barrier that effec¬ 
tively excludes luminal bacteria and toxins requires normal 
perfusion, an intact epithelium, and normal mucosal immune 
mechanisms. 

Microbial translocation is the process by which microor¬ 
ganisms migrate across the mucosal barrier and invade the 
host. 37 Translocation can be promoted in three general ways: 
(a) altered permeability of the intestinal mucosa, (b) decreased 
host defense, and (c) an increased number of bacteria within 
the intestine. Hemorrhagic shock, hypoxemia, sepsis, distant 
injury, or administration of cell toxins leads to altered perme¬ 
ability. Glucocorticoid administration, immunosuppression, or 
protein depletion decreases host defense. Bacterial overgrowth 
in association with intestinal stasis may cause translocation. 


Even if actual migration of whole bacteria does not occur, the 
gut may absorb endotoxin into the portal venous system. A 
number of retrospective and epidemiologic studies have asso¬ 
ciated infection in specific patient populations with bacterial 
invasion from the gut. These studies have demonstrated an 
increase in mucosal permeability both in normal volunteers 
who received endotoxin and in infected burn patients. Because 
many of the factors that facilitate bacterial translocation 
occur simultaneously in surgical patients and their effects 
may be additive or cumulative, patients in an intensive care 
unit may be extremely vulnerable to the invasion of enteric 
bacteria or to the absorption of their toxins. Such patients do 
not generally receive enteral feedings and current parenteral 
therapy results in gut atrophy. Methods currently used to 
support critically ill patients neither facilitate repair of the 
intestinal mucosa nor maintain gut barrier function. Provision 
of early enteral feeds and glutamine do the most to prevent 
translocation. 


Elective Operations and Physiologic 
Responses to Surgery 

The physiologic responses to surgical stress are multiple and 
complex (Fig. 3.7). One of the earliest consequences of a sur¬ 
gical procedure is the rise in levels of circulating cortisol occur¬ 
ring in response to a sudden outpouring of adrenocorti¬ 
cotropic hormone (ACTH) from the anterior pituitary gland. 



FIGURE 3.7. Homeostatic adjustments initiated after 
injury. 
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The rise in ACTH stimulates the adrenal cortex to elaborate 
cortisol, which remains elevated for 24 to 48 hours after oper¬ 
ation. Cortisol has generalized effects on tissue catabolism and 
mobilizes amino acids from skeletal muscle that provide sub¬ 
strates for wound healing and serve as precursors for the 
hepatic synthesis of acute-phase proteins or new glucose. 
Associated with the activation of the adrenal cortex is stimula¬ 
tion of the adrenal medulla through the sympathetic nervous 
system, with elaboration of epinephrine and norepinephrine. 
These circulating neurotransmitters play an important role in 
circulatory adjustment, but may also elicit metabolic responses 
if the augmented secretion rate continues over a prolonged 
period of time. 

The neuroendocrine responses to operation also modify the 
various mechanisms that regulate salt and water excretion. 
Alterations in serum osmolarity and tonicity of body fluids sec¬ 
ondary to anesthesia and operative stress stimulate the secretion 
of aldosterone and ADH. Aldosterone is a potent stimulator of 
renal sodium retention, whereas ADH stimulates renal tubular 
water reabsorption. Thus, the ability to excrete a water load 
after elective surgical procedures is restricted and weight gain 
secondary to salt and water retention is usual following opera¬ 
tion. Edema occurs to a varying extent in all surgical wounds, 
and this accumulation is proportional to the extent of tissue dis¬ 
section and local trauma. This “third-spaced” fluid eventually 
returns to the circulation as the wound edema subsides and 
diuresis commences 2 to 4 days following the operation. 

Alterations occur in the response of the endocrine pancreas 
following elective operation. In general, insulin elaboration is 
diminished, and glucagon concentrations rise. This response 
may be related to increased sympathetic activity or to the rise 
in levels of circulating epinephrine known to suppress insulin 
release. The rise in glucagon and the corresponding fall in 
insulin are a potent signal to accelerate hepatic glucose pro¬ 
duction, and, with the help of other hormones (epinephrine 
and glucocorticoids), gluconeogenesis is maintained. 

The period of catabolism initiated by operation character¬ 
ized by a combination of inadequate nutrition and alteration 
of the hormonal environment has been termed the “adrenergic- 
corticoid phase.” This phase generally lasts 1 to 3 days and is 
followed by the “adrenergic-corticoid withdrawal phase,” 
which lasts 1 to 3 days. This period is followed by the onset of 
anabolism, which occurs at a variable time in the patient’s con¬ 
valescence. In general, in the absence of postoperative compli¬ 
cations, this phase starts 3 to 6 days after an abdominal oper¬ 
ation of the magnitude of a colectomy or gastrectomy, often 
concomitant with the commencement of oral feedings. The 
patient then enters a prolonged period of early anabolism 
characterized by positive nitrogen balance and weight gain. 
Protein synthesis is increased as a result of sustained enteral 
feedings, and this change is related to the return of lean body 
mass and muscular strength. 


SEPSIS: GENERAL OVERVIEW 
AND TIME COURSE OF THE 
METABOLIC RESPONSE TO SEPSIS 

The response patterns following major infection are less pre¬ 
dictable than those following elective operations and trauma. 
The invasion of the body by microorganisms initiates many 
host responses including mobilization of phagocytes, an 
inflammatory response at the local site, fever, tachycardia, and 
other systemic responses. Systemic events during the hyperdy¬ 
namic phase of sepsis can be categorized into two general 
types of responses: (a) those related to the host’s immunologic 
defenses and (b) those related to the body’s general metabolic 
and circulatory adjustments to the infection. The changes in 
metabolism relate to alterations in glucose, nitrogen, and fat 
metabolism, as well as the redistribution of trace metals. 


Systemic Metabolic Responses 

Severe infection is characterized by fever, hypermetabolism, 
diminished protein economy, altered glucose dynamics, and 
accelerated lipolysis, much like the injured patient. Anorexia is 
commonly associated with systemic infection and contributes 
to the loss of lean body tissue. These effects are compounded 
in the patient with sepsis by multiorgan system failure, which 
includes the gastrointestinal tract, liver, heart, and lungs. 

Hypermetabolism. Oxygen consumption is usually ele¬ 
vated in the infected patient. The extent of this increase is 
related to the severity of infection, with peak elevations reach¬ 
ing 50% to 60% above normal. Such responses often occur in 
the postoperative and postinjury periods secondary to severe 
pneumonia, intra-abdominal infection, or wound invasion. If 
the patient’s metabolic rate is already elevated to a maximal 
extent because of severe injury, no further increase occurs. In 
patients with only slightly accelerated rates of oxygen con¬ 
sumption, the presence of infection causes a rise in metabolic 
rate that appears additive to the preexisting state. A portion of 
the increase in metabolism may be ascribed to the increase in 
reaction rate associated with fever (Q10 effect). Calculations 
suggest that the metabolic rate increases 10% to 13% for each 
elevation of 1°C in central temperature. On resolution of the 
infection, the metabolic rate returns to normal. 

Altered Glucose Dynamics. The observation that glucose 
production is increased in infected patients appears to be addi¬ 
tive to the augmented gluconeogenesis that occurs following 
injury. For example, uninfected burn patients have an acceler¬ 
ated glucose production rate approximately 50% above nor¬ 
mal; with the onset of bacteremia in similar individuals, hepatic 
glucose production increases to twice basal levels. Glucose 
dynamics following infection are complex, and profound hypo¬ 
glycemia and diminished hepatic glucose production have also 
been described in both animals and human patients. Studies in 
animals and in human patients show that deterioration in glu¬ 
coneogenesis is associated with more progressive stages of infec¬ 
tion and may be related to alterations in splanchnic blood flow. 

Alterations in Protein Metabolism. Accelerated proteol¬ 
ysis, increased nitrogen excretion, and prolonged negative 
nitrogen balance occur following infection, and the response 
pattern is similar to that described for injury. Amino acid 
efflux from skeletal muscle is accelerated in patients with sep¬ 
sis, and this flux is matched by accelerated visceral amino acid 
uptake. In infected burn patients, splanchnic uptake of amino 
acids is increased 50% above rates in uninfected burn patients 
with injuries of comparable size. These amino acids serve as 
glucose precursors and are used for synthesis of acute-phase 
proteins. Studies in animals have demonstrated that an 
increase in hepatic amino acid uptake during systemic infec¬ 
tion is due to an increase in the activities of specific amino acid 
transporters that reside in the hepatocyte plasma membrane. 

Severe infection is often associated with a hypercatabolic 
state that initiates marked changes in interorgan glutamine 
metabolism (Fig. 3.8). The cycle may begin with a breakdown 
in the gut mucosal barrier resulting in microbial translocation. 
Bacteria and their endotoxins stimulate macrophages to release 
cytokines, which activate the pituitary/adrenal axis. The release 
of cortisol stimulates glutamine synthesis and release by tissues 
such as the lungs and skeletal muscle. The bulk of the gluta¬ 
mine is taken up by the liver at the expense of the gut. Acidosis 
frequently occurs in the patient with sepsis, and this stimulus 
serves as a signal for accelerated glutamine uptake by the kid¬ 
ney. Glutamine liberates an ammonia ion that combines with a 
hydrogen ion and is excreted in the urine, thus participating in 
acid-base homeostasis. Because the glutamine arises from 
skeletal muscle proteolysis, this complication of sepsis is yet 
another stimulus of heightened skeletal muscle breakdown. 
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FIGURE 3.8. The interorgan glutamine cycle can be 
initiated by any local and/or systemic catabolic insult 
that redirects the flow of glutamine and results in glut¬ 
amine depletion. In the case illustrated here, the patient 
develops a breakdown in the gut mucosal barrier, 
which causes an increase in bowel permeability and 
bacterial translocation. Bacteria and endotoxins stimu¬ 
late macrophages to release cytokines (tumor necrosis 
factor [TNF], interleukin-1 [IL-1], IL-6), which exert 
direct effects on glutamine metabolism in various 
organs and also stimulate release of the counterregula- 
tory hormones. These mediators work together to 
mobilize glutamine stores from muscle and to stimulate 
glutamine production by the lungs. A central goal is to 
support the increased glutamine requirements in other 
tissues. It is unclear why organs such as the gut should 
subserve other tissues, but it is apparent that if the 
cycle persists, or if the patient is unable to take oral 
feedings or remains glutamine deficient, a prolonged 
catabolic state develops. 


Alterations in Fat Metabolism. Fat is a major fuel oxi¬ 
dized in infected patients, and the increased metabolism of 
lipids from peripheral fat stores is especially prominent during 
a period of inadequate nutritional support. Lipolysis is most 
probably mediated by the heightened sympathetic activity that 
is a potent stimulus for fat mobilization and accelerated oxi¬ 
dation. Serum triglyceride levels reflect the balance between 
rates of triglyceride production by the liver and use and stor¬ 
age by peripheral tissues. Marked hypertriglyceridemia has 
been associated with gram-negative infection on occasion, but 
plasma triglyceride concentrations are usually normal or low, 
indicating enhanced clearance by other organs. Infected 
patients cannot convert fatty acids to ketones efficiently in the 
liver, and hence do not adapt to starvation like fasted, 
unstressed individuals. It has been suggested that the low 
ketone levels of infection may be a consequence of the hyper- 
insulinemia associated with catabolic states. 

Changes in Trace Mineral Metabolism. Changes in bal¬ 
ance of magnesium, inorganic phosphate, zinc, and potassium 
generally follow alterations in nitrogen balance. Although the 
iron-binding capacity of transferrin is usually unchanged in 
early infection, iron disappears from the plasma, especially 
during severe pyrogenic infections; similar alterations are 
observed with serum zinc levels. These decreases cannot be 
totally accounted for by losses of the minerals from the body. 
Rather, both iron and zinc accumulate within the liver, and this 
accumulation appears to be another host defense mechanism. 
The administration of iron to the infected host, especially early 
in the disease, is contraindicated because increased serum iron 
concentrations may impair resistance. Unlike iron and zinc, 
copper levels generally rise, and the increased plasma concen¬ 
trations can be ascribed almost entirely to the increase in ceru¬ 
loplasmin produced by the liver. 


Nutritional Requirements and 
Special Feeding Problems 

As with all patients, the primary objectives of nutritional assess¬ 
ment are to evaluate the patient’s present nutritional status and 
to determine energy, protein, and macro- and micronutrient 
requirements. Weight gain and anabolism are generally difficult 
to achieve during the septic process, but they do occur once the 
disease process has abated. Total energy requirements can be 
calculated using the stress equation; mild to moderate infections 
increase energy requirements 20% to 30%, and severe infection 
with fever increases caloric needs -50% above basal levels. The 
most severe complication of sepsis is the multiple organ dys¬ 
function syndrome, which may result in death. The current 
treatment of systemic infection consists of (a) removal or 
drainage of the septic source; (b) use of appropriate antibiotics; 
(c) supportive therapy of specific organ failure, whether cardiac, 
pulmonary, hepatic, renal, or gastrointestinal; and (d) vigorous 
support of the host through nutritional means. 

Respiratory Insufficiency. A common problem associ¬ 
ated with systemic infection is oxygenation and elimination 
of carbon dioxide in patients with a compromised pul¬ 
monary status. Patients often require intubation and vigor¬ 
ous ventilatory support, and hypermetabolism is a common 
feature of their illness. Hypermetabolism is accompanied by 
increased oxygen consumption, which drives carbon dioxide 
production as more substrate must be oxidized to support 
the hypermetabolic response. Within this model, composi¬ 
tion of diet (carbohydrate vs. fat) is relatively unimportant in 
determining the carbon dioxide burden (carbohydrate at res¬ 
piratory quotient [RQ] 1.0 releasing more C0 2 than fat at 
RQ 0.7). Avoidance of overfeeding is the primary concern in 
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reducing the nutritional contribution to C0 2 production. 
Only in the most severely compromised patients does the 
change in C0 2 production from diet composition make a dif¬ 
ference. The decision to reduce carbohydrate intake and 
increase lipid intake must be weighed carefully because high- 
fat diets, especially fats high in n-6 fatty acids, may exacer¬ 
bate lung injury. 


Renal Failure 


Renal failure significantly compromises the body’s ability to 
clear the byproducts of protein metabolism, but does not 
reduce the catabolic rate or the need for dietary protein. A 
nexus therefore exists between nutrition and renal manage¬ 
ment: should protein intake be determined by the protein 
needs of the patient or by a desire to limit uremia and the need 
for dialysis? Under such conditions, it is important not only to 
avoid overfeeding protein, but also to be aggressive with dia- 
lytic therapy so that protein is not restricted to less than the 
body’s requirement. Careful assessment of protein-calorie 
needs is critical. 

Gut Dysfunction. Sepsis causes marked changes in gas¬ 
trointestinal function. The most common abnormality is ileus, 
which can result from intra-abdominal disease or from the 
effects of bacteria elsewhere. Breakdown of the gut mucosal 
barrier with translocation of luminal bacteria and their toxins 
can initiate a prolonged hypermetabolic state. 

Hepatic Failure. Hepatic dysfunction is a common mani¬ 
festation of septicemia. The degree of dysfunction is variable 
and may appear early as a slight elevation of liver enzymes, or 
it may cause severe jaundice and hyperbilirubinemia. Hepatic 
dysfunction generally resolves on resolution of the sepsis, but 
if the inflammatory process persists, adjustments in the feeding 
formulation are necessary. Balanced carbohydrate and fat 
intake are important with avoidance of overfeeding. The 
patient should be observed for the presence of encephalopa¬ 
thy; if this complication occurs and cannot be controlled by 
lactulose usage, then the protein load should also be reduced. 
Another indicator for limiting protein to less than 1.5 g/kg 
body weight is an elevated prothrombin time, as this indicates 
impairment of hepatic protein synthetic function. Of course, 
vitamin K and anticoagulants must be eliminated as causes of 
the change. 

Cardiac Dysfunction. The myocardial dysfunction that 
occurs in sepsis may be secondary to the elaboration of 
cytokines such as TNF or IL-1, which have direct myocardial 
depressant activity. Alternatively, the heart failure may be sec¬ 
ondary to pulmonary insufficiency with an increased pul¬ 
monary vascular resistance and right ventricular overload. 
Malnourished patients with sepsis may be sensitive to volume 
overload, and use of a concentrated enteral or parenteral feed¬ 
ing solution may be indicated to maximize calories and to min¬ 
imize volume. 


CANCER AND ACQUIRED 
IMMUNODEFICIENCY 
SYNDROME 


Nutrition support of patients with cancer or acquired immun¬ 
odeficiency syndrome (AIDS), whose inflammatory states are 
very similar, needs to be directed at two major areas: (a) pro¬ 
viding nutrition when symptoms of the disease or side effects 
of treatment prevent adequate intake and (b) fighting the 
inflammatory state created by the disease. 


Cancers of the aerodigestive tract interfere with swallowing 
and/or digestion, precluding adequate caloric or protein 
intake. Dysgeusia (altered taste perception) may also prevent 
adequate intake, as may mouth sores and irritation of the 
pharynx and esophagus from chemotherapy, fungal infections, 
and radiation. Careful attention to a patient’s symptoms and 
provision of zinc and B vitamins may help with taste. Soft 
foods, slushies, or slurries may help patients get better intake 
through an irritated or partially obstructed throat or esopha¬ 
gus. Treatment of nausea and constipation allows more inter¬ 
est in food. 

Cancer cachexia occurs with many tumors and especially 
aggressive ones. The later stages of AIDS have a cachexia just 
like cancer. The cachectic state is just a chronic inflammatory 
state that cannot be reversed even with adequate calories and 
protein. Proinflammatory cytokines (TNF, IL-1, IL-6) are con¬ 
stantly released in response to the tumor and lead to a chronic 
state of muscle wasting and fat loss. Only a reversal of the 
inflammatory response can ameliorate the cachexia. 

Cancer or AIDS cachexia cannot be cured, only managed, 
and so removing the stimulus for inflammation is not possi¬ 
ble. Instead, inflammation might be managed by provision of 
substances that interrupt or modify the inflammatory cascade 
to orient it in the anti-inflammatory direction. Pharmacologic 
options for interruption of inflammation include several of 
the nonsteroidal anti-inflammatory drugs (including cele- 
coxib) and anticytokine medications. The nutritional strate¬ 
gies range from regular foods to functional foods to food 
supplements. 

Among the most promising nutritional agents for promot¬ 
ing an anti-inflammatory milieu is the balance of n-6 to n-3 
fatty acids in the body. 38 The source of these fatty acids is the 
diet, and dietary fatty acids are quickly incorporated into cell 
membranes, influencing the membranes’ characteristics and 
function. These fatty acids are also the raw material for 
eicosanoid production. 39 The type of eicosanoid produced 
depends on the types of fatty acids contained in the cell mem¬ 
branes. The dietary and intravenous n-6 fatty acid is linoleic 
acid, which is incorporated into cell membranes as arachi- 
donic acid, which gives rise to proinflammatory PG 2 and LT 4 . 
The dietary n-3 fatty acids are u-linolenic, eicosapentaenoic, 
and docosahexaenoic acid and are incorporated into cell mem¬ 
branes as the more anti-inflammatory PG 3 and LT 5 . These anti¬ 
inflammatory eicosanoids interrupt the release of IL-6, thus 
potentially allowing IGF-1 levels to normalize in the patient 
with cachexia. 40 The typical modern Western diet is high in the 
ratio of n-6 to n-3 fatty acids (about 15:1). A more therapeu¬ 
tic ratio would be 2:1 to 4:1. In managing cachexia, the nutri¬ 
tional recommendation is to increase calorie and protein 
intake by any means possible. This often means dairy foods 
and protein sources from cold-water fish, which tend to keep 
the n-3 level high. 

In three studies, pancreatic cancer patients consumed 3 g of 
eicosapentaenoic acid (EPA), a marine source of n-3 fatty acid, 
in a calorie/protein liquid supplement. 41-43 By doing so, 
patients gained weight (as fat-free mass, an indicator of 
anabolism); increased their grip strength; reduced their levels 
of C-reactive protein, IL-6, and resting metabolic rate (mark¬ 
ers of decreased inflammation); and improved their scores on 
quality-of-life and functional status questionnaires. In another 
randomized trial, daily supplementation of 18 g n-3 fatty acid 
improved survival time in malnourished patients with solid 
tumors. 44 

Another possible nutritional intervention in cachexia of 
chronic illness is amino acid supplementation, specifically argi¬ 
nine, glutamine, and/or branched chain amino acids (leucine, 
isoleucine, valine). It should be remembered that the metabolic 
pathways of all of these amino acids intersect in human metab¬ 
olism, so supplementation with all of them may not be 
required. Be that as it may, two double-blind, randomized clin¬ 
ical trials of a commercially available amino acid supplement 
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containing 14 g arginine, 14 g glutamine, and 3 g /3-hydroxy- 
/3-methylbutyrate (an analog of leucine) has shown that such 
supplementation can increase the fat-free mass of cachectic 
cancer patients (stage IV solid tumors) and patients with stage 
III AIDS. 45 ’ 46 


OTHER METHODS OF 
MODIFYING THE CATABOLIC 
RESPONSE TO SURGERY AND 
CRITICAL ILLNESS 


Besides nutritional intervention, other methods to modify the 
physiologic and biochemical response to operation have been 
studied in an effort to reduce the magnitude of the stress 
response and to provide insight into possible mechanisms. 
Regional anesthetic techniques block afferent signals from the 
wound and interrupt sympathetic nervous efferent signals to 
the adrenal gland and possibly the liver, reducing the apparent 
magnitude of the stress response. Others have studied stress 
responses in sympathectomized animals by blocking the effer¬ 
ent limb of the neuroendocrine reflex response. These reports 
indicate that central nervous system blockade interrupts affer¬ 
ent signals stimulated by operative procedures. 

More recent studies have documented the safety and effi¬ 
cacy of long-term exogenous recombinant growth hormone 
(GH) administration. 47 GH stimulates protein synthesis during 
hypocaloric feedings and increases retention of sodium and 
potassium by the kidney. The potential synergistic effects of 
specialized nutrition in combination with GH require further 
study. Cyclooxygenase inhibitors such as aspirin and ibupro- 
fen attenuate the symptoms and endocrine responses that 
occur with critical illness without altering cytokine elabora¬ 
tion. It is anticipated that researchers may eventually be able 
to selectively block the deleterious effects of excessive 
cytokines yet preserve their beneficial effects. 


Research Findings 

One of the difficulties in applying the research on nutritional 
modulation of the inflammatory response is that research pro¬ 
tocols target particular diseases, and so results are often not 
generalizable (i.e., a study that shows an improvement in body 
composition and quality of life in cancer patients cannot be 
generalized to patients with congestive heart failure). 

Although novel approaches to the management of the 
inflammatory response are becoming clinical realities, 48 the 
current standard of supplemental macro- and micronutrients 
should not be ignored. Akner and Cederholm 23 reviewed the 
literature and found that in 60% of 36 randomized con¬ 
trolled trials, standard supplementation of nutrient intake 
improved function/morbidity, and in 80% of 41 randomized 
controlled trials, standard supplementation improved 
anthropometric variables. However, this leaves a large per¬ 
centage of studies in which standard support of calorie, pro¬ 
tein, and micronutrient intake did not have a positive effect. 
The intriguing question is whether in these negative studies a 
more targeted form of nutrition support would have had the 
desired effect. 


CHOICE OF NUTRITION IN 
SURGICAL PATIENTS: ENTERAL 
OR PARENTERAL? 


Although the physiologic advantage of enteral nutrition is 
apparent, preoperative nutritional repletion via the enteral 


route has not been as extensively studied as preoperative total 
parenteral nutrition (TPN). Although its use can be associated 
with the development of nausea, diarrhea, and distention, we 
recommend the use of enteral nutrition (via a feeding tube or 
as in-between-meal supplements) in malnourished patients if it 
is feasible. Candidates must have a functional GI tract and 
must be able to receive adequate amounts of calories and 
nitrogen. In many critically ill patients, enteral nutrition- 
related gastrointestinal complications are high and associated 
with decreased nutrient intake from the ordered levels. 49,50 
Furthermore, forcing the enteral issue in patients who are 
intolerant of enteral nutrition is more detrimental than prop¬ 
erly managed parenteral nutrition. 


NUTRITION AS 
PRIMARY THERAPY 


1. Patients with enterocutaneous fistulas (parenteral preferred 
but enteral could be used with a low-output fistula) 

Patients with gastrointestinal-cutaneous fistulas represent the 
classic indication for TPN. In such patients, oral intake of 
food almost invariably results in increased fistula output, 
which can lead to metabolic disturbances, dehydration, and 
death. Several comprehensive reviews have concluded that 
total parenteral nutrition clearly impacts the treatment and 
course of disease for patients with GI fistulas. The following 
conclusions can be drawn from studies evaluating the use of 
TPN in patients with enterocutaneous fistulas: (a) TPN 
increases the spontaneous closure rate of enterocutaneous fis¬ 
tulas, but does not markedly decrease the mortality rate in 
patients with fistulas (improvements in mortality are mainly 
due to improved surgical and metabolic care); (b) if sponta¬ 
neous closure of the fistula does not occur, patients are better 
prepared for operative intervention because of the nutritional 
support they received; and (c) certain fistulas (radiated 
bowel) are associated with a higher failure rate of closure 
than others and should be treated more aggressively surgi¬ 
cally after a defined period of nutritional support (unless clo¬ 
sure occurs). 

2. Patients with short bowel syndrome (parenteral) 

Prospective randomized trials designed specifically to examine 
the impact of TPN on patients with short bowel syndrome 
have not been initiated, mainly because such patients have no 
choice but to receive TPN. Most of these patients, who would 
have certainly died prior to the availability of TPN, now sur¬ 
vive for long periods of time on home parenteral nutrition. In 
selected patients with residual small intestine (at least 18 
inches), postresectional hyperplasia may develop with time 
such that they can tolerate enteral feedings. Studies by 
Wilmore and colleagues 39 have demonstrated that the require¬ 
ment for TPN could be decreased or even eliminated in 
patients with short gut syndrome by providing a nutritional 
regimen consisting of supplemental glutamine, growth 
hormone, and a modified high-carbohydrate, low-fat diet. 
There was a marked improvement in the absorption of nutri¬ 
ents with this combination therapy and a decrease in stool out¬ 
put. In addition, TPN requirements were reduced by 50%, as 
were the costs associated with care of these individuals. Dis¬ 
continuation of the growth hormone did not increase TPN 
needs in these patients once they had undergone successful gut 
rehabilitation. 

3. Patients with hepatic failure (enteral preferred) 

Individuals with liver disease may be malnourished because of 
excessive alcohol intake, diminished food intake, or an inflam¬ 
matory state from viral infection. These individuals are protein 
depleted yet are intolerant of protein because of their tendency 
to become encephalopathic with a high nitrogen intake. 
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Because of liver damage and portasystemic shunting, these 
patients develop derangements in circulating levels of amino 
acids. The plasma aromatic-to-branched chain amino acid 
ratio is increased, favoring the transport of aromatic amino 
acids across the blood-brain barrier. These amino acids are 
precursors of false neurotransmitters that contribute to 
lethargy and encephalopathy. Treatment of individuals with 
liver failure with solutions enriched in branched chain amino 
acids and deficient in aromatic amino acids results in improved 
tolerance to the administered protein and clinical improve¬ 
ment in the encephalopathic state. 

4. Patients with major thermal injury (enteral preferred if pos¬ 
sible) 

Aggressive nutritional support in patients with major burns 
seems to be associated with improved survival, particularly 
when increased amounts of dietary protein are provided. 51 
Burned patients often require ventilatory support and/or suffer 
from ileus, which prevents using the GI tract for feeding. Even 
if the GI tract is usable, such patients are often unable to eat 
enough because of frequent trips to the operating room com¬ 
bined with the anorexia of severe injury. Most burn authorities 
believe that aggressive nutritional support in patients with 
major thermal injury has influenced outcome in a positive 
manner. 

5. Patients with acute renal failure (enteral preferred if possible) 

TPN with amino acids of high biologic value may decrease the 
mortality in patients with acute renal failure. 52 The use of solu¬ 
tions containing high-quality amino acids can improve nitro¬ 
gen balance and diminish urea production. This translates into 
a decreased frequency of dialysis. 


Total Parenteral Nutrition 
as Secondary Therapy 

1. Prolonged ileus after operative procedure 

Occasionally, patients develop a prolonged ileus after an 
abdominal procedure, which precludes the use of the intestinal 
tract as a route of feeding. Such an occurrence is generally 
unpredictable and the cause of the ileus is often not demon¬ 
strated. If the patient is unable to eat by the seventh postoper¬ 
ative day, TPN should be started. The ileus may persist for sev¬ 
eral weeks. Although provision of TPN does not influence the 
disease process per se, it is beneficial because it prevents fur¬ 
ther erosion of lean body mass. 

2. Acute radiation and chemotherapy enteritis 

Malnourished patients who receive abdominal or pelvic radia¬ 
tion or chemotherapy may develop mucositis and enterocolitis 
that precludes using the GI tract for prolonged periods of time. 
In such individuals, TPN should be provided until the enteritis 
resolves and oral feeding can be resumed. 

3. Preoperative TPN in the perioperative setting 

In general, one cannot justify the use of perioperative nutrition 
(particularly parenteral feedings) unless a clear benefit to the 
patient can be demonstrated. The results of prospective ran¬ 
domized trials evaluating the efficacy of preoperative TPN are 
conflicting because of the variations in the nutritional status of 
patients studied, the differences in types of diseases in these 
malnourished patients, the differences in the type and length of 
nutritional support administered, and the failure to accrue 
enough patients to avoid type II statistical error. The following 
questions are important to consider: Does preoperative nutri¬ 
tional support decrease the morbidity and mortality associated 
with major operative procedures? How long should nutri¬ 
tional support be administered? What type of nutritional 
repletion should be administered? 


One of the best studies to date evaluating the efficacy of pre¬ 
operative TPN was published by the Veterans Affairs Total Par¬ 
enteral Nutrition Cooperative Study Group. 53 More than 3,500 
patients requiring mainly elective abdominal surgery were 
entered into this prospective randomized trial. They were ini¬ 
tially screened for evidence of malnutrition using subjective cri¬ 
teria and/or by determining their Nutritional Risk Index Score, 
which included objective criteria such as percentage of weight 
loss and serum albumin level. The patients were further divided 
into categories assigning them to one of four groups: well nour¬ 
ished, borderline malnourished, moderately malnourished, or 
severely malnourished. Patients in each malnourished category 
were randomized to receive at least 7 days of preoperative TPN 
or to proceed with surgery without preoperative TPN. Patients 
randomized to receive TPN received 1,000 kcal/day in excess of 
calculated caloric requirements. Lipid was provided on a daily 
basis. One criticism of this study was that patients were allowed 
to eat in addition to receiving parenteral feedings. 

Analysis of the data from this study indicated that there 
was no difference in short-term or long-term complications 
between groups. Infectious complications including pneumo¬ 
nia, abscess, and line sepsis were statistically significantly 
higher for patients receiving TPN. 54 Noninfectious complica¬ 
tions (impaired wound healing) were significantly lower only in 
those patients receiving TPN who were in the severely malnour¬ 
ished group (>15% weight loss and serum albumin <2.9 mg). 
This study strongly suggests that preoperative TPN should be 
provided only to severely malnourished patients who cannot 
be nourished by the enteral route. Contraindications to the use 
of preoperative TPN include patients requiring emergency 
operation and those who are only mildly or moderately mal¬ 
nourished. In such patients, TPN should be continued postop- 
eratively only if the GI tract cannot be utilized for tube feed¬ 
ings. Nasojejunal or jejunostomy tubes should also be considered 
in patients undergoing major upper abdominal procedures in 
whom it is anticipated that oral feedings may not be resumed 
for 7 to 10 days after surgery. 


Composition of Total Parenteral 
Nutrition Formulations 

Total parenteral nutrition solutions are administered through 
a central venous catheter generally inserted into the subclavian 
vein (Fig. 3.9). The composition of a standard TPN solution is 
shown in Table 3.7. Because of the hyperosmolarity of such 
solutions, they must be delivered into a high-flow system to pre¬ 
vent venous sclerosis. Patients receiving TPN should be moni¬ 
tored regularly by measuring blood sugar, serum electrolytes, 
and liver function tests. Elevations in serum glucose are com¬ 
mon in surgical patients receiving TPN, especially if the 
patient is stressed and is relatively glucose intolerant. Hyper¬ 
glycemia can generally be controlled by adding insulin to the 
TPN formulation or by decreasing the amount of glucose in 
the solution. It has been shown that injured people can maxi¬ 
mally oxidize about 4 to 5 mg of glucose/kg/min. For a 70-kg 
man, this is equal to approximately 400 to 500 g/day (1,600 to 
© 2,000 kcal/day). Excess glucose calories are converted to fat, 
are deposited in the liver, and result in hyperglycemia and gly¬ 
cosuria. Glycosuria with its osmotic load leads to a water 
diuresis that leaves the patient with a hyperosmolar state that 
can progress to coma as the brain is depleted of water. The 
amounts of the various electrolytes provided to patients receiv¬ 
ing TPN vary depending on factors such as previous nutri¬ 
tional and hydration status. Careful monitoring is critical 
because as new cell mass is built, potassium and phosphate can 
move into cells, leading to severe hypokalemia or hypophos¬ 
phatemia. These electrolyte disturbances can develop rapidly 
and are much more life threatening than hyponatremia. Vita¬ 
min (Table 3.8) and trace mineral (Table 3.9) requirements 
must also be monitored. 
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I TABLE 3.7 1 

COMPOSITION OF A STANDARD CENTRAL VENOUS SOLUTION 

Volume 

10% Amino acid solution 

50% Dextrose solution 

Fat emulsion 

Electrolytes + vitamins + minerals 
Total volume 

500 mL 

500 mL 

—50 mL 
— 1,050 mL 

Composition 

Amino acids 

Dextrose 

Total N 

Dextrose kcal 
mOsms/L 

50 g 

250 g 

50/6.25 = 8 g 

250 g X 3.4 kcal/g = 840 kcal 
-2,000 

Electrolytes Added to Total Parenteral Nutrition Solutions 


Usual concentration 

Range of concentrations 

Sodium (mEq/L) 

60 

0-150 

Potassium (mEq/L) 

40 

0-80 

Acetate (mEq/L) 

50 

50-150 

Chloride (mEq/L) 

50 

0-150 

Phosphate (mEq/L) 

15 

0-30 

Calcium (mEq/L) fl 

4.5 

0-20 

Magnesium (mEq/L) 

5 

5-15 

^Generally added as calcium gluconate or calcium chloride: one ampule of calcium gluconate = 1 g of 
calcium = 4.5 mEq. 



FIGURE 3.9. Technique for insertion of a subclavian catheter (see text for details). 
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ITABLE 3.9 I 

MINERAL AND TRACE ELEMENT REQUIREMENTS 

■ MINERAL 

■ RECOMMENDED DIETARY 
ALLOWANCE FOR DAILY 
ORAL INTAKE (mg) 

■ SUGGESTED DAILY 
INTRAVENOUS 
INTAKE (mg) 

■ DAILY AMOUNT PROVIDED BY 

A COMMERCIALLY AVAILABLE 
MIXTURE (mg) 

Zinc 

15 

2.5-5.CP 

5.0 

Copper 

2-3 b 

0.5-1.5 

1.0 

Manganese 

2.5-5.0 6 

0.15-0.8 

0.5 

Chromium 

0.05-0.2'’ 

0.01-0.015 

0.1 

Iron 

8 (women)-lO (men) 

3 

0 


a Burn patients require an additional 2 mg. 

^Estimated to be safe and adequate in dietary intakes. 

From Rombeau JL, Rolandelli RH. Nutritional support. In: Wilmore DW, Brennan MF, Harken RH, et al., eds. Care of the Surgical Patient: II. Care 
in the ICU. New York: Scientific American Medicine; 1989:6. 


The use of lipids in TPN was developed to meet the require¬ 
ment for essential fatty acids (linoleic acid) and the full caloric 
needs in hypermetabolic patients, recognizing the complica¬ 
tions associated with infusing large amounts of dextrose. 
Intravenous fat emulsions are composed of soy or safflower 
oils (vegetable fat emulsions), which contain primarily long- 
chain triglycerides (LCTs) composed of fatty acids with 16- 
and 18-carbon chain lengths. The provision of fat provides 
essential linoleic acid, inhibits lipogenesis from carbohydrates, 
and lowers the RQ, which may benefit patients with respira¬ 
tory compromise. However, the high content of n-6 polyunsat¬ 
urated fatty acids (in particular, linoleic acid) in these emul¬ 
sions may have harmful effects on pulmonary and immune 
function. 55 Standard intravenous fat emulsions may alter the 
cell membrane phospholipid composition of cells of the reticu¬ 
loendothelial system, resulting in changes in membrane fluid¬ 
ity such that clearance of bacteria and toxins is impaired. In 
addition, n-6 polyunsaturated fatty acids may alter the local 
production of eicosanoids and cytokines such that chemotaxis 
is negatively impacted. Newer nutritional methods of modify¬ 
ing the catabolic response to injury and infection propose the 
use of the n-3 fatty acids, which may decrease eicosanoid 
biosynthesis and thereby diminish the vasoconstriction, 
platelet aggregation, and immunosuppression that may occur 
when n-6 derivatives are administered. Studies suggest that 
n-3 fatty acids may be of benefit to the critically ill patient. 
Omega-3 fatty acids have been added to enteral formulas, but 
are not in parenteral formulas available in the United States. 

Fat is an important fuel source for critically ill patients. Sep¬ 
tic and injured patients preferentially utilize endogenous fat as 
an energy source, which appears to be related in part to the 
effects of counterregulatory hormones on stimulating fat mobi¬ 
lization. These patients have a relative unresponsiveness to the 
administration of carbohydrates in that free fatty acid mobi¬ 
lization is only marginally decreased and free fatty acid oxida¬ 
tion is not suppressed, as in “pure starvation.” Glucose infu¬ 
sion above energy expenditure in a hormonal milieu that favors 
fat mobilization and oxidation only leads to hepatic steatosis. 


Potential Complications of Total 
Parenteral Nutrition 

Advances in technology, monitoring, and catheter care have 
greatly reduced the incidence of complications associated with 
the use of TPN. The establishment of a nutrition support team 
(physician, dietician, nurse, pharmacist) and the recognition of 
such a team as an important part of overall patient care have 
also been key factors in reducing complications. Complica¬ 


tions of TPN occur and can be divided into three types: 
mechanical, metabolic, and infectious (Table 3.10). The man¬ 
agement of the patient who becomes septic while receiving 
TPN is shown in Algorithm 3.1. 


The Effects of Total Parenteral Nutrition 
on the Gastrointestinal Tract 

The majority of studies that have examined the effects of TPN 
on intestinal function and immunity have been done in ani¬ 
mals. These studies clearly demonstrate that TPN has a down¬ 
side, which is related to intestinal disuse. A unique feature of 
TPN is that subjects can remain on bowel rest for prolonged 
periods of time without concomitant malnutrition, thereby 
facilitating the study of intestinal disuse as an independent 
variable. In rats, TPN results in significant disruption of the 
intestinal microflora and bacterial translocation from the gut 
lumen to the mesenteric lymph nodes. In addition, when stresses 
such as burn injury, chemotherapy, or radiation are introduced 
in these models, animals on TPN have a much higher mortality. 
This body of literature suggests that TPN, under certain cir¬ 
cumstances, may predispose patients to an increase in gut- 
derived infectious complications. 38 

A provocative study in human volunteers demonstrated that 
individuals receiving TPN had an accentuated systemic response 
to endotoxin challenge compared to enterally fed volunteers. 48 
The study is consistent with an impairment in gut barrier func¬ 
tion during parenteral feedings, which may promote the release 
of bacteria and/or cytokines, leading to pronounced systemic 
responses and possibly multiple organ failure. 


Supporting the Gut in Critically Ill Patients 

The intestinal tract has long been considered an organ of inac¬ 
tivity following operation or injury. Ileus is generally present, 
nasogastric decompression is often necessary, and the gut is 
usually dormant in the immediate postoperative period. In the 
past, digestion and absorption was thought to be the only 
physiologic role of the gut. Disuse of the GI tract, either via 
starvation or nutritional support by TPN, may lead to numer¬ 
ous physiologic derangements as well as changes in gut 
microflora, impaired gut immune function, and disruption of 
the integrity of the mucosal barrier. Thus, maintaining gut 
function in the perioperative period may be essential in order 
to minimize septic complications and organ failure. 

Treatment strategies designed to support the gut during 
critical illness should be directed toward the provision of 
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TABLE 3.10 

COMPLICATIONS ASSOCIATED WITH THE USE OF TPN 

■ COMPLICATION 

■ CAUSE 

■ TREATMENT 

MECHANICAL 



Pneumothorax 

Puncture/laceration of lung pleura 

Serial CXRs; chest tube if indicated 

Subclavian artery injury 

Penetration of subclavian artery during 
needle stick 

CXR; serial monitoring of vital signs 

Air embolism 

Aspiration of air into the subclavian 
vein and right heart 

Place patient in Trendelenburg and left 
lateral decubitus; aspirate air 

Catheter embolization 

Shearing off the tip when withdrawing 
catheter 

Retrieve catheter transvenously under 
fluoroscopic guidance 

Venous thrombosis 

Clot formation in great vein secondary 
to catheter 

Heparinization if clinically significant 

Catheter malposition 

Tip of catheter directed into IJ or 
opposite subclavian 

Reposition under fluoroscopy 

METABOLIC 



Hyperglycemia 

Excessive glucose calories or glucose 
intolerance 

Decrease glucose calories; administer 
insulin 

Hypoglycemia 

Sudden cessation of TPN 

Bolus 50% glucose solution; monitor 
blood glucose 

Carbon dioxide retention 

Infusion of glucose calories in excess 
of energy needs 

Decrease glucose calories and replace 
with fat 

Hyperglycemic, hyperosmolar 
nonketotic coma (HHNC) 

Dehydration from excessive diuresis 

Discontinue TPN immediately; give 
insulin; monitor glucose/electrolytes 

Hyperchloremic metabolic 
acidosis 

Excessive chloride administration 

Give Na and K as acetate salts 

Azotemia 

Excessive amino acid administration 
with inadequate calories 

Decrease amino acids; increase glucose 
calories 

Essential fatty acid deficiency 

Inadequate essential fatty acid 
administration 

Administer fat solution 

Hypertriglyceridemia 

Rapid fat infusion of decreased fat 
clearance 

Slow rate of fat infusion 

Hypophosphatemia 

Inadequate administration of 

Increase administration 

Hypocalcemia 

electrolyte in question 


Hypomagnesemia 

Hypokalemia 

Bleeding 

Vitamin K deficiency 

Administer Vitamin K 

SEPTIC 



Line sepsis 

Catheter tip infected 

Remove catheter; antibiotics 

Infection at skin site 

Bacteria at site of catheter entry 
into skin 

Remove catheter; local wound care 

CXR, chest radiograph; IJ, internal jugular; TPN, total parenteral nutrition. 


appropriate nutrition and maintenance of mucosal structure 
and function. Presumably, such efforts assist the gut in its role 
as a metabolic processing station and as a barrier. 56-58 


Nutrition Support: Enteral Feedings 

Enteral feedings are probably the best single method of main¬ 
taining mucosal structure and function if the bowel is func¬ 
tional. The trophic effects of luminal nutrition are key and the 
beneficial effects are well documented even if relatively small 
amounts of nutrients are provided. 59 

Gut-Specific Nutrients. It is now clear that the composi¬ 
tion of the diet, as well as the route of delivery, plays an 


important role in maintaining gut structure and function. 
Several gut-specific nutrients have been studied, but gluta¬ 
mine has received the most attention. Glutamine has been 
classified as a nonessential or nutritionally dispensable amino 
acid. Since this categorization implies that glutamine can be 
synthesized in adequate quantities from other amino acids 
and precursors, it has not been considered necessary to 
include glutamine in nutritional formulas. It has been elimi¬ 
nated from TPN solutions because of its relative instability 
and short shelf life compared to other amino acids. With few 
exceptions, glutamine is present in oral and enteral diets only 
at the relatively low levels characteristic of its concentration 
in most animal and plant proteins (about 7% of total amino 
acids). 
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Signs and symptoms of infection develop: 

Take history and perform physical examination 


Temperature >104°F; hypotension 
without known source or drainage 
around catheter is present; or 
previous culture of exit site is positive 


Systemic signs of infection are present with temperature <104°F: 

• Order appropriate tests and culture blood drawn from 

peripheral vein 

• Initial treatment based on clinical judgment 

- 1 -1 


Symptoms persist, and source 
of infection remains unknown 


* Remove catheter, and culture tip 

* Culture blood drawn from central or 

peripheral vein 

> Institute peripheral venous feeding 


A source of infection other than catheter 
tip is identified: 

Institute specific therapy 

I--^-1 


Signs and symptoms 
of infection continue 


I- 

Tip culture is positive: 
Give appropriate 
antibiotics 


I 

Tip culture and blood culture 
are negative: 

Reinstitute central venous 
feeding 


Infection resolves: 
Continue central 
venous feeding 


I- 

Blood culture is positive: 

• Remove catheter, and culture tip 

• Institute peripheral venous feeding 

until blood culture is negative 


-1 

Blood culture is negative: 
Change line aseptically over 
guide wire, culture tip 


Tip culture is negative but blood culture is positive: 

• Search for other causes of sepsis 

• Reinstitute central venous feeding when blood 

culture is negative 


I- 

Tip culture is positive: 

Remove catheter, replace at different 
site and continue central venous 
feeding 


I 

Tip culture is negative: 
Continue central venous 
feeding 


ALGORITHM 3.1 


■ 


r 


ALGORITHM 3.1. Management of the total parenteral nutrition (TPN) patient who becomes septic. 


Several recent studies have demonstrated that glutamine 
may be a conditionally essential amino acid during critical ill¬ 
ness, particularly as it relates to supporting the metabolic 
requirements of the intestinal mucosa. 56-58 In general, these 
studies demonstrate that dietary glutamine is not required dur¬ 
ing states of health, but appears to be beneficial when gluta¬ 
mine depletion is severe and/or when the intestinal mucosa is 
damaged by insults such as chemotherapy and radiation ther¬ 
apy. Addition of glutamine to enteral diets reduces the inci¬ 
dence of gut translocation, but these improvements are depen¬ 
dent on the amount of supplemental glutamine and the type of 
insult studied. Glutamine-enriched TPN partially attenuates 
the villous atrophy that develops during parenteral nutrition. 
The use of intravenous glutamine in humans appears to be safe 
and effective and it has been shown to diminish complications 
and reduce hospital stay. 

In contrast to glutamine, short-chain fatty acids (SCFAs) 
are the primary energy source for colonocytes. Diets enriched 
in SCFAs have been shown to increase colonic DNA content 
and mucosal morphometries as well as strengthen colonic 
anastomoses in rats. From diet, SCFAs are obtained from con¬ 
sumption of dietary fiber and fermentation in the colon by 
bacteria. 

Other Factors to Support the Gut Mucosa. Specific 
growth factors that may promote intestinal mucosal growth 
have been implicated in a number of physiologic processes 
including growth, tissue repair, and regeneration. Among these 
is epidermal growth factor (EGF), a polypeptide secreted by 
submaxillary glands and by Brunner glands of the small intes¬ 
tine. The most widespread effect of EGF on the gastrointesti¬ 


nal mucosa is the overall stimulation of DNA synthesis as evi¬ 
denced by thymidine incorporation. 


TECHNIQUES OF ENTERAL 
NUTRITIONAL SUPPORT 


Enteral feeding causes the gut to release trophic factors, which 
improves intestinal mucosal integrity and reduces bacterial 
transmigration even if caloric goals are not met. It has also 
been associated with a decrease in postoperative infection 
rates and a significant increase in collagen deposition at anas¬ 
tomotic sites, increasing wound strength. 60,61 Therefore, it 
should always be considered first over parenteral feeding in the 
surgically ill patient. 


Transnasal (Nasogastric and Nasoduodenal) 
Feeding Catheters 

The use of transnasal feeding catheters for intragastric feeding 
or for duodenal intubation is a popular adjunct for providing 
nutritional support by the enteral route. The stomach is easily 
accessed by the passage of a soft flexible feeding tube. Intra¬ 
gastric feedings provide several advantages for the patient. The 
stomach has the capacity and reservoir for bolus feedings. 
Feeding into the stomach results in the stimulation of the bil¬ 
iary and pancreatic axis, which is probably trophic for the 
small bowel, and gastric secretions have a dilutional effect on 
the osmolarity of the feedings, reducing the risk of diarrhea. 
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Diarrhea is reported as a significant complication of enteral 
feeding, but can be influenced by formula administration, 
mode of administration, antibiotics, and alteration of bowel 
organisms. 62 Additional complications include tube dislodge- 
ment, nasal ulcers, and electrolyte alterations. However, the 
major risk of intragastric feeding is the regurgitation of gastric 
contents resulting in aspiration into the tracheobronchial tree, 
which carries a mortality rate as high as 62%. 62 This risk is 
highest for patients who have an altered mental sensorium or 
who are paralyzed. 

The placement of the feeding tube through the pylorus into 
the fourth portion of the duodenum reduces the risk of regur¬ 
gitation and aspiration of feeding formulas. To place a 
transnasal intraduodenal feeding catheter, the patient should be 
in the sitting position with the neck slightly flexed. This allows 
for the passage of a lubricated 8 French polyurethane feeding 
catheter, with a stylette in place, through the patient’s nose in a 
posterior and inferior direction, bringing the catheter to the 
level of the pharynx. The head is brought back to a neutral 
position and the patient is instructed to swallow while the feed¬ 
ing catheter is passed into the esophageal lumen. The advance¬ 
ment of the catheter is continued for a distance of 45 to 50 cm. 
The stylette is then removed. Intravenous injection of a pro¬ 
motility agent, such as metoclopramide, can also be used if dif¬ 
ficulty is encountered passing the tube postpyloric. Addition¬ 
ally, tubes can be positioned fluoroscopically if necessary. The 
patient who frequently removes the feeding catheter may be a 
candidate for a feeding tube bridle, as shown in Figure 3.10. 

Placement of nasogastric or nasoduodenal tubes should 
always be confirmed radiographically prior to initiation of 
feedings. There are electromagnetic devices on the market that 
can track the path of the feeding tube during the placement 
procedure and may reduce the need for confirmatory 



FIGURE 3.10. Use of a feeding tube bridle for patients who are prone 
to extubate the feeding catheter. 


radiographs. However, these devices are not commonly used in 
the United States. 63 

A variety of enteral formulas are commercially available 
and can be adjusted for calorie, nitrogen, or fiber content. 


Technique for Gastrostomy Placement 

A feeding gastrostomy should be considered for patients 
requiring long-term enteral nutrition and in patients with 
obstruction of the esophagus or locally advanced head and 
neck cancers that preclude eating. A temporary Stamm gas¬ 
trostomy is a popular method for access to the gastric lumen 
and can be performed at the time of any major abdominal pro¬ 
cedure. A square pursestring suture using 0 polypropylene 
with a 1-cm diameter is placed in the body of the anterior wall 
of the stomach. The ideal location is in the midportion of the 
stomach closer to the greater curvature in a relatively avascu¬ 
lar area. A second hexagonal or octagonal pursestring suture, 
also 0 polypropylene, is placed outside the first one. The feed¬ 
ing catheter (often a Foley catheter) is then brought through a 
stab wound in the left upper quadrant of the abdominal wall. 
Using electrocautery, a puncture is made in the anterior por¬ 
tion of the stomach directly in the center of the concentric 
pursestring sutures. The feeding catheter is introduced into the 
gastric lumen and the inner concentric suture is secured in 
place. The second pursestring is then secured, inverting the 
gastric mucosa completely. The Foley catheter balloon is 
inflated and the stomach is drawn upward toward the anterior 
abdominal wall. Placement of Lembert silk sutures in all four 
quadrants around the Foley catheter secures the stomach to 
the anterior abdominal wall. The Foley is then secured to the 
skin by the placement of a bolstering disk at the base of the 
catheter exit site. 


Technique of Percutaneous 
Endoscopic Gastrostomy 

Percutaneous endoscopic gastrostomy (PEG) to provide access 
for gastric feedings can be performed without the need for a 
laparotomy or general anesthesia, and can be a useful modal¬ 
ity for prolonged gastrointestinal decompression in patients 
with functional or mechanical obstruction. 64 

Using intravenous sedation and topical anesthetic, a gas- 
troscope is passed through the mouth into the esophagus and 
stomach. The light from the gastroscope is then transillumi- 
nated through the anterior abdominal wall in the epigastrium 
or left subcostal area. The abdomen is prepped and draped 
and a wheal of local anesthetic is injected right at the area of 
transillumination. A 1-cm vertical incision is made and an 
Angiocath or needle is inserted through the abdominal wall 
into the stomach under the direct vision of the gastroscope. A 
wire loop is passed through the catheter into the stomach and 
grasped with a snare passed through the gastroscope. The 
scope and wire loop are withdrawn through the mouth and 
the wire is looped through a corresponding wire on the end 
of the PEG tube. By pulling the wire out through the abdom¬ 
inal wall, the PEG tube is pulled in through the mouth and 
out the anterior abdomen while followed through the esoph¬ 
agus by the scope. The scope then visualizes the inner part of 
the PEG tube to be sure it seats properly against the stomach 
wall. The tube protruding through the abdominal wall is 
then bolstered at the exit site to prevent accidental dislodg- 
ment. The PEG tube can later be removed with just a hard 
pull. 

Disadvantages of PEG tube placement include PEG site 
metastasis in patients with head and neck cancers, although 
this is rare, with fewer than 30 cases reported in the litera¬ 
ture. 64 A mini-laparoscopic technique has been developed for 
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this reason and can also be used in patients where transillu¬ 
mination of the stomach is difficult or in patients who have 
had a subtotal gastrectomy with a small residual stomach. 65 


Feeding Catheter Jejunostomy Placement 
and Witzel Jejunostomy 

A feeding catheter jejunostomy should be considered follow¬ 
ing any major upper abdominal procedure if prolonged enteral 
nutrition support is anticipated, in patients with gastroparesis, 
gastric outlet obstruction, or functional or structural defects, 
but with normal small bowel. 66 

The simplest method is a needle jejunostomy performed 
fairly quickly at the end of the definitive operation. A 14- or 
16-gauge needle is used to create a tunnel subserosally approx¬ 
imately 30 to 40 cm distal to the ligament of Treitz and then 
the needle tip is introduced into the jejunal lumen. The feeding 
catheter is inserted through the needle and advanced 30 to 
40 cm distally into the bowel lumen to the desired location, and 
the needle is withdrawn. The loop of jejunum is anchored to 
the parietal peritoneum with permanent sutures. The catheter 
is then secured to the skin with nylon sutures. A recent pro¬ 
spective study in major upper gastrointestinal surgery showed 
that feeding started earlier and progressed more easily with 
routine placement of a needle catheter jejunostomy. 59 

A feeding jejunostomy can also be performed by utilizing 
the Witzel technique. A loop of proximal jejunum 20 to 30 cm 
from the ligament of Treitz is delivered into the wound. A 
pursestring suture is placed on the antimesenteric border of the 
bowel and an incision is made with electrocautery in the 
intestinal wall in the center of the pursestring suture. A 14 
French red rubber catheter is inserted into the lumen of the 
jejunum and advanced distally. The pursestring suture is then 
secured in place. A serosal tunnel is constructed with 000 silk 
sutures from the catheter’s exit site extending 5 to 6 cm prox- 
imally. The catheter is then delivered through the abdominal 
wall through a separate stab incision. This loop of intestine is 
anchored to the peritoneum with two 000 silk sutures spread 
over 2 to 3 cm to prevent twisting of the loop and possible 
obstruction. The catheter is secured to the skin with a 3-0 
nylon suture. Jejunal feeding catheters can be used immedi¬ 
ately for feeding purposes following the operation. 

Complications of feeding jejunostomies include small 
bowel perforations or volvulus, intraperitoneal leaks, celluli¬ 
tis, occlusion, and dislodgement. Needle and Witzel jejunos- 
tomies are associated with a 2% and 10% complication rate, 
respectively. 67 

Jejunal tubes can also be placed endoscopically, usually via 
an extension tube through a gastrostomy. However, the exten¬ 
sion tube can migrate proximally into the stomach and is 
prone to dysfunction. Direct insertion into the jejunum via 
endoscopy can provide a more stable access for feeding. The 
major advantage of this technique is tube patency, given that a 
20 French tube can be inserted as opposed to the standard 9 
French tube used with jejunal tube extensions. 66 


TECHNIQUES OF PARENTERAL 
NUTRITIONAL SUPPORT 


Parenteral nutrition has several advantages over enteral nutri¬ 
tion. Delivery access is much simpler and reliable, nutrition 
does not have to be discontinued for further surgical proce¬ 
dures, and patients meet caloric goals consistently. However, 
intravenous feeding is not without serious complications and is 
associated with increased morbidity, including bacteremia, and 
prolonged ventilator dependency. 60 Even so, it still remains a 
valuable adjunct in caring for the critically ill patient. 


Peripheral Intravenous Feedings 

Peripheral intravenous nutrition delivered via a fine-bore mid¬ 
line catheter offers an alternative means of nutrition in 
patients who do not require central venous access, have ade¬ 
quate peripheral veins, and require only short-term nutritional 
support. 68,69 Indications for peripheral vein feeding include 
(a) as a supplement when enteral feedings can only be partially 
tolerated because of gastrointestinal dysfunction, (b) as a 
method of nutritional support when the gastrointestinal tract 
must be kept relatively empty for short periods during diag¬ 
nostic workup, and (c) as preliminary feedings prior to subcla¬ 
vian catheter insertion in patients requiring TPN. 

Peripheral intravenous feedings may be used for infusion of 
glucose, amino acid solutions, and fat emulsions. These solu¬ 
tions must be nearly isotonic to avoid peripheral vein sclerosis. 
Ten percent glucose solutions may be used to increase the effi¬ 
cacy of amino acid utilization. Fat emulsions can be adminis¬ 
tered simultaneously with glucose and amino acid solutions, 
because they provide an efficient fuel source and are isotonic. 
However, a disadvantage of peripherally administered solu¬ 
tions is limited caloric delivery to meet catabolic demands 
within tolerated fluid volumes. 

The major complication of peripheral nutrition is periph¬ 
eral vein thrombophlebitis (PVT), which necessitates routine 
daily catheter changes. 70 Several studies have shown that 
polyurethane cannulas develop fewer complications of throm¬ 
bophlebitis and occlusion and can prolong feedings, compared 
to silicone cannulas. 68-70 Feed additives such as heparin and 
hydrocortisone can also extend the total period of feeding 
attainable and reduce the incidence of PVT. 9 In addition, long- 
chain triglycerides have been documented to prolong periph¬ 
eral vein feeding by lessening the reaction of the venous 
endothelium to the nutritional infusate. 71 

Extravasation of infusion, occlusion of the catheter, and 
PVT are also influenced by the vein that is cannulated. 70 The 
cephalic vein is usually the vein of choice for standard intra¬ 
venous insertion. However, the basilic vein is less narrow, 72 
thus causing decreased inflammation between the catheter and 
the venous endothelium, making PVT less likely. 70 

A significant advantage of peripheral intravenous nutrition 
is avoiding central venous cannulation, which has consider¬ 
able complications. 


Central Venous Catheter Placement 


The preferred method of access to the superior vena cava is by 
percutaneous cannulation of the subclavian vein. Alternate 
sites include the jugular approach, but with the catheter exit¬ 
ing in the neck region, this makes it more difficult to secure the 
dressing site and maintain sterility. 

An individual who is experienced in the technique should 
perform the placement of a central venous catheter (CVC). 
The procedure is performed utilizing aseptic technique; the 
surgeon should wear a hat, mask, gown, and gloves. The pro¬ 
cedure can take place in the operating room or in the patient’s 
room if there is adequate lighting and assistance. An environ¬ 
ment should be created to minimize patient anxiety, and 
informed consent must be obtained. 

The following describes the standard Seldinger technique 
for insertion of a CVC via the subclavian vein; however, gen¬ 
erally, the same approach is used when cannulating any central 
vein. The patient is placed in the Trendelenburg position with 
both arms at the sides and the head turned away from the site 
of insertion. The chest is shaved, prepped, and draped in a 
sterile fashion. Local anesthesia is infiltrated near the insertion 
site and the underlying tissues along the inferior border of the 
clavicle. The tip of the needle with the bevel pointed up is 
inserted into the skin and subcutaneous tissues at the midpoint 
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of the clavicle aiming for the suprasternal notch. The needle is 
directed parallel to the patient’s bed, insinuating beneath the 
clavicle and at all times with negative pressure applied to the 
syringe. The prompt inflow of blood into the syringe indicates 
entrance into the subclavian vein and the needle is advanced a 
few millimeters to ensure the entire bevel is within the lumen of 
the vessel. The needle is then rotated 90 degrees with the bevel 
pointed toward the foot of the bed to help direct advancement 
of the guide wire into the superior vena cava. The patient is 
instructed to perform a Valsalva maneuver to prevent an air 
embolism, the syringe is disconnected from the needle, and the 
guide wire is passed through the needle lumen. The needle is 
then withdrawn over the guide wire. The passage of the wire 
through the needle should be met with minimal resistance and 
the needle should be removed only after 15 cm of the wire has 
been passed into the vessel. A small incision is made at the guide 
wire exit site and a dilator is passed over the wire. The dilator is 
then removed over the wire and is replaced by the catheter, 
which is fully advanced. The wire is withdrawn and the 
catheter is flushed with sterile saline. The catheter is then 
sutured into position, the insertion site cleaned, and a sterile 
dressing placed. A portable chest radiograph (CXR) is done to 
confirm placement of the catheter tip, which should be located 
either in the proximal to middle superior vena cava or at the 
atriocaval junction, and to rule out pneumothorax. 

Complications of central venous cannulation include pneu¬ 
mothorax, arterial puncture, neck or mediastinal hematoma 
(when using the jugular approach), and hemothorax. 73 To 
reduce the risk of bleeding complications in patients with a 
platelet count below 50,000, consideration should be given to 
transfuse fresh platelets prior to catheter insertion. There have 
been several studies, including the National Institute for Clin¬ 
ical Excellence guidelines formulated in September 2002, and 
revised in August 2005, that advocate the use of ultrasound 
(US) as the preferred method of CVC insertion, particularly 
through the jugular approach, and as a means to decrease the 
aforementioned complications from 10.5% to 4. 6 %. 73,74 US 
guidance in central venous cannulation also reduces time to 
insertion and may even decrease catheter-related sepsis. 75 If 
catheter sepsis is suspected, the CVC should be removed 
immediately and the tip cultured. 

If a CVC is placed intraoperatively, the placement of the 
catheter is often not confirmed by CXR until several hours 
postoperatively. Incorrect CVC position, particularly in the 
right atrium, can be associated with adverse effects such as car¬ 
diac tamponade. Currently, studies are being conducted in the 
United States regarding electrocardiogram (ECG)-guided posi¬ 
tioning for CVC placement. Using an ECG adapter connected 
to the central vein guide wire, an ECG monitor, and a right arm 
electrode, the CVC position in the right atrium would be con¬ 
firmed by visualizing an elevated P wave on the monitor. The 
CVC could then be withdrawn until the P wave returned to 
normal configuration, indicating that the catheter was proxi¬ 
mal to the atriocaval junction. 76 ECG-guided CVC positioning 
may decrease the frequency of CVC repositioning and repeated 
CXRs, and more importantly reduce cardiac complications. 

An additional complication that is often overlooked is 
venous thrombosis. The clinical suspicion of subclavian vein 
thrombosis is only about 3%, whereas studies that use phle¬ 
bography or radionuclide venography indicate that the inci¬ 
dence is as high as 35%. 

Nutrition support of the surgical patient should strive to 
preserve body composition, provide needed nutrients, and 
minimize the inflammatory response to promote a decreased 
risk and better surgical outcome. 
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CHAPTER 4 WOUND HEALING 


ROBERT D. GALIANO AND THOMAS A. MUSTOE 


KEY POINTS 


^The inflammatory phase of acute wound healing begins 
immediately after injury. The initial response to the disrup¬ 
tion of blood vessels is bleeding. 

Q The proliferative phase of acute wound healing begins with 
the formation of a provisional matrix of fibrin and 
fibronectin as part of initial clot formation. 

Q The transition from the proliferative phase to the remodel¬ 
ing phase of acute wound healing is defined by reaching 
collagen equilibrium. 

Q Reconstruction of the epithelial barrier (epithelialization) 
begins within hours of the initial injury. 

Q Visible scarring occurs only when the injury extends deeper 
than the superficial dermis. 

practical definition of a chronic wound is one that has 
failed to heal within 3 months. Although there are a variety of 


underlying causes, most chronic wounds can be categorized 
as pressure sores, diabetic foot ulcers, or leg ulcers. 

Q Most chronic wounds occur in older patients, are associ¬ 
ated with underlying ischemia or tissue hypoxia, and are 
contaminated by bacteria in the setting of a biofilm. 

Q It takes at least 3 weeks for collagen to undergo sufficient 
remodeling and cross-linking to attain moderate strength. 

Q The primary difference between a keloid and a hyper¬ 
trophic scar is that a keloid extends beyond the boundary 
of the original tissue injury. 

© Stem cells hold great promise for achieving true tissue 
regeneration, as opposed to scar formation, following an 
injury. 


Wound healing is a fundamental homeostatic event in 
response to injury. The process of wound healing brings into 
play an exquisitely controlled cascade of molecular and cellu¬ 
lar responses that are evolutionarily conserved across multicel¬ 
lular organisms, as well as regulation of these processes once 
repair is complete. Our understanding of the intricate cross¬ 
talk present between cells in the wound and other cells 
throughout the body has led to an appreciation that the 
process of tissue repair involves a coordinated interplay 
between metabolic, nervous, inflammatory, immune, and vas¬ 
cular systems, all played out within the microcosm of the 
wound. Similarly, the realization that blood-borne progenitor 
cells participate to varying degrees in the healing wound has 
elevated our once-parochial view that wound healing is strictly 
a local phenomenon to the conceptialization of wound healing 
as a systemic process. Increased understanding of the cellular 
and molecular events involving growth factors and cytokines and 
the realistic prospects for pharmacologic manipulation have 
focused a great deal of research interest from a broad range of 
disciplines. The field of wound healing has expanded in com¬ 
plexity as well as scope: basic scientists as well as clinicians and 
allied health professionals all have contributed to advances in 
this fascinating field. Despite our greater understanding of the 
complexities involved, however, there remain a set of core prin¬ 
ciples that serve to direct and guide patient care. This chapter 
outlines a basic set of concepts regarding wound healing, with 
emphasis on the clinical principles of basic surgical techniques; 
the care of surgical incisions; and the management of both 
acute and chronic open wounds. 


NORMAL WOUND HEALING 


Wound healing is the body’s response to injury. Injury can be 
acute or chronic and involve multiple tissues, but wound heal¬ 
ing is most clearly illustrated by examining the response to 
full-thickness injury (e.g., a cut or an incision) to the epidermis 
and dermis. This injury sets in motion a sequence of interre¬ 
lated reparative forces. Although the events overlap in time, it 
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is helpful to consider the process as stages or phases of wound 
healing; these are presented as separate events. This provides 
for clear conceptualization of the individual events and con¬ 
forms to standard conventions. These events, however, do not 
occur independently, and the degree of temporal overlap is 
significant (Fig. 4.1). 1 

Every tissue in the body undergoes reparative processes after 
injury. Bone has the unique ability to heal without scar. Liver 
has the potential to regenerate parenchyma and is the only 
organ that has maintained that ability in the adult human. With 
these exceptions, all other human tissues heal with scar. This 
chapter reviews the healing process of human skin with particu¬ 
lar emphasis on surgical applications. Delineation of the indi¬ 
vidual mediators that participate in this process is still evolving, 
so the emphasis is on the underlying physiologic processes and 
the patterns of response. 


Inflammatory Phase 

The inflammatory phase of acute wound healing begins imme¬ 
diately after injury. The initial response to the disruption of 
blood vessels is bleeding. The homeostatic response to this is 
clot formation to stop hemorrhage. Platelet plug formation 
initiates the hemostatic process along with recruitment of clot¬ 
ting factors activated by collagen and basement membrane 
proteins exposed by the injury. Fibrin, converted from fibrino¬ 
gen by the clotting cascade, binds the platelet plug and forms 
the provisional matrix for the cellular responses that follow. 
After injury, transient vasoconstriction is mediated by cate¬ 
cholamines, thromboxane, and prostaglandin F 2a (PGF 2 J. 
Platelet degranulation, the emptying of the granules into the 
extracellular space, provides the contents of a granules and 
dense granules, most notably platelet-derived growth factor 
(PDGF) and transforming growth factor-/^ (TGF-/3). These 
substances initiate chemotaxis and proliferation of inflamma¬ 
tory cells, beginning the inflammatory response that will ulti¬ 
mately heal the wound (Table 4.1). Transient vasoconstriction 
is necessary to decrease blood loss at the time of the initial 
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FIGURE 4.1. Timeline of phases of wound healing with dominant cell types and major physiologic events. 


wounding and also to allow clot formation. Vasoconstriction 
lasts for 5 to 10 minutes. Once a clot has been formed and 
active bleeding has stopped, vasodilatation increases local 
blood flow to the wounded area, supplying cells and substrate 
necessary for further wound repair. The vascular endothelial 
cells also deform, increasing vascular permeability. The vasodi¬ 
latation and increased endothelial permeability are mediated 
by histamine, PGE 2 , and PGI 2 (prostacyclin), as well as vascu¬ 
lar endothelial cell growth factor (VEGF). These vasodilatory 
substances are released by injured endothelial cells and mast 
cells and enhance the egress of cells and substrate into the 
wounded tissue (Fig. 4.2). 

At this stage, the wound is full of debris from the initial 
injury. This material consists of a mixture of injured, devital¬ 
ized tissue (fat, muscle, epithelium), clot (platelets, erythro¬ 
cytes, fibrin), bacteria (from the skin surface and external envi¬ 
ronment), extravasated serum proteins (glycoproteins and 
mucopolysaccharides), and foreign material introduced at the 
time of injury (suture, dirt). During the next several days, the 


TABLE 4.1 


PLATELET GRANULES AND MEDIATORS OF 
PLATELET AGGREGATION 

PLATELET GRANULES 

a Granules: Contain Platelet-specific Proteins 

Platelet factor 4 

jS-Thromboglobulin 

Platelet-derived growth factor 

Transforming growth factor-/3 

Dense Granules 

Adenosine diphosphate 

Serotonin 

Calcium 

MEDIATORS OF PLATELET AGGREGATION 

Thromboxane A 2 
Thrombin 
Platelet factor 4 


wound is cleared of bacteria, devitalized tissue, and foreign 
material by recruited and activated phagocytic cells. Polymor¬ 
phonuclear leukocytes (PMNs) begin to arrive immediately, 
attaining large numbers within 24 hours. The process of clear¬ 
ing the wound of debris usually takes several days, but the 
time varies depending on the amount of material to be cleared. 
The PMNs are followed temporally by macrophages, which 
appear in wounds in significant numbers within 2 or 3 days. 
The macrophages are mononuclear phagocytic cells derived 
from circulating monocytes or resident tissue macrophages. 
They complete the process of removing all material not neces¬ 
sary for the ensuing steps of wound healing. 

In the absence of significant bacterial contamination, 
macrophages promptly replace PMNs as the dominant cell type 
during the inflammatory phase. The role of the macrophages is 
not limited to phagocytosis. 2 In addition, macrophages are the 
sources of more than 30 different growth factors and 
cytokines. These growth factors induce fibroblast prolifera¬ 
tion, endothelial cell proliferation (angiogenesis), and extracel¬ 
lular matrix production, and they recruit and activate addi¬ 
tional macrophages. The result is the induction of a wound 
healing amplification cycle as growth factors recruit macro¬ 
phages and elicit additional growth factor release. Specific 
antibodies that destroy PMNs or block certain aspects of 
amplification function (such as adhesion) have shown that 
experimental wounds heal normally in the absence of PMNs, 
but that healing is significantly impaired without functional 
macrophages (even in the absence of bacteria). These studies 
confirm the dominant role of the macrophage in the inflam¬ 
matory phase of wound healing. The amplification process is 
so powerful that only scattered fibroblasts and endothelial 
cells are seen in a surgical incision or at the edge of an open 
wound at day 3, but by day 5 the wound is very cellular with 
active proliferation. By day 7, the incisional wound is strong 
enough to allow suture removal, and proliferating fibroblasts 
and angiogenesis give the wound an appearance similar in 
many respects to the stroma surrounding tumors. 

Lymphocytes also appear in wounds in small numbers dur¬ 
ing the inflammatory phase. The role of lymphocytes in the 
wound healing process remains to be clarified but is thought to 
be related more to chronic inflammatory processes than to the 
initial response to wounding. Recently, it has become more 
appreciated that within this heterogeneous population of cells 
are several distinct subpopulations of blood-borne progenitor 
cells that likely contribute in varying degrees to tissue repair. 


SCIENTIFIC PRINCIPLES 






























50 


Part One: Scientific Principles 


FIGURE 4.2. Schematic representation of wound heal¬ 
ing processes. ADP, adenosine diphosphate; FGF, fibro¬ 
blast growth factor; KGF, keratinocyte growth factor; 
PAF, platelet-activating factor; PDGF, platelet-derived 
growth factor; PF 4 , platelet factor 4; TGF, transforming 
growth factor; TNF-u, tumor necrosis factor-u; TXA 2 , 
thromboxane A 2 . ( continued) 
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These will be discussed further later. Because recombinant 
growth factors are available in sufficient quantities for clinical 
use, the prospect of using growth factors as pharmacologic 
agents to stimulate wound healing (and potentially modulate 
abnormal scarring) has been the focus of much research. 
Dozens of growth factor studies have been performed in 
humans, based on animal studies that have demonstrated 
wound healing activity by about a dozen different growth 
factors (PDGF, TGF-/31, TGF-/32, TGF-/33, fibroblast growth 
factor 2 [FGF2], FGF7, keratinocyte growth factor [KGF], 
granulocyte-macrophage colony-stimulating factor [GMCSF], 
insulinlike growth factor 1 [IGF-1], IGF-l-binding protein 
[IGFBP1], and epidermal growth factor [EGF] represent a 
partial list). To date, only PDGF has been approved. 3 After a 
7-year process involving 1,000 patients, PDGF (Regranex) was 
approved in 1997 by the U.S. Food and Drug Administration 


(FDA) for use in diabetic foot ulcers. The failure of so many 
clinical trials to demonstrate efficacy is a reflection of both the 
complexity and variability of human wounds, which make it 
difficult to demonstrate efficacy in all but the largest of studies 
and to demonstrate the multiple etiologic factors that result in 
chronic wounds. 

Another product, an artificial skin equivalent made of a 
dermislike matrix covered with cultured epithelium from het¬ 
erologous human foreskins (Apligraf), was approved by the 
FDA in 1998 for use in venous ulcers of more than 1 year’s 
duration that had failed other therapies. This product’s main 
effect is most likely due to the delivery of growth factors pro¬ 
duced by the neonatal cells. Increased knowledge of the role of 
growth factors in wound healing has also provoked the evalu¬ 
ation of strategies using other pharmacologic agents to indi¬ 
rectly modulate growth factor levels in wounds. 
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FIGURE 4.2. ( Continued) 


Proliferative Phase 

Q The proliferative phase begins with the formation of a provi- 
sional matrix of fibrin and fibronectin as part of initial clot 
formation. Initially, the provisional matrix is populated by 
macrophages; however, by day 3, fibroblasts appear in the 
fibronectin-fibrin framework and initiate collagen synthesis. 
Fibroblasts proliferate in response to growth factors to 
become the dominant cell type during this phase. Growth fac¬ 
tors produced by macrophages simultaneously induce angio¬ 
genesis, which induces the ingrowth and proliferation of 
endothelial cells, forming new capillaries. The process of neo¬ 
vascularization is driven in large part by the local tissue 


hypoxia present in the wound center, which in turn is orches¬ 
trated by the hypoxia-inducible factor-1 (HIF-1). This master 
transcription factor functions as the switch that turns on 
angiogenic processes, metabolic adaptations to hypoxia, an 
increase in iron transport, and erythropoiesis, functioning 
across local, regional, and systemic levels to restore blood flow 
to an injured area. Initially, the angiogenic cascade unleashed 
by HIF-1 results in a hypervascular network, which will be 
pruned later. This neovascularity is visible through the epithe¬ 
lium and gives the wound a pink or purple-red appearance. 
Capillary ingrowth provides the fibroblasts with oxygen and 
nutrients to sustain cell proliferation and support the produc¬ 
tion of the permanent wound matrix. This matrix is composed 
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B 



FIGURE 4.3. A: Type I collagen showing triple helix and intramo¬ 
lecular cross-links. B: Intermolecular cross-links provide tensile 
strength. C: Assembly of collagen fibrils, fibers, and fiber bundles. 
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of collagen and proteoglycans or ground substance and 
replaces the provisional fibronectin-fibrin matrix. 

Collagen is the dominant structural molecule in the wound 
matrix and in the final scar. This is not surprising because 
collagen is the principal structural protein in skin, bone, and, 
indeed, all human tissues. Collagen is synthesized into an orga¬ 
nized cablelike network in a multistep process with both intra¬ 
cellular and extracellular components (Fig. 4.3). The collagen 
molecule has abundant quantities of two unique amino acids, 
hydroxyproline and hydroxylysine. The hydroxylation pro¬ 
cess that forms these amino acids requires ascorbic acid (vita¬ 
min C) and is necessary for the subsequent stabilization and 
cross-linkage of collagen. Procollagen is formed within the 
fibroblasts as a long linear amino acid segment with regular 
repeats of hydroxyproline every third amino acid and with ter¬ 
minal extension peptides. Procollagen molecules aggregate in 
the case of type I collagen (the most common) as three a chains 
to form a triple-helical complex (Fig. 4.3A). The triple helix is 
maintained by intramolecular disulfide bonds between specific 


cystine residues. Procollagen is secreted in its triple-helical 
form; extracellular peptidases cleave the extension peptides at 
the amino and carboxy termini, leaving the central collagen 
molecule. Collagen cross-linking (Fig. 4.3B) then occurs in the 
extracellular space as the collagen molecules aggregate into 
larger structures. Lysyl oxidase catalyzes the conversion of 
lysine and hydroxylysine into aldehyde forms. These aldehy¬ 
des form intermolecular bonds by undergoing spontaneous 
condensation. This produces stable, cross-linked collagen fib¬ 
rils. These intramolecular and intermolecular bonds provide 
strength and stability. As the wound matures, fibrils cross-link 
to form large cables of collagen, providing increased tensile 
strength (Fig. 4.3C). The wound is then more appropriately 
considered a scar. 

Although there are many types of collagen, type I predom¬ 
inates throughout the body. The principal collagen in scar is 
type I, with lesser amounts of type III collagen present. Other 
collagen types make important contributions to the basement 
membrane, cartilage, and other structures (Table 4.2). 
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ITABLE 

4.2 

1 

COLLAGEN TYPES 


■ PROPERTY OF 

■ TISSUE 

■ TYPE 

AGGREGATE UNIT 

DISTRIBUTION 

I 

Rigid fibrils 

All connective tissue 
except cartilage 

II 

Rigid fibrils 

Cartilage and vitreous 

III 

Elastic fibrils 

Elastic tissue (e.g., fetal 
skin, blood vessels, 
uterus) 

IV 

Sheet 

Basement membrane 

V 

Fibril 

Widespread 

VI 

Beaded filaments 

Widespread 

VII 

Anchoring fibrils 

Interface of basement 
membrane and 
underlying stroma 

VIII 

Sheet 

Descemet membrane 

IX 

Fibril 

Hyaline cartilage 

X 

Sheet 

Hypertrophic cartilage 

XI 

Fibril 

Hyaline cartilage 

XII 

Fibril 

Similar to type I 


Remodeling Phase: The Formation of Scars 

Q The transition from the proliferative phase to the remodeling 
phase is defined by the achievement of collagen equilibrium. 
Collagen accumulation within the wound reaches a maximum 
within 2 to 3 weeks after wounding. Although supranormal 


rates of synthesis and degradation continue throughout remod¬ 
eling, there is no further change in total collagen content. 4 Ten¬ 
sile strength gradually increases as random collagen fibrils are 
replaced by organized fibrils with more intermolecular bonds. 
During the initial phase of wound healing, there is a relative 
abundance of type III collagen in the wound. With remodeling, 
the normal adult ratio of 4:1 (type I to type III) collagen is 
restored. Under normal wound healing conditions, the capil¬ 
lary density gradually diminishes, and the number of fibro¬ 
blasts is reduced. The wound loses its pink or purple vascular 
color and becomes progressively pale. The collagen undergoes 
constant remodeling. New collagen is formed, and collagen 
degradation by specific collagenases is ongoing. Collagenase 
activity is balanced against new production of collagen to pro¬ 
duce a steady state. As equilibrium is achieved, the collagen 
fibrils align themselves in a longitudinal arrangement as dic¬ 
tated by stress placed on the wound. Scars never achieve the 
degree of order achieved by collagen in normal skin or ten¬ 
dons, but they do increase in strength for 6 months or longer, 
eventually reaching 70% of the strength of unwounded skin 
(Fig. 4.4). 

The other important component of the extracellular matrix 
is the ground substance or proteoglycans. These substances are 
composed of a protein backbone with long hydrophilic carbo¬ 
hydrate side chains. The hydrophilic nature of these molecules 
accounts for much of the water content of scars. In the early 
immature wound, there is a disproportionately large amount 
of proteoglycans (particularly hyaluronic acid). During the 
maturation phase, the proteoglycan content returns to a level 
that closely approximates that of normal skin. 

Until recently, the extracellular matrix (predominantly col¬ 
lagen and proteoglycans) was thought to be inert. It is becom¬ 
ing increasingly clear, however, that extracellular matrix sig¬ 
nals certain cells through cell attachment receptors (integrins) 
and serves as a reservoir for growth factors. Via integrin recep¬ 
tors, the extracellular matrix influences intracellular signal 
transduction with an impact on cell motility and migration, 
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FIGURE 4.4. Relation of the rate of collagen synthesis to the gain of tensile strength of rat skin wounds. (Adapted from Madden JW, Peacock 
EE Jr. Studies on the biology of collagen during wound healing. 1. Rate of collagen synthesis and deposition in cutaneous wounds of the rat. 
Surgery 1968;64:288.) 
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cellular proliferation, and growth factor production. The 
role of proteoglycans as signaling molecules is just beginning 
to be understood. In addition, mechanical forces on tissue are 
transmitted from the matrix to the cells that are attached 
to the matrix, and increasing evidence indicates that mechan¬ 
ical forces result in signal transduction, which can result in 
cellular proliferation, apoptosis, and other signal transduction 
processes. 5 


Epithelialization 

The skin is composed of two layers, the epidermis and the 
dermis. The outermost layer, the epidermis, is the protective 
barrier that forms the external interface between the body 
and the environment. The epidermis protects against water 
loss, allowing the other cells of the body to live in a liquid 
environment, as well as forming a barrier to bacteria and 
Q other environmental factors. Reconstruction of the epithelial 
barrier (epithelialization) begins within hours of the initial 
injury. As an initial step, epithelial cells from the basal layer 
at the wound edge flatten and migrate across the wound, 
completing wound coverage within 18 to 24 hours in a 
coapted surgical wound. The cells along the margin are also 
dividing to re-form the characteristic basilar to apical differ¬ 
entiation of multilayered mature epithelium (see later). 
Epithelial cells exhibit contact inhibition; that is, they con¬ 
tinue to migrate across an appropriate bed until a single con¬ 
tinuous layer is formed. Epithelial cell migration occurs by a 
process in which the epithelial cells send out pseudopods, 
attaching to the underlying extracellular matrix by integrin 
receptors. Bacteria, large amounts of protein exudate from 
leaky capillaries, and necrotic tissue all compromise this 
process, delaying epithelialization. Delayed epithelialization 
results in a more profound and prolonged inflammatory 
process, thereby contributing to unsatisfactory or hyper¬ 
trophic scarring. There is increasing evidence that reestab¬ 
lishment of a mature epithelium with a multilayered keratin 
layer (stratum corneum), which completely restores the nor¬ 
mal water barrier, is an important component of the scar res¬ 
olution process and downregulation of the inflammatory cas¬ 
cade. In addition, it is clear that establishment of an intact 
epithelial cover begins the process of wound resolution, a 
process that is still not well understood. Cell signals from the 
epithelium have been implicated in the pathogenesis of 
keloids, and reestablishment of an epithelial barrier by skin 
graft or flap results in reduction in inflammation and apop¬ 
tosis of the underlying dermis. 6 

In superficial, partial-thickness wounds, epithelialization 
results from migration of epithelial cells from remaining der¬ 
mal appendages, sweat glands, and hair follicles (Fig. 4.5). 
Epithelial stem cells from the hair follicle and interfollicular 
stem niche also repopulate a significant amount of the epider¬ 
mis. This is relatively rapid because the distance between hair 
follicles and sweat glands is short; epithelialization is usually 
complete within 7 to 10 days. In deeper injuries, however, such 
as deep second-degree burns, the combination of increased 
necrosis and fewer remaining dermal appendages can result in 
delayed epithelialization with prolongation of the inflamma¬ 
tory process. 

A partial-thickness burn or abrasion that requires more 
than 2 weeks to epithelialize has a high incidence of hyper¬ 
trophic scarring. The increased scarring is presumably sec¬ 
ondary to prolonged inflammation. This can be minimized by 
achieving a closed wound through skin grafting or other tech¬ 
niques. With a partial-thickness wound or abrasion, it is 
important to achieve rapid epithelialization through maintain¬ 
ing a moist environment and preventing bacterial proliferation 
by continually removing protein-containing exudates that pro¬ 
vide a substrate for bacterial growth. 


In full-thickness injury, the entire dermis is destroyed or 
removed. Epithelialization occurs only from the margins of the 
wound, at a maximal rate of 1 to 2 mm/d. In practice, adequate 
coverage of sizable wounds is rarely achieved. Thus, lower leg 
ulcers rarely heal faster than 1 cm/mo; that is, a 2-cm-diameter 
ulcer typically takes 2 months to heal under ideal conditions. 
In an open wound, the rate of epithelialization is critically 
dependent on the vascularity and health of the underlying 
granulation tissue (neodermis) across which it migrates. In 
addition, cellular migration is dependent on the condition of 
the matrix. Excess bacterial burden results in secondary PMN 
influx with protease degradation of the matrix and a hostile 
environment for cellular attachment and migration. Thus, 
although chronic wounds are manifested by a failure of epithe¬ 
lial migration, the cause is most often a problem in the under¬ 
lying wound bed, such as local ischemia or excessive bacterial 
colonization. 

The epithelial cells alone provide little strength when not 
anchored to dermis. They are therefore prone to injury. The 
basal epidermal cells are attached to the underlying dermis 
by hemidesmosomes. These structures attach to keratin 
filaments within the epithelial cells. The hemidesmosomes 
connect by a series of intermediate proteins to anchoring 
filaments, long proteins that intertwine with the collagen 
network of the dermis. Intact epithelium is resistant to sheer 
forces due to these strong dermal attachments. Without an 
adequate dermal base, however, epidermis provides unstable 
wound coverage and is characterized by chronic and recur¬ 
rent wound breakdown; this is frequently noted in a heavily 
cicatrized bed. 

After the first layer of cells restores the epithelial barrier, 
additional layers develop, restoring the basilar-to-apical order. 
As the cells mature, they resume keratin formation. This 
regenerates the stratum corneum of the epidermis, completes 
the restorative process of epithelialization, and provides stable 
coverage. 


Scar 

^Visible scarring occurs only when the injury extends deeper 
than the superficial dermis. Superficial abrasions and burns 
usually heal without scarring even if the superficial dermis is 
involved, because a thin layer of scar in the superficial der¬ 
mis is not visible. Whenever the dermis is incised, a scar 
forms. Scar formation at the molecular level is due to disor¬ 
ganized collagen. In response to injury, dermal integrity is 
restored by collagen synthesis and deposition. Over the time 
of scar maturation (6 months to several years), scar remod¬ 
eling results in progressive collagen linking and increased 
organization, but the parallel organized collagen layers of 
normal skin are never completely reconstituted, resulting in 
visible scar. The prominence of the scar is variable and 
can be minimized by location and closure technique. If an 
incision is made, however, a scar is inevitable. The quality 
of the scar is impacted by a number of factors. The underly¬ 
ing genetic tendency to scar is a significant factor. It is well 
known that some African Americans form keloids from 
even minor insults, and approximately 5% to 10% of 
African Americans are keloid prone. Many Asians (as many 
as 50% of Chinese, Korean, and Japanese) have some ten¬ 
dency to form hypertrophic scars. Elderly patients heal with 
less inflammation and rarely form hypertrophic scars. Scars 
parallel to collagen fibers in relaxed skin tension lines form 
much better scars than those perpendicular to relaxed skin 
tension lines. As discussed previously, mechanical forces 
stimulate cell proliferation and collagen synthesis, so that 
scars closed under tension after skin excision or in locations 
subjected to tension such as the sternum or shoulder are 
prone to scar hypertrophy. 7 
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FIGURE 4.5. Reepithelialization of a 
partial-thickness wound. ( continued ) 
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Stretch marks are a unique type of scar. Stretch marks occur 
when the collagen fibers in the dermis are stretched to the point 
of disruption, but the epidermis is not disrupted. This results in 
scar formation in the dermis that is visible through an intact, 
unscarred epidermis. There is no treatment for stretch marks 
other than excision of the skin (which of course results in 
scar from wound closure) or tissue destruction, which can in 
exceptional circumstances result in wound contraction and 
some shrinkage of the stretch marks (the rationale for treating 
stretch marks with laser). 


Clinical Implications 

Optimal Outcomes from Surgical Closure. This review 
of normal wound healing has numerous practical implications 
to the care of wounds and surgical incisions in order to ensure 
uncomplicated, expeditious healing as well as produce an opti¬ 
mal scar. Meticulous hemostasis reduces the inflammation and 
phagocytosis necessary to clear the wound of blood. The use 
of electrocautery should be judicious. Electrocautery results in 
a band of tissue necrosis that varies in thickness in relation to 
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heat generated. The benefits in hemostasis from cautery must 
be balanced with the thermal injury that results, to minimize 
stimuli for inflammation. Atraumatic handling of tissue 
decreases the load of necrotic or nonviable cells at the wound 
margin. This is best achieved using fine forceps or skin hooks 
to retract and assist in coapting the dermis. Crush injury to the 
epidermis with forceps should be avoided. Deep sutures are 


best placed only into collagen-laden structures that can hold 
tension, that is, fascia and dermis. These tissues have the ten¬ 
sile strength to hold sutures under tension. Fat does not con¬ 
tain collagen and does not hold tension. Therefore, fatty tissue 
should not be sutured as a separate layer. Dead-space oblitera¬ 
tion and fluid evacuation are best achieved by suction drainage 
rather than by adding additional foreign material to the 
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wound in the form of suture material. Therefore, in closing a 
laparotomy incision, even in a morbidly obese patient with a 
large panniculus, the closure should be limited to the abdomi¬ 
nal fascia, the skin, and rarely the Scarpa fascia. The choice 
and proper use of suture material is also important. Sutures 
should be chosen to provide the appropriate amount of 
strength to prevent dehiscence; this is balanced by the inflam¬ 
mation that results as a suture dissolves. In the skin, an 
absorbable intradermal suture that dissolves over a prolonged 
period will result in prolonged inflammation and a prominent 
scar. Well-placed sutures will also minimize the incidence of 
suture knot extrusion, which can also compromise the final 
appearance of the scar. 

Under normal circumstances, epithelialization of an inci¬ 
sion is complete within 24 to 48 hours, and there is no reason 
to protect the incision from water beyond this time. Allowing 
the patient to wash or shower 1 or 2 days after surgery has sig¬ 
nificant psychological benefit and gently debrides the incision 
and keeps it clean by rinsing away surface bacteria and debris. 
Blood and protein exudate are an excellent culture media for 
any skin surface bacteria. Showers reduce the chance of bacte¬ 
rial accumulation in surface crusts along the incision and on 
the sutures. This decreases inflammation and prevents break¬ 
down of the fragile epithelial layer over the incision, improv¬ 
ing the quality of the scar. Once the incision has epithelialized 
and the epidermis has matured, there is increasing acceptance 
of the concept that covering immature epidermis for a period 
of as long as 2 months with paper tape, silicone gel sheeting, 
or other materials improves scar outcome, most likely due to 
restoration of the water barrier function of mature stratum 
corneum. 7 


OPEN WOUNDS (ACUTE) 

Open wounds, whether ulcers or open surgical incisions clos¬ 
ing by secondary intention, heal with the same sequence of 
inflammation, matrix deposition, epithelialization, and scar 
maturation as previously described. However, there are some 
important differences. In the closed (sutured) incisional 
wound, the healing process progresses through an orderly tem¬ 
poral sequence. In an open wound, the healing events are spa¬ 
tially separated. In the healing wound, a bed of granulation tis¬ 
sue forms over the exposed subcutaneous tissue. Granulation 
tissue is composed of new capillaries; proliferating fibroblasts; 
and an immature matrix of collagen, proteoglycans, substrate 
adhesion molecules (including fibronectin, laminin, and 
tenascin), and acute and chronic inflammatory cells. In addi¬ 
tion, there are variable amounts of bacteria and protein exu¬ 
date, depending on the condition of the wound. At the advanc¬ 
ing edge of epithelium, the process of acute inflammation is 
present. Behind the advancing edge, there is a proliferative 
area, and further behind, the scar is maturing and remodeling. 
An understanding of the biologic principles of wound healing 
has direct clinical implications in wound care, particularly in 
the case of chronic wounds (e.g., pressure sores, lower leg 
ulcers, diabetic foot ulcers). 

The most important clinical factor in the healing of surgi¬ 
cal incisions is the gain in tensile strength of the wound. This 
depends almost entirely on collagen deposition. The rate of 
collagen synthesis determines the initial wound strength; ulti¬ 
mate wound strength is determined by the degree of collagen 
organization and cross-linking. The healing of open wounds 
is defined primarily by epithelialization, and successful heal¬ 
ing is related more to the maintenance of epithelial integrity 
than to the tensile strength of the scar. As discussed earlier, 
the rate of epithelialization in open wounds is limited by the 
rate of migration of the proliferating epithelial edge. Factors 
that regulate epithelial migration are an area of active 
research. There is clear evidence that the extracellular matrix 


(collagen, fibronectin, basement membrane proteins, and gly- 
cosaminoglycans) is composed of structural elements that are 
not inert. They function as an essential substrate, with adhe¬ 
sion molecules regulating intercellular communication. The 
cellular occupants of the matrix express specific receptors 
that recognize amino acid sequences on the matrix proteins. 
This allows for cellular attachment at specific sites, cell loco¬ 
motion, and intracellular signal transduction. Rapid epithe- 
lialization is therefore dependent on an optimal matrix, syn¬ 
thesized by the underlying granulation tissue, as well as on 
optimal delivery of nutrients and oxygen by an adequate 
blood supply. The rate of epithelialization is also inversely 
related to the degree of bacterial presence in the wound, a 
variable that is directly related to the quality of the granula¬ 
tion tissue present. 

Inflammatory cells in open wounds, especially the macro¬ 
phages, release growth factors. Growth factors enhance migra¬ 
tion and proliferation of fibroblasts and endothelial cells in 
wounds. In an open wound, this leads to the formation of 
granulation tissue, the cobblestonelike pink surface of healthy 
new tissue. The ability of an open wound to form granulation 
tissue is governed by the blood supply to the tissue and the rel¬ 
ative absence of devitalized tissue and bacteria. Therefore, 
wounds that form granulation tissue should heal or be 
amenable to surgical closure with flaps or skin grafts. Wounds 
that do not form granulation tissue are very likely to be recal¬ 
citrant to all treatments except those directed at the underlying 
cause of the failure to form granulation tissue, that is, vascular 
bypass to restore adequate blood flow to an ischemic extrem¬ 
ity wound or a vigorous surgical debridement to clear the 
wound of contaminating bacterial pathogens that impair the 
development of healthy granulation tissue and impede epider¬ 
mal migration. 

Debridement deserves mention, as it is frequently underuti¬ 
lized in clinical care. It is a simple technique that is unglam- 
orous in comparison to other more complex surgical opera¬ 
tions, yet is essentially critical to ensuring healing in a 
contaminated surgical wound. Debridement is a term that 
refers to clearance of tissue that is unnecessary and counter¬ 
productive to healing, and in practical terms usually refers to 
bacteria and necrotic, devitalized tissue. Debridement can take 
the form of nonsurgical techniques, such as autolytic, enzy¬ 
matic, or biologic approaches, or alternatively a surgical tech¬ 
nique can be used. The astute clinician will tailor the degree of 
debridement necessary to achieve the desired outcome while 
minimizing removal of healthy healing tissue. The importance 
of debridement is most clearly seen in chronic wounds, which 
will be more fully discussed later. The process of debridement 
removes bacteria and their products, which serve to propagate 
a counterproductive hyperinflammatory phase and which 
divert metabolic resources away from the healing wound. In a 
chronic wound, bacterial critical colonization often will result 
in a hyperinflammatory loop that is best short-circuited by a 
judicious debridement, allowing the wound to progress 
toward healing (Fig. 4.6). 8 


Wound Contraction 


Wound contraction is an important event that contrasts the 
healing of open wounds with closed incisions. When open 
wounds contract, the surrounding skin is pulled over the 
wound to reduce its size. This can occur much faster than 
epithelialization. In addition to increasing the speed of wound 
closure, another advantage is that the open wound is resur¬ 
faced by the normal sensate skin surrounding the wound. 
Most animals are loose skinned, meaning that the skin (epithe¬ 
lium, dermis, subcutaneous fat) is only loosely attached to the 
underlying muscle fascia. Some animal wounds heal almost 
entirely by contraction; for example, a 2-cm ulcer heals to a 
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FIGURE 4.6. The inflammatory cascade in wound repair. A: In healthy patients with adequate tissue perfusion, the 
inflammatory burst is self-limited as reactive oxygen species (ROS) serve to clear bacteria from the wound bed to enable 
progression to the later phases of wound healing. Since the bacteria are cleared from the wound, the production of ROS 
and proteases is self-limited, minimizing bystander cellular damage. B: In a setting of regional hypoxia or other comor¬ 
bidities, bacteria are not efficiently cleared, partly due to an ineffective oxidative burst, which requires oxygen. Bacteria 
will continue to accumulate in a biofilm state and a level of critical colonization or frank infection will result, leading to 
an amplified and/or prolonged inflammatory state with further tissue damage and persistent hypoxia as neovasculariza¬ 
tion is impaired. (Reproduced with permission from Thorne CM. Grabb and Smith’s Plastic Surgery, 6th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 2006, Figure 3.1.) 
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3-mm point in a matter of days in a loose-skinned animal. 
Humans, however, do not have this degree of skin mobility in 
most sites; the skin is tightly adherent and less elastic, particu¬ 
larly in the lower leg. Therefore, although contraction may 
account for 90% of the reduction in wound size on the per¬ 
ineum, it accounts for at most 30% to 40% of the healing of a 
lower leg ulcer. This is one important reason why leg ulcers are 
so slow to heal. All healing wounds generate a strong contrac¬ 
tile force. 9 When this contractile force is exerted across a joint, 
such as the neck, axilla, or elbow, it may result in a scar con¬ 
tracture. A scar contracture is a scar that limits the functional 
range of motion of a joint. 

At the cellular level, the forces that drive wound contrac¬ 
tion come from the fibroblasts. Fibroblasts, like muscle cells, 
contain actin microfilaments. When these filaments increase 
in number, the cells take on the morphologic appearance of 
myofibroblasts. Myofibroblasts are seen in increased num¬ 
bers in contracting wounds, but their role and derivation are 
unclear. It is unknown whether the fibroblasts that attach to 
the collagen fibrils by means of integrin receptors move col¬ 
lagen fibers together using a locomotor action or whether 
the contraction comes from intrinsic cellular contraction, 
but it is likely that contraction is due to a combination of the 
two. In addition, it is still unclear whether myofibroblasts 
are derived from tissue-resident fibroblasts that phenotypi- 
cally assume the role of a myofibroblast in response to tissue 
strain and molecular mediators such as TGF-/31 or develop 
from blood-borne precursor cells such as fibrocytes that 
are recruited to an open wound. The forces of contraction 
continue as long as there is inflammation and collagen 
remodeling. 

Unless created and dressed under sterile conditions, all 
open wounds are contaminated by the bacterial flora on 
the surrounding skin and from the environment. Even when 
dressed under sterile conditions, bacterial colonization will 
occur within about 48 hours from the surrounding skin. 
Bacterial colonization of the wound is routine and is not 
deleterious to normal healing. However, bacterial infection, 
defined as a bacterial presence that overwhelms the host 
response, is deleterious and can delay or prevent healing. 
Cellulitis or invasive bacterial infection of the surrounding 
skin is relatively easy to diagnose with experience. Treatment 
typically requires systemic antibiotic therapy. Distinguishing 
wound colonization from excess bacterial load resulting in 
excess inflammatory cells, protease degradation of matrix, 
and impaired healing, however, can be difficult. The burn 
wound experience has demonstrated that bacterial counts of 
more than 10 5 organisms per gram of tissue on quantitative 
analysis are associated with failure of surgical wound clo¬ 
sure. This is an important technique, because clinical judg¬ 
ment is inadequate. The failure of wound closure in this cir¬ 
cumstance is in part due to bacterial and phagocytic 
proteases that prevent healing. In a similar fashion, if the 
bacterial count is above this threshold in the wound granula¬ 
tion tissue, the endotoxins and excessive proteases, derived 
from both bacteria and PMNs, delay epithelialization. Sev¬ 
eral experimental systems have demonstrated that an excess 
of PMNs in a wound delays healing. Clinical experience with 
pilonidal wounds, with no other risk factors for impaired 
healing other than an increased bacterial burden, indicates 
that resolution of that one variable can result in rapid heal¬ 
ing of wounds that have remained open for months or even 
years. 

Any nonepithelialized wound leaks plasma. With more 
inflammation, capillary permeability is further increased. 
Increased microvascular permeability results from endothelial 
cell injury or dysfunction. This is mediated by many compo¬ 
nents of the inflammatory cascade, including histamine, 
kinins, complement, PGE 2 , PGI 2 , VEGF, and others. This exu¬ 
date of serum proteins and inflammatory cells serves as a rich 
culture medium, which may continue the cycle of bacterial 


proliferation and leads to more exudate formation. The net 
result of this cycle is delayed or absent wound healing. In addi¬ 
tion, the edema that results from capillary dysfunction 
increases the distance for diffusion from oxygen and nutrient 
sources to their metabolic targets. 


Clinical Features 


Basic principles of wound care should be tailored to assist 
the mechanisms elaborated earlier, leading to more rapid 
healing. Although many varieties of wound care are prac¬ 
ticed, Winter and Scales 10 first recorded that epithelializa- 
tion is more rapid under moist conditions than dry condi¬ 
tions. Without dressings, a superficial wound, or one with 
minimal devitalized tissue, forms a scab or crust. The scab 
forms when blood and serum coagulate, dry, and form a 
protective moisture barrier over the open wound (Fig. 4.7). 
Epithelialization occurs with controlled clot proteolysis and 
migration of the epithelium under the clot. If the wound is 
kept moist with an occlusive dressing, however, and the exu¬ 
date does not become infected, then epithelial migration is 
optimized. A skin graft donor site, for example, epithelial- 
izes several days faster under an occlusive dressing than a 
dry dressing. In addition, the pain of an open wound or skin 
graft donor site is dramatically reduced under an occlusive 
dressing. 

Moist healing can be achieved by occlusive dressings, 
ointments or creams, or continually moistened dressings. 
The traditional wet to dry dressing, however, if truly left to 
dry, simply produces desiccation and necrosis of the surface 
layer of the wound, delaying epithelialization. Although 
wet to dry dressings can be effective for debridement of 
wound exudate, they are generally less desirable than a 
moist healing environment combined with effective clean¬ 
ing of the wound (i.e., water irrigation or a tailored surgical 
debridement). 


Role of Oxygen 

Oxygen is necessary for normal metabolic cellular function, 
but in wounds with actively proliferating and metabolically 
stimulated cells, it is even more critical. PMNs require ambient 
P0 2 levels of 25 mm Hg to produce superoxide radicals, which 
serve an essential role in bacterial killing. The enzyme system 
that generates superoxide and its derivative oxidant products 
functions optimally at P0 2 levels greater than 50 mm Hg. Col¬ 
lagen synthesis is also highly dependent on an adequate tissue 
oxygen tension. A fresh wound is initially avascular and is 
always hypoxic relative to the surrounding tissues. In the cen¬ 
ter of a new wound, the tissue P0 2 can drop to near zero. After 
angiogenesis and the delivery of oxygenated blood, the tissue 
P0 2 quickly rises. Generally, the tissue oxygen tension in a 
wound is lower than that of surrounding normal tissues. Ath¬ 
erosclerosis of major arteries, small vessel disease from other 
causes, impaired oxygen delivery, local scarring with fibrosis, 
and other events may reduce local tissue P0 2 levels from nor¬ 
mal (about 40 mm Hg) to less than 25 mm Hg. If so, tissue 
hypoxia results in significantly impaired wound healing. In the 
postoperative patient, suboptimal skin perfusion due to even 
modest hypovolemia, smoking-related arteriopathy, or excess 
circulating epinephrine can result in a low tissue P0 2 . Subcu¬ 
taneous tissue oxygen levels have been correlated clinically 
with surgical complication rates. Supplemental oxygen, opti¬ 
mal fluid administration, pain control, and arterial reconstruc¬ 
tion all have potential roles in the effort to enhance the tissue 
P0 2 . Oxygen delivery to tissue is the primary determinant of 
healing; anemia alone is not specifically detrimental to wound 
healing. 11 
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FIGURE 4.7. Rapid epithelialization occurs in a moist environment. Desiccation delays healing by causing tissue necrosis in the exposed wound. 
The scab ultimately forms a moisture barrier, and epithelialization occurs from the wound edge and any remaining dermal appendages. 


Hyperbaric oxygen therapy (HBO) can achieve high oxy¬ 
gen levels in most wounds for the duration of the treatment, 
usually 1.5 hours at a time. The patient is placed in the hyper¬ 
baric chamber and is exposed to 2 to 2.5 atmospheres of 
pressure and 100% oxygen. Although oxygen is a necessary 
component in aerobic metabolism, it may also act as a signal¬ 
ing molecule for growth factor production. There is extensive 
clinical experience suggesting clinical efficacy of HBO, but 
conclusive prospective randomized trials have not been con¬ 
ducted. It is clear that HBO can raise the P0 2 in ischemic 
wounds, but the indications, length of treatment, and number 
of treatments are still empiric. Based on the success of a num¬ 
ber of retrospective studies, the usage of HBO in recent years 
has become widespread, particularly with diabetic foot ulcers 
and wounds that have been irradiated. 

The role of oxygen as a therapeutic agent has been in part 
stimulated by an increased understanding of the role of oxygen 
in intracellular signaling. Previously, oxygen was thought to 
play an essential role in oxidative metabolism, but oxygen sen¬ 
sors were thought to be limited to the kidney (erythropoietin 
synthesis), the carotid body, and other specialized organs. 
However, there has been a great deal of interest, in recent years, 
in the existence in every cell of signal transduction pathways in 
response to hypoxia. These pathways are mediated by the mas¬ 
ter transcription factor HIF-1 that is transported to the nucleus 
and binds to the promoter region to activate synthesis of many 
genes including growth factors and hormones such as VEGF, 
erythropoietin, and stromal cell-derived factor (SDF). There¬ 
fore, there is a plausible role for intermittent oxygen therapy 
to induce signal transduction and improve wound healing. 
The amount of oxygen necessary to result in a therapeutic 
effect is unknown, but in the acute surgical situation there are 
data indicating a beneficial effect from supplemental oxygen in 
the immediate postoperative period. For the treatment of 
chronic wounds, placing the wound in an enriched oxygen 
environment has had some anecdotal interest. 12 Another 


approach to increasing local tissue oxygenation is to increase 
blood flow. A number of studies have suggested that increasing 
local skin temperature has resulted in improved wound 
healing. 


Role of Edema 


In normal tissue, each cell is only a few cell diameters away 
from the nearest capillary and receives nutrients and oxygen by 
diffusion. However, with inflammation, venous insufficiency, 
or any other causes of edema formation, the sequestered extra¬ 
cellular and extravascular fluid increases the diffusion distance 
for oxygen and results in a lower tissue P0 2 . In the case of 
lower extremity venous insufficiency, the chronic protein leak 
from the capillaries results in pericapillary deposition. This 
“cuffing” is a further barrier to oxygen and nutrient diffusion 
and possibly functions as a site of nonspecific binding of 
growth factors, making them less available to the wound envi¬ 
ronment. The importance of edema control is often underesti¬ 
mated. Even in extremities that are not noticeably swollen, ele¬ 
vation and other methods of edema control (elastic wraps, 
compression stockings, and sequential compression machines) 
can be of substantial benefit. The most important therapeutic 
maneuver in the healing of leg ulcers associated with venous 
insufficiency is edema control with leg elevation, compression 
stockings or compressive dressings, and, in severe cases, inter¬ 
mittent or sequential compression devices. 


Role of Tissue Necrosis and Exudate 


Open wounds often contain devitalized tissue as a result of 
injury and may be aggravated by infection or suboptimal tis¬ 
sue perfusion. If the amount of dead tissue is large, the impair¬ 
ment to healing is obvious, but it is often not fully appreciated 
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that smaller amounts of necrotic tissue or fibrinous exudate 
also delay healing. In addition, any open wound constantly 
produces an exudate of serum proteins and dead inflammatory 
cells, which increases devitalized tissue, if present. The net 
result is increased exudate, higher bacterial counts, edema, 
more proteases and other inflammatory mediators, and a dele¬ 
terious effect on healing. Therefore, devitalized tissue, espe¬ 
cially dermis, generally requires surgical excision. If necrotic 
dermis is left in place, the underlying subcutaneous tissue (fat), 
which is less vascular, eventually becomes infected. Small 
amounts of devitalized tissue and exudate can be debrided or 
removed with dressings, enzyme application, whirlpools, 
water irrigation, or simple washing. However, the mechanical 
debriding action must be sufficient and frequent enough to 
remove the exudate and debris, producing a clean wound 
before healing is optimal. Because wounds are painful and the 
dressings or washings insufficient, the exudate is often not 
removed adequately. This results in delayed healing. The 
impact of water irrigation in cleaning a wound and reducing 
tissue bacterial counts has been underappreciated. Whirlpool 
can gently clean a wound and modestly reduce tissue bacteria 
counts, but water under pressure (pulse lavage, syringe irriga¬ 
tion with sufficient force, or even a shower stream or dental 
water pic) can reduce bacterial counts in tissue by several logs. 


CHRONIC WOUNDS _ 

Q A practical definition of a chronic wound is one that has failed 
to heal within 3 months. Although there are a variety of under¬ 
lying causes, most chronic wounds can be categorized as pres¬ 
sure sores, diabetic foot ulcers, or leg ulcers. An important 
question is whether chronic wounds are intrinsically different 
than acute wounds. For instance, does local tissue senescence 
make healing a chronic wound impossible? Or do chronic 
wounds have the inherent potential to heal, but a combination 
of factors leads to delayed healing? Research in the past few 
years has begun to address the question of what is different 

Q about the environment in a chronic wound. One important 
realization is that most chronic, nonhealing wounds are char¬ 
acterized by the presence of three variables: advanced age, 
local tissue ischemia with reperfusion injury, and excess bacte¬ 
rial load. 13 

Clinicians have long recognized that most chronic wounds 
do indeed have the potential to heal. Healing usually does not 
occur because of inadequate attention to the basic principles of 
open wound care—adequate cleansing, debridement, edema 
control, avoidance and treatment of ischemia, and achievement 
of a moist wound healing environment. However, the wound 
environment in many chronic wounds does differ in important 
ways from acute wounds. Studies have examined wound fluid 
and biopsies collected from chronic wounds. These reveal sig¬ 
nificant increases in tissue levels in proteases and collagenases, 
which are capable of degrading matrix proteins and growth fac¬ 
tors. Degradation of growth factors inhibits their crucial func¬ 
tions of proliferation and chemotaxis. When wound fluid from 
a chronic wound is compared with fluid from an acute surgical 
wound, there is indeed a decreased level of growth factors. It is 
not clear what influence bacteria have in this process, although 
the direct release of bacterial proteases and the indirect effect of 
protease release from phagocytic cells are both relevant. It is 
unknown whether growth factor levels are depressed because of 
proteolysis, primary inhibition of release, or secondary pheno¬ 
typic changes in the cells of the chronic wound. 

Another important factor in the genesis of chronic wounds 
is the fact that their occurrence is generally in the aged, who 
have an impaired response to the stress factors of local tissue 
hypoxia, the increase in reactive oxygen species generated by 
inflammatory cells, and the existing bacterial burden. As men¬ 
tioned previously, most chronic wounds are of three types: 
pressure sores, diabetic foot ulcers, and venous leg ulcers. In 


all three types, the inciting injury is an ischemia reperfusion 
injury. In the first two types, pressure exceeding tissue perfu¬ 
sion resulting in a period of ischemia is followed by reperfu¬ 
sion. Repeated cycles of ischemia and reperfusion are much 
more damaging than an ischemic insult by itself. Experimental 
evidence in animals supports the notion of an increase in tissue 
damage in response to an ischemia reperfusion injury. 13 

In chronic wounds, there is some evidence that cells in the 
periphery of the wound can become senescent after the pro¬ 
longed stimulus of many months. This is likely a more prob¬ 
lematic factor in the elderly and provides a theoretical basis for 
the efficacy of surgical debridement and excision of the “rind” 
or callus of a chronic wound, converting it to an acute wound 
and converting a nonhealing wound to a healing wound. 

The final common denominator in the triad of factors that 
is present in most chronic wounds is excess bacterial presence. 
It has recently become appreciated that bacteria exist in 
wounds in the setting of a biofilm. 14 Biofilms represent a com¬ 
plex community of bacteria that are present within a secreted 
and assembled exopolysaccharide matrix. They interact with 
each other via the process of quorum sensing. The slime layer 
in which they encase themselves protects them from the 
inflammatory cells of the wound. In a wound that has reached 
critical colonization, the robust inflammatory process neces¬ 
sary for bacterial clearance actually becomes a deleterious 
process. The overproduction of free radicals and proteases 
serves to divert resources and nutrients away from the healing 
cells and results in significant bystander damage. This is of 
importance in a debilitated or elderly patient. As mentioned, 
the hostile wound environment and altered pH can degrade or 
inactivate growth factors to further impair healing. The pres¬ 
ence of this leads to further tissue damage, eventually resulting 
in a vicious cycle of tissue injury, bacterial overgrowth, and 
further tissue injury in the form of bystander damage as the 
body’s inflammatory cascade becomes unregulated (Fig. 4.6). 
Clearance of bacteria via a surgical debridement will break 
this cycle, reduce the inflammatory cascade, and allow pro¬ 
gression of the wound through the appropriate stages of 
wound healing. 


WOUND MANAGEMENT 


Surgical Incisions 

J It takes at least 3 weeks for collagen to undergo sufficient 
remodeling and cross-linking to attain moderate strength. Figure 
4.4 shows that at 1 to 2 weeks, the time when most sutures are 
removed, a wound has a small fraction of its eventual strength 
and may therefore disrupt with even modest stresses. There¬ 
fore, deep sutures are placed in collagen-containing structures 
to hold prolonged tension. Dermis, intestinal submucosa, mus¬ 
cular fascia, tendon, ligament, Scarpa fascia, and blood vessel 
wall represent a partial list of tissues with high collagen con¬ 
tent. These deep sutures are often absorbable. The most com¬ 
mon absorbable material, polyglactic acid (Vicryl, Dexon), 
retains tensile strength for about 3 weeks. Sutures used for ten¬ 
don and abdominal fascia are usually permanent or, if 
absorbable, should ideally retain their tensile strength for close 
to 6 weeks. After 6 weeks, wounded tissue has gained about 
50% of its eventual strength. To prevent hernia formation, 
heavy lifting is avoided after major abdominal surgery for 
6 weeks. Tendon repairs are splinted and activity restricted to 
avoid full tension for a similar period. 

As discussed in earlier sections, the fibroblasts in a wound 
respond to mechanical forces, and because skin has elastin 
fibers and tends to retract in response to injury, virtually all 
wounds are closed under some tension. If the tension forces are 
relatively large (in excisional wounds, for instance), sutures that 
effectively splint the wound, preventing the wound fibroblasts 
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from experiencing large mechanical forces, will result in less 
collagen excess (scar hypertrophy) and less scar stretch. Most 
absorbable sutures retain their tensile strength for only 3 weeks 
or so. Studies in humans have demonstrated that this is insuf¬ 
ficient to prevent scar widening and results in no better scars 
than those in which all sutures are removed at 7 days. There¬ 
fore, to achieve optimal scars in wounds closed under tension 
or in areas such as the shoulder, permanent sutures should be 
left in place for 6 months until collagen remodeling is essen¬ 
tially complete. A continuous intradermal Prolene suture or 
intradermal interrupted clear nylon sutures with buried knots 
will achieve that objective. 


Open Wound Dressings 

There are at least 150 dressing products commercially avail¬ 
able at present. These include multiple topical antibiotics, irri- 
gants, and debriding agents. Although PDGF (Regranex) and 
tissue engineered living cell constructs (Apligraf and Derma- 
graft) have been shown to decrease healing times in certain 
wounds, standard treatment, which adheres to the principles 
outlined earlier, may be successfully applied to the vast major¬ 
ity of wounds. There are many good alternative treatments, 
but to avoid confusion, they should be judged according to the 
following criteria: 

1. How effectively is the wound cleaned or debrided? 

2. Is moist wound healing achieved? 

3. Is edema minimized in the periwound tissue? 

4. Are new pressure (ischemia reperfusion) insults or wound 

soilage prevented? 

5. Is tissue oxygenation (blood flow) adequate? 

In some situations, reduction of tissue bacteria is also an 

important additional need; this is most often addressed by ade¬ 

quate cleaning and debridement. In the absence of large 

amounts of necrotic tissue, wound debridement does not need 
to be accomplished surgically. Proteinaceous exudate can be 
tenacious, however, and simple application of moist dressings 
may not be adequate to remove it. Water irrigation either in 
whirlpools or by water from a handheld shower spray or even 
from dental water cleaning devices can be gentle and yet gen¬ 

erate enough power to effectively debride. * 1 2 3 4 5 * * * * * * * * * 15 Frequent moist 

dressing changes can accomplish this as well, and in some 
cases, occlusive absorptive dressings can generate enough tis¬ 

sue proteases to effectively degrade proteins that the absorp¬ 
tive dressings remove (autolytic debridement). This decep¬ 
tively simple principle is the most frequently overlooked in 
wound care. The typical open surgical wound often contains 

deep interstices that packing or other absorptive dressings may 
not effectively reach. The deeper portions of the wound may 
then accumulate exudate and bacteria. This is one example in 
which water irrigation may be particularly useful. Commonly 
used agents such as hydrogen peroxide are actually harmful to 
normal tissue and are weak oxidants and thus do a poor job of 

debriding. These are to be avoided. Enzymatic debriding agents 
can be effective when properly used. 

As discussed, a desiccated wound undergoes delayed heal¬ 

ing. Most wounds require an absorptive dressing to remove 
exudate. This can be gauze, which is inexpensive and effective 

but which requires frequent dressing changes and is not occlu¬ 
sive so that an ointment or cream must be added. Skin graft 
donor sites do well with an occlusive polyurethane film dress¬ 
ing. Most of the newer dressing products have been designed 
to be more absorptive and achieve moist healing without infec¬ 
tion from excess exudate. An emphasis has been placed to 
decrease the frequency of dressing changes. It must be empha¬ 
sized that although factors such as convenience, patient accep¬ 
tance, and cost are good reasons for choosing a product, as 
long as moist healing is achieved, there is no evidence that one 
is better than another. 


Edema is detrimental to wound healing and is often under¬ 
treated, in part because of difficulties in patient education. 
Edema can be a factor in virtually any ulcer of the lower extrem¬ 
ity, although venous insufficiency is the most important. 
Because patients often have personal habits that are hard to 
modify, this can be a refractory problem. Patients often object to 
compression stockings, the most effective method for limiting 
edema. This leaves intermittent leg elevation, elastic wraps, and 
elevation of the foot of the bed as alternative measures. The crit¬ 
ical factor is getting the patient to realize that leg swelling must 
be avoided, and so in the course of the day, each patient must 
modify behavior sufficiently to treat this problem. 


Systemic Factors Affecting Wound Healing 

Several important systemic factors or conditions influence 
wound healing. Interestingly, there are no known systemic 
conditions that lead to more rapid wound healing. The discus¬ 
sion that follows relates to factors that may retard or inhibit 
wound healing. 

Nutrition. Wound healing requires energy and is an anabolic 
process. Patients who are severely malnourished or who are 
actively catabolic demonstrate impaired healing. Although there 
is no single measure of nutritional adequacy, the serum albumin 
level is the most readily available and clinically useful parame¬ 
ter. A serum albumin greater than 3.5 g/dL suggests adequate 
protein stores and positive nitrogen balance. However, albumin 
has a serum half-life of 19 days. Therefore, the serum albumin 
level does not drop early in a catabolic process and is slow to 
rise when protein stores are repleted and an anabolic state 
returns. Serum transferrin has a shorter half-life and, therefore, 
responds more promptly to nutritional fluctuations, but it is not 
part of a routine chemistry panel and has not gained widespread 
clinical usage. There is no consensus on nutritional parameters 
that accurately predict the development of surgical complica¬ 
tions. In considering closure of a chronic wound such as a pres¬ 
sure sore, the ability to form granulation tissue and begin 
wound contraction are clinical indications of acceptable wound 
healing potential. The presence of a granulating, contracting 
wound argues strongly that the patient has adequate nutrition 
to undergo surgery. An albumin level of less than 3 mg/dL raises 
concern for potential wound healing problems. In clinical prac¬ 
tice, the trajectory of prealbumin levels (i.e., an increased level 
measured weekly) may be more useful than a static level and 
suggests the restoration of adequate stores. Most surgeons 
avoid trying to close chronic wounds surgically until nutritional 
levels are considered acceptable, particularly in the elderly. 

Vitamins play an important role in wound healing as well. 
Vitamin A is involved in the stimulation of fibroplasia, collagen 
cross-linking, and epithelialization. In animal studies, vitamin A 
reverses the inhibitory effects of glucocorticoids on the inflam¬ 
matory phase of wound healing. 16 Although there is no conclu¬ 
sive evidence in humans, vitamin A may be useful clinically for 
steroid-dependent patients who have problematic wounds or 
who are undergoing an extensive surgical procedure. Vitamin A 
may be used either topically or systemically, but attention 
should be paid to the dosage and duration of therapy as vitamin A 
is fat soluble and has a well-defined toxicity state. An oral dose 
of 25,000 IU daily or topical application of 200,000 IU oint¬ 
ment three times a day should be sufficient. 

Vitamin C is a necessary cofactor in the hydroxylation of 
lysine and proline in collagen synthesis and cross-linkage. The 
deficiency state, scurvy, is rarely seen in the Western world 
today. The utility of vitamin C supplementation in patients 
who are taking a normal diet is not established. 

Vitamin E is applied to wounds and incisions by many 
patients. The evidence to support this practice is entirely 
anecdotal, and, in fact, large doses of vitamin E have been found 
to inhibit wound healing. 17 Only massage, pressure, and silicone 
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sheeting have been shown to flatten and soften scars. Many 
people perceive a healing benefit from topical creams, but it is 
very difficult to exclude the two main variables in scar forma¬ 
tion: (a) scars improve with passage of time and (b) there is 
natural variability in scar formation between different individ¬ 
uals and in the same individual in different locations and at 
different ages. 

Essential fatty acids are required for all new cell synthesis. 
Essential fatty acid deficiency is first noted in areas of high cel¬ 
lular turnover, such as healing wounds, skin, and gastrointesti¬ 
nal mucosa. Early experience with total parenteral nutrition in 
which essential fatty acids were lacking showed that patients 
developed difficult wounds and dramatic skin changes. These 
were rapidly reversed with the addition of fat to the parenteral 
nutritional program. 

Zinc and copper are also important cofactors for many 
enzyme systems that are important to wound healing. Defi¬ 
ciency states have been seen with parenteral nutrition but are 
rare and now readily recognized and treated with supplements. 

Vitamin and mineral deficiency states clearly show the 
necessity of these agents for wound healing. However, these 
deficiency states are extremely rare in the absence of parenteral 
nutrition or other extreme dietary restrictions. There is no evi¬ 
dence to support the concept that supranormal provision of 
these factors enhances wound healing in normal patients. Sig¬ 
nificant complications, especially with excessive fat-soluble vit¬ 
amin supplementation, are reported. However, malnutrition 
can be a significant problem in the elderly and debilitated 
patient. These patients require nutritional supplementation and 
should receive vitamin and mineral supplementation as part of 
their protein and caloric repletion. 

Aging. There are important age-dependent aspects of wound 
healing. The elderly heal more slowly and with less scarring. 
There is gradual attenuation of the inflammatory response with 
age, and decreased wound healing is one of the consequences. 
In vitro studies have documented an age-dependent decrease in 
the proliferative potential of fibroblasts and epithelial cells. 
Clinically, these account for the formation of finer scars and 
improved cosmetic appearance in the elderly. Hypertrophic 
scars are rarely seen in the elderly. Sutures should be left in 
place longer to allow for the slower gain in tensile strength in 
the aged. This may be done without formation of suture marks 
as slower epithelialization occurs along the sutures. Although 
the aged usually heal from surgical incisions without complica¬ 
tions, the combination of age and other adverse factors can 
result in severe healing deficits and high surgical complication 
rates (see the previous section on chronic wounds). 

Pharmacologic Impairment to Wound Healing Bone 
marrow suppression, a common consequence of chemother¬ 
apy, is detrimental to wound healing. Quantitative and quali¬ 
tative lymphocyte and monocyte deficiency impairs cellular 
proliferation in the inflammatory phase of wound healing. 
Any chemotherapeutic agent that suppresses the bone marrow 
will impair healing. Fortunately, this is predictably reversible 
with cessation of chemotherapy. Glucocorticoids inhibit 
wound healing based on their anti-inflammatory and immuno¬ 
suppressive effects. The anti-inflammatory effect of steroids is 
in part the result of inhibiting arachidonic acid metabolism, 
resulting in impaired macrophage migration and altered neu¬ 
trophil function. Glucocorticoids also inhibit synthesis of pro¬ 
collagen by fibroblasts, delaying wound contraction. Steroid- 
dependent patients have a persistent decrease in wound tensile 
strength even after healing is complete. Patients who require 
chronic systemic steroids have attenuation of the dermis and 
are therefore susceptible to injury. Even minor shearing forces 
may produce tearing of the skin and full-thickness wounds due 
to the decreased tensile strength. The advent of antiangiogenic 
agents in the treatment of cancer unfortunately also contributes 
to impaired wound healing. Agents such as bevacizumab and 


TABLE 4.3 


FACTORS THAT CONTRIBUTE TO WOUND ISCHEMIA 

Poor arterial inflow—atherosclerosis 

Poor venous flow—venous stasis 

Smoking 

Radiation 

Edema 

Diabetes mellitus—accelerates atherosclerosis, microvascular 
dysfunction 

Vasculitis 

Fibrosis—chronic scarring 

Pressure—pressure sores or decubitus ulcer 


sunitinib impair angiogenic growth factors such as VEGF. 
Since wound healing is an angiogenesis-dependent process, 
particularly recalcitrant wounds can result from use of these 
medications. 

Ischemia. Adequate tissue oxygenation plays a critical role 
in wound healing. 18 Oxygen is needed for aerobic metabolism 
and also for proper neutrophil function, especially in bacterial 
killing. Oxygen is also a requirement for hydroxylation of pro- 
line and lysine to form stable collagen fibrils (Table 4.3). 

Smoking. Smoking or nicotine patches inhibit oxygen delivery 
via sympathomimetic vasoconstriction. In addition, smoking 
elevates carboxyhemoglobin levels in the blood. This effect 
shifts the oxygen delivery curve to the left due to the high affin¬ 
ity of carboxyhemoglobin for oxygen, resulting in less avail¬ 
able oxygen in the wound. Animal studies demonstrate that 
even moderate decreases in tissue oxygen tension result in severe 
impairment of wound healing with substantially increased 
infection rates. Smoking has been shown to increase wound 
complication rates when skin flaps are elevated with marginal 
distal blood supply. 

Radiation. Radiation injury leads to arteriolar fibrosis and 
impaired oxygen delivery. In addition, there is progressive 
obliteration of blood vessels in the radiated area over time. 
Radiation also causes intranuclear and cytoplasmic damage to 
fibroblasts, and this change appears to limit their proliferative 
potential. It is important to realize that radiated tissues gradu¬ 
ally and progressively deteriorate over time. Irradiated wounds 
will often require a flap (i.e., the introduction of healthy nonir- 
radiated tissue) for successful closure. 

Edema. Edema impairs local oxygen delivery. In addition, 
edema is often associated with increased venous pressure. This 
postcapillary obstruction decreases the perfusion pressure in 
the capillary bed, resulting in ischemia. Increased venous pres¬ 
sure also leads to protein extravasation and pericapillary cuff¬ 
ing. This effect acts as a diffusion barrier to oxygen, further 
impairing tissue oxygenation and wound healing. 

Diabetes. Diabetes mellitus is often associated with decreased 
healing of open wounds and increased susceptibility to infec¬ 
tion. Many factors contribute to poor healing in diabetic 
patients, and most of these reflect local wound ischemia. How¬ 
ever, healing is not impaired in a normally perfused area in a 
patient with well-controlled diabetes in the absence of infec¬ 
tion. This subject is discussed in detail later. 

Neuropathy. There is considerable evidence that neuropep¬ 
tides promote healing, and their decrease or absence in the 
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setting of spinal cord injury is a factor in impaired wound 
healing and may be a factor in the neuropathy of diabetes. 
This is not currently a condition that can be treated effectively, 
although the neuropeptides that impact wound healing are a 
focus of active research. 

Other Local Conditions. Peripheral arterial occlusive dis¬ 
ease secondary to atherosclerosis can be a primary cause of 
impaired healing and may also be a cofactor with the other 
conditions discussed. In addition, conditions such as vasculi¬ 
tis, prolonged pressure, lower leg venous insufficiency, and tis¬ 
sue fibrosis affect wound healing through the mechanism of 
local tissue ischemia. 


Chronic Wound Care 


A chronic wound is commonly defined as an open wound that 
has failed to respond to standard care and remains open at 
3 months. Typically, the wound size is static with an absence of 
a visible advancing epithelial edge. The etiology of a chronic 
wound is often multifactorial. One or more factors that impair 
wound healing, such as advanced age, ischemia, bacterial con¬ 
tamination, edema, and malnutrition or immunosuppression, 
are often present in patients with chronic wounds. A systematic 
approach is needed to identify the causative factor(s). Once all 
of the potentially applicable factors have been identified, those 
amenable to treatment should be addressed. Although age is 
fixed, some impact can be made on most other factors. 
Wounds should be debrided, and topical as well as systemic 
antibiotics may be indicated for true bacterial infection. Arte¬ 
rial revascularization can increase oxygenation in the wound, 
and elevation and compression dressings can decrease edema. 
Skin grafting or other surgical procedures are indicated as long 
as the underlying processes have been identified and appropri¬ 
ately treated. The underlying causes of some chronic wounds 
cannot be corrected in some patients, such as those with dia¬ 
betes or venous insufficiency. Specific chronic wounds are dis¬ 
cussed in the sections that follow. 

Pressure Sores. Pressure sores are sometimes mistakenly 
referred to as bed sores or decubitus ulcers (Fig. 4.8). These 
sores do not always develop in bed or while lying flat in a 
decubitus position. All pressure sores, regardless of location, 
do involve prolonged pressure over a bony prominence fol¬ 
lowed by reperfusion, which produces much of the injury, par¬ 
ticularly when there are repeated cycles. The ability of tissue to 
withstand pressure is defined by the duration of the pressure, 
the amount of pressure, and related sheer forces. The most fre¬ 
quent locations of pressure sores are overlying the ischium, 
sacrum, and trochanter. The heel, knee, ankle, and posterior 
scalp are less common locations. 

Prolonged pressure produces ischemia in the tissue by 
occluding the microcirculation. This occurs when the tissue 
pressure exceeds the capillary filling pressure of 25 mm Hg. 
Pressure on the tissue overlying the sacrum can reach 80 mm 
Hg in a recumbent patient, so that tissue necrosis can occur 
within hours if not relieved by frequent changes in position. 

Skin is more resistant to pressure than is the underlying 
subcutaneous fat (which has less blood supply) or muscle 
(which, although having an excellent blood supply, is very sen¬ 
sitive to ischemia). This sensitivity accounts for the common 
finding of a small skin ulceration overlying a large area of sub¬ 
cutaneous necrosis. Efforts to identify and control factors that 
contribute to impaired wound healing should be made. Nutri¬ 
tion is often a problem as is bacterial overgrowth. If the 
patient can avoid pressure on the involved area and other con¬ 
tributing factors are controlled, most pressure sores will heal. 
There is a higher incidence of recurrence if pressure sores are 
allowed to heal by secondary intention rather than by surgical 
closure. This difference is explained by the increased scarring 



FIGURE 4.8. Pressure ulcer staging. A: Stage I —erythema. B: Stage 
II —breakdown of the dermis. C: Stage III —full-thickness skin break¬ 
down. D: Stage IV —bone, muscle, and supporting tissue involved. 
(Reproduced with permission from Nettina SM. The Lippincott Man¬ 
ual of Nursing Practice, 7th ed. Philadelphia, PA: Lippincott Williams 
& Wilkins; 2001.) 


that occurs with healing by secondary intention and the fact 
that this places the scar directly over the pressure point. 
Because scars are never as strong as intact skin, they are more 
prone to breakdown than intact skin that has been placed over 
these pressure points by surgical closure. Patients with signifi¬ 
cant life expectancy, such as young paraplegics who have a 
precipitating factor leading to development of a pressure sore, 
are best treated with surgical flap closure. The recurrence rate 
can be as high as 90% if chronic issues such as depression are 
not adequately treated (leading to neglect). 

Leg Ulcers. Leg ulcers are perhaps the most common type of 
chronic ulcer. The underlying disease process is most often 
local tissue ischemia. The underlying cause of this local tissue 
ischemia should be identified and appropriate treatment initi¬ 
ated. About 90% of leg ulcers in the United States are secondary 
to venous insufficiency (valvular incompetence) (Fig. 4.9). 
Venous ulcers lead to local tissue ischemia by increased venous 
pressure, which lowers the transcapillary perfusion pressure, 
and by leg edema. Initial treatment should be directed to 
cleansing and debriding the wound of proteinaceous exudate 
and limiting the edema and protein loss with compression 
dressings and elevation. A common treatment has been the 
Unna boot, a paste bandage that is absorptive, limits edema, 
and can be changed weekly. This allows the physician to con¬ 
trol treatment with weekly visits. If this dressing is made com¬ 
pressive by adding an elastic wrap, it is highly effective in 
reducing edema, absorbing exudate, and providing an occlu¬ 
sive wound environment. Its limitations are that it requires 
weekly visits and precludes normal showering or bathing. 
Another alternative that has become standard in many venous 
leg ulcer studies is the four-layered compression garment, in 
which multiple layers result in effective compression over 
many days. With effective compression, over 50% of venous 
ulcers can be healed within a 3- to 4-month period. Compres¬ 
sion garments or elastic wraps with frequent dressing changes, 
thorough cleaning, and an occlusive dressing can be equally 
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FIGURE 4.9. Venous ulcer. (Reproduced with permission from Nettina 
SM. The Lippincott Manual of Nursing Practice, 7th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 2001.) 


effective. Surgical treatment of venous insufficiency is 
addressed elsewhere and is useful only in isolated instances in 
which an incompetent perforator can be identified proximal to 
an ulcer. Valve reconstruction has not achieved widespread 
acceptance in the United States. 

Additional causes of leg ulcers include arterial insufficiency 
and other vasculitis syndromes. These are treated best by cor¬ 
recting the underlying disease and local wound care. If the 
underlying problem cannot be treated, there is little hope of 
securing a stable, healed wound. For example, vasculitic ulcers 
will often heal with the judicious use of steroids. 

Diabetic Foot Ulcers. Diabetic foot ulcers are caused by 
pressure over bony prominences, usually the metatarsal heads 
or calcaneus, in the setting of neuropathy (Fig. 4.10). There is, 
however, no evidence to support the often-cited concept that 
these ulcers may result from small vessel disease. This theory 
originated with a nonblinded study of the microvasculature in 
amputation specimens by Goldenberg in 1959. Subsequent 
blinded studies have failed to reveal any architectural differ¬ 
ences in small blood vessels of diabetic amputation specimens. 
However, there is evidence that there may be a functional 
microangiopathy in diabetic patients, with impairments in 
vasodilatation and angiogenesis after injury. The ischemia in 
diabetic foot ulcers is due to prolonged pressure on insensate 
toes and feet, with subsequent reperfusion. This pressure 
ischemia is enhanced by the increase in blood viscosity related 
to nondeforming erythrocytes, which develop because of 
nonenzymatic glycosylation of cell membrane proteins. These 
rigid red blood cells plug capillary beds and decrease microvas- 
cular flow. In addition, glycosylated hemoglobin has increased 
affinity for oxygen, thereby making less oxygen available to 
the tissues. Diabetic patients also have a predilection for 
infrapopliteal arterial occlusive disease and may therefore ben¬ 
efit from arterial reconstructive surgery. The requirements for 
successful treatment of diabetic ulcers include pressure relief 
with non-weight-bearing strategies and aggressive debride¬ 
ment of callus and marginally vascularized wound edges. Pre¬ 
ventive measures with appropriate orthotic shoes are essential 
once healing is achieved. It should be remembered that it is in 



FIGURE 4.10. Diabetic ulcer of the heel. These lesions are noted at 
sites of pressure, such as the heel in this patient. (Reproduced with per¬ 
mission from Goodheart HP. Goodhearfs Photoguide of Common 
Skin Disorders, 2nd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2003.) 


clean diabetic forefoot wounds that the clinical effectiveness of 
becaplermin gel has been demonstrated. 

Diabetic foot ulcers are best treated in a multidisciplinary 
clinic with a combination of surgical and adjunctive measures. 
If vascular studies indicate significant underlying disease and 
reduced toe pressures, the leg should be revascularized if pos¬ 
sible. Often, diabetics develop altered pressures on their 
metatarsals and midfoot secondary to neuropathy and loss of 
functioning intrinsic muscles in the foot. The Achilles tendon 
can also shorten due to the buildup of glycosylated end prod¬ 
ucts within the matrix-rich tendon. In addition to orthotics, 
surgical procedures to partially correct the altered pressure 
patterns such as Achilles tendon lengthening can be beneficial. 
Aggressive surgical debridement to remove callus and convert 
the chronic wound to a well-vascularized acute wound can be 
therapeutic. Becaplermin gel has been most efficacious in the 
setting of aggressive serial debridements. 


Agents to Optimize Wound Healing 

Dressings. Becaplermin gel has been shown to speed healing 
in diabetic forefoot wounds and probably has a role in other 
chronic wounds for which there is a paucity of pharmacologic 
agents. The biologic dressings Apligraf and Dermagraft have 
been approved for use in venous ulcers and diabetic ulcers, 
respectively, and some clinicians feel they play a role in recalci¬ 
trant wounds. Many types of dressings are commercially avail¬ 
able, and none have been demonstrated to be effective if stan¬ 
dard care is ignored. Despite marketing claims, standard 
wound care, keeping wounds clean, moist, and as free of edema 
and bacteria as possible, are still the most important factors in 
ensuring wound healing. 

The ideal dressing should be simple, inexpensive, highly 
absorptive, and nonadherent. It should achieve moist healing 
and have antibacterial properties. Other factors to be consid¬ 
ered are less frequent dressing changes, an all-in-one dressing 
that does not require tape or an overlay, and a gentle adhesive 
that is effective but not injurious to the skin when removed. 19 

The simplest dressing is gauze and tape—it is inexpensive, 
is absorptive, and when used with an ointment, can achieve 
moist healing. The primary disadvantages are the necessity for 
frequent dressing changes and the potential for tape irritation 
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and wound desiccation. Other products are classified into films, 
foams, hydrocolloids, hydrogels, and absorptive powders 
(Table 4.4). Films are semipermeable to water, generally made 
of polyurethane, and nonabsorptive. These are useful to achieve 
a moist wound healing environment over minimally exudative 
wounds, such as a split-thickness skin graft donor site. 

Other dressing types have been designed to increase the 
absorptive capacity of the dressing. This requires fewer dress¬ 
ing changes and maintains an environment for moist healing. 

The hydrocolloids deserve special mention because they 
have achieved widespread use. These contain hydrophilic mate¬ 
rials, such as quar, karaya, gelatin, or carboxymethylcellulose, 
with an adhesive material and are covered by a semipermeable 
polyurethane film. The material adheres to the skin surround¬ 
ing the wound, is highly absorptive, and achieves a moist heal¬ 
ing environment. Adhesion is maintained until the absorptive 
capacity is exhausted, and then atraumatic removal is easily 
done. Similar materials have been extensively used for peristo¬ 
mal care. These are best used for open wounds that have only 
moderate exudate. 

The increased absorptive capacity of these products allows 
infrequent, minimally traumatic dressing changes. This, along 
with ease of use and achievement of moist healing, are their 
principal advantages. Although the availability of these dress¬ 
ing products is accelerating at a dizzying pace, the overriding 
principle in the proper choice of a dressing is choosing one that 
will allow the optimal moisture balance within the wound. 
More exudative wounds will require a more absorptive dress¬ 
ing, whereas drier wounds (such as an arterial ulcer) will 
require a dressing regimen that gently hydrates the wound. 

Antibiotics. The role of antibiotics in wound care is contro¬ 
versial. All open wounds are colonized with bacteria. Only 
when the surrounding tissue is invaded (cellulitis) are systemic 
antibiotics clearly indicated. Antibiotics may be useful in other 
situations, such as when the granulation tissue has a high bac¬ 
terial count or in a case of reduced resistance to bacteria, such 
as in a diabetic foot ulcer, but these situations are not clearly 
defined. The routine use of systemic antibiotics for chronic 
wounds should be avoided to reduce the development of resis¬ 
tant bacterial strains within the wound. 

Topical antibiotics are frequently used and can be useful. 
The ointment vehicle may help keep the wound moist, and the 
bacteria count in a wound may be lowered as a result. With 
most antibiotics, however, resistant organisms emerge quickly 
and development of allergic, hypersensitivity reactions are 
common. Most topical antibiotic ointments should be limited 
to 3 weeks of therapy to avoid developing a rash or other signs 
of inflammation as a result of the antibiotic ointment, not bac¬ 
teria. The expense is substantial, and the benefits are not well 
demonstrated. Silver sulfadiazine, frequently used for burn 
care, is also useful for chronic wounds. Its broad spectrum of 
activity, the lack of relevant drug-resistant plasmids in bacte¬ 
ria, and its low cost make it a good choice. 

In recent years, silver-impregnated dressings have become 
available and achieved widespread acceptance. They have 
the antibacterial activity of silver ions without the potential 
for allergy with sulfadiazine, combine a powerful broad- 
spectrum antibacterial activity without the problems of drug 
resistance, and have the absorptive activities of many dress¬ 
ings. However, although widely used, questions such as the 
concentration of silver needed for efficacy await better evi¬ 
dence before their routine use can be justified. 

Debriding Agents. Collagenases have been used to debride 
wounds for 20 years and can be a highly effective adjunct in the 
treatment of chronic wounds with necrotic tissue. These agents 
may be used after surgical debridement to help clean a wound 
and to avoid a painful mechanical debridement. Currently, only 
one enzymatic agent is approved for reimbursement in the 
United States. Another method of wound debridement involves 


the use of medicinal maggots (biologic debridement). Maggots 
are effective debridement agents that selectively digest nonvi- 
able tissue and also secrete bioactive compounds in their secre¬ 
tions that likely impair bacterial growth. 

Pharmacologic Agents. Growth factors found naturally in 
wounds have improved healing in both normal and complex ani¬ 
mal wounds. The growth factors with the most evidence for effi¬ 
cacy are PDGF, TGF-/3, epidermal growth factor, and members 
of the FGF family, although IGF-1, interleukin (IL)-l, IL-2, gran¬ 
ulocyte-macrophage colony-stimulating factor, and VEGF have 
also shown improved rates of healing in animal models. 20,21 Clin¬ 
ical trials are in progress, and only becaplermin (PDGF) has been 
approved by the FDA. PDGF has shown efficacy in accelerating 
healing for patients with clean, well-vascularized diabetic fore¬ 
foot ulcers. A limiting factor in these clinical trials has been the 
variability in patients in terms of both systemic factors that 
impact healing and the number of variables related specifically to 
the wounds. The clinical studies are therefore difficult to perform 
and interpret. 

Growth hormone deserves brief mention because it has been 
used successfully in some situations to reverse the catabolic 
impact of many severe injuries. Wound healing is a fundamen¬ 
tally anabolic event (creating new tissue), and in the setting of 
a severe burn, growth hormone administration significantly 
accelerates donor site healing, presumably because of its effects 
in minimizing catabolism. 

Negative-pressure Wound Therapy. In recent years, 
negative-pressure wound therapy (NPWT) such as the vacuum- 
assisted closure (VAC) device has gained increasing acceptance 
for a wide variety of difficult wounds. This treatment involves 
the application of a moderate vacuum to an occlusive dressing 
with a sponge or gauze to allow wicking of the exudates up into 
the dressing and out of the wound. On theoretical grounds, 
NPWT is an optimal wound therapy. The negative pressure 
results in reduction of wound edema and a resulting increase in 
local tissue perfusion. Continual removal of wound exudates 
removes the media for bacterial growth and results in removal 
of the bacteria as well, with a resulting reduction in bacterial 
burden, and the negative pressure accelerates wound contrac¬ 
tion. At the cellular level, the microdeformation placed in cells 
in the wound bed is thought to upregulate the production of 
growth factors. NPWT has found uses in the treatment of chronic 
wounds and difficult acute wounds; for adherence of skin grafts; 
and, in recent years, in the treatment of open sternotomy 
wounds and exposed joint prostheses, as well as a variety of 
other applications. Often, use of NPWT has allowed secondary 
closure with a skin graft or straightforward secondary closure 
rather than a complex flap. 22,23 


EXCESSIVE SCARRING 


Many factors are involved in the formation of an ideal scar. 
The most important of these are (a) accurate alignment of 
sharply incised tissue parallel to the natural lines of resting skin 
tension, (b) closure of the wound without tension on the epi¬ 
dermis and without underlying dead space, and (c) primary 
healing without complications such as infection or dehiscence. 
The patient’s genetic makeup and the location of the wound 
on the body are also important factors. The more negative fac¬ 
tors that are associated with a particular wound, the more 
likely it will form a scar that is less than ideal. In general terms, 
the three main factors associated with an adverse scar include 
genetic predisposition, tension, and inflammation. From an 
evolutionary viewpoint, wound healing has been programmed 
to be rapid and exuberant to minimize the problems of an open 
wound. As part of the aging process, the proliferative phase of 
wound healing becomes less exuberant, and although wound 
healing is slower, scars are improved (see the remodeling phase 
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TABLE 4.4 


WOUND DRESSINGS 


■ CLASSIFICATION 

■ COMPOSITION 

■ INDICATIONS 

■ FUNCTIONS 

■ EXAMPLES 

Films 

Semiocclusive 

(semipermeable)— 
polyurethane or copolyester 

Acute partial- or full¬ 
thickness wounds 
with minimal exudate 

Nondraining primarily 
closed wounds 

Mimics skin performance 

Is water vapor permeable 

Is water and bacterial 
impermeable 

Is retention dressing for gel 

Is retention dressing for tubes 
Provides moist environment 

Op-site 

Bioclusive 

Tegaderm 

Blisterfilm 

Visulin 

Hydrocolloids 

Contain hydrophilic colloidal 
particles (quar, karaya, 
gelatin, carboxymethyl 
cellulose) in an adhesive 
mass (usually 
polysorbutylene) 

Acute or chronic 
partial- or full¬ 
thickness wounds 

Stage I to IV decubitus 
ulcers 

Absorbs fluid 

Debrides soft necrotic tissue 
by autolysis 

Protects wounds 

Provides good adhesiveness 
without adherence to 
wound 

Encourages granulation 
Promotes reepithelialization 

Protects wounds from 

trauma 

Cutinova Hydro 
Duoderm 

Comfeel 

Restore 

Intrasite 

Ultec 

J&J ulcer 
dressing 

Hydrogels 

Contain 80%-99% water 

Cross-linked polymer such as 
polyethyleneoxide, 
polyvinyl pyrrolidone, or 
acrylamide 

Acute or chronic 
partial-thickness 
wounds with 
minimal exudate 

Creates moist environment 

Usually requires secondary 
dressing 

Has low absorbency 

Debrides minimally 

Decreases pain 

Does not adhere to wound 

Vigilon 

Geliperm 

Elastogel 

Intrasite gel 

Foams 

Either hydrophilic or 
hydrophobic 

Nonocclusive 

Usually polyurethane or gel 
film coated 

High absorbency 

Acute or chronic 
partial-thickness 
wounds that are 
highly secreting and 
require mechanical 
debriding 

Debrides 

Has high absorbency 

Water vapor permeable 

Cutinova Plus 
Lyofoam 

Allevyn 

Impregnates 

Fine-mesh gauze impregnated 
with moisturizing, 
antibacterial, or bactericidal 
compounds 

Nonadherent 

Acute or chronic 
partial-thickness 
wounds with 
minimal or 
moderate exudate 

Does not adhere to wound 
Promotes reepithelization 

Aquaphor- 

Gauze 

Adaptic 

Biobrane 

Absorptive powders 
and pastes 

Consist of starch, copolymers, 
or collodial hydrophilic 
particles 

Can absorb up to 100 times 
their weight in fluid 

Chronic full-thickness 
wounds with large 
amounts of exudate 

Has high absorbancy 

Debrides necrotic and 
fibrous material from 
wound 

Spand-Gel 

Geliperm 

Envisan paste 

Bard 

absorption 

Dressing 

Duoderm 

granules 

Hydrogran 

Hollister 

Exudate 

Absorber 

Compiled by M.C. Crossland, RN, Wound Healing Center, Medical College of Virginia, Richmond, VA. 
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FIGURE 4.11. Keloids. A: This lesion is growing well beyond the border of cesarean section scar. B: The ear lobes are a common location. 
(Reproduced with permission from Goodheart HP. Goodhearfs Photoguide of Common Skin Disorders, 2nd ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2003.) 


section). The distinctions between an unsightly scar, a hyper¬ 
trophic scar, and a true keloid can be confusing. An accurate 
diagnosis of most scars can be made by clinical observation and 
the history of the lesion. 


Keloids 

True keloids are uncommon and occur predominantly in dark- 
skinned people with a genetic predisposition for keloid forma¬ 
tion. 7 In most cases, the gene appears to be transmitted in an 
Q autosomal dominant pattern. The primary difference between 
a keloid and a hypertrophic scar is that a keloid extends 
beyond the boundary of the original tissue injury. It behaves as 
a benign tumor and extends into or invades the normal sur¬ 
rounding tissue. This creates a scar that is larger than the orig¬ 
inal wound (Fig. 4.11). 

Histologically, keloids contain an overabundance of colla¬ 
gen. The absolute number of fibroblasts is not increased, but 
the production of collagen continually outpaces the activity of 
collagenase, resulting in a scar of ever-increasing dimensions. 
The cause of keloid formation is unknown. Immunoglobulin 
G levels are increased, which suggests possible autoimmune 
stimulation resulting in a chronic inflammatory response with 
continued collagen deposition. 

The treatment of keloids is difficult. The cause of keloids is 
unknown, and the underlying disorder is not resolved by any 
specific therapy. Some improvement is usually seen with exci¬ 
sion followed by intralesional steroid injection. 24 In unrespon¬ 
sive cases, excision followed by a short course of radiotherapy 
has been successful, but the resulting scar is unpredictable and 
may potentially be worse. Keloids typically develop several 
months after injury and rarely, if ever, subside. Although many 
therapies have been tried, with anecdotal reports of success, 
none is ideal, and recurrence is frustratingly common. 25 


Hypertrophic Scars 

Hypertrophic scars are histologically similar to keloids. They 
contain an overabundance of dermal collagen. Hypertrophic 
scars, however, respect the boundaries of the original injury 
and do not extend into normal unwounded tissue. They have 
less genetic predisposition, but hypertrophic scars also occur 
more frequently in Asian and African skin. They are often seen 
on the upper torso and across flexor surfaces. They usually 


develop within the first month after wounding and often sub¬ 
side gradually (Fig. 4.12). 

Improvement of hypertrophic scars may be obtained with 
pressure garments, topical silicone gel sheeting applications, or 
reexcision and closure. 6,26 Reexcision and closure should be 
considered if conditions of the closure can be improved. This 
is especially true for wounds that originally healed by sec¬ 
ondary intention or were complicated by infection: that is, 
wounds that were adversely affected by prolonged inflamma¬ 
tion. Simple reexcision and closure is unlikely to improve a 



FIGURE 4.12. Hypertrophic scars. These lesions are characteristic of 
acne scars that occur on the trunk. (Reproduced with permission from 
Goodheart HP. Goodhearfs Photoguide of Common Skin Disorders, 
2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2003.) 
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scar that was closed with proper alignment and that healed 
primarily without complications. 27 


Unsightly Scars 

A wound that is closed under tension or without adequate or 
accurate alignment, or a wound that runs across the lines of 
natural skin tension, is often unsightly. Surgical excision and 
closure with attention directed to correcting the underlying 
cause of the unsightly scar usually results in improvement. 
When reexcising either a hypertrophic scar or an unsightly scar 
from other causes, reclosure with attention to relieving mechan¬ 
ical tension by the use of semipermanent or permanent intra- 
dermal sutures and everting wound closure, followed by treat¬ 
ment with taping and/or silicone gel sheeting, and judicious use 
of injected intralesional steroids can result in substantial 
improvement in the quality of the scar in a high percentage of 
cases. 


FETAL WOUND HEALING AND 
STEM CELLS: THE POTENTIAL 
FOR TISSUE REGENERATION 


The ultimate and as yet unrealized goal of wound healing 
research is achieving tissue regeneration as opposed to scar 
formation. Much interest and research have focused on the 
process of fetal wound healing and the role of stem cells in tis¬ 
sue repair, as both hold significant potential for the directed 
manipulation of the healing wound to attain true tissue regen¬ 
eration. 

It has been demonstrated that humans and several other 
mammalian species undergo fetal skin healing with little or no 
scar if the injury occurs early enough during gestation. 28,29 The 
physiologic mechanisms involved in scarless fetal healing have 
been under active investigation. Adult wounds heal with a sig¬ 
nificant inflammatory response followed by abundant collagen 
deposition and remodeling into a mature scar. Numerous stud¬ 
ies have shown that fetal wounds heal with little or no inflam¬ 
mation and no excess collagen formation. The fetal wound 
matrix is also higher in hyaluronic acid than the adult wound. 
This substance is seen only early in adult healing. Amniotic 
fluid is rich in hyaluronic acid and may provide the hyaluronic 
acid found in the fetal wound. Experiments that have exposed 
adult skin to amniotic fluid, however, demonstrate adult-type 
healing with scar formation. One important factor is that after 
the second trimester, fetal wounds begin to heal with scar, sug¬ 
gesting that the increased cell differentiation that occurs with 
maturation of the fetus is a critical factor in the scarless versus 
scarring phenotype. 

Clearly, the fetal wound differs from the adult wound in 
several ways. The scarless healing appears multifactorial. Fur¬ 
ther research may identify factors (i.e., growth factors) that 
can be applied to wounds to diminish scar formation. This has 
potentially important application in virtually all of surgery but 
has proved to be elusive despite aggressive research interest. 

Another promising and complementary approach for tissue 
regeneration has arisen from the realization that bone marrow- 
derived progenitor cells participate in the process of tissue 
repair. It is now appreciated that tissue hypoxia in a wound 
upregulates HIF-1, which in turn causes release of growth fac¬ 
tors including VEGF and SDF-1. In addition to their well- 
recognized roles in angiogenesis and lymphocyte migration, 
respectively, both also serve to recruit marrow-derived progen¬ 
itor cells such as endothelial progenitor cells and mesenchymal 
stem cells to the site of injury. The identification of other signals 
that mobilize and recruit stem cells to wounds is an area of 
active inquiry, as are the morphogenic pathways and cues that 
direct stem cells to develop into different tissue lineages. The 


role that such cells play in tissue repair is currently being eluci¬ 
dated, and the potential of these cells to augment healing in dis¬ 
ease states such as diabetes, as well as in clinical states associated 
with impaired healing such as advanced age, holds tremendous 
promise for all fields of surgery. 30 

Tissue-derived stem cells also play a role in healing. It is likely 
that epithelial stem cells and dermis-resident cells have previ¬ 
ously unappreciated functions in wound repair. The potential of 
other tissue-derived stem cells, such as adipose tissue-derived 
stem cells, in tissue repair is currently an area of intense research. 

0 The directed manipulation of stem and progenitor cells will 
likely define future advances in regenerative medicine, which is a 
direct offshoot of wound healing science. 
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CHAPTER 5 HEMOSTASIS 


PETER K. HENKE AND THOMAS W. WAKEFIELD 


KEY POINTS 


Q At the same time that thrombin forms, natural anticoagu¬ 
lant mechanisms oppose further thrombin formation and 
help to localize thrombin activity to areas of vascular 
injury. Just as thrombin generation is key to coagulation, 
antithrombin is the central anticoagulant protein. 

Q The endothelial cell acts as a nonthrombogenic surface, and 
inflammation tips the balance to the procoagulant state. 

Q Thrombosis and inflammation are closely linked, and may 
perpetuate each other. Leukocytes and chemokines are 
involved with normal deep venous thrombosis resolution. 


Q Heparin agents are the primary anticoagulants for acute 
venous and arterial thrombosis, while a vitamin K antago¬ 
nist is standard for long-term anticoagulation. 

Q Factor VIII and IX deficiency states are involved in hemo¬ 
philia A and B and von Willebrand disease. 

Q Heparin-induced thrombocytopenia (HIT) occurs in 0.6% 
to 30% of patients in whom heparin is given; severe throm¬ 
bocytopenia associated with thrombosis (HITTS) is much 
less frequent. Cessation of heparin is critical. 


BASIC CONSIDERATIONS 


Coagulation is an essential homeostatic mechanism for survival 
and involves tightly controlled processes to maintain vascular 
integrity including thrombosis localization, amplification, and 
neutralization. These coordinated steps occur at the vessel, 
cellular, and subcellular level. Understanding of pathologic 
thrombosis and its basic hemostatic processes is essential for 
surgeons. Thrombosis, directly or indirectly, is the underlying 
leading cause of death in the world. 

Platelets form the initial hemostatic plug and are locally acti¬ 
vated and aggregation induced (Fig. 5.1). Platelet aggregation is 
mediated by receptors that are part of the mammalian integrin 
family. This family includes the pi family, mediating platelet 
interaction with cells, collagen, fibronectin, and laminin; the p 2 
family (LeuCAM), present on leukocytes mediating interactions 
between leukocytes and other cells important in inflammation; 
and the p 3 family (cytoadhesion), including the megakaryocyte- 
specific glycoprotein (Gp) Ilb/IIIa receptor and the vitronectin 
receptor present on platelets and other cells. 1 Platelet aggrega¬ 
tion is mediated by GpIIb/IIIa, which binds fibrinogen, von 
Willebrand factor (vWF), fibronectin, vitronectin, and throm¬ 
bospondin to activated platelets. These high-density receptors 
are hidden on inactivated platelets and become exposed on the 
surface of activated platelets. 

Once stimulated, activated platelets contract, with external- 
ization of negatively charged procoagulant phospholipids, 
including phosphatidylserine and phosphatidylinositol (termed 
platelet factor 3). 2 This allows for the coagulation proteins to 
assemble on the surfaces of platelets, accelerating the coagula¬ 
tion reaction. 3,4 Platelet membranes contribute critical surfaces 
for coagulation complex assembly. During platelet activation, 
granules release their contents of calcium, serotonin, adenosine 
diphosphate (ADP), and adenosine triphosphate 3 and mem¬ 
branes are exposed that are rich in receptors for factors Va and 
Villa, 5,6 as well as fibrinogen, vWF, and ADP, a potent activa¬ 
tor of other platelets. vWF is responsible for platelet adhesion 
through binding to Gplb, 7 whereas fibrinogen forms bridges 
between activated platelets by binding to GpIIb/IIIa on adja¬ 
cent stimulated platelets. 8 The GpIIb/IIIa receptor contains a 
binding site for the tripeptide sequence arginine-glycine-aspar¬ 
tic acid (RGD), which is common to many of the receptor pro¬ 
teins. Unstimulated platelets can also attach to immobilized 
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fibrinogen by the same receptor. 9 Platelet activation leads to 
the release of arachidonic acid metabolites such as thrombox¬ 
ane A 2 , a powerful initiator of platelet aggregation. 10 Platelets 
also release microparticles (MPs), rich in tissue factor (TF) and 
other procoagulant products, that further accelerate the coag¬ 
ulation process. 

Once the platelet plug has formed, the stage is set for coag¬ 
ulation protein assembly (Fig. 5.2). Initiating agents for coagu¬ 
lation include subendothelial collagen and TF, usually from 
vascular injury. 11 There is also growing evidence that blood- 
borne TF associated with leukocytes, or circulating in soluble 
form, is also involved with venous thrombogenesis. 12 Leuko¬ 
cyte adhesion to platelets may trigger leukocyte activation, 
causing recruitment of blood-borne TF onto the surface of 
leukocytes associated with thrombus or recruitment of TF- 
positive leukocytes onto the growing thrombus. 13 TF, both 
blood-borne and local, activates the extrinsic pathway of coag¬ 
ulation by complexing with activated factor VII (Vila) and acti¬ 
vating factors IX and X to factors IXa and Xa. 12 The enzyme 
responsible for the initial activation of factor VII is unknown. 
However, factors Xa and Vila amplify activation of factor VII. 
Activated factor X, activated factor V (Va), ionized calcium, and 
factor II (prothrombin) form on the platelet phospholipid sur¬ 
face to initiate the prothrombinase complex, which catalyzes 
the formation of thrombin faster than can be achieved with fac¬ 
tor Xa alone 3 (Fig. 5.3). When the amount of TF is limited, acti¬ 
vation of factor IX rather than factor X is favored, 14 allowing 
for coagulation in situations of low TF concentration. 

Thrombin is central to coagulation and acts to cleave 
fibrinopeptide A (FPA) from the a chain of fibrinogen and 
fibrinopeptide B (FPB) from the ft chain. This leads to the release 
of fibrinopeptides and the formation of new fibrin monomers, 
which then cross-link, resulting in fibrin polymerization. 
Thrombin also activates factor XIII, which catalyzes the cross- 
linking of fibrin to make the clot firm, activates platelets, and 
activates factors V and VIII, two nonenzymatic cofactors, to Va 
and Villa. 3 This is important because only activated factors Va 
and Villa are involved in coagulation. Factor XHIa also cross-links 
other plasma proteins, such as fibronectin and a 2 -antitrypsin, 
resulting in their incorporation into clot. 15 

The intrinsic pathway of blood coagulation requires activa¬ 
tion of factor XI to XIa. This may occur both by the contact 
activation system through activation of factor XII, plasma 
prekallikrein, and high-molecular-weight kininogen and, more 
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FIGURE 5.1. Primary hemostasis is 
achieved initially with a platelet aggre¬ 
gation as illustrated. Note that 
platelet adhesion, shape change, gran¬ 
ule release followed by recruitment, 
and the hemostatic plug at the area of 
subendothelial collagen and collagen 
exposure are the initial events for 
thrombus formation. 


important, through thrombin with negatively charged sur¬ 
faces. 16 Factor XIa activates factor XI autocatalytically and 
also catalyzes the conversion of factor IX to IXa. After activa¬ 
tion, factor Villa dissociates from vWF and assembles with 
factors IXa and X. Factor IXa, factor X, ionized calcium, and 
thrombin-activated factor VIII (Villa) then assemble on the 
platelet surface in a complex called the Xase complex to cat¬ 
alyze the activation of factor X to Xa 3 (Fig. 5.3). Factor Xa 
then shunts into the prothrombinase complex for further 
amplification of thrombin formation. The importance of a 
mechanism of factor XI activation independent of the contact 
activation system is apparent because patients deficient in 
those factors of the contact activation system, including factor 
XI, bleed, whereas patients deficient in factor XII, prekallikrein, 
and high-molecular-weight kininogen do not usually bleed. 15 
The contact activation system is the most important coagulation 
process involved in extracorporeal bypass circuits, including 
cardiopulmonary bypass and extracorporeal membrane oxy¬ 
genation (ECMO). 


NATURAL ANTICOAGULANT 
_ MECHANISMS _ 

Q At the same time that thrombin forms, natural anticoagulant 
mechanisms oppose further thrombin formation and help to 


localize thrombin activity to areas of vascular injury. Just as 
thrombin generation is key to coagulation, antithrombin (AT) 
is the central anticoagulant protein (Fig. 5.4). This glycopro¬ 
tein of 70-kD molecular weight binds to thrombin, preventing 
the removal of FPA and FPB from fibrinogen; prevents the acti¬ 
vation of factors V and VIII; and inhibits the activation and 
aggregation of platelets. In addition, AT directly inhibits fac¬ 
tors IXa, Xa, and XIa. 

A second natural anticoagulant is activated protein C 
(APC), which inactivates factors Va 17,18 and Villa, thus reduc¬ 
ing the Xase and prothrombinase complex acceleration of the 
rate of thrombin formation. In the circulation, protein C is 
activated on endothelial cell surfaces by thrombin complexed 
with one of its receptors, thrombomodulin. 19-21 The forma¬ 
tion of this thrombin-thrombomodulin (TM) complex accel¬ 
erates the activation of protein C compared with thrombin 
alone. Thrombin, at the same time, by binding to TM, loses 
its platelet-activating activity 22 as well as its enzymatic activ¬ 
ity for fibrinogen and factor V. 23 Protein S is a cofactor for 
APC. 

Another innate anticoagulant is tissue factor pathway 
inhibitor (TFPI). This factor is bound to low-density 
lipoprotein (LDL) in plasma, and is also called lipoprotein- 
associated coagulation inhibitor. The protein binds to the 
TF-VIIa complex, inhibiting the activation of factor X to Xa 
and the formation of the prothrombinase complex. 15,24 A 
fourth natural anticoagulant is heparin cofactor II. 25 Its 



FIGURE 5.2. On the platelet surface, 
the clotting cascade involves both the 
intrinsic and extrinsic pathways. Tis¬ 
sue factor mRNA is transcribed and 
translated to active tissue factor, 
which activates factor VII to Vila as a 
primary event. 
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FIGURE 5.3. The classical pathway 
showing the interface between the 
intrinsic pathway, extrinsic pathway, 
and common pathway is illustrated 
with the ultimate production of throm¬ 
bin. This catalyzes fibrin from fibrino¬ 
gen and then cross-links the fibrin to 
form a stable clot. 



concentration in plasma is estimated to be significantly less 
than that of AT, and its action is implicated primarily in the 
regulation of thrombin formation in extravascular tissues. 
Finally, thrombin is inactivated when it becomes incorpo¬ 
rated into the clot. 


FIBRINOLYSIS 


In addition to natural anticoagulants such as protein C and S, 
physiologic clot formation is balanced by a contained process 
of clot lysis, which prevents thrombus formation from pro¬ 
ceeding outside of the injured area (Fig. 5.5). The central fibri¬ 
nolytic enzyme is plasmin, a serine protease generated by the 
proteolytic cleavage of the proenzyme plasminogen. Its main 
substrates include fibrin, fibrinogen, and other coagulation 
factors. Plasminogen, tissue plasminogen activator (tPA), and 
a 2 -antiplasmin (a 2 -AP) become incorporated into the fibrin 
clot as it forms. 3 Plasminogen activators are serine proteases 
that activate plasminogen, by cleavage of a single arginine- 
valine peptide bond, to the enzyme plasmin. Plasminogen acti¬ 
vation provides localized proteolytic activity. 26-28 In fact, 
thrombin promotes tPA release from endothelial cells as well 
as the production of plasminogen activator inhibitor-1 (PAI-1) 
from endothelial cells. 29,30 

The major categories of plasminogen activators include 
exogenous factors, such as streptokinase; endogenous factors, 
such as tPA and urokinase; and intrinsic factors, such as factor 
XII, prekallikrein, and high-molecular-weight kininogen. 3 
These later factors of the contact system are more important in 


clot lysis than thrombus formation. These enzymes may also 
liberate bradykinin from high-molecular-weight kininogen, 
resulting in an increase in vascular permeability, prostacyclin 
liberation, and tPA secretion. Finally, APC has been found to 
proteolytically inactivate the inhibitor to tPA, thus promoting 
tPA activity and fibrinolysis. 31 

Fibrin, when digested by plasmin, yields one molecule of 
fragment E and two molecules of fragment D. In physiologic clot 
formation, fragment D is released in dimeric form (D-dimer) 3,15 
and is a marker for fibrinolysis of formed clot. An elevated 
D-dimer level after treatment of deep venous thrombosis 
(DVT) is one biomarker that has been found to accurately 
predict an ongoing risk of recurrent venous thromboem- 
bolisms (VTE). 32 

Two primary inhibitors of plasmin are important. First, 
a 2 -AP is released by endothelial cells and complexes with plas¬ 
min. In physiologic fibrinolysis, a 2 -AP is bound to fibrin and 
excess plasmin is readily inactivated. In plasma, PAI-1 is the 
primary inhibitor of plasminogen activators. It is secreted in 
an active form from liver and endothelial cells and stabilized 
by binding to vitronectin (Vn). PAI-1 levels are elevated by 
hyperlipidemia, and PAI-1 elevation appears to synergize with 
factor V Leiden genetic abnormalities. 33 

In summary, coagulation is an ongoing process of throm¬ 
bus formation, inhibition of thrombus formation, and throm¬ 
bus dissolution. The central mediators are TF, platelets, 
thrombin, and plasmin. Abnormalities in coagulation occur 
when one process—thrombus formation, thrombus inhibition, 
or fibrinolysis—overcomes the others and dominates the deli¬ 
cate balance. 
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FIGURE 5.4. Antithrombin is a pri¬ 
mary anticoagulant. Note that anti¬ 
thrombin complexes with Ha to inhibit 
fibrin polymerization, as well as fac¬ 
tor Xa, and inactivates factor Va and 
Villa. 


Thrombin 


Plasminogen 

Activator 


a 2 -antiplasmin a 2 -antiplasmin/plasmin complexes 

r\ Free plasmin ^ 

r\ 

r\ 



FIGURE 5.5. Hemostasis with throm¬ 
bus production is a tight and intricate 
process that is tightly confined. Balanc¬ 
ing thrombus production is tissue plas¬ 
min activator and urokinase plasmino¬ 
gen activator, which activate plasmin 
and cause thrombolysis. These are 
balanced by plasminogen activator 
inhibitor-1 and a 2 -an tiplasmin. Free 
plasmin is complexed rapidly. Fibrin 
degradation products, such as D-dimer, 
are produced. 
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FIGURE 5.6. The endothelium is a 
primary interface allowing anticoagu¬ 
lant functions in the resting state, with 
prostacyclin, nitric oxide, plasmino¬ 
gen activators, and thrombomodulin. 
Procoagulant proteins are expressed 
on activated endothelium including 
selectins; procoagulant proteins, such 
as the von Willebrand factor; tissue 
factor; and plasminogen activator 
inhibitor-1. 



ENDOTHELIUM 
AND HEMOSTASIS 


Through its ability to express procoagulants and anticoagu¬ 
lant factors, vasoconstrictors and vasodilators, and key cell 
adhesion molecules and cytokines, the endothelial cell is a key 
regulator of hemostasis 34 (Fig. 5.6). Vascular endothelium 
maintains a vasodilatory and local fibrinolytic state in which 
coagulation, platelet adhesion and activation, and leukocyte 
activation are suppressed. 

Endothelial products that are vasodilatory include adeno¬ 
sine, nitric oxide (NO), and prostacyclin (PGI 2 ). 35 A non- 
thrombogenic endothelial surface is maintained by four main 
mechanisms including endothelial production of thrombomod¬ 
ulin and subsequent activation of protein C, endothelial 
expression of surface heparan- and dermatan-sulfate, constitu¬ 
tive expression of TFPI by endothelium (which is markedly 
accelerated in response to heparin), and local production of 
tPA and urokinase plasminogen activator (uPA). 34,36 Finally, 
the elaboration of NO and interleukin (IL)-IO by endothelium 
inhibits leukocyte adhesion and activation. 35 

During states of endothelial disturbances such as injury, a 
prothrombotic and proinflammatory state of vasoconstriction 
is supported by the endothelial surface. Endothelial release of 
platelet-activating factor (PAF) and endothelin-1 promotes 
vasoconstriction. 36 Endothelial cells increase production of 
vWF, TF, PAI-1, and factor V to augment thrombosis with 
exposure to prothrombotic stimuli. Finally, in response to 
endothelial injury, endothelial cells are activated, resulting in 
increased surface expression of cell adhesion molecules (such 
as P- or E-selectin), and promotes leukocyte adhesion and acti¬ 
vation. This initiates and amplifies inflammation and throm¬ 
bosis. 


THROMBOSIS, INFLAMMATION, 
AND RESOLUTION 


After venous thrombosis, an acute to chronic inflammatory 
response occurs in the vein wall and thrombus, leading to 
thrombus amplification and organization and vein recanaliza¬ 
tion (often at the expense of vein wall and vein valvular dam¬ 
age). Initially, there is an increase in neutrophils in the vein wall 
followed by monocytes/macrophages. Cytokines, chemokines, 
and inflammatory factors (e.g., tumor necrosis factor [TNF]) 
facilitate inflammation. The ultimate response of the vein wall 
depends on proinflammatory and anti-inflammatory mediator 
balance at the interface between the leukocyte, activated 
platelet, and endothelium. 37 

Selectins (P- and E-selectin) have been found to be inti¬ 
mately involved in this process 38 (Fig. 5.7). Selectins are the 
first upregulated glycoproteins on activated platelets and endo¬ 
thelial cells. The P-selectin receptor is P-selectin glycoprotein 
ligand-1 (PSGF-1). This receptor, expressed on leukocytes, 
facilitates the initial rolling of inflammatory cells along stimu¬ 
lated vascular endothelium. Interactions between P-selectin 
and PSGF-1 mediate leukocyte-endothelial cell and leukocyte- 
platelet interactions. 

PSGF-1 has the greatest affinity for P-selectin and lesser 
affinity for E-selectin and F-selectin. The role of P-selectin in 
venous thrombosis has been suggested by the study of a mouse 
with high circulating levels of P-selectin, the Delta CT 
mouse. 39 This mouse has a normal phenotype but expresses 
circulating plasma P-selectin threefold to fourfold higher than 
wild-type mice. These mice are hypercoagulable based on clot¬ 
ting tests, and a receptor antagonist against the P-selectin 
receptor (rPSGF-Ig) will reverse the hypercoagulability. Consis¬ 
tently, wild-type mice administered soluble P-selectin become 
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FIGURE 5.7. The interaction between 
stasis injury and procoagulant syn¬ 
dromes are represented by Virchow’s 
triad. Endothelial and vascular injury 
causes leukocytes and platelets to 
express P- and E-selectin and the P- 
selectin glycoprotein ligand-1 (PSGL-1) 
receptor. Microparticles are released, 
which express tissue factor. This stim¬ 
ulates the coagulation pathway, fibrin 
production, and thrombus amplifica¬ 
tion. 


hypercoagulable. In models of venous thrombosis, P-selectin 
inhibition given prophylactically decreases thrombosis in a 
dose-dependent fashion and can treat established venous 
thrombosis as effectively as heparin without anticoagula¬ 
tion. 40,41 

Microparticles (<1 micron fragments) may be central for 
P-selectin’s effect. It is believed that with initial thrombosis, 
selectin upregulation leads to MP formation. These procoagu¬ 
lant MPs, which may express TF, are then recruited into the 
area of developing thrombosis, amplifying the process. Con¬ 
sistently, P-selectin and E-selectin gene deficiency results in less 
MP formation and less thrombosis. 42 In a mouse model of 
inferior vena cava (IVC) thrombosis, the Delta CT mouse has 
increased thrombosis, associated with elevated levels of MPs. 42 
In a similar experimental study, the generation of procoagu¬ 
lant activity was shown to be dependent on P-selectin: PSGL-1 
interactions related to MP formation. 43 The procoagulant 
nature of these MPs was demonstrated by their ability to nor¬ 
malize bleeding in factor VUI-deficient mice. 

Inflammatory cells are important to the process of throm- 
Q bus recanalization and organization 38 (Fig. 5.8). Thrombus 
DVT resolution resembles wound healing and involves profi- 
brotic growth factors, collagen deposition, and matrix metal¬ 
loproteinase (MMP) expression and activation. The fact that 
leukocytes invade the thrombus in a specific sequence sug¬ 
gests their importance in the normal thrombus resolution. 44 


The first cell type in the thrombus is the neutrophil (poly¬ 
morphonuclear leukocytes [PMNs]). Although PMNs may 
cause vein wall injury, they are essential for early thrombus 
resolution by promoting both fibrinolysis and collagenoly- 
sis. 45,46 In a rat model of stasis DVT, neutropenia was associ¬ 
ated with larger thrombi at 2 and 7 days and was correlated 
with increased thrombus fibrosis and significantly lower 
thrombus levels of both uPA and MMP-9. 47 Neutropenic 
cancer patients are not protected from DVT, and multiple 
neutropenic episodes are associated with recurrent VTE in 
patients with malignant disease who required filter place¬ 
ment due to a failure of, or contraindication to, anticoagula¬ 
tion. 48 

The monocyte is likely the most important cell for later 
DVT resolution. Monocyte influx into the thrombus peaks at 
day 8 after thrombogenesis and correlates with elevated mono¬ 
cyte chemotactic protein-1 (MCP-1) levels, 49 which has been 
associated with DVT resolution. 50 Targeted deletion of the CC 
receptor-2 (CCR-2 KO) in the mouse model of stasis thrombo¬ 
sis was associated with late impairment of thrombus resolu¬ 
tion, probably via impaired MMP-2 and MMP-9 activity. We 
also found that CCR-2 KO mice with stasis thrombosis supple¬ 
mented with exogenous interferon-y had full restoration of 
thrombus resolution, in part due to recovery of MMP-2 and 
MMP-9 activities, and without an increase in thrombus mono¬ 
cyte influx. 51 


Early 


Late 

< 8day 


> 9day 




VSMC proliferation 


FIGURE 5.8. The proposed resolu¬ 
tion mechanism involves both early 
thrombolysis with a large distending 
clot and then, over time, a fibrotic 
thrombus that resembles scar tissue 
as produced. Note that proinflamma- 
tory factors, as well as neutrophils 
and matrix metalloproteinases, are 
present early with subsequent vein 
wall injury related to collagenolysis 
and elastinolysis. Later, vascular 
smooth muscle cell proliferation 
appears to occur, with thrombus 
resolution and an increase in profi- 
brotic growth factors such as inter¬ 
leukin-13 and transforming growth 
factor-j8. This promotes collagen 
accumulation. 
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Thrombi have been found to contain increasing amounts of 
both tPA and uPA activity as they resolve, and this activity is 
expressed by invading monocytes. 52,53 In a recent study, mice 
genetically deleted for uPA had impaired thrombus resolution 
with reduced cell infiltration restricted primarily to the mar¬ 
gins of the thrombus, with few neovascular channels present. 54 
Mice genetically deleted for tPA, however, were not similarly 
affected, suggesting that uPA, not tPA, is responsible for this 
activity. Absence of uPA was also associated with delayed 
monocyte recruitment into the thrombus. 

As the thrombus resolves, a number of proinflammatory 
factors are released into the local environment, including IL- 
1/3 and tumor necrosis factor-u (TNF-u). 44 The cellular 
sources of these different mediators have not been specifically 
defined but likely include leukocytes and smooth muscle like 
cells within the resolving thrombus. Based on our model of 
stasis DVT in the rat, elastinolysis seems to occur early, as 
measured by an increase in vein wall stiffness; persists through 
14 days; and is accompanied by elevated MMP-2 and MMP-9 
activities. However, early vein wall collagenolysis rather than 
deposition seems to occur within the first 7 days, representing 
an acute response to injury. 55 

Taken together, inflammation is important for thrombus 
organization and recanalization, with neutrophils setting the 
early stage for later monocyte activity. 


ARTERIAL VERSUS 
VENOUS THROMBOSIS 


Thrombosis in the arterial system occurs somewhat differently 
than in the venous system (Fig. 5.9). The elements required for 
the initiation of venous thrombosis were described by Virchow 
as stasis, endothelial injury, and hypercoagulability of the blood. 
In the arterial circulation, endothelial injury (whether acute or 
chronic) is key to thrombosis. This is most clearly demonstrated 
by the typical atherosclerotic plaque. In advanced lesions, the 
lipid core of the plaque is rich in inflammatory cells, cholesterol 
crystals, and TF (generated by activated macrophages within the 
plaque). 56 Plaque ulceration exposes highly thrombogenic lipid 
to the bloodstream, activating coagulation and platelet aggrega¬ 
tion and leading to the deposition of clot. 57 Platelet deposition 
occurs at the apex of stenosis, the point of maximal shear force. 

A platelet-rich thrombus is observed in arterial thrombus, 
while in contrast, venous blood stasis and changes in its com¬ 
position (leading to hypercoagulability) incite the formation of 
thrombus from local procoagulant events, including small 
endothelial disruptions at venous confluences, saccules, and 
valve pockets. Hypercoagulable states have classically been 
highly associated with VTE, but do play a role in cardiovascular 
disease as well. For example, both factor V Leiden and 


FIGURE 5.9. A: Depicted here is 
the typical atherosclerotic thrombotic 
nidus, which includes rupture of a pla¬ 
que, composed of smooth muscle, 
foam cells, and leukocytes. Platelets 
are the primary intermediary in arter¬ 
ial thrombosis, as well as tissue factor. 
B: Increased coagulability, as well as 
vessel wall changes with procoagulant 
tissue factor expression, promotes 
thrombosis. 
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TABLE 5.1 

FREQUENCY OF THROMBOSIS DUE TO 

HYPERCOAGULABLE STATES 

■ HYPERCOAGULABLE STATE 

■ FREQUENCY (%) 

Factor V Leiden 

20-60 

Hyperhomocysteinemia 

10 

PT G20210A 

4-6 

Protein C deficiency 

3-5 

Protein S deficiency 

2-3 

Dysfibrinogenemia 

1-3 

Antithrombin 

1-2 

Dysplasminogenemia 

<1 

PT, prothrombin. 

prothrombin 20210 A mutation are 
artery disease and stroke. 58 

associated with coronary 

PROCOAGULANT STATES 


Refer to Tables 5.1 to 5.3 and Algorithm 5.1. 


TABLE 5.3 


ANATOMIC LOCATION OF VTE DUE TO 
HYPERCOAGULABLE STATES 

Arterial 

■ Elevated fibrinogen 

■ Abnormal platelet aggregation 

■ Atherosclerosis 

■ Lipoprotein(a) 

Both arterial and venous 

■ Hyperhomocysteinemia 

■ HITTS 

■ Antiphospholipid antibody 

■ Elevated PAI-1 

Venous 

■ AT 

■ Protein C 

■ Protein S 

■ Factor V Leiden 

■ PT G20210A 

■ Dysfibrinogenemia 

■ Elevated factors XI, IX, and VIII 


AT, antithrombin; HITTS, heparin-induced thrombocytopenia and 
thrombosis syndrome; PAI-1, plasminogen activator inhibitor; PT, 
prothrombin; VTE, venous thromboembolism. 


ACQUIRED 

PROCOAGULANT STATES 


Most thrombotic clinical episodes have a proximate cause, 
although environmental risks and genetic predispositions to 
thrombosis may account for many of the VTE that manifest 
clinically. Risk factors for arterial thrombosis are primarily 
related to atherosclerosis, and are detailed elsewhere. 

The most common risk factors for venous thrombosis are 
prior DVT, malignancy, immobility, intravenous catheters, 
increased age, major surgery, trauma, infections such as pneu¬ 
monia and urinary tract infection, and certain cytotoxic 
chemotherapy regimens. 59-61 Certain medications such as oral 
contraceptives and hormonal replacement therapies also 
increase the risk of VTE. 

Of primary importance to surgeons is how to best estimate 
perioperative VTE risk and apply appropriate prophylaxis. 


TABLE 5.2 


SEVERITY OF VTE DUE TO HYPERCOAGULABLE STATES 

High risk for thrombosis 

■ AT deficiency 

■ Protein C deficiency 

■ Protein S deficiency 

■ HIT/HITTS 

■ Antiphospholipid antibody syndrome 

Lower risk for thrombosis 

■ Factor V Leiden 

■ Hyperhomocysteinemia 

■ PT G20210A 

■ Dysfibrinogenemia 

■ Dysplasminogenemia 

■ Elevated factors VIII, IX, and XI 


AT, antithrombin; HIT, heparin-induced thrombocytopenia; HITTS, 
heparin-induced thrombocytopenia and thrombosis syndrome; PT, 
prothrombin; VTE, venous thromboembolism. 


This can be done with a screening form, such as that devised 
by Caprini 62 (Fig. 5.10). Essentially, this is a focused assess¬ 
ment of VTE risks related to current illnesses and history that 
may not be fully covered in the routine history and physical 
examination. The recommendations are also well detailed in 
the routinely updated American College of Chest Physicians 
VTE evidence-based guidelines. 63 The higher the risk, the more 
intensive the prophylaxis is. For example, an outpatient hernia 
patient may require no prophylaxis outside of early ambula¬ 
tion, whereas an obese patient having a hip replacement would 
be best treated with anticoagulation as well as sequential com¬ 
pression devices for the lower extremities. However, all 
patients should be assessed for VTE risk. This is a quality and 
safety measure by U.S. governing bodies such as the Joint 
Commission and Centers for Medicare and Medicaid Services. 


Lupus Anticoagulant/Antiphospholipid 
Syndrome (Antiphospholipid Antibody) 

This condition, despite its name, is a prothrombotic state and 
deserves expanded discussion. The antiphospholipid antibody 
syndrome consists of an elevated antiphospholipid antibody 
titer in association with thrombosis, recurrent fetal loss, throm¬ 
bocytopenia, and livedo reticularis. 64,65 Strokes, myocardial 
infarction, visceral infarction, and extremity gangrene may also 
occur. Although the lupus anticoagulant has been noted often 
in patients with systemic lupus erythematosus (SLE), it does 
occur in patients without SLE. It may also be induced in 
patients by medications, cancer, and certain infections. 66 

This syndrome is associated with antiphospholipid antibodies 
that are most commonly immunoglobulin G (IgG). Antiphos¬ 
pholipid antibody syndrome is a particularly virulent hypercoag- 
ulable state that results in arterial and venous thrombosis at 5- to 
16-fold greater risk. 66-68 A number of possible thrombotic mech¬ 
anisms have been suggested, including inhibition of prostacyclin 
synthesis or release from endothelial cells, 69 inhibition of APC by 
thrombin/TM, 70 elevated PAI-1 levels, 67 platelet activation, 71 
endothelial cell activation, 72 and interference with the endothe¬ 
lial cell-associated annexin V anticoagulant activity. 73 Increased 
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Patients with: 

• Strong family history 

• Young patients with 

thrombosis without 
obvious cause 

• Multiple episodes of 

thrombosis without 
underlying anatomic 
abnormality 

• Thrombosis in unusual 

locations 


Procoagulant 


Routine coagulation tests 
Antithrombin III activity/antigen 
Protein C activity/antigen 
Protein S antigen 
Mixing studies 

APCR and factor V Leiden gene analysis 

Prothrombin 20210 A gene analysis 

Homocysteine 

Anticardiolipin antibody 

Functional plasminogen 

Platelet aggregation testing 

Fibrinogen 


ALGORITHM 5.1 




ALGORITHM 5.1. Coagulation analysis. 


TF expression on monocytes and low free protein S plasma lev¬ 
els have also been found with the antiphospholipid syndrome 
and a history of thrombosis. 74 

At least one third of patients with lupus anticoagulants 
have a history of one or more thrombotic events, 70% or more 
being VTE. 75 Graft thrombosis has been observed in 27% to 
50% of patients positive for antiphospholipid antibody. 76,77 

The diagnosis should be suspected in someone with a pro¬ 
longed activated partial thromboplastin time (aPTT) with other 
standard coagulation tests normal, along with the presence of 
an increased antiphospholipid or anticardiolipin antibody titer 
and elevation of <r 2 -glycoprotein I. 3,78 The prolongation in the 
aPTT is strictly a laboratory phenomenon. The dilute Russell 
viper venom time confirms the presence of a lupus anticoagu¬ 
lant. 

There is imperfect agreement between diagnostic tests for 
this abnormality. Approximately 80% of patients with a pro¬ 
longed aPTT will have a positive antiphospholipid antibody, 
but only 10% to 50% of patients with a positive antiphos¬ 
pholipid antibody will have a prolonged aPTT. 79 Patients with 
both tests positive are reported to have the same thrombotic 
risk as those with either test alone. 

Heparin followed by warfarin has been recommended for 
the treatment of the antiphospholipid syndrome. 66,75 For 
recurrent fetal loss, heparin or low-molecular-weight heparin 
(LMWH) use through pregnancy is recommended. In patients 
with lupus anticoagulants, heparin is monitored by antifactor 
Xa levels. 
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PROCOAGULANT STATES 


Defects with High Risk for Thrombosis 

Antithrombin Deficiency. AT is a serine protease inhibitor 
(SERPIN) of thrombin, kallikrein, and factors Xa, IXa, Vila, 


Xlla, and XIa. It is synthesized in the liver and has a half-life 
of 2.8 days. AT deficiency accounts for approximately 1% to 
2% of episodes of VTE and may occur at unusual sites such 
as mesenteric or cerebral veins. Arterial and graft thrombosis 
have also been described in AT deficiency. 80,81 Most cases 
become apparent by 50 years of age. 82 Homozygous patients 
usually die in utero, whereas heterozygous patients usually 
demonstrate AT levels less than 70% of normal. Acquired AT 
deficiency results from liver disease, malignancy, sepsis, dis¬ 
seminated intravascular coagulation (DIC), malnutrition, and 
renal disease. 80 

The diagnosis of AT deficiency is suspected in a patient who 
cannot be adequately anticoagulated with heparin or who 
develops thrombosis while on heparin and is made by measur¬ 
ing AT antigen and activity levels. However, patients should 
not have been exposed to heparin or related compounds for at 
least 2 weeks to have accurate values. Heparin decreases AT lev¬ 
els 30%, and this effect can occur up to 10 days after stopping 
intravenous heparin therapy. 78 Conversely, warfarin increases 
AT levels. 

For a patient with AT deficiency, anticoagulation with 
heparin requires the administration of fresh frozen plasma to 
provide AT, 2 units every 8 hours, decreasing to 1 unit every 
12 hours, followed by oral anticoagulation. A reasonable 
alternative includes anticoagulation with direct thrombin 
inhibitors such as lepirudin, argatroban, or bivalirudin. 63 
Aggressive prophylaxis against VTE is recommended during 
the perioperative period, and usually lifelong anticoagulation 
therapy is required after a first episode of significant VTE. 63,83 

Protein C and S Deficiencies. Protein C and its cofactor 
protein S are both vitamin K-dependent factors synthesized in 
the liver with half-lives of 4 to 6 hours and 12 to 14 hours, 
respectively. The majority of cases of protein C or protein S defi¬ 
ciency are inherited as autosomal dominant. Patients present 
with VTE, often between the ages of 15 and 30 years. 83,84 Pro¬ 
tein C and S deficiency states are responsible for approximately 
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Venous Thromboembolism Risk Factor Assessment 

Patiant’s Namfi Ago: 

Sex: 

_Wgt:_lbs Hgt:_inches 

Choose All That Apply 



Each Risk Factor Represents 1 Point 


Each Risk Factor Represents 2 Points 



□ Age 41-59 years 

□ Minor surgery planned 

□ History of prior major surgery 

□ Varicose veins 

□ History of inflammatory bowel disease 

□ Swollen legs (current) 


□ Age 60-74 years 

□ Major surgery (> 60 minutes)* 

□ Arthroscopic surgery (> 60 minutes)* 

□ Laparoscopic surgery (> 60 minutes)* 

□ Previous malignancy 

□ Morbid obesity (BMI > 40) 



□ Obesity (BMI >30) 




□ Acute myocardial infarction (< 1 month) 

□ Congestive heart failure (< 1 month) 

□ Sepsis (< 1 month) 

□ Serious lung disease incl. pneumonia 
(< 1 month) 

□ Abnormal pulmonary function (COPD) 

□ Medical patient currently at bed rest 

□ Leg plaster cast or brace 

□ Central venous access 

□ Blood transfusion (<1 month) 

□ Other risk factor 


Each Risk Factor Represents 3 Points 




□ Age 75 years or more 

□ Major surgery lasting 2-3 hours* 

□ BMI > 50 (venous stasis syndrome) 

□ History of SVT, DVT/PE 

□ Family history of DVT/PE 

□ Present cancer or chemotherapy 

□ Positive Factor V Leiden 

□ Positive Prothrombin 20210A 

□ Elevated serum homocysteine 

□ Positive Lupus anticoagulant 

□ Elevated anticardiolipin antibodies 

□ Heparininduced thrombocytopenia (HIT) 

□ Other thrombophilia 

Type 



For Women Only (Each Represents 1 Point) 




□ Oral contraceptives or hormone 
replacement therapy 

□ Pregnancy or postpartum (<1 month) 







□ History of unexplained stillborn infant, 
recurrent spontaneous abortion (>3), 
premature birth with toxemia or growth- 
restricted infant 


Each Risk Factor Represents 5 Points 




□ Elective major lower extremity arthroplasty 

□ Hip, pelvis or leg fracture (< 1 month) 


Total Risk Factor Score □ 

*Select only one from the surgery category 


□ Stroke (< 1 month) 

□ Multiple trauma (< 1 month) 

□ Acute spinal cord injury (paralysis) 

(< 1 month) 

□ Major surgery lasting over 3 hours* 


Please see Following Page for Prophylaxis suggestions and Safety Considerations 


FIGURE 5.10. A Caprini risk factor score sheet is shown here as an example of a preoperative risk factor scoring 
system. ( continued ) 


2% to 5% of patients with VTE. However, cases of arterial 
thrombosis have also been reported. 85 If present as a homozy¬ 
gous state at birth, infants usually die from unrestricted clot¬ 
ting and fibrinolysis, a condition of extreme DIC termed 
purpura fulminans. Patients heterozygous for protein C defi¬ 
ciency usually have antigenic protein C levels less than 60% of 
normal. 78,86 Acquired protein C deficiency occurs with liver 
failure, DIC, and nephrotic syndrome. 

Protein S is a cofactor to protein C and is regulated by com¬ 
plement C4b-binding protein. Free protein S is functionally 
active as an anticoagulant. The deficiency of protein S results 
in a clinical state identical to protein C deficiency. Nephrotic 
syndrome can lead to a reduction in free protein S, 87 whereas 
inflammatory states such as SLE can result in an elevation of 
C4b-binding protein, reducing free protein S. 

The diagnosis of protein C or S deficiency is made by measur¬ 
ing plasma protein C and S levels. 3,88 For protein C, both antigen 
and activity are measured, whereas for protein S, only antigen is 
measured. A condition also exists in which there is an abnormal¬ 
ity in the function of protein C itself, resulting in a decrease in 
protein C activity without a decline in antigenic protein C. 84 


Treatment consists of anticoagulation, initially with 
heparin, usually followed by lifelong oral anticoagulation 
after a first thrombotic event. However, not all patients with 
low levels develop VTE. Many heterozygous family members 
of homozygous protein C-deficient infants also are unaf¬ 
fected. 31 Thus, the institution of anticoagulation therapy in 
patients should occur only following an episode of thrombo¬ 
sis. However, aggressive anticoagulant prophylaxis during 
perioperative periods or high-risk environmental situations is 
necessary for asymptomatic heterozygote carriers. 

With the initiation of oral anticoagulation, blood may 
become transiently hypercoagulable as the vitamin K-depen- 
dent factors with short half-lives are inhibited (factor VII, pro¬ 
tein C) before the other vitamin K-dependent factors (factors 
II, IX, and X). 89 In someone already partially deficient in pro¬ 
tein C or S, the levels of these anticoagulant factors will dimin¬ 
ish even further with the initiation of warfarin. This results in 
temporary hypercoagulability, resulting in thrombosis in the 
microcirculation and warfarin-induced skin necrosis. 90 This 
leads to full-thickness skin loss, especially over fatty areas such 
as the breasts, buttocks, and abdomen. This complication can 
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VTE Risk and Suggested Prophylaxis For Surgical Patients 


Total Risk Incidence Risk 

Factor Score of DVT Level Prophylaxis Regimen Legend 


0-1 

< 10% 

Low Risk 

No specific measures; 
early ambulation 

IPC - Intermittent 

Pneumatic Compression 
LDUH - Low Dose 

2 

10-20% 

Moderate Risk 

IPC, LDUH(5000 U BID) 
or LWMH (<3400 U) 

3-4 

20-40% 

High Risk 

IPC, LDUH (5000 U TID), 
or LMWH (>3400 U) or FXa 1 

Unfractionated Heparin 
LMWH - Low Molecular 

Weight Heparin 

5 or more 

40-80% 

1-5% 

mortality 

Highest Risk 

Pharmacological: LDUH, 
LMWH*, Warfarin* 
or FXa 1* alone or in 
combination with IPC 

FXa 1 - Factor Xa Inhibitor 


Prophylaxis Safety Considerations: check box if answer is yes 


Anticoagulants: Factors Associated with Increased Bleeding 

□ Is patient experiencing any active bleeding? 

□ Does patient have (or has had history of) heparin-induced thrombocytopenia? 

□ Is patient’s platelet count <100,000/mm 3 ? 

□ Is patient taking oral anticoagulants, platelet inhibitors (e.g., NSAIDS, Clopidogrel, Salicylates)? 

□ Is patient’s creatinine clearance abnormal? If yes, please indicate value_ 

If any of the above boxes are checked, the patient may not be a candidate for anticoagulant therapy 
and you should consider alternative prophylactic measures: IPC or Foot Pump. 


Intermittent Pneumatic Compression (IPC) 

□ Does patient have severe peripheral arterial disease? 

□ Does patient have congestive heart failure? 

□ Does patient have an acute superficial/deep vein thrombosis? 

If any of the above boxes are checked, then patient may not be a candidate for intermittent 
compression therapy and you should consider alternative prophylactic measures. (IVC filter?) 


Examiner:_Date: 


FIGURE 5.10. ( Continued ) 


be prevented by initiating warfarin therapy under the protec¬ 
tion of systemic heparin anticoagulation or a direct thrombin 
inhibitor. 


Defects with Lower Risk for Thrombosis 

Resistance to Activated Protein C (Factor V Leiden). 

Resistance to APC is reportedly present in 20% to 60% of 
cases of idiopathic VTE and is the most common underlying 
abnormality associated with VTE. This disorder is present in 
1% to 2% of the general population. 91-93 It confers a relatively 
low risk for thrombosis, however, and is more common in 
whites than in nonwhite Americans. 91 As a result of the substi¬ 
tution of a single amino acid, glutamine for arginine, at posi¬ 
tion 506 in the protein for factor V, caused by a nucleotide 
substitution of guanine for adenine at 1691 in the factor V 
gene, hypercoagulability is conferred by resistance to inactiva¬ 
tion of factor Va by APC. 94-96 Additionally, less Villa is interfered 
with, compounding the hypercoagulability. 

Thrombotic manifestations are noted in those individuals 
both homozygous and heterozygous for this mutation. The rel¬ 
ative risk for VTE in patients heterozygous for factor V Leiden 
is sevenfold, whereas the relative risk is 80-fold for those 
homozygous for factor V Leiden. 95 In contrast to factor defi¬ 


ciency states, persons homozygous for this mutation usually 
do not die in infancy. Additionally, thrombosis is potentiated 
in the presence of additional acquired risk factors. 95,97 

Combined defects with other hypercoagulable states, such 
as protein C and S deficiency or prothrombin G20210A, are 
not uncommon and increase the thrombotic risk. 98,99 In addi¬ 
tion to cases of VTE, recurrent VTE is also more common in 
patients with this entity, with a relative risk 2.4-fold. 93 
Although VTE predominates in patients with this syndrome, 
arterial thrombosis has also been reported. 100 

The diagnosis of APC resistance is made by a clot-based 
functional assay with the addition of APC (modified aPTT). 
Additionally, genetic analysis should be performed to confirm 
heterozygosity versus homozygosity, as treatment decisions 
may be different between the two states. If the patient has a 
known lupus anticoagulant syndrome, this entity may inter¬ 
fere with the clot-based APC resistance assay 101 and genetic 
analysis is more accurate. 

Treatment options for APC resistance after VTE include 
anticoagulation, initially heparin or LMWH, followed by oral 
anticoagulation. The long-term use of warfarin is controver¬ 
sial. No data exist to suggest that long-term warfarin should 
be given after a first episode of VTE in a patient heterozygous 
for the mutation. 63 The fact that APC resistance is a relatively 
low risk for recurrent thrombosis (2.4-fold) suggests that not 
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all patients after their first episode of VTE need long-term 
anticoagulant treatment. Patients must be evaluated in light of 
their overall risk for bleeding versus thrombosis. 83 

Prothrombin G20210A Polymorphism. Prothrombin 
(factor II), a vitamin K-dependent factor synthesized in the 
liver, becomes thrombin when activated. A genetic polymor¬ 
phism in the distal 3' untranslated region of the gene for pro¬ 
thrombin has been described in patients with VTE. This results 
in a normal prothrombin but at increased levels. 84,97,102 This 
polymorphism confers an increased risk for VTE by two- to 
sevenfold, and is associated with 4% to 6% of patients with 
VTE. 83,103,104 This thrombosis risk is increased in pregnant 
women, 105 in women with early myocardial infarctions, 106 and 
in synergy with factor V Leiden. 97 Most patients are heterozy¬ 
gous for this mutation, and whites are more often affected 
than those of Asian or African descent. 106 Genetic analysis is 
the marker for this abnormality. 107 

Patients who present with VTE should be treated according 
to current standards and akin to the treatment for heterozy¬ 
gous factor V Leiden. Individuals with prothrombin G20210A 
who have recurrent episodes of VTE should undergo lifelong 
anticoagulation, as should those patients with both prothrom¬ 
bin G20210A and factor V Leiden. 97 

Hyperhomocysteinemia. Hyperhomocysteinemia has been 
a known risk factor for atherosclerosis and vascular disease 
for more than 25 years, though a direct cause-and-effect rela¬ 
tionship has not been established. 108-110 However, a recent 
meta-analysis suggests the risk of VTE to be 2.5-fold with ele¬ 
vated homocysteine levels. 111 Two enzyme deficiencies, N 5 , 
N 10 , methylene tetrahydrofolate reductase (MTHFR) or cys¬ 
tathionine (3- synthase, are responsible for elevated homocys¬ 
teine levels. 112 Deficiencies in vitamins B 6 and B 12 and folate 
also contribute to elevations in homocysteine. Although muta¬ 
tions in these enzymes are not infrequent, the common poly¬ 
morphism in MTHFR alone is not a factor in either the eleva¬ 
tion of plasma homocysteine or thrombosis. 113 

Hyperhomocysteinemia also has been found to be a risk 
factor for VTE in those younger than 40 years, 114 in women, 108 
and for recurrent venous thrombosis in patients between 20 
and 70 years of age. 109 The combination of hyperhomocys¬ 
teinemia and factor V Leiden results in an increased risk of 
venous and arterial thromboses. 115 Elevated plasma homocys¬ 
teine results in abnormal endothelial function. 116-120 Fasting 
homocysteine levels are determined from serum, usually on 
two occasions. The test may also be performed after a methio¬ 
nine oral loading regimen. 121,122 

Homocysteine elevation is treated with folate supplements. 
Although the association between hyperhomocysteinemia and 
VTE has been established, treatment to lower homocysteine 
levels and the long-term effects of such treatment on procoag¬ 
ulant activity have yet to be validated. 108 


Other Disorders Associated with Thrombosis 

Defective Fibrinolysis/Dysfibrinogenemia/Lipoprotein(a). 

Abnormal plasminogens (dysplasminogenemias), although rare 
(<1%), have been described in cases of spontaneous arterial or 
VTE. 123 Other defects in fibrinolysis may affect up to 10% of 
the normal population. 124 Abnormal fibrinogens may account 
for 1% to 3% of patients with venous thrombosis and those pre¬ 
senting with digital ischemia. 125 Numerous molecular defects 
have been classified. Defective thrombin binding or resistance to 
plasmin-mediated breakdown has been described. 126 Although 
not clearly documented, defects in plasminogen activators, tPA, 
or uPA may incite thrombotic events. 127 Moreover, elevated PAI- 
1 has been associated with DVT and myocardial infarction. 123 
Although the relationship between VTE and abnormal fibrinol¬ 
ysis is debated, it is clear that in the postoperative period there 


is a connection between fibrinolysis and VTE. 123,128,129 Addi¬ 
tionally, PAI-1 is upregulated by thrombin, endotoxin, and IL- 
1, explaining the elevated circulating levels of PAI-1 during 
infections. 130 Lipoprotein(a), associated with LDL, has both 
atherogenic and prothrombotic properties. 131-133 It prevents 
plasminogen from binding to cells or fibrin and inhibits fibri¬ 
nolysis. 134 Elevated levels of lipoprotein(a) have been associ¬ 
ated with VTE in childhood; it is a weak thrombotic risk 
factor in adults. 135 

When an individual with thrombosis presents with one of 
the previously mentioned abnormalities, standard anticoagu¬ 
lation is necessary. 136,137 

Abnormal Platelet Aggregation. It has been recognized 
for some time that there are patients who have thrombosis and 
may have hyperactive or hyperresponsive platelets, but this 
entity is poorly defined. Diabetes mellitus, which is known to 
be associated with hyperactive platelets and hyperlipidemic 
states, may be a contributing factor. Two clinical settings in 
which abnormal platelet aggregation has been associated with 
thrombosis include advanced malignancy of the lung and 
uterus and after carotid endarterectomy. Hyperactive platelets 
have also been noted during graft thrombosis in peripheral 
vascular reconstructions. 67 Although platelet aggregation 
assays may be helpful in making the diagnosis, these assays are 
not commonly performed or standardized and, thus, the inci¬ 
dence and importance of platelets to thrombosis are not well 
known. Bleeding time measurements are not specific and are 
not recommended for making this diagnosis. 

Standard anticoagulant treatment is recommended for this 
condition. Aspirin and the thienopyridine derivatives such as 
clopidogrel may be useful, but their utility is unknown. 138 


Elevated Procoagulant 
Factors: VIII, IX, and XI 

Elevated prothrombotic factors have only recently been asso¬ 
ciated with primary and recurrent VTE. 83,139 A dose-response 
effect has been observed, and elevated factor VIII has been best 
studied. 139-141 Factor VIII:C above the 90th percentile is asso¬ 
ciated with a five times increased risk of VTE. 141,142 Factor 
VIII:C elevation is also affected by blood type and race. Eleva¬ 
tion of factor XI above the 90th percentile is associated with a 
twofold increase in VTE, independent of other hypercoagula¬ 
bility factors. 143 Similar increases in VTE risk have been 
observed with elevated factor IX. 144 Acquired and environ¬ 
mental factors precipitate VTE in patients with elevation of 
these factors, as opposed to inherited deficiencies of AT, pro¬ 
tein C, and protein S that confer higher VTE risk. 145 

The diagnosis is made by the direct measurement of these 
factors with activity assays. If VTE occurs with one of these 
factors elevated, standard anticoagulant management should 
be undertaken. 137 


Disseminated Intravascular Coagulation 

DIC is a primary form of acute thrombosis. Causes of DIC 
include abruptio placentae, gram-positive and gram-negative 
sepsis, endotoxemia, malignant tumors, pelvic operations, cer¬ 
tain snake bites, hematologic malignancies, and hepatic failure. 3 
Coagulation is activated by the release of TF into the circula¬ 
tion, which activates factor VII to Vila, leading to massive 
thrombin production and fibrin generation. Fibrinolysis then 
becomes activated, leading to bleeding in the later stages of the 
syndrome because of the consumption of clotting factors, deple¬ 
tion of fibrinogen, and unchecked plasmin activity. Laboratory 
values in DIC reveal a decline in platelet count and fibrinogen 
level with a concomitant elevation in fibrin split products and 
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the presence of a positive D-dimer test. A more chronic form of 
DIC has been reported, with the release of small amounts of TF 
into the circulation in conditions such as tumors of the prostate, 
diabetes mellitus, use of factor IX concentrates, total hip 
replacement, and abdominal aortic aneurysm. 3 


Testing for Hypercoagulable States 

Patients with a strongly positive family history of thrombotic 
events, young patients with unprovoked arterial and venous 
thromboses, and patients with multiple episodes of thrombosis 
without an underlying anatomic abnormality should be inves¬ 
tigated. 146 Whether unaffected relatives should be screened is 
controversial, and genetic counselors may be of assistance. 

A hypercoagulable screen should include routine coagula¬ 
tion tests such as the aPTT and platelet count, AT activity and 
antigen assay, protein C antigen and activity levels, protein S 
antigen level, and mixing studies to identify a lupus anticoag¬ 
ulant (if indicated); APC resistance assay and factor V Leiden 
gene analysis; prothrombin G20210A genetic analysis; homo¬ 
cysteine level; an antiphospholipid antibody screen that 
includes anticardiolipin antibody; fibrinogen level; factor VIII, 
IX, and XI levels; and a functional plasminogen assay. 

A confirmatory test for dysfibrinogenemia includes a fibrino¬ 
gen clotting activity-to-antigen ratio. It may also be detected by 
a prolonged thrombin clotting time (TCT) or reptilase time. 147 
Abnormal plasminogens are detected by the presence of reduced 
activity-to-antigen ratios. PAI-1 levels have to be measured 
directly by activity or antigen assay. Lipoprotein(a) levels are 
measured in serum. 


BLEEDING DISORDERS 


Although the surgeon deals more often with procoagulant 
states than bleeding disorders, it is important to recognize 
these disorders when they occur. 


Coagulation Factor Deficiency 

^ Coagulation factor deficiency states are important causes of 
bleeding, and the most common are factor VIII and IX defi¬ 
ciency states, termed hemophilia A and B, and type I von 
Willebrand disease (vWD). 

Hemophilia A is inherited as a sex-linked recessive defi¬ 
ciency of factor VIII, with fewer cases secondary to sponta¬ 
neous mutation. The incidence of this abnormality is approxi¬ 
mately 1 in 10,000 births. Clinical findings range from bleeding 
into joints and muscles, epistaxis, hematuria, and bleeding 
after minor trauma, to prolonged postoperative bleeding, 
retroperitoneal bleeding, and intramural bowel hemorrhage. 
Laboratory screening tests usually reveal a prolongation of the 
aPTT along with decreased factor VIII levels; other test results 
are normal. The minimum level of factor VIII required for 
hemostasis is 30%, and spontaneous bleeding is uncommon 
with factor VIII levels greater than 5% to 10% of normal. 148 
Levels less than 2% constitute severe, 2% to 5% moderate, and 
greater than 5% mild deficiency. 149 Severe deficiency with lev¬ 
els less than 1% poses the risk for spontaneous bleeding 
episodes. Although the half-life of factor VIII is 2.9 days in nor¬ 
mal subjects, the half-life of factor VIII concentrates is only 9 to 
18 hours. 3 Levels between 80% and 100% of normal should be 
attained for surgical bleeding or life-threatening hemorrhage. 
Acquired deficiency has been reported to occur with the devel¬ 
opment of antibodies to factor VIII after therapy. Inhibitor 
antibodies develop in approximately 10% to 15% of patients 
with hemophilia A, although the incidence of antibody forma¬ 
tion may be much higher in previously untreated patients and 
in those with severe hemophilia A. 


Recombinant factor VIII preparation has been developed 
and tested in children and infants. Despite the development of 
low levels of inhibitors in 20% of children at a mean 9 days 
after first administration, these inhibitors either disappeared or 
remained at low levels. 150 Because this recombinant prepara¬ 
tion is virus free, the benefits outweigh the risks of low levels of 
inhibitor development for the treatment of hemophilia A. 151 

Factor IX deficiency (Christmas factor), known as hemo¬ 
philia B, is transmitted as an X-linked recessive trait. It also 
may be acquired because of enhanced factor IX clearance in 
states such as the nephrotic syndrome, abnormal protein pro¬ 
duction in vitamin K deficiency, and acquired specific inhibitors 
to factor IX in various autoimmune diseases, such as SLE. It is 
clinically indistinguishable from hemophilia A, and laboratory 
screening tests reveal a prolonged aPTT, with other test results 
normal, although a greater proportion of patients have only 
mild or moderate deficiency. 152 Severe deficiency (approxi¬ 
mately 30% of cases) is defined as a level of activity less than 
4% of normal, whereas moderate deficiency is reported with 
activity levels between 20% and 40%. 3 Treatment consists of 
plasma or factor IX concentrates and vitamin K. It has been 
recommended that levels greater than 30% be achieved for 
hemostasis. 148 

vWF causes platelet adhesion to collagen, initiating platelet 
plug formation. It also forms a complex with factor VIII in the 
blood. Produced in endothelial cells and megakaryocytes 
(compared with the liver for factor VIII), it has a circulating 
half-life of 6 to 20 hours. 3 vWD, a deficiency of vWF, is the 
most common of the inherited coagulation disorders. A number 
of different subtypes have been identified for its deficiency 
state, and the syndrome is transmitted as both autosomal 
dominant (heterozygous) and autosomal recessive (homozy¬ 
gous) forms. Variants include types I and III (quantitative 
decreases in normal-appearing vWF) and type II (qualitative 
abnormalities in structure and function of vWF). 153 vWF defi¬ 
ciency is probably as common as hemophilia A, although the 
true incidence may surpass what is generally appreciated 
because many mild cases probably remain undiagnosed. 

The classic syndrome is caused by a reduction of factor VIII 
activity (although not as great as in hemophilia A) and vWF 
(vWF-factor VIII complex). Clinical manifestations include 
easy bruisability, mild to moderate epistaxis, gingival bleeding, 
menorrhagia, rare joint or muscle bleeding, prolonged bleed¬ 
ing following surgery, and subcutaneous bleeding. 153 Sponta¬ 
neous bleeding is not as common as in hemophilia A. 

Abnormal laboratory tests include a prolonged bleeding 
time, a decreased level of factor VIII activity, decreased 
immunoreactive levels of the vWF, and an abnormal platelet 
aggregation response to ristocetin. 3 The most reliable source 
of vWF is cryoprecipitate, although many concentrates of fac¬ 
tor VIII have vWF present and show promise. Desmopressin 
acetate (DDAVP) is available for the treatment of mild cases of 
type I and of type Ha and lib vWD; serum levels of 25% to 
50% are needed for hemostasis. 148 In other type II states and 
type III VWD, factor VIII concentrates are necessary. Recom¬ 
binant factor VIII/vWF concentrates that avoid the infectious 
risks of transfusion are available. 


Rare Factor Deficiencies 


Other specific factor deficiencies are much less common and 
receive only a brief mention here. These include factors II, XI, 
V, VII, and X. These can be measured by serum assays, 
although this is not routinely available in many hospitals. The 
treatment is primarily fresh frozen plasma concentrates to give 
back the clotting factors. 3 

Deficiencies of fibrinogen can also lead to bleeding disor¬ 
ders. This is the only factor deficiency state in which the TCT 
is prolonged. It is generally believed that a fibrinogen level of 
100 mg/mL should be achieved to stop bleeding related to 
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fibrinogen abnormalities. Fibrinogen deficiency may also occur 
from consumption during DIC and from primary fibrinolytic 
states. 


Platelet Disorders 


Platelet disorders are another important cause of bleeding. 
Inherited defects of platelet receptors include defects of 
GpIIb/IIIa (Glanzmann thrombasthenia), characterized by 
impaired platelet binding to vWF, fibrinogen, and fibronectin. 
In patients with defects in Gplb (Bernard-Soulier syndrome), 
the absolute number of platelets is decreased, the platelets are 
larger, and platelet aggregation and adhesion are abnormal. 3 
Acquired deficits occur in uremia; both Gplb and GpIIb/IIIa 
receptors are defective, resulting in impaired adhesion and 
aggregation. Acquired deficits also occur in patients who pre¬ 
viously received platelet transfusions and then acquire immune- 
mediated antiplatelet antibodies. 


Abnormalities in Fibrinolysis 

Abnormalities in fibrinolysis may play a role in abnormal 
bleeding disorders. Genetic or acquired deficiencies in u 2 -AP 
may be associated with bleeding, whereas deficiencies in factor 
XIII (fibrin stabilizing factor) may lead to highly lysable clot. 
u 2 -AP deficiency is treated with e-aminocaproic acid or 
tranexamic acid. Homozygous patients with factor XIII defi¬ 
ciency and less than 1 % of normal plasma activity often show 
bleeding from the umbilical cord at birth, bleeding after 
trauma or surgery, and delayed bleeding 24 to 36 hours later. 3 
Intracranial bleeding also has been noted. Screening test 
results include a shortened euglobulin lysis time. 3 A specific 
assay for factor XIII activity exists. Treatment consists of fresh 
frozen plasma, cryoprecipitate, and factor XIII concentrates. 


PHARMACOLOGIC AND 
NONPHARMACOLOGIC 
INTERVENTIONS 

Heparin, Factor Xa, and 
Direct Thrombin Inhibitors 

Q Heparin, discovered by Jay McLean in 1916, is a heteroge- 
neous mixture of sulfated polysaccharide molecules of varying 
molecular weights, ranging from 2 to 40 kD. Heparin is 
obtained from beef lung or porcine intestine. Heparin acceler¬ 
ates the inhibition of thrombin and other serine proteases by 
AT. Heparin also directly binds and inhibits coagulation pro¬ 
teases and is important for the selective inhibitor of thrombin, 
heparin cofactor II. 154 After bolus injection, heparin’s half-life 
is approximately 90 to 120 minutes, although the half-life 
depends on the amount injected—the more injected, the longer 
the half-life. Activated factor X and activated factor II are 
most sensitive to the heparin-AT complex. Heparin is cleared 
through the reticuloendothelial system and does not cross the 
placental barrier. Heparin is reversed with protamine sulfate 
by direct irreversible binding between the compounds. 

Clinical use of heparin is for prophylaxis of, and treatment 
of, venous and arterial thrombosis. 155 In monitoring heparin, 
an aPTT 1.5 to 2.0 times control or a TCT two times control 
reflects adequate anticoagulation. Activated clotting times 
(ACTs) in a range of 150 to 200 seconds also suggest adequate 
anticoagulation. The use of low-dose unfractionated heparin 
(UFH) therapy is most commonly used for VTE prophylaxis. 63 

Because of the bleeding complications caused by UFH, 
LMWH for venous thrombosis prophylaxis and treatment is 


now primary. 63 Standard heparin is a mixture of polysaccha¬ 
ride molecules that vary in size from 2 to 40 kD. The antico¬ 
agulant effect is primarily centered over the lower end of the 
molecular-weight spectrum. Standard UFH is able to inhibit 
thrombin because it is large enough to make a ternary complex 
between itself, thrombin, and AT. LMWH is not large enough 
to make this complex because the minimum chain length nec¬ 
essary for formation of such a ternary complex is 18 saccha¬ 
ride units. LMWH demonstrates less AT activity, but for inhi¬ 
bition of factor Xa, such a ternary complex is not necessary. 
Thus, LMWH preparations are able to inhibit factor Xa. Each 
LMWH preparation has its own antifactor Xa-to-antifactor 
Ha (thrombin) ratio, depending on its size and molecular 
weight. 157 Most commercially available LMWH preparations 
have ratios between 4:1 and 2:1. Because the bleeding poten¬ 
tial of heparin is related largely to its AT activity, LMWH has 
a lower bleeding potential. In addition, LMWH preparations 
have less antiplatelet activity and less risk for heparin-induced 
thrombocytopenia (HIT). 

The LMWH preparations have other advantages over stan¬ 
dard UFH. These include an improved pharmacokinetic pro¬ 
file due to reduced nonspecific binding to plasma proteins, less 
lipolysis, a half-life that is not dose dependent, more constant 
antifactor Xa inhibition, less interference with protein C acti¬ 
vation, less complement activation and interference with 
appropriate platelet aggregation, less risk for osteoporosis, 
and a lower level of fibrin monomer production. 156 High and 
sustained plasma antifactor Xa levels exist for greater than 
16 hours after LMWH administration in therapeutic doses, 
and its excretion is primarily renal. There is no available agent 
effective for complete LMWH reversal as measured by antifac¬ 
tor Xa levels, 157 although clinically the bleeding potential of 
LMWH can be reversed by protamine sulfate. 

LMWH is the primary therapy for VTE. A number of level 
1 evidence studies and meta-analyses have compared LMWH 
with UFH in the treatment of VTE. 158 ’ 159 Together, these stud¬ 
ies demonstrate a lower risk of major bleeding, a lower risk of 
recurrent thromboembolic events, and a lower risk of death 
than with UFH. Even for nonmassive pulmonary embolism 
(PE), LMWH appears at least equivalent if not superior to 
UFH, but much more convenient. 160 It is not necessary to 
monitor LMWH with coagulation testing except in specific sit¬ 
uations such as renal failure, pregnancy, or morbid obesity, 
and most dosage schemes use either fixed-dose or weight- 
adjusted dosing given subcutaneously. Because there is no need 
for coagulation testing, outpatient treatment has become a 
reality. 

LMWH has also been studied in unstable angina 156 and has 
been found superior to placebo and equivalent or superior to 
UFH when evaluating the outcomes of death or myocardial 
infarction, without any increase in major bleeding. 

The most common complication of heparin therapy is 
bleeding. The risk of hemorrhage is increased in the elderly; in 
postmenopausal women; and in patients with preexisting 
abnormalities of coagulation, thrombocytopenia, and uremia. 
Long-term therapy may be associated with alopecia and osteo¬ 
porosis; osteoporosis has been found in patients receiving 
large doses of heparin for longer than 6 months. 

Reversal of heparin anticoagulation with protamine sulfate 
may be associated with adverse hemodynamic and hemato¬ 
logic side effects, including hypotension, bradycardia, pul¬ 
monary artery hypertension or hypotension, declines in oxy¬ 
gen consumption, leukopenia, and thrombocytopenia. 161,162 
Immunologic reactions may occur in patients with prior expo¬ 
sure to protamine, especially in diabetic patients taking NPH 
insulin that contains protamine or those previously exposed to 
protamine. Unfortunately, no other effective and safe agent for 
heparin neutralization exists, and in those situations when 
heparin must be reversed, such as at the completion of major 
aortic reconstructions and cardiopulmonary bypass, prota¬ 
mine must be given. Although it has been suggested that the 


SCIENTIFIC PRINCIPLES 










84 


Part One: Scientific Principles 


rate of administration is the most crucial factor in protamine- 
related reactions, declines in hemodynamic parameters and 
oxygen consumption still occur with slow administration. 162 

The specific factor Xa inhibitor pentasaccharide fonda- 
parinux (Arixtra, GlaxoSmithKline, Parsippany, NJ) potenti¬ 
ates approximately 300-fold factor Xa neutralization by AT. It 
has a half-life of 17 hours and does not bind to plasma pro¬ 
teins. It is primarily excreted through the kidneys. Large 
prospective randomized studies for both DVT and PE treat¬ 
ment have been conducted suggesting efficacy and safety simi¬ 
lar to LMWH. 163 In orthopedic surgery, this agent is superior 
to the best currently available DVT prophylaxis using LMWH. 
In fact, in hip fracture and knee reconstruction surgery, this 
agent has decreased the incidence of DVT by greater than 50%. 
In a meta-analysis of more than 7,000 patients, fondaparinux 
significantly decreased the odds of VTE as compared to 
LMWH with no difference in critical bleeding, although major 
bleeding was slightly greater. 164-166 There is no good reversal 
drug for this agent, and this has been one of the factors that 
has prevented its wider adoption into the medical and surgical 
communities. 

Oral Xa inhibitors are currently being developed. Rivarox- 
aban (BAY 59-7939), one such inhibitor, showed promising 
results in phase 2 trials when compared to enoxaparin for the 
prevention of VTE in those undergoing major orthopedic 
surgery. 167 Trials are currently under way in additional treat¬ 
ment applications. 

Direct thrombin inhibitors have been developed for both 
oral and parental use, particularly in HIT. Unlike heparin, the 
direct thrombin inhibitors have the ability to inactivate fibrin- 
bound thrombin. 168 Direct thrombin inhibitors such as arga- 
troban and lepirudin (hirudin analogue) have also been shown 
to be effective anticoagulants in patients with HIT and are 
dosed via the aPTT. 169 Argatroban has a relatively short half- 
life, is cleared by the liver, and is safe to use in those with renal 
insufficiency. Conversely, lepirudin is cleared renally, has a 
slightly longer half-life, and is the preferred anticoagulant in 
patients with hepatic insufficiency. A third parental thrombin 
inhibitor, bivalirudin is used in patients with unstable angina 
who are undergoing percutaneous cardiac intervention and 
cardiac surgery. 

Although early trials with ximelagatran, a direct oral throm¬ 
bin inhibitor, were not successful owing to the hepatic toxicity, 
a new agent in the same family, dabigatran, has promising data 
supporting its efficacy and safety. Results of a large phase 2 trial 
comparing dabigatran to enoxaparin for VTE prevention in 
those undergoing hip replacement demonstrated noninferiority 
to enoxaparin. 170 

Other new alternative agents are in various stages of devel¬ 
opment, such as oral heparins, oral factor Ha and Xa 
inhibitors, P-selectin inhibitors, factor Vila inhibitors, TFPIs, 
and PAI-1 inhibitors. 170 These agents, available now and in the 
future, will likely revolutionize the whole field of thrombosis 
prophylaxis and treatment. 


Heparin-induced Thrombocytopenia 
and Thrombosis Syndrome 

A specific complication of heparin deserves detailed discus- 
Q sion. HIT occurs in 0.6% to 30% of patients in whom heparin 
is given, although severe thrombocytopenia associated with 
thrombosis (HITTS) occurs much less frequently. 171,172 
Approximately one half of HIT patients have thrombosis that 
is noted clinically or by duplex imaging. In an analysis of 11 
prospective studies, the incidence was reported to be 3%, with 
thrombosis in 0.9%. 173 Although earlier morbidity and mor¬ 
tality rates of 61% and 23% had been reported, 70 with early 
diagnosis and appropriate treatment, these rates have declined 
to 6% and 0%, respectively. 174 HIT is caused by a heparin- 
dependent IgG antibody that, when bound to platelet factor 4 


(PF 4 ), induces platelet aggregation in part by inducing MP for¬ 
mation. 175,176 The antibody may not be heparin specific, as the 
degree of sulfonation of the heparinlike compound has been 
suggested to be critical for this aggregation. 177 Both porcine 
and bovine UFH as well as LMWH have been associated with 
HIT. 178 The syndrome usually begins 3 to 14 days after 
heparin is begun. Both arterial and venous thromboses have 
been reported, and even small exposures to heparin (heparin 
coating on catheters) can cause the syndrome. 171,179 

The diagnosis should be suspected when a patient experi¬ 
ences a 50% or greater decline in platelet count, when there is 
a fall in platelet count below 100,000/mL during heparin ther¬ 
apy, or in any patient who experiences thrombosis during 
heparin administration. 180 The syndrome may be difficult to 
diagnose as many hospitalized patients have multiple reasons 
for low platelet counts, and vigilance is important. A platelet 
count should be checked about every 2 days when on heparin 
therapy. 

The laboratory diagnosis of HIT/HITTS is made by a num¬ 
ber of assays. The serotonin release assay (SRA) was the “gold 
standard.” An enzyme-linked immunosorbent assay (ELISA) 
test detecting the antiheparin antibody in the patient’s plasma 
directed against the heparin-PF 4 complex is now commonly 
used. 171 This assay is less specific but easier to perform and 
interpret than the serotonin assay. 

When the diagnosis is made (clinically), cessation of 
heparin is mandatory. This includes removing heparin from 
intravenous catheters and flushes. 179 Warfarin should not be 
administered until an adequate alternative anticoagulant has 
been started to prevent venous limb gangrene development. 181 
LMWH preparations have high rates of cross-reactivity with 
the HIT antibody and therefore should not be merely substi¬ 
tuted for UFH in patients with HIT. 182 

A number of anticoagulants are now available to substitute 
for patients with this diagnosis. The direct thrombin inhibitors 
hirudin (lepirudin/Refludan) and argatroban are the treat¬ 
ments of choice and are U.S. Food and Drug Administration 
approved for this indication. 180,183 These agents show no 
cross-reactivity to heparin antibodies. 


Warfarin 


Warfarin oral anticoagulant therapy remains the standard for 
long-term treatment of arterial and venous thromboembolism. 
Warfarin interferes with the vitamin K-dependent clotting fac¬ 
tors II, VII, IX, and X and proteins C and S. In the liver, these 
factors are y-carboxylated in a reaction catalyzed by the 
reduced form of vitamin K. During this reaction, 10 to 12 glu¬ 
tamic acid residues are converted to y-carboxyglutamic acid 
residues. When these factors are released from the liver, they 
are secreted as active proteins. 3 The carboxyglutamic acid 
residues are responsible for these proteins binding to phospho¬ 
lipid membranes and the formation of the Xase and prothrom- 
binase complexes on activated platelet surfaces. Warfarin pre¬ 
vents the reduction of vitamin K once it has functioned as a 
cofactor for the y-carboxylation. 

Because of variations in the thromboplastins used for the 
prothrombin time (PT) determinations in various countries, the 
international normalized ratio (INR) system, in which the sen¬ 
sitivity of thromboplastins has been standardized, was devel¬ 
oped. 184 Using this system, the proper range for treatment of 
most thrombotic diseases by warfarin is an INR of 2 to 3. 

Major complications of warfarin therapy include bleeding, 
recurrent thrombosis, and skin necrosis. Patients at highest 
risk for bleeding on warfarin include the elderly, patients with 
gynecologic or urologic disorders, women after childbirth, and 
patients given large warfarin loading doses. A specific compli¬ 
cation of warfarin is skin necrosis, which occurs more 
frequently in patients with protein C deficiency. This usually 
involves full-thickness skin sloughing over fatty areas such as 
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the breasts and buttocks but can also occur in other anatomic 
distributions such as the extremities and digits. 

Warfarin should be continued for at least 3 months after 
an initial episode of DVT or arterial thromboembolism. 
Detailed guidelines for level of anticoagulation and duration 
are updated every 3 to 5 years. 63 Currently, 3 months of anti¬ 
coagulant treatment is indicated for a provoked VTE event, 
while consideration of bleeding and thrombosis risk needs to 
be determined and a longer duration used if an unprovoked 
event occurred. Male gender, antiphospholipid syndrome, 
prior DVT, and thrombophilias all increase the risk of recur¬ 
rence and support prolonged anticoagulation. Conversely, 
Asian race and a normal D-dimer at 1 month after ceasing 
anticoagulation support limited anticoagulation. Data that 
support prolonged therapy for unprovoked DVT include a 
recent multicenter trial comparing low-dose warfarin (INR 
1.5 to 2.0) to placebo with 4-year follow-up. 185 Another study 
suggested that full-dose warfarin (INR 2.0 to 3.0) was supe¬ 
rior to low-dose warfarin in these same patients without a dif¬ 
ference in bleeding, suggesting that unprovoked DVT requires 
long-term oral anticoagulation of some still-to-be-defined 
duration. 186 


Antiplatelet Agents 

Antiplatelet agents are used to prevent cardiovascular events 
such as coronary and peripheral arterial thrombosis. Platelet 
aggregation can be inhibited by several mechanisms, including 
(a) blocking cyclooxygenase, the first step in converting arachi- 
donic acid to thromboxane and prostacyclin; (b) blocking 
thromboxane synthase, the enzyme leading to thromboxane 
A 2 ; (c) blocking the thromboxane A 2 receptor; (d) increasing 
intraplatelet levels of cyclic adenosine monophosphate (cAMP) 
or guanosine monophosphate (GMP), which inhibit the expo¬ 
sure of the platelet GpIIb/IIIa receptor; and (e) directly blocking 
the platelet receptor GpIIb/IIIa. 

Aspirin inhibits cyclooxygenase, and thus both thrombox¬ 
ane and prostacyclin. In clinical situations, the use of lower 
doses of aspirin in an attempt to inhibit thromboxane genera¬ 
tion but preserve prostacyclin generation is theoretical, and 
may have some efficacy. Dipyridamole (Persantine; Boehringer 
Ingelheim, Ridgefield, CT), inhibits the uptake of adenosine 
into platelets, endothelial cells, and red blood cells. This leads 
to increased platelet cAMP levels through a local increase in 
adenosine concentration, inhibiting platelet aggregation. 
Additionally, it also inhibits phosphodiesterase, the enzyme 
that normally degrades cAMP, leading to higher levels of 
cAMP, and augments the increase in cGMP produced by nitric 
oxide. Thienopyridines work by ADP receptor blockade, inter¬ 
fering with subsequent Gllb/IIIc fibrinogen binding. 187 In addi¬ 
tion, monoclonal antibodies to GpIIb/IIIa itself or synthetic 
peptide blockers of this receptor containing the RGD sequence 
or the fibrinogen y-chain carboxyl-terminal sequence directly 
inhibit the function of this receptor. Receptor blockage is the 
most specific way to inhibit aggregation, and when the GpIIb/ 
Ilia receptor is blocked, even high concentrations of agonists 
cannot stimulate platelets. 

Because of ticlopidine-associated neutropenia, an analogue 
of ticlopidine, clopidogrel, was developed. This thienopyridine 
compound is not associated with the same degree of neutrope¬ 
nia and has been shown to reduce the composite endpoints of 
stroke, myocardial infarction, and death in patients with vas¬ 
cular disease. 2 It is mandatory treatment for patients in whom 
a drug-eluting stent has been placed in the coronary arterial 
circulation and is used for periprocedural protection in those 
patients undergoing peripheral angioplasty and stenting. 

Direct inhibitors of the GpIIb/IIIa receptor were first devel¬ 
oped as murine-derived monoclonal antibodies. The com¬ 
pound C7E3Fab (ReoPro; Eli Lilly, Indianapolis, IN), a human 
chimeric monoclonal antibody directed at GpIIb/IIIa, is the 


first agent of this class to become clinically available. 2 Its recep¬ 
tor binding is nonspecific and it binds to other cell surface inte- 
grins. Other agents include RGD mimics that are competitive 
antagonists to the GpIIb/IIIa receptor, including the cyclic pep¬ 
tide eptifibatide (Integrilin; Key Pharmaceutical, Kenilworth, 
NJ) and the parenteral nonpeptide mimetics tirofiban 
(Aggrastet; Merck & Co., West Point, PA) and lamifiban. 188 All 
studies to date with these agents have involved coronary inter¬ 
ventions. 


Fibrinolytic Agents 

Fibrinolytic agents are direct or indirect activators of plasmino¬ 
gen, the inactive proteolytic enzyme of plasma that binds to fi¬ 
brin during the formation of thrombus. Fibrin-bound plasmino¬ 
gen is more susceptible to activation than is free plasminogen in 
plasma. Streptokinase isolated from group C /3-hemolytic strep¬ 
tococci and acylated plasminogen-streptokinase (APSAC) act 
through a streptokinase-plasminogen complex; urokinase, 
single-chain urokinase-type plasminogen activator (SCU-PA), 
and recombinant tPA act directly on plasminogen without an 
intermediate drug-plasminogen complex 189 (Fig. 5.11). tPA 
(originally isolated from a melanoma cell line and now pro¬ 
duced through recombinant DNA technology), APSAC, and 
SCU-PA are termed fibrin selective because of their high ratio 
of activity for fibrin-bound plasminogen compared with circu¬ 
lating plasminogen. For therapeutic uses, tPA or recombinant 
plasminogen activator (rPA) is primarily used, and the others 
are of historical significance only. tPA has a fibrin-binding site 
and a catalytic site that are widely separated from each other. 
This separation allows tPA to be activated to its fibrin target, 
thus establishing its fibrin-specific nature. Evidence-based rec¬ 
ommendations for agent and indications are continually 
updated. 190,191 

Bleeding complications associated with fibrinolytic agents 
are related to the invasive procedures associated with drug 
delivery. Factors associated include hypofibrinogenemia and 
fibrin degradation products. The latter inhibit fibrin polymer¬ 
ization and, in combination with a decrease in the clotting fac¬ 
tors V and VIII (from excess plasmin not neutralized by a 2 - 
AP), inhibit the ability of blood to clot. Although coagulation 
tests in general do not correlate well with bleeding, a fibrino¬ 
gen level less than 100 mg/dL is associated with an increased 
risk and severity of bleeding. 

Platelets are both inhibited and stimulated by fibrinolytic 
agents. Because fibrinogen is a necessary cofactor for ADP- 
induced platelet aggregation, low fibrinogen levels aggravate a 
platelet defect. At the same time, plasminogen bound to 
platelets leads to impaired adhesion and a decrease in their abil¬ 
ity to aggregate. Plasmin-induced cleavage of adhesive proteins, 
such as thrombospondin, fibronectin, and fibrin, also disrupts 
the bonds that hold platelet aggregates together. 

Despite these mechanisms that decrease the clotting ability 
of blood during fibrinolytic therapy, it has been found that 
these agents promote reocclusion in up to 30% of cases early 
after thrombolysis through platelet activation, suggesting that 
platelet activation occurs early after lysis and platelet inhibi¬ 
tion occurs later. 1 In addition, increased synthesis of endothe¬ 
lial cell PAI-1 has been demonstrated experimentally after 
treatment with tPA, another mechanism that could potentially 
contribute to early thrombotic reocclusion if the patients are 
not heparinized. 192 

Thrombolytic therapy for peripheral arterial applications is 
commonly used, especially when the agents are given via 
catheter infusion, and is a standard treatment for acute limb 
ischemia and peripheral bypass graft occlusion. 193 Several 
studies suggest its efficacy and safety for acute limb ischemia 
as comparable to surgery. 194 ’ 195 After thrombolytic therapy has 
reopened an occluded vessel or graft, however, radiologic or 
surgical correction of the lesion responsible for the thrombosis 
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FIGURE 5.11. Sites of action of plasminogen activators on plasminogen. APSAC, acylated plasminogen-streptokinase; Plgn, 
plasminogen; SCU-PA, single-chain urokinase plasminogen activator; SK, streptokinase; TPA, tissue plasminogen activator; 
UK, urokinase. 


must be addressed for long-term success. 196 The use of intra¬ 
operative thrombolytic therapy has been advocated for situa¬ 
tions in which complete clot evacuation cannot be accom¬ 
plished (as may occur in up to 40% of patients undergoing 
balloon embolectomy with an embolectomy catheter for acute 
arterial occlusion) or when the distal vasculature is occluded 
and precludes appropriate inflow patency. 197 

Complications associated with thrombolytic therapy for 
arterial thrombosis include bleeding, rethrombosis, emboliza¬ 
tion treated with further thrombolytic therapy, and sepsis 
from prolonged catheter placement. The most recent innova¬ 
tion in intra-arterial thrombolytic therapy involves lacing the 
entire length of the thrombus with high-dose tPA before con¬ 
tinuous infusion and then using pulse-spray techniques, some¬ 
times in conjunction with mechanical dissolution. 198 

Indications for DVT and PE thrombolytic therapy remain 
controversial. 197 Thirteen studies of thrombolytic therapy for 
acute DVT have been compiled from the literature. 199 In these 
studies, patients were assessed with venography. Of those 
patients treated with anticoagulants, only 4% had complete 
lysis and 14% revealed partial lysis. In contrast, 45% of 
patients treated with thrombolytic agents showed significant or 
complete clot lysis and an additional 18% revealed partial lysis. 
Importantly, catheter-directed thrombolysis for iliofemoral 
DVT is associated with significantly improved quality of life 
over time. 200 Thrombolytic therapy in PE has been extensively 
studied. Early studies evaluated the use of either urokinase or 
streptokinase. Although both agents rapidly lysed clot and 
improved pulmonary hemodynamics, there was no difference in 
patient mortality rate or recurrence rate of PE compared with 
heparin alone. 201,202 As a general guide, thrombolytic therapy 
for PE should be considered when there is angiographically doc¬ 
umented lobar or greater PE causing acute pulmonary hyper¬ 
tension and right ventricular failure with hemodynamic com¬ 
promise; lesser degrees of PE should be treated with standard 
heparin or LMWH anticoagulation. 63,203 Fibrinolytic therapy 
may also have a role and has been suggested for use in upper 
extremity effort thrombosis, catheter-induced venous thrombo¬ 
sis, and superior vena caval thrombosis. Contraindications to 
thrombolytic therapy, whether regional or systemic, are well 
defined (Table 5.4). 


TABLE 5.4 INDICATIONS/CONTRAINDICATIONS 


CONTRAINDICATIONS TO THROMBOLYTIC THERAPY 

ABSOLUTE 

■ Neurosurgery within 3 mo 

■ Active internal bleeding 

■ Recent (<2 mo) cerebrovascular accident 

■ Intracranial disease 

■ Recent gastrointestinal bleeding 

RELATIVE 

Major 

■ Recent (<10 d) major surgery, obstetric delivery, or 
organ biopsy 

■ Left heart thrombus 

■ Active peptic ulcer or gastrointestinal abnormality 

■ Recent major trauma 

■ Uncontrolled hypertension (systolic >180 mm Hg; 
diastolic >110 mm Hg) 

■ Recent eye surgery 

Minor 

■ Minor surgery or trauma 

■ Recent cardiopulmonary resuscitation 

■ Atrial fibrillation with mitral valve disease 

■ Bacterial endocarditis 

■ Hemostatic defects (i.e., renal or liver disease) 

■ Diabetic hemorrhagic retinopathy 

■ Pregnancy 

CONTRAINDICATIONS TO STREPTOKINASE 

■ Known allergy 

■ Recent streptococcal infection 

■ Previous therapy within 6 mo 


Table adapted from TASC II. J Vase Surg. 2007;45:S45. 
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Dextran 


Dextran is a high-molecular-weight polysaccharide produced 
from sucrose by Leuconostoc mesenteroides. Fractionation and 
hydrolysis produce a product with an average molecular 
weight of either 40 kD (dextran-40 [Rheomacrodex; Medisan, 
Parsippany, NJ]) or 70 kD (dextran-70). Dextran-40 has been 
studied in detail for its ability to augment patency of difficult 
lower extremity bypass grafts in the early postoperative period. 
Dextran-40 acts as a volume expander, causing hemodilution, 
decreasing blood viscosity, decreasing platelet adhesiveness, 
reducing factor VIII activity, and increasing the lysability of 
clots. 204 In addition, dextran has been found to coat endothelial 
cell surfaces, decreasing their electronegativity. 


LABORATORY MONITORING 
OF COAGULATION AND 
ANTICOAGULATION 


Tests of Platelet Function 


Platelet tests include peripheral platelet counts, bleeding times, 
and platelet aggregation. Usually, a platelet count of 
50,000/mL or more ensures adequate hemostasis, whereas 
counts less than 10,000/mL are dangerous and may lead to 
spontaneous bleeding. Thrombocytosis is considered to exist 
when the platelet count exceeds 500,000/mL, although in 
some cases (especially those involving myeloproliferative dis¬ 
orders or following splenectomy), counts may be greater than 
1,000,000/mL. 3 Bleeding time assays assess the ability of 
platelets to form hemostatic plugs and are usually shorter than 
8 minutes. A bleeding time between 8 and 15 minutes most 
often reflects a low plasma level of vWF, the use of antiplatelet 
drugs, the presence of lupuslike antibodies, or a factor XI defi¬ 
ciency. 3 A bleeding time greater than 15 minutes is clearly pro¬ 
longed and indicates severe platelet functional impairment, 
very low levels of vWF, or a fibrinogenemia and severe factor 
V deficiency. Many of the platelet functions are best assessed 
with the platelet function analyzer (PFA-100; Dade Behring, 
Germany), available in most hospitals. 205 


Coagulation Tests 

Coagulation tests include PT (intrinsic and extrinsic pathways 
and fibrinogen), aPTT (contact and intrinsic pathway), TCT 
(fibrinogen conversion to fibrin), and ACT (whole blood and 
platelets). The only abnormality that causes an isolated eleva¬ 
tion in PT with all of the other test results normal is factor VII 
deficiency. In addition, the PT is sensitive to small decreases in 
factor V levels. The aPTT identifies abnormalities of the con¬ 
tact and intrinsic phases of coagulation. Conditions that cause 
a prolonged aPTT include the presence of heparin; deficiencies 
in factors VIII, IX, and XII; and the presence of lupuslike anti¬ 
coagulants. 3 aPTT values have variably been shown to corre¬ 
late with heparin dosages and serum heparin levels, and levels 
of 0.2 IU/mL or greater usually correlate with an aPTT of 
1.5 times normal or greater. 

The TCT is a measurement of the time it takes for exoge¬ 
nously added thrombin to turn plasma fibrinogen into fibrin 
clot. As such, it is extremely sensitive to levels of heparin and is 
an excellent means of measuring the level of heparin-induced 
anticoagulation. The beauty of the TCT is that it is not specific 
for any disease condition; thus, it may be used to differentiate 
factor deficiencies from the presence of heparin or to separate 
lupus anticoagulant from abnormalities in fibrinogen levels. 3 

The ACT is a measurement of the ability of whole blood to 
clot and as such is an available technique for monitoring 


intraoperative heparin levels. The ACT responds linearly to 
increasing heparin dosage and correlates well with observed 
clinical anticoagulation (thrombus-free surface on cardiopul¬ 
monary bypass devices). 206 Adequate anticoagulation for 
extracorporeal circulation is defined as an ACT of 480 seconds 
or more, but most cardiovascular surgeons would agree that 
any value between 300 and 600 seconds is acceptable. For 
peripheral vascular applications, values of 250 seconds or 
greater are considered appropriate levels, representative of full 
intraoperative anticoagulation. The ACT may be affected by 
hemodilution, cardioplegia solutions, hypothermia, platelet 
dysfunction, hypofibrinogenemia, and other coagulopathies, 
as well as by certain medications and excess protamine admin¬ 
istration. Finally, factor Xa levels can be measured to accu¬ 
rately measure LMWH or direct la inhibitors. Clinically, this is 
useful in renal failure patients and morbidly obese patients. 


Tests of Fibrinolysis 

Tests of fibrinolysis are less well characterized. The euglobulin 
lysis test time is a crude screening test for problems with fibri¬ 
nolysis. 3 Patients with accelerated fibrinolysis are often found 
to have a deficiency of a 2 -AV (of which the total amount nor¬ 
mally is only half of the total plasmin that can be generated) or 
the fibrin clot-stabilizing factor XIII. 3 A deficiency of PAI-1 
also may lead to accelerated fibrinolysis. During normal clot 
formation and breakdown, the D-dimer fragment of fibrino¬ 
gen is a marker for ongoing thrombosis and physiologic fibri¬ 
nolysis, whereas for fibrinogenolysis, the two D fragments that 
are produced are not cross-linked into the D-dimer form. 3 
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CHAPTER 6 ■ INFLAMMATION 


MATTHEW R. ROSENGART AND TIMOTHY R. BILLIAR 


KEY POINTS 


Q Innate immunity, a system already poised to respond prior 
to any stimulus, provides the initial defense against microbes. 
Subsequent reinforcement is provided by the more specific 
adaptive immune system, which possesses exquisite speci¬ 
ficity for subsequent exposure to individual microbes and 
the capacity to learn and modify subsequent responses to 
repeated exposures. Both are composed of cellular and 
humoral components. 

Q Implicit with the capacity for pathogen elimination is the 
potential for destruction of host tissues. Numerous regula¬ 
tory mechanisms provide temporal and spatial control of 
the inflammatory processes, including programmed cell 
death (i.e., apoptosis). 

Q The T h 1 inflammatory response (i.e., cell-mediated immu¬ 
nity or delayed-type hypersensitivity) is induced by inter- 
leukin-12 (IL-12) derived from phagocytes and provides 
one major arm of the adaptive immune response; it is medi¬ 
ated by CD4 + and CD8 + lymphocytes and macrophages, 
which regulate production of opsonizing and complement 
fixing antibodies and are effectors of phagocyte-dependent 
responses. 

^The principal stimulus for T H 2 differentiation is IL-4, 
which is derived from T cells, mast cells, and basophils. As 
the cellular effectors of humoral immunity, they provide 
the other major arm of the adaptive immune response, which 
is mediated by T H 2 CD4 + cells, B cells, plasma cells, and 
antibodies. 

Q Over 30 randomized controlled clinical trials have been 
conducted to assess the efficacy of agents modulating 


inflammation, in particular systemic cytokine concentra¬ 
tions, in reducing mortality. Yet only one, activated protein 
C, has been approved by the U.S. Food and Drug Admin¬ 
istration for use, and studies are ongoing to confirm its 
benefit. 

Q The complement system is integral to both innate and 
adaptive immunity and has the capacity to independently 
eliminate organisms and facilitate host defense by marking 
foreign particles for phagocytosis through opsonization. 

Q Additional systems, including the vascular (i.e., vasodilata¬ 
tion, adhesion receptors, kinin cascade) and neuroen¬ 
docrine (i.e., adrenocorticotropic hormone, arginine vaso¬ 
pressin, corticotropin-releasing hormone), integrate with 
the immune system, sharing similar mediators and their 
receptors, to orchestrate an intense, coordinated response 
to any injurious/septic insult. 

Q Our immune system differentiates pathogens and damaged 
cells from self using evolutionarily ancient sets of recognition 
molecules called pattern recognition receptors, which bind 
conserved molecular structures found in large groups of 
pathogens, termed pathogen-associated molecular patterns 
(PAMPs), an example being the Toll-like receptors (TLRs). 

Q Danger-associated molecular patterns are the endogenous 
equivalent of PAMPS, represent danger signals or “alarmins,” 
and share many characteristics similar to cytokines. They 
may be released following nonprogrammed cell death, such 
as necrosis, or secreted as mediators by immune cells, under 
which circumstance they may facilitate the inflammatory 
response. 


The concept of inflammation has undergone considerable revi¬ 
sion since the initial description of the four cardinal signs and 
symptoms by Celsus in the first century AD: “rubor et tumor 
cum calor et dolore,” redness and swelling with heat and pain. 1 
Centuries lapsed before John Hunter postulated that inflam¬ 
mation provides a survival mechanism to preserve the host. 
Ironically, he commented that an exuberant inflammatory 
response could be deleterious; the pathologic sequelae of exces¬ 
sive inflammation (i.e., acute respiratory distress syndrome 
[ARDS], multiple organ dysfunction syndrome [MODS]) are 
encountered more frequently as technology affords survival of 
the initial insult. 1 The 19th century witnessed milestone contri¬ 
butions to our understanding of this process. Rudolph Vir¬ 
chow detailed the cellular pathology of inflammation, Julius 
Cohnheim provided microscopic details of the acute phases of 
inflammation (vasodilatation, edema formation, and leukocyte 
emigration), and Elie Metchnikoff described the events of 
phagocytosis. 1-3 The evidence culminated into a cellular and 
humoral concept of inflammation, both of which were deemed 
critical in host defense against foreign pathogens. 

In the 20th century, technologic advancements in molecular 
biology and biochemistry facilitated more detailed investiga¬ 
tion and enabled the rapid expansion of knowledge of the 
many interwoven facets of the inflammation process. Evidence 


began to accumulate that the ramifications of these processes 
extended beyond the confines of the insult. Many humoral 
mediators, in addition to local effects, influenced distant tar¬ 
gets as well, such as the liver and neurohormonal centers. 
Recently, it has become clear that the immune system, endocrine 
system, and nervous system comprise an integrated network 
sharing similar mediators and their receptors. Such an integra¬ 
tive view, introduced by J. Edwin Blalock, when combined 
with Hans Selye’s concept of stress, led to the contemporary 
understanding of sickness behavior, defined by Robert Dantzer 
as a highly organized strategy of the organism to fight infec¬ 
tions and to respond to other environmental stressors. Hence, 
what originated nearly two millennia ago as a simple concept 
founded on a constellation of signs and symptoms now is con¬ 
sidered an intense, coordinated interplay of the nervous, vas¬ 
cular, endocrine, and immune systems to any injurious insult. 
It is the culmination of millions of years of evolution. Without 
it, life would be an arduous, painful, and brief existence, 
at best. 

This chapter attempts to summarize this enormous quan¬ 
tity of information. An initial description of the elements 
involved in inflammation will provide the foundation upon 
which to discuss the sequence of events and interactions that 
comprise the inflammatory cascade. 
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Part One: Scientific Principles 


INNATE VERSUS 
ADAPTIVE IMMUNITY 

Q The initial security against microbes is the responsibility of our 
innate immunity, a system composed of both cellular and 
humoral components, already poised to respond prior to any 
stimulus. 4 Phylogenetically it is ancient and conserved, notably 
providing the primary mechanism of invertebrate host defense. 
The response it provides is uniform and consistent with each 
successive infection. Subsequent reinforcement is provided by 
the more specific and targeted efforts of the adaptive immune 
system. In contrast to innate immunity, subsequent exposure 
to the inciting agent during adaptive immunity elicits responses 
of increased magnitude and defensive capabilities. 4 This exquis¬ 
ite specificity for individual microbes, the capacity to “learn,” 
“remember,” and modify subsequent responses to repeated 
exposures, has provided the impetus for the name. 

Both arms of immunity are composed of cellular and serum 
components. In the adaptive immune response this has been 
divided into humoral immunity, which is mediated primarily 
by antibodies, and cell-mediated immunity. These are not dis¬ 
tinct systems and form an integrated system of host defense. 


CELLULAR COMPONENTS 


Neutrophils 

Neutrophils are integral to both innate and humoral immu¬ 
nity, providing the initial defense against invading viral, bacte¬ 
rial, and parasitic pathogens. This importance is underscored 
by the fact that 55% to 60% of the hematopoietic output of 
bone marrow is dedicated to the production of neutrophils. 5 
On exiting the marrow they circulate for 7 to 10 hours before 
taking up residence in the tissues for 1 to 2 days (Table 6.1). 6,7 
They are uniquely sensitive to minute concentration gradients 
of microbial products and inflammatory mediators and 
rapidly accumulate at sites of infection, where they ingest and 
dispose of a wide array of pathogens with their vast microbici¬ 
dal armamentarium. This pathogenicity, however, carries with 
it an implicit capacity for host injury and, accordingly, neu¬ 
trophil function must be tightly regulated. 

Recruitment. Neutrophil recruitment may be viewed as a 
sequence of events progressing from initial adhesion to acti¬ 
vated endothelium, to subsequent extravasation and emigra¬ 
tion toward inflammatory foci, to the ultimate elimination of 
foreign microorganisms through phagocytosis, to the genera¬ 
tion of reactive oxygen species and the release of microbial 
substances. 4 These processes function in a similar context in 


other inflammatory cells that migrate to foci of infection or 
inflammation. 

After injury, local and regional vasodilation induces hyper¬ 
emia and facilitates the delivery of leukocytes. Extravasation of 
plasma creates edema, and in combination with the release of 
vasoactive substances leads to hemoconcentration, which pro¬ 
motes the peripheral margination of leukocytes. 8,9 Circulating 
neutrophils transiently interact with the endothelial cell surface 
molecules during “rolling,” a process that involves a series of 
loose and reversible attachments (Fig. 6.1). These interactions 
are prerequisite for subsequent tighter interactions. The family 
of selectin receptors binds with their counterligands, the sialyl 
Lewis family, and other fucosylated and sulfated structures and 
mediate this process. E-selectin and P-selectin are present on 
endothelium and L-selectin is found on leukocytes. 4 

Consequent to stimulation with inflammatory mediators 
(thrombin, histamine, complement fragments, oxygen species, 
lipopolysaccharide [LPS], and cytokines such as interleukin-1 
[IL-1], tumor necrosis factor-a [TNF-a], and interferon-y 
[IFN-y]), vascular endothelial cells express P- and E-selectin, 
which may engage the neutrophil surface glycoprotein P- 
selectin glycoprotein ligand 1 (PSGL-1) or sialyl Lewis. P- 
selectin is stored intracellularly and can be rapidly mobilized 
for expression within minutes of cellular activation. Endothe¬ 
lial cells also translocate ligands for neutrophil L-selectin and 
release mediators like platelet-activating factor (PAF) and 
IL-8. Cytokines such as TNF-u, granulocyte-macrophage 
colony-stimulating factor (GM-CSF), and granulocyte colony- 
stimulating factor (G-CSF) increase the affinity of leukocyte 
L-selectin for its counterreceptor. In addition to mechanical 
anchorage, these selectins induce signal transduction pathways 
that influence cellular function. P-selectin facilitates neutrophil 
degranulation and superoxide production, and cross-linking 
L-selectin primes the neutrophil for increased superoxide pro¬ 
duction. 10-12 

After rolling, L-selectin is rapidly shed in preparation for 
leukocyte diapedesis and emigration. Subsequent exposure to 
chemoattractant gradients results in conversion of the neu¬ 
trophil to a state of tight stationary adhesion (Fig. 6.1). The 
receptors mediating this interaction are members of the /3 2 - 
integrin family, most importantly leukocyte function antigen 1 
(LFA-1, CDlla/CD18) and Mac-1 (CDllb/CD18), and their 
expression is enhanced in response to selectin binding. Secre¬ 
tory vesicles are a major reservoir for these receptors. Both 
integrin receptors engage the intercellular adhesion molecules 
(ICAM)-l and ICAM-2 in mediating adhesion; yet, each pro¬ 
vides additional important functions. Leukocyte emigration is 
primarily an LFA-1-dependent process, as mice deficient in 
this receptor show reduced neutrophil attachment to ICAM-1 
and endothelial cells. By contrast, mice lacking Mac-1 demon¬ 
strate impaired degranulation, superoxide production, and 


TABLE 6.1 


LEUKOCYTE SUBSETS 


■ CELL 

■ NEUTROPHIL 

■ MONOCYTE 

■ LYMPHOCYTE 

■ EOSINOPHIL 

■ BASOPHIL 

Size (gm) 

13 

16-20 

9-16 

12-16 

15 

Differential (%) 

40-75 

2-6 

20-45 

1-6 

<1 

Life span 

6 h to 7 d 

1 d to years 

Months to years 

8 to 12 d 

1 year 

Activators 

G-CSF, IL-8 

M-CSF, GM-CSF, 

IL-2, IL-12 (T h 1), 

G-CSF, IL-5 

G-CSF, IL-3 



IFN-y, TNF-ct 

IL-4 (T h 2) 




G-CSF, granulocyte colony-stimulating factor; IL, interleukin, M-CSF, macrophage colony-stimulating factor; T H , helper T cell; TNF, tumor necrosis 
factor. 

Modified from Burkitt G, Young B, Heath JW, eds. Wheater’s Functional Histology: A Text and Colour Atlas, 3rd ed. Edinburgh, New York: Churchill 
Livingstone; 1993. 
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Macrophage 
engulfing pathogen 


FIGURE 6.1. Leukocyte recruitment. 1. Circulating leukocytes express integrins in a low-affinity con¬ 
formation. 2. Exposure to activated endothelium leads to rolling, which is mediated by L-selectin and 
P-selectin on the neutrophil and E-selectin on endothelium. 3. Leukocyte exposure to cytokines released 
by macrophages phagocytosing pathogens induces a high-affinity integrin conformation integrins. Tight 
leukocyte-endothelial adhesion involves integrin engagement with counterligand expressed on the 
endothelium. 4. Subsequent exposure to chemokines leads to diapedesis, which is further mediated by the 
family of (3 1 and (3 2 integrins. (Redrawn from Abbas AK, Lichtman AH. Cellular and Molecular 
Immunology. Philadelphia: Saunders; 2003.) 


phagocytosis. Mac-1 also binds fibrinogen, heparin, and fac¬ 
tor X and is implicated in neutrophil phagocytosis-induced 
apoptosis, a process essential for resolution of the inflamma¬ 
tory process (vide infra). The very late antigen 4 (VLA-4) binds 
vascular cellular adhesion molecule 1 (VCAM-1) and may 
provide an additional mechanism for tight adhesion. In addi¬ 
tion to providing mechanical anchorage, these receptors inter¬ 
act with the cytoskeleton and other structural proteins and sig¬ 
naling cascades and are thought to represent a biochemical 
link between the external environment and intracellular signal 
transduction cascades that induce a cellular phenotype more 
appropriate for the current environment (Box A. Integrin sig¬ 
naling). 13-15 

Once tightly adhered, neutrophils must diapedese between 
endothelial cells and across the basement membrane to arrive 
at the focus of inflammation. Platelet/endothelial cell adhesion 
molecule 1 (PECAM-1) and integrin-associated protein are 
integral to transmigration (Fig. 6.1). 13,14,16,17 PECAM-1 is con¬ 
centrated along the intercellular junctions of endothelial cells, 
and both leukocyte and endothelial PECAM-1 appear to be 
essential for neutrophil and monocyte diapedesis. Other can¬ 
didate receptors include the /3 1 integrins, or VLAs, which pos¬ 
sess affinity for many constituents of the extracellular matrix, 
including laminin, fibronectin, and collagens, and the (3 3 fam¬ 
ily of integrins including glycoprotein (Gp) II/3/IIIu and the vit¬ 
ronectin receptor. 4 Further “directions” for migration to the 
focus of inflammation are delivered by the concentration 
gradients of chemotactic factors, including complement C5a, 
IL-8, leukotriene B 4 (LTB 4 ), and the bacterial product formyl- 
methiony 1-leucy 1-phenylalanine (fMLP). 18-20 

The clinical significance of even minor derangements in any 
aspect of this process is evident in the disease leukocyte adhe¬ 
sion deficiency, characterized by complete absence of CD 18, 
and therefore all (3 2 integrins. Patients usually succumb to 
recurrent skin and mucosal infections within the initial 
10 years of life. 4 

Phagocytosis. Microbial elimination commences when the 
neutrophil first encounters foreign pathogen. It is facilitated by 
opsonization, a process whereby microbes are coated by 


immune globulins and/or complement, which subsequently 
bind to their respective cell surface receptors, FcyRs and Mac- 
1. 21-23 Neutrophils constitutively express low-affinity immune 
globulin receptors FcyRII and FcyRIII and can be induced to 
express high-affinity FcyRI by incubation with IFN-y or cross- 
linking |3 2 integrins. 5,24 Complement-dependent phagocytosis 
is mediated by interactions between the leukocyte Mac-1 
receptor and the complement opsonin iC3b. 

Once engaged, FcyRs are phosphorylated on tyrosine 
residues within an immunoreceptor tyrosine activation motif 
(ITAM) by the Src family of kinases. 24 These phosphorylated 
sites serve as docking regions for a variety of proteins, in 
particular Syk. The importance of Syk is underscored by the 
observation that mice deficient in Syk are incapable of 
ingesting IgG-opsonized particles. A series of enzymes are 
subsequently activated including phosphoinositol 3-kinase, 
phospholipase C, and protein kinase C. Ultimately, the actin 
cytoskeleton undergoes rearrangement and the local plas- 
malemma is remodeled in the formation and sealing of the 
phagosome. 4,24 

This immature phagosome undergoes a series of matura¬ 
tion steps, whereby it acquires the machinery necessary for the 
killing and disposal of internalized microorganisms. Alter¬ 
ations in cytosolic calcium concentration induce the fusion of 
secretory vesicles and granules containing the microbicidal 
armamentarium with the immature phagosome. 24 Proteins 
effected by calcium concentration and that may govern phago- 
somal maturation include synaptogamins, actin, calmodulin, 
and the Src family of kinases. 24 The SNARE (soluble N- 
ethylmaleimide-sensitive-fusion-protein attachment protein 
receptor) proteins are thought to assist in fusion by engaging 
cognate receptors on the target membrane and approximating 
the two membranes. Antibodies to the SNARE 5, syntaxin 6 
and SNAP-23, inhibited exocytosis of azurophilic and specific 
granules, respectively. 24 

Neutrophil Granules and Secretory Vesicles. There are 
two arms to the microbicidal capacity of the neutrophil: an 
oxygen-dependent pathway, or “respiratory burst,” that gen¬ 
erates toxic oxygen derivatives and an oxygen-independent 
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Integrin Signaling. Integrins comprise a large family of cell surface receptors that are 
composed of 2 subunits, a and (3, and are activated by dimerization. The cytoplasmic tails are 
devoid of enzymatic activity, and hence, signal transduction is effected by adapter proteins that 
connect the receptor to the cytoskeleton, cytoplasmic kinases, and transmembrane growth factor 
receptors. As integrins bind the extracellular matrix they become clustered and associated with 
the cytoskeletal proteins talin, paxilin, and vinculin and signaling complexes. Actin stress 
fibers form, which increase integrin clustering. Ultimately, focal adhesion kinase (FAK) is 
recruited via interactions with talin and paxillin or with the |3 integrin subunit. Subsequent 
autophosphorlyation on tyrosine 397 provides a binding site for the Src homology 2 (SH2) 
domain of Src. The Src kinase phosphorylates a number of focal adhesion components 
including paxillin and tensin and pl30CAS, a docking protein that recruits Crk, which can 
subsequently activate proximal elements in the JNK cascade of the MAPK family. FAK may 
also be phosphorylated by Src on tyrosine 925, creating a binding site for the complex of the 
adapter Grb2 and Ras guanosine 5’-triphosphate exchange factor mSOS. These interactions 
also lead to activation of MAPK cascades, and ultimately the induction of a variety of genes. 
(Redrawn from Giancotti F & Ruoslahti E. Integrin Signaling. Science 1999:1028-1032) 


BOX A 


pathway that utilizes toxic proteinases. 25 These two compo¬ 
nents are compartmentalized into four distinct granules or 
vesicles that also contain adhesion molecules and important 
inflammatory mediators (Table 6.2). 26 They are mobilized in a 
hierarchical fashion in response to gradual elevations in the 
intracellular calcium level, which parallels their respective con¬ 
tents and the current needs of the cell. 27 

Primary, or azurophil (affinity for the dye azure A), granules 
target the destruction of phagocytosed organisms (Table 6.2). 
The myeloperoxidase (MPO) within these granules generates 
hypochlorous acid from products generated by nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase and also 
imparts the characteristic greenish color of pus. 9,27 Other 


major constituents include u-defensins, cytotoxic proteins that 
scaffold into transmembrane pores within the microbial cell 
wall and perturb the maintenance of vital transmembrane gra¬ 
dients, and bactericidal/permeability-increasing protein (BPI), 
which binds to gram-negative organisms and induces 
rearrangement of membrane lipids and inhibits growth. 27-30 
Elastase cleaves constituents of the extracellular matrix, 
including proteoglycans, collagen (types I, III, IV), and 
fibronectin and, of course, elastin. 31 Azurocidin is chemotactic 
for monocytes and stimulates LPS-induced release of IL-6 and 
TNF-a from monocytes. 4,27 

The contents of specific granules, which are rich in antimi¬ 
crobial substances, are released extracellularly (Table 6.2). 26 
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TABLE 6.2 


NEUTROPHIL GRANULES AND SECRETORY VESICLES 


■ AZUROPHIL 

■ SPECIFIC 

■ GELATINASE 

■ SECRETORY 

GRANULES 

GRANULES 

GRANULES 

VESICLES 

MEMBRANE 




Myeloperoxidase (MPO) 

Lysozyme 

Gelatinase 

Plasma proteins 

Lysozyme 

Phospholipase A 2 

Lysozyme 


Cathepsins 

Gelatinase 

/3 2 -Microglobulin 


Elastase 

Collagenase 

Acetyltransferase 


Proteinase 3 

Lactoferrin 



Azurocidin 

TNF 



BPI 

/3 2 -Microglobulin 



Defensins 

Histaminase 



iNOS 

Heparinase 



a r -Antitrypsin 

u-Mannosidase 

Sialidase 

Acid mucopolysaccharide 

/3-Glycerophosphatase 

Elastase 

uPA 



CYTOSOL 




CD63 

Mac-1 

Mac-1 

Mac-1 

CD68 

SNAP proteins 

SNAP proteins 

SNAP proteins 


CD15 

Cytochrome b558 

Cytochrome b558 


CD66 

fMLP R 

CR1 


CD67 

DAG-deacylating 

CD14 


Cytochrome b558 

enzyme 

CD45 


Fibronectin R 

uPAR 

fMLP R 


Laminin R 


uPAR 


Vitronectin R 

Thrombospondin R 
fMLP R 

uPAR 


Clq R 

BPI, bactericidal/permeability-increasing protein; CD, cluster of differentiation; CR1, complement 
component C3b; DAG, diacylglycerol; fMLP, N-formylmethionyl-leucyl-phenylalanine; iNOS, inducible 
nitric oxide synthase; R, receptor; TNF, tumor necrosis factor; uPA, urokinase-type plasminogen activator. 
Modified from Faurschou M, Borregaard N. Neutrophil granules and secretory vesicles in inflammation. 
Microbes Infect 2003;5:1317-1327. 


Lactoferrin, by sequestering iron, retards bacterial growth and 
can bind bacterial cell membranes and induce irreversible 
membrane damage and lysis. 27 Phospholipase A 2 (PLA 2 ) par¬ 
ticipates in the degradation of bacterial membrane phospho¬ 
lipids. Lysozyme, present in all granules, is a cationic antimi¬ 
crobial peptide that cleaves peptidoglycan polymers of 
bacterial cell walls. Other extracellular matrix-degrading 
enzymes include gelatinase and collagenase. 27 These granules 
also possess receptors for a variety of extracellular matrix pro¬ 
teins and cell surface ligands, such as the /3 2 -integrin Mac-1 that 
mediates firm adhesion to the endothelium. In addition to the 
mechanical function of cellular anchorage, engagement of 
these receptors with their respective counterligands induces 
phenotypic alterations such as degranulation and enhanced 
reactive oxygen species production. 4,27 

Gelatinase granules contain an eclectic array of mediators 
that contribute to many aspects of inflammation (Table 6.2). 


They contain matrix metalloproteases, zymogens that upon 
proteolytic activation degrade the interstitial matrix including 
collagens, fibronectin, proteoglycans, and laminin; this may 
facilitate neutrophil extravasation and migration. They are a 
source of cell surface adhesion molecules. 4,27,30 

Secretory vesicles contain many of the cell surface adhesion 
molecules operant during and essential for leukocyte recruit¬ 
ment. Their membranes are dense with the p 2 integrins LFA 
and Mac-1, the complement receptor 1 (CR1), the LPS recep¬ 
tor CD 14, and the FcyRIII. Through fusion with the plas- 
malemma, the cell surface is enriched with these receptors, 
which facilitates firm neutrophil-endothelial engagement 
and the capacity to respond to a variety of stimuli. 4,27 Not 
surprisingly, because of the essential nature of leukocyte 
recruitment, secretory vesicles possess the lowest threshold for 
release, followed by gelatinase, specific, and azurophil granules 
(Table 6.2). 27 
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TABLE 6.3 


MAJOR ROS AND THEIR METABOLISM 


■ ROS MOLECULE 

■ MAIN SOURCES 

■ ENZYMATIC DEFENSE 
SYSTEMS 

■ PRODUCTS 

Superoxide (0 2 *“) 

Leakage from electron transport chain 
Activated phagocytes 

Xanthine oxidase 

Flavoenzymes 

Superoxide dismutase 
Superoxide reductase 

H 2 O 2 + O 2 

h 2 o 2 

Hydrogen peroxide (H 2 0 2 ) 

From 0 2 *“ via superoxide dismutase 

NADPH oxidase 

Glucose oxidase 

Xanthine oxidase 

Glutathione peroxidase 
Catalase 

Peroxiredoxins 

H 2 0 + GSSG 

h 2 o + o 2 
h 2 o 

Hydroxyl radical (0 2 *~) 

Nitric oxide (NO) 

From 0 2 *“ and H 2 0 2 via transition metals 
Nitric oxide synthases 

Glutathione/TrxR 

GSNO 


NADPH, nicotinamide adenine dinucleotide phosphate; ROS, reactive oxygen species; TrxR, thioredoxin. 

Modifed from Nordberg J, Arner E. Reactive oxygen species, antioxidants, and the mammalian thioredoxin system. Free Radic Biol Med 2001;31: 
1287-1312. 


Oxidative Burst and Oxidant Metabolites. The gener¬ 
ation of toxic oxygen metabolites or reactive oxygen species 
(ROS) is the cardinal characteristic of the neutrophil, but may 
also be produced by the monocyte/macrophage. Their essential 
antimicrobial properties are equally destructive to host tissues 
and implicated in the pathophysiology of many inflammatory 
disorders (Table 6.3). Counterintuitive to their role in cell 
destruction, recent evidence also supports a role of ROS in 
intracellular signal transduction. 32 

A free radical is any species possessing one or more 
unpaired electrons; the valence is irrelevant. They are catego¬ 
rized under the broader term ROS, which encompasses all mol¬ 
ecules capable of radical formation. Despite a very brief exis¬ 
tence (10 -11 to 10 -6 seconds), extensive damage may occur 
through the induction of free radical chain reactions. Species 
operant during both physiologic and pathophysiologic inflam¬ 
mation include the following: the superoxide anion (0 2 #_ ), the 
hydroxyl radical (*OH), hydrogen peroxide (H 2 0 2 ), and singlet 
oxygen, as well as the reactive nitrogen intermediates nitric 
oxide (NO) and peroxynitrite (ONOO) (Table 6.3). In addi¬ 
tion to their antimicrobial properties, ROS may modulate the 
immune response by activating inflammatory cells and induc¬ 
ing proinflammatory cytokine secretion. 33,34 

Implicit with the capacity for pathogen elimination, how¬ 
ever, is the potential for destruction of host tissues. Hence, 
numerous regulatory mechanisms provide temporal and spa¬ 
tial control of the ROS production. The NADPH oxidase com¬ 
plex itself exists in a disassembled state, and only upon cell 
activation and the need for ROS production are the subunits 
approximated and enzymatic function restored. 35 In addition, 
high plasma and tissue concentrations of proteinase inhibitors 
provide continuous surveillance and systemic control. How¬ 
ever, such regulation is incomplete as evidenced by such dis¬ 
eases as rheumatoid arthritis, chronic obstructive pulmonary 
disease, and autoimmune vasculitis, which are the conse¬ 
quence of damage due to neutrophil-derived products. 35 

NADPH oxidase is a heteromeric complex composed of six 
subunits: flavocytochrome b558, the electron transporting 
apparatus, which is subdivided into Gp91(phox) and 
p22(phox); the cytosolic complex p40(phox), p47(phox), and 
p67(phox); and the oxidase factor rac-2 (Fig. 6.2). 35 Microor¬ 
ganisms or high concentrations of chemoattractants bind to 
cell surface receptors and initiate oxidase activation, heralded 
by phosphorylation of p47(phox). Cytochrome b558 (Gp91 
and p22), which exists within the plasmalemma and the 


membranes of specific granules and secretory vesicles, is 
recruited by phagocytosis and granule fusion. Phosphoryla¬ 
tion of p47(phox) induces a conformation change that enables 
its incorporation within the membrane, wherein it facilitates 
the translocation of rac2 and p67(phox), and stabilizes the 
association of this cytosolic complex with cytochrome b558, 
thereby rendering the complex functional. 35 

At the redox center of the oxidase, an electron is trans¬ 
ferred from NADPH to oxygen, thereby generating super¬ 
oxide 36 : 


0 2 + e — 0 2 * 



FIGURE 6.2. Reduced nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase assembly. In the resting neutrophil, the cytochrome 
subunits Gp91 and p22 are tightly bound in the membrane. 
p47(phox), p67(phox), and rac-s complex are in the cytosol. On acti¬ 
vation, GDI releases rac-2, and p47(phox) becomes phosphorylated. 
This causes translocation of rac-2, p47(phox), and p67(phox) to the 
membrane and complex formation with the cytochrome components, 
thereby completing the assembly of the active oxidase. (Redrawn from 
Burg ND, Pillinger MH. Clin Immunol 2001;1:7-17.) 
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Other mechanisms of superoxide production include uncou¬ 
pling of the xanthine dehydrogenase system, uncoupling of 
mitochondrial and endoplasmic reticulum electron transport 
chains, and nonenzymatic reactions such as autooxidation of 
hemoglobin. 37,38 

Superoxide is relatively weak and of low bactericidal potency. 
However, its membrane permeability and role as a reactant in 
reactions yielding highly toxic products confers upon it a high 
potential for cellular and tissue damage. 36 

Superoxide can spontaneously or enzymatically (superox- 
ide dismutase) dismutate into hydrogen peroxide 35,36 : 

2H + + O 2 * o H 2 O 2 + O 2 

It can also be converted to the more potent hydroxyl radi¬ 
cal through the metal-catalyzed Haber-Weiss reaction 35,36 : 

H 2 0 2 + 0 2 - + Fe 3+ 0 2 + OH” + *OH + Fe 2+ 
or through the Fenton equation 35,36 : 

H 2 0 2 + Fe 2+ Fe 3+ + OH" + -OH + Hb-Fe 2+ + H 2 0 2 
<^> Hb-Fe 3+ + OH" + -OH 

Under physiologic conditions, lactoferrin found in neu¬ 
trophil-specific granules provides the iron catalyst for the 
Haber-Weiss reaction. In the Fenton reaction, superoxide or 
other biologic reducing agents such as lactate or ascorbate 
donate electrons to generate the ferrous ions required to react 
with hydrogen peroxide to produce the hydroxyl radical. 35,36,39 

The hydroxyl anion is highly reactive and induces DNA 
strand breaks and base hydroxylations leading to adenosine 
triphosphate (ATP) depletion and gene mutations. It can 
attack lipid side chains of membrane phospholipids to form 
hydrogen peroxide and lipid hydroperoxides in a process 
called lipid peroxidation. These products can disrupt mem¬ 
brane function, serve as substrates for the production of cyto¬ 
toxic aldehydes, or uncouple calcium-ATPase and increase 
cytosolic calcium concentration. Recent data also support a 
mechanism by which oxidation of critical sulfhydryl residues 
on the ryanodine receptors induce an “open” configuration 
and a leak of intracellular endoplasmic reticulum (ER) calcium 
into the cytosol. 40 This elevation of cytosolic calcium activates 
calcium-dependent proteases and phospholipases that propa¬ 
gate cellular damage. 39 

Superoxide can react with nitric oxide to produce perox- 
ynitrite (ONOO“) and hydroxyl radical 36,41 : 

NO* + 0 2 - <^> ONOO- + H + ONOOH <^> -OH + N0 2 # 

The hemoprotein MPO yields the potently bactericidal 
hypochlorous acid (HOC1) from the reactants chloride and 
H 2 0 2 . HOC1 oxidizes amino acids, nucleotides, and hemopro- 
teins; can activate neutrophil collagenases and permit 
unabated elastase injury by inhibiting aq-antitrypsin; and con¬ 
tributes to hydroxyl radical and singlet oxygen produc¬ 
tion. 33,39,42 Though short-lived, subsequent reactions with 
secondary amines generate secondary chloramines, which are 
equally toxic but much more stable. These metabolites can 
oxidize similar cellular components. They can combine with 
halide anions to generate toxic free halides or with taurine 
chloramines, which induces membrane attack complex (MAC) 
complement formation. 33,39,42 

In light of the pivotal role of MPO during inflammation 
and pathogen elimination, it is surprising that MPO defi¬ 
ciency is both common and relatively benign. Though MPO- 
deficient neutrophils show early depressed bacterial killing, 
bactericidal function normalizes within 60 minutes. 43 It is 
hypothesized that though bacterial killing is impaired, post¬ 
phagocytosis oxidase-dependent neutrophil apoptosis is nor¬ 
mal, resulting in appropriate regulation of the inflammatory 
response. 43 

Singlet oxygen, a highly reactive and extremely short-lived 
species, is formed by an input of energy to 0 2 that reverses the 


spin direction of one of the outermost unpaired electrons away 
from a parallel spin. It is produced during reactions of the 
MP0-H 2 0 2 -halide system and is a potential product of super¬ 
oxide dismutation and the Haber-Weiss reaction. It is highly 
electrophilic, reacting with compounds containing electron- 
rich double bonds, and may react with membrane lipids to pro¬ 
duce peroxides. 39 

The destructive potential of these ROS for both host and 
pathogen necessitates a mechanism of continuous tight spatial 
and temporal regulation. The oxidase complex itself exists 
spatially disaggregated; only upon cellular activation are 
its constituents assembled and enzymatic function restored 
(Fig. 6.2). 35,43 As elegant as is the mechanism by which to con¬ 
trol ROS production, so too are the measures employed to 
eliminate these products when they are no longer needed. 
Superoxide, the proximal reactant necessary for many of the 
ROS-generating reactions, is removed by both spontaneous 
and enzymatic (superoxide dismutase) dismutation to H 2 0 2 
(Fig. 6.3). H 2 0 2 is subsequently reduced to oxygen and water 
by catalase. 36,39 In the extracellular environment, this function 
is performed by glutathione (GSH) peroxidase, a selenium- 
dependent enzyme that reduces H 2 0 while oxidizing reduced 
GSH to its oxidized form. There is evidence that increasing 
GSH concentrations in monocytes and macrophages blocks 
ROS-mediated activation of nuclear factor (NF)-kB and subse¬ 
quent proinflammatory cytokine production. 39 The utilization 
of N-acetylcysteine, a reducing agent that restores GSH, 
reduces hepatocellular injury in an animal model of warm liver 
ischemia/reperfusion. 32 It has also been shown to reduce 
contrast-induced nephropathy in patients undergoing imaging 
procedures requiring the use of iodinated contrast. 44 Mecha¬ 
nisms of preventing hydroxyl radical-induced tissue damage 
include the binding of transition metal ions by albumin, ceru¬ 
loplasmin, haptoglobulin, lactoferrin, and transferrin. 33,36,39 
Taurine is a scavenger for HOC1. Other antioxidants that may 
assist in controlling the reaction include vitamins E (toco¬ 
pherol) and C. Vitamin C has many antioxidant properties, 
including the ability to regenerate u-tocopherol. It can prevent 
activation of neutrophil-derived collagenase and is a powerful 
scavenger of HOC1, superoxide, singlet oxygen, and hydroxyl 
radicals. Carotenoids have long double bonds to attract and 
sequester free radicals. Uric acid is a powerful scavenger of 
water-soluble radicals such as HOC1 and singlet oxygen. It can 


H + 




FIGURE 6.3. Scavengers of reactive oxygen species (ROS). (Redrawn 
from Klebanoff SJ. In: Gallin JI, Snyderman R, eds. Inflammation: 
Basic Principles and Clinical Correlates, 3rd ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 1999:723.) 
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also bind copper and iron ions to suppress hydroxyl radical 
formation. Stress proteins or heat-shock proteins are induced 
by oxygen radicals and ischemia and may play a role in 
defense. Furthermore, heme oxygenase-1 (HO-1) catalyzes the 
cleavage of heme to biliverdin, which is subsequently con¬ 
verted to bilirubin, an efficient free radical scavenger. 33,36,39 

All of the aforementioned participants of the NADPH oxi¬ 
dase are vital for health, as evidenced by those who suffer from 
chronic granulomatous disease. 35,43 These patients have defi¬ 
cient superoxide production and experience ineffective inflam¬ 
matory reactions to infection. They commonly suffer from 
repeated bacterial infections (pneumonia, cutaneous abscesses 
and hepatic and perihepatic abscess, and osteomyelitis) by 
organisms that are catalase positive (Staphylococcus aureus). 


Organisms that produce large amounts of peroxide are less of 
a threat as the neutrophils can utilize bacterial peroxide to 
produce toxic metabolites. The use of prophylactic antibiotics 
and IFN-y has reduced the frequency of serious infections in 
this patient population. 35,43 

Regulation of Inflammation. In addition to the previ¬ 
ously described mechanisms for controlling the inflammatory 
response of neutrophils, there is substantial evidence support¬ 
ing the role of apoptosis in resolving the inflammatory 
response (Box B). 45 Within 90 minutes of phagocytosis, over 
250 genes are induced, of which more than 30 encode proteins 
integral to at least three distinct apoptotic pathways. 45 These 
observations suggest that the mechanism inducing apoptosis is 


'Apoptosis. Apoptosis is an integral component in the regulatory mechanisms that limit and resolve N 
inflammation. Unlike cell necrosis, which is characterized by loss of membrane integrity, cellular edema 
and lysis, and release of intracellular products that incite an inflammatory reaction, apoptosis is a 
physiologic process of programmed cell death, characterized by DNA fragmentation and plasma 
membrane blebbing, with the compartmentalization of cytoplasmic and membrane particles into apoptotic 
bodies consisting of cytoplasmic and membrane fragments. Cytoplasmic contents are not released and 
consequently, an inflammatory response is not induced. Neutrophils are programmed to undergo apoptosis 
constitutively, and the signal transduction pathways culminating in apoptosis are activated early in acute 
inflammation. Subsequent neutrophil apoptotic particles are phagocytosed by resident macrophages. This 
is the preferred mechanisms for clearing neutrophils from inflammatory foci, and has also been implicated 
in the clearance of eosinophils, monocytes, and lymphocytes. 

Apoptosis plays a prominent role in the immune system. Most developing T cells undergo 
apoptosis during the selection process in the thymus. Termination of the cellular immune response also 
involves cytokine-induced apoptosis. Apoptosis can be used by lymphocytes as a means of effecting death 
in other cells. CTL kill target cells by inducing apoptosis via a Fas-induced pathway and a perforin- and 
granzyme-mediated pathway. Increased apoptosis has been observed in lymphoid tissues of patients dying 
of sepsis, suggesting that excessive lymphocyte apoptosis may contribute to fatal sepsis. 

Inducers of apoptosis include oxidant stress, radiation, viral infection, trauma, and cytokines. 
Many of the pathologic agents that induce apoptosis at low concentrations can cause necrosis at higher 
concentrations. Apoptogenic stimuli activate the apoptotic pathway through both receptor-dependent and 
independent pathways. The sphingomyelin breakdown product, ceramide, is implicated as a transducer of 
apoptosis. DNA damage secondary to radiation or oxygen radical formation results in the accumulation of 
the tumor suppressor gene p53. p53 promotes non-receptor-mediated modulation of apoptosis. 

Receptor-mediated pathways involve the “death receptors” that belong to the TNF receptor 
superfamily. Ligands shown to induce apoptosis include FasL, TNF, TNF-related apoptosis-inducing 
ligand (TRAIL), nerve growth factor, and CD40L. The best-characterized death receptors are Fas bound 
by FasL and TNFRI bound by TNF and lymphotoxin a. Although primarily produced by macrophages, 
TNF is expressed on many cell types, whereas FasL is restricted to the surfaces of CTL, macrophages, and 
neutrophils. TNF and FasL also differ in that FasL directly activates a cell death pathway, whereas TNF 
does so indirectly and concurrently stimulates pathways that inhibit apoptosis. Independent and divergent 
proinflammatory signaling pathways by TNF lead to the induction of NFkB, an inhibitor of apoptosis. The 
mechanism by which several cytokines, including IL-1, IL-6, and GM-CSF, inhibit apoptosis is through 
induction of NFkB and apoptosis is one of many factors that ultimately determine the celFs fate. 

Ligation of death receptors recruits “death domain” containing adaptor proteins that interact with 
the receptor’s intracellular death domain. This interaction initiates the enzyme cascade responsible for 
apoptosis effector mechanisms, the caspases. All signaling pathways converge on the activation of 
cysteine proteases related to IL-ip converting enzyme called caspases. Caspases propagate apoptotic 
signaling by cleaving/activating other caspases, and eventually execute terminal events in apoptosis by 
cleaving specific target proteins. Caspases 8 and 10 activate apoptosis signaling by linking Fas-associated 
death domain protein (FADD) with the caspase cascades. Caspases 3 and 7 are the executor molecules in 
the nucleus that cleave death substrates, including nuclear structural proteins, protein kinases, and proteins 
involved in cell cycle regulation or DNA fragmentation. Cytochrome C release from mitochondria is a key 
component in the activation of caspases. Cytochrome C release, and therefore apopotosis, is inhibited by 
Bcl-2, the primary death protection protein that belongs to the Bel family of proapoptotic and antiapoptotic 
proteins involved in the regulation of apoptosis. 
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initiated quite proximal in the inflammatory cascade, in fact, 
just subsequent to phagocytosis. The timely execution of a 
controlled cell death program in human PMNs is essential for 
preventing damage to healthy tissues and for the resolution of 
infection. Furthermore, evidence suggests that the phenotype 
of other immune cells, including monocytes and macrophages, 
is altered after encountering and phagocytosis of apoptotic neu¬ 
trophils. During some processes such as infection or trauma, 
neutrophil apoptosis may be delayed, which might contribute to 
a failure to resolve inflammation. 

The inflammatory capacity of neutrophils is also transcrip¬ 
tionally regulated. Genes encoding proinflammatory mediators 
or signal transduction molecules such as receptors for IL-8, 
IL-10, and IL-13 are downregulated early after activation and 
decrease rapidly after the initiation of apoptosis. 45 In addi¬ 
tion, regulating oxidative stress and ROS achieve high prior¬ 
ity as the genes involved in glutathione and thioredoxin 
metabolism and heme catabolism are upregulated as is the 
production of reduced glutathione. 45 Hence, activation- 
induced apoptosis in neutrophils stimulates self-directed reg¬ 
ulation, an event that likely facilitates removal of neutrophils 
by macrophages. As aforementioned, removal of apoptotic 
neutrophils by activated macrophages also appears to serve a 
role in modifying their function and halting the inflammatory 
response. 


Mononuclear Phagocytes 

Monocytes circulate for about 1 to 2 days; thereafter, they 
constitutively hone to a particular tissue to differentiate into 
macrophages possessing a phenotype specific to the resident 
tissue (dendritic cells, Kupffer cells) (Table 6.1). 4,46,47 Resident 
macrophages are typically found at interfaces with blood (liver 
and spleen) and with lymph, where they can readily detect, 
ingest, and destroy invading organisms. 39 Mononuclear cells 
function as antigen-presenting cells in T-cell-mediated adap¬ 
tive immune responses, presenting antigen in the appropriate 
context to effector T cells. They provide service integral to 
both innate and adaptive immune responses. Evidence also 
supports their role in providing an “alarm” both locally and 
systemically through the release of intracellular proteins (i.e., 
high-mobility group box 1 protein [HMGB1]) expressing 
damage-associated molecular patterns (DAMPs) that can 
function as a danger signal (see later). 


Recruitment 


Monocytes are recruited and emigrate to foci of inflammation 
utilizing similar mechanisms of adhesion and diapedesis as 
described for neutrophils (Fig. 6.1). PAF; C5a; the CC 
chemokines, regulated on activation, normally T-cell expressed 
and secreted (RANTES); macrophage inflammatory protein 
(MIP)-lu; and chemokines of the membrane cofactor protein 
(MCP) family are potent monocyte-macrophage chemotax- 
ins. 48,49 The selectin family of adhesion receptors mediates the 
initial tethering of monocytes to endothelial cells. 18 Firm adhe¬ 
sion to the endothelium involves the interactions of f3 1 and /3 2 
integrins on monocytes with the endothelial adhesion mole¬ 
cules ICAM-1 and VCAM-1. 18 

Phagocytosis. Phagocytosis involves both the IgG receptor 
(FcyR) and the receptor for the complement factor C3b. Ter¬ 
minal sugar patterns on microbial surfaces also allow recogni¬ 
tion by macrophages for nonspecific phagocytosis. 22 However, 
phagosomal maturation differs from that which occurs in the 
neutrophil in that monocytes and macrophages have an endo- 
cytic pathway targeting the phagosome to a lysosome. 24 After 
endocytosis of a receptor-ligand complex, the contents of a 
vesicle are targeted to an early endosome, the ligand and 


receptor dissociate, and the receptor is recycled to the cell sur¬ 
face. 24 This early endosome undergoes a series of maturation 
steps in which it is acidified (pH 5.5 to 6.0). This acidification 
is requisite for optimal protease and hydrolase activity involved 
in pathogen killing. It may also be integral for phagosome mat¬ 
uration as titrating the acidity inhibits phagosome-lysosome 
fusion. 24 Ultimately, the endosome fuses with a lysosome, 
which is characterized by its extreme acidity (pH <5.0) and 
elevated concentration of proteases. 24 Lysosomes are the termi¬ 
nal destination of phagocytosed material to be degraded. 

After fusion, MPO released into phagosomes can react with 
hydrogen and halides to yield toxic hypohalous acids, superox¬ 
ide anion, hydrogen peroxide, and hydroxyl radical (Table 6.3). 
Macrophages may also use peroxidase generated by adjacent 
neutrophils, eosinophils, and monocytes and acquired through 
endocytosis to generate these ROS. In addition to supporting 
the inflammatory response, macrophages also play an impor¬ 
tant immunoregulatory role in inflammation by scavenging 
apoptotic neutrophils at sites of inflammation. 39 

Activation. IFN-y derived primarily from T cells is the pri¬ 
mary activator of macrophages. 4,47,50 Optimal macrophage 
activation requires both interferon IFN-y and a sensitizing 
agent, both of which can be provided by activated T lympho¬ 
cytes. CD40 ligand on T cells can bind CD40 on macrophages 
to sensitize the cell. Alternatively, membrane-associated TNF-a 
or lymphotoxin from lymphocytes can activate macrophage 
TNF-u synthesis and thereby sensitize the macrophage to 
IFN-y. 39 IF-10 promotes monocyte maturation and macrophage 
differentiation. 51 Other activators include GM-CSF, TNF-u, 
IF-1, and EPS. 

Activated monocytes and macrophages can produce 
approximately 100 different products, including GM-CSF, 
macrophage colony-stimulating factor (M-CSF), G-CSF, IF-1, 
TNF-a, and NO (Table 6.4). 39,52 Mononuclear phagocytes 
are important sources of chemoattractants such as IF-8, PAF, 
and FTB 4 that recruit other neutrophils and leukocytes. Their 
release of HMGB1 and other DAMP molecules serves as a 
danger signal to other immune cells in the local environment. 
However, systemic release of HMGB1 may be causally related to 
mortality in such inflammatory states as sepsis and trauma. 53,54 
The respiratory burst and subsequent production of toxic ROS 
mirrors that of neutrophils. 

Antigen Presentation. T cells recognize only those antigens 
associated with surface major histocompatability complex 
(MHC) molecules. MHC class I molecules are expressed on all 
nucleated cells, whereas MHC class II molecules are restricted to 
antigen-presenting cells (APCs). After phagocytosing pathogen, 
mononuclear cells process and display antigen to T cells, and 
in doing so, initiate the development of the adaptive response. 
There is evidence that the heat-shock protein receptor CD91 
may also participate in this process (vide infra). This processed 
antigen is presented in the context of MHC molecules on the 
APC surface that are specifically recognized by T-cell receptors 
and essential for T-cell activation. CD4 + T cells, or helper T 
cells (T h ), recognize antigen coexpressed with MCH class II 
molecules and induce B-cell differentiation into either memory 
or antigen-specific antibody-producing plasma cells. These T H 
cells can also induce macrophage production of NO, ROS, 
and other inflammatory mediators. CD8 + cytotoxic T lym¬ 
phocytes (CTFs) recognize antigen in the context of MHC 
class I molecules and induce target cell lysis; they destroy host 
cells infected with intracellular pathogens or cells of malignant 
potential. 55 Activated mononuclear phagocytes release IF-12, 
a potent stimulus for T H cells and the production of inflamma¬ 
tory cytokines, and elaborate IF-15, the function of which mir¬ 
rors that of IF-2. 56,57 

The three professional APCs are dendritic cells (DCs), 
macrophages, and B cells. Dendritic cells are a specialized 
APC, which process and present antigen to naive T cells. 
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TABLE 6.4 


MONOCYTE/AMCROPHAGE PRODUCTS 


■ PRODUCT 

■ FUNCTIONS 

Enzymes 


Lysozyme 

Antimicrobial 

Urokinase 

Plasminogen activation and fibrinolysis 

Collagenase 

Connective tissue degradation 

ACE 

Vasopressor 

Cytokines 

Multiple 

IL-1 

Multiple 

TNF-u 

Antiviral, immune modulation 

Interferon alfd 

Acute-phase response 

IL-6 

Anti-inflammatory 

IL-10 

Stimulate IFN-y production 

IL-12, IL-18 

Neutrophil chemoattraction 

IL-8 

Fibroblast growth 

FGF 

Granulocyte, macrophage 
differentiation 

GM-CSF 

Chemoattractant 

MIP -la/p 

Monocyte recruitment 

MCP-1 

Monocyte/T H cell recruitment 

RANTES 

Opsonization, complement activation 

Complement proteins 

Coagulation 

Coagulation factors 

Localization, migration 

Adhesion, matrix 
molecules 

Iron transport 

Fibronectin, 

proteoglycan 

Vitamin transport 

Transport proteins 

Inflammation 

Transferring 

Inflammation 

B 12 -binding protein 

Platelet activation 

Bioactive lipids 

Antimicrobial 

Cyclooxygenase 

Antimicrobial 

Lipo-oxygenase 

PAF 

Antibacterial 

Reactive oxygen 
intermediates 


Superoxide, 
hydrogen 
peroxide 
oxygen singlet 


Reactive nitrogen 
intermediates 


NO, nitrates, nitrites 


Defensins 

ACE, angiotensin-converting enzyme; FGF, fibroblast growth factor; 
GM-CSF, granulocyte/macrophage colony-stimulating factor; IL, 
interleukin; MCP, membrane cofactor protein; MIP, macrophage 
inflammatory protein; NO, nitric oxide; PAF, platelet-activating 
factor; RANTES, regulated on activation, normally T-cell expressed 
and secreted; TNF, tumor necrosis factor. 

Modified from Gordon S. Development and distribution of mononuclear 
phagocytes: relevance to inflammation. In: Gallin JL, Snyderman R, eds. 
Inflammation: Basic Principles and Clinical Correlates, 3rd ed. 

Philadelphia, PA: Lippincott Williams & Wilkins; 1999. 


Monocytes stimulated with GM-CSF and IL-4 or IL-13 differ¬ 
entiate toward DCs. Maturation of the DC requires TNF-a or 
LPS stimulation. 39 Epidermal Langerhans cells, after encoun¬ 
tering antigen, migrate through the lymphoid organs and dif¬ 
ferentiate into mature DCs and acquire the capacity to provide 
the costimulatory signal. DCs are particularly effective at pre¬ 
senting viral antigen. They present antigen in the context of 
both MHC I and MHC II and thereby induce both a T H 1 and 
T h 2 response, respectively. DCs can also present antigens 
derived from apoptotic cells in the context of MHC class I. 58-60 

Macrophages present antigenic peptides from ingested 
pathogens that persist in the phagosomes. These peptides, usu¬ 
ally of bacterial origin, are expressed in conjunction with MHC 
class II molecules. B cells, by contrast, bind specific soluble mol¬ 
ecules (insect toxins, venom, and allergens) via immunoglobu¬ 
lin. This is endocytosed, processed, and presented on surface 
MHC II. 39 ’ 60 - 62 


Lymphocytes 

B, T, and natural killer (NK) cells comprise this lineage of 
inflammatory cells (Table 6.1). B and T cells are central to the 
adaptive immune response, whereas NK cells lack antigen speci¬ 
ficity and primarily function during innate immune response. 
NK cells are the first line of defense against many viral infec¬ 
tions; the loss of surface expression of MHC class I molecules 
on virus-infected cells serves as a target for NK cells. 39,63 Alter¬ 
natively, NK cells bind cell-bound antibody and participate in 
antibody-dependent cell cytotoxicity. Cells targeted by either 
mechanism are induced to undergo cell death. 

B Lymphocytes. B cells are of bone marrow origin, yet 
attain full maturation within extramedullary sites such as 
lymph nodes, the spleen, and the mucosal lymph nodules of 
the tonsils and Peyer patches. With activation, B cells differen¬ 
tiate into antibody-producing plasma cells, which through the 
elaboration of antibody, aid the neutralization of viruses and 
bacterial toxins and facilitate opsonization for phagocytosis 
and complement activation. 4 Activation requires antigen bind¬ 
ing to cell surface receptors and stimulation by T H cell-derived 
cytokines; they do not need the assistance of APCs. Polyclonal 
B-cell activation can occur in a T-cell-independent mechanism 
if the antigen has a large repeating polymeric sequence. 39,64 

T Lymphocytes. Development of T lymphocytes begins 
within the marrow and is completed in the thymus. The final 
population profile is determined by apoptotic processes of both 
positive and negative selection. 65 Any protein or antigen of host 
origin is presented by APCs, and thymocytes reactive to these 
self-proteins are deleted. 66 Alternatively, expansion of cell lines 
recognizing foreign, or rather non-self, antigen, occurs through 
positive selection. IL-7 provides the stimulation for prolifera¬ 
tion and differentiation of developing T cells. Ultimately, two 
lines of mature cells, CD4 + and CD8 + , will develop. 67 

Lymphocytes, the smallest of the leukocytes, constitute 
approximately 20% of circulating leukocytes. 4 Most circulating 
lymphocytes are T cells, and 60% of those are CD4 + , a marker 
of a T h phenotype. The other 40% are CD8 + , called cytotoxic 
T cells, Tq. The normal ratio of CD4 + to CD8 + is 2:1. 4 Lym¬ 
phocytes continuously recirculate through the lymph nodes, 
spleen, lymphatics, lymph nodules, and blood, providing con¬ 
tinuous surveillance. Encounter with a particular antigen initi¬ 
ates activation toward an effector T cell. Activation of a T cell 
requires its specific antigen binding plus a costimulatory signal 
provided by the interaction between costimulatory molecules on 
the APC and their cognate receptors on the T cell. 39 

Naive T cells circulate continuously between blood and 
lymphoid organs, making contact with many APCs and the 
epitopes of the antigens they express. 68 Initially, lymphocytes 
enter the cortical region of lymph nodes by migrating across 
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the high endothelial venules, a process mediated by the selectin 
family of receptors. L-selectin, which is found constitutively on 
all lymphocytes, binds sialyl Lewis carbohydrate on the endothe¬ 
lium. 39 For example, L-selectin on lymphocytes binds GlyCAM-1 
on the high endothelial venules in lymph nodes. In mucosal tis¬ 
sues, endothelial MAdCAM-1 guides L-selectin-mediated emi¬ 
gration. Migration across the endothelium requires integrins, in 
particular LFA-1. 69 Binding of LFA-1 to ICAM-1 and ICAM-2 
on endothelial cells facilitates migration. Most lymphocytes are 
carried back to the blood by the efferent lymphatics. If a T lym¬ 
phocyte recognizes its specific antigen on the surface of an APC, 
it remains for several days, then returns to the blood as an armed 
effector T cell. 39 

Adhesion molecules mediate many of the transient interac¬ 
tions between T cells and APCs required for the T cell to sam¬ 
ple each antigen it encounters. Lymphocyte LFA-1 can bind 
the APC in a loose, reversible fashion by any of the ICAM 
molecules on APCs. If a match between T cell and antigen is 
found, conformational changes in LFA-1 greatly increase its 
affinity for ICAM-1 and ICAM-2 to stabilize the interaction. 
The T cell can then proliferate and differentiate into an effec¬ 
tor cell. Effector T cells lose surface expression of L-selectin 
and no longer circulate through lymphoid tissue. Instead they 
express VLA-4, an integrin, which binds vascular endothelium 
at sites of infection. Effector T cells have increased LFA-1 and 
CD2 adhesion molecule expression that facilitate tight binding 
to the target cell. 70,71 

Antigen binding in the appropriate context provides the 
signal for clonal expansion and differentiation of T cells into 
effector and memory lymphocytes. The appropriate contact is 
composed of antigen complexed with MHC class II molecules 
on APCs, costimulators, and cytokines produced by the APCs 
and by the T cells themselves. This first encounter of naive T 
cells with antigen is the primary immune response, which 
serves to induce the formation of effector and memory T cells. 
These activated T cells hone to peripheral tissues, where, upon 
reexposure to the antigen for which they are specific, they acti¬ 
vate macrophages to eliminate phagocytosed microbes and 
induce B-cell differentiation and antigen-specific secretion. 
The CD8 + CTLs kill infected host cells and tumor cells that 
display class I MHC-associated antigen. Naive T cells require 
activation by dendritic cells, whereas effector T cells can 
respond to antigens presented by a wider variety of APCs, such 
as macrophages and B lymphocytes. Not surprisingly, differ¬ 
entiated effector and memory T cells possess lower thresholds 
for costimulation and require lower antigen concentration for 
activation than naive T cells. 

In general, antigen presented on MHC II molecules is the 
prototypical stimulus for CD4 + T-cell activation and the subse¬ 
quent production of a variety of cytokine mediators, including 
IL-2, which stimulate further expansion and activation. How¬ 
ever, the circumstances under which this activation occurs may 
dictate disparate paths of differentiation, producing T-cell sub¬ 
sets with distinct cytokine profiles and effector functions. These 
differing phenotypes have been utilized to characterize two 
distinct subsets: T H 1 and T H 2. 56,57,72 IL-12 derived from phago¬ 
cytes infected with intracellular pathogen provides the neces¬ 
sary signal for T H 1 differentiation. 39 IL-12 also stimulates 
production of IFN-y, the principal macrophage activator, by 
NK cells and CD4 + lymphocytes. Interferons stimulate T h 1 
development by augmenting phagocytic IL-12 production and 
by maintaining IL-12 receptor expression on CD4 + T cells. The 
principal effector action of T H 1 cells is the activation of 
macrophages through the production of IFN-y, GM-CSF, 
TNF-u, CD40L, and FasL. 39,56,57,72 They regulate production 
of opsonizing and complement fixing antibodies and are effec- 
Q tors of phagocyte-dependent responses. This inflammatory 
response is also referred to as cell-mediated immunity or 
delayed-type hypersensitivity, provides one major arm of the 
adaptive immune response, and is mediated by CD4 + and 
CD8 + lymphocytes and macrophages. 


Q The principal stimulus for T H 2 differentiation is IL-4, which is 
derived from T cells, mast cells, and basophils. 56,57,72 These cells 
are the cellular effectors of humoral immunity and provide the 
other major arm of the adaptive immune response, which is medi¬ 
ated by T h 2 CD4 + cells, B cells, plasma cells, and antibodies. 
They produce IL-4, IL-5, and CD40L, thereby inducing B-cell 
activation and antibody production and a host of other proin- 
flammatory and anti-inflammatory cytokines. 39 Activation of 
mast cells and eosinophils by extracellular pathogens is associ¬ 
ated with activation of T H 2 cells. T H 2 cells quell the inflammatory 
response by inhibiting macrophage functions and T H 1 responses; 
they are considered the anti-inflammatory arm of cell-mediated 
inflammation. Helper T cells that express both T H 1 and T H 2 pat¬ 
terns of cytokine expression have been called T H 0 cells, and fur¬ 
ther studies will certainly discern other subsets of T cells. 4,72 

T-cell activation, differentiation, and expansion are orches¬ 
trated by the T cell itself. The responding T cell, in an autocrine 
fashion, serves as both source and target of a variety of media¬ 
tors stimulating growth. The principal autocrine growth factor 
is IL-2, which is induced by signaling regulated by the phos¬ 
phatase calcineurin (see later). 73 IL-15 stimulates the prolifera¬ 
tion of CD8 + T cells, especially memory cells of the CD8 + subset. 
After antigen exposure, the numbers of T cells specific for that 
antigen may increase to about 1 in 10 for CD8 + and 1 in 1,000 
to 10,000 for CD4 + cells. 4 

After activation, some proliferating cells will differentiate 
into effector cells that eliminate antigens and may activate 
other immune cells. Mature CD4 + cells induce the activation 
of mononuclear phagocytes and B cells. CD8 + cells differenti¬ 
ate into CTLs that recognize viral and other intracellular 
pathogen antigens that are presented in the context of MHC 
class I molecules and induce target cell death by releasing the 
cytotoxins perforin and granzymes from cytoplasmic granules. 
Granzymes are serine proteases that trigger DNA fragmenta¬ 
tion and apoptosis. Perforin stimulates cell membrane pore 
formation, which facilitates granzyme entrance into cells. 
Apoptosis can also be induced by the binding of Fas ligand on 
CTL to Fas on the target cell. CTLs also release the cytokines 
IFN-y, TNF-u, and CC chemokines. IFN-y and certain CC 
chemokines have antiviral properties, and both are potent acti¬ 
vators of macrophage function. IL-2 produced by CTL and 
local helper CD4 + lymphocytes expands the CTL, and IL-12 
released by APC stimulates CTL activity. As with CD4 + cells, 
early evidence suggests that the population of CD8 + cells may 
be divided into T C 1 and T c 2 cells based on their cytokine pro¬ 
files and effector functions. 39,55-57 

Other T cells will mature into long-lived functionally quies¬ 
cent memory cells. A cell surface rich in adhesion molecules 
such as integrins and CD44 facilitates rapid and efficient migra¬ 
tion to peripheral sites of infection and inflammation upon anti¬ 
gen reexposure. 4 These cells accumulate over time and in the 
adult human comprise more than half of the circulating T cells. 

Mere antigen exposure is insufficient for activation of naive 
T cells; proliferation and differentiation require costimulatory 
signals provided by molecules on APCs. The best-character¬ 
ized costimulator pathway involves the T-cell surface molecule 
CD28 and its counterligand B7-1 and B7-2 expressed on acti¬ 
vated APCs. 4,39 CD28 delivers signals that enhance T-cell sur¬ 
vival by increasing expression of the antiapoptotic protein 
Bcl-X, the production of cytokines such as IL-2 and the IL-2 
receptor, and the differentiation of immature T cells. In vitro, 
purified populations of CD4 + cells challenged with antigen by 
APCs that express B7 proliferate and secrete cytokines, yet not 
if B7 is absent. The costimulatory signal must come from the 
same APC that provides the initial signal. DCs are the most 
potent APCs because they express both classes of MHC mole¬ 
cules and the B7 molecules. Macrophages and B cells must be 
activated to express the costimulatory molecules. This expres¬ 
sion of costimulators is regulated so as to ensure that T-cell 
activation is temporally and spatially appropriate. For instance, 
during T-cell activation, engagement of CD40 ligand with 
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CD40 induces upregulation of B7 costimulators on the APCs. In 
addition, it increases the secretion of cytokines such as IL-12 
that promote T-cell differentiation, and cytokines are secreted 
that promote T-cell differentiation and activation. A protein 
called CTLA-4 is homologous to CD28, binds B7-1 and B7-2, 
and is expressed on activated T cells. Unlike CD28, CTLA-4 
functions to terminate T-cell responses and plays a role in self¬ 
tolerance. On the basis of many experimental studies of costim¬ 
ulators, antagonists against B7 molecules and CD40L are in 
clinical trials to prevent the rejection of organ allografts. 4,39 

The differentiation of naive CD8 + T cells to CTL requires a 
stronger costimulatory signal. This can be provided by either 
DCs, as they have the greatest intrinsic costimulatory activity, or 
by a CD4 + helper T lymphocyte. Naive helper T cells attached to 
the same APC as the CD8 + T cell can be activated to elaborate 
IL-2. Attached effector T helper cells can stimulate the APC to 
express more costimulatory molecules. In the case of virulent 
viruses, cytotoxicity substitutes for CD28 costimulation, and so 
the typical costimulatory signal is not required for activation. For 
less virulent viruses, costimulation is necessary for CTL induc¬ 
tion. 39,74 The absence of costimulation results in an unresponsive, 
or anergic, T cell. Recently this has been shown to be mediated by 
the serine/threonine kinase calcium/calmodulin-dependent pro¬ 
tein kinase (CaMK) II (see later). 75 Anergic T cells do not produce 
IL-2 and therefore cannot proliferate and differentiate into effec¬ 
tor cells even when presented with antigen at a later time. 39 

The affinity of most T-cell receptors (TCRs) for peptide- 
MHC complexes is low, with dissociation constants on the 
order of 10 -5 to 10 -7 and an estimated TCR-antigen interac¬ 
tion of less than 10 seconds. Furthermore, on any APC, fewer 
than 1,000 of the 10 5 available MHC molecules are likely to be 
displaying any one peptide at any particular time. Therefore, 
one APC can engage a small fraction of the 10 4 to 10 5 antigen 
receptors on a single T cell. 4 Activation of an individual T cell 
may require multiple sequential engagements of that cell’s anti¬ 
gen receptors by peptide-MHC complexes on APCs. With 
engagement, there is clustering of membrane receptors, tyrosine 
phosphorylation of several proteins, and recruitment and acti¬ 
vation of adaptor proteins. TCRs are devoid of enzymatic activ¬ 
ity and must utilize other signal-transducing proteins. 4 


After TCR-MHC engagement, several membrane surface 
proteins and intracellular signaling proteins are rapidly 
recruited, including the TCR complex, CD4 or CD8, receptors 
for costimulators such as CD28, and enzymes and adaptor 
proteins. 4 After TCR clustering, activated tyrosine kinases that 
are associated with the cytoplasmic domains of CD3 phospho- 
rylate tyrosine residues on both CD3 and TCR (Fig. 6.4). 
These phosphorylation sites provide docking sites for other 
tyrosine and protein kinases, such as Lck, an Src family of 
tyrosine kinase, and ZAP-70, a tyrosine kinase. These kinases 
become activated with phosphorylation. Activated ZAP-70 
phosphorylates several adaptor proteins that subsequently 
induce a variety of signal transduction cascades. Adaptor pro¬ 
teins contain structural domains that bind other proteins and 
thereby facilitate the correct spatial orientation to promote the 
activation of signal transduction pathways. The ras pathway is 
also activated, which is an early step in the activation of the 
mitogen-activated protein kinases (MAPKs) that can activate a 
variety of transcription factors. Ras is a member of a family of 
guanine nucleotide-binding proteins (guanosine diphosphate 
[GDPj/guanosine triphosphate [GTP]) that are involved in 
diverse activation responses in different cell types. This path¬ 
way is an amplification process by which few upstream kinases 
lead to the activation of several downstream kinases. Ulti¬ 
mately, activation of the terminal extracellular regulated 
kinase (ERK 1/2) leads to the phosphorylation of the protein 
ELK, which stimulates the transcription of fos, a component 
of the activation protein 1 (AP-1) transcription factor (Box C). 
Concomitantly, c-Jun N-terminal kinase (JNK) is activated, 
which phosphorylates c-Jun, the second component of AP-1. 
The third member of the MAPK family, p38, is also activated. 
The activities of the MAPKs are terminated by specific protein 
tyrosine/threonine phosphatases that are regulated by the 
MAPKs themselves. Hence, the entire system is self-regulated 
by a negative feedback system. 4 

Activation of TCR also leads to the induction of phospho¬ 
lipase C (PLC), in particular PLCyl (Fig. 6.4). Phosphorylated 
PLCyl catalyzes the hydrolysis of phosphatidylinositol 4,5- 
bisphosphate (PIP 2 ) into inositol 1,4,5-triphosphate (IP 3 ) and 
diacylglycerol (DAG), and activates enzymes that generate 


FIGURE 6.4. T-cell signaling and 
activation. (Redrawn from Abbas 
AK, Lichtman AH. Cellular and Mol¬ 
ecular Immunology. Philadelphia: 
Saunders; 2003.) 
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Transcription Factor 

Stimuli 

Effector Genes 

AP-1 

TNF, IL-1, UV light, H 2 0 2 , 
LPS, stress, ROS, hypoxia 

TNF, IL-1, IL-2, IL-5, IFN- 
y, ICAM-1, E-selectin, GM- 
CSF, MMPs, COX-2 

NFkB 

TNF-IL-1, UV light, H 2 0 2 , 
LPS, ROS 

IL-1, IL-2, IL-6,IL-8,IL- 
12, TNF, E-selecting, 

VC AM-1, ICAM-1, MIP-1, 
MCP-1, RANTES, iNOS, 
eotaxin, PLA 2 , G-CSF, 
GM-CSF, IFN-P 

STAT 

IFNs, CSFs, GFs, IL-1 to 

IL-15 

FOS, E-selectin, Myc, 
ICAM-1, Fc yRI 

NFAT 

TCR, BCR, FceR, FcyR, 
histamine and thrombin 
receptors 

IL-2, IL-3, IL-4, IL-5, IL-8, 
IL-13, TNF, GM-CSF, IFN- 
y, CD40L, FASL 


Transcription Factors. AP, activator protein; CSF, colony-stimulating factor; COX, 
cyclooxygenase; GF, growth factor; ICAM, intercellular adhesion molecule; IFN, 
interferon; IL, interleukin; iNOS, inducible nitric oxide synthase; LPS, 
lipopolysaccharide; MMP, matrix metalloproteinase; MPO, myeloperoxidase; NFAT, 
nuclear factor of activated T cells; NFkB, nuclear factor kappa-B; PLA 2 , phospholipase 
A 2 ; ROS, reactive oxygen species; STAT, signal transducer and activator or transcription; 
TNF, tumor necrosis factor; UV, ultraviolet; VC AM, vascular cell adhesion molecule. 

(Modified from Gallin JI, Snyderman R, eds. Inflammation: basic principles and clinical 
correlates , 3 rd ed. Philadelphia: Lippincott Williams & Wilkins, 1999) 


BOX C 


additional active transcription factors. IP 3 increases cytosolic 
free calcium that leads to a large influx of both intracellular 
and extracellular calcium with subsequent activation of calcium- 
and calmodulin-dependent proteins. Calcineurin, a calcium/ 
calmodulin-dependent phosphatase, is integral to T-cell activa¬ 
tion via modulation of the activation of the transcription fac¬ 
tors nuclear factor of activated T cells (NFAT) and NF-kB 
(Box C). 73,4 These transcription factors are essential for the 
induction of cytokine transcription, in particular IL-2 produc¬ 
tion. However, in the absence of costimulation, activation of 
the CaMK II opposes the actions of calcineurin as described 
earlier and produces an anergic cell. 75 DAG activates protein 
kinase C, which activates additional transcription factors. The 
role of PKC and calcium in T-cell function is made evident by 
studies in which pharmacologic activation of PKC and/or ele¬ 
vation of intracellular calcium concentration stimulates T-cell 
cytokine secretion and proliferation. 4 Regulation of those 
kinases operant in T-cell signaling involves protein tyrosine 
phosphatases. Through dephosphorylation, they modulate 
TCR signaling. Two phosphatases induced with TCR cluster¬ 
ing are SHP-1 and SFIP-2. 

The ultimate goal of all these signaling transduction path¬ 
ways is to activate transcription factors that bind to promoter 
regions and enhance transcription. Three transcription factors 
that are activated in T cells and appear critical for most T-cell 
responses are NFAT, AP-1, and NF-kB (Box C). 

A third mechanism of T-cell activation involves lipid antigens 
such as cell wall protein from intracellular bacteria. These anti¬ 
gens bind CD1, an MHC-related cell surface molecule that pre¬ 
sents these antigens to certain subtypes of T cells. A superantigen 
is an unprocessed bacterial or retroviral product that binds the 
MHC molecule and the T-cell receptor outside the usual antigen¬ 
binding sites. This engagement leads to a polyclonal and non¬ 


specific stimulation of a large proportion of the T-cell popula¬ 
tion. An overwhelming activation of all arms of the immune sys¬ 
tem ensues and underlies much of the pathophysiology of toxic 
shock syndrome. Intravenous immunoglobulin (IVIG), by bind¬ 
ing this antigen, is thought to be of therapeutic benefit. 


Eosinophils 

Eosinophils are marrow-derived granulocytes that share some 
properties of neutrophils and are involved in the eradication of 
helminthic infections and allergen reaction (Table 6.1). IL-3, 
GM-CSF, and IL-5 promote eosinophil differentiation, the 
induction of effector functions, and survival by inhibiting apop¬ 
tosis. 76 They emigrate through inflamed endothelium and upon 
exiting release inflammatory mediators and toxic agents from 
cytoplasmic granules. They generate superoxide anion and 
hydrogen peroxide, though less efficiently than neutrophils. 
Eosinophils act in conjunction with basophils and mast cells as 
primary effectors in allergy and inflammation. They express IgE 
receptors and stimulate histamine release from basophils and 
mast cells through major basic protein (MBP). They can also 
regulate basophil and mast cell function by releasing enzymes 
that inactivate histamine and slow-reacting substance of ana¬ 
phylaxis (SRS-a). Upon exiting the marrow, their intravascular 
half-life is but a few hours; thereafter, they enter the mucosa of 
the lung, gastrointestinal, and genitourinary tracts. 39,76 

Recruitment and Activation. Eosinophils are primarily 
recruited to sites of parasitic infection and allergen challenge. 
Mast cells and macrophages responding to either allergen or 
parasite secrete cytokines (IL-5, PAF, LTB-4) that upregulate 
expression of endothelial adhesion molecules. Eosinophils 
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themselves are more responsive to CC chemokines (MIP-lu, 
RANTES, and MCP-3) and the cytokines produced with T H 2 
activation. Engagement of the /^-integrin VLA 4 of eosinophil 
with VCAM-1 and fibronectin on the endothelium initiates the 
process of emigration. IL-4 can activate both the binding and 
the upregulation of endothelial cell VCAM-1. Diapedesis and 
tissue infiltration also involve members of the /3 2 -integrin fam¬ 
ily (Mac-1 and LFA) similar to that employed during neu¬ 
trophil recruitment. 39,77 

Eosinophils are activated by IL-3, GM-CSF, IL-5, PAF, CC 
chemokines, and C3a and C5a of complement. IL-5 is a potent 
activating agent and enhances the ability of eosinophils to release 
granule contents on FcR cross-linking. A positive feedback cycle 
ultimately is established, in which recruited eosinophils produce 
cytokines and chemokines that recruit more eosinophils and 
other leukocytes. 

Granules. Eosinophils possess a compartmentalized armamen¬ 
tarium of toxic substances to assist in the elimination of organ¬ 
isms, in particular helminths. Their specific granules contain 
GM-CSF and MBP, the latter of which is cytotoxic to parasites 
and normal cells and is a stimulus for histamine release from 
mast cells and basophils. 78 The granule matrix contains 
eosinophil peroxidase (EPO), eosinophil-derived neurotoxin, 
lysosomal enzymes, catalase, TNF-u, transforming growth 
factor-/3 (TGF-/3), and eosinophilic cationic proteins that stimu¬ 
late formation of transmembrane pores to increase target cellular 
permeability. 79 EPO is released extracellularly on target cell sur¬ 
faces where it generates hydrogen peroxide and hydrogen 
halides. Approximately 30% of oxygen consumed by stimulated 
eosinophils is utilized in the formation of halogenating species. 
Thiocyanate may be the major halide for the EP0-H 2 0 2 sys¬ 
tem. 80 If ingested by a neighboring phagocyte, EPO can combine 
with H 2 0 2 and halides to form hypohalous acids. EPO also stim¬ 
ulates neutrophil aggregation and adhesion to endothelial cells. 
Although they express Fc receptors for IgG, IgA, and IgE, they 
are relatively insensitive to activation by antigen-mediated cross- 
linking of these receptors. However, they can kill microorganisms 
by antibody-dependent cell-mediated cytotoxicity (ADCC). 4,39 

The primary targets of eosinophils are extracellular para¬ 
sites. The size of these pathogens prohibits phagocytosis, and 
their integument is relatively resistant to the microbicidal prod¬ 
ucts of neutrophils and macrophages; however, they can be 
killed by MBP, which is released after cross-linking of Fc-bound 
IgE coating the parasite. The T H 2 response to parasitic invasion 
produces IL-4, IL-5, and IL-13. IL-4 stimulates the production 
of specific IgE antibodies, which opsonize helminths. IL-5 acti¬ 
vates eosinophils, which bind to the IgE-coated helminths via Fc 
receptors. Activated eosinophils then release their granule con¬ 
tents and generate reactive oxygen species and hypohalous 
acids. EPO also stimulates neutrophil aggregation and adhesion 
to endothelial cells. The sparse uncompartmental granules con¬ 
tain Charcot-Leyden crystals and have lysophospholipase activ¬ 
ity. Finally, eosinophils produce and release lipid mediators such 
as PAF, prostaglandins, and leukotrienes, which probably con¬ 
tribute to the process of allergic diseases. 4,81,82 


Basophils and Mast Cells 

Basophils and mast cells are central to the development of 
allergic inflammation and produce cytokines, lipid mediators, 
vasoactive amines, and proteases that participate in nonallergic 
inflammatory responses (Table 6.1). Both cells share a common 
progenitor cell, which diverges early during differentiation. 
The primary growth factors for basophil development are IL-3 
and GM-CSF, whereas stem cell factor is the primary stimulus 
for mast cell maturation. 83 Although basophils and mast cells 
are distinct cell types, they are often grouped together because 
of their similarity in granule content, activating stimuli, and 
effector functions. 39 


Mature basophils constitute only 0.5% to 1% of the circu¬ 
lating leukocytes, and mast cells primarily reside fixed in con¬ 
nective tissue. Engagement of IgE-bound antigen with the 
high-affinity IgE antibody receptor, FceR, provides the pri¬ 
mary stimulus for basophil and mast cell activation and 
degranulation. In addition, diverse agents such as contrast 
media, opiates, anaphylatoxins, chemokines, and neuropep¬ 
tides may serve as activators. Basophils and mast cells elabo¬ 
rate both preformed and newly synthesized inflammatory 
mediators. The main basophil proteoglycan is chondroitin sul¬ 
fate A, whereas mast cells contain heparin, chondroitin sulfate, 
and chondroitin sulfate E and also store neutral proteases. 84 
The lipid mediators LTB 4 , LTC 4 , and prostaglandin D 2 (PGD 2 ) 
are synthesized de novo in response to stimulation. The 
leukotrienes are powerful vasoconstrictors, bronchoconstric- 
tors, and chemoattractants for neutrophils and eosinophils. 
PGD 2 inhibits platelet aggregation and is chemotactic for neu¬ 
trophils. Both basophils and mast cells synthesize and secrete 
histamine. Histamine, or 2-(4-imidazolyl)-ethylamine, is formed 
by the carboxylation of histidine. It is stored in preformed 
granules at acid pH as a complex with proteins and proteogly¬ 
cans. Mast cells carry greater quantities of histamine than do 
basophils. The classic vasoactive properties of arteriolar 
dilatation, increased vascular permeability, and bronchocon- 
striction are mediated by the H x receptors. H 2 receptors are 
involved in modulation of the immune response and stimulat¬ 
ing gastric output and mucus secretion. H 3 receptors partici¬ 
pate in neuroconduction. 39 ’ 84 ’ 85 


Platelets 


Though classically considered in the context of hemostasis, 
platelets are integral to both normal and pathologic inflamma¬ 
tion and link the processes of hemostasis, inflammation, and 
tissue repair. They are activated in a variety of inflammatory 
conditions, such as rheumatoid arthritis and inflammatory 
bowel disease, a testimony to their role in inflammation. 86 
Upon activation, they release factors that enhance vascular 
permeability, chemokines, microbicidal proteins, and mito¬ 
gens for endothelial cells, smooth muscle cells, and fibroblasts. 
They assist leukocytes in promoting the inflammatory reaction 
and killing microbes by providing an adhesive surface to facil¬ 
itate emigration, by stimulating adhered leukocytes, and by 
further modulating chemokine synthesis (Table 6.5). 86,87 

Humans possess about 150 to 400 X 10 9 platelets per liter 
of blood. 86 Thrombopoiesis is regulated by thrombopoietin 
(TPO) as well as a variety of other peptides (IL-3, IL-4, IL-6, 
IL-7, and IL-11). In fact, human IL-11 is clinically used to 
stimulate thrombopoiesis in patients undergoing chemother¬ 
apy. 88 After release from the marrow, they circulate with a 
half-life of approximately 12 days. Interferon-u is inhibitory 
for megakaryocyte growth, and the elevated levels induced 
with some viral and inflammatory conditions may explain the 
relative thrombocytopenia observed in these conditions. 86,89 

Recruitment and Activation. Platelets are activated and 
aggregate by exposure to thrombin or activated endothelium. 
Clot formation triggers the release of vasoactive agents (PGE 2 , 
PGI 2 , PGF 2a , and platelet-derived growth factor [PDGFj) and 
inflammatory mediators. Serotonin, PGE 2 , and PAF increase 
vascular permeability. The adhesion molecule PEC AM-1 and 
the p 3 integrins mediate platelet plug formation, endothelial cell 
adhesion, and leukocyte emigration. The integrin Ilb/IIIa and P- 
selectin facilitate platelet interactions with other inflammatory 
cells. The a granules are rich in membrane-bound P-selectin; 
upon fusion with the cell surface membrane they markedly 
enhance the cell surface density of this receptor. On stimulation, 
both receptors are expressed on the platelet surface in an acti¬ 
vated state. Ilb/IIIa binds various adhesive proteins containing 
the RGD sequence (i.e., fibrinogen), which serve as a mechanical 
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TABLE 6.5 


PLATELET-DERIVED MEDIATORS 

Chemoattractants 

C5a 

12-HETE 

PAF 

cn-Granule proteins 

PDGF 

PF-4 

RANTES 
Growth Factors 

Transforming growth factors-cn and -/3 

Fibroblast growth factor 

PDGF 

Antimicrobial activity 

Cationic bactericidal protein 

IgE-mediated oxidant production by platelets directed at 
schistosomes 

Vascular Reactions 
Prostaglandin E 2 
Prostaglandin I 2 
Prostaglandin F 2q , 

Serotonin 

PDGF 

Serotonin 

PAF 

Cationic proteins 

Vascular endothelial growth factor 

HETE, hydroxyeicosatetraenoic acid; IgE, immunoglobulin E; PAF, 
platelet-activating factor; PDGF, platelet-derived growth factor; PF-4, 
platelet factor 4; RANTES, regulated on activation, normally T-cell 
expressed and secreted. 

From Klinger MHF, Jelkmann W. Role of blood platelet in infection 
and inflammation ./Interferon Cytokine Res 2002;22:913-922. 


link to other platelets, leukocytes, and the endothelium. Possi¬ 
bly the immobilization on the vessel wall of activated platelets 
with induced P-selectin biochemically and functionally pro¬ 
motes the adhesion of neutrophils to endothelial cells. 86,89 

Platelets are a primary source of chemoattractants for neu¬ 
trophils. Neutral proteinases released from stimulated platelets 
cleave complement factor C5, liberating the chemoattractant 
C5a. PDGF binds strongly to the extracellular matrix, provid¬ 
ing a long-acting source of chemoattractant. Platelet factor 4 
(PF4) is a cationic protein that penetrates the vascular wall and 
is a chemoattractant. Activated platelets also bind monocytes 
via P-selectin and PSGF-1 and induce the expression and secre¬ 
tion of MCP-1 and IF-8. Thrombospondin released from acti¬ 
vated platelets mediates monocyte binding to platelets. 
Together these substances promote leukocyte margination, 
activation, and recruitment to the sites of injury. 39 

Granules. The vasoactive substances and inflammatory 
mediators of platelets are either stored in cytoplasmic granules 
or synthesized de novo. A platelet contains about 35 a granules 
and five dense bodies. The dense granules contain adenosine 
diphosphate (ADP), ATP, serotonin, and calcium, mediators 
operant during the initial phase of inflammation. ADP is the 
principal platelet agonist during platelet aggregation and aug¬ 


ments the oxidative burst of neutrophils. Serotonin increases 
vascular permeability and enhances the superoxide production 
by macrophages. 86 

The more abundant a granules contain fibrinogen, RANTES, 
MlP-ln, thrombospondin, P-selectin, PF4, PDGF, TGF-/3, /3- 
thromboglobulin, high-molecular-weight kininogen (FTMWK), 
and many other biologically active proteins. PF4 and /3-throm- 
boglobulin initiate leukocyte recruitment and activation. PF4 
induces neutrophil adherence to unstimulated endothelium and 
the release of secondary granules, whereas it inhibits monocyte 
apoptosis and promotes macrophage differentiation. PF4 can 
also stimulate histamine release from basophils. RANTES is 
deposited on the endothelium and recruits monocytes from the 
circulation. MIP-la is chemotactic for CD8 + T lymphocytes. 
PAF induces platelet aggregation, increases vascular permeabil¬ 
ity, and enhances phagocyte free radical formation and the adhe¬ 
sion of platelets to neutrophils. Platelet activation appears to 
occur in allergic asthma and may precede the delayed accumula¬ 
tion of eosinophils in the lung after allergen exposure. The a 
granules also carry several important growth factors, including 
vascular endothelial growth factor (VEGF), PDGF, and TGF-/3. 
VEGF promotes extravasation and aids recruitment of leuko¬ 
cytes. PDGF is chemotactic for neutrophils and monocytes. 
TGF-/3 is chemotactic for and activates neutrophils and mono¬ 
cytes early during inflammation, but displays immunosuppres¬ 
sive effects during later stages of inflammation. 86 

Platelets are an important source of eicosanoids, including 
thromboxane and prostaglandins F 2a and E 2 . Thromboxane syn¬ 
thetase in platelets is responsible for the production of throm¬ 
boxane A 2 (TXA 2 ), a potent vasoconstrictor that also increases 
vascular permeability and stimulates platelet aggregation. Aspirin 
and other nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit 
platelet function by inhibiting TXA 2 production. As this effect is 
irreversible, new platelets must be produced (7 to 10 days) to 
restore normal clot formation. PGF 2a causes vasoconstriction, 
whereas PGE 2 vasodilates and modulates pain. 90,91 

Platelets participate in transcellular lipoxygenase (FO) 
metabolism, which refers to the production of eicosanoids 
through interactions with neighboring inflammatory cells. 
Endothelial cells utilize platelet-derived endoperoxides to syn¬ 
thesize PGI 2 . Platelets interact with neutrophils in several path¬ 
ways, providing a direct link between thrombosis and inflamma¬ 
tion. 12-Hydroxyeicosatetraenoic acid (HETE) released from 
activated platelets can be used by unstimulated neutrophils to 
produce the chemoattractant 12,20-HETE. 12-HETE and 
5-HETE from activated platelets and neutrophils, respectively, 
can combine in either cell type to form 5,12-diHETE, an anti¬ 
inflammatory compound, which diverts production away from 
the proinflammatory leukotrienes. 12-LO from platelets and 
LTA 4 formed by neutrophils can produce the intermediate 5(6)- 
epoxytetraene. This intermediate produces lipoxins A 4 and B 4 
that have primarily counterinflammatory functions. 39,87,90,92 

In addition to modulating inflammation, platelets possess 
some direct microbicidal activity. Platelets are activated and 
degranulate when exposed to certain bacteria. Electron micro¬ 
scopic studies have shown that activated platelets internalize 
bacteria and viruses. The a granules contain antibacterial pro¬ 
teins called thrombocidins (TCs) in humans that support the 
killing of adherent bacteria. The two antibacterial proteins iso¬ 
lated from human platelets (TC-1 and TC-2) are bactericidal 
for Escherichia coli and S. aureus* 6 


Noncellular Components 

Cytokines. Cytokines are soluble protein mediators secreted 
by the cells of the innate and adaptive immunity in response to 
microbes and other antigens, including intra- and extracellular 
proteins, and mediate many of the functions of these cells 
(Table 6.6). They regulate and influence the host response to 
both pathogen-associated molecular patterns (PAMPs; i.e., 
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TABLE 6.6 




■ SIGNAL 

■ CELLULAR 



■ CYTOKINE 

■ RECEPTOR 

TRANSDUCTION 

SOURCE 

■ TARGETS 

■ EFFECTS 

INNATE/EARLY CYTOKINES 





TNF-o! 

TNFR 

TRAFS 

Mo/McJ), MC, Ba, 

Endothelium 

t inflammation, 



Death domains 

Eo, NK, B, T, F, Ep 

PMN 

coagulation, adhesion 





Many cells 

molecules 

t activation 
t apoptosis 

t fever, APP, catabolism 

IL-1 

Ig family 

IRAK 

Mo/McJ), B, EC, 

Endothelium 

t inflammation, 




Ep, F 

PMN 

coagulation, adhesion 
molecules 





Mo 

t activation and 
emigration 

t activation and 
emigration 

T shock, fever, APP 
production 

Chemokines/IL-8 

7 trans-membrane 

G protein 

Mo/McJ), T, PMN, 

PMN 

t activation, adherence, 




F, EC, Ep 

T 

and migration 





Mo/McJ) 

T emigration 





EC 

t emigration 





Ba 

t adhesion molecules 
t histamine release 

IL-12 

Type I 

JAK/STAT 

M<f> 

T 

T h 1 differentiation, 





NI< 

interferon-y synthesis, 

T cytolytic activity 

Interferons (Type I) 

Type II 

JAK/STAT 

All 

All 

Antiviral, antitumor, 
increases MHC I activates 

T, McJ), NK cells 

IL-10 

Type II 

JAK/STAT 

Mo/McJ), T, B, MC 

Mo/McJ) 

i IL-12, costimulators, 





T 

MHC II 





B, NK, MC 

i T h 1 differentiation 

IL-6 

Type I 

JAK/STAT 

Mo/McJ), B, F, EC, 

T 

Differentiation 




Ep 

B 

t antibody-producing cells 





Mo/Mc|) 

p 

APP synthesis 

IL-15 

Type I 

JAK/STAT 

M<f> 

Ej 

NK 

Proliferation 





T 

Proliferation 

IL-18 

Ig family 

IRAK 

M<f> 

T, NK 

t interferon-y 

ADAPTIVE/LATE CYTOKINES 





IL-2 

Type I 

JAK/STAT 

T 

T 

T activation and 





B 

proliferation, Fas 





NK 

apoptosis 

t proliferation, antibody 
synthesis 

t proliferation and 






activation 






Mo/McJ) activation 

IL-4 

Type I 

JAK/STAT 

T, Ba, MC 

T 

T h 2 differentiation and 





B 

proliferation, i T H 1 





Mo/McJ) 

Isotype switching to IgE 

i interferon-y-mediated 
function 


(continued) 
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TABLE 6.6 


CYTOKINES ( Continued ) 




■ SIGNAL 

■ CELLULAR 



■ CYTOKINE 

■ RECEPTOR 

TRANSDUCTION 

SOURCE 

■ TARGETS 

■ EFFECTS 

IL-5 

Type I 

JAK/STAT 




Interferon-y 

Type II 

JAK/STAT 

T, NK 

M<f> 

M<f> activation 





T 

T h 1 differentiation 





B 

IgG secretion 
t MHC I and II 
t antiviral 






t fever, anorexia, shock, 
capillary leak 

T APP synthesis, 
inflammatory cytokine 
induction 

TGF-/3 



All 

T 

i T proliferation and 





M<f> 

effector functions 





B 

>1 Mcf) function 
i proliferation 
t matrix protein synthesis 

Lymphotoxin 

TNF R 

TRAFs 

T 

PMN 

Recruitment and 



Death domains 



activation 

IL-13 

Type I 

JAK/STAT 

T 

Mo/Mc|) 

B 

EC 

i Mcf) function switching 
to isotype IgE 

T adhesion molecules and 
CC chemokines 


APP, acute-phase protein; B, B cell; Ba, basophil; EC, endothelial cell; Ep, epithelial cell; F, fibroblast; IL, interleukin; IRAK, IL-lR-associated kinase; 
JAK/STAT, Janus kinase/signal transducer and activator of transcription; MC, mast cell; MHC, major histocompatibility complex; Mo, monocyte; 
Mcf), macrophage; NK, natural killer; PMN, polymorphonuclear leukocyte; T, T cell; TNF, tumor necrosis factor; TRAF, tumor necrosis factor 
receptor-associated factor. 

Modified from Abbas AK, Fichtman AH. Cellular and Molecular Immunology, 5th ed. 2003:179, 181-182. 


acute and chronic bacterial, viral, fungal, and parasitic infec¬ 
tions) and DAMPs (i.e., trauma, burns, allograft rejection, 
ischemia/reperfusion injury, and autoimmune disease). They 
govern lymphocyte differentiation during adaptive immunity 
and activate effector cells of both arms of inflammation to 
eliminate microbes. Cytokines play important roles in tumor 
biology as well as angiogenesis. Though essential for a normal 
immune response, excessive cytokine release underlies a vari¬ 
ety of pathophysiologic inflammatory states such as acute 
respiratory distress syndrome (ARDS) and multiple organ dys¬ 
function syndrome (MODS). 93-96 

Cytokine secretion is brief, and as they typically are not 
stored preformed, necessitates transcription and de novo syn¬ 
thesis, which is also transient as the messenger RNA is unsta¬ 
ble. Their functions are pleiotropic and redundant, which has 
been interpreted as a teleologic safety mechanism. However, 
such protective characteristics greatly limit the therapeutic 
^ utility of either cytokine administration or blockade. In fact, 
over 30 randomized controlled clinical trials have been con¬ 
ducted to assess the efficacy of agents modulating inflamma¬ 
tion, in particular systemic cytokine concentrations, in reduc¬ 
ing mortality. Yet only one, activated protein C, has been 
approved by the U.S. Food and Drug Administration (FDA) 
for use, and studies are ongoing to confirm its benefit. 97 
Cytokines often influence the synthesis and actions of other 
cytokines, such as IL-l-induced T-cell IL-2 production; this 
interaction may be synergistic (additive or multiplicative) or 
antagonistic. They may function in an autocrine, paracrine, or 


even endocrine function, although the inability to correlate 
plasma cytokine concentrations with the extent of tissue dam¬ 
age suggests that they are designed for local rather than sys¬ 
temic inflammation. 4,39,93 

Their actions are mediated by specific membrane receptors 
on target cells to which they bind with high affinity (kD a 
1(T 10 to 10 -12 ); hence, only minute quantities are necessary to 
elicit a response. Such efficiency is accompanied by a narrow 
therapeutic index and potential for unwanted global effects 
(i.e., MODS) with even small systemic concentrations. The 
receptors and the cells expressing them are regulated by exter¬ 
nal stimuli, which provides some degree of specificity to the 
response even though the cytokines themselves are not antigen 
specific. Receptor binding alters cellular gene transcription 
(induction or suppression) that may result in proliferation, 
differentiation, and the acquisition of new or suppression/ 
enhancement of preexisting functions. 4 

All cytokine receptors consist of at least one transmem¬ 
brane protein with an extracellular portion for ligand binding 
and an intracellular domain mediating signal transduction. 
Current receptor classification is based on structural homolo¬ 
gies among the extracellular cytokine-binding domains. Type I 
cytokine receptors contain a domain with two conserved pairs 
of cysteine residues and a membrane proximal sequence of 
tryptophan-serine-X-tryptophan-serine, where X is any amino 
acid (WSXWS). Type II receptors resemble type I receptors; 
however, the WSXWS motif is absent. The Ig superfamily 
consists of receptors with extracellular Ig domains. TNF 
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receptors belong to a family of receptors with conserved 
cysteine-rich extracellular domains. Finally, seven-transmem- 
brane a-helical receptors mediate the functions of cytokines 
called chemokines through GTP-binding (G) proteins. 4 

Translating ligand engagement to the signaling events that 
alter cellular phenotype involves a variety of signaling cas¬ 
cades dependent on the structure of the cytoplasmic tail of the 
particular receptor (Table 6.6). This is another method by 
which to classify cytokine receptors. These individual signal¬ 
ing cascades will be discussed in the context of the various 
cytokines and respective receptors employing them. 

Early Cytokines/Innate Immunity 

Tumor Necrosis Factor-^. TNF-<a is the principal mediator in 
the initiation of the inflammatory response to gram-negative 
bacteria and other infectious pathogens. It is an important 
early mediator of inflammation and is essential for the normal 
initiation, maintenance, and repair of tissue injury. However, 
aberrant production may underlie the pathologic sequelae of 
many inflammatory and infectious states (i.e., MODS, 
rheumatoid arthritis, Crohn disease). Mononuclear phago¬ 
cytes are the principal source of TNF-a, usually in response to 
the potent prototypical stimulus lipopolysaccharide. 98,99 LPS- 
induced TNF-o: production may be augmented by concomi¬ 
tant stimulation with IFN-y, IL-4, and IL-10, whereas corti¬ 
costeroids are suppressive. 100 Secondary sources include mast 
cells, NK cells, and T and B lymphocytes, and stimuli include 
complement C5a, GM-CSF, hypoxia, IL-1, NO, ROS, and 
TNF-a itself. 39 

Shedding of extracellular domains of the two TNF-a recep¬ 
tors by metalloproteinases can further alter the biologic activity 
of TNF-a by decreasing the number of cell signaling sites on tar¬ 
get tissues and increasing the amount of circulating inhibitors. 
Unlike other members of the TNF family that are primarily 
involved in regulation of cell proliferation, TNF-<a has both 
proinflammatory and apoptosis-inducing properties. 93,101 

TNF-a is expressed on the cell membrane as a bioactive 
protein and is cleaved into its soluble form by a specific TNF- 


u-converting enzyme. There are two distinct TNF receptors 
present on virtually all cell types (Fig. 6.5). 102 Ligand binding to 
TNF-RII leads to recruitment of TNF receptor-associated fac¬ 
tors (TRAFs) that ultimately activate the transcription factors 
NF-kB and AP-1 and thereby influence gene expression and cel¬ 
lular phenotype. 4 Alternatively, binding to TNF-RI activates 
caspases and triggers apoptosis, in addition to signaling tran¬ 
scription factors. The manner by which either a proinflamma¬ 
tory or apoptotic path is chosen is unknown, although the net 
effect of TNF-a binding is probably the culmination of differ¬ 
ential adaptor protein expression and downstream signal trans¬ 
duction cascades. TNF-RI appears to be more important in 
host defense as knockout TNF-RI mice show a greater degree 
of impairment in host defense than mice lacking TNF-RII. 4 

The principal function of TNF-a is to recruit neutrophils and 
monocytes to foci of infection and to activate these cells to erad¬ 
icate microbes. TNF-a activates the endothelium to upregulate 
the expression of the adhesion molecules E- and P-selectin, 
ICAM-1, PECAM-1, and VCAM-1, and stimulates these cells 
and macrophages to secret chemokines (IL-8, MIP-la, and Gro- 
a) that enhance the affinity of leukocyte integrins for their lig¬ 
ands and induce leukocyte chemotaxis and recruitment. 103 
TNF-a also can induce HMGB1 release by activated macro¬ 
phages, which generates a forward feedback mechanism, as 
HMGB1, by signaling through RAGE (see later), also induces 
TNF-a release. 104,105 TNF-a induces a state of hypercoagulabil¬ 
ity by stimulating the release of tissue factor, PAF, von Wille- 
brand factor, and thromboplastin. By inhibiting tissue-type 
plasminogen activator and thrombomodulin, it suppresses fibri¬ 
nolysis, decreases protein C and S activation, and increases 
thrombin formation. However, TNF-<a also induces the release 
of a variety of anticoagulants (prostacyclin), fibrinolytics 
(urokinase-type plasminogen activator), and vasodilators (NO, 
PGE 2 ), which may balance the tendency toward a procoagulant 
state. Most likely, the ultimate effect of TNF-a depends on the 
location and quantity in which it is produced and the vascular 
bed with which it interacts. 4,93 

In severe infections, exuberant production and aberrant 
release of TNF-<a enables it to function as an endocrine hormone 


FIGURE 6.5. Tumor necrosis factor 
(TNF) receptor signaling pathway. 
(Redrawn from Abbas AK, Lichtman 
AH. Cellular and Molecular Immunol¬ 
ogy. Philadelphia: Saunders; 2003.) 
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and cause a plethora of pathologic sequelae. These systemic 
effects include fever (hence the name endogenous pyrogen) by 
stimulating the production of PGE 2 by the hypothalamus, 
acute-phase protein production by the liver, cachexia, inhibi¬ 
tion of myocardial contractility and vascular tonus, and 
intravascular thrombosis due to loss of normal anticoagulant 
properties of the endothelium and the production of tissue fac¬ 
tor. TNF-a is central to the pathogenesis of systemic inflam¬ 
matory response syndrome (SIRS) and septic shock, and either 
state can be reproduced by administration of LPS or TNF- 
a .I 06- ! 08 The organ dysfunction characteristic of either state 
may result from the hypercoagulability and subsequent tissue 
ischemia induced by this cytokine. Antagonists of TNF-a can 
prevent mortality in experimental models, but clinical trials 
with anti-TNF-a antibodies or with soluble TNF-a receptors 
have been to no avail. 4,106 

Soluble TNF receptors formed by proteolytic processing of 
both types of receptors bind and neutralize TNF-a and serve 
as an endogenous regulator of cytokine activity. 39 Also, TNF-a 
directly induces the expression and release of TNF-a in¬ 
hibitors, including IF-10, corticosteroids, and prostanoids, 
which in a negative feedback loop suppress TNF-a production 
and processing. 93 Hence, TNF-a serves as its own regulator. 

Interleukin- 1. Interleukin-1 functions similarly to TNF-a in 
mediating a proinflammatory host response to insult and is 
frequently released concomitantly with TNF-a (Table 6.6). 109 
The major source of IF-1 is the mononuclear phagocyte. Syn¬ 
thesis and release are induced by FPS, cytokines (TNF-a, IF-2, 


TGF-/3, all the interferons), antigen-antibody complexes, C5, 
and hypoxia. 93 IF-1 is also produced by neutrophils, B cells, 
helper T cells, epithelial cells, fibroblasts, renal mesangial cells, 
and endothelial cells. 

There are two forms of IF-1: IF-la and IF-1/3. Both forms 
are active, bind to the same receptors, and mediate the same 
effects. Most IF-1 found in the circulation is IF-1/3. 4 

The two IF-1 receptors (IF-IRs) are members of the Ig 
superfamily. IF-1RI is universally expressed and transduces the 
majority of IF-1 responses. 110,111 IF-1RII expression is 
restricted to B cells, but may be induced on other cells. There is 
little evidence that this latter receptor serves any function, and 
in fact, it may serve as a decoy. 112 The cytoplasmic portion of 
IF-1RI is homologous to a domain of Toll-like receptors (TFRs), 
which mediate the cellular response to endotoxin (Fig. 6.6). 
Engagement of IF-1 with IF-1RI induces the activation of the 
IF-1 receptor-associated kinase (IRAK) and the subsequent 
induction of the transcription factors NF-kB and AP-1. 4,111 

The functions of IF-1 mirror those of TNF-a, and synergy 
between the two cytokines is evident. 109 IF-1 activates endothe¬ 
lial cells to increase cell surface expression of adhesion molecules 
and the production of prostaglandins, PAF, and a variety of 
colony-stimulating factors. In doing so, it facilitates the recruit¬ 
ment and activation of appropriate leukocyte populations for 
specific localized immune responses. IF-1 also induces a proco¬ 
agulant state by suppressing fibrinolysis through enhanced plas¬ 
minogen activator inhibitor-1 and decreased tissue-type 
plasminogen activator activity and increasing thrombosis by 
stimulating tissue factor-like procoagulant and thromboplastin 


1. Binding of LPS/LBP 
with CD14 E 

2. Association of 



FIGURE 6.6. Toll-like receptor (TLR) 
signaling pathway. (Redrawn from 
Abbas AK, Lichtman AH. Cellular 
and Molecular Immunology. Philadel¬ 
phia: Saunders; 2003.) 
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production and suppressing thrombomodulin release. It 
induces the synthesis of PAF, a potent vasoconstrictor and stim¬ 
ulus for platelet and leukocyte activation. However, similar to 
TNF-u, it also stimulates the production of prostacyclin and 
urokinase-type plasminogen activator, which promotes an 
antithrombotic state. 113 At larger concentrations, its effects 
become systemic, causing fever, the synthesis of acute-phase 
proteins, cachexia (inhibition of hunger and increased lipopro¬ 
tein lipase activity), myalgia, somnolence, and hypotension. It 
stimulates arachidonic acid and prostaglandin metabolism and 
the release of pituitary stress hormones. It stimulates collage- 
nase release and is a potent mitogen for neutrophils. Though 
similar in effect to TNF-a, probably by activating similar sig¬ 
naling cascades and transcription factors, IL-1 does not induce 
apoptosis, and even at high concentrations does not cause the 
physiologic derangements of septic shock. 39,109 

Mononuclear cells produce the natural inhibitor of IL-1, 
IL-lra. This IL-1 structural homologue is an inactive competi¬ 
tive inhibitor and may function as an endogenous regulator of 
IL-1. As with TNF-a, attempts to inhibit IL-1 have not been of 
clinical benefit in human trials of sepsis. 39 

Chemokines. This is a large family of cytokines that primarily 
govern leukocyte chemotaxis, hence the name 114-118 (Table 
6.6). Those bound on the endothelial surface induce leukocyte 
integrins to express a high-affinity state for their ligands, which 
is critical for tight leukocyte adherence and subsequent migra¬ 
tion into the extravascular space. However, they are also con- 
stitutively produced and assist in orchestrating the migration of 
immune cells into lymphoid organs. Unlike other chemoattrac¬ 
tants, members of this family possess a degree of specificity, 
influencing the recruitment of discrete subsets of leukocytes. 
They mediate their effects both directly and indirectly through 
the induction of other mediators such as histamine and ROS. 
Though some chemokines, in particular those regulating cell 
traffic through tissues, are constitutively produced (MIP-3/3 
and RANTES), most necessitate cellular stimulation for syn¬ 
thesis and release, in particular, those involved in inflammatory 
reactions. They are typically produced by macrophages, leuko¬ 
cytes, endothelial cells, fibroblasts, and many other cell types 
stimulated by LPS, phagocytosis, and inflammatory cytokines 
such as IL-1, TNF-u, IL-6, and IFN-y. 39 

Chemokines can be classified into four families based on 
the number and location of N-terminal cysteine residues. The 
two major families are the CC chemokines, in which the cys¬ 
teine residues are adjacent, and the CXC chemokines, in which 
one amino acid is interposed between these cysteine residues. 
This amino acid sequence appears to account for the disparate 
influence, either promotion or inhibition, on neutrophil 
chemotaxis. The three amino acids that immediately precede 
the first cysteine are critical in defining receptor binding and 
neutrophil activation. 119,120 This area has been designated the 
ELR motif. The other two chemokine families are represented 
by lymphotactin (C chemokine) and fractalkine (CX3C 
chemokine). 39 

Chemokine receptors are seven-transmembrane receptors 
that signal by G proteins and the formation of the second mes¬ 
sengers, IP 3 and DAG (Fig. 6.4). Currently six CXC chemokine 
receptors, 11 CC receptors, and one receptor each for the last 
two subfamilies have been identified and defined. The pattern 
of cellular expression of the receptors determines the speci¬ 
ficity of the cellular response to binding. 4,120 

CXC chemokines primarily govern the chemoattraction 
and activation of neutrophils, and to a lesser degree lympho¬ 
cytes, in particular T cells. At least 12 different chemokines 
have been identified. They are clustered on chromosome 4 and 
demonstrate 20% to 50% homology at the amino acid level. 
IL-8 is the prototypical CXC chemokine. 96 It is produced by 
an array of immune and nonimmune cells including mono¬ 
cytes, alveolar macrophages, neutrophils, keratinocytes, 
mesangial cells, epithelial cells, fibroblasts, and endothelial 


cells. TNF-u and IL-1 are key molecules for inducing IL-8. It is 
chemotactic for all granulocytes and influences nearly every 
aspect of neutrophil function. It stimulates neutrophil degran¬ 
ulation, phagocytosis, transendothelial migration, and shed¬ 
ding of L-selectin, upregulation of f3 2 integrins, and augments 
superoxide production. It is also a potent angiogenic factor. It 
binds to both CXCR1 and CXCR2, receptors that also engage 
the chemokines GCP-2, GRO-a, and ENA-78. ENA-78 is a 
potent neutrophil chemotaxin produced by the endothelium in 
response to TNF-a or IL-1, neutrophils, or monocytes. Studies 
have demonstrated that ELR-containing CXC chemokines are 
angiogenic, whereas those lacking this motif are angiosta- 

t j c 39,93,119-121 

The interferon-influenced chemokines IP-10 and Mig do not 
target neutrophils, and the ELR motif is absent. They induce 
IFN-y production and may play a more prominent role in medi¬ 
ating the inflammatory response to viral infections and autoim¬ 
mune disorders. Mig is chemotactic for tumor-infiltrating lym¬ 
phocytes, activated T cells, and monocytes and promotes CTL 
activity. IP-10 is chemotactic for monocytes, T cells, and NK 
cells and augments T-cell adhesion. Both chemokines bind the 
CXCR3 receptor found on IL-2-activated T cells. IFN-y atten¬ 
uates the expression of both IL-8 and ENA-78, and hence may 
serve as an important mechanism to the control and regulate 
inflammation. 39,93 Stromal cell-derived factor-1 (SDF-1) is the 
only known ligand for the CXCR4 receptor and in the presence 
of IL-7 stimulates proliferation of pre-B-cell clones and growth 
of bone marrow B progenitor cells. The receptor has gained 
much interest since it was identified as a coreceptor for human 
immunodeficiency virus type 1 (HIV-1). Platelet factor 4 and 
neutrophil-activating protein-2 are CXC chemokines of platelet 
origin. PL-4 has angiostatic properties and inhibits the growth 
of various cancer cell lines in a manner that appears to be 
related to its angiostatic properties. It binds heparin with high 
affinity to stimulate coagulation. 39 

The CC chemokines recruit monocytes, granulocytes, T 
cells, NK cells, and dendritic cells. RANTES is produced by 
stimulated T cells, platelets, and endothelial cells and is consti¬ 
tutively produced in resting T cells, which implies a homeosta¬ 
tic function. MIP-lu and MIP-1/3 are produced by activated T 
cells and are chemotactic for neutrophils, monocytes, eosino¬ 
phils, basophils, and T lymphocytes. They are also mitogenic 
for hematopoietic progenitor cells and upregulate TNF-u, 
IL-1, and IL-6. The MCP family of chemokines influences the 
recruitment of monocytes and T cells. Their influence upon the 
function of these target cells is dictated by the cell’s specific 
profile of receptor expression. MCP-1 is produced by nonlym- 
phocytic cells (endothelial cells, epithelial cells, fibroblasts, 
smooth muscle cells, macrophages, and mast cells). Binding to 
CCR1 enhances chemotaxis, whereas activation of CCR2 
increases the release of intracellular substances such as hista¬ 
mine and leukotrienes from basophils. 39 

Lymphotactin is the only member of the C chemokine fam¬ 
ily and is produced by CD8 + lymphocytes, thymocytes, and 
NK cells and, to a lesser degree, by DCs and activated mast 
cells. It selectively recruits lymphoid cells. 39 

Fractalkine is the sole CX3C chemokine and is produced by 
endothelium. In its membrane-bound form it may act as a 
solid-phase adhesion molecule, but upon cleavage serves as a 
soluble chemoattractant for lymphoid cells and monocytes. 39 

Interleukin-12 (Natural Killer Cell Stimulatory Factor, Cyto¬ 
toxic Lymphocyte Maturation Factor). IL-12 is integral in the 
innate immune response (Table 6.6). It is produced early dur¬ 
ing innate immune reactions against intracellular microbes 
and stimulates subsequent adaptive responses that confer fur¬ 
ther host protection against these pathogens; hence, it is an 
important link between innate and adaptive immune re¬ 
sponses. IL-12 is critical for initiating a sequence of responses 
involving macrophages, NK cells, and T lymphocytes that results 
in the eradication of intracellular microbes. It is primarily 
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derived from activated mononuclear phagocytes and dendritic 
cells, and most importantly stimulates IFN-y from T cells and 
NK cells. There are two pathways leading to IL-12 produc¬ 
tion: a T-cell-dependent and a T-cell-independent pathway. 
During innate immunity, LPS, infection by intracellular bacte¬ 
ria, and viral infections may induce IL-12 production. In addi¬ 
tion, interactions between CD40 ligand and CD40 on acti¬ 
vated lymphocytes and antigen-presenting cells, respectively, 
induce the release of APC IL-12. 122 ’ 123 Thus, IL-12 is produced 
during the induction of and the effector phases of cell-medi¬ 
ated immune response when APCs present antigens to T 
cells. 4,39 

The IL-12 receptor is a heterodimer composed of and /3 2 
subunits, the latter of which is involved in signaling, although 
both are required for engaging ligand. The receptor signals 
through the Janus kinase (JAK)/signal transduction and activa¬ 
tor of transcription (STAT) pathway (Fig. 6.7). 4 This signal 
transduction pathway is employed by numerous cytokines 
including IL-6, IL-12, IL-2, IL-7, IL-9, IL-4, and IL-10. A char¬ 
acteristic of this cytokine is the generation of a positive amplifi¬ 
cation loop, which heightens the inflammatory response. 
Expression of the IL-12 receptor is induced by IFN-y. Activated 
NK cells and T H 1 cells produce IFN-y that potentiates 
macrophage IL-12 production. IL-12 stimulates further produc¬ 
tion of IFN-y by NK cells and T lymphocytes, which continues 


1. Cytokine engagement with receptor 



STAT promoter site 


FIGURE 6.7. JAK/STAT signaling pathway. JAK (Janus kinase) com¬ 
ponents are associated in an inactive form with the cytoplasmic por¬ 
tion of cytokine receptors. Cytokine binding leads to receptor aggre¬ 
gation. Adjacent JAK proteins become activated and phosphorylate 
each other and tyrosine residues. Through the Src homology domain, 
STAT (signal transduction and activator of transcription) proteins 
bind phosphotyrosine residues on the cytoplasmic portion of cytokine 
receptors. Bound STAT proteins are phosphorylated by bound JAK 
proteins and subsequently dissociate. Phosphorylated STAT proteins 
dimerize and then move to the nucleus, where they induce transcrip¬ 
tion by binding to STAT-binding regions within the promoter. 
(Redrawn from Abbas AK, Lichtman AH. Cellular and Molecular 
Immunology. Philadelphia: Saunders; 2003.) 


to fuel the reaction in a positive feedback mechanism. Ulti¬ 
mately, IFNy activates macrophages to kill and degrade phago- 
cytosed microbes. IL-12 potentiates bacterial LPS-induced 
macrophage TNF-cr production. IL-12 antagonists reduce mor¬ 
tality in experimental models of LPS-induced septic shock; how¬ 
ever, there is no evidence of their efficacy in human clinical 
trials. 4 

CD4 + helper T lymphocytes, under the influence of IL-12, 
differentiate into T H 1 cells, which subsequently activate 
phagocytes in cell-mediated immunity. It enhances the 
cytolytic functions of activated NK cells and CD8 + CTLs, and 
suppresses T H 2 cell differentiation and effector activity. The 
inhibition of T H 2 and IL-4 activity confers antiallergic proper¬ 
ties to IL-12. IL-12 knockout mice demonstrate diminished 
IFN-y production and defective T H 1 cell development and cell- 
mediated immunity against intracellular organisms. 4,39 

Interleukin-6. IL-6 regulates the acute-phase response to 
inflammation, characterized by altered thermoregulation (i.e., 
fever), perturbation in nitrogen balance (i.e., cachexia and 
catabolism), and the generation of the acute-phase reactants of 
innate immunity by the liver (Tables 6.6 and 6.7). 93,124 It func¬ 
tions in both innate and adaptive immunity to enable the host 
to recover. Despite in vitro data demonstrating that a variety of 
cells can produce IL-6, the most prominent in vivo sources of 
IL-6 are monocytes and macrophages stimulated with LPS or 
IL-1 or TNF-u-stimulated fibroblasts and endothelial cells. 125 
Steroids inhibit the induction of IL-6. The receptor for IL-6 
consists of cytokine-binding protein and a signal-transducing 
subunit, which belong to the type I cytokine receptor family. It 
signals through the JAK/STAT pathway (Fig. 6.7). 4 

In conjunction with IL-1 and TNF-u, IL-6 regulates the sys¬ 
temic manifestations of the acute-phase response. 124 It potenti¬ 
ates the immune response by inducing B-cell differentiation and 
activating T cells. It interacts with TNF-a to enhance T-cell 
proliferation and promotes neutrophil activation and accumu¬ 
lation. In adaptive immunity, IL-6 stimulates the growth of B 


1 TABLE 6.7 

ACUTE-PHASE PROTEINS 


■ ACUTE-PHASE PROTEIN 

■ FUNCTION 

INCREASE 


C-reactive protein 

Opsonin 

Serum amyloid A 

Apolipoprotein 

a r Acid glycoprotein 

Platelet inhibitor 

Fibrinogen 

Coagulation, tissue repair 

a 2 -Macroglobulin 

Antiprotease 

a r Protease inhibitor 

Antiprotease 

c^-Antichymotrypsin 

Antiprotease 

Haptoglobulin 

Antioxidant 

Hemopexin 

Antioxidant 

Ceruloplasmin 

Antioxidant 

C3 

Complement 

Factor b 

Complement 

Cl inhibitor 

Complement 

C4b-binding protein 

Complement 

Mannose-binding lectin 

Complement 

DECREASE 


Albumin 

Transport 

Prealbumin 

Transport 

Transferrin 

Transport 
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lymphocytes that have differentiated into antibody-producing 
plasma cells. IL-6 antagonizes LPS-induced TNF-a production 
and TNF-a-induced IL-1 production. 126,127 


High Mobility Group Box 1 Protein 

HMGB1 was initially identified as an architectural chromatin¬ 
binding factor that bends DNA and directs protein assembly on 
specific DNA targets. It is abundant, ubiquitous, and evolu- 
tionarily conserved as evident by the 99% amino acid homol¬ 
ogy between rat and human proteins. 53 Thirty years after its 
original discovery, Tracey et al. demonstrated that HMGB1 
acts as a late mediator of mortality in murine endotoxemia and 
sepsis. HMGB1 appeared 8 hours poststimulation and plateaued 
at 16 to 32 hours, very distinct from the acute rise and fall of 
early mediators (TNF-a, IL-1/3) of severe sepsis and septic 
shock. 53 Recent studies show that systemic concentrations are 
elevated in those patients who die of sepsis. 128 

HMGB1 is the prototypical DAMP. When cells die by 
necrosis (i.e., nonprogrammed cell death), HMGB1 is released 
into the extracellular medium; in contrast, apoptotic cells 
modify their chromatin so that HMGB1 irreversibly binds, 
and thus is not released. 129,130 However, HMGB1 may also be 
released by activated macrophages and NK cells via an active 
process that necessitates shuttling the protein from nucleus to 
cytoplasm; this event does not require further synthesis. 129-131 
Acetylation of HMGB1 appears essential for release; however, 
acetylation of histones, as occurs during apoptosis, strength¬ 
ens its interaction with chromatin and inhibits release. 129,130 
Interestingly, though apoptotic cells do not release HMGB1, 
macrophages engulfing apoptotic cells do. Recent studies have 
shown that nucleocytoplasmic shuttling of HMGB1 involves 
serine phosphorylation by CaMK IV that enables it to be 
translocated to the cytoplasm by 14-3-3 and CRM1 chaper¬ 
ones. 132,133 Subsequent release of cytoplasmic HMGB1 appears 
to involve active secretion through a secretory lysosomal 
pathway. 129,131 

HMGB1 has many of the intercellular signaling activities 
characteristic of cytokines and therefore is often classified as a 
proinflammatory cytokine and potent regulator of the inflam¬ 
matory response. In light of the fact that it is released by 
macrophages responding to bacterial challenge or by injured 
cells, it may mediate inflammation consequent to sepsis or 
trauma. After release, signaling is thought to occur by binding 
to RAGE with subsequent activation of p21ras, MEK, the 
MAPKs, and NF-kB. 104,134 This receptor is expressed on 
mononuclear phagocytes, vascular smooth muscle cells, and 
neurons. Blocking antibodies to RAGE fail to completely pre¬ 
vent cellular activation, suggesting the presence of an alternate 
receptor. Recent studies suggest that both TLR2 and TLR4 may 
mediate HMGB1-induced activation of NF-kB in macrophages 
and neutrophils. This observation is very important as it 
demonstrates that a receptor classically considered specific for 
microbial danger signals may interact with an endogenous mol¬ 
ecule. 53,104,134 

HMGB 1-RAGE interactions induce numerous proinflam¬ 
matory events. Endothelial cells increase the expression of 
adhesion molecules and also secrete TNF-a and IL-8. 135 In 
neutrophils, HMGB1 activates MAPKs and enhances the 
expression of proinflammatory cytokines in an NF-KB-depen- 
dent manner. In addition, it is chemotactic for neutrophils, 
monocytes, macrophages, and dendritic cells. 134 Intratracheal 
administration of HMGB1 to LPS-resistant mice stimulated 
lung neutrophil accumulation and the local production of 
proinflammatory cytokines. 134 HMGB1 has potent immuno- 
stimulatory actions and promotes the maturation of both 
myeloid and plasmacytoid dendritic cells. Systemic levels are 
markedly elevated in patients who die of sepsis, and animal 
studies suggest this association is causal. 128 Recombinant 
HMGB1 mimics the lethality of high-dose LPS and induces the 


release of TNF-a by macrophages. However, intravenous 
administration of HMGB1 does not cause shock like TNF-a. 
In a series of elegant studies, anti-HMGBl antibodies con¬ 
ferred a dose-dependent protection in animal models of endo¬ 
toxemia, even when the first dose of anti-HMGBl antibodies 
was delayed for 2 hours. 54 This occurred without changes in 
TNF-a, IL-1/3, or MIP-2 concentrations. Even more striking 
are the in vivo cecal ligation and perforation (CLP) models, in 
which anti-HMGBl administration up to 24 hours after CLP 
significantly increased survival, 72% versus 28%. 54 This wider 
therapeutic window may enable the development of inhibitors 
of HMGB1 for treatment of sepsis. 134,136-138 More recent data 
call into question whether HMGB1 can promote directly the 
secretion of proinflammatory cytokines (TNF-a, IL-1 a//3, IL-6, 
IL-8) and chemokines (MIP-1 a/fi) as initially reported. A 
direct proinflammatory activity of HMGB1 has not been 
reproduced consistently, raising some concern that this might 
be based on the formation of specific complexes with other 
molecules such as LPS. Recent studies show that highly purified 
recombinant HMGB1 has very weak direct proinflammatory 
activity. 139 

These observations have stimulated the search for other 
inhibitors of HMGB1. Ethyl pyruvate, a nontoxic food addi¬ 
tive, dose dependently inhibits HMGB1 release and confers 
significant protection against the lethality of sepsis, even when 
the first dose is administered 24 hours after the onset of sepsis. 
In addition, it inhibits the translocation of NF-kB and p38 
MAPK signaling. 134,136,140,141 

HMGB1 may also serve as a danger signal for other pertur¬ 
bations in homeostasis, as it can also be released passively by 
necrotic or injured cells but not apoptotic cells. 130,138,142,143 
Hypoacetylation of chromatin on the induction of apoptosis 
enhances HMGB1 binding, thereby preventing release during 
apoptotic processes. Thus, HMGB1 binding to chromatin 
depends on the viability of the cell and clearly distinguishes 
necrotic from apoptotic cells. This enables the innate immune 
response to respond to injury and further induce inflamma¬ 
tion 130 > 138 > 142 > 143 

HMGB1 is also elevated during hemorrhage shock. 144 In a 
clinical case, serum HMGB1 levels increased significantly within 
24 hours of hemorrhagic shock and returned toward basal levels 
as the clinical condition improved. 145 HMGB1 also appears to 
mediate cell damage and death in other noninfectious insults. In a 
model of warm liver ischemia/reperfusion, HMGB1 inhibition 
attenuates hepatocellular injury. 32 Interestingly, this protection, as 
well as reduced systemic concentrations of HMGB1, was also 
afforded by inhibiting CaMK. 32 High levels have also been found 
in other conditions of sterile inflammation such as rheumatoid 
arthritis. 146-148 In human arthritis, overexpression of HMGB1 at 
the site of joint inflammation may be detected in the synovial fluid 
of rheumatoid arthritis patients. 147,148 HMGB1 may in fact 
amplify the effect of local cytokines, as suggested by its ability to 
stimulate macrophages derived from synovial fluid of rheumatoid 
arthritis patients to release TNF-a, IL-1/3, and IL-6. 146,149 Hence, 
HMGB1 may serve as a signal of danger from endogenous 
threats or perturbations. 

Interleukin-15. IL-15 is produced by various cells in response 
to LPS and other stimuli, though the principal cellular source 
is mononuclear phagocytes (Table 6.6). It is structurally 
homologous to IL-2 as is its receptor and the IL-2R. IL-15 
stimulates the proliferation of NK cells similarly to the manner 
by which IL-2 functions later in the adaptive immune response. 
It also acts as a T-cell growth and survival factor, especially for 
long-lived memory CD8 + T cells. 4 

Interleukin-18. IL-18 is structurally homologous to IL-1 
and utilizes a similar IRAK signaling pathway (Table 6.6). 
Macrophages responding to microbial challenge or exposure 
to LPS are the principal source. Its primary function is to stim¬ 
ulate the production of IFN-y by NK cells and T cells, and in 
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synergizing with IL-12, augments cell-mediated immunity. 
Knockout mice lacking IL-18 are deficient in IFN-y produc¬ 
tion, and concomitant IL-12 deficiency eliminates all IFN-y 
production and any T H 1 response. 4 

Interferons (Type I). Type I interferons possess potent antivi¬ 
ral and antitumor properties (Table 6.6). It is from this ability 
to interfere with viral infection that the name is derived. They 
are subcategorized into a and /3 interferons. Mononuclear 
phagocytes are the major source of interferon-u, whereas 
many cell types produce interferon-/^. The most potent stimu¬ 
lus inducing the synthesis and release of either is viral infec¬ 
tion, particularly double-stranded RNA produced during viral 
replication. Other inducers include IL-1, TNF-a, LPS, and 
antigen-activated T cells. Both groups bind to the same cell 
surface receptor and induce similar responses by signaling 
through the JAK/STAT pathway (Fig. 6.7). 

These cytokines provide the first line of defense against 
viral infection and promote cell-mediated immunity against 
intracellular pathogen. They are secreted from virally infected 
cells to protect neighboring uninfected ones by inducing the 
synthesis of a number of enzymes that interfere with viral 
RNA or DNA transcription and viral replication. Through 
enhanced expression of class I MHC molecules, the type I 
interferons facilitate recognition of class I-associated viral 
antigens on infected cells by CTLs and increase the efficiency 
of CTL-mediated killing. Type I interferon stimulates the 
development of T H 1 cells by promoting these cells to express 
IL-12 receptor. They can also stimulate B-cell development, 
proliferation, and immunoglobulin heavy chain switching 
from IgM to IgG. 150-152 Knockout mice lacking the receptor 
for these cytokines are susceptible to viral infections. Interfer¬ 
ons are currently in clinical use for hepatitis B and C infection, 
multiple sclerosis, chronic myelocytic leukemia (CML), and 
Kaposi sarcoma. 150-152 

Interleukin-10 (Cytokine Synthesis Inhibiting Factor). IL-10 
inhibits activated macrophages and antigen-presenting cells 
and functions in a counterregulatory mechanism to suppress 
innate immune reactions (Table 6.6). It is produced mainly by 
macrophages, and hence functions by negative feedback. T 
lymphocytes, particularly the T H 2 subset, B cells, and some other 
nonlymphoid cells produce IL-10, in response to a variety of 
stimuli including LPS, TNF-a, IL-2, IL-4, and IL-13. 

IL-10 binds to a type II (interferon) receptor. Though the 
manner by which it effects curtailment of the inflammatory 
response is unknown, its presence inhibits NK-kB activation 
and the generation of inflammatory mediators perhaps by 
inhibiting, in some manner, the activation of signal transduc¬ 
tion cascades and gene activation in proinflammatory path¬ 
ways. 4,153 

IL-10 terminates many of the functions of activated 
macrophages and participates in reestablishing homeostasis as 
the infection resolves. It downregulates proinflammatory 
cytokine (TNF-u, IL-1, IL-6, and IL-8) production, suppresses 
IL-12 production, and inhibits IFN-y production and the 
innate and cell-mediated immune responses. 4,56,93 It represses 
the expression of costimulators and class II MHC molecules 
on antigen-presenting cells, thereby terminating T-cell activa¬ 
tion and inhibiting cell-mediated immunity. 4 In neutrophils it 
inhibits cytokine release, superoxide generation, migration, 
and even survival. 154 In combination with IL-4, it inhibits 
IFN-y release and IL-12 production to limit differentiation 
and function of T H 1 cells, favoring a T H 2 profile. 56 

IL-10 knockout mice develop inflammatory bowel disease, 
which is hypothesized to result from unregulated macrophage 
reaction to enteric microbes. 155 In observational studies of 
ARDS or MODS, serum IL-10 levels were often elevated, and 
those patients with the highest systemic concentrations died. 153 
It is unclear whether this is actually a pathologic response or 
merely a marker of disease severity. Contemporary belief is that 


IL-10 is not a mediator of immunosuppression, but rather, 
important for immunoregulation. 

Late Cytokines/Adaptive Immunity 

Interleukin-2 (T-cell Growth Factor). Interleukin-2 stimulates 
the growth and proliferation of T lymphocytes and is respon¬ 
sible for T-cell clonal expansion after antigen recognition 
(Table 6.6). 156 IL-2 is produced by CD4 + , and to a lesser 
extent CD8 + T cells. The receptor is heterotrimeric, consisting 
of three noncovalently associated proteins, a, /3, and y. The a 
and /3 chains are involved in cytokine binding, and the ft and y 
chains mediate signal transduction. 4 Antigen recognition 
enhances the expression of functional IL-2 receptors, which 
confers a degree of specificity, as those T cells recognizing 
antigen are preferentially induced to proliferate in response to 
IL-2. Though the a chain appears on T-cell activation and 
binds IL-2, signal generation necessitates the ft and y chains. 
Cells expressing the complete u, /3, and y complex bind IL-2 
with higher affinity (kD of 10 -11 M), and growth stimulation 
of such cells occurs at a low IL-2 concentration. 4 Upon antigen 
receptor-mediated T-cell activation, IL-2Ru is rapidly upregu- 
lated, which reduces the concentration of IL-2 needed to stim¬ 
ulate growth. Therefore, antigen-stimulated T cells are more 
responsive to IL-2 than naive T cells. This receptor signals 
through numerous signal transduction pathways including the 
JAK/STAT and MAPK pathways (Figs. 6.4 and 6.7). 

IL-2 functions in an autocrine and paracrine fashion to 
induce the proliferation of the antigen-specific cells. After 
exposure to IL-1, there is a rise in cyclins and activation of 
cyclin-dependent kinases that stimulate the progression from 
the G1 to the S phase of the cell cycle. A reduction in p27, an 
inhibitor of cyclin-kinase complexes, facilitates this progres¬ 
sion, and the induction of Bcl-2, an antiapoptotic protein, 
facilitates survival. It also stimulates the production of other 
cytokines such as IFN-y and IL-4. 4 

IL-2 promotes the proliferation and differentiation of many 
immune cells. NK cells are stimulated to grow and transform 
into lymphocyte-activated killer (LAK) cells. In combination 
with IFN-y and IL-12, IL-2 can trigger a positive feedback cycle 
of NK activation. IL-2 stimulates B-cell growth and antibody 
synthesis. Repeated activation of CD4 + T cells in the presence 
of IL-2 sensitizes these cells to apoptosis by Fas-Fas-ligand. IL-2 
may also stimulate the development of regulatory T cells, and 
IL-2 knockout mice develop autoimmunity. Knockout mice 
lacking the y chain develop X-linked severe combined immun¬ 
odeficiency syndrome. This is probably due to an inability of 
immature T cells to respond to IL-7. IL-2 has been used in the 
management of cancer, in particular renal cell carcinoma. 157 

Interleukin-4. IL-4 is the major stimulus for the production of 
IgE antibodies and for the development of T H 2 cells from 
naive CD4 + T cells (Table 6.6). The principal cellular sources 
are CD4 + T cells, mast cells, and basophils. The IL-4 receptor 
belongs to the type I cytokine receptor family and signals 
through the JAK/STAT pathway 158 (Fig. 6.7). IgE is integral in 
orchestrating the defense against parasitic infections. It stimu¬ 
lates IgE production and mast cell/eosinophil-mediated reac¬ 
tions, and induces B-cell Ig heavy chain class switching to the 
IgE isotype. However, IL-4 also serves a counterregulatory role 
by inducing T H 2 cell differentiation and growth. IL-4 antago¬ 
nizes the macrophage-activating effects of IFN-y and thus 
inhibits cell-mediated immunity. 

Interleukin-5. IL-5 is produced by T H 2 cells and activated 
mast cells and activates eosinophils (Table 6.6). It signals 
through the type I cytokine receptor and the JAK/STAT path¬ 
way (Fig. 6.7). IL-5 is an inducer of eosinophil growth, differ¬ 
entiation, and activation, and also participates in the eradica¬ 
tion of helminthic infection. IL-5 also stimulates the 
proliferation of B cells and the production of IgA antibodies. 4 
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Interleukin-13. IL-13 is produced by T H 2 cells and some 
epithelial cells and is structurally homologous and functionally 
similar to IL-4 (Table 6.6). The receptor is found mainly on 
nonlymphoid cells and can be activated by either IL-13 or IL-4. 
IL-13 downregulates the expression of Fey on monocytes and 
macrophages, thereby decreasing antibody-dependent cellular 
cytotoxicity. It increases 15 S-HETE and lipoxin A 4 , both of 
which antagonize proinflammatory leukotrienes. However, 
they can increase the expression of MHC class II and costimu¬ 
latory molecules on monocytes and thereby serve an immuno- 
stimulatory function. The major action is to inhibit the activa¬ 
tion of macrophages and to antagonize IFN-y. 159 

Interferon-y. IFN-y is produced by NK cells, T H 1 cells, and 
CD8 + cells, and as the principal stimulus for macrophage acti¬ 
vation, provides necessary functions during both innate and 
adaptive immune responses (Table 6.6). It modulates cellular 
differentiation, cytotoxicity, cytokine production, cellular 
adhesion, and oxidative metabolism. During innate immunity, 
NK cells secrete it upon exposure to pathogen or IL-12. CD8 + 
T cells and the T H 1 subset of CD4 + T cells produce it in 
response to MHC-bound peptide antigen with a costimulatory 
signal. The IFN-y receptor is composed of two homologous 
proteins belonging to the type II cytokine receptor family and 
functions through the JAK/STAT pathway (Fig. 6.7). 4 

The antiviral and antitumor properties of IFN-y are redun¬ 
dant with those of type I interferons. In concert with TNF-u 
and IF-12, it forms one arm of a positive feedback loop fueling 
the activation of both NK cells and macrophages. Stimulated 
macrophages activate NK cells by releasing TNF-u and IF-12. 
These NK cells produce IFN-y, which further stimulates 
macrophages to secrete more TNF-u and IF-12. 160,161 

IFN-y induces the genes encoding the enzymatic machinery 
required for generating reactive oxygen species generation and 
provides the principal stimulus for macrophages to kill phagocy- 
tosed microbes. It regulates the expression of MHC class I and 
class II molecules and costimulators of APC, and induces the 
transcription of enzymes regulating antigen processing. 160,161 

IFN-y synergizes with TNF-u to activate the endothelium and 
upregulate adhesion molecule expression; in doing so it facilitates 
lymphocyte recruitment and leukocyte recruitment. Interferon 
promotes the differentiation of naive CD4 + cells into T h 1 cells 
and inhibits the proliferation of T H 2 cells, in part by inducing IF- 
12, the major T H 1-inducing cytokine, from activated mononu¬ 
clear phagocytes. It promotes B-cell switching to certain IgG sub¬ 
classes, notably IgG2a, and inhibits the switching to 
IF-4-dependent isotypes such as IgE and IgGl. These IgG sub¬ 
classes bind the Fey receptors on phagocytes and activate com¬ 
plement, thereby promoting phagocytosis of opsonized microbes. 
It activates PMNs and stimulates the cytolytic activity of NK 
cells. The net effect is to promote macrophage-rich inflammatory 
reactions while inhibiting IgE-dependent eosinophil-rich reac¬ 
tions. IF-10, by suppressing macrophage release of TNF-u and 
IF-12, negatively regulates IFN-y production. 

IFN-y also demonstrates counterregulatory properties. It 
selectively inhibits FPS-induced expression of CXC chemokines. 
It upregulates macrophage production of IP-10, MIG, and EFR- 
negative chemokines that inhibit neutrophil chemotaxis and 
activation and decreases macrophage release of EFR-positive 
CXC chemokines (e.g., IF-8), which are chemotactic for 
neutrophils. 4 

Transforming Growth Factor-jS. TGF-/3 is a homodimer syn¬ 
thesized and secreted by activated T cells, macrophages, and 
many other cells (Table 6.6). It is primarily immunosuppres¬ 
sive and inhibits the proliferation and activation of lympho¬ 
cytes and other leukocytes. It promotes wound healing by 
increasing extracellular matrix protein synthesis and stimulat¬ 
ing mononuclear cell and fibroblast influx. 162-164 Though the 
family consists of three closely related isoforms, most cells uti¬ 


lize TGF-/3. Its effects are mediated through two high-affinity 
TGF receptors (type I and II) that signal through a serine/thre¬ 
onine kinase domain that phosphorylates transcription factors 
called SMADS. 4 

TGF-/3 inhibits the proliferation and differentiation of T 
cells and the activation of macrophages. It favors differentia¬ 
tion of CD4 + cells to the T H 2 subset and inhibits MHC class II 
surface expression. By suppressing the expression of MHC 
class II antigen, it abrogates the adaptive immune response. 
Macrophages demonstrate diminished ROS production and 
TNF-a and NO release. It directly counteracts the influence of 
proinflammatory cytokines on PMNs and endothelial cells, 
and in combination with IF-4, IF-13, and IF-10 can antago¬ 
nize the production or effects of these proinflammatory medi¬ 
ators. Knockout mice deficient in TGF -(3 develop uncontrolled 
inflammatory lesions. 4,39 

Cytokines That Stimulate Hematopoiesis. Cytokines 
are necessary for normal hematopoiesis. Several of the 
cytokines stimulated during both innate and adaptive immune 
responses are mitogenic for and induce differentiation of bone 
marrow progenitor cells. 

CSFs are cytokines made by activated T cells, macrophages, 
endothelial cells, and bone marrow stromal cells that stimulate 
increased production of inflammatory leukocytes by bone 
marrow progenitors. Receptors for GM-CSF and G-CSF are of 
the class I family of cytokine receptors. GM-CSF is expressed 
by T and B cells, macrophages, mast cells, fibroblasts, and 
endothelium in response to stimuli such as IF-1, IF-2, EPS, and 
TNF-u. It stimulates neutrophils, monocytes, macrophages, 
and DCs and is a powerful inducer of hematopoiesis. It 
enhances cytokine release, degranulation, and phagocytosis of 
opsonized particles in neutrophils. In monocytes and 
macrophages it enhances cytotoxicity and cytokine release. It 
promotes the activity of APCs and the maturation of bone 
marrow cells into dendritic cells and monocytes. 165 G-CSF is 
produced by macrophages, endothelial cells, fibroblasts, and 
bone marrow stromal cells. It functions as an endocrine hor¬ 
mone to mobilize neutrophils and induces subsequent leuko¬ 
cyte proliferation and maturation. In 1991, the FDA approved 
G-CSF for use in patients with neutropenia. 166,167 

Stem cell factor or c-Kit ligand is synthesized by marrow 
stromal cells and binds to a cell surface tyrosine kinase recep¬ 
tor on pluripotent stem cells that is the protein product of the 
cellular proto-oncogene c-kit. Its effects appear permissive, as 
it is corequisite for stem cell responsiveness to other colony- 
stimulating factors, yet in isolation does not stimulate colony 
formation. It may also play a role in sustaining the viability 
and proliferative capacity of immature T cells in the thymus. 4 

IF-3 is a product of CD4 + T cells that promotes the differ¬ 
entiation of immature marrow progenitors into all known 
mature cell types. It also promotes the growth and develop¬ 
ment of mast cells. Surprisingly, despite these important func¬ 
tions, murine knockouts do not manifest noticeable impair¬ 
ment of hematopoiesis. 4 

IF-7 is secreted by bone marrow stromal cells and promotes 
the growth and survival of immature precursors committed to 
the B- and T-lymphocyte lineages. Knockout mice, deficient in 
IF-7 or its receptor, are lymphopenic with diminished popula¬ 
tions of B and T cells. 4 


The Complement System 

Q The complement system is integral to both innate and adaptive 
immunity. It has the capacity to independently eliminate 
organisms and to facilitate host defense by marking foreign 
particles for phagocytosis through opsonization. Many patho¬ 
physiologic inflammatory diseases, immune complex diseases, 
ischemia/reperfusion injury, and ARDS are considered conse¬ 
quences of aberrant function of this system. 168-171 
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The system consists of three pathways composed of approxi¬ 
mately 30 serum and cell surface proteins that interact with one 
another and with other molecules of the immune system in a 
highly coordinated fashion. These cascades involve the sequen¬ 
tial proteolytic activation of zymogens to generate enzymes with 
proteolytic activity. This mechanism for activation amplifies the 
response because each individual enzyme activated can cleave 
numerous zymogens in the next step and generate multiple acti¬ 
vated enzyme molecules. Ultimately, the products of complement 
activation adhere to microbial cell surfaces or to antibody-bound 
microbes and other antigens to directly or indirectly eliminate 
these pathogens. Temporal and spatial regulation to the focus of 
infection is ensured both by the transience of activation of these 
enzymes in the absence of microbes or antigens and by several 
circulating proteins that provide surveillance. 168,170 

The complement cascade is divided into three distinct path¬ 
ways: the classical pathway (humoral immunity), which is 
activated by antibody bound to antigen; the alternative path¬ 
way (innate immunity), in which complement is activated by 
components of microbial cell surfaces; and the mannose/lectin 
pathway (innate immunity), which is activated by a plasma 
lectin that binds to mannose residues on microbes. Despite dif¬ 
ferences in which the cascade is activated, all three comple¬ 
ment pathways ultimately result in the cleavage of C3 and 
share the same subsequent late cascade. 168,170 

The alternative pathway functions in the absence of anti¬ 
body and is phylogenetically the oldest pathway (Fig. 6.8). Bac¬ 
teria, viruses, fungi, and parasites all function as stimuli. Initial 
activation begins with the cleavage of C3 and the stable attach¬ 
ment of its product C3b to the microbial surface. Bound C3b 
binds factor B, which is subsequently cleaved by a plasma serine 
protease called factor D to generate Bb. The C3bBb complex is 
called the alternative pathway C3 convertase and functions to 
cleave more C3. In doing so the convertase serves as an amplifi¬ 
cation step in both the classical and alternative pathways. Prop¬ 
erdin prolongs the half-life of C3 convertase by delaying the 
release of Bb from C3bBb. C3b is the recognition component of 
the alternate pathway and is responsible for the opsonization of 
bacteria. C3a in conjunction with C5a and C4a induces acute 
inflammation by activating mast cells and neutrophils. These 
inflammatory mediators play a significant role in increasing 
blood vessel permeability, vasodilatation, edema formation, 
neutrophil adhesion and activation, chemotaxis, and the release 
of toxic oxygen species and lysosomal enzymes from phagocytic 
cells. The binding of another C3b to this complex generates the 
alternative pathway C5 convertase, C3bBb3b. 4,168,170 


Activation of the alternative pathway is restricted to the cell 
surface of microbes, as mammalian cells possess several regu¬ 
latory proteins to rapidly degrade any C3bBb. Excessive 
amplification is regulated by /31H globulin factor H and factor 
I. H accelerates the decay and delays the formation of C3bBb. 
It also acts as a cofactor for I to degrade C3 into iC3b, which 
is unable to bind B to generate C3 convertase. Decay accelera¬ 
tion factor (DAF) hinders C3 convertase assembly and medi¬ 
ates its dissociation in all three pathways. Also, the protein 
properdin, which stabilizes this alternative pathway C3 con¬ 
vertase, has a higher affinity for microbial than mammalian 
cell surfaces. 4,168,170 

The classical pathway is the primary mediator of adaptive 
humoral immunity and is initiated by binding of the comple¬ 
ment protein Cl to IgG or IgM molecules engaged with anti¬ 
gen (Fig. 6.8). Other substances such as lipid A in endotoxin 
and mitochondrial membranes may activate this pathway 
independent of antigen-antibody complexes in vitro. 168,172 

Cl is a calcium-dependent trimeric protein consisting of Clq, 
which recognizes and binds the Fc region of the immunoglobu¬ 
lin, and Clr and Cls, which are proteases. Clq engages the Fc 
portion of the immunoglobulin fi and y heavy chains. Each Fc 
region has a single Clq binding site, yet for activation, each Clq 
molecule must bind to two Ig heavy chains. Hence, multiple anti¬ 
bodies must be approximated for activation, which restricts acti¬ 
vation to foci of immunoglobin engagement. IgM exists as a pen- 
tamer enabling it to bind to two Clq molecules, and hence it is 
more efficient at complement activation. 4,168,172 

Interaction between Clq and the immunoglobin Fc region 
induces a conformational change in Clq that activates Clr, 
which subsequently cleaves and activates Cls. Cls cleaves C4 
to generate C4b and C4a. The C4a anaphylatoxin possesses 
properties similar to those described for C3a. C4b localizes to 
immune complexes on the cell surface. C2, after complexing 
with C4b, is cleaved by Cls, thereby generating the classical C3 
convertase C4b2a complex, which has the ability to cleave C3. 
The C3b generated can bind Bb, producing more C3 conver¬ 
tase and amplifying the signal. The key early steps of the alter¬ 
native and classical pathways are analogous: C3 and factor B 
of the alternative pathway are homologous to C4 and C2 in the 
classical pathway. C3b can also combine with the classical C3 
convertase to generate C4b2a3b, the classical C5 convertase. 4 

Numerous regulatory mechanisms exist to restrict activa¬ 
tion to sites of inflammation. Excessive classical C3 convertase 
activity is prevented by the rapid decay of C2a from the 
complex, which renders the complex unstable. Cl inhibitor 


Alternate pathway Pathogen 



FIGURE 6.8. Complement pathways. 
Alternate pathway: 1. C3 is cleaved to 
C3b. 2. C3b binds and cleaves B to Bb to 
form C3 convertase (C3bBb). 3. Another 
C3b binds C3 convertase to form C5 
convertase (C3bBbC3b). Classical path¬ 
way: 1. Cl binds immunoglobulin. 2. Cl 
binds and cleaves C4 and C2 to C4b and 
C2a to form C3 convertase (C4b2a). 
3. C4b2a binds another C3b to generate 
C5 convertase (C4b2aC3b). Late path¬ 
way: 1. C5 convertase cleaves C5 to 
form C5b, which integrates into the 
plasmalemma. 2. C6-8 are recruited, 
forming the C5b-8 complex. 3. C5b-8 
recruits numerous C9 subunits, which 
form a pore in the pathogen cell wall. 
(Redrawn from Abbas AK, Lichtman 
AH. Cellular and Molecular Immunol¬ 
ogy. Philadelphia: Saunders; 2003.) 
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covalently binds Cls, reducing the half-life of activated Cl to 
only 13 seconds. C4-binding protein enhances spontaneous 
dissociation of C4b2a and also acts as a cofactor for C3b/C4b 
inactivator, which degrades C4b. 39 

The mannose-binding lectin (MBL) pathway is activated by 
the binding of microbial polysaccharides to circulating lectins; 
mannose-binding lectin serves as the recognition unit of the 
MBL pathway. This pathway recognizes polysaccharides with 
high mannose content and other oligosaccharides with charac¬ 
teristic linkages found exclusively on pathogens and not on 
normal host components. Binding is calcium dependent and 
results in the activation of mannose-binding lectin-associated 
serine proteases (MASP-1 and MASP-2). Activated MASP-2 
cleaves and activates C4 and C2 in the same fashion as the 
classical complement pathway. Subsequent steps of comple¬ 
ment activation of the MBL pathway mirror those of the clas¬ 
sical complement pathway. 168,173,174 

The C5 convertases generated during either the classical or 
alternative pathway initiate a cascade of events that culminates 
in the formation of the cytocidal MAC. Specifically, C5 conver- 
tase cleaves C5, yielding C5a and C5b. C6 and C7 bind to gen¬ 
erate the C5b67 complex. This hydrophobic moiety penetrates 
deeply into the lipid bilayer as a high-affinity receptor for C8. 
Binding of C8 forms the complex C5b-8 that recruits numerous 
C9 subunits, which polymerize to form pores in the plasma 
membrane. The pores structurally resemble the membrane 
pores formed by perforin, the cytolytic granule protein found 
in CTLs and NK cells. Their diameter may span 100 
angstroms, which prevents the maintenance of vital ionic gra¬ 
dients and induces osmotic lysis and, ultimately, the death of 
target cells or pathogens. Patients with deficiencies in the ter¬ 
minal components of C5, C6, C7, and C8 are susceptible to 
meningococcal and gonococcal infections. 4,175 By contrast, 
recent studies suggest that aberrant induction of the comple¬ 
ment system, specifically C5a, plays an integral role in induc¬ 
ing paralysis of the innate immunity and the development of 
ARDS and MODS. 

The effects of complement are in part mediated through 
several complement receptors. Opsonization and phagocy¬ 
tosis are important mechanisms for pathogen destruction, 
and phagocytic cells express receptors for complement fac¬ 
tor C3 components. Complement receptor type 1 (CR1), the 
C3b receptor for C3b and C4b, mediates engagement of and 
facilitates phagocytosis of complement-bound microbes and 
the clearance of immune complexes from the circulation. It 
is expressed on a variety of cells including RBCs, neu¬ 
trophils, monocytes, eosinophils, and T and B cells. RBCs 
facilitate elimination by transporting these opsonized parti¬ 
cles to the liver and spleen where the immune complexes are 
removed by phagocytes. CR2 stimulates humoral immune 
response by enhancing B-cell activation by antigen and by 
promoting the trapping of antigen-antibody complexes in 
germinal centers. In humans, this receptor is the receptor for 
Ebstein-Barr virus (EBV). CR3 and CR4 are /3 2 integrins that 
bind the iC3b-processed fragment of C3 and promote 
macrophage and neutrophil phagocytosis of iC3b-opsonized 
antigen. 4,39 

This entire cascade is under strict regulation to ensure that 
any activation is restricted to sites of inflammation and infec¬ 
tion. Several circulating proteins function to do this. This reg¬ 
ulation is needed as low-level activation is always occurring, 
and if not quelled, would certainly damage normal tissues. 
Even when locally activated, byproducts may damage nearby 
cells and tissues. 

Clr and Cls are inhibited by Cl inhibitor, a serine protease 
inhibitor that mimics Clr and Cls. Cl inhibitor targets acti¬ 
vated Clqrs, and after attachment, Clr-Cls dissociate and acti¬ 
vation of classical complement ceases. This inhibition prevents 
the accumulation of active Clr-Cls, thereby limiting the dura¬ 
tion during which active Clr-Cls can initiate the cascade. 4 Cl 
inhibitor also inhibits other circulating inflammatory serine pro¬ 


teases including kallikrein and factor XII, both of which can 
activate the formation of bradykinin. 4 Hereditary angioneurotic 
edema is an inherited deficiency of Cl inhibitor and manifests as 
acute intermittent edema of the skin and mucosa causing 
abdominal pain, vomiting, diarrhea, and airway obstruction. 

MCP, CR1, and DAF are regulatory proteins that bind to 
C3b and C4b deposited on cell surfaces and competitively 
inhibit the binding of other components of the C3 and C5 con¬ 
vertases, such as Bb and C2a, and thereby block further pro¬ 
gression of the cascade. These proteins are only produced by 
mammalian cells. Deficiency of an enzyme required to form 
the linkages necessary to express DAF underlies paroxysmal 
nocturnal hemoglobinuria, a disease characterized by recur¬ 
rent intravascular hemolysis due to unregulated complement 
activation on the surface of erythrocytes. Cell-associated C3b 
is proteolytically degraded by a plasma serine protease called 
factor I, which is active only in the presence of regulatory pro¬ 
teins such as MCP, factor H, C4BP, and CR1. MAC formation 
is inhibited by CD59, a membrane protein that incorporates 
itself into growing MACs and inhibits the incorporation of 
C9. It is not present in microbes. The function of these regula¬ 
tory proteins may be overcome by increasing amounts of com¬ 
plement activation. 4 


Lipid Mediators 

Eicosanoids. Eicosanoids are 20-carbon lipid inflammatory 
mediators derived from membrane arachidonic acid that are 
involved in numerous homeostatic processes and inflamma¬ 
tion. These lipid mediators are not stored in tissues, but are 
synthesized de novo within seconds in response to a variety of 
stimuli, including mechanical trauma, or specific cytokines, 
growth factors, and other mediators (Fig. 6.9). Although most 
cells are capable of producing eicosanoids, neutrophils and 
macrophages are the predominant source during inflamma¬ 
tion. They are rapidly degraded in the circulation, which lim¬ 
its their role primarily to that of autocrine and paracrine medi¬ 
ators of local inflammatory changes. 176-178 

The liberation of the precursor molecule, arachidonic acid, 
is the major rate-limiting step. The family of PLA 2 , in particu¬ 
lar type IV cytosolic PLA 2 , is responsible for eicosanoid pro¬ 
duction; cells lacking type IV PLA 2 are devoid of eicosanoid 
synthesis. 179 Many PLA 2 are transcriptionally regulated by 
IL-1 and TNF-u, whereas others are regulated by the MAPK 
pathway and by calcium-dependent translocation to mem¬ 
branes. Once formed, arachidonic acid metabolism proceeds 
along one of two pathways. 176-178 

Cyclooxygenase Pathway (Prostaglandins). Cyclooxy¬ 
genase catalyzes the initial step of a series of reactions that 
converts arachidonic acid to prostanoids (Fig. 6.9). There are 
two isoforms, COX1 and COX2; the former is constitutively 
expressed, whereas COX2 is inducible. COX2 is considered 
more important during inflammatory processes such as fever, 
hyperalgesia, and edema formation. Either enzyme catalyzes 
the conversion of arachidonic acid to the endoperoxidase 
PGG 2 , which is subsequently converted to PGH 2 . PGH 2 serves 
as the precursor to numerous specific prostaglandins. All of 
these products possess very short half-lives and are rapidly 
inactivated. 179,180 

Prostaglandins mediate their effects through G-protein sig¬ 
naling (Table 6.8). Prostacyclin (PGI 2 ) is produced by the 
endothelium as a potent vasodilator and inhibitor of platelet 
aggregation and adhesion, characteristics that enhance tissue 
perfusion. PGI 2 inhibits neutrophil chemotaxis and activation 
and interacts synergistically with PGE 2 to increase vascular 
permeability through the bradykinin pathway. PGE 2 is the 
predominant anti-inflammatory prostaglandin and is produced 
by nearly all inflammatory cells. It is produced in response to IF- 
1 and mediates the hypothalamic fever response and synergizes 
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FIGURE 6.9. Eicosanoid production. 
1. Phospholipases. 2. Cyclooxygenase. 
3. Hydroperoxidase. 4. Thromboxane 
synthetase. 5. Prostacyclin synthetase. 
6 . E-isomerase. 7. D-isomerase. 8. F- 
reductase. 9. 5-Lipoxygenase. 10. Glu¬ 
tathione peroxidase. 11. Hydrolase. 
12. Glutathione S-transferase. 13. y- 
Glutamyl transpeptidase. 14. Cysteinyl 
glycanase. IS. 12-Lipoxygenase. 
16. Peroxidase. 17. 15-Lipoxygenase. 
18. GSH-cis-ll-trans lipoxin A 4 . 19. a- 
Glutamyl transferase. 20. Dipeptidase. 
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with bradykinin and histamine to mediate pain. It is a bron- 
chodilator, inhibits both IL-1 production and T-cell responsive¬ 
ness to IL-1, and at low concentrations suppresses TNF-ct pro¬ 
duction. It also inhibits neutrophil chemotaxis and activation 
and T h 1 lymphocyte proliferation. 179,180 There is some sugges¬ 
tion from animal studies that PGE 2 , PGE 1? and PGI 2 may be 
beneficial in response to sepsis through their endogenous coun- 
terregulatory properties. Administration of each of these has 
been shown to improve survival in several animal models of 
hypovolemic and traumatic shock, though clinical trials have 
failed to identify benefit. 180 PGD 2 is a potent bronchoconstrictor 
that inhibits neutrophil chemotaxis and activation. TXA 2 , 


PGG 2 , and PGH 2 oppose the actions of prostacyclin by promot¬ 
ing platelet aggregation and inducing bronchoconstriction. 
TXA 2 produced by platelets and macrophages is a powerful 
vasoconstrictor that induces neutrophil accumulation and 
increases vascular permeability. 176-178,181 There is substantial 
evidence that TXA 2 plays a significant role in early acute-phase 
organ injury. 180 

Lipoxygenase Pathway (Leukotrienes and Lipoxins). 

Leukotrienes and lipoxins are leukocyte-derived molecules 
synthesized by the oxidation of arachidonic acid by one of 
three LO enzymes: 5-LO, 12-LO, and 15-LO (Fig. 6.9). 5-LO 


[TABLE 6.8 I 
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associates with the perinuclear membrane protein 5-LO-- 
activating protein (FLAP) to catalyze the formation of 5- 
hydroperoxyeicosatetraenoic acid (5-HPETE). 5-HPETE is 
subsequently converted to LTA 4 by the combined efforts of a 
dehydrase and 5-LO. LTA 4 serves as the precursor for either 
LTB 4 or LTC 4 . LTC 4 can in turn be successively hydrolyzed to 
the dipeptide derivative LTD 4 and the LTE 4 . Additional LO 
activity results in the production of 12-HPETE, 12-HETE, and 
15-HPETE. These compounds exhibit biologic activity, although 
they are not as potent as the leukotrienes or prostaglandins. 
The leukotrienes are inactivated by oxidation followed by 
dehydration. 177-179 ’ 181 ’ 182 

The major lipoxygenase product of neutrophils is LTB 4 , 
though macrophages may also synthesize this compound. This 
compound is potently chemotactic for both neutrophils and 
eosinophils, and by upregulating endothelial cell surface adhe¬ 
sion molecules promotes leukocyte recruitment. It increases 
vascular permeability, either directly or through interaction 
with neutrophils and endothelial cells. LTB 4 has also been 
shown to induce hyperalgesia. 92,179 

LTC 4 , LTD 4 , and LTE 4 comprise the family of slow-reacting 
substances of anaphylaxis (SRSA), compounds synthesized by 
mast cells during anaphylactic reactions. LTC 4 is the major 
eicosanoid product of eosinophils and the only mast cell-derived 
product of LO. These three leukotrienes are potent vasoconstric¬ 
tors and the most powerful bronchoconstrictors in humans, 
being three orders of magnitude more potent than histamine. 
They also increase vascular permeability and are vasodilatory in 
skin. 43,179 

Lipoxins are biosynthesized by several routes in a tissue- 
specific manner. Current evidence implicates the eosinophil. A 
5(6)-epoxytetraene intermediate can be formed by 5-LO activ¬ 
ity on 15-HPETE. This reaction when carried out in blood ves¬ 
sels requires the interaction between platelets and neutrophils. 
On mucosal surfaces, 12-LO and 5-LO activity on LTA 4 can 
result in formation of this lipoxin intermediate through 
leukocyte-epithelial interactions. The 5(6)-epoxytetraene 
intermediate is then converted to lipoxin A 4 , lipoxin B 4 , or 
lipoxin C 4 , the last of which serves as the precursor for lipox- 
ins D 4 and e 4 . 90 > 183 > 184 

Though many of the functions of lipoxins have yet to be elu¬ 
cidated, they appear to counterregulate the actions of 
leukotrienes. They inhibit leukotriene production by downregu¬ 
lating 5-LO as 15-LO is upregulated. The anti-inflammatory 
cytokines IL-4 and IL-13 further contribute to suppression of 
inflammatory responses by enhancing 15-LO activity. In addi¬ 
tion to inhibiting synthesis, lipoxins inhibit the actions of LTB 4 
and LTD 4 . Lipoxins A 4 and B 4 are potent vasoactive compounds, 
though this effect is tissue specific for lipoxin B 4 , as it induces 
vasoconstriction in some tissue beds. Lipoxins influence smooth 
muscle and vascular tonus by increasing NO and prostacyclin 
production, increasing arachidonate release, and reversing 
endothelin-induced vasoconstriction. Counterinflammatory 
functions of lipoxin A 4 include inhibition of leukotrienes, fMLP, 
and other chemoattractants. Lipoxin A 4 also downregulates 
LTB 4 -mediated delayed-type hypersensitivity reactions. 90,183-185 

A large number of anti-inflammatory drugs, many of which 
are in clinical use, act by interfering with eicosanoid synthesis. 
The anti-inflammatory properties of corticosteroids are medi¬ 
ated at least in part by the inhibition of PLA 2 through the 
induction of lipocortin. They have been shown to selectively 
inhibit COX2 activation without affecting COX1. NSAIDs 
block the synthesis of both prostaglandins and thromboxanes 
by inhibiting COX activity. In contrast to the other NSAIDs, 
aspirin inhibits COX in an irreversible manner, and restoration 
of platelet function necessitates the administration of platelets. 
Recently aspirin, by either acetylating COX2 or by inducing 
the oxidation of arachidonic acid by cytochrome P450 or 5- 
LO, has been shown to stimulate the formation of 15R-HETE 
in endothelial or epithelial cells. These 15-epilipoxins exhibit 
higher potency in suppressing inflammation because of their 


prolonged half-lives. A potential complication of NS AID use 
and COX inhibition is the shunting of arachidonate through 
the 5-LO pathway and subsequent greater production of proin- 
flammatory leukotrienes (asthma); such consequences mini¬ 
mize any benefit achieved from reducing other eicosanoid lev¬ 
els. In addition, NSAIDs act systematically in a nonselective 
manner, so that inhibition of prostaglandin synthesis can result 
in dangerous side effects in locations where prostaglandins nor¬ 
mally exert cytoprotective effects (stomach). 180,184,186 


Platelet-activating Factor 

PAL is a heterogeneous mixture of l-0-alkyl-2-acetyl-sn- 
glycero-3-phosphocholines that plays a prominent role in both 
physiologic and pathologic inflammatory states. It does not 
exist preformed, but is rapidly produced by activated cells. 
Synthesis involves either the remodeling of membrane phos¬ 
pholipids by PLA 2 , usually more important under inflamma¬ 
tory conditions, or de novo synthesis as occurs in resting cells. 
De novo synthesis is regulated by substrate availability and 
involves a constitutively active enzyme that produces PAL in 
small basal amounts. 187 The membrane phospholipid precur¬ 
sor is present in high amounts in neutrophils. Other cells that 
can synthesize PAL include platelets, basophils, monocytes, 
eosinophils, mast cells, and vascular endothelial cells. Similar 
to eicosanoid production, the synthesis of PAL is initiated by 
calcium-dependent activation of PLA 2 , which yields 1-0-alkyl- 
sn-glycerophosphocholine (lyso-PAL); subsequent acetylation 
generates PAP. PAP may be released from the cell, or it may be 
converted back to lyso-PAL by an acetylhydrolase and to the 
precursor ether-phosphatidylcholine. 187 

The actions of PAP are mediated by G-protein activation. As 
the name implies, PAP induces platelet aggregation and degran¬ 
ulation, yet also possesses many other critical functions for 
inflammation. Its vasoactive properties include vasodilation 
and increased permeability, and it is an equally potent bron- 
choconstrictor. PAP enhances arachidonic acid metabolism, 
leading to increased leukocyte motility, degranulation, and free 
radical formation. PAP plays an integral role in promoting 
activation and adherence of inflammatory cells to the endothe¬ 
lium. 188 During the early inflammatory response, activated 
endothelial cells synthesize and express PAP on the cell surface. 
Leukocytes tethered by selectins to the endothelium are acti¬ 
vated by endothelial PAP, which results in the induction of tight 
integrin-dependent adhesion and subsequent emigration and 
chemotaxis toward the inflammatory focus. Acyl-PAP, the 
major acetylated lipid from mast cells, basophils, and endothe¬ 
lial cells, is a less potent derivative of PAL that likely plays a 
similar role in the regulation of neutrophil recruitment. PAP 
also promotes platelet and neutrophil aggregation, thereby 
contributing to the prothrombotic state of acute inflammation. 
In circumstances of persistent pathologic stimuli, PAP may be 
liberated systemically, thereby causing the sequelae of an exces¬ 
sive inflammatory response. As a mediator of sepsis, PAP aug¬ 
ments endotoxin-induced hypotension and neutrophil and 
platelet accumulation in the lungs. There is evidence that the 
NO-induced hypotension in experimental models of endotox- 
emia is mediated by PAP. 189 PAP infusion leads to a shock state 
that is similar to septic shock in that there is tissue hypoperfu¬ 
sion despite adequate fluid resuscitation. In animal studies, PAP 
has been shown to contribute many manifestations of sepsis 
including coronary vasoconstriction, reduced cardiac contrac¬ 
tility, reduced preload, peripheral vasodilation, pulmonary 
vasoconstriction, increased microvascular permeability, gas¬ 
trointestinal hemorrhage, and thrombocytopenia. 180 Two 
prospective randomized, placebo-controlled trials of PAP inhi¬ 
bition in sepsis have suggested a benefit. 180 

PAP acetylhydrolase, an enzyme regulated by dexametha- 
sone, estrogen, and PAP itself, is the enzyme responsible for 
degradation of PAP. 
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Kinins (i.e., bradykinin and lysyl bradykinin) are small 
vasoactive peptides generated during the inflammatory response 
(Fig. 6.10). Three mechanisms of kinin formation are operant 
during inflammation: (a) plasma proteins, (b) tissue proteins, 
and (c) cellular proteinases. 190-193 

Production of Bradykinin. Biosynthesis commences with 
the activation of Hageman factor (HF), or factor XII of the coag¬ 
ulation cascade (Fig. 6.10). HF is activated by exposure to 
anionic surfaces such as the basement membrane of injured 
endothelium, heparin, or lipid A of endotoxin. It can also be pro- 
teolytically cleaved and activated by kallikrein. Prekallikrein cir¬ 
culates complexed with HMWK, a nonenzymatic protein. 
Kininogen enhances the binding of prekallikrein to negatively 
charged surfaces. Activated HF converts prekallikrein to 
kallikrein, which in turn activates more HF in a positive feed¬ 
back cycle. HFf, a cleavage product of activated HF, is also capa¬ 
ble of activating prekallikrein. Kallikrein in plasma, tissues, and 
secretions specifically cleaves HMWK to release the nonapeptide 
bradykinin. In addition to bradykinin production, kallikrein par¬ 
ticipates in the activation of plasminogen and Clq of the com¬ 
plement system, yet another link between inflammation and the 
coagulation system. The only major plasma inhibitor of acti¬ 
vated HF is Cl inhibitor. The primary inhibitors of kallikrein in 
plasma are Cl inhibitor and aq-macroglobulin. 39,190 

Kinin Production in Tissue. Lysyl-bradykinin (kallidin) is 
the cleavage product of either HMWK or low-molecular-weight 
kininogen (LMWK) by tissue kallikreins, which are proteins dis¬ 
tinct from their plasma counterparts. LMWK is present in 
higher concentrations intracellularly compared with HMWK. 
Whereas both HMWK and LMWK can be converted to lysyl- 
bradykinin by tissue kallikrein, only HMWK is cleaved by 
plasma kallikrein. Kallidin itself can be converted to bradykinin 
by a plasma aminopeptidase. Both kallidin and bradykinin use 
the same receptors and perform similar functions, but kallidin is 
approximately 85% as potent as bradykinin. Tissue kallikrein is 
synthesized from a preproenzyme and is converted intracellu- 
larly to tissue prokallikrein by enzymes that are not yet well 


characterized. The secreted prokallikrein is then converted to 
tissue kallikrein extracellularly by plasmin or plasma kallikrein. 
The only significant inhibitor of tissue kallikreins is aq- 
proteinase inhibitor. 39,190 

Cellular Kininogenase Activity. Neutrophils, mast cells, and 
basophils are sources of kininogenase activity. Neutrophils pro¬ 
duce leukokinins by way of cathepsin D. Their role in inflam¬ 
mation is unclear. Bradykinin is metabolized sequentially to the 
partially active eight-amino-acid peptide, des-Arg-bradykinin, 
by carboxypeptidase N, and then to inactive 5-amino-acid and 
three-amino-acid fragments by the angiotensin-converting 
enzyme (ACE). ACE is the predominant enzyme to inactivate 
bradykinin in the pulmonary vasculature. Arginine released as 
a byproduct of the carboxypeptidase N reaction may con¬ 
tribute further to the modulation of inflammation by acting as 
a substrate for the formation of NO. 39,190,194 

There are three kinin receptors, of which two are well char¬ 
acterized. 190,192 B1 receptors are expressed primarily on the 
vasculature under pathologic conditions such as tissue injury. 
They bind des-Arg-bradykinin and des-Arg-kallidin and may 
mediate the hypotension characteristic of sepsis as well as 
pain. 190,195 Both B1 and the more widely distributed B2 recep¬ 
tors are G-protein-coupled receptors. Activation of B2 recep¬ 
tors stimulates IP and phospholipase C (PLC), resulting in the 
accumulation of the second messengers IP 3 , DAG, and calcium. 
The B2 receptors are more important in mediating the effects of 
inflammatory kinins, such as bradykinin and lysyl-bradykinin. 
These kinins induce arteriolar dilatation and mediate pain. 
Similar to histamine, bradykinin increases the gaps between 
postcapillary venule endothelial cells to increase vascular per¬ 
meability. It is a potent constrictor of bronchial, uterine, and 
gastrointestinal smooth muscle, as well as the coronary and 
pulmonary vasculature. 192 Activation of endothelial B2 recep¬ 
tors stimulates production of NO to further enhance vasodi¬ 
latation. Kinins have been implicated in mediating the antihy¬ 
pertensive and cardioprotective effects of ACE inhibitors. 196 
ACE, in addition to catalyzing the formation of angiotensin II 
from angiotensin I, promotes the hydrolysis of bradykinin to 
inactive metabolites. In addition, bradykinin can modulate 
platelet function by stimulating endothelial cell secretion of 
PGI 2 and thromboxane through activation of PLA 2 . 190 
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Neuropeptides 

Neuropeptides may provide the neuroendocrine link between 
psychological stress and inflammatory diseases such as psoria¬ 
sis and inflammatory bowel disease. Like cytokines, their 
Q actions are pleiotropic and redundant. Neuropeptides execute 
their inflammatory and immunomodulatory effect by binding 
to specific G-protein-coupled receptors on the surfaces of tar¬ 
get cells, and the resultant effect may be proinflammatory, 
anti-inflammatory, or both. For example, substance P medi¬ 
ates the hypothalamic fever response to PGE 2 induced by IL-1 
and TNF-a, whereas adrenocorticotropic hormone (ACTH), 
arginine vasopressin (AVP), and a-melanocyte-stimulating 
hormone (a-MSH) suppress it. The pituitary peptides pro¬ 
lactin, corticotropin-releasing hormone (CRH), and AVP have 
been shown to augment immune responses by enhancing T H 1 
activity. 39,197,198 

Tachykinins are important proinflammatory neuropeptides 
that mediate pain and vasodilatation and promote the classic 
inflammatory signs of erythema and edema. Substance P stim¬ 
ulates monocyte and neutrophil influx and neutrophil phago¬ 
cytosis. Its inflammatory effects appear to be mediated by the 
proinflammatory cytokines TNF-u and IL-1 from mast cells, 
monocytes, macrophages, bone marrow, and endothelial cells. 
During allergic inflammation, substance P stimulates hista¬ 
mine release from mast cells. As an effector of immune func¬ 
tion, substance P promotes T-cell proliferation and antibody 
production. Substance P released locally by nerve terminals is 
important in mediating the perception of pain. 39,190 

CRH induces the release of IL-1, IL-6, and superoxide 
anion from macrophages and regulates its own proinflamma¬ 
tory effects through cortisol release. Cortisol downregulates 
production of proinflammatory cytokines such as IL-1, TNF-a, 
and IL-2; metalloproteinases; and inducible nitric oxide syn¬ 
thase (iNOS), and through this negative feedback loop, 
inhibits the production of CRH as well as ACTH and AVP. 
AVP, growth hormone, and prolactin are other important 
proinflammatory neuropeptides. 39,197,198 

Vasoactive intestinal peptide (VIP) and its homologues dis¬ 
play both proinflammatory and anti-inflammatory effects. VIP 
is widely distributed throughout the central and peripheral 
nervous systems and serves as a chemoattractant for 
macrophages, neutrophils, and T cells, and may play an 
important role in granulomatous reactions. VIP stimulates the 
release of histamine, and IL-5 and is a potent vasodilator. It 
inhibits IL-6, TNF-u, and IL-12 release and iNOS expression 
in activated macrophages. VIP has also been shown to stimu¬ 
late the production of the anti-inflammatory cytokine IL-10 by 
macrophages and inhibit T-lymphocyte proliferation and IL-2 
and IFN-y production. 199 

Somatostatin and u-MSH are primarily anti-inflammatory 
in action. Somatostatin, which colocalizes with substance P in 
sensory nerves, inhibits IgE formation and NK cell activity. 
u-MSH inhibits leukocyte chemotaxis and IFN-y production 
and downregulates T H 1 activity. ACTH, calcitonin, and (3- 
endorphin are other neuropeptides with predominantly anti¬ 
inflammatory properties. 39 

Calcitonin gene-related peptide (CGRP) is an immunomod- 
ulator that inhibits the activity of T cells and macrophages, in 
part through the induction of IL-10. It also is an inhibitor of 
antigen presentation. CGRP promotes vasodilatation and neu¬ 
trophil influx and synergizes with bradykinin and histamine to 
promote edema formation. 

Nitric Oxide. The endogenous synthesis of NO was first 
identified in 1987, and NO was the first gaseous molecule 
shown to be synthesized for the purpose of cell signaling. 200 
NO is a weakly reactive radical that diffuses short distances 
from cell to cell independent of membrane channels or recep¬ 
tors. Its half-life is short because of its rapid inactivation by 


hemoglobin and other endogenous substances; thus, it func¬ 
tions primarily in a paracrine and autocrine fashion. The 
enzyme NO synthase (NOS) catalyzes the formation of NO 
and citrulline from the substrates L-arginine and oxy¬ 
gen. 50,201-203 NOS contains prosthetic groups for flavin-adenine 
dinucleotide, flavin mononucleotide, tetrahydrobiopterin, iron 
protoporphyrin IX, and zinc. Three isoforms of NOS have 
been identified. The calcium-dependent constitutive isoforms, 
neuronal NOS (nNOS) and endothelial NOS (eNOS), generate 
the small amounts of NO necessary for those processes main¬ 
taining physiologic homeostasis, such as neurotransmission 
and endothelial regulation of vascular tone. The expression of 
iNOS, however, requires stimulation and produces larger, sus¬ 
tained amounts of NO with both cytoprotective and cytotoxic 
properties. This distinction is not absolute, as certain cell pop¬ 
ulations express low basal levels of iNOS, and constitutive 
NOS transcripts can be enhanced by certain stimuli such as 
shear stress and hypoxia. 50,201-203 

Many of the physiologic effects of NO are mediated by the 
activation of soluble guanylate cyclase. Increased levels of 
intracellular cyclic guanosine monophosphate trigger a reduc¬ 
tion in calcium concentration and promote vascular smooth 
muscle relaxation and the inhibition of platelet aggregation 
and adhesion. The cellular response to NO also likely involves 
multiple signal transduction mechanisms including the MAPK 
pathway. 

Inflammation secondary to endotoxemia, hemorrhagic 
shock, and ischemia/reperfusion are associated with increased 
NO production by iNOS. iNOS, first described in macrophages, 
can be expressed in essentially any cell type in response to 
immunologic stimuli, and unlike nNOS and eNOS, does not 
depend on elevations in intracellular calcium levels for its activ¬ 
ity. 50,201-203 Important activators of iNOS upregulation include 
LPS, IL-1, TNF-u, and IFN-y. Expression is primarily tran¬ 
scriptionally regulated, although stabilization of iNOS mRNA 
also appears to play a role. IFN-y stabilizes iNOS mRNA, 
whereas TGF-/3 can destabilize it. Transcription of the iNOS 
gene is controlled by NF-kB, IFN-y-responsive element, and 
TNF-responsive element. Induction of iNOS can be inhibited 
by glucocorticoids, thrombin, macrophage deactivation fac¬ 
tor, PDGF, IL-4, IL-8, IL-10, and IL-13. 50,201-203 Dexametha- 
sone may inhibit iNOS induction by impairing the DNA- 
binding capacity of NF-kB and by increasing levels of 
I-kB. 204,205 

The endothelial dysfunction and vascular hyporeactivity 
characteristic of septic shock is mediated in part by iNOS pro¬ 
duction of NO. 206 NO has been shown to be the effective 
mediator of the negative myocardial inotropy of TNF-u, IL-6, 
and IL-2 and the TNF-u-induced vasodilatation in the sys¬ 
temic and microcirculations. 207 NO may indirectly increase 
prostaglandin production by increasing the catalytic activity of 
cyclooxygenase and decrease leukotriene production by 
inhibiting 5-lipoxygenase. 208 NO plays an autoregulatory role 
in the T H 1 subset of T H cells by limiting their own prolifera¬ 
tion. 209 

NO can mediate tissue injury in inflammation by modulat¬ 
ing organ perfusion, mediating interactions with neutrophils, 
contributing to proinflammatory signaling, and regulating 
apoptosis. 210 Whereas eNOS primarily regulates perfusion 
during homeostasis, both eNOS and iNOS modulate organ 
flow in pathophysiologic states. Basal NO production from 
eNOS prevents the adherence of neutrophils to the endothe¬ 
lium and inhibits chemotaxis under physiologic conditions. 
Animal studies have demonstrated that pharmacologic inhibi¬ 
tion of iNOS or genetic deletion of iNOS attenuates neutrophil 
accumulation in organs after ischemia/reperfusion injury. 211 
Conversely, similar experiments in endotoxemia implicate an 
antiadhesive role for iNOS, suggesting that the effect of 
induced NO on neutrophil accumulation is insult specific. 210 
Activated neutrophils can be stimulated by fMLP, PAF, and 
LTB 4 to produce NO. NO produced by neutrophils at sites of 
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inflammation can combine with superoxide to form peroxyni- 
trite as another means of effecting toxicity. 39,212 

The reaction of NO with super oxide is the only reaction 
that outcompetes the reaction of superoxide with superoxide 
dismutase. Although small amounts of peroxynitrite are pro¬ 
duced under basal conditions from constitutively produced 
NO and superoxide from mitochondria and other cellular 
sources, endogenous antioxidants such as GSH, vitamins E 
and C, and superoxide dismutase likely limit its toxicity. A low 
concentration of peroxynitrite has been shown to inhibit neu¬ 
trophil adhesion. Higher concentrations of peroxynitrite can 
initiate a wide range of toxic oxidative reactions through a 
peroxynitrous acid intermediate. These include the initiation 
of tyrosine nitration, lipid peroxidation, and direct inhibition 
of mitochondrial respiratory enzymes. The balance between 
super oxide and NO determines the reactivity of peroxynitrite; 
excess NO reduces the oxidation elicited by peroxynitrite. In 
addition, peroxynitrite may contribute to cytotoxicity by a 
more indirect pathway. Peroxynitrite-induced single-strand 
breaks in DNA activate the nuclear enzyme poly(ADP-ribose) 
synthetase, leading eventually to irreversible energy depletion 
of the cells and necrotic-type cell death. 39,41 

Inducible NOS plays a key role in host defense, with NO or 
peroxynitrite exhibiting potent antimicrobial activity against a 
number of pathogens including viruses, fungi, and bacteria. 
Although microbicidal susceptibility to NO-mediated killing 
can vary considerably between species, essential roles have 
been identified in tuberculosis and bacterial peritonitis. 213 
Induced NO has been shown to be essential for the upregula- 
tion of the inflammatory response in hemorrhagic shock and is 
likely to be so in other inflammatory processes. NO produced 
by iNOS leads to the activation of NF-kB. 214 This is followed 
by the induction of proinflammatory cytokines and increased 
leukocyte recruitment and activation. 

NO has demonstrated both proapoptotic and antiapoptotic 
effects depending on the circumstances. NO derived from 
eNOS may inhibit apoptosis. 215 Proapoptotic effects appear to 
be associated with pathophysiologic conditions in which 
iNOS is upregulated. Low concentrations of peroxynitrite 
have also been shown to induce apoptosis, whereas higher 
concentrations promote cell necrosis in vitro. The role of NO- 
mediated apoptosis in the regulation of the inflammatory 
response has yet to be more clearly defined. 

In summary, NO mediates tissue injury both directly 
through the formation of peroxynitrite and indirectly through 
the amplification of the inflammatory process. Like many 
mediators, however, NO has dual regulatory functions and is 
therefore difficult to characterize as either proinflammatory or 
anti-inflammatory. In general, basal levels of NO produced by 
constitutive NOS may confer anti-inflammatory effects, 
whereas induced NO may tend to promote the upregulation of 
the inflammatory response. It is likely that an optimal level of 
NO is necessary in host defense; too little NO may be as harm¬ 
ful as too much. 


Heme Oxygenase 

Heme oxygenase catalyzes the breakdown of heme to iron, 
biliverdin, and carbon monoxide (CO). 216 Three isoforms of 
HO have been identified. HO-2 is constitutively expressed in 
many tissues, whereas HO-3 expression appears to be limited 
to the brain. HO-1 is not expressed constitutively in most tis¬ 
sues, but is rapidly upregulated by both heme and nonheme 
cellular stresses, including hypoxia, redox stress, and inflam¬ 
mation. Additionally, NO is a potent inducer of HO-1. HO-1 
has profound antiapoptotic and anti-inflammatory effects. 
These cytoprotective effects have been attributed to the indi¬ 
vidual catalytic products of heme metabolism. Biliverdin is 
converted to bilirubin by biliverdin reductase, and bilirubin 
has been demonstrated to act as a potent intracellular antioxi¬ 


dant. Carbon monoxide alone can mimic many of the actions 
of HO-1 and has been shown to protect in models of sepsis, 
hemorrhagic shock, and ischemia/reperfusion when adminis¬ 
tered as an inhaled gas. The mechanisms of action of carbon 
monoxide have both similarities and dissimilarities with nitric 
oxide and are an area of active investigation. 216 


Hydrogen Sulfide 

Hydrogen sulfide (H 2 S) is a colorless, flammable gas, with the 
typical malodor of putrid eggs. It is highly lipophilic and freely 
penetrates the cell wall, which greatly facilitates its biologic 
activity. 217 Recent evidence highlights the widespread distribu¬ 
tion of H 2 S in the plasma, brain, and other tissues. H 2 S is 
formed in mammalian cells largely by the activity of two pyri- 
doxal phosphate-dependent enzymes, cystathione y-lyase 
(CSE) and cystathionine /3-synthetase (CBS), that utilize cys¬ 
teine and homocysteine to form H 2 S. 217 Large amounts of these 
enzymes occur in the brain (CBS), liver (CSE), kidney (CSE), 
and blood vessels (CSE). Interestingly, lipopolysaccharide 
exposure induces the expression of CSE, suggesting that H 2 S 
may regulate inflammation. 218 Both pro- and anti-inflamma¬ 
tory actions have been described. H 2 S levels and CSE expres¬ 
sion are increased in animal models of endotoxemia, sepsis, 
and hemorrhagic shock. 218-220 It has been shown to increase 
leukocyte attachment and rolling in jejunal blood vessels and to 
increase ICAM-1 expression. 221 In human monocytes, H 2 S 
donors induced the formation of proinflammatory cytokines 
and chemokines via a NF-kB mechanism. 222 Inhibitors of CSE 
reduced the inflammation in these animal models of sepsis and 
hemorrhage. By contrast, H 2 S decreased LPS-induced upregu¬ 
lation of NF-kB in RAW 264.7 macrophages, and H 2 S-releasing 
derivatives of diclofenac exhibited greater anti-inflammatory 
activity in endotoxic shock. 217,223,224 


RECOGNITION AND 
ACTIVATION PROCESSES 

Exogenous and Endogenous 
Danger Recognition 

Multicellular organisms have evolved an essential mechanism of 
J surveillance, defense, and repair of injured cells. Implicit with 
this system is the ability to differentiate pathogens and damaged 
cells from self. The initial response is orchestrated by the evolu- 
tionarily ancient and more universal innate immune system, 
which employs monoclonal sets of recognition molecules called 
pattern recognition receptors (PRRs). 225,226 PRRs bind con¬ 
served molecular structures found in large groups of pathogens, 
termed PAMPs. PAMPs are a diverse set of microbial molecules, 
which share a number of different recognizable biochemical fea¬ 
tures that alert the organism to intruding pathogens. 225-227 
These PAMPs are recognized by cells of innate and acquired 
immunity, primarily through the Toll-like PRRs. Activation 
induces several signaling pathways, most notably NF-kB. 225,227 
Consequent to this activation, an immune response is triggered 
to destroy the pathogen and/or pathogen-infected cells, and an 
adaptive response is initiated to select pathogen-specific T cells 
and antibodies for future occasions. 

However, pathogens are not the only causative agents of 
tissue and cell damage. Cells, and thus tissues, can be injured 
by various noxious insults: heat, cold, chemicals, radiation, 
ischemia, or direct mechanical injuries. Evolution has enabled 
us to deal with these damages, which though not caused by 
pathogens, still necessitate repair. It is becoming apparent that 
specific receptors exist by which to recognize extrinsic threats 
(i.e., pathogen) and intrinsic altered self (cytokines, oxidized 
mitochondrial DNA, heat-shock proteins, and uric acid). 227 
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Danger-associated Molecular Patterns 

Q DAMPs, the endogenous equivalent of PAMPs, represent dan- 
ger signals or “alarmins” and share many characteristics similar 
to cytokines. 227 DAMPs may be released following nonpro- 
grammed cell death, such as necrosis, and under such circum¬ 
stances tend to elicit inflammation. By contrast, programmed 
cell death (i.e., apoptosis) incorporates mechanisms such as 
acetylation to minimize the release of these mediators and any 
subsequent inflammatory response. Cells of the immune system 
also can be induced to secrete these mediators. 227 This secretion 
may occur by specialized secretion systems or by the classical 
ER-Golgi secretion pathway. 227 Under these circumstances, 
DAMPs may facilitate the inflammatory response by aiding the 
recruitment of innate immune cells, most notably dendritic 
cells. In doing so, they indirectly orchestrate the subsequent 
adaptive immune response and facilitate tissue repair. 227 The 
prototypical alarmin, HMGB1, has already been discussed. 
Here we briefly discus mediators recently added to this list. 

SI00 Proteins. The family of SI00 proteins incorporates 
over 20 related calcium-binding proteins. 227 S100A8 and 
S100A9 form heterocomplexes in the cytosol of granulocytes, 
monocytes, and macrophages, whereas S100A12 exists as 
homodimers in the cytoplasm of granulocytes. SI00 proteins 
are actively secreted at sites of inflammation via a nonclassical 
pathway. The receptors mediating their effects are still being 
defined, though it appears that S100A12 and S100B interact 
with RAGE, whereas S100A8/9 may interact with TLR recep¬ 
tors. SI00 proteins have been shown to induce increased vas¬ 
cular permeability and a prothrombotic effect. Recent studies 
implicate SI00 proteins in the pathogenesis of autoimmune 
arthritis and psoriasis. 227 

Uric Acid. Uric acid is released after cellular injury, and 
upon exposure to the extracellular environment, precipitates 
to form monosodium urate (MSU). 227 Uric acid stimulates 
dendritic maturation and, when coinjected with antigen in 
vivo, significantly enhances the generation of responses from 
CD8 + T cells. 227 It has significant proinflammatory properties 
that are best evidenced in the disease gout, in which uric acid 
accumulates in tissues and induces inflammation-dependent 
arthritis. MSU crystals engage the inflammasome, resulting in 
the production of IL-1/3 and IL-18. 227 Macrophages from mice 
deficient in IL-1R or in various components of the inflamma¬ 
some, such as caspase-1, ASC, and NaLP3, are defective in 
MSU-induced cytokine secretion and have reduced inflamma¬ 
tion. 227 Extracellular uric acid is eliminated by uricase. 227 

Receptors for Danger Recognition. Innate immunity is 
not antigen specific, but rather programmed to respond to 
groups of evolutionarily conserved macromolecules that repre¬ 
sent “patterns of danger” and signal a potential threat to the 
host. PRRs identify these PAMPS and include the Toll-like 
receptors and NOD-like receptors. Recent studies highlight 
the promiscuity of these PRRs in also recognizing and mediat¬ 
ing DAMP-dependent signaling. In fact, multiple positive feed¬ 
back loops between DAMPS and PAMPs and their overlapping 
receptors may represent the molecular basis for the observa¬ 
tion that infections, as well as nonspecific stress factors, can 
trigger flares of autoimmune diseases (i.e., rheumatic). 147 
Additional novel receptors have subsequently been identified 
and designated PRRs, including RAGE. 226 ’ 227 

CD 14. The prototypical receptor identifying external infec¬ 
tious threats (i.e., gram-negative infections) is CD14. CD14 
was identified as the LPS receptor when transfection of CD 14- 
negative CHO cells with CD 14 conferred responsiveness to 
LPS. 228 Its critical role in LPS recognition is underscored by the 
LPS-hyporesponsive phenotype of CD 14-deficient mice. It has 


been identified on cells of the myeloid lineage, B cells, liver 
parenchymal cells, and fibroblasts. Differential expression is 
observed, ranging from high levels on peritoneal and pleural 
macrophages to lower levels on Kupffer cells, alveolar macro¬ 
phages, monocytes, and PMNs. Expression may be modified 
as human PMNs express low levels of CD 14 that is upregu- 
lated by TNF-u, G-CSF, GM-CSF, and fMLP. Prototypically, 
CD14 binds LPS bound to LPS-binding protein (LBP) in com¬ 
bination with MD-2 and presents it to TLR4. 228 MD-2 is 
required for cellular responsiveness to LPS, as demonstrated 
by both transfection studies and an analysis of a CHO cell line 
with a mutated MD-2 gene. Most of the available evidence 
indicates that a complex of TLR4/MD-2/CD14 directly binds 
LPS. 228 CD14 is also important in TLR2 signaling, whereby it 
presents bacterial products other than LPS. 

Toll-like Receptors. CD 14 is a glycosylphosphatidylinositol- 
linked receptor devoid of any transmembrane domain. This, in 
combination with the identification of a soluble form of 
CD 14, necessitated identifying the manner by which LPS 
induced activation. 229 In 1996, the Toll protein in Drosophila 
was shown to be necessary for an effective immune response to 
the fungus Aspergillus fumigatus. 215 In 1998, Poltorak et al. 
discovered that the Ips gene in LPS-hyporesponsive C3H/HEJ 
mice encoded a murine member of the TLR family. These data 
provided the initial evidence that mammalian TLRs function 
as PRRs. 230 Subsequent studies have confirmed that TLR4 is the 
“LPS receptor” and that it is essential for the defense against 
gram-negative microorganisms. 228 

Thirteen mammalian TLR receptors have been character¬ 
ized. Each recognizes a specific set of conserved microbial 
molecules, and as a family, they can detect most microbes. 228 
Interestingly, the subcellular localization of different TLRs cor¬ 
relates to some extent with the molecular patterns of their li¬ 
gands and their function. 231 TLR1, TLR2, and TLR4 are located 
on the cell surface and are recruited to phagosomes after activa¬ 
tion by their respective ligands. They are the receptors mediat¬ 
ing the response to exogenous insults including bacterial infec¬ 
tion and trauma. By contrast, TLR3, TLR7, and TLR9, all of 
which are involved in the recognition of nucleic acid-like struc¬ 
tures (i.e., viral DNA), are expressed intracellularly. 225,232 

TLR4 is required for the innate response to gram-negative 
organisms and LPS, though other TLRs, such as TLR2, can also 
recognize and mediate this response. 226 TLR4 has been shown 
to trigger the response to additional ligands, including lipotei- 
choic acid (LTA) and peptidoglycans from gram-positive bacte¬ 
ria and the fusion protein of the respiratory syncytial virus. 233 
Individuals with the D299G polymorphism in TLR4 demon¬ 
strate increased risk of gram-negative infections, and other stud¬ 
ies have linked this with an increased incidence of SIRS. 234 In 
addition, this polymorphism has been associated with alter¬ 
ations in the susceptibility to other inflammatory and poten¬ 
tially infectious processes (carotid artery atherosclerosis, coro¬ 
nary artery disease). 234 Heat-shock protein 60 (HSP60) of 
chlamydial origin has been found in atherosclerotic plaques and 
can bind TLR4. Perhaps recognition of HSP60 by human TLR4 
might exacerbate the inflammatory component of atherosclero¬ 
sis, whereas people with the D299G polymorphism might be at 
least partly protected from this exacerbation. 234 TLR4 has been 
well characterized as a PRR for DAMPs, including heat-shock 
proteins (HSP60, HSP70, Gp96), hyaluronate, heparan sulfate, 
and other matrix proteins. Because of its ability to recognize 
endogenous proteins, TLR4 is implicated in a variety of dis¬ 
eases, including arthritis and atherosclerosis. 147,232 

TLR2 recognizes lipoproteins derived from the cell wall of 
bacteria such as Treponema pallidum and Mycoplasma fer- 
mentans , LTA from gram-positive bacteria, lipopeptides, LPS, 
and lipid A. 226,232,233 It also can recognize a host of DAMPs, 
including the heat-shock proteins, fibronectin, fibrinogen, 
heparan sulfate, and hyaluronate. Recent data suggest that 
TLR2 forms heterodimers with other TLRs, including TLR1 
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or TLR6, to recognize these DAMPs. A likely consequence of 
this cooperation is an increased repertoire of ligand specifici¬ 
ties. The R753Q polymorphism in the TLR2 is associated with 
a decreased response to these bacteria and may increase sus¬ 
ceptibility to staphylococcal infections or tuberculosis. 232,234 

Additional TLRs involved in inflammation include TLR9, 
which recognizes unmethylated CpG motifs present in bacte¬ 
rial DNA. By contrast, most of the host mammalian genome 
is methylated. TLR9-ligand engagement occurs intracellu- 
larly, in either endosomes or lysosomes, presumably following 
bacterial lysis. Recent evidence suggests that TLR9 can iden¬ 
tify host DNA released by dead or dying cells, and hence may 
be involved in the autoimmune diseases such as systemic 
lupus erythematosus (SLE). 225 TLR5 recognizes flagellin of 
bacterial flagella. 232 TLR3 recognizes double-stranded RNA 
of both viral and endogenous sources. Because of the latter 
characteristic, TLR3 has been implicated in autoimmune 
arthritis. 

TLRs induce signal transduction via their cytoplasmic Toll- 
interleukin-1 receptor (TIR) domains to promote the expres¬ 
sion of a variety of host defense genes. These include inflam¬ 
matory cytokines and chemokines, antimicrobial peptides, 
costimulatory molecules, MHC molecules, and other effectors. 
A considerable portion of the functional response is mediated 
by activating intracellular signaling pathways that culminate 
in the induction of the transcription factor NF-kB. Specifically, 
the CD14/MD-2/TLR4 complex, upon engagement with LPS- 
LBP, recruits the adapter protein MyD88, which subsequently 
engages the serine/threonine kinase IRAK. IRAK undergoes 
autophosphorylation and recruits TRAF6. Ultimately, acti¬ 
vated I-kK phosphorylates and targets for degradation the NF- 
kB inhibitor I-kB, which enables the nuclear translocation of 
NF-kB and transcription of inflammatory genes. AP-1 and 
members of the MAPK transduction cascade are also activated 
by this mechanism. This pathway is critical to the production 
of IL-12, TNF-u, and IL-6. All TLRs signal through this con¬ 
served signaling cascade, and for some, MyD88 (TLRs 2, 6, 9) 
is their sole receptor-proximal adaptor. For instance, MyD88 
is essential for clearance of S. aureus, a gram-positive bacteria, 
which would signal through TLRs 2, 6, 9. 225 ’ 226 ’ 233 

Subsequent studies utilizing MyD 8 8-deficient mice sug¬ 
gested that alternate TLR pathways existed. These mice, in 
response to many TLR ligands, including peptidoglycan and 
unmethylated CpG motifs, did not activate NF-kB or MAPK. 
Surprisingly, however, LPS could still activate NF-kB and 
MAPK, though in a delayed fashion. Subsequently, a MyD88- 
independent pathway has been characterized that is utilized by 
TLR4 and utilizes a distinct adaptor protein called TIR 
domain-containing adapter protein (TIRAP) or Mai. A domi¬ 
nant negative mutant of TIRAP specifically impairs TLR4- and 
TLR2- but not IL-1R- or TLR9-induced NF-kB, indicating a 
specificity of TIRAP for the TLR4 pathway. A third TIR-con- 
taining adaptor molecule, TIR domain-containing adaptor 
inducing IFN-/3 (TRIF), also appears to mediate an MyD88- 
independent pathway. 225,226,233 

Most of this research has occurred in the realm of sepsis 
and provided insight into the manner by which organisms 
identify infectious threats and activate the inflammatory path¬ 
way to preserve the host. However, several circumstances of 
sterile inflammation suggest a role of the TLRs in mediating 
inflammation in response to endogenous danger signals (uric 
acid, mitochondrial DNA, HMGB1). 228 Hepatocellular injury 
consequent to ischemia/reperfusion (I/R) has been shown to be 
dependent on TLR4. 32 

RAGE. RAGE is an immunoglobulin superfamily molecule 
that belongs to the multiligand receptors that recognize families 
of ligands rather than a single polypeptide. 95,227,235,236 It has a 
single transmembrane spanning domain and a highly charged 
cytoplasmic tail that, though lacking known signaling motifs, is 
critical for cellular activation. Though RAGE knockout mice 


are viable and fertile, they display a wide range of defects. Most 
of these defects are subtler than expected, leading to the sugges¬ 
tion that other receptors with overlapping function might exist. 
Signaling appears to necessitate clustering into a particular 
orientation, which facilitates binding of cytosolic signaling com¬ 
plexes. 95,235 Its ligands include products of nonenzymatic gly- 
cosidation (e.g., advanced glycation end-products or AGEs), the 
amyloid-/3 precursor protein, the SlOO/calgranulin family of 
proinflammatory cytokinelike mediators, and HMGB1, and its 
expression is upregulated at sites of diverse pathologies including 
atherosclerosis and Alzheimer disease. In fact, RAGE-mediated 
cellular stimulation is thought to increase expression of the re¬ 
ceptor itself, thereby generating a positive feedback mechanism 
and perpetuating the proinflammatory state. 95,235,236 

Recent studies demonstrate the activation of multiple signal 
transduction cascades subsequent to ligand binding, including 
the MAPK family (p38, ERK1/2, and JNK) and Rho GTPases 
(cdc42 and rac). 236 Like TLRs and IL-1R, RAGE engagement 
leads to NF-kB activation, suggesting that both receptor usage 
and signaling pathways evoke similar responses when cells are 
activated by PAMPs and DAMPs. It is currently hypothesized 
that RAGE-ligand interaction induces a new heightened basal 
state of activation. With a superimposed stimulus, cellular per¬ 
turbation is magnified. Rather than returning to homeostasis, 
cellular signal transduction mechanisms favor augmented dys¬ 
function. 95,235 

Studies have implicated RAGE to be an important receptor 
during various acute and chronic inflammatory processes as 
well as tumor biology. RAGE expression and function directly 
correlated with tumor growth in RAGE-transfected C6 glioma 
cells. In a murine tumor model, in mice treated with soluble 
RAGE, which functions as a decoy, there was a reduction in 
lung metastases, cellular invasion, and expression of matrix 
metalloproteinases. 236 

RAGE has also been identified as a receptor for S100A12, 
a member of the SlOO/calgranulin family of proinflammatory 
mediators. Endothelial cells cultured with S100A12 displayed 
RAGE-dependent expression of VCAM-1 and tissue factor. 
Mononuclear phagocytes displayed S100A12-RAGE chemo- 
taxis, expression of tissue factor, and elaborated IL-1 and 
TNF-u. In vivo studies of delayed-type hypersensitivity 
demonstrated reduced inflammatory response when mice were 
treated with anti-RAGE F(ab')2, anti-SlOO F(ab')2, or soluble 
RAGE. Treated animals also displayed reduced NF-kB activa¬ 
tion and IL-1 and TNF-u expression. 236 

The angiopathy of diabetes is thought to be consequent to 
inflammatory processes generated by elevated glucose concen¬ 
trations. Hyperglycemia has been demonstrated to activate 
numerous signaling cascades. One process that might mediate 
these effects is through the nonenzymatic formation of 
AGEs. 95,235,236 AGE-RAGE interactions on endothelium lead 
to the expression of procoagulant tissue factor and VCAM-1 
and macrophage-released tissue factor. Animals treated with 
soluble RAGE showed decreases in atherosclerotic lesion area 
and number and a marked reduction in lesion complexity. Also, 
treated animals had reduced expression of adhesion molecules, 
tissue factor, MCP-1, and matrix metalloproteinases. 95,235,236 


CD91 


The immunologic properties of HSPs were discovered by their 
ability to elicit antitumor immunity. It was later discovered 
that this antigenic specificity was determined by the peptides 
they chaperoned. APCs can bind and internalize HSP-peptide 
complexes derived from virus-infected cells or tumors and rep¬ 
resent them on MHC class I molecules. In addition, APC 
engagement of HSP-peptide complexes induces maturation, 
the expression of costimulatory molecules, and the induction 
and release of cytokines (TNF-u, IL-1, IL-12, IL-6, GM-CSF, 
MIP-1, RANTES, and NO). 237,238 
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CD91 had been identified as a receptor for the serum pro¬ 
tein <T 2 -macroglobulin, a natural protease inhibitor that, like 
HSPs, is found across many species. In fact, u 2 -macroglobulin 
is the evolutionary precursor of the C3 complement compo¬ 
nent. By binding pathogen proteases utilized during invasion 
and shuttling them for endocytosis, u 2 -macroglobulin hinders 
pathogen invasion. 237,239 

However, such a method of host defense would be ineffec¬ 
tive for intracellular pathogens that gain access by alternative 
means, such as mimicking host proteins and developing lig¬ 
ands for host receptors. Hence, another method of signaling 
danger is necessary. It is currently thought that upon cell 
death, HSPs contained within the cell transfer information 
regarding the infected intracellular environment to CD91. 
This large cell surface receptor, complexed with the HSPs, is 
internalized and delivers antigen into the classical MHC class 
I pathway. The MHCs bind and present them to CD8 + T cells. 
On recognizing nonself, T cells are induced to proliferate and 
mediate killing. This mechanism could be generalized to impli¬ 
cate CD91 and HSP interactions in the recognition of all cellu¬ 
lar stress that culminates in injury and death. 239 

CD91 was first identified by Binder et al. as the receptor for 
Gp96 and then by Basu et al. as a common receptor for other 
HSPs (HSP70, HSP90, and calreticulin). 240,241 This large mul¬ 
tidomain 600-kD protein possesses multiple binding sites for 
at least 32 ligands. The binding of this receptor to many mem¬ 
bers of the HSP family has been corroborated by several inde¬ 
pendent functional and structural studies. 239 

Several in vivo studies suggest a physiologic relevance for 
HSP-CD91 interaction. Mice immunized with tumor-derived 
Gp96-peptide complexes reject a subsequent tumor challenge. If 
CD91 antiserum is mixed with the HSP-peptide inoculum, the 
mice fail to reject the tumors. Binder et al. noted that blocking of 
CD91 completely inhibits the phenomenon of re-presentation of 
peptides that are carried or chaperoned by HSPs, suggesting that 
not only is CD91 a receptor for HSPs, but it may also be the sole 
receptor involved in antigen re-presenting. 238,241 

HSPs have been shown to chaperone antigenic peptides 
(tumor, viral, minor histocompatibility antigens) from all cellu¬ 
lar compartments. The HSPs thus appear to be a universal 
mechanism for antigen capture, and they permit a high-efficiency 
antigen uptake through a receptor-mediated mechanism. 

Evidence that HSP-peptide-CD91 interactions serve to sig¬ 
nal cellular stress is beginning to culminate. Basu et al. demon¬ 
strated that HSP70, HSP90, Gp96, and calreticulin are released 
from cells as a result of necrotic cell death, but not apoptotic 
cell death. 240 Similarly, Melcher et al. reported that tumor cells 
undergoing necrotic death are highly immunogenic as com¬ 
pared to those undergoing apoptotic death. 242 Actual necrosis 
may be unnecessary as stressed cells and cancer cells have been 
reported to express cell surface HSP molecules, which may acti¬ 
vate APCs. Zheng et al. observed that physical contact of 
tumor cells artificially engineered to express cell surface HSPs 
with immature DCs elicits a powerful maturation of DCs. 243 

Other Heat Shock Protein Receptors. CD40 was reported as a 
receptor for HSP70 when anti-CD40 antibodies were observed 
to inhibit macrophage chemokine secretion in response to 
mycobacterial HSP70. Subsequently, Becker et al. noted the 
association of recombinant GST-tagged CD40 with murine 
HSP70. 244,245 They further demonstrated enhanced binding after 
the APCs were stimulated with LPS. As LPS induces expression 
of a number of cell surface molecules, the authors concluded that 
CD40 mediates recognition and binding of HSP70. 246 

CD36 has been implicated as a receptor for Gp96. Trans¬ 
fection of CD36 into CD36-negative cells has been shown to 
enhance Gp96 binding. In addition, CD 3 6 _/_ macrophages have 
a 52% reduction in Gp96 binding compared with wild-type 
controls, suggesting some role for CD36 as an HSP receptor. 246 

LOX-1, a member of the same scavenger superfamily as 
CD91 and CD36, has been postulated to be an additional 


receptor for endocytic uptake of HSP70 and chaperoned 
peptides by human DCs. Anti-LOX-1 antibodies and LOX-1 
ligand-acetylated albumin competed with HSP70 for binding 
to DCs. 113 

Both TLRs and CD 14 have been implicated as receptors for 
HSPs, such as HSP70. 247 HSP70 stimulates macrophage IL- 
12p40 production that is partially abrogated by inhibiting 
downstream TLR signaling cascades. In addition, human 
HSP60 activated NF-kB and TNF-a production by 293 T cells 
transfected with either TLR-2 or TLR-4 and MD-2. 248 HSP60 
also activated JNK and IKK signaling and TNF-u production 
by macrophages, an effect that was partially eliminated by 
knocking out MyD88 or TRAF6. Similar functional studies 
have proposed that CD 14 might serve as an HSP70 receptor in 
APCs. All of these studies heavily suggest a role of TLRs or 
CD 14 in HSP binding, although several investigators call into 
question the potential for contamination with LPS to be medi¬ 
ating much of these effects. 246 


The Stress Response 

The stress response is the cellular reaction to any external per¬ 
turbation or disruption in equilibrium and serves to restore 
homeostasis. It is often referred to as the heat-shock response 
after the identification in the 1960s of a group of genes 
expressed after exposure to heat, the heat-shock proteins 
(supra vide). 249 However, subsequent investigations delineated 
additional cellular proteins that were expressed in response to 
a wide variety of insults. Inducers of the stress response 
include physical stresses (burns, radiation, trauma), chemical 
agents and mediators (toxins, heavy metals, cytokines, ROS), 
infectious agents (bacteria, viruses, parasites), and allergens. 
Clinically, expression of HSP has been observed under condi¬ 
tions in which oxygen delivery is compromised, as in hemor¬ 
rhage or ischemia. 250 

Activation of the stress response is characterized by both 
morphologic and metabolic cellular alterations. Morphologic 
alterations include the accumulation of unprocessed forms of 
mRNA in the nucleolus and increased numbers of actin micro¬ 
filaments in the cytoplasm. Changes in cellular metabolism 
include a rapid reduction in intracellular ATP levels, most likely 
correlated with alterations in the integrity of mitochondria. 
The stress response is characterized by transient downregula- 
tion of most cellular products and by the upregulation of stress 
proteins. 251 It is the induction of stress proteins that confers the 
primary adaptive and protective effects of the stress response. 
After expression of stress genes, cells become resistant to sub¬ 
sequent stresses. Members of the stress protein family include 
heme oxygenase (supra vide); the multiple-drug resistance gene 
product or P-glycoprotein, ubiquitin, involved in targeting pro¬ 
teins for degradation; scavengers such as superoxide dismutase, 
ferritin, and metallothioneins; and the glycolytic enzymes eno- 
lase and glyceraldehyde 3-phosphate dehydrogenase. The most 
extensively characterized are the HSPs. 39 

Heat-shock proteins are molecular chaperones that may 
either be constitutively expressed or induced upon cellular 
stress. 252 Classification is based on their molecular mass and 
degree of homology. The most extensively studied is the HSP70 
family, members of which possess a mean molecular mass of 
70 kD and greater than 70% homology. Members of the 
HSP70 family bind ATP, and under conditions of energy deple¬ 
tion the stress response is induced. HSP70 is integral in cellular 
adaptation to and survival during environmental stresses. Both 
HSP72 and HSP73 are present in the cytosol and nucleus; the 
former is constitutively expressed, whereas expression of 
HSP72 is exclusively induced after stress. In most studies 
HSP72 is used as a marker of HSP induction. 39,250,253,254 

The HSP60 family members are also referred to as chaper¬ 
ones. The glucose-regulated protein group of HSP is induced with 
glucose starvation, inhibitors of N-glycosylation, and calcium 
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ionophores. The decrease in glucose content may affect the pool 
of sugar donors during protein glycosylation. The low-molecular- 
weight HSPs (molecular masses of 20 to 30 kD) may be impor¬ 
tant regulatory components of the actin-based cytoskeleton. 250 

Transcription is mediated by the activation of heat-shock 
elements in the gene promoters. Two heat-shock transcrip¬ 
tional factors (HSFs) have been identified: HSF1 and HSF2. 
HSF1 activates transcription of the HSP72 gene in response to 
heat, heavy metals, and other inducers of the stress response. 
With stimulation, unbound HSF1 oligomerizes, translocates to 
the nucleus, and binds to the HSP promoter to activate the 
transcription of the gene. HSF2 is not activated by the classic 
inducers of heat-shock genes but may be important in control¬ 
ling the activities of HSP gene expression in the normal or 
unstressed cell. 39 ’ 250 ’ 253 ’ 254 

HSP can play multiple roles in modulating the inflammatory 
response. A number of inflammatory states such as rheumatoid 
arthritis, ARDS, and asthma have been shown to benefit experi¬ 
mentally from increased HSP expression. 249-251,254 Functions of 
HSP during inflammation include enhancement of immune 
responses, thermotolerance, regulation of apoptosis, hemostasis, 
and cytoprotection against ROS and other inflammatory media¬ 
tors. HSP-CD91 interaction is integral to the processing and rep¬ 
resentation of antigen by APCs. HSP may shift the balance 
between T H 1 and T H 2 toward an increase in more anti-inflam¬ 
matory T H 2 cells. ROS, including H 2 0 2 , hydroxyl radical, and 
peroxynitrite, activate HSP synthesis. In the presence of iron, 
ROS also induce the oxidation-specific stress protein heme oxy¬ 
genase or ferritin, proteins contributing protection against 
oxidative stress by binding iron and preventing it from partici¬ 
pating in the Fenton reaction. Mechanisms of HSP-mediated 
cytoprotection from the toxic effects of ROS include the mainte¬ 
nance of cellular GSH levels (HSP27) and mitochondrial protec¬ 
tion (HSP70). Hence, ROS induce a cytoprotective response that 
counteracts their own toxicity. Other inflammatory mediators 
such as NO have also been shown to induce expression of HSP. 39 

HSP may participate in intracellular signaling pathways 
that modulate the production or function of inflammatory 
mediators. For example, HSP90 has been shown to facilitate 
signaling that leads to NO formation by eNOS. 255 HSP70 has 
been reported to prevent apoptosis, which may promote prop¬ 
agation rather than resolution of inflammation. In addition, 
the body’s immune response to bacterial and parasitic stress 
proteins likely protects the host from infection. The bacterial 
homologue of HSP60, GroEL, is a major target of the mam¬ 
malian humoral response to bacterial infections. Many activa¬ 
tors of HSF1 are potent inhibitors of the proinflammatory 
transcription factor NF-kB. Aspirin and other NSAIDs activate 
HSF while inhibiting NF-kB. Therefore, the anti-inflammatory 
effects associated with the stress response might be related 
more to the inhibition of NF-kB activation. 250,256 


The Acute-phase Response 

The acute-phase response consequent to trauma or cellular 
injury is characterized by alterations in hepatic metabolism; 
activation of the central nervous system, leading to fever and 
adaptive behaviors; altered hematopoiesis; activation of com¬ 
plement and the fibrinolytic and coagulation cascades; and the 
release of neuropeptides, kinins, and hormones. It is a rapid, 
nonspecific response that accompanies both acute and chronic 
inflammatory disorders. Many of the processes induced during 
the acute-phase response are mediated by cytokines; IL-6, IL-1, 
and TNF-a play particularly central roles. 257,258 Though con¬ 
sidered a defense mechanism promoting host survival, aber¬ 
rant or unregulated production of many of these inflammatory 
mediators can be lethal. 

Acute-phase Proteins. An acute-phase protein is defined as a 
protein whose concentration increases by at least 25% during 


inflammation (Table 6.7). 258,259 These changes are primarily due 
to altered hepatic synthesis, typically occur within approxi¬ 
mately 6 hours of the inciting stimulus, and function to restore 
homeostasis. These functions include hemostatic functions (fi¬ 
brinogen), microbicidal and phagocytic functions (complement 
components, C-reactive protein), antithrombotic properties 
(plasminogen, protein S), antioxidant properties (haptoglobin), 
and antiproteolytic actions (oq-macroglobulin, aq-protease, aq- 
chymotrypsin). The negative acute-phase proteins albumin, pre¬ 
albumin, transferrin, and retinol-binding protein decrease by at 
least 25%. Levels of the negative acute-phase proteins albumin 
and transferrin drop almost immediately after operation and 
remain depressed for several days. The rapid initial loss of these 
proteins is likely due to increased vascular permeability and loss 
to the extravascular space. The magnitude of the response is 
proportional to the severity of the stress and is specific to the 
genetic composition of the patient. Whereas trauma and burns 
lead to significant increases in acute-phase reactants, exercise 
and psychiatric illness induce more moderate responses. 

The two major acute-phase proteins in humans are C-reac- 
tive protein (CRP) and serum amyloid A (SAA). CRP, named 
because of its reaction with pneumococcal C-polysaccharide, 
displays both proinflammatory and anti-inflammatory effects. 
It has been shown to activate complement, recognize foreign 
pathogens, bind phagocytic cells, and enhance activation of tis¬ 
sue factor, the main initiator of coagulation. CRP can also 
inhibit superoxide production by neutrophils and inhibit neu¬ 
trophil adhesion by decreasing surface expression of L-selectin. 
Changes in plasma or serum CRP, although nonspecific, may 
reflect the magnitude of an inflammatory process and may aid 
the differentiation of inflammatory from noninflammatory 
conditions. Measurement of CRP is more precise than the ery¬ 
throcyte sedimentation rate (ESR), which largely depends on 
plasma fibrinogen levels and is influenced by a variety of other, 
unrelated factors in the circulation. SAA may affect cholesterol 
metabolism and promote chemotaxis and adhesion of phago¬ 
cytes during inflammation. 39 

Cl inhibitor is of special interest as an acute-phase protein 
because of its effects outside of the complement cascade. This 
antiprotease inhibits the activity of Hageman factor, limiting 
kinin production and factor XI production. Thus, enhanced 
expression of a complement inhibitor protein during the acute 
phase influences such diverse processes as the coagulation, fi¬ 
brinolysis, and kinin pathways. 

Systemic Manifestations of the Acute-phase Response. 

Systemic manifestations include neuroendocrine changes, shifts 
in the hematologic profile, and metabolic and chemical alter¬ 
ations. The classic neuroendocrine manifestation is fever. IL-1, 
IL-6, and TNF-u mediate the fever response by resetting the 
hypothalamic temperature set point through the synthesis of 
PGE 2 . The secretion of neuropeptides such as CRH and AVP 
and of hormones such as glucagon, insulin, thyroxin, and 
aldosterone is also characteristic of the acute-phase response. 
CRH and AVP released by the hypothalamus increase ACTH 
and cortisol levels. The rise in plasma cortisol levels occurs 
rapidly and may function to inhibit the fever response and 
cytokine gene expression, thereby serving a potential regula¬ 
tory function in the acute-phase response. Glucocorticoids also 
stimulate macrocortin synthesis, which by inhibiting synthesis 
of PLA 2 , limits the availability of arachidonic acid for 
prostaglandin synthesis. Glucocorticoids increase the rate of syn¬ 
thesis of certain acute-phase proteins involved in connective 
tissue repair and clotting, as well as antioxidants and antipro- 
teinases. They also may function to counteract the hypoglycemic 
response to insulin overproduction during infection or stress. 

Other alterations include a prominent leukocytosis, 
thrombocytosis, and the “anemia of chronic disease.” Meta¬ 
bolic changes include altered lipid metabolism and negative 
nitrogen balance. Changes in the chemical and enzymatic pro¬ 
file include increased hepatic production of metallothionein, 
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iNOS, heme oxygenase, manganese superoxide dismutase, 
and GSH. Plasma levels of zinc and iron are noted to drop, 
whereas copper levels increase slightly. This persists for the 
duration of inflammation and is likely due to sequestration 
induced by IL-6, glucocorticoids, and catecholamines. Low 
levels of iron and zinc may confer protective antimicrobial 
effects because they are essential for microbial growth. 39 

Mediators of the Acute-phase Response. Bacterial prod¬ 
ucts such as LPS are probably the most potent activators of tis¬ 
sue macrophages, the initiators of the acute-phase response. 
LPS, through its interactions with LPS-binding protein, CD 14, 
and Toll-like receptors, induces macrophage synthesis of ROS, 
including NO; lipid derivatives such as PGE 2 , thromboxane A 2 , 
and PAF; and acute-phase cytokines. The primary signals 
inducing synthesis of acute-phase cytokines in the absence of 
bacterial infection may be free radicals, prostaglandins, or 
modified proteins acting like foreign materials. 39 

Acute-phase cytokines can be proinflammatory (IL-1, TNF-a, 
IFN-y, IL-8) or anti-inflammatory (IL-10, IL-4, IL-13, TNF-/3). 
However, it is IL-6- and IL-6-type cytokines that are most 
critical in the acute-phase response. IL-6 is the major inducer 
of acute-phase protein synthesis and, together with IL-1 and 
TNF-u, is responsible for the systemic features classically asso¬ 
ciated with the acute-phase response (fever, anorexia, leukocy¬ 
tosis, and hormonal changes). 39 

In addition to the aforementioned cytokines, IFN-y is a 
potent inducer of complement components. The anti-inflam¬ 
matory cytokine TGF-/3 stimulates synthesis of antiproteases, 
urokinase, and negative acute-phase proteins. IL-4 is inhibitory 
to some acute-phase proteins. Growth factors, including hepa- 
tocyte growth factor and TGF-/3, are also able to modulate the 
synthesis of acute-phase proteins. Glucocorticoids augment the 
response to cytokines, and insulin attenuates the cytokine- 
induced rise in acute-phase proteins. 39 

Effects of the cytokines are influenced by cytokine recep¬ 
tors, receptor antagonists, and hormones. IL-1RA competes 
with IL-1 and attenuates the acute-phase response in vivo. Solu¬ 
ble receptors for IL-1 and TNF-u act as antagonists. In contrast, 
soluble receptors for IL-6 act as agonists. 

Regulation of Acute-phase Cytokines and Proteins. 

Several major families of transcription factors participate in 
the upregulation of acute-phase cytokines and proteins, the 
most important being NF-IL-6, AP-1, and NF-kB. 260 NF-IL6 
participates in the induced expression of the cytokines IL-1, 
TNF-a, IL-6, and IL-8, among others. Activation of cytokine 
gene expression by NF-kB is probably the most important 
pathway. The triggering of IL-6 in monocytes in vitro by IFN-y 
involves a change in the amount of the phosphorylated tran¬ 
scription factor Spl, together with the induction and activa¬ 
tion of IFN-regulatory factor. 

All known acute-phase proteins are regulated primarily at 
the transcriptional level. Activation of TNF-u and IL-1 recep¬ 
tors triggers signaling pathways that activate transcription fac¬ 
tors AP-1 and NF-kB. Many type I acute-phase protein genes 
contain response elements for NF-kB, NF-IL-6, and AP-1. 
Acute-phase protein responses to IL-6 are mediated through 
the JAK/STAT signal transduction pathway. In addition, both 
IL-1 and IL-6 signal transduction mechanisms activate the 
MAPK pathway that activates transcription factor NF-IL-6, 
linking the IL-1 and IL-6 pathways. 


Reperfusion Injury 

Prolonged tissue ischemia produces irreversible injury and cell 
death. Timely restoration of perfusion may salvage some tis¬ 
sue, though paradoxically can induce injury as well. Reperfu¬ 
sion injury is the damage caused by the restoration of blood 
flow in previously ischemic tissue (i.e., myocardial ischemia, 


transplantation, vascular surgery). Injury is the direct conse¬ 
quence of activation of the inflammatory response, especially 
complement activation and neutrophil recruitment. Compo¬ 
nents of the complement cascade promote tissue damage 
through the generation of anaphylatoxins and by the forma¬ 
tion of the MAC. Invading neutrophils injure tissue through 
the generation of ROS and the release of proteolytic enzymes. 
Recent evidence points to TLR4 as a sensor of tissue stress 
probably through the release of DAMPs from ischemic cells. 32 
TLR4 stimulation leads to the activation of local and systemic 
inflammation in both warm and cold reperfusion. This inflam¬ 
mation contributes to tissue damage in this setting. 

Alterations in the microvascular endothelium are central to 
the pathophysiologic process of reperfusion injury. Early loss of 
constitutive NO production facilitates neutrophil adherence 
and the upregulation of cell adhesion molecules such as P- 
selectin, and inhibits vasorelaxation and perfusion. 261 Low 
oxygen tension induces the conversion of xanthine dehydroge¬ 
nase to xanthine oxidase. Reperfusion and reoxygenation yield 
the formation of superoxide anion and H 2 0 2 and induce oxi¬ 
dant injury. Neutrophils and other cellular effectors are pro¬ 
gressively recruited and activated, releasing ROS, cytokines, 
and NO, further contributing to increased vascular permeabil¬ 
ity and tissue injury. PAF released by neutrophils activates cir¬ 
culating platelets and promotes vascular plugging. Platelets 
also release factors that enhance platelet-neutrophil adhesion. 
Both cell types also release vasoconstricting agents that can fur¬ 
ther exacerbate no-reflow. Capillary plugging by neutrophils 
and platelets can impair local blood flow and cause the “no¬ 
reflow phenomenon.” 39 

Neutrophils mediate direct toxicity to the surrounding tis¬ 
sue through the elaboration of ROS and granule contents. Per- 
oxynitrite formed by the reaction of NO and super oxide can 
contribute directly to tissue injury during reperfusion. Neu¬ 
trophil granule proteases such as elastase, collagenase, and 
gelatinase alter the vascular permeability and are highly 
destructive to local tissue. The significance of the neutrophil in 
mediating these effects is apparent in neutrophil depletion stud¬ 
ies demonstrating attenuated tissue injury compared with sub¬ 
jects with normal numbers of neutrophils. 262 Animal studies 
using blocking monoclonal antibodies to selectins and f3 2 inte- 
grins show improved organ function ischemia/reperfusion. 263 

The mechanism by which complement is activated with 
reperfusion is not completely understood. Ischemia may alter 
the cell’s plasma membrane or through the exposure of base¬ 
ment membrane or subcellular organelle components, creating 
a complement-activating surface. Alternatively, binding of nat¬ 
ural antibody may lead to induction of these cascades. 171 
Complement activation has been shown to occur in the setting 
of therapeutic thrombolysis. The generation of plasmin-depen- 
dent fibrinolytic agents and plasmin after tissue plasminogen 
activator administration has been associated with complement 
activation. 264 

Anaphylatoxins are important effectors of complement- 
mediated injury. They alter vascular permeability and induce 
smooth muscle cell contraction and the release of histamine 
from mast cells and basophils. C3a and C5a are potent 
chemoattractants especially for neutrophils. C5 can be acti¬ 
vated by oxygen free radicals, which are abundant. The subse¬ 
quent generation of the MAC perturbs the maintenance of 
vital ion gradients, induces cell lysis, and facilitates neutrophil 
recruitment. In addition, it can induce the expression of 
numerous inflammatory mediators, including cytokines (TNF-cu, 
IL-1, IL-8), ROS, prostaglandins, leukotrienes, and cell surface 
adhesion molecules. 265 


Systemic Inflammatory Response Syndrome 

The inability of host defenses to control a localized inflamma¬ 
tory process or an unchecked inflammatory response can 
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results in SIRS. A recent consensus conference defined SIRS as 
the presence of any two of the following physiologic parame¬ 
ters: (a) a temperature greater than 38°C or less than 36°C; (b) 
leukocytosis (>12,000), leukopenia (<4,000), or more than 
10% bands; (c) pulse greater than 90 beats per minute; and (d) 
tachypnea (respiratory rate >20 or PaC0 2 <32 mmHg). 266 
Infection underlies a significant minority of cases as a third of 
patients with SIRS will have a documented infection and meet 
the criteria for sepsis. There is a continuum from the develop¬ 
ment of SIRS to sepsis, severe sepsis, septic shock, and 
MODS. 267 The outcome depends on the balance between SIRS 
and host compensatory mechanisms. In one prospective study, 
26% of patients with SIRS developed sepsis and 7% died. 268 

SIRS may be initiated by infectious or noninfectious causes, 
such as trauma, autoimmune reactions, or pancreatitis. Gram¬ 
negative organisms, rich in LPS, induce a potent inflammatory 
response mediated through the CD14/TLR4/MyD88 pathway 
previously described and account for the majority of infectious 
SIRS cases. Gram-positive organisms can generate a similarly 
impressive degree of inflammation either through TLR2 or 
alternative mechanisms; streptococcal superantigen may 
induce a global and nonspecific activation of T cells that cul¬ 
minates in massive systemic elaboration of cytokines and car¬ 
diovascular collapse termed toxic shock syndrome. Trauma, 
either through tissue injury (HMGB1-RAGE, HSP-CD91) or 
the ischemia/reperfusion consequent to hemorrhage, can cul¬ 
minate in inflammatory pathophysiology indistinguishable 
from that accompanying these other inflammatory states. As 
evidence continues to grow, we are replacing the former con¬ 
cept that these stimuli possess individual receptor-signaling 
mechanisms with one that emphasizes the similarities and inte¬ 
gration. Though there are clearly mechanisms by which the 
host distinguishes normal self from endogenous (trauma) and 
exogenous (infection) dangers, there is considerable overlap in 
the receptors utilized and all stimuli appear to converge upon 
signaling mechanisms in attaining the goal of preserving the 
host. 

The development of SIRS has been described as progressing 
through three stages: stage I, local cytokine production recruits 
inflammatory cells to the injured site; stage II, an acute-phase 
response is initiated and small quantities of cytokines are 
released into the circulation to enhance the local response; and 
stage III, homeostasis cannot be reestablished. 269 Enhanced lev¬ 
els of CRP, the major acute-phase protein in humans, occur in 
SIRS/sepsis, and clinical resolution is preceded by a drop in 
CRP levels. 

The elaboration of proinflammatory cytokines (IL-1, TNF-u, 
and IL-6) is central to the pathogenesis of SIRS regardless of 
the initiating stimulus. Their elaboration triggers increased 
expression of adhesion molecules, leukocyte recruitment, and 
the production of secondary proinflammatory mediators, such 
as chemokines. Endotoxin, or LPS, is one of the most power¬ 
ful triggers of SIRS. LPS activates the complement and coagu¬ 
lation cascades, induces endothelial cell activation, and 
increases TNF-u and IL-1 synthesis and the late release of 
HMGB1. However, noninfectious tissue injury induces a simi¬ 
lar inflammatory response. LPS, TNF-u, and IL-1 also induce 
increased production of NO by iNOS in macrophages and 
other inflammatory cells. PGI 2 , along with other metabolites or 
arachidonic acid, together with NO contributes to decreased 
systemic vascular resistance and hypotension. Autocrine and 
paracrine NO production also results in myocardial depres¬ 
sion. Increased vascular permeability promotes extravasation 
of fluid and edema formation. Activated endothelial cells 
express tissue factor, PECAM, and TXA 2 , which promote a 
procoagulant local environment that predisposes to 
microthrombi formation. Adherent leukocytes further exacer¬ 
bate organ injury by mechanically impeding microvascular 
blood flow and by damaging the endothelial cells and sur¬ 
rounding connective tissue. The results are end-organ hypo¬ 
perfusion, inadequate oxygen delivery, initiation of anaerobic 


metabolism, and end-organ failure. The metabolic and nutri¬ 
tional sequelae of this activated cytokine milieu includes fever, 
catabolism, cachexia, and altered fat, glucose, and trace min¬ 
eral metabolism. 

SIRS is counteracted by the concomitant induction of an 
anti-inflammatory response termed the compensatory anti¬ 
inflammatory response syndrome (CARS). 269 Many of the 
proinflammatory mediators that participate in SIRS modulate 
the immune function of lymphocytes and mononuclear cells. 
Proinflammatory mediators can inhibit their own synthesis or 
enhance the synthesis of natural antagonists by negative feed¬ 
back mechanisms. Thus, at any given time, the clinical manifes¬ 
tation is SIRS, CARS, or an intermediate, mixed inflammatory 
response syndrome. The spectrum of features that characterize 
these syndromes has been termed CHAOS (cardiovascular 
shock, homeostasis, apoptosis, organ dysfunction, and 
immune suppression). Studies employing a variety of specific 
anticytokine agents have failed to observe an improvement in 
the outcome of patients with SIRS or sepsis. However, two 
studies of immunomodulation have noted significant effects in 
septic populations. The PROWESS study of activated protein 
C underscores the importance of the coagulation cascade dur¬ 
ing inflammation. This randomized controlled trial noted a 
19.6% relative reduction and a 6.1% absolute reduction in 
mortality for those patients with severe sepsis who received 
activated protein C. 270 Another study used a combination of 
corticosteroid and mineralocorticoid replacement for those 
patients with sepsis who had relative adrenal insufficiency as 
defined by a less than 10 unit increase in cortisol after a 
Cortrosyn stimulation test. They documented a 33% related 
reduction and 10% absolute reduction in the risk of death for 
those patients who received steroids. 271 


Chronic Inflammation 


There are no clear boundaries between an acute and a chronic 
inflammatory response. In general, if the source of an acute 
inflammatory process is incompletely eliminated, a state of 
chronic inflammation eventually ensues. Chronicity is usually 
not characterized by the signs classically associated with acute 
responses, such as swelling, heat, or redness. Pain is minimal if 
not absent. Microscopically, a mononuclear cell infiltrate pre¬ 
dominates (lymphocytes, monocytes, plasma cells) with prolif¬ 
eration of fibroblasts and vascular elements. 

Many agents can create a state of chronic inflammation, 
including persistent infectious agents, remnants of dead organ¬ 
isms, foreign bodies, and metabolic byproducts. Ultimately, 
chronicity of inflammation is a result of the immune response 
to a persistent antigen. Furthermore, a chronic inflammatory 
response can develop in the absence of a preceding acute 
response, such as infections with agents of low toxicity such as 
mycobacterium and treponema. CD4 + T cells and macro¬ 
phages are the primary cellular orchestrators of the chronic 
inflammatory response. 272 T H 1 cell-mediated immunity (CMI) 
responses are protective against most microbes and usually 
result in the elimination of the pathogen. If the microbe per¬ 
sists, the ongoing T H 1 response results in inflammatory tissue 
injury. Cytokines and growth factors released by T lympho¬ 
cytes and macrophages stimulate proliferative responses. Neu¬ 
trophils and eosinophils contribute to the release of proteolytic 
enzymes and oxygen derivatives. Eosinophilia occurs with 
chronic parasitic infections and hypersensitivity conditions. 
Fibroblasts are actively recruited by chemoattractants such as 
fibrin, collagens, and cytokines. Local IL-1 stimulates fibro¬ 
blast proliferation and collagen production. Irreversible tissue 
damage can occur through the replacement of normal 
parenchyma with fibrous connective tissue. Fibroblasts can 
release metalloproteinases that degrade normal tissue, further 
contributing to tissue destruction. Mast cells are elevated in 
chronic conditions and may play a part in cell-mediated 
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immune responses. Inflammatory cyst formation may occur as 
a result of epithelial hyperplasia. 
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CHAPTER 7 ■ SURGICAL INFECTIONS 


E. PATCHEN DELLINGER 


KEY POINTS 


Q Surgical infections require surgical intervention, that is, 
“source control,” which refers to a mechanical or anatomic 
procedure to drain an abscess, relieve an obstruction, repair 
a perforation, or resect dead, ischemic, or inflamed tissue or 
foreign body to promote resolution. 

Q Source control is combined with empiric antibiotic therapy 
that is later modified based on microbiologic susceptibility 
patterns. 

Q Empiric antibiotic therapy requires knowledge of the cur¬ 
rent patterns of pathogens involved and antibiotic suscepti¬ 
bility within the institution and, even, specific units, such as 
the intensive care unit. 

Q Surgical site infections are dependent on numerous factors, 
including extent of contamination, hemostasis, tissue han¬ 
dling, length of operation, tissue hypoxia, patient temperature, 
and glucose control, in addition to minimizing comorbidities. 

Q Antibiotic prophylaxis should be dosed to maintain ade¬ 
quate tissue concentrations during the period of potential 
contamination, starting approximately 1 hour or less prior 


to surgery; repeated after one to two half-lives during pro¬ 
longed operations, with increased doses in large patients; 
and stopped within 24 hours postoperatively if not imme¬ 
diately at the end of the operation. Choose a first-generation 
cephalosporin if no anaerobes are expected and add 
metronidazole if anaerobic activity is likely. Consider van¬ 
comycin only if there is a history of methicillin-resistant 
Staphylococcus aureus (MRSA) colonization or infection, 
for a dialysis patient or a patient with recent hospitaliza¬ 
tion or antibiotic treatment, or if there is a high rate of 
MRSA surgical site infections in your institution. 

QWith peritonitis, antibiotics active against aerobic gram¬ 
negative organisms prevent early mortality and those active 
against anaerobic organisms prevent abscesses. Thus, broad- 
spectrum antibiotics are needed. 

Q Necrotizing soft tissue infections are hard to diagnose, pre¬ 
sent with external skin changes underrepresenting the 
extent of underlying disease, and have potential for major 
tissue loss and high morbidity and mortality. 


Q Although there is no official definition of a surgical infection, 
it is commonly understood as an infection that will not resolve 
with antimicrobial therapy alone but also requires surgical 
intervention, sometimes called source control. The interven¬ 
tion may be as significant as a major laparotomy or thoraco¬ 
tomy or as simple as removing sutures from an infected surgi¬ 
cal incision or draining a superficial abscess. It also includes 
interventions by radiologists or other specialists such as com¬ 
puted tomography (CT)-guided percutaneous drainage of an 
intra-abdominal abscess or placement of a stent through a bil¬ 
iary stricture in a patient with cholangitis. A unifying charac¬ 
teristic of all surgical infections is an anatomic manipulation, 
such as draining a closed space, closing a perforated viscus, or 
removing dead tissue or foreign body, that must be performed 
to achieve resolution of the infection. Many “medical” infec¬ 
tions involve single pathogens that are able to establish them¬ 
selves and grow through intrinsic pathogenic mechanisms 
despite intact skin or mucosa. Examples include pneumococ¬ 
cal pneumonia, streptococcal pharyngitis, meningococcal 
meningitis, and salmonella enteritis. Surgical infections typi¬ 
cally occur after a mechanical breach of normal epithelial bar¬ 
riers and often involve multiple organisms, typically endoge¬ 
nous to the area of epithelial injury. Examples include 
peritonitis after perforated appendicitis or diverticulitis and 
surgical site infections (SSIs) caused by skin flora after clean 
operations. An exception to this principle for surgical infec¬ 
tions is the occurrence of necrotizing soft tissue infections sec¬ 
ondary to group A /3-hemolytic streptococci (hemolytic strep¬ 
tococcal gangrene) or community-associated methicillin 
resistant Staphylococcus aureus (CA-MRSA), which can occur 
following trivial injuries or no known prior injury. In this 
chapter we also discuss nonsurgical infections that typically 
occur in hospitalized surgical patients. These include catheter- 
related bloodstream infections, pneumonia, and urinary tract 
infections (UTIs). 

132 


In approaching the topic of surgical infections, each area is 
approached in the following order: prevention, diagnosis, 
treatment. The first element of prevention is the natural host 
defense mechanisms of the patient. The most important of 
these for surgical infections is the epithelial covering that sep¬ 
arates the sterile portions of the body from those with normal 
endogenous flora. Thus, the skin on the outside of the body 
and the gastrointestinal (GI) mucosa lining the alimentary tract 
are the sites of complex microbiologic flora and serve to bar 
those flora from the tissues in most cases. Once these mechan¬ 
ical barriers are breached, by trauma, medical or surgical pro¬ 
cedures, neoplasm, inflammation, or ischemia, cellular and 
humoral defenses become important. 

The array of host defenses is large and complex, and our 
understanding of these processes is continually advancing. Ini¬ 
tial, nonspecific defenses begin with fixed tissue macrophages 
and circulating polymorphonuclear leukocytes (PNMs), which 
engulf and kill small numbers of invading microorganisms. 
The macrophages and dendritic cells also have the ability to 
ingest pathogens and to process their antigens for presentation 
to T lymphocytes for the subsequent development of specific 
antibodies by B lymphocytes. The first presentation of an anti¬ 
gen leads to the formation of IgM class antibodies that are 
produced over the next 1 to 2 weeks. Subsequent exposure to 
the same antigen leads to much more rapid production of IgG 
antibodies. Antibodies bound to microorganisms promote 
more efficient phagocytosis and killing and also serve to acti¬ 
vate complement proteins, another element in the humoral 
defense system. The complement system exists in a quiescent 
form, which when activated leads to a cascade of activated 
complement proteins and fractions that enhance phagocytosis, 
increase vascular permeability, stimulate inflammation, and 
lead to direct lysis of some pathogens. 

There are many interactions between the cellular and 
humoral aspects of host defense. Host defense cells manufacture 
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the humoral components, and when activated, the humoral 
components stimulate the cells. In addition, there is extensive 
cross-talk among the cellular elements of host defenses involv¬ 
ing a large number of cytokines including tumor necrosis fac¬ 
tor (TNF) and many interleukins (ILs), signified by IL-rc, with 
the number n increasing as new cytokines are discovered and 
characterized. The successful interaction of these elements is 
essential to normal host defenses, but when the mechanisms of 
control fail and cytokines spread beyond their intended local 
actions, these host defense mechanisms can turn against the 
host, resulting in a spectrum of conditions variously called the 
systemic inflammatory response syndrome (SIRS) and multiple 
organ dysfunction syndrome (MODS). Many attempts to 
modify this process through the development of specific 
antagonists to various elements of this system have so far 
failed to produce clinically useful products, although research 
continues. 

When injury occurs and blood vessels are opened, the coagu¬ 
lation cascade, similar in some ways to the complement cascade, 
is also initiated. In recent years it has been recognized that a 
number of elements in the coagulation response and the inflam¬ 
matory response are shared, and local thrombosis and fibrinogen 
deposition are prominent components of acute inflammation. 
Inflammation stimulates a procoagulant state and can also pro¬ 
mote distant thromboembolic events. More recently, a clinical 
trial of activated protein C, a component of the coagulation cas¬ 
cade that has antithrombotic, anti-inflammatory, and profibri¬ 
nolytic properties, has proved beneficial for some patients with 
combined SIRS, infection, and organ failure. 1 


PREVENTION 


Despite the success of intrinsic host defenses, in many circum¬ 
stances infections do occur, especially after surgical interven¬ 
tions, both elective and urgent. It is incumbent on the surgical 
team to understand and to apply what is known regarding ele¬ 
ments of patient care and delivery of surgical procedures that 
reduce the risk of subsequent infection as much as possible. In 
general terms, these preventive measures can fall into three 
broad categories. The patient should come to an operative 
procedure with host defenses in the best possible condition. 
The procedure should be conducted in a manner that reduces 
to the minimum introduction of pathogens into the sterile 
compartments of the body. The perioperative management of 
the patient should be conducted in a manner that optimally 
supports and maintains the patient’s host defenses. In actual 
practice, many items of patient care will relate to more than 
one of these goals. These items are discussed in more detail in 
the section dealing with SSIs. 


DIAGNOSIS 


Although details specific to the diagnosis of specific surgical 
infections and other infections in surgical patients are covered 
in those individual sections, some items of diagnosis are com¬ 
mon to all. Some relatively straightforward infections such as 
superficial SSIs or subcutaneous abscesses are properly treated 
by simply opening the wound or draining the abscess without 
the use of antimicrobial agents and do not require routine cul- 
Q ture. However, most surgical infections require at least the ini¬ 
tial use of antimicrobial agents that are most effective if active 
against the primary pathogens involved. If initial treatment is 
clearly successful, then knowledge of the specific pathogens 
and their susceptibilities is not critical for the treatment of that 
patient. However, when the patient does not respond as 
expected, then knowledge of the pathogens and their suscepti¬ 
bilities can be extremely useful, and this information will not 
be available unless the appropriate cultures were obtained 
prior to initiating antibiotic therapy. 


Material sent to the microbiology laboratory from the oper¬ 
ating room or the interventional radiology suite is preferable. 
Surface swabs taken from open or draining wounds or mater¬ 
ial from drains that have been in place for days have a high 
probability of returning information about contaminating or 
colonizing organisms that are not responsible for the infection 
needing treatment. Samples of tissue or fluid are always prefer¬ 
able to swabs from the operating room. Blood cultures are 
helpful when positive but are positive in less than one third of 
surgical infections in most reported series. An early source of 
information from such specimens is the Gram stain, which 
should be available to the physician in less than an hour after 
obtaining the specimen. The initial choice of antimicrobial 
agents for a serious infection will be quite different if the Gram 
stain shows gram-positive cocci than if the stain shows pre¬ 
dominantly gram-negative rods. Microbial growth and prelim¬ 
inary identification will usually be available within 24 hours 
for most surgical pathogens, but susceptibility information will 
not be reported for 1 or more additional days. Thus, knowl¬ 
edge of the susceptibility patterns in the hospital, or even more 
specifically, in a specific intensive care unit (ICU), can be 
invaluable in directing initial empiric antimicrobial choices for 
a critically ill patient. 2 This is another reason to culture severe 
infections. The body of information about pathogens and their 
susceptibilities locally helps to direct therapy for patients in the 
future, and these patterns can change over time. Thus, current 
culture information is always helpful. Although antimicrobial 
susceptibility data currently take 2 days or more in most cases, 
advances in the modern microbiology laboratory may someday 
provide this information more rapidly. Detection of specific 
nucleic acid sequences has the potential to identify certain com¬ 
mon and well-characterized resistance genes such as the mecA 
gene that codes for methicillin resistance in Staphylococcus 
aureus. Other diagnostic advances that are making their way to 
the clinical microbiology laboratory include antigen and anti¬ 
body detection systems and polymerase chain reaction (PCR) 
for amplifying small amounts of nucleic acids. 

Diagnosis of infection always involves history and physical 
examination, but these are more efficiently discussed in rela¬ 
tion to specific infections. Fever and leukocytosis are frequent 
accompaniments of infection but are not specific and are vari¬ 
ously sensitive depending on the specific infection. They may 
drive further diagnostic efforts including physical and radio- 
logic examination but are not sufficient reason to initiate 
antimicrobial treatment in isolation from other data. Radio- 
logic examinations can be very helpful in some specific cir¬ 
cumstances but should not substitute for or precede history 
and physical examination and clinical judgment. 


TREATMENT 


Treatment of surgical infections, as discussed initially in the 
definition of surgical infections, always involves a procedure 
and often involves the use of one or more antimicrobial agents. 
The generic term for a procedure directed at the resolution of 
a surgical infection is source control. Source control refers to 
the mechanical or anatomic procedure that is used to drain an 
abscess, relieve an obstruction, repair a perforation, or resect 
dead, ischemic, or inflamed tissue or a foreign body to pro¬ 
mote the resolution of a surgical infection. In recent years 
there has been growing recognition that the literature regard¬ 
ing surgical infections is incomplete when it does not ade¬ 
quately describe and evaluate the effectiveness of source con¬ 
trol. 3 This is particularly true for publications comparing 
different antimicrobial treatments of surgical infections. When 
the differences between two regimens are small, a difference in 
the delivery of source control to patients in the comparative 
regimens can skew the results. 4 The appropriate use of antimi¬ 
crobial agents is also important in many situations and is 
addressed in the sections regarding specific infections. 
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Although the choice of specific agents, and to a lesser extent 
dosing, have been addressed, there are very little relevant data 
regarding the appropriate duration of antimicrobial treatment 
for most surgical infections. Trends in recent years have been 
to decrease this duration in many cases. Only in the area of 
prophylaxis are good data available. 


SURGICAL SITE INFECTIONS 


Infections that occur in a surgical incision were previously 
called wound infections. In recent years, a consensus confer¬ 
ence involving surgical and medical societies and the Centers 
for Disease Control and Prevention (CDC) developed the con¬ 
cept of SSI. 5,6 This includes any infection that occurs in an 
operative site. An infection of the subcutaneous tissue only 
(the most common “wound infection”) is termed a superficial 
SSI. One that involves the muscular and fascial layers and 
includes a partial or complete fascial dehiscence is a deep SSI. 
An infection that occurs within the organ or deep space of the 
wound such as peritonitis, an intra-abdominal abscess, an 
empyema, or a joint space infection is called an organ/space 
SSI. Data from the National Nosocomial Infection Surveil¬ 
lance (NNIS) system of the CDC shows that of all SSIs, 47% 
are superficial, 23% are deep, and 30% are organ/space. 7 
Only 46% of these SSIs are diagnosed during the original hos¬ 
pitalization, whereas 16% are diagnosed after discharge as 
outpatients and 38% on readmission to the hospital. Although 
58% of all organ/space SSIs are diagnosed during the original 
hospitalization, 59% of other SSIs are diagnosed only after 
discharge. 7 

Surgeons have traditionally divided wounds into the classes 
of clean, clean-contaminated, contaminated, and dirty (Table 
7.1) 8 based on the probability that the wound would be con¬ 
taminated by bacteria during the operative procedure. These 
classes roughly divide wounds into different risks for the 
development of SSI. More recently, examination of databases 
that include many thousands of wounds have led to the devel¬ 
opment of newer risk classification systems that provide a 
more accurate estimate of risk. The NNIS index 9 assigns up to 


ITABLE 7.1 

CLASSIFICATION | 

WOUND CLASSIFICATION 

■ CLASS 

■ DEFINITION 

Clean 

An uninfected operative wound in 
which no inflammation is encountered 
and the respiratory, alimentary, genital, 
or infected urinary tract is not entered. 

In addition, clean wounds are closed 
primarily 

Clean-contaminated 

An operative wound in which the 
respiratory, alimentary, genital, or 
urinary tracts are entered under 
controlled conditions and without 
unusual contamination 

Contaminated 

Open, fresh, accidental wounds. 
Operations with major breaks in sterile 
technique or gross spillage from the 
gastrointestinal tract, and incisions 
in which acute, nonpurulent 
inflammation is encountered 

Dirty 

Old traumatic wounds with retained 
devitalized tissue and those that 
involve existing clinical infection or 
perforated viscera 


TABLE 7.2 CLASSIFICATION 


COMPARISON OF WOUND CLASSIFICATION AND 
NNIS SYSTEM FOR EVALUATING RISK OF SURGICAL 
SITE INFECTION 




■ NNIS RISK INDEX 


■ WOUND CLASS 

■ 0 

■ 1 

■ 2 

■ 3 

■ ALL 

Clean 

1.0 

2.3 

5.4 

— 

2.1 

Clean-contaminated 

2.1 

4.0 

9.5 

— 

3.3 

Contaminated 

— 

3.4 

6.8 

13.2 

6.4 

Dirty 

— 

3.1 

8.1 

12.8 

7.1 

All 

1.5 

2.9 

6.8 

13.0 

2.8 

Maximum ratio d 

2.1 

1.7 

1.8 

1.0 



NNIS, National Nosocomial Infection Surveillance System. 

"Ratio of lowest to highest infection rate in wound class or in risk 
index. 

Adapted from Dellinger EP, Ehrenkranz NJ, Jarvis WR, Surgical site 
infections. In: Jarvis WR, ed. Bennett & Brachman’s Hospital Infections, 
5th ed. Philadelphia, PA: Wolters Kluwer Health/Lippincott Williams 
& Wilkins; 2007:583-598. 


one risk point for each of (a) contaminated or dirty wound, (b) 
American Society of Anesthesiologists (ASA) class 3 or higher, 
and (c) duration of operation exceeding the 75th percentile for 
that operation. 9 Thus, an operation may fall into one of four 
classes between 0 and 3. Table 7.2 9 demonstrates the increased 
precision of this system compared with the older system that 
refers only to wound class. This system can be used to roughly 
compare the performance of a hospital or surgical department 
against the NNIS database by comparing expected with 
observed infection rates. 10 Of course, much more precise risk 
data can be developed for single operative procedures through 
analysis of large databases in which the heterogeneity imposed 
by multiple different procedures is eliminated. 11,12 

Many other factors that influence the risk of SSI have been 
proposed, and a relatively complete summary of these factors 
is provided in a publication by the Hospital Infection Control 
Practices Advisory Committee (HICPAC) of the CDC. 6 Some 
of these are summarized in Table 7.3, which lists the category 
1 recommendations that are readily influenced by the surgeon. 
It is likely that the majority of these are important in most 
operative procedures, although most have been generated 
through analysis of single procedures or limited classes of pro¬ 
cedures and have not been reproduced in all cases. Many, such 
as the patient’s weight and smoking status or the presence of 
an infection at a distant site, are modifiable prior to scheduled 
operation. Others, such as age or underlying immune disor¬ 
ders, cannot be improved. Some, such as diabetes, cannot be 
eliminated, but recent information suggests that tight control 
of perioperative glucose levels can greatly reduce the risk asso¬ 
ciated with this diagnosis. 13-15 


Prevention 

Q Preventing SSIs is clearly a prime responsibility of any operat¬ 
ing surgeon. Although many surgeons think first of prophylac¬ 
tic antibiotics for prevention, and these are clearly important, 
antibiotics are most effective when they complement maximal 
efforts for prevention by other means. Two classic papers on 
surgical prophylaxis, each of which demonstrated the superi¬ 
ority of prophylactic antibiotics to placebo in randomized 
prospective trials, also demonstrated an increased infection 
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TABLE 7.3 TREATMENT 


CATEGORY 1 RECOMMENDATIONS FROM THE HOSPITAL 
INFECTION CONTROL PRACTICES ADVISORY COMMITTEE 
FOR THE PREVENTION OF SURGICAL SITE INFECTIONS 

■ Do not operate on patients with active infections. 

■ Do not shave patient in advance. 

■ Control glucose in diabetic patients. 

■ Stop tobacco use in patient. 

■ Have patient shower with antiseptic soap. 

■ Prepare skin with appropriate agent. 

■ Surgeon’s nails should be short. 

■ Surgeons scrub hands. 

■ Exclude infected surgeons. 

■ Give prophylactic antibiotics when indicated. 

■ Maintain prophylactic antibiotic levels during operation. 

■ Keep operating room doors closed. 

■ Use sterile instruments. 

■ Avoid flash sterilization. 

■ Wear a mask. fl 

■ Cover all hair. a 

■ Wear sterile gloves."* 

■ Use gowns and drapes that resist fluid penetration. 

■ Handle tissue gently. 

■ Use closed suction drains (when used). 

■ Delay primary closure for heavily contaminated wounds. 

■ Use sterile dressing for 24-48 h. 

■ Use CDC definitions for SSI. 

■ Watch for SSI and give feedback to surgeons. 


CDC, Centers for Disease Control and Prevention; SSI, surgical site 
infection. 

fl These items are required by Occupational Safety and Health 
Administration (OSHA) regulations and are not actually supported by 
class 1 data. 

From Mangram AJ, Horan TC, Pearson ML, et al. Guideline for 
prevention of surgical site infection, 1999. Hospital Infection Control 
Practices Advisory Committee. Infect Control Hosp Epidemiol. 
1999;20:250-278, with permission. 


rate in the face of prophylaxis when hemostasis was not ideal 16 
or when gross contamination was observed during the opera¬ 
tive procedure. 17 Each patient should be brought to the oper¬ 
ating room only after the correctable items noted in Table 7.3 
have been corrected to the degree possible. In addition, in 
recent years several elements of the immediate perioperative 
management of surgical patients have been demonstrated to 
have a significant effect on the risk for SSI. Beyond these 
issues, most surgeons believe that the technical conduct of the 
operation, including the handling of tissues, number of ties 
and other foreign material and devitalized tissue, and length of 
operation, all influence the risk of SSI. Unfortunately, no vali¬ 
dated method for assessing these issues exists. In addition, 
although data clearly demonstrate that the risk for SSI 
increases with increasing duration of operation and increasing 
transfusion, it is not clear that operations that take longer or 
require more transfusion are the same as shorter procedures 
that do not require transfusion. Thus, the precise role of these 
issues is not clear. Certainly, no surgeon should take longer 
than he or she thinks necessary for a procedure, nor should he 
or she transfuse a patient when it is not considered important. 

Inspired Oxygen Tension. Multiple animal models of 
infection demonstrate that oxygen tension within the surgical 
wound correlates with risk for SSI. Low oxygen tensions 
increase risk, whereas higher tensions decrease it. 18 Another 
report examined the subcutaneous oxygen tension in 130 sur¬ 
gical patients in the postanesthesia recovery room. 19 The same 
inverse relationship was found between oxygen tension and 


risk for SSI. Recently, a prospective trial comparing inspired 
oxygen concentrations of 30% to 80% in patients having a 
colectomy demonstrated a significant decrease in infection 
rates in the high-inspired-oxygen group. 20 Subsequently, two 
papers from different groups of investigators have reported 
both contradictory and confirmatory results. One was a much 
smaller study of patients having mixed GI procedures and 
poorly balanced comparative groups with an opposite conclu¬ 
sion, a higher infection rate in the patients receiving 80% oxy¬ 
gen compared with 35%. 21 The other was a larger, well-done 
multicenter study that showed a clear reduction in SSI risk with 
80% fraction of inspired oxygen (Fi0 2 ) compared with 30%, 
but both groups had relatively higher infection rates than the 
first two studies. 22 Until more data are available, we must con¬ 
sider the ideal inspired oxygen concentration for reducing risk 
of SSI in surgical patients to be unsettled, although the pre¬ 
ponderance of evidence leans toward a benefit to higher levels 
of Fi0 2 . 23 

Temperature Control. The temperature of a patient in the 
operating room is known to influence skin and subcutaneous 
blood flow and oxygen tension. 24 Animal models have demon¬ 
strated increased infection risk when body temperature is low¬ 
ered. Recently, two prospective controlled trials have demon¬ 
strated a reduction in SSI in patients who were actively 
warmed. One trial in patients submitted to colectomy com¬ 
pared active warming in the operating room to no efforts at 
warming. 25 A threefold reduction in infection rate was found 
in the warmed patients. In another study of minor procedures 
(hernia repair, varicose vein operation, or breast procedure 
with incision >3 cm), active prewarming, either of the whole 
patient or of the operative site, also significantly reduced the 
incidence of SSI and of postoperative antibiotic use by physi¬ 
cians blind to the treatment group. 26 It is increasingly the stan¬ 
dard to maintain normal body temperature for operative 
patients, but without specific protocols to achieve this in all 
patients, it frequently is not achieved. 27 

Glucose Control. It has long been known that diabetics 
have a higher risk for SSI than nondiabetic patients. It has been 
assumed that this is related to underlying defects in host 
defense associated with the diagnosis. Recently, analysis of a 
large series of patients, both diabetic and nondiabetic, having 
an open heart procedure demonstrated that the risk for SSI 
was most strongly correlated with the occurrence of hyper¬ 
glycemia (glucose >200 mg/dL) during the first 48 hours after 
operation. 13 When this occurred, the risk for SSI was doubled 
regardless of whether the patient was diabetic or not. Forty- 
seven percent of the patients with hyperglycemia in this study 
were not diabetic. This relation has also been shown for a 
group of mixed GI and cardiovascular operations in diabetic 
patients. 28 Another cardiac surgery group has shown the same 
relationship between glucose levels and infection risk and has 
also demonstrated that improved perioperative glucose con¬ 
trol with intravenous insulin infusions has reduced both the 
incidence of SSI and mortality in their diabetic patients. 14,29 
Although the strongest evidence exists for diabetic cardiac sur¬ 
gical patients, it is likely that all hyperglycemic surgical patients 
will benefit from perioperative glucose control. 15 

Antibiotic Prophylaxis. Antibiotic prophylaxis for surgi¬ 
cal procedures began shortly after the initial introduction of 
penicillin with the hope that antibiotics would reduce the risk 
of surgical wound infections. Prior to 1960, prophylactic 
antibiotics commonly were started after surgery, a technique 
that we now know is ineffective. Furthermore, antibiotics were 
given most often to patients at special risk of infection. Conse¬ 
quently, patients given antibiotics were more likely to develop 
infections than untreated patients. 30 Subsequent animal 
experiments and human trials demonstrated that giving antibi¬ 
otics before wound contamination occurred (i.e., preoperatively) 
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ITABLE 7.4 



RESULTS | 

TYPICAL INFECTION RATES AND REDUCTION WITH PROPHYLAXIS 


■ PROPHYLAXIS (%) 

■ PLACEBO (%) 

■ NNT" 

Colon 

4-12 

24-48 

3-5 

Other (mixed) GI 

4-6 

15-29 

4-9 

Vascular 

1-4 

7-17 

10-17 

Cardiac 

3-9 

44-49 

2-3 

Hysterectomy 

1-16 

18-38 

3-6 

Craniotomy 

0.5-3 

4-12 

9-29 

Total joint replacement 

0.5-1 

2-9 

12-100 

Breast and hernia operations 

3.5 

5.2 

58 

GI, gastrointestinal. 

a Approximate number needed to treat (NNT) to avoid one surgical site infection. 


significantly reduced SSI. 31 Subsequent study has shown that 
the ideal time for antibiotic administration is just before the 
incision because this regimen produces better tissue antibiotic 
concentrations at both the beginning and end of the operation 
than other administration times. 32-35 

Prophylactic antibiotics are indicated for all GI (including 
appendectomy), obstetric, gynecologic, oropharyngeal, vascu¬ 
lar (abdominal and leg), and open heart procedures. Typical 
reductions in SSI rate in early placebo-controlled trials of pro¬ 
phylactic antibiotics are given in Table 7.4. The use of pro¬ 
phylactic antibiotics for clean operations remains controver¬ 
sial. Although prophylactic antibiotics reduce the infection 
rate even in clean procedures, the baseline infection rate is low 
in these cases. 36,37 Consequently, the number needed to treat 
for each infection prevented is so large that the reduction in 
infection risk may not justify the cost and complications asso¬ 
ciated with antibiotic administration. Nonetheless, prophylac¬ 
tic antibiotic treatment is used routinely for clean procedures 
such as open heart operations, joint replacement, vascular 
prostheses, and craniotomy, in which the consequences of SSI 
are especially severe. 38 

Antibiotics should be dosed to maintain adequate tissue 
concentrations throughout the period of potential contamina¬ 
tion. For example, doses should be increased in larger patients. 39 
Similarly, doses should be repeated after one or two half-lives 
have elapsed. 40,41 Numerous trials comparing shorter and longer 
durations of prophylactic antibiotics failed to show any bene¬ 
fit of extending antibiotic administration beyond the operating 
room. 42,43 Furthermore, prolonged prophylaxis is associated 
with recovery of resistant bacteria. 44 An expert panel assem¬ 
bled by the Center for Medicare and Medicaid Services (CMS) 
thus recommended that prophylactic antibiotics be initiated 
within the hour before starting an operation and stopped 
within 24 hours of completion. 45 

Naturally, the antibiotic(s) must be active against the rele¬ 
vant pathogens. This is most clearly illustrated by the require¬ 
ment that the agent used have activity against enteric anaer¬ 
obes for procedures involving the lower GI tract. Although yet 
to be studied in a systematic manner, there is general agree¬ 
ment that antibiotic agents used for prophylaxis should be dif¬ 
ferent from agents usually chosen as first-line treatment of 
established infections. Thus, although imipenem/cilastatin or 
piperacillin/tazobactam would undoubtedly be efficacious as 
prophylactic agents for colon operations, they are not recom¬ 
mended for this purpose. Table 7.5 gives the spectrum of 
antibiotic recommendations that have been published by dif¬ 
ferent professional societies and organizations. In general, one 
can choose a first-generation cephalosporin for operations not 


expected to encounter anaerobes and a second-generation 
cephalosporin with anaerobic activity for procedures in which 
anaerobic contamination is likely. 

/3-Lactam allergies are often cited as a problem for surgical 
antibiotic prophylaxis. However, many patients reported as 
allergic do not have true allergy and instead have experienced 
minor adverse reactions such as Candida overgrowth or GI 
upset. Before choosing an alternate prophylactic agent, one 
should confirm the nature of the previous reaction. Patients 
who have had immediate, anaphylactic-type reactions should 
not receive a cephalosporin, but most others can safely receive 
one or two doses in the perioperative period. For patients with 
true /3-lactam allergies, vancomycin is the most common pro¬ 
phylactic choice when the primary risk of infection is from 
skin organisms, and clindamycin is another appropriate alter¬ 
native. There are no controlled trials of prophylaxis in colon 
operations using agents appropriate for /3-lactam-allergic 
patients. Logic suggests that the combination of clindamycin 
or metronidazole with either an aminoglycoside or a fluoro¬ 
quinolone or the combination of clindamycin with aztreonam 
should be effective. Although vancomycin has been recom¬ 
mended for routine prophylactic use in hospitals with high 
rates of methicillin-resistant Staphylococcus aureus (MRSA), 
infection rates were not reduced in the only relevant prospec¬ 
tive trial, and the number of infections due to sensitive staphy¬ 
lococci was increased in the vancomycin arm. 46 Vancomycin 
prophylaxis appears to be most appropriate in patients proved 
by preoperative nasal culture to be MRSA carriers. 

Shaving. Removing hair at the operative site remains routine 
in many settings, although there is no evidence that it reduces 
infection rate. In contrast, studies show that avoiding hair 
removal or using depilatories rather than shaving reduces 
infection rates after clean operations. 47,48 For example, infec¬ 
tion rates are reduced when hair is clipped rather than shaved, 
even when performed on the day of operation. It may be help¬ 
ful to warn patients not to shave their operative sites before 
surgery as some do in an effort to be helpful. If hair removal at 
the incision site is considered necessary, it should be performed 
with clippers during the immediate preoperative period. 

Delayed Primary Closure. A classic technique to avoid SSI 
has been to leave the wound open at the original procedure 
and then to attempt delayed primary closure a few days later 
or to leave the wound open for closure by secondary intention. 
This practice was widely used by the military during World 
War II, and although there have been many series recommend¬ 
ing this practice, it has rarely been subject to controlled trial. 
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TABLE 7.5 MANAGEMENT 


SUMMARY OF PUBLISHED GUIDELINES ON ANTIMICROBIAL PROPHYLAXIS FOR OPERATIONS TARGETED FOR SURVEILLANCE 
IN THE NATIONAL SURGICAL CARE IMPROVEMENT PROJECT (SCIP) 

■ PROPHYLACTIC ANTIBIOTIC 

■ OPERATIONS RECOMMENDATION ■ COMMENTS 


Stop within 48 h of end of operation. 

The Society of Thoracic Surgeons (STS) Practice Guideline for 
Antibiotic Prophylaxis in Cardiac Surgery (2006) indicates 
that there is no reason to extend antibiotics beyond 48 h for 
cardiac surgery and very explicitly states that antibiotics 
should not be extended beyond 48 h even with tubes and 
drains in place for cardiac surgery. 

Stop within 24 h of end of operation. 

Although not addressed in any of the published guidelines, 
the workgroup recommends that the prophylactic 
antimicrobial be completely infused prior to the inflation of 
a tourniquet. 


Colon surgery Parenteral: Prophylaxis should stop within 24 h of end operation. 

Cefoxitin or cefotetan or ampicillin- 
sulbactam or ertapenem 

OR 

Cefazolin plus metronidazole or 
cefuroxime plus metronidazole 

If /3-lactam allergy: 

Clindamycin plus an aminoglycoside 
or a quinolone or aztreonam 

OR 

Metronidazole plus an aminoglycoside 
or a quinolone 

Cefazolin Prophylaxis should stop within 24 h of end operation. 

Cefotetan 
Cefoxitin 
Cefuroxime 
Ampicillin-sulbactam 
If /3-lactam allergy: 

Clindamycin plus an aminoglycoside 
or a quinolone or aztreonam 

OR 

Metronidazole plus an aminoglycoside 
or a quinolone 

OR 

Clindamycin monotherapy 
OR 

Metronidazole monotherapy 


Adapted from Bratzler DW, Houck PM. Antimicrobial prophylaxis for surgery: an advisory statement from the national surgical infection prevention 
project. Clin Infect Dis 2004;38:1706-1715, with permission. Available at: http:/Avww.qualitynet.org/dcs/ContentServer?cid=1137346750659&: 
pagename=Medqic%2FContent%2FParentShellTemplate&parentName=TopicCat&:c=MQParents. Accessed December 1, 2008. 


Vaginal or abdominal 
hysterectomy 


Cardiothoracic surgery Cefazolin 

Cefuroxime 

Vancomycin 

If /3-lactam allergy: 

Vancomycin 

Clindamycin 

Vascular surgery Cefazolin 

or hip or knee arthroplasty Cefuroxime 

Vancomycin 
If /3-lactam allergy: 
Vancomycin 
Clindamycin 


A recent prospective trial randomized patients undergoing an 
operative procedure with dirty wounds either to have primary 
closure of the incision or to have it left open with delayed pri¬ 
mary closure. 49 Although the authors concluded that there were 
fewer SSIs in the group with wounds left open, it is instructive 


that there were very few differences in overall patient course, 
and more patients went home with open wounds requiring 
dressing changes when the wounds were left open than when 
they were closed primarily in the operating room. There were 
no differences in overall hospital stay or in charges. 
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Diagnosis of Surgical Site Infection 

One can easily diagnose an SSI when the wound opens and 
discharges pus. However, it is preferable to make the diagnosis 
earlier and to initiate prompt intervention. Most SSIs are not 
clinically evident before the fourth or fifth postoperative day. 
The rare exceptions to this are infections caused by (3- 
hemolytic streptococci and by histotoxic Clostridium sp. and, 
even more rarely, wound toxic shock. These can be evident 
within 1 day and, although rare, can be very severe. If a patient 
manifests severe systemic signs of infection during the first few 
days after an operation, the incision should be inspected for 
signs of infection (Algorithm 7.1). Streptococcal infections 
usually have local signs of inflammation with marked ery¬ 
thema and pain and wound fluid containing white blood cells 
(WBCs) and gram-positive cocci. Wounds infected by 
clostridia usually lack signs of inflammation but cause severe 
pain out of proportion to other findings and drain a thin, 
brackish wound fluid lacking leukocytes due to the action of 
the exotoxins on leukocytes inhibiting migration and causing 
lysis. In these cases, gram-positive rods without spores are evi¬ 
dent on Gram smear. Wound blisters or desquamation of skin 
associated with SSI are late findings and predictive of signifi¬ 
cant morbidity. 

Thirteen cases of wound toxic shock were confirmed by the 
CDC during an 18-month period, representing less than 1% of 
all cases of toxic shock reported during that period. More than 
half of these presented within 48 hours of an operation. 50 The 


earliest signs were fever, diarrhea, and vomiting. Erythro¬ 
derma and hypotension were also present. Often, local signs of 
wound infection were initially absent. Drainage and irrigation 
of the wound in combination with a systemic antistaphylococ- 
cal antibiotic is recommended. 

Although most wound infections are diagnosed within 2 
weeks after the procedure, diagnosis may occasionally be con¬ 
siderably delayed. This is more likely when a significant 
amount of tissue covers the operative site such as abdominal 
incisions in morbidly obese patients. Because many patients 
have some fever in the first several days after a major operative 
procedure even without infection, fever is not a specific sign of 
postoperative infection (Fig. 7.1). 51 Many surgeons want to 
continue prophylactic antibiotics or to restart antibiotics in cases 
with early postoperative fever, but this is unlikely to be helpful. 
In addition, SSI cannot be treated without opening the inci¬ 
sion. If antibiotics are given for an SSI without opening the 
wound, this can result in a delay in diagnosis and definitive 
treatment, additional morbidity, and additional complications 
such as wound dehiscence. 


Therapy 

The most important treatment for an SSI is to open the inci¬ 
sion and evacuate the infected material. Antimicrobial agents 
are needed only when a patient exhibits a significant systemic 
response to the infection or when there is clinical evidence for 


Operation 


Fever in first 48 hr 


Unlikely to 
represent 
wound infection 

I 


Systemic illness 
I 


Wound drainage 


Gram stain to 
rule out streptococcal 
and clostridial infection 

I 


-1 

No systemic illness 


No wound 
infection, observe 


I- 

Either found 


I- 

Temp <38°C 
WBC <12,000 
Erythema <5 cm 


Dressing changes, 
no antibiotics 


Erythema 

or 

induration 


Open wound 

I 


Fever >4 days after operation 

- 1 - 1 


Wound 
normal 
to exam 


Seek other 5 


; of fever 


-1 

Temp >38°C 
WBC >12,000 

Erythema >5 cm from incision 
with induration or any necrosis 


Begin antibiotics 
and dressing changes 


None 


Clean wound, trunk, 
head, neck, extremity 


Wound of perineum or 
operation on 
GI tract or female 
genital tract 


Open wound, 
debride, start 
penicillin 

Seek other 
sources of 

Start cefazolin 


Start cefotetan or 

fever 

or oxacillin 


ampicillin/sulbactam 


ALGORITHM 7.1 


ALGORITHM 7.1. Managing potential surgical site infections. (Adapted from Dellinger EP. Post-operative wound infections. In: Schlossberg D, 
ed. Clinical Infectious Disease. New York: Cambridge University Press; 2008:769-773.) 
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FIGURE 7.1. Percentage of all postoperative fevers occurring on the 
indicated day following an operative procedure. Lines indicate the per¬ 
cent of fevers occurring on each day attributable to the cause indi¬ 
cated. (After Dellinger EP. Approach to the patient with postoperative 
fever. In: Gorbach S, Bartlett J, Blacklow N, eds. Infectious Diseases. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2004:817-823.) 


invasive infection beyond the surgical wound. In most cases, 
the entire incision will be involved under the skin and will 
have to be opened. When an incision is first opened, it should 
be inspected by a surgeon who understands the procedure and 
the underlying anatomy. If the procedure was a laparotomy or 
a thoracotomy, the integrity of the closure of the abdominal 
or chest wall should be confirmed. In some cases, the inci¬ 
sional SSI is not the primary event but is a sign of more severe 
and more extensive infection at a deeper level, an organ/space 
SSI. 

Antimicrobial agents should be started empirically at the 
time of diagnosis and opening of the wound only if there is a 
significant systemic reaction with temperature above 38°C, an 
elevated pulse rate, or an absolute WBC count above 
12,000/mm 3 or if there is invasive infection in the subcutaneous 
space or at the fascial level. The agent chosen should be deter¬ 
mined by Gram stain of the wound contents and by the prior 
procedure. SSIs after an operation that did not enter the ali¬ 
mentary tract and was not on the perineum or axilla are often 
caused by S. aureus or less commonly streptococcal species. If 
Gram stain confirms gram-positive cocci, one can use an initial 
dose of cefazolin or oxacillin. Antimicrobial treatment should 
be continued only as long as systemic signs of infection or local 
cellulitis continues to be present, usually 3 days or less. 

For SSIs that follow operations in the axilla, gram-negative 
bacilli are found more often, and after operations on the per¬ 
ineum or involving the alimentary or genital tract, both facul¬ 
tative and obligate anaerobes are common. In these cases, if 
antimicrobial therapy is necessary, treatment can be started 
with cefazolin plus metronidazole or perhaps ertapenem. 
Patients allergic to penicillin and cephalosporins can receive 
ciprofloxacin or levofloxacin combined with metronidazole. 
Again, the treatment should usually be 3 days or less. 


INTRA-ABDOMINAL INFECTIONS 


Prevention 


Most intra-abdominal infections are the result of spontaneous 
disease including such conditions as appendicitis, diverticuli¬ 
tis, obstructed or perforated carcinomas, or inflammatory 
bowel disease. Here, prevention depends on early diagnosis 
and treatment of the underlying condition. However, an 
increasing proportion of intra-abdominal infections from 
series published in the past few decades have been postopera¬ 
tive, reflecting the increasing number of operative procedures 
performed, the increasing risk status of the patients, and the 
complexity of the operations performed. In the case of postop¬ 


erative intra-abdominal infections, there are few data available 
regarding prevention. It is safe to assume that factors that 
reduce risk of incisional SSI after abdominal operations are 
probably helpful in the case of organ/space or intra-abdominal 
infections as well. In addition, avoidance of unintended injury 
to bowel and optimal performance of GI anastomoses are crit¬ 
ical. When contamination of the peritoneum does occur, either 
during operation or because of spontaneous disease, natural 
host defense mechanisms actually deal very successfully with 
small inocula by a combination of lymphatic clearance and 
phagocytosis by local macrophages. However, if contamina¬ 
tion with a small inoculum is repeated, abscess formation is 
likely. And, if continued contamination occurs, local defenses 
are overwhelmed and peritonitis results. 


Diagnosis 

Intra-abdominal infections are usually divided into peritonitis, a 
poorly localized infection of the peritoneal space, or intra¬ 
abdominal abscess, a localized infection within the abdomen. 
Peritonitis can be relatively local within one quadrant or region 
of the abdomen, as in early gangrenous or perforated appendici¬ 
tis, or diffuse in two or more abdominal quadrants. Diffuse peri¬ 
tonitis has a worse prognosis than peritonitis localized to one 
quadrant. 52 Abscesses may occur within the free peritoneal space 
in the subphrenic regions, lateral gutters, pelvis, or interloop 
within the intestinal folds, or they may occur in the retroperi- 
toneum or within a solid organ (visceral) such as liver or spleen. 
Peritonitis has traditionally been divided into primary and sec¬ 
ondary peritonitis, and in recent years the concept of tertiary 
peritonitis has been proposed. Primary peritonitis describes 
those patients with ascites due either to hepatic cirrhosis or to 
nephrotic syndrome who develop infected ascites presumably 
secondary to bacteremia and without evidence for perforation or 
underlying GI tract pathology. If the diagnosis of primary peri¬ 
tonitis can be made, these patients are best treated with antimi¬ 
crobial agents alone and without operation. Because of their 
severe underlying disease, they are at high risk for poor outcome. 

Secondary peritonitis refers to peritoneal infection that occurs 
secondary to another underlying disease such as bowel perfora¬ 
tion. Tertiary peritonitis is a condition first recognized toward 
the end of the last century and describes patients who continue 
to have evidence of poorly localized intra-abdominal infection 
after initial operative and antimicrobial treatment of secondary 
infection. At subsequent interventions, these patients tend to 
have evidence of diffuse inflammation without bowel perfora¬ 
tion, and cultures return a variety of bacteria that are not com¬ 
mon pathogens in the peritoneum such as coagulase-negative 
staphylococci, Candida sp., enterococcus, and Pseudomonas 
sp. 53 The categorization of secondary intra-abdominal infection 
can also be divided into spontaneous infection, those cases aris¬ 
ing from underlying disease, and postoperative infection, occur¬ 
ring after operative intervention or other procedures or trauma. 
Recent series show that approximately 66% of intra-abdominal 
infections are spontaneous and 34% are postoperative. 52 

The diagnosis of intra-abdominal infection is almost 
always first suggested by abdominal pain. This supplemented 
with a directed history and an exam demonstrating abdominal 
tenderness strengthens the case. Fever and elevated WBC 
count are often present, but early cases of appendicitis and 
diverticulitis will sometimes present with normal temperature 
and/or WBC count. In patients with diffuse peritonitis such as 
follows freely perforated bowel or ulcer, the diagnosis is usu¬ 
ally made by clinical examination, and this can be followed by 
resuscitation and operative management without additional 
sophisticated studies. With abscess, however, the clinical picture 
is often less straightforward and the addition of cross-sectional 
imaging techniques, particularly CT scanning, can be very 
helpful, whereas radionuclide scans have limited usefulness in 
the diagnosis of intra-abdominal abscess. 
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Treatment: Source Control 


The treatment of intra-abdominal infection always involves 
the combination of both source control and antimicrobial 
agents. Diffuse peritonitis involves inflammation and fluid 
production throughout the peritoneal surface, an area compa¬ 
rable to total body surface area. This is a major hemodynamic 
challenge and an inflammatory stress to the host organism and 
must be addressed by attention to circulating blood volume, 
respiratory status, and other systemic parameters just as in any 
other critical systemic illness. The fluid requirements of diffuse 
peritonitis approximate those of a 50% body surface area 
burn. These fluid shifts accompanied by the cytokine response 
to peritonitis can easily lead to respiratory and renal failure 
initially followed by MODS if not treated early and aggres¬ 
sively. Attention to airway, breathing, and circulation must 
occur simultaneously with antimicrobial management. The 
systemic disturbance associated with intra-abdominal infec¬ 
tion is most readily measured by critical care scores such as the 
Acute Physiology and Chronic Health Evaluation (APACHE) 
II score, which has been demonstrated to correlate with mor¬ 
tality and inversely with successful initial treatment of intra¬ 
abdominal infection. 54 

Diffuse peritonitis essentially always implies an uncontrolled 
leak from the GI tract and always mandates operative explo¬ 
ration for source control. If intra-abdominal abscess is diag¬ 
nosed or suspected, drainage is required, but this can often be 
accomplished by drains placed percutaneously using the radio- 
logic guidance of fluoroscopy, CT, or ultrasound. Although no 
prospective trials have been performed comparing open drainage 
with percutaneous drainage, comparative series suggest that 
resolution of abscess and mortality are essentially equal 
between the techniques. 55 Open drainage of intra-abdominal 
abscess is usually reserved for those cases in which percutaneous 
access to the abscess is prevented by overlying viscera. Regard¬ 
less of the approach to source control, review of multiple series 
suggests that in approximately one fourth of cases a second 
effort at source control will be necessary to resolve the infection. 
This may be another open operation, another percutaneous 
drain, or conversion from one approach to the other. A subse¬ 
quent intervention is indicated when the patient fails to improve 
or worsens following the primary intervention. Ideally, the ini¬ 
tial effort at source control should be successful. When the oper¬ 
ating surgeon is asked to rate the initial source control proce¬ 
dure, outcome is greatly inferior when he or she is not satisfied 
with this procedure. 52,56,57 Regardless, current evidence suggests 
that second operations should only be pursued in the presence 
of clinical or radiographic evidence that the original infection 
has not resolved or that another infection has developed. 
Mandatory or scheduled relaparotomies are not helpful except 
to correct specific known defects such as retained packing after 
damage control or restoration of intestinal continuity that could 
not be completed at the original procedure. 58,59 


Treatment: Antimicrobial Therapy 

The initial antimicrobial treatment of intra-abdominal infec- 
tion is always empiric. The diagnosis is made clinically, and 
antimicrobial therapy is started when the diagnosis is made 
and while the patient is being prepared for the source con¬ 
trol procedure. Cultures should be taken in the operating 
room or radiology suite, but bacterial identification will not 
be available for at least a day for aerobic and facultative 
species and for at least 2 days or more for anaerobes. Sus¬ 
ceptibility data will not be available for an equivalent 
amount of time after that. Accordingly, the first 2 to 5 days 
of treatment are empiric and will be completed without spe¬ 
cific susceptibility data. The potential bacterial flora of peri¬ 
tonitis is complex. At least 400 different bacterial species 
can be identified in the human colon. 60 Despite this, clinical 


microbiology laboratories usually recover only three to five 
different pathogens from intra-abdominal infections and 
fewer than 15 species account for 80% to 90% of the iso¬ 
lates in reported series. 61-64 The clinical findings represent a 
major simplification of the flora that is the usual contami¬ 
nating source. 

Modern concepts regarding antimicrobial agent choice for 
intra-abdominal infection come from clinical trials comparing 
antimicrobial agents and from classic animal experiments 
demonstrating the basic principles in this field. A mouse peri¬ 
tonitis model with defined bacterial inocula showed that an 
early bacteremic phase was caused by facultative Enterobacte- 
riaceae, primarily Escherichia coli, and a late abscess phase 
was dependent on anaerobes, especially Bacteroides frag- 
ilis. 65,66 Antimicrobial agents active against Enterobacteri- 
aceae prevented early mortality, and agents active against the 
anaerobes prevented late abscess formation. Clinical trials in 
humans have demonstrated that when antimicrobial regimens 
are compared, most demonstrate equivalence when both regi¬ 
mens have good activity against both anaerobes and Enter- 
obacteriaceae. A smaller number of trials have demonstrated a 
clinically and statistically significant difference between 
antimicrobial regimens and have confirmed that in humans it 
is important to have coverage against Enterobacteriaceae and 
against anaerobes. 

A number of observational studies have found a strong 
correlation between the presence of one or more organisms 
resistant to the antimicrobial agents being used and clinical 
failure. 63,67-69 One pathogen that has frequently been corre¬ 
lated with failure is Enterococcus , a common enteric organ¬ 
ism. 70 However, no prospective trial has demonstrated a 
superior result for a regimen that has activity against entero¬ 
cocci when compared with one that does not. In addition, 
patients who have been hospitalized before the onset of intra¬ 
abdominal infection or who develop postoperative intra¬ 
abdominal infection have an increased risk of resistant 
organisms. Despite this, no prospective trial has demon¬ 
strated an advantage for a more comprehensive, or “broad 
spectrum,” regimen for such patients. 67,71 For these reasons, 
a consensus has developed that an empiric antimicrobial reg¬ 
imen for the treatment of peritonitis should have broad activ¬ 
ity against aerobic and facultative gram-negative bacilli and 
against enteric anaerobes. The regimen should not be com¬ 
pletely inactive against Staphylococcus and Streptococcus sp. 
Single and combination antimicrobial regimens that have 
these characteristics and have been tested in prospective tri¬ 
als are listed in Table 7.6. 72,73 For some patients it may be 
helpful for the regimen to have activity against Pseudomonas 
aeruginosa and against Enterococcus sp., but accurate crite¬ 
ria for choosing such patients are lacking. A joint Surgical 
Infection Society and Infectious Diseases Society of America 
committee has concluded that it is reasonable, based on ret¬ 
rospective series and expert opinion, to provide agents with 
activity against Enterococcus and, in general, antibiotic com¬ 
binations with broader spectra of activity for patients at high 
risk of failure due to the severity of physiologic disturbance 
at presentation and/or acquisition of the infection in a health 
care setting. 72-74 


NECROTIZING SOFT 
TISSUE INFECTIONS 


Necrotizing soft tissue infection refers to a spectrum of surgi¬ 
cal infections that involve tissue necrosis but are not localized 
or walled off as abscesses are. These include clostridial infec¬ 
tions, which are rare, and nonclostridial infections. Histori¬ 
cally, a great variety of labels have been applied to the non¬ 
clostridial infections, and in some cases attempts are made to 
distinguish one from another (Table 7.7). 75 However, these 
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TABLE 7.6 TREATMENT 


ANTIMICROBIAL AGENTS FOR INTRA-ABDOMINAL 
INFECTION OF MILD TO MODERATE SEVERITY 

Single agents 

■ Cefoxitin 

■ Ertapenem 

■ Moxifloxacin 

■ Tigecycline 

■ Ticarcillin/clavulanic acid 
Combination regimens 

■ Cefazolin, cefuroxime, ceftriaxone, cefotaxime, 
ciprofloxacin, or levofloxacin plus metronidazole 

Antimicrobial agents for intra-abdominal infection with 
severe physiologic disturbance, advanced age, or 
immunocompromised state 

Single agents 

■ Imipenem/cilastatin 

■ Meropenem 

■ Doripenem 

■ Piperacillin/tazobactam 

Combination regimens 

■ Cefepime, ceftazidime, ciprofloxacin, or levofloxacin plus 
metronidazole 


conditions have more in common than the small differences 
Q recorded. All present with external signs at the skin level that 
are far less extensive than the underlying infection, and thus 
the potential for late diagnosis and treatment. Also, all possess 
the potential for major tissue loss, significant morbidity, and 
high mortality. Differences that have been stressed include the 
pathogen (/3-hemolytic Streptococcus or CA-MRSA vs. mixed 
infection), the location (perineum vs. other location), and 
depth of involvement (involving only superficial tissues vs. 
muscle also involved). The most common term applied is 
necrotizing fasciitis, but in most cases the involvement is lim¬ 
ited to skin and subcutaneous tissue, and the deeper muscular 
aponeurosis is not involved. Deeper tissues tend to be involved 
when the original injury (or operation) breached those areas 
(e.g., intramuscular hematoma). Necrotizing infection of the 
abdominal wall can occur after abdominal operations involv¬ 
ing bowel entry or treatment of intra-abdominal infection, and 
the risk is increased when the patient is hemodynamically 
unstable or when the abdominal wall is closed under tension, 
causing ischemia in the wound. 


TABLE 7.7 CLASSIFICATION 


TERMS APPLIED TO SIMILAR NECROTIZING SOFT 
TISSUE INFECTIONS 

■ Gangrenous erysipelas 

■ Necrotizing erysipelas 

■ Hemolytic streptococcal gangrene 

■ Nonclostridial crepitant cellulitis 

■ Nonclostridial gas gangrene 

■ Synergistic necrotizing cellulitis 

■ Bacterial synergistic gangrene 

■ Necrotizing fasciitis 

■ Necrotizing cellulitis 

■ Fournier gangrene 


Adapted from Dellinger EP. Necrotizing soft-tissue infections. In: 
Davis JM, Shires GT, eds. Principles and Management of Surgical 
Infections. Philadelphia, PA: J.B. Lippincott; 1991:23-39. 


Histotoxic clostridial infections or myonecrosis, commonly 
called “gas gangrene,” are less common than the nonclostridial 
infections, which are less likely to but still frequently contain 
gas due to microbial metabolism. Toxins, produced when 
clostridia grow in anaerobic conditions, kill muscle and inhibit 
neutrophil chemotaxis, thus facilitating the spread of infection 
and systemic toxicity. 76,77 The most common clostridial organ¬ 
ism is Clostridium perfringens , followed by Clostridium novyi , 
Clostridium septicum , and Clostridium sordelli. Although 
nearly all cases of myonecrosis originate in a traumatic wound, 
C. septicum is capable of causing spontaneous myonecrosis if it 
gains access to the body through compromised bowel mucosa, 
which can occur with GI malignancies, such as colon cancer, or 
during chemotherapy for other malignancies. 78 


Diagnosis 

The most important aspect for effective treatment of necrotiz¬ 
ing soft tissue infections is early diagnosis. Delay in diagnosis 
affects outcome adversely. The following physical signs are 
strongly suggestive of necrotizing infection and merit explo¬ 
ration of the wound in the operating room: any skin necrosis, 
crepitus, gas in tissue detected by radiologic examination, bul¬ 
lae, or ecchymosis. Other suggestive criteria include marked, 
or “woody,” edema beyond the area of inflammation or pro¬ 
gression of the infection despite apparently appropriate 
antimicrobial therapy. Although necrotizing soft tissue infec¬ 
tions have a reputation for progressing very rapidly, and many 
do, leading to potential early death, they can also be more 
indolent and simply persist until diagnosed and debrided. 79 

The diagnostic significance of infection-associated gas is 
worth an explanation. When aerobic and facultative bacteria 
are able to use oxidative metabolic pathways, they produce 
C0 2 as do mammals. C0 2 is highly soluble and is readily car¬ 
ried away by blood flow in perfused tissue. However, when 
facultative and anaerobic bacteria are forced to use nonoxida- 
tive metabolic pathways, they rely on fermentation, denitrifi¬ 
cation, or deamination. These processes produce nitrogen and 
hydrogen, which are relatively insoluble and accumulate in the 
surrounding tissue. Thus, the presence of gas in tissue with 
infection implies anaerobic metabolism, which is incompatible 
with living host tissue. This implies that the infection is in non- 
perfused, dead tissue and requires debridement or drainage. 

The persistent difficulty of diagnosis using signs and symptoms 
has led clinicians to search for other aids to diagnosis. Multiple 
reports examining the role of ultrasound, CT scans, and magnetic 
resonance imaging suggest that these techniques have increased 
sensitivity for detecting abnormalities in affected tissues but are 
not specific and frequently are unhelpful in distinguishing 
between soft tissue infections that require operative intervention 
from those that do not. 79,80 In addition, biopsy and frozen section 
examination of affected tissues have been suggested. 81 However, 
if enough suspicion exists to do a biopsy, most experienced sur¬ 
geons can recognize the extent of the process and need for 
debridement visually when the incision is made. 79 


Treatment 


Operative management of these infections requires exposure 
of all affected tissue. This usually necessitates incision through 
uninvolved skin for a significant distance. Necrotic tissue 
should be debrided, and involved areas must be exposed, but 
this does not necessarily require excision of overlying tissues 
unless they are rendered ischemic by the incisions. Careful 
planning of incisions should be able to avoid this in most cases. 
On an extremity, amputation may be required for a clostridial 
infection, and, although this is uncommon for nonclostridial 
soft tissue infections, amputation may still be lifesaving 
and should not be delayed if indicated. Intraoperatively, lack 
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of muscular contraction in response to electrical stimulation, 
using cautery, is frequently used to identify dying or dead mus¬ 
cle requiring more extensive debridement. All patients who 
require operative intervention for a necrotizing soft tissue 
infection should be scheduled for a second look in the operat¬ 
ing room during the next 24 to 48 hours. Decisions regarding 
further operative intervention can be made at that time. Large 
wounds are common, and secondary closure or skin grafts 
may be required after the infection is completely resolved. 

Antimicrobial treatment is initially empiric and must be 
directed against a presumed mixed flora or aerobic and anaer¬ 
obic pathogens. The choice of agents is essentially the same as 
for intra-abdominal infection. Initially, high-dose penicillin, 
gentamicin, and clindamycin are frequently implemented. 
There is suggestive evidence from animal experiments that 
high-dose clindamycin, by binding to RNA in the bacteria, 
may reduce toxin formation by clostridial species and by 
toxin-producing streptococci and staphylococci. 82 As with 
other severe infections, patients with necrotizing soft tissue 
infections have a marked systemic response and require atten¬ 
tion to fluid resuscitation, gas exchange, and renal function. 


SEPSIS, SHOCK, AND MULTIPLE 
ORGAN DYSFUNCTION 


A severe systemic response to infection including hemody¬ 
namic instability and progression to multiple organ dysfunc¬ 
tion can occur after either medical or surgical infections. They 
can occur after either gram-positive or gram-negative infec¬ 
tions but appear to be more common with gram-negative 
infections and are often triggered by a complex systemic host 
response to lipopolysaccharide (LPS). Within the context of 
surgical infections, the best outcome for a patient results from 
prompt diagnosis and treatment of infections to prevent the 
onset of sepsis. A number of studies show that early, aggressive 
correction of physiologic abnormalities seen in early sepsis 83 
along with prompt aggressive treatment of the infection itself, 
both with antimicrobial agents and source control, 84,85 results 
in the best outcome. Currently, the only additional medical 
treatment with demonstrated benefit is the administration of 
activated protein C (drotrecogin alfa) to patients who fit the 
entry criteria for this trial with sepsis and concomitant organ 
dysfunction in more than one organ. 1 The risk of increased 
bleeding complications must be balanced against potential 
benefits, particularly following recent surgical procedures. 


OTHER NOSOCOMIAL 
INFECTIONS IN 
SURGICAL PATIENTS 


Surgical patients are also susceptible to a number of nonsurgi- 
cal nosocomial infections during hospitalization. The appro¬ 
priate care of these patients demands an understanding of the 
prevention and treatment of these infections. 


Catheter-related Bloodstream Infections 


Although both peripheral venous and arterial catheters and cen¬ 
tral venous catheters can be infected, diagnosis is often easier 
with peripheral catheters, and serious bloodstream infections are 
more common with central catheters. One of the first principles 
in preventing these infections is to restrict the use of catheters 
and to ask each day whether the patient actually needs the 
catheters that are in place. Another important element of pre¬ 
vention is the insertion technique, especially for central catheters. 
Although full barrier precautions with wide draping and use of 
glove, gown, hat, and mask by the inserting physician results in 
lower infection rates, 86 this is not always followed. An institu¬ 


tional education program to emphasize the importance of inser¬ 
tion technique has been shown to lower infection rates. 87 Skin 
preparation with a chlorhexidine solution results in lower infec¬ 
tion rates than preparation with povidone-iodine solutions. 88 All 
intravascular devices are susceptible to infection, and the risk 
increases the longer the catheter is in place. However, changing 
central lines on a particular schedule does not decrease infection 
risk. 89,90 The final risk is related to the number of days that any 
catheter is in place. Subclavian central venous catheters have a 
lower risk of infection than internal jugular catheters. Recom¬ 
mendations for the use of antimicrobial-coated catheters are not 
well established because one must balance the risk of line infec¬ 
tion against the risk of additional antimicrobial exposure to the 
patient and to the environment. When the local rate of infection 
is high, they are probably justified. 90 The single most impressive 
effort in reducing central line-associated infections has been a 
program that “bundles” all of these components together, uses a 
checklist, and empowers all members of the medical/surgical 
team to take responsibility for adherence to the bundle. 91 

The diagnosis of catheter-related bloodstream infection is 
made by isolating the same organism from the bloodstream 
and from a semiquantitative culture of the catheter tip. To 
make a diagnosis of catheter-related bloodstream infection 
without removing the catheter, draw simultaneous cultures 
through the line and from a different peripheral source. A line 
infection is indicated when the quantitative culture of the line 
is equal or greater than five times the peripheral quantity or 
when the line culture turns positive 2 hours or more before the 
peripheral culture. When the diagnosis is made, the catheter 
should be removed. Bacteremia should be treated by a specific 
antimicrobial agent and, for S. aureus , gram-negative rods, or 
fungi, should be continued for 10 to 14 days. 92 For coagulase- 
negative staphylococci, the most common pathogen, duration 
of treatment can be limited to the period of systemic response 
after removal of the catheter. 


Pneumonia 


Pneumonia is less common than SSI and UTI on surgical ser¬ 
vices but when it occurs is a major source of morbidity and 
mortality. Prevention of postoperative pneumonia is best 
accomplished by policies and procedures that emphasize the 
early extubation of ventilated patients, the use of noninvasive 
positive-pressure ventilation when feasible, and elevation of 
the head of the bed for ventilated patients. Diagnosis can be 
made by physical examination and chest radiograph in the 
spontaneously breathing postoperative patient. The diagnosis 
can be much more challenging in the ventilated ICU patient. 
These patients often have abnormal chest films and physical 
findings as well as fever and leukocytosis in the absence of 
pneumonia. In addition, all patients with an endotracheal tube 
for more than a few days are likely to have bacteria in tracheal 
aspirates independent of infection. Overtreatment of suspected 
infection is common, and restriction of treatment for patients 
without demonstrated pneumonia improves outcome. 93 On the 
other hand, delayed, specific treatment of true infection 
increases mortality. 94,95 For this reason, procedures that produce 
a more specific diagnosis of pneumonia and that help to rule out 
the diagnosis when pneumonia is not present, such as bron- 
choalveolar lavage and protected specimen brush cultures, have 
an important role in the care of ventilated ICU patients. 96-98 
Cultures of expectorated sputum or of simple endotracheal 
aspirates are very nonspecific and of little use in diagnosing 
pneumonia. When pneumonia is diagnosed, treatment duration 
should be limited. Usually 7 to 8 days is sufficient. 99 


Urinary Tract Infection 

The most common etiologic agent of UTI in hospitalized patients 
is the indwelling bladder catheter. Many surgical patients have 
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urinary catheters placed in the operating room. A primary pre¬ 
ventive measure for UTI is to use urinary catheters only when 
actually necessary due to the location of the operative proce¬ 
dure or the length and complexity of the operation. When a 
catheter is required it should be removed as soon as possible, 
often at the end of the operative procedure or on the first post¬ 
operative day. When a catheter must be left in place, a closed 
system should always be used. The risk of UTI doubles on any 
day when the integrity of a closed system is violated. 

In a patient without a catheter, the diagnosis of UTI is tra¬ 
ditionally made when a quantitative culture shows greater 
than 10 * * * * 5 organisms per milliliter of urine. In patients with 
catheters, much lower colony counts may represent true infec¬ 
tion. Attempts to clear bacteriuria when the catheter is in place 
usually fail. If the patient is symptomatic, specific antimicro¬ 
bial treatment should be followed by a catheter change. If the 
patient is not symptomatic, specific antimicrobial treatment 
should be given after the catheter has been removed. 


PATHOGENS 


As noted in the beginning of this chapter, most surgical infec¬ 

tions are caused by endogenous microorganisms that gain 
access to the body after violation of an epithelial barrier. Specific 

pathogens are identified through culture in the microbiology 
laboratory, but earlier information can be obtained through 
examination of a Gram-stained smear of material taken from 
the infected site. Gram-positive cocci are very commonly found 
in soft tissue infections and can represent Staphylococcus sp., 

either S. aureus or coagulase-negative staphylococci, or strepto¬ 
coccal species. Coagulase-negative staphylococci are the most 
common pathogens found in catheter-related bloodstream 
infections but cause serious infections in other locations rarely. 

S. aureus possess virulence characteristics that enable them to 
invade healthy tissues and form abscesses and are usually signif¬ 
icant when recovered. Extensive use of /3-lactam antibiotics has 
led to the emergence of MRSA in many areas, and recently some 
strains of vancomycin-intermediate S. aureus (VISA) and van¬ 
comycin-resistant S. aureus (VRSA) strains have emerged. In the 
first decade of the 21st century a new strain of MRSA has 
become common in the community in patients not recently 
exposed to the health care system. This is called community- 
acquired MRSA and is frequently characterized by a new viru¬ 
lence feature, the Panton-Valentin leucocidin that appears to 
stimulate more tissue necrosis. This organism has been associ¬ 
ated with necrotizing soft tissue infections similar to those pre¬ 
viously only associated with /3-hemolytic streptococci. 

/3-Hemolytic streptococci, especially from group A, have 
significant virulence properties that allow them to invade unin¬ 
jured or minimally injured tissues to cause severe soft tissue 
infections as previously discussed in the section on necrotizing 
soft tissue infections. They are uncommon surgical pathogens 
otherwise. Group D streptococci, or enterococci, are fre¬ 
quently recovered from intra-abdominal infections, but studies 
fail to demonstrate superior outcomes when antimicrobial reg¬ 
imens are directed toward enterococci. However, this species can 
clearly cause severe disease in immune-compromised patients, 
especially liver transplant patients. In this setting the occurrence 
of vancomycin-resistant enterococci (VRE) in recent years has 
presented a very difficult treatment challenge. 

Facultative gram-negative rods, which can grow in either aer¬ 
obic or anaerobic environments, are commonly associated with 
surgical infections, especially those arising from intra-abdominal 
sources. These include the familiar genera Escherichia, Proteus, 
Klebsiella, Enterobacter, Morganella, Providencia, and Serratia. 
These pathogens are most commonly treated with advanced- 
generation cephalosporins, expanded-spectrum penicillins, car- 
bapenems, or fluoroquinolones. In recent years, a number of 
these pathogens have developed extended-spectrum /3-lactam 
enzymes (ESBLs) capable of inactivating even third-generation 


cephalosporins. While these are more common outside of the 
United States, they are also found in the United States and have 
increased in recent years. Currently, carbapenem antibiotics are 
considered the antibiotic of choice for these organisms. An even 
newer resistance mechanism, Klebsiella pneumonia carbapene- 
mase (KPC enzymes), has led to ESBL pathogens that are also 
resistant to the carbapenem antibiotics. In these cases only tigecy- 
cline; the old, relatively toxic antibiotics polymyxin B and E (col- 
istin); and sometimes aminoglycosides have activity. Bacteria that 
are resistant to three of the following classes, /3-lactams (including 
penicillins, cephalosporins, and monobactams), carbapenems, 
fluoroquinolones, and aminoglycosides, are termed multidrug- 
resistant (MDR) organisms. 100,101 Obligate aerobic gram-negative 
rods encountered in surgical patients include Pseudomonas sp. 
and Acinetobacter sp. These are most commonly found in the res¬ 
piratory tract but can also occur in the abdomen. These 
pathogens often exhibit an even higher degree of antimicrobial 
resistance than the facultative gram-negative rods. 

Anaerobic bacteria are the most common inhabitants of the 
GI tract in humans and cause significant disease in intra¬ 
abdominal infections, but they are not represented in infections 
proportional to their density in the bowel. The most common iso¬ 
lates are members of the Bacteroides genus, especially B. fragilis 
and Bacteroides thetaiotaomicron. The most effective antibiotics 
against these organisms are metronidazole, the carbapenems, 
and advanced-generation penicillins combined with a /3-lactam 
inhibitor. Moxifloxacin and tigecycline also have activity 
against the common anaerobes. The anaerobic cocci are also 
susceptible to the same antibiotics. Clostridium sp., as noted in 
the section on necrotizing soft tissue infections, are most 
important in that setting. When anaerobes are recovered from 
a surgical infection or from the bloodstream, this means that 
bacteria are growing in the body in an anaerobic environment. 
These are always surgical infections and require source control 
in addition to antimicrobial treatment. 

Fungi, most commonly Candida sp., are rarely primary 
causative agents in surgical infections. However, they are often 
secondary pathogens, overgrowing on skin and the gut under 
the influence of broad-spectrum antibacterial therapy. In this 
setting they become important opportunistic invaders. The most 
common strain found is Candida albicans. Most Candida 
infections are currently treated with fluconazole, but increas¬ 
ing use of this agent tends to provide pressure to increase the 
presence of resistant strains such as Candida glabrata or Can¬ 
dida krusei. In these cases, treatment with voriconazole, caspo- 
fungin, anidulafungin, micafungin, or amphotericin may be 
required. 

Viruses do not cause surgical infections. Surgical patients 
are most susceptible to viral infection as a result of blood 
transfusion, which may transmit hepatitis B, hepatitis C, or the 
human immunodeficiency virus (HIV). Recent advances in 
nucleic acid detection technology have rendered the blood sup¬ 
ply in the United States increasingly safe so that the current 
risk for transmission of any of these agents by transfusion is 
less than 1 in 2 million. 102 Transplant patients are susceptible to 
a number of viral infections due to their immune-compromised 
state, especially cytomegalovirus. 


ANTIMICROBIAL AGENTS 


Antimicrobial agents are used in combination with source con¬ 
trol and other treatment modalities to prevent or resolve surgical 
infections. The goal should be to use these agents when they are 
required and to withhold them when they are not. Overuse of 
antimicrobial agents contributes to bacterial resistance and lim¬ 
its their effectiveness when they are needed. They should be used 
in a manner that ensures therapeutic levels at the site of infection 
for the appropriate duration. Pharmacodynamic principles of 
antibiotic use differ for different classes of drugs. The factors 
that go into an antibiotic’s effectiveness include its minimal 
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inhibitory concentration (MIC) for a particular pathogen, its 
half-life and mode of elimination from the body, and its mech¬ 
anism of action. 103,104 /3-Lactam antibiotics such as penicillins 
and cephalosporins bind to penicillin-binding proteins (PBPs) 
in the bacterial cell wall and inhibit bacterial cell wall synthesis. 
Once drug levels are achieved that are well above MIC, the rate 
of bacterial killing does not increase with higher drug levels. 
Their effectiveness depends on the percent of time during ther¬ 
apy that the drug levels exceed the MIC at the site of infection. 
Thus, a dose and time of administration that achieves levels 
above MIC for more than 50% of the time between doses will 
provide optimal therapy. This favors drugs with long half-lives 
or continuous administration of drugs with shorter half-lives. 
Time above MIC can also be prolonged with intermittent dos¬ 


ing if infusions are prolonged for 1 to 2 hours. Alternatively, 
aminoglycosides kill by inhibiting microbial protein synthesis, 
and higher levels of drug above the MIC kill bacteria more 
rapidly. In addition, these drugs exhibit a “postantibiotic 
effect” in which bacteria do not begin to grow again for a time 
after the drug levels have fallen below the MIC. This has led to 
the once-daily administration of aminoglycoside antibiotics, 
which achieve very high serum levels shortly after administra¬ 
tion and take advantage of the postantibiotic effect after serum 
levels have fallen. In addition, renal toxicity of the drugs is 
equal or less with once-daily administration compared with 
three-times-daily administration, which was the former prac¬ 
tice. For quinolones, the best results correlate with the ratio 
between the area under the curve (AUC) when time is graphed 


[TABLE 7.8 

CLASSIFICATION | 

ANTIBIOTICS 

Penicillin class 

Carbapenems 

The original 

Imipenem/cilastatin 

Penicillin G 

Meropenem 

Antistaphylococcal 

Ertapenem 

Methicillin 

Doripenem 

Nafcillin 

Fluoroquinolones 

Oxacillin 

Ciprofloxacin 

Limited gram-negative activity 

Levofloxacin 

Ampicillin 

Gatifloxacin 

Amoxicillin 

Moxifloxacin 

Broader gram-negative activity 

Aminoglycosides 

Carbenicillin 

Gentamicin 

Ticarcillin 

Tobramycin 

Piperacillin 

Amikacin 

13-Lactamase inhibitor combinations 

Netilmicin 

Ampicillin/sulbactam 

Various antianaerobic drugs 

Amoxicillin/clavulanate 

Chloramphenicol 

Ticarcillin/clavulanate 

Clindamycin 

Piperacillin/tazobactam 

Metronidazole 

Cephalosporin class 

Antimicrobials with activity against MRSA 

First generation 

Vancomycin 

Cephalothin 

Quinupristin/ dalfopristin 

Cefazolin 

Linezolid 

Cephalexin 

Daptomycin 

Cephradine 

Tigecycline 

Second generation 

Antifungal drugs 

Cefuroxime 

Amphotericin 

Cefoxitin 

Fluconazole 

Cefmetazole 

Voriconazole 

Cefotetan 

Caspofungin 

Third generation 

Anidulafungin 

Cefotaxime 

Micafungin 

Ceftizoxime 


Ceftriaxone 


Cefoperazone 


Ceftazidime 


Cefepime 


MRSA, methicillin-resistant Staphylococcus aureus. 
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against serum concentration in mg/L. A ratio of AUC/MIC 
greater than 125 correlates with clinical success. 

When antimicrobial agents are used to treat an infection, 
response to treatment should be evaluated in a regular and 
ongoing schedule. If improvement is not evident within 2 to 
3 days of treatment, the situation should be assessed and an 
explanation sought. These questions should be asked: Was the 
original source control adequate? Has a complication of the 
source control procedure occurred? Has a superinfection 
developed? Is enough of the proper drug being given in an 
appropriate manner? The wrong antibiotic is not the most 
common cause of failure in treating a surgical infection. 

Once the patient is improving, one needs to decide how 
long to continue antimicrobial agents. For most surgical infec¬ 
tions, these agents can be stopped when the patient has 
demonstrated a return to normal temperature and WBC count 
with improvement in general condition as long as the source 
control was adequate. There is an absence of objective, 
prospective data demonstrating the necessary duration of drug 
treatment. Prolonged antimicrobial agent administration pre¬ 
disposes the patient to superinfections, to colonization with 
resistant bacteria, and to development of drug adverse reac¬ 
tions and organ damage. 

This chapter does not provide a detailed discussion of each 
antimicrobial drug available. The list is very large and fre¬ 
quently changes. Detailed discussions of indications and doses 
for individual drugs are available in several reference or online 
sources, which are updated on a yearly basis. Common exam¬ 
ples are the Sanford Guide , The Medical Letter , and the Johns 
Hopkins Division of Infectious Diseases Antibiotic Guide 
(http://hopkins-abxguide.org/). Table 7.8 lists the classes and 
individual drugs that are most commonly used by surgeons, 
grouped by class and antimicrobial activity. 
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JOSEPH CUSCHIERI 


KEY POINTS 


Q Shock is the clinical syndrome that results from inadequate 
tissue perfusion from numerous causes: hypovolemic, car¬ 
diogenic, extracardiac obstructive, and distributive. 

Q Hypovolemic shock due to ongoing blood and/or plasma 
loss leads to progressive cardiovascular deterioration, 
ultimate hypotension, oliguria, confusion, irreversible cell 
injury, and death. 

@ Cardiogenic shock results in decreased tissue perfusion due 
to intrinsic pump failure. 

Q Extracardiac obstructive shock attenuates pump function 
due to external compression of inflow and outflow (tam¬ 
ponade, tension pneumothorax, etc.). 

Q Septic and traumatic shock, forms of distributive shock, 
are systemic inflammatory responses to infection or tissue 


injury with cellular breakdown, producing severe hypoten¬ 
sion requiring massive volume resuscitation and high risk 
of multiple organ failure and death. 

Q Complications of an episode of shock include ischemia- 
reperfusion injury from oxidant stress; potential secondary 
immunosuppression with enhanced nosocomial infection 
risk; hypothermia and coagulopathy; and multiple organ 
failure syndrome, including abdominal compartment syn¬ 
drome. 

Q Treatment of shock involves aggressive volume resuscita¬ 
tion with control of the underlying etiology and careful 
monitoring of adequacy of end-organ perfusion to avoid 
under- and overresuscitation. 


^The current accepted concept of shock was first described in 
1929 by Walter B. Cannon as inadequate blood flow that results 
in cellular hypoxia. 1 Persistence of this cellular hypoxia, in turn, 
results in cellular and organ dysfunction. Although this state 
can result from a number of causes, it was Blalock who first 
described hematogenic, neurogenic, cardiogenic, and vasogenic 
factors that were associated with shock. 2 

Prior to these concepts, the concept of shock was not under¬ 
stood since the nature and purpose of the heart and circulatory 
system were either unknown or misunderstood. Galen was the 
first to explore the purpose of the heart and circulatory system. 
He proposed that the arteries carried blood, not air, as previously 
thought, away from the heart. However, he incorrectly believed 
that arterial blood within the circulatory system subsequently 
dissolved in the body to release nutrients. Blood returning to the 
heart was not due to recirculation, but rather was rapidly reman¬ 
ufactured by the liver. Additionally, because much of his dissec¬ 
tion work was carried out in frogs, he concluded falsely that the 
heart had only two chambers and blood passed from the right to 
left chamber through invisible pores in the septum. 3 

These conclusions remained unchallenged for nearly 1,500 
years until Vesalius, in the 17th century, described dissection of 
the human body. He demonstrated that blood did not flow 
directly from the right to left ventricle. Although he provided 
elaborate drawings of the body’s network of blood vessels, he 
did not anticipate that blood circulated through the body and 
was unable to discern the heart’s purpose. Shortly thereafter, 
Harvey moved beyond anatomy and studied physiology; he dis¬ 
covered the closed nature of the circulation and concluded that 
the heart was the main pumping mechanism. Although the 
microscope had not yet been invented, he proposed the exis¬ 
tence of capillaries that connect the arterial and venous system. 3 

In the following century, military surgeons such as Henri le 
Dran (1740) noted that injured soldiers left unattended for sev¬ 
eral hours suddenly deteriorated as if there had been a secousse 
(jolt) to the system, which probably led to use of the word 
“shock.” 1 Surgeons began to notice that even when a wounded 
extremity was amputated, the physiologic effects of the injury 
often continued, and shock was increasingly recognized as a 
distinct systemic syndrome apart from the wound itself. 3 


Eventually, Cannon and then Blalock described our current 
concept of shock and its attributed systemic effects. In fact, 
Blalock was the first to recognize the third-space fluid loss that 
follows shock resuscitation that is greater than the quantity of 
initial blood loss. 4 As a result, therapy began to focus not only 
on restoring intravascular volume but also on replacing fluid 
lost to the interstitium with a balanced salt solution. Investiga¬ 
tors then became increasingly intrigued by the fact that, at some 
point, shock becomes irreversible and is no longer responsive to 
further volume resuscitation. As stated more than 50 years ago 
by Wiggers, “at a certain stage an adequate circulation cannot be 
restored by merely filling the system, as one does an automobile 
radiator.” 5 At some point the wound, infection, cardiac dys¬ 
function, or other initiating event is no longer the primary 
threat. Other factors sustain the shock state, blood pressure 
cannot be restored, improvements are only transient, and death 
occurs shortly thereafter. 

The current concept of shock has led to a reclassification 
into four distinct groups—hypovolemic, cardiogenic, extracar¬ 
diac obstructive, and distributive—that may occur independent 
of each other, or more characteristically synergistic with each 
other. 6 Early recognition and prompt treatment are essential to 
modern treatment. If delayed, uncorrected hypovolemia and 
critical oxygen delivery deficits occur that lead to irreversible 
shock. However, it is believed that future therapies will move 
beyond simple recognition and fluid resuscitation, and indices 
of tissue oxygenation that target the internal machinery of the 
cell itself will be followed. Thus, investigators are increasingly 
looking to gain an understanding of the chain of events that 
occur that lead to organ damage and irreversibility. This chap¬ 
ter describes these events, discusses the therapeutic approaches 
utilized in current management, and offers a brief perspective 
on what may lie ahead in the future. 


EVALUATION OF SHOCK 


Shock is easily recognized by even the most inexperienced 
caregiver after the compensatory mechanisms have been over¬ 
come (Table 8.1). However, it is more difficult to recognize the 
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TABLE 8.1 


SHOCK RECOGNITION 

■ ORGAN SYSTEM 

■ SIGN/SYMPTOM 

■ CAUSE 

CNS 

Mental status changes 
(agitation/anxiety to coma) 

Decreased cerebral perfusion 

Circulatory 

Cardiac 

Tachycardia 

Adrenergic stimulation 


Atrial/ventricular 

dysrhythmias 

Coronary ischemia 


Hypotension 

Coronary ischemia, right heart failure 

Systemic 

Hypotension 

Decreased SVR, decreased venous 
return 


Decreased CVP 

Hypovolemia 


Increased CVP 

Right heart failure 

Respiratory 

Tachypnea 

Pulmonary edema, sepsis, 
compensation for metabolic acidosis 


Cyanosis 

Hypoxia 

Renal 

Oliguria 

Decreased perfusion, afferent arteriolar 
vasoconstriction 

Skin 

Cool, clammy 

Vasoconstriction 


Warm, dry 

Vasodilation 

CNS, central nervous system; CVP, central venous pressure; SVR, systemic vascular resistance. 


patient in compensated shock, who presents with vital signs 
that are almost normal. It is critically important to the 
patient’s ultimate outcome that recognition and treatment of 
shock occur before decompensation. The clinical assessment 
must be guided by the knowledge that the severity of symp¬ 
toms and signs of shock vary between patients and the degree 
of the type of shock present. The patient is evaluated based on 
clinical appearance, hemodynamic measurements, physiologic 
responses, and biochemical analyses. 

Early during various shock states, vasoconstriction frequently 
causes the skin to be cool, with poor capillary refill. However, 
this must be contrasted to shock states induced by either neuro¬ 
genic or septic states in which vasodilation is present causing the 
skin to be warm, with good capillary refill. Common to the var¬ 
ious shock states is the presence of hyperventilation, a compen¬ 
satory response due to progressive metabolic acidosis. As shock 
progresses, mental status changes occur, and decreased cerebral 
blood flow and increased catecholamine stimulation may lead to 
anxiety and restlessness. With continued shock, lethargy may 
result. True coma, however, seldom results due to shock alone, 
unless coincident complete cardiovascular collapse occurs, and is 
usually associated with other conditions such as direct brain 
injury or severe hypoxia. 7 

The hemodynamic assessment should include evaluation of 
the rate and character of the pulse, the blood pressure, and, in 
some cases, the central venous pressure (CVP) and pulmonary 
artery pressure. 8 Tachycardia is a normal response to volume 
loss but also to pain, anxiety, and fear, all of which are com¬ 
monly present. Assessment of the pulse (full and strong or 
weak and thready) may be helpful in determining the proper 
diagnosis. Because of the body’s ability to compensate for 
hypovolemia, changes in blood pressure do not occur reliably 
until 20% to 30% of blood volume has been lost. However, 
the pulse pressure usually narrows, even in compensated 
shock, because of the effects of vasoconstriction on the dias¬ 
tolic blood pressure. Importantly, the CVP reflects the ade¬ 
quacy of and not the true blood volume, and the state of the 
venous tone. Changes in CVP in response to treatment or from 


continuing hemorrhage are more revealing than a solitary 
measurement. 

An indirect but extremely valuable measure of perfusion 
and volume status is urine output. A urinary catheter should 
be inserted in every patient being evaluated for shock. Hourly 
urine output should be 0.5 to 1 mL/kg for adult patients, at 
least 1 mL/kg for most pediatric patients, and 1 to 2 mL/kg for 
patients younger than 2 years of age. Lack of adequate appro¬ 
priate urine output in the setting of previous normal kidney 
function should cause the caregiver to be highly concerned 
about the continued presence of inadequate perfusion and cel¬ 
lular hypoxia. 

Although each of the physical examination components are 
important in the identification of shock, used alone these factors 
can lead to a potential underdiagnosis of compensated shock 
due to the robust ability of the human body to compensate to 
various degrees. As a result, biochemical markers have been 
added as a means to identify shock in its early stages. Biochem¬ 
ical analysis of shock is based on the shift from aerobic to anaer¬ 
obic metabolism in underperfused tissues. Increased lactate pro¬ 
duction is associated with tissue hypoperfusion. In addition, 
lactate appears to be prognostic in several different shock states 
including hypovolemic, septic, and cardiogenic. 9 Resuscitation 
of shock results in a decrease in serum lactate levels, and the 
time required to normalize serum lactate levels appears to be an 
important prognostic factor for survival. 10,11 

Another biochemical marker of shock and resuscitation is 
the base deficit. This is defined as the amount of a fixed base 
(or acid) that must be added to an aliquot of blood to restore 
the pH to 7.40. Base deficit values have been categorized as 
normal (2 to -2), mild (-3 to -5), moderate (-6 to -9), and 
severe (>-10). Changes in base deficit toward normal with 
volume infusion can be used to judge the efficacy of resuscita¬ 
tion. 12-14 Lurther, base deficit has been shown to be superior to 
pH values in assessing the normalization of acidosis after 
shock resuscitation, and the time required for normalization of 
base deficit has perhaps even greater prognostic significance 
than that for lactate. 12,15 
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These biochemical changes associated with the hypoperfu¬ 
sion of shock occur even with compensation. Because of the 
potential difficulties in diagnosing compensated shock, an 
arterial and/or venous blood gas analysis including base deficit 
and lactate should be obtained for every patient suspected of 
being in shock. Additionally, any patient with a lactate of 
>4 mmol/L or base deficit of >6 mEq/L should be considered 
to be in shock until proven otherwise. 13,16,17 

Although each of these factors can be used to characterize 
shock, no single measurement has been determined to be opti¬ 
mal or when used singly to be always accurate for identifica¬ 
tion and treatment of shock. Currently, other measurements 
are being investigated that demonstrate promise. These mark¬ 
ers include measurements of central and mixed venous oxygen 
saturations, end-diastolic cardiac volume indices, and specific 
noninvasive end-organ tissue oxygen saturations. 18-23 


TYPES OF SHOCK 


Although several different classifications for shock have been 
described, the most currently widely accepted classification of 
shock was proposed by Weil and Shubin in 19 71. 6 This classi¬ 
fication divides the shock syndrome into four distinct cate¬ 
gories (Table 8.2). Despite this separation, however, there is 
considerable overlap between the categories, with some 
patients presenting with more than one factor at the same time. 
Given this overlap, it is helpful to evaluate the hemodynamic 
pattern in order to elucidate the etiology and manage the patient 
(Table 8.3). 


Hypovolemic Shock 

Hypovolemic shock is the form of shock most commonly 
encountered in surgical practice (Table 8.2). The essential fea¬ 
ture is a reduction in intravascular volume to a level that 
prevents the heart from being able to pump sufficient blood to 
vital organ systems. Substantial blood (>20% circulating 
volume) or plasma (via soft tissue or enteric sequestration or 
gastrointestinal, urinary, or insensible losses) losses are re¬ 
quired to produce this syndrome. 

The signs and symptoms of shock vary with both the sever¬ 
ity and duration of blood loss. A review of the Advanced 
Trauma Life Support classification system of the American Col¬ 
lege of Surgeons is useful to comprehend the manifestations and 
physiologic changes associated with hemorrhagic shock in 
adults. 24 Blood volume is estimated at 7% of ideal body weight, 
or approximately 4,900 mL in a 70-kg patient (Table 8.4). 

Class I: Mild hemorrhage, up to 15% of total blood vol¬ 
ume. This condition is exemplified by voluntary blood 
donation. In the supine position, there are no measurable 
changes in heart or respiratory rates, blood pressure, or 
pulse pressure. Capillary refill is normal. This degree of 
hemorrhage requires little or no treatment, and blood 
volume is restored within 24 hours by transcapillary 
refill and the other compensatory methods. 

Class II: Loss of 15% to 30% of blood volume (800 to 
1,500 mL). Clinical symptoms include tachycardia and 
tachypnea. The systolic blood pressure may be only 
slightly decreased, especially in the supine position, but 
the pulse pressure is narrowed (because of the diastolic 
increase from adrenergic discharge). Urine output is 
reduced only slightly (20 to 30 mL/h). Mental status 
changes (e.g., anxiety) are frequently present. Capillary 
refill is usually delayed. Patients with class II hemorrhage 
usually can be resuscitated with crystalloid solutions, but 
some may require blood transfusion. 

Class III: Loss of 30% to 40% of blood volume (up to 2,000 
mL). Patients with class III hemorrhage present with inade¬ 


quate perfusion that is obvious; marked tachycardia and 
tachypnea; cool, clammy extremities with significantly 
delayed capillary refill; hypotension; and significant 
changes in mental status (e.g., confusion, combative¬ 
ness). Class III hemorrhage represents the smallest vol¬ 
ume of blood loss that consistently produces a decrease 
in systolic blood pressure. The resuscitation of these 
patients frequently requires blood transfusion in addi¬ 
tion to administration of crystalloids. 

Class IV: Loss of more than 40% of blood volume (more 
than 2,000 mL), representing life-threatening hemor¬ 
rhage. Symptoms include marked tachycardia, a signifi¬ 
cantly depressed systolic blood pressure, and narrowed 
pulse pressure or unobtainable diastolic pressure. The 
mental status is depressed and the skin is cold and pale. 
Urine output is negligible. These patients require imme¬ 
diate transfusion for resuscitation and frequently require 
immediate surgical or other (e.g., angiographic emboliza¬ 
tion) intervention. 

In practice, individual susceptibility to blood loss varies 
greatly and is affected by age, pregnancy, preexisting disease, 
prescription and nonprescription medications (e.g., beta- 
blockers), adequacy of compensatory mechanisms, and other 
factors that are poorly characterized. Presence of these factors 
should lead the caregiver to consider early use of invasive 
monitoring as an adjunct to appropriate fluid resuscitation. 

Hypovolemia due to plasma losses may also lead to hypo¬ 
volemic shock. The clinical findings of hemorrhagic shock are 
typically present, but significant differences do exist. Hemocon- 
centration, elevated blood urea nitrogen (BUN) and creatinine, 
and hypernatremia are typical of acute plasma and/or free water 
losses and are not necessarily present in other forms of shock. 
Appropriate evaluation of preload and urine output should be 
followed, with specific considerations for unique electrolyte 
abnormalities associated with specific plasma and fluid losses 
(e.g., gastric vs. colonic losses). 


Cardiogenic Shock 

The clinical definition of cardiogenic shock is decreased cardiac 
output with tissue hypoperfusion, despite presence of adequate 
intravascular volume. It is caused by a primary problem with 
the cardiac muscle, electrical conduction system, or valves. The 
most common cause is anterior wall myocardial infarction, 
although in surgical patients it is often precipitated by pul¬ 
monary embolus, myocardial contusion, or pulmonary hyper¬ 
tension. 

Distinguishing cardiogenic shock from other shock etiolo¬ 
gies is occasionally difficult. It is not uncommon to see com¬ 
bined cardiogenic and traumatic shock in the elderly patient, 
with one often being the precipitating event for the other. The 
hallmarks of the hemodynamic and neuroendocrine response 
to systemic hypoperfusion from other causes are also typical of 
cardiogenic shock. Eliciting a history of preexisting cardiac dis¬ 
ease, and physical findings such as pulmonary rales, cardiac 
murmurs, an S3 gallop, and jugular venous distention may be 
helpful. An electrocardiogram may detect significant ischemia 
or other pathology. A chest radiograph may reveal bilateral 
pulmonary infiltrates typical of cardiogenic edema, and cardio- 
specific serum tests (troponin I, creatine phosphokinase [CPKj) 
may indicate myocardial damage. 

Manifestations of cardiogenic shock develop as a conse¬ 
quence of failure of peripheral perfusion, the associated adren¬ 
ergic response, and the inability of the heart to accommodate 
blood returning from the lungs and the periphery. In the 
absence of sepsis or tissue injury, however, there is not usually 
an associated increase in the metabolic needs of the peripheral 
tissues. Sympathetic-mediated constriction of the peripheral 
vasculature attempts to maintain central blood pressure and 
perfusion of cerebral and coronary circulations. The clinical 
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TABLE 8.2 


CLASSIFICATION SYSTEM AND CAUSES OF SHOCK 


■ CLASSIFICATION 

■ ETIOLOGY 

■ CAUSE 

Hypovolemic 

Hemorrhagic 

Trauma 

Gastrointestinal 


Nonhemorrhagic 

Absolute fluid loss (renal, gastrointestinal) 
Redistributive or “third spacing” 

Cardiogenic 

Myocardial 

Ischemia 

Infarction 

Contusion 

Cardiomyopathy 

Myocarditis 

Pharmacologic/toxic (beta-blockers, 
calcium channel blockers, tricyclic 
antidepressants, anthracycline) 

Metabolic (hypophosphatemia, 
hypocalcemia, acidosis) 


Valve failure 

Infection 

Injury 

Ruptured papillary muscle 

Stenosis 


Arrhythmias 

Ischemia 

Pharmacologic/toxic 

Metabolic 

Extracardiac obstructive 

Extrinsic compression 

Mediastinal tumors 


Increased intrathoracic 

Tension pneumothorax 


pressure 

Positive-pressure ventilation 


Intrinsic vascular flow 

Pulmonary embolism 


obstruction 

Air embolism 

Tumors (myxoma) 

Proximal aortic dissection 

Aortic coarctation 

Acute pulmonary hypertension 

Tamponade 

Pericarditis 

Distributive 

SIRS related 

Trauma 

Sepsis 

Pancreatitis 

Burns 


Anaphylactic/ 

Drugs 


anaphylactoid 

Venoms 


Neurogenic 

Spinal cord injury 


Toxic/pharmacologic 

Vasodilators 

Benzodiazepines 


Endocrine 

Adrenal insufficiency 

Thyroid 

Myxedema 

SIRS, systemic inflammatory response syndrome. 
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TABLE 8.3 


HEMODYNAMIC PATTERNS IN SHOCK 



findings of cardiogenic shock may thus be similar to those of 
hypovolemic shock because both involve induction of the 
adrenosympathetic response. 

Diminished or ineffective contractile activity of the right or 
left side of the heart allows blood to accumulate in the respec¬ 
tive venous circulations. Shock from an acute left ventricular 
myocardial infarct occurs when more than 40% of the left ven¬ 
tricle is involved and may be present in approximately 20% of 
Q-wave infarcts. 25 Shock from an acute right ventricular 
myocardial infarct, on the other hand, is rare and only occurs 
in approximately 10% of all inferior wall infarcts. 26 Not only 
does the diagnosis of each infarct vary, but also the treatment 
and support vary significantly. 

In any patient in shock, especially in those with compro¬ 
mised cardiac function, consideration should be given to the 
institution of mechanical ventilation. The work of breathing 
can be considerable, especially for the patient in a state of agi¬ 
tation or distress. Oxygen needs are decreased through intuba¬ 
tion and mechanical ventilation. In this manner, the patient can 
be comfortably sedated with a secure airway; the work of 
breathing is undertaken by the ventilator, and gas exchange can 


be optimized. If there is a tenuous balance between myocardial 
oxygen needs and availability, the balance can thus be shifted in 
the patient’s favor. 

Like other forms of shock, cardiogenic shock tends to be 
self-perpetuating. Myocardial perfusion depends on the pres¬ 
sure gradient between the coronary artery and the left ventri¬ 
cle and the duration of diastole. Both are compromised by the 
hypotension and tachycardia that characterizes this condition. 
High-volume fluid resuscitation, sometimes necessary for 
treatment of other forms of shock, is poorly tolerated and 
likely to be detrimental to an individual with the compromised 
myocardial function of cardiogenic shock. 


Extracardiac Obstructive Shock 

Q A subset of patients with cardiogenic shock do not have intrin- 
sic cardiac disease but have pump failure due to extrinsic 
compression that limits diastolic filling and cardiac output. 
Cardiac tamponade, tension pneumothorax, diaphragmatic 
herniation of abdominal viscera, mediastinal hematoma, and, 


TABLE 8.4 

CLASSIFICATION OF HEMORRHAGIC SHOCK 


■ CLASS I 

■ CLASS II 

■ CLASS III 

■ CLASS IV 

Blood loss (mL) 

Up to 750 

750-1,500 

1,500-2,000 

>2,000 

Blood loss (%) 

Up to 15 

15-30 

30-40 

40 

Heart rate 

<100 

>100 

>120 

>140 

Blood pressure 

Normal 

Normal 

Decreased 

Decreased 

Pulse pressure 

Normal 

Decreased 

Decreased 

Decreased 

Respiratory rate 

14-20 

20-30 

30-40 

>35 

Urine output (mL/h) 

>30 

20-30 

5-15 

Minimal 

Mental status 

Normal 

Mildly anxious 

Anxious and 
confused 

Confused and 
lethargic 

Fluid replacement 

Crystalloid 

Crystalloid 

Crystalloid and 
blood 

Crystalloid and 
blood 
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occasionally, positive-pressure mechanical ventilation may all 
precipitate cardiogenic shock by exerting constricting pressure 
on the myocardium. The key to diagnosis and appropriate ther¬ 
apy is the physical examination, supplemented by use of appro¬ 
priate diagnostic modalities. 

The classic physical findings of cardiac tamponade, Beck’s 
triad, are hypotension, muffled heart sounds, and jugular venous 
distention. Unfortunately, these nonspecific clinical findings are 
seldom present together. Elevated jugular venous pressure, 
noted by either physical examination or measurement of CVP, 
although not specific for cardiac compression, is usually pres¬ 
ent. Pulsus paradoxus can be useful for the diagnosis of cardiac 
tamponade. Although it may be caused by other conditions, it is 
virtually always present in patients with tamponade. 

Given the difficulty in evaluation of these patients, espe¬ 
cially in combination with other shock states, early diagnostic 
evaluation, both invasive and noninvasive, of cardiac function 
is warranted. Recent guidelines suggest that any patient with 
concern for primary or secondary cardiac dysfunction should 
undergo early ultrasound evaluation. This early evaluation not 
only evaluates the primary cardiac function but also can lead 
to the early diagnosis and management of secondary causes of 
cardiac dysfunction including cardiac tamponade and pul¬ 
monary embolism. 


Distributive Shock 


Distributive shock occurs in a state of inappropriate oxygen 
utilization associated with the systemic inflammatory response 
syndrome (SIRS). Classically, SIRS is triggered by sepsis, but 
SIRS is associated with other immune processes including 
trauma, pancreatitis, and other types of tissue injuries. How¬ 
ever, other types of distributive disturbances can occur unre¬ 
lated to inflammation that may be directly due to loss of vas¬ 
cular tone from spinal cord injury, endocrine dysfunction, or 
anaphylaxis. 


Septic Shock 

Q Septic shock is defined as a SIRS response to infection in con- 
junction with arterial hypotension, despite adequate fluid resus¬ 
citation. 27 It occurs when bacterial products interact with cells 
of the immune system, leading to elaboration of mediators that 
cause circulatory disturbances and direct and indirect cell dam¬ 
age leading to the clinical manifestations of SIRS (Table 8.5). 28 
Hemodynamic changes are defined as early (warm or hyperdy¬ 
namic) or late (cold or hypodynamic). These stages are primar¬ 
ily characterized by the degree of ventricular contractility and 


TABLE 8.5 


SYSTEMIC INFLAMMATORY RESPONSE SYNDROME 

Systemic inflammatory response syndrome: The systemic 
inflammatory response to a variety of severe clinical 
inflammatory factors is manifested by two or more of the 
following conditions: 

Temperature >38°C or <36°C 
Heart rate >90 bpm 

Respiratory rate >20 breaths/min or PaC0 2 <32 mm Hg 

WBC count >12,000 cells/mm 3 , <4,000 cells/mm 3 , or 
>10% immature (band) forms 

bpm, beats per minute; PaC0 2 , partial pressure of arterial carbon 
dioxide; WBC, white blood cell count. 


peripheral vasomotor impairment present, but can be misclas- 
sified if not appropriately evaluated. Early septic shock is dis¬ 
tinguished by peripheral vasodilation, flushed and warm 
extremities, and a compensatory elevation in cardiac output. 
Although an increase in venous capacitance diminishes venous 
return to the heart, cardiac output is maintained via tachycar¬ 
dia and the decrease in afterload due to systemic vasodilation. 

Late septic shock is characterized by impaired myocardial 
contractility due to local and systemic release of cardiac depres¬ 
sants, worsening peripheral perfusion, vasoconstriction, extrem¬ 
ity mottling, oliguria, and hypotension. Peripheral oxygen uti¬ 
lization may be severely impaired by bacterial toxins, such as 
lipopolysaccharide (LPS) and the inflammatory products of the 
host’s own immune response, resulting in metabolic dysfunc¬ 
tion and acidosis despite a high systemic oxygen delivery. This 
inappropriate oxygen utilization and systemic shunting lead 
not only to confusion regarding the adequacy of resuscitation, 
but also to progressive cell death. Together, both systemic hypo¬ 
perfusion and the altered tissue metabolism create a vicious cycle 
that propagates the inflammatory response initiated in reaction 
to the initial infectious challenge leading to progressive cellular 
injury. 

Due to both volume deficits and cardiovascular dysfunction, 
persistent perfusion deficits are common and contribute signif¬ 
icantly to multiple organ failure and mortality. In fact, the fluid 
volume required for treatment may exceed that required for 
treatment of other forms of shock due to persistent microvas- 
cular endothelial capillary leak. As a result of this profound 
leak, interstitial and total body fluid balances become extreme, 
leading to the potential development of marked hypoxia and 
the abdominal compartment syndrome. 

Although appropriate early resuscitation and cardiovascu¬ 
lar support are essential to the treatment of septic shock, as 
important are early infection source control and appropriate 
administration of antimicrobials. In fact, numerous investiga¬ 
tors have demonstrated that even a few hours’ delay in initia¬ 
tion of antimicrobial therapy is associated with a significant 
increase in mortality. 29 


Traumatic Shock 


The major contributor to shock after injury is hypovolemia 
due to hemorrhage. Even when hemorrhage ceases or is con¬ 
trolled, patients can continue to suffer loss of plasma volume 
into the interstitium of injured tissues and develop progressive 
hypovolemic shock. In addition, tissue injury evokes a broader 
pathophysiologic immunoinflammatory response and a poten¬ 
tially more devastating degree of shock than that produced by 
hypovolemia alone. 

The degree to which direct tissue injury and an inflammatory 
response participate in the development and progression of 
traumatic shock distinguishes it from purely hypovolemic 
shock. Thus, traumatic shock results from direct tissue or bony 
injury, resulting in not only hypovolemia caused by fluid and 
blood loss but also an immunologic and neuroendocrine 
response to tissue destruction and devitalization. This combined 
insult complicates what might otherwise be straightforward 
hemorrhagic shock by inducing a systemic response that utilizes 
many of the inflammatory mediators present in septic shock. 30 
These mediators propagate and intensify the effects of the initial 
hypovolemia and make subsequent multiple organ failure far 
more likely than occurs with hypovolemic shock alone. 

Although this condition can lead to increased fluid require¬ 
ments, common problems associated with this condition such as 
rhabdomyolysis should be aggressively evaluated and treated 
with optimal resuscitation. 31 In addition, common patient char¬ 
acteristics are known to alter traumatic shock resuscitation, in 
particular, morbid obesity that can result in delayed correction 
of metabolic acidosis and increased risk for organ dysfunc¬ 
tion. 32 
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Thus, initial management of the seriously injured requires 
the assurance of an airway, breathing, and circulation; later 
management requires appropriate volume resuscitation and 
control of ongoing losses. Control of hemorrhage is a major 
concern and demands priority over attention to other injuries. 
After resuscitation and control of volume losses, efforts become 
necessary to minimize the potentially lethal postshock sequelae, 
including acute respiratory distress syndrome (ARDS) and mul¬ 
tiple organ dysfunction syndrome (MODS). 


Neurogenic Shock 

Neurogenic shock is defined as failure of the nervous system to 
provide effective peripheral vascular resistance, resulting in 
inadequate end-organ perfusion. Warm, flushed, flaccid extrem¬ 
ities; paraplegia; confusion; oliguria; and hypotension are the 
classic clinical findings. Injury to the proximal spinal cord, with 
interruption of the autonomic sympathetic vasomotor path¬ 
ways, disrupts basal vasoconstrictor tone to peripheral veins 
and arterioles. Profound vasodilation of all microvascular beds 
below the level of cord injury diminishes venous return to the 
heart, reduces cardiac output, and precipitates hypotension. 
Injuries at or above the fourth thoracic vertebrae may disrupt 
sympathetic enervation to the heart, resulting in significant 
bradycardia and severe decompensation. 

Similar to the initial therapy for shock resulting from hypo¬ 
volemia, treatment of the relative hypovolemia due to vasodila¬ 
tion of neurogenic shock requires intravenous volume resuscita¬ 
tion. Restoration of the pathologically expanded intravascular 
space improves preload and cardiac output and may reverse 
hypotension. However, maintenance of adequate hemodynamics 
often requires vasopressor support in an effort to avoid the 
administration of excessive fluids. CVP monitoring to assess car¬ 
diac preload should be considered as a means of determining 
adequate and nonexcessive filling pressures, as loss of vasomo¬ 
tor capacity within the pulmonary circulation predisposes these 
patients to pulmonary edema. As spinal cord injury is often 
associated with other traumatic injuries, the diagnosis of iso¬ 
lated neurogenic shock must be a process of exclusion. 

This condition should not be confused with spinal shock. 
Spinal shock is defined as a loss of sensation accompanied by 
motor paralysis with initial loss but gradual recovery of spinal 
reflexes following spinal cord injury. The reflexes caudal to the 
spinal cord injury are hyporeflexic or absent, while those rostral 
are unaffected. No circulatory compromise is associated with 
this condition; thus, it should not be considered a shock state. 


Hypoadrenal Shock 

The role of adrenocortical hormones in providing resistance to 
shock is well recognized. The reduction in effective blood vol¬ 
ume and changes in blood chemistry that occur after adrenal¬ 
ectomy are similar to those of shock and hemorrhage. 
Adrenalectomized animals have markedly diminished toler¬ 
ance to both trauma and hypovolemia. Adrenal cortical hor¬ 
mones also play a key role in maintaining normal capillary 
tone and permeability. In recent years, the concept of func¬ 
tional or relative adrenal insufficiency has received increasing 
attention as a cause of unrecognized shock and hypoperfusion. 
Most critically ill patients have elevated cortisol levels, but 
some have low concentrations in relation to the degree of 
stress imposed by their disease. Administration of physiologic 
doses of steroids to correct this insufficiency may result in sta¬ 
bilization of hemodynamics and possible survival benefits. 33 
However, the concept of routine administration of physiologic 
doses of steroids has been questioned and thus routine and 
indiscriminate use is not recommended. 34 

Diagnosis of hypoadrenal shock is difficult, as classic signs 
of Addison disease are absent. The only clinical clues may be 


unexplained hypotension and refractory response to high-dose 
vasopressors. An isolated serum cortisol level is difficult to 
interpret because the range of values observed in critically ill 
patients varies considerably. A cortisol level below 15 fi g/dL 
suggests a high likelihood of adrenal insufficiency, whereas a 
value above 35 ^ig/dL suggests an adequate renal function. 35 
The adrenocorticotropic hormone (ACTH) stimulation test 
may be used to identify hypoadrenal patients when the diag¬ 
nosis is unclear, but the utility of this test, particularly with an 
elevated baseline value, is of questionable utility. 

The utility of the ACTH stimulation test is especially ques¬ 
tionable in patients with persistent evidence of shock and ele¬ 
vated baseline levels of cortisol above 35 ig/dL. These patients 
actually demonstrate evidence of inadequate systemic cortisol 
utilization with a significant risk of morality, and thus may 
actually benefit from systemic administration of physiologic 
concentrations of corticosteroids. 35 

Although hypoadrenal shock may complicate various types 
of shock, there is conflicting evidence to support the use of 
supplemental corticosteroids in patients with septic shock if 
there is biochemical evidence of hypoadrenalism. Thus, sup¬ 
plemental corticosteroids should be used with extreme caution 
until further evidence is available. 27,36 


PHYSIOLOGIC RESPONSE 
TO HYPOVOLEMIA 


Common to each shock state is usually an initial decrease in 
circulating intravascular volume. This reduction is due directly 
to fluid loss or secondarily to fluid redistribution. This reduc¬ 
tion in circulating fluid volume initiates both a rapid and sus¬ 
tained compensatory response. Within minutes, a rapid com¬ 
pensatory response occurs primarily due to adrenergic output. 
Sustained responses, in contrast, occur slower and result in 
intravascular fluid reabsorption and renal conservation of 
water and electrolytes (Algorithm 8.1). 


Rapid Response 

Hypovolemia results in the initial secretion of epinephrine and 
norepinephrine from the adrenal gland due to decreased affer¬ 
ent impulses from arterial baroreceptors. Catecholamine 
release is acute, and limited to the first 24 hours following the 
onset of hypovolemia. This results in vasoconstriction, tachy¬ 
cardia, and increased myocardial contractility. Adrenergic- 
induced vasoconstriction of the systemic capacitance of small 
veins and venules shifts blood back to the central venous circu¬ 
lation, thus increasing right-sided filling pressures. Left-sided 
filling and pressure are augmented by pulmonary vasoconstric¬ 
tion. Concomitantly, vasoconstriction occurs in the skin, kid¬ 
neys, and viscera, effectively shunting blood to the heart and 
brain. Adrenergic-induced vasoconstriction increases cardiac 
filling and causes increased contractility and reflex tachycardia, 
all of which combine to increase stroke volume and cardiac 
output. 

Adrenergic-mediated vasoconstriction affects arterioles, pre- 
and postcapillary sphincters, and small veins and venules. Due 
to this specific vasoconstriction, decreased hydrostatic pressure 
distal to the precapillary sphincter occurs that leads to reab¬ 
sorption of interstitial fluid [water, sodium (Na + ), and chloride 
(Cl - )j into the vascular space. This functions to restore circulat¬ 
ing blood volume and is known as transcapillary refill. 37 


Sustained Response 

Sustained compensatory responses include the release of 
vasoactive hormones and fluid shifts from the interstitium and 
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Hypovolemia 


Decreased arterial 
Barorecptor activity 


CNS 

response 


RAPID 


Sympathetic nervous system activity 
Adrenergic Release of Epinephrine 
and Norephinephrine 


Peripheral vasoconstriction 
increased cardiac activity 


SUSTAINED 


Decreased renal blood flood and 
Sympathetic nervous system activity 
Release of renin, angiotensin and aldosterone 


Arterial vasoconstriction 
Na/water retention 


Pituitary release 
increased ACTH and 
AVP 


Increased cortisol 
Na/water retention 


ALGORITHM 8.1 


ALGORITHM 8.1. Neurohormonal response to hypovolemia. 


the intracellular space to the intravascular compartment. 
Decreased renal blood flow, increased adrenergic activity, and 
compositional changes in tubular fluid lead to the secretion of 
renin from the juxtaglomerular complex. Renin results in 
increased formation and release of angiotensin I by the liver. 
Circulating angiotensin I is rapidly converted to angiotensin II 
by the lungs and is the most potent known arterial and arteri¬ 
olar vasoconstrictor. Angiotensin II also stimulates the release 
of pituitary ACTH. Increased circulating levels of both 
angiotensin II and ACTH result in increased secretion of 
aldosterone. As a result, reabsorption of Na + in the distal 
renal tubules in exchange for potassium (K + ) and hydrogen 
ions occurs. 

Additionally, due to hypovolemia and increased serum 
osmolarity, reduced stimulation of arterial baroreceptors 
occurs, leading to the release of arginine vasopressin (AVP), 
also known as antidiuretic hormone (ADH). This hormone 
not only functions as a potent vasoconstrictor but also causes 
increased reabsorption of water by increasing water perme¬ 
ability and passive Na + transport in the distal renal tubule. 
The overall net effect of aldosterone and AVP is to decrease 
glomerular filtration and increase salt and water tubular reab¬ 
sorption in an effort to replace circulating intravascular volume 
deficits. 

Finally, the increased release of the stress hormones (epi¬ 
nephrine, ACTH, cortisol, and glucagon) leads to glycogenol- 
ysis, lipolysis, and protein catabolism, causing a negative 
nitrogen balance and high extracellular concentration of glu¬ 
cose due to decreased insulin release and resistance. This leads 
to increased glucose utilization by insulin-independent tissues 
such as the brain and heart. In addition to glucose, products of 
anaerobic metabolism from hypoperfused cells accumulate in 
the extracellular compartment, inducing hyperosmolarity. This 
extracellular hyperosmolarity draws water from the intracellu¬ 
lar space, increasing interstitial osmotic pressure, which in turn 
drives water, Na + , and Cl - across the capillary endothelium 
into the vascular space. 


ORGAN-SPECIFIC 
COMPENSATORY 
RESPONSES TO SHOCK 


Cardiac and Microvascular Response 

Cardiovascular physiology is profoundly affected by shock 
(Table 8.3). Reduced stroke volume is caused by an absolute 
or relative loss of preload. Intrinsic neuroendocrine and renal 
compensatory responses, along with additional intravenous 
fluid, are needed to increase ventricular end-diastolic volume. 
Restoration of adequate preload alone is often sufficient to 
return cardiac output to levels required to overcome periph¬ 
eral perfusion deficits. However, some cases are complicated 
by acquired myocardial contractility derangements. Contrac¬ 
tile function under these conditions is less a function of pre¬ 
load and more related to intrinsic myocardial dysfunction. 

A defining characteristic of shock is compromise of microvas¬ 
cular perfusion. Far from being a passive conduit, the microvas¬ 
culature actively participates in the response to shock. Arteriolar 
vessels are innervated by sympathetic nerves, as are small veins 
and venules. The vasoconstriction of hypovolemic shock and the 
vasodilation of septic and neurogenic shock are a result of these 
autonomic responses. The majority of the circulating blood volume 
resides in the venous system, and normal physiologic compensa¬ 
tion mechanisms rely on this venous blood pool as an autotrans¬ 
fusion reservoir. Collapse of underperfused veins passively propels 
blood toward the heart, while u-adrenergic venoconstriction 
actively mobilizes the venous pool. Profound peripheral vaso¬ 
constriction via a-adrenergic, vasopressin, angiotensin II, and 
endothelin-1 stimulation of arteriolar and precapillary smooth 
muscle sphincters selectively diminishes perfusion to dermal, 
renal, muscle, and, significantly, splanchnic vascular beds to pre¬ 
serve perfusion of critical central organs, primarily the central 
nervous system (CNS) and myocardium. 38 
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The capillary endothelial monolayer maintains a semiper- 
meable barrier between the intra- and extraluminal spaces and 
is compromised by shock. 39 Circulating inflammatory media¬ 
tors and byproducts of infection (LPS, thrombin, tumor necro¬ 
sis factor alpha [TNF-u], interleukin [IL]-1, nitric oxide, and 
endothelin-1) generated in response to traumatic or septic 
shock have been shown to induce and sustain endothelial cap¬ 
illary leak. Although the exact mechanisms of endothelial 
monolayer dysfunction are unclear, the only available thera¬ 
pies to reverse microvascular decompensation are timely 
restoration of peripheral perfusion, rapid elimination of infec¬ 
tious and necrotic tissue, and pharmacologic and mechanical 
support of cardiopulmonary function. 40,41 


Neuroendocrine Response 

The neuroendocrine reaction to shock consists of involuntary 
responses by the hypothalamus, autonomic nervous system, 
and secretory endocrine glands and is directed toward restora¬ 
tion of tissue perfusion and a redirected utilization of meta¬ 
bolic substrates. The autonomic response is initially triggered 
by hypoxia, hypotension, or hypovolemia detected by aortic 
and carotid baroreceptors and chemoreceptors (Algorithm 8.2). 
Subsequently, sympathetic vasoconstriction of specific vascular 
beds, induced by direct synaptic release of norepinephrine, 
results in redistribution of circulating blood volume from tis¬ 
sue of low metabolic activity to more metabolically demand¬ 
ing organs. Cardiac output, diminished by loss of preload, is 


augmented by inhibition of cardiac vagal activity and a result¬ 
ing reflex tachycardia. 

Circulating epinephrine and norepinephrine alter several 
aspects of glucose utilization, availability, and metabolism. The 
hyperglycemia of stress results from catecholamine-induced 
glycogenolysis, gluconeogenesis, and decreased pancreatic 
insulin release. Simultaneously, hypothalamic stimulation of 
the anterior pituitary induces release of ACTH, which in turn 
prompts cortisol and aldosterone release by the adrenal cortex. 
Elevated serum cortisol contributes to postinjury hyper¬ 
glycemia by increasing gluconeogenesis, enhancing lipolysis, 
and diminishing peripheral utilization of glucose and amino 
acids. The pancreatic response is characterized by a decrease in 
insulin release and an increase in glucagon secretion, which fur¬ 
ther stimulates hepatic gluconeogenesis. The combined actions 
of catecholamines, cortisol, and glucagon are synergistic and 
create a shock-related hyperglycemia that is often refractory to 
insulin treatment. 

Renal juxtaglomerular secretion of renin in response to 
adrenergic stimulation and renal hypoperfusion triggers the for¬ 
mation of angiotensin I in the liver, which is subsequently con¬ 
verted to angiotensin II by the lungs. Angiotensin II, a potent vaso¬ 
constrictor, augments shock-induced catecholamine-mediated 
peripheral and splanchnic vasoconstriction and stimulates 
aldosterone release from the adrenal cortex. Renal tubular reab¬ 
sorption of sodium in response to elevated circulating aldos¬ 
terone creates highly concentrated, low-volume urine. Vaso¬ 
pressin secretion by the posterior pituitary similarly contributes 
to compensatory restoration and maintenance of intravascular 
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ALGORITHM 8.2. Shock resuscitation algorithm. 
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volume by promoting water reabsorption by the renal distal 
tubules and by causing peripheral and splanchnic vasoconstric¬ 
tion. A major result is a prolonged severe hypoperfusion of the 
splanchnic vascular bed, further augmenting the deleterious 
host response. 


Immunoinflammatory Response 

Many shock-inducing events, particularly those associated 
with septic or traumatic shock, simultaneously trigger a mas¬ 
sive systemic inflammatory response. Although inflammatory 
mediators (TNF-cu, ILs, chemokines, etc.) play an integral role 
in the recovery of local tissue to trauma and infection, an uncon¬ 
trolled systemic inflammatory response contributes to organ 
failure. Immunologically active cells involved in the systemic 
inflammatory response include nucleated blood cells (monocytes, 
polymorphonuclear leukocytes [PMNs]) and platelets, microvas- 
cular endothelial cells, and tissue macrophages. These cells gen¬ 
erate and secrete scores of signal-amplifying inflammatory 
mediators ranging in complexity from individual molecules 
(nitric oxide) to large multisubunit, extensively modified pro¬ 
teins (TNF-a, IL-1, etc.). Even transient systemic elevation of 
any of these mediators has profound physiologic consequences. 

Local tissue destruction, microbial contamination, and infec¬ 
tion similarly activate the coagulation cascade and induce platelet 
aggregation and release of numerous platelet-, endothelial-, and 
clot-derived vasoactive mediators. Persistent, profound, and re¬ 
curring micro vascular hypoperfusion of the splanchnic and other 
organs likewise causes local tissue ischemia, parenchymal cell injury, 
microvascular coagulation, activation of inflammatory cells, and 
release of inflammatory mediators. Circulating monocyte, lym¬ 
phocyte, and PMN adherence to activated endothelium results in 
extraluminal transmigration of these inflammatory cells into tis¬ 
sues remote from the area of injury. This hyperdynamic immuno¬ 
logic response, with continued generation of proinflammatory 
mediators, is responsible for the progression of SIRS toward 
MODS. 42 " 45 

Regulation of the systemic inflammatory response has been 
an active area of shock research for several decades. Elimina¬ 
tion of particular inflammatory mediators from the systemic 
circulation, or inhibition of particular cell-cell interactions in 
experimental animal systems, has been shown to improve out¬ 
comes after shock resuscitation. 46-48 However, to date, all 
efforts to regulate the SIRS response with therapeutic elimina¬ 
tion or supplementation of specific proinflammatory and anti¬ 
inflammatory mediators have proven ineffective or even harm¬ 
ful in humans. This lack of efficacy may relate to inadequacy 
of current animal models of shock, sepsis, and organ failure or 
to inadequate understanding of the full spectrum and interac¬ 
tive nature of key elements that regulate this syndrome. Unfor¬ 
tunately, the network of inflammatory mediators and affected 
cells is so complex and redundant that no single agent is likely 
to be effective at interrupting this response. As a result, there is 
probably no single common pathway likely to respond to a 
“silver bullet” approach. 


Pulmonary Response 

The lung is the organ system most sensitive to systemic insult 
and injury and is frequently the first organ to fail in the pro¬ 
gression to MODS. ARDS represents a high-mortality form of 
pulmonary insufficiency that is often precipitated by sepsis or 
traumatic shock. It is triggered and perpetuated by the numer¬ 
ous inflammatory mediators created in the hypoperfused 
microvasculature elsewhere in the body. 49-51 

Interstitial edema and subsequent reduced compliance 
result in diminished tidal volume and tachypnea, compromis¬ 
ing gas exchange. Surfactant abnormalities contribute to alve¬ 
olar collapse, resulting in loss of functional residual capacity 


(FRC) and the onset of pulmonary insufficiency. The pulmonary 
microvascular response mirrors the systemic response, with 
angiotensin and u-adrenergic-induced vasoconstriction creating 
significant elevations of pulmonary vascular resistance, further 
straining the heart. Pulmonary parenchymal injury may be 
propagated by excessive positive-pressure ventilation gener¬ 
ated by alveolar overdistention in particular, further contribut¬ 
ing to alveolar damage. 

No specific measures are available to reverse the ARDS 
process; therefore, aggressive management of predisposing 
conditions is most appropriate. Once ARDS has become fully 
developed, treatment involves intensive supportive care while 
minimizing iatrogenic insults. As a result, early utilization of 
lung-protective strategies may diminish progressive ventilator- 
induced lung injury and improve outcome. 52 


Renal Response 

Direct sympathetic-induced renal vasoconstriction increases 
afferent arteriole resistance in response to shock. This effect is 
reinforced by elevated circulating angiotensin II and cate¬ 
cholamines. The resulting decrease in renal blood flow and 
glomerular filtration rate (GFR), along with elevated circulat¬ 
ing aldosterone and vasopressin (ADH), produce oliguria and 
prerenal azotemia. Acute tubular necrosis (ATN) may result 
from prolonged decreases in renal cortical blood flow, as well 
as from toxins generated during sepsis. Oliguric renal failure, 
like the pulmonary insufficiency of ARDS, is a common com¬ 
ponent of MODS. 

Distinguishing low urine output due to oliguric renal failure 
from the oliguria of decreased renal perfusion pressure can be 
aided by analyzing urine sodium and osmolality. Renal hypo¬ 
perfusion usually results in urine sodium of less than 20 mEq/L 
with an osmolality of greater than 400 mOsm/kg, whereas 
acute tubular injury impairs sodium reabsorption and is associ¬ 
ated with a low urinary osmolality. A fractional excretion of 
sodium of less than 2% may also help determine whether the 
cause is renal or prerenal. 

Early detection of abnormal kidney function is critical to 
prevent progression to renal injury. Abnormal renal function 
can be detected as a decline in creatinine clearance. The correla¬ 
tion between a creatinine clearance based on a 24-hour collec¬ 
tion and a sample collected over a shorter interval is poor. How¬ 
ever, the 24-hour value represents an average value over that 
time. A sample obtained over a shorter period may reflect the 
time in question and allow timely recognition and treatment of 
renal dysfunction. 


Hepatic Response 

Ischemic injury to liver is not apparent early during shock. 
However, the liver plays an important role in the regulation of 
shock and subsequent tissue injury through both the release of 
acute-phase reactants and lack of clearance of potential toxic 
agents. As shock continues, hepatic necrosis occurs, leading to 
the release of aspartate aminotransferase and alanine amino¬ 
transferase. Continued shock results in attenuated synthesis of 
coagulation factors, albumin and prealbumin. Although pro¬ 
gressive ischemia can occur, leading to complete loss of glycogen 
stores and marked hypoglycemia, this condition is rare without 
preexisting liver disease, significant direct liver injury, or hepatic 
artery occlusion. 


Genetic Regulation of the Response to Shock 

Individuals vary considerably in their susceptibility to shock 
and in their ability to recover from its consequences. Recently, 
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unique host-specific responses have been identified as impor¬ 
tant determinants of the outcome of sepsis and septic shock. 
Genetic predispositions in an individual’s immunoinflamma- 
tory response may dictate whether infection is adequately or 
inadequately countered. These differences in response may be 
partially explained by single nucleotide polymorphisms (SNPs) 
in the genetic sequences for various inflammatory mediators. 
These subtle nucleotide variations may affect the transcription 
or translation of associated genes or the secretion or function 
of the corresponding proteins. 

The recognition that genetic background may regulate the 
response to severe sepsis and septic shock has led to the identifi¬ 
cation of an array of genetic markers associated with enhanced 
risk of septic mortality. These SNPs are in genes encoding pro¬ 
teins involved in pathogen recognition (toll-like receptors 2, 4, 
and 5; CD 14; and mannose-binding lectin), cytokine expres¬ 
sion (TNF-a, IL-1, IL-6, and IL-10), and several other genes 
involved in mediating and controlling the innate immune 
response and the inflammatory cascade. 53,54 

Investigation into genetic polymorphisms should provide 
important insights into the pathophysiology of shock. SNP 
identification leading to early diagnosis of individuals at risk of 
developing or dying from the complications of shock may allow 
therapies to become more preemptive and effectively targeted. 


LOSS OF COMPENSATORY 
RESPONSES TO SHOCK 


If shock is prolonged, the arteriolar and precapillary sphinc¬ 
ters become refractory and relax, while the postcapillary 
sphincter remains in spasm. Therefore, the capillary hydrosta¬ 
tic pressure increases, and Na + , Cl - , and water are moved into 
the interstitium, leading to depletion of intravascular volume. 

Cellular membrane function is also impaired with pro¬ 
longed shock. The normal negative membrane potential 
approaches neutrality, leading to increased permeability and 
interstitial flooding by K + . This is caused, at least in part, by a 
decrease in the normal function of the adenosine triphos¬ 
phate-dependent Na + -K + membrane pump that is a result of 
cellular hypoxia. The loss of the membrane potential differ¬ 
ence leads to cellular swelling due to an intracellular influx of 
Na + and fluid. 

In addition to these cellular effects, severe and prolonged 
shock results in the development of progressive organ dys¬ 
function. Although the mechanisms responsible are incom¬ 
pletely understood, it appears that the vital organs, in particu¬ 
lar the lung early on, are limited in their ability to protect 
themselves during shock. As a result, direct endothelial injury 
occurs, resulting in leakage of various inflammatory mediators, 
which in turn results in accumulation of interstitial fluid and 
subsequent reduction in nutrient and gaseous diffusion. This 
condition, along with progressive microcirculatory thrombo¬ 
sis, is responsible for the late organ dysfunction characteristic 
of uncompensated shock. 


COMPLICATIONS OF SHOCK 


Ischemia-Reperfusion Injury 

Q Inadequate microvasculature flow results in activation of 
leukocytes and converts local endothelial cells to a proinflam- 
matory, prothrombotic phenotype. On reperfusion, the rein¬ 
troduction of oxygen prompts these cells to generate superox¬ 
ide anion, hydroxyl radicals, and hydrogen peroxide, further 
injuring local tissue. Microvascular endothelial adherence, mono- 
layer transmigration, and local oxidative burst by activated 
neutrophils, along with the profound loss of endothelial mono- 
layer integrity (i.e., microvascular capillary leak), contribute to 


massive interstitial edema after reperfusion. Although all tissues 
are sensitive to varying degrees, ischemia-reperfusion injury 
appears to be most detrimental to the pulmonary vasculature 
and the splanchnic circulations. Pulmonary interstitial edema 
and alveolar fluid accumulation are associated with the devel¬ 
opment of ARDS, whereas extensive visceral edema may con¬ 
tribute to development of abdominal compartment syndrome 
and mesenteric ischemia. 


Second-hit Phenomena 


Patients who have been successfully resuscitated from shock are 
at risk for what is referred to as the second-hit phenomenon. A 
single episode of severe or prolonged shock may precipitate 
organ failure, but, in addition, the initial insult may “prime” the 
inflammatory response, resulting in an augmented or prolonged 
response to a subsequent insult such as an infection, a second 
episode of blood loss, or major surgery. 55 For example, after the 
primary event, circulating neutrophils demonstrate enhanced 
superoxide anion production, increased endothelial cell adher¬ 
ence, augmented cytokine response, and increased cytotoxicity. 
Not only do circulating innate immune cells demonstrate this 
priming effect, but tissue-fixed cells, in particular the macrophage, 
demonstrate altered phagocytosis and augmented cytokine 
release. 56 This dysfunctional response leads to not only dimin¬ 
ished microbial clearance and enhanced risk of nosocomial 
infection but also increased host tissue injury and subsequent 
development of MODS. 


Multiple Organ Dysfunction Syndrome 

Multiple organ dysfunction syndrome rarely develops as a 
result of isolated cardiogenic or neurogenic shock but is most 
often precipitated by septic and traumatic shock complicated 
by second-hit events such as repeated episodes of hypovolemia, 
subsequent infection, or repeated blood transfusions. Similarly, 
the presence of an unresolved inflammatory focus (such as 
devitalized necrotic tissue), undrained bodily fluids, or unre¬ 
solved regional perfusion deficits can be the primary causes for 
the persistence of SIRS and the transition to MODS. 

The effects of shock, resuscitation, and reperfusion and the 
subsequent development of MODS appear to depend on 
changes in the splanchnic and pulmonary microcirculations. 
These vascular beds appear to be major sites of the activation 
and subsequent immunoinflammatory mediator production 
that is responsible for the SIRS response. As splanchnic micro- 
circulatory flow decreases in response to homeostatic vasocon¬ 
strictive responses during hypovolemia, excessive and prolonged 
hypoperfusion of the gut results in extensive microvascular 
injury and subsequent activation of endothelium, neutrophils, 
and macrophages. In addition, mucosal barrier disruption per¬ 
mits translocation of bacteria and bacterial toxins to circulate 
and reach the large tissue-fixed macrophage population in the 
liver. Extensive activation of the Kupffer cells in the liver results 
in the release of inflammatory mediators that cause distant 
organ injury through the systemic activation of other immune 
cells. 

Not only is a proinflammatory phase of SIRS present, but 
there is also a compensatory anti-inflammatory phase of the 
SIRS response that is evolutionarily designed to counter the 
locally generated hyperimmune response and check systemic 
spread of proinflammatory mediators. If the compensatory 
anti-inflammatory response syndrome (CARS) results in exces¬ 
sive immunosuppression, it may contribute to susceptibility to 
primary and secondary infections that can then lead to organ 
failure. 57 

Numerous clinical trials utilizing proinflammatory and anti¬ 
inflammatory mediators as therapeutic interventions have been 
conducted. Unfortunately, few therapeutic agents designed to 
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counter immune dysfunction have had significant impact on the 
prevention and treatment of MODS. In fact, with the exception 
of activated protein C, all attempts have failed to sufficiently 
and appropriately stimulate or suppress the SIRS response and 
improve outcomes. 58 


Abdominal Compartment Syndrome 

Abdominal compartment syndrome is a highly morbid compli¬ 
cation of reperfusion injury to the splanchnic viscera. This syn¬ 
drome appears to be increasingly prominent due to aggressive 
resuscitation techniques that enable salvage of profoundly 
hypotensive and hypovolemic patients. Splanchnic ischemia and 
reperfusion result in extensive visceral capillary leak and inter¬ 
stitial edema of the bowel. Excessive volume resuscitation dur¬ 
ing this phase leads to grossly edematous viscera within the 
closed space of the abdomen, which dramatically increases 
intra-abdominal pressure, and compromises intra-abdominal 
organ function, increases renovascular resistance, limits 
diaphragmatic excursion, and may decrease cardiac output and 
elevate intracranial pressure. The clinical hallmarks of abdomi¬ 
nal compartment syndrome are a distended and tense abdomen, 
diminished tidal volume, pulmonary edema, decreased cardiac 
output, oliguria, and elevated urinary bladder pressure. Pres¬ 
ence of all or a major part of this syndrome should prompt con¬ 
sideration of an urgent operative laparotomy to decompress the 
abdomen and treat by leaving the abdomen open. 


Hypothermia 

Hypothermia (core temperature <35°C) is common during 
shock. In addition to immobilization, both prehospital and 
postadmission exposure can lead to conductive, convective, 
and evaporative heat loss, which should all be minimized. In 
addition, the administration of room temperature intravenous 
fluids and of cold-stored blood also contributes to hypother¬ 
mia. 59 Hypothermia increases fluid requirements and indepen¬ 
dently increases acute mortality rates. 60 

As the core temperature decreases, the rate of oxygen con¬ 
sumption also decreases, to approximately 50% of normal at 
28°C. The decrease in oxygen consumption is accompanied by 
increased production of acid metabolites. A leftward shift in 
the oxyhemoglobin dissociation curve also occurs with 
hypothermia but is partially compensated by the acidosis. 
Central nervous system effects progress from confusion and 
loss of manual dexterity to obtundation and frank coma as the 
core temperature decreases from 35°C to 26.5°C. The heart 
rate decreases to approximately half of baseline at 28°C, with 
a concomitant decrease in cardiac output. All cardiac electrical 
conduction intervals are prolonged, consistent with the 
changes in heart rate, and both atrioventricular dissociation 
and refractory ventricular fibrillation occur at 28°C. Other 
potential physiologic effects include ileus and pancreatitis 
(from cold enzyme activation) at temperatures lower than 
35°C. 

Compensatory responses to hypothermia include increased 
excretion of catecholamines, resulting in doubling of the basal 
metabolic rate, and increased production of thyroid hor¬ 
mones, further increasing the basal metabolic rate to five times 
baseline. Shivering can increase heat production as well, but it 
represents a significant energy expenditure, and has been 
shown to be inhibited during episodes of hypotension or 
hypoxemia. 61 Compensatory responses to hypothermia are 
lost at temperatures below 30°C or 31°C, and a state of com¬ 
plete poikilothermy is reached. 

The treatment for hypothermia is rewarming. The core tem¬ 
perature should be obtained on admission of the trauma 
patient. Patients whose core temperatures are 33°C to 35°C can 
be treated with passive rewarming, warm blankets, and hot 


packs. Patients with core temperatures lower than 33°C require 
active rewarming. If the patient is unconscious, airway control 
should first be obtained. Because severe hypothermia causes 
vasoconstriction, noninvasive blood pressure measurements 
may not be feasible or accurate, and an arterial line should be 
placed for monitoring and blood gas sampling. The inspired 
gas through the ventilator should be heated to 41°C and fully 
saturated with water vapor to increase heat conductance in the 
lung. The intravenous fluids should also be warmed. Commer¬ 
cially available rapid infusion systems with countercurrent 
heating elements should be used. For extreme hypothermia, 
continuous mechanical arteriovenous rewarming can be per¬ 
formed for both circulatory support and rewarming. Recently 
developed microtechnology permits core rewarming by percu¬ 
taneous placement of countercurrent warming coils directly in 
the inferior vena cava. Finally, other warming methods include 
lavage of heated saline through nasogastric and thoracostomy 
tubes as well as peritoneal lavage, but are not as effective. 


Coagulopathy 

Coagulopathy is a frequent problem complicating shock, espe¬ 
cially in those patients who have received large volumes of 
crystalloid solution and blood for resuscitation. Although this 
problem is incompletely understood, it is clear that coagula¬ 
tion defects during shock are multifactorial. The presence of 
shock, the fluid volume required for resuscitation, the presence 
of hypothermia, and preexisting diseases all influence the like¬ 
lihood and severity of coagulopathy. 62 

A major factor in coagulopathy is usually due to the dilu- 
tional thrombocytopenia that occurs after massive volume 
resuscitation. Although bleeding times can be prolonged with 
platelet counts less than 100,000 cells/mF, platelet counts of 
50,000 cells/mF or greater are usually adequate for surgical 
hemostasis. Dilutional thrombocytopenia becomes more likely 
with infusions of more than one blood volume. Each unit of 
platelets administered increases the platelet count by 10,000 to 
15,000 cells/mF. Control of surgically remediable hemorrhage 
is prudent before platelet transfusion to prevent the loss of the 
transfused platelets. 

Dilution of other coagulation factors also plays a role in 
development of coagulopathy. Factors V and VIII are the most 
labile in banked blood, but levels of less than 10% of normal 
for factors VII, X, XI, XII, and XIII are all associated with 
abnormalities in hemostasis, as demonstrated by prolonged 
partial thromboplastin time and prothrombin time. Fresh 
frozen plasma can be administered as a source of all the solu¬ 
ble coagulation factors. The administration of cryoprecipitate 
may be necessary as a concentrated source of factor VIII and 
fibrinogen, particularly if adequate hemostasis is not obtained 
with the use of fresh frozen plasma. 

Recent support has emerged for the use of recombinant acti¬ 
vated factor Vila. Although developed initially for use in hemo¬ 
philiacs who developed inhibitors to factor VIII, anecdotal evi¬ 
dence has suggested that recombinant activated factor Vila may 
serve to quickly reverse hemorrhage-induced coagulopathy. 63 
However, currently no definitive data exist on which patients 
may benefit, and therefore further studies are required before 
routine use can be advocated. 

Finally, evidence has suggested that coagulopathy and hem¬ 
orrhage can be minimized following massive blood loss if early 
aggressive use of fresh frozen plasma is administered. Military 
data demonstrate that significant early coagulopathy is present 
after massive injury, even before blood component therapy is 
begun. Both civilian and military experience with a 1:1 ratio of 
packed red blood cells to fresh frozen plasma has been associ¬ 
ated with reduced mortality. 64-66 However, this practice has 
been associated with an increase in the development of ARDS 
and organ dysfunction due to poorly defined mechanisms. 67 
Thus, generalization of this data to all patients with hemorrhage 
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other than the massively injured should be performed with cau¬ 
tion until further prospective evidence is available. 


TREATMENT 


Fluid Therapy 

Early investigators of hemorrhagic shock noted that decreased 
CVP and a reduction in total body oxygen delivery (D0 2 ) were 
key early findings. If the decrease in oxygen delivery was 
severe or prolonged, a reduction in total body oxygen con¬ 
sumption ensued. After adequate fluid resuscitation, oxygen 
delivery and consumption increased above the baseline value 
for several hours, as if the body was paying back an “oxygen 
debt.” Failure of the patient to achieve this hyperdynamic 
response to resuscitation was almost always fatal. Because 
early death from shock appeared to be explained by the 
dynamics of oxygen delivery and utilization, therapy focused 
on restoring hemodynamics and oxygen transport with fluid 
and inotropes. 

The provision of additional fluid beyond the amount of 
blood loss was associated with improved survival in both clin¬ 
ical and experimental studies of hemorrhagic shock, leading to 
widespread acceptance of aggressive fluid infusion. However, 
some researchers have recently described a significant increase 
in mortality associated with crystalloid overresuscitation and 
have postulated that excessive fluid administration increases 
the clinical risk of ARDS, MODS, increased intracranial pres¬ 
sure, and abdominal compartment syndrome. 68-70 Because 
massive volumes of fluid are only provided to patients with 
severe shock, it is unclear if it is the excessive fluid or the asso¬ 
ciated underlying shock that increases the risk of ARDS, organ 
failure, or death after massive fluid resuscitation. 

A minimum of two large-bore (14- to 16-gauge) intra¬ 
venous catheters should be established in adults. Isotonic fluid 
is then infused at the same time as blood is obtained for arter¬ 
ial blood gas analysis, screening, and typing. Fluid can be 
infused up to 200 mF/min through a 14-gauge catheter and up 
to 220 mF/min through a 7-French catheter. A fluid challenge 
of 10 to 25 mF/kg is administered to the hypotensive patient and 
the response is assessed (i.e., 2,000 mF or 40% of blood vol¬ 
ume of a 70-kg man). This therapeutic challenge is an effective 
trial in determining the amount of preexisting or continuing 
volume loss. If the blood pressure returns to normal and is sta¬ 
bilized, the volume loss was relatively small, and the only 
treatment required may be infusion of isotonic fluid. 

If the increase in blood pressure is transient after fluid bolus, 
then hemorrhage or continued fluid losses are severe and ongo¬ 
ing. Additional crystalloid is administered, and the need for 
blood transfusion is assessed. Patients who continue to require 
large amounts of fluid and blood to support perfusion usually 
have ongoing hemorrhage and require surgical intervention. 
No response or a minimal response to apparently adequate 
infusions of crystalloid solution and blood indicates exsan¬ 
guinating hemorrhage and the need for urgent surgery. 

Crystalloids. Balanced salt solutions are the most com¬ 
monly used resuscitative fluids, and their use to restore extra¬ 
cellular volume significantly decreases the transfusion require¬ 
ment after hemorrhagic shock. Factated Ringer solution is 
isotonic, readily available, and inexpensive. It rapidly replaces 
the depleted interstitial fluid compartment and does not aggra¬ 
vate any preexisting electrolyte abnormalities. Previous inves¬ 
tigations have shown that administration of lactated Ringer 
solution does not lead to aggravation of the lactic acidosis that 
is present in shock. 71 In fact, animal models have demon¬ 
strated that the use of blood plus lactated Ringer solution 
results in a more rapid return to normal lactate and pH than 
dose shed blood alone. As volume and perfusion are restored, 
lactate is mobilized and metabolized to bicarbonate in a single 


pass through the liver. In fact, mild metabolic alkalosis may 
occur 1 or 2 days after large-volume resuscitations with lac¬ 
tated Ringer solution. Normal saline solution is also effective 
for resuscitation of hypovolemic patients. Concerns about 
inducing hypernatremic, hyperchloremic metabolic acidosis 
with massive resuscitation volumes remain but appear of less 
relevance by further investigation with normal saline and the 
hypertonic saline solutions. 

Recently several investigations have raised concerns about 
the proinflammatory effects of resuscitation with lactated 
Ringer solution. Some commercially available lactated Ringer 
solutions contain racemic lactate that is made of equal concen¬ 
trations of D(-)- and F( + )-isomers of lactate. The D(-)-isomer 
has been demonstrated in vitro to result in enhanced produc¬ 
tion of reactive oxygen species by neutrophils and inflamma¬ 
tory gene expression by leukocytes. 72,73 In addition, increased 
apoptosis in both the small intestine and the liver was seen after 
resuscitation from hemorrhage with lactated Ringer solution, 
but not with hypertonic solutions or blood resuscitation. 74 
These findings, however, are not consistent and do not appear 
dissimilar from saline resuscitation in other animal models. 75 
Thus, further investigations are required to determine the over¬ 
all inflammatory effect of crystalloid resuscitation and extent 
of D(-)-isomer use in current commercial fluids. 

Colloids. Colloids have the theoretic advantages of increas¬ 
ing the colloid oncotic pressure and requiring smaller volumes 
for resuscitation than crystalloids. 76 Colloids commonly used 
for volume expansion in hypovolemia include albumin, dex- 
tran 70, dextran 40, and hydroxyethyl starch. Although each 
has unique individual characteristics, currently there is little 
justification for the routine addition of colloids to balanced 
salt solutions for volume replacement during shock. 

Albumin solutions have been used during resuscitation to 
increase colloid oncotic pressure and, hypothetically, to pro¬ 
tect the lung from interstitial edema; however, there is a rela¬ 
tively rapid flux of albumin across the pulmonary capillary 
membranes and relatively rapid clearance through the pul¬ 
monary lymphatics. In fact, colloid albumin infusion has been 
demonstrated to prolong the resuscitation phase and delay 
postresuscitation diuresis. Additionally, albumin may serve to 
depress circulating immunoglobulin levels and suppress albu¬ 
min synthesis. 

Dextran 40 and dextran 70 are polysaccharides with mole¬ 
cular weights of 40 and 70 kD, respectively. Dextran 40 (10%) 
is hyperoncotic and initially exerts a volume-expanding effect. 
However, because of its lower molecular weight, it is more 
rapidly excreted. Thus, dextran 40 is commonly used in cases 
of peripheral vascular disease and hyperviscosity syndromes. 
Dextran 70, conversely, is provided as a 6% solution and does 
not exert a hyperoncotic effect. The volume expansion is 
somewhat greater than the amount infused, and because of its 
large molecular size the effect is maintained for up to 48 hours. 
The dextran preparations, however, cause decreased platelet 
adhesiveness and decreased factor VIII activity. They also 
carry an incidence of allergic reaction of up to 5% and ana¬ 
phylaxis of 0.6%. 76 

Hydroxyethyl starch is an amylopectin with volume¬ 
expanding effects for approximately 36 hours. It has side 
effects similar to those of dextran, but with less frequency. The 
incidence of anaphylaxis is 0.006%. A new hydroxyethyl 
starch, pentastarch, has a lower molecular weight and fewer 
hydroxyethyl groups than hydroxyethyl starch. Pentastarch 
has a shorter duration of action (2.5 hours) and has been 
reported to have even fewer side effects. 77,78 

The controversy regarding use of crystalloids versus col¬ 
loids in resuscitation has not been resolved. Both types of solu¬ 
tions can restore circulating volume. The effects of the solu¬ 
tions on pulmonary function are at issue and are summarized 
as follows: (a) the use of crystalloid solutions decreases plasma 
oncotic pressure, thereby leading to lung edema at lower 
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microvascular pressures; and (b) colloids given in the face of 
pulmonary injury can extravasate, promoting edema because 
of the reduced plasma interstitial oncotic gradient. In fact, a 
previous meta-analysis of colloid versus crystalloid resuscita¬ 
tion after hemorrhagic shock demonstrated a higher mortality 
rate among the colloid-resuscitated patients, partly because of 
pulmonary complications. 79 Therefore, since colloid infusion 
has not demonstrated a significant benefit over crystalloid 
resuscitation alone, it is not currently recommended in the 
management of hypovolemic shock. 

Resuscitative Strategy. Aggressive fluid resuscitation is 
clearly a lifesaving modality, and a key strategy in the treat¬ 
ment of shock and prevention of secondary consequences 
(Algorithm 8.2). However, indiscriminate fluid loading causes 
problematic edema in the lungs, gut, brain, and other organs. 
The amount of fluid used for resuscitation should be titrated to 
carefully selected hemodynamic and oxygen transport end¬ 
points. Solutions currently in development (“artificial blood”) 
with oxygen transport capabilities may hold the potential of 
restoring oxygen transport while minimizing the need for large 
volumes. 


Permissive Hypotension 

Elevation of systemic arterial pressure in patients with disrup¬ 
tion of the arterial system or major solid organ injury, espe¬ 
cially after penetrating trauma, may cause acceleration of 
hemorrhage, disrupt natural clotting mechanisms, and cause 
dilution of clotting factors. Laboratory and clinical evidence 
support judicious use of intravenous fluids until hemorrhage is 
controlled by surgery, angiography, or direct pressure for pen¬ 
etrating trauma. 80 Fluid resuscitation for patients with multi¬ 
system blunt trauma, especially with concomitant traumatic 
brain injury, represents a more complicated decision process, 
as maintaining cerebral perfusion pressure is a competing pri¬ 
ority. Avoidance of both excessive fluid administration and 
prolonged hypoperfusion is best achieved in all patients not by 
maintenance of a marginal blood pressure, but by rapid surgi¬ 
cal or angiographic intervention to control bleeding. 


Transfusion 


Anemia prompts clinical concerns because it may signify blood 
loss or hematologic disease, but it rarely causes tissue 
ischemia. The hemoglobin level that causes concern should 
depend on the adequacy of other mechanisms involved in oxy¬ 
gen delivery such as arterial oxygen saturation and cardiac 
output, the specific clinical situation, and the organ systems 
most at risk, balanced against the risk of transfusion. Clinical 
evidence suggests that hemoglobin values above 7 mg/dL are 
adequate in most patients, including the critically ill, but this 
has not been explored during shock. In one prospective ran¬ 
domized trial in critically ill patients, it was clearly demon¬ 


strated that a reduction in complications and improvement in 
survival were noted when lower hemoglobin values were 
accepted. 81 However, this study excluded patients with hypo¬ 
volemia, acute coronary syndrome, and sepsis. Thus, the role 
of transfusion during shock remains problematic. 

Given this limitation, currently it is held that most patients 
with class I or II shock can be resuscitated with balanced salt 
solutions alone. Patients who lose more than 25% to 30% of 
total blood volume require blood for resuscitation, as do 
patients with persistent evidence of inadequate end-organ per¬ 
fusion. 16 The decision about the extent of blood cross match 
prior to being transfused is determined in part by the urgency 
of the situation. Blood that has been fully typed and cross 
matched carries the least risk of transfusion reactions, but it 
also takes the most time to obtain. Other transfusion options 
include the use of type O or type-specific blood (Table 8.6). 

Type O Blood. Type O (universal donor) blood is immedi¬ 
ately available without a cross match. Because type O blood 
contains no AB cellular antigens, administration of packed red 
blood cells is relatively safe in patients of any blood type. 
Males should be transfused type O Rh-positive blood, while 
prepubescent females and females of childbearing age should 
be given type O Rh-negative blood to avoid sensitization that 
would complicate future pregnancies. The administration of 
more than 4 units of type O blood to a non-O-blood-type 
patient, however, theoretically can result in an admixture of 
blood type. A pretransfusion blood specimen should be sent to 
the blood bank when the patient is admitted, and type-specific 
blood should be transfused as soon as it is available. 

Type-Specific Blood. Type-specific blood is available from 
most blood banks within 5 to 10 minutes of receipt of the 
blood specimen, while the patient is being resuscitated with 
balanced salt solutions. Although not cross matched, this 
blood can be administered safely, as demonstrated in both mil¬ 
itary and civilian experiences. 82 

Autotransfusion. Autotransfusion involves collection of 
the shed blood and its reinfusion through a filter back into the 
patient. Autotransfusion can be as simple as aspiration of the 
blood into a citrate-containing collection chamber, followed 
by reinfusion through a 40-mm filter. A more elaborate sys¬ 
tem, the Haemonetics autotransfuser (Haemonetics Corp., 
Braintree, MA), centrifuges the collected blood and delivers 
washed, packed red blood cells for reinfusion. The advantages 
of autotransfusion include transfusion with warm, compatible 
blood without delays and with no risk of transmission of 
hepatitis, human immunodeficiency virus, or other blood- 
borne pathogens. 

Autotransfused blood can produce disseminated intravascu¬ 
lar coagulation and activation of fibrinolysis. In addition, col¬ 
lection of blood from the peritoneal cavity after hollow viscus 
injury, even with cell washing, may lead to bacterial contami¬ 
nation of the autotransfused blood. 83 Successful autotransfu¬ 
sion of contaminated blood has been demonstrated, but blood 


[TABLE 8.6 II 

COMPARISON OF BLOOD AVAILABILITY 

■ BLOOD 

■ TYPING 

■ ANTIBODY 
SCREEN 

■ CROSS 
MATCH 

■ TIME 

Type O 

No 

No 

No 

Immediate 

Type specific 

Yes 

No 

No 

<10 min 

Type and screen 

Yes 

Yes 

Yes 

20-30 min 

Type and cross match 

Yes 

Yes 

Yes 

45-60 min 
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obtained from enteric-contaminated cavities probably should 
not be used, except perhaps in extreme circumstances. 84 Despite 
the potential benefits, investigators have found that the auto¬ 
transfuser was used in only 26% of the trauma patients for 
whom it was prepared. 85 Currently, no evidence exists that 
autotransfusion improves outcome compared to exclusive 
homologous blood transfusions in trauma patients. 


Endpoints of Resuscitation 

Endpoints of resuscitation can be categorized as either global 
or regional indicators of perfusion. Blood pressure and pulse 
are global measures and are relatively poor determinants of the 
adequacy of tissue oxygenation. They must also be interpreted 
in the context of patient age and preexisting medical condi¬ 
tions. Tachycardia is a component of SIRS and does not always 
resolve with increased preload. Arterial pressure is maintained 
by myriad compensatory mechanisms, even in the face of a sig¬ 
nificant volume deficit, and interpretation is complicated by 
highly variable baseline pressures, age, and preexisting med¬ 
ical conditions. 

Base deficit and serum lactate are also global indicators of 
perfusion and may help in the detection of patients who are in 
otherwise compensated shock. Acidosis arising from regional 
tissues may not be apparent in peripheral blood samples, as is 
frequently the case in patients with intestinal ischemia, in whom 
systemic acidosis is a late finding. An elevated base deficit and 
lactate can be caused by electrolyte abnormalities, accelerated 
glycolysis or pyruvate production, and/or decreased clearance 
by the liver. They may also reflect dysfunction caused by a 
period of hypoperfusion that has already resolved and that does 
not need further treatment. A positive response toward correc¬ 
tion, however, is indicative of appropriate resuscitation. 

A pulmonary artery catheter (PAC) has obvious appeal as a 
monitor because ensuring adequate oxygen delivery is para¬ 
mount in the treatment of shock (Algorithm 8.2). A progressive 
decline in systemic oxygen delivery (D0 2 ) results in an increase 
in the oxygen extraction ratio, evident as a reduction in pul¬ 
monary mixed venous oxygen saturation. When D0 2 is 
reduced below the level needed to maintain normal tissue meta¬ 
bolic activity, anaerobic metabolism occurs. This is evident as a 
decrease in total body oxygen consumption (V0 2 ). Adequate 
resuscitation requires eliminating any pathologic decrease in 
V0 2 by restoring oxygen delivery to an adequate level. In clin¬ 
ical practice, however, there is no precise level of V0 2 that can 
be used as an endpoint, as tissue oxygen needs vary according 
to the patient’s condition, level of sedation, body temperature, 
and other factors, and are affected by endogenous and exoge¬ 
nously administered catecholamines. 

Oxygen consumption may be especially difficult to inter¬ 
pret in patients with late-stage sepsis because acquired defects 
in mitochondrial respiration may prevent utilization of oxy¬ 
gen, resulting in decreased consumption and progressive aci¬ 
dosis despite normal or high D0 2 . 

The adequacy of resuscitation can also be assessed by mea¬ 
surement of end-organ function and perfusion, in addition to 
global measures. Blood flow to the most vital organs (brain 
and heart) is preserved during shock at the expense of flow to 
the skin, muscles, gut, and, ultimately, kidneys. Detection of 
ischemia in less vital organs could theoretically identify patients 
in compensated shock who have otherwise normal global indi¬ 
cators. 

Low urine output (<0.5 to 1.0 mL/kg per hour) is an indica¬ 
tor of inadequate end-organ perfusion, but inappropriate urine 
output may initially be maintained by peripheral venoconstric- 
tion and maintenance of cardiac output due to tachycardia. The 
use of gastric tonometry to measure intramucosal pH has high¬ 
lighted the uneven recovery from shock by visceral organs. 
Persistent visceral hypoperfusion, as demonstrated by intramu¬ 
cosal acidosis despite correction to normal hemodynamics, is 


associated with organ failure and poor outcomes. Unfortu¬ 
nately, direct measurement of visceral hypoperfusion, as well 
as hypoperfusion in other regional vascular beds, requires use 
of technically challenging, labor-intensive devices that often 
produce variable unreliable results and has not yet had wide¬ 
spread application. Presently, the goal of therapy is to restore 
tissue perfusion, both global and regional as measured by 
organ function, and to normalize cellular metabolism while 
avoiding excessive use of fluids and inotropes. 

Recently, several biomarkers, in addition to base deficit and 
lactate, have demonstrated potential promise. Among the most 
promising is procalcitonin for the early recognition of sepsis. 
However, in addition to being significantly elevated during sep¬ 
sis, procalcitonin has recently been demonstrated, similar to 
lactate and base deficit, to be prognostic of outcome from 
hypovolemia based on rate of clearance. 86 Thus, this bio¬ 
marker along with potential others may lead to early recogni¬ 
tion and treatment of shock. 


MONITORS 


Central Venous Pressure 


CVP is determined by a number of factors, the most important 
of which are venous volume and venous compliance. Cardiac 
output and arterial dilation modulate CVP by affecting central 
venous volume, whereas sympathetic venoconstriction and 
thoracic and intra-abdominal pressure primarily affect central 
venous compliance. A variety of conditions can raise CVP 
despite a normal or even low cardiac preload. High ventilator 
pressures, expiratory airway obstruction, tension pneumotho¬ 
rax, cardiac tamponade, and obesity are additional non-volume- 
dependent causes of a relatively elevated CVP. 

Circulating catecholamines cause vasoconstriction, with 
maintenance of venous pressure despite reduced circulating 
volume. In such cases, fluid therapy may reduce the intensity of 
vasoconstriction by reducing tone, with no net change in CVP. 
Following the change in CVP in response to a fluid challenge 
may be the only way to accurately estimate preload in some 
patients. Although an elevated CVP does not guarantee adequate 
preload, a low CVP is a reliable indicator of hypovolemia. Inspi¬ 
ratory stridor is the only condition that can falsely reduce CVP 
and mimic hypovolemia by significantly reducing intrapleural 
pressure. 


Pulmonary Artery Catheter 

Hemodynamic monitoring utilizing a flow-directed PAC has 
been a standard in the treatment of shock for decades and has 
been considered to be essential for optimal management of cer¬ 
tain forms of shock. However, as a result of a multicenter study 
that reported that use of a PAC was associated with increased 
mortality, the indications for PAC use have recently been ques¬ 
tioned. 87 PAC patients were retrospectively compared to 
matched control patients that were selected using a scoring sys¬ 
tem. This scoring system has not been validated, which raises 
the possibility that physicians inserted a PAC in the more criti¬ 
cally ill patients. 

Intensive care unit (ICU) staffing practices may have also 
been a factor explaining these surprising results. The study 
was conducted in “open” ICUs, where any physician on the 
medical staff could admit a patient to the unit and insert a 
PAC. Clinicians may not always interpret PAC data appropri¬ 
ately. In a multicenter study of physicians’ knowledge and 
interpretation of PAC data, nearly half (47%) were unable to 
appropriately determine the wedge pressure from a clear trac¬ 
ing, and a similar percentage (44%) could not identify the 
determinants of oxygen delivery. 88 Studies have demonstrated 
improved outcome when patients are managed in ICUs staffed 
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by specialists in critical care, despite their more frequent use of 
PACs. 89 

An additional consideration regarding the controversy over 
the utility of PACs is that currently used endpoints for PAC- 
guided resuscitation may be inappropriate. For example, efforts 
to augment systemic oxygen delivery have not demonstrated 
any benefits and, in fact, harm may be caused this approach, 
whereas treatments used to alter the variables ascertained with 
the catheter may themselves cause harm (fluid overload, exces¬ 
sive inotropes, blood transfusions). Finally, PACs are associated 
with specific complications, including the risk of central venous 
catheter insertion, endocarditis, and pulmonary artery injury, 
which may outweigh any potential benefits. As the safety and 
utility of the PAC have not yet been evaluated with prospective 
clinical trials in specific shock states, its usefulness in the man¬ 
agement of shock remains to be determined. 

Newer versions of the PAC have been developed that pro¬ 
vide additional hemodynamic information, including continu¬ 
ous determination of cardiac output, ejection fraction, and cal¬ 
culated right ventricular end-diastolic volume. The pulmonary 
artery wedge pressure is a proxy for preload. However, the 
amount of precontractile stretch achieved with any given 
wedge or chamber pressure is modulated by the compliance of 
the ventricle. Therefore, cardiac chamber pressure may not be 
an accurate indicator of ventricular end-diastolic volume, just 
as end-diastolic volume may not be an accurate indicator of 
pulmonary wedge pressure and/or risk of pulmonary edema. 
The combination of both wedge pressure and end-diastolic 
volume may be optimal to maximize preload while avoiding 
excessive pulmonary capillary pressure. 


A comparison of the pH and partial pressure of carbon 
dioxide (PC0 2 ) of mixed venous blood with a matched arter¬ 
ial blood sample can provide evidence of shock with tissue 
hypoxia. Hypoxic cells generate a hydrogen ion that is buffered 
by bicarbonate, resulting in increased production of H 2 0 and 
C0 2 . An increase in venous PC0 2 results in an abnormal gap 
between mixed venous and arterial PC0 2 and pH and is a sign 
of anaerobic metabolism. With cessation of hydrogen ion pro¬ 
duction, this abnormal gap is quickly eliminated, whereas base 
deficit and hyperlactatemia may persist for several hours. 


PHARMACEUTICAL SUPPORT 


Therapeutic adjustments of preload and afterload form the 
basis of treatment strategies in all forms of shock. Optimal 
volume resuscitation should always precede measures to aug¬ 
ment the contractile function of the heart. Inotropic augmen¬ 
tation of cardiac output may therefore be required when 
restoration of venous preload fails to provide sufficient cardiac 
output to satisfy tissue oxygen demands. The effect of 
inotropic agents depends on the specific adrenergic receptor 
affinity, chronotropic effects, and demands placed on myocar¬ 
dial oxygen consumption of the individual agents (Table 8.7). 
Vasodilators reduce demands on the myocardium and aug¬ 
ment cardiac function via reduction in systemic vascular resis¬ 
tance (SVR) or afterload or by dilating the venous system and 
reducing cardiac preload. Afterload reduction may preserve 
stroke volume in the face of a failing myocardium, whereas 


ITABLE 8.7 





PHARMACODYNAMICS OF INOTROPIC/VASOCONSTRICTOR AGENTS 





■ SITES OF ACTION 


■ HEMODYNAMIC RESPONSE 

■ DRUG 

■ HEART ■ HEART ■ VESSELS 
■ METABOLISM p, p 2 a 

■ VESSELS 

Hi 

■ RENAL 

PERFUSION ■ CO ■ SVR 

■ BP 

Isoproterenol 

1 mg/250 mL 

1-2 yirg/min 
initially 

Renal + + + + + + 0 

+ + + 

+/- 

+/- 

Dobutamine 

250 mg/250 mL 

3 ptg/kg/min 
initially 

Hepatic + + + 0/+ 0/+ 

0/+ 


0/+ 

Dopamine 

200 mg/250 mL 

2-5 /ng/kg/min 
low dose 

20-50 yitg/kg/min 
high dose 

Hepatic + + + + 0 

Low dose 

High dose 

Low dose 0/+ 

High dose 


Epinephrine 

2 mg/250 mL 

2 yitg/min initially 

Renal + + + + + + + + + 

+ + 



Norepinephrine 

4 mg/250 mL 

4 yitg/min initially 

Renal + + + + + + + 

0 

+/- 


Phenylephrine 

Renal 0 0 + + + 

0 

- 


a (alpha), vasoconstrict peripheral arterioles; (3 1 (beta-1) myocardial inotropy, chronotropy, enhance atrioventricular conduction; p 2 (beta-2) 


chronotropy, vasodilate mesenteric/skeletal bed, bronchodilation; dopaminergic, vasodilate mesenteric/renal bed. 

BP, blood pressure; CO, cardiac output; SVR, systemic vascular resistance. 
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venodilation reduces pulmonary capillary wedge pressure and 
pressure-driven pulmonary edema. Agents that increase after¬ 
load may be needed when blood pressure falls below the 
autoregulatory range of the coronary, cerebral, and renal vas¬ 
cular beds. 


Inotropes and Vasopressors 

Dopamine. Dopamine is an endogenous sympathetic amine 
that is a biosynthetic precursor of epinephrine and functions as 
a central and peripheral neurotransmitter. The effects of 
dopamine vary from individual to individual, and are altered 
with increasing doses. The highest-affinity receptors are occu¬ 
pied at low serum concentrations (infusions <2 to 3 /JLg/kg per 
minute) and consist of dopaminergic receptors in the renal and 
splanchnic beds that serve to augment regional blood flow, 
increase urine output, and cause natriuresis. However, multi¬ 
ple studies, including prospective randomized trials, have 
failed to demonstrate that low-dose dopamine prevents acute 
renal failure or decreases the need for dialysis in critically ill 
patients. At modest concentrations (3 to 5 /Jig/kg per minute), 
dopamine occupies cardiac /3 r adrenergic receptors and 
increases myocardial contractility and heart rate. Higher doses 
(>5 /JLg/kg per minute) cause an increase in heart rate and 
blood pressure. u-Adrenergic receptors are stimulated at 
higher dose ranges (>10 /JLg/kg per minute), resulting in eleva¬ 
tion of blood pressure and peripheral vascular resistance. 
Dopamine is therefore an effective agent for increasing blood 
pressure in hypotensive patients after appropriate fluid resus¬ 
citation. Because the relationship among a specific dose, recep¬ 
tor affinity, and clinical effect is unique to each patient, indi¬ 
vidual titration is required to achieve the desired effect. 

Dobutamine. Dobutamine, a synthetic catecholamine, has a 
predominant affinity for /3-adrenergic receptors. At clinically 
relevant doses (5 to 20 jig/kg per minute), dobutamine 
enhances myocardial contractility with mild to moderate 
changes in heart rate. It also induces peripheral vasodilation, 
which limits its utility in patients with hypotension. It is an 
appropriate agent when cardiac output augmentation, not 
blood pressure support, is required and when a drop in periph¬ 
eral resistance and preload is clinically tolerable or beneficial. 
Treatment of cardiogenic shock following myocardial infarc¬ 
tion or cardiac dysfunction following shock and reperfusion 
typically requires support of myocardial contractility and 
reduction of peripheral resistance, which makes dobutamine 
an excellent choice in this setting. 

Epinephrine. Epinephrine, the endogenous adrenal cate¬ 
cholamine, is released physiologically in response to stress. It 
has a broad spectrum of systemic actions, including significant 
cardiovascular effects. When epinephrine is administered as a 
pharmacologic agent (0.01 to 0.05 /JLg/kg per minute), /3 r 
adrenergic effects predominate, causing increased stroke vol¬ 
ume, heart rate, and contractility, along with modest /3 2 -receptor 
stimulation. At higher infusion rates, ^-adrenergic receptors are 
stimulated, which overcome /3 2 -mediated peripheral vasodila¬ 
tion, resulting in an increase in blood pressure and SVR. Renal 
and splanchnic vasoconstriction, cardiac dysrhythmias, and 
increased myocardial oxygen demands limit the prolonged use 
of high-dose epinephrine. Transient increases in serum lactate 
have also been noted, possibly due to impaired regional blood 
flow. Epinephrine should be considered as a potential short¬ 
term agent for use in patients with impaired cardiac function 
not responsive to other agents such as dobutamine. 

Norepinephrine. Norepinephrine, the sympathetic neuro¬ 
transmitter, also has concentration-dependent cardiovascular 
effects. It should be considered as a drug with predominantly 
u-constrictor effects and less pronounced ^-stimulation and is 


therefore appropriate for use in patients who remain hypoten¬ 
sive despite dopamine administration or as a dopamine alter¬ 
native. Combined a- and /3-stimulation typically results in an 
increase in afterload and renal glomerular perfusion pressure, 
with preservation of cardiac output. Despite the potential for 
renal vasoconstriction, as a result of its effects on mean arter¬ 
ial pressure, norepinephrine is associated with an increase in 
urine output and creatinine clearance in hypotensive, and par¬ 
ticularly septic, patients. A primary concern is to ensure ade¬ 
quate volume resuscitation prior to utilization due to risk of 
severe tissue damage from excessive vasoconstriction on the 
hypovolemic patient. 

Isoproterenol. Isoproterenol is a synthetic catecholamine 
with potent u-adrenergic effects. From a cardiovascular stand¬ 
point, both cardiac and peripheral effects are significant. Stim¬ 
ulation of cardiac aq-receptors prompts an increase in contrac¬ 
tility, heart rate, and conduction velocity. The chronotropic 
response, however, may predominate. These activities, in con¬ 
junction with peripheral vasodilation, generate significant 
increases in cardiac output and pulse pressure. Isoproterenol 
greatly increases myocardial oxygen demand and limits coro¬ 
nary filling due to tachycardia. As a result, indications for iso¬ 
proterenol are limited to patients with hemodynamically signif¬ 
icant bradyarrhythmias while preparations are made for 
electrical pacing. 

Phenylephrine. Phenylephrine is a pure ^-agonist and is an 
effective agent for increasing peripheral vascular resistance 
and arterial blood pressure. Although it has no direct effect on 
the myocardium, the increase in afterload increases left ventric¬ 
ular work and oxygen demand and may cause a decrease in 
stroke volume and cardiac output. It is often used as a first-line 
agent in patients with neurogenic shock, but its use is otherwise 
generally restricted to patients who remain hypotensive when 
the dosage of agents such as dopamine or norepinephrine can¬ 
not be increased due to excessive tachycardia. 

Vasopressin. Vasopressin acts directly on V 1 receptors in vas¬ 
cular smooth muscle to cause vasoconstriction and increases the 
reactivity of vascular smooth muscle to catecholamines. Release 
of endogenous vasopressin is a normal physiologic response to 
shock. After septic or prolonged hemorrhagic shock, circulating 
vasopressin levels are decreased, possibly due to depletion of 
hypophyseal secretory stores. This relative deficiency may play a 
role in causing refractory hypotension. Vasopressin has minimal 
effects on normotensive patients, but in patients with septic 
shock it is effective in increasing SVR and mean arterial pressure. 
Vasopressin does not have inotropic properties but has potent 
splanchnic and coronary vasoconstrictors. It has been associated 
with decreased cardiac output due to myocardial ischemia and 
increased afterload and may worsen metabolic acidosis in patients 
in shock by causing splanchnic ischemia. As a result, early use of 
vasopressin at only physiologic concentrations to minimize associ¬ 
ated other pressor use may be indicated. 

Amrinone and Milrinone. Amrinone and milrinone are 
noncatecholamine inotropes with cardiovascular effects similar 
to dobutamine, but with minimal chronotropic activity. As 
steroidlike phosphodiesterase antagonists, they increase smooth 
muscle cyclic adenosine monophosphate (cAMP) and alter cal¬ 
cium metabolism. Cardiac contractility, stroke volume, heart 
rate, and cardiac output are increased, while a concomitant 
reduction in afterload offsets cardiac workload. The increase in 
cardiac performance with minimal demands on myocardial 
oxygen consumption offers some utility in the treatment of car¬ 
diogenic shock or as a potential alternative to dobutamine infu¬ 
sion. Both agents have a relatively long half-life of nearly 3 
hours and should therefore be used with caution in patients at 
risk of developing hypotension, a major risk in the critically ill 
patient. 
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Vasodilators 


Vasodilators are used as a means to augment cardiac function 
through optimization of preload and afterload, both of which 
reduce demands on the myocardium. The failing ventricle 
responds to afterload reduction with significant increases in 
stroke volume. The reason for this is that the compromised 
myocardium is working past the plateau and on the down slope 
of the Starling curve. As a result, afterload reduction with 
vasodilator agents may allow cardiac output to increase, result¬ 
ing in improved oxygen delivery. 

Nitroprusside. Nitroprusside is a balanced but potent arte¬ 
rial and venous smooth muscle vasodilator. It causes a reduc¬ 
tion in afterload that increases cardiac output and has a less 
prominent venodilatory effect that reduces pulmonary venous 
pressure and preload. Hypotension may limit its use, particu¬ 
larly in the presence of contractility deficits or inadequate pre¬ 
load. Infusions (>3 i±glkg per minute) continued for greater 
than 48 hours require monitoring of serum thiocyanate levels 
and arterial pH to detect complications of cyanide toxicity. 

Nitroglycerin. Nitroglycerin is primarily a venous smooth 
muscle vasodilator, with less significant arterial vasodilation 
effects than nitroprusside. Thus, although nitroprusside pre¬ 
dominantly decreases afterload, nitroglycerin predominantly 
increases venous capacitance. It is an effective treatment for 
acute myocardial ischemia because it reduces excessive pre¬ 
load and ventricular end-diastolic pressure, thereby diminish¬ 
ing myocardial oxygen demand. 


Miscellaneous Therapeutics 

Corticosteroids. In septic shock, ACTH resistance may 
diminish the normal cortisol response. Also, peripheral tissue 
resistance to corticosteroids may develop through proinflam- 
matory-induced downregulation of normal corticosteroid 
receptors. Initial clinical trials showed no reduction in mortal¬ 
ity when short courses of high-dose corticosteroids were used 
as adjuncts in the treatment of septic shock. However, recent 
studies utilizing low or physiologic doses (<300 mg/day) of 
hydrocortisone for a longer duration (>5 days) of treatment 
have demonstrated a beneficial impact on mortality, particu¬ 
larly in septic patients. 33 Currently, routine use of ACTH stim¬ 
ulation tests is not advocated since they provide little more 
than prognostic information. 35 Given that hypoadrenal shock 
complicates various shock states, routine use is considered, but 
given the lack of proven benefit in other multicenter trials, use 
is currently not widely advocated without caution. 34 

Activated Protein C. Decades of cellular and humoral 
inflammation research have failed to produce an effective 
immunologic intervention in humans with septic shock and 
organ failure. However, coagulation pathway dysfunction, the 
mediators of which are also part of the innate host response to 
infection, has recently been shown to correlate with disease 
severity and mortality. Specifically, septic shock is associated 
with rapid depletion of protein C and blunted endogenous 
protein C activation. The protein C pathway serves to regulate 
thrombosis and may play a role in limiting the inflammatory 
response and diminishing endothelial cell injury in response to 
inflammatory cytokines. 

In a large randomized phase III trial of recombinant acti¬ 
vated protein C (APC) in severe sepsis, a 6.1% absolute reduc¬ 
tion in 28-day mortality compared with placebo was demon¬ 
strated. The short- and long-term survival rates associated 
with APC were significantly better only in septic patients at 
high risk of death. However, treatment with APC was also 
associated with a slightly increased risk of serious bleeding 
compared with placebo, particularly during infusion (3.5% vs. 


2.0%), and must be considered a major contraindication in the 
patient in the early postoperative period or with minimal 
organ dysfunction in sepsis. 90 

Metabolites and Electrolytes. Severe shock is frequently 
associated with hypocalcemia. Severe hypocalcemia that 
causes cardiac dysfunction or electrical instability should be 
rapidly treated. Calcium chloride rapidly corrects calcium 
deficits, whereas calcium gluconate must be degraded in the 
liver to release calcium ion, resulting in slower correction of 
deficits but less risk of tissue reaction. In the absence of evi¬ 
dence of cardiac dysfunction, attempts to restore plasma cal¬ 
cium to normal during shock are not warranted. Ischemia 
results in decreased cell membrane ATP and failure of the mem¬ 
brane calcium pump. Thus, reduced serum calcium levels dur¬ 
ing severe shock are probably due to movement of ionized cal¬ 
cium into the cells. Increased cytosolic calcium causes release of 
lysosomal enzymes and activation of phospholipases, protein 
kinases, and proteases that cause membrane damage and 
cytoskeletal destruction. Administration of exogenous calcium 
may merely worsen this uncontrolled intracellular calcium 
influx, whereas effective resuscitation will usually restore circu¬ 
lating calcium levels to normal. 

Many shock resuscitation protocols emphasize correction 
of metabolic acidosis with fluids and inotropes until the pH 
begins to normalize. When interpreting an acid-base disorder, 
the presence of an anion gap is supportive evidence of lactic 
acidosis. However, a non-anion gap acidosis with worsening 
base deficit frequently occurs when normal saline is adminis¬ 
tered in large volumes. Efforts to correct a non-anion gap aci¬ 
dosis with additional fluids that may no longer be needed will 
only increase the risk of fluid overload. 


Future Therapies 

When initiating therapy for shock, the clinician does not know 
whether therapy has been started early, when salvage is still pos¬ 
sible, or late, after irreversible changes have occurred within the 
cell and death is inevitable. Failure to respond to fluids, inotropes, 
and vasopressors with restoration of normal oxygen consump¬ 
tion and aerobic metabolism probably represents a defect in cel¬ 
lular and subcellular function in critical organ systems. There are 
many active areas of investigation that reflect the progression of 
our understanding of shock that have been outlined in this chap¬ 
ter and that have begun to move the field beyond the basics of 
fluid resuscitation and hemodynamic monitoring. 

Efforts to control ischemia-reperfusion injury include con¬ 
trolled reperfusion with carbon monoxide or other compounds 
to reduce oxidative stress. Induced hypothermia may interrupt 
generation of harmful byproducts of ischemia and enable 
restoration of circulation and repair of structural injuries in a 
cellular environment where hypoxia is no longer critical. Addi¬ 
tional biomarkers, such as procalcitonin, may allow earlier 
diagnosis and treatment of sepsis and shock. 86 New biosensors 
using near-infrared light may enable transcutaneous identifica¬ 
tion of critical limitations of blood flow and enable clinicians to 
more accurately target areas of regional hypoperfusion. 91 A 
search for agents that optimize circulation in the microvascular 
system by preventing activation of the endothelium may enable 
resuscitative efforts to restore oxygen to cells as needed to main¬ 
tain normal respiration and provide critical nutrients. Ultimately, 
further understanding of functional genomics may enable clini¬ 
cians to target transcription and translational events triggered by 
shock and thus alter outcome. 
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CHAPTER 9 CRITICAL CARE 

AVERY B. NATHENS AND RONALD V. MATER 


KEY POINTS 


Q Critical care units provide monitoring to identify and guide 
intervention prior to life-threatening physiologic deteriora¬ 
tion and utilize advanced technology to support failing 
organs until treatment and recovery can occur. 

Q Oxygen delivery to tissues must match cellular metabolic 
needs. To prevent cellular failure, adequate tissue oxygena¬ 
tion relies on oxygen-carrying capacity of blood (hemoglo¬ 
bin), loading of oxygen (gas exchange), and cardiac output 
(heart function). 

Qwhen oxygen delivery is inappropriate to meet demand, 
fluid administration is often used to increase cardiac out¬ 
put through an increase in stroke volume. Conventional 
static indices of assessing fluid responsiveness are inferior 
to dynamic indices. 

Q Respiratory dysfunction involves inadequate gas exchange, 
ventilation, or both. Oxygenation requires matching pul¬ 
monary perfusion to alveolar ventilation, whereas C0 2 
excretion relies primarily only on ventilation. Ventilator 
support should be tailored to individual needs, and the 


ventilatory strategy may have a significant impact on out¬ 
come. 

Q Excessive transfusion (hematocrit >21) has been shown to 
correlate with increased complications and mortality. 

Q Full nutritional support (enteral route preferred) based on 
estimated needs should be provided as soon as possible. 
Carbohydrates should match metabolic needs to protect 
against excess nitrogen losses from protein breakdown. 
Essential fatty acids, vitamins, and mineral intake should 
recognize excessive losses in the critically ill. 

Q Acute renal failure rarely occurs as an isolated organ fail¬ 
ure. Dialysis is indicated for fluid overload, acidosis, elec¬ 
trolyte abnormalities, or coagulopathy. The choice of renal 
replacement therapy should be based on patient and insti¬ 
tutional factors. 

Q Multiple scores of critical illness have been developed to 
produce both an objective prognosis in the critically ill and 
an assessment of outcome by quantifying the severity of 
multiple organ failure. 


ORGANIZATIONAL 
STRUCTURE OF THE 
INTENSIVE CARE UNIT 


A significant proportion of patients under the care of surgeons 
receive some form of critical care during their hospital stay. 
The exposure to the intensive care unit (ICU) may take one of 


several forms, ranging from routine postoperative monitoring 
in the high-risk surgical patient to the management of life- 
threatening postoperative complications. Additionally, many 
patients experience significant physiologic derangements due 
to their surgical illness (e.g., trauma, peritonitis) such that they 
require ICU care. 

The ICU environment is conducive to the support of acute 
life-threatening organ dysfunction including the provision of 
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mechanical ventilation, renal replacement therapy, and inva¬ 
sive cardiac monitoring. These services require specific equip¬ 
ment and nursing expertise not found in or available through¬ 
out the hospital setting. As a result of these requirements, the 
ICU is typically spatially separated from the acute care beds in 
most hospitals. This spatial separation leads to one of two pos¬ 
sibilities for the provision of medical care by physicians. The 
surgeon responsible for the care of the patient’s underlying dis¬ 
ease may assume primary responsibility for the provision of 
critical care services. This approach is in keeping with the eth¬ 
ical standards of the American College of Surgeons under 
which surgeons are responsible for the postoperative care of 
their patients. In this context, the ICU is simply a location 
where advanced monitoring and organ support are available. 
The surgeon continues with clinical responsibilities outside the 
ICU while also caring for critically ill patients. This organiza¬ 
tional approach is typically referred to as an “open” ICU. 1 
Alternatively, the surgeon may relinquish care of the patient to 
an intensivist who ideally may be specifically trained in the 
care of the critically ill patient and certified by one of several 
medical specialty boards including internal medicine, anesthe¬ 
siology, or surgery. In this context, the intensivist has no other 
responsibilities outside the ICU that would limit his or her 
immediate accessibility and is primarily available to the criti¬ 
cally ill patient. This organizational approach is often referred 
to as a “closed” ICU or an intensivist-model ICU. 1 

The argument for maintaining the involvement of the oper¬ 
ating surgeon as the primary physician responsible for the direc¬ 
tion of critical care services is to ensure that there is continuity 
of care. Putatively, this continuity of care results in a well- 
defined, cohesive management plan that is necessary to ensure 
optimal outcomes. However, in a retrospective analysis of the 
effect of conversion from an open to a closed surgical ICU in a 
tertiary care academic center, complications and mortality were 
lower and the use of consultants was less frequent when patients 
were primarily cared for by surgeons or anesthesiologists who 
were board certified in critical care. 2 In another report in a sim¬ 
ilar surgical ICU setting, two different concurrent care models 
were compared. One group was managed exclusively by the 
critical care attending service and the other by the general 
surgery faculty and house staff. Despite increased severity of ill¬ 
ness, the critical care cohort had a shorter ICU length of stay, 
fewer days of mechanical ventilation, fewer consultations, fewer 
complications, and lower hospital charges. 3 Last, in a large 
observational study, Pronovost et al. 4 evaluated outcomes fol¬ 
lowing abdominal aortic surgery in the state of Maryland. This 
cohort of patients was well chosen because these individuals are 
at high risk of postoperative complications both related to the 
operative intervention and from significant comorbidity. These 
investigators demonstrated that daily rounds by a dedicated 
intensivist were associated with a significant reduction in the 
risk of postoperative complications and death. 

Taken together, these data and a recent systematic review sug¬ 
gest that critically ill patients are best cared for by intensivists, 
but not at the total exclusion of the operating surgeon from deci¬ 
sion making. 5 For surgical patients, this argues for the continued 
training and involvement of surgeons in the field for optimal crit¬ 
ical care. In the absence of a surgical intensivist, the most recent 
recommendations from the American College of Critical Care 
Medicine are that the intensivist and the surgeon proactively col¬ 
laborate closely in the ongoing care of the patients. 6 


PURPOSES OF THE 
INTENSIVE CARE UNIT 

Q The ICU serves several purposes. First, the availability of both 
electronic physiologic monitors and a high nurse-to-patient 
ratio (typically 1:1 or 1:2) provides an opportunity for very 
early detection of a critical change in status of the patient. This 


change might relate to postoperative bleeding, the development 
of a neurologic deficit after craniotomy or spinal surgery (or 
injury to the brain or spinal cord), or changes in the patients’ 
cardiorespiratory status. Common to all of these scenarios is a 
high likelihood of a need for urgent intervention. In this con¬ 
text, the ICU serves the purpose of monitoring to both identify 
and prevent adverse consequences in a patient at great risk. 

The more familiar role of the ICU is an environment with all 
the resources available to support an acute deterioration of vital 
organ function. Approximately one third of all hospital costs are 
spent in the ICU environment, and with the exception of very 
specific clinical scenarios, most interventions studied appear to 
be cost-effective. 7,8 To ensure optimal outcomes and efficiency, it 
is critical that the physician understands the physiology of organ 
dysfunction, the tools he or she has available for their monitor¬ 
ing and support, their limitations, and who most likely will ben¬ 
efit. Without this understanding, the physicians with the exten¬ 
sive resources available in the ICU have the potential to inflict 
great harm. The most frequent challenges in the critical care 
environment are the support of the failing cardiovascular system, 
lungs, and kidneys. During this period of support, the patient 
must receive adequate nutritional support until the acute physio¬ 
logic derangements have normalized. The focus of this chapter is 
on these aspects of critical care, followed by a discussion of prog¬ 
nostic scoring systems and ethics in the ICU. 


ASSESSMENT AND 
MANAGEMENT OF THE FAILING 
CARDIOVASCULAR SYSTEM 

Q Support of the failing cardiovascular system is geared toward 
achieving adequate tissue oxygen delivery, which amounts to 
ensuring tissue oxygen delivery meets demand. Under normal 
conditions, oxygen consumption (V0 2 ) is normally 100 to 120 
mL/m 2 per minute, or 200 mL/min for a typical adult. The crit¬ 
ically ill surgical patient experiences a profound increase in V0 2 
induced by high circulating levels of catecholamines and inflam¬ 
matory mediators. Inadequate levels of tissue oxygen delivery in 
the face of either normal or increased levels of V0 2 result in 
anaerobic tissue metabolism and are reflected clinically as a 
state of shock (i.e., cellular dysfunction). Currently, we have lit¬ 
tle control over tissue oxygen consumption, save for avoiding or 
treating hyperthermia and pharmacologic paralysis. 


Oxygen Delivery 

Many interventions in the ICU focus on manipulating tissue 
oxygen delivery (D0 2 ) to meet either normal or elevated levels 
of tissue V0 2 . The amount of 0 2 that is delivered to peripheral 
tissues is the product of the 0 2 content in arterial blood (Ca0 2 ) 
and the cardiac output. Normally, Ca0 2 is about 20 mL/dL 
and the normal cardiac index (Cl) is 3.2 L/m 2 per minute, or 5 
L/min for a typical adult. Therefore, the normal systemic deliv¬ 
ery of 0 2 (D0 2 ) is 20 mL/dL X 50 dL/min, or 1,000 mL/min. 
Although the 0 2 content is the most important measure of 0 2 
in blood, it is the partial pressure of oxygen (P0 2 ) and the oxy¬ 
hemoglobin saturation that are more commonly measured in 
the ICU. Each gram of hemoglobin (Hgb) can bind 1.36 mL of 
0 2 . If the Hgb level of the blood is normal (15 g/dL) and the 
Hgb is 98% saturated, the amount of 0 2 bound to Hgb is 19.9 
mL/dL. In addition, a small amount of 0 2 is physically dis¬ 
solved in the water that makes up plasma and red blood cells. 
The solubility coefficient for 0 2 is 0.0031 mL/mm Hg per 
deciliter; therefore, the amount of 0 2 dissolved in 1 dL of blood 
at a Pa0 2 of 100 mm Hg is 0.3 mL, so that the 0 2 content of 
normal arterial blood is 19.9 + 0.3 or 20.2 mL/dL, conve¬ 
niently rounded off to 20 mL/dL. Through the same arithmetic, 
the 0 2 content of venous blood (Cv0 2 ), which is 80% 
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FIGURE 9.1. The relation of 0 2 content, saturation, and 
P0 2 . Typical normal levels in arterial and venous blood 
are defined at various levels of hemoglobin. (After 
Bartlett RH. University of Michigan Critical Care Hand¬ 
book. Boston, MA: Little, Brown; 1996.) 
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saturated, is 16 mL/dL; hence, the normal arteriovenous differ¬ 
ence in 0 2 content (av0 2 difference) is 4 mL/dL. Expressed 
mathematically: 

D0 2 = Cl X Ca0 2 

where: Ca0 2 = 1.36 X Hsb + 0.0031 X Pa0 2 Cl = stroke 
volume X heart rate and, therefore, 

V0 2 = Cl X (Ca0 2 - Cv0 2 ) 

The relation among P0 2 , saturation, and 0 2 content for 
different concentrations of Hgb is shown in Figure 9.1. Note 
that the arterial partial pressure of oxygen (Pa0 2 ) and satura¬ 
tions are the same as for normal arterial and venous blood due 
to an increase in Cl, even though the 0 2 content is severely 
decreased in anemia. 


Relationship Between Oxygen 
Supply and Demand 

Shock states are characterized by limitations in D0 2 leading to a 
mismatch of oxygen supply and demand. For example, hemor¬ 
rhagic shock leads to a reduction in preload (thus affecting 
stroke volume and Cl) and a reduction in D0 2 , which is further 
decreased by the drop in Ca0 2 due to loss of Hgb. The end result 
of this limitation in D0 2 is tissue hypoxia, which is thought to 
play a causal role in the development of multiple organ failure. 
When D0 2 falls below the level of V0 2 , V0 2 becomes supply 
dependent and a state of anaerobic metabolism occurs. 

The relation between D0 2 and V0 2 is reflected in the 
amount of 0 2 in venous blood. Under normal conditions the 
amount of 0 2 extracted is 20% of that delivered, with 80% of 
the 0 2 still present in venous blood returning to the heart. This 
latter parameter, referred to as mixed venous oxygen satura¬ 
tion (Sv0 2 ), is typically in the range of 70% to 80% and must 
be obtained from blood in either the right ventricle or pul¬ 
monary artery to allow mixing of superior vena caval, inferior 
vena caval, and coronary sinus blood as the relative rates of 
extraction in organs served by these circulations differ. In the 
critical care setting, Sv0 2 is typically obtained from a pul¬ 
monary artery catheter (PAC) and can be monitored continu¬ 
ously using oximetric probes at the tip of the catheter. Reduc¬ 
tions in Sv0 2 are indicative of a mismatch between supply and 
demand. If V0 2 increases with no further increase in delivery, 
then the percent of oxygen extraction must increase, resulting 
in a drop in Sv0 2 . More frequently, Sv0 2 is affected by 
changes in D0 2 . Relatively small reductions in Cl, arterial 
blood oxygen saturation (Sa0 2 ), or Hgb concentrations can 
result in a significant drop in Sv0 2 . In the context of a very 
dynamic clinical situation with multiple perturbations occur¬ 
ring concurrently, continuous measurement of Sv0 2 provides a 
good estimate of the net effect of any intervention on the bal¬ 
ance between oxygen supply and demand. 


In critically ill patients, V0 2 is most frequently elevated 
compared to that seen during the normal state. V0 2 is elevated 
in proportion to the degree of inflammation (either bacterial or 
sterile, as in burns and pancreatitis). A febrile patient with sig¬ 
nificant signs of sepsis typically has a V0 2 that is 1.5 to 2 times 
normal. It is unusual for the V0 2 of a critically ill patient to be 
more than twice normal. This occurs only in situations of 
severe muscular activity, as in seizures or tetany. 

During this state of elevated tissue V0 2 , the normal 
response is a proportional increase in D0 2 ; thus, it is normal 
for a hypermetabolic patient to have a high cardiac output and 
pulse rate, referred to as a hyperdynamic state. Not infre¬ 
quently, patients cannot mount an increased D0 2 in response 
to an increased V0 2 because of any combination of hypoxia, 
anemia, and myocardial dysfunction. If this occurs, the 
amount of 0 2 extracted from each deciliter of blood increases, 
reflected as a drop in Sv0 2 . 


Hemodynamic Assessment 

Given the importance of adequate oxygen delivery, it is evident 
that a tremendous amount of effort among intensivists is 
geared toward optimizing delivery. There are three important 
parameters that can be modified to affect systemic oxygen 
delivery: Cl, Hgb, and hemoglobin saturation (Sa0 2 ). While 
Hgb and Sa0 2 are readily measured and manipulated, it is the 
monitoring (and subsequent manipulation) of Cl that is most 
challenging. The cardiac output is a product of the stroke vol¬ 
ume and heart rate. Most efforts at meeting tissue oxygen 
demands are directed toward increasing D0 2 through an effect 
on stroke volume. Thus, the available tools in the critical care 
environment are geared toward understanding how stroke vol¬ 
ume can best be manipulated to improve D0 2 . 

The most common intervention to improve D0 2 to reverse 
the shock state is through the administration of intravenous 
fluids. The sole reason for administering fluids is to increase 
the stroke volume. When fluids are administered, it is with the 
belief that the patient is on the steep part of the Starling curve 
and thus has preload-recruitable cardiac output (Fig. 9.2). In 
the ICU environment, there are two broad classifications of 
measures used to assess whether the administration of fluids 
will increase stroke volume (and thus cardiac output) (Table 
9.1). While more frequently used, static indices of fluid respon¬ 
siveness are generally less accurate than dynamic indices. 

Static Indices of Fluid Responsiveness. Right atrial 
pressures as assessed through a central venous catheter are 
probably most frequently used as a measure of fluid respon¬ 
siveness. It is generally believed that a low central venous 
pressure (CVP, reflecting a low right ventricular end-diastolic 
volume) reflects a low intravascular volume. It follows then 
that the administration of fluids in the context of a low CVP 
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FIGURE 9.2. The concept of preload-recruitable stroke volume is 
demonstrated. If the ventricle is on the steep part of the Starling curve 
(A), then a given increase in preload will lead to a significant increase in 
stroke volume. By contrast, on the flatter part of the curve (B), the 
stroke volume increases marginally if at all with the same increase in 
preload. Dynamic indices of preload-recruitable stroke volume are more 
accurate than static indices in identifying where on this curve the patient 
is at any point in time. 


should increase stroke volume. However, a number of studies 
have demonstrated that the CVP is a poor marker of fluid 
responsiveness. 9-11 In fact, it appears to be no more reliable than 
flipping a coin. Additionally, while many advocate that the 
change in CVP in response to a volume challenge might indicate 
fluid responsiveness, this index can also be unreliable. Thus, cen¬ 
tral venous catheters primarily serve the purpose of providing 
intravenous access. An oximetric central venous catheter has 
the additional advantage of providing the oxygen saturation 
level of blood in the superior vena cava. While this value over¬ 
estimates mixed venous oxygen saturation, it might provide a 
useful parameter to evaluate the response to interventions as it 
trends well with the Sv0 2 . 12,13 

Other frequently measured static indices of fluid responsive¬ 
ness are those measured through the use of the pulmonary 
artery catheter. The balloon-tip flow-directed pulmonary artery 
(or Swan-Ganz) catheter is inserted into the central venous sys¬ 
tem and is passed through the right heart and rests in the pul¬ 
monary artery where it provides continuous monitoring of pul¬ 
monary artery pressures. The catheter has more proximal ports 
such that central venous pressure is also monitored. Using the 
thermal dilution method, the catheter also provides informa¬ 
tion regarding CL More recent modifications of the PAC have 
resulted in the capability of continuous measurement of cardiac 
output, Sv0 2 , and right ventricular end-diastolic volume. 
When the balloon is inflated, the catheter advances slightly and 
wedges into a small pulmonary artery branch. This pulmonary 


TABLE 9.1 


INDICES TO EVALUATE FLUID RESPONSIVENESS IN 
MECHANICALLY VENTILATED PATIENTS 

■ STATIC INDICES ■ DYNAMIC INDICES 


Right atrial pressure (measured Systolic pressure variation 
as central venous pressure) 

Pulmonary capillary wedge Pulse pressure variation 

pressure 

Right ventricular end-diastolic Aortic blood velocity"* 
volume index 


"Evaluable using Doppler echocardiography. 


capillary wedge pressure (PCWP) provides an estimate of left 
ventricular end-diastolic pressure (LVEDP). The assumption is 
that a static, nonflowing column of blood that extends from the 
catheter’s lumen to the pulmonary arterioles, capillaries, and 
veins of that lung segment provides a measure of the pressure 
downstream from the catheter tip ending in the left ventricle. 
Barring circumstances described later, LVEDP thus tracks left 
ventricular end-diastolic volume (LVEDV). LVEDV represents 
the volume of the left ventricle (i.e., myocardial stretch, or pre¬ 
load) that we aim to affect through increases in intravascular 
volume. If all assumptions are met, a patient with a low PCWP 
(and hence low LVEDV) should improve his or her stroke vol¬ 
ume and thus his or her cardiac output with fluid administra¬ 
tion. By contrast, if the PCWP is high, then cardiac output can 
only be improved through an increase in contractility or a 
reduction in afterload. 

When the PCWP is used to guide administration of fluids, it 
is important to understand that several of the assumptions 
whereby PCWP tracks LVEDV might be violated. The ability to 
derive information regarding a volume (LVEDV) from a pres¬ 
sure (PCWP) first assumes that the myocardial compliance is 
normal. However, myocardial compliance is often affected by 
ischemia, massive volume resuscitation, high intra-abdominal 
or intrathoracic (e.g., high levels of positive end-expiratory 
pressure [PEEP]) pressures, or long-standing hypertension. 
Focusing on the PCWP to guide therapy in these circumstances 
will lead to an overestimate of preload. Mitral stenosis will also 
increase the PCWP, while LVEDV might be low. Not realizing 
the importance of these assumptions and how they might be 
violated often leads to incorrect treatment strategies. 

Many have advocated the use of the right ventricular end- 
diastolic volume index (RVEDVI), a measure of right ventric¬ 
ular filling, as a better measure to assess for adequate preload 
and fluid responsiveness. 14 However, the relationship between 
volume responsiveness and either the PCWP or the RVEDVI is 
very complex, and many recent studies suggest these may not 
be optimal indices to guide fluid management. 9,10,15,16 Thus, 
the most reliable actionable information gleaned from the use 
of the PAC is limited to that assessed through measurement of 
the Sv0 2 and from the CI. 

The PAC is merely a monitoring device; thus, any benefit 
derived from its use will depend on the therapeutic strategies 
implemented following collection of various hemodynamic para¬ 
meters. Despite the conceptual appeal of invasive hemodynamic 
monitoring and the information it provides, there are no data 
suggesting that the use of a PAC offers survival benefit. 17,18 In 
several studies, the PAC has been associated with harm, includ¬ 
ing increased resource utilization, mortality, higher rates of renal 
failure, thrombocytopenia, and thromboembolic events. 19,20 
Given these data, it is important to realize that the PAC offers no 
clear significant benefit in the resuscitation of all critically ill 
patients. If there are specific subgroups that benefit, they have 
not yet been clearly identified in either retrospective or prospec¬ 
tive studies. As a result of these findings, the use of the PAC by 
intensivists has dramatically declined. 21 

Dynamic Indices of Fluid Responsiveness. Dynamic 
assessments of fluid responsiveness are based on cyclical 
changes in systolic pressure, pulse pressure, and stroke volume 
in response to cardiorespiratory interactions. 22 The increase in 
pleural pressure during a positive-pressure breath during inspi¬ 
ration reduces right ventricular preload and leads to a reduc¬ 
tion in right ventricular stroke volume. The reduction in right 
ventricular stroke volume leads to a decrease in left ventricular 
filling after two to three heartbeats, a reflection of the 
pulmonary transit time (Fig. 9.3). This reduction in left 
ventricular filling then manifests as a reduction in left ventric¬ 
ular stroke volume, which is at its minimum during expiration. 

These changes in stroke volume are more pronounced in the 
presence of hypovolemia, and this finding has been used to 
advantage to identify patients who might be fluid responsive. 
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FIGURE 9.3. Demonstration of cyclic systolic (A) and pulse pressure variation (B) during the respiratory cycle of a mechanically ventilated 
patient. Systolic pressure variation (A) is demonstrated along with the reference line and end inspiration, from which Adown can be deter¬ 
mined. Pulse pressure variation is demonstrated in B. The pulse pressure is greatest at the end of the inspiratory period and at least several 
beats later (during the expiratory period). (From Michard F, Teboul JL. Using heart-lung interactions to assess fluid responsiveness during 
mechanical ventilation. Crit Care 2000;4:282-289, with permission.) 


Systolic pressure variation (SPV) is the difference between max¬ 
imal and minimal values of systolic blood pressure during one 
positive-pressure mechanical breath (Fig. 9.3). SPV is divided 
into two components: Aup and Adown. AUp is the difference 
between the maximal value of systolic pressure over a single 
respiratory cycle and the reference systolic pressure. ADown is 
the difference between the reference systolic pressure and the 
minimal value of systolic pressure over a single respiratory 
cycle. In either case the reference systolic pressure is that pres¬ 
sure measured during an end-expiratory pause. SPV greater 
than 11% or Adown greater than 5 mm Hg has been most 
strongly associated with fluid responsiveness. 23 

Pulse pressure variation has also been used as a dynamic 
index of fluid responsiveness and is directly proportional to 
left ventricular stroke volume (Fig. 9.3). Pulse pressure varia¬ 
tion is measured as follows: 


APP (%) = 100 X 


(PPmax — PPmin) 
(PPmax + PPmin)/2 


PPmax and PPmin are the maximal and minimal values of 
pulse pressure over a single respiratory cycle, respectively. 
Thus, APP is simply the difference between PPmax and PPmin 
divided by the mean of the two values. A APP (%) of greater 
than 13% is associated with fluid responsiveness and is 
believed to be more accurate than SPV. 9,15,22 

One additional means of evaluating fluid responsiveness 
using Doppler echocardiography has been described. Echocar¬ 
diography can be used to estimate aortic blood velocity, which 
is a good measure of left ventricular stroke volume. Respira¬ 
tory variation in aortic blood velocity has been shown to be an 
accurate measure of fluid responsiveness, yet is more invasive 
than other approaches due to the need for an esophageal 
Doppler probe. 24 


New Modalities for Cardiac 
Output Measurement 

The difficulties in using the PAC along with the questions 
regarding their safety has been the impetus for the development 
of several less invasive means of monitoring cardiac output. 


Esophageal probes, placed in a similar fashion to a nasogastric 
tube, measure blood flow velocity in the descending aorta by 
means of a Doppler transducer. The measured parameter is the 
aortic velocity waveform, which is converted to stroke volume 
using a standardized algorithm. An accurate velocity measure¬ 
ment requires good alignment between the Doppler beam and 
blood flow. In general, the agreement between cardiac output 
obtained by means of the thermodilution technique and that 
obtained through measurement of the aortic velocity waveform 
appears to be acceptable, but challenging. 25 

Pulse contour analysis has also been investigated as a means 
to continuously monitor cardiac output. Pulse contour-derived 
cardiac output (PCCO) methods use the arterial pressure wave¬ 
form as an input for a model of the systemic circulation to pre¬ 
dict instantaneous flow. The pressure waveform is obtained from 
a peripheral arterial line (radial or femoral), which requires 
assumptions regarding the changes in pulse shape between these 
different locations. The values attributed to model parameters 
(e.g., arterial resistance and compliance) are initially estimated 
according to the patient’s sex and age and from the pressure 
waveform. They are then refined following a calibration of mean 
cardiac output using an indicator technique (e.g., transpul - 
monary thermodilution or lithium chloride dilution). While 
there is good agreement between the cardiac output measured by 
thermodilution and that determined by pulse contour analysis, 
this technology has its limitations. PCCO appears to be inaccu¬ 
rate in the absence of sinus rhythm or in cases where the hemo¬ 
dynamic changes are occurring rapidly, as one might anticipate 
with hemorrhage or septic shock. 26-28 Presumably, alterations in 
vasomotor tone affect the pulse contour to the extent that the 
algorithms begin to fail. 


SUPPORT OF THE FAILING 
RESPIRATORY SYSTEM 


Impending or established respiratory failure is a common rea¬ 
son for admission of surgical patients to the ICU. However, it is 
important to recognize that not all patients requiring an airway 
(endotracheal or nasotracheal intubation) and mechanical 
ventilatory support have respiratory failure. There are a large 
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proportion of patients who have airway instability requiring 
endotracheal intubation (postoperative patients, traumatic brain 
injury, intoxication) but whose need for mechanical ventilatory 
support is relatively limited. By contrast, patients with respira¬ 
tory failure due to acute respiratory distress syndrome (ARDS), 
trauma, cardiogenic pulmonary edema, exacerbation of chronic 
obstructive pulmonary disease, or other less common etiologies 
require a mechanical ventilator to support gas exchange. 


Pulmonary Gas Exchange 

By gas exchange, we mean the process by which oxygen is 
taken up by the pulmonary capillaries from the alveolus and 
C0 2 ultimately excreted in each expired breath. These two 
processes—oxygen uptake and C0 2 excretion—are regulated 
by different mechanisms and have to be managed with these 
differences in mind. 

Oxygen uptake. Gas transfer in the lung and the causes of 
hypoxemia are demonstrated in Figure 9.4. Under normal 
conditions, red blood cells in the pulmonary capillaries become 
fully saturated and 0 2 dissolves in the plasma; the result is a 
blood P0 2 of 100 mm Hg (when equilibrium is reached at the 
end of a resting expiration) and a saturation of 100% (alveolus 
A in Fig. 9.4). This equilibration may be disturbed by hypoven¬ 
tilation in relation to perfusion, or V/Q mismatch (alveolus B 
in Fig. 9.4); diffusion block caused by interstitial fibrosis or 
edema (alveolus C in Fig. 9.4); or perfusion of nonventilated 
alveoli (shunt), which is simply the extreme of hypoventilation 
(alveolus D in Fig. 9.4). Diffusion block and V/Q mismatch 
can usually be overcome by breathing 100% 0 2 ; thus, persis¬ 
tent hypoxemia during exposure to high alveolar Po 2 is caused 
by total V/Q mismatch, called transpulmonary shunting or 
venous admixture. Under normal conditions, about 5% of the 
blood entering the left atrium has been shunted away from the 
pulmonary capillaries and oxygenation, either as a result of 
bronchial nutritive blood flow or through thebesian veins 


Inspired gas 

Po 2 149 



FIGURE 9.4. Variables affecting pulmonary gas exchange while air is 
breathed. In alveolus A, blood flow and ventilation are equal and nor¬ 
mal. The values in the alveolus and the exiting blood represent the end 
of a normal resting exhalation. Alveolus B represents hypoventilation. 
Alveolus C represents diffusion block. Alveolus D represents collapse 
or transpulmonary shunt. Alveolus E is ventilated without blood flow. 
(After Bartlett RH. Posttraumatic pulmonary insufficiency. In: Cooper 
P, Nyhus L, eds. Surgery Annual, 1971. New York: Appleton-Century- 
Crofts; 1971.) 
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FIGURE 9.5. The Pa0 2 values achieved at variable levels of Fi0 2 and 
variable levels of shunt. These calculations assume normal hemoglo¬ 
bin and a venous saturation of 75%. (After Bartlett RH. University of 
Michigan Critical Care Handbook. Boston, MA: Little, Brown; 1996.) 


opening directly into the left side of the heart. This phenome¬ 
non, combined with the normal minor V/Q mismatch associ¬ 
ated with shallow breathing at rest and positional effects on 
pulmonary blood flow, results in a normal arterial P0 2 of 90 
to 100 mm Hg and a normal Sa0 2 of 98%. The extent to 
which various degrees of transpulmonary shunting affect arte¬ 
rial oxygenation is shown in Figure 9.5. The shunt fraction is 
actually calculated by assuming that the blood in capillaries in 
those alveolar units that are functioning normally is fully satu¬ 
rated and oxygenated. In addition, it is assumed that the blood 
passing through areas of transpulmonary shunt is identical to 
venous blood. With these assumptions, the fraction of blood 
passing through the shunt can be calculated as the 0 2 content 
of blood leaving the capillaries of normal alveoli minus the 0 2 
content of arterial blood divided by the 0 2 content of blood 
leaving normal alveoli minus the 0 2 content of venous blood. 

Obviously, the effect of the 0 2 content of venous blood in 
the shunt calculation is considerable; when 0 2 delivery is 
decreased because of low cardiac output or a low Hgb concen¬ 
tration, the venous saturation falls and the shunt fraction is 
increased. It is not generally appreciated that the reductions in 
mixed venous oxygen saturation as a result of inadequate car¬ 
diac output or severe anemia might lead to profound hypox¬ 
emia refractory to increases in the fraction of inspired oxygen 
(Fi0 2 ). This effect occurs only in the presence of some degree of 
intrapulmonary shunting and is not evident in patients with 
normal lungs. For example, if one assumes there is some degree 
of shunt due to atelectasis, blood perfusing the atelectatic lung 
mixes with blood perfusing the more normal lung, so that 
overall pulmonary venous oxygen content is significantly low¬ 
ered. Increasing the inspired 0 2 to 100% may result in a large 
increase in P0 2 in the blood leaving the normal lung but little 
increase in arterial oxygen saturation because the pulmonary 
venous blood from normal alveoli was already maximally 
saturated. The large increase in P0 2 is associated with a small 
increase in 0 2 content because the 0 2 that raises the P0 2 
(e.g., from 100 to 500 mm Hg) does increase the small amount 
dissolved in plasma. However, the oxygenation of the arterial 
blood is an average of the 0 2 content of blood from the two 
areas of lung, not an average of the P0 2 . Therefore, systemic 
hypoxia persists regardless of the Fi0 2 . This physiology 
should be kept in mind—at times improvements in arterial 
oxygen saturation may only be gained through increasing 0 2 
by improving Cl or Hgb concentration, both of which would 
serve to increase the mixed venous oxygen saturation. 
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TABLE 9.2 


CALORIC VALUE OF METABOLIC SUBSTRATES 

■ kcal/g ■ kcal/L 0 2 ■ RQ 

Carbohydrate 4.0 5.0 1.0 

Fat 9.5 4.7 0.7 

Protein 4.8 4.5 0.8 


RQ, respiratory quotient. 


The shunt fraction can be calculated for any Fi0 2 , but such 
a calculation will also include components of diffusion block 
and V/Q mismatch when the Fi0 2 is less than 1. The level of 
lung dysfunction can be similarly estimated by calculating the 
alveolar-arterial (Aa) gradient for 0 2 or the Pa0 2 divided by 
the Fi0 2 . The Aa gradient is calculated as follows: 

Aa0 2 gradient = (P B - Pr 2 o) x Fi0 2 - PaC0 2 /R - Pa0 2 

where P B = barometric pressure (—60 mm Hg at sea level), 
Ph 2 o = 47 mm Hg at 37°C, and R = respiratory quotient (usu¬ 
ally 0.8), and the alveolar PC0 2 is identical to the arterial 

pco 2 . 

With these assumptions, the normal Aa gradient is about 
10 mm Hg, and an Aa gradient above 500 mm Hg corresponds 
to about 30% transpulmonary shunt. Dividing the Pa0 2 by 
the Fi0 2 is simply a shortened method to characterize the Aa 
gradient without all the calculations. The normal value is 500, 
and a value of 100 corresponds to a 30% shunt. 

Finally, interruption of the blood flow to alveoli has no 
effect on oxygenation, except for the diversion of blood flow 
to all the other areas of lung (alveolus E in Fig. 9.4). If the 
remainder of the lung is basically normal, then occlusion of the 
pulmonary arteries should have no effect on oxygenation. 
Patients with pulmonary embolism can become hypoxic, how¬ 
ever, because (a) blood flow must increase through areas of 
V/Q mismatch and shunting, (b) right atrial pressure increases 
to the point at which right-to-left shunting occurs through a 
patent foramen ovale, or (c) the residence time of red blood 
cells in pulmonary capillaries becomes so short that the time 
for oxygenation is inadequate. Of these causes, the latter can 
be largely corrected with supplemental 0 2 , which raises the 
gradient for 0 2 diffusion in the pulmonary capillaries. Thus, 
response to supplemental 0 2 can aid in discriminating an 
obstructive process (e.g., pulmonary embolism) from a diffuse 
injury and increased shunt (e.g., ARDS). 

Excretion of C0 2 . The rate of alveolar ventilation is the 
principal parameter affecting the excretion of C0 2 . This dif¬ 


fers from oxygen uptake because C0 2 is much more diffusible 
than 0 2 and a large amount of C0 2 is excreted during a short 
period of hyperventilation. 

The total amount of C0 2 produced by systemic metabolism 
is roughly equivalent to the amount of 0 2 consumed (100 to 
120 mL/m 2 per minute, or 200 mL per minute in a typical 
adult). The ratio between C0 2 produced and 0 2 consumed is 
referred to as the respiratory quotient (RQ) and varies slightly 
depending on whether carbohydrate or fat is being metabo¬ 
lized, with a normal value being 0.8. An RQ of 1 or greater 
suggests that the principal nutrient being metabolized is car¬ 
bohydrate, whereas an RQ of 0.7 indicates that primarily 
lipids are being utilized (Table 9.2). 

The production of C0 2 is increased or decreased by each 
of the factors that cause an increase or decrease in V0 2 . Most of 
the C0 2 in blood is present as bicarbonate ion, the amount of 
which cannot change quickly (somewhat analogous to the total 
blood Hgb or red cell mass in relation to 0 2 ). The metaboli- 
cally produced C0 2 , however, is mostly present as dissolved 
C0 2 , added to the blood in the peripheral tissues and excreted 
in the lung. In a steady state, the amount of C0 2 excreted 
through the lung is exactly equal to the amount of C0 2 pro¬ 
duced in peripheral tissues. Because the amount excreted is so 
easily influenced by minor changes in ventilation, however, the 
assurance of a steady state is particularly important when V0 2 
is measured at the airway. The amount of C0 2 excreted is a 
function of ventilation of perfused alveoli (i.e., alveolar ventila¬ 
tion per minute, or minute ventilation). The relation between 
alveolar ventilation and C0 2 excretion is shown in Figure 9.6. 

As excretion of C0 2 is directly related to alveolar ventila¬ 
tion, even if 70% to 80% of the alveoli are not inflated, hyper¬ 
ventilation of the remaining 25% can maintain normocarbia 
in arterial blood, whereas profound hypoxemia results from 
70% to 80% shunt regardless of the level of Fi0 2 or ventila¬ 
tion of the remaining alveoli. These relations are shown in 
Figure 9.7, which again illustrates that oxygenation is a func¬ 
tion of matching blood flow to alveolar inflation, whereas C0 2 
excretion is a function of ventilation or hyperventilation of 
alveoli with some blood flow. Normally, the end-tidal C0 2 
represents mixed alveolar gas that is in equilibrium with pul¬ 
monary capillary blood and hence with arterial blood. There¬ 
fore, the end-tidal C0 2 and the partial pressure of arterial car¬ 
bon dioxide (PaC0 2 ) should be almost identical. The central 
respiratory center is very sensitive to the PaC0 2 , so that the 
automatic rate and depth of breathing are regulated to main¬ 
tain the PaC0 2 at 40 mm Hg. The end-tidal C0 2 should be the 
same or just slightly less. There is no way that the PaC0 2 can 
be lower than the end-tidal C0 2 . If some of the end-tidal gas 
has not been in equilibrium with pulmonary capillary blood, 
the gas does not contain C0 2 and the C0 2 is diluted in end- 
tidal measurements, so that the end-tidal C0 2 is lower than 
the PaC0 2 . This situation occurs whenever a significant 
amount of lung is ventilated but not perfused (i.e., dead space) 


FIGURE 9.6. Alveolar ventilation required to 
excrete different levels of metabolically produced 
C0 2 . (Adapted from Nunn JF. Applied Respira¬ 
tory Physiology. London: Butterworth-Heineman; 
1969;2:9.) 
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FIGURE 9.7. The effects of collapsed alveoli (transpulmonary shunt) on 
the exchange of 0 2 and C0 2 in the lung. A: Exchange of C0 2 is limited by 
ventilation of perfused lung. B: Exchange of 0 2 is limited by blood uptake 
of 0 2 in ventilated lung. (After Bartlett RH. Pulmonary pathophysiology 
in surgical patients. Surg Clin North Am 1980;60:1323.) 


or is overventilated and minimally perfused or when some of 
the end-tidal gas represents inflation gas that is simply com¬ 
pressed and released, never having reached the alveoli. The 
latter situation inevitably occurs under any positive-pressure 
ventilation circumstance but creates a significant end-tidal 
PaC0 2 gradient only when peak airway pressures are very 
high and when the compression volume is a significant com¬ 
ponent of each exhaled breath. However, the end-tidal C0 2 
measurement becomes a useful continuous monitor of PaC0 2 
when the lung is nearly normal, as in ventilator weaning. In 
addition, the gradient between end-tidal and arterial C0 2 , 
when it is large, serves as an indirect measure of nonperfused 
alveoli (dead space) or compression volume, or both. 


Pulmonary Mechanics 

The interrelations of gas volumes and pressures in ventilation 
are referred to as pulmonary mechanics. How these volumes 
and pressures relate depend on pulmonary compliance. The 
standard compliance or volume-pressure curve, shown in Fig¬ 
ure 9.8, is drawn by measuring volume and pressure at stages 
of lung deflation after total inflation. Volume-pressure curves 
for normal lungs in three different patients are shown in 
Figure 9.8. Notice that the curve for a normal 35-kg child is 
the same as that for an adult with major atelectasis. (It would 
be similar after pneumonectomy in an adult.) This emphasizes 
the point that the functional lung in acute respiratory failure is 
smaller, but not necessarily “stiffen” Computed tomographic 
studies of patients with ARDS support this concept. The lung 
injury in ARDS is heterogeneous such that, in the presence of 
normal tidal volumes, the relatively few alveoli that remain 
ventilated might very well be overdistended. 29 These findings 
have significant implications for iatrogenic injury and ventila¬ 
tory strategies in these patients. 

In the example shown in Figure 9.8, inflation of the normal 
lung with 500 mL of gas requires a pressure of 8 cm H 2 0 and 



FIGURE 9.8. Volume-pressure (compliance) curves representing a 
normal lung (A and B ) and an atelectatic or edematous lung (C 
through E). The functional reserve capacity is decreased (A to C), and 
more pressure is required for inflation (C to E). (After Bartlett RH. Use 
of mechanical ventilation. In: Holcroft J, ed. Care of the Surgical 
Patient, Vol 1. Critical Care. New York: Scientific American Medicine; 
1989;2:9.) 


moves the patient from point A to point B. When the pressure 
is released, exhalation occurs passively, and lung volume returns 
to point A. Periodic inflation to 25 or 30 cm H 2 0 would achieve 
near-total alveolar inflation without causing overdistention. In 
acute respiratory failure, the cause of decreased compliance is 
almost always associated with a decrease in the functional 
residual capacity (FRC) (Fig. 9.8). The decreased FRC repre¬ 
sents lost alveoli, which are either collapsed or filled with fluid 
but still perfused with blood. Because the lung is smaller, the 
compliance curve is shifted to the right, and much higher pres¬ 
sures are required to achieve the same level of inflation. To 
inflate the lung to point E, for example, a pressure of 40 cm 
H 2 0 would be necessary. One way of managing ventilation in 
this circumstance is to maintain PEEP at 10 cm H 2 0 (C 1 in 
Fig. 9.8) and ventilate to point D with tidal breathing. The 
PEEP is set at this level to maintain the inflation of alveoli that 
might close at lower end-expiratory pressures. The elevated 
inspiratory pressures on top of the PEEP may also be helpful in 
recruiting closed alveoli. When that happens, the functional 
lung is bigger, and the entire compliance curve shifts back 
toward the left. 

PEEP has beneficial effects on gas exchange and lung com¬ 
pliance; however, if used without understanding the potential 
downsides, it can cause harm. For example, high levels of PEEP 
in relatively compliant lungs might increase intrathoracic pres¬ 
sure sufficiently to inhibit venous flow and reduce preload and 
cardiac output. High intrathoracic pressures might also have 
dramatic effects on patients with elevated intracranial pressure 
due to increased impedance for cerebral venous return. Cau¬ 
tion must also be exercised in patients with a unilateral lung 
process (e.g., aspiration, pulmonary contusion, alveolar hem¬ 
orrhage), as the increased pressures might harm the uninjured 
normal lung through overdistention. 

Several measurements must be taken to determine whether 
positive airway pressure is recruiting collapsed alveoli or simply 
distending normal alveoli (Fig. 9.9). As the most normal areas 
of lung have the best compliance, they are the most vulnerable 
to overdistention, and this vulnerability contributes to the 
steady progression of lung dysfunction in patients ventilated at 
either excessive pressures or tidal volumes. As collapsed alveoli 
are reinflated, compliance improves and oxygenation increases 
at the same ventilator settings as shunt decreases. These principles 
and measurements must be kept in mind during the treatment of 
the patient on a mechanical ventilator. 
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FIGURE 9.9. During mechanical ventilation, the gas volume may 
inflate alveoli equally (recruitment) or overdistend selected alveoli 
(distention). (After Bartlett RH. Pulmonary pathophysiology in surgi¬ 
cal patients. Surg Clin North Am 1980;60:1323.) 


Management of Respiratory Failure 

When confronted with a patient in acute respiratory failure, the 
first priority is to identify and treat easily remediable causes. 
Examples include a pneumothorax requiring a chest tube, 
acute pulmonary edema requiring diuresis, or an acute asthma 
exacerbation that may respond to bronchodilator therapy. In 
the absence of a readily reversible cause, most patients will 
require mechanical ventilatory support (Algorithm 9.1). Setting 
up the ventilator can be intimidating because the terminology is 
complex and continues to evolve with advances in technology. 
Only the most commonly used modes will be discussed. 

In principle, three parameters determine the mode of venti¬ 
lation: trigger ; limit, and cycle. Trigger refers to the signal to 
initiate the inspiratory phase and is set according to whether or 
not the patient has spontaneous respiratory effort. Mandatory 
modes such as continuous mandatory ventilation (CMV) use a 
time trigger, whereas spontaneous modes such as pressure sup¬ 
port use a flow or pressure change initiated by the patient. 
Mandatory modes of ventilation are required if the patient has 
inadequate or no spontaneous respiratory effort. 

The limit variable refers to the flow or pressure that is set 
during inspiration and cannot be exceeded. By convention, if 
the limit variable is flow, then the mode is labeled volume con¬ 
trol (VC) ventilation (volume = flow X time). Alternatively, if 
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ALGORITHM 9.1 


ALGORITHM 9.1. Management of respiratory failure. ET, endotracheal; PA, pulmonary artery; PCWP, pulmonary capillary wedge pressure; 
PE, pulmonary embolism; PEEP, positive end-expiratory pressure; PRBC, packed red blood cells; TV, tidal volume. (Modified from Bartlett RH. 
University of Michigan Critical Care Handbook. Boston, MA: Little, Brown; 1996.) 


























































Chapter 9: Critical Care 


175 


the limit variable is pressure, then the mode is termed pressure 
control (PC) or pressure support ventilation (PSV). Although 
both are pressure-limited modes, PSV requires spontaneous 
inspiratory effort, whereas PC can be used as either a manda¬ 
tory or spontaneous mode. 

Cycle is the variable that terminates the inspiratory cycle, 
which might be time, flow, pressure, or volume. In general, set¬ 
ting the cycle variable is equivalent to setting the inspiratory 
time and is manipulated based on pulmonary mechanics and the 
desired ratio of inspiratory to expiratory time. Intermittent 
mandatory ventilation (IMV) and assist control (A/C) modes 
both represent forms of volume control ventilation in which 
breaths are delivered at a set tidal volume with a set frequency. 
In A/C mode, if the patient initiates a breath, the tidal volume 
delivered will be the set volume, whereas in IMV mode, the tidal 
volume of spontaneous breaths is determined by the patient. 
However, when the ventilator is triggered (machine or patient), 
a fixed flow of gas is generated for a specific time providing a 
preset inspiratory volume (volume = flow X time). Volume- 
limited ventilation is generally easier to regulate but may be less 
comfortable for the awake patient as the flow curve is a square 
wave and markedly different from the normal inspiratory flow 
pattern in a nonventilated patient. The major advantage of volume- 
controlled modes of ventilation is the assurance that the patient 
will receive a guaranteed minimum minute ventilation. 

PSV is the most frequently used form of pressure-limited 
ventilation. In this mode, the patient triggers a breath and a 
variable flow is delivered to meet a set pressure. Cycling in this 
mode is determined by the decrease in flow rate and causes the 
ventilator to stop the inspiratory phase. As the lung inflates, 
compliance decreases and flow decreases to maintain a con¬ 
stant inspiratory pressure. When flow reaches a percentage of 
the maximal flow rate (typically around 80% of maximum, 
depending on the ventilator model), inspiratory flow ceases, 
and the patient exhales passively. Tidal volumes will be deter¬ 
mined by lung compliance—the more compliant the lung, the 
larger the tidal volume is at a set pressure. PSV is often used as 
a partial mode of ventilatory support in alert patients who may 
not tolerate more controlled forms of mechanical ventilation. 

Pressure control ventilation (PCV) is related to pressure 
support in that the flow is descending in amplitude during the 
inspiratory cycle. In contrast to PSV, with PCV the inspiratory 
time is set by the ventilator, not the patient. PCV is generally 
used in the A/C, which allows full support of patient-initiated 
breaths in addition to those initiated by the ventilator (manda¬ 
tory, or time triggered). The purported advantages of PCV 
relate to the decelerating flow curve, which is thought to allow 
more time for alveolar inflation and gas exchange. It is impor¬ 
tant to recognize that the tidal volume (and therefore minute 
ventilation) might change quite rapidly with changes in lung 


compliance. Thus, without continued reassessment of tidal 
volumes, there is a possibility that the patient might be signifi¬ 
cantly hypo- or hyperventilated. Pressure-regulated volume 
control (PRVC) is a mode similar to PCV in which the pressure 
is autoregulated (within a specified range) to ensure tidal vol¬ 
umes are maintained despite changes in lung compliance. 

Ventilator Strategies. Endotracheal intubation and mechan¬ 
ical ventilation provide vital support yet are associated with 
disadvantages, including a greater risk of pneumonia and 
aggravation of alveolar injury, respectively. Additionally, there 
is increasing evidence that the manner by which patients are 
ventilated and weaned might have significant effects on out¬ 
come. For example, in a large randomized controlled trial, 
patients with ARDS or acute lung injury (a form of hypoxemic 
respiratory failure, Table 9.3 30 ) ventilated with lower tidal vol¬ 
umes (6 mL/kg) had a significantly lower mortality than those 
ventilated at higher tidal volumes (12 mL/kg). 31 Clinical and 
experimental studies suggest that higher tidal volumes lead to 
ventilator-induced lung injury (by means of overdistending 
alveoli), which incites a secondary greater local and systemic 
inflammatory response. Patients ventilated with lower tidal vol¬ 
umes also had significantly lower ventilatory pressures (plateau 
pressures <30 cm H 2 0); thus, it is unclear which offered bene¬ 
fit—the lower tidal volumes or the lower plateau pressures. 
Most centers have since adopted this lung-protective ventila¬ 
tory strategy. 

A frequent point of controversy in managing the hypox¬ 
emic patient is the relative merits of using high levels of PEEP 
and lower levels of Fi0 2 or using lower levels of PEEP with a 
correspondingly higher Fi0 2 . By convention, many intensivists 
use higher levels of PEEP to maintain the Fi0 2 less than 0.6, 
believing that higher levels of oxygen might induce hyperoxic 
lung injury. However, results from a randomized controlled 
trial comparing a high PEEP strategy with a high Fi0 2 strategy 
demonstrated similar outcomes. 32 Given these data, the risks 
and benefits of using PEEP should be assessed for each patient 
depending on the nature of his or her underlying lung disease 
and associated conditions (e.g., low cardiac output state, high 
intracranial pressure, unilateral lung disease). 

Refractory hypoxemia in the critically ill patient often pre¬ 
sents a significant challenge. Two common approaches to 
assist in the management of these patients are prone position¬ 
ing and high-frequency oscillatory ventilation (HFOV). Prone 
positioning requires that the patient be cared for in this posi¬ 
tion, typically for as few as 4 to as many as 24 hours a day for 
as long as 1 to 10 days, depending on the clinical response. 
This approach results in improved ventilation due to the trian¬ 
gular shape of the rib cage (wider posteriorly) and a reduction 
in atelectasis by reversing the compressive effects of the heart and 


TABLE 9.3 


RECOMMENDED CRITERIA FOR ACUTE LUNG INJURY AND ACUTE RESPIRATORY DISTRESS SYNDROME 0 



■ TIMING 

■ OXYGENATION 

■ CHEST RADIOGRAPH 

■ PULMONARY ARTERY 
WEDGE PRESSURE 

Acute lung injury 
(ALI) 

Acute onset 

Pa0 2 /Fi0 2 <300 
regardless of PEEP level 

Bilateral infiltrates on frontal 
chest radiograph 

<18 when measured or no 
clinical evidence of left atrial 
hypertension 

Acute respiratory 
distress syndrome 
(ARDS) 

Acute onset 

Pa0 2 /Fi0 2 <200 
regardless of PEEP level 

Bilateral infiltrates on frontal 
chest radiograph 

<18 when measured or no 
clinical evidence of left atrial 
hypertension 


PEEP, positive end-expiratory pressure. 

a ln setting of known risk factors of either direct lung injury (aspiration, diffuse pulmonary infection, near drowning, toxic inhalation, pulmonary 
contusion) or indirect lung injury (sepsis, severe nonthoracic trauma, massive transfusion, cardiopulmonary bypass or ischemia/reperfusion insult). 
Adapted from Bernard GR, Artigas A, Brigham KL, et al. The American-European Consensus Conference on ARDS. Definitions, mechanisms, 
relevant outcomes, and clinical trial coordination. Am J Respir Crit Care Med 1994;149:818-824. 
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diaphragm due to gravitational forces. 33 The prone position also 
improves the clearance of secretions. Persistence of improved 
perfusion to the posterior lung also improves perfusion/ventila¬ 
tion mismatch. In several clinical trials, prone positioning led 
to a 25% to 35% increase in the Pa0 2 /Fi0 2 ratio, with sus¬ 
tained effects even beyond the period of proning. 34 Rates of 
pneumonia appear to be significantly lower due to a lesser risk 
of aspiration of secretions. While this approach appears to 
have significant merit, patient selection is important. Trauma 
patients in whom there are concerns regarding the stability of 
the spine are not appropriate, nor are patients at risk for car¬ 
diac arrest due to the challenges in performing cardiopul¬ 
monary resuscitation (CPR). In addition, to date, no overall 
benefit to survival has been demonstrated. 

HFOV is a mode of ventilation using a piston pump oscil¬ 
lating at frequencies between 180 and 600 breaths/min (3 to 10 
breaths/s). This piston pump moves air with very low tidal vol¬ 
umes (40 to 200 mL). Mean airway pressures are typically set 
just above the mean airway pressures used for conventional 
ventilation, yet the high frequency and lower tidal volumes lead 
to better lung recruitment and a higher end-expiratory lung 
volume as the alveoli do not have an opportunity to collapse. 
There is less cyclical recruitment-derecruitment of alveoli, lead¬ 
ing to less alveolar shearing. At the same time, the lower tidal 
volumes prevent over distention. Taken together, this mode of 
ventilation should reduce the potential for ventilator-induced 
lung injury, a finding demonstrated in small animal studies. 35 
While large randomized controlled trials evaluating the efficacy 
of HFOV in patients with acute lung injury are under way, 
early studies suggest an improvement in Pa0 2 /Fi0 2 ratios and 
a lower mortality rate. 36 

Weaning from Mechanical Ventilation. The process of 
weaning from the ventilator has changed significantly with evi¬ 
dence that the most rapid means of liberating a patient from 
the ventilator is through daily trials (30 to 90 minutes) of spon¬ 
taneous breathing with low levels of continuous positive air¬ 
way pressure (CPAP). This approach is superior to the gradual 
withdrawal of ventilation using pressure support or 
IMV. 37-39,40 If the patient tolerates the trial of spontaneous 
breathing, it is likely that he or she can be extubated with a low 
risk of requiring reintubation, providing he or she can protect 
the airway. Patients who fail a trial of spontaneous breathing 
should be rested for at least 24 hours using a stable, nonfatigu¬ 
ing form of ventilatory support. A partial support mode of ven¬ 
tilation (e.g., pressure support) probably offers benefit in terms 
of patient comfort while allowing a period of rest, as the 
patient can determine the respiratory rate, flow rate, inspira¬ 
tory time, and tidal volume. 


TRANSFUSION THERAPY IN 
THE INTENSIVE CARE UNIT 


Virtually half of patients admitted to an ICU will receive a 
transfusion during the course of their ICU stay. 41 In those staying 
in the ICU for at least 1 week, 85% will require an average of 
9 units over the course of their ICU stay. 42 The causes are mul¬ 
tifactorial and include blood loss from the underlying dis¬ 
ease^), repeated blood draws for laboratory tests, and sup¬ 
pression of erythropoietin release and erythropoiesis. In the 
past, transfusions were provided liberally to maintain Hgb in 
the range of 10 g/dL with the belief that allogeneic transfu¬ 
sions were not harmful and would improve oxygen delivery to 
hasten recovery. However, many studies have demonstrated 
that tissue oxygen extraction is not improved following trans¬ 
fusion. This lack of enhanced tissue oxygenation is likely mul¬ 
tifactorial and, in large part, related to the effects of storage on 
the erythrocyte. These effects result in increased hemoglobin 
oxygen affinity (due to loss of 2,3-diphosphoglycerate) and 


changes in membrane deformability leading to sludging in the 
microvascular circulation. 43-45 Additionally, a systematic 
review of cohort studies suggests that the transfusion of allo¬ 
geneic red blood cells is associated with an increased risk of 
nosocomial infection, acute lung injury, and multiple organ 
failure. 46 It is noteworthy that these sequelae are not limited to 
allogeneic red blood cells, as they have also been strongly asso¬ 
ciated with the transfusion of fresh frozen plasma. 47,48 

A large clinical trial in which nonbleeding, euvolemic crit¬ 
ically ill patients were randomized to either a liberal transfu¬ 
sion strategy (Hgb of 10 g/dL) or a restrictive strategy (Hgb 
of 7 g/dL) demonstrated that patients in the liberal group 
fared no better than those in the restrictive group who 
received far fewer transfusions. 49 In fact, younger patients 
(younger than 55 years of age) and those with Acute Physiol¬ 
ogy and Chronic Health Evaluation (APACHE) II scores of 
less than 20 had lower mortality and lower rates of organ dys¬ 
function. In a subset of patients requiring prolonged ventila¬ 
tor support, the rate of liberation from mechanical ventilation 
was higher in patients randomized to the restrictive arm, sug¬ 
gesting there is no benefit to transfusing patients for the pur¬ 
poses of improving their ability to wean off the ventilator. 50 
It appears that the risk of adverse outcomes related to a strict 
transfusion strategy is higher only in patients with unstable 
cardiovascular disease (unstable angina or acute myocardial 
infarction). 51 

Several approaches may be used to reduce transfusion 
requirements in the critically ill patient. Blood sampling 
should be reduced to only that which is required to alter 
patient care. Pulse oximetry should be used rather than arter¬ 
ial blood gases when there are changes in PEEP or Fi0 2 , and 
end-tidal C0 2 monitoring can guide changes in minute venti¬ 
lation. Weekly recombinant human erythropoietin (rHuEPO) 
administration has been evaluated in patients with an antici¬ 
pated prolonged ICU stay. In one randomized controlled trial, 
erythropoietin reduced transfusion requirements by approxi¬ 
mately 20% and reduced the need for any transfusion by 
17%, without affecting length of stay, rates of organ dysfunc¬ 
tion, or mortality. 52 A subsequent meta-analysis of seven ran¬ 
domized controlled trials suggested a 0.4-unit reduction in 
red cells transfused and a 25% lower risk of receiving any 
transfusion. 53 Again, no effects on clinically relevant outcome 
were evident. Given these findings of limited benefit, erythro¬ 
poietin receptor agonists are not recommended for use in crit¬ 
ically ill patients. Further, the incremental cost-effectiveness 
with the use of these agonists is unacceptable. Estimates 
include almost $5 million to prevent one transfusion-related 
adverse event. 54 


METABOLISM AND NUTRITION 


Metabolic and nutritional support are vital if the critically ill 
patient is to survive the ICU stay. Depletion of energy and pro¬ 
tein reserves leads to an inability to wean off the ventilator, 
immunologic failure, and a high probability of death due to 
overwhelming infection. Thus, in the ICU a tremendous amount 
of effort is geared toward assessing and maintaining adequate 
nutritional support. 


Energy Sources 

The major sources of energy are carbohydrates (including 
ketones and alcohols) and fats. In addition, protein can be oxi¬ 
dized through gluconeogenesis and is often a significant source 
of energy in critically ill patients. The goal of nutritional support 
is to supply energy from sources other than protein, so that 
endogenous and exogenous protein can be used for anabolism 
rather than catabolism. In normal volunteers and surgical 
patients, the breakdown of protein is decreased by giving the 
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subject exogenous fuel, typically in the form of carbohydrate or 
fat. This is referred to as the protein-sparing effect. Small 
amounts of glucose (400 cal/d) provide some degree of protein 
sparing, but full caloric support is required for maximal effect. 

Carbohydrate is the major source of energy during the nor¬ 
mal, nonstarving state. The brain and red cells are obligate users 
of glucose. They require glucose as the primary energy source 
under normal conditions. Other organs also use glucose prefer¬ 
entially as a source of energy. The brain and red blood cells can 
develop the capacity to use ketones as an energy source, a 
process called starvation adaptation. When fully oxidized, car¬ 
bohydrate produces 4 cal of energy per gram of substrate metab¬ 
olized, 5 cal of energy per liter of 0 2 consumed, and one mole¬ 
cule of C0 2 for each molecule of 0 2 consumed. The latter ratio 
is the RQ, discussed previously in the context of C0 2 production 
(see Table 9.2). 

Fat is the most efficient source of energy. Fat produces 9 cal 
of energy per gram of substrate metabolized and 4.7 cal of 
energy per liter of 0 2 consumed in this oxidation; its RQ is 0.7. 
Fat is stored as triglyceride, and for every three molecules of 
fatty acid oxidized to produce energy, one molecule of glycerol 
is also oxidized. Endogenous fat is the major source of energy 
during starvation. Glycogen stores are virtually depleted after a 
single day of fasting, following which fat becomes the major 
source of energy, with protein breakdown supplying glucose 
through the process of gluconeogenesis. 


Metabolic Requirements 

The typical expenditures of energy and protein in normal subjects 
and critically ill patients are shown in Figure 9.10. Protein and 
energy requirements are continuous. These are met by endoge¬ 
nous sources during fasting or through exogenous treatment 
(nutrition). Energy expenditure is referred to as the basal meta¬ 
bolic rate, or the basal energy expenditure. The term basal meta¬ 
bolic rate describes the energy required to maintain cell integrity 
in the resting state and at thermoneutrality. The latter term means 
an ambient temperature, usually close to 80°F (28°C), at which 
the heat loss and the need for increased heat production to main¬ 
tain the body temperature are minimal. The basal energy expen¬ 
diture (BEE) decreases with advancing age and varies with sex 
and body size. It is a function of cellular metabolism and hence of 
the body cell mass. The basal energy expenditure (in kilocalories) 


is usually estimated from the Harris-Benedict equation, which 
incorporates age, sex, and body size: 

Women: 

BEE = 655 + (9.6 X weight in kilos) 

+ (1.8 X height in cm) — (4.7 X age in years) 

Men: 

BEE = 66 (13.7 X weight in kilos) 

+ (5 X height in cm) — (6.8 X age in years) 

Requirements are most often expressed as kcal/kg per day. 
Basal requirements in healthy adults are typically in the range 
of 25 kcal/kg per day. 


Estimating and Measuring 
Energy Requirements 

The actual metabolic rate of any given patient can be esti¬ 
mated by modifying the predicted basal rate according to the 
clinical condition. For example, the metabolic rate is decreased 
by 10% in a starving person and increased by 10% with minor 
activity. This further estimation of metabolic activity in the 
resting (as opposed to basal) state is referred to as the resting 
energy expenditure. Trauma, stress, sepsis, and surgical opera¬ 
tions are all known to increase the metabolic rate. As a result, 
the BEE is usually multiplied by a stress factor to better 
approximate caloric requirements (Table 9.4). In general, to 
match utilization, the critically ill patient requires approxi¬ 
mately 35 kcal/kg per day. 

Although most of the studies on nutrition in critical illness 
have been based on estimated energy expenditure, actual mea¬ 
surement is much more accurate and is an important aspect of 
critical care. The most commonly used method of measure¬ 
ment is indirect calorimetry. In the ICU, indirect calorimetry is 
the only accurate and clinically feasible method of measuring 
energy expenditure. It is called indirect because the caloric 
burn rate is calculated from a measurement of oxygen uptake. 
Direct calorimetry implies a measurement of heat released by 
the body, which is technically difficult and clinically impracti¬ 
cal. Indirect calorimetry relies on the fact that burning 1 kilo¬ 
calorie requires approximately 200 mL of oxygen. Because of 
this very direct relationship between caloric burn and oxygen 
consumed, measurements of oxygen uptake (V0 2 ) and caloric 
burn rate are virtually interchangeable. 
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1500 


60 

120 

180 


g/d 


FIGURE 9.10. Energy and protein metabolism in normal, starving, 
operative, and septic states. (After Bartlett RH. Nutritional support. 
In: Dantzker DR, ed. Cardiopulmonary Critical Care. Orlando, FL: 
Grune & Stratton; 1986:263.) 


TABLE 9.4 


PREDICTED INCREASE IN CALORIC REQUIREMENTS AS A 
FUNCTION OF STRESSOR 


■ PHYSIOLOGIC STRESS 

■ STRESS FACTOR 

Operation 

1.1 

Peritonitis, major infection, or long 
bone fracture 

1.25 

Severe injury/infection or multiple 
organ failure 

1.5 

Thermal injury 


10% BSA 

1.25 

20%-30% BSA 

1.5 

40% BSA 

1.75 

>50% BSA 

2.0 

BSA, body surface area. 
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Indirect calorimetry can be carried out at the patient’s bedside 
and requires the measurement of the differences in oxygen and 
carbon dioxide concentrations between a known volume of 
inspired and expired gas. Assuming the patient is in a steady 
state, oxygen consumption and carbon dioxide production can 
be quantitated. With measurement of 0 2 consumption and C0 2 
production, the RQ (VC0 2 /V0 2 ) can be calculated, thus also 
providing an assessment of the relative oxidation of carbohy¬ 
drates and fat (see Table 9.2). Thus, indirect calorimetry pro¬ 
vides some indication of which substrates are being utilized to 
fulfill energy requirements. Normally the RQ is approximately 
0.8; very infrequently the RQ might be in excess of 1 and as high 
as 2.5, indicative of lipogenesis (synthesis of fat from carbohy¬ 
drates) and indicative of excess availability of carbohydrates. 

Measurement of the RQ is helpful as an internal check on 
the accuracy of the calorimetry measurements and as a guide¬ 
line to patient management. For example, if a patient has been 
receiving only 500 cal/d and has a metabolic rate of 2,500 cal/d, 
one would expect that the use of fat would be maximal, and the 
RQ should be 0.7 or less. If such a patient is treated with par¬ 
enteral nutrition and glucose used as the major source of energy, 
the RQ should be 1 when the caloric replacement matches 
caloric losses. If the RQ exceeds 1, then some of the excess 
infused carbohydrate is being converted to fat and excess C0 2 
is produced, which leads to a need for a higher minute ventila¬ 
tion. Thus, hypercaloric feeding with glucose can aggravate 
respiratory failure and the requirement for mechanical ventila¬ 
tion simply by increasing the load of C0 2 . 


Protein Metabolism 

Estimating and Measuring Protein Requirements. In 

normal protein metabolism, a continuous excretion of nitro¬ 
gen (mostly as urea) equivalent to about 50 g of protein each 
day is matched by a protein intake of 50 g/d. The rate of pro¬ 
tein synthesis and breakdown is about 300 g/d, with most 
endogenous amino acids being recycled into new protein. In 
starvation, protein catabolism continues (although at a slower 
rate) without a corresponding protein intake, leaving the 
patient in a negative protein balance. This protein flux is most 
conveniently measured as nitrogen flux; consequently, the con¬ 
dition is commonly referred to as negative nitrogen balance. 
During critical illness, the rate of protein catabolism generally 
increases while intake stops, so that a significant negative 
nitrogen balance results. It is convenient to think of this pro¬ 
tein breakdown as necessary to produce critically required glu¬ 
cose through gluconeogenesis when other carbohydrate stores 
have been exhausted. 

Protein Sources. The fact that the nitrogen balance is nega¬ 
tive does not mean that protein synthesis stops or slows down. 
On the contrary, the synthesis of new cells, inflammatory cells, 
collagen, coagulation factors, antibodies, and scores of other 
proteins occurs at an accelerated rate during critical illness. 
Amino acids derived from muscle tissue or other somatic and 
visceral proteins become the building blocks for protein in 
healing tissue and host defenses. Thus, the site of a traumatic 
or surgical wound or an area of acute inflammation diverts 
protein from other body tissues. Proteins that would otherwise 
strengthen the diaphragm or myocardium or participate in 
host defense processes are less available, thus significantly 
compromising the patient. A large part of the goal of nutri¬ 
tional management is to provide sources of energy so that 
endogenous proteins are not required for energy (i.e., protein 
sparing) and to supply exogenous proteins so that all the needs 
of protein synthesis can be met without a breakdown of 
endogenous sources. Although oversimplified, a convenient 
number to remember for the basal protein requirement is 0.8 
g/kg per day. The average critically ill surgical patients might 
require 1.5 g/kg per day, whereas patients with severe thermal 


injury and head injuries might have requirements in excess of 
2 g/kg per day. 

Nitrogen Balance. Protein balance is most frequently 
determined through assessment of nitrogen balance. Nitrogen 
balance can be determined by measuring the amount of nitro¬ 
gen excreted. This is most conveniently done by measuring the 
amount of urea excreted in the urine if one assumes that urea 
constitutes 85% of the total nitrogen excretion. Since each 
gram of nitrogen represents 6.25 g of protein, total protein 
intake can be compared with protein loss through an estimate 
of daily urea excretion. However, it is better to measure the 
total nitrogen in urine and other lost fluids because the per¬ 
centage contained in urea can vary considerably. 

Indirect assessments of protein reserves are based on the sin¬ 
gle measurement of body substances that are maintained at nor¬ 
mal levels by rapid protein synthesis. A variety of visceral pro¬ 
teins that have relatively short half-lives have been assessed for 
their relationship to protein status. Prealbumin (t 1/2 = 2 days), 
retinol-binding protein (t 1/2 = 10 days), and transferrin (t 1/2 = 8 
days) have all been used in the evaluation of nitrogen balance. 
Albumin has limited utility given its relatively long half-life (t 1/2 
= 21 days). Some advocate insulinlike growth factor-1 as 
another short-lived serum visceral protein, with the major bene¬ 
fit being its relative independence of the inflammatory state of 
the patient. For example, prealbumin is a negative acute-phase 
reactant and serum levels will decrease in the presence of ongo¬ 
ing, acute inflammation. As a result, increasing levels of prealbu¬ 
min might be consistent with the deposition of new protein or an 
abating inflammatory response, whereas a decrease might sug¬ 
gest a negative nitrogen balance or a new focus of inflammation 
or infection. For these reasons, these rapid-turnover visceral pro¬ 
teins should be used as only one measure of protein status. 


Fat Metabolism 


In a normal 80-kg man, about 1,000 cal are readily available as 
glycogen and other stored carbohydrates, 24,000 cal are avail¬ 
able as protein, and approximately 140,000 cal are stored as fat. 
A 10,000-cal deficit accrued over 5 to 6 days of semistarvation in 
a critically ill patient is considered a severe, acute energy deficit. 
This seems paradoxical given the large amount of calories stored 
as fat. However, the problem of a 10,000-cal deficit is not the 
loss of a few kilograms of fat but rather the protein catabolism 
commonly associated with an energy deficit of this size. 

With the exception of essential fatty acids, the critically ill 
patient has little need for the administration of exogenous 
lipid. If the entire nonprotein caloric requirement were admin¬ 
istered solely as carbohydrate, glycemic control and C0 2 reten¬ 
tion (or a need for a higher minute ventilation) would be the 
only potential adverse effects. Thus, lipid is provided to prevent 
essential fatty acid deficiency and minimally as a source of non¬ 
protein calories. 

There is significant debate regarding the value of administer¬ 
ing intravenous fat emulsions in patients requiring parenteral 
nutritional support. Selected studies report an increased risk of 
infection and other complications, including potential lung toxi¬ 
city from released fatty acids, compared to patients not receiving 
lipid emulsions. 55 It is entirely possible that the improved out¬ 
comes in the patients not receiving lipids were related to the 
withholding of these fat infusions or due to the hypocaloric 
nutritional regimen (underfeeding) these patients received, which 
simplifies glycemic control along with all of its inherent benefits. 


Vitamins and Minerals 


A hypermetabolic patient catabolizes vitamins more rapidly 
than normal and can reach a deficiency state sooner. Addition¬ 
ally, the oxidative stress associated with reperfusion injury and 
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a systemic inflammatory response leads to depletion of endoge¬ 
nous antioxidants, including vitamins E and C. In this regard, 
there is evidence to suggest that high doses of vitamins E and C 
might improve outcome and lower the risk of multiple organ 
failure in critically ill surgical patients. 56 Adequate levels of 
other vitamins are readily available in commercially prepared 
formulations used for enteral or parenteral administration. 

Mineral and trace metals must be managed more carefully 
than vitamins because a deficiency can occur more quickly and 
overdose can be deleterious. Calcium, phosphorus, and mag¬ 
nesium are lost continuously through the urine, stool, gastric 
juices, and other drainage. Although large body stores (partic¬ 
ularly of calcium and phosphorous) are available, functional 
deficiency can develop rapidly. Enteral and parenteral feeding 
must include these elements and serum levels of calcium, phos¬ 
phorus, and magnesium should be measured at regular intervals. 
In addition, zinc, copper, chromium, selenium, and manganese 
must be supplied to patients who are supported with enteral or 
parenteral feeding for more than 2 weeks. 


Nutritional Support 

Q Nutritional status should be assessed at the time of admission to 
the ICU with a view to determining whether the patient is mal¬ 


nourished and the likelihood of timing to return to normal oral 
intake. Patients who are malnourished at the time of admission 
should receive nutritional support as soon as possible, typically 
once the acute resuscitation phase is over. In a systematic review 
of randomized controlled trials, early enteral nutrition (initia¬ 
tion within 36 hours of admission) was associated with a signif¬ 
icantly lower risk of infections and a shorter hospital length of 
stay. 57 A reasonable goal for nutritional support is to meet the 
caloric and protein requirements within 5 days of ICU admis¬ 
sion in adequately nourished patients in whom a return to oral 
intake is not imminent (Algorithm 9.2). 

The critically ill patient is best provided energy and protein 
using the gastrointestinal tract whenever possible. This route 
has fewer risks of complications and is less costly than the par¬ 
enteral route. Enteral feeding can be accomplished through a 
tube passed directly into the duodenum or jejunum at surgery 
or through a soft, small-bore feeding tube passed into the 
stomach through the nose or mouth. It is generally possible to 
accomplish tube feeding with gastric infusion and there 
appears to be no specific benefit to postpyloric enteral feeding 
with respect to rates of pneumonia due to aspiration. 58 How¬ 
ever, in the case of intolerance, postpyloric feeding should be 
considered. Intolerance of gastric feeding usually manifests as 
large volumes (>300 mL) of residual feeds in the stomach on 
aspiration from the feeding tube. In this scenario, the feeding 



Enteral feeding possible? 



ALGORITHM 9.2 


ALGORITHM 9.2. Nutritional management. RQ, respiratory quotient; TPN, total parenteral nutrition. (Modified from Bartlett RH. University 
of Michigan Critical Care Handbook. Boston, MA: Little, Brown; 1996.) 
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tube should be advanced beyond the pylorus using endoscopy 
or fluoroscopy. Alternatively, prokinetic agents like metoclo- 
pramide or erythromycin may be effective. 

Feedings should be given by continuous infusion rather than 
as large boluses. The patient should be positioned in a semire- 
cumbent or sitting position (at a minimum of a 30-degree 
angle) to prevent regurgitation and aspiration and to lower the 
risk of ventilator-associated pneumonia. Gastric residuals 
should be checked if the patient feels uncomfortable or appears 
distended, but it is not necessary to check the residual more 
than once a day under most circumstances. With continuous 
tube feeding, a residual of 200 to 300 mL is normal. 

It is better to start with a small amount of full-strength for¬ 
mula rather than a large amount of diluted formula. The rate 
can be advanced and gradually increased until the desired vol¬ 
ume is reached. Hypernatremia can occur in patients who 
receive high-protein formulas or concentrated formulas or in 
those patients with significant free water losses. Hypernatremia 
should be managed by administering free water via the feeding 
tube. A serious problem with tube feeding is complete cessation 
of feedings because of diarrhea or a large gastric residual. If the 
tube feeding needs to be curtailed for any reason, it should be 
reinstituted the next hour at a smaller volume and gradually 
increased until the prescribed caloric load is reached. 

Enteral Formulations. Commercially available formulas 
for enteral feeding generally contain 1 to 2 cal/mL and include 
16% to 25% of calories as protein. Most of the calories are 
supplied as maltodextrins, hydrolyzed corn syrup, corn syrup 
solids, and sucrose. Those that are considered elemental, sup¬ 
plying amino acids rather than proteins, or are concentrated 
have a higher osmolarity and might cause cramps or diarrhea. 
If diarrhea occurs, other causes should also be considered such 
as antibiotic-associated diarrhea, pseudomembranous colitis, 
and sorbitol-containing medications. 

Several specific substrates with immunologic effects have 
been added, alone or in combination, to a variety of enteral for¬ 
mulations. The number of these key nutrients, also called 
nutraceuticals or pharmaconutrients, continues to increase, but 
to date only arginine, glutamine, nucleotides, and omega-3 
polyunsaturated fatty acids seem to play a role in the regulation 
of immunologic and inflammatory responses in critically ill 
patients. Several of the commercially available enteral prepara¬ 
tions have some combination of these nutraceuticals, making it 
difficult to assess which alone or which combination offers 
optimal benefit while all are more costly. Several systematic 
reviews of randomized controlled trials indicate that these for¬ 
mulations appear to reduce the incidence of infectious compli¬ 
cations, duration of mechanical ventilation, and length of ICU 
stay without any improvement in mortality. 59,60 However, in 
the face of an ongoing excessive immunoinflammatory response, 
these agents may prolong the process and associated organ 
injury, such as ARDS. 

Parenteral Nutrition. Commercial preparations for par¬ 
enteral feeding are limited to glucose (20% to 70%) and fat 
(10% to 20%) as energy sources and amino acid or peptide 
solutions (5.5% to 15%) as protein sources. Total energy 
requirements should be met through administration of fat, 
carbohydrate, or both. Any protein administered should be 
available for anabolic processes. Parenteral feeding with carbo¬ 
hydrate is limited by the sclerotic effect of hyperosmolar solu¬ 
tions on veins. Effective parenteral feeding with carbohydrate 
alone requires solutions of at least 1 cal/mL (25% sugar). This 
type of solution must be administered into an area of rapid 
blood flow, generally the superior vena cava. Fat is a more effi¬ 
cient energy source and can be given through peripheral veins 
in concentrations of either 10% or 20%. The total daily energy 
requirement can be given as fat, or a major portion can be 
given as fat with the rest as carbohydrate. Both fat and carbo¬ 
hydrate are equally effective sources of energy. The ratio 


between fat and carbohydrate energy sources and the ratio 
between total energy sources and grams of protein vary 
depending on the clinical state. For example, a patient with car¬ 
diac failure may require a solution that is low in volume and 
low in sodium but high in calories and protein. A patient with 
multiple intestinal fistulas may require large volumes, which 
allow for fewer calories and grams of protein per milliliter. As 
a rule of thumb, half of the calories can be provided by carbo¬ 
hydrate, 30% as fat, and the remainder as protein. 

The standard solution can be modified for individual 
patients by raising or lowering the concentration of glucose 
and amino acids and by varying the electrolyte and trace metal 
composition. Vitamins and trace minerals are added to the 
solution at regular intervals. The standard solution must be 
supplemented with intravenous fat to provide at least 100 g of 
fat emulsion each week to preclude fatty acid deficiency. Fat 
emulsion may be administered through a peripheral vein or 
through a central catheter at the same time as the hypertonic 
glucose solution. 

The most common complication of total parenteral nutri¬ 
tion is infection on or around the intravascular catheter. 
Of course, infection can occur with any indwelling vascular 
catheter, but it is more likely in the presence of hypertonic glu¬ 
cose and protein solutions. If catheter infection is suspected, 
the catheter must be removed and a new location and catheter 
placed. Hyperglycemia is also common and should be aggres¬ 
sively managed with an insulin infusion. A sudden increase in 
blood glucose levels in a patient receiving parenteral nutrition 
is often an early sign of infection. When this occurs, the patient 
should be thoroughly evaluated with this in mind. 


STRICT GLYCEMIC CONTROL 


The cytokine and hormonal milieu characteristic of critical ill¬ 
ness leads to hyperglycemia such that virtually all patients have 
blood glucose levels in excess of 120 mg/dL. This response is 
due to a combination of increased peripheral insulin resistance 
and increased hepatic glucose production (Table 9.5). Hyper¬ 
glycemia has several effects on immune function that poten¬ 
tially increase the risk of infectious complications. Specifically, 
elevated blood glucose levels increase proinflammatory 
cytokine production from monocytes; impair lymphocyte pro¬ 
liferation; decrease serum opsonic activity through glycosyla- 
tion of immunoglobulins; and impair neutrophil chemotaxis, 
oxidative burst, adherence, and phagocytosis. 


ITABLE 9.5 


1 

EFFECTORS AND MECHANISMS OF STRESS-INDUCED 
HYPERGLYCEMIA 


■ INCREASED 

■ INCREASED 


PERIPHERAL 

HEPATIC 


INSULIN 

GLUCOSE 

■ MEDIATOR 

RESISTANCE 

PRODUCTION 

Cortisol 

X 


Glucagon 


X 

Growth hormone 

X 


Norepinephrine 


X 

Epinephrine 


X 

TNF-ct 

X 


IL-1 

X 


IL-1, interleukin 1; TNF 

-a, tumor necrosis factor-u. 
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TABLE 9.6 


CLASSIFICATION OF ACUTE KIDNEY INJURY (RIFLE CLASSIFICATION) 



Early evidence from randomized controlled trials suggested 
that strict glycemic control aiming for blood glucose in the 
range of 80 to 120 g/dL reduced mortality, principally due to 
a reduction in the risk of sepsis-induced organ failure. 61 More 
recent trials and meta-analyses suggest that the relationship 
between glycemic control and mortality is more complex. 62,63 
It appears that there is no benefit and even a potential for harm 
in medical patients or mixed medical-surgical critical care 
units. By contrast, there appears to be a mortality benefit with 
a 40% lower risk of death in critically ill surgical and trauma 
patients. 62,63 The differential effects are not easily explained 
and might relate to the attributable mortality of sepsis in med¬ 
ical as compared to surgical populations. What is evident from 
many of these trials is that the rate of hypoglycemic episodes is 
over fivefold greater (as high as 20% of all patients) and the 
nursing workload associated with titration of a continuous 
insulin infusion is significant. To mitigate some of these con¬ 
cerns, evidence-based guidelines suggest a tightly controlled 
insulin protocol and a more moderate approach, with a blood 
glucose target under 140 mg/dL. 


ACUTE RENAL FAILURE 


Acute renal failure (ARF) complicates approximately 5% of ICU 
admissions. By definition, ARF is an abrupt decrease in kidney 
function that results in the accumulation of nitrogenous solutes. 
ARF may be oliguric (urine output <400 mF/d) or nonoliguric 
Q (urine output is normal or increased while solute clearance is 
markedly decreased). It is now recognized that renal dysfunction 
occurs along a continuum, such that the term more appropri¬ 
ately used in the ICU is acute kidney injury (AKI), which is 
graded using the RIFFE (risk, mjury, /ailure, /oss, end-stage kid¬ 
ney disease) classification (Table 9.6). 64,65 The mortality of ARF 
in the surgical ICU is high (50% to 90%) because ARF is usually 
just one component of severe multiple organ failure. The mor¬ 
tality from nonoliguric ARF is significantly less than that from 
oliguric ARF, although many patients progress to oliguria with 
its poor outcome. Regardless of urine output, the sequelae of 
ARF result from the retention of metabolic wastes indicated by a 
progressive rise in blood urea nitrogen (BUN) and serum creati¬ 
nine concentrations. Hypervolemia and electrolyte imbalances 
further complicate the management of oliguric ARF 


Etiology of Acute Renal Failure 

The pathogenesis of ARF is commonly classified as prerenal, 
postrenal, or intrinsic parenchymal disease (renal). In any 


patient with renal dysfunction, prerenal and postrenal 
(obstructive uropathy) causes should be excluded (Table 9.7). 
Obstructive etiologies can easily be excluded using ultrasonog¬ 
raphy to evaluate the kidneys, ureters, and bladder. Parenchy¬ 
mal disease is the most frequent cause of ARF in the ICU, with 
acute tubular necrosis (ATN) being the most common patho¬ 
logic finding. 

ATN is the death of tubular cells, which occurs due to 
either ischemia (ischemic ATN) or nephrotoxic agents (toxic 
ATN). Ischemic ATN is seen in the context of sepsis, hypov¬ 
olemia, major surgery (likely related to changes in intravascu¬ 
lar volume), or cardiogenic shock. Under conditions of dimin¬ 
ishing renal blood flow, perfusion of the kidneys is first 
maintained by vasomotor responses, which dilate the afferent 
arteriole and constrict the efferent arteriole. As continued 
hypotension is detected by the juxtaglomerular apparatus, the 
renin-angiotensin system is activated in concert with the sym¬ 
pathetic release of other vasoactive hormones. These sub¬ 
stances produce vasoconstriction systemically, including the 
afferent arteriole, and further exacerbate cortical hypoperfu¬ 
sion. Casts of cellular debris obstruct the lumen, and cellular 
edema occurs. As tubular cells become necrotic and slough off, 
the leakage of glomerular ultrafiltrate back across the proxi¬ 
mal tubular membrane into the interstitium causes edema. 
Acute tubular necrosis consists of a spectrum of effects of cor¬ 
tical ischemia, ranging from polyuria with tubular dysfunction 
to temporary anuria to renal cortical necrosis with chronic 
anuria. 


TABLE 9.7 


STANDARD MEASUREMENTS IN THE DIAGNOSIS 
OF RENAL FAILURE 


■ TEST 

■ PRERENAL 

■ PARENCHYMAL 

Urine osmolarity 

>500 

250-350 

(mOsm) 



U/P osmolality 

>1.5 

<1.1 

U/P creatinine 

>20 

<10 

Urine sodium 

<20 

>40 

FE Na 

<1% 

>3% 

FE Na , fraction of excreted sodium; U/P, urine- 

-to-plasma ratio. 
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Toxic Acute Tubular Necrosis 


Toxic ATN might occur as a result of pigments (myoglobin, 
hemoglobin), radiocontrast media, or drugs. Pigment nephropa¬ 
thy due to the effects of myoglobin following trauma, major 
burns, global ischemia, or operation is not uncommon in the 
surgical intensive care unit. Rarely, hemoglobinemia due to 
massive intravascular hemolysis might also give rise to pigment 
nephropathy. ARF due to circulating myoglobin occurs in almost 
half of patients with significant rhabdomyolysis. Rhabdomyoly- 
sis leads to ATN through three mechanisms: intrarenal vasocon¬ 
striction and ischemia, cast formation with tubular obstruction, 
and the direct toxic effects of myoglobin on the renal tubules. 
Although myoglobin is not a direct nephrotoxin, in the presence 
of aciduria, myoglobin is converted to ferrihemate, which is 
toxic to renal cells. Rhabdomyolysis should be suspected in 
patients with burns, trauma, seizures, alcohol or drug intoxica¬ 
tion, prolonged ischemia in muscle groups, and extended coma. 

The presence of myoglobin in the urine can be first sus¬ 
pected by the presence of dark, tea-colored urine and then con¬ 
firmed with a positive urine dipstick, which reacts with the 
heme groups of both myoglobin and Hgb. The absence of red 
cells on microscopy confirms that the discolored urine is 
caused by myoglobin. High serum levels of creatinine phos- 
phokinase (CPK) or myoglobin, in combination with evidence 
of urine myoglobin, confirm the diagnosis. One characteristic 
feature of early rhabdomyolysis-induced acute kidney injury 
that differs from other forms of ATN is the presence of a low 
fractional excretion of sodium (<1%), a potential manifesta¬ 
tion of the importance of vasoconstriction and tubular occlu¬ 
sion in its pathogenesis. 66 

Patients with either CPK greater than 20,000 IU/L or 
serum myoglobin greater than 10,000 ng/mL are at highest 
risk for pigment nephropathy. Measures should be instituted 
to prevent pigment nephropathy and lower the likelihood of 
requiring renal replacement therapy (RRT). The most impor¬ 
tant measure is volume expansion with or without adminis¬ 
tration of diuretics to achieve a urine output of 150 to 200 
mL/h. Mannitol is an ideal diuretic in this sense as it induces 
an osmotic diuresis and as an oxidant scavenger might 
reduce iron-mediated oxidative injury to the renal tubules. 
Many intensivists also attempt to alkalinize the urine (pH 
>7) through the administration of sodium bicarbonate solu¬ 
tions, although evidence supporting this approach is lacking. 
Forced diuresis should continue until the urine is clear of 
myoglobin. 

Radiocontrast media is another frequent cause of toxic 
ATN in surgical patients and is the third most common cause 
of ARF in hospitalized patients. It is believed to be due to 
both renal vasoconstriction leading to medullary ischemia 
and oxidant injury. The incidence of contrast nephropathy is 
about 1% to 3% when defined as a 25% elevation in serum 
creatinine. Risk factors include mode of administration 
(intraarterial > intravenous), advanced age, preexisting renal 
dysfunction, diabetes, hypovolemia, nonsteroidal anti¬ 
inflammatory drug (NSAID) use, and type of radiocontrast 
agent. 67 

Contrast nephropathy is usually experienced as an asymp¬ 
tomatic, transient rise in creatinine but may progress to olig¬ 
uric renal failure that requires hemodialysis (HD). Volume 
expansion with saline is probably the most effective means of 
preventing contrast nephropathy in high-risk patients. There 
are conflicting reports regarding the effectiveness of N-acetyl- 
cysteine and sodium bicarbonate in preventing acute kidney 
injury following radiocontrast media exposure. N-acetylcys- 
teine may protect against the effects of free radicals, while 
sodium bicarbonate is believed to prevent their formation. 
Taken together, the evidence suggests that at a minimum, 
either of these adjunctive measures is not harmful and might 
be beneficial. 68 


Management of Acute Renal Failure 

In surgical patients, ARF rarely occurs in isolation. Rather, 
ARF is only one component of a syndrome of multiple organ 
failure that is often accompanied by infection. The treatment 
of these patients, therefore, should be focused on managing the 
underlying disease processes. The development of ARF compli¬ 
cates the care of surgical patients by introducing difficulties in 
fluid, electrolyte, and nutritional management. The adverse 
effects of RRT further compound these problems. A favorable 
outcome can be achieved only through aggressive intervention. 
This includes surgical drainage of infectious foci, excision of 
necrotic tissue, early implementation of effective RRT, and full 
nutritional support (Algorithm 9.3). 


General Care 


With nonoliguric ARF, the treatment may differ little from 
that required for identical patients with normal renal function. 
The management of fluids, solutes, and nutrition is usually 
unaffected by nonoliguric ARF, although the BUN may be ele¬ 
vated. The extent of renal dysfunction is limited and almost 
always reversible. The use of renal replacement therapies (and 
their inherent complications) is rarely necessary. 

Oliguria and anuria pose several management difficulties. In 
the absence of normal urine output, problems of fluid overload 
can lead to anasarca, pulmonary edema, and congestive heart 
failure. The pharmacokinetics of drugs becomes difficult to 
predict as a result of decreased elimination and increased vol¬ 
ume of distribution. In light of these risks, the volume status of 
patients with ARF must be carefully monitored. Fluid intake 
and output must be precisely tabulated, and the body weight 
should be measured daily. Pulmonary artery catheterization 
may be necessary to monitor the fluid status of these patients 
more closely. Treatment options for hypervolemia consist of 
fluid restriction or fluid removal with some form of RRT. Fluid 
restriction, however, limits the administration of intravenous 
medications and may preclude adequate nutrition. 

ARF can create severe derangements in electrolyte and 
acid-base physiology. Serum electrolytes should be measured 
at least daily. Of all the electrolyte abnormalities that can 
occur with ARF, hyperkalemia is the most serious. Under the 
conditions of hypercatabolism and tissue necrosis that charac¬ 
terize these patients, large amounts of potassium may be gen¬ 
erated and accumulate during a short period of time. Acute 
hyperkalemia causes a decrease in cardiac excitability, which 
can ultimately result in asystole. The removal of potassium 
must be accomplished with RRT or ion exchange resins. Other 
electrolyte abnormalities, such as hyponatremia, hyperphos¬ 
phatemia, hypocalcemia, and metabolic acidosis, are common 
in ARF and must be monitored closely. Treatment consists of 
appropriate additions or restrictions of intravenous solutions 
and effective use of RRT. 

Platelet dysfunction and coagulopathy are often associated 
with ARF. A reproducible platelet defect can be demonstrated 
experimentally with a BUN of 100 mg/dL. This defect can be 
transiently reversed with administration of desmopressin 
(DDAVP). Platelet transfusion in this clinical setting will be 
ineffective because the transfused platelets will rapidly acquire 
the same dysfunction at the patient’s platelets. Anemia also 
accompanies ARF in surgical patients. In addition to the loss 
of blood during hemorrhage or operation, the production of 
erythropoietin has been shown to decrease in direct propor¬ 
tion to the decrease in renal function. 


Nutritional Support in Acute Renal Failure 

The goal of nutritional support in ARF is to provide opti¬ 
mal amounts of calorie and protein substrates to minimize 
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Blood volume 
Cardiac output 
Inotropes 


Polyuria 


Dx: some nephrons functional 


• Expect azotemia 

• Full nutrition 

• Intermittent hemodialysis 

as needed for 
solute clearance 


Renal recovery- 


Dx: some or all nephrons recovered 


Oliguria 


I 

Rule out urinary obstruction 

I 

Ensure good renal blood flow 


Dx: renal parenchymal disease 


Bladder catheter 
Ultrasound 


Confirm by urine 
electrolytes 
and clearance 


Diuretic trial 

(Furosemide, 100-500 mg) 


-1 

i 

Oliguria 


Dx: no nephrons functional 


Isolate renal failure 

• Full nutrition 

* Intermittent hemodialysis 

as needed for volume 
and solute control 


Multiple-organ failure 

• Full nutrition 

• Continuous renal replacement therapy 


■Chronic renal failure 


Dx: no nephrons recovered 


Chronic dialysis 


ALGORITHM 9.3 


ALGORITHM 9.3. Management of acute renal failure. CAVH, continuous arteriovenous hemofiltration; CAVHD, continuous arteriovenous 
hemodialysis; PD, peritoneal dialysis. 


autocatabolism and allow tissue anabolism, wound healing, 
and sustained immune function. In any discussion of nutrition 
and renal failure, it is necessary to point out the distinction 
between acute and chronic renal failure. Patients with chronic 
renal failure are generally healthy, and their energy require¬ 
ments differ little from those of persons without chronic renal 
failure. Protein intake is required only for metabolic turnover 
and is restricted to minimize the generation of urea and other 
products of protein metabolism. 

By contrast, the metabolic requirements of a patient with 
ARF are those of a critically ill, hospitalized patient. Actual 
measurement of resting energy expenditure has shown that the 
caloric requirements of patients with multiple organ failure 
and ARF are often 50% above those of normal, healthy sub¬ 
jects. Measured protein requirements may be increased to as 
much as 2.5 g/kg to provide for anabolic wound healing and 
sustained immune function. For these patients, protein restric¬ 
tion is counterproductive and potentially detrimental. Urea 
generation is best minimized by providing enough energy sub¬ 
strates (carbohydrates and lipids) to prevent the cannibaliza¬ 
tion of endogenous protein as an energy source. 

A positive energy balance may also make the management 
of uremia and hyperkalemia less difficult. When a patient 
receives fewer calories than those expended, the difference 
must be made up from endogenous stores. In a well-nourished 
person, carbohydrate stores rarely exceed 2,500 kcal. After 
these stores have been depleted, lipid and protein stores are 


mobilized. In the diseased state, endogenous protein has been 
shown to be catabolized preferentially as an energy substrate 
in the absence of readily available glucose. With the catabo¬ 
lism of protein, urea is generated. In addition, catabolic wast¬ 
ing of tissues and cells liberates excess potassium. Maintain¬ 
ing a positive energy balance with glucose and lipids should 
reduce protein catabolism, urea generation, and hyper¬ 
kalemia. 


Renal Replacement Therapy 

Indications for the use of RRT include fluid overload (pul¬ 
monary edema, congestive heart failure), hyperkalemia, meta¬ 
bolic acidosis, uremic encephalopathy, coagulopathy, and 
acute poisoning 69 (Table 9.8). The optimal timing of initiation 
of therapy has not been definitively established, but it is prefer¬ 
able to begin renal replacement before complications occur. In 
the only randomized controlled trial to date, there was no 
improvement in mortality or renal recovery in patients in 
whom RRT was initiated within 12 hours of developing ARF 
compared to initiation once conventional indications for dial¬ 
ysis were met. 70 

The three modalities of RRT frequently used in the critical 
care setting include intermittent HD, continuous RRT, and a 
recently introduced hybrid modality referred to as sustained 
low-efficiency dialysis (SLED). 71 
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TABLE 9.8 


PROPOSED CRITERIA FOR INITIATION OF RENAL 
REPLACEMENT THERAPY IN CRITICALLY ILL PATIENTS 
WITH ACUTE RENAL FAILURE 

Pulmonary edema 

Unable to meet nutritional requirements due to volume load 
(pulmonary edema) 

Oliguria: urine output <200 mL in 12 h 

Anuria: urine output <50 mL in 12 h 

Hyperkalemia: potassium concentration >6.5 mmol/L 

Severe acidemia: pH <7.0 

Azotemia: urea concentration >30 mmol/L 

Uremic encephalopathy 

Uremic neuropathy/myopathy 

Uremic pericarditis 

Plasma sodium abnormalities: concentration >155 mmol/L 
or <120 mmol/L 

Hyperthermia 

Drug overdose with dialyzable toxin 

Adapted from Lameire N, Van Biesen W, Vanholder R. Acute renal 
failure. Lancet 2005;365:417-430. 


Intermittent Hemodialysis. In intermittent HD, blood is 
circulated through a porous, hollow-fiber membrane that is 
permeable to solutes of less than 2,000 D. An isotonic solu¬ 
tion surrounding the membrane provides a concentration gra¬ 
dient for the selective removal of solutes such as potassium, 
urea, and creatinine, whereas plasma concentrations of 
sodium, chloride, and bicarbonate are unchanged. A roller 
pump is used to maintain an extracorporeal blood flow of 
about 300 mL/min through an arteriovenous shunt or a double¬ 
lumen venovenous access. The transmembrane pressure gradi¬ 
ent created by the pump affects the desired amount of fluid 
removal. Full systemic anticoagulation is required for this pro¬ 
cedure, although less heparin may be used in patients with a 
baseline coagulopathy. Solute and volume removal with HD is 
considered very efficient relative to removal with the other 
methods of renal replacement. This efficiency is reflected in the 
clearance of water-soluble drugs such as aminoglycosides, 
cephalosporins, and penicillins. Plasma concentrations may be 
decreased by as much as 50% per treatment; accordingly, 
these drugs should be administered after treatments with close 
monitoring of serum concentrations. HD is also the method of 
choice for the rapid removal of life-threatening toxins and 
poisons. 

Although the incidence of complications of HD is insignifi¬ 
cant in the treatment of patients with chronic renal failure, fre¬ 
quent and often profound complications may occur when it is 
used to treat critically ill patients with ARF. In the acute set¬ 
ting, HD has been shown to cause hypotension, hypoxemia, 
and hemolysis and to precipitate cardiac arrhythmia. These 
events limit the application of HD in patients who are hemo- 
dynamically unstable. 

Continuous Renal Replacement Therapy. Continuous 
renal replacement techniques offer the advantage of improved 
hemodynamic stability with continuous clearance of toxic 
metabolites and fluid removal. Continuous venovenohemodialy- 
sis (CWHD) is the most commonly used method in the ICU. In 
this technique, venous access is obtained by means of a tempo¬ 
rary double-lumen central venous dialysis catheter, which is 


placed percutaneously in the subclavian, internal jugular, or 
femoral vein. Blood is pumped by a peristaltic pump through a 
filter against the flow of dialysate, which is pumped into the non¬ 
blood portion of the filter in the opposite direction. Rates of fluid 
removal are adjusted as necessary to maintain hemodynamic sta¬ 
bility while the concentrations of solutes in the dialysate are 
adjusted to ensure adequate clearance of potassium, acid, and 
other products of uremia. Continuous RRT allows for slow but 
continuous removal of fluid and clearance of toxic wastes. Com¬ 
pared with intermittent HD, continuous RRT provides better 
hemodynamic stability, maintenance of cerebral perfusion, and 
control of fluid balance. It is therefore indicated in patients with 
renal failure and critical illness and may be the treatment of 
choice for ARF in this patient population. 

The high costs related to specialized machinery, filters and 
lines, and filtrate replacement fluid might be prohibitive for 
some centers. This factor, combined with the frequent inter¬ 
ruptions of continuous RRT due to the need for diagnostic and 
therapeutic procedures, and the increased workload for 
already overtaxed ICU nurses, renders CWHD problematic. 
To mitigate these challenges, several centers have advocated 
the use of SLED, which uses standard intermittent hemodialy¬ 
sis equipment but aims for lower solute clearance over a pro¬ 
longed period of time (e.g., 8 to 12 hours/session). In early 
studies, patients unable to tolerate conventional intermittent 
HD due to hypotension maintained hemodynamic stability 
using this hybrid approach. 71 

Meta-analyses of several randomized controlled trials sug¬ 
gest that there is no benefit to one modality over another in 
terms of renal recovery or mortality; thus, the choice should be 
dependent on local resource availability and patient-specific 
factors (Table 9.9). 72 While earlier studies suggested that 
“higher dose” dialysis as a reflection of the frequency (or 
intensity) of dialysis offered benefit, more recent studies sug¬ 
gest there is no relationship between the dose of dialysis and 
renal recovery or mortality; thus, the frequency and intensity 
should be tailored to patient need. 73 


Prognosis in Acute Renal Failure 

The survival of patients with ARF depends on the successful 
treatment of the primary disease causing renal failure. The 
anephric patient supported with RRT survives until disease of 
some other organ system supervenes. The mortality among 
patients with multiple organ failure dependent on RRT ranges 
from 50% to 90%. 

For patients who survive the acute phase of illness, the 
recovery of renal function after ARF depends on the type and 
extent of injury to the renal parenchyma. RRT may be required 
for several weeks until urine output and solute excretion return 
to acceptable levels. If renal function has not returned after 
6 weeks, recovery is unlikely, and provisions should be made 
for long-term renal substitution therapy. In most studies, 
approximately 70% of survivors will require long-term renal 
replacement. 


PROGNOSTICATION 
AND INTENSIVE CARE 
_ UNIT OUTCOME _ 

Q The critical care environment is filled with an abundance of 
data. Data are collected at the time of admission and almost 
daily, allowing repeated assessment of physiologic status over 
time. This data-rich environment has led to the development 
of scoring systems that provide information regarding the like¬ 
lihood of survival based on information available early during 
the course of the ICU stay. Many systems that have been devel¬ 
oped focus not on prognosticating survival but rather on the 
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TABLE 9.9 

ADVANTAGES OF INTERMITTENT HEMODIALYSIS AND CONTINUOUS RENAL 
REPLACEMENT THERAPY 

■ INTERMITTENT HEMODIALYSIS 

■ CONTINUOUS RENAL 
REPLACEMENT THERAPY 

Advantages 

Lower risk of systemic bleeding 

Facilitates transport for other interventions 

More suitable for severe hyperkalemia 

Lower cost 

Better hemodynamic stability 

Fewer cardiac arrhythmias 

Improved nutritional support 

Better pulmonary gas exchange 

Better fluid control 

Disadvantages 

Availability of dialysis staff 

More difficult hemodynamic control 

Inadequate dialysis dose (frequency) 

Inadequate fluid control 

Inadequate nutritional support 

Not suitable for patients with intracranial 
hypertension 

No removal of cytokines (theoretical) 

Potential complement activation by 
nonbiocompatible membranes 

Greater vascular access problems 

Higher risk of systemic bleeding 
Long-term immobilization of patient 
More filter problems (rupture, clotting) 

Greater cost 

Adapted from Lameire N, Van Biesen W, Vanholder R. Acute renal failure. Lancet 2005;365:417-430. 


assessment of potential outcome, typically in the degree of 
organ dysfunction. The differences in these two approaches 
are highlighted in Table 9.10. 


Prognostic Scoring Systems 

Prognostic scores were developed to maximize their predictive 
capacity. The APACHE, the simplified acute physiology score 
(SAPS II), and the mortality prediction model (MPM) systems 
constitute the three most widely used prognostic models. 74-76 


Each model assumes that mortality will be influenced by 
extreme physiologic derangement that occurs early in the 
course of the illness and before optimal resuscitation. Each 
uses data that are available early in the ICU admission to con¬ 
struct a composite severity of illness measure. 

The most frequently utilized prognostic score is the 
APACHE II system, consisting of data derived from 12 physi¬ 
ologic variables, age, and chronic health status, yielding a 
score of 0 to 71. Major limitations of this system include the 
fact that risk predictions are based on outcomes of treatment 
from 1979 to 1982; the system was not designed to predict 


TABLE 9.10 


SCORING SYSTEMS IN THE ICU 


■ PROGNOSTIC SCALES: 
SEVERITY OF ILLNESS 

■ OUTCOME MEASURES: ORGAN 
DYSFUNCTION SCALES 

Uses 

Prognostication; risk 
stratification 

Outcome prediction; evaluation of 
clinical course over time 

Timing of 
ascertainment 

Early during ICU stay 

Following resuscitation; at any time 
during ICU stay 

Selection of 
variables 

Physiologic measures 

Worst values 

Selected to maximize 
predictive capacity 

Measures of physiology or therapeutic 
response 

Stable, representative values 

Selected to reflect clinical construct 

Calibration 

Maximize prediction 

Maximize description 

ICU, intensive care unit. 

From Marshall JC. Risk prediction and outcome description in critical surgical illness. In: Norton JA, 
Bollinger RR, eds. Surgery Basic Science and Clinical Evidence. New York: Springer Verlag; 2001:306. 
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TABLE 9.1 1 


ORGAN DYSFUNCTION SCORING: THE MARSHALL MULTIPLE ORGAN 
DYSFUNCTION SCORE 


■ ORGAN SYSTEM 

■ 0 

■ 1 

■ 2 

■ 3 

■ 4 

Respiratory (Pa0 2 /Fi0 2 ) 

>300 

226-300 

151-225 

76-150 

<75 

Renal (serum creatinine, mg/dL) 

<1.1 

1.2-2.3 

2.4-3.9 

4.0-5.6 

>5.7 

Hepatic (serum bilirubin, mg/dL) 

<1.1 

1.2-3.5 

3.6-7.1 

7.2-14.1 

>14.2 

Cardiovascular (PAR a ) 

<10.0 

10.1-15.0 

15.1-20.0 

20.1-30.0 

>30.0 

Hematologic (platelet count X 10 -3 ) 

>120 

81-120 

51-80 

21-50 

<20 

Neurologic (Glasgow Coma Scale 

15 

13-14 

10-12 

7-9 

<6 


score) 


Adapted from Marshall JC, Cook DJ, Christou NV, et al. Multiple organ dysfunction score: a reliable 
descriptor of a complex clinical outcome. Crit Care Med 1995;23:1638. 


outcome for individual patients; and there is lead time bias— 
unless all admissions were entered at the same time in the 
course of the patient’s illness, there will be errors in prediction. 
APACHE III is a more recent model and is derived from infor¬ 
mation on 17 variables. 77 APACHE III is proprietary and has 
not been widely adopted. 

SAPS II is composed of 17 variables, which include 12 phys¬ 
iologic variables, age, type of admission (medical, surgical, 
scheduled surgical, unscheduled surgical), and variables that are 
related to specific underlying diseases. The MPM is less based 
on physiology than APACHE II or SAPS and was designed to 
measure mortality risk at 24 and 48 hours after ICU admission. 
This longer time interval provides a revised risk based on 
patient response to resuscitation and early treatment. There are 
minor differences across these prognostic measures in terms of 
their predictive capacity, but there are no data to support that 
one offers significant improvement over another. Pertinent to 
the discussion on futility, these severity of illness systems pro¬ 
vide only estimates of mortality. For example, a mortality esti¬ 
mate of 75% means that approximately 75 of 100 patients with 
this probability would be expected to die, but it is not possible 
to ascertain whether any specific, individual patient will be 1 of 
the 75 patients that dies or 1 of the 25 that lives. 


Outcome Measures 


Organ failure is a relatively frequent occurrence in critically ill 
patients and has resulted in attempts to describe and quantify 
organ dysfunction. This is a difficult process because organ 
failure is dynamic and represents a broad spectrum of disease. 
Which organ systems to include and which measures one 
should use to quantitate organ dysfunction remain controver¬ 
sial. Most scores focus on six organ systems: respiratory, car¬ 
diovascular, hematologic, central nervous system, renal, and 
hepatic. These outcome measures have conceptual appeal for 
several reasons. First, they provide an estimate of baseline 
severity for entry into clinical trials, whereas serial evaluation 
might provide information on mortality risk. With these 
organ dysfunction measures, the burden of disease experi¬ 
enced by the patient throughout the course of ICU stay is cap¬ 
tured. By contrast, with prognostic scoring systems there is 
but an early snapshot of the patient’s physiologic status, 
whereas information regarding the remainder of the patient’s 
course is lost. 

The most commonly used outcome measures include the 
Sequential Organ Failure Assessment (SOFA) Score and the 
Multiple Organ Dysfunction (MOD) Score or Marshall Score, 
both of which capture data on the six aforementioned sys¬ 


tems 78,79 (Table 9.11). A Marshall score of greater than or 
equal to 4 (>6 in select studies) is used to indicate MOD. By 
contrast, posttraumatic multiple organ failure is often assessed 
using a discrete scoring system limited to only four organ 
systems (also known as the Denver Score). 80 Hematologic 
dysfunction and neurologic dysfunction are not captured, 
likely due to the frequency of coagulopathy and traumatic 
brain injury, which relate to the initial injury rather than the 
development of organ dysfunction. A Denver Score of greater 
than or equal to 4 is indicative of MOD. Tike the prognostic 
scoring systems, no single measure of organ dysfunction is 
superior or predictive in the individual patient. 


ETHICS IN THE 
INTENSIVE CARE UNIT 


The availability of advanced technologies to prolong life in the 
ICU has resulted in a number of controversies centered on 
their appropriate use. The controversies have developed under 
the guise of the technologic imperative, implying that the 
availability of technology requires that this technology be used. 
To counter the technologic imperative, physicians have often 
invoked the concept of futility to limit its inappropriate use, 
resulting in confusion and, at times, conflict when caring for 
critically ill patients. 

In the strictest sense, true medical futility occurs rarely and 
signifies interventions that simply should not be offered. For 
example, we do not offer ongoing medical care to a patient 
who meets criteria for brain death. The majority of interven¬ 
tions that physicians judge to be futile are not truly futile. They 
should more accurately be considered inadvisable or inappro¬ 
priate because the chances of achieving the intended goal are 
exceedingly low, their benefits are controversial, or their costs 
are excessively great. Implicit in this definition is a clear under¬ 
standing of the real or perceived therapeutic endpoint; that is, 
it is meaningless to say an intervention is futile without speci¬ 
fying the goal of the intended therapy. Conflicts arise when 
there are disagreements about the intended goal, whether the 
desired goal is appropriate, and whether the probability of 
success is sufficiently great. In this sense, there are both quali¬ 
tative (value-driven) and quantitative (probabilistic) aspects to 
the understanding and application of futility in the ICU. 

Quantitative futility describes a clinical situation in which 
the application of an intervention has a very low probability of 
producing a satisfactory outcome—usually survival. There 
have been a large number of prognostic scoring systems devel¬ 
oped to compare outcomes in large groups of patients. 
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Although these scoring systems were not devised to predict 
outcome in individual patients, there has been some effort on 
the part of physicians to adapt these measures for this purpose. 
In effect, if the probability of survival is below a certain thresh¬ 
old, the intervention might be considered futile or inadvisable 
and not instituted. Physicians are not very capable at assigning 
an estimated probability of outcome for an individual patient. 
Further, this threshold varies across physicians and patients, 
making decisions based on quantitative futility difficult. 

Qualitative futility describes the clinical situation in which 
the outcome is survival but with an unsatisfactory quality of 
life. Excellent examples of qualitative futility include patients 
in a persistent vegetative state or patients dependent on inten¬ 
sive medical care. Conflict arises when what is defined as 
unsatisfactory for one party might be acceptable for the other. 
For example, the family of a critically ill, severely debilitated 
elderly stroke patient might consider the maintenance of life of 
greatest importance, whereas the physicians believe that given 
the expected quality of life, further care would be futile. 

Inappropriate declarations of futility are common; we 
rarely can predict with absolute certainty whether a patient 
will survive his or her ICU stay. In effect, we offer opinions 
colored by our own values, not objective data. The tendencies 
to frame value judgments as medical decisions based on such 
data are inappropriate. Therapeutic interventions should be 
directed not toward eliciting a desired physiologic effect but 
toward an agreed on goal that is consistent with the wishes of 
the patient while maintaining professional integrity. Failure to 
reach the prespecified goal renders the treatment futile. In one 
study of patients with an expected probability of death of 
greater than 95%, only 20% of patients had advance direc¬ 
tives to guide care, leading to a lack of clarity of what the 
intended goal might be. 81 Further, 15% of families had unreal¬ 
istic expectations regarding survival. In this latter group, rates 
of resource utilization (transfusion, advanced imaging modal¬ 
ities, dialysis, surgery) were significantly greater than patients 
whose families did not have unrealistic expectations. These 
data suggest that the families influenced the caregivers to use 
resources more extensively than would have been the case oth¬ 
erwise. In situations such as these, intensivists should consider 
the use of ethics consultations when the goals cannot be agreed 
on or when confusion exists. Consultation with an ethicist is 
not to decide the answer but to receive input from an impartial 
individual who often brings a fresh approach to a difficult sit¬ 
uation. In one randomized controlled trial, the use of ethics 
consultations shortened the duration of ICU stay and reduced 
the use of life-sustaining treatments without altering overall 
mortality. 82 In this study, the majority of physicians, nurses, 
and patients/surrogates agreed that ethics consultations in the 
ICU were helpful in addressing treatment conflicts. 
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CHAPTER 10 ■ FLUIDS, ELECTROLYTES, AND 

ACID-BASE BALANCE 

RICHARD B. WAIT AND REGINALD ALOUIDOR 


KEY POINTS 


Q The human body is conceptualized as composed of at least 
four compartments: water, protein, fat, and bone ash. 

Q Sodium (extracellular fluid [ECF]) and potassium (intracel¬ 
lular fluid [ICF]) are the dominant cations and, whereas 
composition varies between ECF and ICF, overall concen¬ 
tration of solutes in these fluids is identical. 

Q Osmolality is kept constant by tight regulation of water 
balance by osmoreceptor-induced control of antidiuretic 
hormone and thirst. 

Q Effective circulating volume is sensed by volume receptors 
(capacitance vessels, atria, hepatic, and central nervous 
system) and pressure receptors (aortic arch, carotid, and 
intrarenal) that alter sodium and water balance mediated 
by renin-angiotensin, aldosterone, atrial natriuretic pep¬ 
tide, dopamine, and renal prostaglandins. 


Q Water losses involve both sensible (measurable) via urine, 
stool, and sweat and insensible (unmeasurable) via evapo¬ 
rative loss from both the skin and respiratory tract. 

Q Goals of fluid therapy are to normalize hemodynamic 
parameters and body fluid electrolyte concentrations and 
can be achieved with crystalloids (preferable) or colloids, 
both correcting deficits and matching ongoing or expected 
losses. 

^The major cations (Na + , K + , Ca 2+ , and Mg 2+ ) should be 
monitored and replaced, recognizing unique distributions 
and impact of various diseases. 

O Acid-base balance is carefully buffered within very narrow 
limits. Acid-base disturbance and compensation are fre¬ 
quently mixed, involving respiratory and metabolic-renal 
responses. 


A thorough understanding of fluid and electrolyte composition 
and management is essential to the effective care of surgical and 
critically ill patients. Disease- and injury-related alterations in 
fluid volume and electrolyte physiology are complex and can¬ 
not be fully understood without first understanding normal 
physiologic mechanisms of fluid and electrolyte homeostasis, 
inclusive of acid-base balance considerations. In this chapter, 
these mechanisms are reviewed and used as a starting point for 
presentation of fluid and electrolyte pathophysiology and 
management of specific clinical situations. 


BODY FLUIDS 

Total Body Water and 
Body Fluid Compartments 

Traditionally, most scientists used a two-compartment model 
of tissues within the body: the fat compartment and the fat- 
Q free or lean tissue compartment. Over the past 20 years, tech¬ 
nology has added significantly to our knowledge of body com¬ 
position, and more complex models have been developed, the 
simplest of which is the four-compartment model. In this 
model, the fat-free mass is actually composed of three separate 
compartments: water, protein, and bone ash. The remaining 
compartment is fat, which is considered to be triglycerides, 
because adipose tissue, a more general descriptor, also con¬ 
tains small amounts of water. Total body water (TBW) is 
defined as the total volume of water within the body. TBW has 
traditionally been measured using indicator dilution tech¬ 
niques in which radioactive tracers such as deuterium oxide 
(D 2 0) were given to subjects and a steady state allowed to 
develop before measurements of the D 2 0 in the plasma were 
made. More recently, other techniques have added greatly to 
our ability to measure TBW content as well as the content of 


all of the elements within the body such as neutron activation 
analysis, in which the body is exposed to a source of thermal 
neutrons. These neutrons enter the atomic nuclei, resulting in 
the transformation of that nucleus to a more activated energy 
state. This activated state is transient and later returns to the 
baseline, resulting in energy release from the nucleus in the 
form of gamma radiation, which can then be measured using 
whole-body shielded gamma detectors. 1 In recent years multi- 
component models of body composition based on dual-energy 
x-ray absorptiometry (DEXA), computed tomography (CT) 
scan, and magnetic resonance imaging (MRI) have been devel¬ 
oped in order to provide estimates of the various components 
of the fat-free mass as well as the distribution of the adipose 
organ. These techniques can be useful when it is expected that 
the fat-free mass is altered and that the simple two-component 
model cannot be applied. 2 Using these techniques, total body 
oxygen, carbon, hydrogen, nitrogen, calcium, phosphorus, 
sulfur, potassium, sodium, and chlorine can be measured. 
These measurements, in turn, can be used to calculate steady- 
state body composition using standard formulas. For example, 
total body protein can be calculated as total body nitrogen X 
0.625, because 99% of the body’s nitrogen is found within 
protein. More complex mathematical models are needed when 
calculating the composition of components using elements 
that are distributed among more than one component of the 
body (e.g., TBW and fat). 

The relationship between TBW and body weight varies 
according to percentage of body fat. Differences in percent 
TBW between individuals can generally be accounted for by 
differences in relative body fat content. Average TBW is 60% 
of body weight in adult men and 50% in adult women. In 
infants, water makes up approximately 80% of body weight. 
This figure decreases to approximately 65% by 1 year of age 
and continues to decrease slowly throughout life, primarily 
related to decreases in lean body mass. Estimates of TBW can 
be empirically adjusted for the obese and thin body habitus. In 
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| TABLE 10.1 1 

BODY FLUID COMPARTMENTS 


■ BODY 

■ TOTAL BODY 


WEIGHT (%) 

WATER(%) 

Total 

60 

100 

Intracellular 

40 

67 

Extracellular 

20 

33 

Intravascular 

5 

8 

Interstitial 

15 

25 

Transcellular 

2 

4 


obesity, estimates of TBW can be decreased by 10% to 20%. In 
very thin individuals, estimates can be increased by up to 10%. 

TBW is distributed into specific compartments in dynamic 
equilibrium with one another. The principal of these are the 
intracellular and extracellular compartments (Table 10.1). 
Intracellular fluid (ICF) makes up approximately two thirds of 
the TBW, and the remaining one third is composed of extracel¬ 
lular fluid (ECF). The ECF compartment has traditionally been 
measured using inulin, which distributes itself primarily within 
the ECF. More recently, ECF estimates have been made by mea¬ 
suring the volume of distribution of either bromide or sulfate 
isotopes, both of which are distributed primarily within the 
ECF. Using these techniques, ECF volume estimates range from 
30% to 33% of TBW, or approximately 20% of body weight. 

ICF cannot be measured directly, however, because the 
majority of potassium within the body resides within the intra¬ 
cellular space; measurements of total body potassium (TBK) 
can be used to estimate intracellular water. This is accom¬ 
plished using a technique similar to neutron activation analysis. 
Normally, potassium within the body exists in two states, non¬ 
radioactive 39 K and radioactive 40 K. Because 40 K represents a 
stable proportion of total K within the body (0.0118%), mea¬ 
surement of the gamma radiation of the 40 K radioisotope using 
the sensing equipment similar to that used in neutron activa¬ 
tion analysis can be accomplished. The TBK can then be calcu¬ 
lated as TBK (mmol) = 4 °K/0.000118. 3 If one knows the size of 


the ECF compartment and multiplies this by the known quan¬ 
tity of 40 K measured in a serum sample, the ICF can then be cal¬ 
culated by subtracting this total from the TBK. 

The ECF compartment is subdivided into the intravascular 
and interstitial spaces. The intravascular space accounts for 
25% of the ECF and contains the plasma volume, which is 
approximately 8% of the TBW or 5% of body weight. Inter¬ 
stitial water volume is calculated as ECF-intravascular space 
volume and constitutes approximately 25% of TBW, or 15% 
of body weight. The interstitial space extends from the blood 
vessels to the cells themselves and includes the complex 
ground substance making up the acellular tissue matrix. The 
water in this space exists in free and bound phases. The free 
phase contains water that is freely exchangeable with intravas¬ 
cular, lymphatic, and intracellular water and that is in a con¬ 
stant state of flux. The bound or gel phase is much less freely 
exchangeable and is composed of water that hydrates matrix 
materials such as glycosaminoglycans and mucopolysaccha¬ 
rides. The transcellular space, a third and smaller component 
of ECF, consists of water that is separated from other com¬ 
partments by endothelial and epithelial barriers, including 
cerebrospinal, ocular, and synovial fluids, as well as fluid in the 
gastrointestinal (GI) tract. Under normal circumstances, fluid 
in the transcellular space is not easily exchangeable with that 
in other compartments. 


Composition of Body Fluids 

Sodium and potassium are the dominant cations in the body. 
Sodium is restricted primarily to the ECF and potassium to 
the ICF. Sodium content in the average adult is approximately 
60 mEq/kg. Approximately 25% is confined to bone and is 
nonexchangeable. Of the exchangeable fraction, approxi¬ 
mately 85% is in the ECF. Potassium, calcium, and magne¬ 
sium make up the remainder of the cations present in the ECF. 
As mentioned, potassium is the dominant cation in the ICF. 
TBK is normally approximately 42 mEq/kg, and most of this 
potassium is intracellular and freely exchangeable. Magne¬ 
sium and sodium ions also contribute to the cationic compo¬ 
nent of the ICE These cations are balanced by phosphate and 
sulfate anions as well as bicarbonate and intracellular pro¬ 
teins (Table 10.2). 


TABLE 10.2 


ELECTROLYTE CONCENTRATIONS OF INTRACELLULAR AND EXTRACELLULAR 
FLUID COMPARTMENTS 


■ EXTRACELLULAR FLUID (mEq/L) 



■ PLASMA 

■ INTERSTITIAL 

■ INTRACELLULAR 
FLUID (mEq/L) 

Cations 

Na + 

140 

146 

12 

K + 

4 

4 

150 

Ca 2+ 

5 

3 

10~ 7 

Mg 2+ 

2 

1 

7 

Anions 

Cl- 

103 

114 

3 

HC03 

24 

27 

10 

SOV 

1 

1 

— 

hpo 3 4 - 

2 

2 

116 

Protein 

16 

5 

40 

Organic anions 

5 

5 

— 
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Similarly, ECF cations are in electrochemical balance with 
chloride, bicarbonate, phosphate, and sulfate anions, although 
chloride is the major contributor to this balance. In addition, 
anionic proteins contribute to ion balance in plasma but not in 
interstitial fluid, which is essentially an ultrafiltrate of plasma 
that normally contains little protein. As a result, the content of 
both cations and anions in interstitial fluid is slightly higher 
than in plasma (see Table 10.2). 

The Donnan equilibrium describes the relationship 
between solutions of permeable and impermeable complex 
anions when these anions are unevenly distributed across a 
semipermeable membrane. This special type of equilibrium 
exists between the ICF and ECF because of the high concen¬ 
tration of protein and nondiffusible phosphates in the cell. 
Interstitial fluid, by comparison, contains little protein. These 
impermeable intracellular negative charges tend to favor diffu¬ 
sion of permeant anions into the ECF. The Donnan equilib¬ 
rium also exists across the capillary endothelial membrane 
because the concentration of protein is higher on the blood 
side of the capillary than on the interstitial fluid side. Thus, the 
concentrations of diffusible ions are not necessarily equal 
across these membranes because of the presence of these com¬ 
plex anions. 


Concentration of Body Fluids 

Despite the difference in composition between the ECF and 
ICF, the overall concentration of solutes in water in these fluids 
is identical. Transient concentration differences may develop; 
however, because water freely equilibrates between compart¬ 
ments, these quickly disappear. The concentration of solutes in 
the fluid compartments depends on the osmotic activity gener¬ 
ated by the ion species contained in each compartment. 


Osmotic Activity of Body Fluids 

When two solutions are separated by a semipermeable mem¬ 
brane, water moves across the membrane to equalize the con¬ 
centration of osmotically active particles to which the mem¬ 
brane is impermeable. The maintenance of osmotic equilibrium 
across a semipermeable membrane is based primarily on the 
number of solute particles rather than on the molar concentra¬ 
tion of the solution on each side of the membrane. The correct 
measurement to reflect osmotic activity is made by multiplying 
the molar concentration of the substance by the number of 
particles into which it can freely dissociate in water. The unit 
of measurement of osmotically active particles is the osmole 
(Osm) or milliosmole (mOsm) rather than the conventional 
units of solute concentration such as milliequivalents per liter 
(mEq/L). When 1 mol of NaCl dissociates in water to Na + and 
Cl - , it produces 2 Osm. The same relationship holds true of 
dissociating salts of multivalent ions such as calcium and mag¬ 
nesium. One mol of a nondissociating molecule, such as glu¬ 
cose, produces 1 Osm (1,000 mOsm). Osmolarity (mOsm/L) 
and osmolality (mOsm/kg water) define the osmotic activity of 
particles in solution. The measured osmolality of a solution 
may not equal the calculated osmolality if the ions do not 
totally dissociate. The osmotic coefficient of a solution 
describes the degree to which dissociation of the ions in solu¬ 
tion occurs, and can be calculated as follows: 

Osmotic coefficient = observed (measured) osmolality/ 

calculated osmolality 

Body fluids are aqueous solutions composed of water and 
various solutes within the different body fluid compartments. 
Because cells are bounded by a semipermeable membrane, 
adding free water to the fluid surrounding a cell causes water 
to move across the cell membrane to equalize the osmolality 
differential between the intracellular and extracellular com¬ 


A Extracellular Intracellular 


Na + 

K + 

Na + 

K + 

Na + H 2 0 - 

-► K + 

Na + 

K + 

Na + 

K + 


H 2 0 added to extracellular space 
B Extracellular Intracellular 



FIGURE 10.1. A: The equilibration of water from the extracellular to 
the intracellular space after the addition of free water to the extracel¬ 
lular fluid compartment. Osmolality transiently decreases in the extra¬ 
cellular compartment, causing water to move across the cell mem¬ 
branes into the intracellular space. B: Similar shifts after free water 
loss from the extracellular compartment. Water moves from the intra¬ 
cellular space to the extracellular space in response to the osmolal gra¬ 
dient that is established. 


partments. On a larger scale, adding free water to the ECF of 
the body causes an immediate expansion of the extracellular 
space, followed by a redistribution of water into the intracel¬ 
lular compartment (Fig. 10.1A). Conversely, loss of free water 
from the extracellular space ultimately leads to a shift of water 
from the intracellular to the extracellular space (Fig. 10.IB). 
An osmotic gradient of just 1 mOsm generates a pressure gra¬ 
dient of 19.3 mm Hg. 

Whereas osmolality defines the concentration of osmotically 
active particles in solution, tonicity refers to the effect of the 
particles on cell volume. Permeant solutes can freely cross cell 
membranes, whereas impermeant solutes cannot. Although 
permeant solutes contribute to the osmolality of a solution, 
they have no effect on tonicity because they contribute neither 
to oncotic gradients across cell membranes nor to alterations in 
cell volume. Sodium is an example of an impermeant solute 
that affects both osmolality and tonicity. Urea and ethanol are 
permeant solutes that contribute to osmolality but have little 
effect on tonicity because they distribute equally across mem¬ 
branes. 

Both impermeant and permeant solutes can contribute to 
hyperosmolar and hypo-osmolar states. However, hypo- 
osmolar states are always accompanied by hypotonicity, 
whereas hyperosmolar states are not always associated with 
hypertonicity. There may be marked hyperosmolality without 
hypertonicity with elevation of blood urea nitrogen (BUN) lev¬ 
els because urea is a freely permeable molecule. In contrast, 
elevated levels of plasma glucose in diabetic patients are asso¬ 
ciated with hyperosmolarity and associated hypertonicity. 
Insulin increases the transport of glucose across cell mem¬ 
branes, rendering these osmoles ineffective and reducing 
hypertonicity. Plasma hyperglycemia is associated with the 
movement of intracellular water to the extracellular space. 
This causes expansion of ECF and plasma volume and a con¬ 
sequent decrease in the concentration of plasma sodium. For 
every 100 mg/dL elevation in blood glucose, measured serum 
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sodium is calculated to fall 1.5 mEq/L, without an actual alter¬ 
ation of body sodium content. The osmotic diuresis caused by 
the elevated glucose level tends to normalize the serum sodium 
if adequate hydration is maintained. Some patients with uncon¬ 
trolled diabetes also have marked hyperlipidemia. Because of 
this, the concentration of measured sodium falls. This condi¬ 
tion is termed pseudohyponatremia. 

Plasma osmolality (P osm ) is an excellent measure of total 
body osmolality. Osmolality differentials between fluid com¬ 
partments are only transient because fluid shifts maintain isos- 
motic conditions. Sodium is the predominant extracellular 
cation; thus, estimates of P osm can be made by simply doubling 
the serum sodium concentration (serum [Na + ]): 

P osm (mOsm/L) = 2 X serum[Na + ] 

Because glucose and BUN may make significant contribu¬ 
tions to P osm in certain disease states, this formula is modified 
for glucose and for BUN: 

P osm (mOsm/L) = 2 X serum[Na + l + glucose/18 + BUN/2.8 

Discrepancies of greater than 15 mOsm/L between calcu¬ 
lated P osm and P osm measured in the clinical laboratory may be 
the result of the presence of other osmotically active particles, 
such as mannitol, ethanol, or ethylene glycol, or of a reduced 
fraction of plasma water secondary to high levels of myeloma 
proteins or hypertriglyceridemia. 


Colloid Oncotic Pressure 
(Colloid Osmotic Pressure) 

Plasma proteins are confined primarily to the intravascular 
space and contribute to the osmotic pressure developed 
between the plasma and the interstitial fluid. Normal plasma 
protein levels of 7 g/dL contribute approximately 0.8 mOsm/L. 
The van’t Hoff equation is used to convert osmolality to 
osmotic pressure: 

p = CRT 

where p = osmotic pressure, C = osmolal solute concentration, 
R = gas constant, and T = absolute temperature. At body tem¬ 
perature, each milliosmole develops a 19.3-mm Hg pressure 


gradient; thus, normal plasma protein concentrations generate 
a colloid oncotic pressure of 15.4 mm Hg (19.3 mm Hg X 
0.8 mOsm/L). When measured directly, plasma oncotic pres¬ 
sure equals approximately 24 mm Hg. The difference between 
the calculated and measured pressures is due to the shift in 
solute particles caused by the pressure of protein anions on one 
side of a semipermeable membrane as explained by the Donnan 
equilibrium. 


Osmoregulation 

^ Osmolality of body fluids stays fairly constant at approxi- 
mately 285 to 295 mOsm/L as the result of tightly regulated 
water balance. Osmoreceptor cells in the paraventricular and 
supraoptic nuclei of the hypothalamus exert central control 
over the thirst mechanism and antidiuretic hormone (ADH) 
secretion from the posterior pituitary. In the presence of excess 
free water, ECF osmolality falls toward 280 mOsm/kg H 2 0, 
thirst is inhibited, and ADH levels decline. In the absence of 
ADH, the permeability of renal collecting tubules to water is 
decreased, causing free water reabsorption to decrease and 
excretion to increase. Urine osmolality (U osm ) can decline to 
100 mOsm/kg H 2 0 (Fig. 10.2). As excess free water is elimi¬ 
nated, P osm begins to rise. Conversely, free water depletion 
causes an increase in P osm . As P osm approaches 295 mOsm/kg 
H 2 0, thirst is stimulated as is ADH secretion. As ADH levels 
rise to approximately 5 pg/mL, the renal collecting tubules 
become maximally permeable to water. Water is reabsorbed 
from the collecting ducts in response to the concentration gra¬ 
dient developed in the renal medullary interstitium. Thus, the 
final concentration of urine depends on both the permeability 
of the collecting ducts (controlled by ADH secretion) and the 
concentration of the medullary interstitium. Maximal U osm 
may approach 1,200 mOsm/kg H 2 0. The net effect of these 
mechanisms is to promptly return high or low P osm to normal. 
The high sensitivity of the osmoreceptors and the responsive¬ 
ness of the ADH feedback system ensure that even small 
changes in P osm result in marked alterations in urine concentra¬ 
tion. This relation can be expressed as follows: 

Urine osmolality = 95 X plasma osmolality 


A 


Thirst 

I- 


Plasma vasopressin 
(pg/mL) 



B 


Urine osmolality 
(mOsm/kg) 



FIGURE 10.2. The relation of plasma antidiuretic hormone (arginine vasopressin, or AVP) secretion to plasma (A) and urine (B) osmo¬ 
lality in healthy adults in varying states of water balance. (Reproduced with permission from Robertson GL, Berl T. Water metabolism. In: 
Brenner BM, Rector FC Jr, eds. The Kidney. Philadelphia, PA: WB Saunders; 1986:392.) 












Chapter 10: Fluids, Electrolytes, and Acid-Base Balance 


193 


Plasma vasopressin 
(pg/mL) 



FIGURE 10.3. Effect of acute changes in blood volume or 
pressure on the osmoregulation of antidiuretic hormone 
(ADH; vasopressin). The heavy oblique line in the center 
represents the relation between plasma ADH and osmolality 
under normovolemic, normotensive conditions. The lines to 
the left and right show the shift in the relation when blood 
volume or blood pressure is acutely decreased or increased 
by the percentage indicated in the circles. (Reproduced with 
permission from Robertson GL. Physiology of ADH secre¬ 
tion. Kidney Int 1987;32(suppl 21):520.) 


Thus, a 1-mOsm change in P osm results in a 95-fold change 
in U osm . 

Angiotensin II and neural input from medullary barorecep- 
tors can also influence ADH secretion and thirst, thus tying 
water balance to hemodynamic alterations. Relatively small 
changes in pressure have little effect on ADH secretion, but 
large decreases in pressure can cause tremendous increases in 
ADH release. Although changes in osmolality tend to have a 
much greater effect on ADH secretion than do hemodynamic 
changes, ADH responses to high or low P osm can be profoundly 
affected by large changes in blood pressure (Fig. 10.3). 


FLUID BALANCE 


Sodium Concentration and Water Balance 


Changes in TBW content are reflected by changes in the extra¬ 
cellular solute concentration. Because sodium is the primary 
extracellular cation and potassium is the predominant intra¬ 
cellular cation, the serum [Na + ] approximates the sum of the 
exchangeable total body sodium (Na+) and exchangeable TBK 
(Kg) divided by TBW: 

Serum[Na + ] = Na^ + Na^/TBW 

Because total body solute content (Na + + K+) remains rel¬ 
atively stable over time, changes in TBW content result in 
inversely proportional changes in serum Na + (Fig. 10.4). Thus, 



(Na e + + K e + )/TBW (mEq/kg H 2 0) 

FIGURE 10.4. Relation between serum [Na + ] and the ratio of (Na+ + 
KJ) to total body water (TBW). (Reproduced with permission from 
Edelman IS, Liebman J, O’Meara MP, et al. Interrelationships between 
serum sodium concentration, serum osmolarity and total exchange¬ 
able sodium, total exchangeable potassium and total body water. J Clin 
Invest 1958;37:1236.) 


abnormalities in serum sodium are usually an indication of 
abnormal TBW content. 


Volume Control 


Changes in volume are detected both by osmoreceptors, which 
detect changes in P osm , and baroreceptors, which are sensitive 
to changes in pressure. The osmoreceptors are responsible for 
the day-to-day fine-tuning of volume, whereas the barorecep¬ 
tors contribute relatively little to the control of fluid balance 
under normal conditions. 4 As mentioned previously, large 
changes in circulating volume (10% to 20% blood volume 
loss) can modify the osmoregulation of ADH secretion. Car¬ 
diac atrial baroreceptors control volume by means of sympa¬ 
thetic and parasympathetic neural mechanisms, whereas atrial 
natriuretic peptide (ANP) released by atrial myocytes in 
response to atrial wall distention may influence sodium-linked 
volume control by inhibition of renal sodium reabsorption. 

Baroreceptor Modulation of Volume Control. Effec¬ 
tive circulating volume describes that portion of the extracel¬ 
lular volume that perfuses the organs of the body and affects 
the baroreceptors. The effective circulating volume normally 
corresponds to the intravascular volume. However, in disease 
states such as congestive heart failure and arteriovenous fis¬ 
tula, where a smaller percentage of intravascular volume than 
normal is available for organ perfusion, effective circulating 
volume is reduced. 

Changes in the effective circulating volume are sensed by 
volume receptors in the intrathoracic capacitance vessels and 
atria, pressure receptors of the aortic arch and carotid arteries, 
intrarenal baroreceptors, and hepatic and cerebrospinal vol¬ 
ume receptors. These stretch receptors respond to changes in 
pressure and circulating volume and, through a complex sys¬ 
tem of neural and hormonal actions, alter sodium and water 
balance in the kidneys. Hormonal effects are mediated by the 
renin-angiotensin system, aldosterone, ANP, dopamine, and 
the renal prostaglandins. 

Baroreceptor Function. The low-pressure baroreceptors 
of the intrathoracic vena cava and atria are located in vessels 
that are distensible and not affected by sympathetic stimula¬ 
tion; thus, they are ideally situated to detect changes in venous 
volume. 5 These receptors send continuous signals through 
vagal afferent nerves to the cardiovascular control centers of 
the medulla and hypothalamus, which, in turn, send signals 
through parasympathetic and sympathetic fibers to the heart 
and kidneys. Changes in stretch of these vessels result in 
changes in the frequency of signal output from these receptors. 
Increases in atrial distention cause decreased nerve signal traf¬ 
fic, which ultimately causes increased sympathetic tone to the 
heart, which results in tachycardia and inhibition of sympa¬ 
thetic tone to the kidney. This leads to increased renal blood 
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flow and decreased tubular sodium reabsorption. Conversely, 
low volume in the intrathoracic vessels results in increased 
sympathetic tone to the kidneys, decreased renal blood flow, 
and increased sodium reabsorption. 

Experimental evidence indicates that stimulation of the 
sympathetic innervation of renal arterioles and tubules results 
in decreased renal blood flow and increased tubular sodium 
reabsorption. The effects of sympathetic activity on renal 
sodium reabsorption are probably mediated both by direct 
tubular innervation and by /3-adrenergic stimulation of renin 
production. Whether this effect is crucial to fine regulation of 
sodium balance under normal physiologic conditions is unclear. 
Renal denervation in conscious, unstressed animals results in 
minimal alteration of either blood flow or sodium reabsorption. 
The effects of renal denervation become much more marked 
with anesthesia administration or hypotension, suggesting that 
sympathetic effects on renal function may be important during 
periods of physiologic stress. 

Arterial baroreceptors are located in the aortic arch and 
carotid arteries. They respond to changes in heart rate, arterial 
pressure, and the rate of rise in the arterial pressure. Arterial 
baroreceptors are important during periods in which there are 
extremes in the changes in arterial pressure characteristics, as 
occur during hemorrhage. They are probably not involved in 
controlling subtle volume or pressure changes. In addition to 
large-vessel baroreceptors, there are arterial baroreceptors in 
the afferent arterioles of the kidneys. These baroreceptors 
modulate renin secretion. Increases in transmural pressure 
cause suppression of renin release, and decreases in transmural 
pressure stimulate renin release. 

Hormonal Mediators of Volume Control 

Renin-angiotensin System. Renin is a 40-kD proteolytic enzyme 
that is released from the juxtaglomerular cells of afferent arte¬ 
rioles in the kidney in response to several stimuli. These include 
changes in arterial pressure, changes in sodium delivery to the 
macula densa of the distal convoluted tubule, increases in (3- 
adrenergic activity, and increases in cellular cyclic adenosine 
monophosphate. 

Renin cleaves the decapeptide angiotensin I from circulating 
angiotensinogen, an a 2 -globulin produced by the liver. Angio¬ 
tensin I is cleaved to the octapeptide angiotensin II by 
angiotensin-converting enzyme (ACE), which is produced by 
vascular endothelial cells. One pass through the pulmonary 
microvasculature converts most angiotensin I to angiotensin II. 
Angiotensin II acts both locally and systemically to increase 
vascular tone. It also stimulates catecholamine release from the 
adrenal medulla, increases sympathetic tone through central 
effects, and stimulates catecholamine release from sympathetic 
nerve terminals. Angiotensin II affects sodium reabsorption by 
decreasing renal blood flow and glomerular filtration. This 
results in altered tubuloglomerular feedback, the mechanism 
by which changes in distal tubular NaCl delivery alter glomeru¬ 
lar blood flow. Finally, angiotensin II increases sodium reab¬ 
sorption by direct tubular action as well as by stimulation of 
aldosterone release from the adrenal cortex. The multiplicity of 
actions of angiotensin is depicted in Figure 10.5. 

Aldosterone. Aldosterone is a mineralocorticoid produced in 
the zona glomerulosa of the adrenal cortex. Aldosterone in¬ 
creases renal tubular reabsorption of sodium. Aldosterone acts 
directly on the distal tubule cells by modifying gene expression 
and stabilizing the epithelial Na + channel in the open state and 
by increasing the number of channels in the apical membrane 
of these cells. 6 By increasing protein production in these tubu¬ 
lar cells, aldosterone induces an influx of sodium, which 
causes an increase in cellular Na + -K + -adenosine triphos¬ 
phatase activity. The net result is increased sodium reabsorp¬ 
tion and increased potassium excretion. Although the primary 
regulator of aldosterone secretion is angiotensin II, aldos- 
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FIGURE 10.5. Multiple effects of increased angiotensin II release in 
response to the stimulus of decreased extracellular volume. 


terone release is also stimulated by increased potassium lev¬ 
els, adrenocorticotropic hormone, endothelins, and prosta¬ 
glandins. 

Atrial and Renal Natriuretic Peptides. ANP is synthesized and 
released by atrial myocytes in response to atrial wall disten¬ 
tion. As mentioned previously, small changes in right atrial 
pressure produce large increases in plasma levels of ANP. 7,8 
There is evidence that ANP has a direct inhibitory effect on 
renal sodium reabsorption, which is probably maximal at the 
level of the medullary collecting tubules. Although pharmaco¬ 
logic doses of ANP can cause changes in both renal blood flow 
and glomerular filtration rate, physiologic levels do not appear 
to have any major effect on these parameters. Other active 
fragments of the ANP prohormone have been found to have 
natriuretic activity. The best described is urodilatin, also 
known as renal natriuretic peptide. Urodilatin is a peptide 
with ANP-like activity that was first isolated from human 
urine. It is synthesized and luminally secreted by cortical col¬ 
lecting tubule cells. Like ANP, it is released in the kidney 
tubules in response to atrial distention and saline loading. It is 
at least twice as potent as ANP, acting in the distal nephron to 
cause a rise in intracellular cyclic guanosine monophosphate, 
leading to sodium, chloride, and water diuresis. ANP and 
other peptides may play an important role in controlling 
intravascular volume and water and electrolyte secretion. 9 

Renal Prostaglandins. Renal prostaglandins appear to play a 
role in volume control, although under normal physiologic 
conditions, this role may be minimal. Disease states such as 
sepsis and jaundice, or the induction of anesthesia, may make 
the contribution of the prostaglandins more pronounced. 

Prostaglandin E 2 (PGE 2 ) and prostaglandin I 2 (PGI 2 ) appear 
to be the predominant prostaglandins produced in the kidney. 
PGE 2 is produced primarily by the interstitial cells of the renal 
medulla. The release of PGE 2 has been shown to depend on 
increases in interstitial pressure, which can be induced by 
changes in renal perfusion, ureteral obstruction, or alterations 
in oncotic pressure. Under these conditions, PGE 2 increases 
sodium excretion in the absence of changes in glomerular filtra¬ 
tion rate. PGE 2 antagonizes the action of vasopressin (ADH) 
and inhibits ADH-induced sodium reabsorption along the 
medullary collecting duct and thick ascending limb. PGI 2 is pro¬ 
duced by the glomeruli and endothelial cells of the kidney and is 
present in the greatest concentrations in the renal cortex. PGI 2 is 
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a vasodilator, and its effects on renal vascular resistance increase 
both renal blood flow and glomerular filtration rate. PGI 2 
production is augmented by increases in angiotensin, cate¬ 
cholamines, and sympathetic tone and may act to counterbalance 
their vasoconstricting effects. Although under normal physio¬ 
logic conditions inhibition of prostaglandin production has lit¬ 
tle effect on renal function, administration of nonsteroidal anti¬ 
inflammatory agents, which inhibit cyclooxygenase, to patients 
with conditions known to cause renal dysfunction (e.g., cirrho¬ 
sis) can precipitate renal failure, presumably because of loss of 
the protective effects of the renal prostaglandins. 10 

Endothelins. Endothelins are peptide vasoconstrictors that are 
involved in volume and pressure regulation. Endothelin is pro¬ 
duced and released by endothelial and other cells act on adja¬ 
cent smooth muscle cells. In addition to increasing peripheral 
resistance, endothelin infusion has a direct inotropic effect on 
the myocardium. In contrast to its vasoconstrictive effects, 
endothelin stimulates the release of other vasoactive media¬ 
tors, particularly endogenous vasodilators like nitric oxide, 
which act to limit its intense vasoconstrictor effect. 

Endothelin exerts a complex influence on sodium and 
water exchange through varied interactions with many other 
hormones that govern fluid and electrolyte balance. One net 
effect of endothelin is a decrease in the filtered load of sodium 
in the kidney. This results in inhibition of water reabsorption 
and decreased sodium excretion. Endothelin increases ANP 
secretion, activates ACE, and inhibits renin release by the jux¬ 
taglomerular apparatus. At low doses, endothelin-1 produces 
a dose-dependent natriuresis and diuresis. Endothelin also 
modulates the biosynthesis of aldosterone, thereby inhibiting 
water reabsorption through aldosterone-controlled mecha¬ 
nisms. Vasopressin-mediated water reabsorption is also inhib¬ 
ited. Endothelin appears to have complex interactions with 
other regulators of renal perfusion and handling of water and 
electrolytes, which has stimulated research to evaluate the con¬ 
tribution of endothelin to the pathophysiology of various 
renal diseases. 11 


TABLE 10.3 


WATER LOSSES IN A 60- TO 80-kg MAN 

■ AVERAGE ■ MINIMAL 

DAILY DAILY 

VOLUME (mL) VOLUME (mL) 


Sensible losses 
Urinary 
Intestinal 
Sweat 


800-1,500 

0-250 

0 


300 

0 

0 


Insensible losses 
Lungs and skin 


600-900 


600-900 


Adapted from Shires GT, Canizaro PC. Fluid and electrolyte 
management of the surgical patient. In: Sabiston DC, ed. Textbook of 
Surgery. Philadelphia, PA: WB Saunders; 1986:77, with permission. 


only because of disease but also because perioperative fluid 
replacement may sidestep some of these homeostatic mecha¬ 
nisms. Although it is important to recognize and correct dis¬ 
ease, trauma, and stress-related abnormalities, it is equally 
important to understand normal fluid and electrolyte balance 
and to avoid iatrogenic perturbations of these systems. 

Q Normal Water Exchange. Water losses are both sensible 
(measurable) and insensible (unmeasurable). Sensible losses 
include losses through urine, stool, and sweat. Table 10.3 sum¬ 
marizes the normal sensible and insensible losses encountered 
in a 24-hour period. The volumes of these losses may vary con¬ 
siderably. Urinary loss usually varies in proportion to intake 
plus other losses. The minimal amount of water needed to 
excrete normal metabolic waste products is approximately 
300 mL/d. 


Nitric Oxide. Nitric oxide is a short-lived free radical pro¬ 
duced from L-arginine by nitric oxide synthases. Although this 
substance has numerous biologic functions that are beyond the 
scope of this chapter, including regulation of vascular tone and 
tissue blood flow, 12 its effects in the kidney as they relate to 
fluid and electrolyte homeostasis deserve mention. Nitric 
oxide is produced in renal smooth muscle cells, mesangial 
cells, tubules, and endothelial cells and participates in the reg¬ 
ulation of renal hemodynamics and renal handling of water 
and electrolytes. Nitric oxide and PGI 2 each independently 
cause renal vasodilation in response to a variety of stimuli. 
Nitric oxide is important in the regulation of medullary (vasa 
recta) blood flow. Pressure-dependent sodium excretion is 
ablated by inhibitors like L-NG-monomethyl-arginine and 
restored with L-arginine. Nitric oxide also contributes to tubu- 
loglomerular feedback, which modulates the delivery and 
reabsorption of sodium and chloride in the renal tubules. 
Nitric oxide synthase in macula densa cells is activated by 
tubular solute reabsorption to release nitric oxide as a vasodi¬ 
lating component of the tubuloglomerular feedback response. 
Nitric oxide also participates in regulating renin release by the 
juxtaglomerular apparatus. Finally, nitric oxide produced in 
the proximal tubule may mediate the effects of angiotensin on 
tubular reabsorption. 12 


Normal Water and Electrolyte Exchange 

The body’s normal homeostatic mechanisms control both the 
volume and composition of the fluid compartments such that 
a remarkably stable internal milieu is maintained. Surgical 
patients are prone to fluid and electrolyte abnormalities, not 


Water loss in stool is usually small, on the order of 150 mL/d, 
but may increase markedly in disease conditions. The GI tract 
has a net secretory action down to the level of the jejunum, and 
the reabsorptive capacity of the remainder of the small and large 
intestines keeps water loss by this route to a minimum. Bowel 
obstruction, severe diarrhea, and enterocutaneous fistulas are 
examples of conditions that may increase GI losses of water and 
electrolytes. 

Sweat does not usually account for much of the daily water 
loss. Sweating is an active process involving the secretion of a 
hypotonic mixture of electrolytes and water, and it should be 
differentiated from the insensible water loss of evaporation 
from the skin. 

Insensible water loss is the evaporatory loss of water from 
both the skin and the respiratory tract (see Table 10.3). Evap¬ 
oratory skin losses are determined by the body surface area 
and temperature of the patient, as well as by the relative 
humidity of the environment. Evaporation through the skin 
functions as a mechanism for heat loss and is proportional to 
calories expended. Approximately 30 mL of water is lost for 
every 100 kcal expended. Respiratory exchange depends on 
the ambient temperature and the relative humidity as well as 
on the rate of air exchange. Respiratory water loss is also 
energy dependent; thus, at normal respiratory rates, 13 mL of 
water is lost for every 100 kcal expended. Overall, normal 
insensible water losses average approximately 8 to 12 mL/kg 
per day. Insensible water loss increases 10% for each degree of 
body temperature above 37.2°C (99°F). In addition, patients 
with tracheostomies who breathe unhumidified air lose addi¬ 
tional free water. Conversely, patients who are on respirators 
or who breathe air that is 100% humidified have no respira¬ 
tory losses and may gain free water. 
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A person normally consumes approximately 2,000 mL/d of 
water, although this quantity is highly variable. Approxi¬ 
mately one third of this amount comes from water bound to 
food, and the remainder originates from free water intake. In 
addition, water may be gained when carbohydrates and pro¬ 
teins, which are kept in solution by water in the cell, are 
metabolized. Although this gain is usually minimal, catabolic 
states may increase the amount of oxidative free water gain to 
approximately 500 mL/d. To maintain proper fluid volumes, 
intake and excretion are well balanced through thirst mecha¬ 
nisms and the changes in renal excretion described earlier. 

Normal Salt Exchange. In industrialized nations, daily 
sodium intake averages 100 to 250 mEq/d. This intake is bal¬ 
anced by losses through sweat, stool, and urine. Fine control of 
sodium balance is achieved by renal sodium excretion. In cases 
of hyponatremia, the kidney is capable of reducing urinary 
losses of sodium to less than 1 mEq/d. Conversely, urinary 
excretion can be increased to rates up to 5,000 mEq/d if neces¬ 
sary to achieve sodium balance. The normal sodium require¬ 
ment is in the range of 1 to 2 mEq/kg per day. 

Potassium balance in the body is also finely controlled. 
Because most potassium remains in the intracellular compart¬ 
ment, potassium homeostasis is maintained by a balance 
between intake and GI and renal losses and by a balance 
between extracellular and intracellular potassium. With a nor¬ 
mal diet, approximately 40 to 120 mEq of potassium is ingested 
daily. Of this potassium, 10% to 15% is excreted in the feces, 
and the remainder is excreted in the urine. Normal daily potas¬ 
sium requirements are approximately 0.5 to 1 mEq/kg per day. 
Abnormal renal function markedly changes this figure; conse¬ 
quently, potassium intake must be minimized in patients with 
renal failure. 


FLUID AND ELECTROLYTE 
THERAPY 


Parenteral Solutions 

Crystalloids. Solutions of electrolytes and water are collec- 
tively referred to as crystalloids and are the most widely used 
fluids for parenteral administration. Crystalloids are inexpen¬ 
sive, are highly effective for fluid maintenance and replace¬ 
ment, and have outstanding safety profiles. Crystalloid-induced 
hypercoagulability has been reported. 13-15 Its causes are multi¬ 
factorial and poorly understood. It can possibly be corrected 
with addition of fibrinogene 16 and/or antithrombin III, but this 
does not often represent a significant clinical problem. 

A number of electrolyte solutions are available for par¬ 
enteral administration (Table 10.4). Selection of the appropri¬ 


ate fluid requires assessment of the patient’s maintenance fluid 
requirements, existing fluid deficits, and anticipated ongoing 
fluid losses. When a single solution does not accurately replace 
the electrolyte components of the losses or deficits, more than 
one type of solution may be administered. Ions such as potas¬ 
sium, magnesium, or calcium may be necessary and can be 
added to parenteral solutions to suit the patient’s require¬ 
ments. 

Lactated Ringer solution is commonly used to replace 
losses of fluid with the ionic composition of plasma, such as 
blood loss, edema fluid, and small-bowel losses. It is ideal for 
the replacement of existing fluid deficits when serum elec¬ 
trolyte concentrations are normal. Although sodium content 
(130 mEq/L) is low compared with plasma, normal renal func¬ 
tion usually ensures that the extra free water in this solution 
(150 mL/L) is excreted. Hyponatremia can occur with 
extended use of lactated Ringer solution or with use in patients 
who have impaired renal function, especially dilutional abnor¬ 
malities such as those secondary to increased ADH secretion. 
Because the lactate anions in lactated Ringer solution are read¬ 
ily metabolized to bicarbonate in the liver, this solution does 
not appear to contribute to acidosis if tissue perfusion has been 
maintained or restored. Recent work comparing the DL 
racemic mixture of lactate in lactated Ringer solution with its 
L-isomer have implicated the D-isomer in leukocyte activation, 
although at present there are no compelling data to suggest that 
resuscitation with this solution increases the inflammatory 
response. 17 Utilization of only the L-isomer in resuscitation 
solutions eliminates this theoretical problem. 

Isotonic saline (0.9% or normal saline) contains 154 mEq of 
both sodium and chloride. Although this solution can be useful 
in patients with hyponatremia or hypochloremia, the excess of 
both sodium and chloride can lead to electrolyte and acid-base 
disturbances. Infusion of large volumes of 0.9% saline can lead 
to total body sodium overload and hyperchloremia. The added 
chloride load can result in a hyperchloremic metabolic acidosis 
or can aggravate preexisting acidosis. In addition, the pH of 
this solution and of the related solutions (0.45%, 0.33%, and 
0.2% saline) is 4.0 to 5.0. 

Following correction of deficits, less concentrated saline 
solutions are more appropriate to replace ongoing fluid losses 
(i.e., nasogastric tube losses) and for maintenance fluid ther¬ 
apy. Although the practical differences between 0.45%, 
0.33%, and 0.2% saline solutions are not large, the specific 
fluid product selection is best determined by calculated 
requirements. These fluids are hypoosmotic and hypotonic 
with respect to plasma. In theory, rapid infusion of very hypo¬ 
tonic solutions can result in red blood cell lysis. For this rea¬ 
son, 5% dextrose (50 g of dextrose per liter) is added to these 
solutions to increase tonicity. In addition, 5% dextrose repre¬ 
sents 200 kcal in each liter of solution. 


TABLE 10.4 


ELECTROLYTE CONTENT OF COMMONLY USED INTRAVENOUS CRYSTALLOID SOLUTIONS 


■ SOLUTION 


■ ELECTROLYTE (mEq/L) 



■ Na + 

■ K + 

■ Ca 2+ ■ Mg^ 

■ Cl" 


0.9% NaCl 

154 

— 

- - 

154 

— 

0.45% NaCl 

77 

— 

— — 

77 

— 

0.33% NaCl 

56 

— 

— — 

56 

— 

0.2% NaCl 

34 

— 

— — 

34 

— 

Lactated Ringer 

130 

4 

4 — 

109 

28 

3.0% NaCl 

513 

— 

— — 

513 

— 

5.0% NaCl 

855 

— 

— — 

855 

— 
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Hypertonic saline solutions (HTSs) (3% NaCl and 5% 
NaCl) are generally used to replace sodium deficits in patients 
with symptomatic hyponatremia. However, these and even 
more concentrated (7.5% NaCl) solutions have also been used 
for resuscitation of hemorrhagic shock, head trauma, and 
burn patients. 18,19 Hypertonic saline appears to increase 
intravascular volume in these patients more quickly than iso¬ 
tonic solutions, and the total resuscitation volume requirement 
may be decreased. When HTS is used for resuscitation of 
patients with severe sepsis, it has been shown to result in 
improvements in oxygen transport, cardiac output, and pul¬ 
monary capillary wedge pressure. 18 The systemic and mesen¬ 
teric oxygen extraction coefficient improves without worsen¬ 
ing of other markers of perfusion. This is achieved by rapid 
mobilization of fluids from the intracellular compartment to 
the extracellular compartment. The osmotic gradient pro¬ 
duced by HTS redistributes fluids from the perivascular and 
intracellular spaces to the intravascular space with consequent 
plasma volume expansion (up to fourfold). These cardiovascu¬ 
lar and hemodynamic effects are short-lived, in general lasting 
from 60 to 120 minutes. The addition of colloids such as dex- 
tran or hetastarch can prolong the effect. 

The osmotic effect of hypertonic saline may benefit patients 
with acute severe brain injury. 20 By reducing the water content 
of the brain, HTS can help to control intracerebral pressure 
after injury. In addition, HTS has immunomodulatory effects, 
which are well documented. 21 HTS reduces the systemic 
inflammatory response syndrome (SIRS) and may attenuate 
multiple organ dysfunction syndrome (MODS). 21 HTSs are not 
without adverse effects, however. Patients are at risk for elec¬ 
trolyte abnormalities such as hypernatremia. Extravasation 
into the soft tissues can produce significant soft tissue edema 
and even necrosis. Further clinical trials will be needed to deter¬ 
mine the indications and efficacy of hypertonic solutions. 

Colloids. Colloid plasma volume expander solutions offer 
the potential benefits of promoting retention of fluid in the 
intravascular space and of reducing excess interstitial fluid 
(edema). Worldwide, albumin and artificial colloids are relied 
on to varying degrees in fluid management of the surgical 
patient. In the United States, concerns regarding the effective¬ 
ness, cost, and potential complications of colloid administra¬ 
tion have limited their use to specific clinical situations. 

Albumin. Albumin (69 kD), derived from human plasma 
and heat-treated to reduce infection risk, is available in 5 % and 
25% solutions. These act by increasing plasma oncotic pres¬ 
sures and theoretically retarding or even reversing movement 
of water into the interstitial space. However, many of the con¬ 
ditions associated with edema are also associated with abnor¬ 
malities in microvascular permeability. Examples include the 
pulmonary circulation in the adult respiratory distress syn¬ 
drome, regional circulatory beds in burns or infections, and the 
systemic circulation in sepsis. Exogenously administered pro¬ 
tein in colloid solutions can extravasate into the interstitial 
space and intensify, rather than decrease interstitial edema. The 
debate continues as recent large studies have added to the ques¬ 
tion of the benefits and disadvantages of resuscitation with col¬ 
loids versus crystalloids. 22 The SOAP trial (Sepsis Occurrence 
in Acutely Ill Patients) demonstrated increased mortality in 
intensive care unit patients treated with colloids, whereas the 
SAFE trial (Saline vs. Albumin Fluid Evaluation) found no 
overall difference in organ dysfunction or survival. 24 

Hetastarch. Hydroxyethyl starches (HESs) are synthetic 
plasma expanders derived from hydrolyzed amylopectin, with 
variable degrees of substitution (DS) of hydroxyl groups for 
carbon groups on glucose molecules. HES is available commer¬ 
cially in the United States as a 6% solution of high-molecular- 
weight (450,000), highly hydroxyethyl substituted (DS 0.7) 
HES (hetastarch) in 0.9% saline. Hetastarch has been used as a 


resuscitative solution in a variety of clinical settings with vari¬ 
able results. Coagulopathy and bleeding complications have 
been widely reported after administration of highly substituted, 
high-molecular-weight HES. 25,26 This appears to be associated 
with reduced factor VIII and von Willebrand factor levels, a 
prolonged partial thromboplastin time, and impaired platelet 
function. 27 Because of its long half-life, coagulopathy does not 
quickly reverse after cessation of HES administration. Reports 
of renal insufficiency or renal failure after HES 450/0.7, HES 
250/0.45 (Pentaspan), and HES 200/0.62 administration add 
to the concerns regarding overuse of these volume expanders, 
particularly in patients with preexisting renal impairment. 

Hextend, a balanced 6% hetastarch (molecular weight 
[MW] 720,000) in lactated Ringer solution, has been for¬ 
warded as a much-improved alternate resuscitation product as 
compared to 6% hetastarch in saline. In a phase III trial of 
Hextend and 6% hetastarch in saline, Hextend was found to 
be as effective for resuscitation but without adversely affecting 
the coagulation profile. 28 Although the safety profile of this 
alternative colloid resuscitative fluid appears to be better than 
that of 6% hetastarch in saline, the data regarding its safety in 
situations of massive resuscitation are not clear. In a recent 
study using an experimental model of traumatic brain injury, 
Hextend was found to reduce fluid requirements, eliminate the 
need for mannitol, and improve neurologic outcome as com¬ 
pared to crystalloid and mannitol resuscitation. Furthermore, 
it had no adverse effect on coagulation. 29 In another recent 
experimental report, Hextend was found to have no significant 
platelet-inhibitory effects. 30 

Low-molecular-weight, low-substituted (MW 130 kD; DS 
0.4) HES (Voluven) has recently been introduced and demon¬ 
strated to have a far smaller effect on coagulation than other 
HES solutions. 31 In addition, there is evidence that renal impair¬ 
ment does not occur after administration of HES 130/0.4, in 
contrast to the high-molecular-weight, highly substituted HES 
solutions. 32 Although numerous reports now suggest that this 
type of alternative HES is a very good option when plasma vol¬ 
ume expansion is indicated, the safety of wide use of large- 
volume Voluven administration remains to be demonstrated. 

Dextrans. Dextrans are glucose polymers synthesized by 
Leuconostoc mesenteroides bacteria grown on sucrose media. 
These are available as synthetic plasma expanders in 40,000- 
MW (dextran 40; Rheomacrodex) and 70,000-MW (dextran 
70; Macrodex) solutions. Although neither is used frequently 
for volume expansion, dextran 70 has been preferred because 
of its significantly longer half-life and better retention in 
plasma. The most accepted current use of dextran solutions is 
to lower blood viscosity. Both should be avoided in patients 
with known renal dysfunction, but dextran 40 has been shown 
to represent a particular risk for renal injury. 33 Anaphylactoid 
reactions can occur with either dextran 40 or 70. 

Gelatins. Gelatin solutions produced from bovine collagen 
are effective as plasma volume expanders and are available 
outside the United States in urea-linked (Gelofusin) and succi¬ 
nate-linked (Haemaccel) formulations. Gelofusin has been 
used in similar clinical settings to HES, with similar clinical 
results, although one randomized trial comparing the two col¬ 
loids in trauma patients suggested that HES (MW 250; DS 4.5) 
was more effective in reducing capillary leak. 34 Coagulopathy 
does not appear to be an issue with gelatins, although renal 
impairment has been reported with these colloids as well. 
Allergic reactions ranging in severity from pruritus to anaphy¬ 
laxis can occur with both gelatin formulations. 35 

Artificial Oxygen Carriers. Although the subject of trans¬ 
fusion is beyond the scope of this chapter, new developments 
in the area of oxygen-carrying synthetic volume expanders 
deserve brief mention. Early difficulties with perfluorocarbon- 
based solutions have increased the intensity of investigation to 
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develop hemoglobin-based oxygen-carrying (HBOC) solu¬ 
tions, and the results of recent clinical trials with these sub¬ 
stances have been encouraging. 36 In the future, these solutions 
may prove beneficial when volume expansion in conjunction 
with increased oxygen-carrying capacity is required and will 
avoid the immunologic consequences of allogenic blood trans¬ 
fusions. 


Goals of Fluid and Electrolyte Therapy 

Q The goals of fluid therapy are to normalize hemodynamic 
parameters and body fluid and electrolyte concentrations. This 
is accomplished by correction of both volume and electrolyte 
abnormalities, as well as by replacement of both normal daily 
losses and additional ongoing losses associated with disease 
states and surgical treatments. 


CORRECTION OF 
VOLUME ABNORMALITIES 


Volume Deficits 


Hypovolemia is common among surgical and trauma patients. 
Its occurrence may be related to direct loss of blood or other 
fluids but frequently occurs in the absence of external fluid loss. 
In critically ill patients, this can be due to vasodilation or dif¬ 
fuse capillary leak. Large volumes of fluid can be sequestered in 
extravascular spaces (third-space losses) as a consequence of 
inflammation, sepsis, or shock-related endothelial injury and 
increased endothelial permeability. 37 This situation is charac¬ 
terized by a movement of proteins and fluid from the intravas¬ 
cular to the interstitial compartment. Examples of disorders 
that cause third-space losses include bowel obstruction with 
edema of the bowel wall and transudation of fluid into the 
bowel lumen and pancreatitis with often massive retroperi¬ 
toneal fluid extravasation. Third-space fluid in the interstitial 
space is poorly exchangeable with the intravascular compart¬ 
ment while the disease process persists. With the resolution of 
pathologic conditions and normalization of microvascular per¬ 
meability, these fluid losses stop and sequestered fluid is 
returned to the intravascular space at variable rates. 

Volume deficits can be either acute or chronic. Chronic vol¬ 
ume deficits may manifest as decreased skin turgor, weight 
loss, sunken eyes, hypothermia, oliguria, orthostatic hypoten¬ 
sion, and tachycardia. In addition, serum BUN and creatinine 
may be elevated, with a high BUN/creatinine ratio (above 
15:1), and the hematocrit may be elevated as well. Assuming 
no change in red cell mass, the hematocrit can be expected to 
increase 6 to 8 percentage points for each liter deficit in 
intravascular volume. In this situation, urine concentration is 
usually high, and urine sodium excretion is low (<20 mEq/L 
Na + ). Unlike urine sodium levels, plasma sodium is not an 
indicator of intravascular volume. Plasma sodium concentra¬ 
tion remains normal when fluid loss is isotonic, despite the vol¬ 
ume of fluid lost. 

Acute volume losses are usually manifested by changes in 
vital signs. If organ perfusion is compromised, urine output 
may be low. Attempts to quantify volume deficits are usually 
of little value. The volume of fluid required to restore blood 
pressure, heart rate, and urine output is the best estimate of 
what the volume deficit has been. Fluid resuscitation for hypo¬ 
volemia is initiated with an isotonic solution such as lactated 
Ringer solution. Urine flow in critically ill patients is moni¬ 
tored with an indwelling Foley catheter with a goal of at least 
0.5 mL/kg per hour output. After fluid resuscitation has been 
initiated, a thorough history and physical examination may 
help to determine the origins of the volume deficits, and the 
underlying causes can be appropriately addressed. Invasive 


monitoring with a central venous or pulmonary artery catheter 
should be considered early in the resuscitation of elderly 
patients or patients with certain disease states such as severe 
cardiac disease or renal failure. 


Volume Excess 


Clinical manifestations of volume excess may occur with exces¬ 
sive parenteral volume administration, particularly in at-risk 
patients such as the elderly and those with cardiac disease. Vol¬ 
ume overload can occur if appropriate adjustments to fluid ther¬ 
apy are not made. Possible manifestations of volume overload 
are weight gain, elevated central venous pressure (CVP), pul¬ 
monary congestion or edema, and peripheral edema. Intravas¬ 
cular volume excess is treated by volume restriction and use of 
loop diuretics. 


MAINTENANCE FLUID THERAPY 

Calculation of maintenance fluid replacement does not include 
replacement of either preexisting deficits or ongoing additional 
losses. Basal requirements for water and electrolytes are deter¬ 
mined by sensible and insensible losses. Insensible water loss 
averages 8 to 12 mL/kg per day and increases 10% for every 
degree of body temperature above 37.2°C. Urinary and fecal 
losses must be added to this figure. Maintenance fluid volume 
requirements can be calculated based on body weight taking 
into account a larger per kilogram volume requirement of 
smaller body weight individuals (Table 10.5). A 10-kg child 
requires 100 mL/kg per day or 1,000 mL/d. A 70-kg man 
requires 1,000 mL/d for the first 10 kg (100 mL/kg X 10 kg), 
plus 500 mL/d for the second 10 kg (50 mL/kg X 10 kg), plus 
1,000 mL/d for the last 50 kg (20 mL/kg X 50 kg), for a total 
daily water requirement of 2,500 mL/d. In patients who may 
be intolerant of hypervolemia (i.e., cardiac disease, elderly 
patients), the requirement per kilogram over 20 kg is decreased 
to 15 mL/kg per day. 

For maintenance therapy, 1 to 2 mEq/kg per day of sodium 
is required, with any administered excess managed by urinary 
sodium excretion. Potassium requirements are approximately 
0.5 to 1 mEq/kg per day. If sodium is replaced at 2 mEq/kg per 
day and potassium is replaced at 1 mEq/kg per day, a 70-kg 
patient requires 2,500 mL of water containing 140 mEq of 
sodium and 70 mEq of potassium. Each liter of parenteral 
solution would contain 56 mEq of sodium and 28 mEq of 
potassium. The solution that best fits this patient’s daily main¬ 
tenance requirements is 0.33% saline solution (56 mEq/L 
Na + ). Potassium chloride can be added to each liter of solution 
(20 to 30 mEq/L), with appropriate adjustments for the 
patient’s electrolyte and renal functional status. 

Short-term maintenance therapy generally does not require 
addition of calcium, phosphate, or magnesium. However, in 


TABLE 10.5 


CALCULATION OF MAINTENANCE FLUID REQUIREMENTS 


■ BODY WEIGHT 

■ FLUID REQUIREMENT* 


For 0-10 kg 

Give 100 mL/kg/d 

A 

For the next 10-20 kg 

Give an additional 50 mL/kg/d 

B 

For weight >20 kg^ 

Give 20 mL/kg/d 

C 

^Maintenance fluid requirements = sum of A + B + C. 

fe For elderly patients or patients with cardiac disease, this amount 

should be reduced to 15 mL/kg/d. 
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TABLE 10.6 


ELECTROLYTE CONCENTRATIONS IN GASTROINTESTINAL SECRETIONS 


■ SECRETION 



■ ELECTROLYTE (mEq/L) 


■ Na + 

■ K + 

■ Cl- 


■ H + 

■ RATE 
(mL/d) 

Salivary 

50 

20 

40 

30 

— 

100-1,000 

Gastric 

Basal 

100 

10 

140 

— 

30 

1,000 

Stimulated 

30 

10 

140 

— 

100 

4,200 

Bile 

140 

5 

100 

— 

— 

500-1,000 

Pancreatic 

140 

5 

75 

— 

— 

1,000 

Duodenum 

140 

5 

80 

— 

— 

100-2,000 

Ileum 

140 

5 

70 

— 

— 

100-2,000 

Colon 

60 

70 

15 

— 

— 

— 


patients with chronic disorders, patients who experience sig¬ 
nificant volume shifts, or patients who require long-term par¬ 
enteral fluid therapy, these electrolytes should be measured 
and corrected by the most practical route. If the enteral route 
is unavailable, these are administered in parenteral nutrition 
solutions along with trace elements, vitamins, and appropriate 
caloric sources. 


REPLACEMENT OF 
ONGOING FLUID LOSSES 


Once volume deficits have been replaced and maintenance flu¬ 
ids have been calculated and given, the overall fluid balance of 
the patient can be maintained by replacement of fluid losses 
beyond those considered to be maintenance. Ongoing losses 
from nasogastric tubes, stomas, fistulas, and other measurable 
sources are recorded during the course of care and can be 
replaced in fairly straightforward fashion. The electrolyte con¬ 
tents of these fluids can be estimated or measured and used to 
guide the choice of replacement fluid type (Table 10.6). 


Intraoperative Fluid Therapy 

Anesthesia interrupts normal baroreceptor reflexes, so the 
patient with volume depletion that was compensated preopera- 
tively by increased vascular resistance and heart rate may 
become acutely hypotensive on induction of anesthesia. For this 
reason, adequate resuscitation before surgery is mandatory. 
During operative procedures fluid losses result from blood loss, 
third-space sequestration, and evaporative losses from open 
wounds. Operative blood loss can often be measured. Evapora¬ 
tive losses and shifts of intravascular fluid to the extravascular 
space (third space) cannot be measured but should be antici¬ 
pated. Intraoperative replacement with isotonic solutions is usu¬ 
ally accomplished at rates of 500 to 1,000 mL/h. Close moni¬ 
toring of blood pressure and urine output, as well as judicious 
use of invasive monitoring techniques, aids the surgeon and 
anesthesiologist in avoiding problems associated with intraop¬ 
erative volume depletion. 


Postoperative Fluid Therapy and Monitoring 

Fluid therapy during the postoperative period is adjusted to 
the patient’s volume status at the completion of the operative 
procedure, as well as to anticipated ongoing fluid losses. Iso¬ 


tonic solutions should be used for volume resuscitation during 
the early postoperative period. It is best not to give potassium 
supplements during this period, unless they are specifically 
required as indicated by serum electrolyte measurements, until 
adequate renal function is confirmed. 

Routine monitoring of postoperative fluid status consists of 
serial vital signs and urine output measurements. Fluid intake 
and output data are recorded in the patient’s medical record and 
used to plan ongoing fluid therapy. Weight should also be 
recorded daily. In the postsurgical patient, rapid fluctuations in 
weight are generally related to changes in TBW. Adequate fluid 
is given to maintain a urine output of greater than 0.5 mL/kg 
per hour. Urine specific gravity can also be measured and serves 
as an indicator of both volume status and renal ability to con¬ 
centrate and dilute the urine. Urine specific gravity of greater 
than 1.010 to 1.012 indicates that the urine is being concen¬ 
trated (relative to plasma), and a urine specific gravity of less 
than 1.010 indicates that dilute urine is being produced. Both 
volume depletion and cardiac failure are accompanied by 
increased urine concentration and low urine outputs. Urine spe¬ 
cific gravity in the range of plasma (1.010 to 1.012) may indi¬ 
cate either adequate hydration or the inability of the kidneys 
either to dilute or concentrate the urine. 

Renal failure in the postoperative period may be accompa¬ 
nied by low urine volumes (oliguric renal failure, <500 mL/d) 
or normal or high urine volumes (nonoliguric or high-output 
renal failure). Measurement of urine electrolytes and creatinine 
clearance can help clarify questions regarding volume status 
and renal function. CVP measurement can be used to more 
accurately assess volume status and guide fluid administration. 
Normal CVP may range from 5 to 12 mm Hg. Higher pressures 
usually indicate volume overload or cardiac failure, whereas 
pressures below this range indicate intravascular volume deple¬ 
tion. There are significant limitations to CVP measurement as a 
reflection of circulating volume, particularly in critically ill 
patients. Abnormalities of cardiac performance and vascular 
tone may confound interpretation of CVP measurements, and 
pulmonary artery catheterization may be required to resolve 
volume status questions. 


ELECTROLYTES 


Concentration Changes in Body Fluids 

Volume excess or deficits are often isotonic but may be accom¬ 
panied by changes in extracellular sodium concentration and 
osmolality. The mechanisms controlling normal osmoregulation 
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C Extracellular Intracellular 



[Na + ] > 140 
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FIGURE 10.6. A: Isotonic dehydration. Extracellular fluid is lost, but 
sodium concentration and osmolality remain unchanged. There is no 
change in intracellular volume. B: Hypotonic dehydration caused by 
an extracellular fluid deficit with hyponatremia. Water moves into the 
intracellular space, causing further extracellular depletion and intra¬ 
cellular fluid (ICF) expansion. C: Hypertonic dehydration caused by 
loss of extracellular free water, resulting in hypernatremia. Water from 
the ICF shifts to the extracellular space, resulting in contraction of 
both ICF and extracellular fluid compartments. 


may be affected by the same processes responsible for control¬ 
ling volume. Volume depletion is the most common disorder of 
volume status encountered in surgical and trauma patients. 
These patients usually present with isotonic dehydration (Fig. 
10.6A). In this condition, the volume lost is isotonic with 
plasma. Examples of isotonic volume deficits include blood 
loss, third-space losses, and GI losses. Volume depletion may 
also be accompanied by hypo-osmolar conditions (hypotonic 
dehydration; see Fig. 10.6B) and is often iatrogenic and the 
result of incomplete volume resuscitation with hypotonic solu¬ 
tions. Dehydration associated with hyperosmolar states (hyper¬ 
tonic dehydration; see Fig. 10.6C) is infrequent and usually 
indicates impaired consciousness and thirst mechanisms or a 
patient’s inability to drink or obtain water. As mentioned pre¬ 
viously, volume excesses often occur some time after hospital¬ 
ization rather than at presentation. The most frequent concen¬ 
tration defect associated with volume excess is hyponatremia. 

Hyponatremia 

Causes. Hyponatremia may result from direct sodium loss or 
from dilution of sodium by excessive free water under hypo¬ 
volemic, euvolemic, or hypervolemic conditions. Hyponatremia 
is frequently seen in the postoperative or postinjury period 
when ADH is elevated as a component of the normal stress 
response to injury. Inflammatory and stress cytokines such as 
C-reactive protein, interleukin-6, interleukin-1, and tumor 


I TABLE 10.7 

1 

CAUSES OF THE SYNDROME OF INAPPROPRIATE 

ADH SECRETION 

Tumor hypersecretion of ADH 

Lung 

Pancreas 

Bladder 

Prostate 

CNS disorders 

Head trauma 

Neurosurgical interventions 

Brain tumors 

Alcohol withdrawal 

Stroke 

Other 

Infection 

Medication induced 

ADH, antidiuretic hormone; CNS, central nervous system. 


necrosis factor all increase ADH levels. Volume expansion due 
to increased ADH-stimulated free water reabsorption may 
stimulate natriuresis and exacerbate hyponatremia. Because 
volume expansion and hyponatremia diminish the effects of 
ADH on the collecting tubules, hyponatremia is usually self¬ 
limited under these circumstances, with serum sodium concen¬ 
tration rarely falling below 130 mEq/F unless exacerbated by 
exogenous free water administration. 

The syndrome of inappropriate ADH secretion (SIADH) 
occurs as the result of ADH release under circumstances that 
are inappropriate to the patient’s volume status. The diagnosis 
can be made when hyponatremia occurs in the presence of eu- 
volemia (or hypervolemia) and normal renal and adrenal func¬ 
tion. SIADH can be encountered in a wide range of clinical 
problems (Table 10.7). The diagnosis requires that the patient 
have a low plasma osmolality with a high urine osmolality sec¬ 
ondary to high urinary sodium excretion in a low volume of 
urine. Treatment of hyponatremia in the setting of SIADH 
depends on the presence of symptoms, the severity of the 
hyponatremia, and its duration. In the acute setting most 
patients will respond to fluid restriction. Fluids are restricted to 
50% to 75% of daily maintenance (700 to 1,000 mL/m 2 per 
day) and electrolytes should be measured every 6 to 8 hours. 
Patients who are symptomatic require aggressive treatment 
with hypertonic saline solutions such as 3% NaCl. Patients 
with chronic hyponatremia may not respond to water restric¬ 
tion and can benefit from drugs. Medication options include 
vasopressin receptor antagonists (VRAs) and osmotic loop 
diuretics. Demeclocycline, a tetracycline antibiotic, can be used 
to block vasopressin. A new class of peptide and nonpeptide 
VRA are in development. Currently, conivaptan (Vaprisol), a 
nonselective VRA, is the only drug of this class approved in the 
United States. Oral formulations such as relcovaptan, SSR- 
149,415, and V2 selective drugs (lixivaptan, mozvaptan, 
stavaptan, and tolvaptan 38 ) await approval by the Food and 
Drug Administration for use in the United States. 

Hyponatremia can also be associated with low effective cir¬ 
culating volume. This most commonly occurs in edematous 
states or cirrhosis with ascites, but it can also result from dehy¬ 
dration with concomitant volume replacement with hypotonic 
solutions. Because of the low intravascular volume, renal 
plasma flow and glomerular filtration rate are low, resulting in 
increased sodium reabsorption by the kidneys. This renal com¬ 
pensation may not be sufficient to correct the abnormality. 

Although hyponatremia most often results from excess free 
water, it can occur in the presence of excess solute, as previously 
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TABLE 10.8 


SYMPTOMS OF HYPONATREMIA 


Central nervous system 

Headaches 

Confusion 

Delirium 

Coma 

Seizures 

Gastrointestinal 

Anorexia 


Nausea 


Vomiting 

Musculoskeletal 

Weakness 


Fatigue 


Muscle cramps 


described, with increased P osm in hyperglycemic conditions 
(pseudohyponatremia). Other types of solute may contribute to 
hyperosmolality and water shifts from the intracellular to the 
extracellular space, with consequent hyponatremia. These 
include exogenously administered or ingested mannitol, ethanol, 
methanol, or ethylene glycol. In addition to shifts in water, cellu¬ 
lar exchange of potassium for sodium as a compensatory mech¬ 
anism for potassium loss may result in hyponatremia. In both 
hyperosmolar and hypokalemic conditions, total body sodium 
remains normal. 

Finally, hyperproteinemia and hyperlipidemia can cause 
falsely low sodium values. This pattern of pseudohypona¬ 
tremia is due to an anomaly of laboratory measurement of 
sodium and is not accompanied by any symptoms attributable 
to hyponatremia. 

Clinical Features. Chronic hyponatremia is often asympto¬ 
matic until serum [Na + ] falls below 110 to 120 mEq/L. A more 
acute drop in serum [Na + ] to the 120 to 130 mEq/L range may 
result in central nervous system (CNS), musculoskeletal, or GI 
symptoms (Table 10.8). Symptoms related to the CNS result 
largely from cellular water intoxication, and permanent CNS 
injury can occur if hyponatremia is left untreated. 

Diagnosis. Differentiating the causes of hyponatremia may be 
difficult. Once hyperosmolar hyponatremia (caused by hyper¬ 
glycemia, mannitol administration, or radiologic contrast 
medium) has been excluded and pseudohyponatremia has 
been eliminated from the differential diagnosis, the clinician 
must determine whether the effective circulating volume is low 
(hyponatremic dehydration) or normal. 

Hyponatremic dehydration may be caused by renal or 
extrarenal sodium losses. Renal sodium losses are usually the 
result of diuretic use, chronic renal failure, adrenal insuffi¬ 
ciency, or a defect in aldosterone secretion. The hallmark of 
these disorders is a urine sodium level above 20 mEq/L in the 
face of hyponatremia. This is in contradistinction to extrarenal 
sodium loss such as that caused by vomiting; diarrhea; or fluid 
loss through nasogastric tubes, fistulas, or drains. The dehy¬ 
dration resulting from these conditions causes increased renal 
sodium reabsorption and urine sodium levels below 20 mEq/L. 
Normal or high effective circulating volume in combination 
with hyponatremia is almost always caused by SIADH or by 
increased sensitivity of the renal collecting tubules to the 
action of normal levels of ADH. 

Treatment. Hypovolemic patients with hyponatremia can fre¬ 
quently be treated by rehydration with isotonic saline or lac- 
tated Ringer solution because symptoms in this situation are 


often caused by dehydration rather than hyponatremia. 
Overly rapid normalization of volume may lead to hyperna¬ 
tremia, and serum [Na + ] must be serially monitored during 
volume replacement. Most surgical patients with hypona¬ 
tremia are euvolemic or hypervolemic. Asymptomatic patients 
in this category are best treated by free water restriction. 

Patients who have significant symptoms require aggressive 
treatment with a clear recognition that overzealous therapy 
may lead to CNS injury. Rapid infusion of hypertonic saline 
may result in central pontine myelinolysis and the quadriple- 
gia, dysarthria, and dysphasia of the “locked in” syndrome. 
This risk is greatest in patients who have been hyponatremic 
for longer than 48 hours. In these patients, 3% or 5% saline 
solution is given relatively slowly to increase serum [Na + ] at a 
rate not exceeding 0.5 mEq/L per hour. The amount of sodium 
needed to increase the serum [Na + ] to a desired level can be 
calculated as follows: 

Na + required(in mEq) = (desired[Na + ] s - actual[Na + ] s )X TBW 

where [Na + ] s = serum sodium concentration. For example, a 
70-kg patient has been hyponatremic for more than 48 hours 
and has a serum sodium level of 120 mEq. Correction of 
hyponatremia during the first 24 hours is limited to 0.5 mEq/L 
per hour X 24 hours = 12 mEq/L. Assuming TBW 60% of 
body weight: 

Na + required = (132 - 120) X (0.6[70j) = 504 mEq 

Because 5% saline contains 850 mEq/L of sodium, the vol¬ 
ume of 5% saline required to provide 504 mEq of sodium in 
the first 24 hours of treatment is as follows: 

504 mEq/850 mEq = 0.593 L 5% saline 

For more acute symptomatic hyponatremia (<48 hours’ 
duration), more rapid treatment may be used. Five percent or 
3% hypertonic saline may be administered at a rate of 1 to 
2 mEq/L per hour. Hyperacute hyponatremia, which may result 
from inadvertent infusion of large volumes of water or from 
dialysis accidents, can be treated at rates of 5 mEq/L per hour. 
The treatment goal is to achieve a serum sodium level above 
125 mEq/L or to achieve resolution of symptoms. 

Hypernatremia. Hypernatremia is a less common problem 
in surgical patients than hyponatremia but can occur due to a 
number of causes (Table 10.9). Although hypernatremia is 


TABLE 10.9 


CAUSES OF HYPERNATREMIA 


■ VOLUME 
STATUS 

■ CAUSE 

Low 

Free water loss 

Insensible—skin, respiratory 

Gastrointestinal loss 

Excessive hyperosmotic peritoneal dialysis 
Renal 

Diuretics, diabetes insipidus, nonoliguric 
renal failure 

Normal 

Same as “Low” volume status but with 
improper correction 

High 

Free water loss 

Increased mineralocorticoids— 
hyperaldosteronism, hypercortisolism 

Iatrogenic 

Excessive sodium administration 
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usually the result of excessive free water loss associated with 
hypovolemia, it can also occur in euvolemic and hypervolemic 
states. Euvolemic hypernatremia tends to occur for the same 
reasons as in hypovolemic situations, with the added factor 
of improper correction of free water loss (i.e., with sodium- 
containing fluids). Water loss may be due to nonrenal or renal 
causes. Nonrenal free water losses can be characterized as 
insensible as in respiratory losses in patients with tra¬ 
cheostomies who breathe unhumidified air or skin losses in 
patients with high fevers. Large volumes of free water can also 
be lost when hypertonic glucose solutions are used for peri¬ 
toneal dialysis. Diabetes insipidus, seen most frequently in 
head trauma or neurosurgical patients, is due to depressed 
secretion of ADH. The free water diuresis in this condition can 
at times be massive. 

Hypernatremia can also be caused by increased total body 
content of sodium, which is usually related to exogenous 
administration of sodium. Infusion of excessive amounts of 
sodium bicarbonate during acute resuscitation from car¬ 
diopulmonary arrest is frequently associated with subsequent 
hypernatremia. Administration of solutions containing large 
amounts of sodium for replacement of free water deficits may 
also lead to hypernatremia. 

Clinical Features. Moderate degrees of hypernatremia are tol¬ 
erated well, and symptoms rarely develop unless serum [Na + ] 
levels exceed 160 mEq/L or serum osmolality exceeds 320 to 
330 mOsm/kg. Rapid onset of hypernatremia is associated 
with earlier onset of symptoms. The symptoms of hyperna¬ 
tremia are related to the hyperosmolar state. Cellular dehydra¬ 
tion occurs as water passes into the extracellular space. CNS 
effects predominate. The most common symptoms are rest¬ 
lessness, irritability, ataxia, fever, tonic spasms, and seizures. 
Subarachnoid hemorrhage may also occur. 


where Ch 2 0 = free water clearance rate, C osm = osmolar clear¬ 
ance rate, V = urine flow rate, and U osm and P osm = urine and 
plasma osmolalities, respectively. 

The U osm and P osm can be estimated by the total sodium and 
potassium concentrations. Therefore, 

Ch 2 o = V - ( U Na + Uk) X V 
[Na+] s 

where U Na and U K = urinary sodium and potassium concen¬ 
trations, respectively. A positive number signifies net free 
water loss and adds to the water requirement, whereas a neg¬ 
ative number indicates free water absorption and is subtracted 
from the water requirement. Thus, the total water requirement 
to achieve the desired decrease in serum [Na + ] is the sum of 
the calculated water deficit plus the calculated insensible water 
loss plus the urinary free water clearance. 


Compositional Changes in Body Fluids 

Potassium. Potassium is the major intracellular cation and is 
the major determinant of intracellular osmolality. Normally, 
intracellular potassium concentration is approximately 150 
mEq/L, whereas extracellular potassium levels range from 3.5 
to 5 mEq/L. Because of the large difference between intracellu¬ 
lar and extracellular potassium concentrations, a transmem¬ 
brane potential is generated. Alterations in the potassium con¬ 
centration gradient have profound effects on transmembrane 
potential and consequently on cellular function. This is espe¬ 
cially true for cardiac, skeletal, and smooth muscle. The mem¬ 
brane potential (E m ) developed in cells is described by the 
Nernst equation: 


Treatment. Once hypernatremia becomes symptomatic, it is 
associated with significant morbidity and mortality if prompt 
treatment is not instituted. Rapid correction carries a signifi¬ 
cant risk of cerebral edema and brainstem herniation. In 
chronic hypernatremia, the cells in the brain gradually adapt by 
increasing intracellular osmotic solute content, thereby regain¬ 
ing cellular volume. These cellular changes are not readily 
reversed. A sudden decrease in extracellular sodium concentra¬ 
tion, and therefore osmolality, results in cell swelling. Because 
chronic hypernatremia is relatively well tolerated, there are few 
advantages to correcting the free water deficit rapidly. Free 
water is administered to correct serum [Na + ] at a rate not 
exceeding 0.7 mEq/L per hour. The amount of water required 
to correct a hypernatremic state depends on the free water 
deficit, the insensible free water losses, and the urinary free 
water excretion rate. The water requirement to replace the free 
water deficit can be calculated using the following formula: 


water requirement = 


desired change in [Na + ] s X TBW 
desired [Na + ] s 


For example, a 70-kg patient with a TBW of 42 L (TBW 
60% of body weight) has a serum sodium of 170 mEq/L. The 
maximum desired change in serum sodium over 1 day would 
be approximately 16 mEq (0.7 mEq/L per hour). Therefore, 
water requirement = 16 X 42/154 = 4.3 L. 

The desired level of serum sodium would not be achieved 
unless insensible losses (approximately 8 mL/kg per day) and 
urinary free water losses were also replaced. Urinary losses of 
free water can be determined by calculating free water clear¬ 
ance: 


Ch 2 o = V — C osm V — U ° s ° X V 

osm 


E m = —log60 [K,]/[K e ] 

where [KJ and [K E ] = intracellular and extracellular potas¬ 
sium concentrations, respectively. 

Normally, the membrane potential of cells is approximately 
— 90 mV as produced by a [Kd/[K E ] ratio of 30:1. Intracellular 
potassium levels are relatively stable, but extracellular potas¬ 
sium levels are often altered in pathologic situations. Overall 
potassium balance is determined by potassium intake and by 
renal and extrarenal excretion. 

Approximately 90% of ingested potassium is excreted in 
the urine, and the remainder (5 to 10 mEq/d) primarily in 
feces. Most potassium filtered by the glomerulus is reabsorbed 
in the proximal tubule, so that net excretion is determined by 
the amount of potassium secreted by the distal tubule and col¬ 
lecting duct of the nephron. In these nephron segments, move¬ 
ment of potassium into the tubular lumen is determined by the 
difference between intracellular and luminal fluid K + concen¬ 
trations, the permeability of the luminal cell membranes to K + , 
and the electrical potential gradient across the luminal cell 
membrane. Potassium secretion is stimulated by increased 
urine flow in the distal nephron segments, increased sodium 
delivery to these segments, high plasma potassium concentra¬ 
tions, and alkalosis. In addition, humoral factors, including 
aldosterone, vasopressin, and /3-adrenergic agonists, stimulate 
renal excretion of K + . Because of the central role of the kid¬ 
neys in potassium excretion, renal failure can lead to hyper¬ 
kalemia. Nonrenal losses may increase greatly in hyperkalemic 
states or in renal failure. 

Extracellular potassium levels can be greatly influenced by 
the acute shifts of potassium into or out of the cells. Insulin 
causes potassium to move into the cell, inducing a change in 
membrane potential and stimulating glycolysis. Alkalosis 
causes K + to shift into cells in exchange for H + . Conversely, 
acidemia induces the cellular exchange of intracellular K + for 
extracellular H + . A redistribution of K + into the ECF can also 
occur in hyperosmolar conditions because the movement of 







Chapter 10: Fluids, Electrolytes, and Acid-Base Balance 


203 


water into the extracellular compartment causes “solvent 
drag,” which may increase the flux of potassium. 

Hyperkalemia 

Causes. Hyperkalemia rarely develops from excessive potas¬ 
sium intake given the high capacity for renal potassium excre¬ 
tion. In the surgical patient, diminished renal function is prob¬ 
ably the most common problem leading to hyperkalemia. Both 
chronic and acute renal failure result in a defect in potassium 
excretion. Nonoliguric renal failure may lead to hyperkalemia 
despite apparently adequate urine output. Serum potassium 
levels may increase by 0.3 to 0.5 mEq/L per day in noncata- 
bolic patients with acute renal failure, but this level can 
increase to 0.7 mEq/L per day or more in catabolic patients or 
those with other sources of potassium intake. Hospitalized 
patients may also receive excess potassium in intravenous flu¬ 
ids and total parenteral nutrition formulas. Less obvious 
sources include medications that are bound to potassium (i.e., 
/3-lactam antibiotics). 

In patients with chronic renal disease, potassium balance is 
normalized by increased colonic potassium excretion, as well as 
increased potassium excretion per functional nephron. Infusion 
of cationic amino acid solutions, such as arginine and lysine, 
can be associated with hyperkalemia because these amino acids 
are taken up by cells in exchange for potassium. Patients with 
impaired renal function or diabetes are also at risk for develop¬ 
ing hyperkalemia when given ACE inhibitors and/or angio¬ 
tensin or aldosterone receptor inhibitors. 39 

Cellular disruption with release of potassium may result in 
hyperkalemia. The classic example of this is hyperkalemia 
associated with crush injuries. Reperfusion of ischemic limbs 
can lead to substantial elevations in potassium when reflow of 
blood washes out the byproducts of ischemia-induced cell lysis. 
Hyperkalemia may also occur when potassium is released from 
lysed erythrocytes in large hematomas or after massive blood 
transfusion. Similarly, potassium release from tumor lysis may 
result in increased serum potassium. Hyperkalemia can also be 
associated with the depolarizing muscle relaxants (e.g., suc- 
cinylcholine). Although unusual, hyperkalemia can also result 
from absorption of potassium after the use of solutions con¬ 
taining high potassium levels, such as cardioplegia solutions or 
organ preservation solutions. 

Clinical Features. The clinical manifestations of hyperkalemia 
are primarily related to membrane depolarization caused by a 
decrease in the [Ki]/[K e ] ratio. The most life-threatening man¬ 
ifestations are related to the cardiac effects of membrane depo¬ 
larization. Mild hyperkalemia results in peaked T waves on 
the electrocardiogram (ECG) and can cause paresthesias 
and/or weakness. More severe forms of hyperkalemia cause 
flattened P waves, prolongation of the QRS complex, and deep 
S waves on the ECG. Ventricular fibrillation and cardiac arrest 
can follow. Neuromuscular manifestations of severe hyper¬ 
kalemia include weakness progressing to flaccid paralysis. 

Treatment. The treatment of hyperkalemia is dictated by the 
serum level and by ECG changes or symptoms. Severe hyper¬ 
kalemia with ECG abnormalities requires urgent treatment. 
The effects of hyperkalemia on membrane potentials can be 
reduced by increasing calcium levels. Rapid infusion of 10% to 
20% calcium gluconate may be lifesaving. The effects are tran¬ 
sient and usually last approximately 30 minutes. Administra¬ 
tion of sodium bicarbonate is another temporary measure. The 
increase in serum sodium antagonizes the effects of hyper¬ 
kalemia on the membrane potential, whereas the increase in 
extracellular pH shifts potassium into the cells. Movement of 
potassium into the intracellular compartment can also be 
achieved by giving 10 to 20 units of regular insulin. To avoid 
insulin-induced hypoglycemia, 25 to 50 g of glucose (50 to 
100 mL of 50% glucose solution) is administered concurrently. 


Definitive therapy of hyperkalemia requires increasing 
potassium excretion. This may be accomplished by the admin¬ 
istration of K + /Na + exchange resins such as sodium poly¬ 
styrene sulfonate (Kayexalate). The usual oral dose is 40 g dis¬ 
solved in 20 to 100 mL of sorbitol. Each gram removes 
approximately 1 mEq of potassium. Kayexalate can also be 
given as a retention enema in a dose of 50 to 100 g in 200 mL 
of water. Retention of the enema may be facilitated by inflat¬ 
ing the balloon of a Foley catheter in the rectum. Each gram 
removes approximately 0.5 mEq of potassium. Peritoneal dial¬ 
ysis or hemodialysis is indicated for severe hyperkalemia and 
for patients with renal failure. 

Hypokalemia 

Causes. Hypokalemia can be caused by TBK depletion sec¬ 
ondary to decreased potassium intake, increased extrarenal 
potassium losses, or increased renal potassium losses. Normally, 
hypokalemia is not secondary to diminished potassium intake, 
although intravenous fluid replacement with potassium-free 
solutions for prolonged periods can result in hypokalemia, espe¬ 
cially in patients with ongoing potassium losses. 

Decreased serum potassium levels may also be caused by 
redistribution of potassium into the intracellular space. Acute 
increases in blood pH secondary to bicarbonate administra¬ 
tion during resuscitation can cause acute hypokalemia, as can 
administration of insulin to hyperglycemic diabetic patients. 
Causes of hypokalemia are listed in Table 10.10. 

Clinical Features. Symptoms of hypokalemia, like those of 
hyperkalemia, are manifestations of disturbances in the 
[KJ/[Ke] ratio with resultant alterations in membrane poten¬ 
tials. As potassium levels fall below 2.5 mEq/L, muscle weak¬ 
ness is common. Severe hypokalemia can cause paralysis involv¬ 
ing the muscles of respiration. Intestinal peristalsis can be 
impaired and result in intestinal ileus. Cardiac muscle abnor¬ 
malities are reflected by the predisposition to digitalis intoxica¬ 
tion; the development of cardiac arrhythmias, including ven¬ 
tricular fibrillation; and sensitization to epinephrine. ECG 
abnormalities include flattened T waves, depressed ST seg¬ 
ments, prominent U waves, and prolongation of the QT inter¬ 
val. Renal changes include decreased renal blood flow and 
glomerular filtration rate. These effects may be relatively minor, 
and they may be accompanied by polyuria, polydipsia, meta¬ 
bolic alkalosis, and sodium retention. Decreased peripheral vas¬ 
cular resistance with ensuing hypotension may be due to a 
decrease in vascular sensitivity to angiotensin II. 

Treatment. The primary treatment of hypokalemia is potas¬ 
sium replacement, although the patient’s acid-base balance 
should be considered before initiating therapy. The route and rate 
of potassium replacement depends on the presence and severity of 
symptoms. Since potassium is primarily an intracellular ion, 


TABLE 10.10 


CAUSES OF HYPOKALEMIA 

■ Shift of potassium to the intracellular space 

■ Acute alkalosis 

■ Administration of glucose and insulin 

■ Catecholamines 

■ Increased gastrointestinal loss 

■ Diarrhea 

■ Mucus-secreting colon tumors (villous adenoma) 

■ Excessive renal loss 

■ Metabolic alkalosis 

■ Magnesium deficiency 

■ Hyperaldosteronism (adrenal adenoma or hyperplasia) 
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potassium deficits cannot be directly calculated but they can be 
estimated. On average, a reduction in serum potassium of 1 
mEq/L represents a TBK deficiency of approximately 100 to 200 
mEq. Potassium should be given orally if possible. Oral formu¬ 
lations include potassium salts such as potassium chloride, 
potassium phosphate, and potassium bicarbonate. Potassium 
should be administered intravenously if the symptoms are severe, 
if the serum concentration is below 2 mEq/L, or if the patient is 
unable to take oral potassium. Intravenous potassium is highly 
irritating to peripheral veins and should not be administered at a 
rate greater than 20 mEq/h and ideally should be administered at 
10 mEq/h or less. Under close cardiac supervision and continu¬ 
ous monitoring in emergent circumstances, as much as 40 mEq/h 
can be administered via a central line. 

Calcium. Calcium is a divalent cation found in abundance in 
the human body. Approximately 99% of total body calcium is 
located in bone in the form of hydroxyapatite crystals. 
Although the bulk of this calcium is not readily exchangeable, 
the calcium on the surface of bones can be exchanged and 
serves as the major store of calcium for maintenance of cal¬ 
cium balance. Calcium homeostasis depends on exchange of 
calcium between bone and ECF, renal excretion, and intestinal 
absorption. These three processes are controlled to a great 
extent by parathyroid hormone (PTH). 

The total plasma calcium concentration is approximately 10 
mg/dL. In ECF, calcium exists in three forms: ionized, nonion- 
ized, and protein bound. Ionized calcium, which makes up 
approximately 45% of total calcium, is responsible for most 
physiologic actions of calcium in the body, and its level is tightly 
controlled by regulatory mechanisms. Normal serum concen¬ 
tration of ionized calcium is approximately 4.5 mg/dL. Some 
nonionized calcium is complexed with nonprotein anions, 
including phosphate and citrate, and does not easily dissociate. 
These molecular forms make up only 15% of the total calcium 
present in plasma. Approximately 40% of extracellular nonion¬ 
ized calcium is bound to proteins. Most is bound to albumin, 
with the remainder bound to a- and /3-globulins. 

Changes in either plasma protein levels or pH can alter the 
proportion of calcium in the ionized state. The protein binding 
of calcium is pH dependent because of competition by H + for 
protein-binding sites. Prompt correction of changes in ionized 
calcium by various homeostatic mechanisms usually prevents 
symptoms from occurring, but rapid changes in pH can result 
in symptoms. The change in ionized calcium can be predicted if 
the changes in pH and protein concentrations are known. A 0.1 
change in pH alters protein-bound calcium by 0.17 mg/dL in 
the same direction as the pH change. Thus, acidosis decreases 
protein-bound calcium levels and increases ionized calcium lev¬ 
els. Similarly, a change in albumin concentration of 1 g/dL 
changes protein-bound calcium by 0.8 mg/dL in the same direc¬ 
tion. Because little of the calcium is bound to globulins, 
changes in globulin concentration of 1 g/dL change protein- 
bound calcium by only 0.16 mg/dL. 

Despite a 10,000-fold concentration gradient with the ECF, 
intracellular calcium concentration is normally maintained at 
extremely low levels, 10 -7 mol/L. This is accomplished by active 
transport of calcium out of the cell and by sequestration of cal¬ 
cium in mitochondria and the endoplasmic reticulum. Calcium 
influx occurs through calcium channels, and cytosolic calcium is 
often bound to specific calcium-binding proteins such as 
calmodulin. These control mechanisms are key to the central 
role of calcium as a second messenger in multiple cellular func¬ 
tions such as neural transmission, muscle contraction, and 
enzyme regulation. 

Calcium Homeostasis. Calcium homeostasis is maintained 
through a balance of bone exchange, renal excretion, and 
intestinal absorption. All of these functions are controlled to a 
great degree by PTH. Of these three homeostatic mechanisms, 
calcium exchange with bone is the most important. Decreased 


levels of ionized calcium lead to increases in PTH and increases 
in 1,25-dihydroxyvitamin D 3 , both of which stimulate bone 
absorption by increasing osteoclastic activity. Increased levels 
of ionized calcium result in decreased PTH and 1,25-dihydrox¬ 
yvitamin D 3 , which decreases bone absorption. In addition, an 
elevated ionized calcium concentration results in increased 
calcitonin and 24,25-dihydroxyvitamin D, which increases 
osteoblastic activity. 

Intestinal absorption of calcium depends primarily on 1,25- 
dihydroxyvitamin D 3 , which stimulates calcium absorption 
from all parts of the small intestine. Renal excretion of calcium 
is regulated by PTH and vitamin D, which increase distal tubu¬ 
lar reabsorption of calcium, and by calcitonin, which inhibits 
calcium reabsorption. Both metabolic and respiratory alkalo¬ 
sis can increase calcium excretion. Acidosis has the opposite 
effect. The fundamentals of the regulation of calcium home¬ 
ostasis are depicted in Figure 10.7. 

Hypercalcemia 

Causes. The most common causes of hypercalcemia are 
hyperparathyroidism and malignancy. Hyperparathyroidism 
is termed primary when one or more parathyroid glands pro¬ 
duce inappropriately elevated amounts of PTH in relation to 
the serum calcium level. This is the result of a parathyroid ade¬ 
noma in approximately 80% to 90% of cases. Chief cell 
hyperplasia accounts for an additional 15% of cases, whereas 
parathyroid cancer is responsible for less than 1% of cases. In 
secondary hyperparathyroidism, elevated PTH secretion 
occurs because of an abnormality of an organ system other 
than the parathyroid glands. Usually this is the result of renal 
failure, although Paget disease, osteogenesis imperfecta, and 
multiple myeloma are other known etiologies. Renal failure 
can contribute to hypocalcemia in several ways: (a) poor renal 
excretion of phosphate produces rises in serum phosphate lev¬ 
els that result in decreased serum calcium levels, (b) gut 
absorption of calcium is decreased because of a deficiency in 
renal vitamin D metabolism, and (c) diseased kidneys are not 
capable of clearing the breakdown products of PTH. Tertiary 
hyperparathyroidism is the development of parathyroid hyper¬ 
plasia with autonomous PTH production. As a result, up to 
30% of patients with prerenal transplantation hyperparathy¬ 
roidism have persistent elevations in the PTH and calcium 
after renal transplantation despite the fact that renal function 
has returned toward normal. 

Hypercalcemia can be caused by malignant disease, either 
because of bony destruction from metastases, or from auton¬ 
omous tumor secretion of PTH-like substances that alter calcium 
homeostasis. Common causes of hypercalcemia associated with 
bone destruction include multiple myeloma, lymphoma, or 
metastatic breast carcinoma. Interleukin-1, colony-stimulating 
factor, and tumor necrosis factor have been implicated as local 
mediators of the osteolytic activity associated with tumor metas¬ 
tases. Tumors that elaborate humoral factors resulting in hyper¬ 
calcemia are primarily squamous cell carcinomas of the head and 
neck, esophagus, lung, kidney, and genitourinary tract. Secretion 
of PTH-like peptides, prostaglandins, transforming growth factor, 
and vitamin D metabolites has been reported. Humorally medi¬ 
ated hypercalcemia may also occur with metastatic tumors, espe¬ 
cially breast carcinoma. 

Other causes of hypercalcemia include the use of thiazide 
diuretics, acute adrenal insufficiency, granulomatous disease, 
milk-alkali syndrome, hyperthyroidism, and prolonged immo¬ 
bilization in otherwise young and healthy patients. 

Clinical Features. The clinical manifestations of hypercalcemia 
depend on both the severity and duration of the abnormality. 
Neuromuscular effects may be the earliest manifestations and 
include muscle fatigue, weakness, personality disorders, psy¬ 
choses, confusion, depression, and coma. Cardiovascular 
effects are less prominent, with hypertension being the most 
frequent problem encountered. ECG changes include shortening 
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of the QT interval. GI side effects, such as nausea, vomiting, 
and abdominal pain, are not uncommon. Pancreatitis and 
increased gastric acid secretion with ulcer formation have also 
been reported. 

The renal side effects of chronic hypercalcemia are numer¬ 
ous and can be severe. The combination of increased renal cal¬ 
cium excretion and decreased intestinal calcium reabsorption 
in response to hypercalcemia results in a new state of equilib¬ 
rium at a higher serum concentration of calcium. A decrease in 
glomerular filtration rate, which may be a direct effect of 
hypercalcemia or secondary to dehydration from vomiting, can 
exacerbate the hypercalcemia by increasing calcium reabsorp¬ 
tion by the kidney. In addition, nephrocalcinosis can occur, 
ultimately leading to chronic renal failure. Nephrolithiasis, 
interstitial nephropathy, renal tubular acidosis (RTA), and 
nephrogenic diabetes insipidus may also accompany prolonged 
hypercalcemia. 

Treatment. Elevation of serum calcium concentrations to 
greater than 14 mg/dL requires prompt treatment to prevent 
potentially lethal complications of hypercalcemia. This is even 
more urgent for hypercalcemia associated with hyperphos¬ 
phatemia because of the risk of metastatic calcification. Imme¬ 
diate measures are directed toward maximizing renal excretion 
of calcium. Because these patients are often dehydrated, 0.9% 
or 0.45% saline solution with 20 to 30 mEq/L of potassium is 
administered intravenously. Hydration should proceed at rates 
of 200 to 300 mL/h to promote diuresis. Once adequate hydra¬ 
tion is achieved, furosemide may be given at a rate of 20 to 80 
mg every 1 to 2 hours. To enhance calcium excretion, the 
patient should remain in positive fluid balance. Replacement of 
potassium and magnesium may also be needed. 

Long-term treatment depends on the underlying cause of the 
hypercalcemia. Primary hyperparathyroidism is treated by 
parathyroidectomy. Secondary or tertiary hyperparathyroidism 
may be treated by either subtotal parathyroidectomy or total 


parathyroidectomy with autonomous parathyroid transplanta¬ 
tion. Hypercalcemia secondary to tumor secretion of hormonal 
mediators may be controlled by extirpation of the tumor. In the 
presence of metastatic bone disease, inhibition of bone resorp¬ 
tion with mithramycin or calcitonin may yield good results. In 
addition, hypercalcemia due to metastatic breast carcinoma or 
hematologic malignancies may respond to steroid therapy. 
Intravenous administration of bisphosphonates has been shown 
to be extremely effective and safe for treatment of patients with 
hypercalcemia associated with cancer. 40 Patients with renal fail¬ 
ure benefit from dialysis using a low-calcium dialysate. 

Hypocalcemia 

Causes. Hypocalcemia secondary to hypoparathyroidism can 
complicate thyroid or parathyroid surgery by either inadver¬ 
tent total parathyroidectomy or loss of parathyroid function 
due to devascularization. This has been reported to occur in as 
many as 2% to 3% of patients undergoing total thyroidec¬ 
tomy, although this figure appears to be declining. After resec¬ 
tion of a parathyroid adenoma, hypocalcemia can occur 
because of atrophy of the remaining glands. Calcium replace¬ 
ment therapy may be required until the remaining glands 
resume normal function. 

Hypocalcemia can also complicate acute pancreatitis owing 
to calcium precipitation into the peripancreatic tissues. In 
addition, pancreatic and small-bowel fistulas may result in loss 
of calcium-rich fluid. Longstanding vitamin D deficiency sec¬ 
ondary to malnutrition, malabsorption, or lack of exposure to 
sunlight can lead to hypocalcemia. Renal failure can lead to a 
deficiency in 1,25-dihydroxyvitamin D 3 and result in dimin¬ 
ished intestinal absorption of calcium. Severe magnesium defi¬ 
ciency can also lead to hypocalcemia because of suppression of 
PTH levels. 

Clinical Features. Serum calcium levels below 8 mg/dL may 
be associated with symptoms and signs that are primarily 
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manifestations of neuromuscular abnormalities. These include 
muscle cramps, perioral tingling, paresthesia, laryngeal stridor, 
tetany, seizures, and psychotic behavior. Classic signs of 
hypocalcemia include hyperactive deep tendon reflexes. Two 
well-described physical findings occur when a patient becomes 
hypocalcemic. One of these is Chvostek’s sign, which consists of 
facial muscle spasm when the trunk of the facial nerve is tapped. 
The other finding is Trousseau’s sign, carpal spasms when a 
blood pressure cuff is inflated to occlude the brachial artery for 
3 minutes. This finding indicates latent tetany. ECG changes 
include a prolonged QT interval caused by prolongation of the 
ST segment. 

Treatment. Asymptomatic hypocalcemia, which may be sec¬ 
ondary to low protein or albumin levels with normal ionized 
calcium levels, need not be treated. Symptomatic hypocalcemia 
is best treated with intravenous infusion of calcium in the form 
of calcium gluconate or calcium chloride. Calcium chloride dis¬ 
sociates primarily to the ionized form and is therefore more 
efficacious in raising ionized calcium levels. Calcium should be 
administered at a rate not exceeding 50 mg/min (2.5 mEq/min). 
Prolonged calcium replacement is given orally in the form of 
calcium lactate, calcium citrate, or calcium carbonate. Vitamin 
D 3 , also known as calcitriol, increases the rate of intestinal 
absorption and decreases the oral calcium dose requirement. 

Magnesium. Total body content of magnesium in the aver¬ 
age adult is 2,000 mEq, half of which is confined to bone. Most 
of the remaining magnesium is distributed in the intracellular 
space. Less than 1% of total body magnesium is located in the 
extracellular space, at concentrations of 1.4 to 2 mEq/L (or 1.7 
to 2.3 mg/dL). Sixty percent of this magnesium exists in the 
ionized form, 25% is in the protein-bound state, and the 
remainder is complexed with nonprotein anionic species. 

Approximately 25 mEq/d of magnesium is consumed in the 
diet, a variable amount of which is absorbed by the small 
intestine. Magnesium absorption may be influenced by the lev¬ 
els of 1,25-dihydroxyvitamin D 3 . Bone stores constitute the 
other major source of available magnesium, although regula¬ 
tion of magnesium exchange with bone is poorly understood. 

Magnesium is excreted primarily by the kidneys. Approxi¬ 
mately 40% of the filtered magnesium is reabsorbed in the 
proximal tubule, predominantly in the ascending limb of Henle. 
Thus, loop diuretics cause a marked increase in magnesium 
excretion. Magnesium excretion is also increased by hypermag¬ 
nesemia, hypercalcemia, metabolic acidosis, and phosphate 
depletion. Conversely, magnesium excretion is decreased by 
metabolic alkalosis. 

Hypermagnesemia 

Causes. Because of the ability of the kidneys to excrete large 
magnesium loads, hypermagnesemia rarely occurs if renal 
function is normal. In chronic or acute renal failure, adminis¬ 
tration of magnesium-containing antacids or laxatives is fre¬ 
quently the cause of hypermagnesemia. Severe burns, crush 
injuries, and other causes of rhabdomyolysis may lead to high 
magnesium levels due to the release of magnesium from 
injured tissues. Severe metabolic acidosis, extracellular volume 
depletion, and renal insufficiency with creatinine clearances 
below 30 mL/min may also cause hypermagnesemia. 

Clinical Features. Neuromuscular function is depressed by 
hypermagnesemia because of the inhibition of synaptic acetyl¬ 
choline release. Loss of deep tendon reflexes can occur with 
magnesium levels above 8 mg/dL. Paralysis and eventually 
coma can develop if levels exceed 12 to 18 mg/dL. Hypoten¬ 
sion or even cardiac arrest can occur if levels exceed 18 mg/dL. 

Treatment. Magnesium-containing medications must be 
avoided in patients with hypermagnesemia. Calcium antago¬ 
nizes the effects of magnesium, and infusion of 5 to 10 mEq of 


calcium by slow intravenous injection may serve as adequate 
emergency treatment. Volume expansion, correction of acid-base 
disturbances, administration of loop diuretics, and hemodialy¬ 
sis may also be used to decrease magnesium levels. 

Hypomagnesemia 

Causes. Because the kidneys are able to conserve magnesium 
well in states of magnesium depletion, hypomagnesemia rarely 
occurs from poor intake alone, although malnutrition is a com¬ 
mon cause of hypomagnesemia. Malabsorptive states, espe¬ 
cially steatorrhea, can result in significant losses of magnesium. 
The combination of diminished intake and increased GI losses 
can lead to hypomagnesemia. Other causes of hypomagne¬ 
semia include prolonged periods of intravenous fluid replace¬ 
ment without magnesium replacement and chronic use of loop 
diuretics. Drugs, such as cyclosporine, aminoglycosides, cis- 
platin, and insulin, can also produce magnesium depletion. 
Burns, acute pancreatitis, treatment of diabetic ketoacidosis 
(DKA), and the diuretic phase of acute renal failure have been 
associated with the development of hypomagnesemia. 

Clinical Features. Magnesium plays an integral role as a cofac¬ 
tor in many enzyme systems and also affects neuromuscular 
function. Deficiencies in magnesium may present symptoms and 
signs similar to hypocalcemia. Muscle fasciculations and weak¬ 
ness, tetany, carpopedal spasm, nausea, vomiting, and personal¬ 
ity changes may occur. Electrolyte disturbances may also be 
caused by hypomagnesemia. Hypocalcemia caused by impaired 
PTH secretion and PTH resistance may develop. Hypokalemia 
caused by renal potassium wasting may also occur. 

Treatment. Magnesium may be administered orally in mild 
cases of hypomagnesemia, but large oral doses frequently lead 
to diarrhea. Correction of major deficits is therefore managed 
by intravenous administration of magnesium sulfate at a dose 
of 50 to 100 mEq/d. Treatment of patients who have severe 
symptoms with up to 3 g of magnesium sulfate may be accom¬ 
plished by bolus intravenous injection followed by an infusion 
of 1 to 2 mEq/kg per day. 


ACID-BASE BALANCE 


Definitions 


An acid is defined as a chemical that can donate a hydrogen ion 
(H + ), for example, HC1 and H 2 C0 3 , and a base is a chemical 
that can accept a H + , for example, OH - and HCO^. 
Ampholytes are both acids and bases; an example is H 2 PO 4 , 
which can donate a H + to become HPO 4 - but can also accept 
H + to become H 3 P0 4 . Because HC1 is a strong acid that almost 
completely dissociates, Cl - is not considered a base. Bases are 
commonly anions, but neutral substances can also function as 
bases (e.g., ammonia and creatinine). Some chemicals do not fit 
the classic definition of an acid, although they retain acidic 
properties when dissociated in water. Lor example, when CaCl 2 
is dissolved in water, the Ca 2+ accepts OH - to form Ca(OH) 2 . 
Because [H + ] X [OH - ] in water remains constant at 10 to 14, 
the consumption of OH - by Ca 2+ results in increased dissocia¬ 
tion of water. Consequently, the concentration of hydrogen ions 
increases, and CaCl 2 dissolved in water is an acidic solution. 

The concentration of hydrogen ions [H + ] determines the 
acidity of a solution. The pH is the negative logarithm of [H + ] 
expressed in moles per liter (mol/L). The concentration of H + 
in biologic systems is in the range of nanomoles ( 10 -9 mol) per 
liter (nmol/L). When 

[H + ] = 40 nmol/L = 4 X 10 -10 mol/L 

then 


pH = —log[H + ] = -(-7.4) = 7.4 
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When 

[H + ] = 80 nmol/L = 8 X 1CT 10 mol/L 

then 

pH= -log[H + ] = -(-7.1) = 7.1 

The degree to which an acid dissociates determines its 
strength. If an acid, HA, dissociates to H + and A - , then 

[H + l X [A"]/[HA] = K 

where K = dissociation constant. The greater the value of K, 
the greater the ability to dissociate and therefore the greater 
the strength of the acid. Because most acids have a K value 
considerably below 1.0, 

pK = -log K 

Rearranging, 

[H + ] = K X [HA]/[A“] 

—log[H + ] = -log K X — log[HA]/[A“] 
pH = pK X log[A"]/[HA] 

This is the derivation for the Henderson-Hasselbalch equa¬ 
tion. 


Buffer Systems 

Buffers are chemicals in solution that tend to minimize 
changes in pH that would otherwise occur after the addition of 
acid or alkali. If a strong acid is added to the salt of a weak acid 
and a strong base, the reaction produces another salt and a 
weak acid: 

HC1 + NaHC0 3 -» NaCl + H 2 C0 3 

Thus, the decrease in pH that would have occurred in the 
absence of NaHC0 3 is minimized. Conversely, if a strong base 
is added to a weak acid, the base is neutralized: 

NaOH + H 2 C0 3 -> NaHC0 3 + H 2 0 

The elevation in pH after the addition of NaOH is pre¬ 
vented. 

One type of buffer is a mixture of a weak acid and its salt, 
which forms an amount of weak acid or base equivalent to the 
amount of strong acid or base added to the system. The pres¬ 
ence of such buffer systems in the body is crucial in minimiz¬ 
ing changes in pH secondary to the daily production of the 70 
mEq of acid generated from dietary precursors. There is a rel¬ 
atively narrow range of pH for optimal function of the chemi¬ 
cal reactions necessary for cell function. 

The principal intracellular buffers are organic phosphates, 
bicarbonate, and peptides. In addition, hemoglobin functions 
as a significant buffer in red blood cells. The major extracellu¬ 
lar buffer is bicarbonate. An approximation of the total body 
buffer capacity is 15 mEq/kg. More than half of the total body 
alkaline buffer content is located outside the ECF and may in 
large part reside in bone. 41 The buffer pair carbonic acid/bicar- 
bonate (H 2 C0 3 /HCC>5) is the focus of the ensuing discussion 
because it is the primary buffer system of the body and the com¬ 
ponents of this buffer system are easily measured. Because all 
body buffer systems are in equilibrium, the state of the 
H 2 C0 3 /HC05 system essentially reflects the state of all the 
body buffers. 

From a chemical point of view, the ideal buffer should have 
a pK that approximates the pH to be preserved. The 
H 2 C0 3 /HC05 buffer system has a pK of only 6.1, but this 
buffer system is efficient because of the presence of large 
amounts of bicarbonate, the conversion of its acid H 2 C0 3 to 
C0 2 that is rapidly excreted through the lungs, and an inex¬ 
haustible supply of C0 2 , although at low concentrations. 


The H 2 C0 3 /HC0 3 buffer system is defined by the 
Henderson-Hasselbalch equation: 

pH = pK + log[HC05]/[H 2 C0 3 ] 

In the clinical use of this equation, [H 2 C0 3 ] is replaced by 
[C0 2 ] because measurement of the low concentrations of 
[H 2 C0 3 ] present in body fluids is difficult, whereas [C0 2 ], which 
is in equilibrium with [H 2 C0 3 ] in a fixed ratio, can be readily 
measured. Making this substitution, the equation becomes 

pH = pK + log[HC05]/[C0 2 ] 

Because the pK for this buffer system is 6.1, 

pH = 6.1 + log[HC05]/[C0 2 ] 

Using normal values for fHCO^j (24 mEq/L) and [C0 2 ] 
(1.2 mmol/L), 

pH = 6.1 + log 24/1.2 
= 6.1 + log 20 = 7.4 

A pH of 7.4 is maintained as long as the ratio of [HCO^] to 
[C0 2 ] remains 20:1. The amount of [C0 2 ] in solution is esti¬ 
mated from partial pressure of carbon dioxide (PC0 2 ) and its 
solubility coefficient (0.03 in plasma). Making these substitu¬ 
tions, 

pH = 6.1 + log[HC05]/(PC0 2 X 0.03) 


Anion Gap 

The anion gap is defined as follows: 

Anion gap = [Na + ] - ([Cl - ] + [HC0 3 ]) 

Normally, the difference between the serum [Na + ] and the 
sum of the chloride and bicarbonate anion concentrations is a 
reflection of the sum of the serum proteins, sulfate anions, inor¬ 
ganic phosphates, and organic acids present in low concentra¬ 
tions. The anion gap is usually 12 ± 2 mEq/L. Variances from 
the normal may be caused by a change in unmeasured anions or 
cations. Calculation of the anion gap may help define both sim¬ 
ple and mixed forms of acid-base disturbances. Acidosis associ¬ 
ated with a high anion gap is usually secondary to increases in 
endogenously produced acids (e.g., lactic acidosis or ketoacido¬ 
sis), decreases in renal excretion of acid, or ingestion of toxins. 


Acid-Base Disturbances 

Q There are four primary acid-base disturbances, each of which 
are related to changes in either [HCO 5 ] or PC0 2 . Metabolic 
acidosis is a decrease in pH as a result of a primary decrease in 
[HCO 5 ], whereas metabolic alkalosis is an increase in pH 
caused by a primary increase in [HCO^j. Respiratory acidosis 
is a decrease in pH secondary to a primary increase in PC0 2 , 
and respiratory alkalosis is an increase in pH caused by a pri¬ 
mary decrease in PC0 2 . In each of these disorders, compen¬ 
satory changes occur to minimize changes in the relative ratio 
of [HCO 5 ] to PC0 2 and thereby blunt the effect of the primary 
disturbance on pH (Table 10.11). 

Metabolic Acidosis. Three mechanisms result in a decrease 
in extracellular bicarbonate concentration and metabolic aci¬ 
dosis: 

1. Dilutional acidosis. Rapid infusion of an alkali-free solu¬ 
tion results in dilution of the bicarbonate concentration. 

2. Cellular retention of K + in exchange for Na + and H + . Buf¬ 
fering of the H + may result in a transient decrease in extra¬ 
cellular bicarbonate concentration. 

3. Decreased body bicarbonate content. This occurs when net 
loss of bicarbonate exceeds bicarbonate generation. 
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TABLE 10.1 1 


HCO3 AND PC 0 2 DERANGEMENTS IN PRIMARY AND SECONDARY 


ACID-BASE DISTURBANCES 



■ PRIMARY 

■ SECONDARY 

■ DISORDER 

■ pH 

HCOj 

■ PC0 2 

HCOj 

■ PC0 2 

Metabolic acidosis 

2 




2 

Metabolic alkalosis 

t 

t 



t 

Respiratory acidosis 



t 

t 


Respiratory alkalosis 

t 


1 

2 



The first two mechanisms are relatively infrequent and usu¬ 
ally produce only mild, self-limiting metabolic acidosis; how¬ 
ever, aggressive “overresuscitation” of surgical or trauma 
patients with normal saline solution may result in a dilutional 
acidosis. Most clinically significant metabolic acidosis is 
related to net loss of bicarbonate, which occurs when con¬ 
sumption due to either loss or titration is greater than bicar¬ 
bonate generation. Under normal circumstances of ingestion 
of the average amount of protein in the American diet, 
approximately 70 mEq of acid is generated daily. The major 
source of acid production is sulfuric acid from the metabolism 
of sulfur-containing amino acids. In addition, normal physio¬ 
logic processes result in the generation of organic acids, the 
titration of which consumes bicarbonate. Although the result¬ 
ing organic anions are further metabolized with regeneration 
of bicarbonate, urinary excretion of some organic anions 
occurs and results in net loss of bicarbonate. 

These sources of acid gain are partially offset by net GI 
absorption of metabolizable anions, such as citrate, which are 
metabolized to yield bicarbonate. The remainder of the excess 
acid is balanced by renal excretion of acid with simultaneous 
generation of bicarbonate. A decrease in body bicarbonate 
content may therefore be the result of a primary increase in net 
acid generation, termed extrarenal acidosis, or a primary 
reduction in renal acid excretion, termed renal acidosis. 

In extrarenal acidosis, the normal compensatory mecha¬ 
nism is increased renal excretion of acid, usually as ammonia, 
with generation of bicarbonate. This mechanism is sensitive to 
decreases in bicarbonate concentration and has the capacity to 
generate large amounts of bicarbonate. 

In contrast, renal acidosis is not as readily compensated 
because the renal abnormality is the primary mechanism. The 
level to which serum bicarbonate concentration decreases 
depends on several factors, including the magnitude of the dis¬ 
parity in acid production and acid excretion as well as its 
duration. In general, the development of renal acidosis is slow 
but progressive, whereas the development of extrarenal acido¬ 
sis is rapid but usually self-limiting. Despite persistent net loss 
of bicarbonate, extracellular bicarbonate concentration may 
stabilize at a subnormal level rather than continue to decrease. 
This may be due to bone buffering, which has the capacity to 
buffer as much as 28 to 37 mEq/d of acid. 

Mechanisms Resulting in Decreased Body Bicarbonate Content 

Increased Production of Organic Acids. Increased protein 
intake and tissue catabolism resulting in greater metabolism of 
sulfur-containing amino acids can lead to generation of 
increased amounts of sulfuric acid. With normal kidney func¬ 
tion, any decline in serum bicarbonate concentration stimulates 
renal acid excretion, which can compensate nearly completely 
for the increase in acid production. 

Administration of Exogenous Acid. Ingestion of a sufficient 
quantity of exogenous acid can exceed renal compensatory 


capacity and result in metabolic acidosis. Examples of acids 
that may be ingested include ammonium chloride, calcium 
chloride, nitric acid, sulfuric acid, and hydrochloric acid. 

Nonrenal Loss of Bicarbonate. Diarrhea, intestinal or pancre¬ 
atic fistulas, and burns can cause metabolic acidosis secondary 
to loss of bicarbonate. Urinary diversion with segments of GI 
tract (ureterosigmoidostomy and ureteroileostomy) can result 
in loss of bicarbonate with reabsorption of NH 4 C1 from the 
urine. The potential for fistulas to result in metabolic acidosis 
depends on the concentration of bicarbonate in the fluid and 
the rate of external drainage. Thus, metabolic acidosis is less 
common with biliary fistulas than pancreatic fistulas because 
bicarbonate concentration in bile is usually less than 50 to 
60 mEq/L, and the amount of drainage tends to be modest. Bicar¬ 
bonate concentration in pancreatic juice approaches 150 mEq/L, 
and the drainage can be profuse. 

Organic Acidosis. Organic acidosis describes conditions of 
acidosis brought about by abnormal endogenous production 
of specific acid compounds. The two most common types of 
organic acidosis are ketoacidosis and lactic acidosis. 

Ketoacidosis. Normally, free fatty acids generated from 
breakdown of triglycerides in adipose tissue are either used as 
an energy source by tissues such as muscle or carried to the 
liver, where they are reesterified to triglycerides. Ketoacids are 
produced by mitochondrial metabolism of free fatty acids to 
acetyl CoA, with subsequent formation of acetoacetate and b- 
hydroxybutyrate (redox forms of the same compound). Under 
normal conditions, a small amount of ketoacidosis is pro¬ 
duced. During prolonged starvation, production of ketoacids 
increases to modest levels, providing an important source of 
energy to nonhepatic tissues, particularly the brain. 

In DKA, the ketoacid production is excessive because of 
insulin deficiency, which drives ketoacid production by 
increasing free fatty acid release from adipose tissue, increas¬ 
ing transport of free fatty acids into hepatic mitochondria, 
promoting conversion of acetyl CoA to ketoacids, and 
impairing extrahepatic use of ketoacids. 42 Insulin deficiency 
also contributes to hyperglycemia by decreasing the metabo¬ 
lism of glucose by extrahepatic tissues and increasing hepatic 
production of glucose. The resulting osmotic glucose diuresis 
causes increased renal excretion of sodium and water. Addi¬ 
tional losses of sodium and potassium occur as the result of 
renal excretion of the excess ketoacid anions. Potassium 
excretion is further enhanced by hyperaldosteronism due to 
the increased delivery of sodium to the distal tubule that 
occurs in association with the osmotic diuresis. Despite TBK 
depletion, serum potassium concentration is often increased 
in DKA secondary to metabolic acidosis, renal insufficiency, 
insulin deficiency, and hyperosmolality. These pathophysio¬ 
logic changes result in the typical clinical presentation, which 
includes dehydration, polyuria, polydipsia, hyperglycemia, 
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hyperventilation, and metabolic acidosis with an increased 
anion gap. Spontaneous decarboxylation of acetoacetate to 
acetone occurs with excretion of acetone through the lungs, 
resulting in the characteristic odor described in DKA. Patients 
may demonstrate impaired mental status or coma in severe 
cases. 

In hyperosmolar, hyperglycemic, and nonketotic coma, 
moderate acidosis may be observed. The mechanism of the aci¬ 
dosis is not clear. In contrast to the moderate hyperglycemia, 
averaging 600 mg/dL, seen in DKA, the marked hyper¬ 
glycemia, averaging 1,200 mg/dL, that occurs in hyperosmolar 
nonketotic hyperglycemia is not associated with ketoacidosis. 

Lactic Acidosis. Lactic acidosis can be characterized as type A 
(caused by tissue hypoxia) or type B (other causes). Hypoxia 
impairs the mitochondrial oxidation of the reduced form of 
nicotinamide adenine dinucleotide (NADH) to NAD, which is 
necessary for glycolysis. Under these conditions, NADH is oxi¬ 
dized by the reduction of pyruvate, the end product of glucose 
metabolism in the Embden-Meyerhof pathway, to lactic acid. 
Thus, generation of lactic acid is the final step of anaerobic 
glycolysis. Lactic acid is normally produced by muscle, blood 
elements, intestine, and skin and is used by the liver and kid¬ 
ney. Normal serum lactate concentration is below 2 mEq/L. 
Lactic acidosis secondary to hypoxia is usually due to increased 
production of lactate as well as decreased use, and serum lac¬ 
tate concentration is greater than 6 mEq/L. 

The most common cause of type B lactic acidosis is ethanol 
intoxication. Lactic acidosis is caused by increased generation 
of NADH by the metabolism of alcohol, which interferes with 
hepatic gluconeogenesis and, therefore, lactate use. 

In lactic acidosis, the L-isomer is usually elevated because 
of the specificity of mammalian lactate dehydrogenase. Vari¬ 
ous bacteria found in colonic flora are capable of generating 
large amounts of D-lactic acid. D-Lactic acidosis has been 
reported in humans only in the presence of short-gut syndrome 
because the small bowel normally absorbs the dietary sub¬ 
strate for bacterial D-lactic acid production. In addition, the 
colon must be selectively colonized by bacteria that possess 
D-lactate dehydrogenase. Typically, the patient has short-gut 
syndrome, and the acidosis is preceded by food ingestion and 
is accompanied by characteristic neurologic findings, including 
mental confusion, slurred speech, staggering gait, and nystag¬ 
mus. These neurologic manifestations are secondary to bacte¬ 
rial neurotoxins. The acidosis is accompanied by an increased 
anion gap, but L-lactate and ketone levels are normal. Treat¬ 
ment includes oral antibiotics, recolonization of the colon with 
non-D-lactate dehydrogenase-forming bacteria, and a low- 
carbohydrate diet. 

Metabolic Acidosis Caused by Drugs and Toxins. Acetylsali- 
cylic acid (aspirin) is rapidly metabolized to salicylic acid and 
then more slowly to other metabolites that are excreted by the 
kidney. Ingestion of more than 4 to 6 g/d results in salicylate 
intoxication with an anion gap metabolic acidosis, as well as 
renal excretion of unmetabolized salicylic acid. Acidosis 
increases the toxicity of salicylate by increasing the concentra¬ 
tion of its nonionized form, which can achieve high intracellu¬ 
lar concentrations. A respiratory alkalosis occurs due to direct 
stimulation of the respiratory center. Manifestations of salicy¬ 
late overdose include tinnitus, asterixis, noncardiogenic pul¬ 
monary edema, hypotension, vascular collapse, vomiting, 
seizures, and coma. Treatment consists of alkalinization of the 
urine to prevent reabsorption of salicylate and hemodialysis in 
patients with severe neurologic symptoms. 

Ethylene glycol, the principal component of antifreeze, is 
converted by alcohol dehydrogenase to glycoaldehyde, then to 
glycolic acid with production of one NADH at each step. The 
acidosis produced by ingestion of ethylene glycol is secondary 
to accumulation of glycolic acid, although lactate also accu¬ 
mulates because of the production of NADH. Bicarbonate is 


not regenerated when the glycolate is further metabolized, so 
exogenous alkali is required to replace what was titrated. In 
addition, 3% to 10% of ethylene glycol is converted to oxalic 
acid, which may result in hypocalcemia and contribute to 
acute renal failure. Three stages of toxicity are described. CNS 
dysfunction characterizes the first stage. This is followed by 
cardiopulmonary failure and finally by oliguric acute renal 
failure. Treatment includes the administration of ethanol, 
which has greater affinity for alcohol dehydrogenase and 
delays the metabolism of ethylene glycol to its toxic metabo¬ 
lites. Treatment also includes hemodialysis or peritoneal dialy¬ 
sis to remove ethylene glycol and glycolate. 

Metabolism of methanol by alcohol dehydrogenase results 
in the formation of formaldehyde and formic acid, both of 
which are severely toxic. The acidosis is associated with an 
increase in anion gap secondary to the accumulation of for¬ 
mate. The clinical presentation includes blurred vision or 
blindness associated with the funduscopic findings of hyper- 
emic discs and retinal edema, malaise, headache, abdominal 
pain, vomiting, convulsions, and coma. Treatment includes 
ethanol infusion to delay the metabolism of methanol by 
alcohol dehydrogenase, hemodialysis, bicarbonate adminis¬ 
tration, and intravenous folate to enhance metabolism of 
formate. 

Renal Acidosis: Decreased Net Acid Excretion. The impaired 
ability of the kidney to excrete acid may be secondary to a 
decrease in the number of functioning nephrons and is termed 
uremic acidosis or renal tubular acidosis. Uremic acidosis, 
which can occur in both acute and chronic renal failure, is pri¬ 
marily caused by a reduction in ammonia excretion secondary 
to a reduction in the number of functioning proximal tubular 
cells. In addition, decreased proximal tubular bicarbonate 
reabsorption contributes to the development of acidosis. 
Although the onset of uremic acidosis may be related to declin¬ 
ing renal function, its appearance can also be influenced by 
diet-dependent protein and organic anion ingestion, use of 
diuretic therapy that stimulates acid excretion, and the extent 
of tubular versus glomerular injury. 

RTA can be classified as distal (type I) or proximal (type II), 
depending on the primary site of the renal tubular defect lead¬ 
ing to acidosis. Distal RTA is characterized by a defect in uri¬ 
nary acidification. It is associated with either hypokalemia or 
hyperkalemia, depending on the underlying pathophysiologic 
mechanisms. Proposed mechanisms of distal RTA with 
hypokalemia include reduced H + pump activity and increased 
tubular permeability with back-leak of secreted H + into the 
tubular cell. In RTA with hyperkalemia, the mechanism is 
decreased luminal negativity secondary to impaired sodium 
reabsorption. The major defect in proximal RTA is proximal 
tubular dysfunction resulting in diminished reabsorption of 
filtered bicarbonate. Urinary excretion greater than 15% of 
the filtered load of bicarbonate at normal serum bicarbonate 
levels is pathognomonic for proximal RTA. Other indicators 
of proximal tubular dysfunction include glycosuria, amino¬ 
aciduria, uricosuria, and phosphaturia. 

Clinical Features of Acute Metabolic Acidosis. The major car¬ 
diovascular effects of acute metabolic acidosis are peripheral 
arteriolar dilatation, decreased cardiac contractility, and cen¬ 
tral venous constriction. These can lead to cardiovascular col¬ 
lapse and pulmonary edema. Catecholamine secretion is stim¬ 
ulated by metabolic acidosis, and in mild cases (pH >7.1), 
heart rate may be increased. In more severe metabolic acidosis 
(pH <7.1), the direct effects of acidosis override the cate¬ 
cholamine effects and result in bradycardia and decreased con¬ 
tractility. These depressive effects are magnified by beta-block¬ 
ers. In addition to these cardiovascular effects, metabolic 
acidosis can increase oxygen delivery by shifting the oxy¬ 
gen-hemoglobin dissociation curve to the right. In more pro¬ 
longed metabolic acidosis, this may be partially offset by 
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decreased production of 2,3-diphosphoglycerate in red blood 
cells because of a slower rate of glycolysis. Metabolic acidosis 
can also cause gastric distention, abdominal pain, nausea, and 
vomiting. 

Compensatory Mechanisms 

Renal Compensation. The kidney is extremely sensitive to 
changes in serum bicarbonate concentration and responds by 
increasing net acid excretion primarily by increasing ammonia 
excretion. Maximal renal compensation requires 2 to 4 days. In 
addition, the maximal amount of ammonia excreted during 
acidosis depends on factors that include the rate of glutamine 
delivery, effects on glomerular filtration rate by associated con¬ 
ditions such as dehydration, and the type of anion that accom¬ 
panies the acid because renal acid secretion is stimulated to 
varying degrees by different anions. Although renal compensa¬ 
tion is effective in achieving normal net acid excretion with 
extrarenal causes of metabolic acid, variable results are seen 
with renal acidosis. Compensation at times is complete for 
proximal RTA, whereas compensation usually is incomplete 
for distal RTA. 

Respiratory Compensation. Delay in achieving maximal renal 
response to an increased acid load causes blood pH to decline, 
which stimulates hyperventilation. Although effective in 
promptly raising blood pH, early ventilatory compensation is 
only partial. Full respiratory compensation can occur in 12 to 
24 hours. The magnitude of the decrease in PC0 2 in response 
to a given degree of metabolic acidosis can be used to deter¬ 
mine whether the metabolic acidosis is complicated by coex¬ 
isting respiratory acidosis or respiratory alkalosis. Although a 
number of sophisticated mathematic models relating PC0 2 to 
serum bicarbonate, serum hydrogen ion, and pH have been 
described, the following is a simple equation that is readily 
applicable to the clinical situation: 

dPC0 2 = 1.2 X d[HCO^] ± 2.0 

where dPC0 2 = expected decrease in PC0 2 given the measured 
decrease in serum bicarbonate concentration. For example, if 
serum bicarbonate is 18, d[HC05j is 6 (24 - 18). The expected 
dPC0 2 is 7.2 ± 2, or PC0 2 = 32.8 (40 - 7.2) ± 2 mm Hg. This 
equation is applicable in mild to moderate metabolic acidosis 
because pulmonary edema complicating severe metabolic aci¬ 
dosis interferes with maximal ventilatory compensation. 

Treatment 

Acute Metabolic Acidosis. In surgical and trauma patients, 
metabolic acidosis is often the result of inadequate tissue per¬ 
fusion and consequent lactic acidosis. Volume resuscitation 
alone may be enough to correct this acidosis. Attempts to cor¬ 
rect acidosis with exogenous bicarbonate without addressing 
inadequate tissue perfusion will be unsuccessful. Bicarbonate 
is best reserved for patients with metabolic acidosis that is 
either not easily reversible or is so severe that the patient is in 
danger of cardiovascular collapse. Older patients and those 
with cardiovascular disease have decreased tolerance for aci¬ 
dosis, and it may be appropriate to administer bicarbonate in 
these groups before the pH has fallen to critically low levels. 
The amount of bicarbonate required to increase its serum con¬ 
centration to any given level cannot be calculated. The goal is 
to increase the pH to 7.2 to 7.3 by administering one or two 
ampules of bicarbonate (44.5 to 50 mEq/amp) initially, basing 
the need for additional bicarbonate on repeated arterial blood 
gas results. Rapid correction to achieve normal serum bicar¬ 
bonate concentration may be harmful because organic anions 
are precursors of bicarbonate, and their eventual metabolism 
combined with administered bicarbonate may result in meta¬ 
bolic alkalosis. This may be further complicated by persistent 
hyperventilation in the face of rapidly normalized serum 


bicarbonate concentration, resulting in the superimposition 
of a respiratory alkalosis. In addition, rapid correction of 
serum bicarbonate concentration may not allow reversal of 
2,3-diphosphoglycerate depletion in red blood cells. The 
resulting leftward shift of the oxygen-hemoglobin dissociation 
curve may result in tissue hypoxia. 

Chronic Acidosis. Distal RTA may be treated with daily doses 
of alkali to correct acidosis and prevent nephrocalcinosis 
and nephrolithiasis, and potassium supplementation if hypo¬ 
kalemia is also present. Mild proximal RTA in adults does not 
require specific therapy. Severe cases ([HCO^] <18) are 
treated with thiazide diuretics and a low-salt diet aimed to 
achieve modest volume depletion, which reduces bicarbonate 
requirement. Children are particularly susceptible to the 
growth-retarding effects of even mild acidosis, and the thresh¬ 
old for treatment should be low. 

Diabetic Ketoacidosis. The correction of both acidosis and 
hyperglycemia is best achieved by administration of insulin. 
Metabolism of the anions of the ketoacids begins promptly 
with insulin therapy and results in the generation of bicarbon¬ 
ate. In addition, insulin inhibits ketone formation and gluco- 
neogenesis and stimulates peripheral uptake of ketones and 
glucose. An intravenous (IV) dose of 20 IU of regular insulin 
may be given to initiate therapy, followed by a continuous 
intravenous infusion of 5 to 10 IU/h. Insulin administration 
should continue until acidosis resolves. Volume resuscitation 
requirements in DKA averages 4 to 5 L in the first 24 hours. By 
alternating liters of normal and half-normal saline, risk of 
cerebral edema is minimized. Potassium should be adminis¬ 
tered even in the face of normal or high serum potassium, 
because hypokalemia develops as acidosis and hyperglycemia 
are corrected. Unrecognized hypokalemia is a major cause of 
death from DKA. 

Hyperosmolar Nonketotic Acidosis. The key to successful 
treatment is to seek, recognize, and treat any underlying cause 
for the hyperosmolar nonketotic hyperglycemia, such as gram¬ 
negative sepsis. Hyperglycemia is corrected by the administra¬ 
tion of insulin, as described previously. Volume depletion can 
be more severe than that seen with DKA. Potassium supple¬ 
mentation must be given as well. 

Metabolic Alkalosis 

Causes. Sustained metabolic alkalosis occurs only if extra¬ 
cellular bicarbonate concentration is increased and renal 
excretion of excess bicarbonate is inhibited. Extracellular 
bicarbonate concentration increases can occur through sev¬ 
eral mechanisms. In surgical patients, loss of HC1 is a fre¬ 
quent cause of metabolic alkalosis, most commonly due to 
vomiting or nasogastric drainage in the face of gastric outlet 
obstruction. External loss of gastric acid results in a net gain 
in bicarbonate (generated by equimolar gastric secretion of 
HC1), which causes the alkalosis. Although the kidney can 
excrete excess bicarbonate, this must be accompanied by 
excretion of sodium. Renal excretion of sodium is limited in 
the face of the volume depletion that also occurs with exter¬ 
nal losses of gastric secretion. As volume depletion pro¬ 
gresses, sodium is conserved in exchange for hydrogen, and 
urine will become acidic, even in the presence of severe meta¬ 
bolic alkalosis. This phenomenon is referred to as paradoxic 
aciduria. 

Increased extracellular bicarbonate concentration can 
occur with administration of either bicarbonate or precursors 
of bicarbonate, such as lactate, citrate, or calcium carbonate, 
or as a result of increased renal production of bicarbonate. 
Conditions in which acid excretion exceeds endogenous acid 
production and in which the renal threshold for bicarbonate 
reabsorption is increased can result in metabolic alkalosis. 
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Such conditions include moderate potassium depletion, excess 
mineralocorticoids, and high PC0 2 . 

Hypokalemia and cellular exchange of potassium for 
hydrogen can also lead to metabolic alkalosis. Hypokalemia 
results in enhanced proximal tubular bicarbonate reabsorp¬ 
tion and distal tubular acid excretion. When potassium leaves 
the cell, it is exchanged for either sodium or hydrogen to main¬ 
tain electrical neutrality. Loss of potassium from the body then 
results in a net gain in bicarbonate in the ECF. 

Maintenance of elevated extracellular bicarbonate concen¬ 
tration can occur by a number of mechanisms. Volume con¬ 
traction leads to decreases in renal blood flow and glomerular 
filtration rate that reduce the filtered load of bicarbonate. This, 
in addition to increased proximal tubular reabsorption of 
bicarbonate, maintains high extracellular concentrations of 
bicarbonate. High PC0 2 causes an increase in renal threshold 
for bicarbonate secondary to decreased intracellular pH of the 
renal tubular cell. The net result is increased bicarbonate reab¬ 
sorption. 

Hypercalcemia and low PTH levels both result in increased 
proximal tubular reabsorption of bicarbonate, which may be 
enhanced by a decrease in glomerular filtration rate. Renal 
failure also leads to an inability of the kidney to excrete excess 
bicarbonate. Diuretics can cause or exacerbate metabolic alka¬ 
losis by both causing rapid contraction of intravascular vol¬ 
ume and increasing renal excretion of acid. Chloride deficiency 
is another common factor that maintains an alkalotic state. In 
some instances of metabolic alkalosis, urinary excretion of 
chloride is markedly reduced. Reversal of metabolic alkalosis 
in these cases can be readily achieved by administration of 
chloride-containing solutions. Although chloride deficiency 
per se can result in an increased renal threshold for bicarbon¬ 
ate and in increased renal reabsorption of bicarbonate, this 
apparent association may also be related to volume contrac¬ 
tion. Metabolic alkalosis can be divided into chloride-respon¬ 
sive and chloride-resistant types. 

Respiratory Compensation. The major compensatory mecha¬ 
nism in metabolic alkalosis is respiratory because the presence 
of the metabolic alkalosis implicates renal dysfunction in 
either generating or failing to excrete increased amounts of 
bicarbonate. Hypoventilation is limited by the development of 
hypoxemia, which stimulates ventilation, and PC0 2 rarely 
exceeds 60 mm Hg (Table 10.12). Among the four major types 
of acid-base disorders, this compensatory mechanism is the 
least effective. For a given degree of metabolic alkalosis, the 
following equation can be used to predict the compensatory 
increase in PC0 2 : 

dPC0 2 = 0.7 X d[HCC>3j ± 5 

where dPC0 2 = expected increase in PC0 2 given the measured 
increase in serum bicarbonate concentration. 


Clinical Features. Clinical signs of metabolic alkalosis may 
not be prominent because the condition usually develops rela¬ 
tively slowly. If acute, CNS manifestations of confusion, 
obtundation, stupor, and coma may be present as well as 
tetany and neuromuscular irritability. 

Treatment. Correction of the underlying cause is the main¬ 
stay of treatment in this disorder. In general, correction of 
potassium depletion and volume depletion corrects the 
metabolic alkalosis. Renal excretion of bicarbonate cannot 
occur in the face of persistent volume depletion. Volume 
depletion should be corrected with chloride-containing solu¬ 
tions. In patients without intravascular volume deficits, 
renal excretion of bicarbonate can be enhanced by adminis¬ 
tration of the carbonic acid anhydrase inhibitor diuretic 
acetazolamide. If renal excretion of bicarbonate cannot be 
increased because of underlying renal insufficiency or if the 
metabolic alkalosis is severe, acid may be administered to 
titrate directly the excess extracellular bicarbonate. Acids 
that can be used include ammonium chloride, arginine 
hydrochloride, lysine hydrochloride, or dilute hydrochloric 
acid (0.1 N). Partial correction of the alkalosis is the initial 
goal. A general guide is that 2.2 mEq/kg of acid decreases 
serum bicarbonate by approximately 5 mEq/L. In the face of 
renal failure, dialysis may be necessary to remove excess 
bicarbonate. 

Respiratory Alkalosis. Respiratory alkalosis is defined as 
increased extracellular pH secondary to decreased PC0 2 with 
hyperventilation. Hyperventilation and the ensuing fall in 
PC0 2 may be secondary to hypoxia, reflex stimulation from 
decreased pulmonary compliance, drugs, mechanical ventila¬ 
tion, and other causes. 

Hypoxia stimulates ventilation through peripheral chemore- 
ceptors in the carotid and aortic body. Decrease in arterial 
partial pressure of oxygen (P0 2 ), rather than in oxygen con¬ 
tent, is the main stimulus. Acute drops in arterial P0 2 result 
in sustained hyperventilation only when the PC0 2 decreases 
below 60 mm Hg. Although hyperventilation occurs with 
even slight degrees of hypoxia, the resulting increase in 
brain pH suppresses the stimulus for hyperventilation unless 
severe hypoxia is present. In contrast, chronic hypoxia 
results in hyperventilation even with mildly decreased PC0 2 
because brain pH is lowered by metabolic compensation. 
The two most common causes of hypoxia resulting in respi¬ 
ratory alkalosis are pulmonary disease and exposure to high 
altitudes. 

Compensatory Mechanisms. Tissue buffering is the initial 
response to a decrease in PC0 2 . Red blood cells provide one 
third of the buffering. Consumption of bicarbonate results 
from cellular liberation of H + . Although immediate, the 


TABLE 10.12 


CALCULATIONS FOR ESTIMATING THE COMPENSATORY RESPONSES TO PRIMARY 
ACID-BASE DISTURBANCES 


■ TYPE OF DISORDER 

■ COMPENSATION REQUIREMENT 

■ TIME 

Metabolic acidosis 

dPC0 2 

= d[HCOj] X 1.2 ± 2 

12-24 h 

Metabolic alkalosis 

dPC0 2 

= d[HCOi] X 0.7 ± 5 

12-24 h 

Acute respiratory acidosis 

d[HCOl] 

= dPC0 2 X 0.07 ± 1.5 

Minutes 

Chronic respiratory acidosis 

d[HCOl] 

= dPC0 2 X 0.4 ± 3 

3-5 d 

Acute respiratory alkalosis 

d[HCOi] 

= dPC0 2 X 0.2 ± 2.5 

Minutes 

Chronic respiratory alkalosis 

d[HCOj] 

= dPC0 2 X 0.5 ± 2.5 

2-3 d 
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magnitude of tissue buffering is slight and can be predicted by 
the following formula: 

d[HCOjj = dPC0 2 X 0.2 ± 2.5 

Renal compensation is achieved not by increasing excretion 
of bicarbonate but by decreasing net acid excretion, primarily 
through reductions in ammonia excretion and increases in 
organic anion excretion. These organic anions are excreted as 
sodium and potassium salts. As a result, potassium excretion is 
increased, resulting in hypokalemia. Complete renal compen¬ 
sation requires 2 or 3 days. 

Clinical Features. Chronic respiratory alkalosis is usually 
asymptomatic because compensatory mechanisms are success¬ 
ful in maintaining pH close to normal. Acute respiratory alka¬ 
losis may cause sensations of breathlessness, dizziness, and 
nervousness and can result in circumoral and extremity pares¬ 
thesias, altered levels of consciousness, and tetany. These signs 
are related to decreased cerebral blood flow secondary to the 
decreased PC0 2 and decreased ionized calcium concentration 
secondary to the increased blood pH. 

Treatment. The underlying stimulus for the hyperventilation 
should be addressed. The cause of hypoxemia should be deter¬ 
mined and corrected. In acute symptomatic respiratory alkalo¬ 
sis, rebreathing or breathing 5% C0 2 temporarily relieves the 
symptoms. If the condition is secondary to mechanical ventila¬ 
tion, adjustment of tidal volume or respiratory rate should 
result in resolution of the respiratory alkalosis. 

Respiratory Acidosis. Respiratory acidosis, the decrease in 
extracellular pH from a primary increase in PC0 2 , is due to 
inadequate ventilation. Causes of hypoventilation include the 
various causes of CNS depression, as well as impaired thoracic 
ventilatory mechanics, airway obstruction, and chronic 
obstructive pulmonary disease. In addition, inappropriate ven¬ 
tilator settings may result in respiratory acidosis in patients on 
mechanical ventilation. 

Compensatory Mechanisms. Increased PC0 2 results in 
increased H 2 C0 3 , which dissociates into H + and HCOj. Cel¬ 


lular exchange of Na + and K + for H + allows the reaction to 
continue in this direction with increased extracellular bicar¬ 
bonate. This tissue buffering is accomplished within minutes. 
Persistently elevated PC0 2 also stimulates increased renal acid 
excretion, primarily the chloride salt of ammonia, and results 
in increased renal generation of HCO 5 . Full renal compensa¬ 
tion occurs over 3 to 5 days. The following formula describes 
chronic respiratory acidosis: 

dfHCOj] = dPC0 2 X 0.4 ± 3 

Clinical Features. The magnitude of clinical manifestations 
depends on the chronicity and rate of development of respira¬ 
tory acidosis. Acute increases in PC0 2 result in cerebral acido¬ 
sis, manifested by drowsiness, restlessness, and tremor, as well 
as stupor or coma in more severe cases. Cerebral vasculature 
dilation occurs in response to acidosis, resulting in increased 
cerebral blood flow. This may, in turn, result in increased 
intracranial blood pressure, headache, and papilledema. Sys¬ 
temic acidosis results in peripheral vasodilatation, depressed 
cardiac contractility, and insensitivity to catecholamines. 

Treatment. Treatment should be directed to the underlying 
cause of hypoventilation. Endotracheal intubation to achieve 
adequate ventilation is key to the treatment of acute respira¬ 
tory acidosis of any cause. The treatment of chronic, compen¬ 
sated respiratory acidosis may be complicated by the accom¬ 
panying hypoxemia. In chronic hypercapnia, the central 
chemoreceptors may be insensitive, and the accompanying 
hypoxemia may supply the main respiratory drive through 
stimulation of peripheral chemoreceptors. In such patients, 
complete correction of the hypoxemia may further suppress 
respiration and worsen the respiratory acidosis. In addition, 
PC0 2 should not be normalized rapidly. Reequilibration of 
cerebral bicarbonate concentration lags behind systemic 
changes. Thus, even if PC0 2 is normal, cellular and cerebral 
metabolic alkalosis may develop. 

Mixed Acid-Base Disorders. Combinations of two or 
more of the four primary acid-base disorders may occur and 
should be suspected when blood pH approaches normal 
despite abnormal PC0 2 and [HCOj], or when compensatory 
changes appear to be either excessive or inadequate (Fig. 10.8). 


FIGURE 10.8. Acid-base nomogram. Shown are the 
95% confidence limits of the normal respiratory and 
metabolic compensations for primary acid-base distur¬ 
bances. (Reproduced with permission from Cogan MG, 
Rector FC Jr. Acid-base disturbances. In: Brenner BM, 
Rector FC Jr, eds. The Kidney. Philadelphia, PA: WB 
Saunders; 1986:473.) 
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Familiarity with the acid-base disorders associated with vari¬ 
ous clinical situations and the expectation of mixed abnormal¬ 
ities allows appropriate interpretation of arterial blood gases 
and serum electrolyte determinations. A summary of the calcu¬ 
lations for estimating the compensatory responses and timing 
of these responses is presented in Table 10.12. 43 
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CHAPTER 11 ■ BURNS 


NICOLE GIBRAN 


KEY POINTS 


Q Burns should be triaged to a burn center with a multidisci¬ 
plinary care team according to American Burn Association 
criteria. 

^Burn depth evolves over 72 hours, making early surgical 
decisions difficult. 

Q Inhalation injury constitutes three types of injury—upper 
airway thermal burns, chemical pneumonitis, and carbon 
monoxide toxicity—and with a thermal injury is associ¬ 
ated with increased mortality. 

Q Fluid resuscitation during the first 24 to 48 hours after 
injury must be titrated to urine output (30 mL/h for adults; 
1 to 1.5 mL/kg per hour for children <20 kg) and mean 
arterial blood pressure (>60 mm Hg). 

Q Prophylactic systemic antibiotics other than tetanus pro¬ 
phylaxis are contraindicated. 


Q Of all interventions in the care of patients with thermal 
injuries, early excision and grafting has had the most sig¬ 
nificant impact on burn patient survival. 

Q Patients should be treated for background pain, break¬ 
through pain, and procedural pain as well as for anxiety. 

Q Rehabilitation should start at admission with active range 
of motion if possible and passive range of motion with 
splinting if the patient is not able to participate. 

Q Toxic epidermal necrosis is best treated at a burn center with 
biological dressing to allow the underlying skin to heal; sys¬ 
temic steroids are associated with worse mortality rates. 

© Necrotizing fasciitis should be highly suspected if a patient 
has signs of sepsis together with marked induration and 
edema with skin blistering/sloughing and a white blood cell 
count greater than 20,000 and hyponatremia (Na <135). 


Comprehensive care of the patient with thermal injuries 
involves sophisticated surgical decision making, critical care 
management, rehabilitation, and psychosocial interventions. 
With early excision and grafting and better critical care man¬ 
agement, survival rates have improved markedly since the 
mid-1970s. Therefore, in the 21st century, clinical goals must 
focus on optimizing outcomes and returning patients to their 
premorbid level of function. This chapter presents a manage¬ 
ment philosophy that correlates increasing understanding of 
burn pathophysiology with optimal clinical management of 
patients with thermal injuries and promotes a systematic mul¬ 
tidisciplinary approach. 


MANAGEMENT PHILOSOPHY 


Whereas the coordinated care provided by a burn center may 
primarily benefit patients with complicated life-threatening large 
burn injuries, excellent multidisciplinary management of smaller 
burns bears long-term beneficial impact on patient outcome— 
both aesthetic and functional. The focused systematic approach 
of an organized burn center allows for early surgical excision 
and closure of burn wounds, critical care support, patient and 
family psychosocial support, patient and family education, con¬ 
tinuous long-term rehabilitation, reentry into society, and recon- 
Q structive surgical needs. 1 Therefore, patients with burns that 
meet American Burn Association criteria (Table 11.1) for trans¬ 
fer to a burn center soon after initial assessment are likely to ben¬ 
efit from a multidisciplinary specialized burn care plan. (Guide¬ 
lines for the Operations of Burn Centers [pp. 79-86], Resources 
for Optimal Care of the Injured Patient: 2006, Committee on 
Trauma, American College of Surgeons.) 

With modern burn care, survival with an excellent quality of 
life should be expected for most patients with severe burns. Pre¬ 
dicting mortality is difficult in burned patients. There remain no 
reliable formulas for predicting burn survival in spite of the eas¬ 
ily remembered “Age + % total body surface area burn = mor¬ 
tality” formula. 2 In one statistical evaluation, age over 60 years, 
full-thickness burn size over 40% total body surface area 
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(TBSA), and the presence of inhalation injury were found to be 
important prognostic factors. 3 One retrospective study of 
patients with burns over 65% TBSA suggested that the nontan¬ 
gible presence of family and friends at the bedside was more 
common in survivors than in patients who died. 4 Experienced 
burn surgeons report that they may limit resuscitation based on 
burn size, availability of donor sites, patient age, comorbidity, 
and inhalation injury; however, this approach to providing com¬ 
fort care for devastating injuries must be carefully and thor¬ 
oughly discussed by knowledgeable burn care providers with 
consideration for patient values and interests (unpublished data). 

Successful burn patient outcomes require a well-organized 
care plan. The national trend to include family members in all 
aspects of patient treatment including access to trauma and 
intensive care unit (ICU) rooms 5,6 is a natural extension from 
the multidisciplinary care teams supported by the burn com¬ 
munity. 7 Deciding whether outpatient management is appro¬ 
priate for a patient with small burns (1% to 5% TBSA) that do 
not involve joints or vital structures or when to discharge a 
patient with a large burn requires clear communication with 
the patient and family. 

Outpatient management often fails because insufficient 
teaching in a busy emergency room leads to inadequate pain 
control, wound infection, and limited movement. Indications 
for burn patient hospitalization include wound care needs, 
physical therapy, and pain management. In spite of major 
issues regarding access to care and hospital overcrowding, even 
patients with minor burns benefit from a short hospital stay 
immediately after the injury and before swelling, infection, or 
functional limitations hinder long-term recovery. A burn spe¬ 
cialty therapist can educate the patient about expected range- 
of-motion exercises and activity programs; early understanding 
of importance of exercise can prevent range-of-motion limita¬ 
tion and subsequent swelling that often leads to infection and 
uncontrollable pain. Pain, including background pain (pain 
experienced with ordinary daily activities), breakthrough pain 
(the pain that occurs in spite of scheduled pain medicines), and 
procedural pain (pain experienced during wound care or 
intensive therapy sessions), and anxiety should be carefully 
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TABLE 11.1 


AMERICAN BURN ASSOCIATION CRITERIA FOR PATIENT 
TRANSFER TO A BURN CENTER 

Burn injuries that should be referred to a burn center include 
the following: 

1. Partial-thickness burns >10% total body surface area 
(TBSA) 

2. Burns that involve the face, hands, feet, genitalia, 
perineum, or major joints 

3. Third-degree burns in any age group 

4. Electrical burns, including lightning injury 

5. Chemical burns 

6 . Inhalation injury 

7. Burn injury in patients with preexisting medical disorders 
that could complicate management, prolong recovery, or 
affect mortality 

8 . Patients with burns and concomitant trauma (such as 
fractures) in which the burn injury poses the greatest risk 
of morbidity or mortality. 

If the trauma poses the greater immediate risk, the 
patient may be initially stabilized in a trauma center 
before being transferred to a burn center. 

Physician judgment will be necessary in such situations 
and should be in concert with the regional medical 
control plan and triage protocols. 

9. Burned children in hospitals without qualified personnel 
or equipment for the care of children 

10. Burn injury in patients who will require special social, 
emotional, or long-term rehabilitative intervention 


assessed. Analgesic and anxiolytic medication should be titrated 
to individual levels. Inadequate pain management frequently 
leads to hospital readmission. Pain levels may increase as epi¬ 
thelial buds emerge in a healing partial-thickness burn and 
new-onset stinging pain may indicate a superficial wound 
infection. Change in symptoms indicates that the burn should 
be evaluated for signs of infection, including wound erythema 
or breakdown of a previously healed wound. 

Simple wound care is a key to successful transition to out¬ 
patient management. For all but major burns greater than 
40% TBSA, once-daily dressing changes are adequate. Burns 
are effectively washed during a daily shower or bath with tap 
water and nonperfumed soap. Using a soapy washcloth to 
wipe the topical ointment bacteria that have accumulated over 
the past day from the wound provides adequate wound care; 
there is no need to scrub the wound to debride superficial 
exudates. Intact blisters provide a useful protective biologic 
wound dressing unless they limit mobility, in which case blis¬ 
ters should be incised, debrided, and covered with a topical 
antimicrobial dressing that allows full range of motion. 

A common misconception is that joint immobilization pro¬ 
motes burn wound healing. In reality, extremity immobilization 
leads to swelling, which worsens tissue injury, exacerbates pain, 
and increases the risk of wound infection. Patients with hand 
burns must learn exercises to maintain range of motion and 
patients with foot burns must ambulate without assistive 
devices, so that muscle contraction facilitates lymphatic drainage 
of the extremity. Patients must elevate burned extremities when 
they are not actively exercising to reduce swelling. Many burn 
patients underestimate the time and commitment they must 
dedicate to physical therapy for optimal functional recovery. 


EPIDEMIOLOGY 


Because burns are an unreported disease, the annual incidence 
of thermal injuries is unknown. However, extrapolation from 


TABLE 1 1.2 


RISK FACTORS FOR BURN INJURIES 

Alcohol and drugs 
Age (very young/very old) 

Smoking 

Socioeconomic status 

Occupation 

Violence 

Epilepsy 


2003 Centers for Disease Control and Prevention (CDC) data 
(http://www.cdc.gov/ncipc/) on fire-related injuries suggests 
that approximately 1 million burn injuries occur annually in 
the United States. Fire-related deaths in the United States in 
2003 are estimated to be 3,700 (1.3 deaths per 100,000); this 
compares to 322,000 (5.2 deaths per 100,000) worldwide 
deaths (http ://www.who.int/violence_inj ury_prevention). 

In general, burn injuries affect vulnerable populations (Table 
11 .2): the very young and old, the impaired, and those in lower 
socioeconomic groups. Workplace injuries comprise a signifi¬ 
cant component of burn injuries among young adults. Struc¬ 
tural fires historically were associated with large numbers of 
patients with large burns. However, introduction of smoke 
detectors has dramatically reduced the numbers of these burns 
except in cases where the alarms are tampered with or when the 
inhabitants are cognitively or physically impaired. As with other 
trauma, alcohol and drugs are often implicated in the epidemi¬ 
ology of burn injuries. Suggestion of a nonaccidental injury or 
potential neglect mandates admission for full evaluation of the 
home situation; if the history and the burn distribution are con¬ 
sistent with abuse, the patient must be referred to protective ser¬ 
vices. Likewise, suggestion of a self-induced burn injury should 
trigger admission for psychological evaluation; the presence of 
multiple small cigarette burns in various phases of healing is an 
absolute indication for admission to the hospital for psycholog¬ 
ical evaluation, even though the burns themselves may be easily 
cared for at home with bandages. Patients with language barri¬ 
ers may also benefit from a brief hospital admission to be sure 
they understand the treatment plan. Underinsured and homeless 
patients may not have the resources to care for a wound outside 
the hospital and should be admitted for initial wound care and 
comprehensive discharge planning. 

In spite of regulations established after mass burn casualties 
such as the Cocoanut Grove Fire in Boston in 1942, the risk of 
burn mass casualties in public places continues to be a public 
concern as evidenced in the 2002 Rhode Island nightclub fire 
that killed 100 people and injured approximately 200 others. 
Extensive legislative efforts and public outreach programs 
have decreased the incidence of many nonaccidental burn 
injuries. Examples including state mandates that hot water 
heaters in multi dwelling facilities be set at 120°F have led to a 
decreased incidence of nonaccidental hot water injuries. 8 
Inconsistent application of these laws across states remains a 
problem. Smoke detectors and annual drives to change the 
batteries have decreased serious injuries in house fires. Federal 
requirements that children’s sleepwear be fire retardant, imple¬ 
mented in 1972, represented a transiently successful national 
burn prevention program that died in 1996 when Congress 
reversed regulations. Abuse and neglect continue to impact 
pediatric patients and require ongoing public awareness cam¬ 
paigns. 9 One recent national legislative lobbying effort has 
been the implementation of laws requiring that cigarettes have 
reduced propensity to ignite furniture or mattresses by using 
less-dense tobacco, less-porous paper, a smaller diameter, a fil¬ 
ter tip, and no added citrates to the paper. 10 As of December 
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2008, 37 states and the District of Columbia have passed 
legislation requiring that cigarettes sold in those states meet 
fire-safe requirements (www.firesafecigarettes.org). 


a complex extracellular matrix layer made up of structural 
proteins that anchor the basal keratinocytes to the papillary 
dermis, separates the two cutaneous layers. 


BIOLOGY OF SKIN 


Two distinct layers, the epidermis and the dermis, comprise 
the skin. The outer epidermis acts as the barrier against the 
environment and protects against infection, toxin absorption, 
ultraviolet light exposure, fluid evaporation, and thermal reg¬ 
ulation. It has five progressively differentiated layers of ker¬ 
atinocytes, leading to the outermost nonviable and relatively 
impermeable stratum corneum, which provides the barrier 
mechanism that protects the underlying tissues. In contrast, 
the dermis is a complicated cellular and extracellular layer that 
contributes cutaneous durability and elasticity. The fibroblast, 
the principal cell of the dermis, synthesizes and degrades mes¬ 
enchymal proteins. Since there is no single fibroblast marker, it 
is not entirely clear that the spindle-shaped cells that populate 
the dermis constitute a single cell type. The epidermis and der¬ 
mis both harbor bone marrow-derived inflammatory cells that 
contribute to cutaneous inflammatory responses. Dermal con¬ 
nective tissue projections known as dermal papillae interdigi- 
tate with epidermal projections known as rete ridges to create 
the dermal-epidermal junction. Here, the basement membrane, 


BURN PATHOPHYSIOLOGY 


Jackson’s 1953 classification of burn wound depth remains a 
basis for our understanding of the pathophysiology of cuta¬ 
neous thermal injury. 11 He described three zones of tissue injury 
following burn injury (Fig. 11.1A, B). The central, most severely 
damaged area is the zone of coagulation because the tissue is 
coagulated or necrotic and irreparably injured; this region rep¬ 
resents a full-thickness burn (third degree) (Fig. 11.1C) that will 
not heal and must be debrided and grafted. Surrounding the 
zone of coagulation is a zone of stasis, characterized by vaso¬ 
constriction and ischemia. With careful wound management, 
this partial-thickness burn (second degree) (Fig. 11.ID) can con¬ 
vert to a shallower wound; however, edema, infection, or poor 
perfusion increases the risk that the injured tissue will convert to 
a deeper burn that will require excision and grafting. The outer¬ 
most area of a burn is the zone of hyperemia or superficial partial¬ 
thickness burn (Fig. 11.ID), which usually heals quickly with¬ 
out scarring. Superficial burns such as sunburns are often 
referred to as first-degree burns and are not included in burn size 
calculations. 



FIGURE 11.1. Zone of injury correlates with burn depth. A, B: The central zone of coagulation ( a ) represents a full-thickness 
burn (as shown in C); the surrounding zone of stasis ( b ) represents a partial-thickness burn (as shown in D) that may extend 
into the reticular dermis (deep partial thickness) or the papillary dermis (superficial partial thickness). The peripheral zone 
of hyperemia ( c ) correlates with a superficial or first-degree burn and might be similar to a sunburn. 
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Tissue repair represents a continuum that begins immediately 
following injury. An initial hemostatic response involves coagula¬ 
tion and microvasculature constriction. The extrinsic and intrin¬ 
sic coagulation pathways also provide provisional matrix scaf¬ 
folding for subsequent cellular migration into the wound bed. 
Tissue factor activation of the coagulation cascade leads to cleav¬ 
age of fibrinogen to fibrin, which serves as both clot matrix and 
wound bed matrix. Wound inflammatory cells generate plasmid 
for clot resolution, a process tightly regulated by plasminogen 
activator inhibitors to ensure that the clot does not resolve too 
rapidly. Interestingly, animal studies suggest that exogenous tissue 
plasminogen activator promotes conversion of the zone of stasis 
in an acute burn wound to a zone of hyperemia. 12 

The well-recognized vasodilatation and capillary leak associ¬ 
ated with the resuscitative phase of a burn injury follow the 
early transient vascular constriction. Vascular permeability con¬ 
tributes to inflammatory cell migration into the wound bed 
but also causes extravascular leak, which complicates overall 
patient outcome by causing pulmonary edema, compartment 
syndrome, and conversion of burns to a deeper injury. Many 
inflammatory cytokines contribute to this response. In addition 
to the many interleukins and prostaglandins, sensory nerve- 
derived neuropeptides induce histamine release by mast cells, 13 
cytokine and adhesion molecule upregulation by keratinocytes 
and endothelial cells, inflammatory cell chemotaxis, and fibro¬ 
blast proliferation. 14 Serotonin, histamine, bradykinin, and the 
arachidonic acid metabolites prolong vasodilatation and capil¬ 
lary permeability. 15 

Resident cutaneous cells may be the most important con¬ 
tributors to cutaneous inflammation. Skin-associated lymphoid 
tissue includes bone marrow-derived cells, such as Langerhans 
cells and dermal dendrocytes, and keratinocytes and microvas- 
cular endothelial cells. 16 Keratinocytes and dermal microvascu- 



lar cells synthesize cytokines, including interleukins, 17-21 mono¬ 
cyte chemoattractant protein-1, 22 and tumor necrosis fac¬ 
tor. 23,24 Before margination into the wound bed, neutrophils 
adhere to endothelial cell adhesion molecules and plug the cap¬ 
illaries, thereby inducing further cytokine release and potential 
tissue ischemia. In burn wounds, the zone of stasis represents 
ischemic tissue that may convert to a zone of coagulation with 
neutrophil-mediated reperfusion injury. Whereas inhibition of 
the neutrophil-endothelial adherence in deep dermal rabbit 
contact burns speeds healing, 25 these studies have not been ver¬ 
ified in human burn patients. 

Granulation tissue, with its capillary arcades, is well- 
recognized clinical evidence that a wound is healthy and is ready 
for closure. However, normal excisional wound closure occurs 
with angioinhibition, 26,27 suggesting that secondary wound 
repair may not require angiogenesis. Skin grafts and tissue flaps 
do require angiogenesis for engraftment. Whereas delivery of 
oxygen and nutrients to a skin graft by imbibition—or diffu¬ 
sion—suffices for a few days, skin graft take requires neovascu¬ 
larization, which occurs by inosculation, the linkage between 
existent capillaries in the graft and in the wound bed. Excessive 
wound granulation actually hinders burn wound healing as it 
prevents migration of the epithelial tongue; many burn surgeons 
debride the granulation tissue in a healing burn before applying 
a skin graft to maximize graft take because of the associated bac¬ 
terial contamination and exuberant inflammatory response. 
Excessive granulation tissue has been associated with increased 
hypertrophic scar formation in the healed wound. 28,29 

An epithelialized burn equals a healed burn. Full-thickness 
wounds heal from the wound edges (Fig. 11.2A), but an 
advancing epithelial tongue can migrate for approximately 1 cm 
before it stops migrating and heaps up at the wound edge. 
In contrast, partial-thickness wounds heal from epidermal 



FIGURE 11.2. A: Epithelialization of a full-thickness wound occurs 
from the wound edge. B: Partial-thickness wounds heal from the epider¬ 
mal appendages throughout the wound bed; the arrows depict “buds” 
of epithelium at each of the appendages. The arrowhead shows the silver 
sulfadiazine that should be gently washed daily from the wound surface. 
C: Repigmentation of healed wounds occurs as melanocytes migrate 
from the epidermal appendages across the wound bed. Skin color in a 
healed wound is difficult to predict. Exposure to ultraviolet radiation can 
permanently increase the pigmentation. Bleaching agents are discouraged 
because of the risk of further tissue damage. 
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appendages (i.e., hair follicles, sweat glands, and sebaceous 
glands) in the wound bed (Fig. 11.2B). Whereas completion of 
this process by no means represents the end of burn wound 
healing, epithelialization restores the three protective barrier 
functions of the outer layer of the skin: fluid maintenance, tem¬ 
perature regulation, and prevention of microbial or toxin inva¬ 
sion. Epithelialization may also represent an essential transi¬ 
tion in the wound inflammatory state. Growing evidence 
suggests that epidermal-dermal interactions regulate cutaneous 
morphogenetic processes such as fetal skin development and 
wound repair. 30 Just as the epidermis responds to mesenchyme- 
derived mediators, 31 activated keratinocytes in the advancing 
epidermal tongue may secrete cytokines and growth factors to 
promote dermal inflammation. 32,33 Once cell-cell contact is 
achieved with complete wound epithelialization, release of the 
inflammatory mediators may stop. Evidence for epidermal 
influence on dermal inflammatory responses includes clinical 
observations that partial-thickness wound coverage with viable 
allograft eliminates granulation tissue formation and promotes 
healing. 34 Because it takes time for a mature basement mem¬ 
brane to develop, epithelialized wounds undergo epidermolysis 
(blistering) until the anchoring structures mature. 

Whereas clinicians consider an epithelialized wound to be 
“healed,” long-term dermal and subcutaneous fibrogenesis 
may be the most critical determinants of long-term wound 
appearance and cutaneous tensile strength. Deposition of fibrin, 
thrombin, fibronectin, and vitronectin into the site of injury 
promotes cellular migration and proliferation for angiogenesis 
and fibrogenesis. As fibroblasts migrate into the wound from 
the margins, they synthesize collagen. The result is deposition 
of collagen III and subsequently collagen I in a dense mat that 
is characteristic of dermal scar. As collagen I fibrils are cross- 
linked into cables, dermal breaking strength increases but never 
meets that of uninjured skin. Matrix remodeling begins with 
fibrin clot dissolution and ends with a mature wound 12 to 
24 months later. Matrix metalloproteinases (MMPs) have been 
implicated in keratinocyte migration, 35 angiogenesis, 36 and der¬ 
mal matrix remodeling. 37,38 Expression levels of MMPs appear 
to be decreased in hypertrophic scars. 39 

Contraction, resulting from centrifugal forces in the center 
of the wound, constitutes an important wound closure mecha¬ 
nism. Myofibroblasts, specialized fibroblasts characterized by 
intracellular smooth muscle actin filaments, 29 may contribute 
to this means of closure. A pathologic extension of wound 
contraction over joints is a contracture—a debilitating scar¬ 
ring process that compromises return to function in many 
patients with large burns. Constant attention to stretching, 
exercising, and splinting can minimize contracture develop¬ 
ment, but surgical release of the tight bands may be necessary 
to restore normal function of the extremities, neck, or mouth. 

Just as the dermis undergoes changes, the epidermis also 
evolves after injury. Melanocytes migrate from the wound edge 
and from epidermal appendages soon after the epithelial cells 
(Fig. 11.2C). Patients must be informed that pigmentation in 
healed burn wounds can be unpredictable and may result in 
either increased or decreased melanin. Most clinicians advise 
patients that exposure to ultraviolet rays exacerbates pigmenta¬ 
tion changes in the wound. Use of topical bleaching agents should 
also be discouraged. Patients with healing partial-thickness 
wounds complain of pruritus. Hypertrophic scars, which are 
classically very pruritic, have increased numbers of sensory 
nerves compared to normal scars and uninjured skin. 40,41 


SYSTEMIC RESPONSE 
TO BURN INJURY 

Cutaneous inflammatory cells release mediators from the 
injured tissue to drive the systemic response to cutaneous ther¬ 
mal injury, leading to accelerated intravascular volume deple¬ 


tion, inadequate tissue perfusion, and, ultimately, risk of multi¬ 
organ dysfunction. Therefore, patients with large burns require 
continuous intravenous replacement to compensate for the 
capillary leak. The leak associated with a burn larger than 30% 
TBS A (or smaller if there is concomitant inhalation injury) can 
cause clinically significant interstitial edema in soft tissues 
including muscle compartments, the lungs, and the abdomen. 
The potential morbidity from the edema includes compartment 
syndrome in injured and noninjured extremities, abdominal 
compartment syndrome, and pulmonary edema leading to 
development of adult respiratory distress syndrome. Careful 
attention to fluid status of the acutely injured burn patient can 
avoid resuscitation failures including inadequate and excessive 
resuscitation. 


INITIAL EVALUATION 


A burn patient is a trauma patient and should be addressed 
with the same organized approach to serious injuries that 
begins with the primary survey to assess airway, breathing, 
and circulation. A systematic early comprehensive secondary 
survey is mandatory, especially for burn patients with associ¬ 
ated trauma such as seen in motor vehicle collisions. Evidence 
suggests that even a small burn injury significantly worsens 
prognosis in patients with multiple injuries and high injury 
severity scores. 42 Therefore, close coordination between the 
trauma and burn teams is indicated, especially during the resus- 
citative phase of response to injury. 

Since workup of a trauma patient is covered extensively in 
Chapter 17, this section focuses on elements of the workup 
relevant to evaluation of the burn component of the injuries. 
Expeditious transfer of a critically burned patient to a burn 
ICU is essential to avoid hypothermia and resuscitation com¬ 
plications; this mandates rapid evaluation in the emergency 
department. Table 11.3 is an example of a transfer protocol 
that outlines initial management of the burn patient prior to 
transfer to a burn center. 

A crucial part of the initial evaluation of the extent of burn 
injury is estimation of the size and depth of the burn. This is the 
basis for subsequent fluid resuscitation and care plans. Because 
the zones of injury in a burn wound evolve for up to 72 hours 
(see earlier discussion on the zones of injury), burn depth deter¬ 
mination at the initial examination can be erroneous. Although 
numerous burn depth indicators have been investigated, 
including laser Doppler flow meters, intravenous fluorescein, 
burn wound biopsy, thermography, light reflectance, magnetic 
resonance imaging, and intravenous dyes, 43-45 no technology 
has been more accurate than an experienced burn surgeon. 
Therefore, many indeterminate burns must be in a “wait and 
watch” plan to determine whether the burn will heal within 
3 weeks or whether excision and grafting will be necessary to 
close the wound. 

Two simple formulas exist to estimate burn size. The rule of 
nines (Fig. 11.3) provides an anatomic estimate in which each 
arm is considered to be 9% TBS A, each leg 18%, the anterior 
trunk 18%, the posterior trunk 18%, and the head 9%; this 
method underestimates head size in children. Another easy 
method involves using the patient’s full palm, including digits, 
to represent 1% TBSA. First-degree burns should not be 
included in the calculation of burned areas. Soot should be 
gently cleaned from the patient since it often misleads an unfa¬ 
miliar evaluator and erroneously increases the estimated burn 
size. 

Initial assessment of the burn patient requires few labora¬ 
tory or radiologic studies. Patients with a history of exposure 
to noxious fumes should have partial pressure of arterial oxy¬ 
gen (Pa0 2 ), partial pressure of arterial carbon dioxide 
(PaC0 2 ), pH, and carboxyhemoglobin (CO) percentage deter¬ 
mined. Patients with isolated burns without other injuries 
rarely need blood products during the resuscitative phase of 
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TABLE 1 1.3 


UNIVERSITY OF WASHINGTON BURN CENTER TRANSFER STABILIZATION PROTOCOL 


1. Remove source of heat. 

■ Remove clothing that is burned, covered with 
chemicals, or constrictive. 

2. Intubate patients for: 

■ Loss of consciousness, increasing stridor or hoarse¬ 
ness, evidence of posterior pharyngeal burns, or burns 
exceeding 60% total body surface area (TBSA). 

3. Initiate fluid resuscitation. 

■ Estimate the burn size based on the rule of nines or 
based on patient palm size (1% TBSA) to calculate the 
resuscitation fluid volume (Fig. 11.3). 

■ Administer lactated Ringer solution at 3 mL/kg/% TBSA 
burn. 

■ For children who weigh <20 kg, also administer D 5 
V2NS at maintenance IV rate. 

a. Except for maintenance fluids in children, dextrose 
solutions cause osmotic diuresis and confuse 
assessment of resuscitation. 

■ Unless mean arterial blood pressure is <60 mm Hg, IV 
fluid boluses are not necessary for burn resuscitation. 

4. Insert nasogastric tube in intubated patients and patients 

with burns >20% TBSA. 

■ Enteral tube feedings should be started if the patient 
will not be transported to a burn center within 12 h. 

■ If feeding is contraindicated, a proton pump inhibitor 
should be started. 

5. Insert Foley catheter in patients with burns >20% TBSA 

to assess urine output as a measure of resuscitation. 

■ Adequate urine output is 30 mL/h in adults and 
1.5 mL/kg/h in a child weighing <20 kg. 

■ Observe urine for burgundy color (seen with massive 
injuries or electrical burns). The high incidence of renal 
failure associated with myoglobinemia from these 
injuries warrants prompt and aggressive intervention. 


■ If the urine is red or brown, consult burn center staff 
for fluid management. 

6 . Escharotomy 

■ If transfer will occur within 12 h of injury, 
escharotomies are rarely needed. 

■ Burned extremities should be elevated. 

7. Medications 

■ A tetanus shot should be given on admission to the 
emergency department. 

■ Antibiotics are NOT indicated for acute burn 
management. 

■ Short-acting pain and anxiety medication may be 
titrated in small doses. 

8 . Wound care 

■ Debridement and application of topical antimicrobials 
are usually unnecessary. 

■ Transport patient in dry sheets and blankets, keeping 
patient warm. 

■ Avoid hypothermia. 

9. Special considerations for chemical burns 

■ Remove ALL clothing. 

■ Brush powered chemicals off wound: flush burns for a 
minimum of 30 min with running water. Be careful to 
protect yourself. 

■ Irrigate burned eyes with a gentle stream of saline. 
Follow with an ophthalmology consult if transport is 
not imminent. 

10. Special considerations for electrical injuries 

■ Elevate burned extremities above the level of the heart 
on pillows. 

■ Monitor distal pulses and neurologic examination. 

■ Maintain urine output >100 mL/h if myoglobinuria 
present 



FIGURE 11.3. Estimating burn size accurately is essential for care of 
the burn patient. The rule of nines provides a simple algorithm for cal¬ 
culating the burned surface area. 


their care but a routine blood sample can be sent to the blood 
bank as a type and screen. Routine hematology and chemistry 
profiles have limited use, but baseline electrolyte levels and 
renal function (blood urea nitrogen [BUN], creatinine), hema¬ 
tocrit, white blood cell count, and platelet count should be 
established. The efficacy of following laboratory values such 
as base deficits and lactic acid levels has not been established 
in burn patients. Urinalysis may be helpful to diagnose myo¬ 
globinuria in patients with electrical injuries or deep thermal 
burns, but if the urine appears clear, treatment is not war¬ 
ranted. Need for radiographic assessments must be based on 
mechanism of injury, but a baseline chest radiograph is suffi¬ 
cient for an isolated burn without other evidence of trauma. 


AIRWAY ASSESSMENT 
AND MANAGEMENT 

Q Airway assessment and management in the burn patient must 
include diagnosis of an inhalation injury since this significantly 
increases morbidity and mortality of patients with thermal 
injuries. Diagnosis of an inhalation injury should be consid¬ 
ered for any patient involved in a closed space fire, but inhala¬ 
tion injury may also occur in a patient who is injured outdoors; 
a patient who throws gasoline onto a bonfire can inhale the 
petroleum fumes or liquid and sustain a significant chemical 
pneumonitis. Clues in the physical examination include singed 
nasal hairs and facial burns, but these do not in themselves 
indicate the presence of an inhalation injury. The decision to 
intubate should be based on respiratory and mental status; 


SCIENTIFIC PRINCIPLES 














220 


Part One: Scientific Principles 


1 TABLE 1 1.4 

1 

CARBOXYHEMOGLOBIN LEVEL CORRELATIONS WITH 

PATIENT SYMPTOMS 

■ CARBOXYHEMOGLOBIN 

LEVEL (%) 

■ SYMPTOMS 

<10 

None 

15-25 

Nausea, headache 

30-40 

Confusion, stupor, 
weakness 

40-60 

Coma 

>60 

Death 


hoarseness, wheezing, or stridor suggests pharyngeal swelling 
and indicates intubation. In patients with these signs and 
symptoms, direct laryngoscopy should be performed to con¬ 
firm posterior pharyngeal mucosal sloughing or carbonaceous 
sputum coming up through the vocal cords. Patients with large 
burns who will receive massive intravenous resuscitation vol¬ 
umes should be intubated for airway protection as swelling 
progresses. With swelling or with face burns, securing the 
endotracheal tube can be a challenge and requires that an 
umbilical tie be used rather than tape; arch bars allow the tube 
to be wired in place, which facilitates wound care and mini¬ 
mizes pressure points. Nasotracheal intubation should be 
avoided if possible because of the risks of sinusitis and erosion 
of the nasal columella, especially if the nose is burned. Intu¬ 
bated patients with inhalation injuries should have the head of 
their bed elevated to 45 degrees to reduce swelling and to pre¬ 
vent aspiration and ventilator-associated pneumonia. 


Inhalation Injury 

Inhalation injury complicates approximately one third of all 
major burns. Whereas isolated inhalation injuries do not result 
in high mortality, they significantly increase mortality in patients 
with cutaneous burns. 46-51 Presumably, the combined injuries 
lead to recurrent or persistent bacteremia from the burn wound 
that potentiates the pulmonary injury. Unfortunately, no reli¬ 
able long-term outcome data exist about late sequelae related to 
inhalation injury. 

Carbon Monoxide Poisoning. Carbon monoxide (CO) 
toxicity is the most commonly diagnosed form of inhalation 
injury since clinical signs and symptoms correlate with arterial 
carboxyhemoglobin levels (Table 11.4). 

CO toxicity is easily treated with 100% inhaled oxygen, 
which rapidly accelerates CO dissociation from hemoglobin 
(Table 11.5). Hyperbaric oxygen treatment has been proposed 


[TABLE 1 175 

CARBON MONOXIDE- 
OXYGEN TREATMENT 

-HEMOGLOBIN HALF-LIFE WITH 

■ CARBOXYHEMOGLOBIN ■ TREATMENT 

HALF-LIFE 

MODALITY 

4 h 

Room air 

45-60 min 

100 % oxygen 

20 min 

100 % oxygen at 2 atm 
(hyperbaric oxygen [HBO]) 


as an expeditious way to reduce carboxyhemoglobin levels, 
but data are controversial. 52-54 Hyperbaric treatment may be 
appropriate in the patient who has isolated CO toxicity with 
impaired neurologic status and a markedly elevated carboxy¬ 
hemoglobin level (>25%). 

However, the risks for a burn patient (>10% TBSA) under¬ 
going resuscitation in an isolated hyperbaric chamber may be 
too significant. Reported life-threatening complications in burn 
patients undergoing hyperbaric therapy include aspirations, 
inadequate resuscitation with hypovolemia and metabolic aci¬ 
dosis, inadequate ventilation with respiratory acidosis, elec¬ 
trolyte abnormalities with associated cardiac dysrhythmias, 
hypothermia, and barotraumas. 55 Inhalation injury compli¬ 
cated by cardiac arrest is uniformly fatal regardless of aggres¬ 
sive therapy, including hyperbaric oxygen. 52 Hydrogen cyanide 
toxicity, which may occur in structural fires, disrupts cellular 
oxidation and causes lactic acidosis, which resolves with venti¬ 
lation in most patients without the need for sodium thiosulfate 
treatment. 56 Data are beginning to emerge on the safety of 
hydroxocobalamin administration for cyanide toxicity, but 
benefits of this early intervention have not been adequately ver¬ 
ified to warrant this as a standard of care. 57 


Upper Airway Thermal Injury 

Upper airway burns occur due to hot air or chemical toxins 
and can be diagnosed by direct visualization of the posterior 
pharynx at the time of intubation. The heat absorptive capac¬ 
ity of the oropharynx is sufficiently efficient that thermal burns 
to the lower airway are rare; steam can cause a lower airway 
thermal burn. 

Direct thermal damage tends to occur in the upper airway 
because the oropharynx has a substantial capacity to absorb 
heat. Upper airway thermal injury constitutes an important 
indication for intubation, because it is mandatory to control 
the airway before airway edema develops during resuscitation. 

The diagnosis of upper airway thermal injury is achieved 
with direct laryngoscopic visualization of the posterior oropha¬ 
ryngeal cavity. The decision to intubate should be based on 
visual evidence of posterior pharyngeal swelling, mucosal 
sloughing, or carbonaceous sputum coming from below the level 
of the vocal cords. 

Treatment for upper airway injuries includes hospital 
admission for observation and provision of humidified oxy¬ 
gen, pulmonary toilet, bronchodilators as needed, and endo¬ 
tracheal intubation as indicated. Upper airway thermal burns 
usually manifest within 48 hours of injury and airway swelling 
usually is maximal 12 to 24 hours after the injury. A patient 
with an upper airway burn may require airway protection for 
72 hours. In a patient with a small burn (<15% TBSA), a 
short course of systemic or inhaled steroids may facilitate ear¬ 
lier resolution of airway edema, but steroids are contraindi¬ 
cated in patients with large burns due to the risk of infection 
and failure to heal. The patient can be extubated based on pul¬ 
monary weaning parameters and the presence of an air leak 
around the endotracheal tube. Once it is safe to extubate, 
removing the endotracheal tube should be expedited because of 
the potential nosocomial complication of ventilator-associated 
pneumonia. 


Lower Airway Burn Injury 

Burn injury to the tracheobronchial tree and the lung parenchyma 
results from combustion products in smoke (Table 11.6) and, 
under unique conditions, inhaled steam. 

Numerous irritants in smoke or the vaporized chemical 
reagents in steam can cause direct mucosal injury, leading to 
mucosal slough and bronchial edema, bronchoconstriction, 
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TABLE 1 1.6 


PRODUCTS OF COMBUSTION THAT CAN BE PREDICTED TO 
CAUSE SIGNIFICANT PULMONARY PARENCHYMAL INJURY 


■ SOURCE 

■ PRODUCT OF 
COMBUSTION 

Organic matter 

Carbon monoxide 

Carbon dioxide 

Petroleum products 
(gasoline, kerosene, propane, 
plastics) 

Carbon monoxide, nitrogen 
oxide, benzene 

Wood, paper, anhydrous 
ammonia 

Nitrogen oxides (NO, N0 2 ) 

Polyvinyl chloride (plastics) 

Hydrogen chlorine 

Wool, silk, polyurethane 
(nylon) 

Hydrogen cyanide 

Wood, cotton, paper 

Aldehydes 

Polyurethane (nylon) 

Ammonia 


and bronchial obstruction. Tracheobronchial mucosal damage 
and loss of ciliary clearance of the debris induce parenchymal 
inflammation, which leads to exudate formation and micro- 
vascular permeability, and ultimately 50 may progress to pul¬ 
monary edema, pneumonia, or acute respiratory distress syn¬ 
drome (ARDS). Significant inhalation of aerosolized toxins 
can reduce myocardial contractility and cause resuscitation 
failure. Whereas diagnosis of lower airway inhalation injury 
can be confirmed by bronchoscopy, a scoring system to corre¬ 
late degree of pulmonary injury and outcome has yet to be 
developed. Xenon 133 ventilation-perfusion scan 58 has also 
been used for diagnosis but often underdiagnoses the extent of 
injury and does not change the clinical outcome. 59 Therefore, 
these technologies may help with documentation of a clinical 
diagnosis but they are not crucial to subsequent management. 
Given the high rate (up to 50%) of pneumonia 46 in patients 
with lower airway inhalation injuries, successful treatment 
requires aggressive pulmonary toilet and frequent chest phys¬ 
iotherapy. 


Acute Respiratory Distress Syndrome 

ARDS is an independent risk factor for death in burn 
patients. 60,61 Understanding of ARDS pathophysiology and 
management has improved since its initial description in the 
late 1960s, 62 but 40% to 70% of patients with ARDS still die. 

ARDS is defined by the clinical findings of pulmonary Q 
edema, hypoxemia, diffuse pulmonary infiltrates, and reduced 
lung compliance; radiographic findings may be nonspecific. 
Histologically, ARDS has diffuse alveolar epithelial damage, 
microvascular permeability, and subsequent inflammatory cell 
infiltration into the lung parenchyma; interstitial and alveolar 
edema; hyaline membrane formation; and, ultimately, fibrosis. 

The development of ARDS is often presaged by high fluid 
resuscitation requirements reflecting increased microvascular 
permeability and leading to increased pulmonary edema. 
ARDS commonly develops within 7 days after injury. Burn 
patients with inhalation injury have as much as a 73% inci¬ 
dence of respiratory failure (defined by hypoxemia, pulmonary 
infections, or prolonged ventilator support) and a 20% inci¬ 
dence of ARDS compared to burn patients without inhalation 
injury, who have a 5% incidence of respiratory failure and a 
2% incidence of ARDS. 63 Advanced age may also be a risk fac¬ 
tor for development of ARDS. 64 Acute lung injury rarely devel¬ 


ops in patients with inhalation injury but without cutaneous 
burns. 51,65 


FLUID RESUSCITATION 


Most patients undergo resuscitation without difficulty. How¬ 
ever, approximately 15% of patients with thermal injuries 
fail resuscitation 66 in spite of significant attention to improving 
fluid management of the burn patient. 67 Vascular access 
should be obtained early during the evaluation before swelling 
obscures venous markings. Two large-bore peripheral intra¬ 
venous (IV) lines should provide adequate prehospital venous 
access; since the early burn is not contaminated with bacteria, 
these IV lines can be placed through eschar, but care should be 
taken to secure them well. For children, intraosseous cannulae 
can provide temporary lifesaving resuscitation, but intra¬ 
venous access should be obtained as soon as possible. 

Multiorgan failure due to inadequate resuscitation and 
decreased tissue perfusion was a common cause of death in 
burn patients before formulas were developed to estimate 
fluid needs. 68 Several proposed fluid resuscitation formulas 
estimate fluid requirements in the patient with large burns, 
suggesting that no one formula satisfactorily estimates fluid 
requirements for all patients. It is essential to remember that 
each of these formulas estimates fluid needs. However, fluid 
volumes should be constantly adjusted based on patient phys¬ 
iologic responses during resuscitation (urine output, alert 
sensorium, and blood pressure). Patients may require more or 
less fluid depending on the size and depth of burn (deeper 
burns often are associated with a greater inflammatory 
response and higher fluid needs), presence of inhalation injury, 
associated injuries, or comorbidities. Other clinical indicators 
of higher volume requirements include mechanical ventilation 
and high base deficit. 69 

One of the commonly used resuscitation formulas has been 
the Baxter (or Parkland) formula, which calls for 3 to 4 mL of 
crystalloid per percentage TBS A burned over 24 hours. Half 
of this volume is delivered during the first 8 hours after injury; 
the other half is delivered over the subsequent 16 hours. If a 
patient receives all of the 24-hour estimated volume during 
the first 2 hours after injury, that fluid will likely leak into the 
interstitial extracellular tissues and the patient still must 
receive the estimated hourly crystalloid volumes to maintain 
intravascular volumes. The reliability of the Parkland for¬ 
mula directly depends on an accurate initial assessment of 
burn depth and size as described earlier. The trend since Bax¬ 
ter originally proposed this formula has been to administer 
more fluid than patients require. Some studies report vol¬ 
umes approaching 8 mL/kg per percent TBSA burn, 70 but 
whether this impacts long-term outcome is difficult to 
demonstrate. 71 

Reliable clinical resuscitation endpoints include maintain¬ 
ing a mean arterial blood pressure greater than 60 mm Hg and 
urine output of 30 mL/h for adults. Pediatric fluid require¬ 
ments often exceed formula estimates 72 likely due to less-well- 
developed renal concentrating abilities. Therefore, the urinary 
output goal for infants and very young children (<20 kg) 
should be 1.5 mL/kg per hour. Large-volume crystalloid 
boluses should be restricted to hypotensive episodes and 
should be accompanied by an increase in the hourly volume by 
10%. Decreased urine output for 1 to 2 hours does not require 
a large-volume crystalloid bolus and should be managed by 
increasing the hourly resuscitation fluid rate by 10%. Stabi¬ 
lization of the flux of mediators and closure of capillary leaks 
occur gradually 12 to 48 hours after the burn injury. As capil¬ 
lary leak resolves, the amount of fluids needed to maintain 
these endpoints should progressively decrease and the IV rate 
generally can be slowly weaned by 10% per hour. Most burn 
patients do not require pulmonary arterial pressure monitoring 


SCIENTIFIC PRINCIPLES 
















Ill 


Part One: Scientific Principles 



FIGURE 11.4. Myoglobinuria with dark pigment in the urine. 


during resuscitation and will be overresuscitated if IV fluid 
administration is based on pulmonary artery wedge pressures. 
A pulmonary artery catheter may be useful in patients with 
underlying cardiac comorbidity at risk for cardiac shock and 
congestive heart failure. 

Patients with extremely deep burns, electrical burns, or 
compartment syndrome may develop rhabdomyolysis with 
myoglobinuria (Fig. 11.4) and subsequent acute tubular 
necrosis. In these patients, a brisk urine output of 100 mL/h 
should be maintained. Alkalinization of the urine with intra¬ 
venous sodium bicarbonate (0.12 to 0.5 mEq/kg per hour) the¬ 
oretically increases myoglobin solubility and decreases precip¬ 
itation in the renal tubules but requires careful serum pH 
monitoring and lacks clinical verification. Rarely, osmotic 
diuresis with mannitol is required to maintain urine output, 
but this treatment should be carefully considered since osmotic 
diuresis reduces urine output reliability as an endpoint for 
determining intravascular volume status. 

Colloid administration (albumin or fresh frozen plasma) after 
the capillary leak has closed (12 to 72 hours postinjury) may 
restore intravascular volume in patients with persistent low urine 
output and hypotension despite adequate crystalloid administra¬ 
tion. In such cases, 5% albumin (0.3 to 0.5 mL/kg per percent 
TBS A burn) can be administered over 24 hours. Plasmapheresis 
also reduces intravenous fluid requirements in patients who do 
not respond to standard crystalloid resuscitation. Indications for 
plasmapheresis include a sustained mean arterial pressure of less 
than 60 mm Hg and urine output less than 30 mL/h in a patient 
whose ongoing fluid needs are more than twice fluid volume 
estimates. Early plasmapheresis (12 to 24 hours postinjury) 
appears to decrease the incidence of complications from admin¬ 
istration of excessive fluid such as extremity compartment syn¬ 
dromes, abdominal compartment syndrome, and pulmonary 
edema. The mechanism by which plasmapheresis works is 
unknown, but theoretically the plasma exchange removes circu¬ 
lating cytokines that cause vasodilatation and capillary leak and 
drive the systemic inflammatory response. 

Once resuscitation is complete (24 to 48 hours postinjury), 
insensible losses and hyperthermia associated with a hyper¬ 
dynamic state may require ongoing maintenance intravenous 
or enteral fluid administration. Reliable daily weights are 
often useful for determining insensible fluid losses or fluid 
retention. 


Fluid Resuscitation Complications 

Overresuscitation 70 ’ 73 causes complications such as poor tissue 
perfusion, abdominal or extremity compartment syndrome, 
pulmonary edema, and pleural effusions. Increased abdominal 
pressure decreases lung compliance and impedes lung expan¬ 
sion, resulting in elevated airway pressures and hypoventilation. 

Because of the risk for compartment syndrome in patients 
undergoing large-volume resuscitation, burned extremities 
should be elevated and hourly neurovascular examinations 
should be performed; tight bands of eschar are often evident 
before vascular inflow is compromised and indicate the need 
for escharotomies. Decreased chest compliance with circum¬ 
ferential burns can also improve with thoracic escharotomies, 
especially in children. An effective thoracic escharotomy must 
extend along each anterior axillary line and connect at the 
infraclavicular and subcostal lines (Fig. 11.5A). Extremity 
escharotomies should extend through the skin only and should 
not violate the fascia; the arm must be in anatomic position 
when medial and lateral incisions are made (Fig. 11.5B). 
Eschar on the dorsal hand must often be released to restore 
signals in the palmar arch (Fig. 11.5C); there is no benefit to 
digital escharotomies and risk of injury to the digital arteries 
and nerves is significant. 

Abdominal compartment syndrome also classically de¬ 
creases venous return, causes oliguria, and increases intra¬ 
abdominal pressures exceeding 25 mm Hg. 74 Bedside decom¬ 
pressive laparotomy through burn wounds, if necessary (Fig. 
11 .6), can alleviate abdominal compartment syndrome 75 in 
patients with hemodynamic instability, hypoventilation, and 
elevated abdominal pressures. In addition, pulmonary edema 
increases risk of ARDS. 

Recently, orbital compartment syndrome has been reported 
as one more complication related to high-volume resuscita¬ 
tion. Patients with massive fluid resuscitation with or without 
facial burns develop intraocular pressures as high as 90 mm 
Hg, which returns to a normal range with lateral cantho- 
tomy. 76 

Composition of the resuscitation fluid is important to pre¬ 
vent electrolyte imbalance and acidosis. Typically, lactated 
Ringer solution is the primary resuscitative fluid because of the 
risk for metabolic hyperchloremic acidosis and hypernatremia 
in patients who receive large volumes of 0.9% normal saline 
solution. The resuscitative fluid solution should not contain 
glucose because hyperglycemia and osmotic diuresis may 
confound resuscitation. Pediatric patients who weigh less 
than 20 kg do not have large glycogen stores in their liver and 
should receive 0.45% saline with 5% dextrose at a mainte¬ 
nance rate (3 to 4 mL/kg per hour). 


WOUND MANAGEMENT 

Topical Antimicrobials 

Q It is worth emphasizing that prophylactic systemic antibiotics 
do not have a role in the management of the patient with acute 
burn injuries. 77 Because eschar is devitalized and avascular, 
systemic antibiotics cannot reach the eschar surface where the 
bacterial colonization occurs. Topical antimicrobial agents 
delay wound colonization and infection, but they themselves 
have not changed mortality in the way that early excision and 
grafting did. All agents commonly used in the United States 
have benefits and side effects (Table 11.7). 

Silver sulfadiazine is the most commonly used antimicrobial 
agent for burns because it has a broad spectrum of antimicrobial 
activity, is soothing, and has no significant metabolic or elec¬ 
trolyte implications. Because silver sulfadiazine does not pene¬ 
trate eschar, it is ineffective against already established burn 
wound infections. Silver sulfadiazine has been associated with 
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FIGURE 11.5. Escharotomies can be useful for improv¬ 
ing chest-wall compliance and relieving extremity com¬ 
partment syndromes but are very unaesthetic unless a fas¬ 
cial excision will be necessary. A: For torso escharotomies, 
incisions across the infraclavicular and subcostal chest 
that connect the anterior axillary incisions facilitate venti¬ 
lation, especially in children. B: Extremity escharotomies 
are performed with the limb in its anatomic position along 
the medial and lateral axes. C: Hand escharotomies should 
be placed in the spaces between the metacarpals. 


early postburn neutropenia, but this is more likely related mar- 
gination of neutrophils due to the overall inflammatory response 
to injury rather than to the topical agent. The neutropenia is typ¬ 
ically self-limited and rarely requires a change in antimicrobial 
therapy. Patients with sulfa allergies typically do not have adverse 



FIGURE 11.6. Decompressive laparotomy can be safely performed 
through a burn but significantly increases morbidity and should be 
avoided by closely monitoring fluid resuscitation. 


reactions to silver sulfadiazine; a test patch in a small area of the 
burn will cause pain or a rash in the unusual case of an allergy. 

Mafenide acetate is unique because it penetrates eschar, 
making it effective in both treating and preventing burn 
wound infections. This attribute has led to its frequent use on 
the ears to protect against suppurative chondritis; however, 
silver sulfadiazine appears to be equally effective. 78 Mafenide 
provides excellent coverage against gram-negative organisms. 
Mafenide is available as either a cream or a solution, which is 
a useful topical agent for skin grafts when the wound bed is 
considered likely to benefit from postoperative antimicrobial 
treatment. The major disadvantage is that mafenide inhibits 
carbonic anhydrase and causes metabolic acidosis that may 
complicate ventilator management. Topical mafenide can be 
painful, especially on application to partial-thickness burns. 

Silver nitrate provides broad-spectrum antimicrobial cov¬ 
erage, including good activity against staphylococci and 
gram-negative organisms, but it does not penetrate eschar 
well. Dressings must be irrigated with the aqueous 0.5% solu¬ 
tion every 4 hours to keep the dressing moist and prevent pre¬ 
cipitation of the silver nitrate onto the wound surface. Since 
concentrated silver nitrate causes a chemical burn, the bacte¬ 
riostatic solution used for burn wounds is very hypotonic (it 
is reconstituted in water rather than saline to avoid silver 
chloride precipitation) and causes osmotic dilution in the tis¬ 
sues, leading to hyponatremia and hypochloremia. These can 
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TABLE 1 1.7 


ADVANTAGES AND DISADVANTAGES OF ANTIMICROBIAL TOPICAL AGENTS 


■ ANTIMICROBIAL 
AGENT 

■ COVERAGE 

■ ADVANTAGES 

■ DISADVANTAGES 

Silver sulfadiazine 

■ Broad spectrum, 

especially Pseudomonas 

■ Soothing 

■ Poor eschar penetration 

■ May impede epithelial cell 
migration 

Mafenide acetate 

■ Broad spectrum, 
including clostridium 

■ Good eschar 
penetration 

■ Excellent for both 
treatment and 
prophylaxis 

■ Carbonic anhydrase inhibition 
with 2° metabolic acidosis 

■ Painful 

Silver nitrate 

■ Broad spectrum 

■ Excellent prophylaxis 

■ Poor eschar penetration 

■ Hyponatremia 

■ Methemoglobinemia 

Bacitracin 

■ Gram-positive bacteria 

■ Good for shallow 
facial burns 

■ Expensive 

■ Often delivered in combination 
with neomycin and polymyxin B, 
which are nephrotoxic 

Mupirocin 

■ Methicillin-resistant 
Staphylococcus 

■ Excellent for 

methicillin-resistant 

Staphylococcus 

■ Very expensive 

Silver-impregnated gauze 

■ Broad coverage 

■ Good for shallow 
burns, grafts, and 
donor sites 

■ Hides wound 

■ Can cause discomfort when dried 

■ Nonadhesive and slips from 
wound 


become severe enough to warrant treatment with oral salt 
tablets. Use of silver nitrate solution can also rarely lead to 
methemoglobinemia, which can be successfully treated with 
intravenous methylene blue 79 ; treatment should also include 
discontinuation of the silver nitrate. A secondary disadvan¬ 
tage of silver nitrate solution is that it stains everything black. 

Bacitracin, neomycin, and polymyxin B can be used for 
coverage of superficial wounds in conjunction with petrolatum 
gauze to promote epithelialization and minimize bacterial col¬ 
onization. These ointments are commonly used for superficial 
face burns. All three should be limited to relatively small burns 
because of potential nephrotoxicity. Mupirocin has the advan¬ 
tage of being effective against methicillin-resistant Staphylo¬ 
coccus aureus (MRSA) and its use should be restricted for this 
indication. 

Several recently introduced dressings are impregnated with 
silver, which has unique antimicrobial properties and works 
by disrupting bacterial cellular respiration. These dressings 
can be used for superficial partial-thickness burns, donor sites, 
and meshed skin grafts. An advantage of these dressings is a 
reduced need for dressing changes since they can stay in place 
until a shallow burn or donor site heals. The reduced fre¬ 
quency of dressing changes simplifies burn care but can hinder 
evaluation of evolving partial-thickness burns, so its use 
should be limited to wounds that are likely to heal or do not 
need frequent evaluations. Since the silver-impregnated dress¬ 
ings are nonadherent, an adhesive tape such as Hypafix (Smith 
& Nephew) must be placed along the edge of the dressing to 
secure the dressing to the wound bed. After 10 to 14 days, the 
tape can be removed and the dressings can be washed and 
towel-dried daily until they peel off the epithelialized wound. 


Burn Excision and Grafting 

Q The beneficial impact of early excision and grafting on out- 
comes following thermal injuries has been remarkable. Because 
of this change in therapy from a nonoperative to an operative 


approach, 80-83 mortality in burn patients has dramatically 
dropped and functional outcomes have improved over the past 
30 years. Other advantages include shortened length of hospi¬ 
tal stay, 84 lower costs, 85 and fewer reconstructive surgeries. 86 
The timing for initial excision of deep burn wounds should 
occur as soon after the resuscitative phase of recovery as feasi¬ 
ble. Excising large burns during the first 24 hours complicates 
fluid resuscitation with the risk of hypothermia and bleeding 
and is not recommended. By 3 to 4 days after injury, burn exci¬ 
sion and wound coverage should be a safe option depending on 
the patient’s hemodynamic and pulmonary status, comorbidi¬ 
ties, and associated injuries. A patient with large, deep, partial¬ 
thickness or full-thickness burns should undergo the initial 
excision within 7 days of injury. Staged excisions can be per¬ 
formed every 2 to 3 days until the entire burn wound is excised. 
However, many burns are not homogeneous with both shallow 
and deep areas. Such indeterminate-depth burns can be safely 
treated with topical antimicrobial ointment for 7 to 10 days 
until the deeper portion that requires grafting becomes evident; 
this situation is common in patients with scald or grease burns. 
By 72 hours after injury, an experienced burn care provider can 
often differentiate burns that will heal with topical antimicro¬ 
bial treatment within 3 weeks from deeper injuries that will 
require excision. 

Surgical excision of the burn wound involves one of two 
technical approaches: fascial excision or tangential excision. 
Fascial excision involves excising the burned tissue and the 
underlying subcutaneous tissue down to the muscle fascia using 
electrocautery, which limits surgical bleeding (Fig. 11.7A). 
Advantages of a fascial excision include an easily defined, well- 
vascularized plane that can readily accept a graft. A major dis¬ 
advantage to this approach is the inevitable removal of healthy, 
viable subcutaneous tissue, which leads to unaesthetic contour 
deformities; without the cushioning of the subcutaneous tissue, 
the grafts on the fascia are often fragile for years after the injury. 

Tangential excision involves sequential excision of eschar 
until the wound bed displays diffuse punctate bleeding 87 indica¬ 
tive of viable tissue that can support a skin graft (Fig. 11.7B). 
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FIGURE 11.7. A: Fascial excision limits bleeding but results in suboptimal aesthetic outcomes and should be avoided if possible. If necessary 
because of burn depth, care can be taken to tack down the edges to minimize the ledge that interferes with function. B: Tangential excision requires 
serial tissue removal until the wound bed has diffuse punctate bleeding; ideally this allows a thin pearly white dermal layer to remain in the wound 
bed. 


Tangential excision can be performed with a handheld knife 
(Week or Watson) adjusting the guard to control depth of exci¬ 
sion. A disadvantage of tangential excision includes diffuse 
bleeding from the wound bed. As surgeons have become more 
comfortable with early excision and grafting, they have devel¬ 
oped strategies to minimize surgical blood loss. Topical epi¬ 
nephrine solution (1:10,000), electrocautery, and compression 
were recognized early on to minimize blood loss. With experi¬ 
ence, other methods evolved including using pneumatic 
tourniquets for extremity burns and using subeschar injection 
of dilute epinephrine solution to vasoconstrict the capillaries 
before excision. Both of these techniques require substantial 
experience to assess tissue viability since there will be no dif¬ 
fuse bleeding in the wound bed. A commercially available fib¬ 
rinogen and thrombin spray system (Artiss Fibrin Sealant; 
Baxter, Deerfield, IL) improves hemostasis and promotes graft 
adherence to the wound bed with fewer and smaller underly¬ 
ing postoperative fluid collections. 88,89 


Wound Closure Alternatives 


Once the eschar is excised to viable tissue, the wound should 
be closed as soon as possible, ideally with immediate auto¬ 
grafting. Whereas the best cutaneous replacement would be 
full-thickness skin grafts, this is not possible for most patients, 
especially those with large burns and limited donor sites. Tra¬ 
ditionally, wounds that could not be autografted immediately 
were covered with a biologic dressing while donor sites healed. 
Human allograft is one temporary biologic dressing that is 
meshed 1:1 and applied to excised wound beds to allow 
wound drainage. Allograft vascularizes and engrafts and pro¬ 
vides physiologic wound closure for 2 to 4 weeks, at which 
point it typically is rejected and must be replaced with either 
new allograft or preferably autograft from reharvested donor 
sites. Porcine xenograft can also be used as a cheaper alterna¬ 
tive, but it will not vascularize and will not engraft. When 
widely meshed skin grafts are necessary, overlayed sheets of 
allograft can be used on top of the autografts to protect the 
wound bed as the meshed interstices epithelialize. 90 This mini¬ 
mizes wound bed desiccation and reduces pain. The disadvan¬ 
tage of this technique is the long time until definitive wound 
closure, the need to recrop donor sites, and the potential for 
significant hypertrophic scar formation in the interstices of the 
widely meshed grafts (Fig. 11.8A) and in the reharvested 
donor sites. 

Alternative approaches using skin substitutes have 
improved patient long-term functional and aesthetic out¬ 
comes. Two types of skin substitutes exist: epidermal and der¬ 


mal. Both technologies have advantages and disadvantages 
(Table 11.8). 

Epidermal skin substitutes consisting of cultured autolo¬ 
gous keratinocytes with or without a subjacent layer of autol¬ 
ogous fibroblasts suggested great promise for scarless wound 
closure in the late 1980s. 91 Whereas future advances in burn 
wound management will depend on improvements in cultured 
epithelial cell technology, 92,93 current available products have 
not significantly evolved burn wound management. Dermal 
substitutes have been more successful in early clinical use. 94,95 
Integra dermal template (Integra Lifesciences, Plainsboro, NJ) 
is one commercially available product, designed to be com¬ 
bined with ultra-thin autograft 96 or cultured epithelium. Its 
advantage is that it is a bilaminate product composed of a 
temporary outer silastic layer and an inner matrix layer of 
type 1 collagen and chondroitin sulfate. 97,98 The silastic layer 
provides early wound closure following eschar excision and 
the inner layer serves as a template that autologous fibrob¬ 
lasts, endothelial cells, and other mesenchymal cells populate. 
Once the product is vascularized (2 to 3 weeks), an ultra-thin 
autograft can be placed on the neodermis. 96 Histologic evalu¬ 
ation suggests that the Integra neodermis architecture is more 
comparable to uninjured dermis than regular scar (Fig. 
11.9A). Integra use has been reported to have improved long¬ 
term aesthetic and functional results (Fig. 11.9B) but requires 
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1 TABLE 

1 1.8 


ADVANTAGES AND DISADVANTAGES OF SKIN 

SUBSTITUTES 


■ DERMAL 
SUBSTITUTES 

■ EPIDERMAL 
SUBSTITUTE 

Pros 

■ Useful with limited 
donor sites 

■ Replaces 
mesenchyme 

■ Thin donor sites 

■ Decreases scar 
formation 

■ Useful with 
limited donor sites 

■ Replaces epi¬ 
dermis 

■ Fewer donor sites 

Cons 

■ Expensive 

■ Prone to infection 

■ Requires completely 
viable wound bed 

■ Requires fastidious 
postoperative wound 
care 

■ Expensive 

■ Prone to infection 

■ Prone to sheering 

■ Prolonged 
immobilization 
with delayed 
rehabilitation 


■ Prolonged length 
of stay 


meticulous surgical excision and postoperative care to mini¬ 
mize infection." A topical antimicrobial agent is usually nec¬ 
essary postoperatively; if neodermal quantitative cultures 
demonstrate more than 10 6 colony-forming units, directed sys¬ 
temic antibiotics might also be indicated. A significant advan¬ 
tage is the rapid healing and minimal scarring in ultra-thin 
donor sites (Fig. 11.9C). 

Another promising dermal substitute is AlloDerm (LifeCell, 
Woodlands, TX), a cryopreserved human dermal allograft. 100 
The advantage of this product is the native mesenchymal 
structure without the allogenic cellular components that cause 
allograft rejection. This dermal substitute requires immediate 
autografting since there is no outer barrier. 


METABOLIC AND 
NUTRITIONAL SUPPORT 


Patients with major thermal injury develop a hypermetabolic 
state characterized by increased basal metabolic rate, in¬ 
creased oxygen consumption, negative nitrogen balance, and 
weight loss. Subsequently, these patients have increased caloric 
requirements 101 to prevent delayed wound healing, decreased 
immune competence, and cellular dysfunction. 

Protein catabolism in a 60-kg patient with a large burn may 
result in loss of 150 to 200 g of nitrogen per day. Nitrogen 
excreted in the urine can be measured, but large amounts of 
nitrogen lost from wounds are insensible. Therefore, measured 





FIGURE 11.9. A: Histology of Integra neodermis appears more like 
uninjured dermis than regular scar. B: Integra covered with ultra-thin 
skin grafts ( arrows) is softer and more elastic than the traditional wide 
meshed graphs. C: Donor sites for the ultra-thin grafts heal quickly 
without the long-term scars typical of standard-depth donor sites. 
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TABLE 1 1.9 


NUTRITIONAL ASSESSMENT OF BURN PATIENTS 



■ WOUND SIZE 
(% TBSA) 

■ NITROGEN LOSS 
FROM WOUNDS 
(g/kg/d) 

■ PROTEIN LOSS FROM 
WOUNDS IN A 

60-kg ADULT (g/d) 

■ NUTRITIONAL NEEDS 

Small burn 

<10 

0.02 

~8 

Oral intake only 

Moderate burn 

11-30 

0.05 

~19 

Supplemental enteral 
feeding if oral intake is 
insufficient 

Large burn 

>31 

0.12 

~45 

Enteral feeding to meet 
nutritional goals with oral 
intake as tolerated 


24-hour total urea nitrogen levels underestimate nitrogen 
losses in burn patients (Table 11.9). 102 

The catabolic state continues until the wounds are closed. 
Once a patient becomes anabolic, preburn muscle takes three 
times as long to regain as it did to lose. 103,104 Several equations 
can be used to estimate calorie needs. The Harris-Benedict 
equation estimates basal energy expenditure according to gen¬ 
der, age, height, and weight; the basal energy expenditure is 
multiplied by an activity factor that reflects the severity of 
injury or the degree of illness. For burns, this multiplier is 2, 
the maximal factor for this formula. The Harris-Benedict 
equation overestimates caloric needs for patients with a mod¬ 
erate burn size. The Curreri formula 105 based on patient 
weight and burn size overestimates caloric needs for patients 
with large burns and is best used for patients with small or 
moderate-sized burns (<40% TBS A). 106 ’ 107 

Infection, ARDS, or creation of donor sites increases catab¬ 
olism and alters caloric needs. 108 Healing and skin grafting 
close wounds and decrease the catabolic state. Hence, repeated 
evaluation of the metabolic state of a burn patient is necessary 
to account for changes in wound size and clinical condition. 
As discussed earlier, 24-hour total urea nitrogen levels in the 
urine must be augmented to estimate nitrogen losses from the 
wound. Serum albumin levels are not sensitive markers of ade¬ 
quate nutrition; they are typically low in patients with burns 
larger than 20% TBSA. 109 Transthyretin or prealbumin levels 
correlate more closely with catabolic status and a trend over 
several weeks may correlate with patient caloric needs. 110 
C-reactive protein levels provide an indication of the patient’s 
general inflammatory state and may correlate with catabolic 
status. 111 Indirect calorimetry may be useful for measuring 
caloric needs in intubated burn 112 patients by quantifying oxy¬ 
gen consumption and carbon dioxide expiration and calculat¬ 
ing nutritional requirements based on the formula: kcal/day = 
(3.9 X V0 2 + 1.1 X VC0 2 ) X 1.44. Pulmonary artery 
catheters can also indirectly provide this information by using 
the Fick equation: kcal/day = cardiac output X (arterial p0 2 — 
venous p0 2 ) X 10 X 6.96. Recent reports suggest that in chil¬ 
dren, respiratory quotients may not accurately estimate feed¬ 
ing needs. 113 


Enteral Nutrition 


Prolonged ileus and stress ulcers in burn patients have been 
largely eliminated by early feeding. 114 Multiple studies have 
shown that patients with major thermal injury can receive ade¬ 
quate calories soon after injury. At the University of Washing¬ 
ton Burn Center, tube feeding is started a median of 5 hours 
after admission (unpublished quality improvement data). 

Benefits of gastric feeding versus duodenal feeding continue 
to be debated. Although feeding distal to the pylorus theoreti¬ 


cally should cause less aspiration risk, enteral formulas can be 
found in pulmonary secretions of 7% of patients receiving gas¬ 
tric feeds compared with 13% of patients receiving transpy- 
loric feeding. 115 Hence, for burn patients with high caloric 
needs, the delay in feeding for confirmation of tube placement 
may not be worth the effort. 

Continuation of tube feeds during surgery in intubated 
burn patients who require multiple operations maximizes 
caloric intake and decreases wound infection. 116 However, 
intraoperative repositioning may necessitate stopping feeds 
preoperatively, especially if the patient will be prone. Critically 
ill burn patients who have undergone decompressive laparo¬ 
tomy for abdominal compartment syndrome also tolerate con¬ 
tinuous tube feedings. 117 


Glucose Management 

Hyperglycemia negatively impacts wound healing and 
increases morbidity and mortality in critically ill patients, even 
those without underlying diabetes mellitus. 118 Increased risk of 
infection, reduced skin graft take, and higher mortality 119 under¬ 
score the importance of maintaining blood sugars between 80 to 
120 mg/dL. 118 In spite of the initial excitement about the ben¬ 
eficial effect of tight glucose control on outcomes of critically 
injured patients, increasing data suggest that very tight control 
does not improve outcomes in trauma patients 120 and should 
be studied prospectively in burn patients. 121 


Albumin 


Hypoalbuminemia typically persists in burn patients until the 
wounds are healed. Patients with large burns typically have 
serum albumin levels of 1.7 g/dL and rarely exceed 2.5 g/dL. 109 
Administration of exogenous albumin to attain serum levels 
above 1.5 g/dL does not appear to impact length of stay, com¬ 
plication rate, or mortality. 122 


Nutritional Supplementation 

Studies to determine benefits of specialized nutritional sup¬ 
plements such as arginine, glutamine, and omega-3 fatty 
acids in burn patients are contradictory. 123-125 However, 
there are reports that anabolism can be promoted in burn 
patients with metabolically active agents such as insulin, 
recombinant human growth factor, the anabolic steroid 
oxandrolone, and propranolol. 126 Oxandrolone in particular 
has been reported to improve weight gain and functional 
recovery in burn survivors. 127 Propranolol has now been 
fairly well characterized as having a beneficial effect in 
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pediatric patients 128 and should be investigated in a multi¬ 
center trial for adults. Early administration of the antioxi¬ 
dants a-tocopherol and ascorbic acid reduces the incidence 
of organ failure and shortens ICU length of stay in critically 
ill trauma patients. 77 Whereas a multicenter study will be 
necessary to demonstrate similar results in burn patients, the 
potential benefit and the low cost make antioxidant supple¬ 
mentation an attractive low-risk intervention for burn 
patients at risk for multiorgan dysfunction. 


INFECTION 


We have determined that as many as 80% of patients with 
large burns developed an infection from one or more sources 
during the hospital stay (unpublished data). Judicious antibi¬ 
otic use must be employed to limit development of oppor¬ 
tunistic infections in patients and to establish responsible epi¬ 
demiologic infection control in the burn unit. Therefore, 
targeted systemic antibiotics should be used for diagnosed 
infections based on clinical judgment and supportive labora¬ 
tory and radiologic findings. Prophylaxis against gram-positive 
organisms leads to development of gram-negative bacterial 
infections or fungal and mold infections and are therefore con¬ 
traindicated in patients with burns. 129 Fungal wound infection 
has been reported to be independently associated with mortal¬ 
ity in burn patients regardless of burn size, age, or presence of 
inhalation injury. 130 Tetanus prophylaxis continues to be rec¬ 
ommended since the disease is so devastating and vaccination 
has few theoretical risks. However, current medical literature 
has few reports of tetanus developing in patients who have 
been immunized during childhood. 131 


DEEP VEIN THROMBOSIS 


The incidence of deep vein thrombosis (DVT) has been 
reported to be as high as 25% in hospitalized burn patients. 132 
It has also been reported to be responsible for only 0.14% of 
deaths in burn patients; hence, a standard of care for DVT 
prophylaxis in burn patients has never been defined. 133 One 
study has suggested that age and burn size have a synergistic 
effect on DVT/pulmonary embolism risk, with the sum of age 
and TBSA burn having the strongest independent effect (p 
<0.001). 134 At the University of Washington Regional Burn 
Center, patients with burns larger than 20% TBSA developed 
clinically evident thromboembolic disease in 9% of those who 
received prophylaxis with unfractionated heparin and in 18% 
of those who received low-molecular-weight heparin (unpub¬ 
lished quality improvement data). On the basis of these data, 
patients with burns larger than 20% TBSA receive prophylaxis 
with subcutaneous unfractionated heparin, 5,000 U three 
times per day. A dropping platelet count suggests heparin- 
induced thrombocytopenia, which causes generalized microvas- 
cular thrombosis and can be associated with thromboembolic 
disease. 


ANEMIA 


Acute blood loss soon after injury is uncommon in a patient 
with an isolated burn injury; therefore, a dropping hematocrit 
during resuscitation may be a sign that a patient has associated 
injuries or a bleeding diathesis. Procedures such as central 
venous line placement or escharotomies should not be associ¬ 
ated with significant blood loss. 

Patient age, overall condition, and comorbidity should con¬ 
tribute to the determination for the need for a transfusion. The 
risks of viral transmission, transfusion reaction, and cost must 
also be considered. For a healthy patient who does not need 


surgery, a hematocrit as low as 20% may be well tolerated. 
However, inhalation injury, infection, or multiorgan failure 
may require a higher hematocrit to maximize oxygen-carrying 
capacity. Patients with large burns and anticipated blood loss 
should receive iron supplements. Erythropoietin is an expen¬ 
sive recombinant supplement that has not been shown to pre¬ 
vent anemia or decrease transfusion requirements in acutely 
burned patients. 135 


PAIN MANAGEMENT 

Pain management for patients with burn injuries works best 
with simple pharmaceutical approaches. Use of several nar¬ 
cotics with varying half-lives will confuse health care providers, 
Q the patient, and the family. However, burn patients experience 
three different classes of pain, background, breakthrough, and 
procedural pain, which require different approaches. 

Burn patients experience background pain 24 hours per 
day until their wounds are healed; long-acting pain relievers 
are well suited for this type of discomfort. A hospitalized 
patient with large burns can be easily treated with methadone 
or controlled-release morphine sulfate. An outpatient with a 
small burn often does well with a nonsteroidal anti-inflamma¬ 
tory drug; ideally these should be stopped at least 7 days 
before surgery. 

Breakthrough pain occurs when exercise or other activities 
of daily living exacerbate background burn wound discom¬ 
fort. Short-acting narcotics or acetaminophen can alleviate 
occasional breakthrough pain. Persistent breakthrough pain 
suggests that the long-acting medication dosage should be 
increased. 

Procedural pain occurs during wound care and dressing 
changes and usually requires treatment with a short-acting 
narcotic. For inpatients with larger burns, oral narcotics or 
transmucosal fentanyl citrate 136,137 works well for wound care; 
IV morphine or fentanyl can be used for uncontrolled pain. 
For outpatients, oxycodone (5 to 15 mg) usually suffices for 
daily wound care. Anxiety about wound care or therapy is 
often misconstrued as pain, especially in children, and is likely 
undertreated. 138 Therefore, patients with large burns requiring 
daily wound care should be evaluated for potential benefit 
from a short-acting anxiolytic agent for procedures. Compli¬ 
cations of excessive narcotic use, such as prolonged sedation, 
delirium, and, more urgently, loss of airway control, must be 
avoided in young children and elderly patients, who may have 
decreased narcotic tolerance. 139 

Nonpharmacologic approaches can augment pain manage¬ 
ment in burn patients. Hypnosis can be administered either by 
trained health care providers or by patients themselves to 
reduce narcotic use in burn patients. 140 Virtual reality has also 
shown promise as a distraction modality to enhance patient 
comfort during wound care and intense therapy. 141 

Discomfort in the healed wound due to paresthesias and itch¬ 
ing may persist for months after injury but generally does not 
respond to narcotics; exercise and deep massage are effective 
modalities that patients should be encouraged to use. Diphenhy¬ 
dramine, cyproheptadine, or cetirizine may relieve itching. Use 
of doxepin ointment may also abrogate itching in healed 
wounds. Keeping the wound moist with a topical salve or lotion 
may be as effective as other pharmacologic approaches. 


SPECIALIZED BURN AREAS 


Burns of the Face, Ocular Adnexa, and Ears 

The structures in the midface can be difficult to excise and 
reconstruct. Therefore, the face is commonly treated nonoper- 
atively with topical antimicrobial agents for 10 days. 142,143 
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Areas that remain unhealed at that time should be excised and 
grafted with thick sheet autograft. The nasal tip and alar rims 
are especially difficult to reconstruct and excision should be 
sparing. Periocular burns can lead to acute and late sequelae. 
Early after injury, edema can cause conjunctival desiccation 
with eventual keratitis and corneal ulceration. Lubrication 
with ophthalmologic antibiotics is mandatory but tarsorrha¬ 
phy may be necessary. If the lid burns are deep, earlier excision 
and full-thickness skin grafting may be indicated. Ear burns 
can lead to suppurative chondritis if infection develops. Many 
texts suggest that all ear burns must be treated with mafenide 
cream, 144 but studies have verified that silver sulfadiazine has 
comparable results. 78 More importantly, pressure on the 
burned auricle from objects such as pillows and tight dressings 
or ties should be avoided by using a foam egg crate for a pil¬ 
low and very loose dressings. 


Burns of the Hands and Feet 


Optimal functional outcome of hand burns is facilitated by an 
organized, multidisciplinary approach to the injuries with 
emphasis on the therapist. The initial evaluation of the burned 
hand must include evaluation of capillary refill, temperature, 
and Doppler signals in the palmar arch. It is not enough sim¬ 
ply to demonstrate that there is blood flow in the radial or 
ulnar arteries. If the arm or upper arm is circumferentially 
burned, escharotomies of the proximal upper extremity and 
dorsal hand may be indicated (Fig. 11.5B, C). Digital escharo¬ 
tomies are never indicated because the potential injury to the 
digital vessels and nerves outweighs the benefits. For high-volt¬ 
age electrical injury or deep fourth- or fifth-degree thermal 
burns, fasciotomy may be required for forearm compartment 
syndrome or progressive neurovascular impairment. In equiv¬ 
ocal cases, it is most prudent to proceed to decompression 
promptly rather than wait until ischemia has advanced. 

Extremity elevation benefits hand burns by limiting edema 
and subsequently allowing range of motion and limiting risk 
Q of infection. Active range of motion should be the goal for all 


hand burns; this will decrease edema and maintain manual 
function. If the patient is unable to cooperate, passive range of 
motion should be performed at least twice per day. Splinting 
the hand in a functional position, with the metacarpopha¬ 
langeal joints at 70 to 90 degrees, the interphalangeal joints in 
extension, the thumb in neutral position with the first web 
space open, and the wrist in 20 to 30 degrees of extension, 
may be indicated for a critically injured patient. Deep partial¬ 
thickness and full-thickness burns should be excised and sheet 
grafted as soon as practical (Fig. 11.10). Hands are immobi¬ 
lized in a functional position for 5 days after surgery to pre¬ 
vent shearing of the graft before range-of-motion exercises are 
resumed. Deeper hand burns that involve the extensor mecha¬ 
nisms, joint capsules, or bone are difficult clinical problems. 
They also often require temporary or long-term axial 
Kirschner wire fixation of open and unstable interphalangeal 
or metacarpophalangeal joints. These burns may require groin 
or abdominal flap coverage 145 to achieve a tissue bed that can 
be grafted. With these approaches patients with deep hand 
burns should be able to function independently. 

Palm burns are especially common in the toddler age group 
as they begin to explore and touch hot surfaces such as ovens 
or gas-fireplace glass. Since palmar skin is thick, many burns 
do not require resurfacing. Therefore, a nonoperative 
approach facilitates preservation of the specialized attachment 
of the palmar skin to the underlying fascia and regeneration of 
the unique Pacinian mechanoreceptors in the palmar skin. If 
necessary, full-thickness injuries that do not heal in 3 to 4 weeks 
or show signs of healing by contraction should be grafted with 
full-thickness or thick split-thickness sheet grafts and splinted 
in extension to maintain the palm in an open position. Like¬ 
wise, burns of the plantar surface of the feet should be grafted 
with full-thickness or thick split-thickness sheet grafts if they 
fail to heal within 3 weeks. 


Genital Burns 


Genital burns should be investigated for suggestion of abuse or 
neglect. A burned foreskin must be reduced to a normal 



FIGURE 11.10. A: A deep grease/flame burn to the hand can be 
grafted as soon after injury as feasible to expedite return to function. 
B: Sheet grafts for the hands provide the optimal functional and aes¬ 
thetic outcomes. 
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position so edema does not cause paraphimosis. Penile and 
scrotal burns often heal well without excision and grafting. 
Urethral stenting and bladder catheter drainage are not 
required for genital burn management and increase the risk of 
urinary tract infection. Bladder catheters should be removed 
when close monitoring of the urine output is no longer 
required. Likewise, diversion of the intestinal tract is not 
required in the management of perineal burns. 


MISCELLANEOUS BURN INJURIES 

Electrical Injuries 

As with many areas of burn care management, electrical burns 
have little level 1 evidence to support treatment algorithms. 146 
Electrical injuries can be grouped into three categories: high 
voltage, involving contact with more than 1,000 volts; low 
voltage, caused by contact with less than 1,000 volts; and those 
caused by lightning. Electrical flash burns occur when a high- 
voltage current arcing (jumping) from a high-tension wire 
toward a human being generates heat and produces a flash 
skin burn; this does not involve electrical current and should 
not be confused with an electrical injury. Low-voltage injuries 
may cause locally destructive injuries but rarely cause systemic 
sequelae. High-voltage injuries can cause local destruction at 
the contact wounds, a deep-tissue injury secondary to the pas¬ 
sage of current, deep wounds where the current arcs across 
joints, flash burns or deep flame burns if clothing ignites, axial 
spine fractures due to tetanic contraction of paravertebral 
muscles, and other blunt injuries related to a fall. Hence, 
patients with high-voltage electrical burns require a complete 
trauma evaluation including radiographic skeletal series, car¬ 
diac monitoring, bladder catheterization to evaluate the urine 
for presence of myoglobinuria, and serial neurovascular exams 
in extremities at risk for compartment syndrome; because 
many electrical injuries involve the hand, carpal tunnel syn¬ 
drome and impaired median nerve function deserve special 
immediate attention. Increased compartment pressures due to 
edema of the injured muscle leads to additional ischemic injury 
and rhabdomyolysis and warrant immediate fasciotomy; like¬ 
wise, progressive loss of median nerve function suggests that a 
carpal tunnel release may be indicated. Surveys of trauma and 
burn surgeons suggest that practices vary with regard to car¬ 
diac monitoring and musculoskeletal workup; given a paucity 
of evidence-based data on outcomes following electrical 
injuries, establishing standards of care for treating this injury 
is challenging. 

A low-voltage electrical injury especially unique to children 
occurs when a child puts an electrical extension cord connec¬ 
tor into his or her mouth to pull the two plugs apart. The clas¬ 
sic finding is a full-thickness tissue injury to the lateral mouth 
(Fig. 11.11) with delayed bleeding from the labial branch of 
the facial artery when the eschar falls off. Maintaining the oral 
opening is essential to prevent contracture. 

Late sequelae of high-voltage electrical injuries include pro¬ 
gressive sensory and/or motor neurologic loss and early 
cataract formation; these can develop within weeks to months 
of the injury. All patients admitted for evaluation and treatment 
of a high-voltage electrical injury should undergo a compre¬ 
hensive neurologic and ophthalmologic examination to estab¬ 
lish baseline status. 


Chemical Injuries 

Regardless of whether a chemical burn is alkali or acid, the ini¬ 
tial treatment should be copious irrigation with tap water for 
30 minutes. Cement and concrete powder or powdered lye 
should be brushed dry from the patient since contact with water 
activates the aluminum hydroxide. For eye burns, topical oph- 



FIGURE 11.11. Full-thickness tissue destruction due to an electrical 
burn to the commissure of the mouth in young children can lead to 
oral contractures. The importance of range-of-motion exercises must 
be emphasized to the parents. 


thalmic anesthetics can facilitate relief of the conjunctivitis and 
blepharospasm that limits affective irrigation; ophthalmologic 
antibiotics should be used if a fluorescent examination con¬ 
firms presence of a corneal abrasion. 

Hydrofluoric acid is one chemical that does have a specific 
antidote since exposure can induce life-threatening hypocal¬ 
cemia as the fluoride binds calcium in the tissue. 147 In addition 
to irrigation with water, topical calcium gluconate gel can be 
soothing 148 but is inefficient. These burns are often located on 
the hands of manual workers and can be treated with slow 
intra-arterial calcium gluconate infusion over 4 hours. 149 This 
approach requires cardiac monitoring in an ICU. If the burn 
involves a large area and hypocalcemia persists, emergency 
burn wound excision may be indicated. 


Tar Injuries 

Tar is often heated to more than 300°F and commonly causes 
a deep burn, especially if the source is the “mother pot.” 
Adherent tar can be initially cooled by tap water irrigation to 
limit the progression of the injury. It can be easily removed 
from the skin (Fig. 11.12) with a lipophilic solvent such as 
Medi-Sol (The Orange-sol Group of Companies, Gilbert, AZ). 
Once the wound is exposed, it can be treated like other ther¬ 
mal injuries with topical antimicrobial ointments until the 
need for surgery is determined. 


NONACCIDENTAL 
BURN INJURIES 

Neglect and abuse affect enough children that providers 
should consider these diagnoses in any child that has burns. If 
there is any question that either contributes to the injury, the 
child should be admitted to the hospital for further assess¬ 
ment. 9 If expert opinion suggests that the injuries are suspi¬ 
cious, they should be filed with the appropriate local agency. 
Radiographic evaluation of the head, ribs, and long bones 
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FIGURE 11.12. A: Congealed tar should be removed with a lipophilic solvent to determine whether there is a burn underneath. B: Cleaning 
wounds thoroughly with Medi-Sol is safe and essential for correctly determining an accurate burn size. 


should be obtained for further documentation of other types 
of abuse; ophthalmologic evaluation should also be performed 
to rule out retinal detachment, often a sign of shaken baby 
syndrome. Too often abuse in other vulnerable populations is 
overlooked; learning disabled and the elderly 150 are at-risk 
groups and suspicious injuries should be reported to adult pro¬ 
tective services. 151 Finally, self-mutilation should be treated cau¬ 
tiously. Even patients with multiple small burns such as cigarette 
burns should be admitted for psychological evaluation. 152 


NONBURN CONDITIONS 
COMMONLY CARED FOR 
IN BURN CENTERS 

Wound care and critical care services in burn centers 153,154 lend 
themselves to management of other conditions with large cuta¬ 
neous deficits such as purpura fulminans, toxic epidermal 
necrolysis, staphylococcal scalded skin syndrome, or major 
soft tissue avulsions. 

Q Toxic epidermal necrolysis (TEN) (Fig. 11.13A), scalded 
skin syndrome (Fig. 11.13B), and graft versus host disease 
(Fig. 11.13C) are similar blistering disorders with vastly dif¬ 
ferent etiologies. TEN, a variant of erythema multiforme 
major, involves epidermal slough at the dermal-epidermal 
junction. Common associations include sulfa drugs, anticon¬ 
vulsants, and nonsteroidal anti-inflammatory agents, but non¬ 
specific viral syndromes may be the only prodromic event lead¬ 
ing to the skin loss. This condition is characterized by 
sloughing of all stratified squamous epithelial cell surfaces 
including the oral mucosa and anus. Typically, the skin 
between the blisters can be sheared with minimal digital pres¬ 
sure in a test known as a Nikolsky sign. Treatment depends on 
extent of skin slough. Small, scattered areas can be treated 
with silver-impregnated dressing or greasy gauze. When epi¬ 
dermal sloughing involves more than 25% TBSA, gentle 
debridement of the confluent areas of sloughed skin and place¬ 
ment of a biologic dressing such as xenograft 155 is indicated to 
prevent skin desiccation and superinfection (Fig. 11.13D); this 
approach has been associated with a 19% mortality rate, 156 
which is lower than national reports of mortality after TEN. 
Systemic steroid treatment is associated with poorer progno¬ 
sis, as are topical treatment with silver nitrate solution and 
total peripheral nutrition. 157 Recent suggestions that the 
process can be effectively limited with intravenous 
immunoglobulin (IVIG) treatment 158 have not been defini¬ 


tively demonstrated in clinical trials. Prophylactic antibiotics 
are associated with increased mortality. Patients with severe 
oropharyngeal involvement may require intubation for airway 
protection and early enteral tube feeding while the oral lesions 
heal. Daily ophthalmologic evaluation is essential to prevent 
synechiae forming. Fikewise, daily separation of the external 
genitalia and vaginal lubrication are indicated to prevent 
painful mucosal scarring. 

Differentiation between TEN and staphylococcal scalded 
skin syndrome can be difficult on clinical grounds, and if there 
is a question, a skin biopsy for histologic confirmation is war¬ 
ranted. Patients with scalded skin syndrome typically do not 
present with positive blood cultures since the staphylococcal 
exotoxin is responsible for the epidermal separation at the 
granular layer. These wounds are more superficial than TEN 
and usually heal quickly. Mucous membrane and conjunctiva 
involvement are not typical and may provide a useful differen¬ 
tiation between staphylococcal scalded skin syndrome and 
toxic epidermal necrolysis. 

Empiric antistaphylococcal antibiotics should be adminis¬ 
tered, but a detailed physical examination should be performed 
to identify a source of infection. 

Purpura fulminans is typically a complication of meningo¬ 
coccal or streptococcal sepsis. 159 Many patients with this con¬ 
dition have multiorgan failure due to the underlying septic 
shock coupled with the significant vasopressive agents required 
for cardiovascular support; ischemia affects end organs includ¬ 
ing patchy cutaneous necrosis (Fig. 11.14A), especially the dig¬ 
its (Fig. 11.14B). Treatment of the wounds is supportive until 
the patient is stable enough to undergo excision and grafting; 
excision or amputation may be indicated earlier if the necrotic 
wounds become superinfected. Amputations are common in 
survivors. 


Necrotizing Soft Tissue Infection 

S> Necrotizing fasciitis should be considered in any patient with 
cellulitis and a history of IV drug abuse, diabetes, obesity, vas¬ 
cular insufficiency, or immunosuppression. Signs and symp¬ 
toms that differentiate a necrotizing infection (Fig. 11.15A) 
from uncomplicated cellulitis reflect the severity of illness and 
are summarized in Table 11.10. Delayed diagnosis and surgi¬ 
cal treatment are associated with significantly increased mor¬ 
tality. If a necrotizing soft tissue infection is suspected, wider 
surgical debridement should be performed emergently (Fig. 
11.15B). A central venous catheter should be placed for fluid 
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FIGURE 11.13. A: Toxic epidermal necrolysis (TEN), a severe variant of erythema multiforme major, causes distinct blisters and a characteristic 
Nikolsky sign {arrow) of normal-appearing skin sloughing between the bullae. B: Scalded skin with diffuse erythema appears more diffuse and 
when the skin sloughs, the underlying epidermis is often healed. C: Graft versus host disease can be confused in appearance with TEN, but his¬ 
tory of a recent transplant (solid or hematologic) is pathognomonic. D: Removal of the sloughed skin and protection of the underlying viable 
wound bed by applying a biologic dressing such as xenograft improves survival in patients with TEN. 


resuscitation and preoperative antibiotics penicillin (4 million 
units), gentamicin (7 mg/kg), and clindamycin (1,200 to 1,600 
mg) should be administered. During wide debridement of 
necrotic tissue, an immediate Gram stain and culture swab 
should be obtained and reviewed. One should assume 
clostridia infection if there are gram-positive rods with a 


paucity of white blood cells and assume /3-hemolytic strepto¬ 
coccal infection if there are abundant gram-positive cocci. 
Plans should be made to reexplore the wound within 24 hours 
of the original operation; this may be sooner if the patient 
undergoes clinical deterioration or if the white blood cell count 
increases. Broad-spectrum antibiotics should be continued 



FIGURE 11.14. Purpura fulminans resulting from meningococcemia or streptococcemia causes patchy cutaneous necrosis on many body surfaces 
(A), but especially the digits (B). 
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FIGURE 11.15. A: Necrotizing soft tissue infections must be differentiated from cellulitis based on systemic physiology. B: Wide surgical debride¬ 
ment of all involved tissues is the mainstay of treatment for this life-threatening tissue infection, even if it exposes vital structures. 


until the microbiology results are final. For patients in septic 
shock, perioperative IVIG may be indicated to bind the toxin. 
Anecdotal evidence also indicates that plasmapheresis might 
improve outcome in septic patients. 


HYPERTROPHIC SCARRING AND 
RECONSTRUCTIVE SURGERY 


Hypertrophic scar formation is a devastating complication of 
burns and partial-thickness wounds (Fig. 11.16). The scars are 
raised, hyperemic, warm, and very pruritic, reflecting the histo¬ 
logic findings of increased micro vessels 28 and nerves. 40,41 We 
know from clinical experience that hypertrophic scars form in 
wounds that take longer to heal, suggesting that wound depth is 
important. We also know that they occur in anatomic locations 
such as the presternal chest and central face more frequently 
than sites such as the forehead, scalp, and palms or soles. 
Hypertrophic scars are more prevalent in patients with pig¬ 
mented skin, especially Asians and Hispanics. The decreased 
incidence in elderly patients with atrophic skin and senescent 
cellular responses suggests that high cellular activity may con¬ 
tribute to scar formation. Despite the misery associated with 


TABLE 11.10 


SIGNS AND SYMPTOMS OF NECROTIZING SOFT 
TISSUE INFECTION 

White blood cell count >20,000 
Thin, gray drainage 
Marked induration 
Edema of entire limb 
Hyponatremia (Na <135 mEq/L) 

Skin blistering/sloughing 
Skin necrosis 

Crepitus/soft tissue gas on radiography 
Pain out of proportion to skin findings 
Sepsis (tachycardia, hypotension, high fluid requirements) 


If patient meets any of these criteria, consider early surgical 
consultation. 


hypertrophic scar formation, our understanding of the patho¬ 
physiology is very limited; this basic lack of knowledge is aggra¬ 
vated by the absence of an animal model of scar hypertrophy. 
However, recent studies suggest that the female red Duroc pig 
generates a fibroproliferative scar 160 that parallels many clinical, 
histologic, and biochemical findings in human hypertrophic 
scar tissues. 

The ability to regulate development of hypertrophic scars is 
limited, as is treatment for the symptoms. Custom-fit compres¬ 
sion garments are worn within 2 weeks of wound healing and 
often continue until the wounds mature at 1 or 2 years after 
injury. Topical silicone anecdotally improves hypertrophic scar 
size and symptoms, but the mechanism is not clear and skin 
irritation and rashes can accompany use. Intradermal steroid 
injection has also been described but is very painful and unreli¬ 
able in the management of hypertrophic scarring; furthermore, 
the wound size that can be treated is limited by the risk of sys¬ 
temic steroid effects. Patients with persistent symptomatic 
hypertrophic scarring that limit function or activities of daily 
living often require excision and primary wound closure or 
wound closure with sheet autografts or tissue flaps. Patients 
who have survived large burns may require several sequential 
reconstructive procedures during the first few years after injury 
to attain optimal cosmetic and functional results. 



FIGURE 11.16. Hypertrophic scars in healed deep partial-thickness 
burns cause considerable patient discomfort and misery due to the 
itching, warmth, raised appearance, and often functional limitations. 
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REHABILITATION AND 
RECONSTRUCTION 


As survival following major burns has improved, more empha¬ 
sis has been placed on functional recovery, societal reintegra¬ 
tion, and return to school or work. In the early 1990s, the 
National Institute of Disability and Rehabilitation Research 
(NIDRR; http://www.ed.gov/offices/osers/nidrr), whose mis¬ 
sion is to generate, disseminate, and promote new knowledge 
to improve independent living options for disabled persons, 
recognized that burn survivors would likely benefit from orga¬ 
nized rehabilitation model systems that had been established 
for survivors of traumatic brain injuries. Since then, the 
NIDRR has continuously funded projects to advance knowl¬ 
edge in burn rehabilitation by providing multicenter grants to 
four centers of excellence. 

Physical function requires continual participation of burn 
occupational and physical therapists from the time of the acute 
injury until long after discharge from the hospital. Initially, 
therapists are involved with twice-daily passive or active 
range-of-motion exercises of all joints and positioning and 
splinting of the hands, extremities, or neck. In patients with 
small burns or in those with almost healed large injuries, ther¬ 
apy involves strengthening, ambulation, active and passive 
range of motion, performance of activities of daily living, and, 
in older adolescents and adults, development of work-related 
skills and, if necessary, development of adaptive skills with 
modified utensils or prosthetic devices. Therapists often pro¬ 
vide the essential human bridge between inpatient and outpa¬ 
tient care. 

Posttraumatic stress, anxiety, or depression frequently 
manifests after severe burns. Whereas burns that involve the 
hands or face can be anticipated to induce these symptoms, 
they cannot be otherwise predicted based on burn size or loca¬ 
tion. Preinjury psychiatric conditions, family dysfunction, or 
substance abuse further complicate psychosocial recovery. The 
major impact that psychological recovery has on the burn 
patient’s ability to recover functionally underscores the need 
for coordinated participation of burn psychologists and social 
workers in the multidisciplinary care of burn patients. These 
staff members typically interact with the patient, family, and 
local outpatient support services throughout hospitalization 
and assist with coordinating discharge plans. 
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CHAPTER 12 ■ ANESTHESIOLOGY AND PAIN 

MANAGEMENT 

SACHIN KHETERPAL, TIMOTHY W. RUTTER, AND KEVIN K. TREMPER 


KEY POINTS 


^Anesthetics are generalized depressants of consciousness, 
pain, cardiopulmonary function, motor function, and recall. 

Q To prevent movement and to facilitate the surgical expo¬ 
sure, neuromuscular blocking agents are generally used. 
These drugs are competitive or noncompetitive inhibitors 
of the neurotransmitter acetylcholine at the neuromuscular 
junction. 

Q Opioids produce profound analgesia and respiratory 
depression. They have no amnesic properties, minimal 
direct myocardial depressive effects, and no muscle-relaxant 
properties. 

Q Propofol is unique because it is rapidly cleared through 
hepatic metabolism to inactive metabolites in a way that 
the patient becomes alert soon after cessation of the infu¬ 
sion. However, as the duration and dose of the maintenance 
infusion is increased, the time to return of consciousness is 
also significantly increased. 

Q Peripheral nerve blockade can be used in lieu of general anes¬ 
thesia to provide surgical anesthesia or as a postoperative 
pain management technique. Use of long-acting local anes¬ 
thetics or placement of an indwelling continuous catheter 
provides long-term (16 hours to several days) pain relief. 

Q The concept of airway management should be focused on 
not just endotracheal intubation, but also mask ventila¬ 
tion. Until the airway can be secured via intubation, the 
patient must be supported through mask ventilation. The 
key elements of an airway examination are an assessment 
of obesity, mouth opening, neck flexion and extension, 
Mallampati oropharyngeal classification, presence of 
beard, and mandibular protrusion ability. 

Q Hypertension is the most common preexisting medical dis¬ 
ease in patients presenting for surgery and is a major risk fac¬ 
tor for renal, cerebrovascular, peripheral vascular, and coro¬ 
nary artery diseases as well as for congestive heart failure. 

^The appropriate duration to defer elective surgery after 
coronary stenting remains controversial, but recent guide¬ 
lines from the American College of Cardiology/American 
Heart Association recommend 12 months for drug-eluting 


stents and 6 weeks for bare-metal stents. The role for 
antiplatelet therapy remains a major question, but data 
suggest that cessation of recommended antiplatelet therapy 
in the perioperative period may have significant coronary 
thrombotic risks without major improvement in bleeding 
adverse events. 

^The three goals of the preoperative evaluation are (a) to 
develop an anesthetic plan that considers the patient’s med¬ 
ical condition, the requirements of the surgical procedure, 
and the patient’s preferences; (b) to ensure that the patient’s 
chronic disease is under appropriate medical therapy before 
an elective procedure; and (c) to gain rapport with and the 
confidence of the patient, answer any questions, and allay 
fears. 

0 Patients receiving chronic pain or opioid addiction therapy 
with buprenorphine (Subutex, Suboxone) can be particu¬ 
larly challenging to manage in the postoperative period and 
should be immediately referred to their primary care physi¬ 
cian and an anesthesiologist to create a pain management 
plan prior to the day of surgery. Buprenorphine is mixed 
opioid agonist/antagonist that tightly binds at the |x receptor 
and has a long and varied half-life (24 to 60 hours). It can 
inhibit the analgesic benefits of traditional opioids in the 
postoperative period, resulting in uncontrolled pain, 
decreased patient satisfaction, and the potential for adverse 
events due to the need for very high doses of opioids. 

0 As positive-pressure ventilation impedes venous return 
within a closed thorax, decreases in systolic pressure asso¬ 
ciated with a respiratory pattern can be detected. In 
patients with sinus rhythm with stable cardiac contractil¬ 
ity, the degree of systolic pressure variation (SPV) reflects 
the intravascular volume status of the patient. The normal 
range of SPV is 5 to 10 mm Hg. 

0 Postoperative acute pain management may require a mul¬ 
timodal approach that incorporates opioids, peripheral 
nerve blockade, and nonopioid analgesics. Chronic pain 
patients can be particularly difficult to manage and may 
require preoperative optimization by an anesthesiologist. 


The “state of general anesthesia” is a combination of hypno¬ 
sis, amnesia, analgesia, and muscle relaxation. This state can 
be achieved by administration of single or multiple anesthetic 
agents via inhalational or intravenous routes. Historically, 
anesthesia was achieved by inhaling volatile anesthetic vapors 
that produced each of these conditions in proportion to the 
concentration achieved in the central nervous system. Anes¬ 
thesia can also be achieved by using a balance of multiple 
pharmacologic agents, each targeted to produce a specific 
effect. These are the hypnotic/sedatives, analgesics, and neuro¬ 
muscular blocking agents. As the concentration of hypnotic/ 
sedative and analgesic agents increases, cardiovascular and 
respiratory functions may be progressively blunted. For this 


reason, modern anesthetics usually require titration of these 
agents to optimize conditions for the surgery while maintain¬ 
ing cardiovascular stability. 

The goals of modern anesthesia are (a) to create a reversible 
anesthetic state quickly and safely by choosing the appropriate 
techniques and agents considering the patient’s medical condi¬ 
tion, (b) to maintain this state throughout the surgical proce¬ 
dure while compensating for the effects of varying degrees of 
painful stimuli and fluid loss, and (c) to reverse the muscle relax¬ 
ation and hypnosis, bringing the patient back to a homeostatic 
state while maintaining sufficient analgesia to minimize postop¬ 
erative pain. This process is accomplished with a high degree of 
safety 30 to 40 million times a year in the United States, despite 
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the serious potential complications of technical or judgment 
errors. The high degree of success of both surgical and anes¬ 
thetic outcomes is due to the efforts of thousands of surgeons 
and anesthesiologists who have advanced the art and science 
of their field. 1 Although modern surgical techniques, regional 
or neuraxial blockade procedures, and systemic analgesics 
have made it possible to ameliorate perioperative pain, signifi¬ 
cant challenges in postoperative pain management remain. 
Pain not only is unpleasant, but it also has significant adverse 
physiologic effects and physicians should encourage patients 
to alert health care personnel when pain is felt. 


ANESTHETIC AGENTS AND 
THEIR PHYSIOLOGIC EFFECTS 


Inhalation Agents 

Anesthetics are generalized depressants of consciousness, pain, 
cardiopulmonary function, motor function, and recall. The 
potent inhalation agents (e.g., isoflurane, sevoflurane, desflu- 
rane) produce these effects in a dose-dependent fashion. The 
measurement used to compare the potency of inhalation 
agents is the minimum alveolar concentration (MAC), an 
empirically derived number defined as the expired percent 
concentration required to prevent movement on painful stim¬ 
ulation (incision) in half of experimental subjects. There is sig¬ 
nificant patient-to-patient variability independent of underly¬ 
ing comorbidities. Compounding this variability are the effects 
of age, weight, preexisting heart disease, liver disease, and 
medications other than the inhalational anesthetic. Table 12.1 
lists the commonly used inhalation agents and their MACs and 
side effects. In general, all agents depress blood pressure by 


myocardial depression and vasodilation, resulting in system 
hypotension. There is a generalized depression of cerebral func¬ 
tion and cerebral metabolic rate of oxygen consumption, 
although cerebral blood flow may increase because of cere¬ 
brovascular dilatation and a loss of coupling. Renal blood flow 
and glomerular filtration rate are reduced by 20% to 50%. The 
body’s normally tight regulation of core body temperature is 
lost, resulting in a redistribution of heat from the core to the 
periphery. The combination of these effects, the cold environ¬ 
ment of the operating room, and open body cavities make the 
patient extremely vulnerable to hypothermia (core body tem¬ 
perature <36°C). 


Intravenous Sedatives/Hypnotics 

Several commonly used intravenous sedative/hypnotic medica¬ 
tions can also be used in lieu of an inhalational anesthetic to 
achieve the hypnotic component of the state of anesthesia. A 
constant intravenous infusion of these medications is used to 
achieve and maintain a blood concentration that results in the 
loss of consciousness and prevents recall. Unlike the inhala¬ 
tional agents, there currently is no ability to measure the 
patient’s expired or blood concentration of these intravenous 
agents. As a result, the infusion rate is titrated to effect by 
observing patient movement (if muscle relaxants are not used 
concurrently) and hemodynamic responses to procedural stim¬ 
uli. Of note, the sedative/hypnotic intravenous agents do not 
possess clinically useful muscle relaxant or analgesic properties 
and must be combined with other agents to deliver a “bal¬ 
anced” anesthetic. The most commonly used intravenous agent 
for maintenance of anesthesia is propofol, a lipid-soluble substi¬ 
tuted isopropyl phenol that produces hypnosis and sedation 
through interactions with y-aminobutyric acid (GABA), the 


TABLE 12.1 


COMMON INHALATION AGENTS: MINIMUM ALVEOLAR CONCENTRATIONS AND EFFECTS 


■ AGENT 

■ MINIMUM ALVEOLAR 
CONCENTRATION (%) 

■ STRENGTHS 

■ WEAKNESSES 

Nitrous oxide 

105 

Analgesia 

Rapid uptake and elimination 

Little cardiac or respiratory 
depression 

Sympathetic stimulation 

Expansion of closed air spaces 

Interference with vitamin B 12 
metabolism 

Limitation of Fi0 2 

Isoflurane 

1.15 

Good muscle relaxation 

Stable cardiac rate and rhythm 
Usability in neurosurgery 

Pungent odor 

Desflurane 

6 

Rapid induction and emergence 

Pungent odor 

Causes coughing 

High vapor pressure (Boiling point 
23.5°C) 

Requires special pressurized 
vaporizer 

High cost 

Sevoflurane 

1.71 

Rapid induction and emergence 

Less pungent 

Good for mask induction 

Moderate cost 

Metabolized in liver and produces 
increased plasma fluoride 

Canister fires with Baralyme 


Fi0 2 , fraction of inspired oxygen. 

Adapted from Miller FL, Marshall BE. The inhaled anesthetics. In: Longnecker DE, Murphy FL, eds. Introduction to Anesthesia, 8th ed. Philadelphia, 
PA: WB Saunders; 1992:77. 
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primary inhibitory neurotransmitter of the central nervous sys¬ 
tem. When administered as a continuous infusion, propofol can 
achieve minimal levels of sedation, deep sedation, or general 
anesthesia. Additional details regarding the use and side effects 
of propofol are discussed later. Other classic agents such as ben¬ 
zodiazepines can also be used as maintenance infusions, but do 
not enable the rapid return to consciousness that propofol 
offers. A novel, highly specific a 2 -receptor agonist, dexmedeto- 
midine, has recently demonstrated an exciting role as an intra¬ 
venous sedative/hypnotic that also has analgesic effects. In the 
perioperative setting, it is currently limited to use as an adjunct 
to propofol and inhalational anesthetics. 


Muscle Relaxants 

Q To prevent movement and to facilitate the surgical exposure, 
neuromuscular blocking agents are generally used. These 
drugs are competitive or noncompetitive inhibitors of the neu¬ 
rotransmitter acetylcholine at the neuromuscular junction. 
The only noncompetitive inhibitor used clinically is succinyl- 
choline. This drug rapidly binds to the nicotinic receptors and 
produces depolarization at the neuromuscular junction, clini¬ 
cally obvious as fine muscle fasciculations occurring about 
60 seconds after injection. Succinylcholine cannot be reversed, 
but has a short duration of action (<10 minutes) because it is 
quickly hydrolyzed in the plasma by cholinesterase. Because of 
rapid onset, succinylcholine is frequently used to facilitate 
endotracheal intubation when it must be accomplished 
quickly. 

All other clinically useful muscle relaxants are termed com¬ 
petitive inhibitors and do not cause depolarization when they 
attach at the neuromuscular junction. Because these agents com¬ 
pete with acetylcholine, the block produced is in direct propor¬ 
tion to the concentration of the agent relative to the concentra¬ 
tion of acetylcholine. If the concentration ratio is low enough, 


competitive relaxants can be reversed if the concentration of 
acetylcholine is artificially elevated. Acetylcholine concentration 
can be increased by giving a drug that blocks its metabolism, an 
anticholinesterase (e.g., neostigmine). The neuromuscular block¬ 
ing agent is still present, but motor function returns if the acetyl¬ 
choline concentration is high enough to overwhelm the blocking 
agent. There is a ceiling to which anticholinesterase drugs can 
safely elevate circulating acetylcholine; therefore, high levels of 
nondepolarizing relaxants cannot be reversed. Reversing neuro¬ 
muscular relaxants is not analogous to using naloxone to reverse 
the effects of opioids. The reversal agent neostigmine does not 
compete or combine with the relaxant. 

Unfortunately, there are systemic consequences to increas¬ 
ing the plasma concentration of acetylcholine. Acetylcholine is 
the predominant neurotransmitter in the preganglionic sympa¬ 
thetic and parasympathetic nervous systems and in the post¬ 
ganglionic parasympathetic nervous system. For this reason, 
an anticholinergic drug (atropine or glycopyrrolate) must be 
given with the anticholinesterase to prevent the undesirable 
effects of a generalized acetylcholine overdose. The common 
neuromuscular blocking drugs and their doses, durations, and 
side effects are listed in Table 12.2; common regimens of rever¬ 
sal agents are shown in Table 12.3. 

A novel class of compounds, known as selective relaxant 
binding agents, is currently under phase III clinical trials. They 
are able to rapidly reverse the effects of profound levels of 
muscle relaxation created by steroidal muscle relaxant agents 
such as rocuronium, vecuronium, or pancuronium. Rather 
than attempting to increase the concentration of acetylcholine, 
these agents actually bind free muscle relaxant molecules 
within its cyclodextrin ring structure. This decreases the con¬ 
centration of free muscle relaxant and allows acetylcholine to 
function normally at the neuromuscular junction. The 
cyclodextrin-muscle relaxant combination is then eliminated 
via the kidney. The first cyclodextrin used for this purpose, 
known as sugammadex, is being reviewed by the U.S. Food 


TABLE 12.2 


COMMON NEUROMUSCULAR BLOCKING DRUGS AND REVERSAL AGENTS 

■ INTUBATING ■ INFUSION DOSE 

■ MUSCLE RELAXANT DOSE (mg/kg) (mg/kg/min) ■ STRENGTHS ■ WEAKNESSES 


DEPOLARIZING 


Succinylcholine 

1.0 

100" 

Fastest onset (30 to 60 s) 
Short duration^ 7 (5 min) 

Associated with malignant 
hyperthermia, dysrhythmias, 
bradycardia, and hyper¬ 
kalemia, especially in 
patients with burns or 
neurologic injury 

NONDEPOLARIZING 

Long acting (>1 h) 

Pancuronium 

0.1 

0.3 

No histamine release 

Tachycardia 

Slow onset 

Long duration 

Intermediate acting (~1 h) 

Cisatracurium 

0.2 

0.1 

Spontaneous degradation, 
not affected by renal or 
liver disease 

Moderate cost 

Vecuronium 

0.1 

1 

No cardiovascular effects 


Rocuronium 

0.8 

10 

Fast onset, no cardio¬ 
vascular effects 



fl This should not be used for longer than 1 h. 

^Duration is dramatically increased in patients with abnormal plasma pseudocholinesterase. 
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TABLE 12.3 


DRUGS FOR ANTAGONIZING NONDEPOLARIZING NEUROMUSCULAR BLOCKADE 0 


■ DOSE 

■ TIME TO PEAK 
EFFECT (min) 

■ DOSE 

■ USE WITH 

■ COMMENTS 

ANTICHOLINESTERASES 





Edrophonium 

1-2 

0.5-1.0 mg/kg 

— 

Very fast onset, not 
commonly used 

Neostigmine 

3-5 

0.04-0.07 mg/kg 

— 

Most commonly used 

Pyridostigmine 

10-12 

0.2-0.3 mg/kg 

— 

Not used clinically for 
neuromuscular reversal 

ANTICHOLINERGICS 





Glycopyrrolate 

— 

0.008 mg/kg 
(0.5-0.6 mg/70 kg) 

Neostigmine 

Pyridostigmine 

Not commonly used in adults 

Atropine 

— 

0.007-0.02 mg/kg 
(0.05-1.5 mg/70 kg) 

Edrophonium 

CNS effects because it crosses 
the blood-brain barrier 


CNS, central nervous system. 

a For reliable results in reversing the effects of nondepolarizing muscle relaxants, administration of anticholinesterases is delayed until spontaneous 
recovery permits three of four responses to a train-of-four stimulus. For patients with more profound blockade, larger amounts of anticholinesterases 
may be required, but doses of neostigmine higher than 0.14 mg/kg are unlikely to produce additional improvement. 

Adapted from Watling SM, Dasta JF. Prolonged paralysis in intensive care unit patients after the use of neuromuscular blocking agents: a review of 
the literature. Crit Care Med 1994;22:884. 


and Drug Administration (FDA) and European Union for clin¬ 
ical use. 2 These drugs could revolutionalize the practice of 
anesthesiology by enabling the rapid (<3 minutes) reversal of 
profound muscle relaxation as surgical conditions warrant. 

Nondepolarizing relaxants are occasionally used in criti¬ 
cally ill patients who are difficult to manage. For example, 
neuromuscular blockade can facilitate ventilation of patients 
with adult respiratory distress syndrome who require complex 
modes of ventilation. It is imperative that these drugs be given 
in conjunction with analgesics and amnesic agents. Neuro¬ 
muscular blocking agents have no analgesic or amnesic prop¬ 
erties and only prevent motion of voluntary muscles. Patients 
can be totally aware and in pain but unable to communicate. 
When prolonged muscle relaxation is required, it is best to 
administer the relaxant by continuous infusion and then mon¬ 
itor the effect with a nerve stimulator. For these settings, relax¬ 
ants should be administered only to achieve the degree of 
relaxation necessary and in a dose that allows reversal at any 
time. Table 12.2 includes the recommended ranges of infusion 
rates. In recent years, there have been reports of patients who 
have prolonged residual motor weakness after the muscle 
relaxant is cleared. 3 These problems have been primarily noted 
with the drug pancuronium, especially when the patients are 
also being treated with steroids. 

All muscles in the body are not equally sensitive to muscle 
relaxants. The diaphragm is most resistant to neuromuscular 
blockade, whereas the neck and pharyngeal muscles that sup¬ 
port the airway are most sensitive. It is possible for an intu¬ 
bated patient to spontaneously ventilate and even to produce a 
large negative inspiratory effort and yet develop complete air¬ 
way obstruction when extubated because of the effects of 
residual muscle relaxant on the upper airway muscles. The 
definitive clinical test for complete reversal of neuromuscular 
blockage is the patient’s ability to sustain a head lift from the 
bed for 5 seconds. 


Opioids (Narcotics) and Other 
Intravenous Analgesics 

Narcotics and synthetic analogues belong to the class of drugs 
called opioids. The most commonly used drugs in this family 


are morphine, fentanyl, and codeine. Since the mid-1980s, a 
series of synthetic opioids have been developed with fentanyl 
as the prototype. More recently developed synthetics (sufen¬ 
tanil, alfentanil, and remifentanil) are more potent and of 
varying duration (Table 12.4). Opioids produce profound 
analgesia and respiratory depression. They have no amnesic 
properties, minimal direct myocardial depressive effects, and 
no muscle-relaxant properties. Opioids can produce signifi¬ 
cant hemodynamic effects indirectly by releasing histamine or 
blunting the patient’s sympathetic vascular tone because of 
analgesic properties. The latter effect depends on the degree of 
sympathetic tone that is present at baseline. Acutely injured 
patients may be hypovolemic and in pain, with high sympa¬ 
thetic tone and peripheral vascular resistance. Patients in this 
condition can experience dramatic drops in systemic blood 
pressure with minimal doses of opioids. For this reason, it is 
important to titrate narcotics in small incremental doses. 
Because of the lack of direct myocardial depression and the 
absence of histamine release with the synthetic opioids, they 
are frequently used as the primary anesthetic in combination 
with an amnesic agent and a muscle relaxant in patients with 
significant myocardial dysfunction. 

When opioids are titrated intravenously, patients first 
become apneic because of the respiratory depressive effect 
(shifting the C0 2 response curve), but they still breathe on 
command. As the dose increases, patients become apneic and 
unresponsive. An unusual side effect of high-dose intravenous 
(IV) opioids is chest-wall muscle rigidity, which can make it 
extremely difficult to ventilate a patient without the assistance 
of a muscle relaxant. 

Opioids are primarily analgesic and not amnesic. Patients 
can be totally aware and have substantial recall of conversa¬ 
tions despite appearing completely anesthetized. All opioids 
can be reversed with naloxone. The duration of action of 
naloxone can be shorter than that of the opioid, and patients 
must be observed carefully after they have been treated with 
naloxone. Naloxone reversal of opioids can be dangerous 
because the agent acutely reverses not only the analgesic 
effects of the opioid but also the analgesic effects of native 
endorphins. Naloxone treatment has been associated with 
acute pulmonary edema and myocardial ischemia and should 
not be used electively to reverse the effects of a narcotic. It is 









Chapter 12: Anesthesiology and Pain Management 


241 


TABLE 12.4 


ANALGESICS 



appropriately used in an emergency situation when the airway 
is poorly controlled and the patient is not ventilating because 
of an opioid overdose. 


Propofol 

Propofol is a lipid-soluble substituted isopropyl phenol that 
produces a rapid induction of anesthesia in 30 seconds fol¬ 
lowed by awakening in 4 to 8 minutes after a single bolus. 
Intravenous propofol can effectively produce total anesthesia 
(for less stimulating procedures), including amnesia, some 
Q analgesia, and some degree of muscle relaxation. Propofol is 
unique because it is rapidly cleared through hepatic metabo¬ 
lism to inactive metabolites in a way that the patient becomes 
alert soon after cessation of the infusion. However, as the 
duration and dose of the maintenance infusion is increased, 
the time to return of consciousness is also significantly 
increased. This context-sensitive half-life of propofol must be 
incorporated into expectations of a “quick wake-up.” Propo¬ 
fol has direct antiemetic properties and is a valid alternative 
to inhalational anesthetics in patients who have demonstrated 
a history of prolonged, refractory postoperative nausea and 
vomiting. It has an important role in intensive care units when 
used as a continuous infusion sedative at dosages of 25 to 
50 ^tg/kg/min. However, prolonged infusions have been asso¬ 
ciated with a lethal metabolic derangement known as propo¬ 
fol infusion syndrome, characterized by a profound metabolic 
acidosis and cardiovascular compromise. 4 Propofol can pro¬ 
duce significant hypotension when IV induction doses are 
administered. It also produces significant pain on injection in 
peripheral veins. Pain can be diminished or eliminated by pre¬ 
treatment with IV lidocaine via the vein to be used for propo¬ 
fol administration. Propofol is insoluble in aqueous solution 
and therefore comes dissolved in a lipid emulsion that has the 
associated risk of bacterial contamination. Once a vial of 
propofol is opened, it is not recommended that it be used after 
6 hours. 


Ketamine 


Ketamine is a phencyclidine derivative that produces anesthe¬ 
sia characterized by dissociation between the thalamus and 


limbic systems. Induction of anesthesia is achieved within 60 
seconds after IV injection of 1 to 2 mg/kg or within 2 to 4 min¬ 
utes of intramuscular (IM) injection of 5 to 10 mg/kg. Patients 
appear to be in a cataleptic state in which their eyes remain 
open with a slow nystagmic gaze. The drug produces intense 
amnesia and analgesia but has been associated with unpleas¬ 
ant visual and auditory hallucinations that can progress to 
delirium. The incidence of these problems can be significantly 
reduced if benzodiazepines are also administered with the 
drug. At low doses (0.1 to 0.2 mg/kg IV or 2 mg/kg IM), 
patients continue to spontaneously ventilate but cannot be 
expected to protect the airway should vomiting occur. At 
higher doses, ketamine acts as a respiratory depressant and 
produces complete apnea. Ketamine also has direct and indi¬ 
rect sympathetic nervous system stimulatory effects, which can 
be useful in hypovolemic patients. These effects are diminished 
or absent in patients who are catecholamine depleted. The 
sympathetic stimulatory effect increases myocardial oxygen 
consumption and intracranial pressure, and ketamine is rela¬ 
tively contraindicated in patients with ischemic heart disease or 
space-occupying intracerebral lesions. Ketamine is frequently 
used as an IV analgesic during debridement procedures, at doses 
listed in Table 12.4. Intramural ketamine (1.0 to 2.0 mg/kg) is 
also very useful for sedating patients who are difficult to man¬ 
age (e.g., combative adult or mentally retarded patient) so IV 
access can be obtained. 


Amnesics and Anxiolytics 

Benzodiazepines are the primary class of agents used as 
amnesics and anxiolytics. The prototype drug, diazepam, has 
been more recently replaced by its water-soluble analogue of 
shorter duration, midazolam. Lorazepam also belongs in this 
family of agents, but because it has a very long duration of 
action, it is not routinely used intraoperatively. Lorazepam has 
intensive care unit applications (Table 12.5). Benzodiazepines 
produce anxiolysis and some degree of amnesia but have no 
analgesic properties. Intraoperatively, midazolam is always 
used in conjunction with an opioid or inhalation agent. Mida¬ 
zolam can be used in combination with the short-acting opioid 
fentanyl to produce conscious sedation for minor procedures. 
Benzodiazepines can produce apnea and have synergistic 
adverse effects with narcotics. Very small doses of midazolam 
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ITABLE 12.5 1 

ANXIOLYTICS AND AMNESICS (BENZODIAZEPINES) 

■ NAME 

■ DOSE (mg/kg) 

■ DURATION (h) 

■ STRENGTHS 

■ WEAKNESSES 

Midazolam (Versed) 

0.05 (infusion dose 

0.5 

Water soluble 

Acute respiratory 


0.25 mg/kg/min) 


Short duration 

depression 




Good for sedation for 
short procedures 


Diazepam (Valium) 

0.1 

1 

Intermediate duration 

Irritation on IV injection 

Phlebitis 





Acute respiratory 
depression after IV 
overdose 

Lorazepam (Ativan) 

0.02-0.08 

6-8 

Long duration 

— 

BENZODIAZEPINE REVERSAL 




Flumazenil 

4-20 (0.2 mg repeated 

45-90 min 

— 

May produce seizures, 

(Romazicon) 

every 2 to 10 min until 
reversal is achieved) 



panic, arrhythmias 


Maximum dose 1 mg 




IV, intravenous. 


and fentanyl can quickly produce an unconscious apneic 
patient. As with all anesthetics, benzodiazepines used as IV 
agents for sedation should be given in small incremental doses 
to achieve the desired effect. A reversal agent is also available 
for benzodiazepines (flumazenil). The recommended dosages 
of these drugs and the reversal agents appear in Table 12.5. 


Local Anesthetics 


Local anesthetics constitute a class of drugs that temporarily 
block nerve conduction by binding to neuronal sodium chan¬ 
nels. As the concentration of the local anesthetic increases 
around the nerve, autonomic transmission will be blocked 
first, followed by sensory transmission, and then motor nerve 
transmission. These drugs can be injected locally into tissue to 
produce a field block, around peripheral nerves to produce a 
specific dermatomal block, around nerve plexuses to produce 
a major conductive block, or into the subarachnoid or 
epidural space to produce extensive neuroaxial blockade. All 
the methods have been used to assist in the provision of an 
alternative form of balanced anesthesia by supplementing 
analgesia and muscle relaxation. 

Adverse consequences associated with the use of local anes¬ 
thetics fall into three categories: acute central nervous system 
toxicity due to excessive plasma concentration, hemodynamic 
and respiratory consequences due to excessive conduction 
block of the sympathetic or motor nerves, and allergic reac¬ 
tions. Whenever a local anesthetic is injected, there can be 
inadvertent intravascular injection or an overdose of the drug 
because of rapid uptake from the tissues. All can produce 
seizures. Complications can be minimized by withdrawing 
before injection to avoid an intravascular injection and limit¬ 
ing dosages to the safe range (Table 12.6). 

When local anesthetics are administered for a spinal or 
epidural block, they produce a progressive blockade of the 
sympathetic nervous system, which produces systemic vasodi¬ 
lation. Sympathetic nerves travel along the thoracolumbar 
region with the first four thoracic branches, including the car¬ 
diac sympathetic accelerators. A sympathetic blockade of this 
entire region produces profound systemic vasodilatation and 


bradycardia. This condition is referred to as total sympathec¬ 
tomy , and the hypotension that ensues is usually below the 
minimal cerebral perfusion pressure required to maintain con¬ 
sciousness. Affected patients are bradycardic, hypotensive, 
unconscious, and usually apneic. This disastrous situation is 
easily remedied if treated quickly with a vasopressor (phenyl 
ephrine or ephedrine) and atropine. If not treated promptly, the 
situation proceeds to cardiac arrest. In this emergency situation, 
the treatment of high doses of epinephrine is 10 to 40 /jl/ kg, or 
1 to 4 mg for an adult. The doses of epinephrine are higher 
than in a usual cardiac arrest because of the total sym¬ 
pathectomy. 5 Because the level of sympathetic block is two to 
six dermatomal levels higher than the sensory block, it is often 
difficult to obtain a high spinal sensory level without approach¬ 
ing a total sympathectomy. 

Local anesthetics are chemically divided into two groups, 
esters and amides. The esters (2-chloroprocaine and tetra¬ 
caine) produce metabolites that are related to p-aminobenzoic 
acid and have been associated with allergic reactions. Amides 
(lidocaine and bupivacaine) are rarely associated with allergic 
reactions. If an allergic reaction does occur, it is most likely 
due to the preservative (methyl paraben) used in multidose 
vials of lidocaine. 


NEURAXIAL AND PERIPHERAL 
NERVE BLOCKADE 


Although general anesthesia is employed for millions of surgi¬ 
cal procedures each year in the United States, many operations 
can be performed safely using neuraxial or peripheral nerve 
blockade. The two primary neuraxial techniques, a “single¬ 
shot” spinal and continuous epidural catheter, can be used for 
lower extremity and lower abdominal procedures. In both 
techniques, a small dose of local anesthetic is administered near 
spinal nerve roots in order to temporarily ablate sensory input 
from the peripheral somatic and visceral structures. In the case 
of a spinal anesthetic—also known as a subarachnoid block— 
the intrathecal sac surrounding the cauda equina at vertebral 
interspace L2-3 or below is located using a sterile, small-caliber 
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TABLE 12.6 


LOCAL ANESTHETICS 



■ MAXIMUM SINGLE 
DOSE (mg) 

■ DURATION (h) 

■ COMMENTS 

AMIDES 




Lidocaine 

500 

1* 

Fast onset 

Ropivacaine 

200 

4-12* 

Less cardiac toxicity 
than bupivacaine 

Bupivacaine 

200 

4-12* 

Exaggerated 
cardiotoxicity 
with IV injection 




Slow onset 

Long duration 

ESTERS* 7 

2-Chloroprocaine 

1,000 

i 

‘O 

o 

Fast onset 




Lowest toxicity 

Tetracaine 

80 

0.5-1 

Slow onset 

IV, intravenous. 

“Addition of 100 /xg of epinephrine (0.1 mL of 1:1,000) lowers the toxicity and 
the local anesthetic. 

^Metabolism to paraaminobenzoic acid may cause allergic reactions. 

increases the duration of 


needle (25 gauge typically). Once cerebrospinal fluid is 
observed in the hub of a needle, 1 to 2 mL of local anesthetic 
(typically bupivacaine or lidocaine) is injected into the intrathe¬ 
cal space. The needle is then completely withdrawn. This local 
anesthetic serves to directly inactivate efferent and afferent 
transmission at the nerve roots it comes in contact with. 
Because local anesthetics are not specific to specific nerve fiber 
types, blockade of sensory, motor, and sympathetic nerves 
occurs. The spread of local anesthetic within the subarachnoid 
space is primarily determined by three factors: (a) the vertebral 
interspace accessed, (b) the density of the local anesthetic in 
relation to the density of cerebrospinal fluid (a concept known 
as baricity ), and (c) the position of the patient during injection 
and immediately thereafter. In order to eliminate the risk of 
needle puncture of the spinal cord, subarachnoid blocks are 
only performed below L2-3 in adults and L3-4 in children. The 
local anesthetic solution may be combined with vasoconstric¬ 
tors such as epinephrine or opioids such as fentanyl or mor¬ 
phine in order to increase the density or duration of the sensory 
blockade. Surgical anesthesia ranging from 1 to 2 hours can be 
achieved using a subarachnoid block. Because of concerns 
regarding permanent nerve damage, intrathecal catheters are 
typically not used. 6,7 As a result, most subarachnoid blocks are 
“single-shot” techniques that cannot be redosed. 

In the case of epidural techniques, the nerve roots are 
blocked outside the thecal sac in potential space between the 
ligamentum flavum and dura mater. This space is accessed 
sterilely using a 19-gauge introducer needle and a loss of resis¬ 
tance technique. Once the space is identified, a 21-gauge 
catheter is inserted into the space via the introducer needle and 
the needle is removed. After testing to reduce the likelihood of 
inadvertent intravascular or intrathecal placement of the 
catheter, the epidural catheter can be taped in place. Because 
the epidural catheter can be left in place for several days, 
redosing is possible. Dilute local anesthetics combined with 
vasoconstrictors or opioids are the mainstay of epidural ther¬ 
apy. Epidural neuraxial techniques can be used for surgical 
anesthesia, as an adjunct to general anesthesia, or for postop¬ 
erative pain relief. Epidural catheters can be placed in the 


thoracic or lumbar regions because the intrathecal sac is not 
being accessed; associated dermatomal spread and analgesia is 
observed. Epidural techniques often fail to result in a dense 
sacral nerve root blockade, so this may be a poor choice for 
surgical anesthesia at or below the knee. 

Peripheral nerve blockade (PNB) has been used for surgical 
anesthesia of the extremities since the days of intravenous 
regional anesthesia described by Bier in 1908. Peripheral nerve 
blockade differs from neuraxial techniques in that it targets 
peripheral nerves after they have formed from the combinations 
of nerve roots. Upper extremity, lower extremity, and visceral 
peripheral nerves are targets of these peripheral nerve blocks. 
Historically, anatomic landmark-based identification of periph¬ 
eral nerves was complemented by use of electrical stimulator 
needles with the hope of eliciting specific motor responses con¬ 
firming correct needle placement. However, current anesthesia 
techniques now employ real-time ultrasound guidance of a 
PNB needle under direct visualization. Vascular structures and 
nerves are visualized in relation to a PNB needle in order to 
decrease the likelihood of intravascular or intraneural injection 
and increase the likelihood of an efficacious block. Peripheral 
nerve blockade can be used in lieu of general anesthesia to pro¬ 
vide surgical anesthesia or as a postoperative pain management 
technique. Use of long-acting local anesthetics or placement of 
an indwelling continuous catheter provides long-term (16 hours 
to several days) pain relief. 


SEDATION ANALGESIA FOR 
MINOR SURGICAL PROCEDURES 

There are a variety of minor surgical procedures that can be 
accomplished safely and comfortably with anesthesia provided 
by infiltration of local anesthetics (most commonly 1% lido¬ 
caine) and mild sedation/anxiolysis provided by IV agents. All 
IV benzodiazepines, narcotics, and other IV anesthetics produce 
apnea if given in a high enough dose. Because there is a sub¬ 
stantial patient-to-patient variability in response to a given dose, 
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Class I Class II 


Class III Class IV 


FIGURE 12.1. Classification of the patient’s upper airway based on 
the size of the tongue and the pharyngeal structures visible on mouth 
opening. Class I, soft palate and anterior/posterior tonsillar pillars, 
and uvula visible; Class II, tonsillar pillars and part of uvula hidden by 
base of tongue; Class III, soft and hard palate visible; Class IV, soft 
palate not visible, only hard palate visible. (Reproduced with permis¬ 
sion from Stoelting RK, Miller RD. Basics of Anesthesia, 5th ed. New 
York: Churchill Livingston; 2007:146.) 


it is important that IV anxiolytics be given in small incremental 
doses slowly to achieve a safe sedated state. Another important 
factor to remember is that the anesthesia is provided by infiltra¬ 
tion of the local anesthetic and not by the IV sedative. IV agents 
including narcotics cannot overcome the pain associated with a 
surgical incision. If large doses of narcotics are given for this 
purpose, once the surgical stimulus ends, the patient may 
quickly become apneic. The duration of the respiratory depres¬ 
sion for even short-acting narcotics is much longer than the 
painful stimulus of the incision. Because of the potentially seri¬ 
ous consequences of an apneic episode, the Joint Commission 
has required that all patients receiving sedation for minor surgi¬ 
cal or medical procedures undergo the following 8 : 

1. A preprocedure evaluation including an airway examina¬ 
tion (Fig. 12.1) 

2. Appropriate monitoring: pulse oximetry as a minimum 

3. Documentation of the patient’s vital signs and arterial satu¬ 
ration as well as the dose and timing of sedatives provided 
during the procedure 


ITABLE 12.7 ! 

SEDATION SCALE 

■ SEDATION SCALE 

■ DESCRIPTION 

1 

Awake and alert 

2 

Awake and sedated 

3 

Asleep but arousable to touch 
or verbal stimuli 

4 

Asleep but arousable to painful 
stimulus 

5 

Asleep and not arousable to 
painful stimulus 


4. Documentation of a recovery period and a return to a safe 

recovered state 

The preprocedure evaluation should include current med¬ 
ications, coexisting disease, and a brief physical examination 
including an evaluation of the airway. The most common drug 
used to provide sedation is midazolam. This is a fast-onset, rel¬ 
atively short-acting benzodiazepine that can be easily titrated 
to produce a sedated yet cooperative arousable state. It is usu¬ 
ally given to adults in incremental doses of 1 mg (0.01 mg/kg in 
children). Narcotics such as fentanyl even in small doses act 
synergistically with benzodiazepines to cause a more sedated 
state with a much higher incidence of apnea. To assess the 
effect of the drug, a validated sedation scale can be of value. 
The scale used at the University of Michigan is presented in 
Table 12.7. 9 


AIRWAY EVALUATION FOR THE 
NONANESTHESIOLOGIST 


An essential skill for all clinicians is the assessment of a patient 
airway. It is important to determine how difficult it may be to 
obtain control of the airway if a patient should require airway 
Q or ventilatory support. The concept of airway management 
should be focused on not just endotracheal intubation, but 
also mask ventilation. Until the airway can be secured via intu¬ 
bation, the patient must be supported through mask ventila¬ 
tion. 10 The key elements of an airway examination are an 
assessment of obesity, mouth opening, neck flexion and exten¬ 
sion, Mallampati oropharyngeal classification, presence of 
beard, and mandibular protrusion ability (Table 12.8). 11 






ITABLE 12.8 1 

STANDARD AIRWAY EXAMINATION FOR NONANESTHESIOLOGISTS 

■ EXAM ELEMENT 

■ CONCERNING FINDINGS 

Body mass index (kg/m * 1 2 3 ) 

Body mass index >31 

Mouth opening 

Interincisor or intergingival distance >3 cm 

Mallampati classification 

Class III or IV (see Fig. 12.1) 

Mandibular protrusion 

Inability to protrude lower incisors to meet or extend past 
upper incisors 

Neck anatomy 

Radiation changes, or thick obese neck 

Cervical spine mobility 

Limited extension or possibly unstable cervical spine 

Beard 

Presence of full beard 
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Despite decades of research, there is no perfect combination of 
clinical tests to predict difficult intubation. However, the pres¬ 
ence of abnormalities in three or more of the aforementioned 
elements increases the likelihood of a difficult mask ventilation 
and/or difficult intubation by more than eight times. 11 In 
patients with multiple (three or more) airway abnormalities, 
the presence of a beard is an easily corrected characteristic: the 
patient should be asked to shave the beard in order to improve 
the ability to manage the airway. Assessment of oropharyngeal 
classification is performed by having patients open their 
mouth and maximally protrude the tongue without phona- 
tion. This Mallampati oropharyngeal assessment can be classi¬ 
fied depending on whether the uvula can be completely seen 
(class 1), only partly seen (class 2), or not seen, with only the 
hard and soft palate visible (class 3), or only the hard palate 
visible (class 4; see Fig. 12.1). 12 


RISKS ASSOCIATED 
_ WITH ANESTHESIA _ 

Q Because the anesthetic agents effectively obtund or completely 
block nearly all physiologic protective mechanisms, there is 
an associated risk even without a surgical procedure. Fortu¬ 
nately, with the advent of newer agents and monitoring tech¬ 
niques, it is estimated that the mortality rate due to anesthe¬ 
sia alone has decreased from about 1 in 10,000 patients in the 
1950s to as low as 1 in 200,000 or less for healthy patients 
today. 13 Although a 1 in 200,000 risk of death or serious neu¬ 
rologic impairment may appear small, when dire conse¬ 
quences occur in a young patient undergoing a purely elective 
procedure, the consequences are devastating for everyone 
involved. When patients are placed in a condition in which 
they cannot breathe, there is always the possibility of a tech¬ 
nical or judgmental error resulting in hypoxia and brain dam¬ 
age or death. It has been estimated that between 50% and 
75% of anesthetic-related deaths are due to human error and 
are preventable. Because the consequences of an anesthetic 
mishap are usually severe, the emotional and financial costs 
are high. 

The most common problems associated with adverse out¬ 
comes are related to the airway and include inadequate ven¬ 
tilation, unrecognized esophageal intubation, unrecognized 
extubation, and unrecognized disconnection from the venti¬ 
lator. The incidence of these problems has been significantly 
reduced by including capnometry and pulse oximetry in 
addition to other noninvasive monitors, although a cause- 
and-effect relation has been difficult to prove. Efforts to 
improve outcome can be approached at three levels: (a) 
reduction of the incidence of rare but catastrophic anes¬ 
thetic-related problems, (b) improvement of the care and 
experience of every patient undergoing anesthesia and 
surgery, and (c) improvement of the preparation and man¬ 
agement of patients with preexisting medical conditions who 
have higher morbidity and mortality rates. The first goal has 
been addressed in part with improved monitoring techniques 
and anesthesia training. Others have been advanced by the 
addition of comprehensive pain management, as discussed 
later in this chapter. Issues of preexisting medical disease and 
how they affect the anesthetic plan are also briefly discussed 
later in this chapter. 


Cardiovascular Diseases 

Hypertension. Hypertension is the most common preexist¬ 
ing medical disease in patients presenting for surgery and is a 
major risk factor for renal, cerebrovascular, peripheral vascu¬ 
lar, and coronary artery diseases, as well as congestive heart 
failure (CHF). It is particularly associated with lipid disorders, 


diabetes, and obesity. It is these associated comorbidities that 
are most likely to lead to morbidity and mortality in the peri¬ 
operative period, and therefore, the presence of hypertension 
should prompt the surgeon to review the history and physical 
examination for them. Hypertensive patients should be treated 
medically to render them normotensive before elective surgery. 
In general, antihypertension medications should be continued 
throughout the perioperative period. Recently this strategy has 
been questioned for patients treated with angiotensin receptor 
blockers (ARBs), such as valsartan, candesartan, losartan, or 
angiotensin-converting enzyme inhibitors (ACE-Is), such as 
lisinopril, captopril, or ramipril. Patients treated with these 
medications have experienced substantial intraoperative 
hypotension, which is unresponsive to standard vasopressors. 
This ACE-I/ARB hypotension has been treated successfully 
with terlipressin, vasopressin, and methylene blue. 14-16 Some 
now recommend withholding ACE-Is/ARBs the morning of 
surgery, and data among general surgery patients indicate that 
withholding the medications for at least 10 hours prior to 
induction of anesthesia may be appropriate. 17,18 Patients on 
concomitant diuretic therapy are at greatest risk for intraoper¬ 
ative hypotension requiring treatment. 19,20 

The incidence of hypotension and myocardial ischemia 
intraoperatively is higher in untreated hypertensive patients 
than in adequately treated hypertensive patients if the preop¬ 
erative diastolic pressure is 110 mm Hg or higher. 21 Inade¬ 
quately treated hypertensive patients undergoing carotid 
endarterectomies have an increased incidence of neurologic 
deficits, and those with a history of prior myocardial infarc¬ 
tions have an increased incidence of reinfarction. Patients 
commonly have an elevated blood pressure on admission to 
the hospital. Hypertensive patients can have exaggerated 
responses to painful stimuli and have a higher incidence of 
perioperative ischemia. 

Coronary Artery Disease. Much of the anesthetic preop¬ 
erative evaluation has historically been focused on the detec¬ 
tion and treatment of coronary artery disease. Coronary artery 
disease is present in about 25% of patients who undergo 
surgery each year. 21 It is the leading cause of death in the 
United States and continues to be a major cause of postopera¬ 
tive morbidity and mortality. 22 The goal of the preoperative 
cardiac evaluation is to identify patients who are at increased 
risk of perioperative cardiac morbidity and ensure that their 
chronic conditions are optimized. Although perioperative car¬ 
diac events are the leading cause of death following anesthesia 
and surgery, it has been difficult to define patient characteris¬ 
tics that accurately predict a high risk of adverse outcome. 23 It 
has been even more difficult to modify that risk effectively. 24 
Preoperative CHF is clearly a significant risk factor, as is recent 
myocardial infarction or unstable angina (Table 12.9). Dia¬ 
betes mellitus, atherosclerotic vascular disease, and hyperten¬ 
sion also appear to confer risk, although less than with CHF 
or unstable angina. Perioperative risk in patients with valvular 
heart disease varies with the severity of the disease as repre¬ 
sented by CHF, pulmonary hypertension, and dysrhythmias. 
Dysrhythmias are also a concern in the presence of coronary 
artery disease. Age and stable angina remain controversial as 
predictors of perioperative risk, with equal numbers of sup¬ 
porting and refuting studies. The value of revascularization 
remains controversial as well. In patients without significant 
pulmonary disease, the ability to climb two flights of stairs 
without stopping or experiencing symptoms of angina or 
shortness of breath is considered a good practical test of car¬ 
diac reserve. Unfortunately, many patients with ischemic heart 
disease have concomitant pulmonary disease or other medical 
problems that limit their activity. A history of myocardial 
infarction is important information. Targe retrospective stud¬ 
ies have found that the incidence of reinfarction is related to 
the time elapsed since the previous myocardial infarction. 25-27 
The incidence of reinfarction appears to stabilize at about 6% 
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TABLE 12.9 


TABLE 12.10 


CLINICAL PREDICTORS OF INCREASED PERIOPERATIVE 
CARDIOVASCULAR RISK (MYOCARDIAL INFARCTION, 
HEART FAILURE, DEATH) 

MAJOR 

Unstable coronary syndromes 

Acute or recent MP with evidence of important ischemic 
risk by clinical symptoms or noninvasive study 

Unstable or severe^ angina (Canadian class III or IV) C 
Decompensated heart failure 
Significant arrhythmias 

High-grade atrioventricular block 

Symptomatic ventricular arrhythmias in the presence of 
underlying heart disease 

Supraventricular arrhythmias with uncontrolled ventricular 
rate 

Severe valvular disease 
Intermediate 

Mild angina pectoris (Canadian class I or II) 

Previous MI by history or pathologic Q waves 

Compensated or prior heart failure 

Diabetes mellitus (particularly insulin dependent) 

Renal insufficiency 
MINOR 
Advanced age 

Abnormal ECG (left ventricular hypertrophy, left bundle- 
branch block, ST-T abnormalities) 

Rhythm other than sinus (e.g., atrial fibrillation) 

Low functional capacity (e.g., inability to climb one flight of 
stairs with a bag of groceries) 

History of stroke 

Uncontrolled systemic hypertension 

ECG, electrocardiogram; MI, myocardial infarction. 
a The American College of Cardiology National Database Library 
defines recent MI as >7 d but <1 mo (30 d); acute MI is within 7 d. 
^May include “stable” angina in patients who are unusually sedentary. 
c Campeau L. Grading of angina pectoris. Circulation 1976;54:522. 


after 6 months. The highest rate of reinfarction occurs in the 0- 
to 3-month period. Mortality from reinfarction, for patients 
undergoing noncardiac surgery (Table 12.10), has been 
reported to be between 20% and 50% and usually occurs 
within the first 48 hours after surgery. 

Perioperative cardiac adverse event risk reduction has 
undergone significant changes over the past decade. Previous 
retrospective studies demonstrating value to coronary revascu¬ 
larization spurred aggressive preoperative coronary artery dis¬ 
ease identification and management. However, recent data 
have questioned the value of coronary revascularization 
among asymptomatic patients in not only the perioperative 
period, but also in the general medical population. 28,29 The 
most recent American College of Cardiology (ACC)/American 
Heart Association (AHA) guidelines reserve preoperative 
coronary revascularization for patients demonstrating asymp¬ 
tomatic left main coronary artery disease, three-vessel disease, 
reduced ejection fraction, unstable angina, or acute myocardial 
infarction. 30 Furthermore, large retrospective and prospective 
studies have demonstrated that the institution perioperative 
beta blockade also bears significant risks that must be weighed 
against possible benefits. 31,32 As a result, the most recent 


CARDIAC RISK 0 STRATIFICATION FOR NONCARDIAC 
SURGICAL PROCEDURES 

High (reported cardiac risk often >5%) 

Emergent major operations, particularly in the elderly 
Aortic and other major vascular surgery 
Peripheral vascular surgery 

Anticipated prolonged surgical procedures associated with 
large fluid shifts and/or blood loss 

Intermediate (reported cardiac risk generally <5%) 

Carotid endarterectomy 

Head and neck surgery 

Intraperitoneal and intrathoracic surgery 

Orthopedic surgery 

Prostate surgery 

Low 6 (reported cardiac risk generally <1%) 

Endoscopic procedures 
Superficial procedures 
Cataract surgery 
Breast surgery 

^Combined incidence of cardiac death and nonfatal myocardial 
infarction. 

T)o not generally require further preoperative cardiac testing. 


ACC/AHA guidelines reserve the institution of beta-blocker 
therapy for only high-risk procedures or high-risk patients. 30 
Patients already on beta-blocker therapy should be continued 
on the therapy throughout the perioperative period. 33 The 
widespread use of 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase inhibitors, commonly known as statins, 
for cardiovascular disease and hyperlipidemia has introduced 
another medication into the surgical preoperative evaluation. 
Although prospective data establishing the value of instituting 
preoperative statin therapy are limited, there is general consen¬ 
sus that these medications should not be withdrawn during the 
perioperative period. 34 

All patients in high-risk groups or with a history of 
ischemic heart disease must be evaluated and properly treated 
before elective surgery. All elective surgery should be delayed 
for 6 months after myocardial infarction. If this is not feasible, 
invasive monitoring should be considered in the perioperative 
period and intensive postoperative observation should con¬ 
tinue for at least 48 hours. The intrusiveness of the surgical 
procedure also plays a part in the overall risk and need for 
preoperative workup of heart disease. The AHA has produced 
and updated an algorithm for the recommended preoperative 
workup (Algorithm 12.1). 33 

Percutaneous Coronary Intervention with Stenting. 

The widespread use of percutaneous intervention for coronary 
artery disease via angioplasty with or without stenting has 
introduced a new level of clinical complexity. In-stent throm¬ 
bosis is a feared complication with profound morbidity and 
mortality. Given the known proinflammatory and prothrom- 
botic physiologic state induced by acute illness, surgery, and 
anesthesia, coronary stents may be at elevated risk for throm¬ 
bosis during the perioperative period. Large retrospective 
studies have demonstrated that the risk of perioperative in¬ 
stent thrombosis is increased if noncardiac surgery is per¬ 
formed soon after percutaneous coronary intervention. 35,36 

Q The appropriate duration to defer elective surgery after 
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Step 1 


Step 2 


Step 3 


Need for emergency 
noncardiac surgery? 


No 


Active cardiac 
conditions * 


No 


Low risk 
surgery 


Yes 

(Class I, 
LOEC) 


Yes 

(Class I, 
LOEB) 


Yes 

(Class I, 
LOEB) 


Operating room 


Evaluate and treat per 
ACC/AHA guidelines 


Proceed with 
planned surgery 


Perioperative surveillance 
and postoperative risk 
stratification and risk 
factor management 


Consider 
operating room 


Step 4 


No 


Good functional capacity 
(MET level greater than or 
equal to 4) without symptoms* 


Yes 

(Class I, LOE B) 


Proceed with 
planned surgery 


Step 5 No or unknown 


3 or more clinical 
risk factors* 


1 or 2 clinical 
risk factors* 


No clinical 
risk factors* 


Vascular 
surgery 

Class Ha, 
LOEB 

Consider testing if it will 
change management§ 


Intermediate 
risk surgery 


Vascular 

surgery 


Intermediate 
risk surgery 


Proceed with planned surgery with HR control^ (Class Ha, LOE B) or 
consider noninvasive testing (Class lib, LOE B) if it will change management 


Class I, 
LOEB 


Proceed with 
planned surgery 


ALGORITHM 12.1 

ALGORITHM 12.1. Decision aid for preoperative cardiac evaluation prior to noncardiac surgery. This decision tree for preoperative evaluation 
takes into account not only the patient’s physical status but also the severity of the surgical procedure. ACC, American College of Cardiology; 
AHA, American Heart Association; LOE, level of evidence. 


coronary stenting remains controversial, but recent ACC/AHA 
guidelines recommend 12 months for drug-eluting stents and 6 
weeks for bare-metal stents. 30 The role for antiplatelet therapy 
remains a major question, but data suggest that cessation of 
recommended antiplatelet therapy in the perioperative period 
may have significant coronary thrombotic risks without major 
improvement in bleeding adverse events. 35,36 The decision to 
stop antiplatelet therapy within 1 year of a drug-eluting stent 
or 6 weeks of a bare-metal stent placement should be made with 
caution. The continuation of aspirin therapy in patients with 
coronary stents was previously thought to increase the risk of 
bleeding. However, recent data and recommendations suggest 
that the continuation of single antiplatelet therapy with aspirin 
throughout the perioperative period even 1 year after stenting 
may be appropriate. 30 

Congestive Heart Failure. CHF has been described as the 
single most important factor predicting postoperative cardiac 
morbidity. 37 All elective surgical procedures should be 
deferred until congestive failure is medically optimized. If 
surgery cannot be deferred, aggressive perioperative manage¬ 
ment is warranted with a goal of optimizing cardiac output. In 
contrast to isolated ischemic heart disease, CHF is more easily 
diagnosed by history, physical examination, and basic preop¬ 
erative laboratory workup, including electrocardiography 
(ECG) and chest radiography. Because patients with left, right, 
or both left and right ventricular dysfunction are less tolerant 


of the fluid shifts associated with surgery and the myocardial 
depression associated with the anesthetic, they constitute the 
highest-risk group for postoperative cardiac complications. 


Pulmonary Disease 

Pulmonary disease is classically divided into acute and chronic 
restrictive and obstructive disease. Restrictive disease is 
defined by processes that reduce lung volumes, and obstructive 
disease is characterized by reduced flow rates on pulmonary 
function tests. 

Obstructive diseases are present in patients with forced 
expiratory volume in 1 second (FEV^/forced vital capacity 
(FVC) ratios of less than 50%. Obstructive pulmonary disease 
can be either chronic or acute (asthma). In either case, the 
reversible component of obstruction should be reversed before 
elective surgery. Patients are maintained on bronchodilator 
medications, and those with chronic secretions are appropri¬ 
ately hydrated and receive therapy to mobilize secretions. In 
patients with reactive airway disease, the endotracheal tube 
can induce severe bronchospasm. Even in patients who are 
well treated preoperatively, reactive bronchospasm can com¬ 
plicate anesthetic induction and the emergence from anesthe¬ 
sia. The principal method used to prevent or diminish this 
“foreign body”-induced bronchospasm is intubation of the 
patient at a deep level of anesthesia when reflexes are blunted. 
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The classic way to manage a patient with severe asthma is to 
induce with an agent that produces bronchodilation and to 
ventilate the patient with an inhalation agent until the patient 
is deeply anesthetized before performing laryngoscopy and 
intubation. The patient should be extubated while sponta¬ 
neously ventilating but with the inhalation agent still in effect. 
The patient is brought back to consciousness while ventilating 
by mask. Unfortunately, this technique may not be feasible in 
patients who have a full stomach because of the risk of aspira¬ 
tion or who are difficult to intubate or ventilate. 

Regional anesthetics can be useful in these patients for 
peripheral surgery or for procedures that require an anesthetic 
sensory level below T6. As the sensory and motor levels rise to 
T6 and above, patients lose significant accessory motor func¬ 
tion that can decrease expiratory reserve volume and the ability 
to cough and clear secretions. Because of tenuous pulmonary 
status and the high incidence of postoperative pulmonary com¬ 
plications, these high-risk patients should be extubated with 
caution only when they meet adequate extubation criteria rela¬ 
tive to preoperative test data. Changes in pulmonary mechan¬ 
ics and frequency of postoperative pulmonary complications 
are greatest after upper abdominal surgery. Both vital capacity 
and functional residual capacity are reduced, reaching lowest 
levels in the first 24 hours postoperatively. In the high-risk 
groups, therapy should be directed toward restoring functional 
residual capacity to preoperative levels. Such therapy improves 
compliance and gas exchange. Because of the potential adverse 
effects of systemic narcotics on respiratory drive, the use of 
epidural narcotics and local anesthetics for postoperative pain 
control is very popular. These techniques allow the patients to 
be extubated earlier and, in patients with intrathoracic and 
upper abdominal surgery, help restore pulmonary function 
toward preoperative values. 38 


Obesity 

Obesity causes a host of problems on both sides of the surgical 
drapes. Obesity is defined as a body mass index greater than or 
equal to 30 kg/m 2 . Body mass index (BMI) can be easily calcu¬ 
lated by dividing the patient’s weight in kilograms by the 
square of his or her height in meters. The pathophysiologic 
changes associated with morbid obesity (BMI >40 kg/m 2 ) 
affect the respiratory, cardiovascular, and gastrointestinal sys¬ 
tems. Patients have an external restrictive disease that reduces 
functional residual capacity and worsens with the supine posi¬ 
tion. Breathing effort increases and ventilation becomes 
diaphragmatic and position dependent. Obese patients fre¬ 
quently desaturate at night and have a high incidence of sleep 
apnea. Because of increased blood volume and frequent desat¬ 
urations, obese patients can develop pulmonary hypertension 
and right-sided heart failure. Obese individuals have a high 
incidence of coronary artery disease. Because of size alone, they 
have increased cardiovascular demands with limited cardiac 
reserve and exercise tolerance. Obese patients have a high inci¬ 
dence of hiatal hernia and gastroesophageal reflux, increasing 
the risk for aspiration on induction and emergence from anes¬ 
thesia. Issues as mundane as venous access can cause significant 
problems in this patient group. 

A significant concern of the anesthesiologist is gaining ade¬ 
quate control of the airway. The combined problems of aspi¬ 
ration risk, rapid desaturation caused by reduced functional 
residual capacity and increased oxygen demand, and technical 
difficulties associated with intubation due to anatomic fat 
deposits make intubation a high-risk procedure. If problems 
occur, there can be significant technical difficulties in obtaining 
a rapid cricothyrotomy. For these reasons, a nasal or oral 
awake intubation can be useful. Patients should receive pro¬ 
phylactic administration of H 2 -receptor antagonists and a 
nonparticulate antacid to improve the pH of gastric contents. 
If intubations are to be done after induction of anesthesia, they 


should be performed in a rapid sequence using cricoid pres¬ 
sure. To prevent aspiration on emergence, obese patients 
should be extubated when fully awake, preferably in the sit¬ 
ting position. Regional anesthetics can be very useful when 
peripheral procedures are planned. Unfortunately, morbidly 
obese patients can develop pulmonary failure just by lying flat, 
making it difficult to use epidural or spinal anesthetics for 
abdominal procedures. Epidural analgesics for postoperative 
pain management allow earlier extubation and ambulation of 
these patients. 38 


Diabetes Mellitus 


The incidence of diabetes mellitus (DM) is rising, particularly 
type 2 DM in the elderly. This is a systemic disorder that has 
particular relevance for the anesthesiologist and surgeon 
because of its effect on the vascular, renal, nervous, and 
immune systems. Patients with DM should be investigated 
for the presence of concomitant coronary artery disease, 
peripheral vascular occlusive disease, renal failure, and auto¬ 
nomic and peripheral neuropathy. Problems with cardiovas¬ 
cular instability, fluid balance, and aspiration due to gastro- 
paresis should be expected. In addition, these patients are 
more prone to infection and have problems with temperature 
control. The management of the diabetic state in these 
patients is important and complicated. Hypoglycemia during 
the anesthetic state is a feared complication because of chal¬ 
lenges in prompt diagnosis. Oral hypoglycemic agents such 
as glipizide should be stopped prior to surgery and hyper¬ 
glycemic situations treated with short-acting intravenous or 
subcutaneous insulin during the perioperative period. Brittle 
diabetics, those prone to ketoacidosis or hypoglycemia, 
should probably be admitted the night before surgery or at 
least scheduled as the first case of the day. Insulin-dependent 
diabetics for same-day admission or outpatient surgery 
should take one half of their usual morning dose of long-act¬ 
ing insulin. After the establishment of an IV line, laboratory 
blood samples are drawn and infusion of dextrose is started. 
Additional insulin is then given according to the results of 
frequent (every 1 to 2 hours) blood sugar monitoring. Alter¬ 
natively, simultaneous IV infusion of dextrose and insulin 
may be used to keep the blood sugar in the range of 120 to 
180 mg/dL. Again, these patients, whenever possible, should 
be done as the first case of the day to interfere as little as pos¬ 
sible with the diabetic regimen. 


Renal Insufficiency and Failure 

Because the kidneys play a vital role in metabolic, synthetic, 
and fluid management homeostasis, renal failure is associ¬ 
ated with many effects on the cardiovascular, pulmonary, 
hematologic, gastrointestinal, and immune system. Preexist¬ 
ing renal insufficiency is a known risk factor for postopera¬ 
tive myocardial infarction and renal failure. 39,40 Optimizing 
the fluid and metabolic status of a patient in end-stage renal 
disease is of vital importance. Elective surgery should be 
delayed until such optimization is performed. In emergent 
situations, the urgent need for hemodialysis should be con¬ 
sidered intraoperatively or postoperatively to avoid life- 
threatening electrolyte and fluid derangements. Although 
postoperative renal failure has historically been the focus of 
cardiac surgery researchers, national data suggest that 1% of 
patients undergoing general surgery procedures will also 
experience postoperative acute kidney injury, with a sixfold 
rise in 30-day mortality. Risk factors for postoperative acute 
kidney injury in patients undergoing general surgery are 
listed in Table 12.11. These data should be considered during 
the patient consent process. 
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TABLE 1 2.1 1 


PREDICTORS OF POSTOPERATIVE ACUTE KIDNEY INJURY 
AFTER GENERAL SURGERY PROCEDURES 

Age >56 y 
Male sex 

Emergency surgery 
Intraperitoneal procedures 

Preoperative renal insufficiency (serum creatinine >1.2 mg/dL) 
Ascites 

Active congestive heart failure 

Diabetes mellitus requiring oral hypoglycemic or insulin therapy 
Hypertension requiring chronic medication 

From Kheterpal S, Tremper K, Heung M, et al. Development and 
validation of an acute kidney injury risk index for patients undergoing 
general surgery. Anesthesiology. 2009;110:505-515. 


RISKS ASSOCIATED WITH 
REGIONAL TECHNIQUES 
IN PATIENTS BEING TREATED 
WITH LOW-MOLECULAR- 
WEIGHT HEPARIN 


Low-molecular-weight heparin (LMWH) has become a rou¬ 
tine method of prophylactically treating patients who are at 
risk for deep venous thrombosis. It has several advantages 
over traditional heparin and has therefore been adopted in 
Europe and the United States over the past few years. Unfor¬ 
tunately, there has been an increased number of reported cases 
of epidural hematoma formation when regional anesthetics 
are provided in patients who are being treated with LMWH. 41 
For that reason, the Society of Regional Anesthesia has pub¬ 
lished the following guidelines for central conduction block 
(spinal and epidural anesthesia) to try to minimize the inci¬ 
dence of this devastating complication: 

1. The presence of blood during needle and catheter place¬ 
ment will require a delay of 24 hours, postoperatively, 
before initiation of LMWH therapy. 


2. For patients on LMWH (once a day dosing), needle place¬ 
ment should occur at least 12 hours after the last LMWH 
dose. For patients receiving higher dosing (e.g., enoxaparin 
1 mg/kg twice a day), placement should occur at least 24 
hours after the last LMWH dose. 

3. It is recommended that patients who have an indwelling 
epidural catheter will receive LMWH only when there is an 
extreme risk of deep vein thrombosis (DVT) and there is 
frequent monitoring of the patient’s neurologic status 
(every hour); the catheter should not be removed within 12 
hours of the last dose. 

4. Following removal of an epidural catheter, LMWH dosing 
should not occur for at least 2 hours. 41 


PREOPERATIVE EVALUATION 

Q The three goals of the preoperative evaluation are (a) to 
develop an anesthetic plan that considers the patient’s medical 
condition, the requirements of the surgical procedure, and the 
patient’s preferences; (b) to ensure that the patient’s chronic 
disease is under appropriate medical therapy before an elective 
procedure; and (c) to gain rapport with and the confidence of 
the patient, answer any questions, and allay fears. 

Optimally, to complete this task, an anesthesiologist would 
meet every patient before the planned surgical procedure to 
review the medical history, complete a physical examination, 
discuss the options and associated anesthetic risks, and 
develop an anesthetic plan. In the past, this was accomplished 
when the anesthesiologist visited the patient in the hospital the 
night before surgery. Currently, it is rare to have patients 
admitted the night before surgery even before the most com¬ 
prehensive and complex surgical procedures. The evaluation 
must still be accomplished, but it must be done on an ambula¬ 
tory basis, which creates associated logistical problems. 

A patient’s medical conditions should be optimized before 
an elective surgical procedure. This optimization is best per¬ 
formed by the primary care physician, with medical specialty 
consultation if necessary. If the procedure is deemed a surgical 
emergency, the anesthesiologist is responsible for assessing the 
patient quickly, developing the appropriate anesthetic plan, 
and proceeding to the operating room as soon as possible. In 
an emergency situation, the anesthesiologist is not obligated to 
seek medical consultation to evaluate chronic medical prob¬ 
lems because time is essential. The following questions must be 
answered when evaluating a patient undergoing an elective 
surgical procedure (Table 12.12). What must be included in 


TABLE 12.12 RESULTS 


HOSPITAL MORTALITY RATES IN RELATION TO AGE, PREOPERATIVE DISEASE, AND SURGERY 


■ PREOPERATIVE DISEASE AND SURGERY 

■ <50* 

■ AGE (y) 50-69* 

■ >70* 

Chronic heart failure 

0.1%/0.5% 

0.4%/2% 

0.8%/4% 

Renal failure 

0.2%/l% 

0.9%/2% 

2 %/9% 

Abdominal surgery 

0.3%/2% 

1 %/6% 

3 %/12% 

Chronic heart failure and renal failure 

0.7%/3% 

3 %/l 3 % 

6%/ 24% 

Chronic heart failure and abdominal surgery 

0.9%/4% 

4%/17% 

7%/30% 

Renal failure and abdominal surgery 

2%/8% 

2%/32% 

16%/50% 

Chronic heart failure, renal failure, and 
abdominal surgery 

6%/26% 

22%/60% 

37%/76% 

^Figures are for elective surgery (first number) and emergency surgery (second number). 

From Pedersen T, Eliasen K, Henriksen E. A prospective study of mortality associated with anesthesia and surgery: risk indicators of mortality in 
hospitals. Acta Anaesthesiol Scand 1990;34:176, with permission. 
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the preoperative evaluation? Second, who is involved in this 
process? When and where are all the steps in this process to be 
conducted? How should all the information be coordinated so 
that it is available to the appropriate personnel at the appro¬ 
priate time? 

The following steps must be completed before moving the 
patient into the operating room: 

1. A comorbidity-focused history and physical examination 

2. Appropriate laboratory studies and medical consultations 

3. An anesthesiologist preoperative evaluation with assign¬ 
ment of an American Society of Anesthesiologists (ASA) 
physical status 

4. Discussion with the patient of the options and risks 

5. Development and communication of the anesthetic plan to 
the patient and surgeon 

6. Acute optimization of any pertinent medical conditions 

The history and physical examination have repeatedly been 
shown to be the most valuable parts of the preoperative assess¬ 
ment. It is primarily the surgeon’s responsibility to obtain a 
basic history that includes current medical conditions, current 
medication, and previous surgical and anesthetic history. Ques¬ 
tions that are of unique interest to the anesthesiologist are those 
that involve previous anesthetic problems experienced by the 
patient or blood relatives and the patient’s exercise tolerance. 
This evaluation not only determines the laboratory tests that 
may be required but also allows for the assignment of ASA 
physical status (PS) (Table 12.13). The classification serves as a 
general measure of the patient’s state of well-being, taking into 
account all problems the patient brings to the operating room, 
including systemic disturbances caused by the surgical illness. 
Although studies of anesthetic mortality show a correlation 
with the physical status classification, this categorization does 
not describe the risk directly. The risk of any operation is 
determined not only by patient-related factors but also by pro¬ 
cedure-specific ones. For patients with complex medical prob¬ 
lems, it is frequently helpful to supplement the surgical history 
and physical examination with a recent assessment by the 
patient’s primary physician. 

The value of preoperative laboratory studies has under¬ 
gone substantial reevaluation since the mid-1980s. In the 


past, a surgical procedure was an opportunity to obtain a 
battery of baseline laboratory tests, even for ASA PS-1 
patients. The current thinking is that a laboratory test should 
not be ordered unless a change in the surgical or anesthetic 
plan is anticipated. The only preoperative screening test re¬ 
quired at the University of Michigan, for instance, is an ECG 
within a year of the planned surgical procedure for men older 
than 40 and women older than 50 years of age. Pregnancy 
tests should be obtained only for women who state that they 
could be pregnant. For procedures with significant antici¬ 
pated blood loss, a type and cross match is ordered, and a pre¬ 
operative hematocrit is also required. All other tests should 
have an indication based on history and physical examina¬ 
tion. A current strategy for selecting tests indicated by patient 
history is presented in Table 12.14. Electronic patient ques¬ 
tionnaires have also been developed, allowing the appropriate 
laboratories to be selected based on the patient’s response to 
questions. 42 

Discussions of the options of anesthetic techniques and 
anesthetic risks are best performed by the anesthesiologist who 
will provide the anesthetic. If the surgeon prefers a specific anes¬ 
thetic technique, this is best communicated directly to the anes¬ 
thesiologist rather than recommended to the patient. The 
development of the anesthetic plan must be determined by the 
anesthesiologist. 

The history, physical examination, and laboratory studies 
should be performed by the surgeon as soon as the surgical 
procedure is scheduled. The results of the laboratory studies 
must be evaluated well in advance of the day of surgery so that 
positive findings can be attended to in a timely manner. For 
healthy patients (ASA PS-1 and PS-2), the preoperative anes¬ 
thetic assessment can be conducted by the anesthesiologist on 
the day of the procedure. If the patients have complex medical 
problems (ASA PS-3 or greater) or have significant concerns 
they want to discuss with an anesthesiologist, they should be 
evaluated before the day of surgery. Because of the logistical 
problems of scheduling, most institutions have developed pre¬ 
operative anesthesia clinics where this process can take place. 
When specialty medical consultation is considered, the follow¬ 
ing questions should be answered. Does this patient have 
ischemic heart disease that requires further medical management 


ITABLE 12.13 

CLASSIFICATION | 

PHYSICAL STATUS CLASSIFICATION OF THE AMERICAN SOCIETY OF ANESTHESIOLOGISTS 

■ PHYSICAL STATUS 

CLASSIFICATION 

■ DESCRIPTION 

PS-1 

A normal, healthy patient 

PS-2 

A patient with mild systemic disease that results in no functional limitation 

Examples: Hypertension, diabetes mellitus, chronic bronchitis, morbid obesity, extremes of age 

PS-3 

A patient with severe systemic disease that results in functional limitation 

Examples: Poorly controlled hypertension, diabetes mellitus with vascular complications, angina 
pectoris, prior myocardial infarction, pulmonary disease that limits activity 

PS-4 

A patient with severe systemic disease that is a constant threat to life 

Examples: Congestive heart failure, unstable angina pectoris, advanced pulmonary, renal, or hepatic 
dysfunction 

PS-5 

A moribund patient who is not expected to survive without the operation 

Examples: Ruptured abdominal aneurysm, pulmonary embolus, head injury with increased 
intracranial pressure 

PS-6 

A declared brain-dead patient whose organs are being removed for donor purposes 

Emergency operation (E) 

Any patient in whom an emergency operation is required 

Example: An otherwise healthy 30-year-old woman who requires dilation and curettage for moderate 
but persistent vaginal bleeding (PS-1E) 
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TABLE 12.14 


SIMPLIFIED STRATEGY FOR PREOPERATIVE TESTING 


Estimated energy requirements for various activities 




1 MET 

Can you take care of yourself? 

4 METs 

Climb a flight of stairs or walk up a hill? 



Eat, dress, or use the toilet? 



Walk on level ground at 4 mph or 6.4 km/h? 



Walk indoors around the house? 



Run a short distance? 


< 

Walk a block or two on level ground 
at 2 to 3 mph or 3.2 to 4.8 km/h? 



Do heavy work around the house like scrubbing 
floors or lifting or moving heavy furniture? 

4 METs 

Do light work around the house 
like dusting or washing dishes? 

1 

r 

Participate in moderate recreational activities like 
golf, bowling, dancing, doubles tennis, or throwing 
a baseball or football? 




>10 METs 

Participate in strenuous sports like swimming, singles 
tennis, football, basketball, or skiing? 

MET, metabolic equivalent. 


or workup? Is medical treatment of these problems opti¬ 
mized? If not, what needs to be done and how long will it 
take? 

In addition, the patient’s medication regimen should be 
reviewed to ensure that appropriate medications are continued 
or discontinued in the days and hours leading up to an elective 
procedure. In general, diuretics and ACE-I/ARB medications 
should not be taken the day of surgery. Several important 
classes of medications should be continued per the patient’s 
normal regimen: chronic pain therapy (including opioids), 
beta-blockers, statins, and proton pump inhibitors. The deci¬ 
sion regarding anticoagulant therapy is a complex one that 
must take into account the indication for therapy, the likeli¬ 
hood and impact of surgical bleeding, and the risk of periop¬ 
erative thrombosis. Insulin and oral hypoglycemic agents 
should be continued at a reduced dose given the fasting state of 
0 the surgical patient. Patients receiving chronic pain or opioid 
addiction therapy with buprenorphine (Subutex, Suboxone) 
can be particularly challenging to manage in the postoperative 
period and should be immediately referred to their primary 
care physician and an anesthesiologist to create a pain man¬ 
agement plan prior to the day of surgery. Buprenorphine is 
mixed opioid agonist/antagonist that tightly binds at the /jl 
receptor and has a long and varied half-life (24 to 60 hours). It 
can inhibit the analgesic benefits of traditional opioids in the 
postoperative period, resulting in uncontrolled pain, decreased 
patient satisfaction, and the potential for adverse events due to 
the need for very high doses of opioids. 43 A management pro¬ 
tocol used at the University of Michigan is demonstrated in 
Algorithm 12.2. 

An obvious problem that concerns anesthesiologists is the 
potential of a difficult intubation. This can be assessed as dis¬ 
cussed earlier (see Fig. 12.1 and Table 12.8). Even if a patient 
has no medical problem, the possibility of a difficult airway 
warrants that the patient be seen preoperatively and evaluated. 
These patients can always be approached by an awake fiberoptic 
technique, but this takes planning and can cause a significant 
delay if there is no prior warning. 


MONITORING THE 
SURGICAL PATIENT 


One of the more obvious changes in anesthesia care has been the 
routine use of an array of electronic monitoring devices to pro¬ 
vide continuous surveillance of physiologic status. Because the 
art and science of anesthesiology involves titrating pharmaco¬ 


logic agents to produce desired physiologic effects, there must 
be a measured parameter to which drug dosages are titrated. 
Depending on the severity of preexisting disease and the extent 
and duration of the surgical procedure, invasive techniques can 
be used to provide comprehensive continuous data to guide the 
titration of fluid therapy and cardiovascular agents. 


Monitors of Oxygenation 

Pulse oximetry has been called the most significant advance 
in patient monitoring to date. This device continuously, non- 
invasively, and inexpensively provides arterial hemoglobin 
saturation (Sa0 2 ) and peripheral pulse by measuring light 
absorption in a manner similar to that of a laboratory 
cooximeter. A laboratory cooximeter shines light through a 
cuvette filled with a blood sample. Each hemoglobin species 
absorbs light in direct proportion to its concentration (Beer- 
Lambert law). A cooximeter requires one wavelength of light 
for each hemoglobin species to be measured, that is, one 
wavelength for oxyhemoglobin and one for reduced hemoglo¬ 
bin. To measure other hemoglobins, such as carboxyhemoglo- 
bin or methemoglobin, the device requires four wavelengths of 
light. 

The traditional pulse oximeter uses two wavelengths of 
light, one red and one infrared, that shine through a tissue bed, 
usually a finger. Opposite the light sources is a photodiode that 
measures the transmitted light intensity. A large proportion of 
the light absorbed as it passes through the tissues is not associ¬ 
ated with arterial blood but with other components of the tis¬ 
sue, such as skin, muscle, bone, and venous blood. Therefore, 
the device analyzes only the pulsatile component of absorption 
and assumes that anything that pulses within the tissue bed is 
arterial blood, hence the name pulse oximeter. Actually, the 
pulse oximeter measures the ratio of the pulsatile component 
of red light absorbed to the pulsatile component of the 
infrared light absorbed. This ratio changes with Sa0 2 . The 
exact relation between this ratio and Sa0 2 has been empiri¬ 
cally determined from volunteer studies and is programmed 
into the electronics of the oximeter. If any artifacts occur in a 
pulsatile nature, they may be erroneously integrated into the 
equation, causing erroneous Sa0 2 estimates. 

Several things should be remembered when interpreting a 
pulse oximeter’s output. First, the device measures Sa0 2 and 
not arterial oxygen tension (Pa0 2 ). The Pa0 2 must drop 
below 80 mm Hg before any significant change in Sa0 2 
occurs. As the Pa0 2 drops below 60 mm Hg, the Sa0 2 rapidly 
falls as the inflection point of the sigmoidal oxyhemoglobin 
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dissociation curve is approached. As a rough rule of thumb, 
as Sa0 2 drops below 90%, the Pa0 2 can be estimated by sub¬ 
tracting 30 points from the Sa0 2 . For example, a Sa0 2 of 
85% corresponds to a Pa0 2 of 55 mm Hg. Second, the pulse 
oximeter measures saturation (milliliters of oxygen per 
deciliters of blood) and not arterial content or oxygen delivery 
to tissues. 

Because a traditional pulse oximeter uses only two wave¬ 
lengths of light, it cannot detect the presence of carboxyhemoglo- 
bin (carbon monoxide poisoning) or methemoglobin. Recently 
introduced pulse oximeters incorporate additional wavelengths 
of light and are capable of detecting carboxyhemoglobin and 
methemoglobin. 44 

Despite the potential drawbacks, the pulse oximeter has 
been shown to be impressively accurate in a wide variety of 
patients with a tremendous variation in pulse amplitude. 45 


Ventilation Monitors 


By definition, a patient is appropriately ventilated when arter¬ 
ial carbon dioxide tension (PaC0 2 ) is 40 mm Hg. Measuring 
the respiratory rate can document only the presence of ventila¬ 
tion, not its adequacy. Capnography, or end-tidal C0 2 moni¬ 
toring, is the visual display of the C0 2 concentration at the air¬ 
way. To understand the utility of capnography, one must 
understand dead-space components and how they affect C0 2 
removal from the body. 46 Dead space (DS) is defined as the 
portion of the tidal volume (VT) that does not participate in 
gas exchange. 

VT = DS + VA 

The alveolar volume (VA) is the volume of the inspired gas 
that reaches well-perfused alveoli. The remainder of the VT, 
which equals the DS, can be divided into three subcomponents: 
apparatus dead space (DS ap ), anatomic dead space (DS an ), and 
alveolar dead space (DS a j). At the end of inspiration, the respi¬ 
ratory apparatus (e.g., endotracheal tube) is filled with inspired 
gas that should not contain C0 2 . Similarly, all the anatomic 
airways (trachea, bronchi, and all conducting airways down to 
the alveoli) should be filled with inspired gas and should there¬ 
fore contain no C0 2 . In this model, there are two types of alve¬ 
oli: those that are well perfused and those that are not perfused. 
The alveolar gas should completely equilibrate with the arterial 
blood and contain C0 2 at the same tension as the arterial 
blood; ideally, PaC0 2 should equal 40 mm Hg. As the patient 
expires, the C0 2 detected at the patient’s mouth first reflects the 
DS ap gas having no C0 2 ; followed by the DS an gas, again with 
no C0 2 ; and finally the alveolar gases, containing both dead- 
space and well-perfused alveolar gas. When mixed alveolar gas 
reaches the airway, it produces a rapid rise in the C0 2 concen¬ 
tration to a level somewhere between the concentration in the 
alveolar gas (40 mm Hg) and the DS al (0 mm Hg), depending 
on each component’s proportion of volume. For example, if 
half of the alveoli are DS a j and PaC0 2 equals 40 mm Hg, then 
the plateau value of the capnogram should be 20 mm Hg, 
implying that half of the alveoli are not being perfused. With 
inspiration, the C0 2 value again drops to 0 until another expi¬ 
ration, and a square wave appears again as the alveolar gas is 
detected at the mouth. With each breath, there should be a 
square wave, whose height approaches the PaC0 2 value as the 
amount of the DS al gas approaches 0. 

In a healthy young adult, there is no significant DS al gas, 
and the end-tidal C0 2 value equals the PaC0 2 . Therefore, the 
difference between these values indicates the proportion of 
DS a j in the patient. The presence of a capnogram itself implies 
that there is metabolism (the production of C0 2 ), circulation 
(blood flow to the lungs), and ventilation (respiratory rate and 
an intact ventilator circuit). 

Providing this information on a breath-to-breath basis, the 
continuous capnogram is extremely useful in many critical 


situations. It can be used as a surveillance monitor of both the 
respiratory circuit and the cardiovascular system. Any acute 
decrease in cardiac output will decrease blood flow to the lungs 
and increase the DS a j, causing an acute drop in end-tidal C0 2 . 
For this reason, the device was originally used during neuro¬ 
surgical procedures in the sitting position to detect the presence 
of air emboli. This principle also allows the detection of pul¬ 
monary emboli or any acute drop in cardiac output. In fact, the 
only acute catastrophic cardiopulmonary problem that will not 
be detected by the capnometer is arterial desaturation. There¬ 
fore, the combination of the capnometer and the pulse oxime¬ 
ter creates a dynamic duo for beat-to-beat and breath-to-breath 
surveillance of metabolism, circulation, ventilation, and oxy¬ 
genation. 


Circulation Monitors 


Hemodynamic stability can be monitored by a variety of 
methods, the most basic of which is systemic arterial blood 
pressure. Intermittent, noninvasive measurement of systemic 
blood pressure with an oscillometric blood pressure cuff is 
the standard in the operating room, and its accuracy equals 
that of clinical measurements by auscultation. Blood pressure 
cuffs can be cycled as quickly as once per minute, but when 
used for an extended duration, they should be cycled no 
more than once every 3 to 5 minutes. When tighter control or 
observation is required in patients with significant comor¬ 
bidities or large swings in hemodynamics due to surgical cir¬ 
cumstances, invasive arterial monitoring is used. Although 
pressure measurements provided by invasive techniques are 
different from those of noninvasive techniques, they usually 
coincide closely. A continuous invasive arterial tracing can 
also be used to assess the adequacy of fluid resuscitation by 
following the systolic pressure variation (SPV) with positive- 
0 pressure ventilation. As positive-pressure ventilation impedes 
venous return within a closed thorax, decreases in systolic 
pressure associated with a respiratory pattern can be 
detected. In patients with sinus rhythm with stable cardiac 
contractility, the degree of SPV reflects the intravascular 
volume status of the patient. The normal range of SPV is 5 to 
10 mm Hg. A systolic pressure decrease of greater than 10 mm 
Hg during positive-pressure ventilation implies inadequate 
preload and the need for more aggressive fluid resuscita¬ 
tion. 47 

In this context, central venous access may be reserved for 
patients and procedures with the potential for large, rapid 
volume resuscitation requirements. Transesophageal echocar¬ 
diography (TEE) is now commonly used to assess cardiac 
function. This technique is easily used in the anesthetized, 
intubated patient and can quickly assess systolic and diastolic 
function as well as valvular dysfunction. Increasing familiar¬ 
ity in the use of TEE by noncardiac anesthesiologists may 
result in the pulmonary artery catheter being reserved for very 
specific patients demonstrating the need for pulmonary artery 
pressure monitoring or continuous cardiac output trending. 


“Awareness” and Level of 
Consciousness Monitors 

When delivering a general anesthetic, one of the major imper¬ 
atives is to achieve and maintain a loss of consciousness. Nor¬ 
mally, this is achieved through careful observation of vital 
signs (heart rate, blood pressure), physical examination signs 
(movement in a patient without neuromuscular blockade), and 
delivery of inhalational or intravenous agents at doses consis¬ 
tent with a loss of consciousness. However, this “science” is 
inexact and must account for patient age, comorbidities, 
chronic medications, surgical stimulus, and patient-to-patient 
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variability. As a result, patients may rarely experience “aware¬ 
ness under anesthesia”—a state characterized not only by 
consciousness but also by recall of intraoperative events. The 
laypress and public have increased their scrutiny of this peri¬ 
operative event. 

First, appropriate expectations and effective communica¬ 
tion of the anesthetic are required. Recent literature has 
demonstrated that patients undergoing regional anesthesia are 
as likely to report unpleasant “awareness” as patients under¬ 
going a general anesthetic. 48 This is despite the reality that loss 
of consciousness is only a goal of general anesthesia. Clearly, 
anesthesiologists must communicate the anesthetic plan and 
expectations more accurately. 

Second, several level of consciousness monitors have been 
developed in hopes of providing the anesthesiologist with 
additional objective data to guide their assessment and 
actions. The current generation of monitors generally uses 
electroencephalographic (EEG) analysis to provide the clini¬ 
cian with an assessment of the relative “depth” of anesthesia 
achieved. Several commercially available monitors such as 
the bispectral index (BIS) from Aspect Medical Systems and 
Entropy from General Electric Healthcare are in common 
clinical use. Data evaluating the value of these EEG-based 
monitors in reducing awareness are conflicting, with several 
large trials producing varying results. 49,50 As a result, the 
ASA has not adopted awareness monitors as a standard of 
care and leaves the decision to use such monitoring technol¬ 
ogy to each provider, patient, and situation. 51 Further large, 
randomized studies comparing EEG-based monitoring tech¬ 
niques to routine clinical care in a typical general surgery 
population are currently under way and may provide valu¬ 
able data. 


COMMON PROBLEMS IN THE 
POSTOPERATIVE PERIOD 


Postanesthesia care units are required in any setting where 
surgical procedures are conducted. The increased scope of 
surgery and the invasive technology used to monitor sicker 
patients has increased the service at and training required to 
operate these facilities. In 1994, the ASA revised the 1988 
Standards for Postanesthesia Care (Table 12.15). 

The scoring systems used to assess the postoperative patient 
direct attention to the primary areas of concern. The postanes¬ 
thesia recovery score is an attempt to evaluate postanesthesia 
patient status 52 (Table 12.16). This basic information should 
be incorporated in a record that provides clear documentation 
of postoperative events. Documentation should also include 
details of postoperative outpatient care, with a note indicating 
postoperative telephone contact made to elucidate problems. 
Problems should receive appropriate follow-up, and written 
postoperative discharge instructions should be provided for 
the patient. 

Investigators have reported that 24% of patients experi¬ 
ence a postanesthesia care unit complication. Nausea, vomit¬ 
ing, and the need for airway support constitute 70% of these 
complications 53 (Fig. 12.2). The need to maintain airway sup¬ 
port was by far the most common respiratory complication. 
The duration of the procedure as well as ASA classification 
and type of procedure had a significant bearing on the inci¬ 
dence of complications in this study. Hypothermia was also a 
common problem that prolonged postoperative postanesthesia 
care unit stay (Fig. 12.3). Hypothermia has the deleterious 
effects of altering drug metabolism and delaying recovery. Fur¬ 
thermore, it causes shivering, which increases the metabolic 
demand for oxygen. 

Among cardiovascular complications in the postoperative 
period, none is more important or more difficult to diagnose 
than myocardial ischemia. The association of perioperative 


myocardial ischemia with cardiac morbidity has been clearly 
documented. 25 In a series of high-risk patients undergoing 
noncardiac surgery, researchers noted that “early postopera¬ 
tive myocardial ischemia is an important correlate of adverse 
cardiac outcomes.” 25 Diagnosis is complicated by the fact that 
only 10% to 30% of patients suffering documented myocar¬ 
dial infarction have pain and that postoperative ECG T-wave 
changes are often nonspecific. 54 Instead, one must seek 
secondary indications of ongoing ischemia or “angina equiva¬ 
lents,” such as hypotension, arrhythmias, elevated filling pres¬ 
sures, or postoperative oliguria. Arrhythmias are common and 
are significant primarily because of the association with 
myocardial ischemia or hypoxemia. 

Nausea and vomiting are rarely unifactorial and cause 
considerable discomfort to patients. Opioids are responsible 
for stimulating the emesis center in a significant cohort of 
patients. These patients may provide a clear history of opioid 
sensitivity and anesthetic and analgesic regimens may be tai¬ 
lored to limit the exposure of these patients to these drugs. In 
general, however, there is little evidence to favor one anes¬ 
thetic or anesthetic technique over another, although propofol 
appears to have an antiemetic effect. Nitrous oxide, often 
considered causative, does not appear to increase the inci¬ 
dence of nausea according to well-documented studies. It is 
not unusual for an antiemetic agent to be included preopera- 
tively or as part of the anesthetic technique, especially in 
patients with a positive history or those deemed to be at risk, 
such as menstruating young women undergoing laparoscopy. 
Standard usage includes phenothiazines, butyrophenones, 
5HT 3 antagonists, and steroids. A multimodal approach that 
avoids redosing of a given medication class has been demon¬ 
strated to be most beneficial. 55 Despite decades of research, 
classic medications such as droperidol remain a mainstay of 
therapy. The FDA recently added a black-box warning to 
droperidol due to concerns of QT prolongation, but such con¬ 
cerns have not been validated when compared to other peri¬ 
operative medications; as a result, many institutions continue 
to use droperidol for postoperative nausea and vomiting pro¬ 
phylaxis. 56,57 

The most common cause of delayed emergence is the 
residual effects of anesthesia. The differential diagnosis of 
delayed emergence is best approached by ruling out physio¬ 
logic, pharmacologic, and neurologic cases, in this order 
(Table 12.17). There should be little confusion about the 
implication of muscle relaxants because physical indications 
of ventilatory distress, combined with the readings of the block¬ 
ade monitor, should clearly indicate the role of these drugs. 
Where appropriate, opioids can be reversed using titrated doses 
of naloxone. Flumazenil can be used for reversal of benzodi¬ 
azepines. 


POSTOPERATIVE ACUTE 
PAIN MANAGEMENT 


Postoperative pain is an inevitable consequence of surgery. Its 
severity is site dependent (Table 12.18), but the magnitude of 
the pain experienced by individual patients after similar surgi¬ 
cal procedures is influenced by a multitude of factors. Varia¬ 
tion in patient experience has been clearly demonstrated by 
several authors and is reflected in deficiencies in postoperative 
pain control. 58 The recognition of this clinical problem has 
prompted interest in underlying pain mechanisms and in inno¬ 
vative ways to alleviate postoperative suffering. 

In 1965, the crucial role of nociceptive C fiber feedback 
behavior and its modulation by cells in the substantia gelati- 
nosa of the dorsal horn was recognized. 59 Repetitive stimula¬ 
tion of these fibers by cellular mediators, such as kinins and 
catecholamines, promotes neural excitation, prolongs repeti¬ 
tive firing, and lowers the threshold to further excitation. As a 
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Part One: Scientific Principles 


TABLE 12.15 


STANDARDS FOR POSTANESTHESIA CARE 


■ STANDARDS 


■ CRITERIA TO BE FULFILLED 


Standard P 


Standard II 


Standard III 


Standard IV 


Standard V 


All patients who have received 
general, regional, or monitored 
anesthesia care shall receive 
appropriate postanesthesia 
management. 


A patient transported to the 
PACU shall be accompanied 
by a member of the anesthesia 
care team who is knowledgeable 
about the patient’s condition. 
The patient shall be continually 
evaluated and treated during 
transport with monitoring and 
support appropriate to the 
patient’s condition. 

On arrival in the PACU, the 
patient shall be reevaluated and 
a verbal report provided to the 
responsible PACU nurse by the 
member of the anesthesia care 
team who accompanies the 
patient. 

The patient’s condition shall be 
evaluated continually in the 
PACU. 


A physician is responsible for 
discharging the patient from the 


PACU. 


1. A PACU or an area that provides equivalent postanesthesia care 
shall be available to receive patients after anesthesia care. All 
patients who receive anesthesia care shall be admitted to the PACU 
or its equivalent except by specific order of the anesthesiologist 
responsible for the patient’s care. 

2. The medical aspects of care in the PACU shall be governed by 
policies and procedures that have been reviewed and approved by 
the department of anesthesiology. 

3. The design, equipment, and staffing of the PACU shall meet 
requirements of the facility’s accrediting and licensing bodies. 


1. The patient’s status on arrival in the PACU shall be documented. 

2. Information concerning the preoperative condition and the surgical/ 
anesthetic course shall be transmitted to the PACU nurse. 

3. The member of the anesthesia care team shall remain in the PACU 
until the PACU nurse accepts responsibility for the nursing care of 
the patient. 


1. The patient shall be observed and monitored by the methods 
appropriate to the patient’s medical condition. Particular attention 
shall be given to monitoring oxygenation, ventilation, circulation, 
and temperature. During recovery from all anesthetics, a 
quantitative method of assessing oxygenation such as pulse 
oximetry shall be employed in the initial phase of recovery. This is 
not intended for application during the recovery of the obstetric 
patient in whom regional anesthesia was used for labor and vaginal 
delivery. 

2. An accurate written report of the PACU period shall be maintained. 
Use of an appropriate PACU scoring system is encouraged for each 
patient on admission, at appropriate intervals prior to discharge, 
and at the time of discharge. 

3. General medical supervision and coordination of patient care in the 
PACU should be the responsibility of an anesthesiologist. 

4. There shall be a policy to ensure the availability in the facility of a 
physician capable of managing complications and providing 
cardiopulmonary resuscitation for patients in the PACU. 

1. When discharge criteria are used, they must be approved by the 
department of anesthesiology and the medical staff. They may vary 
depending on whether the patient is discharged to a hospital room, 
to the ICU, to a short stay unit, or home. 

2. In the absence of the physician responsible for the discharge, the 
PACU nurse shall determine that the patient meets the discharge 
criteria. The name of the physician accepting responsibility for 
discharge shall be noted on the record. 


ICU, intensive care unit; PACU, postanesthesia care unit. 

Tor nursing care issues, refer to Standards of Postanesthesia Nursing Practice, published by the American Society of Postanesthesia Nurses. 
Based on the American Society of Anesthesiologists (ASA)’s Standards for Postanesthesia Care. A copy of the full text can be obtained from ASA, 
520 N. Northwest Highway, Park Ridge, IL 60068-2573. 
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ITABLE 12.16 I 

POSTANESTHESIA RECOVERY SCORE 0 

■ PARAMETER 

■ SCORE 

ACTIVITY 


Voluntary movement of all limbs to command 

2 

Voluntary movement of two extremities to command 

1 

Unable to move 

0 

RESPIRATION 


Breathes deeply and coughs 

2 

Dyspnea, hypoventilation 

1 

Apneic 

0 

CIRCULATION 


Blood pressure equals 80% of preanesthetic level 

2 

Blood pressure equals 50%-80% of preanesthetic level 

1 

Blood pressure equals <50% of preanesthetic level 

0 

CONSCIOUSNESS 


Fully awake 

2 

Arousable 

1 

Unresponsive 

0 

COLOR 


Pink 

2 

Pale, blotchy 

1 

Cyanotic 

0 

^Patients should score at least 7 before discharge from the postanesthesia care unit. 


% PACU 
complications 



N=4378 


499 



259 

203 


i i 



111 


54 


X 


52 


■I 


C 


ZL 


Overall Nausea Upper Hypotension Dysrhythmia Hypertension Altered 
and airway mental 

vomiting support status 


ROMI 


Major 

cardiac 

event 


FIGURE 12.2. Major postanesthesia care unit complications by percentage of occurrence and number of patients experiencing each 
complication. Nausea and vomiting were the most frequently observed complications. ROMI, rule out myocardial infarction. (Repro¬ 
duced with permission from Hines R, Barash PG, Watrous G, et al. Complications occurring in the postanesthesia care unit: a survey. 
Anesth Analg 1992;74:505.) 
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Brachial plexus 

Interscalene-shoulder surgeries 
Supraclavicular-elbow, forearm, 
hand, wrist surgeries 
Axillary-hand, wrist surgeries 


Interpleural 

Unilateral surgeries through 
T1-T12 dermatomes, 
except for thoracotomy 

Intercostal nerves 
Thoracic or abdominal 
surgery in the 
T1-T12 dermatomes 


Femoral nerve 
Knee surgeries 
Femur rodding, pinning 


Sciatic nerve 
Foot, ankle surgeries 
(may need saphenous 
nerve block for 
cutaneous pain) 


FIGURE 12.3. Surgical procedures in which peripheral nerve block¬ 
ade can provide postoperative pain relief. 


result, C fibers do not show fatigue, and the stage is set for 
continuous pain. Counterirritation of large afferent activity 
has been shown empirically to have beneficial effects. The 
gate-control theory provides an explanation for the inhibi¬ 
tion of C fiber-mediated pain. Serotonergic and enkephalin- 
ergic descending inhibitory pathways modulate activity in 
the dorsal horn before information is relayed to the 
somatosensory cortex through the spinothalamic tract. The 
common observation that pain is worse at night, when less 
sensory information is processed, and that it decreases with 


TABLE 12.17 


DIFFERENTIAL DIAGNOSIS OF DELAYED EMERGENCE 

METABOLIC ABNORMALITIES 

Hypoxia 

Hypercarbia 

Hypoglycemia 

Hypotension 

Hypothermia 

Hyponatremia 

DRUG EFFECTS 

Muscle relaxants 

Opioids 

Barbiturates 

Benzodiazepines 

Ketamine 

Anticholinergics 

Inhalational anesthetics 

NEUROLOGIC INJURY 

Ischemia 

Mass lesions 

Seizure disorders 


daytime activity is an example of how this complex neural 
system functions. 

Superficial somatic pain is well localized and has a protec¬ 
tive function. Superficial somatic pain is readily treated by 
common analgesic techniques. Deep somatic pain may not 
be well localized; may have some protective function, as in 
joint immobilization; and is fairly responsive to a variety of 
analgesics. Visceral pain, served almost entirely by C fiber 
activity, is poorly localized, often referred, and difficult to 
treat. In major operations, all modes can be activated, com¬ 
pounding the clinical challenge of providing adequate pain 
management. These clinical observations direct the focus of 
postoperative pain management to the treatment of somatic 
pain by attacking the nociceptor and the subsequent trans¬ 
mission of the painful impulse by the nerve fiber. The use of 


Analgesic 

drug 

concentration 


Sedation 

Analgesia 

Pain 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Time (hr) 



FIGURE 12.4. Theoretical relation 
among dosing interval, analgesic drug 
concentration, and clinical effects when 
comparing a patient-controlled analge¬ 
sia system (solid line ) to conventional 
intramuscular therapy (dashed line). 
(Reproduced with permission from 
White PF. Patient-controlled analgesia: 
a new approach to the management of 
postoperative pain. Semin Anesth 
1985;4:261.) 
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TABLE 12.18 


PERCENTAGE OF PATIENTS WHO REQUIRE 
ANALGESIC INJECTIONS 


■ OPERATION 

■ NO 

ANALGESIC 
NEEDED (%) 

■ THREE OR MORE 
ANALGESIC 
INJECTIONS (%) 

Minor chest wall 

82 

0 

Inguinal hernia 

52 

0 

Appendectomy 

25 

10 

Lower abdominal 
surgery 

18 

40 

Upper abdominal 
surgery 

10 

45-65 


nonsteroidal anti-inflammatory drugs with or without the 
injection of local anesthetics into the wound is very effective. 
If done preemptively at the time of surgery, this approach can 
significantly benefit the patient’s postoperative experience. 60 
Examples of nerve blocks for various procedures are shown 
in Figure 12.4. 

Including potent opioids in the treatment of deep pain, 
both somatic and visceral, has been routine. However, the 
responses to standard regimens have been notoriously unreli¬ 
able, from inadequate pain relief to narcosis, with complica¬ 
tions at both ends of the scale. It was not until the 1980s that 
variations in response were linked to variable serum concen¬ 
trations of analgesic drugs. Interpatient variation in serum 
levels to any standard dose can be fivefold, and interpatient 
therapeutic concentrations can vary on a similar scale. When 
factored together, there is the potential for a 25-fold variation 
in patient response to a standard drug prescription. Each 
patient has an individual therapeutic window. The clinical 
implications are enormous. 

In 1968, investigators demonstrated the virtue of small IV 
doses given on demand. 60 As a result, the patient experienced 
greater pain relief, yet used the same or less total narcotic. 
Although there was significant patient variation, the demand 
from any individual patient, though cyclic, was constant. 
Patient-controlled analgesia (PCA) and the technologic and 
administrative systems to provide it have developed to a point 
of some sophistication, requiring servicing and a support 
structure with its own set of problems (Table 12.19). PCA 
administration requires a receptive environment, education of 


TABLE 12.19 


PROBLEMS THAT CAN OCCUR DURING PATIENT- 
CONTROLLED ANALGESIA (PCA) THERAPY 

OPERATOR ERRORS 

Misprogramming PCA device 
Failure to clamp or unclamp tubing 
Improperly loading syringe or cartridge 
Inability to respond to safety alarms 
Misplacing PCA pump key 
PATIENT ERRORS 
Failure to understand PCA therapy 
Misunderstanding PCA pump device 
Intentional analgesic abuse 
MECHANICAL ERRORS 
Failure to deliver on demand 
Defective one-way valve at Y-connector 
Faulty alarm system 
Device malfunctions 


all personnel, and adequate patient instruction. PCA has 
received widespread acceptance by patients, nursing staff, and 
physicians because it provides more prompt and painless anal¬ 
gesia that more closely matches the patient’s need over time. 
PCA is as safe as conventional IM medication. Morphine and 
meperidine are commonly used drugs, and an example of 
orders is shown in Table 12.20. 

Transdermal narcotic delivery is receiving attention and may 
become available for postoperative pain. The method is both 
practical and inexpensive and aims to maintain continuous 
delivery and constant blood levels. Fentanyl has been the drug 
of choice and has been well received by patients. The method 
appears to be safe, but there is a significant lag time between 
application and the attainment of therapeutic blood levels. 

The discovery of endorphins in the 1970s and recognition 
of their importance in modulating pain at spinal sites led to the 
supposition that it would be possible to selectively apply opi¬ 
oids directly to receptors. This led to the development of 
epidural opiate analgesia, in which opioids are applied directly 
to the receptors at spinal sites. The goal of epidural analgesia 
is to obtain maximal analgesia while minimizing systemic side 
effects. For severe acute postoperative pain caused by major 
surgery, epidural analgesia has proved to be a superior modality 


TABLE 12.20 


EXAMPLE OF ORDERS FOR PATIENT-CONTROLLED ANALGESIA (PCA) 


1. Patient is to be initiated on PCA with 
standard monitoring protocol. 



2. Drug selection 

Morphine 

Hydromorphone 


1 mg/mL 

0.2 mg/mL 

3. Loading initial dose (start PRN for pain) 

2-5 mg 

0.2-0.5 mg 

Maximum total loading dose 

10 mg 

1 mg 

4. Pump setting PCA dose 

1-2 mg 

0.1-0.2 mg 

Lockout interval 

6-10 min 

6-10 min 

4-Hour limit 

30-45 mg 

4-5 mg 

University of Michigan Hospitals online order form Acute Pain Service, Patient Controlled Analgesia 

Standard Orders. 
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ITABLE 12.21 1 

OPIOID PROTOCOLS IN EPIDURAL OPIATE ANALGESIA 


■ MORPHINE* 

■ FENTANYL 6 

Length of onset 

Longer (30-60 min) 

Shorter (15-30 min) 

Duration 

Longer (6-24 h for single bolus) 

Shorter (1-2 h for single bolus) 

Cephalad spread and side effects 

More prone 

Less prone 

Indication 

Favored for lumbar administration after 
abdominal surgery 

Favored for thoracic administration after 
chest surgery 

Dose 

Typically 3-5 mg, q6-8h 

Typically 50-75 mg/h (±dilute bupivacaine) 

^Hydrophilic: slow in, slow out. 

^Lipophilic: fast in, fast out. 


for pain control. In high-risk cases, there is evidence that it has 
an overall beneficial effect on morbidity. 38 

The effective use of this sophisticated modality requires 
education and the establishment of protocols with rigorous 
attention to detail. The potential for respiratory depression 
demands adherence to monitoring standards. Morphine and 
fentanyl, often in combination with a dilute local anesthetic 
solution, are most often prescribed. A typical order form with 
monitored parameters is shown in Table 12.21. 

A comprehensive postoperative pain management service 
demands resources and must use the physical and pharmaco¬ 
logic modalities available while recognizing the significant 
subjective component of any individual’s pain problem. The 
ability to recognize the impact of acute pain or an underlying 


chronic pain disorder requires that experience be brought to 
bear on difficult problems. The active involvement of nursing 
staff and surgeons is essential for the patient to achieve maxi¬ 
mal benefit. It is incumbent on the pain-management service to 
render efficient, continuous, and cost-effective care. 

Postoperative acute pain management may require a multi¬ 
modal approach that incorporates opioids, peripheral nerve 
blockade, and nonopioid analgesics. Chronic pain patients can 
be particularly difficult to manage and may require preopera¬ 
tive optimization by an anesthesiologist. These patients 
require very large doses of IV analgesics and need to be main¬ 
tained orally. The best way to evaluate an appropriate starting 
dose is to convert the preoperative opioid regimen to an IV 
morphine equivalent then add what would be required to treat 


Minimal to 
no pain 


Ask the patient 
if they are still 
taking their 
buprenorphine 


Elective 

Surgery 


Preoperatively 
Surgical Team: 
Assess anticipated 
post-operative 
pain and opioid 
requirements 


Moderate to 
severe pain 


Ask the patient 
if they are still 
taking their 
buprenorphine 


Yes 


No 


Yes 


No 


Still taking buprenorphine 

• Surgeons ensure that the physician writing the buprenorphine is 
aware of surgery 

• Continue the buprenorphine for post-op pain 

• Do not routinely prescribe supplemental opioids 

• Consider adjuncts- Acetaminophen and/or NSAIDs 

Off buprenorphine 

• Assess the amount of time since the last dose of buprenorphine 

• If > 5 days off buprenorphine, treat with traditional opioids 

• Surgeons should contact the physician prescribing buprenorphine 
and ensure that they are aware of surgery 

• After post-op pain normalizes, the patient may work with their 
physician to reinstitute buprenorphine therapy 


Still taking buprenorphine 

• Cancel surgery 

• Patient return to the physician that prescribes their buprenorphine; 
coordinated by surgical team 

• Should be taken off of buprenorphine and transitioned to 
short-acting opioids for > 5 days prior to surgery by physician 
prescribing buprenorphine 

Off buprenorphine 

• Anticipate patient’s course will be similar to opioid tolerant patient 

• Surgeons should ensure appropriate outpatient follow-up 


ALGORITHM 12.2a 


ALGORITHM 12.2. Algorithm for managing a patient on chronic buprenorphine therapy. APS, acute pain service; ICU, intensive care unit; PCA, 
patient-controlled anesthesia; NSAIDs, nonsteroidal anti-inflammatory drugs. ( continued ) 
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Minimal to 
no pain 


Ask the patient 
if they are still 
taking their 
buprenorphine 


Urgent/ 

Emergent 

Surgery 


Preoperatively 
Assess anticipated 
post-operative 
pain and opioid 
requirements 


Moderate to 
severe pain 


Ask the patient 
if they are still 
taking their 
buprenorphine 


Still taking buprenorphine 

• Surgeons should ensure that the physician writing their 

Yes buprenorphine is aware of surgery 

• Continue the buprenorphine for post-op pain 

• Do not routinely prescribe supplemental opioids 

• Consider adjuncts- Acetaminophen and/or NSAIDs 

Off buprenorphine 

• Assess the amount of time since the last dose of buprenorphine 

• If > 5 days off buprenorphine, treat with traditional opioids 

• Surgeon contact the physician prescribing buprenorphine and 
ensure that they are aware of surgery 

No * After post-op pain normalizes, they may work with their physician 
to reinstitute buprenorphine therapy 


Still taking buprenorphine 
Yes 1. Discontinue buprenorphine 

2. Start PC A - Will likely require high doses; may require some 
continuous opioid infusion, however, would avoid high-dose 
continuous opioids and instead allow the patient to use PCA. PCA to 
be managed by APS. 

3. Patient should be in a monitored setting with close nursing 
monitoring (ICU or moderate care, 8D only) 

• Duration of ICU/monitored setting time will vary 

• Half-life of buprenorphine will vary by patient and dose 
(24-60 hours); anticipate decreased opioid requirements after 
buprenorphine clears 

4. Regional Anesthesia - Consider continuous catheters 

5. Maximize Adjuncts 

• Dexmedetomidine infusion 

• Acetaminophen ATC 

• Consider gabapentin or pregabalin 

6. Continue traditional opioid therapy for post-op pain after discharge- 
Coordinate follow-up with pain physician prescribing buprenorphine 
for eventual opioid wean and reinstitution of buprenorphine therapy 

Off buprenorphine 

• Anticipate patient’s course will be similar to opioid tolerant patient 
No • Surgeons should ensure appropriate outpatient follow-up 


ALGORITHM 12.2b 


ALGORITHM 12.2. ( Continued) 


the acute surgical pain (see Table 12.4). The use of nonopioid 
and nonpharmacologic treatments is essential in the manage¬ 
ment of acute postoperative pain in this patient population. 
Peripheral nerve blockade, aggressive use of acetaminophen 
and nonsteroidal anti-inflammatory agents, and novel agents 
such as dexmedetomidine may be necessary to minimize the 
adverse effects associated with uncontrolled postoperative 
pain. As mentioned earlier, these patients may need to be eval¬ 
uated by an anesthesiologist prior to the day of surgery. This 
should be an institutional requirement for patients on chronic 
buprenorphine therapy, as demonstrated in Algorithm 12.2. 
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CHAPTER 13 ■ CANCER 


STEVEN K. LIBUTTI 


KEY POINTS 


Q There are six important capabilities that a cell or a group 
of cells must acquire to be capable of growing, invading, 
and metastasizing and thus becoming a cancer: (a) self- 
sufficiency in growth signals, (b) insensitivity to antigrowth 
signals, (c) evading apoptosis, (d) limitless replicative 
potential, (e) sustained angiogenesis, and (f) tissue invasion 
and metastases. 

Q The ability of a cell to become self-sufficient in its growth 
and no longer rely on the normal temporal sequences of 
programmed cell growth is often the result of mutations in 
the genes involved in growth regulation and control. 


^Transformation from the normal phenotype to invasive 
malignancy appears to involve a loss of normal tumor sup¬ 
pressive and growth inhibitory responses as well as the 
acquisition of inappropriate proliferative signals. 

Q Angiogenesis is necessary for tumor growth and progres¬ 
sion and is a potential site for targeted molecular therapy. 

Q Gene therapy and immunotherapy for cancer are areas of 
active investigation that have not yet reached standard 
practice. 

Q Operative resection or regional therapy of metastatic dis¬ 
ease can be helpful for patients. 


Few medical diagnoses carry with them the fear and dread that 
a diagnosis of cancer brings to the patient. Historically, Hip¬ 
pocrates is credited with first distinguishing between benign and 
malignant tumors. Hippocrates described invasive carcinoma 
using the Greek term for crab, karkinos, based on the similari¬ 
ties between the invasive tongue of solid tumors and the claws 
of the crab. Karkinos forms the root for the term carcinoma. 
The word cancer is derived from the Latin, cancrum, for crab. 

The term has come to represent a constellation of malig¬ 
nant processes involving a host of tissue types, each with dif¬ 
fering potentials for invasion and metastases. Each pathologic 
type of cancer has different approaches for its diagnosis and 
management. However, there are certain basic characteristics 
that define the transition from normal cell division and prolif¬ 
eration into abnormal, unregulated growth and invasion, 
which is the hallmark of cancer. The breadth and depth of 
information regarding the processes involved in the develop¬ 
ment, diagnosis, and treatment of cancer are complex; this 
chapter gives an overview to provide a basis for further inves¬ 
tigation and discovery. 


EPIDEMIOLOGY 


The earliest recorded writings related to cancer were made in 
the Edwin Smith Papyrus in Egypt around 1600 BC. Since that 
time and throughout recorded history, references are made to 
various malignancies of the bone and soft tissue that were 
attributed to sources as varied as vital humors and parasites. 
Cancer affects approximately 9.6 million Americans, and a 
total of 1.4 million new cancer diagnoses and 570,000 cancer- 
related deaths are expected in the United States in the year 
2008. For persons younger than the age of 85, cancer is the 
leading cause of death in the United States and has been since 
1999. Although overall mortality rates from cancer have 
declined in both men and women, the rate of decline in deaths 
due to heart disease has been much more rapid (Fig. 13.1). 

Between 1995 and 2004, the cancer incidence rates in men 
stabilized, while the incidence rates in women have stabilized 
between 1999 and 2004. The overall death rate due to cancer 
has continued to decease in men since 1990 and in woman 
since 1991. Cancers differ in men and women by both type 
and incidence. The most common cancers in men by incidence 


are prostate (25%), lung and bronchus (15%), and colon and 
rectum (10%). In women, the most common cancers by inci¬ 
dence are breast (26%), lung and bronchus (14%), and colon 
and rectum (10%). In both men and women, lung and 
bronchial cancers continue to account for the largest number 
of cancer-related deaths (31% men; 26% women). This is fol¬ 
lowed by prostate cancer in men (10%) and breast cancer in 
women (15%) accounting for the second most common his¬ 
tologies resulting in death. Colon and rectal cancer remains 
the third most common cause of cancer-related deaths in both 
men (8%) and women (9%) (Table 13.1). Although the over¬ 
all incidence of cancer, as well as mortality due to cancer, 
decreased between 1994 and 2008, for several tumor types 
there has been either an increase in incidence or relatively little 
change over that time. For example, melanoma of the skin 
increased in incidence among men from 3% to 5% and among 
women from 3% to 4% between 1994 and 2008. The inci¬ 
dence of thyroid cancer increased from 2% to 4% between 
1994 and 2008 for women, in whom thyroid cancer occurs 
more frequently than in men (3:1). Despite the decline in inci¬ 
dence and associated death among common cancer types in 
both men and women, cancer continues to pose a significant 
cost to the United States in both human and financial terms. 

In 2003, cancer cost the United States an estimated $189.5 
billion. Roughly one third of these costs were due to direct 
medical costs, and more than two thirds were related to non¬ 
medical costs, including lost productivity and lost workdays. 
The Centers for Disease Control and Prevention (CDC) has 
estimated that cancer screening and early detection could 
reduce colorectal cancer deaths by 30%, breast cancer deaths 
by 16%, and cervical cancer deaths by 60%. Further, it is esti¬ 
mated that in the year 2003, more than 180,000 cancer deaths 
were due to the consequences of tobacco use. Although the 
connection between cigarette smoking and lung cancer is an 
obvious and well-established one, smoking plays a role in 
approximately 30% of all other cancer deaths (e.g., kidney, 
oral, bladder). As newer and more effective adjuvant therapies, 
most notably, biologic agents, are developed and validated, 
these costs will undoubtedly increase. 

Major efforts are under way in cancer prevention. Some 
causative agents, such as tobacco, are obvious. Other factors 
that influence the development of cancer include genetic pre¬ 
disposition, diet and exercise, and environmental factors. For 
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Younger than 85 Years 


85 and Older 




Year of Death 

FIGURE 13.1. Age-adjusted death rates from cancer and heart disease. (Jemal A, et al. CA Cancer J Clin 2008;58:71-96.) 


several cancer types, environmental influences have a complex 
interaction with other known and unknown factors leading to 
the development of the disease. For example, chronic hepatitis 
(both hepatitis B and hepatitis C) increases the incidence of 
hepatocellular carcinoma, but not all patients with hepatocel¬ 
lular carcinoma have chronic hepatitis, and not all patients 
with chronic hepatitis develop hepatocellular carcinoma. The 
relationship of cervical cancer to human papillomavirus 
(HPV) infection is well established. Estimates for the impact of 
screening demonstrate that reducing the transmission of HPV 
could have a significant impact on reducing the incidence of 
cervical cancer. Recently, a new vaccine for HPV was devel¬ 
oped at the National Cancer Institute (NCI) and approved for 
use in women. A program of early vaccination for at-risk indi¬ 
viduals will hopefully lead to a decreased incidence of cervical 
cancer. Sun exposure (or artificial ultraviolet [UV] light expo¬ 
sure) influences the incidence of melanoma skin cancer; how¬ 
ever, melanoma can develop in patients without a significant 
history of sun or UV exposure. Although some genetic factors, 
such as mutations in the BRCA1 or BRCA2 genes, signifi¬ 
cantly increase the risk of developing breast cancer, the majority 
of patients with breast cancer have no such germline mutations. 
More work is needed to understand the complex interactions of 
genetics and environment on the cell to better identify avoid¬ 
able risk factors. This may help to prevent the development of 
cancer. 


ETIOLOGY 

At its most basic, cancer can be defined as abnormal cell 
growth. Often described as a foreign invader in the body, it is 
more accurate to think of cancer as the body’s own cellular 


growth machinery gone wrong. Throughout history, a variety 
of theories emerged in an attempt to explain the findings of 
abnormal tissue growth and invasion. Hippocrates ascribed the 
formation of cancer to an excess of black bile (one of the four 
humors or body fluids) collecting in various body sites. This 
theory was unchallenged through the Middle Ages. In the 18th 
century, John Hunter was a proponent of the concept that can¬ 
cer derived from the lymph system. The notion was that tumors 
arose from lymph, which is constantly expressed by the blood. 

In the 19th century, Yohans Mueller dispelled the lymph 
theory by demonstrating that cancer was made up of cells. 
However, Mueller did not believe that cancer arose from nor¬ 
mal cells but rather from “budding elements” (blastema) that 
arose between normal tissues. This theory was later rejected by 
Mueller’s student Rudolph Virchow, who demonstrated that 
all cells, including cancer cells, had their origin from other 
cells. Virchow proposed that chronic irritation led to the for¬ 
mation of cancer and that cancers could spread through tissues 
like a fluid. The idea that cancer resulted from irritation and 
trauma persisted into the 20th century. 

Modern thinking recognizes a series of important events 
that are required for a cell to become cancerous and to grow, 
Q invade, and metastasize. Hanahan and Weinberg described six 
important capabilities that a cell or a group of cells must 
acquire to be capable of growing, invading, and metastasizing 
and thus becoming a cancer. These six properties are as fol¬ 
lows (Fig. 13.2): 

1. Self-sufficiency in growth signals 

2. Insensitivity to antigrowth signals 

3. Evading apoptosis 

4. Limitless replicative potential 

5. Sustained angiogenesis 

6. Tissue invasion and metastases 
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TABLE 13.1 


THE 10 LEADING CANCER TYPES FOR THE ESTIMATED NEW CANCER CASES AND DEATHS, BY GENDER, FOR THE 


UNITED STATES IN 2008 

■ MALES 



■ FEMALES 


■ CANCER 

■ INCIDENCE 

■ CANCER 

■ INCIDENCE 

ESTIMATED NEW CASES* 






Prostate 

186,320 

(25%) 

Breast 

182,460 

(26%) 

Lung and bronchus 

114,690 

(15%) 

Lung and bronchus 

100,330 

(14%) 

Colon and rectum 

77,250 

(10%) 

Colon and rectum 

71,560 

(10%) 

Urinary bladder 

51,230 

(7%) 

Uterine corpus 

40,100 

(6%) 

Non-Hodgkin lymphoma 

35,450 

(5%) 

Non-Hodgkin lymphoma 

30,670 

(4%) 

Melanoma of the skin 

34,950 

(5%) 

Thyroid 

28,410 

(4%) 

Kidney and renal pelvis 

33,130 

(4%) 

Melanoma of the skin 

27,530 

(4%) 

Oral cavity and pharynx 

25,310 

(3%) 

Ovary 

21,650 

(3%) 

Leukemia 

25,180 

(3%) 

Kidney and renal pelvis 

21,260 

(3%) 

Pancreas 

18,770 

(3%) 

Leukemia 

19,090 

(3%) 

All sites 

745,180 

100% 

All sites 

692,000 

100% 

ESTIMATED DEATHS 






Lung and bronchus 

90,810 

(31%) 

Lung and bronchus 

71,030 

(26%) 

Prostate 

28,660 

(10%) 

Breast 

40,480 

(15%) 

Colon and rectum 

24,260 

(8%) 

Colon and rectum 

25,700 

(9%) 

Pancreas 

17,500 

(6%) 

Pancreas 

16,790 

(6%) 

Liver and intrahepatic bile duct 

12,570 

(4%) 

Ovary 

15,520 

(6%) 

Leukemia 

12,460 

(4%) 

Non-Hodgkin lymphoma 

9,370 

(3%) 

Esophagus 

11,250 

(4%) 

Leukemia 

9,250 

(3%) 

Urinary bladder 

9,950 

(3%) 

Uterine corpus 

7,470 

(3%) 

Non-Hodgkin lymphoma 

9,790 

(3%) 

Liver and intrahepatic bile duct 

5,840 

(2%) 

Kidney and renal pelvis 

8,100 

(3%) 

Brain and other nervous system 

5,650 

(2%) 

All sites 

294,120 

100% 

All sites 

271,530 

100% 

^Excludes basal and squamous cell skin cancers and in situ carcinoma except urinary bladder. Estimates are rounded to nearest 10. 

Adapted from Jemal A, et al. CA Cancer J Clin 2008;58:71-96. 



FIGURE 13.2. Acquired capabilities of cancer. (Adapted 
from Hanahan D, Weinberg R. The hallmarks of can¬ 
cer. Cell 2000;100:57.) 
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Each of these capabilities is placed in the perspective of cur¬ 
rent research efforts in the sections that follow. 


CANCER BIOLOGY 


The basic unit of tissues and organs is the cell. The control of 
cell growth and differentiation is the focal point in under¬ 
standing the processes involved in malignant transformation. 
Cells normally grow, divide, perform necessary functions to 
maintain homeostasis, and die in a programmed fashion 
throughout most tissues and organs. A cancer cell is one that 
has alterations in this carefully controlled program that lead to 
the phenotype of cancer. Hanahan and Weinberg’s model 
describes four of the six functional capabilities, which directly 
relate to changes within the cell itself. These are the acquired 
ability for self-sufficient growth, insensitivity to antigrowth 
signals, ability to evade apoptosis, and limitless replicative 
potential. The other two functional capabilities—sustained 
angiogenesis and tissue invasion and metastases—involve 
changes not only within the individual cancer cell but also in 
the interaction and relationship with other host elements. 


Oncogenes and Tumor Suppressor Genes 

Q The ability of a cell to become self-sufficient in its growth and 
no longer rely on the normal temporal sequences of pro¬ 
grammed cell growth is often the result of mutations in the 
genes involved in growth regulation and control. Activating 
mutations of proto-oncogenes create oncogenes. For example, 
a point mutation of a single nucleotide in the ras gene can result 
in cell-transforming activity. Approximately one half of human 
colon cancers have a mutation in the ras oncogene. 

The three Ras proteins (h-, k-, and n-ras) are members of a 
large superfamily of Ras-related proteins that share significant 
structural homology as well as guanosine triphosphatase 
(GTPase) activity. All known ras genes include an identical 
nine-amino-acid domain in the N-terminal half of the protein. 
This undergoes a conformational shift when Ras binds to GTR 
These Ras-related proteins function as molecular switches, 
involved in the control of a variety of cellular functions includ¬ 
ing growth, organization, and transport. The biologic activity 
of Ras is controlled by a number of factors known as guanine 
nucleotide exchange factors that promote the formation of the 
active GTP-bound state (e.g., SOS), and the GTPase-activating 
proteins (e.g., NF1-GAP) that promote formation of the inac¬ 
tive guanosine diphosphate (GDP)-bound state. Structural 
mutations involving codons 12, 13, and 61 result in mutant 
Ras proteins that lack this GTPase activity. These oncogenic 
Ras proteins are locked in the active GTP-bound conforma¬ 
tion, leading to constitutive activation of downstream targets. 
This can be thought of as an “on-off” switch for cell growth 
that is locked in the “on” position due to the mutation in the 
ras oncogene. In addition to stimulating growth signals, 
mutant Ras proteins can also facilitate survival signals within 
the cell, allowing the cell to evade programmed cell death. 

Oncogenes can also be activated through chromosomal 
rearrangements known as translocations that involve the trans¬ 
fer of one segment of a chromosome to another. The resulting 
shift in position of genes can change the way in which those 
genes are regulated. An example of this is the Philadelphia 
chromosome that appears in chronic myelogenous leukemia 
(CMF). This chromosomal rearrangement results when the 
small c-abl proto-oncogene is translocated from chromosome 9 
to the small bcr locus on chromosome 22. The result of this cre¬ 
ates the small bcrlabl oncogene. This oncogene leads to an 
increase in tyrosine kinase activity and therefore downstream 
signaling in the cell, leading to uncontrolled cell growth. 

Oncogenes also affect the development of familial 
endocrine tumors. An activating mutation of the RET proto¬ 


oncogene on chromosome 10 causes the development of 
medullary thyroid cancer in patients suffering from multiple 
endocrine neoplasia (MEN) 2a and MEN 2b. Patients with 
MEN 2 uniformly develop medullary thyroid cancer, and many 
also develop other tumors (such as adrenal pheochromocy- 
tomas) due to the constitutive activation of this gene. 

Another class of genetic change that predisposes to cancer, 
both sporadically and within inherited cancer syndrome fami¬ 
lies, is inactivating mutations of tumor suppressor genes. 
Tumor suppressor genes typically code for proteins that play 
an important role in cellular growth control. When these genes 
are mutated, growth dysregulation can occur. In the familial 
setting, these mutations inactivate one allele of a growth con¬ 
trol gene in the germline. An inactivating mutation of the sec¬ 
ond allele of the gene in a susceptible cell causes loss of the 
growth control function in that cell, contributing to the devel¬ 
opment of the characteristic tumor. Tumors that develop spo¬ 
radically due to mutations of tumor suppressor genes require 
accumulation of inactivating changes in both copies of the 
gene within a single cell. This explanation of tumor suppressor 
genes is known as the Knudsen hypothesis. Examples of this 
include mutations of the BRCA1 or BRCA2 genes, which 
together account for 75% of familial breast cancer cases. 
BRCA1 acts as a tumor suppressor gene in that mutation of 
one copy followed by inactivation of the second copy of the 
gene in a cell results in malignant transformation. Another 
example of a tumor suppressor gene is the MEN1 gene that is 
inactivated in MEN type 1, the vHL gene inactivated in von 
Hippel-Lindau syndrome, and the adenomatous polyposis coli 
(APC) gene locus that can lead to the development of colorec¬ 
tal cancers when mutated. 


Myc Regulation of Cellular Differentiation 

In human neoplasia, many components of the dedifferentiated 
phenotype appear to involve regulation by helix-loop-helix 
motif (HLH) proteins. At least three major pathways have 
been identified that impact on HLH-regulated cellular differ¬ 
entiation. These include amplification/overexpression of the 
c -myc proto-oncogene, overexpression of Id transcriptional 
repressors, and activation of Notch signaling. With respect to 
Myc, the c -myc proto-oncogene is amplified in many human 
tumors, including lung cancer, breast cancer, cervical cancer, 
and ovarian cancer. In addition, increased expression of c -myc 
is noted in up to one third of breast and colon carcinomas, 
c -myc appears to represent a central switch through which 
a number of oncogenic pathways including BCR-ABL, 
b-catenin, and c-src converge to stimulate neoplasia (Fig. 13.3). 
c -myc impacts many cellular events relevant to neoplasia 
including proliferation, apoptosis, adhesion, immortalization, 
and differentiation. These effects appear to be mediated pri¬ 
marily through formation of heterodimers with the class IV 
HLH factor Max, leading to activation of Myc target genes 
(Fig. 13.4). Both during normal development and during neo¬ 
plastic transformation, Myc/Max heterodimers appear to 
inhibit expression of differentiation-related genes. 


Inhibition of Differentiation 
by Notch Signaling 

Another major pathway influencing HLH-regulated cellular 
differentiation involves the Notch signaling pathway. Notch 
signaling appears to play a critical role in regulating cellular 
differentiation during both normal development and malig¬ 
nant transformation. The pathway is highly conserved, with 
homologous components in Caenorhabditis elegans. Droso¬ 
phila , zebrafish, mice, and humans (Table 13.2). Four human 
Notch family members have been identified. Notch proteins 
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FIGURE 13.3. The c-myc gene is a central oncogenic switch for onco¬ 
genes and the tumor suppressor adenomatous polyposis coli (APC). 
The APC tumor suppressor protein mediates the degradation of (3- 
catenin. The Wnt oncoprotein is shown activating its receptor, which 
results in the stabilization of free (3-c atenin, which sustains activating 
mutations in human cancers; /3-catenin is a cofactor for the transcrip¬ 
tion factor Tef. Tef activates c-myc expression through specific DNA 
binding sites. The oncogenic fusion protein TEL-PDGFR hypotheti¬ 
cally activates c-src, as does native PDGFR, resulting in the activation 
of c-myc. The BRC-ABL oncoprotein likewise requires c-myc for its 
activity. (Adapted from Dang CV. c-Myc target genes involved in cell 
growth, apoptosis, and metabolism. Mol Cell Biol 1999;19:1.) 
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FIGURE 13.4. Links between c-Myc, selected putative target genes, 
cellular functions, and cell growth. The diagram illustrates the com¬ 
plexity of the connections between c-Myc and its putative target genes, 
which are shown clustered according to their functions. The various 
cellular functions cooperate to promote cell growth. It should be noted 
that this diagram does not reflect the controversies over the authenti¬ 
cation of the various target genes. (Adapted from Dang CV. c-Myc 
target genes involved in cell growth, apoptosis, and metabolism. Mol 
Cell Biol 1999;19:1.) 
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CONSERVED COMPONENTS OF THE NOTCH SIGNALING PATHWAY 
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■ DROSOPHILA 
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Notch receptors 

Lin-12 

Notch 

Notchl Notch3 


Glp-1 


Notch2 Notch4 

Extracellular ligands 

Lag-2 

Delta 

Delta-1 

(DSL proteins) 

Apx-1 

Serrate 

Delta-1 

Delta-like 1 (Dll-1) 

Delta-like 3 (Dll-3) 

Jaggedl (Serratel) 

Jagged2 (Serrate2) 

Intracellular effectors 

Lag-1 

Suppressor of hairless [Su(H)] 

CBF-1/RBP-Jk 



Deltex 

Deltex 




NF/cB 

Target genes 


Enhancer of split [E(spl)] 

HES (Hairy/enhancer of split) 



bHLH 

bHLH 



Groucho 
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Processing molecules 

SUP-17 
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Kuzbanian 
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Numb 
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FIGURE 13.5. Notch signaling in¬ 
hibits lineage-specific cellular dif¬ 
ferentiation. Ligands presented by 
adjacent differentiated cells lead to 
Notch receptor activation. Following 
intramembrane cleavage of Notch by 
y-secretase, the intracellular domain 
of Notch (Notch-IC) translocates to 
nucleus and cooperates with RBP-Jk 
( mammalian homologue of Droso¬ 
phila Suppressor of Hairless) to induce 
HES-1. HES-1 represses transcription 
of lineage-specific transcription fac¬ 
tors, including neurogenin 3, myoD, 
and the achaete-scute homologue 
(ASH). Activation of Notch signaling 
thereby maintains cells in an undiffer¬ 
entiated, stem cell-like state. 



Differentiated 

cell 


Undifferentiated 
stem cell 


Nucleus 


are transmembrane receptors containing extracellular tandem 
epidermal growth factor (EGF)-like repeats as well as three 
Lin/Notch repeats that function in ligand binding and Notch 
activation. As transmembrane receptors, Notch proteins are 
unique in apparently lacking any enzymatic activity. Instead, 
Notch proteins undergo proteolytic cleavage on activation by 
binding to DSL ligands (e.g., Delta, Serrate, Lag-2). Recent 
data suggest that proteolytic cleavage of Notch may be accom¬ 
plished by y-secretase, an enzyme also responsible for prote¬ 
olytic production of /3-amyloid from amyloid precursor pro¬ 
tein. Following proteolytic cleavage, the Notch intracellular 
domain (Notch-IC) is released to interact with a number of 
cytoplasmic and nuclear proteins, including CSF proteins such 
as Drosophila Suppressor of Hairless and mammalian CBF-1. 
Interactions between Notch-IC and CSF proteins result in 
transcriptional activation of Hairy/Enhancer of Split (LIES) 
class VI HFH protein. Once bound to DNA, LIES proteins 
recruit a corepressor known as Groucho, thereby preventing 
expression of a number of cell lineage-specific class II bHLH 
proteins, including MyoD, neurogenin 3, and achaete-scute 
homologues (Fig. 13.5). 

Notch signaling therefore represents a mechanism to pre¬ 
vent lineage-specific cellular differentiation. During develop¬ 
ment, this function plays a critical role in lateral inhibition as 
well as in boundary formation. Notch signaling is also impli¬ 
cated in various forms of neoplasia. Notch-IC is capable of 
transforming rat kidney cells in cooperation with adenoviral 
E1A and substitutes for activated ras in this assay. Notch recep¬ 
tors and ligands are upregulated in human cervical cancer, and 
activating translocations involving Notch family members have 
been identified in acute T-cell leukemia. Notch also appears to 
be required for immortalization of B lymphocytes by Epstein- 
Barr virus and represents a site for activating integration by the 
mouse mammary tumor virus. Additional studies have identi¬ 
fied an important role of the Notch target gene HES-1 in regu¬ 
lating differentiation status in non-small cell lung cancer. 


Telomerase and Cell 
Immortalization/Senescence 

Senescence is the process during which a normal cell ages and 
dies. This process is controlled, in part, by specialized hete- 


rochromatic structures at the ends of eukaryotic chromosomes 
called telomeres that function to stabilize and protect the chro¬ 
mosome. During normal somatic cell replication, telomeres 
become progressively shorter with each cell division, resulting 
in chromosome instability. It has been postulated that the 
shortening of telomeres represents a checkpoint mechanism by 
which cellular senescence is signaled in normal replicating cell 
populations. 

Telomerase is an RNA-dependent DNA polymerase that 
stabilizes telomeres by synthesizing the six oligonucleotide 
repeat TTAGGG. This stabilization can allow indefinite repli¬ 
cation and thus “cell immortalization.” Although inactive in 
most somatic cells, telomerase remains activated in germ cells 
and lymphocytes. A unique characteristic of the cancer cell is 
immortality with the ability to divide repeatedly without 
undergoing normal cellular senescence. A correlation between 
telomerase and cancer has recently been documented by the 
detection of telomerase activity in a high percentage of pri¬ 
mary human malignancies including cancer of the lung, colon, 
breast, and prostate. By remaining in the activated state, 
telomerase may contribute to the uncontrolled replicative 
capacity of the cancer cell. This finding has stimulated much 
discussion of the potential diagnostic, prognostic, and thera¬ 
peutic implications of telomerase in the management of cancer. 


Cell Survival/Programmed Cell Death 

Virtually all cell populations are controlled through a balance 
of cell survival and cell death. Under certain conditions, such as 
terminal differentiation, growth factor deprivation, or DNA 
damage, survival signals to the cell are overtaken by death sig¬ 
nals. Cell death can occur in a variety of forms, but the most 
common forms of cell death are necrosis and apoptosis. 
Necrotic cell death takes place primarily from noxious stimuli 
to the cell due to chemical or heat exposure, ischemia, or other 
insults. In contrast, apoptosis, or programmed cell death, 
occurs via a complex, genetically determined process. Apopto¬ 
sis is a continual process in many normal as well as altered cell 
populations. For instance, during embryogenesis, organ for¬ 
mation occurs through a series of remolding events that 
include apoptosis. Apoptosis is also an active process in many 
disease states. Following myocardial infarction, induction of 
apoptosis can occur in the damaged cardiac muscle cells. 
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The process of apoptosis is described as a cascade of events, 
each mediated by intracellular proteins, ultimately leading to 
apoptotic cell death. After receiving a cell death stimulus, 
induction of genes that promote apoptosis occurs, thereby 
shifting the intercellular balance toward proteins with 
proapoptotic activity. Two of the best-studied apoptotic genes 
are Bcl-2 and Bax. Normally, the levels of antiapoptotic Bcl-2 
allow for continued cell survival. During the apoptotic state, 
Bcl-2 levels are downregulated, shifting the balance toward 
proapoptotic proteins such as Bax. Downstream regulators of 
the apoptotic cascade are recruited including endonucleases, 
which cleave chromatin, resulting in nuclear fragmentation. 
This results in the formation of apoptotic bodies and other 
morphologic characteristics of apoptosis such as cell shrinkage 
and loss of contact with adjacent cells. In contrast, necrotic 
cell death is characterized by cellular swelling and ultimate 
rupture of the cell membrane. Just as apoptosis is active in 
embryogenesis and the molding of organ structure and func¬ 
tion, it is also important in disease states such as cancer. In 
general, cancer cells that are resistant to cell death have altered 
their balance of apoptotic regulators. For instance, cancer cells 
that are resistant to conventional therapies such as radiation 
and chemotherapy often have increased levels of antiapoptotic 
proteins such as Bcl-2. To change the balance toward apop¬ 
totic cell death, some newer therapies attempt to upregulate 
proapoptotic proteins such as Bax or, conversely, downregu- 
late antiapoptotic proteins such as Bcl-2. 

In addition to the induction of apoptosis by these proteins, 
programmed cell death can also occur via recognition events of 
the immune system. Specifically, the Fas antigen (CD-95, APO- 
1) is a cell surface protein of the tumor necrosis factor (TNF) 
family. When stimulated by its ligand (FasL) under certain con¬ 
ditions, Fas-bearing cells can undergo apoptotic cell death. This 
is a possible mechanism of cytotoxic T-cell- and natural killer 
cell-mediated death as well as other autoimmune responses. 


Abnormal Growth Regulation in Cancer 

Q Transformation from the normal phenotype to invasive malig- 
nancy appears to involve a loss of normal tumor suppressive 
and growth inhibitory responses as well as the acquisition of 
inappropriate proliferative signals. The presence of inappro¬ 
priate proliferative signals has been well documented in most 
malignancies and includes overexpression of peptide growth 
factors (transforming growth factor (3 [TGF-/3], amphiregulin, 
heparin-binding EGF) and of growth factor receptors (e.g., 
HER2/neu). Alternatively, there may be mutational activation 


of the signal transduction pathways for the growth factors 
(e.g., ras and src oncogenes), activation of oncogenes that are 
directly involved in stimulating progression of the cell cycle 
regulation (myc, cyclin Dl, etc.), or inactivation of genes that 
provide checkpoint control on cell cycle progression (e.g., the 
retinoblastoma gene p53). 


Cell Cycle Regulation in Cancer 

The cell cycle involves cellular events controlling replication of 
chromosomal DNA during the S phase and the separation of 
replicated chromosomes during cell division (mitosis or meio- 
sis, M phase). The cell cycle is an indispensable process for sur¬ 
vival of an organism and is highly conserved throughout evo¬ 
lution. The S phase and M phase are separated by gap periods, 
or G phases. The G1 phase precedes the S phase and the G2 
phase precedes the M phase (Fig. 13.6). GO describes cells that 
are in a nonreplicating, quiescent state. GO cells are often dif¬ 
ferentiated cells that may be metabolically active, but are not 
involved in the process of cellular replication. The cell has 
mechanisms for responding to extracellular signals to recruit 
GO cells into the cell cycle. 

The process of cell cycle progression is tightly regulated. 
The factors responsible for advancing cell cycle progression 
were initially described in yeast and in amphibian eggs. 
Cyclins were discovered as proteins that oscillated during spe¬ 
cific periods of the cell cycle. Subsequent work led to the iden¬ 
tification of the catalytic partners of the cyclins, called cyclin- 
dependent kinases (CDKs). Specific sets of cyclins with their 
partner CDKs drive progression through specific periods of the 
cell cycle (Fig. 13.7). Mistakes in DNA replication or in chro¬ 
mosomal segregation are detected and prevented from propa¬ 
gation. This function, termed cell cycle checkpoint control, 
involves regulation of the levels and activities of the cyclins 
and CDKs and also involves the regulation of programmed cell 
death (apoptosis). 

Quiescent cells may be recruited to the cell cycle by mito¬ 
genic stimulation (e.g., growth factor exposure). Normal cells 
depend on exogenous mitogenic stimulation only during the 
first two thirds of the G1 phase. At this two-thirds point, also 
called the restriction (R) point, the cell may commit itself to 
advance into the S phase and subsequent phases of the cell 
cycle (Fig. 13.8). The retinoblastoma protein (pRB) is the mol¬ 
ecular switch that controls passage through the R point. 
Unphosphorylated or hypophosphorylated pRB blocks R 
point transition, whereas phosphorylation of pRB prevents it 
from blocking cell cycle progression. 



FIGURE 13.6. The cell cycle clock 
machinery. GO, M, Gl, S, and G2 
refer to the quiescence, mitosis, first 
gap, DNA synthesis, and second gap 
phases of the cell cycle, respectively. 
The restriction point (R-point) is 
shown preceding S-phase entry. RB 
and RB-p represent unphosphorylated 
and hyperphosphorylated forms of 
the retinoblastoma protein. (Adapted 
from Lundberg AS, Weinberg RA. 
Control of the cell cycle and apopto¬ 
sis. Eur J Cancer 1999;35:531.) 
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+ CDK2 

FIGURE 13.7. The cell cycle clock. This version of the cell cycle 
shows where the retinoblastoma protein (pRB) is either phosphory- 
lated or dephosphorylated to regulate cell cycle transit. 


Expression of a specific subset of the cyclins called D-type 
cyclins (Dl, D2, and D3) is increased in early to mid-Gl in 
response to mitogenic signals. The D-type cyclins assemble 
with their catalytic partners, CDK4 and CDK6, and the cyclin 
D-CDK complex enters the cell nucleus where it becomes 
phosphorylated by a CDK-activating kinase (CAK). A critical 
function of the cyclin D-dependent kinases is the phosphory¬ 
lation of the Rb protein. Growth factor activation of Ras sig¬ 
naling and the MAPK cascade induces transcription of the 
cyclin Dl gene, decreases the turnover of the cyclin Dl pro¬ 
tein, and regulates cyclin D-CDK assembly. Expression of the 
D-type cyclins is dependent on continuous mitogenic stimula¬ 
tion. Progression through the mid- to late G1 phase of the 
mammalian cell cycle is dependent on the cyclin D-dependent 
protein kinases. 

Cyclin D-dependent kinases initiate the phosphorylation of 
Rb in mid-Gl, and then subsequent activation of the cyclin 
E-CDK2 complex leads to further phosphorylation of Rb on 
additional sites. Cyclin A-dependent CDK (CDK2) becomes 
activated during the S phase and cyclin B-dependent CDK 
(CDC2) becomes activated during G2 and M. These cyclin- 
dependent kinases help to maintain Rb in a hyperphosphory- 
lated state until mitosis has been completed and Rb is returned 
to its hypophosphorylated state at the beginning of Gl. 
Hypophosphorylated Rb inhibits the transcriptional activity 


of E2F protein family members. Hyperphosphorylation of Rb 
in late Gl phase disrupts its association with E2F family mem¬ 
bers, thereby enabling them to express their activity as tran¬ 
scription factors. The activation of the E2F transcription fac¬ 
tor complex is required for the expression of a set of genes 
whose activities are required for S-phase progression. These 
include gene products that regulate nucleotide metabolism and 
DNA synthesis, as well as cyclins E and A. 

The activities of CDKs are governed by other proteins 
called CDK inhibitors (CKIs). There are two families of CKIs 
based on structure and their CDK targets. One class includes 
the INK4 proteins (inhibitors of CDK4), which specifically 
bind and inhibit the activities of CDK4 and CDK6. This fam¬ 
ily is composed of four such proteins (pl6 INK4a , pl5 INK4b , 
pl8iNK4c ? anc [ pi9iNK4d^ The Cip/Kip family comprises the 
other family of CKIs. This family includes the proteins p21 Cipl , 
p 27 Kip i, anc [ p 57 Ki P 2 > jhg CKIs of the Cip/Kip family were 
originally thought to interfere with the activities of cyclin D-, 
cyclin E-, and cyclin A-dependent kinases. This view has now 
evolved with further data confirming that the Cip/Kip proteins 
are potent inhibitors of cyclin E- and cyclin A-dependent 
CDK2 activity; however, this family of CKIs appears to act as 
positive regulators of cyclin D-dependent kinases. Increased 
levels of cyclin D/CDK4 during the Gl phase results in seques¬ 
tration of the Cip/Kip CKIs, thereby preventing them from asso¬ 
ciating with and inhibiting cyclin E- and cyclin A-dependent 
CDK2. Activated CDK2 catalyzes hyperphosphorylation of 
Rb and also triggers the proteolytic destruction of p27 Kipl . 

In addition to transcriptional activation and induction of 
cyclin gene expression, proteolysis is a critical function in the 
regulation of the cell cycle. As mentioned previously, proteolytic 
destruction of is triggered during the S phase. Once the 

S phase has been initiated, the cell is no longer reliant on mito¬ 
genic signals or the D-dependent cyclins for progression 
through the remainder of the cell cycle. Cyclin E is degraded as 
cells progress through the S phase, cyclin A is degraded during 
G2, and cyclin B is degraded by the completion of the M phase 
to reset the system and thereby reestablish a period of mitogen 
dependence in the next Gl phase (Fig. 13.9). 

Disruption of the growth suppressive function of Rb is a 
common event in cancer. This may occur as the result of muta¬ 
tional inactivation of Rb itself or because of the disruption of 
pi6 function. Increased expression and activation of cyclin D 
and CDK4 (via amplification or transcriptional activation) 
are also common events in human cancer and result in the 
same type of inactivation of growth inhibitory function of Rb. 
Interestingly, complete loss of Cip/Kip function has not been 


FIGURE 13.8. Interactions of the retinoblastoma 
protein (pRB). The interaction of pRB and E2F is regu¬ 
lated by cell cycle-dependent phosphorylation by spe¬ 
cific cyclins acting with their partner cyclin-dependent 
kinases. Underphosphorylated pRB forms stable com¬ 
plexes with E2F/DP heterodimers and this complex 
actively represses transcription. pRB becomes hyper- 
phosphorylated in late Gl, thereby releasing E2F/DP, 
which is transcriptionally active when unbound from 
pRB. Late in the S phase, DP becomes phosphorylated, 
thereby neutralizing the DNA-binding capability of 
the E2F/DP heterodimer. (Adapted from Kaelin WG 
Jr. Functions of the retinoblastoma protein. Bioessays 
1999;21:950.) 
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Mitogen stimulation 



FIGURE 13.9. Fluctuations of cyclins and cyclin kinase 
inhibitors during the cell cycle. Cyclins E, A, and B 
undergo periodic oscillation during each cell cycle. In 
contrast, the D-type cyclins tend to remain elevated in 
cycling cells under the influence of growth stimuli. Levels 
of the inhibitor p27 Kipl tend to remain high in quiescent 
cells but are decreased in proliferating cells. (Adapted 
from Sherr CT. Cancer cell cycles. Science 1996:274: 
1672.) 


observed in cancer nor have cyclin E gene amplification or 
mutations resulted in increased cyclin E-dependent CDK 
activity. 

The CKIs appear to function as checkpoint controls to 
ensure that cell cycle progression occurs under the proper envi¬ 
ronmental conditions and that the proper intracellular signal¬ 
ing has been completed prior to the initiation of DNA synthe¬ 
sis. Further checkpoints are the DNA damage and replication 
controls that block mitosis when DNA is damaged or DNA 
replication is incomplete. These checkpoint controls are essen¬ 
tial for maintaining genomic stability, the failure of which 
allows cells to divide when DNA is damaged or DNA synthe¬ 
sis is incomplete or in the presence of faulty chromosomal seg¬ 
regation. 

All cancer cells have abnormalities in one or more of the 
components of cell cycle control involved in Gl- to S-phase 
transition. In some cases, loss of Rb function itself is the event 
that releases the cells from extracellular signaling constraints. 
Mutational loss of Rb function occurs in the vast majority of 
retinoblastomas and less frequently in other tumor types such 
as lung cancers and soft tissue sarcomas. In the absence of func¬ 
tional Rb protein, E2F is active and there is no requirement for 
activation of cyclin D/CDK4 to initiate DNA synthesis. Ampli¬ 
fication of the cyclin D1 gene is common in several types of 
human tumors such as breast, head and neck, esophageal, and 
hepatic malignancies. Increased expression of cyclin D1 with¬ 
out gene amplification is common in colorectal cancer. Deletion 
of the pl6 INK4a gene is also common in human cancers, par¬ 
ticularly in melanomas and in a subset of pancreatic cancers. 
Hereditary loss of pl6 INK4a function is associated with in¬ 
creased risk for melanoma and pancreatic cancer. All of the 
previous defects in cell cycle regulators result in loss of the 
same Gl/S checkpoint control. It is rare for more than one of 
the previously mentioned defects to be identified in the same 
tumor. 


Genomic Instability in Cancer 

Genomic instability, with a high frequency of chromosomal 
loss and gain, genome doubling, and subtler genetic muta¬ 
tions, is a common characteristic of cancer cells. Genomic 
instability increases the chance of specific gene mutations that 
are ultimately responsible for the various phenotypes of cancer 
cells. Cancer cells acquire defects in the checkpoints that con¬ 
trol normal mitosis, with its equal distribution of chromo¬ 
somes into daughter cells and cytokinesis. Failure of this 
checkpoint may result in unequal distribution of chromosomes 
or failure to undergo cytokinesis, and either polyploidy (4N, 
8N, etc.) or aneuploidy. 

The tumor suppressor protein p53 plays a critical role in 
maintaining genomic stability. p53 function is required to ini¬ 
tiate checkpoint-activated cell cycle arrest and programmed 
cell death in response to DNA damage. This function of p53 is 
necessary to ensure the integrity of the cellular genome by pro¬ 
tecting it from the adverse effects of DNA damage. The p53 


protein functions as an important transcription factor mediat¬ 
ing expression of a variety of genes whose products may 
directly regulate growth arrest or apoptosis. Growth arrest 
induced by p53 may enable a cell to repair DNA that has been 
damaged. Alternatively, p53 also functions to induce apopto¬ 
sis to prevent propagation of a cell lineage containing mutated 
DNA sequences. 

Expression of p53 may be induced by either DNA damage 
or by inappropriate mitogenic signaling. An example of an 
important p53-responsive gene product involved in cell cycle 
arrest is the cyclin kinase inhibitor protein p21 Cipl . Several 
p53-responsive gene products appear to be involved in the 
apoptotic response. These include Bax, Fas/Apo, Killer/Dr5, 
and the redox regulator gene products known as PIGs (p53- 
induced genes). The expression of Mdm2 is also induced on 
activation of the p53 gene. Mdm2 is a negative feedback regu¬ 
lator of p53 whose function is to target p53 for rapid degrada¬ 
tion. Interestingly, one of the two products of the INK4a/ARF 
locus, pl4 ARF inhibits the function of Mdm2, thereby stabiliz¬ 
ing and activating p53 and promoting cell cycle arrest and 
apoptosis in response to inappropriate mitogenic signals. The 
other product of the IN K4 a/ARF locus is pl6 Ink4a , the impor¬ 
tant inhibitor of CDKs 4 and 6, and a mediator of Gl cell 
cycle. 

The protein product of the Myc proto-oncogene also regu¬ 
lates both cell proliferation and apoptosis in cell culture systems. 
Myc expression is capable of preventing cells from exiting the 
cell cycle and of promoting continuous cell cycle progression. 
Expression of Myc also inhibits differentiation in certain cell 
types. Similar to the situation in which inappropriately 
increased E2F triggers apoptosis, inappropriate Myc expres¬ 
sion can also trigger apoptosis. Both increased E2F and Myc 
increase the expression of the ARF protein (pl4 and pl9), and 
as described previously, increased expression of ARF stabilizes 
p53, leading to both growth arrest and apoptosis. 

There is a growing list of additional proteins that are 
involved in sensing and repairing DNA damage, or in ensuring 
correct chromosomal segregation during mitosis. Loss of func¬ 
tion of these important genomic “caretaker” systems appears 
to be common in cancer cells, and this loss facilitates genomic 
instability with the accumulation of additional genetic lesions. 
The cumulative genetic mutations lead to tumor cells with 
selective advantages for aggressive biologic behavior including 
invasiveness and metastatic capacity, resistance to immunosur- 
veillance, resistance to apoptosis, and the ability to resist can¬ 
cer therapeutic interventions. 


Loss of Growth Inhibitory Effects of 
Transforming Growth Factor /3 in Cancer 

TGF-/3 regulation of epithelial cell proliferation is altered by 
transformation. Loss of responsiveness to the growth 
inhibitory effects of TGF-/3 occurs in many cancer cell types, 
including pancreatic, breast, and colorectal carcinoma cells. 
Thus, loss of growth inhibitory responses to TGF-/3 appears to 
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FIGURE 13.10. The effect of the transforming growth 
factor (3 (TGF -(3) signaling pathway on cells is context 
dependent. Normal cells respond to TGF -(3 with 
growth inhibition and TGF -(3 appears to function as a 
tumor suppressor under normal conditions. Although 
complete loss of the TGF -(3 receptors is expected to 
eliminate all autocrine (but not paracrine) effects of 
tumor-derived TGF-/3, postreceptor mutations should 
not. Tumor cells often lose the ability to undergo 
growth arrest in response to TGF -(3. Despite this loss of 
growth inhibitory effect, TGF -(3 autocrine effects on 
cell morphologic change and cell adhesion and cell 
migration (all likely to be advantageous for tumor 
cells) appear to be retained along with the paracrine 
effects. 
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be a common and important event that attends malignant 
transformation of epithelial cells (Fig. 13.10). 


Transforming Growth Factor /3 Signaling 
Abnormalities in Cancer 

The association of colorectal cancers, pancreatic carcinomas, 
and breast cancers with genetic lesions in the TGF -(3 signal 
transduction pathway underscores the importance of TGF -(3 
in maintaining homeostasis in the digestive tract and in the 
breast. One of the mechanisms by which tumor cells become 
resistant to the growth inhibitory actions of TGF -(3 is through 
downregulation or mutation of TGF-/3 type II receptor 
(T/3RII). Loss of TGF-/3 receptor function causes cellular loss 
of negative growth regulation by TGF -f3. Several studies have 
suggested that a decrease in expression or inactivation of 
T/3RII is a key step for the neoplastic transformation of epithe¬ 
lial cells in both the breast and the colon. Activation of Ras 
protein, which occurs frequently in colorectal cancer, results in 
a decreased expression of the T/3RII. 

T/3RII inactivation has been detected in a subgroup of col¬ 
orectal carcinomas associated with the microsatellite instabil¬ 
ity or RER (replication error) phenotype identified in approx¬ 
imately 13% of all colorectal cancers. Recent studies have also 
confirmed the presence of T/3RII mutations in an additional 
15% of microsatellite stable (MSS) colon cancers and TGF-/3 
signaling abnormalities distal to T/3RII in an additional 55% 
of these MSS colon cancers. It is of interest and seemingly 
paradoxical that the subset of colorectal cancers that exhibit 
microsatellite instability (and T/3RII mutations) tend to be 
proximal colon cancers and have a better prognosis (stage for 
stage) than the majority of sporadic colorectal cancers that do 
not share these genetic defects. 

Mutational loss of function of TGF-/3 signal transduction 
proteins has been identified in human colorectal cancer. 
Madr2 (Smad2) mutation was observed in 4%, and DPC4 
(Smad4) mutation has been reported in up to 30% of human 
colorectal cancers. Also, loss of heterozygosity (LOH) of 
Smad3 has been detected in 2 (one sporadic and one HNPCC) 
of 17 cancers examined. These types of mutations may have a 
significantly different phenotypic outcome as compared with 
that resulting from loss of the T/3RII. Smad4 mutation has also 
been identified in familial juvenile polyposis, a syndrome 


characterized by a predisposition to hamartomatous polyps 
and gastrointestinal cancer. These studies suggest that disrup¬ 
tion of Smad signaling may be involved in either the initiation 
or progression of certain cancers. 


Transforming Growth Factor /3 as a 
Tumor-promoting Factor 

There are several lines of evidence that TGF-/3 may actually 
promote malignant transformation and tumor progression for 
several different cell types and under selected circumstances. 
TGF-/3 expression tends to be increased in a wide variety of 
cancers (including colon cancer) relative to adjacent normal 
tissues. Transformation of cells with dominant oncogenes 
(e.g., Ha -ras or v-src) activates transcription of the TGF- 
(3 lgene. Studies of human colorectal cancers have demon¬ 
strated that high-level expression of TGF -(3 in the primary 
tumor is associated with advanced stages and is an indepen¬ 
dent predictor of risk for recurrence and decreased survival. 

There are several potential mechanisms for this tumor- 
promoting effect. For example, TGF -f3 may suppress tumor 
immunosurveillance. TGF -(3 exhibits growth inhibitory effects 
on moderate to well-differentiated primary colon carcinomas 
but stimulates the proliferation and invasion of poorly differ¬ 
entiated and metastatic colonic carcinomas. Treatment with 
TGF -(3 can induce estrogen-independent tumorigenicity of 
human breast cancer cells. TGF -(3 treatment can also substi¬ 
tute for wounding as a promoter of fibrosarcomas in chickens 
infected with the Rous sarcoma virus. 

Transformation of preinvasive epithelial neoplasm to the 
invasive phenotype with metastatic potential is characterized 
by several profound changes in gene expression and in cellular 
and tissue morphology. The changes in cellular morphology 
and tissue architecture can be observed histologically and are 
accompanied by dramatic changes in the behavior of the trans¬ 
formed cells. The metastatic phenotype is associated with the 
acquisition of fibroblastoid features and the ability of the cells 
to invade stroma and blood vessels. There is mounting evi¬ 
dence that autocrine TGF -f3 expression by tumor cells can play 
a major role in the epithelial to fibroblastoid conversion that 
accompanies malignant transformation in mammary cells and 
in keratinocytes. TGF-/31 overexpression enhanced progres¬ 
sion of carcinogen-induced skin cancers toward the malignant 
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spindle cell phenotype in transgenic mice expressing high lev¬ 
els of TGF-/3 in the skin. The TGF-/3-induced epithelial to 
mesenchymal transition in Ha-ras-transformed mammary 
epithelial cells involves disrupted cell-cell adhesion and the 
loss of epithelial cell polarity in addition to causing the cells to 
become more spindle shaped and invasive. The loss of cell 
polarity in response to TGF-/3 appears to be the result of a dis¬ 
ruption of ZO-1 and F-actin proteins comprising the tight 
junctions in mammary epithelial cells. 

There also is an important regulatory interaction between 
the TGF-/3 and cyclooxygenase-2 (COX-2) pathways. Forced 
overexpression of COX-2 in the nontransformed RIE-1 cells 
results in downregulation of the T/3RII, and forced overex¬ 
pression of COX-2 in a human colon cancer cell line results in 
increased secretion of TGF-/31 from those cells. TGF-/3 syner- 
gistically enhances the expression of COX-2 in conditionally 
Ha-ras-transformed RIE-1 cells, and the increase in COX-2 
expression by TGF-/3 in the context of ras transformation 
occurs primarily through a marked increase in the stability of 
the COX-2 mRNA. 

The predominant effect of TGF-/3 appears to be dependent 
on the context of the responding cell. Thus, the divergent 
effects of TGF-/3 in carcinogenesis may depend on the prolifer¬ 
ative capacity and state of differentiation of the epithelial cell, 
both of which may be altered during the process of neoplastic 
transformation. Clearly, TGF-/3 signaling has an important 
tumor suppressive role; however, after transformation has 
occurred, TGF-/3 effects may be detrimental and may actually 
promote tumor cell survival, invasion, and metastasis. Recent 
work suggests that these effects may involve TGF-/3 regulation 
of COX-2 and other pathways that may contribute to tumor 
cell aggressiveness. 


TUMOR HOST INTERACTIONS 


There are many complex pathways within the tumor cell that 
allow it to express a phenotype different from that of normal 
replicating cells. There are important interactions between the 
tumor cell and surrounding normal cells that enhance the attrib¬ 
utes normally ascribed to cancer. In the Hanahan and Weinberg 
six capability model, the two capabilities most involved in these 
tumor interactions are sustained angiogenesis and tissue inva¬ 
sion and metastasis. Both of these processes involve a carefully 
coordinated interplay between a variety of cell types, each influ¬ 
encing the other’s growth and development. 


Tumor Angiogenesis 

Q The observation that tumors require the establishment of a 
vasculature to grow larger than several millimeters is one that 
was clearly elucidated by Judah Folkman in 1971. Since that 
time there has been a growing realization that tumors must 
develop a network of vessels to grow, invade, and metastasize. 
A variety of signals allow tumor cells to stimulate vessel in¬ 
growth. One of the more commonly studied cytokines is vas¬ 
cular endothelial growth factor (VEGF). Many studies have 
linked the ability of a tumor to produce VEGF with its malig¬ 
nant potential. This has been shown in breast cancer, colon 
cancer, and kidney cancer, as well as others. VEGF is actually 
a family of cytokines, which act on the endothelial cell through 
a variety of surface receptors. The most common VEGF iso¬ 
types (A, B, and C) act on predominantly three endothelial cell 
receptors (VEGF-R 1, 2, and 3). VEGF receptors 1 and 2 bind 
VEGF and act predominantly to modulate endothelial cell pro¬ 
liferation and maturation in blood vessels. VEGF-C, working 
through VEGF receptor 3, exerts its effects predominantly on 
the endothelial cells of the lymphoid system. 

Several lines of evidence have demonstrated the importance 
of VEGF as a tumor-derived factor for stimulating and recruit¬ 


ing a blood supply. Models have been developed that demon¬ 
strate the importance of VEGF in tumorigenesis. Using a trans¬ 
genic mouse model of pancreatic islet carcinoma (RIPl-Tag2), 
Hanahan et al. demonstrated that five VEGF lineage genes are 
expressed in normal islets and throughout islet tumorigenesis. 
When this group produced an islet beta cell-specific knockout 
of VEGF-A, the resulting islets in these animals had reduced 
vascularity but retained their normal physiology. In RIPl-Tag2 
mice in which most of the oncogene expressing cells had 
deleted the VEGF-A gene, both angiogenic switching and 
tumor growth were disrupted, as was the degree of neovessel 
formation. This elegant work demonstrates the crucial role of 
VEGF in angiogenesis. Although such experimental work is 
compelling, clinical data support this notion further. 

A humanized mouse monoclonal antibody against VEGF 
(bevacizumab, Avastin, Genentec, Inc.) has recently completed 
phase III clinical trials and has received Food and Drug Admin¬ 
istration (FDA) approval based on its activity in patients with 
colon cancer. In a prospective randomized phase III trial in 
renal cancer, James Yang et al. demonstrated that systemic 
administration of anti-VEGF antibody to patients with 
metastatic renal cell carcinoma resulted in a significant prolon¬ 
gation in the time to disease progression when compared with 
patients receiving a placebo. Herb Hurwitz et al. combined 
anti-VEGF antibody with a three-drug chemotherapy regimen 
consisting of 5-fluorouracil (5FU), leucovorin, and irinotecan 
for patients with metastatic colorectal carcinoma and com¬ 
pared this combination with the three-drug chemotherapy reg¬ 
imen alone. The addition of the anti-VEGF antibody to the 
standard chemotherapy regimen resulted in an improved 
response rate and an improved disease-free and overall sur¬ 
vival. This clear relationship between blockade of factors 
known to induce tumor vasculature leading to antitumor 
effects seen clinically in patients underscores the importance of 
the angiogenic process in human tumors. 

To gain a better understanding of the complex relationships 
between tumor cells and the surrounding stromal cells, includ¬ 
ing the endothelium, a basic understanding of the molecular 
processes involved in endothelial cell growth and differentia¬ 
tion is important. Indeed, regulation of vessel growth and pro¬ 
liferation is an important component of normal homeostatic 
mechanisms. Following embryogenesis and tissue formation, 
the growth of new blood vessels in normal tissues is carefully 
controlled and regulated. In addition to VEGF, there are a 
number of other regulatory cytokines, both initiators of vessel 
formation and inhibitors, that are regulated in a careful bal¬ 
ance. An understanding of this balance may allow a more 
informed selection of targets for future cancer therapies. In 
addition to VEGF, other stimulatory cytokines have been 
shown to play an important role in a tumor’s ability to recruit 
a vasculature. Among these, acidic fibroblast growth factor 
(aFGF) and basic fibroblast growth factor (bFGF) as well as 
placental-derived growth factors play important roles. 

In addition to a careful balance of cytokines, integrin sig¬ 
naling plays an important role in regulating angiogenesis. 
When quiescent blood vessels are compared to activated or 
actively proliferating blood vessels, the panel of expressed 
integrins differs. Integrins such as av/33, which plays an 
important role in endothelial cell adhesion to vitronectin (a 
component of the extracellular matrix), is differentially 
expressed in the vasculature of certain tumors when compared 
to other histologies and to normal tissues. Endothelial cells dif¬ 
fer in their expression of various surface proteins depending 
on the tissue in which they reside. Work by investigators such 
as Pasqualini and Arap has demonstrated the diversity of 
endothelial cells and underscores the important observation 
that not all endothelial cells are the same. 

In landmark studies using phage display techniques, 
Pasqualini and Arap have demonstrated that endothelial cells 
have unique surface markers that define their differences based 
on their tissue of origin. These so-called endothelial cell zip 
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ITABLE 13.3 

1 

ENDOGENOUS NATURALLY OCCURRING 
ANGIOGENESIS INHIBITORS 


Angiostatin/other plasminogen kringles 

IP-10 

Antithrombin (cleaved) 

METH-1 and -2 

Endostatin 

MIG 

Fibronectin fragments 

pl6 

PEX 

p53 

16-kD Prolactin 

Canstatin 

Prothrombin kringle-2 

PEDF 

Maspin 

Platelet factor-4 

Restin 

Proliferin-related 

Vasostatin 

protein 

IL-1, -4, -10, -12,-18 

PSA 

Arresten 

Protamine 

IFNs 

Retinoic acid 

TIMPs 

Soluble FGF 

l,25-(OH) 2 -vitamin D 

2-Methoxyestradiol 

receptor 

TGF-/31 

TNF-u 

Angiopoietin-2 

EMAP-II 

g''o-/3 

Troponin I 

TSP-1 and -2 


EMAP, endothelial monocyte octivating polypeptide; FGF, fibroblast 
growth factor; IFNs, interferons; IF, interleukin; PSA, prostate-specific 
antigen; TGF, transforming growth factor; TIMPs, tissue inhibitor of 
metalloproteinases; TNF, tumor necrosis factor; TSP, thrombospondin. 


codes may provide a unique target for delivering endothelial 
cell-directed therapies. This diversity may also explain, in 
part, the differences in response rates of various tumors to dif¬ 
ferent angiogenesis inhibitors. 

A series of elegant experiments performed by Kalluri et al. 
focused on the relationship of endothelial cell surface integrin 
expression to the response of those endothelial cells to the 
effects of various angiogenesis inhibitors. Kalluri showed that 
endothelial cells expressing avfi 3 responded to the collagen IV 
derivative tumstatin and not to endostatin. Conversely, 
endothelial cells expressing the integrin a5/3 1 responded to 
endostatin rather than tumstatin. This was confirmed in ani¬ 
mals bearing tumors. This specificity for certain integrin pro¬ 
files is a critical observation in choosing the appropriate angio¬ 
genesis inhibitor and may explain, in part, the early clinical 
results with this class of agents. 

A host of counterregulatory angiogenesis inhibitors have 
also been elucidated. These include thrombospondin 1, angio- 
statin, endostatin, and a series of collagen IV derivatives known 
as canstatin, arresten, and tumstatin. Table 13.3 lists some of 
these angiogenesis inhibitors; however, the field is rapidly grow¬ 
ing and evolving and therefore any list must be considered rep¬ 
resentative rather than all-inclusive. The balance between 
proangiogenic factors and angiogenesis inhibitors was termed 
the “angiogenic switch” by Hanahan and Folkman. Tumors can 
activate this switch by changing the relative balance between 
inducers and inhibitors. How this balance is altered is the sub¬ 
ject of ongoing study. 

An intriguing possibility is that naturally occurring angio¬ 
genesis inhibitors play a gatekeeper function by inhibiting 
the progression of premalignant lesions by preventing their 


ability to recruit a blood supply. Thrombospondin 1 (TSP-1) 
has been implicated as a putative regulator of such a process. 
Preclinical mouse models as well as studies of clinical sam¬ 
ples have shown an inverse relationship between the level of 
TSP-1 expressed and the invasive potential of the tumor. This 
relationship has also been identified in cervical cancer speci¬ 
mens. 

Both endostatin and tumstatin have also been implicated in 
such a gatekeeping role. A curious clinical observation is that 
patients suffering from Down syndrome have a distinctly 
lower incidence of the common solid tumors than the general 
population. As Down syndrome patients have lived longer, 
they have a much lower rate of lung, breast, and colon cancers. 
Down syndrome is caused by trisomy of chromosome 21, 
which is the location of the gene coding for collagen XVIII, the 
precursor of endostatin. Down syndrome patients have higher 
circulating levels of endostatin than the normal population, 
perhaps due to the extra copy of the collagen XVIII gene on 
the additional chromosome 21. Kalluri has postulated that 
these elevated levels of circulating endogenous angiogenesis 
inhibitors may function as endothelium-specific tumor sup¬ 
pressors. An attractive future strategy for tumor prevention 
might involve exogenous administration of these inhibitors or, 
alternatively, administration of small molecules that raise the 
circulating levels of endogenous inhibitors, thus decreasing the 
ability of noninvasive lesions from developing an invasive 
phenotype. 


Tissue Invasion and Metastasis 


Although the primary tumor can cause significant morbidity 
and even death, by far the majority of deaths due to cancer 
result from metastatic disease. Metastatic disease remains the 
most difficult component of cancer to treat, and therefore a 
thorough understanding of the processes that lead to the abil¬ 
ity of cancer cells to spread to and grow in distant sites is crit¬ 
ical. In the past, much work focused on the complex process 
of metastasis was observational; however, new tools now 
make it possible to study the pathways involved at a molecu¬ 
lar level. 

For tumor cells to invade into surrounding tissue and gain 
access to the lymphatics and blood vessels, a number of 
changes must take place. The normal cell surface proteins, 
which mediate contact inhibition and allow for normal anchor¬ 
ing to the extracellular matrix (ECM), must be perturbed. Two 
classes of such proteins are the cell-cell adhesion molecules 
(CAMs) and the integrins. 

One example of an important CAM is E-cadherin, a mem¬ 
ber of the calcium-dependent cadherin family. E-cadherin is 
expressed on epithelial cells and helps to mediate antigrowth 
signals between cells. E-cadherin forms bridges between cells 
and transmits antigrowth signals via contact with /3-catenin in 
the cytoplasm and downstream signaling via Lef/Tcf tran¬ 
scription factor. Mutations in E-cadherin or /3-catenin can 
result in the loss of antigrowth signals and contact inhibition, 
leading to epithelial carcinomas. 

A member of the immunoglobulin super family, N-CAM, is 
another example of a CAM that plays a pivotal role in pre¬ 
venting invasion and metastasis. Mutations in N-CAM can 
result in a change in isoform from an adhesive to a poorly 
adhesive phenotype. These mutations have been identified in 
small cell lung cancer and Wilms tumor. 

Integrins play a critical role in anchoring cells to the ECM. 
Different cell types rely on different integrins to perform this 
function. Successful interaction between an integrin and the 
ECM can suppress growth signals. Integrins are often made up 
of an a and a f3 subunit. The switching between these subunits 
can result in differing phenotypes with respect to cell growth 
and invasion. 
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Beyond contact inhibition and anchorage dependence, cells 
must also shift in their ability to produce enzymes, which allow 
for the degradation of the basement membrane and ECM to 
allow invasion and migration. Differential expression of pro¬ 
teases can allow for tissue invasion and access to lymphatics 
and vessels, which can provide a conduit to distant organ sites. 

Once a tumor cell loses contact inhibition and expresses 
proteases, there is no guarantee that it will be able to grow in a 
distant organ such as the lung or liver. In addition to surviving 
the trip to the distant site, it must be able to take up residence 
in the organ and grow. Not every tumor cell that successfully 
reaches a distant site will be able to multiply and grow success¬ 
fully. Some organs do not readily allow for the growth of cells 
of certain histologies (e.g., colon cancer does not commonly 
metastasize to the kidney). In some very elegant experiments, 
Fidler has studied this “seed and soil” phenomenon. 

Fidler et al. looked at the ability of orthotopically placed 
colon cancer cells implanted in the cecum of mice to effectively 
metastasize to other organs. When these cells were implanted 
in the cecum and normal mesenteric vascular anatomy drained 
the site through the mesenteric vein to the portal vein and into 
the liver, liver metastases were seen to develop in these ani¬ 
mals. However, when Fidler rerouted the venous drainage 
from the colon by reimplanting the mesenteric vein into the 
renal vein, metastases did not develop in the kidney. Clearly, 
some growth factors were present in the target organ or cell 
surface interactions between the tumor cell and the cells of the 
target organ that allowed colon cancer to grow in the liver but 
not in the kidney. Such organ predilection for tumor metas¬ 
tases has also been observed clinically. 

Ocular melanoma, melanoma that develops from the pig¬ 
mented cells within the eye, can metastasize systemically. The 
most common site of metastases for ocular melanoma is the 
liver. In fact, the majority of patients with metastatic ocular 
melanoma present initially with isolated liver metastasis. 
There is no clear-cut anatomic drainage pattern from the eye 
to the liver. In fact, when liver metastases are successfully 
treated, ocular melanoma can grow in other sites, such as the 
lungs and subcutaneous tissues. However, the liver as a first 
site for the spread of ocular melanoma clearly indicates some 
“seed and soil” relationship that promotes the ability of these 
cells to grow in a specific site. 

Other examples of specific sites for metastatic disease are 
more easily understood based on venous drainage. Colon can¬ 
cers arising above the peritoneal reflection often metastasize to 
the liver consistent with the mesenteric venous drainage via the 
portal system. Rectal cancers below the peritoneal reflection, 
which are drained by the pudendal veins into the caval system, 
often metastasize first to the lungs. 

Although much of the focus of understanding tumor invasion 
and metastasis has focused on the tumor cells themselves, there 
is increasing evidence that the host may play a facilitative role in 
the ability of cells to invade and metastasize. Kent Hunter and 
his group at the NCI have investigated the role of host genetics 
and tumor metastasis. Hunter’s group observed that, although a 
typical tumor can shed millions of cells into the bloodstream 
daily, very few clinically relevant metastases are ultimately 
formed. Using transgenic mouse models, Hunter has demon¬ 
strated that tumor cells carrying mutations in key metastasis- 
associated genes may demonstrate the ability to metastasize in 
certain strains of mice while they are unable to metastasize in 
other strains despite their ability to form tumor nodules. Expres¬ 
sion of genes that are important for the ability of tumor cells to 
metastasize has also been shown to be altered in the host tissues 
themselves. The hypothesis that particular genetic mutations or 
polymorphisms in the host may make one patient more prone to 
metastatic disease than another is an intriguing one that war¬ 
rants further investigation. If such markers could be identified, 
then patients at higher risk for metastases could be treated with 
more aggressive adjuvant therapies following surgical resection. 


By contrast, those patients without such a predisposition may do 
well with surgical resection of the primary lesion alone. 


THE FUTURE OF 
CANCER THERAPY 


Throughout the 20th century, the standard approaches for the 
treatment of cancer included surgical resection, radiation ther¬ 
apy, and chemotherapy. Although advances in specific techni¬ 
cal applications and in combinations of therapies were made, 
these three broad modalities remained the foundation of ther¬ 
apeutic approaches. This section focuses on novel strategies 
for treating cancer that may serve to complement and in some 
cases replace the traditional paradigm of surgery, radiation, 
and chemotherapy. 


Targeted Molecular Therapies 

The explosion in information and the increase in our under¬ 
standing of the basic pathways involved in the transformation 
of normal cells into invasive cancers have ushered in a new field 
of oncologic research. The concept behind molecular therapeu¬ 
tics is that a more thorough understanding of the alterations in 
specific pathways that result in the cancer phenotype may 
allow for the development of agents that either block a precan¬ 
cer phenotype or replace factors that inhibit the transformation 
to cancer. It could be argued that many standard chemothera¬ 
pies work in this manner. Alkylating agents as well as 
antimetabolites indeed target specific structures such as DNA, 
which are critical for tumor cells to divide and proliferate. How¬ 
ever, these agents for the most part do not distinguish between 
normal cells and tumor cells. The promise of molecular therapy 
is the ability to make such a distinction. The importance of this 
is obvious. By distinguishing normal cells from neoplastic cells, 
toxicity may be reduced and efficacy increased. 

One example of this strategy is the development, applica¬ 
tion, and subsequent FDA approval of the agent imatinib 
(Gleevec). Imatinib is an inhibitor of the Bcr-Abl kinase and 
was initially developed as a treatment for Bcr-Abl-positive 
leukemias. Imatinib was also found to inhibit other receptors, 
which signaled through kinases such as PDGF-receptor as well 
as c-Kit. This observation led to the application of imatinib to 
tumors beyond leukemias such as gastrointestinal stromal 
tumors (GISTs). The understanding of the importance of 
receptor signaling in the transformation of neoplastic cells 
allowed for the development of an agent that targeted these 
receptor kinases, thus blocking their activity. 

Additional receptor kinase inhibitors have been developed 
against other receptors that have been shown to play an 
important role in cancer invasion and metastasis. EGF-R has 
been shown to play an important role in head and neck can¬ 
cers, non-small cell lung cancers, and pancreatic cancers. Sev¬ 
eral agents have been developed that block the activity of this 
receptor. The small molecule tyrosine kinase inhibitor gefitinib 
(Iressa) has received FDA approval for the treatment of 
non-small cell lung carcinoma. Cetuximab (Erbitux) has been 
used for head and neck cancers as well as colon cancer. Table 
13.4 gives a representative list of a number of targets and the 
agents that have been developed to inhibit them. The VEGF 
receptors also signal through kinases and can be blocked by a 
variety of agents still in clinical trials. These agents have been 
utilized alone and in combination with more conventional 
cytotoxic chemotherapies. 

The expression of HER2 (neu) in breast cancer has been 
shown to influence the aggressiveness of these tumors. For 
those patients with breast cancer that expresses HER2, the 
agent trastuzumab (Herceptin), a humanized monoclonal anti¬ 
body, has been used with success to block HER2 signaling. 
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| TABLE 13.4 | 

MOLECULAR TARGETS AND THE AGENTS DEVELOPED TO 
MODULATE THEM 

■ TARGET 

■ AGENT 

■ MANUFACTURER 

Bcr-abl 

Gleevec 

Novartis 

HER2 (neu) 

Herceptin 

Genentech 

Ras 

R11577 

Johnson &c Johnson 

VEGF 

Avastin 

Genentech 

VEGF 

VEGF Trap 

Regeneron 

EGFR 

Iressa 

AstraZeneca 

EGF 

ABX-EGF 

Abgenix 

Cyclin- 

dependent 

kinase 

Flavopiridol 

Aventis 

Protein 
linase C 

Affinitak 

Isis Pharmaceuticals 

EGF, endothelial growth factor; EGFR, epidermal growth factor 
receptor; VEGF, vascular endothelial growth factor. 

Adapted from Becker J. Signal transduction inhibitors: a work in 
progress. Nature Biotechnol 2004;22:15. 


Herceptin in combination with chemotherapy for patients 
with tumors expressing HER2 has been shown to be superior 
to chemotherapy alone. 

These targeted agents represent an important new strategy, 
and the number of new agents in the study is likely to increase 
as new targets are identified. In many cases, the evaluation of 
these agents will require the development of novel monitoring 
techniques that can reveal if the targeted pathway is being 
effectively modulated. One example of this is the use of fluo- 
rodeoxyglucose (FDG) positron emission tomography (PET) 
scans and imatinib in the monitoring and treatment of patients 
with GISTs. 

Another area of active investigation is the development of 
agents that modulate the methylation status of DNA. DNA 
methylation is an epigenetic event, which commonly occurs in 
the cell and allows for the control of gene expression. Methyl 
groups added to specific sequences (known as CpG islands) 
generally in the region of promoters result in the silencing of 
gene expression. 

Hypermethylation often occurs in cancer. Most often, the 
genes that are susceptible to hypermethylation are those 
involved in cell cycle regulation, DNA repair, apoptosis, drug 
resistance, differentiation, angiogenesis, and metastasis. 
Hypermethylation can result in the inactivation of normally 
reactive tumor suppressors, which would otherwise prevent 
malignant transformation. Agents that result in DNA demethy- 
lation are undergoing active study as anticancer therapies. 
Agents such as decitabine reverse methylation in a number of 
tumor lines and have been shown to act on solid tumors as well 
in clinical trials. Other strategies involve targeting histone- 
deacetylase (HD AC). HD AC is an important enzyme that is 
activated by DNA methylation to repress gene expression. 
HD AC inhibitors have been shown to increase gene expression 
from methylated genes. 

Although the majority of cancers demonstrate hyperme¬ 
thylation, there are some that have evidence of hypomethyla- 
tion, such as breast, cervical, and brain tumors. Hypomethy- 
lation is thought to activate tumorigenesis by turning on 
oncogenes such as c -myc and H-ras. Clearly, agents that result 
in demethylation will not be universally applicable to all can¬ 
cers, and site-specific methylating agents may also be needed. 


Another exciting field of investigation is in the ability to 
silence specific gene transcripts. If a tumor is known to overex¬ 
press K-ras, having the ability to turn off this expression would 
be advantageous. Small interfering RNA (siRNA) is a type of 
RNA designed to bind to messenger RNA, resulting in the 
degradation and removal of the message. RNA interference can 
be incorporated into a strategy to decrease the available mes¬ 
sage for subsequent translation. These siRNA can be generated 
as short oligonucleotide DNA fragments or delivered in a plas¬ 
mid form for expression within a cell. In vitro and in vivo 
experiments have demonstrated the efficiency of this strategy of 
gene silencing and efforts are under way to develop methods 
for delivering siRNA in a clinical setting. 


Gene Therapy 

Q Despite the controversy surrounding human clinical trials 
using gene therapy, this strategy remains a promising 
approach for the treatment of patients with cancer. Gene ther¬ 
apy involves the delivery of a cDNA coding sequence for a par¬ 
ticular gene of interest via a vector to a host organism with 
subsequent expression of that gene and production of the gene 
product. The gene product can provide a missing protein 
whose function in the case of cancer results in the suppression 
of the neoplastic phenotype or the protein can result in the 
lysis or destruction of the tumor or the tumor’s associated vas¬ 
culature. Many genes have been considered as likely candidates 
for gene delivery strategies to treat tumors. There are also sev¬ 
eral different vector systems that can be utilized to deliver these 
genes. 

Vectors. The choice of a vector, which is a term used to 
describe the carrier for the gene sequence that is being deliv¬ 
ered, depends to a certain degree on the route of administra¬ 
tion, the target tissue, the amount of gene product one hopes 
to produce, and finally the duration of expression of the gene 
that is necessary to effect a response. Vectors tend to be cate¬ 
gorized into two major classes. Nonviral vectors including 
plasmid DNA, liposomes, nanoparticles, and other synthetic 
carriers are attractive in that there is generally little to no 
immune response from the host and no endogenous viral pro¬ 
teins produced. In addition, these vector systems tend to be 
transient in their expression and, unless otherwise engineered, 
do not integrate into the host genome. The downside of nonvi¬ 
ral vectors is that both the level of gene product expression and 
the duration of expression tend to be less than with viral vector 
systems. Viral vectors have the advantage of efficient transfec¬ 
tion or transduction of host cells and sustained elevated levels 
of gene expression. The disadvantage is their potential 
immunogenicity, which may render multiple administrations 
less successful as well as increase the potential for host tissue 
toxicity. 

Both nonviral and viral vector systems can be engineered to 
target specific tissue beds or tissue types and be delivered in a 
nontargeted way to host organs such as the liver. The choice 
between a targeted or nontargeted vector generally depends on 
the particular gene to be expressed and the ultimate goals of 
the therapy. This strategy has been illustrated by the applica¬ 
tion of antiangiogenic gene therapy to the treatment of cancer. 

The goal of antiangiogenic gene therapy is to deliver an 
angiogenesis inhibitor in such a way that the body produces 
the protein of interest, thus eliminating the difficulties in 
recombinant production and the need for repeat administra¬ 
tion of these proteins. Two strategies have been employed to 
deliver antiangiogenic agents via gene therapy (Fig. 13.11). 
The first is to engineer the vector system to target the gene of 
interest to the tumor cell or the tumor-associated vasculature. 
The advantage here is that relative tissue levels of the agent of 
interest can be significantly higher than those that are achieved 
through systemic production. In addition, genes that produce 
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FIGURE 13.11. Strategies for antiangiogenic gene 
therapy. A: Tumor-directed antiangiogenic gene ther¬ 
apy facilitates paracrine activity and avoids systemic 
toxicity. B: Systemic antiangiogenic gene therapy uti¬ 
lizes normal host tissue such as the liver as a “factory” 
to elevate systemic levels of the gene product. (Adapted 
from Feldman AL, Libutti SK. Progress in antiangio¬ 
genic gene therapy of cancer. Cancer 2000;89;1181.) 


a product with direct cytotoxicity to the cancer cell or the 
tumor’s associated vasculature can be administered in a tar¬ 
geted way so as to reduce potential toxicity to normal tissues. 

An alternative strategy is to deliver a vector to an organ 
such as the liver resulting in efficient transfection of hepato- 
cytes with the gene for the angiogenesis inhibitor. The goal in 
this strategy is to harness the liver as a “factory” to produce 
circulating levels of the angiogenesis inhibitor to prevent the 
further growth and spread of micrometastatic disease through¬ 
out the body. Viral vectors such as adenovirus or adeno-asso- 
ciated virus with their native predilection for liver infection 
owing to CAR receptor uptake have been the vectors of choice 
for this approach. However, nonviral vectors such as lipo¬ 
somes tend to be taken up by the reticular endothelial system 
in the liver as well, and they also result in sustained gene 
expression and circulating levels of the protein. Table 13.5 lists 
various genes coding for angiogenesis inhibitors as well as the 
vectors used for their delivery that have been studied. 

In addition to gene therapy strategies that employ the 
replacement of a gene such as p53 or the delivery of a cyto¬ 
toxic gene such as thymidine kinase and ganciclovir therapy, 
the use of cytotoxic vectors alone has shown some promise. 
Vaccinia virus is a cytoplasmic virus that is related to the virus 
causing smallpox. Vaccinia virus delivery results in the infec¬ 
tion and subsequent lysis of the cells infected. Studies utilizing 
vaccinia targeted to tumors have demonstrated the potential 
for this strategy in inhibiting the growth and spread of 
tumors. 

Several clinical trials have been conducted utilizing gene 
therapy for cancer. Adenovirus carrying p53 has been studied 
in both direct arterial infusion into the liver as well as the treat¬ 
ment of glioma, lung cancer, ovarian cancer, and breast cancer. 
Recurrent head and neck cancer has also been studied. So- 
called suicide gene therapy utilizing the herpes simplex virus 
thymidine kinase gene and the prodrug ganciclovir has been 
studied in the clinic. Patients with mesothelioma have been 
studied in a phase I trial using this strategy, as have patients 


with prostate adenocarcinoma using direct injection of an ade¬ 
novirus expressing hsv-tk followed by ganciclovir exposure. 
These studies have demonstrated the safety of this strategy, 
although studies to evaluate efficacy are still under way. 

The future of gene therapy for cancer is dependent on sev¬ 
eral important lines of investigation. Improved vectors are 
needed that minimize toxicity, allow for specific targeting, 
decrease the host’s immune response or prevent a host immune 
response, and can be produced efficiently for clinical use. The 
judicious selection of the appropriate genes to deliver in such a 
strategy is dependent on further investigation into the molecu¬ 
lar pathways that are important to the malignant phenotype. 


Immunotherapy 

Harnessing the body’s immune system to attack cancer is an 
attractive strategy and area of investigation. Tumors express 
antigens that are often different from the antigens expressed 
by the normal cells. There are two main approaches for the use 
of immunotherapy to treat patients with cancer. The first 
involves the use of vaccine therapy to stimulate the body’s 
native immune system, mainly antigen-presenting cells and 
lymphocytes, to react specifically against the tumor antigens 
resulting in tumor regression. The second is the transfer of 
lymphocytes isolated from the patient’s tumor tissue (tumor 
infiltrating lymphocytes [TILs]) that have been selected for 
their immunoreactivity against the patient’s tumor. 

Vaccine therapy may utilize peptides derived from the pro¬ 
tein sequence of the cancer antigen, gene therapy with vectors 
carrying a coding sequence for the peptide or antigen, or, alter¬ 
natively, the delivery of whole tumor lysate providing a variety 
of antigenic stimuli. Once vaccinated, the protein or peptide is 
processed by antigen-presenting cells in the context of the 
patient’s class I major histocompatibility complex (MHC) 
molecule, thus stimulating a lymphocyte response to the 
tumor. 
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TABLE 13.5 


ANTIANGIOGENIC GENE THERAPY: GENES AND VECTORS 


■ GENE 

■ DELIVERY VECTOR 

■ FINDINGS 

Angiostatin 

Adeno-associated virus 

Cationic liposome: 

DNA complex 

In vitro transfection 

In vitro transfection 
Retrovirus 

Adenovirus 

Adenovirus 

Cationic liposome:DNA 
complex 

Supernatant fluid from transduced tumor cells inhibited endothelial cell 
proliferation in vitro. 

Supernatant fluid from transfected tumor cells inhibited angiogenesis in the 
in vivo Matrigel model. 

Transfection of murine fibrosarcoma cells inhibited their growth as primary or 
metastatic tumors in mice. 

Transfection of murine B16F10 melanoma cells inhibited their growth as primary 
or metastatic tumors in mice. In vitro transduction of glioma cells inhibited their 
growth in mice. 

Stereotactic injection into intracerebral gliomas inhibited tumor growth in mice. 

Pretreatment with intravenous adenovirus inhibited establishment and growth of 

C6 rat gliomas in mice. 

Intravenous injection of liposome:DNA complexes reduced B16F10 murine 
melanoma metastasis. 

Endostatin 

Adeno-associated virus 

In vitro transfection 

Polymerized plasmid DNA 

Cationic liposome:DNA 
complex 

Adenovirus 

Adenovirus 

Supernatant fluid from transduced tumor cells inhibited endothelial cell 
proliferation in vitro. 

Stable transfection of mouse and human tumor cell lines inhibited formation of 
lung and liver metastases in mice. 

Intramuscular injection of endostatin plasmid inhibited syngeneic tumor growth 
and tumor metastases in mice. 

Intravenous injection of liposome:DNA complexes inhibited growth of human 
breast carcinoma in nude mice. 

Intravenous injection of recombinant adenovirus inhibited growth of subcutaneous 
tumors in nude mice. 

Intravenous injection of recombinant adenovirus inhibited subcutaneous tumor 
growth and prevented lung metastases in nude mice. 

IL-4 

Retroviral packaging cells 

Stereotactic injection inhibited angiogenesis and growth of intracerebral rat gliomas 
and was immunostimulatory. 

IL-10 

In vitro transfection 

In vitro transfection 

Transfection of human melanoma cells inhibited angiogenesis, tumor growth, and 
establishment of metastases. 

Transfection of human prostate cancer cells inhibited their growth in nude mice 

IL-12 

Semliki Forest virus 

Intratumoral injection inhibited B16 melanoma angiogenesis and growth in mice 
independent of immune response. 

IFN-a 

TIMP-1 

In vitro retroviral 
transduction 

Adenovirus 

Transduction of human prostate carcinoma cells inhibited their ability to form 
tumors and lymph node metastases in nude mice. Adenoviral infection of 
endothelial cells inhibited their migration in vitro. 

TIMP-2 

In vitro transfection 

Transfection of B16F10 murine melanoma cells inhibited angiogenesis, tumor 
growth, and metastases in mice. 

TSP-1 

Liposome:DNA complex 

Intravenous injection of DNA complexes encoding a TSP-1 fragment inhibited 
human breast carcinoma growth in mice. 

pl6 

Adenovirus 

Pretreatment with virus inhibited the ability of glioma cells to induce angiogenesis 
in a dorsal air sac model in nude mice. 

p53 

Liposome:DNA complex 

Liposome:DNA complex 

Intravenous injection inhibited human breast carcinoma growth associated with 
decreased blood vessel density in nude mice. 

Intravenous injection reduced angiogenesis and inhibited establishment of B16F10 
lung metastases in C57BL/6 mice. 

PF-4 

Adenovirus 

Coinjection of adenovirus with glioma cells under renal capsule of nude mice 
inhibited tumor growth and vascularity. 

EMAP-II 

Vaccinia 

Intravenous injection of vaccinia enhanced tumor sensitivity to TNF associated 
with endothelial cell TNF receptor upregulation. 


From Feldman AL, Libutti SK. Progress in antiangiogenic gene therapy of cancer. Cancer 2000;89:1181. 
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Cancer vaccines have been utilized in clinical trials studying 
a variety of human tumors. Patients with melanoma, breast 
cancer, colon cancer, head and neck cancer, and renal cancers 
have been studied. Although several studies have demon¬ 
strated successful immunization of patients to tumor antigens, 
to date, there have been no successful trials demonstrating sig¬ 
nificant cancer regression to vaccine therapy alone. 

Cell transfer therapy has demonstrated antitumor activity 
in patients. To date, the most effective immunotherapy that has 
been utilized for patients with melanoma and renal cell cancer 
has been the infusion of interleukin-2 (IL-2). IL-2 is a lympho¬ 
cyte-stimulating cytokine that has a variety of effects on T cells. 
Response rates to the systemic administration of IL-2 for 
patients with both melanoma and kidney cancer are 15% to 
20%, with complete responses being approximately 9%. Com¬ 
plete responses are often durable with a majority of patients 
enjoying a long-term disease-free survival beyond 10 years. 
Therefore, any new immunotherapy strategy must improve on 
these IL-2 results. 

TILs can be grown successfully from melanoma. These 
lymphocytes can then be tested for their reactivity against the 
melanoma using cell lysis assays. The advantage of cell trans¬ 
fer approaches is the ability to administer extremely large 
numbers of highly selective cells that have demonstrated avid¬ 
ity for the tumor antigens as well as the ability to affect tumor 
cell lyses. In studies at the NCI, Rosenberg et al. have demon¬ 
strated the ability to effect regression of metastatic melanoma 
refractory to standard treatment in patients receiving a non- 
myeloablative preparative chemotherapy regimen followed by 
the administration of selected TILs and IL-2. Response rates of 
40% have been achieved with such an approach. A new strat¬ 
egy involving the introduction of specific and reactive T-cell 
receptors into peripheral blood mononuclear cells may obviate 
the need for harvesting tumor-infiltrating lymphocytes and 
open the possibility of using this strategy to treat solid tumors 
other than melanoma. 

Clearly, there is a role for immunotherapy in the treatment 
of cancer. The future involves a better understanding of the 
complex interactions that lead to the immune response so as to 
better harness this knowledge for the development for more 
effective therapies. Such an understanding of the molecules 
that suppress or activate the immune response has led to the 
identification of lymphocyte surface molecules such as CTLA-4. 
CTLA-4 is an important regulator of T-lymphocyte prolifera¬ 
tion and function. When active, CTLA-4 suppresses lympho¬ 
cyte activation. Antibodies against CTLA-4 have been utilized 
in clinical trials demonstrating that inhibition of this suppres¬ 
sion can result in an immune response against tumors. 


ROLE OF THE SURGEON 
IN CANCER TREATMENT 


Modern cancer therapy involves a multidisciplinary approach 
consisting of a variety of specialists with diverse talents. These 
individuals can be physicians, nurses, physical therapists, pain 
and palliative care specialists, dietitians, and clergy. The can¬ 
cer patient often presents with a complex series of medical and 
nonmedical issues that require a coordinated approach for the 
optimal delivery of care. The surgeon’s role in this coordinated 
effort is critical. For many patients, their first experience with 
the health care team is with a surgeon for the management of 
their primary tumor. This requires that the surgeon have a 
good understanding of the roles of the other members of the 
team and an ability to coordinate their interactions to provide 
the patient with the best possible outcome. 

Typically, surgeons are associated with the management of 
early-stage disease and are usually called on only to manage 
the complications of stage IV disease, such as bowel obstruc¬ 
tion or bleeding. This paradigm is changing as it has become 


increasingly evident that aggressive surgical approaches may be 
of benefit to patients with advanced-stage tumors. Throughout 
this text are descriptions of the role of surgeons for the man¬ 
agement of early-stage disease. Therefore, this section focuses 
on surgeons’ impact in the management and care of cancer 
patients with metastatic tumors. 

Surgical resection of metastatic disease has been practiced 
for decades. For certain tumor types, most notably, colorectal 
cancer and sarcoma, surgical resection of metastases in the 
lung or liver has been associated with improved survival. This 
approach relies on the fact that metastatic disease is well local¬ 
ized to one or two organs and that resection of those sites can 
be done safely and completely. 

In 2008, it is estimated that there will be approximately 
150,000 new cases of colorectal cancer. Of these patients, 
20% to 40% will develop liver metastases as the sole or dom¬ 
inant site of their disease progression. Approximately 10% to 
20% of patients with liver metastases will have disease that 
can be resected and patients may potentially benefit from the 
intervention. For patients with metastatic colorectal cancer 
confined to the liver, the options for therapy include resection 
for those with resectable disease with or without the addition 
of the adjuvant therapy, and systemic therapies for those with 
unresectable disease relying on combinations of irinotecan, 
5FU, leucovorin, oxaliplatin, and, most recently, bevacizumab 
(Avastin). Bevacizumab is an antiangiogenic agent that blocks 
VEGF. It was recently approved by the FDA for the treatment 
of advanced colon cancer. Regional therapies involving hepatic 
artery infusion or isolated hepatic perfusion are also options 
for patients with unresectable disease, as are radiofrequency 
ablation and cryotherapy. 

For patients with resectable metastatic colon cancer involv¬ 
ing the liver (similar results exist for isolated disease involving 
the lung), resection of disease is followed by 5-year survival in 
a significant fraction. A variety of studies evaluating the out¬ 
come and operative mortality for patients undergoing com¬ 
plete resection of isolated colorectal cancer metastasis to the 
liver demonstrate 5-year survival ranging from 26% to 40%. 
There is at present no systemic chemotherapy regimen that sig¬ 
nificantly improves on the 10% 5-year survival observed in the 
earliest 5FU and leucovorin studies. Therefore, it is important 
to identify those patients with metastatic colorectal cancer iso¬ 
lated to the liver who would be candidates for surgical resec¬ 
tion and therefore potentially a cure. 

It is important to properly stratify patients to determine 
which ones will likely derive the greatest benefit from resection. 
In a 1999 study, Fong et al. at Memorial Sloan-Kettering 
Cancer Center reported on the results of an analysis of more 
than 1,000 patients treated by surgical resection for stage IV 
colon cancer isolated to the liver. They analyzed prognostic fac¬ 
tors using univariate and multivariate statistics and determined 
the factors that predicted a positive outcome for their patients. 
Among the influential factors were disease-free interval 
between resection of the primary tumor and first sign of liver 
metastasis, number of tumors in the liver, carcinoembryonic 
antigen (CEA) value, size of the largest liver lesion, and the 
nodal status of the primary tumor. Depending on the number 
of these factors, a prediction of the 5-year survival and median 
overall survival in months could be determined (Table 13.6). 

This type of information is critical in deciding which 
patients would most likely benefit from an aggressive surgical 
resection for their liver lesions. These outcomes are improved 
by the ability to accurately stage patients preoperatively with 
modalities such as high-resolution computed tomography 
(CT), magnetic resonance imaging (MRI), and PET using 
FDG. Intraoperative ultrasound is also critical to the careful 
intraoperative staging of these patients not only for the detec¬ 
tion of additional liver lesions but also for the accurate deter¬ 
mination of anatomic relationships to choose the appropriate 
resection to perform. Improved operative techniques such as 
segmental resections, use of stapling devices and coagulation 
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TABLE 13.6 


PREDICTORS OF MORTALITY AND SURVIVAL FOLLOWING 
RESECTION OF HEPATIC COLORECTAL METASTASES 

■ PROGNOSTIC 


FACTOR ■ p VALUE ■ RR DEATH 


Disease-free interval 
<12 mo 

0.002 

1.56 

Tumor number >1 

0.01 

1.56 

CEA >200 /jl g/L 

0.05 

1.45 

Size >5 cm 

0.01 

1.46 

Node positive primary 

0.05 

1.34 

SURVIVAL BASED ON NUMBER OF FACTORS 

■ NUMBER OF 
FACTORS 

■ 5-y SURVIVAL 
<%) 

■ MEDIAN 
OS 

0 

57 

74 

1 

57 

73 

2 

47 

50 

3 

16 

30 

4 

8 

15 


CEA, carcinoembryonic antigen; OS, overall survival; RR, relative risk. 
Adapted from Fong Y, Fortner J, Sun RF, et al. Clinical score for 
predicting recurrence after hepatic resection for metastatic colorectal 
cancer: analysis of 1,001 consecutive cases. Ann Surg 1999;230:309. 


devices, minimization of blood loss by extrahepatic ligation of 
the hepatic vein prior to dissection, and intermittent inflow 
occlusion of the porta hepatis have led to a significant reduction 
in morbidity and mortality. However, despite these advances, 
many patients are not candidates for surgical resection. The 
surgeon can still play a role in the aggressive management of 
these patients. 

Regional therapies for cancer have been the subject of study 
for more than 50 years. A variety of regional therapies are 
presently available to treat isolated hepatic metastases that might 
not otherwise be amenable to surgical resection due to the num¬ 
ber of lesions, underlying liver disease, or other comorbid medical 
conditions. These techniques include cryoablation, radiofre¬ 
quency ablation, intra-arterial hepatic infusion chemotherapy, 
chemoembolization of tumors, intralesional injection of 
chemotherapy or alcohol, and regional perfusion through opera¬ 
tive or percutaneous techniques. Isolated operative hepatic perfu¬ 
sion and percutaneous hepatic perfusion are two promising 
strategies for the treatment of patients with isolated hepatic col¬ 
orectal cancer metastasis. 

Isolated hepatic perfusion (IHP) is a complex surgical pro¬ 
cedure that was first reported in the early 1960s. It involves the 
complete isolation of the vascular inflow and outflow of the 
liver to deliver, via the hepatic arterial circulation, high doses 
of chemotherapy or cytokines to treat lesions within the liver 
but to spare the rest of the body from potential toxicity. The 
liver is ideally suited to such an approach because the majority 
of liver tumors (approaching 100%) derive their blood supply 
from the hepatic arterial vessels, whereas the normal liver 
receives 75% of its blood flow from the portal system. This 


FIGURE 13.12. Schematic diagram of the perfusion and 
veno-veno bypass circuits used during an isolated hepatic 
perfusion. For the perfusion circuit, blood is collected 
from the hepatic veins via an isolated segment of retro- 
hepatic vena cava that has been carefully prepared by li¬ 
gating dividing venous tributaries and the adrenal vein. 
This blood is returned to a heat oxygenator and is per¬ 
fused back into the liver via the common hepatic artery 
(through a catheter in the gastroduodenal artery). The 
perfusate consists of packed red blood cells and 
chemotherapy in a crystalloid solution. Infrahepatic 
blood and portal blood is shunted via an extracorporeal 
bypass circuit to the axillary vein to maintain venous 
return to the heart. 
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FIGURE 13.13. A view of the retrohepatic vena cava following dis¬ 
section for an isolated hepatic perfusion. 


allows the differential delivery of chemotherapy to the liver 
tumor by infusing the agent directly into the hepatic arterial 
circulation. The venous effluent from the hepatic veins is col¬ 
lected in an isolated segment of retrohepatic vena cava and this 
blood is recirculated back through a perfusion circuit that 
maintains a constant perfusion of oxygenated blood carrying 
chemotherapy and cytokines to the liver. 

Extrahepatic circulation is maintained by shunting the 
infrahepatic caval blood as well as the portal circulation 
through a pump to the axillary vein to maintain systemic 
blood pressure (Fig. 13.12). Careful dissection of the liver with 



special attention to the retrohepatic vena cava is required to 
divide collaterals and prevent systemic exposure to the perfu¬ 
sion agent (Fig. 13.13). The portal structures must also be 
completely dissected to isolate the portal vein and hepatic ves¬ 
sels for cannulation (Fig. 13.14). The advantages of such an 
approach are the complete separation of the regional and sys¬ 
temic circulation eliminating or significantly reducing systemic 
toxicity. Dose escalation of the chemotherapeutic agents is 
now limited only by the liver’s tolerance to these agents as 
opposed to bone marrow or other systemic sites. The liver gen¬ 
erally has a much greater reserve and ability to recover than 
the bone marrow. This technique also allows the utilization of 
hyperthermia via this closed circulatory system that can be 
heated and oxygenated by an extracorporeal heart lung 
machine. 

A number of centers both in the United States and in 
Europe have explored this technique; the largest experience 
has been in the Surgery Branch of the NCI. Alexander et al. 
have reported results for 51 patients with unresectable col¬ 
orectal cancer metastases treated with an IHP using the 
chemotherapy melphalan (with or without TNF) with or with¬ 
out follow-up hepatic arterial infusion (HAI) with FUDR/FV. 
Results included a response rate of approximately 75% with a 
median survival of 16 months for those patients not receiving 
follow-up HAI therapy and 27 months for those receiving HAI 
therapy following their IHR These results demonstrate that 
significant responses and an acceptable duration of response 
can be achieved for an aggressive surgical approach for 
patients with significant liver disease (Fig. 13.15). 

The application of IHP to unresectable liver metastases 
demonstrates the potential role for the surgeon in the man¬ 
agement of patients with metastatic cancer. Clearly, however, 
such an intervention requires significant resources and skill, 
which may not be available at every major medical center. 
Therefore, a need to adapt this strategy to a therapy that can 
be more safely and easily administered and that allows 
repeated administrations (IHP can only be performed once) 
would be desirable. Investigators are therefore evaluating 
whether or not a percutaneous approach to hepatic isolation 
can be utilized. 

This technique relies on the use of balloons placed via a 
catheter percutaneously introduced into the vena cava through 
the femoral vein. The balloons can occlude above the hepatic 
veins and above the renal veins to isolate a segment of the vena 
cava. The catheter isolates hepatic venous effluent to allow for 
extracorporeal filtration of chemotherapy delivered to the liver 
through a separate catheter introduced into the hepatic artery 



FIGURE 13.14. Complete portal dissection for isolated hepatic perfusion. 
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FIGURE 13.15. Magnetic resonance imaging of the liver for a patient with colorectal cancer metastatic to the liver before {top) and after ( bot¬ 
tom) an isolated hepatic perfusion (IHP). 


(Fig. 13.16). The filtered blood is then returned via the internal 
jugular vein to maintain venous return. A phase I trial was 
recently completed at the NCI demonstrating a safe dose of 
melphalan that can be delivered in this fashion. A multicenter 
phase III trial is now under way to evaluate the utility of this 
approach for metastatic melanoma (cutaneous and ocular) to 
the liver compared to best standard therapy. 

Regional therapy can be applied to other locations in the 
body such as the limb (isolated limb perfusion for melanoma 
or sarcoma) and the peritoneal cavity. Peritoneal carcinomato¬ 
sis secondary to a number of histologies including colorectal 


cancer, gastric cancer, pancreatic cancer, and malignant 
mesothelioma can be addressed. Traditionally, surgeons have 
played a role in managing the complications of this entity such 
as ascites and obstruction. However, techniques such as surgi¬ 
cal debulking and intraperitoneal chemotherapy are gaining 
prominence as a viable management strategy for treating 
patients with peritoneal carcinomatosis. Surgeons have a 
unique role to play and can make a significant impact in treat¬ 
ing this condition. 

Malignant peritoneal mesothelioma can result in significant 
abdominal pain and distention accompanied by anorexia and 
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FIGURE 13.16. Schematic diagram (A) and fluoroscopic image (B) depicting the technique of percutaneous hepatic perfusion. 
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FIGURE 13.17. Diagram of the setup for continuous 
hyperthermic peritoneal perfusion. 


weight loss, ascites, and bowel obstruction. These complica¬ 
tions can lead to death and there are no effective systemic 
treatment options. Although agents such as cisplatin and car- 
boplatin as well as paclitaxel (Taxol) and doxorubicin (Adri- 
amycin) have been used to treat this condition, response rates 
are low (<20%) and survival is poor. The technique of contin- 


\ I 


I * i 

r 

4 

X * * 

• ,;v 


' . . ** - 



FIGURE 13.18. Intraoperative photo demonstrating significant carci¬ 
nomatosis involving the mesentery of the small bowel. 


uous hyperthermic peritoneal perfusion (CHPP) involves an 
exploratory laparotomy with lysis of adhesions, tumor resec¬ 
tion, omentectomy, and peritonectomy of involved peritoneal 
surfaces (Fig. 13.17). Organs such as the spleen, if significantly 
involved with tumor, are also resected. At the completion of 
resection, the abdomen is closed after the insertion of inflow 
and outflow catheters and temperature probes. Carcinomato¬ 
sis can involve the surfaces of the mesentery, which can be very 
difficult to resect (Fig. 13.18). Best efforts are made to strip the 
peritoneal surface over the mesentery and to fulgurate small 
lesions with ball electrocautery. 

These catheters are connected to a perfusion circuit with a 
roller pump and heat exchange coil to circulate hyperthermic 
intraperitoneal chemotherapy agents. At the completion of the 
perfusion the abdomen is irrigated, and a peritoneal dialysis 
catheter can be inserted for postoperative dwell therapy with 
additional regional chemotherapy. 

In a study of CHPP for intraperitoneal mesothelioma, Park 
et al. summarized the results of 18 patients with peritoneal 
mesothelioma treated with CHPP from 1993 through 1998. 
Of these 18 patients, 13 had clinically significant ascites. 
Patients were treated with operative debulking and CHPP 
with cisplatin. After a median follow-up of 19 months, there 
were no operative or treatment-related mortalities, and the 
overall operative morbidity was 24%. Morbidity included 
wound infection, atrial fibrillation, pancreatitis, ileus, and 
line sepsis. 

Nine of 13 patients with ascites had complete resolution of 
their ascites following a single procedure. Three other patients 
had resolution of their ascites after a second CHPP. The median 
progression-free survival was 26 months, and the overall 2- 
year survival was 80%. Although this study did not prospec¬ 
tively compare CHPP to systemic cisplatin, trials of intra¬ 
venous cisplatin report survival data that are similar to 
untreated patients. The results of CHPP can be dramatic for 
patients suffering with the very morbid condition of abdominal 
ascites (Fig. 13.19). 

Thus, the surgeon can play an important role in the man¬ 
agement of not only patients with primary tumors but also 
patients with stage IV disease. Surgeons must familiarize 
themselves with the other available nonoperative options for 
their patients with cancer so the correct therapy can be 
selected for the appropriate patient. Further study is needed 
to identify therapies that will benefit patients with advanced 
disease. 
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FIGURE 13.19. Computed tomography scan of a patient with ascites from peritoneal mesothelioma before {top) and after ( bottom) a tumor 
debulking and continuous hyperthermic peritoneal perfusion. 


CANCER DETECTION 
AND BIOMARKERS 


Methods to enable more accurate early detection of cancer are 
an active area of investigation. Some of these methods are 
amenable to cancer screening, allowing assessment of large 
populations of at-risk patients to detect disease at its earliest 
possible time. Other methods are best applied to patients who 
have already been treated for their cancer and are being fol¬ 
lowed for signs of recurrence. This section highlights three 
areas that illustrate the possibilities for early cancer detection. 


Imaging 

Standard imaging techniques such as CT, MRI, and ultrasound 
have been applied to patients as a means of both screening and 
follow-up. Standard plain radiographs have also been used in 
this setting. As CT scans and MRIs have become more 
advanced with higher resolution and shorter scanning times, 
the sensitivity for lesion detection has been dramatically 
improved. One example has been the development of both CT 
and magnetic resonance (MR) colonography. 

Colonography has been proposed as a means to screen 
patients for colon polyps and tumors in an effort to avoid the 
need for an optical endoscopic colonoscopy. Virtual colonoscopy 
using CT scanning was evaluated as a screening procedure for 
colorectal neoplasia in asymptomatic adults at the National 
Naval Medical Center in Bethesda, Maryland. A total of 1,233 
asymptomatic adults (mean age 58 years) underwent a same- 
day CT colonography as well as an optical colonoscopy. The 
radiologist used a three-dimensional endoluminal display for 
the detection of polyps on the virtual colonoscopy. The physi¬ 
cians performing the optical colonoscopy did not know the 
results of the virtual colonoscopy for the initial examination. 
The sensitivity and specificity of virtual colonoscopy compared 
to optical colonoscopy were then compared to the findings of a 
final unblinded optical colonoscopy, which was used as the ref¬ 
erence standard. 

Sensitivity of the virtual colonoscopy for adenomatous 
polyps was 94% for polyps greater than 8 mm in diameter and 


89% for polyps that measured at least 6 mm in diameter. The 
sensitivity of optical colonoscopy for adenomatous polyps was 
88% to 92% for polyps greater than 8 mm in diameter and 
92% for polyps measuring at least 6 mm in diameter. Of the 
patients screened, two polyps were found to be malignant and 
both of them were detected by virtual colonoscopy. With sen¬ 
sitivities and specificities that are approaching or better than 
those of optical colonoscopy, virtual colonoscopy using CT 
may become a screening procedure of choice. When lesions are 
detected, a follow-up optical colonoscopy can be performed to 
biopsy the lesion. 

Noninvasive imaging can also be utilized in patients fol¬ 
lowing the treatment of a cancer to detect early recurrence. In 
a study at the NCI, standard imaging techniques such as CT, 
MRI, and ultrasound were compared to PET using FDG, anti- 
CEA antibody immunoscintigraphy, and a blind second-look 
laparotomy for patients with a rising serum CEA following 
definitive management of colorectal cancer. In this study FDG- 
PET and blind second-look laparotomy were found to be the 
most sensitive methods for detection of recurrent disease. As a 
noninvasive screening method, FDG-PET was both sensitive 
and specific for the detection of recurrent disease in patients 
with a rising serum CEA and therefore is now recommended 
as an appropriate screening modality prior to any planned sur¬ 
gical management (Fig. 13.20). FDG-PET is also useful in the 
metastatic workup of patients with malignant melanoma, pri¬ 
mary lung carcinoma, and esophageal cancers. 

Dynamic enhanced MRI (DEMRI) has become a useful 
noninvasive imaging modality for the evaluation of the func¬ 
tional status of a tumor. Tumor blood flow and blood volume 
can be calculated from DEMRI images and thus, this noninva¬ 
sive imaging method can be used to follow the response of a 
tumor to a variety of therapies. DEMRI has been successfully 
utilized for imaging primary breast cancers as well as for imag¬ 
ing metastatic sites from a variety of histologies. Images 
obtained from DEMRI can be utilized to determine residual 
areas of tumor activity following therapies to more accurately 
guide biopsies and further regional treatment. 

The new frontier for cancer imaging is so-called molecular 
imaging. Although this term can encompass a variety of 
imaging approaches and methods, it is most commonly used 
to categorize techniques that rely on imaging a tissue based 
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FIGURE 13.20. Fluorodeoxyglucose positron emission tomography scan demonstrates a recurrent colon cancer in 
the bed of a previous right hemicolectomy that was not detected on computed tomography scan in a patient with a 
rising serum carcinoembryonic antigen. 


on specific expression of receptors or pathways. In combina¬ 
tion with molecular therapies, such imaging methods may 
allow for noninvasive monitoring of the activity of targeted 
agents. 

A number of preclinical models have been developed to test 
molecular imaging strategies. Weissleder et al. have designed a 
number of noninvasive methods for imaging the activity of 
enzymes and pathways to predict the efficacy of molecular 
agents. One example is their use of iron oxide nanoparticles 
cross-linked to Cy-3 and Cy-5 fluorescent dyes. Using cathep- 
sin-B cleavable linking peptides, activity can be measured via 
cleavage and determination of the ratio of the various fluo- 
rophores. By using fluorophores as well as iron particles, both 
fluorescent imaging and MRI of the tissue in question can be 
performed. 

Specific tissue receptors can also be imaged noninvasively. 
Tumor vasculature is known to have an increased expression 
of integrins such as ctv/33. Using RGD cyclic pentapeptides 
labeled with PET positron emitters, tissues with enhanced av/33 
expression can be imaged. Such techniques can be used to locate 
areas of increased tumor neovascular density and can also be 
utilized to follow the targeting or activity of uv/3 3-specific 
agents. 


Gene Expression Profiling 

With the completion of the sequencing of the human genome, 
a wealth of information is now available regarding the roughly 
30,000 genes that code for various proteins involved in nor¬ 
mal cellular homeostasis. The dysregulation of these genes that 
occurs in neoplastic tissue can now be studied using microar¬ 
ray-based technologies. 

Microarrays for the study of gene expression can utilize a 
variety of platforms, the most common of which are cDNA 
and oligonucleotide sequences. Nucleic acid sequences can be 
spotted on glass slides or on proprietary chips, allowing 
20,000 or more coding sequences to be placed on a single slide 
(chip). These techniques allow high-throughput screening of 


these genes from a variety of sources capable of yielding sub¬ 
strate RNA. Using linear RNA amplification techniques, even 
the smallest samples of RNA from fine-needle aspirates 
(FNAs) or microdissected tissues can be utilized for profiling. 
Gene expression profiling can be used to answer a variety of 
questions including the differences in gene expression path¬ 
ways between malignant and normal tissues. Expression pro¬ 
files can also be determined in tissues prior to and following 
therapies to better understand mechanism of action of a treat¬ 
ment. Recently, genomics approaches have been validated for 
the stratification of women with breast cancer for treatment 
with adjuvant therapy. Such approaches are useful in deter¬ 
mining which patients may benefit from adjuvant chemother¬ 
apy or hormonal therapy and which patients will not, thereby 
avoiding unnecessary toxicity in patients unlikely to benefit 
from the therapy. 

Complex bioinformatics software programs have been 
developed to allow a more thorough analysis of the data sets 
obtained through these studies. The National Institutes of 
FTealth (NIH) Center for Information Technology and the NCI 
have posted a series of bioinformatics tools to allow investiga¬ 
tors to better study and understand the results of their microar¬ 
ray experiments. This Web site can be found at http://nciarray. 
nci.nih.gov/. 

One example of the utility of microarray approaches for 
the diagnosis of cancer is the differentiation of benign versus 
malignant thyroid lesions. Approximately 10 million new thy¬ 
roid lesions are diagnosed each year in the United States. Only 
5% of these lesions are malignant. Although fine-needle aspi¬ 
ration has been utilized in an attempt to identify those patients 
with a thyroid cancer who require further management, 
straightforward cytologic examination of FNA samples often 
leads to indeterminate or nondiagnostic studies. A molecular 
method for distinguishing benign from malignant thyroid 
lesions would be helpful in identifying those patients who 
would most benefit from a surgical intervention. 

Utilizing cDNA microarray, our group compared expres¬ 
sion profiles of thyroid cancers (papillary thyroid cancers and 
follicular variant papillary thyroid cancers) to benign thyroid 
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lesions. Cluster analysis developed a model to predict the 
malignant potential of the tissue. Using this strategy, we iden¬ 
tified 10 genes capable of differentiating a benign lesion from 
a malignant lesion. By using this technique, the diagnosis of 
thyroid cancer from FNA may be improved. 

Microarray approaches have also been used to grade lym¬ 
phoma as well as predict potential response to therapies. 
Childhood sarcomas have also been subclassified using a simi¬ 
lar molecular approach. As these technologies improve, more 
widespread use of these molecular-based diagnostics will be 
feasible. 


Proteomics 


Genes mainly code for proteins that perform the various struc¬ 
tural and functional roles in the cell. Proteins undergo a series 
of modifications to perform these jobs, most importantly 
glycosylation and phosphorylation. Although cDNA and 
oligonucleotide microarrays can determine levels of gene 
expression, they cannot elucidate the modifications that take 
place at the protein level. 

Proteomics, or the direct study of proteins, allows for not 
only a quantification of the levels of proteins present in tissues 
but also a determination of the phosphorylation status of these 
proteins. Serum proteomics is an exciting new technology, 
which holds promise for the diagnosis of cancer from a sample 
of blood. Such an approach is now being applied to clinical 
samples. 

Based on the assumption that patients harboring a malig¬ 
nancy have circulating proteins in their serum that are not pre¬ 
sent in unaffected patients, serum proteomics endeavors to dis¬ 
tinguish a “biosignature” profile of human cancer. By taking 
samples from a population of patients with cancer and com¬ 
paring the proteomic profile of their serum to that of a popu¬ 
lation of people without cancer, a pattern can be elucidated 
that identifies the at-risk population. The novelty of this 
approach is that, unlike investigating single specific biomark¬ 
ers such as CEA for colon cancer or CA 19-9 for pancreas can¬ 
cer, a serum proteomic approach requires no hypotheses about 
which proteins will be important to identify. In fact, thousands 
of proteins can be queried and utilized to form the biosigna¬ 
ture. The most informative of these can be determined using 
various bioinformatics strategies to reduce the number to a 
manageable assay. 

Applying this approach to patients with ovarian cancer, 
high-resolution spectral data have been obtained that demon¬ 
strated a specific pattern capable of distinguishing patients 
with stage I ovarian cancer from patients with more advanced 
ovarian cancer, as well as from normal healthy controls. As 
these techniques improve, they will no doubt be applied to 
other tumor histologies and will add to the armamentarium of 
diagnostic tests available to the clinician. 


CLINICAL TRIALS 


As knowledge increases regarding the pathways involved in 
tumorigenesis, novel agents will be identified that show 
promise in treating cancer. Although much can be learned 
about these agents in preclinical models, the ultimate evalua¬ 
tion of a new cancer therapeutic requires carefully conducted 
clinical trials. 

Clinical trials involve the participation of patient volun¬ 
teers. These volunteers agree to participate in studies that pose 
specific scientific questions to find improved strategies to pre¬ 
vent, diagnose, screen for, or treat a particular disease process. 
There are a number of types of clinical trials. 

Prevention trials are designed to evaluate strategies or 
therapies aimed at preventing the development of cancer. 
These studies are most often conducted with healthy patient 


volunteers who have not yet developed cancer but may or 
may not have a predisposition to develop cancer. Screening 
trials are aimed at finding improved ways to determine which 
patients or populations of patients are most at risk for devel¬ 
oping cancer and therefore detect cancers in these patients at 
the earliest time point to be more effective in treating their 
disease. 

Diagnostic trials are geared toward the study of procedures 
or tests that can identify cancer at its earliest possible stage. 
The testing of new diagnostics is often performed on patients 
who are already known to have cancer based on standard 
diagnostic tests. Supportive care (quality of life) trials are 
designed to investigate ways to improve the quality of life of 
patients in whom further therapies may not be available. 
These trials are of critical importance as they can often deter¬ 
mine where new therapies may have a dramatic improvement 
in the symptoms of cancer and therefore decrease the suffering 
due to cancer in those patients. 

Genetic studies can be standalone trials or a part of another 
trial. These studies may rely on the analyses of germline muta¬ 
tions in patients (e.g., studies of patients with familial cancer 
syndromes) or may rely on studies of somatic mutations in the 
tumor tissues themselves to understand pathways involved in 
tumor growth invasion and metastasis. Special considerations 
must be made when performing genetic studies that involve 
germline analysis as the findings of such studies may have far- 
reaching implications for the patient. Appropriate genetic 
counseling must be a part of the informed consent process for 
these studies. 

The most common and familiar types of clinical trial are 
treatment trials, which are designed to evaluate new cancer ther¬ 
apies. Treatment trials are divided into different phases of evalu¬ 
ation for new anticancer agents. Phase I trials are performed to 
evaluate the safety and toxicity profile of a compound and are 
generally conducted in a dose escalation format. Patients receive 
progressively higher doses of the agent to determine the maxi¬ 
mum tolerated dose and any dose-related toxicities. This allows 
for determination of the safe dose for evaluation in the next 
phase. Pharmacokinetics and pharmacodynamics can also be 
studied. These studies generally enroll 20 to 30 patients in 
cohorts of three patients per study dose level. 

Phase II trials are focused on determining the efficacy of a 
given agent at its maximum tolerated dose (MTD). These trials 
generally focus on a given histology (or small number of his¬ 
tologies) to define the response rate and duration of response 
for the test compound. Responses are generally scored by mea¬ 
suring changes in the size of measurable lesions, typically using 
imaging studies or physical measurements of accessible tumors. 
Responses can also utilize changes in circulating biomarkers or 
other functional measures of tumor activity. 

Most current treatment trials rely on the response evalua¬ 
tion criteria in solid tumors (RECIST) criteria for determining 
the activity of the test agent. When objective tumor response is 
the primary endpoint of the trial, only patients with measur¬ 
able disease at baseline are generally included. Measurable dis¬ 
ease is defined as the presence of at least one measurable 
lesion. Measurable lesions must allow for the accurate mea¬ 
surement in at least one dimension with the longest diameter 
greater than 20 mm using conventional techniques or 10 mm 
or larger utilizing spiral CT scan. 

Nonmeasurable lesions are defined as all other lesions 
including smaller lesions, bone lesions, leptomeningeal dis¬ 
ease, ascites, effusions, and so forth. Lesions can be mea¬ 
sured utilizing best available methods such as CT and MRI 
or, in the case of accessible lesions such as cutaneous lesions, 
by direct caliper measurements. The RECIST criteria do not 
allow for the measurement of tumor markers alone to assess 
response. 

The RECIST criteria call for the documentation of both tar¬ 
get and nontarget lesions. The target lesions are defined as all 
measurable lesions up to a maximum of five lesions per organ 
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TABLE 13.7 


BEST OVERALL RESPONSE CALCULATIONS BASED ON RECIST CRITERIA 


■ TARGET 
LESIONS 

■ NONTARGET 

LESIONS 

■ NEW LESIONS 

■ OVERALL 
RESPONSE 

CR 

CR 

No 

CR 

CR 

Incomplete response/SD 

No 

PR 

PR 

Non-PD 

No 

PR 

SD 

Non-PD 

No 

SD 

PD 

Any 

Yes or no 

PD 

Any 

PD 

Yes or no 

PD 

Any 

Any 

Yes 

PD 

CR, complete response; PD, progressive disease; PR, partial response; RECIST, response evaluation criteria 
in solid tumors; SD, stable disease. 


and 10 organs in total that are representative of all involved 
organs. These should be measured at baseline. The criteria 
define, for the purpose of measurements, the total size of tar¬ 
get lesions. This is defined as a sum of the longest diameter 
(LD) for all target lesions, which is calculated and reported as 
the baseline sum LD. This baseline sum LD is what is used as 
the point of reference to characterize all subsequent measure¬ 
ments and therefore objective responses. All other lesions that 
are not designated target lesions are defined as nontarget 
lesions and are scored only based on presence or absence 
rather than directed measurements. 

Based on changes from the sum LD, the following response 
criteria are defined. For the evaluation of target lesions, a 
complete response (CR) is defined as the disappearance of all 
target lesions. A partial response (PR) is defined as at least a 
30% decrease in the sum of the LD of target lesions when 
compared to the reference baseline sum LD. Progressive dis¬ 
ease (PD) is defined as at least a 20% increase in the sum of 
the LD of target lesions or the appearance of one or more new 
lesions. Stable disease (SD) is defined as neither a sufficient 
shrinkage to qualify for PR nor a sufficient increase to qualify 
for PD. 

With respect to the evaluation of nontarget lesions, a CR is 
defined as the disappearance of all target lesions and normal¬ 
ization of a tumor marker if measured. An incomplete response 
or stable disease is defined as persistence of one or more non¬ 
target lesions and/or maintenance of tumor marker levels 
above the normal limits. Progressive disease is defined as one or 
more new lesions or the unequivocal progression of existing 
nontarget lesions. 

The evaluation of response is generally recorded as the best 
overall response. Table 13.7 defines how best overall response 
is calculated based on both target and nontarget lesions. Once 
an overall response is calculated, the duration of this response 
is measured from the time that measurement criteria are met 
for CR or PR until the first date that recurrence or PD is objec¬ 
tively documented. 

Strict approaches to the definition of response are critically 
important in evaluating the efficacy of agents in phase II trials. 
Notions such as “marginal response,” although potentially 
descriptive, are not rigorously supported and therefore not 
interpretable with respect to the activity of an agent. Adherence 
to the strict definitions allows for a more critical evaluation and 
therefore more useful decision making with respect to the 
development of a new cancer therapy. Once a response rate and 
duration of response are determined for an agent, a decision is 
made on whether or not to take that agent to further clinical 
evaluations. 


Phase III clinical trials are conducted once the maximum 
tolerated dose of an agent has been tested in the phase II trial 
in a variety of histologies and has demonstrated reasonable 
response and duration of response data. Although phase I and 
phase II trials can often be conducted with fewer than 30 
patients, phase III trials generally require hundreds or thou¬ 
sands of patients to have the appropriate statistical power and 
a sufficient variety of patient types to demonstrate definitive 
activity. 

Phase III trials are typically designed to compare the test 
agent to standard therapy. The strongest design is a prospec¬ 
tive randomized trial, in some cases blinding of the investiga¬ 
tors and/or the patient to the receipt of the experimental ther¬ 
apy. Although phase III trials are the definitive studies to 
demonstrate the superiority of a new therapy over the previous 
standard, the majority of new cancer agents approved by the 
FDA are approved after successful phase II studies. 

Recently, the concept of phase 0 trials has been introduced. 
These studies are usually conducted either prior to a phase I 
or between a phase I and phase II study. The purpose of a 
phase 0 trial is to evaluate the effects of an agent using novel 
biomarkers or other surrogates in a small number of patients 
at a dose that is predicted to be nontoxic. Such trials are espe¬ 
cially useful in the evaluation of novel biologic or targeted 
therapies. 

In addition to understanding the basic mechanics and 
nomenclature for clinical trials, research with human subjects 
must be conducted according to strict scientific and ethical 
principles. All federally supported clinical trials and trials eval¬ 
uating new drugs or devices that are subject to FDA regulation 
are required to be reviewed and approved by an institutional 
review board (IRB). Most institutions require that all clinical 
trials and all human subjects research, regardless of funding, 
be reviewed and approved by their IRB. 

The IRB is typically made up of physicians, nonphysician 
health professionals, laypersons, and statisticians who have 
the capacity to critically evaluate research studies or protocols 
to determine relative risk benefit for the patient volunteers. 
The IRB has the power to stop or hold clinical trials secondary 
to questions regarding patient safety. It is important that the 
IRB consider, in its evaluation of the risks and benefits of a 
particular protocol, the scientific design and questions being 
asked to determine if they are likely to be answered with the 
patient population under study. It is also important for the IRB 
to determine whether any conflicts of interest may exist with 
regard to the investigator conducting the trial and the agents 
being tested. If such conflicts exist, they should be clearly 
delineated in the protocol and consent document so that 
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potential patient volunteers are given a complete disclosure of 
any potential conflicting motivations for the investigators con¬ 
ducting the study. 

As newer agents are identified and new classes of agents 
defined (biologic agents, molecularly targeted agents, antian- 
giogenic agents, etc.), modifications and adaptations of the 
traditional clinical trial phases may be implemented. As agents 
are identified that impact on a particular pathway, methods 
for measuring the activity of that pathway may need to be 
incorporated into the response criteria. Classic stopping rules 
for traditional chemotherapeutic agents, such as evidence of 
progressive disease, may need to be adjusted for agents that 
have a slow onset of activity and require prolonged adminis¬ 
tration to have an antitumor effect. Issues such as these are 
under constant evaluation by the FDA and the NIH, and 
updated information is constantly evaluated. For up-to-date 
changes in clinical trial strategies as well as access to searches 
for available clinical trials, the Web site http://www.cancer.gov 
is a useful online reference. 
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CHAPTER 14 ■ POLICY APPROACHES TO 

IMPROVING SURGICAL QUALITY 

JOHN D. BIRKMEYER AND JUSTIN B. DIMICK 


KEY POINTS 


Q Commonly used quality indicators, including both volume- 
and risk-adjusted outcomes, readily identify groups of hos¬ 
pitals and surgeons with superior outcomes. They are not 
reliable in profiling performance for individual providers, 
however. 

Q In surgery, the most familiar process compliance strategy is 
the pay-for-performance program of the Surgical Care 
Improvement Project, which aims to increase adoption of 
evidence-based practices related to perioperative care. 

Q Current process measures do not reliably identify hospitals 
or surgeons with better outcomes. Higher leverage mea¬ 
sures, including those that reflect important aspects of surgi¬ 
cal decision making or operative performance, are needed. 


Q Although prophylactic strategies aimed at avoiding compli¬ 
cations in the first place are obviously important, “rescu¬ 
ing” patients once a complication has occurred may be even 
more critical in reducing current variations in hospital mor¬ 
tality rates. 

Q Outcomes measurement and feedback may provide early 
benefits by capitalizing on the surgical “Hawthorne effect,” 
but they do not inform hospitals or surgeons about how best 
to improve. 

^The optimal strategy for improving surgical quality may 
depend on political realities, the clinical context, and which 
outcomes stakeholders hope to improve. 


Improving the quality of surgical care is a public health impera¬ 
tive. Based on our extrapolations from national Medicare data, 
approximately 50,000 patients die every year undergoing 
surgery in the United States; perhaps 10 times that number 
experience serious complications. A growing body of literature 
suggests that a large proportion of surgical morbidity and mor¬ 
tality may be avoidable. Almost 10 years ago, the Institute of 
Medicine estimated that between 44,000 and 98,000 Americans 
die every year as a result of medical errors, at least half of whom 
are surgical patients. 1,2 Evidence that morbidity and mortality 
vary widely across hospitals and surgeons further suggests 
opportunities for improvement. In addition to variation among 
individual providers, 3-5 surgical outcomes differ according to a 
number of provider attributes, including procedure volume, sur¬ 
geon subspecialty training, and other factors. 6-8 

In response, payers, policy makers, and professional orga¬ 
nizations have implemented a variety of different strategies 
aimed at improving surgical quality. 9 Some of these efforts, 
including payers’ Centers of Excellence programs, aim to 
direct surgical patients to hospitals or surgeons with the best 
results (selective referral). Others, instead, strive to “raise the 
tide,” focusing on improving outcomes at all hospitals, partic¬ 
ularly those with subpar results. Among broad-based quality 
improvement efforts currently under way, pay-for-perfor- 
mance programs are incentivizing hospital and surgeon com¬ 
pliance with specific process measures, most related to periop¬ 
erative care (process compliance model). For example, the 
Surgical Care Improvement Project aims to improve practices 
related to prophylaxis against surgical site infection, venous 
thromboembolism, and ventilator-acquired pneumonia. In 
contrast, professional organizations, including the American 
College of Surgeons (ACS) and its National Surgical Quality 
Improvement Program (NSQIP), are focusing on outcomes 
measurement and feedback to hospitals (outcomes measure¬ 
ment model). 10,11 These efforts are less prescriptive with 
regard to clinical practice and instead assume that hospitals 
and surgeons can figure out themselves how best to improve at 
the local level. 


Although some might use different labels, selective referral, 
process compliance, and outcomes measurement represent the 
three dominant strategies for surgical quality improvement 
currently being employed in the United States. In this chapter, 
we review the relative strengths and weaknesses of each 
approach (Table 14.1). We also consider the optimal strategy 
for different clinical contexts and procedures, and how each 
strategy could be improved in the future. 


SELECTIVE REFERRAL 


With this approach, payers (usually) identify hospitals with the 
best results with selected procedures and direct care to these 
facilities. To achieve this end, they can employ selective con¬ 
tracting or tiered health plans and benefits packages that give 
patients financial incentives (lower copays or monthly premi¬ 
ums) to select higher-quality providers. Although also intended 
to enhance accountability and motivate quality improvement 
at the local level, public reporting of hospital performance is 
another obvious tool for effecting selective referral. 

Among current examples of selective referral, the Leapfrog 
Group, a large coalition of public and private employers and 
purchasers, is promoting “evidence-based hospital referral” 
for selected procedures (coronary artery bypass graft surgery, 
aortic valve replacement, abdominal aortic aneurysm repair, 
bariatric surgery, esophagectomy, and pancreatic resection) 
based on both procedure volume criteria and hospital mortal¬ 
ity rates. 12 Cardiac surgery, bariatric surgery, and breast can¬ 
cer care are becoming increasingly popular targets for payers’ 
Centers of Excellence programs. 

Such strategies reflect the natural response of payers (and 
many patients) to data indicating variation in provider perfor¬ 
mance with surgery. Among their advantages, selective referral 
can often be implemented expediently and inexpensively, partic¬ 
ularly when based on simple structural measures of quality (e.g., 
procedure volume). For many procedures, commonly used 
quality indicators can reliably identify groups of hospitals and 
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TABLE 14.1 


CHARACTERISTICS OF THREE DIFFERENT MODELS FOR REDUCING VARIATION AND IMPROVING SURGICAL MORTALITY 



■ SELECTIVE REFERRAL 

■ PROCESS COMPLIANCE 

■ OUTCOMES MEASUREMENT 

Goal/mechanism 

Steer patients to best 
hospitals or surgeons 

Improve care in all settings by 
increasing hospital compliance 
with evidence-based processes 
of perioperative care 

Improve care in all settings by 
providing feedback on surgical 
outcomes; hospitals and surgeons 
implement improvement efforts at 
the local level 

Examples 

Leapfrog Group evidence- 
based hospital referral 
program 

Payers’ Centers of Excellence 
programs in cardiac and 
bariatric surgery 

Surgical Care Improvement 
Project (SCIP), other pay- 
for-performance programs 
focusing on practices related 
to reducing surgical site 
infection (SSI) and venous 
thromboembolism 

Society of Thoracic Surgery 
database for cardiothoracic 
surgery 

American College of Surgeons’ 
National Surgical Quality 
Improvement Program 

Advantages 

Inexpensive, expedient 

Traction with patients 
and payers 

Likely to achieve rapid 
improvements in aspects 
of perioperative care 

Measurement alone may be 
effective in improving outcomes 
(“Hawthorne effect”) 

Disadvantages 

Highly polarizing 
(for providers) 

Hard to identify best 
providers (at individual level) 

Improving processes related 
to secondary outcomes 
(e.g., SSI) may not reduce 
variation in mortality 

Lack of insights about how best to 
improve; may limit ultimate extent 
of improvement 

Expensive 


surgeons with superior outcomes. For example, data readily 
obtained from administrative data, including procedure volume 
and hospital mortality, not only describe past performance, but 
also forecast future performance with many procedures. 13 

Unfortunately, such measures are considerably less useful 
in discriminating performance among individuals, in part 
because provider-specific outcomes are statistically unstable. 
For example, Krumholz et al. used clinical data from the 
Cooperative Cardiovascular Project to assess the usefulness of 
the HealthGrades hospital ratings for acute myocardial infarc¬ 
tion (based primarily on risk-adjusted mortality rates from 
Medicare data). 14 Relative to one-star (worst) hospitals, five- 
star (best) hospitals had significantly lower mortality (16% vs. 
22%, p <0.001) after risk adjustment with clinical data. How¬ 
ever, the HealthGrades ratings poorly discriminated among 
any two individual hospitals. In only 3% of head-to-head 
comparisons did five-star hospitals have statistically lower 
mortality rates than one-star hospitals. 

Selective referral strategies have other downsides. Strategies 
that displace patients from their usual site of care and regular 
physicians may interfere with coordination of care. They tend to 
be highly polarizing, dividing hospitals and surgeons into win¬ 
ners and losers. In alienating the latter, a price of selective refer¬ 
ral may be lost opportunities for engaging physicians in other 
types of quality improvement efforts. And finally, selective refer¬ 
ral improves outcomes exclusively to the extent that it steers 
care away from poor performers. It provides no mechanism for 
helping other hospitals and surgeons improve their outcomes. 


PROCESS COMPLIANCE 

Q Another approach to improving surgical outcomes is to encour¬ 
age hospitals and surgeons to increase their compliance with 
processes of care associated with better outcomes. This model is 
best represented by ongoing pay-for-performance programs of 
both public and private payers. For example, payers are linking 
hospital reimbursement to satisfactory adherence to evidence- 
based practices related to perioperative care, as defined by the 
Surgical Care Improvement Project (SCIP), a joint effort of the 
Centers for Medicare and Medicaid Service (CMS) and the Cen¬ 
ters for Disease Control and Prevention. 15 At the present time, 


these include specific processes aimed at reducing rates of surgi¬ 
cal site infection, postoperative cardiac events, venous throm¬ 
boembolism, and ventilator-associated pneumonia. 

Efforts aimed at improving compliance with specific 
processes of care are considerably less polarizing than selective 
referral. In theory, anyone can “win.” To the extent that sur¬ 
geons can “play to the quiz,” process-based pay-for-perfor- 
mance programs have the potential to achieve rapid and signifi¬ 
cant improvements in many aspects of perioperative care. At the 
University of Michigan Hospital, for example, the proportion of 
colorectal surgery patients receiving an appropriate antibiotic 
within 60 minutes prior to incision increased virtually overnight, 
from 70% to over 95%, following implementation of a pay-for- 
performance program by one of its major private payers. Studies 
in primary care suggest that pay-for-performance programs may 
be particularly effective in improving process compliance among 
poor performers and thus reducing overall variation. 16,17 

Nonetheless, the extent to which process compliance will 
Q improve surgical outcomes remains uncertain. Studies to date 
have generally failed to demonstrate a strong relationship 
between provider performance and specific process measures 
and patient outcomes. For example, based on data suggesting 
that patients in whom more nodes are detected seem to have a 
more favorable prognosis after cancer surgery, many pay-for- 
performance programs recently began rewarding hospitals for 
examining at least 12 lymph nodes from the surgical specimens 
of patients undergoing colectomy for colon cancer. In a recent 
study, hospitals varied widely in their success in achieving the 
12-node minimum. 18 However, hospitals scoring well on this 
process measure had virtually identical 5-year survival rates as 
those scoring poorly. In another study by Hawn et al., 19 hospi¬ 
tals’ compliance with SCIP-1 (proportion of patients receiving 
appropriate antibiotics within 60 minutes of surgical incision) 
had little relation to their rates of surgical site infection. Such 
studies highlight the complexity of surgical care and the limita¬ 
tions of focusing on a small number of discrete steps. 

Even if current process compliance strategies were success¬ 
ful in reducing rates of specific complications, it is not certain 
that they would also reduce mortality, arguably the most 
important end result of many major procedures. To explore 
this issue empirically, we recently assessed hospital compliance 
with several process measures targeted by the Surgical Care 
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FIGURE 14.1. Association between overall 
hospital compliance with Surgical Care 
Improvement Project (SCIP) measures 
(from the Centers for Medicare and Medic¬ 
aid Service’s Hospital Compare Program) 
and risk-adjusted mortality rates with several 
high-risk procedures, based on 2005-2006 
national Medicare data. 


Improvement Project, as compiled by CMS’s Hospital Com¬ 
pare Program. Process compliance varied widely across hospi¬ 
tals (56% in the lowest vs. 91% in the highest hospital tercile). 
However, hospital compliance with SCIP process measures 
had no significant relationship with perioperative mortality for 
high-risk surgery (Fig. 14.1). 

Q Although prophylactic strategies aimed at avoiding complica¬ 
tions in the first place have obvious appeal, “rescuing” patients 
once a complication has occurred may be even more critical in 
reducing mortality. In a large study of Medicare patients by Sil- 
ber et al., hospital mortality with specific procedures seemed to 
be primarily related to failure to rescue (the likelihood of mor¬ 
tality given a complication), and only weakly correlated with 
complication rates. 20 We conducted a similar analysis based on 
data from the American College of Surgeons National Surgical 
Quality Improvement Program. Participating hospitals were 
ranked and sorted according to their risk-adjusted mortality 
rates. Hospitals in the best quintile had mortality rates of only 
2.2%, versus 7.2% in the highest-mortality quintile. As seen in 
Figure 14.2, high-mortality hospitals had only slightly higher 
overall complication rates (odds ratio 1.2, p <0.001) than low- 
mortality hospitals. However, their failure-to-rescue rates were 
markedly higher (odds ratio 3.2, p <0.001). 


OUTCOMES MEASUREMENT 


In contrast to payers and regulators, professional organiza¬ 
tions in surgery are focusing primarily on disseminating 
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FIGURE 14.2. Major complication rates and failure-to-rescue rates at 
hospitals in the lowest and highest quintiles of overall risk-adjusted 
mortality, based on 2005-2006 data from the American College of 
Surgeons’ National Surgical Quality Improvement Program (NSQIP). 
OR, odds ratio. 


nationwide systems for tracking surgical outcomes. Their goal 
is to provide hospitals and surgeons with rigorous feedback 
about their outcomes relative to those of their peers, in the 
hopes that they will identify opportunities for improvement 
and respond accordingly. This model is less prescriptive than 
the process compliance approach and assumes that hospitals 
and surgeons can decide best how to improve care at the local 
level. 

The Society of Thoracic Surgeons was among the first to 
embrace this model and now a large majority of U.S. hospitals 
involved in cardiac surgery contribute to its national outcomes 
database. 21 First developed by the Department of Veterans 
Affairs, the NSQIP has been adapted for use in the private sec¬ 
tor by the ACS and has become the most recognized outcomes 
measurement platform for noncardiac surgery. 10,22 Although 
the ACS’s NSQIP has traditionally assessed morbidity and 
mortality for random samples of patients undergoing any major 
procedures, the program will soon begin procedure-specific 
data collection and outcomes reporting. 23 

This model of centralized quality measurement but local 
quality improvement has particular appeal among surgeons. 
They view good outcomes as the best criterion of surgical 
quality, but do not like directives about how to achieve them. 
There is strong evidence that this model can be very effective 
in reducing both overall mortality and variation across 
providers. In northern New England, for example, mortality 
with coronary artery bypass grafting fell by more than 25% 
almost immediately following feedback of mortality data to 
hospitals and surgeons; variation in mortality rates across hos¬ 
pitals fell even more dramatically. 24 This surgical “Hawthorne 
effect” has been similarly observed in Veterans Affairs hospi¬ 
tals nationwide after implementation of the NSQIP. 4 Although 
what actually changed about clinical practice to effect this 
improvement has never been fully characterized, overall mor¬ 
bidity rates fell by over 40%. 

Among their disadvantages, outcomes measurement pro¬ 
grams often involve extensive data collection (mainly to ensure 
adequate risk adjustment) and thus can be expensive. Annual 
costs for hospitals participating in the ACS’s NSQIP exceed 
$100,000. Outcomes measures, particularly when assessed at 
the level of specific procedures, are often hindered by small 
sample sizes and too “noisy” to inform hospitals and surgeons 
of their true performance. 25 Type I and type II errors can lead 
to oversteering and understeering, respectively, in targeting 
Q quality improvement efforts. Finally, outcomes measurement 
provides no insights about best practices and how individual 
providers or the profession as a whole can improve. Outcomes 
feedback alone may also be insufficient for addressing specific 
types of quality problems, including surgeon inexperience, 
technical proficiency, and judgment. 
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SUMMARY 

Selective referral, process compliance, and outcomes measure¬ 
ment reflect different philosophies on how best to improve sur- 
Q gical quality and have distinct advantages and disadvantages. 
The optimal strategy may depend on political realities, the 
clinical context (e.g., which procedure), and which outcomes 
stakeholders hope to improve. 9 As currently configured, selec¬ 
tive referral strategies may be best applied to relatively uncom¬ 
mon procedures for which outcomes vary dramatically across 
hospitals and surgeons (e.g., esophagectomy, pancreatic resec¬ 
tion). Process compliance strategies are currently focusing on 
“low-hanging fruit”—improving adherence to a small number 
of evidence-based practices in perioperative care. They may 
not be effective in reducing surgical mortality, but they may 
ultimately prove successful to reducing adverse events impor¬ 
tant to patients (e.g., surgical site infection). Finally, outcomes 
measurement efforts—the major thrust of professional organi¬ 
zations—are likely to improve outcomes to the extent that 
they can capitalize on the surgical Hawthorne effect. In addi¬ 
tion to spurring quality improvement at the local level, these 
efforts may ultimately provide a platform for public reporting 
and provider accountability in surgery. 

Each of the three strategies would benefit from advances in 
quality measurement and improvement. Selective referral could 
be improved by measures that more reliably capture 
performance for individual hospitals and surgeons. Optimal 
measures would not only describe past performance, but also 
forecast future outcomes for patients and payers trying to iden¬ 
tify the best hospitals and surgeons for specific procedures. As 
described elsewhere, individual measures of structure (includ¬ 
ing procedure volume), process of care, and outcomes have 
major limitations in reflecting provider-specific quality. 26 Com¬ 
posite quality measures, which empirically combine informa¬ 
tion from several quality domains, appear very promising and 
may soon become the standard in selective referral. 27,28 Simple 
composites combining procedure volume and operative mor¬ 
tality have already been adopted by the Leapfrog Group. 

Effective process compliance strategies await higher-leverage 
processes of care on which to base them. A better understand¬ 
ing of mechanisms underlying variation in surgical mortality 
and other important outcomes is essential for identifying such 
practices. For example, which types of clinical events and com¬ 
plications account for differences in mortality across hospitals? 
Which specific processes of care and organizational factors 
explain different rates of these clinical events? Previous research 
provides only preliminary answers to these basic questions. 
High-leverage processes of care may ultimately prove harder to 
codify than the perioperative processes that SCIP and payers 
are now focusing upon, and may involve those related to pre¬ 
operative decision making (e.g., which patients to operate on in 
the first place) and surgeon proficiency in the operating room. 

To fully realize their potential, outcomes measurement 
strategies need a more potent “effecter arm.” Performance 
feedback may be the essential first step, but hospitals and sur¬ 
geons need more guidance on what they can do to improve. 
As described earlier, a better understanding of mechanisms 
underlying variation and suboptimal outcomes will be crucial 
in this regard. In the meantime, professional organizations 
should develop better systems for developing and disseminat¬ 
ing practice guidelines, providing expert-based consultative 
services to underperforming providers, and educating sur¬ 
geons about the principles of continuous quality improvement. 

Regardless of the underlying improvement strategy, payers 
and professional organizations should ensure that surgical qual¬ 
ity is not defined too narrowly. At the present time, each is focus¬ 
ing almost exclusively on measures of technical quality around the 
surgical episode. However, a large body of evidence suggests that 
the use of surgery varies even more widely across providers 
than do the outcomes of surgery. Despite the practical and method- 
ologic challenges involved, policy approaches to improving 


surgical care will eventually need to consider appropriateness 
and the quality of the decision to operate in the first place. 
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CHAPTER 15 ■ MEASURING THE QUALITY 

OF SURGICAL CARE 

JUSTIN B. DIMICK AND JOHN D. BIRKMEYER 


KEY POINTS 


Q The National Quality Forum (NQF) has recently emerged 
as the leading organization endorsing quality measures. 
Many other organizations, including the Joint Commission 
and the Centers for Medicare and Medicaid Services 
(CMS), rely on endorsement by the NQF before applying a 
measure to practice. 

Q Quality measures fall into three categories: structure, pro¬ 
cess, and outcomes. Health care structure refers to fixed at¬ 
tributes of the system in which patients receive care. 
Process of care measures are the clinical details of care pro¬ 
vided to patients. Outcome measures reflect the end result 
of care, from a clinical perspective or as judged by the 
patient. 

Q Composite measures, created by combining multiple indi¬ 
vidual quality indicators, are becoming increasingly used 
in the assessment of surgical quality. Most existing pay-for- 
performance efforts, including the CMS pilot, use compos¬ 
ite measures to assess the quality of medical and surgical 
diagnoses. 

0No quality measure is perfect. Clinical leaders, patient 
advocates, payers, and policy makers will have to make 
decisions about when imperfect measures are good enough 
to act upon. A measure should be implemented only with 
the expectation that acting on it will result in a net 
improvement in health quality. 

Q It is important to ensure a good match between the per¬ 
formance measure and the primary goal of measurement. 
The right measure depends on whether the underlying 
goal is (a) quality improvement or (b) selective referral— 
directing patients to higher-quality hospitals and/or 
providers. 


Q For quality improvement purposes, a good performance 
measure must be actionable. Measurable improvements in 
the given process should translate to clinically meaningful 
improvements in patient outcomes. 

Q With selective referral, a good measure will steer patients 
to better hospitals or physicians. As one basic litmus test, a 
measure based on prior performance should reliably iden¬ 
tify providers likely to have superior performance now and 
in the future. 

Q One of the biggest limitations of surgical quality measure¬ 
ment is the statistical “noise” from the small sample sizes 
at most hospitals. This problem makes it difficult to isolate 
the quality signal from the background statistical noise. An 
emerging technique, reliability adjustment, directly ad¬ 
dresses this problem. This technique, based on hierarchical 
modeling, quantifies and subtracts statistical noise from 
the measurement process. 

Q Another significant limitation of existing approaches to sur¬ 
gical quality assessment is a lack of good measures of global 
quality. As payers and purchasers of health care move for¬ 
ward with value-based purchasing, there is a growing need 
for better composite scores. In this chapter, we discuss an 
emerging technique for creating empirically weighted com¬ 
posite measures of surgical performance. 

© An emerging technique for creating empirically weighted 
composite measures of surgical performance is improving 
the quality and efficiency of surgical care. Quality mea¬ 
sures are only useful if they inform improvement efforts. 
Future refinements in measurement should therefore aim 
to meet the diverse needs of the improvement efforts of 
patients, payers, and providers. 


With growing recognition that the quality of surgical care 
varies widely, good measures of performance are in high 
demand. Patients and their families need accurate information 
to help them choose the safest hospitals for surgery. 1 Employ¬ 
ers and payers need reliable measures for their value-based 
purchasing programs. 2 Motivated in part by these external 
pressures, clinical leaders need better measures to guide their 
quality improvement efforts. 3 

Despite a broadening array of measures, there remains con¬ 
siderable uncertainty about which measures are most useful. 4,5 
Current measures are remarkably heterogeneous, encompass¬ 
ing different elements of health care structure, process, and 
outcomes. With the proliferation of value-based purchasing, 
which requires a global assessment of quality, there has been a 
rapid growth in the use of composite measures. 6 Although 
each of these types of performance measures has strengths, 
each is also associated with conceptual, methodologic, and/or 
practical problems (Table 15.1). 

This chapter provides an overview of existing quality indi¬ 
cators followed by a review of the main strengths and limita¬ 
tions of each type of measure: structure, process, outcomes, 


and composites. The chapter then closes with recommenda¬ 
tions for selecting the right measure and a description of 
emerging techniques that address some of the limitations of 
existing quality measures. 


OVERVIEW OF 
CURRENT MEASURES 


An ever-broadening array of performance measures has been 
developed for assessing surgical quality. Over the past few 
years, the National Quality Forum (NQF) has emerged as the 
leading organization endorsing quality measures. Table 15.2 
includes surgical quality measures endorsed by the NQF. 
Many other organizations, including the Joint Commission 
and the Centers for Medicare and Medicaid Services (CMS), 
rely on endorsement by the NQF before applying a measure to 
practice. The number of measures relevant to surgery endorsed 
by the NQF has grown rapidly. Many of these new measures 
are part of CMS’s Surgical Care Improvement Program (SCIP), 
which includes process measures related to prevention of 
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TABLE 15.1 


EXAMPLES, STRENGTHS, AND LIMITATIONS OF DIFFERENT APPROACHES TO MEASURING SURGICAL PERFORMANCE 



■ EXAMPLE 

■ STRENGTHS 

■ LIMITATIONS 

Structure 

Hospital or surgeon volume 
Surgeon specialty training 

Inexpensive and readily 
available 

Strong relationship to 
important outcomes 

Not actionable for quality 
improvement 

Not good at discriminating individual 
provider performance 

Process 

Appropriate selection, timing, 
and duration of antibiotic 
prophylaxis 

Use of internal mammary 
artery for coronary artery 
bypass grafting 

Actionable as targets for 
improvement 

Everybody can achieve 

100% compliance 

Most known processes relate to 
secondary outcomes 

High-leverage processes are unknown 
for most procedures 

Outcome 

Risk-adjusted mortality 
Risk-adjusted morbidity 

Seen as the bottom line 
of patient care 

Buy-in from providers 

Sample sizes too small at individual 
hospitals 

Composite 

The Leapfrog Group’s 

Survival Predictor 

STS Composite score for 
coronary artery bypass grafting 

Addresses problems with 
small sample size 

Makes sense of multiple 
conflicting measures 

Too broad to identify specific areas 
that need improvement 

STS, Society of Thoracic Surgeons. 


TABLE 15.2 

OVERVIEW OF CLINICAL PERFORMANCE MEASURES RELEVANT TO SURGERY THAT HAVE 
BEEN ENDORSED BY THE NATIONAL QUALITY FORUM (NQF) AS OF AUGUST 2007 

■ DIAGNOSIS OR PROCEDURE 

■ PERFORMANCE MEASURE 

Coronary artery bypass 

Use of internal mammary artery 

Preoperative beta-blocker 

Deep sternal wound infection rate 

Prolonged intubation 

Renal insufficiency 

Surgical re-exploration 

Hospital volume 

Aortic valve replacement 

Risk-adjusted mortality rate 

Hospital volume 

Mitral valve replacement 

Risk-adjusted mortality rate 

Hospital volume 

Any cardiac surgery 

Antiplatelet, antilipid, and beta-blockers on discharge 
Participation in a cardiac surgery registry 

Preoperative beta-blocker 

Renal insufficiency 

Prolonged intubation 

Stroke 

Surgery for breast cancer 

Radiation therapy after breast conservation surgery 

Surgery for colon cancer 

Adjuvant chemotherapy for appropriate candidates 

At least 12 lymph nodes identified in surgical specimen 

Surgery for rectal cancer 

Adjuvant radiation therapy for patients with rectal cancer 

Any surgical procedure 

Venous thrombosis prophylaxis 

Appropriate timing, selection, and discontinuation of 
prophylactic antibiotics 

Any hospitalized patient, including 
all after surgery 

Central venous catheter infection rate 

Urinary catheter-associated infection rate 
Ventilator-associated pneumonia rate 
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TABLE 15.3 


OVERVIEW OF PERFORMANCE MEASURES CURRENTLY USED FOR SURGERY 


■ DIAGNOSIS OR 
PROCEDURE 

■ PERFORMANCE MEASURE 

■ DEVELOPER/ 
ENDORSER 

Critically ill patients 

Board-certified intensivist staffing 

LF 

Abdominal aneurysm repair 

Hospital volume 

Risk-adjusted mortality rates 
Prophylactic beta-blocker use 

AHRQ, LF 

AHRQ 

LF 

Carotid endarterectomy 

Hospital volume 

AHRQ 

Esophageal resection for cancer 

Hospital volume 

AHRQ 

Pancreatic resection 

Hospital volume 

Risk-adjusted mortality rates 

AHRQ, LF 

AHRQ 

Pediatric heart surgery 

Hospital volume 

Risk-adjusted mortality rates 

AHRQ 

AHRQ 

Hip replacement 

Risk-adjusted mortality rates 

AHRQ 

Craniotomy 

Risk-adjusted mortality rates 

AHRQ 

Cholecystectomy 

Laparoscopic approach 

AHRQ 

Appendectomy 

Avoidance of incidental appendectomy 

AHRQ 

AHRQ, Agency for Healthcare Research and Quality; LF, Leapfrog Group. 


surgical site infections, postoperative cardiac events, venous 
thromboembolism, and respiratory complications. 

While the NQF is the central organization for evaluating 
candidate measures, many other organizations continue to cre¬ 
ate their own quality indicators (Table 15.3). The Agency for 
Healthcare Research and Quality (AHRQ) has focused on 
quality measures that can be used with administrative data. 
For example, the AHRQ maintains and distributes state and 
national administrative data as part of their Healthcare Cost 
and Utilization Project (HCUP). Processes of care are generally 
not available in these datasets, so the AHRQ measures focus 
mainly on structure (e.g., hospital volume) and outcomes (e.g., 
mortality rates). 

The Leapfrog Group, a coalition of large employers and 
health care purchasers, has issued perhaps the most visible set 
of surgical quality indicators for its value-based purchasing ini¬ 
tiative. Although originally focused exclusively on structural 
measures, including volume standards, their current standards 
also include selected processes and risk-adjusted outcomes. In 
the future, the Leapfrog Group will use a composite of opera¬ 
tive mortality and hospital volume as the primary measure for 
their evidence-based hospital referral initiative. 7 We will dis¬ 
cuss composite measures in detail later in this chapter. 


INDIVIDUAL QUALITY MEASURES 

Q Quality measures fall into three categories: structure, process, 
and outcomes. 


Structure 


Health care structure refers to fixed attributes of the system in 
which patients receive care. Many structural measures describe 
hospital-level attributes, such as the resources or staff coordi¬ 
nation and organization (e.g., nurse-to-patient ratios, hospital 
teaching status). Other structural measures reflect attributes of 
individual physicians (e.g., subspecialty board certification, 
procedure volume). 


Strengths. Structural measures of quality have several 
attractive features. First, they are strongly related to patient 
outcomes. For example, with esophagectomy and pancreatic 
resection, operative mortality rates at high-volume hospitals 
are often 10% lower, in absolute terms, than low-volume cen¬ 
ters. 8,9 In some instances, structural measures such as proce¬ 
dure volume are more predictive of subsequent hospital per¬ 
formance than any known processes of care or even direct 
mortality measures (Fig. 15.1). 

Perhaps the most important advantage of structural vari¬ 
ables is the ease with which they can be assessed. Many can be 
determined using readily available administrative data. 
Although some structural measures require surveying hospi¬ 
tals or providers, such data are much less expensive to collect 
than measures requiring detailed patient-level information. 

Limitations. Perhaps the greatest limitation of this approach is 
that structural measures are not readily actionable. For example, 
a small hospital cannot readily make itself a high-volume center. 
Thus, while selected structural measures may be useful for selec¬ 
tive referral initiatives, they have limited value for quality 
improvement purposes. Structural measures are also limited in 
their ability to discriminate the performance of individual 
providers. For example, in aggregate, high-volume hospitals 
have much lower mortality rates than lower-volume centers for 
pancreatic resection. 8,9 However, some individual high-volume 
hospitals may have high mortality rates, and some low-volume 
hospitals may have low mortality rates. 10 Although the true per¬ 
formance of individual hospitals is difficult to confirm empiri¬ 
cally (for sample size reasons), this lack of discrimination is one 
reason structural measures are often viewed as “unfair” by many 
providers. 


Process of Care 


Process of care measures are the clinical details of care pro¬ 
vided to patients. Although long the predominant quality indi¬ 
cators for medical care, their popularity in surgery is growing 
rapidly. Perhaps the best example of the trend toward using 
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Abdominal aortic aneurysm repair 



Pancreatic cancer resection 



Hospital rankings (2003-2004) 

B 


FIGURE 15.1. Ability of hospital rankings based on 2003-2004 mor¬ 
tality rates and hospital volume to predict risk-adjusted mortality in 
2005-2006. Data shown for abdominal aortic aneurysm repair (A) 
and pancreatic cancer resection (B). Source: National Medicare data. 


process measures is the CMS’s SCIP. As previously mentioned, 
this quality measurement initiative focuses exclusively on 
processes related to prevention of surgical site infections, post¬ 
operative cardiac events, venous thromboembolism, and respi¬ 
ratory complications. 

Strengths. Since processes of care reflect the care actually 
delivered by physicians, they have face validity and enjoy 
greater buy-in from providers. They are also directly action¬ 
able and provide good substrate for quality improvement 
activities. Although risk adjustment may be important for out¬ 
comes, it is not required for many process measures. For 
example, the appropriate prophylaxis against postoperative 
venous thromboembolism is a widely used process measure. 
Since virtually all patients undergoing open abdominal surgery 
should be offered some form of prophylaxis, there is little need 
to collect detailed clinical data for risk adjustment. 

Limitations. The biggest limitation of process measures is 
the lack of correlation between processes of care and impor¬ 
tant outcomes. 4 There is a growing body of empirical data 
showing very little correlation between processes of care and 
important outcomes. 11-13 Most data come from literature on 
medical diagnoses, such as acute myocardial infarction. For 
example, the Joint Commission and CMS process measures 


for acute myocardial infarction explained only 6 % of the ob¬ 
served variation in risk-adjusted mortality for acute myo¬ 
cardial infarction. 12 

Although few analogous studies have been done in surgery, 
there are some reasons to believe that existing process measures 
explain very little of the variation in important surgical out¬ 
comes. First, most process measures currently used in surgery 
relate to secondary outcomes. While none would dismiss the 
value of prophylactic antibiotics in reducing risks of superficial 
wound infection, this process is not related to the most impor¬ 
tant adverse events of major surgery, including death. 

Second, process measures in surgery often relate to compli¬ 
cations that are very rare. For example, there is consensus that 
venous thromboembolism prophylaxis is necessary and impor¬ 
tant. The SCIP measures, endorsed by the NQF, include the use 
of appropriate venous thrombosis prophylaxis. However, pul¬ 
monary embolism is very uncommon, and improving adher¬ 
ence to these processes will therefore not avert many deaths. 
Until we understand which processes of care account for those 
adverse events leading to death, process measures will have 
limited usefulness in surgical quality measurement. 4,11-13 


Outcomes 


Outcome measures reflect the end result of care, from a clinical 
perspective or as judged by the patient. Although mortality is 
by far the most commonly used measure in surgery, other out¬ 
comes that could be used as quality indicators include compli¬ 
cations, hospital readmission, and a variety of patient-centered 
measures of quality of life or satisfaction. The best example of 
this type of measurement is found in the National Surgical 
Quality Improvement Program (NSQIP). 14 The NSQIP is a sur¬ 
geon-led clinical registry for feeding back risk-adjusted mor¬ 
bidity and mortality rates to participating hospitals. After its 
successful implementation in Veterans Affairs (VA) hospitals, it 
was introduced into the private sector with good results. 15 
Under the guidance of the American College of Surgeons, hos¬ 
pital participation in the NSQIP continues to grow, with more 
than 200 hospitals currently participating. Several changes to 
the NSQIP measurement platform, which were discussed in the 
previous chapter, will help make the program less expensive 
and more useful. 3 

Strengths. There are at least two key advantages of outcomes 
measures. First, outcome measures have obvious face validity, 
and thus are likely to get the greatest “buy-in” from hospitals 
and surgeons. Surgeon enthusiasm for the NSQIP and the con¬ 
tinued dissemination of the program clearly underline this 
point. Second, the act of simply measuring outcomes may lead 
to better performance—the so-called Hawthorne effect. For 
example, surgical morbidity and mortality rates in VA hospitals 
have fallen dramatically since implementation of the NSQIP 
two decades ago. 14 No doubt many surgical leaders at individ¬ 
ual hospitals made specific organizational or process improve¬ 
ments after they began receiving feedback on their hospitals’ 
performance. However, it is very unlikely that even a full inven¬ 
tory of these specific changes would explain such broad-based 
and substantial improvements in morbidity and mortality rates. 

Limitations. Hospital- or surgeon-specific outcome measures 
are severely constrained by small sample sizes. For the large 
majority of surgical procedures, very few hospitals (or surgeons) 
have sufficient adverse events (numerators) and cases (denomi¬ 
nators) for meaningful, procedure-specific measures of morbid¬ 
ity or mortality. For example, Dimick et al. used data from the 
Nationwide Inpatient Sample to study seven procedures for 
which mortality rates have been advocated as quality indicators 
by the AHRQ. 16 For six of the seven procedures, a very small 
proportion of US hospitals had adequate caseloads to rule out a 
mortality rate twice the national average (Fig. 15.2). Although 
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surgery 


surgery aneurysm 


FIGURE 15.2. Big problems with small sam¬ 
ples: the proportion of hospitals in the United 
States with sufficient caseloads (sample size) to 
reliably use mortality rates to measure quality. 


identifying poor-quality outliers is an important function of out¬ 
comes measurement, focusing on this goal alone significantly 
underestimates problems with small sample sizes. Discriminat¬ 
ing among individual hospitals with intermediate levels of per¬ 
formance is even more difficult. 

Another significant limitation of outcomes assessment is 
the expense of data collection. Reporting outcomes requires 
the costly collection of detailed clinical data for risk adjust¬ 
ment. For example, it costs over $100,000 annually for a pri¬ 
vate sector hospital to participate in the NSQIR Because of the 
expense of data collection, the American College of Surgeons’ 
(ACS’s) NSQIP currently collects data on only a sample of 
patients undergoing surgery at each hospital. Although this 
sampling strategy decreases the cost of data collection, it exac¬ 
erbates the problem of small sample size with individual pro¬ 
cedures. As discussed in the next chapter, changes in the next 
iteration of the NSQIP are aimed at reducing the expense of 
data collection without compromising the risk adjustment. 


COMPOSITE MEASURES 

Q Composite measures, created by combining multiple individual 
quality indicators, are becoming increasingly used in the assess¬ 
ment of surgical quality. 6,7,17 Most existing pay-for-performance 
efforts, including the CMS pilot, use composite measures to 
assess the quality of medical and surgical diagnoses. The Society 
of Thoracic Surgeons (STS) Measurement Taskforce has created 
a new composite score that combines elements of outcomes and 
processes of care into a single measure. 17 With growing enthusi¬ 
asm for this approach, the AHRQ recently published a techni¬ 
cal review of composite measures. 18 


Strengths 

Composite measures have two main advantages over individ¬ 
ual quality indicators. First, pooling multiple measures over¬ 
comes the problem with small sample sizes described earlier. 
Second, this approach deals with the problem of multiple con¬ 
flicting measures, and simplifies quality measurement by pro¬ 
viding a single, summary measure of performance. For exam¬ 
ple, the STS measure for cardiac surgery combines several 
measures of process and outcomes to create a single score with 
three categories: one star, two stars, and three stars. 17 


Limitations 


Composite measures have both technical and practical limita¬ 
tions. Perhaps the biggest technical challenge is weighting the 


input measures. Most existing composite measures are created 
using equal weighting, expert opinion, or the “all or none” 
approach. For example, the STS cardiac surgery composite 
score calculates a domain-specific score for morbidity, mortal¬ 
ity, process of care, and perioperative medications, and then 
places equal weight on each domain. 17 Unfortunately, these 
simplistic weighting schemes do not take into account the sim¬ 
ple fact that some measures are more important than others. 
Ideally, input measures would be weighted empirically, based 
on how strongly they are related to important outcomes. 18 An 
emerging technique for creating such empirically weighted 
composite measures of surgical performance will be discussed 
at the end of the chapter. 19 

Composite measures also have a practical limitation. By 
design, composite measures reflect global performance with a 
procedure or specialty. It is hard to know exactly where 
improvement is needed with this global assessment. Thus, it is 
important to deconstruct the composite measures into the 
individual process and outcome measures. Actionable targets 
for improvement (e.g., high complication rates or failure to 
adhere to specific processes) can then be addressed. 


CHOOSING THE RIGHT MEASURE 

Q No quality measure is perfect. Clinical leaders, patient advo¬ 
cates, payers, and policy makers will have to make decisions 
about when imperfect measures are good enough to act upon. A 
measure should be implemented only with the expectation that 
acting on it will result in a net improvement in health quality. 
Thus, the direct benefits of implementing a particular measure 
cannot be outweighed by the indirect harms. Unfortunately, 
these benefits and harms are often difficult to measure and heav¬ 
ily influenced by the specific context and who—patients, payers, 
or providers—is doing the accounting. For this reason, there is 
no simple answer for where to “set the bar.” 

It is important to ensure a good match between the perfor¬ 
mance measure and the primary goal of measurement. The right 
measure depends on whether the underlying goal is (a) quality 
improvement or (b) selective referral—directing patients to 
higher-quality hospitals and/or providers. Although many pay- 
for-performance initiatives have both goals, one often predomi¬ 
nates. For example, the ultimate objective of the CMS’s pay-for- 
performance initiative with prophylactic antibiotics is improving 
quality at all hospitals (quality improvement). Conversely, the 
Leapfrog Group’s efforts in surgery are primarily aimed at get¬ 
ting patients to hospitals likely to have the best outcomes (selec¬ 
tive referral). 

For quality improvement purposes, a good performance meas¬ 
ure must be actionable. Measurable improvements in the given 
process should translate to clinically meaningful improvements 
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in patient outcomes. Although quality improvement activities 
are rarely “harmful,” their major downsides relate to their 
opportunity cost. Initiatives hinged on bad measures divert 
resources (e.g., time and focus of physicians and other staff) 
away from more productive activities. 

Q With selective referral, a good measure will steer patients to 
better hospitals or physicians. As one basic litmus test, a mea¬ 
sure based on prior performance should reliably identify 
providers likely to have superior performance now and in the 
future. At the same time, an ideal measure would not incen- 
tivize perverse behaviors (e.g., surgeons doing unnecessary 
procedures to meet a specific volume standard) or negatively 
affect other domains of quality (e.g., patient autonomy, access, 
and satisfaction). 

Many believe that a good performance measure must dis¬ 
criminate performance at the individual level. From the 
provider perspective in particular, a “fair” measure must reli¬ 
ably reflect the performance of individual hospitals or physi¬ 
cians. Unfortunately, as described earlier, small caseloads (and 
sometimes case mix variation) conspire against this objective 
for most procedures. Patients, however, should value informa¬ 
tion that improves their odds of good outcomes on average. 
Many measures meet this latter interest while failing on the 
former (e.g., hospital volume standards). There may be no 
simple solution to resolving the basic tension implied by per¬ 
formance measures that are unfair to providers yet informative 
for patients. However, it underscores the importance of being 
clear about both the primary purpose (quality improvement or 
selective referral) and whose interests are receiving top priority 
(provider or patient). 

DEVELOPING BETTER MEASURES 

Although great progress has been made, the science of quality 
measurement is in its infancy. In fact, there are solutions on the 

Q horizon for many of the limitations discussed earlier. One of 
the biggest limitations of surgical quality measurement is the 
statistical “noise” from the small sample sizes at most hospi¬ 
tals. This problem makes it difficult to isolate the quality sig¬ 
nal from the background statistical noise. In other words, it is 
often hard to know whether hospitals or surgeons have poor 
performance because they provide low-quality care or because 
they were unlucky. For obvious reasons, labeling surgeons and 
hospitals correctly is extremely important. 

An emerging technique, reliability adjustment, directly 
addresses the problem of statistical noise. 20 This technique, 
based on hierarchical modeling, quantifies and subtracts sta¬ 
tistical noise from the measurement process. Essentially, it 
“shrinks” providers’ performance back toward average 
unless they deviate to such an extreme that it is safe to assume 
they are truly different. In this way, it gives providers the ben¬ 
efit of the doubt. Figure 15.3 shows the risk-adjusted mortal¬ 
ity rates for pancreatic resection in Medicare patients before 
and after reliability adjustment. Prior to reliability adjust¬ 
ment, the mortality rates varied from 0% to 100%. After reli¬ 
ability adjustment, the mortality rates only vary from 2% to 
22%, yielding a range of performance that is clinically more 
realistic. Reliability adjustment is gaining popularity outside 
surgery (e.g., ambulatory care) and is becoming widely recog¬ 
nized as a valid tool for improving the accuracy of quality 
measurement. 20,21 

Despite wide use in other fields, reliability adjustment is 
only beginning to find application in surgery. Perhaps the most 
prominent example is the Massachusetts state cardiac surgery 
report card, which publishes “smoothed” mortality rates for 
each hospital. 22 These are obtained with reliability adjustment 
using hierarchical modeling techniques, as described earlier. 
This approach will also soon be applied to the morbidity and 
mortality rates in the ACS’s NSQIP, as described with other 
changes in a recent “Blueprint” for a new ACS NSQIP. 3 As the 



reliability reliability 

FIGURE 15.3. Variation in hospital mortality rates before and after 
adjusting for reliability. Twenty randomly sampled hospitals are 
shown. Source: National Medicare data, 2005-2006. 


advantages of this technique become more widely known, 
there is no doubt it will become the standard technique for 
reporting risk-adjusted outcomes. 

Another significant limitation of existing approaches to sur¬ 
gical quality assessment is a lack of good measures of global 
quality. As payers and purchasers of health care move forward 
with value-based purchasing, there is a growing need for better 
composite scores. Unfortunately, as discussed earlier, most 
approaches are not thoughtful about how they weight input 
measures. However, there is an emerging technique for creating 
empirically weighted composite measures of surgical perfor¬ 
mance. 19 To create these measures, a “gold standard” quality 
measure is first identified (e.g., risk-adjusted mortality). The 
relationships between all input measures and this “gold stan¬ 
dard” measure are then determined. A composite is then cre¬ 
ated that weights the input measures based on how reliable 
they are (a measure of precision) and how closely they are 
related to the “gold standard” outcome. Staiger et al. recently 
published the methods for creating these measures using aortic 
valve replacement. 19 They found that a composite measure of 
risk-adjusted mortality and hospital volume with aortic valve 
replacement combined with risk-adjusted mortality for other 
cardiac procedures explained 70% of the hospital-level varia¬ 
tion in mortality and was better at predicting future perfor¬ 
mance than any individual measure (Fig. 15.4). 

Although both of these emerging techniques will enhance 
our ability to profile hospitals on technical quality, we also need 
to develop better measures of surgical decision making. Wide 
geographic variations in the use of surgical procedures imply 
substantial underuse, misuse, and overuse. Escalating health 
care costs are at least in part due to overuse and misuse of sur¬ 
gical interventions. Measures of appropriateness or utilization 
will need to become part of our armamentarium if meaningful 
attempts at reducing these variations are to be made. Although 
appropriateness criteria have been extensively studied, there is 
growing consensus that they are impractical on a large scale. 23 
The task of tabulating all of the potential scenarios in which a 
procedure is “appropriate” or “inappropriate” is daunting. 
Even when these exhaustive lists are created, reasonable clini¬ 
cians may still disagree in a large proportion of cases. 23 Appro¬ 
priateness criteria should be limited to “low-hanging fruit,” 
those procedures with a few, well-agreed-upon indications for 
operation. 

For the majority of procedures, however, another approach 
is needed. One promising approach is the measurement of 
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FIGURE 15.4. Ability of various historical 
(2000-2001) quality indicators to forecast sub¬ 
sequent (2002-2003) risk-adjusted mortality 
with aortic valve replacement (AVR). Hospitals 
sorted into quintiles according to hospital vol¬ 
ume alone, risk-adjusted mortality alone, and 
composite measure based on AVR mortality, 
AVR hospital volume, and mortality and vol¬ 
ume with other cardiac procedures. 


Hospital volume Mortality Composite 

Hospital quintiles by quality indicator (2000-2001) 



utilization at the level of the Physician-Hospital Network 
(PHN). The PHN is a virtual organization for physicians and 
the hospital with which they are affiliated. 24,25 PHNs are felt 
by some health policy experts to be the right level of account¬ 
ability for measuring the quality of the extended health care 
system. Rates of surgery for each PHN could be used for pub¬ 
lic reporting, value-based purchasing, or tiered health plans. 
This approach would allow patients to choose hospitals based 
on how “aggressive” they are. Public disclosure of surgery 
rates would also put downward pressure on hospitals with 
high rates of surgery, potentially discouraging expanding 
capacity when it may not be necessary. 

The near future will no doubt bring other major advances 
in the science of quality measurement. The accelerating pace of 
technology will surely play a role. As electronic medical 
records become more widely adopted, clinical data will be 
more easily abstracted from the patient record. Such improve¬ 
ments in technology will provide cost-efficient risk adjustment 
and more practicable approaches for assessing the adherence 
to important processes of care. While improvements in tech¬ 
nology and infrastructure are of great benefit, involvement of 
surgeons in health services research will also be important. 
Studies using tools of clinical epidemiology are needed to gen¬ 
erate evidence linking high-leverage processes of care to 
important outcomes. These processes of care could then be 
applied to existing quality measurement platforms. Surgeon- 
scientists with scholarship in quality improvement will be 
instrumental in providing these insights and leading this high- 
impact academic field forward. 

© When measuring quality, it is important to keep in mind the 
ultimate goal: improving the quality and efficiency of surgical 
care. Quality measures are only useful if they inform improve¬ 
ment efforts. Future refinements in measurement should there¬ 
fore aim to meet the diverse needs of the improvement efforts 
of patients, payers, and providers. In the previous chapter, the 
three dominant approaches for improving surgical quality 
were discussed: selective referral, process compliance, and out¬ 
comes measurement. These three policy approaches roughly 
mirror the three types of quality measures (structure, process, 
and outcomes), providing real-world examples of how various 
stakeholders weigh the pros and cons of quality indicators, 
and ultimately choose an assessment approach by matching 
the measure to the purpose. 
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CHAPTER 16 ■ PATIENT SAFETY 

DARRELL A. CAMPBELL, Jr. 


KEY POINTS 


^ Safety means “freedom from harm”; in the context of 
patient care, safety means freedom from harm associated 
with any medical action or treatment. 

Q Even though the system should be constructed to back up 
human fallibilities, it is instructive to recognize these falli¬ 
bilities. This subject is hard to quantify, but a good list, 
developed in a family practice environment, reads as fol¬ 
lows: hurry, distraction, lack of knowledge, premature 
closure of the diagnostic process, and inadequate aggres¬ 
siveness in patient management. 


Q In the acute hospital setting, as opposed to the outpatient 
environment in family practice, safety problems typically 
involve poor handoffs, failures of teamwork, excess work¬ 
load, and fatigue. 

Q Another approach to the implementation of safe practices 
is to educate and train physicians and nurses within the 
context of a team. 

Q The future of the patient safety movement depends on the 
development of an effective safety reporting mechanism. 


IMPORTANT DEFINITIONS: 
SAFETY VERSUS QUALITY 

The terms quality and safety have important bearings on any 
discussion of patient care. These are related subjects but have 
different meanings, and these differences should be under- 
Q scored before any dialogue about patient safety begins. Safety 
means “freedom from harm”; in the context of patient care, 
safety means freedom from harm associated with any medical 
action or treatment. Quality is a more global term referring to 
a “degree of excellence.” It is theoretically possible for a hos¬ 
pital to be safe but for quality to be average or poor. It is not 
possible for a hospital to be of high quality and unsafe. In this 
chapter we focus primarily on the subject of patient safety, but 
admit that some aspects of the subject drift into the area of 
quality as well. 


THE PROBLEM 


By now, all are familiar with the report issued by the Institute 
of Medicine (IOM) in 2000 entitled To Err Is Human. 1 The 
report was an exhaustive review of the status of safety in our 
nation’s hospitals. The bottom line—which served as a “burn¬ 
ing platform” for the patient safety movement—was the 
astonishing calculation that between 44,000 and 98,000 
Americans died annually in hospitals as the result of pre¬ 
ventable medical error. The report produced a flurry of out¬ 
rage from consumer groups and denials and refutations from 
medical groups, but when the dust settled, what was left was 
the recognition, by all groups, that something was seriously 
wrong in our medical care delivery system. 

Comparisons are often made between the safety of airline 
travel and medical care. One airline disaster every 2 or 3 years 
produces calls for new regulation, better airports, more fre¬ 
quent mechanical checks, and earlier retirement for pilots. But 
consider medical care. If even the lower number of preventable 
deaths extrapolated by the IOM report (44,000 annually) were 
seen as accurate, and one accepted that an average of 350 pas¬ 
sengers were on board every major commercial aircraft flight, 
deaths from medical error would be equivalent of 63 separate 
midair collisions per year in the airline industry, or five per 


month. Imagine the public outcry this would produce, the laws 
that would be quickly passed, and the boon to train travel that 
would result. But this is not what has happened in medicine. 
The government response has been weak at best, and the med¬ 
ical community has been slow to acknowledge, and even 
slower to respond, to the safety imperative. 


CULTURE 


Culture is defined as “how we do things around here.” That is, 
there is a certain level of acceptance for what goes on in a 
given hospital. That acceptance is based on two precepts, 
which in the past have not been challenged. One precept is that 
medical errors exist because “humans will always make mis¬ 
takes.” While superficially true, this statement fails to 
acknowledge that modern human factors engineering strate¬ 
gies can militate against commonly encountered errors. A con¬ 
crete example of how human factors engineering can be 
brought into play involves something as simple as a connector 
for medical tubing. If the connector is designed such that it is 
not possible to connect an 0 2 line to a C0 2 valve, a potentially 
catastrophic mistake becomes impossible. More globally, 
work hour restrictions for medical trainees, which reduce 
fatigue, could be expected to result in fewer errors by 
exhausted and stressed doctors. To date, human factors engi¬ 
neering has not been brought into the delivery of medical care 
effectively. While humans will always be capable of making 
mistakes, the number of mistakes will be reduced if design is 
targeted to what we know about human fallibilities. 

The second precept accounting for complacency is the 
notion that a medical error is the result of poor individual per¬ 
formance rather than an imperfect system of care. If an indi¬ 
vidual made the error, in isolation, the only thing to do about 
it would be to fire the hapless caregiver, or immerse him or her 
in intensive remedial education. The problem with this 
approach is that it doesn’t apply to the next hapless caregiver 
faced with the same situation. And so, since there is a high 
turnover in most medical environments, mistakes continue to 
happen, caregivers continue to be fired, and nothing really 
changes. This sequence has been ingrained in the medical cul¬ 
ture, and is why the medical community has been slow to 
respond to the safety crisis. 
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SWISS CHEESE AND 
MEDICAL ERRORS 


A popular paradigm in the medical safety area is the “Swiss 
cheese” model, introduced by James Reason 2 (Fig. 16.1). This 
model is a visual representation of the multiple system layers 
that could prevent a medical error from occurring. A beam of 
light, representing a latent error, passes through a hole in the 
cheese, which represents a system vulnerability. The latent error 
passing through the system via vulnerability will result in a med¬ 
ical error. If enough systems are set up with vulnerabilities, but 
in different locations, it becomes progressively harder for the 
latent error to become manifest clinically. The point here is that, 
while we recognize that both humans and systems of care have 
vulnerabilities, the prevention of error lies at the door of hospi¬ 
tal leadership. Positive results come from the establishment of 
effectively redundant systems of error prevention. This concept 
is a major paradigm shift in the patient safety movement. 

Even though the system should be constructed to back up 
human fallibilities, it is instructive to recognize these fallibili¬ 
ties. This subject is hard to quantify, but a good list, developed 
in a family practice environment, reads as follows: hurry, 
distraction, lack of knowledge, premature closure of the diag¬ 
nostic process, and inadequate aggressiveness in patient man¬ 
agement. 3 The first three issues are probably obvious, but pre¬ 
mature closure of the diagnostic process is a problem needing 
emphasis. Humans often fall into this trap. We see issues as 
black and white in an attempt to make sense out of complex 
circumstances. Hurry, distraction, and lack of knowledge con¬ 
tribute. Relevant pieces of Swiss cheese, which could counteract 
this tendency, include electronic diagnosis and decision-making 
aids; an institutional policy fostering physician interactions, 
teamwork, and second opinions; and setting and adhering to 
reasonable workload standards. 

Depending on the environment, other fallibilities are 
Q exposed. In the acute hospital setting, as opposed to the out¬ 
patient environment in family practice, safety problems typi¬ 
cally involve poor handoffs, failures of teamwork, excess 
workload, and fatigue. 4 

But what about the concept of individual responsibility? One 
cannot show up for work with a careless attitude, engage in irre¬ 
sponsible actions, and expect to be held unaccountable from 
poor performance because of the emphasis on systems. This is a 
delicate balance for any health care system. The underlying 
principle here is that most employees of a hospital wake up each 
morning wanting to do a good job, and to avoid mistakes, and 
hence (with exceptions) the general philosophy should be that a 
major improvement in safety will be at the level of system engi¬ 
neering rather than individual fallibility. When the onus of indi¬ 
vidual fallibility is lessened (not removed entirely), there then 
emerges a new sense of system responsibility, with increased 
willingness to identify system errors and to participate in safety 
enhancement as a group. This collaborative participation does 
not occur when one is worried about punitive consequences for 
reporting and the possibility of job loss. 


LEADERSHIP AND POLICY 


How does one change a culture? This is not done easily. There 
are two crucial elements, which, if effective, can change the 
culture direction positively. The first element is set by the 
example of hospital leadership. When the rank and file sees 
that the hospital CEO places patient safety at the top of the list 
and backs this priority up with funding, a lot of good things 
happen. When the CEO emphasizes a change in hospital pol¬ 
icy, with an emphasis on safety, the change is reinforced. We 
introduced two policies that serve as examples to make this 
point. The first, the “full disclosure” policy, stipulated that 
employees were obligated (not just encouraged) to disclose 
fully to patients important errors made in rendering their care. 
Remarkably, this policy resulted in fewer malpractice claims 
against the system, but more important, it underscored for 
employees the institutional emphasis on openness and hon¬ 
esty. 5 The second policy change implemented was the “speak 
up with safety concerns” policy, which stipulated that no care¬ 
giver could be punished for voicing a concern involving 
patient safety, regardless of feelings hurt or hierarchy violated. 
Again, this written policy clearly articulated a health system 
goal—that patient safety trumped all other considerations. 

One manifestation of an improved safety culture is an 
increased error reporting rate. Clearly, the error reporting rate 
will not go up if there exists widespread fear of retribution for 
reporting. What is desired is an increased rate of error report¬ 
ing, but a decreasing rate of events resulting in temporary or 
permanent harm. This pattern suggests that caregivers are vig¬ 
ilant, care about safety, and are reporting on “near misses.” 
The data from “near misses” represent a treasure chest of 
information that can be used to prevent actual mistakes. We 
have seen increased reporting in association with the purchase 
of a new electronic reporting format. Whether a change in cul¬ 
ture or a change in reporting format is responsible for the 
increased level of reports is hard to say, but we believe that it 
is some combination of both (Fig. 16.2). 


ASSESSING THE CULTURE 


If one places priority on “improving” a safety culture, it is nec¬ 
essary that the “culture” can be measured. Validated culture 
surveys exist, which, if applied periodically in a hospital 
environment, give important insight into the success of safety 
culture initiatives. We use the Agency for Healthcare Research 
and Quality (AHRQ) safety culture instrument primarily and 
survey all caregivers at approximately 2-year intervals. We use 
the resulting information in three ways. First, we use the aggre¬ 
gate response to answer the question, “Are we improving the 
safety culture?” and, if not, “What are the areas that need to be 
addressed institutionally?” On our last survey, a clear sore 
point at our institution was difficulty with “handoffs,” that is, 
the transfer of information between caregivers and teams. We 
then developed a taskforce focused on fixing the problem, over 
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FIGURE 16.2. Overview of the re¬ 
porting system. 


Overview of the Reporting System 
UMHS Risk Management Events Reported 



Voluntary reporting includes “near-misses” as well as events that result in patient harm 

• Increased reporting with low rate of permanent harm events is desired 

• Goal - enhance patient safety and improve quality of care; events mutually exclusive 


both the short and long term. The long-term solution is an elec¬ 
tronic one; the short-term solution is a paper-based handoff 
tool. This effort was a direct result of information gained from 
the safety culture survey. 

A second way we use the safety culture survey data is to 
identify specific hospital units that are struggling with a dispir¬ 
ited or complacent attitude toward the safety effort. Such prob¬ 
lems often result from poor nurse leadership, disruptive physi¬ 
cians, or a lack of perceived resources. Armed with information 
about the safety culture (or lack of it), the institution can imple¬ 
ment a focused strategy customized to the problem. Figure 16.3 
shows results from our survey arranged by individual nursing 
unit, demonstrating certain units in need of help with error 
reporting and, conversely, units where the culture is good and 
institutional resources are not needed. A third source of infor¬ 
mation derived from the survey comes from narrative com¬ 
ments entered by individual caregivers. This is a very rich 
source of information and, since it is anonymous, often draws 
a fine line under issues that are hard to talk about in any other 
forum. Issues of suspected physician impairment, abusive 
behavior, or lack of leadership skills are sometimes identified. 

Two important questions regarding safety culture and our 
efforts to improve it remain. First, using the AHRQ tool, have 
we seen an aggregate improvement over the past two survey 
intervals? Many safety initiatives have been instituted over this 
period of time, and yet the aggregate culture data haven’t shown 
much change. We interpret this information to mean that much 
more work needs to be done, and that changing a culture is a 
hard thing to do, akin to changing direction of an aircraft car¬ 
rier. Also, over the period of time we have been studying our 
culture, our institutional activity has gone up dramatically, the 
complexity of our patients has increased, and nursing turnover 
has been high. Under these circumstances, no change in the 
safety culture data might be viewed more optimistically. 

A second question is, Are there individual strategies we 
have used that influence the safety culture positively? If so, we 
could use these strategies more broadly. The answer to this 
question is yes. Patient safety rounds have been an important 
strategy that has improved the safety culture. Over the course 


of the past several years, we have made safety rounds on over 
125 occasions, at 2-week intervals. Safety rounds are carried 
out by leadership (chief of staff, chief of nursing, CEO, etc.) 
and a pointed 45-minute discussion ensues with the unit care¬ 
givers, including nurses, aides, clerks, and transporters. The 
culture effects of this endeavor are profound. When caregivers 
believe that leadership is willing to listen, takes safety very 
seriously, and will put resources behind the articulated con¬ 
cerns, an overall feeling of confidence and support of the safety 
effort follows. Figure 16.4 demonstrates that caregivers having 
participated in patient safety rounds viewed the patient safety 
environment much more positively than those who had not. 

But is a positive safety culture actually associated with 
improved safety? The assumption is yes, but data were hard to 
come by until recently. In Michigan, a multihospital collabo¬ 
rative was initiated (the Keystone Project), the object of which 
was to implement evidence-based practices known to decrease 
the incidence of bloodstream infections (BSIs). 6 One hundred 
and seven hospitals were involved, and caregivers responded 
to the Safety Attitudes Questionnaire (SAQ), similar to the 
AHRQ tool described previously. Results (incidence of BSIs) 
were correlated with answers to the SAQ. The results are seen 
in Figure 16.5. There was an important association noted 
between the best results (percent reduction in BSIs) and the 
most positive answers to SAQ questions. This is only an asso¬ 
ciation (and subject to the usual caveats about associations vs. 
cause and effect), but important nonetheless. These results sup¬ 
port the underlying hypothesis that when leadership prioritizes 
safety and implements actions to support safety, caregivers 
reflect this in their answers to the SAQ and this is associated 
with improved patient safety. 


THE EVIDENCE BASE 
FOR PATIENT SAFETY 


As important as it is to lay a strong foundation in safety cul¬ 
ture, the energy and enthusiasm of caregivers to provide safe 
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% of respondents in each nursing unit responding with 
“Disagree” or “Strongly Disagree” when asked these questions. 



Nonpunitive Response to Error 


• Staff feel like their mistakes are held against them (reverse worded). 

• When an event gets reported, it feels like the person is being written up, not the problem (reverse worded). 

• Staff worry that mistakes they make are kept in their personnel files (reverse worded). 

FIGURE 16.3. Nonpunitive response to error. 


patient care must be rooted in activities that have been found 
to be effective. Unfortunately, there does not exist at this point 
a large base of evidence in patient safety, largely because the 
field is relatively young. Recently, the World Health Organiza¬ 
tion (WHO) convened a group to carefully analyze existing 
studies and highlight effective strategies with an evidence 
base. 7 These are listed in Table 16.1. Comments about specific 
evidence-based actions follow. 

With regard to the administration of perioperative beta- 
blockers to prevent postoperative myocardial ischemia, it is 
very clear that patients already on such medications must be 
given them postoperatively. However, an initial interest in 
beta-blocker administration for patients never having received 


them previously evaporated as the result of the POISE trial. 8 
This was an international randomized controlled trial focusing 
on this specific issue, and the result, after analyzing many 
thousands of patients, was that giving beta-blockers perioper- 
atively to naive patients caused more harm than good. Specifi¬ 
cally, treated patients developed more troublesome bradycar¬ 
dia and hypotension than controls, and this resulted in a 
higher incidence of stroke, obviating the potential benefit of 
the drug in preventing myocardial ischemia. 

Using maximum sterile barriers for central venous pressure 
(CVP) catheter insertion to prevent bloodstream infection may 
seem obvious, and the implementation of this protocol has 
resulted, in many studies, in a dramatic fall in the incidence of 


Comparison of 2007 AHRQ Data Participants vs. 
Nonparticipants in Patient Safety Rounds 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 


- 

77% 

1 1 Respondents who participated in rounds 

1 1 Respondents who did not participate in rounds 

50% 

_1_ 

67% 

40% 

_1_ 

58% 

35% 



FIGURE 16.4. Comparison of 2007 Agency for Healthcare 
Research and Quality (AHRQ) data participants versus non¬ 
participants in patient safety rounds. 
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FIGURE 16.5. Teamwork climate across Michigan in¬ 
tensive care units. 


Teamwork Climate Across Michigan ICUs 



this complication. This strategy is complemented by the use 
of antibiotic-impregnated CVP catheter lines and the use of 
chlorhexidine in the daily maintenance of the insertion site. 
The use of ultrasound to help guide CVP catheter line insertion 
is clearly effective. 

Prevention of the feared complication of ventilator- 
associated pneumonia is a very important consideration, since 
this development has a high fatality rate and is very expensive 
to treat. There is some evidence that the continuous aspiration 
of subglottic secretions is important. Our institution has been 
successful in decreasing the ventilator-acquired pneumonia 
rate dramatically (Fig. 16.6) using the multipronged strategy 
described in Table 16.2. 


another strategy has been to develop consensus guidelines. 
Although such guidelines are not based on randomized trials, 
there is value in getting the best and most experienced minds 
together to synthesize what all would agree to be best prac¬ 
tices. Trials may come later to support or refute consensus. 

A very influential group that develops consensus guidelines 
is the National Quality Forum (NQF), an organization of a 
wide variety of experts, consumers, government officials, and 
corporate directors. The NQF several years ago published its 
list of “30 Safe Practices” recommended for implementation. 
Because this chapter is oriented toward surgery, Table 16.3 
lists a selection of the 30 Safe Practices germane to the inpa¬ 
tient setting. 


DEVELOPING CONSENSUS 

Given the paucity of real evidence to achieve what we think of 
as safe patient care, and because there is an urgent need to act, 


TABLE 16.1 


EVIDENCE-BASED INTERVENTIONS FOR SAFE PATIENT CARE 

■ Appropriate use of prophylaxis to prevent venous 
thromboembolism 

■ Use of perioperative beta-blockers in appropriate patients 
to prevent perioperative morbidity and mortality 

■ Use of maximum sterile barriers while placing central 
intravenous catheters to prevent infections 

■ Asking that patients recall and restate what they have been 
told during the informed consent process 

■ Continuous aspiration of subglottic secretions to prevent 
ventilator-associated pneumonia 

■ Use of pressure-relieving bedding materials to prevent 
pressure ulcers 

■ Use of real-time ultrasound guidance during central line 
insertion to prevent complications 

■ Patient self-management for warfarin to achieve 
appropriate outpatient anticoagulation and prevent 
complications 

■ Appropriate provision of nutrition, with a particular 
emphasis on early enteral nutrition in critically ill and 
surgical patients 

■ Use of antibiotic-impregnated central venous catheters to 
prevent catheter-related infections 


Consensus and Accreditation 

The NQF works closely with the Joint Commission. When the 
NQF has reached consensus on a specific safety practice, this is 
often translated into a Joint Commission requirement for hos¬ 
pital accreditation, in this setting recognized as Joint Commis¬ 
sion “patient safety goals.” These goals are more specific than 
consensus guidelines and have more “bite” to them, in that all 
hospitals need to fulfill these requirements in order to be 


TABLE 16.2 


UNIVERSITY OF MICHIGAN PROTOCOL FOR PREVENTION 
OF VENTILATOR-ACQUIRED PNEUMONIA (VAP) 

■ Hand washing/hand sanitizing 

■ Chlorhexidine oral rinse prior to intubation, then ql2h on 
0900-2100 schedule 

■ Oral care with swabs q2-3h 

■ Head of bed elevated 30-45 degrees on all patients at all 
times, unless medically contraindicated 

■ Extubate early—as soon as safely possible 

■ Turn off tube feedings when placing patients flat for 
turning or for procedures, unless small-bore feeding tube 
postpyloric 

■ Endotracheal tube tape changed every 48 h 

■ Minimal use of saline lavage 

■ Change ventilator tubing only when soiled 

■ Staff education and updates on VAP 
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Ventilator-Associated Pneumonia - UH ICUs 



FIGURE 16.6. Ventilator-associated pneumonia— 
University Hospital intensive care units. 


accredited. For example, goal 7, “Reduce the risk of health 
care associated infections,” stipulates, among other things, 
that hospitals have specific strategies in place to prevent surgi¬ 
cal site infections (SSIs); that they provide regular feedback 
about SSI rates to caregivers, with follow-up for 30 days; that 
they discontinue the use of shaving as a method of preopera¬ 
tive hair removal; and so on. Goal 8, “Reduce the risk of 
patient harm resulting from falls,” stipulates that each hospi¬ 
tal implement a specific falls reduction program. 


Consensus, Accreditation, and Payment 

The Centers for Medicare and Medicaid Services (CMS) has 
a lot to say about implementation of safety practices in that 
they pay a large fraction of the nation’s health care bill. As it 
regards safety in surgery and hospital care, CMS has 
embarked on two important strategies. The first is the Surgi¬ 
cal Care Improvement Project (SCIP), whose stated goal is to 
reduce the incidence of selected surgical complications 25% 
by the year 2010. To do this, CMS produced several specific 
process measures that are required to be met by hospitals 
before receiving full payment for services. Private insurers 
soon followed suit. SCIP measures are listed in Table 16.4. 
In contrast to the more broadly defined consensus guide¬ 
lines, SCIP measures have a strong evidence base. Whether 


TABLE 16.3 


NATIONAL QUALITY FORUM SAFE PRACTICES 

■ Create a culture of safety. 

■ Obtain explicit informed consent. 

■ ICU patients managed by critical care certified providers. 

■ Implement computerized physician order entry. 

■ Implement protocol for wrong side/site prevention. 

■ Evaluate for venous thromboembolism/implement 
prophylactic protocols. 

■ Develop facility-wide anticoagulation services. 

■ Adhere to effective measures for preventing bloodstream 
infections. 

■ Implement appropriate methods (antibiotic administration) 
for the prevention of surgical site infection. 

■ Evaluate each patient at admission for the risk of 
malnutrition. 

■ Develop effective hand sanitizing policies. 


ICU, intensive care unit. 


this effort will be translated into national improvement in 
results remains to be determined. The Joint Commission has 
also integrated certain SCIP measures into its evaluation 
requirements. 

Another important strategy embarked upon by the CMS is 
known as “nonpayment for hospital-acquired conditions,” 
otherwise referred to as the “never event” policy. In this strat¬ 
egy the CMS has determined that it will not reimburse for fla¬ 
grant medical errors, such as wrong patient, wrong side, or 
wrong site surgery. Administrators and surgeons don’t object 
to this policy as far as it goes. But great concern has been 
raised about other conditions on the “never event” list, such as 
venous thromboembolism (VTE) or patient falls. The contro¬ 
versy arises because in these cases there does not exist an evi¬ 
dence base that would allow a hospital to eliminate these 
events entirely. Perfectly appropriate VTE prophylaxis, for 
example, only reduces the incidence of postoperative VTE by 
50%. This situation seems unfair, and the list of “never event” 
conditions is progressively growing longer. Whether this 
strategy will really improve quality and make patients safer 
remains to be proven. 


TABLE 16.4 


SURGICAL CARE IMPROVEMENT PROGRAM (SCIP) PROCESS 
AND OUTCOME MEASURES 

Infection (INF) 

■ SCIP INF 1: Prophylactic antibiotic received within 1 h 
prior to surgical incision 

■ SCIP INF 2: Prophylactic antibiotic selection for surgical 
patients 

■ SCIP INF 3: Prophylactic antibiotics discontinued within 
24 h after surgery end time (48 h for cardiac patients) 

■ SCIP INF 4: Cardiac surgery patients with controlled 
6 a.m. postoperative blood glucose 

■ SCIP INF 6: Surgery patients with appropriate hair 
removal. 

■ SCIP INF 7: Colorectal surgery patients with immediate 
postoperative normothermia 

Venous Thromboembolism (VTE) 

■ SCIP VTE 1: Surgery patients with recommended venous 
thromboembolism prophylaxis ordered 

■ SCIP VTE 2: Surgery patients who received appropriate 
venous thromboembolism prophylaxis without 24 h prior 
to surgery to 24 h after surgery 
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TABLE 16.5 


AGENCY FOR HEALTHCARE RESEARCH AND QUALITY 
PATIENT SAFETY INDICATORS 

1. Hospital-level patient safety indicators 

■ Complications of anesthesia 

■ Death in low-mortality DRGs 

■ Decubitus ulcer 

■ Failure to rescue 

■ Foreign body left in during procedure 

■ Iatrogenic pneumothorax 

■ Selected infections due to medical care 

■ Postoperative hip fracture 

■ Postoperative hemorrhage or hematoma 

■ Postoperative physiologic and metabolic derangements 

■ Postoperative respiratory failure 

■ Postoperative pulmonary embolism or deep vein 
thrombosis 

■ Postoperative sepsis 

■ Postoperative wound dehiscence in abdominopelvic 
surgical patients 

■ Accidental puncture and laceration 

■ Transfusion reaction 

■ Birth trauma—injury to neonate 

■ Obstetric trauma—vaginal delivery with instrument 

■ Obstetric trauma—vaginal delivery without instrument 

■ Obstetric trauma—cesarean delivery 

2. Area-level patient safety indicators 

■ Foreign body left in during procedure 

■ Iatrogenic pneumothorax 

■ Selected infections due to medical care 

■ Postoperative wound dehiscence in abdominopelvic 
surgical patients 

■ Accidental puncture and laceration 

■ Transfusion reaction 

■ Postoperative hemorrhage or hematoma 


DRGs, diagnosis-related groups. 


PATIENT SAFETY INDICATORS 

The AHRQ is another national group, funded by the National 
Institutes of Health. Several years ago the AHRQ developed 
21 patient safety indicators (PSIs), which are thought to reflect 
on an institution’s safety. These indicators are captured from a 
hospital’s coding system, using International Classification of 
Diseases-9 (ICD-9) codes after patient discharge. The PSIs are 
listed in Table 16.5. While useful information can be obtained 
from this system, a disadvantage is that the data are obtained 
from medical billing coders, and may not accurately reflect 
whether a complication was actually preventable. An example 
might be the PSI labeled “accidental puncture and laceration.” 
An enterotomy made during the course of a difficult dissection 
in an irradiated and multiply operated abdomen would fit into 
this category and be interpreted by nonsurgeons as an “acci¬ 
dent.” The surgeon who was carefully dissecting under these 
circumstances would definitely not agree. Despite such limita¬ 
tions, the AHRQ PSIs will be publicly reported as a safety 
indicator by the government next year, and already form the 
basis of certain proprietary safety indices, such as those put 
forth by HealthGrades.com or the University Health System 
Consortium. 


EFFORTS FROM THE WORFD 
HEAFTH ORGANIZATION 


Recognizing that patient safety should be a global imperative, 
the WHO, working with the Joint Commission, has embarked 
on an ambitious project to reduce the incidence of medical errors 
internationally. One effort, known as the “high 5’s” initiative, 
focuses on reducing five prevalent types of medical errors, over a 
5-year period, in at least seven countries. The identified problem 
areas are (a) managing concentrated injectable medicines, (b) 
ensuring medication accuracy at transitions of care, (c) improved 
communication during patient care handovers, (d) improved 
hand hygiene, and (e) performance of the correct procedure at 
the correct body site. 

The WHO has focused on surgical care specifically through 
a separate effort referred to as the “Safe Surgery Saves Lives” 
campaign. One very tangible result of this effort is the Surgical 
Safety Checklist, shown in Table 16.6. 9 Now being tested in 
eight countries, the vision is that a standardized forum for 
intraoperative communication will be adopted internationally, 
much in the same way that the international aviation commu¬ 
nity has endorsed standardized flight checklists. 


IMPLEMENTATION STRATEGIES 


Establishing a safe culture is important, and emphasizing an evi¬ 
dence base and consensus guidelines is important, but ensuring 
implementation of what is known to be safe practice is critical 
and may be the most difficult of all safety strategies to accom¬ 
plish. Several strategies have been helpful in our environment. 


Adding Pharmacists to Rounds 

Our medical center is a tertiary care referral center; the com¬ 
plexity of cases is high and always going higher. Transplants, 
complex oncologic problems, extracorporeal membrane oxy¬ 
genation (ECMO) patients, and others with multisystem organ 
failure fill a large portion of our beds. The pharmacologic aspects 
of these cases are complex. Adding to the difficulty of managing 
such patients is the educational aspect of our enterprise, which 
guarantees a constant supply of new faces on rounds. To address 
these issues and to prevent errors, we have implemented a policy 
of adding a clinical pharmacist to each of our high-complexity 
services. The role of this individual is to suggest appropriate 
drugs, screen for allergies and incompatibilities, and monitor for 
important side effects. The program has been invaluable in 
improving patient safety at our institution and at others. 10 


Rapid Response Team 

Mortality rates for in-hospital cardiac arrest have been high 
for decades, despite advances in cardiopulmonary resuscita¬ 
tion (CPR) techniques and cardiotropic medications. This is 
true particularly for “floor arrests,” those cases of arrest 
occurring outside of the intensive care unit (ICU). In our cen¬ 
ter, and in many others, analysis of CPR cases has led to frus¬ 
tration that insufficient attention had been paid to the patient’s 
condition in the hours prior to the arrest, at a time when inter¬ 
ventions could conceivably have been very helpful. 

One approach to this problem has been to develop a rapid 
response team (RRT), which is activated when certain physio¬ 
logic parameters fall outside a specified range. Such parameters 
identified at our center are heart rate (<40 or >140 with new 
symptoms), respiratory rate (<8 or >36), blood pressure (sys¬ 
tolic <80 or >220, diastolic >110 with symptoms), and unex¬ 
plained change in cognition or neurologic status of adult inpa¬ 
tients. A key feature of the RRT activation is that it is seen as 
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TABLE 16.6 


WORLD HEALTH ORGANIZATION SURGICAL SAFETY CHECKLIST 


■ BEFORE INDUCTION 

OF ANESTHESIA 

■ BEFORE SKIN INCISION 

■ BEFORE PATIENT LEAVE 

OPERATING ROOM 

■ SIGN IN 

■ TIME OUT 

■ SIGN OUT 

■ 

Patient has confirmed: 

■ Confirm all team members have 

■ Nurse verbally confirms with 


■ Identity 

introduced themselves by name 

the team: 


■ Site 

and role 

■ The name of the procedure recorded 


■ Procedure 

■ Surgeon, anesthesia professional, 

■ That instrument, sponge, and needle 


■ Consent 

and nurse verbally confirm 

counts are correct (or not applicable) 

■ 

Site marked/not applicable 

■ Patient 

■ How the specimen is labeled 

■ 

Anesthesia safety check completed 

■ Site 

(including patient name) 

■ 

Pulse oximeter on patient and 

■ Procedure 

■ Whether there are any equipment 


functioning 

■ Anticipated critical events 

problems to be addressed 

■ 

Does patient have: 

■ Surgeon reviews: What are the 

■ Surgeon, anesthesia professional, 


■ A known allergy? 

critical or unexpected steps, 

and nurse review the key concerns 


■ No 

operative duration, anticipated 

for recovery and management of this 


■ Yes 

■ Difficult airway/aspiration risk? 

■ No 

■ Yes 

■ Risk of >500 mL blood loss 
(7 mL/kg in children)? 

■ No 

■ Yes, and adequate intravenous 
access and fluids planned 

blood loss? 

■ Anesthesia team reviews: Are 
there any patient-specific concerns? 

■ Nursing team reviews: Has sterility 
(including indicator results) been 
confirmed? Are there equipment 
issues or any concerns? 

■ Has antibiotic prophylaxis been 
given within the last 60 min? 

■ Yes 

■ Not applicable 

■ Is essential imaging displayed? 

■ Yes 

■ Not applicable 

patient 


mandatory for nursing; no judgment is required. If the parame¬ 
ters are exceeded, the RRT is activated. This relieves some of the 
anxieties experienced by nurses in the past about communication 
with physicians, particularly at odd hours. In our center, activa¬ 
tion of the RRT results in the timely arrival of an experienced 
surgical intensive care unit nurse and a respiratory therapist. If 
the conditions are found to warrant it, a hospitalist is called. This 
occurs in 15% of cases. There is controversy in the literature as 
to whether the RRT effort actually is effective. 11 However, the 
concept has so much face validity that most hospitals have 
accepted it as an important strategy to improve a safety culture. 

An interesting, and entirely unexpected, offshoot of the 
RRT has been the process, by the RRT team, of visiting nurs¬ 
ing floors on a shift-by-shift basis prior to any RRT activation. 
This process lets the team become more familiar with patients 
who might subsequently warrant RRT activation. Visits often 
foster a discussion among caregivers and family as to whether 
any intervention is appropriate or warranted. 


Crew Resource Management 

Q Another approach to the implementation of safe practices is to 
educate and train physicians and nurses within the context of a 
team. The team is defined, goals are set, and individual responsi¬ 
bilities are assigned. The completion of tasks (or omission) is 
apparent to members of the team, which provides a fail-safe 
structure. There has been considerable interest in crew resource 
management in the area of medicine since it has been conclusively 
shown to add value to aviation cockpit training. Crew resource 
management is probably best applied in small, well-defined areas, 
with relatively consistent staffing patterns, such as an operating 
room. In one report, a perioperative crew resource management 
training program consisted of an e-learning module, the develop¬ 


ment of laminated checklists and pocket-sized cards, briefing 
scripts, a communication whiteboard, and a hands-on training 
program facilitated by experienced personnel. Even with focused 
effort at crew resource management, perioperative safety practice 
implementation was found to be less than perfect, 12 but the field, 
at least in medicine, is in its infancy, and it will probably be an 
important part of safety strategies in years to come. 


Developing Collaborative 
Groups of Hospitals 

Under conditions where motivated hospitals get together to 
discuss safety, the result is often a more consistent implemen¬ 
tation of safety practices and better results. The development 
of a collaborative group directed at safety and/or quality 
allows for comparative evaluation of quality and safety, and 
often results in a spirit of friendly competition, which 
improves the aggregate level of safety. 

A prominent example of such collaboration was mentioned 
previously, the Michigan Hospital Association-sponsored 
Keystone Initiative. Here, evidence-based practice for the care 
of patients in the ICU was monitored and found to be low 
across the state. A protocol was adopted for over 100 ICU 
groups, which included elevation of the head of the bed 30 
degrees, ulcer prophylaxis, regular respiratory weaning trials, 
and a central line insertion protocol, with line maintenance 
involving chlorhexidine patches. When the latter protocol was 
implemented, a profound drop in the incidence of bloodstream 
infections across the state was seen, and the estimated cost sav¬ 
ings exceeded $160 million. 6 

In a different example, 34 Michigan hospitals formed the 
Michigan Surgical Quality Collaborative. These hospitals, 
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using the American College of Surgeons’ National Surgical 
Quality Improvement Project (ACS NSQIP) as a quality 
reporting infrastructure, convene at 3-month intervals and 
share information about surgical results. Hospitals with the 
fewest complications in a specific area discuss why they feel 
they have been successful. “Best practices” are then distributed 
in a network including through the Internet, a hardcopy 
newsletter, and YouTube. Each hospital implements strategies 
it feels are appropriate for its situation. The result has been a 
sharp drop in the incidence of surgical complications. The 
results suggest that a collaborative quality organization, with 
regular and intensive sharing of data and best practices, is an 
essential vehicle for quality improvement. 


PATIENT AND FAMILY 
INVOLVEMENT 


One element of the patient safety movement that will become 
more important in the future is the involvement of the patient 
in various hospital safety strategies. A valuable source of infor¬ 
mation, and an important feedback mechanism, is lost when 
the patient, or family, is not a part of the care process. Two 
examples of the value of patient involvement involve hand 
washing and urgent care. 

For hand washing, an effective hospital strategy prompts 
patients to ask physicians, “Have you washed your hands?” 
when they come into the patient’s room. Physicians frequently 
wear buttons in this effort, which say, “Ask me if I’ve washed 
my hands.” While it may seem trivial and somewhat demean¬ 
ing to the physicians, the fact remains that the percentage of 
physicians and nurses washing their hands prior to patient con¬ 
tact remains far below 100%, and the prevalence of patient 
infection with Clostridium difficile , vancomycin-resistant Ente¬ 
rococcus ., and other hospital-acquired infections remains high. 
In this context, patient involvement could be seen as a very 
important piece of Swiss cheese. 

Another example of patient and family involvement in the 
care process is the concept of “family activation” of the rapid 
response team. Family members are often more aware of 
changes in a patient’s condition than nurses or doctors, for the 
obvious reason that they know the personality and traits of the 
patient in detail. “He wouldn’t complain about this unless it 
was really bad” is an important source of information from a 
wife. In the past, this clue to an evolving situation was some¬ 
times lost on caregivers more focused on vital signs and urine 
output. In “family activation” of the rapid response team, 
family members are allowed to call a phone number activating 
the rapid response team if they feel that more attention is 
needed to a given situation. While it might seem that this 
would let loose a flood of such calls, in actuality, this has not 
been the case. 


DEVELOPING A TAXONOMY 
FOR PATIENT SAFETY 


Ultimately, comparative data on the safety of patient care in this 
country will be available to the public, much in the same way 
that the safety of retail products, medications, and automobiles 
is currently reported. For any reporting system to be valuable 
and fair, the definitions of safety events need to be refined and 
agreed upon. It is not possible to compare the safety of different 
hospitals if definitions used are not standardized. Many 
national organizations are working on this topic. The WHO has 
recently developed an “International Classification for Patient 
Safety” designed to “define, harmonize and group patient 
safety concepts into an internationally agreed upon classifica¬ 
tion in a way that is conducive to learning and improve patient 


safety across systems.” This work, while difficult, is essential 
for the patient safety movement. 9 


PUBLIC REPORTING 
OF SAFETY DATA 


We live in an age of transparency. The public wants—and 
deserves—information about the safety record of a given hos¬ 
pital. And yet such information is hard to find. The future of 
the patient safety movement depends on the development of 
an effective safety reporting mechanism. This is because, in the 
absence of a large-scale database, information is not dissemi¬ 
nated effectively, and one hospital may easily make the same 
mistake as its sister hospital down the street. One major 
impediment to the development of a national safety database 
is the lack of a standardized taxonomy of patient safety events. 
This problem is being addressed, as was just described. 

Public reporting has been initiated using both voluntary 
and mandatory designs. Two examples of successful voluntary 
reporting systems are the National Nosocomial Infection Sur¬ 
vey, a branch of the Centers for Disease Control and Preven¬ 
tion, and the MEDMARX program of the U.S. Pharmacopeia. 
Mandatory safety reporting systems are often state initiated 
and provide various sanctions for hospitals known to be 
engaged in unsafe practices. This penalty provides a disincen¬ 
tive to report, however. Only a few states have successful 
mandatory reporting systems. 

One very successful example of a voluntary reporting sys¬ 
tem, albeit in the field of aviation, is the Aviation Safety 
Reporting System. This system analyzes 30,000 reports 
annually. Its success has depended on these factors: the sys¬ 
tem is simple, it is safe (for the reporting pilots), and it pro¬ 
vides value. 13 The patient safety movement would do well to 
emulate this system. When it does, and the taxonomy is 
standardized, doctors, nurses, and administrators will be 
considerably more willing to make safety data available to 
the public. 
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CHAPTER 17 ■ TRAUMA AND TRAUMA CARE: 

GENERAL CONSIDERATIONS 

RONALD V. MAIER 


KEY POINTS 


Q Injury is an epidemic in America, killing 150,000 and hos¬ 
pitalizing 3.0+ million while costing more than $250 bil¬ 
lion per year. Trauma is the leading cause of death to age 
45 years, the fourth leading cause of death overall, and 
the leading contributor to years of potential life lost before 
age 65 overall. The major causes of injury-related death, in 
decreasing order, are motor vehicle crashes, penetrating 
trauma, falls, and burns. 

Q Trauma deaths occur at three time periods following 
injury, each having a unique pattern and etiology: 50% at 
the scene, 30% within the “golden hour” or acute resusci¬ 
tation phase, and 20% delayed from several days to several 
weeks after injury. 

Q Modern trauma care is derived from the care of wounds 
and casualty management developed during major wars, 
and trauma systems are based on military experiences of 
improved survival in injured personnel produced by rapid 
transport to definitive care. 

Q Trauma systems require a lead agency with designating 
authority, a formal verification process utilizing American 


EPIDEMIOLOGY 


Injury has been a frequent cause of death in the United States 
since accurate statistics were first collected in the middle of the 
19th century. With decreases in infectious diseases and the 
industrialization of society, injury has become a leading public 
health concern, which shows little sign of abating (Table 17.1). 

Q In the United States, more than 3 million people are hospital¬ 
ized annually as a result of unintentional injury, and approxi¬ 
mately 35 to 40 million emergency department visits occur 
for the evaluation and treatment of injuries. 1 According to the 
most recent Centers for Disease Control and Prevention 
National Center for Injury Prevention and Control (CDC- 
NCIPC) statistics, 163,750 deaths resulted from injury in the 
United States in 2006 (Fig. 17.1). 2 Unintentional injuries 
account for about three fourths of these deaths (121,599 in 
2006), and nearly one half of these were caused by motor 
vehicle crashes (MVCs), including occupant, pedestrian, and 
motorcyclist. Falls, occurring primarily among the elderly, are 
the second major cause of death from unintentional injuries. In 
2002, there were 3,482 unintentional drownings and 14,050 
burn injuries, with 2,670 deaths. Intentional injuries are 
responsible for just over 40,000 deaths per year, of which 66% 
are suicides and 34% homicides. Firearms account for 60% of 
all suicides and 72% of all homicides. 3 Injury causes not only 
mortality but also significant morbidity. Each year, 37 million 
people are treated in emergency departments for injury and 
approximately 10% will require hospitalization. 2 It is esti¬ 
mated that the direct costs associated with fatal and nonfatal 
injuries total over $60 billion per year. 3 However, the overall 
impact of injury on society exceeds $250 billion per year due 


College of Surgeons or similar standards, a limit on the 
number of centers based on patient needs, and triage criteria 
to deliver the right patient to the right hospital at the right 
time. The impediments of distance, discovery, training, and 
maintenance of expertise make rural trauma care a remain¬ 
ing major challenge. 

Q Scoring systems allow objective quantification of the injury 
to assess impact on outcome and to track differences in 
outcome, both serially within an institution and between 
institutions and regional systems. 

Q Traumatic injury results in deformation and structural 
damage of tissue dependent on the kinetic energy trans¬ 
ferred to the host, which, in turn, is dependent on the mass 
and, to a much greater extent, the velocity of the injuring 
force. Varying mechanisms of injury produce predictable 
patterns of damage. 

^The interdisciplinary science of injury control requires a 
team approach that involves surgical and medical special¬ 
ists, epidemiologists, statisticians, biomechanical engineers, 
public health practitioners, and economists. 


to years of lost productivity and chronic impairments. Of the 
16 million people living with impairments in the United States, 
44% cite injury as the cause of their disability. 4 More than one 
half of all hospitalized trauma patients have fractures, disloca¬ 
tions, or ligamentous injuries. Orthopedic injuries are particu¬ 
larly problematic for the elderly. 

Perhaps the single most responsible factor for the increase 
in the incidence of trauma has been the motor vehicle. Deaths 
from MVCs skyrocketed during the 1910s through 1920s, ris¬ 
ing from an infrequent occurrence to a peak of 30 deaths per 
100,000 per year during the 1930s and 1940s. During this 
time, trauma achieved its current status as the leading cause of 
death and disability among young Americans. Of these patients, 
more than 40% are between the ages of 25 and 44 years, and 
20% are between 15 and 24 years. People under the age of 
45 sustain almost 80% of all injuries and account for 75% of 
the total lifetime medical costs. Young males are the highest- 
risk group, not because of physiologic distinctions, but 
because of the propensity to engage in high-risk activities. 
According to data provided by the NCIPC, reported in 2001, 
considering all injury-related deaths (total of 157,070), 56.6% 
occurred in the age group of 15 to 49 years, predominantly in 
the male population. 5 Overall, the risk of dying following 
injury for the male population is seven times higher than that 
for the female population. 5 Trauma (intentional and uninten¬ 
tional injury) is currently the leading cause of death up to the 
age of 44 years and the fourth leading cause of death overall 
(after heart disease, cancer, and stroke). 

Although morbidity and mortality figures are important, 
another important variable related to injury costs for society is 
measured in years of potential life lost (YPLL) before age 65. 
In the United States, these are the most productive for society 6 
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TABLE 17.1 


SIGNIFICANT HISTORICAL DEVELOPMENTS RELATED TO TRAUMA CARE 


■ PERIOD OR PERSON 

■ CONTRIBUTION 

Greek medicine 

Wound care and fracture management 

Roman Empire 

Realization that laudable pus was undesirable 

Healing by second intention 

16th century, Pare 

Use of dressing and ligature in wound management 

French and Indian War, John Hunter 

Differentiation between primary and secondary wound healing 

Early 1800s, Dominique Jean Larrey 

Developed the principle of the ambulance and the concept of triage 

Crimean War, 1853-1856 

Demonstrated value of nursing care (Florence Nightingale) 

Samuel Gross, 1862 

Described shock as “the rude unhinging of the machinery of life” 

Civil War 

Rediscovery of importance of field ambulance, nonsuppurative wound care 

Initial use of antiseptics 

Further development of nursing care by Clara Barton, American Red Cross founder 

World War I 

Principle of debridement and delayed closure for wounds more than 8 h old 

Established primary closure for wounds <8 h old only 

Field ambulance mechanized with automobile availability 

Recognition that shock was due to blood or fluid loss and use of seawater to replace 
blood volume 

World War II 

Debridement and delayed closure practiced 

Diverting colostomies standard care for colon injuries 

Blood transfusion, rapid evacuation, specialized surgical units close to the front 

Korean War 

Development of Mobile Army Surgical Headquarters (MASH) units, use of helicopters, 
development of vascular surgery, field research leading to better understanding of 
posttraumatic renal failure 

Vietnam War 

Development of an airbase regional emergency medical system with transport from 
injury to intervention in 1 h or less 

Better fluid resuscitation to prevent renal failure 

Recognition of acute respiratory distress syndrome 

Operation Enduring Freedom (OEF, 

More damage control operations, flying critical care air transport (CCAT) 

Afghanistan) and Operation Iraqi 

Optimal utilization of blood components: ratio of red blood cells to fresh frozen 

Freedom (OIF) 

plasma to cryoprecipitate 


and reflect the potential productivity that is lost as a result of 
premature death. As a result of its effect on younger age 
groups, traumatic deaths are the leading contributor to YPLL 
when compared with deaths associated with either cancer or 
cardiovascular diseases. In 1996, the age-adjusted YPLL 
before age 65 (per 100,000 population) was 1,919, 1,554, and 
1,223 for injury, cancer, and heart diseases, respectively. 1 On 
average, for each traumatic death, there are 36 YPLL, com¬ 
pared with 16 for cancer and 12 for cardiovascular diseases. 6 

The leading causes of injury in decreasing rank include 
MVCs, firearms, falls, those related to cutting or piercing instru¬ 
ments, and burns. Fatalities after injury are mainly caused by 
MVCs (32%), gunshot wounds (22%), and falls (9%). 7 Recently, 
in the rapidly growing elderly population, deaths due to falls 
eclipsed those due to MVCs. 

Several important differences are found among the various 
ethnic groups in the United States in terms of the epidemiology 
of injury. The three leading causes of traumatic death for persons 
younger than 35 years are the same overall: MVCs, homicide, 
and suicide. However, in the African American population, the 
leading cause of death in this age group is homicide, whereas the 
mortality rate from MVCs is about 42 of 100,000 among Native 
Americans, 20 per 100,000 among the white population, and 11 
per 100,000 in the Asian population. 6 Similarly, suicide rates are 
higher for American Indians than for any other group. 1 


The impact of injury in children younger than 15 is also sig¬ 
nificant. The leading causes of injury in this group are MVCs, 
burns, drowning, falls, and poisoning. Injury in this age group 
leads to a significant number of deaths, disabilities, days of 
missed school, medical costs, and missed workdays for par¬ 
ents. Adolescents are also at increased risk for injury. In fact, 
more adolescents die from injuries than from all other diseases 
combined (Fig. 17.1). 8 Of all deaths in this age group, 40% are 
caused by intentional injuries, such as homicide and suicide. 9 
Considering only adolescents 15 to 19 years of age, one fourth 
of the deaths are caused by firearms. 10 

Alcohol ingestion is a major cause of fatal vehicular crashes. 
Although significant progress has been made in the prevention 
of drinking and driving, 32% of all traffic fatalities in 2007 
were still alcohol related. 11 More importantly, 60% of the time 
that a child passenger dies in a car crash, the driver was intoxi¬ 
cated. 11 In addition, other commonly abused drugs, such as 
marijuana and cocaine, have been implicated in 18% of MVC- 
related fatalities. 12 Thus, those who participate in injury 
research and prevention must take into account both the unique 
characteristics of the specific target population and other impor¬ 
tant epidemiologic factors such as alcohol and drug use. 

Although its position as the leading killer of young people 
has not changed, the overall mortality rate of trauma has grad¬ 
ually decreased during the past two decades. Prevention efforts 
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10 Leading Causes of Death, United States 
2006, All Races, Both Sexes 



Age Groups 

Rank 

<1 

1-4 

5-9 

10-14 

15-24 

25-34 

35-44 

45-54 

55-64 

65+ 

All Ages 

O 

Congental 

Anomalies 

5,819 

Unintentional 

Injury 

1,610 

Unintentional 

Injury 

1,044 

Unintentional 

Injury 

1,214 

Unintentional 

Injury 

16,229 

Unintentional 

Injury 

14,954 

Unintentional 

Injury 

17,534 

Malignant 

Neoplasms 

50,334 

Malignant 

Neoplasms 

101,454 

Heart 

Disease 

510,542 

Heart 

Disease 

631,636 

o 

Short 

Gestation 

4,841 

Congenital 

Anomalies 

515 

Malignant 

Neoplasms 

459 

Malignant 

Neoplasms 

448 

Homicide 

5,717 

Suicide 

4,985 

Malignant 

Neoplasms 

13,917 

Heart 

Disease 

38,095 

Heart 

Disease 

65,477 

Malignant 

Neoplasms 

387,515 

Malignant 

Neoplasms 

559,888 

o 

SIDS 

2,323 

Malignant 

Neoplasms 

377 

Congenital 

Anomlies 

182 

Homicide 

241 

Suicide 

4,189 

Homicide 

4,725 

Heart 

Disease 

12,339 

Unintentional 

Injury 

19,675 

Chronic Low. 
Respiratory 
Disease 
12,375 

Cerebro¬ 

vascular 

117,010 

Cerebro¬ 

vascular 

137,119 

o 

Maternal 

Pregnancy 

Comp. 

1,683 

Homicide 

366 

Homicide 

149 

Suicide 

216 

Malignant 

Neoplasms 

1,644 

Malignant 

Neoplasms 

3,656 

Suicide 

6,591 

Liver 

Disease 

7,712 

Unintentional 

Injury 

11,446 

Chronic Low. 
Respiratory 
Disease 
106,845 

Chronic Low. 
Respiratory 
Disease 
124,583 

o 

Unintentional 

Injury 

1,147 

Heart 

Disease 

161 

Heart 

Disease 

90 

Heart 

Disease 

163 

Heart 

Disease 

1,076 

Heart 

Disease 

3,307 

HIV 

4,010 

Suicide 

7,426 

Diabetes 

Mellitus 

11,432 

Alzheimer’s 

Disease 

71,660 

Unintentional 

Injury 

121,599 

o 

Placenta 

Cord 

Membranes 

1,140 

Influenza & 
Pneumonia 
125 

Chronic Low. 
Respiratory 
Disease 

52 

Congenital 

Anomlies 

162 

Congenital 

Anomlies 

460 

HIV 

1,182 

Homicide 

3,020 

Cerebro¬ 

vascular 

6,341 

Cerebro¬ 

vascular 

10,518 

Diabetes 

Mellitus 

52,351 

Diabetes 

Mellitus 

72,449 

O 

Respiratory 

Distress 

825 

Septicemia 

88 

Cerebro¬ 

vascular 

45 

Chronic Low. 
Respiratory 
Disease 

63 

Cerebro¬ 

vascular 

210 

Diabetes 

Mellitus 

673 

Liver 

Disease 

2,551 

Diabetes 

Mellitus 

5,692 

Liver 

Disease 

7,217 

Influenza & 
Pneumonia 
49,346 

Alzheimer’s 

Disease 

72,432 

o 

Bacterial 

Sepsis 

807 

Perinatal 

Period 

65 

Influenza & 
Pneumonia 
40 

Cerebro¬ 

vascular 

50 

HIV 

206 

Cerebro¬ 

vascular 

527 

Cerebro¬ 

vascular 

2,221 

HIV 

4,377 

Suicide 

4,583 

Nephritis 

37,377 

Influenza & 
Pneumonia 
56,326 

o 

Neonatal 

Hemorrhage 

618 

Benign 

Neoplasms 

60 

Septicemia 

40 

Septicemia 

44 

Influenza & 
Pneumonia 
184 

Congenital 

Anomlies 

437 

Diabetes 

Mellitus 

2,094 

Chronic Low. 
Respiratory 
Disease 
3,924 

Nephritis 

4,368 

Unintentional 

Injury 

36,689 

Nephritis 

45,344 

0 

Circulatory 

System 

Disease 

543 

Cerebro¬ 

vascular 

54 

Benign 

Neoplasms 

38 

Benign 

Neoplasms 

38 

Complicated 

Pregnancy 

179 

Influenza & 
Pneumonia 
335 

Septicemia 

870 

Viral 

Hepatitis 

2,911 

Septicemia 

4,032 

Septicemia 

26,201 

Septicemia 

34,234 


FIGURE 17.1. Ten leading causes of death, United States, 2006, all races, both sexes. (Data from the National Center for Injury Preven¬ 
tion and Control Department within the Centers for Disease Control and Prevention. 10 Leading Causes of Death, United States, 2006, All 
Races, Both Sexes. http://webapp.cdc.gov/sasweb/ncipc/leadcauslO.html.) 


have been especially notable in the field of transportation 
safety. Fatal crashes decreased by 3.6% from 2006 to 2007, 
and the fatality rate dropped to 1.36 fatalities per 100 million 
vehicle miles of travel in 2006, the lowest since records began 
in the 1920s. 13 Improved safety standards for vehicles, better 
roads, and a moderate decrease in alcohol-related crashes are 
the dominant contributing factors to this decline. However, 
some of the success in combating motor vehicle-related 
trauma has been offset by increases in death from intentional 
injury, principally that related to firearms. Deaths from 
firearms now outnumber those from traffic injuries in several 
states. 14 


MORTALITY PEAKS AFTER 
_ TRAUMA INJURY _ 

Q Trauma deaths occur at three traditionally recognized times 
after injury (Fig. 17.2). Approximately half of all trauma- 
related deaths occur within seconds or minutes of injury and 
are related to lacerations of the aorta, heart, brainstem, brain, 
and spinal cord. Few of these patients are saved by health care 
systems, regardless of efficacy. In general, the only effective 
interventions for this primary peak in injury-induced mortality 


are aggressive prevention strategies, either devices, such as 
automobile restraints and bicycle helmets, that prevent or 
lessen injury, or laws, such as drinking and driving penalties 
and motorcycle helmet laws, that limit certain risk-enhancing 
behavior patterns. 15 

The second mortality peak occurs within hours of injury 
and accounts for approximately 30% of deaths, about half of 
which result from hemorrhage and half from central nervous 
system (CNS) injuries. Important reductions in mortality rates 
during this period (“the golden hour”) have resulted from the 
development of trauma and emergency medical services (EMS) 
with rapid transport systems. Overall, preventable trauma 
mortality rates, as defined by expert panels, have been reduced 
from approximately 25% to 30% to 2% to 3% where well- 
organized trauma care systems exist. 16,17 Currently, an esti¬ 
mated 85% of U.S. residents have potential access to level 1/2 
trauma centers within 60 minutes, 18 but for 28% this is by 
helicopter only. The nearly 50 million Americans who do not 
have access to organized trauma care within an hour live 
mostly in rural areas. Further development of trauma systems 
and evidence-based care protocols and expansion of these sys¬ 
tems to rural areas will undoubtedly result in further reduc¬ 
tions in mortality rates during this early postinjury period. 

The third mortality peak includes deaths that occur from 
day 1 to 2 after trauma resuscitation and acute care to weeks 
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FIGURE 17.2. Three periods of peak mortality after 
injury. 
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later. This late mortality generally is attributed to infection and 
multiple organ failure (MOF). 19 Of all trauma deaths, 10% to 
20% occur during this period. The development of efficient 
evidence-based trauma care, however, is changing the epidemi¬ 
ology of these deaths. During the first week after trauma, 
refractory intracranial hypertension complicating severe trau¬ 
matic brain injury (TBI) now accounts for a significant number 
of these deaths. The incidence of sepsis and MOF-related 
deaths following trauma has continued to diminish as a result 
of aggressive early resuscitation with improved goal-directed 
endpoints along with advanced organ support and ongoing 
critical care. Sepsis and MOF now account for approximately 
5% of overall mortality and only 30% of later mortality where 
organized trauma systems and sophisticated intensive care unit 
(ICU) care exist. In addition to severe TBI, fatal pulmonary 
embolism also now accounts for a significant number of these 
late deaths. 20 Lastly, the aging of America has created an 
ever-increasing population of fragile elders with significant 
comorbidities, decreased organ reserve, and minimal ability to 
recover from the primary trauma insult. As a result, increasing 
challenges are the ethics of end-of-life and palliative care deci¬ 
sion making. In the severely injured very elderly patient, just 
because “it can be done” does not necessarily justify that “it 
should be done.” From both unnecessary patient suffering and 
consumption of limited critical resources viewpoints, thought¬ 
ful, ethical, and appropriate intervention or lack of interven¬ 
tion must be applied. 

Optimal efforts to reduce the morbidity and mortality of 
trauma must include specific programs for each of the three 
separate mortality peaks. Early deaths can best be reduced 
with injury prevention programs and educational outreach or 
legislated use of protective devices and control of dangerous 
behavior. Focus on the regional planning and fiscal support of 
trauma system development will affect the number of avoid¬ 
able deaths during the second “golden hour” mortality peak. 
Finally, late deaths will be diminished as research generates 
better understanding of the extensive physiologic processes 
and cell biology related to inflammation, immune dysfunction, 
sepsis, coagulopathy, multiple organ failure, and CNS injury 
and development of proven evidence-based care. 21,22 


TRAUMA CARE AND 
TRAUMA SYSTEMS 


Trauma care providers have an important role in combating 
the injury epidemic in the United States. Few areas exist in 


which public health interests so closely overlap those of direct 
delivery of care. The most significant advances in the care of 
the injured patient that have occurred in the past 50 years are 
in surgery, anesthesia, imaging technology, and a better under¬ 
standing of the basic cellular and genomic responses to shock 
and inflammation. But, in addition and unique to trauma care 
has been the coordinated societal effort at developing a trauma 
system of care, one that spans the continuum from injury 
occurrence, notification, and transportation to emergency and 
surgical interventions, critical care, rehabilitation, and eventual 
community reincorporation. These advances are highlighted 
both in the treatment of individual patients and in the estab¬ 
lishment of effective systems of prehospital, hospital, and 
rehabilitative care. Trauma systems have become the paradigm 
for regionalized health care in the 21st century. 22 

Over time, these trauma systems have become more inclu¬ 
sive, attempting to recruit all appropriate institutions and cov¬ 
ering all levels of resources, to optimize access to care for all 
injured patients. The ideal system, however, must still be 
“selective” to avoid expensive duplication of resources result¬ 
ing from excessive designation of frequently competing insti¬ 
tutions that then exceeds the needs of the injured patient 
population. An approach of matching resources to patient 
population needs produces efficient utilization of expensive 
resources along with generation of high patient volumes and 
clinical experience, leading to improved patient outcomes 
while still being able to respond to the needs of each injured 
member of society. Such a functional system requires a lead 
authority, usually located in the state department of health, 
which is empowered to not only designate the appropriate 
number of institutions that meet the various levels of stan¬ 
dards but also hold those institutions to appropriate stan¬ 
dards. A triage plan is required that optimizes delivery of “the 
right patient to the right institution at the right time,” as dic¬ 
tated by the patient’s injuries. Further transfer guidelines 
allows near-seamless movement or transfer from hospital to 
hospital as dictated by patient need and availability of appro¬ 
priate resources. Ongoing quality assurance (QA) or improve¬ 
ment (QI) derived from evidence-based medicine (EBM) 
assesses appropriate implementation of what is acknowledged 
as the correct approach in providing care to increase survival 
and decrease morbidity and long-term disability. While access 
to the system should be universal and is universally advocated, 
this has been a great, unresolved challenge, particularly in the 
vast rural areas of America and for an increasing number of 
underinsured and uninsured Americans everywhere. The 
development of this regionalization paradigm has been politi¬ 
cally charged due to perceived loss of patients and potential 
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revenue through triage and bypass of institutions to optimize 
patient care. And, most recently, the shortage of general sur¬ 
geons and appropriate surgical specialists has created an enor¬ 
mous threat to maintenance of the system and patient access to 
care. Only with persistence and increasing societal, legislative, 
and financial support can these hurdles be overcome. Both 
active resistance and cultural inertia have led to significant 
delays in the full deployment of the trauma system. However, 
the quality of care, improvement in outcome, and recognized 
decrease in morbidity and disability strongly support and 
stimulate the need for ongoing system development so more 
and more states and regions have fully integrated trauma sys¬ 
tems, accessible to every injured patient. 23 


MILITARY HERITAGE 
AND DEVELOPMENT 
OF TRAUMA SYSTEMS 

Q Our approach to modern trauma has grown primarily out of 
the care of wounds and casualty management resulting from 
war and recent increases in global terrorist attacks. Advances 
in rapid transport, volume resuscitation, wound manage¬ 
ment (both debridement and infection control), blood bank¬ 
ing and appropriate utilization, enteric injury management, 
damage control concepts, vascular surgery, and surgical crit¬ 
ical care and the need for early nutritional management have 
all come from or been significantly enhanced by military 
experiences. Salient historical events are shown in Table 17.1. 
Although by no means complete, this table provides exam¬ 
ples of the many and significant contributions derived from 
extensive military experiences treating casualties with multi¬ 
ple injuries. 

Care of the trauma patient poses several challenges not 
encountered in other aspects of surgical care. First, injury fre¬ 
quently occurs at a site remote from medical care. This prob¬ 
lem couples with the importance of a time-critical injury 
requiring means for identifying and transporting critically 
injured patients quickly. Additionally, the polytrauma patient 
often requires complex surgical care that crosses specialty 
lines, requiring that an interdisciplinary team be available with 
little advanced planning or notification. The primacy of time 
renders an ad hoc approach to the delivery of trauma care 
unacceptable and is the principal impetus for the development 
of organized systems of trauma care. 

It was the American experience in the Korean War that laid 
the earliest foundation for the current system of trauma care in 
the United States. The terrain made it difficult to evacuate the 
wounded along the traditional chain from the front lines to 
definitive care, as occurred during World War I and World War 
II. 24 Simultaneously, helicopters had evolved and were used to 
rapidly move the wounded from combat zones to mobile army 
surgical hospitals (MASHs). Additional experience with rapid 
evacuation to definitive surgical care was obtained during the 
Vietnam War, such that mean transport times dropped from 
4 hours to 1.25 hours to 27 minutes in World War II, the Korean 
War, and the Vietnam War, respectively. Over these three con¬ 
flicts, there was a concomitant reduction in mortality rates 
from 4.5% in World War II to 1.9% in the Vietnam War. It is 
likely that several factors contributed to the reduction in mor¬ 
tality over this interval; first among them was the military 
control of airspace that permitted the rapidity with which the 
injured soldier reached definitive medical care. 24 Most 
recently, the addition of flying critical care air transport for 
large numbers of critically ill casualties in B17 transports dur¬ 
ing Iraqi Enduring Freedom (IEF) has allowed transport to 
definitive optimal care facilities out of the war zone. 

In Vietnam, the importance of rapid transport and a pre¬ 
pared receiving facility was well recognized. The distribution 
of trained personnel, equipment, and medical care was 


designed such that no soldier in Vietnam was more than 
35 minutes away from a medical facility capable of giving 
definitive, resuscitative lifesaving treatment. 24 This model of 
prehospital care became the framework and expectation for 
prehospital civilian care in the United States over the next sev¬ 
eral decades. 

In 1966, coincident with the observations made in Vietnam, 
the National Academy of Science/National Research Council 
report on trauma explicitly stated that the quality of civilian 
trauma care in the United States was below the standard 
achieved in Vietnam, such that “Expert consultants returning 
from both Korea and Vietnam have publicly asserted that if 
seriously wounded, the chances of survival would be better in 
the zone of combat than on the average city street.” 25 In 
response to this report and in an attempt to improve trauma 
care delivery, the American College of Surgeons and its Com¬ 
mittee on Trauma developed criteria for the designation of 
trauma centers and the establishment of regional trauma sys¬ 
tems in 1976. 26 

Civilian progress in trauma care, in general, has fol¬ 
lowed the evolution of military medical systems. In 1922, the 
importance of orthopedic trauma was first recognized in the 
United States with the establishment of the Committee on 
the Treatment of Fractures. This evolved into the Committee 
on Trauma of the American College of Surgeons in 1949. 
Increased awareness of traffic injuries and fatalities during the 
1950s and 1960s began to raise surgical awareness and public 
concern leading to the opening of a dedicated trauma entity in 
1961 at the University of Maryland, and the concept of the 
“golden hour” was established. In 1966, the National Academy 
of Sciences and the National Research Council’s important 
white paper, entitled Accidental Death and Disability: The 
Neglected Disease of Modern Society, increased public aware¬ 
ness and led to a federal agenda for the general improvement 
in trauma care. 25 Coupled with leadership from key academic 
centers and often by surgeons with recent military experience, 
the spread of advanced military concepts in trauma systems 
began. The Maryland Institute of Emergency Medicine became 
the first organized, statewide, regionalized system in 1973, 
while Harborview Medical Center in Seattle created the first 
fire department-based prehospital medical care delivery system 
for both acute cardiac and trauma events in 1969. 22 Prehospital 
provider programs grew from these early attempts and were 
formalized, as emergency medical technicians (EMTs) and 
other paramedical personnel were identified, and training 
programs were established. In 1973, the Emergency Medical 
Service (EMS) Act became federal law, providing specific 
endorsement and financial assistance for the development of 
comprehensive prehospital emergency medical service systems. 
In addition to federal efforts, state and local legislatures began 
to organize strategies to care for injured patients by using pre¬ 
hospital care systems to stabilize and deliver patients to major 
hospitals where appropriate care could be given. 

Two other factors influenced the development of regional¬ 
ized systems of trauma care in the late 1970s. First, major 
teaching hospitals in large cities had become regional trauma 
centers by default because of their experience and involvement 
in the trauma care of indigent patients. While the original 
country hospital system proved nonviable fiscally in the 1960s 
in most major cities, with strong academic leadership, these 
centers were taken over as major training centers and were able 
to develop as models for regionalization of trauma care. Sec¬ 
ond, and of at least equal importance, the American College of 
Surgeons Committee on Trauma developed a task force to pub¬ 
lish Optimal Hospital Resources for the Care of the Seriously 
Injured in 1976, thus establishing a standard for evaluation of 
care. The most current version was published in 2006 and is 
the most comprehensive to date. 26 It establishes criteria for pre¬ 
hospital and trauma care and emphasizes the importance of 
ongoing QA and QI to confirm optimal outcomes. In addition, 
the American College of Surgeons Committee on Trauma 
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TABLE 17.2 


TRAUMA CENTER DESIGNATION LEVELS IN THE UNITED STATES 

■ TRAUMA 

CENTER LEVELS 

■ DESCRIPTION 

■ ESTIMATED 
NUMBER 

1 

Typically located in large urban environments, major cities. Provides full spectrum of 
trauma care 24 h/d with 24-h availability of in-house surgeon. Acts as a community 
leader in trauma research, education, and prevention. Expected to admit >1,200 
trauma, >20% of whom are severely injured. 

190 

2 

In population-dense areas, supplements the resources of the level 1 center, whereas 
in more rural environments, may play the lead role in the community. Provides full 
spectrum of trauma care, 24 h/d. Surgeons must be rapidly available on short notice. 
Should coordinate outreach programs to incorporate smaller centers within the region. 

263 

3 

Must have the capability to manage the initial care of most injured patients. General 
surgeon must be promptly available for major resuscitation. Will have transfer 
agreements in place to rapidly transfer patients to higher levels of care. Will have 
educational programs for physicians, nurses, and allied health care workers. 

251 

4/5 

Provides initial evaluation and assessment of injured patients in rural and urban 
environments. Requires 24-h coverage by a physician (level 4 only). No specific 
requirement for surgeon or availability of specialists. Most injured patients will require 
transfer to larger facilities. Will have transfer agreements in place to rapidly transfer 
patients to higher levels of care as appropriate. 

450 

Data from U.S. Department of Health and Human Services. A 2002 National Assessment of State Trauma System Development. Washington, DC: 
Emergency Medical Services Resources and Disaster Readiness for Mass Casualty Events; 2003. Table from Nathens AB, Brunet FP, Maier RV. 
Development of trauma systems and effect on outcomes after injury. Lancet 2004;363:1794-1801, with permission from Elsevier. 


developed the Advanced Trauma Life Support course in 1980, 
which has contributed greatly to uniformity in the initial 
evidence-based care of the injured and the development of a 
common language for diverse care providers. 27 


TRAUMA SYSTEM COMPONENTS 

Trauma centers are the core or “hub” of an organized system 
of trauma care. As originally conceived, the trauma center was 
an institution with all the resources necessary for immediate 
and definitive care of the critically injured patient. These cen¬ 
ters, with their interested and committed staff, also served as 
the primary teaching sites for those interested in furthering 
their education in the care of the injured and performing the 
research to advance the evidence-based care of the injured. 
This description remains as the most consistent with a level 1 
trauma center as an institution that takes a lead role for the 
provision of trauma care within a region. However, with an 
increasing understanding that it is neither desirable nor effi¬ 
cient that every injured patient must be transported to a center 
with all necessary resources available, a classification scheme 
for the designation of various levels of centers has evolved to 
allow a broad range of institutions to participate while still 
ensuring that standards are met to provide the appropriate 
level of care for the severity of injury (Table 17.2). This tiered 
approach improves the efficiency of trauma care by allowing 
higher-resource-level centers to focus on the more severely 
injured patient and reduces the likelihood that patients with 
minor injuries will be transported outside their community 
when they might best be cared for closer to home. Currently, 
more than 1,000 designated trauma centers exist in the United 
States, with just under half designated as level 1 or 2. 28 

The trauma center represents the core of the trauma sys¬ 
tem; however, the system is much broader in scope. Specifi¬ 
cally, mechanisms must be in place to ensure that severely 
injured patients are triaged and ultimately transported to a 
center where they can receive definitive care. If a patient is 
injured at a site remote from a level 1 center, agreements must 


be in place to facilitate interfacility transfer from outlying cen¬ 
ters. A QA program, both at the hospital level and at the sys¬ 
tem level, is critical to ensure optimal patient outcomes. 
Within a center, these QA programs allow for the evolution of 
evidence-based care protocols, whereas at the system level, 
they ensure adequate triage and the integrity of the triage and 
interfacility transfer process. These and other critical trauma 
system components were identified by West et al. 29 and then 
expanded by Bazzoli et al. 30 (Table 17.3) 30 Many have advo¬ 
cated that both injury prevention and postacute hospital care 
(e.g., rehabilitation) be included under the conceptual umbrella 
of the trauma system to better reflect the entire continuum 
needed for optimal trauma care. 31 


TABLE 17.3 


ESSENTIAL TRAUMA SYSTEM COMPONENTS 

■ Presence of a lead agency with legal authority to designate 
trauma centers 

■ Use of a formal process for trauma center designation 

■ Use of American College of Surgeons (or similar) standards 
for trauma center verification 

■ Use of an out-of-area survey team for trauma center 
designation 

■ A mechanism to limit the number of designated trauma 
centers in a community based on community need 

■ Written triage criteria that form the basis for bypassing 
nondesignated centers 

■ Presence of ongoing monitoring systems for quality 
assurance (e.g., trauma registry) 

■ Statewide availability of trauma centers 


From Nathens AB, Brunet FP, Maier RV. Development of trauma 
systems and effect on outcomes after injury. Lancet 2004;363: 
1794-1801, with permission from Elsevier. 
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The process of trauma center designation begins with a health 
regulatory agency-directed on-site verification of resources and 
commitment by either state health authorities or surveyors 
from the American College of Surgeons Committee on Trauma 
(ACSCOT) Verification Review Committee. Hospitals undergo 
verification at fixed intervals, consistent with either ACSCOT or 
regional regulatory requirements. 

A lead agency with the legal authority to designate trauma 
centers is critical to the development of an organized system 
of trauma care. In many regions, the state or regional depart¬ 
ment of health holds this authority. This authority usually 
extends beyond the designation of trauma centers to encom¬ 
pass the development of criteria for the triage of patients and 
oversight of prehospital EMS care provided. Legal authority 
is critical because with the instatement of triage criteria, the 
potentially nearer, nondesignated centers are bypassed by 
EMS personnel in deference to a regional trauma center. In 
addition, the number, location, and level of centers must be 
based on population demographics (i.e., number of patients) 
and geography, rather than mere institutional interest, not 
only to ensure that the needs of the patients are met but also, 
importantly, to prevent unnecessary competitive duplication 
of expensive resources and optimize volume and experience in 
the trauma center. This process is apt to bring with it the fears 
of monopolistic business practices and resistance from the 
nondesignated centers. The identification of trauma centers in 
a region is perceived as a loss of market competition among 
the hospitals within that region, which might result in the loss 
of income for the nondesignated centers. Ensuring the system 
is backed by legislation helps to mitigate, but does not elimi¬ 
nate, these issues. 


TRAUMA SYSTEM 
IMPLEMENTATION AND 
EFFECTIVENESS IN THE 
UNITED STATES 


Progress in the implementation of organized systems of care in 
the United States has been difficult and is still limited in many 
areas. A major ongoing restraint is that the funding required to 
support the design, implementation, and maintenance of a well- 
integrated, coordinated regional system of trauma care is lack¬ 
ing. This is paradoxical in the face of the enhanced awareness 
and threat of terrorism, which virtually always involves mass 
casualties requiring the resources of the trauma care system. 
However, despite this chronic relatively limited funding, progress 
has been made; 38 states have implemented, or are in the process 
of implementing, organized systems of trauma care (Fig. 17.3). 32 

Several lines of evidence suggest that an organized system of 
trauma care reduces mortality from injury. West and Trunkey 33 
evaluated the preventable death rate caused by trauma in San 
Francisco County, California, where a single institution was 
responsible for all major trauma care, with the death rate in 
Orange County, California, where more than 40 centers man¬ 
aged trauma patients. In San Francisco County, only 1% of 
deaths were considered preventable, whereas almost three 
quarters of all deaths in Orange Country were potentially sal¬ 
vageable. Subsequently, Orange County implemented a trauma 
system and demonstrated an eightfold reduction in the rate of 
preventable death as patients were triaged and cared for at des¬ 
ignated trauma centers. 34 Population-based studies have also 
been used to evaluate the benefits of regional trauma centers. 
For example, Rutledge et al. 35 demonstrated that counties with 
designated trauma centers in North Carolina had a 20% reduc¬ 
tion in per capita trauma deaths compared with counties with¬ 
out trauma centers, whereas Nathens et al. 36 demonstrated that 
states with an organized system of trauma care reduced MVC- 
related mortality by 10%. These results have been confirmed 
by MacKenzie et al. in the only prospective study analyzing 



FIGURE 17.3. Regional trauma system in the United States as of 
2002. States are ranked by the number of trauma system components 
implemented in their region. (From U.S. Department of Health and 
Human Services. A 2002 National Assessment of State Trauma System 
Development, Emergency Medical Services Resources, and Disaster 
Readiness for Mass Casualty Events. 2003. From ftp://ftp.hrsa.gov/ 
hrsa/trauma/nationalassessment.pdf. Accessed November 2004.) 


injured patients cared for in level 1 trauma centers versus com¬ 
munity hospitals where a 25% reduction in mortality was 
shown. 23 However, these benefits are not achieved instanta¬ 
neously, taking as long as a decade following enacting legisla¬ 
tion to become manifest. 37,38 It is likely that, after formal leg¬ 
islative implementation of the trauma system, a gradual change 
in care delivery and the process of quality improvement leads 
to better outcomes. Presumably, prehospital protocols improve 
such that the patients are more appropriately triaged to centers 
with adequate resources, whereas the trauma centers them¬ 
selves evolve as they begin to commit an appropriate propor¬ 
tion of their resources to trauma and become more experienced 
due to increased volumes and thus capable of providing more 
optimal care. 39-41 


RURAL TRAUMA SYSTEMS 


Rural trauma care has been considered one of the great chal¬ 
lenges in trauma system development. 42 Approximately one 
third of the U.S. population resides in rural areas and account 
for those outside the “golden hour” for transport to a level 1 
or 2 trauma facility, yet over half of all deaths caused by 
MVCs occur in the rural environment. To put this in greater 
perspective, the rate of death from MVCs is 600 times greater 
in rural Texas than in New York City. 43 Several factors play 
into this excess mortality. With a lower population density, 
discovery times, of necessity, are longer. Further, both EMS 
response times and transport times are longer; together, these 
factors increase the risk of prehospital death by as much as 
sevenfold. 44 In addition, prehospital personnel in rural envi¬ 
ronments are often volunteers with limited training. For exam¬ 
ple, in the rural state of Vermont, only 2% of all EMS 
providers are trained as paramedics capable of providing 
advanced life support (ALS). 42 Many EMS providers in rural 
areas attend to fewer than 10 severely injured patients annu¬ 
ally, making it virtually impossible for providers to maintain 
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FIGURE 17.4. Access to trauma centers in the 
United States. (From American Trauma Society. 
2009 Maps of Trauma Center Access, http:// 
tramah.cml.upenn. edu/CML.TraumaCenters.Web/ 
default.aspx.) 
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an adequate level of experience despite adequate training. Sim¬ 
ilarly, physicians working in rural environments have limited 
exposure to the major trauma patient. Together, these data 
support the premise that enhanced training (with subsequent 
maintenance of skills), combined with mandatory time in the 
field, provides the best opportunity for optimal outcomes. 

Given these impediments to providing adequate and timely 
trauma care, some rural states have implemented inclusive 
trauma systems such that virtually all hospitals are required to 
participate as designated trauma centers to the extent that 
their resources allow. 45 This approach is in contrast to exclu¬ 
sive systems, where most injured patients are transported to 
relatively few centers, which may be at great distance. Each 
region must decide the appropriate balances of patient needs 
and resources available. At a minimum, the structure of an 
inclusive system must ensure that the initial receiving hospital 
will have a plan as well as appropriate human material 
resources in place to provide initial, emergent management of 
the severely injured patient. In addition, once patients are 
assessed by the receiving center, they must be transferred as 
indicated to higher-level trauma centers for definitive care. 

To facilitate this process, many hospitals (designated as 
level 3, 4, or 5 trauma centers) have interfacility transfer pro¬ 
tocols and agreements with level 1 or level 2 centers to expe¬ 
dite the transfer process. In the rural settings, these lower-level 
trauma centers play a critical role in initial stabilization and 
triage. 46 Although conceptually sound, the efficacy of this 
approach is unproved. For example, when rural centers were 
designated in Oregon, evidence showed clearly that the distri¬ 
bution of trauma patients within the system changed; however, 
no significant measurable improvements in overall outcome 
were evident in this limited population of the most severely 
injured patients. 47,48 


SUMMARY 


There is clear evidence that trauma system implementation 
reduces injury-related mortality. 23,34-36 However, despite 
increasing trauma system implementation across the United 
States, approximately one third of major trauma victims are 
not cared for at regional trauma centers. 49 The reasons for this 
are multifactorial; however, it is likely that access is not 


uniformly consistent across states and within regions. For 
example, the availability of trauma centers varies greatly 
across states, ranging from 0.9 to 6.6 centers per million pop¬ 
ulation, and 25% of the land mass of America is not within 
1 hour of a level 1 or 2 trauma center (Fig. 17.4). 28,48 In addition, 
many of the states have not fulfilled many of the key compo¬ 
nents of trauma system design to ensure that populations 
within more sparsely populated regions have access to high- 
level trauma care (Fig. 17.3); thus, rural access to trauma care 
remains a major challenge in trauma system design. 


SCORING SYSTEMS AND INJURY 
AND OUTCOME ASSESSMENTS 


Many scoring systems have been developed in an effort to 
match injuries and trauma patients to allow comparison 
within and among institutions. Although all provide consider¬ 
able help, none is perfect. The impetus for injury severity scor¬ 
ing systems is provided by the need to identify and classify 
severely injured patients in the prehospital phase, predict mor¬ 
tality, assess outcome results, and improve communication. 
Outcome analyses based on these parameters are a major 
objective of these types of scoring systems. 50 These systems 
also permit tracking of patient outcomes within an institution 
over time. 

One simple way to classify trauma patients is to place them 
into three groups according to severity of injury: (a) those 
patients with injuries that are rapidly fatal, (b) those with 
injuries that are potentially fatal, and (c) those with injuries 
that are not fatal. The first group includes patients who have 
exsanguinating injuries, massive head injuries, high cervical 
spinal cord transection, or major airway disruption producing 
death in less than 10 minutes. Of traumatic injuries, 5% and 
half of all injury-related deaths fall within this category. The 
third group, which accounts for 80% of trauma patients, 
includes patients with injuries that are minor or confined to 
soft tissue and isolated extremity fractures. Significant risk to 
life is seldom seen in this group and urgent treatment is not 
essential. These patients survive without significant disability 
even if prolonged delays occur before definitive therapy. The 
real impact of improved prehospital care and organized 
trauma systems is on the second category of patients (15% to 
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ITABLE 17.4 IE 

REVISED TRAUMA SCORE COMPONENTS 

■ GLASGOW 
COMA SCALE 

■ SYSTOLIC BLOOD 
PRESSURE (mm Hg) 

■ RESPIRATORY RATE 
(Breaths/Min) 

■ CODED 
VALUE 

13-15 

>89 

10-29 

4 

9-12 

76-89 

>29 

3 

6-8 

50-75 

6-9 

2 

4-5 

1-49 

1-5 

1 

3 

0 

0 

0 


20% of the total): those who can be saved and morbidity min¬ 
imized if effective medical care is provided quickly. It is for this 
group that trauma systems and scoring have been developed. 41 


Revised Trauma Score and Triage 

The revised trauma score (RTS) developed by Champion and 
Sacco 50 in 1981 was for years the most widely applied scoring 
system for the initial evaluation of trauma victims. It mathe¬ 
matically combines the physiologic parameters of blood pres¬ 
sure, respiratory rate, and Glasgow Coma Scale Score to assess 
injury severity and predict which patients need the most timely 
and sophisticated medical care. Table 17.4 shows the compo¬ 
nents of the RTS. 

While this mathematical model is uncommonly used today, 
the physiologic parameters included are still critical factors 
used to estimate injury severity and need for triage. In addition 
to physiologic scores, specific anatomic aspects of injury are 
also correlated with poor injury outcomes. Penetrating injuries 
to the head, neck, torso, and proximal extremities; multiple 
broken ribs and flail chest; two or more proximal long-bone 
fractures; pelvic fractures; limb paralysis; and amputation 
proximal to the wrist have all been identified as anatomic indi¬ 
cators of severe injury. Finally, the mechanism of injury is used 
to identify patients who are at high risk for significant injuries 
and are best evaluated at a trauma center. These data have 
been integrated with factors of age and comorbid disease into 
a triage decision scheme that is recommended by the American 
College of Surgeons and Centers for Disease Control and 
Prevention (Algorithm 17.1). 

The major criticism of this triage scheme is that it leads to 
the frequent triage of patients to trauma centers that may not 
be necessary (i.e., overtriage). On the other hand, it diminishes 
the number of patients with severe injury who are overlooked 
and left potentially undertreated (undertriage). Overtriage is 
the inherent and necessary cost of a sufficiently sensitive scor¬ 
ing system. The exception to this approach is during disaster 
and mass casualty events when overtriage can consume limited 
resources and adversely impact overall patient outcomes and 
thus must be severely restricted. 


Abbreviated Injury Scale 

The Abbreviated Injury Scale (AIS) 51 was developed in 1971 
for use in blunt trauma and has subsequently been updated on 
a periodic basis. The 1990 revision of the AIS includes descrip¬ 
tors for penetrating trauma. Injury severity is determined in six 
different body areas on a scale of 0 to 6, where 0 indicates no 
injury, 5 indicates critical injury, and 6 indicates a nonsurviv- 
able injury. The AIS evaluates individual injuries but does not 
account for multiple injuries. Thus, it is an injury-specific 
anatomic index. 52 Table 17.5 shows an example of the AIS for 
abdominal injuries. The shortcoming of the AIS is that it eval¬ 


uates each injury independently and recognizes only the most 
severe injury in each body area. Thus, AIS scores fail to account 
for multiple serious injuries within the same body compart¬ 
ment, thereby underscoring the true severity of the injury. 


Injury Severity Score 

In 1974, Baker et al. 52 developed the Injury Severity Score 
(ISS), which is calculated by assigning AIS values to the most 
severe injury in each of six body areas: head and neck (score =1), 
face (= 2), chest (=3), abdomen and pelvic contents (= 4), 
extremities and pelvis (=5), and general and cutaneous (=6). 
To derive the ISS, the scores for the three most severely injured 
areas are squared and added. ISS values vary from 0 to 75. If 
the value of the AIS is 6 (i.e., nonsurvivable injury) in any body 
area, the ISS is automatically 75. 

The result is that substantial quadratic correlation between 
injury severity based on the ISS and death can be developed. 
The ISS is extremely helpful and has been widely used. How¬ 
ever, it does not adjust for patient age or patient-related 
comorbid risk factors, such as chronic disease. Further, the 
severity of a head injury is disproportionately underscored in 
that combinations of injuries in other areas can result in a 
higher ISS score than a fatal head injury. Despite these draw¬ 
backs, the ISS is an excellent tool for the study of groups of 
patients with multiple injuries from blunt trauma and allows 
comparison of outcomes and quality assurance. To address the 
concern of ignoring the impact of multiple injuries in one body 
region, a modified new ISS, or NISS, has been developed that 
includes the three most severe injuries, regardless of body 
region. Intuitively, this approach has advantages in patients 
with penetrating trauma where injuries are often concentrated 
in a single body region. In either blunt or penetrating trauma, 
this modification improves predictability and appears to better 
reflect and weight significant injuries than the ISS alone. 53 


ITABLE 17 

i5 _1 

ABBREVIATED INJURY SCALE SCORING SYSTEM 

FOR ABDOMINAL INJURIES 

■ SCORE 

■ INJURY EXAMPLES 

1 

Abdominal wall abrasion 

2 

Liver, stomach, colon, mesentery contusion 

3 

Minor liver or spleen laceration 

Bowel laceration without perforation 

4 

Major liver or spleen laceration 

Bowel laceration with perforation 

5 

Major liver or spleen laceration with tissue loss 
Bowel laceration with tissue loss 
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FIELD TRIAGE DECISION SCHEME: 

THE NATIONAL TRAUMA TRIAGE PROTOCOL 


Measure vital signs and level of consciousness 

I 

Glasgow Coma Scale 
Systolic blood pressure 
Respiratory rate 


L 


< 14 or 

< 90 or 

< 10 or > 29 

(< 20 in infant < one year) 


Yes 

Take to a trauma center. Steps 1 and 2 attempt to identify the 
most seriously injured patients. These patients should be transported 
preferentially to the highest level of care within the trauma system. 

I 


No 

Assess anatomy of injury 


- 1 - 

All penetrating injuries to head, neck, torso, and extremities 
proximal to elbow and knee 
Flail chest 

Two or more proximal long-bone fractures 
Crushed, degloved, or mangled extremity 
Amputation proximal to wrist and ankle 
Pelvic fractures 

Open or depressed skull fracture 
Paralysis 


Yes|“ 


No 


Take to a trauma center. Steps 1 and 2 attempt to identify the 
most seriously injured patients. These patients should be transported 
preferentially to the highest level of care within the trauma system. 

I r 


Assess mechanism of injury and 
evidence of high-energy impact 


Falls 


• Adults: > 20 ft. (one story is equal to 10 ft.) 

• Children: > 10 ft. or 2-3 times the height of the child 

High-Risk Auto Crash 

• Intrusion: > 12 in. occupant site; > 18 in. any site 

• Ejection (partial or complete) from automobile 

• Death in same passenger compartment 

• Vehicle telemetry data consistent with high risk of injury 

Auto v. Pedestrian/Bicyclist Thrown, Run Over, or with 
Significant (> 20 MPH) Impact 
Motorcycle Crash > 20 MPH 


Yes 


Transport to closest appropriate trauma center, which depending 
on the trauma system, need not be the highest level trauma center. 


I_ 


No 

Assess special patient or 
system considerations 

_I 


Age 

• Older Adults: Risk of injury death increases after age 55 

• Children: Should be triaged preferentially to pediatric-capable 
trauma centers 

Anticoagulation and Bleeding Disorders 
Burns 

• Without other trauma mechanism: Triage to burn facility 

• With trauma mechanism: Triage to trauma center 
Time Sensitive Extremity Injury 

End-Stage Renal Disease Requiring Dialysis 
Pregnancy >20 Weeks 
EMS Provider Judgment 


Yes | 

Contact medical control and consider transport to a trauma 
center or a specific resource hospital. 


No 

Transport according to protocol 


ALGORITHM 17.1 


ALGORITHM 17.1. 
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Trauma and Injury Severity Score 

The Trauma and Injury Severity Score (TRISS) methodology 54 is 
of importance because it attempts to combine the trauma score, 
or physiologic component of injury, and the ISS, or anatomic 
component of injury. It also incorporates the patient’s age. 

The TRISS method yields a specific probability of survival. 
Adjustments are made for age and mechanism of injury sus¬ 
tained (blunt or penetrating). The methodology allows patient 
groups to be compared. Individuals with an unexpected out¬ 
come, either survival or death, can be specifically identified 
and investigated. TRISS can be used for QI evaluations both 
within and between institutions. Typically, a cutoff point (e.g., 
predictability of survival, Ps = 50%) is chosen, and records of 
the deaths of patients with a probability of survival greater 
than the cutoff value are submitted for peer review. TRISS also 
can be used to examine cases in which the survivors exceeded 
the cutoff value to help, in part, identify specific system com¬ 
ponents that improve outcome. In addition, TRISS can be used 
to compare trauma outcomes between different institutions or 
regions. 


BIOMECHANICS OF INJURY 

Q All traumatic injury occurs as a result of deformation of tissues 
beyond a threshold that results in structural damage. In gen¬ 
eral, injury is categorized as either penetrating or nonpenetrat¬ 
ing (blunt) trauma or thermal injury. Blunt trauma injury is 
produced as the tissues are either compressed (crushed) or as 
deceleration (shear) occurs. In penetrating trauma, the injury 
is produced by crushing and separation of tissues along the 
path of the penetrating object. 


Energy Transfer 

The severity of any injury is directly proportional to the 
amount of kinetic energy transferred to the tissues, whether by 
a projectile or by blunt impact. Kinetic energy (KE) is a func¬ 
tion of the mass (M) of an object and its velocity (V): 

KE = (M X V)/2 

Changes in velocity alter the kinetic energy transfer more 
significantly than changes in mass. This fact becomes critical 
when assessing the extent of damage from high-velocity and 
low-velocity gunshot wounds. Likewise, a small child and a 
large adult, though significantly different in size and weight, 
are subjected to similar levels of energy transfer in a high¬ 
speed vehicular collision, the primary determinant being veloc¬ 
ity rather than mass. 


Cavitation 


Cavitation occurs as tissue impacted by a moving body 
recoils from the point of impact, away from the object. The 
resulting transient tissue cavity can be caused by rapid accel¬ 
eration or deceleration. Extreme strain occurs at points of 
anatomic fixation during the formation of these temporary 
cavities. Forces can be produced both along the longitudinal 
axis (tensile or compression strain) and across the transverse 
axis (shear strain). These types of forces cause deformity, 
tearing, and soft tissue failure or fracture. With penetrating 
trauma, transfer of kinetic energy from the projectile causes 
transient cavitation. A permanent cavity is produced by tis¬ 
sue displacement and destruction. Cavitation is the cause of 
tissue damage and loss beyond the immediate course of the 
projectile. 


Biomechanics of Blunt Trauma 


Blunt trauma results in two types of forces during impact. 
First, changes in speed (acceleration or deceleration) create 
shear strain, and second, deformity changes (stretch or com¬ 
pression) create tensile strain. For example, shear stress to the 
head secondary to deceleration leads to brainstem stretching, 
and injury to the spinal cord occurs from shear stress at points 
of attachment. Contrecoup brain injuries include stretch forces 
placed on bridging veins, which may lead to hemorrhage and 
a subdural hematoma. 

Differential acceleration in the thorax makes the aorta the 
most common site of life-threatening shear injuries, the most 
frequent point of injury being the ligamentum arteriosum. 
Here, the descending aorta is tightly fixed to the thoracic 
spine, whereas more proximally it is relatively mobile. Shear 
stress in this area allows the proximal aorta to move forward 
in relation to the fixed distal aorta and, therefore, to tear. 
Abdominal injuries can result as a consequence of acceleration 
of the viscera at a rate out of proportion to movement of the 
points of attachment, in particular, vascular attachments. The 
kidneys, small intestine, large intestine, liver, and spleen are all 
vulnerable to this type of shear injury and vascular disruption. 
Similarly, with deceleration, the liver may continue to travel 
relative to the ligamentum teres, generating shear forces that 
transect or lacerate the hepatic parenchyma. An inappropri¬ 
ately applied, high-riding lap seatbelt, particularly in a small 
child, can also produce a shear plane across the edge of the belt, 
causing severe intestinal injury during crash-induced decelera¬ 
tion. Rapid deceleration can also place sudden flexion and 
extension forces on the spine with a seatbelt placed inappropri¬ 
ately high across the lower thoracic and upper lumbar spines, 
causing fractures, subluxation, or ligamentous injury (Chance 
fracture dislocation). 

Tensile strain creates injury by directly compressing (crush¬ 
ing) or stretching the tissue. For the head, tensile strain results 
in fractures of the skull, which in turn may cause intracranial 
bleeding or contusions of the underlying brain parenchyma. In 
the thorax, external chest compression can lead to cardiac 
contusion, pulmonary contusion, pneumothorax, and frac¬ 
tured ribs or a flail chest. In the abdomen, the pancreas, liver, 
spleen, and occasionally kidneys are subject to tensile strain 
injuries, particularly following a frontal (or, for the kidney, flank) 
impact. In addition, direct compression of the abdomen may 
increase intra-abdominal pressure, rupturing the diaphragm. 
Similarly, external compression of the pelvis is associated with 
bladder rupture and other pelvic injuries. 


MOTOR VEHICLE COLLISIONS 


Specific patterns of injury are recognized for various types of 
motor vehicle collisions. These include (a) head-on or frontal 
impact, (b) rear impact, (c) lateral or side impact, (d) rota¬ 
tional impact, and (e) rollover. Some estimates of injury pat¬ 
tern are possible by analysis of damage to the vehicle, but the 
presumption should usually be that any or all of these forces 
may have been involved. In general, a vehicle’s occupant 
receives a kinetic energy transfer similar to that of the vehicle 
itself. As an automobile collides with an object, passengers col¬ 
lide with the interior of the automobile, and the internal 
organs collide with the body wall or are sheared from anatomic 
attachments. 

It has been shown that better automotive design has greatly 
improved the outcome for occupants when the safety features 
of the vehicle are in use at the time of the crash. Active safety 
restraint systems include shoulder and lap seatbelts, air bags 
(frontal and lateral), and door locks; passive restraint systems 
include front and rear energy-absorbing collapsible chassis, 
lateral bars, and improved lateral wall design. 
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FIGURE 17.5. Down-and-under (A) and 
up-and-over (B) mechanisms of injury 
after frontal deceleration impact. 




Frontal and Rear Impact 

With a frontal impact, the vehicle stops abruptly, and unre¬ 
strained front-seat occupants move in one of two predictable 
pathways: down and under the dashboard or up and over the 
dash or steering wheel (Fig. 17.5). With the former movement, 
the knees strike the dashboard and the upper legs absorb the 
primary energy transfer. Dislocated knees, fractured femurs, 
and posterior fracture dislocations of the hips are expected. 
With an up-and-over impact, the upper body flexes forward, 
moving up and over the steering wheel. The chest or abdomen 
impacts the steering wheel and the head impacts the wind¬ 
shield. The head stops the forward momentum of the torso 
and the cervical spine absorbs the kinetic energy. Predictable 
injury patterns resulting from the up-and-over component of a 
frontal impact are given in Table 17.6. 

Rear-impact collisions occur when stationary objects or 
slow-moving vehicles are struck from behind. The amount of 
kinetic energy generated depends on the difference between the 
velocities of the two vehicles, rather than the sum, in forward 
collisions. After a rear impact, the vehicle and its occupants 
accelerate forward, during which time cervical spine hyperex¬ 
tension with possible injury may occur. If the vehicle slows to a 
stop spontaneously, often the occupants are not severely 


TABLE 17.6 


PREDICTABLE INJURY PATTERNS RESULTING FROM THE 
UP-AND-OVER COMPONENT OF FRONTAL IMPACT 

■ Rib fractures, pulmonary contusion, flail chest, and 
myocardial contusion from anterior chest-wall 
compression against the steering wheel 

■ Hollow abdominal viscera and solid organ compression, 
resulting in intestinal perforation and lacerations of the 
mesentery and solid organs, with accompanying 
hemorrhage 

■ After the anterior chest stops intrathoracic organs continue 
to move, resulting in shear injuries such as lacerations of 
the aorta or liver 

■ Shear injuries to the kidneys and other solid viscera 

■ Injury to the brain from direct compression with scalp 
lacerations, skull fractures, and cerebral contusions, or 
from deceleration and shear stress, which cause diffuse 
axonal injury and cerebral contusion or subdural 
hematoma 

■ Acute neck flexion, hyperextension, or both, causing a 
cervical spine injury 
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injured. If the car strikes another object, the occupants are 
thrown forward, with injury potential similar to that seen with 
a frontal impact. Thus, rear-impact collision can potentially 
cause two types of injury: those from the primary rear impact 
and those resulting from the secondary frontal impact. 


Lateral and Rotational Impact and Rollover 

Two patterns of injury result from lateral impact, depending 
on whether energy is transferred to the vehicle directly or 
imparts motion to the vehicle. If the target vehicle remains in 
place or there is significant passenger compartment intrusion, 
typical injuries include lateral crushing compression injuries to 
the torso, pelvis, and spine. Energy delivered to the chest with 
lateral compression can cause a flail chest, pulmonary contu¬ 
sion, and ruptured liver or spleen. Depending on the location 
of the occupant’s arm, humeral and clavicular fractures may 
occur. The pelvis and femur are often impacted by the door, 
forcing the femoral head medially and causing an acetabular 
impaction fracture. Head injuries range from simple lacera¬ 
tions to cerebral contusions with intracranial hemorrhage. 

When the vehicle does not move away from the point of lat¬ 
eral impact, an occupant who is restrained remains fixed in 
place and is more vulnerable to the intruding vehicle. More 
commonly, the force of the impact moves the vehicle, and pas¬ 
senger restraints markedly reduce injury. In this case, the occu¬ 
pant begins motion with the car and is pulled away from the 
impact point by the restraint. As the torso is pushed/pulled 
medially into the car, the head stays in its original position, 
producing lateral flexion and rotation to the cervical spine, 
which may lead to fractures and ligamentous injury. Passen¬ 
gers sustaining lateral impact also should be considered for 
injuries resulting from secondary collisions with other passen¬ 
gers and objects within the vehicle. 

Rotational impact injuries occur when a car strikes a mov¬ 
ing vehicle laterally. The moving vehicle rotates around the 
point of impact, resulting in a combination of the injuries seen 
in head-on and lateral impacts. 

During rollover crashes, the automobile may impact many 
times from many different angles, and as a result, the occupant 
may have virtually any type of injury. All potential injury mech¬ 
anisms should be considered. Rollover crashes with passenger 
ejection are associated with a profound increase in fatality rates 
(up to 10-fold), in part because the repeated second impacts 
can cause injuries that compound or exceed those resulting 
from the initial impact. Rollover crashes with passenger ejec¬ 
tion are considered to have the greatest injury potential. 


Restraint Device Injury 

Theoretically, three-point passenger restraints, when used 
properly, allow the kinetic energy transferred by the impact to 
be absorbed by the bony pelvis and chest. If improperly posi¬ 
tioned, however, lap belts may rise above the pelvis, delivering 
the compression force to the soft tissues of the abdominal cav¬ 
ity or retroperitoneum, and shoulder harnesses can enhance 
flexion and rotational stress on the cervical spine. The number 
of injuries related to restraint devices is increasing, reflecting 
the broader general use of these systems and increasing rate of 
high-speed collisions. While there is no question of the overall 
efficacy of these devices, the clinician must recognize possible 
specific restraint-related injuries. 

Injuries caused by lap belts incorrectly strapped above the 
anterior iliac crest occur most frequently in small children. 
These include shear injury to intestines most commonly, 
compression injuries of the intra-abdominal organs (liver, 
pancreas, spleen, small bowel, large bowel), increased intra¬ 
abdominal pressure with diaphragmatic rupture, and anterior 
flexion compression and posterior distraction injury of the 


lumbar spine. For these reasons and others, children shorter 
than 4 feet 9 inches tall, under 80 pounds, and younger than 
8 years old should be placed in booster seats to allow appro¬ 
priate positioning of seat belts. In addition, diagonal shoulder 
straps should be worn in combination with lap belts to prevent 
the forward motion of the trunk and excessive spine flexion. 
Diagonal shoulder straps should not be worn alone because 
this can be associated with chest and neck injuries if the pelvis 
is not also secured by the lap belt. Injuries associated with slid¬ 
ing underneath shoulder straps include carotid artery contu¬ 
sion, with or without thrombosis and disruption, and clavicle 
and rib fractures. 

Air bags have enormous potential for injury prevention 
because they prevent the initial collision of passenger and auto¬ 
mobile interior that occurs with frontal or lateral impacts. To 
be effective, air bags must be used in combination with seat- 
belts because they deflate immediately and therefore do not 
prevent secondary collisions. Lateral air bags are also increas¬ 
ingly incorporated in vehicles. Injuries such as lateral collisions 
of the head with the middle column and lateral compression of 
the chest wall and pelvis are in part prevented by these devices. 
Air bags are not effective in rear-impact collisions. However, 
given the predominance of frontal impact collisions, public 
health considerations by far favor that air bags should be 
strongly emphasized. 


MOTORCYCLES 


Motorcycle injuries involve four types of impacts: frontal, angu¬ 
lar, ejection, and rear-end collision. In a frontal impact, the center 
of gravity is above and behind the front axle as the motorcycle 
tips forward and the rider travels over the handlebars. Injuries to 
the head, chest, or abdomen occur, depending on which part of 
the anatomy strikes the handlebars. If the rider’s feet are placed 
on the pegs, the upper leg strikes the handlebars on forward 
motion, causing bilateral midshaft femur fractures. Angular or 
lateral impact from another vehicle or the ground when “laying 
the bike down” to avoid a collision generally results in crush 
injuries of the lower extremities. With ejection, the rider is 
thrown into the air until the head, chest, or extremities strike 
another object. Injury occurs at the point of impact, and, just as 
with the occupant ejected from the automobile, the potential for 
severe injury is high. This mechanism of injury is frequent and 
contributes importantly to the extraordinary injury potential for 
motorcycle riders. 

In rear-end collisions, the motorcycle is usually at a stop 
when it is hit by a second vehicle from behind. The injury pat¬ 
tern is that of rapid acceleration with hyperextension and sub¬ 
sequent crush injuries on sudden stop. 


PEDESTRIANS 


Two general patterns are seen in motor vehicle versus pedes¬ 
trian impacts, depending on whether the pedestrian is an adult 
or a child. In adults, the initial impact is often by the car 
bumper, producing fractures to the tibia and fibula. As the vic¬ 
tim falls over the moving vehicle, the pelvis and upper femur 
are struck by the front of the vehicle’s hood, and the abdomen 
and thorax continue onto the top of the hood. The secondary 
strike can result in fractures of the femur or pelvis and produce 
serious intra-abdominal or intrathoracic injury. Injury to the 
head depends on whether the patient’s head strikes the car 
hood or is protected with the arms. A third impact occurs as 
the victim falls away, striking the ground. This impact com¬ 
monly leads to head injury as well. 

In children, the initial impact is predictably higher and may 
produce injury to the pelvis or upper femur. The second impact 
occurs when the front of the hood strikes the thorax. The final 
impact may not occur on top of the hood but rather as the 
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child is dragged underneath the vehicle. As the child falls back¬ 
ward, multiple impacts with the ground, underside of the vehi¬ 
cle, and wheels are possible, so virtually any type of injury may 
occur. Because of the potential for forceful impact and the 
direct blow to the middle torso, any child struck by a vehicle 
must be considered to have potentially severe crush injuries. 


FALLS 


Falls result in multiple impacts. Energy transfer is a result of 
the velocity that develops during the fall, so the height of the 
fall usually determines the magnitude of injury. Falls from 
more than three times the height of the victim, or from more 
than 20 feet, are considered severe. The surface on which the 
victim lands and its degree of compressibility (e.g., water vs. 
concrete) also have an effect on the energy transfer and the 
types of shear and tensile strain that occur. A typical injury 
pattern after falls in which the victim lands on his or her feet is 
transaxial and includes bilateral calcaneal fractures, lower 
extremity fractures, and multiple compression fractures of the 
thoracic and lumbar spine (Fig. 17.6). Of increasing impor¬ 
tance are low-level falls (ground level falls [GLFsj) in the very 
elderly where the presence of significant comorbidities and 
medications (such as Coumadin) greatly enhance the risks of 
complications and mortality, even with relatively minor 
injuries. 


GENERAL ANATOMIC 
CONSIDERATIONS IN 
BLUNT INJURY 

The first and second ribs, sternum, scapula, and femur are 
considered to be some of the strongest and least vulnerable 
bones in the body. Therefore, fractures of these bones are indi¬ 
cators of severe trauma. Clear association exists between first 
and second rib fractures and injuries to the head, chest, and 
abdomen. Similarly, fractures to the sternum, though unusual, 
have a relatively high frequency of associated myocardial con¬ 


TABLE 17.7 

PATTERNS OF INJURY TO THE HEAD, NECK, TRUNK, AND 
EXTREMITIES ASSOCIATED WITH ORTHOPEDIC INJURIES 

■ DIAGNOSED INJURY 

■ ASSOCIATED INJURY 

Fracture—temporal, parietal 
bone 

Epidural hematoma 

Maxillofacial fracture 

Cervical spine fracture 

Sternal fracture 

Cardiac contusion 

First and second rib fracture 

Descending thoracic aorta, 
intra-abdominal bleeding 

Fractured scapula 

Pulmonary contusion 

Fractured ribs 8-12, right 

Lacerated liver 

Fractured ribs 8-12, left 

Lacerated spleen 

Fractured pelvis 

Ruptured bladder, urethral 
transection 

Fractured humerus 

Radial nerve injury 

Supracondylar humerus 
fracture 

Brachial artery injury 

Distal radius fracture 

Median nerve compression 

Supracondylar femur fracture 

Popliteal artery thrombosis 

Anterior dislocation shoulder 

Axillary nerve injury 

Posterior dislocation of hip 

Sciatic nerve injury 

Posterior dislocation of knee 

Popliteal artery thrombosis 


tusion. Fractures to the scapula indicate significant thoracic 
trauma. A femur fracture in a frontal impact injury should 
raise the concern of acetabular fractures or dislocation of the 
knee. An inventory of specific orthopedic injuries and their 
commonly associated findings is provided in Table 17.7. These 
associations should be routinely considered during the initial 
evaluation following major blunt trauma. 

The anatomic orientation of certain structures also leads to 
predictable injury patterns. For example, the right ventricle is 
the most anterior portion of the heart and therefore is the most 
commonly contused area. The association of splenic injury 
with rib fractures on the lower left side and liver injuries with 
rib fractures on the lower right side is also frequently seen after 
blunt trauma. 


BIOMECHANICS OF 
PENETRATING INJURIES 

Penetrating trauma involves the transfer of energy to a rela¬ 
tively small tissue area. The velocity of a gunshot wound is 
exceedingly high compared with any type of blunt trauma. 
The kinetic energy [KE = (M X V)/2] of a bullet disrupts and 
fragments cells and tissues, moving them away from the path 
of the bullet. The actual size of the area of impact is deter¬ 
mined by three factors: profile, tumble (spin and yaw), and 
fragmentation. 

The profile, or frontal area, of a knife, screwdriver, or smooth 
bullet is that of a pointed missile. If the missile is crushed or 
deformed as a result of impact, the frontal area changes shape 
and disperses the impact over a wider tissue area, producing 
more rapid and greater energy exchange to the tissue and 
therefore greater injury. A knife or jacketed bullet does not 
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TABLE 17.8 


MUZZLE VELOCITY, KINETIC WEIGHT OF PROJECTILE, AND APPROXIMATE MAXIMUM 
KINETIC ENERGY OF FREQUENTLY USED FIREARMS 


■ DESCRIPTION ■ PROJECTILE ■ MUZZLE ■ KINETIC 


(CALIBER) 

WEIGHT (g) 

VELOCITY (ft/s) 

ENERGY (ft/lb) 

Pistols 




.22 Short 

29 

1,000 

72 

.38 Special 

158 

870 

263 

9-mm Luger 

125 

1,150 

440 

.45 

250 

860 

410 

.357 Magnum 

158 

1,430 

695 

.44 Magnum 

240 

1,470 

1,150 

Rifles 




.22 Long 

40 

1,150 

150 

.56-mm M-16 

55 

3,200 

1,248 

.30-30 Winchester 

170 

2,200 

1,830 


deform significantly during impact, whereas a hollow-point 
bullet flattens, spreads, and fragments on impact. 

Tumble results when the center of gravity of a bullet is 
eccentric, usually because it is located near the base rather 
than the apex of the bullet. Spin and axial movements (yaw) 
are bullet movements that occur after a gun is fired. At 
impact, spin and yaw continue to carry the base of the bullet 
forward, resulting in end-over-end motion or tumble. This 
increases the area and, thus, the amount of energy exchange 
and results in greater tissue damage. Multiple gunshot 
wounds are an example of the effect of fragmentation injury. 
The frontal impact damage can be estimated by classifying 
penetrating injuries into low-, medium-, and high-energy 
capacities. 


Low-Energy Stab Wounds 

Low-energy missiles include knives and other objects that pro¬ 
duce damage by their sharp cutting edges. Cavitation is mini¬ 
mal and injury can be predicted simply by tracing the pathway 
of the weapon within the body. Knowledge of the type of 
weapon is sometimes helpful. Remember that the attacker may 
stab and move the knife or weapon inside the body, which can 
lead to more injury than that perceived from the cutaneous 
wound. Importantly, the ability to estimate the potential scope 
of injury by examination of the entrance wound is not reliable 
for stab or gunshot wounds. 


Low- and Medium-Energy Gunshot Wounds 

Low-energy gunshot wounds are defined as those with an ini¬ 
tial muzzle velocity of less than 1,200 ft/s. Medium-velocity 
projectiles have muzzle velocities between 1,200 and 2,000 ft/s. 
Most handguns and some rifles are low- or medium-energy 
weapons. Table 17.8 provides a comparison of bullets and ini¬ 
tial muzzle velocities for firearms frequently associated with 
penetrating civilian trauma. The primary point is that these 
weapons both damage the tissue directly in the path of the mis¬ 
sile and produce cavitation injury to tissues in close proximity 
to the path. The size of the cavitation injury is directly propor¬ 
tional to the velocity of the bullet. However, the extent of tum¬ 


ble, fragmentation, and profile change in the projectile also 
influence the amount of injury. 


High-Energy Weapons 

The essential difference between high-energy weapon wounds 
and the typical civilian gunshot wounds is that their projectiles 
produce a much larger cavity or pressure cone than low- and 
medium-velocity missiles. The temporary cavity extends well 
beyond the actual bullet tract, producing a wider injury. The 
vacuum created by the cavitation pulls clothing, bacteria, and 
other debris from the surrounding areas into the wound, cre¬ 
ating the additional risk of contamination. The proliferation 
of semiautomatic weapons also has resulted in an increased 
number of wounds a victim may experience. Instead of a sin¬ 
gle gunshot wound, the surgeon may be faced with multiple 
wounds in multiple body locations. 


Shotgun Injuries 

Blast injuries caused by close-range shotgun fire (10 to 15 ft.) 
constitute devastating injuries composed of extensive tissue 
destruction. Besides specific organ injury, blast injuries due to 
wadding from the shell and extensive foreign body contamina¬ 
tion have the highest potential for secondary infection. These 
injuries, in general, should be surgically explored, devitalized 
tissue should be extensively debrided, and the wounds should 
be left open and packed with sterile dressing that should be 
changed; the wounds should be reviewed serially for addi¬ 
tional debridement in the operating room. 57 


GENERAL ANATOMIC 
CONSIDERATIONS OF 
PENETRATING INJURIES 

Evaluation of each entrance and exit wound helps to assess but 
does not confirm the number of projectiles, their courses, and 
which organs are at risk of injury. Close-range entrance 
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wounds for bullets typically cause tattooing, burning, and 
abrasion as a result of the spin. Depending on the range, there 
may be direct burning of skin. Tattooing occurs if the muzzle 
is within 12 inches of the skin at the time of firing. The range 
from which a gun is fired is also significant in that the air resis¬ 
tance that slows bullet velocity and reduces kinetic energy is 
proportional to the distance traveled. 

Once a missile penetrates tissue, the energy is distributed 
predictably within a closed space, and, depending on the 
organs impacted and the types of tissue traversed, certain 
injuries can be anticipated. For example, a bullet penetrating 


the skull may have insufficient residual energy to traverse and 
exit the opposite side of the skull. Instead, it may follow the 
curvature of the interior of the skull, generating a more severe 
brain injury than would result from a simple linear passage. 

In the thorax, lung parenchyma has low mass and, there¬ 
fore, sustains less damage from penetrating injury than any 
other thoracic tissue. Similarly, blood vessels that are not fixed 
may be pushed aside without significant damage. However, 
injury to adjacent blood vessels in proximity can result in inti- 
mal damage with subsequent thrombosis even if the vessel as a 
whole remains intact. Large fixed vessels such as the aorta and 


FIGURE 17.7. Axial traverse (A) and transdiaphragmatic A 
(B) wounding mechanisms with associated iniury potential 
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TABLE 17.9 


INJURIES ASSOCIATED WITH SPECIFIC VASCULAR TRAUMA 

■ Superior mesenteric artery or superior mesenteric vein 
injury with pancreas and liver 

■ Renal artery injury with liver, kidney, and colon 

■ Inferior vena cava injury with liver, small bowel, colon, 
pancreas, and duodenum 

■ Axillary artery injury with brachial plexus trauma 


vena cava are particularly susceptible to fatal injury. If bones 
are penetrated, bone fragments may become secondary mis¬ 
siles and can lacerate the surrounding tissues, including vascu¬ 
lar structures. Muscles may expand out of the path of a mis¬ 
sile, but this can result in vascular stretching and hemorrhage. 
Lower-velocity bullets may not follow a straight path but 
rather ricochet through the body cavity or track along fascial 
planes, injuring other organs. 

Penetrating injuries should also be evaluated with regard 
to topography for potential anatomically associated proxim¬ 
ity injuries. For example, penetrating wounds of the neck are 
commonly associated with injury to the jugular veins, tra¬ 
chea, pharynx, and carotid artery. Injuries to the trachea are 
commonly associated with injuries to the esophagus, and 
injuries to the carotid artery are commonly associated with 
internal jugular vein injury. In penetrating wounds to the tho¬ 
rax, possibilities of injury to the heart, lung, and diaphragm 
should be considered (Fig. 17.7A). The anterior location of 
the right ventricle makes it particularly vulnerable to pene¬ 
trating trauma. All penetrating wounds below the nipple line 
or inframammary groove must be considered for potential 
intra-abdominal injury due to elevation of the diaphragm 
during expiration. Similarly, wounds that cross the midline, 
so-called transaxial wounds, are important to recognize (Fig. 
17.7B). In the thorax, this indicates that every mediastinal 
structure is at risk, and in the abdomen, the possibility of 
major vascular injury, particularly to the aorta and vena cava, 
should be considered. Associated abdominal injuries often 
include hepatic and splenic injuries, as well as diaphragmatic, 
pulmonary, and gastric injuries. Duodenal and pancreatic 
injuries are commonly seen with injuries to the liver, inferior 
vena cava, stomach, and colon. Examples of injuries associ¬ 
ated with specific vascular trauma are listed in Table 17.9. In 
all, gunshot wound penetration of the abdomen has associ¬ 
ated injuries requiring surgical repair in 60% to 80% of 
patients. 


THE ONGOING CHALLENGE 
OF TRAUMA 


Spurred by two sentinel publications by the National Acad¬ 
emy of Sciences and the National Research Council 
(NAS/NRC), injury has become recognized as a public health 
problem that has a greater impact on the United States than 
cancer or cardiovascular disease. In 1966, the NAS/NRC 
published a white paper entitled Accidental Death and Dis¬ 
ability: The Neglected Disease of Modern Society. 15 Many 
have identified this publication as the inaugural event of 
what has become a sustained effort sponsored by the U.S. 
government to control unintentional injury and the injury 
epidemic. A 20-year follow-up study, entitled Injury in 
America: A Continuing Public Health Problem, appeared in 
1985, outlining further efforts that would be needed to 
address the persistent problem of injury and the injury epi¬ 


demic. The most recent contribution of the NRC Institute of 
Medicine (IOM) is the three-part series by the Committee on 
the Future of Emergency Care in the United States, including 
(a) Hospital-Based Emergency Care: At the Breaking Point, 
which describes the changing role of the hospital emergency 
department and the epidemic of overcrowding, uncompen¬ 
sated care, lack of availability of surgical specialists, liability 
exposure, lack of hospital disaster preparedness, and insuffi¬ 
cient support for trauma research 58 ; (b) Emergency Medical 
Services at the Crossroads, which describes the fragmented 
EMS system, inadequate communication systems, lack of 
coordinated regional patient flow, insufficient reimburse¬ 
ment, lack of national training standards, lack of integration 
into disaster preparedness, and absence of clinical evidence 
to support care protocols 59 ; and (c) Emergency Care for Chil¬ 
dren: Growing Pains, which explains the 20 years of progress 
of EMS for Children (EMS-C) and the impacts of EMS mag¬ 
nified on EMS-C including training, readiness, medication 
issues, disaster preparedness, and research. 60 These excellent 
reviews identify the multiple ongoing stresses that have kept 
emergency and trauma care from achieving the goals neces¬ 
sary to optimally impact the epidemic of injury in America. 
Over the past four decades and especially since the develop¬ 
ment of the NCIPC at the Centers for Disease Control and 
Prevention, the health care community has been encouraged 
to assume, and has assumed, an enlarged role in injury con¬ 
trol. Medical and surgical specialists, epidemiologists, statis¬ 
ticians, biomechanical engineers, public health practitioners, 
and economists are continuing to create the collaborations 
necessary to develop and implement the required sophisti¬ 
cated interdisciplinary approaches necessary for optimal 
injury control. 
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CHAPTER 18 ■ PREHOSPITAL AND 

RESUSCITATION CARE 

EILEEN M. BULGER 


KEY POINTS 


Q Emergency medical service systems provide a rapid, 
tiered response to the injured, beginning with an Emer¬ 
gency Medical Technician-Basic (first responder) and fol¬ 
lowed by an Emergency Medical Technician-Paramedic, 
as needed. 

Q Duration at the scene should be individualized to the 
patient’s injuries and physiologic status. “Scoop and run” 
versus “stay and play” approaches cannot be generalized. 

Q Airway control is paramount and, if required, should be 
achieved using an orotracheal approach with neck immo¬ 
bilization and neuromuscular blockade, if needed. 


Q A multidisciplinary team of specialists, led by the “captain 
of the ship,” usually a trauma surgeon, is available in level 
1 and 2 trauma centers to provide coordinated optimal 
care for any and all injuries. 

Q Trauma assessment and care are provided in a logical, con¬ 
sistent manner. The primary survey identifies and simultane¬ 
ously treats life-threatening injuries, including airway loss, 
inadequate ventilation, ongoing hemorrhage, and central 
nervous system damage. The secondary survey identifies all 
other injuries, including those with potential long-term 
disability. 


Care of the injured patient begins in the prehospital setting 
with a tightly integrated multidisciplinary emergency medical 
service (EMS) system. The goal of the EMS system is to pro- Q 
vide immediate access to lifesaving medical care. This care 
usually entails the use of a first-response team, such as the fire 
department or other public safety personnel with the capabil¬ 
ity of providing basic life support (BLS) within minutes of an 
injury. When available, a rapid transport team capable of pro¬ 
viding advanced life support (ALS) moves the injured patient 
to a trauma center where a multidisciplinary team meets the 
patient to continue resuscitation, identify injuries, and provide 
expeditious therapy, with the aim of completing all of these 
processes within 1 hour (called the golden hour). The goal of 
the EMS system is to assess for life-threatening injuries, initi¬ 
ate emergency care, and transport the injured patient as expe¬ 
ditiously and safely as possible to the nearest appropriate 
trauma center. 


PREHOSPITAL CARE 


Personnel 

^ The initial goal of any EMS system is to provide a rapid 
response by personnel trained in BLS skills to the scene of the 
injured patient. In most cases, this function is performed by an Q 
Emergency Medical Technician-Basic (EMT-B). The EMT-B’s 
responsibility is to assess rapidly the patient’s airway, breath¬ 
ing, and circulation and look for evidence of obvious external 
hemorrhage. The EMT-B’s skills include extrication, spinal 
protection, immobilization, splinting, and control of external 
hemorrhage. In most EMS systems, BLS is followed by ALS. 

ALS personnel are usually Emergency Medical Technician- 
Paramedic (EMT-P) or specially trained nurses or physicians 
and may have air or ground transportation capabilities. ALS 
personnel are trained in a variety of advanced skills including 
endotracheal intubation, intravenous (IV) access and drug 
administration, needle and/or surgical cricothyrotomy, and 
needle thoracentesis. However, significant variability exists 


among different ALS systems regarding the procedures permit¬ 
ted and medications allowed for use by an EMT-P. 1,2 

An area of frequent controversy in the literature involves 
the philosophy of rapid transport (“scoop and run”) versus 
field stabilization (“stay and play”) for the injured patient. 3 
The choice of approach for the individual patient often 
requires complex judgments. Decisions made by experienced 
on-scene EMTs, communicating online with trauma center 
control that will receive the patient, provide the best patient 
outcome. 4,5 The procedures performed and the time invested 
depend on factors such as the patient’s hemodynamic stability, 
level of consciousness, complexity of extrication, distance 
from the receiving trauma center, and experience of the prehos¬ 
pital personnel. Injured patients who are at risk for progressive 
deterioration from continued hemorrhage are better served 
with stabilization procedures done en route rather than at the 
scene. 4 

Nationally standardized training programs for EMTs, both 
BLS and ALS, have become popular. These programs, Basic 
Trauma Life Support (BTLS) and Prehospital Trauma Life 
Support (PHTLS), provide EMS personnel a curriculum to 
assist in making these complex decisions. 


Assessment and Management Priorities 

Airway Assessment. Because the most immediately life- 
threatening problem to the injured patient is loss of airway 
patency, this is the first priority of the first-response team on 
arrival at the injury site. Patients who are awake, alert, and talk¬ 
ing obviously have a patent airway, but those who are uncon¬ 
scious or have evidence of respiratory insufficiency require 
immediate attention. Typical BTLS skills, such as suctioning, 
chin lift or jaw thrust, the placement of oropharyngeal air¬ 
ways, and the use of bag mask devices, are usually sufficient, 
at least temporarily, to restore oxygenation. On arrival of ALS 
personnel, a more definitive airway can be secured by endotra¬ 
cheal intubation. Endotracheal intubation is the best proce¬ 
dure for airway control for patients who are in shock, have 
abnormal breathing patterns, or are unable to protect the 
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airway because they are unconscious. Endotracheal intubation 
is a skill that requires proper training and regular use of the 
technique. In addition, ongoing quality assurance and contin¬ 
uing education are needed to maintain skills over time. 

Training of paramedical personnel almost always includes 
endotracheal intubation, but the indications for intubation 
vary. The indications for intubation are often dependent on 
whether ALS providers are allowed to use neuromuscular 
blocking agents (NMBAs), such as succinylcholine, to facilitate 
intubation. In systems that do not have clearance to use 
NMBAs, intubation is limited to severely injured patients with¬ 
out airway reflexes. The use of NMBAs has been associated 
with increased success at achieving prehospital intubation with 
minimal complication rates. 6-12 However, the absolute benefit 
of prehospital intubation for patients with traumatic brain 
injury remains controversial. Concerns have been raised that 
transient hypoxia associated with intubation or inadvertent 
hyperventilation after intubation could worsen outcome for 
these patients. 13,14 In contrast, early intubation reduces the risk 
of gastric aspiration, which can be exacerbated by positive- 
pressure ventilatory assistance by bag valve mask and cause 
gastric distention. 

Common indications for endotracheal intubation in the 
field include respiratory distress, unconsciousness, hypo¬ 
volemic shock, significant head injury, severe chest injury, and 
facial burns. More liberal indications for endotracheal intuba¬ 
tion include all patients with significant mechanism of injury 
and unstable vital signs or altered mental status. Intubation in 
an uncontrolled environment such as the prehospital setting 
can be difficult. Patients with head injuries are at high risk for 
cervical spine injuries, so in-line mobilization techniques are 
necessary. In patients in whom intubation is not successful, the 
use of a pharyngeal lumen airway or Combitube may be an 
option. 15 Nasotracheal intubation is an effective technique if 
practiced frequently, but requires patient-initiated airflow to 
open the glottis; most paramedical personnel lack training in 
this technique, and patients with potential basilar skull frac¬ 
ture are not candidates for this approach. In some cases, nee¬ 
dle or surgical cricothyroidotomy in the field may be the only 
way to establish an airway. Reasonable results have been 
obtained in the prehospital setting using cricothyroidotomy, 
but as with endotracheal intubation, mastering this skill 
requires ongoing training. 16,17 

A recent expert panel, convened by the Brain Trauma 
Foundation, emphasized the importance of several system fac¬ 
tors in the implementation of a prehospital Rapid Sequence 
Intubation (RSI) program. 18 These include strong medical 
direction and oversight, protocol development, an implemen¬ 
tation plan that includes both cognitive and technical training, 
appropriate prehospital triage, skill maintenance, and perfor¬ 
mance improvement. Furthermore, they note that “compe¬ 
tent” performance of RSI is not limited to successful tube 
placement but also includes avoiding desaturations during RSI 
as well as subsequent hyperventilation, both of which have 
been associated with impaired outcome for patients with 
severe traumatic brain injury. 

Breathing. After establishment of a patent and controlled 
airway, the next priority is to ensure that air exchange is tak¬ 
ing place. Immediately life-threatening injuries that preclude 
air exchange include tension pneumothorax, massive open 
chest wounds, sucking chest wounds, and tracheal disruption. 
There are no maneuvers likely to correct tracheal disruption in 
the field. Both open chest wounds and sucking chest wounds 
respond to endotracheal intubation and positive-pressure ven¬ 
tilation. Tension pneumothorax occasionally requires field 
decompression. Field techniques to deal with tension pneu¬ 
mothorax include needle thoracostomy and chest tube thora¬ 
costomy in the midclavicular line of the second intercostal 
space. A recent review of prehospital needle thoracostomy 
suggested this was a relatively safe procedure but should be 


reserved for patients with physiologic signs consistent with 
tension pneumothorax. 19 Some trauma systems allow para¬ 
medical personnel to place chest tubes in the field or en route 
under medical control. 20 Chest tube placement probably is not 
necessary in urban trauma systems with short response times 
but may be of value in rural areas. 

In addition to addressing mechanical factors that impair 
ventilation, such as tension pneumothorax, recent evidence 
has also suggested that we need to pay greater attention to the 
ventilation rate we provide the patient once the airway has 
been established. 21,22 This is particularly important for a 
patient who may have a traumatic brain injury (TBI). Histori¬ 
cally, hyperventilation was used routinely in the management 
of patients with severe TBI as a means to decrease intracranial 
pressure; however, this was abandoned once the effects on 
cerebral blood flow were evident. In 1991, a randomized con¬ 
trolled trial of prolonged hyperventilation versus conventional 
ventilation of severe TBI patients in the intensive care unit 
demonstrated significantly impaired neurologic outcome 3 and 
6 months after injury in the hyperventilation group. 23 This led 
to the recommendation that routine hyperventilation be 
avoided in severe TBI. 24,25 However, inadvertent hyperventila¬ 
tion early after injury remains a common problem and the 
impact of this transient period of hyperventilation on outcome 
has only recently been explored. 

The cerebral arterial vasculature is extremely sensitive to 
changes in arterial carbon dioxide tension. Upon the induction 
of hypocapnia there is an immediate vasoconstriction of the 
cerebral arterioles, reducing cerebral blood volume (CBV), 
intracranial pressure (ICP), and, more important, cerebral oxy¬ 
gen delivery. 26 This leads to a shift in cerebral metabolism to an 
anaerobic state reflected by an immediate drop in jugular 
venous oxygen saturation and an increase in cerebral lactic acid 
production. 27-29 While hypocapnia results in the favorable 
drop in intracranial pressure, the subsequent cerebral ischemia 
causes secondary injury to the traumatized brain (Fig. 18.1). 

Positive-pressure ventilation may cause additional secondary 
insults by increasing intrathoracic pressure, thus decreasing 
venous return to the heart. This decrease in preload, especially 
in the patient with concomitant hemorrhagic volume loss, may 
manifest as systemic hypotension, further exacerbating sec¬ 
ondary brain injury. This decrease in venous return may para¬ 
doxically cause increased ICP by causing venous congestion in 
the jugular venous system. 30,31 Animal models of low blood 
flow states, such as hemorrhagic shock or cardiac arrest, have 
demonstrated significant impairment of hemodynamics associ¬ 
ated with hyperventilation. 32-35 Recently, results of an animal 
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FIGURE 18.1. Physiology of the cerebrovascular response to changes 
in arterial carbon dioxide tension (PaC0 2 ). As PaC0 2 increases, there 
is cerebral vasodilatation, which may increase cerebral blood flow but 
at the expense of increased intracranial pressure. As PaC0 2 decreases, 
vasoconstriction leads to decreased intracranial pressure but at the 
expense of impaired cerebral blood flow. 
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study assessing cerebral perfusion during hemorrhagic shock 
and varying ventilation rates reported significant compromise 
of cerebral perfusion and oxygenation at a rate of 12 breaths 
per minute that was not evident at 6 breaths per minute. 36 

Most prehospital providers ventilate patients with bag 
valve devices with 100% oxygen connected to either a face- 
mask or directly to an endotracheal tube or other supraglottic 
airway. Many of these bags have a volume in excess of 1,200 mL. 
Uncontrolled bag ventilation can easily lead to inadvertent 
hyperventilation early after injury. Davis et al. have reported 
that three quarters of recorded end-tidal C0 2 values for intu¬ 
bated TBI patients were <30 mm Hg in the prehospital set¬ 
ting. 37 Likewise, Thomas et al. have reported end-tidal C0 2 
readings of <25 mm Hg in one third of patients and <30 mm 
Hg in two thirds of patients transported by prehospital air 
transport. 38 There is some variability among prehospital sys¬ 
tems, however, as in Seattle we observed that only 18% of 
intubated trauma patients arrived with an arterial carbon 
dioxide tension (PaC0 2 ) <30 mm Hg. 22 

A recent study suggests that intubated trauma patients 
arriving to the emergency room have improved outcome if the 
arrival PaC0 2 is within the range of 30 to 35 mm Hg. 22 In a 
subsequent study, patients who were able to achieve a target 
ventilation range as reflected by a PaC0 2 of 30 to 39 mm Hg 
while in the emergency department (ED) had a significantly 
better outcome than those not able to achieve this range even 
after exclusion of patients who were severely hypercapnic 
(PaC0 2 >50 mm Hg). 21 For patients with a severe TBI as 
defined by a Head Abbreviated Injury Scale (AIS) score of 4 to 
5, patients in the target range had a significant survival advan¬ 
tage (mortality odds ratio [ORj 0.33, 95% confidence interval 
[Cl] 0.15-0.75). Furthermore, patients who arrived, based on 
their prehospital ventilation, outside the target range appeared 
to benefit from correction to the target range while in the ED. 
These studies emphasize the importance of tracking serial arte¬ 
rial blood gas results during ED ventilation of intubated TBI 
patients. 

In light of these data, some authors have advocated the use 
of end-tidal C0 2 monitoring in the prehospital environment to 
minimize inadvertent hyperventilation. 39,40 While assessment 
of end-tidal C0 2 is important to confirm endotracheal tube 
placement 41,42 and monitor for tube dislodgement, it is less 
reliable as a marker of ventilation status. Impaired perfusion 
secondary to hypovolemic shock or impaired pulmonary gas 
exchange due to thoracic injuries can have significant effects 
on the end-tidal C0 2 values. In a recently completed study, the 
correlation between PaC0 2 and end-tidal C0 2 was very poor 
(R 2 0.277 for a cohort of intubated trauma patients managed 
in the ED). 43 

Circulation. The most common cause of death during the 
first hour after injury is hemorrhage. Therefore, after estab¬ 
lishment of a patent airway and adequate air exchange, the 
next priority is support of the circulation. Direct pressure usu¬ 
ally controls obvious external hemorrhage. There are a num¬ 
ber of new topical agents designed to promote clot formation, 
which can be used in conjunction with direct pressure. 44,45 
Studies are ongoing to determine the optimal product. For 
extremity injuries where direct pressure is not adequate to con¬ 
trol the hemorrhage, recent data from the military experience 
in Iraq support that tourniquets should be considered as a life- 
saving maneuver. 44,46 To initiate resuscitation, one or two 
large-bore IV lines may be placed in the upper extremities en 
route to the trauma center. However, placement of lines must 
not delay transport unless the patient is undergoing a complex 
extrication or is more than 30 minutes from a trauma center. 47 
The standard of care in the prehospital setting for hypotensive 
patients is volume replacement and rapid transport to a 
trauma center. Historically, the pneumatic antishock garment 
was also used in this setting but has been largely abandoned 
based on data demonstrating increased mortality particularly 


in patients with thoracic trauma. 48 However, the pneumatic 
antishock garment is still occasionally used as a splint for com¬ 
bined pelvic and lower extremity injuries. 

The appropriate volume and type of fluid used for initial 
resuscitation of the hypotensive trauma patient remains con¬ 
troversial. Recent experimental and clinical evidence raises the 
possibility that internal hemorrhage from major vascular 
injuries should not be treated with IV fluid infusion until the 
bleeding can be controlled in the operating room. 49 In the 
hypotensive state, major vascular injuries have a chance to clot 
and temporarily stop hemorrhaging; however, if IV volume 
restores normal blood pressure, the clot can dislodge and the 
rate of bleeding can increase significantly. However, the clini¬ 
cal data supporting this approach are based on a single trial 
that focused on patients with penetrating torso trauma and 
with a short transport time to the trauma center. 49 The role of 
limited volume resuscitation in blunt trauma is unknown and 
could be particularly harmful to patients with TBI. Currently 
the standard resuscitation fluid for trauma patients is a crys¬ 
talloid solution of either lactated Ringer solution or normal 
saline. Several recent studies have suggested that hypertonic 
saline solutions may be even more beneficial as the initial 
resuscitation fluid for hypotensive trauma patients and those 
with TBI; clinical trials are ongoing. 50-52 

The controversy between the scoop-and-run philosophy 
and the field-resuscitation philosophy in seriously injured 
patients is best resolved by common sense. Patients who are a 
short distance from a trauma center should be expeditiously 
transported to the trauma center with attempts made during 
transport to obtain IV access. This strategy facilitates initiation 
of resuscitation on arrival at the trauma center. Alternatively, 
patients who are a long distance from a trauma center or who 
require long extrication times most likely will benefit from the 
administration of IV fluids. Similarly, the goal is an acceptable 
blood pressure (—90 to 100 mm Hg), not necessarily normal 
and obviously not hypertensive. Current standardized training 
programs (BTLS, PHTLS) for EMS personnel suggest that, at 
minimum, a trauma patient who does not require extrication 
should be assessed, treated, and packaged for transportation 
in less than 8 to 10 minutes. 


TRIAGE 


Another key decision that needs to be made in the prehospital 
environment is to select the appropriate facility to receive the 
patient. The Centers for Disease Control and Prevention 
recently convened an expert panel to revise the Field Triage 
Decision Scheme for transport to a designated trauma center 
(Fig. 18.2). 53 This decision tree is based on four steps in the 
evaluation process. Step 1 involves an initial evaluation of 
physiologic status and level of consciousness including Glas¬ 
gow Coma Scale (GCS) score, systolic blood pressure, and res¬ 
piratory rate. Step 2 focuses on specific injury patterns likely to 
require trauma center care. Step 3 addresses the mechanism of 
injury, and Step 4 considers the extremes of age and other mit¬ 
igating comorbidities. If at any point in the algorithm the 
patient meets the suggested criteria, then transport to a desig¬ 
nated trauma center is recommended. This algorithm has been 
endorsed by the American College of Surgeons Committee on 
Trauma. 


RESUSCITATION PHASE 


Development of trauma centers and trauma systems has pro¬ 
duced documented improvement in survival of multiply 
injured patients in numerous reports. 54-58 Trauma centers are 
hospitals committed to the total care of the trauma patient, 
24 hours a day. Multidisciplinary trauma teams consist of 
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FIELD TRIAGE DECISION SCHEME: 

THE NATIONAL TRAUMA TRIAGE PROTOCOL 



When in doubt, transport to a trauma center. 

For more information, visit: www.cdc.qov/FieldTriaqe 



FIGURE 18.2. Field triage decision scheme. (Reprinted with permission from American College of Surgeons Committee on Trauma. Resources 
for the Optimal Care of the Injured Patient. Chicago, IL: American College of Surgeons; 2006:22). 
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emergency physicians, general and orthopedic surgeons and 
neurosurgeons, critical care nurses, and diagnostic technicians. 
After notification of a major injury from the scene, the trauma 
team assembles in a specially equipped resuscitation room 
prior to the patient’s arrival. On arrival, care is immediately 
transferred to the trauma team, and the resuscitation phase is 
initiated without a delay. If feasible, seriously injured patients 
should bypass hospitals without these resources and be taken 
to the nearest trauma center. 

Many patients have relatively minor injuries that do not 
require mobilization of this expensive team and resources. 
Therefore, an important function of a trauma system is to 
allow communication between prehospital personnel and the 
trauma center to identify those patients who will benefit from 
trauma center care. A written prehospital report describing the 
mechanism and extent of injury, vital signs, GCS score, and 
treatment started by the prehospital personnel should also be 
provided. These details alert the trauma center team to look 
for specific injury patterns based on mechanism of injury and 
guide further workup. Assessment and treatment then follow a 
logical sequence based on nationally standardized protocols 
using the Advanced Trauma Life Support (ATLS) format. 59 


Trauma Team Composition 

Q The trauma team consists of members from different disci- 
plines, each of whom sees the patient from a particular point 
of view. Of necessity, the team must have a single “captain of 
the ship” whose responsibility it is to organize and prioritize 
treatment efforts. In a well-orchestrated team, the team leader 
integrates and coordinates several tasks simultaneously. In 
most level 1 and 2 trauma centers, the team captain is a gen¬ 
eral surgeon trained in trauma care. In the ideal situation, the 
trauma surgeon should be present when the patient arrives. In 
many rural and nonacademic level 3 trauma centers, the initial 
team captain is an emergency physician, with a general sur¬ 
geon assuming the role on arrival. Academic institutions with 
both emergency medicine and surgical residency programs 
have the obligation of training both specialties to assume the 
role of trauma team leadership. 

Although responsibilities vary between institutions, anyone 
involved in the resuscitation of trauma patients must master 
several procedures: all types of airway management, including 
cricothyroidotomy; establishment of vascular access through 
both percutaneous and open approaches; decompression of the 
pleural space using needle or tube thoracostomy; and decom¬ 
pression of the pericardial space by pericardiocentesis, sub- 
xiphoid window, or emergency thoracotomy. 


Primary Survey: Initial Assessment 

Q The first priority of the trauma team is to repeat the assess- 
ment of the airway, breathing, circulation, and level of con¬ 
sciousness of the patient. This assessment is referred to as the 
primary survey. Although in reality the primary survey is per¬ 
formed in a simultaneous fashion, it is described here in its 
individual components and their appropriate priorities. 

The first priority is reassessment of the airway. Airway 
obstruction often responds to simple maneuvers such as suc¬ 
tioning, chin lift, jaw thrust, or placement of an oropharyngeal 
airway. Protection of the cervical spine with in-line immobiliza¬ 
tion is imperative during these maneuvers. Persistence of respi¬ 
ratory insufficiency requires endotracheal intubation. Unsuc¬ 
cessful intubation necessitates emergent cricothyroidotomy. 
Occasionally, the anatomy does not allow cricothyroidotomy, 
as can occur with laryngeal fracture. In these cases, a formal tra¬ 
cheotomy must be performed. After an airway is established, a 
physician auscultates the chest to confirm air exchange, con¬ 
firms return of carbon dioxide via the endotracheal tube, and 


obtains a chest radiograph to ensure proper tube position with 
the tip proximal to the carina. Appropriate placement of endo¬ 
tracheal tubes inserted in the prehospital setting should also be 
confirmed at this time. 

The next priority is to ensure adequate ventilatory 
exchange by rapid auscultation of both lung fields and assess¬ 
ment for mechanical factors that may interfere with breathing. 
These factors include compression of the lung from hemotho¬ 
rax, pneumothorax, or visceral herniation; loss of chest-wall 
stability from flail chest; lung damage from pulmonary contu¬ 
sion; and airway obstruction from aspiration. A dramatic pre¬ 
sentation with cyanosis, intense respiratory effort without air 
movement, distended neck veins, and lack of breath sounds on 
chest auscultation indicates that a tension pneumothorax is 
present. Clinical diagnosis of tension pneumothorax requires 
immediate needle thoracostomy followed by chest tube thora¬ 
costomy. Sucking chest wounds should be sealed with an 
occlusive dressing secured on three sides to function as a flap 
valve. Most other problems become evident on the initial chest 
radiograph and are relieved by chest tube insertion, suction¬ 
ing, or repositioning of the endotracheal tube. The optimal 
position for chest tube insertion is the midaxillary line at the 
fifth or sixth interspace, avoiding the axilla, the large muscles 
of the back and chest, and the breast. Insertion of a finger into 
the chest before chest tube placement ensures entry into the 
pleural space and provides the opportunity to search digitally 
for defects in the diaphragm. 

After establishment of an airway, ventilation, and appro¬ 
priate pleural drainage, the next priority is assessment of the 
patient’s circulatory status. Blood pressure, pulse, skin perfu¬ 
sion, temperature, capillary refill, mental status, presence of 
breath sounds, and neck vein distention are all useful clinical 
indicators of hemodynamic status. The first issue is to establish 
whether the patient is in hypovolemic shock and, if so, to 
determine the source of hemorrhage. Circulatory collapse in 
the injured patient is almost always caused by hypovolemia 
secondary to hemorrhage. Occasionally, concurrent heart dis¬ 
ease, spinal cord injury, or cardiac tamponade may contribute. 
The mainstay of treatment for hypotension in the injured 
patient, regardless of cause, is volume resuscitation with crys¬ 
talloid solution and, if hypotension is persistent, packed red 
blood cells (RBCs). A lack of response to IV infusion of 2 L of 
lactated Ringer solution indicates significant, ongoing hemor¬ 
rhage and necessitates immediate blood transfusion. 

Effective resuscitation from hemorrhagic shock requires 
both restoration of intravascular volume and control of hem¬ 
orrhage. Most hypotensive patients are already compensating 
maximally on arrival in the ED and many have ongoing hem¬ 
orrhage. The less responsive a patient is to initial volume 
resuscitation, the more urgent is the need for hemorrhage con¬ 
trol. One need not wait for a response to resuscitation before 
taking the patient to the operating room. Another situation 
that requires vigilance is the cool, pale patient with relatively 
normal vital signs. These patients are compensating maximally 
and have a normal blood pressure because of intensive periph¬ 
eral vasoconstriction. However, this compensatory mechanism 
is of only limited duration, and such patients require immedi¬ 
ate rapid volume infusion, blood transfusion, and operative 
control of bleeding. A similar trap exists for patients with the 
mangled extremity syndrome or multiple open fractures. 
Patients may have lost significant blood volume at the injury 
scene. Before resuscitation, there may be relatively little hem¬ 
orrhage from the open wounds; however, initiation of IV fluids 
may increase blood pressure and cause vasodilation, resulting 
in increased hemorrhage. These patients require immediate 
volume resuscitation and operative control of their wounds. 

The final priority in the primary survey is a brief neurologic 
evaluation to assess the components of the GCS (Table 18.1). 
The GCS is scored by assessing eye opening, verbal responses, 
and motor responses with a maximal (normal) score of 15. In 
addition, pupillary size, reactivity and equality of the two, and 
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ITABLE 18.1 

DIAGNOSIS | 

GLASGOW COMA SCALE (GCS) 


EYE OPENING 

Spontaneous 

4 

To voice 

3 

To pain 

2 

None 

1 

VERBAL RESPONSE 

Oriented 

5 

Confused 

4 

Inappropriate words 

3 

Incomprehensible sounds 

2 

None 

1 

MOTOR RESPONSE 

Obeys commands 

6 

Purposeful movement (pain) 

5 

Withdraw (pain) 

4 

Flexion (pain) 

3 

Extension (pain) 

2 

None 

1 

GCS SUBTOTAL 

3-15 


the presence of other lateralizing signs are assessed. Mental 
status may improve in response to volume resuscitation; how¬ 
ever, a patient with a GCS score of 8 or less is assumed to have 
a significant brain injury. In this case, aggressive resuscitation, 
including appropriate adequate ventilation (see discussion 
under prehospital care, breathing), restoration of circulating 
volume, and the provision of adequate oxygenation, is an 
important consideration. 

ED resuscitative thoracotomy is an aggressive, desperate 
attempt to save a dying patient. The dramatic return to full 
consciousness of a clinically dead patient after release of a peri¬ 
cardial tamponade from a stab wound to the heart provides 
complete justification for ED thoracotomy to those who have 
witnessed it. However, the widespread use of the technique in 
all patients arriving without vital signs has resulted in an 
extremely low survival rate at a very high cost. At first glance, 
the cost of an unsuccessful ED thoracotomy would seem to be 
nothing more than that of sterilizing the instruments and the 
physician’s time. Many times, however, vital signs are tem¬ 
porarily restored, and the patient dies in the operating room or 
in the intensive care unit after massive blood transfusion and 
the use of considerable resources. Even worse is the rare patient 
who survives in a permanent vegetative state. The cost of the 
care for these patients must be included in any cost-benefit 
analysis. In addition, the risk of injury to a caregiver with viral 
contaminated blood or other infectious agents is unnecessary. 

Boyd et al. 60 performed a meta-analysis of 24 reports con¬ 
cerning the outcome of ED thoracotomy. They found that the 
overall survival rate after ED thoracotomy was 11 % (264 of 
2,294 patients). There were no survivors among patients with 
no signs of life at the trauma scene. Signs of life were defined 
as supraventricular electrical activity, pupillary reaction, and 
agonal respirations. In addition, there were no neurologically 
intact survivors among blunt trauma patients who were with¬ 
out signs of life on arrival in the ED. Considering these find¬ 
ings, the researchers proposed an algorithm that would indi¬ 
cate ED thoracotomy for penetrating trauma only if the 
patient had signs of life at the scene and had lost signs of life 
less than 5 minutes before arrival in the ED. Blunt trauma 


patients would be allowed ED thoracotomy only if the patient 
had signs of life on arrival in the ED. For patients who meet 
these criteria and lose cardiac function, airway placement and 
fluid resuscitation are initiated simultaneously with, or are 
immediately followed by, left anterior thoracotomy, pericar¬ 
diotomy, and internal cardiac massage (Algorithm 18.1). 


Secondary Survey 

The secondary survey is directed at specific identification of 
suspected and unsuspected injuries. It consists of a thorough 
physical examination that includes observation and palpation 
of the entire body for evidence and characterization of injury. 
However, performance of the secondary survey depends on the 
results of the primary survey and the patient’s response to ini¬ 
tial resuscitative efforts. The secondary survey for a patient in 
hemorrhagic shock unresponsive to initial resuscitative efforts 
during the primary survey consists only of rapid identification 
of the bleeding site and rapid transport to the operating room 
for definitive control of hemorrhage. At the other end of the 
spectrum, a completely stable patient with relatively minor 
injuries undergoes a complete physical examination with con¬ 
firmatory laboratory and radiographic tests before initiation 
of the treatment phase. The secondary survey can be inter¬ 
rupted at any time if a patient’s status deteriorates. Adjuvants 
to the secondary survey include radiographic examinations 
and laboratory testing. For the purposes of description, the 
secondary survey is discussed by its individual components. 

Head and Face. The head-to-toe examination usually 
begins with palpation of the skull and the head to identify 
hematomas, lacerations, and fractures. Scalp lacerations can 
cause significant blood loss and should be closed with a full¬ 
thickness running suture to provide hemostasis. Potential ocu¬ 
lar injuries are assessed by testing visual acuity, pupillary func¬ 
tion, and ocular range of motion. A funduscopic examination 
is important to identify increased intracranial pressure, vitreal 
hemorrhage, or retinal detachment. The findings of ecchymo- 
sis over the mastoid process, hemotympanum, otorrhea, rhin- 
orrhea, or periorbital ecchymosis often indicate basilar skull 
fracture. Thorough palpation and attempts to displace facial 
bones identify step-offs or instability associated with facial 
fractures. Reassessment of the airway and a careful bimanual 
examination of the oral cavity identify loose teeth as well as 
mandibular and maxillary fractures. Bleeding from nasal frac¬ 
tures may require posterior and anterior packing for hemosta¬ 
sis; transnasal posteriorly placed Foley catheter balloons often 
work well to stanch bleeding. 

Neck. Examination of the cervical region is conducted while 
axial immobilization of the cervical spine is maintained. The 
cervical collar is removed and the neck is examined for tra¬ 
cheal deviation, subcutaneous emphysema, hematomas, lacer¬ 
ations, or distended jugular veins. The posterior cervical spine 
is palpated to elicit tenderness or other signs of obvious frac¬ 
ture. Evidence of laryngeal fracture includes subcutaneous 
emphysema, tenderness, “step-off” (distortion of the thyroid 
and cricoid cartilage), and voice change. The presence of a 
fractured larynx is a relative contraindication to endotracheal 
intubation because of the possibility of extending the injury or 
creating a false passage leading to loss of the airway. Patients 
with suspected laryngeal fractures should be taken to the oper¬ 
ating room immediately for formal tracheotomy. Carotid 
pulses are assessed, and bruits or expanding hematomas that 
may be suggestive of carotid artery injury are identified. 

Penetrating injuries should not be probed, cannulated, or 
explored past the platysma because uncontrollable hemor¬ 
rhage may ensue if a clot is dislodged from a major vascular 
injury. Wounds that have penetrated the platysma are evalu¬ 
ated either by formal operative exploration of the neck or by 
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ATLS protocol 
for evaluation 
and management 


Blunt trauma 


SOL in ED 


Present 


Close chest in ED, 
pronounce patient dead 


On arrival to ED or during stay in ED 
is patient conscious and/or 
does patient have vital signs present? 


Yes 


Absent 


No 


No 


Mechanism of injury 


Absent 


DOA 


-1 

Penetrating trauma 


SOL at the scene 



Return of vital signs 


ALGORITHM 18.1 


Yes 


Take patient to OR 
for definitive treatment 


ALGORITHM 18.1. Emergency thoracotomy for penetrating trauma. ED, emergency department; ATLS, Advanced Trauma Life Support; 
SOL, signs of life; DOA, dead on arrival; EDRT, emergency department resuscitative thoracotomy; OR, operating room. (Adapted from Boyd M, 
Vanek VW, Bourguet CC. Emergency room resuscitative thoracotomy: when is it indicated? J Trauma 1992;33:714-721.) 


some combination of angiography, triple endoscopy (pharyn- 
goscopy, laryngoscopy, and esophagoscopy), radiographic con¬ 
trast study, computed tomography (CT) scan, and observa¬ 
tion. 61 Injuries encompassing the area from the cricoid cartilage 
to the angle of the mandible are usually explored. Angiography 
is mandatory for injuries between the cricoid cartilage and the 
clavicle and for injuries between the angle of the mandible and 
the base of the skull. Radiographic evaluation of the cervical 
spine should include anteroposterior, lateral, and odontoid 
views. A CT scan is often used to evaluate suspected bony 
injuries, and careful flexion and extension films may be neces¬ 
sary to rule out potentially unstable ligamentous injuries of the 
cervical spine. 

Chest. The chest wall is inspected for evidence of instability 
and for lacerations, including sucking chest wounds, abra¬ 
sions, and contusions. Auscultation is performed to identify 
hemothorax or pneumothorax, and palpation is used to elicit 
tenderness that may be associated with rib fractures. As has 
been mentioned, tension pneumothorax can be identified by 
cyanosis, tracheal deviation, distended neck veins, lack of 
breath sounds, and inability to move air. Tension pneumotho¬ 
rax causing cardiopulmonary collapse is a clinical (not radio- 
logic) diagnosis that requires immediate treatment by needle 
thoracostomy followed by chest tube insertion. 

Virtually all other life-threatening and potentially life- 
threatening chest injuries are diagnosed or suspected on chest 
radiography. Hemothorax is identified by opacification of a 
hemithorax and is treated by chest tube thoracostomy. Most 


pulmonary parenchymal bleeding stops with reexpansion of 
the lung and complete evacuation of the pleural space. Addi¬ 
tional chest tubes should be placed, if necessary, to completely 
evacuate the thorax. However, thoracotomy is indicated if the 
initial blood loss exceeds 1,500 mL or if the rate of ongoing 
blood loss shortly following injury exceeds 200 to 300 mL/h in 
an adult. 62 Pulmonary contusion is identified by radiographic 
findings of an irregular interstitial pattern or frank consolida¬ 
tion in the lung parenchyma. The clinical manifestations of 
pulmonary contusion vary from mild dyspnea to overt pul¬ 
monary failure with development of acute respiratory distress 
syndrome. The magnitude of the injury is rarely appreciated 
during the initial evaluation, and it is important to follow up 
with serial blood gas determinations and a repeat chest radi¬ 
ograph at 6 hours. 

All patients with chest trauma should have an electrocar¬ 
diographic (ECG) evaluation and continuous monitoring dur¬ 
ing the first hour in the ED. If the ECG is normal, the patient 
may be discharged, if otherwise appropriate. Patients with 
ECG changes during the initial hour may have a blunt cardiac 
injury and should be monitored for at least 24 hours. If there 
is any sign of myocardial failure, the patient should undergo 
echocardiography. Most blunt cardiac injuries are self-limited 
and require only monitoring and treatment of significant dys¬ 
rhythmias during the first 24 to 48 hours. Rarely, patients have 
manifestations of overt myocardial failure and require full 
support, including an intra-aortic balloon pump. 

Patients with rapid deceleration blunt injuries to the chest 
may sustain a transection of the thoracic aorta. The chest 
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radiograph should be evaluated for widening of the medi¬ 
astinum (more than 8 cm on a 40-inch anteroposterior chest 
radiograph), apical capping of the lung with extrapleural 
blood, tracheal displacement, depression of the left main-stem 
bronchus, loss of the aortic window, deviation of the nasogas¬ 
tric tube, and loss of the paraspinous stripe. Each of these find¬ 
ings suggests the presence of a mediastinal hematoma, which is 
often associated with a transection of the aorta. Patients with 
a significant mechanism of injury and suspicion of mediastinal 
hematoma on chest radiography should undergo diagnostic 
evaluation with either CT angiography or arch aortography to 
rule out transection of the aorta. In some centers, trans¬ 
esophageal echocardiography has also been reported to iden¬ 
tify these injuries. 

Evidence of a ruptured diaphragm on chest radiograph 
includes the presence of the nasogastric tube or bowel above 
the normal plane of the diaphragm. If the patient has a diag¬ 
nosis of ruptured diaphragm and respiratory distress, consid¬ 
eration should be given to careful placement of a chest tube. 
Placement of the chest tube to water seal instead of suction 
minimizes the negative intrathoracic pressure and prevents 
further herniation. These patients should undergo expeditious 
exploratory laparotomy to repair the defect and address the 
commonly associated intra-abdominal injuries. 

Management of penetrating injuries to the chest depends 
on the trajectory of the missile. Wounds confined to one lung 
or pleural cavity are usually treated by chest tube placement 
alone, with reexpansion of the lung. If the missile may have 
traversed the mediastinum, further evaluation is necessary, 
potentially including bronchoscopy, esophagoscopy, and aor¬ 
tography. Echocardiography is used to rule out pericardial 
blood and heart injury. False-negative studies have occurred 
when blood in the pericardium decompresses through the 
injury into the pleural space. However, echocardiography may 
be a sufficient screening tool if there are no clinical signs or 
symptoms of cardiac injury and no hemothorax. Gunshot 
wounds below the nipple line, the upper limit of diaphragm 
excursion, place the abdominal cavity at risk and thus require 
abdominal exploration as well. 

Abdomen. The abdominal examination should attempt to 
determine whether there is a significant injury requiring surgi¬ 
cal intervention. Although physical examination is often accu¬ 
rate and reliable, it can be misleading in 20% to 30% of 
patients. 63 This inaccuracy is particularly true in patients who 
are obtunded from head injury, alcohol, drug use, or shock. If 
patients are hemodynamically unstable, it is important to 
determine rapidly whether free intraperitoneal hemorrhage is 
responsible for the hypotension. Diagnostic peritoneal lavage 
(DPL) or the focused abdominal sonogram for trauma (FAST) 
accomplishes this goal rapidly and safely. Both are reported to 
be extremely reliable in the hemodynamically unstable 
patient. 64,65 Both studies are operator dependent, however, 
and the choice of the best approach may depend on local hos¬ 
pital resources. DPL has the advantage of also being very sen¬ 
sitive for hollow viscus injury and thus is often preferred in the 
setting of a seatbelt sign with increased concern for bowel per¬ 
foration. 

DPL is considered grossly positive if more than 10 mL of 
blood is freely aspirated after catheter insertion. If less than 10 
mL of blood or no blood is aspirated, 1 L of warmed crystal¬ 
loid solution is infused into the peritoneum and then drained. 
A sample of the drained fluid is sent to the laboratory for RBC 
and leukocyte count, amylase and bilirubin level, and Gram 
stain for the presence of bacteria. DPL is considered micro¬ 
scopically positive if the RBC count is higher than 100,000/mL. 
If the goal is to find the source of hemorrhage in a hypotensive 
patient, then a grossly positive DPL pinpoints the abdomen as 
at least one source, and the patient should undergo immediate 
laparotomy. In contrast, a microscopically positive DPL indicates 


intra-abdominal injury that may eventually require laparo¬ 
tomy, but the major source of hemorrhage causing the 
hypotension is likely elsewhere (chest or pelvis). 66 

In the hemodynamically stable patient, the lack of specificity 
of the DPL and FAST could lead to nontherapeutic and there¬ 
fore unnecessary laparotomies. For this reason, CT has become 
routine for the evaluation of the abdomen in hemodynamically 
stable patients. Injuries that often have subtle findings during 
the first several hours after injury but may be found on a 
delayed CT scan include duodenal rupture, pancreatic transec¬ 
tion, and blunt rupture of the intestine. Similarly, laboratory 
evaluations that may be helpful include liver enzyme levels and 
serial serum amylase levels with serial determinations in high- 
risk patients. 

The workup for patients with penetrating abdominal 
injuries depends on the missile. Gunshot wounds to the 
abdomen are an indication for exploratory laparotomy 
because 90% to 95% of these patients have intra-abdominal 
injuries. The occasional patient with a tangential subcuta¬ 
neous wound can be evaluated by laparoscopy or even CT to 
determine whether peritoneal penetration injury has 
occurred. 67 Stab wounds to the abdomen are often evaluated 
initially by local exploration of the wound. If the wound tra¬ 
verses the anterior fascia, then the patient can be evaluated by 
DPL or laparoscopy and should undergo exploratory laparo¬ 
tomy if the results are positive. A lower threshold for a positive 
RBC count is often set for stab wound injuries because the 
DPL is designed simply to confirm peritoneal penetration and 
not significant bleeding. Stab wounds to the flank and back are 
best evaluated by a triple-contrast CT scan and serial observa¬ 
tion. 68,69 CT scan findings that mandate exploratory laparo¬ 
tomy include significant retroperitoneal hematoma, free air, 
extravasation of contrast material, and free intraperitoneal 
fluid. 

Pelvis. After evaluation of the abdomen, the pelvis is 
assessed by physical examination. The bones of the pelvis are 
palpated gently to elicit tenderness that could indicate frac¬ 
ture. Evidence of instability of the pelvic ring warrants place¬ 
ment of a sheet around the pelvis to reduce the pelvic volume 
and minimize venous bleeding in the retroperitoneum. This 
procedure can be performed in the field or on arrival in the 
ED. In some systems the pneumatic antishock garment is used 
for this purpose, but better reduction can often be achieved 
with a simple bed sheet tied around the iliac crests. The geni¬ 
talia should be inspected for scrotal hematoma or blood at the 
urethral meatus, which indicates probable urethral transec¬ 
tion. A bimanual pelvic examination in women identifies evi¬ 
dence of vaginal laceration, indicating an open pelvic fracture. 
A rectal examination is performed to identify blood indicative 
of bowel injury and, occasionally, a mobile, “floating” 
prostate, which indicates urethral transection. Evidence of a 
free-floating prostate, blood at the urethra, or scrotal 
hematoma should prompt a retrograde urethrogram before 
placement of a bladder catheter is attempted. All patients sus¬ 
taining significant blunt torso trauma should undergo plain 
radiography of the pelvis to diagnose potential pelvic fracture. 

If the patient is hemodynamically unstable, the pelvic frac¬ 
ture must be considered a potential source of hemorrhage. 
This consideration is important because pelvic fracture bleed¬ 
ing is retroperitoneal and rarely controllable at exploratory 
laparotomy. Venous bleeding is treated by reducing the volume 
of the pelvis, and arterial bleeding should be evaluated and 
treated by early angiography and embolization. Some authors 
have reported success with operative preperitoneal packing 
when angiography is not immediately available and the patient 
is rapidly exsanguinating. 70-72 If the patient is hemodynami¬ 
cally stable, the pelvic fracture should be evaluated further 
with additional plain radiographs and CT scans (Algorithm 
18.2). 
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Mechanism 
(blunt torso trauma) 



Urgent definitive Angiography 

stabilization ± embolization 

• External fixation 

• ORIF 


ALGORITHM 18.2 


ALGORITHM 18.2. Emergency management of pelvic fractures. PASG, pneumatic antishock garment; ED, emergency department; DPL, diag¬ 
nostic peritoneal lavage; CT, computed tomography; Tx, transfusion; Hct, hematocrit; ORIF, open reduction internal fixation. 


Extremities. Finally, the extremities are evaluated for open 
wounds with potential sources of hemorrhage or occult open 
fractures. Evaluation of pulses may indicate vascular injury. Pal¬ 
pation and passive range-of-motion tests diagnose potential 
long-bone fractures, dislocations, and ligamentous injuries. Dis¬ 
locations require prompt reduction, especially if there is any evi¬ 
dence of neurovascular compromise. Penetrating wounds to the 
extremities necessitate evaluation for potential vascular injury 
by palpation of pulses, auscultation for bruits, and recognition 
of expanding hematomas. Proximity wounds can be evaluated 
by duplex ultrasound scan or arteriography. With any injury, 
development of a compartment syndrome due to bleeding or 
associated edema should also be considered. 


SUMMARY 


The ideal trauma system consists of a prehospital care team 
that quickly and safely transports an injured patient to a 
trauma center where a multidisciplinary trauma team imme¬ 
diately begins resuscitation of the patient. Treatment of 
immediately life-threatening injuries begins during transport 
and continues after arrival at the trauma center. Rapid initial 
evaluation, followed by a more detailed secondary survey, 
allows identification of injuries while therapy is simultane¬ 
ously begun. The primary survey focuses on identification and 
simultaneous treatment of life-threatening injuries, including 
airway obstruction, mechanical factors in the chest that 
impair ventilation, and control of hemorrhage. The next pri¬ 
ority is assessment and intervention for neurologic injuries 
including traumatic brain injury and spinal cord injury. Once 
these issues have been addressed, the secondary survey is per¬ 
formed to identify all other injuries. The secondary survey is 
interrupted as necessary to treat life-threatening and limb- 
threatening injuries as they are identified. If interruption 
becomes necessary, the secondary survey is completed at a 
later time. 
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CHAPTER 19 ■ HEAD TRAUMA 


RANDALL M. CHESNUT 


KEY POINTS 


^Traumatic brain injury (TBI) results from both primary 
(impact disruption of brain and vascular tissue) and sec¬ 
ondary (hypoxia, hypotension, pyrexia, effects of elevated 
intracranial pressure [ICPj and biochemical processes) 
insults. 

Q Secondary insults are often the determining factor in out¬ 
come and, unlike primary injury, are amenable to medical 
intervention and, thus, are generally the focus of care. 

Q Increases in ICP are deleterious because of herniation or 
ischemia (due to decreased cerebral blood flow), and the 
first-order attempt to avoid ischemia should be maintaining 
the cerebral perfusion pressure at greater than 60 mm Hg. 

Q Assessment of the head-injured patient requires evaluation 
of (a) level of consciousness (using the Glasgow Coma 
Scale); (b) pupil asymmetry, dilation, or loss of light reflex; 
and (c) best motor response to painful stimulus. 


Q Computed tomography is the diagnostic test of preference 
and should be used serially in settings of increased risk of 
progression of TBI. 

Q Initial increases in ICP are treated by removal of mass lesions 
(blood collections or edematous injured brain), cerebrospinal 
fluid drainage, mild hyperventilation (PaC0 2 30 to 35 mm 
Hg), or hyperosmolar therapy using mannitol or hypertonic 
saline to decrease edema. Hyperventilation should be avoided 
early (PaC0 2 35 to 38 mm Hg) and used cautiously (PaC0 2 
30 to 35 mm Hg) later to treat unresponsive elevated ICP. 

Q Refractory ICP elevation may be treated medically with 
more aggressive hyperventilation (PaC0 2 <30 mm Hg), 
barbiturates, or hypothermia, generally guided by aggressive, 
multimodality monitoring. Decompressive craniectomy 
constitutes an effective surgical treatment for refractory 
intracranial hypertension. 


EPIDEMIOLOGY 


In the field of trauma, other than for exsanguinating injuries, 
brain trauma is the injury most commonly responsible for 
mortality, accounting for about half of deaths at the scene. The 
injuries are generally blunt, occurring most frequently in 
motor vehicle crashes (MVCs). As many as two thirds of all 
MVC victims sustain some degree of brain injury. Complica¬ 
tions from closed head injuries are the single largest cause of 
morbidity and mortality in patients who reach the hospital 
alive. Of patients who require long-term rehabilitation, head 
trauma is usually the primary injury. 

These data are generally applicable to children as well. 
Although the mechanisms vary, head injuries are the major cause 
of morbidity and mortality in childhood trauma victims, account¬ 
ing for an annual mortality rate of 1 per 1,000 in this age group. 

Recently, with the aging of the population, a new spectrum of 
brain injury is blossoming, consisting of persons aged 60 years or 
older whose primary mechanism of injury is a fall. These patients 
have less inherent neurologic plasticity, limiting their recovery 
potential. As well, they often have significant comorbidities and 
may be on one or more anticoagulants. Management of these 
patients often takes a course differing from that optimal for the 
younger population. 

In the mid-1990s, gunshot wounds surpassed other mecha¬ 
nisms as the most common cause of brain injuries. 1 Because of 
a case mortality ratio of approximately 94%, however, they 
continue to represent only a fraction of the brain injuries that 
come to definitive hospital care. In addition, because civilian 
gunshot wounds to the head are frequently isolated injuries, 
their spectrum of care varies more toward individual neurosur¬ 
gical management. 


PATHOPHYSIOLOGY 

Q Traumatic injury to the brain involves a primary brain injury 
that occurs at impact and leads to disruption of brain sub¬ 


stance and blood vessels. In addition, secondary brain injury 
may result from hypoxia, hypotension, pyrexia, the effects of 
increased intracranial pressure (ICP), and altered cellular bio¬ 
chemical processes that are often ongoing long after the pri¬ 
mary insult. 


Primary Injury 

Energy transfer to the head causes direct disruption of neurons, 
glia cells, and microvasculature localized at the area of impact. 
As the brain rebounds within the skull, it is also vulnerable to 
impact with the opposite inner table. Therefore, countercoup 
injury to the contralateral brain is relatively common, in some 
cases being the more severe site of damage. 

Particularly when the mechanism includes rotational forces, 
head trauma can result in widespread disruption of white 
matter axons throughout the brain, producing the condition 
termed diffuse axonal injury (DAI). Such injuries often damage 
a large number of widely distributed neurologic systems. When 
such injuries involve ascending pathways in both hemispheres 
or in the brainstem, the result is a depressed level of con¬ 
sciousness. The brain is also subject to torsion injury resulting 
from rotation around the fixed brainstem. This type of injury 
can damage the reticular activating system, producing uncon¬ 
sciousness. 

Intracranial hemorrhage can take many forms. Direct lac¬ 
eration of epidural arteries from impact fractures or bleeding 
from fracture lines produces epidural hematomas, which dam¬ 
age the brain by compression. Disruption of bridging subdural 
veins and bleeding from cortical tissue damage produces a 
subdural hematoma, which is generally associated with dis¬ 
ruption of underlying brain tissue. Intracerebral contusions, 
lacerations, and hematomas are caused by direct tissue disrup¬ 
tion with associated vascular injury, producing neuronal dam¬ 
age and intraparenchymal bleeding. 

Penetrating injury damages the brain through tissue injury 
caused directly by the projectile and, in the case of projectiles 
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with relatively high velocity, result in disruption of neural tis¬ 
sue at a greater distance from the track via cavitation injury. In 
survivors, the extent and degree of the cavitation injury 
(related linearly to the mass and in a squared fashion to the 
velocity of the projectile) are often the primary determinant of 
outcome. Another source of morbidity is vascular injury, pro¬ 
ducing aneurysms, pseudoaneurysms, and other vascular 
anomalies that may present immediately or be delayed. 

Whether a projectile or direct impact causes contusion, 
subdural hematoma, epidural hematoma, or diffuse axonal 
injury, little can be done therapeutically to change the magni- Q 
tude or location of the primary injury once it has occurred. As 
such, most of our present care focus is on secondary injuries. 


Secondary Injury 

Secondary brain injuries result from events occurring after the 
primary insult, either from the direct consequences of the 
process initiated by the primary injury or from deleterious 
Q exogenous influences. The occurrence and magnitude of sec¬ 
ondary insults are often the determining factor in outcome 
from brain injury. In contrast to primary injuries, secondary 
insults are amenable to medical management and even preven¬ 
tion; they are the focus toward which the medical treatment of 
brain injury is primarily directed. 

Primary tissue injury initiates a variety of biochemical 
processes, including free radical-mediated lipid peroxidation, 
excitotoxic “super-activation” of glutamate-aspartate neuro¬ 
transmitter systems, and alterations in membrane receptor 
and ionic channel characteristics, among others. A variety of 
genomic processes are also activated, including apoptotic cell 
death, which is a focus of much current research. These 
processes can proceed for significant periods of time following 
primary injury and often are self-sustaining. The goal of the 
numerous clinical trials involving treatment of patients with 
brain trauma with various pharmacologic agents is to deter¬ 
mine the means by which these processes may be attenuated or 
reversed. Unfortunately, to date, no clinically useful tools have 
been obtained from such research. 

The primary external secondary injury processes occurring 
following brain injury are hypotension and hypoxia. Hypoten¬ 
sion is the number one treatable determinant of severe head 
injury. A single episode of systolic blood pressure less than 
90 mm Hg occurring during the period from injury through 
resuscitation doubles the mortality and significantly increases 
the morbidity of any given brain injury. 2 Furthermore, an early 
hypotensive episode strongly increases the probability of later 
intracranial hypertension. For these reasons, rapid and com¬ 
plete restoration of blood pressure is the most important goal 
in the resuscitation of the brain-injured patient. The old saw of 
“keeping the brain injury patient dry” by restricting fluids has 
been found to be completely erroneous and has been aban¬ 
doned. Also for this reason, the somewhat unconventional 
suggestion of using pressors as temporizing agents during vol¬ 
ume resuscitation has been incorporated into brain injury 
care. 2 

Hypoxia (apnea or cyanosis in the field or a partial pres¬ 
sure of arterial oxygen [Pa0 2 ] <60 mm Hg) is also an inde¬ 
pendent predictor of poor outcome. 2,3 The frequency and 
magnitude of hypoxia have been notably decreased by mod¬ 
ern airway management techniques, particularly early endo¬ 
tracheal intubation and assisted ventilation, in addition to 
ensuring adequate oxygen-carrying capacity through the 
avoidance of anemia. 

Another important source of secondary injury is pyrexia. 
Fever is correlated with poorer outcome both by degree and 
duration. 3 Although the precise mechanism of this effect 
remains unclear, increased metabolism and the resultant meta¬ 
bolic recruitment of additional blood flow (and blood volume) 
is presumed to play a role. 


Intracranial Pressure. ICP is a function of the aggregate 
volumes of brain, cerebrospinal fluid (CSF), and blood within 
the fixed intracranial compartment. Mild or slow expansion of 
one or two of these compartments can be buffered by com¬ 
pensatory decreases in either the CSF or blood compartments 
(into the spinal subarachnoid space or the venous sinuses, 
respectively). When this buffering capacity is exceeded, the 
compliance of the brain is compromised and small additional 
increases in any intracranial compartmental volume will pro¬ 
duce marked elevations in ICP. 

Intracranial hypertension is considered deleterious via two 
somewhat separable mechanisms: herniation and ischemia. 
Herniation occurs when a pressure gradient exists across an 
incomplete barrier, such as the tentorium, falx cerebri, or 
foramen magnum. It is deleterious because of the tissue dam¬ 
age that occurs and direct compression of adjacent vessels. 
Transtentorial herniation, the most recognized form, is mani¬ 
fest by anisocoria, motor posturing, autonomic disturbances, 
and death. The specter of herniation is the major determinant 
of the absolute threshold of ICP management, which is gener¬ 
ally accepted as 20 to 25 mm Hg (although this range has not 
been well determined empirically). A major unanswered ques¬ 
tion is how ICP should be managed when separated from per¬ 
fusion, both in terms of measuring the probability of hernia¬ 
tion and in determining whether there are detrimental effects 
of elevated pressure per se. It is hoped that ongoing research in 
the area of cerebral compliance will produce clinically useful 
information regarding these issues. 

The second deleterious aspect of intracranial hypertension 
is elevated resistance to cerebral blood flow (CBF), resulting in 
or exacerbating ischemia. This resistance can be very roughly 
approximated by cerebral perfusion pressure (CPP), which is 
defined as the difference between mean arterial blood pressure 
and ICP: 

CPP = mean arterial pressure - ICP 

Under normal circumstances, cerebral pressure autoregula¬ 
tion maintains CBF stable over a wide range of CPP (approxi¬ 
mately 50 to 150 mm Hg) (Fig. 19.1). Following injury to the 
brain, this autoregulation is generally disrupted. This disrup¬ 
tion can be complete, resulting in a pressure-passive system. 4 
More frequently, the disruption is incomplete, characterized 
by a normal sigmoid shape but with abnormal elevation of the 
lower breakpoint above the normal value of 50 mm Hg (sig¬ 
moid dashed line). A probable consequence of this disruption 
is that a CPP that is satisfactory for uninjured patients may be 
associated with a lower CBF following head trauma (range of 
hypoperfusion). 

In a pressure-passive system, cerebral blood volume (CBV) 
will increase in proportion to CPP. In such an instance, the 
goal is to keep the CPP just above the level of cerebral 
ischemia, thereby minimizing iatrogenic intracranial hyperten¬ 
sion driven by increased CBV. In the situation of incomplete 
disruption, the goal is to keep CPP within the range of 
autoregulation, because this not only avoids ischemia but 
also may decrease ICP if autoregulatory vasoconstriction in 
response to increased CPP serves to decrease CBV. 

Confounding this situation are reports that CBF may be 
disproportionately depressed during the early postinjury 
period. It is particularly critical, therefore, that CPP be sup¬ 
ported assiduously from the first point of patient contact. 
Because hyperventilation causes vasoconstriction, thereby 
decreasing CBF, the use of hyperventilation during this early 
period is somewhat more hazardous than after the first 24 to 
48 hours. 

The preceding physiologic reasoning supported the increase 
in use of cerebral perfusion pressure therapy, wherein CPP was 
elevated to 70 mm Hg or higher throughout the course of 
intracranial hypertension. The efficacy of CPP therapy has 
been suggested by studies without internal controls reporting 
decreased morbidity and mortality associated with CPP therapy 
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FIGURE 19.1. Cerebral pressure auto¬ 
regulation. The normal relationship 
is indicated by the solid line with 
autoregulatory breakpoints at 50 and 
150 mm Hg. Two disrupted states are 
also diagrammed. Complete loss of 
autoregulation (straight dashed line B ) 
results in a pressure-passive system 
wherein cerebral blood flow (CBF) 
(and cerebral blood volume [CBV]) 
increases linearly with cerebral profu¬ 
sion pressure (CPP). The more com¬ 
mon form of disruption is indicated by 
the sigmoid (dashed line A) where the 
major alteration is a right shift in the 
lower breakpoint. The circles at the top 
of the figure represent the diameters 
of the resistance vessels in the normal 
situation. The area of the circles repre¬ 
sents CBV. Shifting this relationship 
to the right by 30 mm Hg would rep¬ 
resent the partially disrupted state. 
(© R.M. Chesnut, MD., reproduced 
with permission.) 


as compared to historical controls that practiced more con¬ 
ventional ICP-based therapy. The result of such reports was 
that CPP-based therapy at significantly elevated values became 
widely accepted as standard practice. 

Subsequent reports, however, suggested that such accep¬ 
tance might have been premature. Potential errors in selecting 
the historical control groups against which CPP-based therapy 
results were compared have prevented differentiating the 
effects of artificially increasing CPP from those of simply avoid¬ 
ing in-hospital hypotensive episodes. When control groups are 
selected to address this deficiency, it becomes apparent that 
CPP-based therapy may simply be a proxy for avoidance of 
transient ischemia. 5 Such a possibility is further supported by 
analysis of data from the National Institutes of Health (NIH)- 
funded North American Brain Injury Study on Hypothermia, 
which suggested that dips of CPP below 60 mm Hg are much 
more highly correlated with outcome than the efficacy of main¬ 
taining CPP above 70 mm Hg. 6 In addition, it appears that ele¬ 
vating CPP may increase the duration of intracranial hyperten¬ 
sion. 7,8 This might be caused by the elevation of hydrostatic 
forces favoring the formation of vasogenic edema, thereby 
iatrogenically prolonging brain swelling and ICP elevation. 
Finally, the results of a prospective randomized investigation of 
CPP-based versus ICP-based management suggest that there is 
no overall difference in outcome between the two strategies, 
with the major effect of CPP-based therapy being the alteration 
in the mode of exitus from early, ICP-related deaths to delayed 
mortality from systemic complications (especially acute respi¬ 
ratory distress syndrome [ARDS]). 9 Such considerations imply 
that, although attention to CPP (and, thus, cerebral perfusion) 
is important, the proper method of managing CPP remains to 
be determined. It is clear, however, that routinely elevating CPP 
to values above 70 mm Hg is not associated with improved 
outcome. 10 This is reflected in the most recent revision of the 
Guidelines for the Management of Severe Brain Injury wherein 
the recommended CPP threshold has been decreased to 60 mm 
Hg based on an updated evidence review. 11 

Ultimately, the goal of managing blood pressure and CBF is 
to maintain a level of perfusion that meets the metabolic 
demands of the cell. The major problem with managing trau¬ 
matic brain injury (TBI) based on pressure measurements is 
that alterations in cerebral metabolism will be missed. This 
may be of significant importance because the usual course of 


cerebral metabolism is to decrease following injury, slowly 
returning toward normal in patients who improve. One impli¬ 
cation of such a metabolic course is that CBF values that 
would be dangerous under normal metabolic conditions might 
be satisfactory when cerebral metabolism is depressed. Indeed, 
because metabolic flow autoregulation is generally preserved 
following TBI, low values of CBF might often reflect 
flow:metabolism matching. One result of such a course of 
metabolic change might be that CPP elevation is reasonable 
during the early (i.e., first 12 to 24 hours) posttraumatic period 
when metabolism is near normal and ischemia is both probable 
and extremely devastating. Subsequently, when metabolism 
falls, CPP elevation may not be necessary and, indeed, may be 
counterproductive. 

Absolute metabolic information is not readily available in 
the clinical situation. The relative balance between metabolic 
needs and substrate delivery, however, can often be usefully 
estimated by monitoring the oxygen saturation in the internal 
jugular vein (JVS0 2 ) or the tissue oxygen tension in the brain 
(Pb0 2 ). Although limited by problems of averaging, incom¬ 
plete sampling of the total cerebral tissue volume, and techni¬ 
cal issues of accuracy, the monitoring of JVS0 2 is a clinically 
useful method of detecting some otherwise occult episodes of 
ischemia as well as tailoring therapy to individual patient needs 
as they evolve. 12 By adding measurement of the arteriojugular 
lactate difference (AVDL), some occult areas of ischemia or 
anaerobic metabolism can also be detected that would not be 
apparent if only JVS0 2 were measured. 

More recently, it has become possible to measure brain tis¬ 
sue oxygen tension (Pti0 2 ) using implantable Clark electrodes. 
This makes it possible to follow the balance between oxygen 
consumption and delivery, thereby providing the potential of 
detecting actual ischemia. These electrodes are easily 
implanted, either in a tunneled fashion or through a threaded 
bolt. Although absolute thresholds have not been rigorously 
determined, values above 15 to 20 mm Hg are generally con¬ 
sidered adequate and values below 5 mm Hg are associated 
with increasingly poor outcome in a duration-dependent 
fashion. 13,14 The major limitations of this system are the 
extremely focal nature of this monitoring and technical issues 
with reliability. Although there is theoretical attractiveness to 
monitoring at the border of focal injuries (the “penumbra”), 
most monitoring is performed within normal brain. 
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We have found that combining the monitoring of ICP, CPP, 
JVS0 2 , AVDL, Pti0 2 , and quantitative regional CBF (with cold 
xenon computed tomography [CT] or CT perfusion CBF stud¬ 
ies) has allowed us to safely tailor management to cerebral 
needs, thereby avoiding overtreatment and undertreatment, 
minimizing the likelihood of iatrogenic systemic toxicity, and 
shortening intensive care unit (ICU) stay. Most “straightfor¬ 
ward” cases of brain injury, where ICP control is not difficult 
and systemic determinants of perfusion are stable and adequate, 
do not require invasive multimodality monitoring. In the 
approximately 10% of cases where these parameters are prob¬ 
lematic, however, expanded monitoring is strongly suggested. 
Given the toxicity of many of the treatments used for ICP man¬ 
agement and their often unfavorable interactions with therapies 
that may be indicated for other systemic abnormalities (e.g., 
ARDS), it is important to avoid overtreatment of TBI patients 
by targeting interventions at demonstrated pathologies. 

Treatment of systemic hypertension is rarely indicated in 
the patient with head injury. There is no evidence that hyper¬ 
tension promotes continued intracranial hemorrhage, and 
hypertension related to brain injury generally resolves when 
the intracranial hypertension is controlled. When profound 
hypertension requires treatment, short-acting, selective beta- 
blockers or intravenous (IV) titration of calcium channel 
blockers should be used. Vasodilators (e.g., sodium nitroprus- 
side) should be avoided because they increase CBV, which can 
exacerbate ICP. 

As noted, metabolic autoregulation is the other and some¬ 
what more fundamental type of intrinsic CBF control. Vaso¬ 
constriction is nonlinearly proportional to pH and, therefore, 
subject to manipulation of partial pressure of arterial carbon 
dioxide (PaC0 2 ). As a result, hyperventilation-induced alkalo¬ 
sis produces vasoconstriction, resulting in a decrease of both 
CBF and CBV. Although the latter is beneficial in controlling 
ICP, the former is potentially deleterious and mandates cau¬ 
tion when using hyperventilation. For reasons outlined earlier, 
hyperventilation is best avoided whenever possible during the 
early postinjury course when the risk of ischemia is extremely 
high. Also, because of rapid compensatory buffering of iatro¬ 
genic hypocapnic alkalosis, the beneficial effects of hyperven¬ 
tilation tend to be relatively short-lived. 


Cerebral Edema and Osmolar Therapy 

Cerebral edema during the early postinjury period is generally 
cytotoxic (intracellular). Later, vasogenic (extracellular) edema 
may also play a role in brain swelling. Although resulting from 
different mechanisms (cellular membrane dysfunction and 
blood-brain barrier breakdown), our present treatment for 
cerebral edema in trauma is limited to the administration of 
osmotic agents, most classically mannitol. Generalizing the 
documented efficacy of corticosteroids to decrease tumor- 
related cerebral edema to the setting of trauma-induced edema 
has proven to be ineffective and actually harmful and is now 
considered contraindicated. 11,15 

Hyperosmolar agents increase the osmotic gradient, draw¬ 
ing fluid from the interstitial compartment into plasma, thereby 
reducing brain volume. In regions where the blood-brain bar¬ 
rier has been disrupted, however, such agents are minimally 
effective and can actually leak into tissues. 16 Fortunately, the 
area of blood-brain barrier breakdown is generally much 
smaller than the area of edema that it creates so that hyperos¬ 
molar therapy is generally effective in lowering ICP. Neverthe¬ 
less, caution should be exercised when there are large areas of 
suspected blood-brain barrier breakdown (such as in regions 
of infarction) where large-scale parenchymal sequestration of 
osmotic agents might exacerbate edema formation and increase 
local mass effect. 

Mannitol also has other mechanisms of action. It creates an 
acute increase in intravascular volume, which may transiently 


improve cardiac output and CBF. It also appears to cause acute 
and transient vasoconstriction as a result of its ability to 
decrease blood viscosity and improve flow. Both of these effects 
are of more immediate onset than the osmotic effects of man¬ 
nitol. They may be responsible for its early effects on ICP and 
may also explain why mannitol is more effective in lowering 
ICP when administered as a bolus rather than a slow infusion. 

Mannitol, however, can produce significant diuresis. The 
resulting hypovolemia can result in hypotension, not only pro¬ 
ducing secondary insult to the brain but also causing intracra¬ 
nial hypertension from autoregulatory vasodilatation. Recent 
evidence suggests that the apparent relationship between early 
mannitol use and hypotension may be associated with 
hypotensive episodes that are correlated with increased mor¬ 
bidity and mortality. 17 Therefore, mannitol should be used 
only for proven or strongly suspected intracranial hyperten¬ 
sion; it should be avoided under conditions of hypovolemia, 
and fluid losses should be diligently replaced. Because smaller 
doses of mannitol (0.25 g/kg) are nearly as efficacious as larger 
doses (1 g/kg) in lowering ICP, the smaller doses should be 
used whenever possible. 

More recently, the use of hypertonic saline to elevate serum 
osmolarity has become increasingly incorporated into TBI 
management. This approach has been studied best in the pedi¬ 
atric population, where it has been demonstrated to be benefi¬ 
cial in controlling intracranial hypertension (although not yet 
rigorously shown to improve clinical outcome). In those stud¬ 
ies, 3% sodium chloride solution has generally been used, 
infused at 0.5 to 1.0 mL/kg per hour. As a result of such pub¬ 
lications, the Guidelines for the Management of Severe Pedi¬ 
atric Brain Injury contained recommendations placing the use 
of hypertonic saline-based osmotherapy at the same level as 
the use of mannitol, leaving the choice to the physician. 18 

In the treatment of adult TBI, hypertonic saline has been 
widely incorporated into routine therapy, with concentrations 
ranging from 3% to 23% being used for continuous infusion 
or “bolus” injection. Unfortunately, at present, there is little 
solid evidence available to help clarify the optimal usage of 
hypertonic saline in TBI. In bolus form, it appears effective in 
acutely lowering ICP, but comparison data on its relative effi¬ 
cacy and duration with respect to mannitol are lacking. Also, 
rapid infusion of higher concentrations of hypertonic saline 
through a central line can produce temporary asystole. When 
used for continuous infusion, hypertonic saline is effective in 
raising serum osmolarity while maintaining vascular volume 
and has widely replaced scheduled dosing of mannitol. 

Regardless of whether mannitol or hypertonic saline is the 
agent used to raise the serum osmolarity, when withdrawing 
therapy, the serum sodium and osmolarity should be allowed 
to return to within normal limits prior to removing the ICP 
monitor. The risk of rebound intracranial hypertension associ¬ 
ated with the administration of hypotonic solutions such as 
half-normal saline or lactated Ringer solution can thereby be 
minimized. 


CLINICAL ASSESSMENT 


The objectives during early clinical assessment of the patient 
with head injury are multiple and must be accomplished simul¬ 
taneously. These include establishing adequate oxygenation, 
ventilation, and circulatory stability and evaluating the extent 
of brain injury while treating ICP elevations. Although some 
evidence indicates that systemic hypotension may infrequently 
be the result of a head injury, always initially presume that 
hypotension in a trauma patient is the result of hypovolemia. 
It is a significant error to withhold volume resuscitation in a 
misdirected effort to control cerebral edema. 

During initial assessment, mental status changes cannot be 
presumed to be the result of drugs or alcohol, although routine 
toxicology screening is appropriate. It should be presumed 
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ALGORITHM 19.1. Glasgow Coma Scale (GCS) triage guide for initial evaluation of head injury. For the motor scale, the best response for any 
limb is recorded. 


that any change in mental status or the neurologic examina¬ 
tion in general, or any evidence of herniation (e.g., anisocoria), 
suggests an expanding intracranial mass lesion. Under such 
circumstances, therapeutic ICP reduction becomes the first pri¬ 
ority and diagnostic imaging or surgical decompression must 
be accomplished emergently. 

Do not assume that apparent neurologic unresponsiveness 
represents a lack of sensitivity to pain. Noxious stimuli, such 
as placement of urinary drainage catheters, nasogastric tubes, 
or IV catheters, can precipitate ICP peaks during resuscitation. 
These procedures should be done quickly and efficiently, opti¬ 
mally after sedation. Endotracheal intubation is particularly 
likely to induce herniation in borderline cases. Whenever prac¬ 
tical, consider premedication with analgesics, sedatives, or IV 
or endotracheal lidocaine before airway instrumentation. 

With regard to the brain injury, several critical assessments 
are necessary and should be precisely recorded because trends 
Q are at least as important as any single observation. The three 
key parameters are level of consciousness, pupillary reflexes 
and size, and the motor examination. 


Glasgow Coma Scale 

The single most important assessment for a patient with head 
injury is to evaluate the level of consciousness. In this regard, 
the Glasgow Coma Scale (GCS) has become an international 
standard that is easily, rapidly, and reliably obtained (Algo¬ 
rithm 19.1). Components of the GCS include assessment of 
eye opening, verbal response, and motor response. It is not, 
and was never intended to be, a neurologic examination and 
should not be substituted for such information. 

It has been suggested that early estimations of GCS, done in 
the field by emergency personnel, are often inaccurate. 19 In 
some areas, alternate, simpler systems (e.g., the AVPU scale) 
are accepted for this reason. The Guidelines for the Prehospi¬ 
tal Care of Severe Brain Injury, however, support the contin¬ 
ued use of the GCS for all prehospital care providers. 20 Special 
training has been developed by the Brain Trauma Foundation 
to optimize its accuracy (http://www.braintrauma.org/). The 
routine use of GCS provides a useful measure of initial injury 
severity and allows stratification for initial therapy as well as 
for outcome analysis. 

For triage purposes, patients can be stratified using their 
GCS scores into those with severe injuries (GCS score <8), 
moderate injuries (GCS score 8 to 12), or mild injuries (GCS 
score >12; see Algorithm 19.1). Patients with severe head 
injuries require immediate endotracheal intubation, mechani¬ 
cal ventilation, and complete resuscitation; any clinical evi¬ 
dence of intracranial hypertension (e.g., signs of herniation) 
mandates maximal therapy to decrease ICP. 

Many significant injuries occur in patients with GCS 
scores between 8 and 12. Although this is defined as the mod¬ 


erate injury group, all these patients require maximal brain 
resuscitation until a definitive diagnosis can be made. A 
patient with a GCS score of 12 or more tends to be confused 
but responsive to verbal stimulation. These patients need ser¬ 
ial neurologic evaluations because they are in the group that 
can “talk and die” because of missed or delayed intracranial 
pathology. In general, for any brain injury, however, and 
whenever expedient, attention to other major injuries can 
take relative priority over cerebral imaging or management, 
whenever necessary. 


Pupils 

Pupillary asymmetry, dilation, or loss of light reflex in an 
unconscious patient usually reflects herniation because of the 
mass effect from intracranial hemorrhage ipsilateral to the 
dilated pupil. The probability of an intracranial mass lesion 
can be roughly approximated given the degree of anisocoria 
(>1 mm or >3 mm), the mechanism of injury (± motor vehi¬ 
cle crash), and age (Fig. 19.2). 21 Occasionally, pupillary signs 
may indicate direct second or third nerve injury or trauma to 
the globe, but this must always be a diagnosis of exclusion. An 
unequal and nonreactive pupil is the cardinal sign that hernia¬ 
tion is occurring, and rapid lowering of ICP is essential. An 



FIGURE 19.2. Estimated percentage chance of an extra-axial 
intracranial mass lesion greater than 25 mL as a function of degree of 
anisocoria, age, and mechanism of injury. Mechanism of injury was 
defined as motor vehicle accident (MVA) or other mechanism (not 
MVA). (Reproduced with permission from Chesnut RM, Gautille T, 
Blunt BA, et al. The localizing value of asymmetry in pupillary size in 
severe head injury: relation to lesion type and location. Neurosurgery 
1994;34:840-845.) 
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ovoid pupil is also ominous and is associated with injuries 
that result in herniation in approximately 15% to 20% of 
patients. 


Motor Examination 


The motor system is examined for asymmetry, abnormal pos¬ 
turing, or lack of movement. Hemiparesis, paraparesis, or 
quadriparesis suggests a cervical or thoracolumbar spine frac¬ 
ture with spinal cord injury. Hemiparesis secondary to brain¬ 
stem herniation from the mass effect may be either ipsilateral 
or contralateral to the side of the dilated pupil or an intracra¬ 
nial mass lesion. 21 Hemiparesis may also result from signifi¬ 
cant brain contusion. In the unconscious patient, a painful 
stimulus should be used to evaluate motor function. All four 
extremities should be examined and the results noted, because 
only the response of the best limb will be reflected in the GCS 
score. 


INITIAL TREATMENT 

Evidence-based Medicine and the 
Management of Traumatic Brain Injury 

The publication of the first edition of the Guidelines for the 
Management of Severe Brain Injury in 1996 represented a sig¬ 
nificant step in standardizing the management of TBI based on 
published, peer-reviewed literature. 22 This document represents 
the application of a strict evidence-based process to 14 topics 
relevant to TBI care. Following an exhaustive, explicitly 
defined literature search covering each topic, the recovered lit¬ 
erature was carefully classified along a three-point continuum 
of scientific rigor. As such, each article was ranked as class I, 
class II, or class III and the analysis of the scientific basis of each 
topic was predicated on the most scientifically rigorous (highest 
literature class) reports available. This process produced a set 
of standards, guidelines, and options for treatment where stan¬ 
dards (based on class I evidence) represent principles with a 
high degree of clinical certainty, guidelines (based on class II 
evidence) reflect principles with a moderate degree of clinical 
certainty, and options (based on class III evidence) reflect prin¬ 
ciples for which unclear clinical certainty exists. By specifically 
defining the scientific foundation on TBI management issues, 
the Guidelines for the Management of Severe Brain Injury pro¬ 
vided an unbiased reference focused on facilitating scientific 
management of TBI. 

Since the initial publication of the Guidelines for the Man¬ 
agement of Severe Brain Injury, it has undergone updating and 
revision 10,11 encompassing more recently published data and 
revising earlier practice recommendations where indicated as 
well as expanding the scope of covered topics. The same evi¬ 
dence-based process has also been applied in the generation of 
other sets of brain injury guidelines. The Guidelines for the Pre¬ 
hospital Management of Traumatic Brain Injury were published 
in 2002, 20 spawning the training efforts mentioned previously. 
In 2001, the Guidelines for the Management of Penetrating 
Brain Injury were published. 23 The Guidelines for the Manage¬ 
ment of Pediatric Brain Injury were published in 2003. 18 The 
Guidelines for the Surgical Management of Traumatic Brain 
Injury were published in 2001. 24 In light of the need for respon¬ 
siveness of all evidence-based reports to the publication of new 
literature, the Brain Trauma Foundation has established a 
process to ensure that all of these reports are regularly updated 
and expanded through the Neurosurgical Evidence-based Med¬ 
icine Center at the University of Washington. 

Wherever applicable, the findings contained in these guide¬ 
lines have been incorporated into this text. For details, the 
reader is referred to the source documents. 


GUIDELINES FOR THE 
MANAGEMENT OF 
SEVERE HEAD INJURY 

Although there is no present technology for its quantification 
before the insertion of an ICP monitoring device, early 
intracranial hypertension may certainly exert a detrimental 
influence on outcome. Not only do all treatment modalities for 
intracranial hypertension have serious potential complica¬ 
tions, but also many of them can directly interfere with resus¬ 
citation procedures (e.g., use of diuretics). The efficacy of suc¬ 
cessful systemic resuscitation in improving the likelihood of 
survival from trauma in general is well accepted. In addition, 
the acknowledged negative influence of secondary insults (e.g., 
hypotension and hypoxia) on outcome from severe head injury 
renders systemic resuscitation a condicio sine qua non , which 
provides a vital infrastructure on which treatment of intracra¬ 
nial hypertension must be based. Therefore, all treatment must 
be consistent with optimal systemic resuscitation. When defi¬ 
nite signs of transtentorial herniation occur, they should be 
interpreted as definitive evidence of intracranial hypertension 
and prompt, rapid, and definitive treatment specifically 
focused toward lowering ICP should be implemented consis¬ 
tent with continued physiologic resuscitation. 

The composition and volume of the IV fluids used to resus¬ 
citate patients with head injuries should be selected with the 
purpose of restoring intravascular blood volume. Although the 
widely disseminated but scientifically unsupported adage of 
“keeping TBI patients dry” has now been discarded, the con¬ 
cept of restricting free water remains desirable. As such, iso¬ 
tonic crystalloid solution in the form of 0.9% normal saline 
(NS) is preferable to lactated Ringer solution as a resuscitation 
fluid for TBI. For some time, a growing body of indirect scien¬ 
tific support appeared to support the use of 250 mL of 7.5% 
NS as the first resuscitation fluid in TBI victims. 25-27 However, 
a recent randomized controlled trial from Australia has sug¬ 
gested that this may not be of benefit under optimal resuscita¬ 
tion conditions. 28 The branch of the ongoing Resuscitation 
Outcomes Consortium (ROC) Hypertonic Saline Trials focus¬ 
ing on prehospital treatment of TBI patients is currently 
attempting to readdress this problem. 

The endpoints of resuscitation do not change depending on 
the presence or absence of a head injury. Blood volume should 
be normal, with an appropriate blood pressure and central 
venous pressure, adequate urine output and peripheral perfu¬ 
sion, and progressive improvement of any base deficit. The 
systolic blood pressure should never be allowed to drop below 
90 mm Hg. Some evidence indicates an advantage to targeting 
a mean arterial pressure of 80 to 90 mm Hg during resuscita¬ 
tion until ICP monitoring can be initiated. Once ICP is avail¬ 
able, a minimal CPP of 60 mm Hg should initially be the goal. 


Resuscitation in the Absence 
of Clinical Signs of Herniation 

Algorithm 19.2 is based on the Guidelines for the Manage¬ 
ment of Severe Brain Injury 10,11 ’ 22 and the Guidelines for the 
Prehospital Management of Severe Brain Injury 20 for use by 
prehospital and initial at-hospital care providers and emer¬ 
gency physicians to guide decision making in resuscitating TBI 
victims and determining the necessity of ICP-lowering therapy. 
“Signs of increased ICP” implies pupillary abnormalities, 
motor posturing, or neurologic deterioration not related to 
medications. When these signs are not present, mannitol is not 
given and the goal of ventilation is eucapnia. When such signs 
are present, the patient is hyperventilated to a PaC0 2 of 30 to 
35 mm Hg and mannitol may be given if the patient’s volume 
status is normal. 
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ALGORITHM 19.2. Prehospital evaluation and treatment of a patient with severe traumatic brain injury. “Signs of increased ICP” is the deci¬ 
sion point for determining the necessity of intracranial pressure (ICP)-lowering therapy. These signs include pupillary abnormalities, motor pos¬ 
turing, or neurologic deterioration not related to medications. The order of steps is determined by the risk-benefit ratio for individual treatment 
maneuvers. This algorithm should be viewed as “expert opinion” and used as a framework, which may be useful in guiding an approach to field 
management of such patients. (© R.M. Chesnut, MD., FCCM, reproduced with permission.) 


Algorithm 19.3 is based on the Guidelines for the Manage¬ 
ment of Severe Brain Injury 10,11,22 for evaluation and treatment 
of the severe TBI patient from arrival at the trauma center 
prior to the placement of an ICP monitor. As with any trauma 
patient, the first step is Advanced Trauma Life Support (ATLS) 
resuscitation. When appropriate, brain-specific therapies are 
incorporated into the treatment course. Brain-friendly initial 
ICU management should lead directly to monitoring of ICP. 

Elevating the head of the bed (reverse Trendelenburg position 
in the absence of clearance of the axial skeleton) has been shown 
to generally lower the CPP in the absence of adequate volume 
resuscitation. 29 Because this may elevate the ICP per se, it is not 
advised until complete resuscitation has been accomplished. 

The confusion and agitation often attendant to head injury 
often can drive intracranial hypertension and renders sedation 
desirable. Therefore, patients with suspected head injury 
should generally receive sedatives and analgesics whenever pos¬ 
sible. Particularly in the TBI patient, the difference between 
sedation and analgesia should be kept in mind and the two 
agents titrated specific to their respective indications. Short¬ 
acting agents are preferable in the interest of following the neu¬ 
rologic examination. 

In addition to eliminating any possibility of spontaneous 
ventilation and mandating complete ventilatory control, phar¬ 
macologic relaxation has the undesirable effect of limiting the 
neurologic examination to the pupils and the CT scan. Its use 
in the absence of evidence of herniation, therefore, should be 


limited to situations where sedation and analgesia alone are 
not sufficient to optimize safe and efficient patient transport 
and resuscitation. 

The “prophylactic” administration of mannitol is not sug¬ 
gested, because of its volume-depleting diuretic effect. In addi¬ 
tion, although it is desirable to approximate the lower end of 
the normal range of PaC0 2 during transport of a patient sus¬ 
pected of having brain injury, the risk of exacerbating early 
ischemia by vigorous hyperventilation outweighs the question¬ 
able benefit in the patient without evidence of herniation. 
Therefore, ventilation parameters consistent with optimal oxy¬ 
genation and “normal” ventilation are recommended. The 
minute ventilation should be targeted at 100 mL/kg per minute 
until quantitative measurement of end-tidal carbon dioxide 
(EtC0 2 ) or PaC0 2 is available. The Guidelines for the Prehospi¬ 
tal Management of Severe Brain Injury suggest the use of EtC0 2 
monitoring during prehospital resuscitation and transport 
whenever possible. In the absence of signs of intracranial hyper¬ 
tension, ventilation should be adjusted to accomplish a PaC0 2 
of 35 mm Hg when arterial gas values become available. 


Resuscitation in the Presence 
of Clinical Signs of Herniation 

Signs of intracranial hypertension consist of evidence of 
transtentorial herniation (pupillary dilation or loss of reactivity 


TRAUMA 






























344 


Part Two: Surgical Practice 


Trauma evaluation 


Primary & secondary 
trauma survey 
IV, CVP, arterial line 
HCT, ABG 
Foley 

DPL, FAST, CT 
Chest x-ray 
Lateral cervical spine 
Pelvis x-ray 

I 


Emergency 



Measure ICP 
Bolt 

Ventriculostomy 
Air ventriculogram? 


Operating 

theater 


Treat intracranial hypertension 


ALGORITHM 19.3 


Yes 


Severe Brain Injury 
GCS <8 


Endotracheal intubation 
Isotonic fluid resuscitation 
Maintain SBP >90 mm Hg 
Target MAP >70 mm Hg 
Ventilation (PaC0 2 35-38 mm Hg) 
Hyperventilation for signs of increased ICP 
PaC0 2 30-35 mm Hg 
Sedation 

Relaxation PRN (short acting) 

Mannitol, 0.25-1.0 g/kg IV bolus, for 
signs of increased ICP 

I 

CT scan 

I 

Surgical lesion? 

I No 


Intensive care unit 

Sedation 
Relaxation PRN 
Elevate head of bed 
(euvolemia) 

Neutral head position 
General measures 
Maintain Sa02 >94% 
Maintain electrolytes 
Maintain normothermia 
Maintain normal glucose 

Monitor ICP 


ALGORITHM 19.3. Evaluation and treatment of the patient with severe traumatic brain injury on arrival at the trauma center. The order of steps 
is determined by the risk-benefit ratio for individual treatment maneuvers. This algorithm should be viewed as “expert opinion” and used as a 
framework, which may be useful in guiding an approach to initial hospital management of such patients prior to the initiation of ICP monitoring. 
(© R.M. Chesnut, MD., reproduced with permission.) 


or motor posturing or flaccidity) or progressive neurologic 
deterioration not attributable to other causes (e.g., sedation). 
When such signs occur, aggressive treatment of suspected 
intracranial hypertension is indicated. Hyperventilation to a 
PaC0 2 target of approximately 30 mm Hg should be accom¬ 
plished by increasing the minute ventilation to approximately 
120 to 140 mL/kg per minute or as directed by quantitative 
C0 2 monitoring. Because hypotension can produce both neu¬ 
rologic deterioration and intracranial hypertension, the use of 
mannitol is less desirable unless adequate volume resuscitation 
has been accomplished. If such is the case, however, mannitol 
should be administered by bolus infusion. Under such circum¬ 
stances, it is critical that the diagnosis and treatment of the 
neurologic injury be accomplished with utmost haste. These 
patients must be transported to a trauma center with neuro¬ 
surgical coverage. 


Radiographic Priorities 

Neurosurgical evaluation and assessment are initiated as soon 
Q as the potential for significant head injury is realized. Prompt 
radiographic evaluation is essential and CT scanning is the 
imaging modality of choice for virtually all acute neurologic 
conditions. Patients with mild head injuries can usually be 


observed with sequential examinations and radiographic evalu¬ 
ation may be unnecessary unless the results determine whether 
the patient can be discharged from the hospital. In contrast, 
however, a cogent argument can be made for the liberal appli¬ 
cation of CT scanning to even patients with minimal evidence of 
TBI as a method of making safe, efficient, and economic triage 
decisions. 30 In any instance, evidence of neurologic deteriora¬ 
tion or the occurrence of a situation wherein the neurologic 
examination cannot be followed (e.g., the need for general anes¬ 
thesia) mandates CT scanning, intraoperative ICP monitoring, 
or both. General indications for neurologic imaging (generally, 
CT scanning) are listed in Table 19.1. 

Patients with moderate or severe injuries require prompt 
neurosurgical consultation and rapid radiographic evaluation 
using the CT scanner. Hemodynamically stable patients with 
significant neurologic deterioration should go to the CT scan¬ 
ner immediately following ATLS resuscitation. In hemodynam¬ 
ically unstable patients who require immediate surgical inter¬ 
vention to sustain intravascular volume, lifesaving exploratory 
thoracotomy or laparotomy must take precedence. In such 
cases, it is a mistake to delay further investigation of the 
intracranial compartment pending the end of the case and 
transport to the CT scanner. A number of methods can be 
employed to evaluate the intracranial compartment during 
such lifesaving, extracranial surgery, including insertion of an 
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TABLE 19.1 DIAGNOSIS 


INDICATIONS FOR NEUROLOGIC IMAGING 

■ Suspected skull penetration by a foreign body 

■ Discharge of cerebrospinal fluid (CSF), blood, or both 
from the nose 

■ Hemotympanum or discharge of blood or CSF from the 
ear 

■ Protracted unconsciousness 

■ Altered state of consciousness at the time of examination 

■ Focal neurologic signs or symptoms 

■ Any situation precluding proper surveillance 

■ Head injury plus additional trauma 

■ Possible head injury in the presence of additional 
pathologic findings, such as stroke 

■ Head injury with alcohol or drug intoxication 


ICP monitor or ventriculostomy (with air ventriculography, if 
deemed necessary), transcranial Doppler evaluation, or even 
placement of exploratory burr holes in the instance of hernia¬ 
tion. For this reason, neurosurgical consultation should be ini¬ 
tiated on arrival in theater rather than at the finish of the case. 

At the other end of the spectrum, in cases where there is an 
obvious surgical brain injury, the choice and timing of diag¬ 
nostic systemic maneuvers should be subject to modification. 
Such patients should be transported directly to theater and 
examinations such as focused assessment with sonography in 
trauma (FAST) or diagnostic peritoneal lavage performed as 
the patient is being prepped for craniotomy. In such instances, 
obviously, early communication between the trauma surgery 
and neurosurgery departments is critical. 

The spine should be cleared radiographically or immobi¬ 
lized and protected in every patient with a severe head injury. 
Although only 13% of patients with severe head injuries have 
spinal cord injuries, the potentially devastating consequences 
of an overlooked spine injury require constant vigilance. 

Plain Skull Radiographs. With the routine availability of 
24-hour CT scanning capabilities, plain skull radiography has 
largely become obsolete in TBI. The likelihood of a surgical 
intracranial hematoma is strongly correlated with the presence 
or absence of a skull fracture if the neurologic examination is 
factored in. 31 Nevertheless, the superiority of CT imaging in 
all aspects of evaluating TBI has relegated the use of skull films 
to unusual circumstances. 

Computed Tomography. The CT finding that correlates 
most highly with intracranial hypertension is compression or 
obliteration of the basilar cisterns (Fig. 19.3). Not only does 
this finding portend a stormy ICP course, but also the primary 
predictor of outcome in patients with this CT picture is the 
peak level of intracranial hypertension occurring during the 
first 72 hours. 32,33 When cisternal compression is paired with a 
midline shift of more than 5 mm, the prognosis is even more 
ominous. ICP monitoring should be immediately initiated in 
any patient with cisternal compression and intracranial hyper¬ 
tension should be vigorously treated. Such patients, particu¬ 
larly those with minimal evidence of contusions, die primarily 
from secondary brain insults, which implies that they are 
potentially salvageable. 

Acute epidural hematomas correlate well with skull frac¬ 
tures. The most common association is a linear, nondisplaced 
fracture in the temporoparietal region, crossing the middle 
meningeal artery. The classic clinical course involves a lucid 
interval following a brief loss of consciousness with subse¬ 
quent neurologic deterioration. However, such a course occurs 
in less than 50% of epidural hematoma cases, so clinical 



FIGURE 19.3. A computed tomography scan that is highly predictive 
of intracranial hypertension. The basilar cisterns are obliterated and 
the sulci are flattened. 


suspicion must remain high. The typical CT appearance is a 
high- or mixed-density concave extra-axial hematoma with 
smooth borders (Fig. 19.4). 

Acute subdural hematomas occur over the convexity of 
the brain. The hematoma may evolve from rupture of bridging 
cortical veins or bleeding from the underlying parenchymal 



FIGURE 19.4. Typical computed tomography scan appearance of 
mixed-density, lens-shaped, acute epidural hematoma with mass effect. 
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FIGURE 19.5. Usual computed tomography scan appearance of a 
crescent-shaped, high-density blood collection conforming to the con¬ 
tour of the cerebral hemisphere in a subdural hematoma. 


FIGURE 19.6. Contusion and associated intracerebral hematoma in 
the frontotemporal area. 


injury, the latter being a common source. It is this subjacent 
tissue damage that generally determines the neurologic out¬ 
come of patients not succumbing to intracranial hypertension. 
On CT scan, a subdural hematoma appears as an extra-axial 
high- or mixed-density crescentic mass that spreads out over 
the hemisphere, following the cortical irregularities (Fig. 19.5). 
The midline shift may be out of proportion to the size of the 
hematoma because of the contributing mass effect from an 
underlying brain contusion or hemispheric swelling. 

Intracerebral hemorrhage and cerebral contusion are com¬ 
mon after trauma and are readily visualized with CT scanning. 
Brain contusion appears as a focal, heterogeneous density with 
hemorrhage interspersed with injured tissue (Fig. 19.6). Intra¬ 
cerebral hematomas are generally more homogenous in their 
high-density appearance. Both of these lesions tend to “blos¬ 
som” over time because of some continued hemorrhage and 
the development of edema. It is important, therefore, to closely 
observe and monitor the ICP of such patients because signifi¬ 
cant and hazardous mass effect may evolve, requiring surgical 
extirpation. 

With temporal or deep frontal contusions, late deterioration 
may occur, generally because of progressive edema develop¬ 
ment. The peak of such deterioration appears to be around 
1 week, although cases have occurred as late as 10 to 14 days. 
Most of these patients will complain of severe or increasing 
headache or their CT images will show progressive edema for¬ 
mation. As such, a high index of suspicion must be accompa¬ 
nied by liberal use of follow-up CT imaging and, in particular, 
not dropping the level of surveillance until both the clinical 
situation and the CT appearance are stable. In the instance of 
such lesions showing progressive mass effect, the insertion of 
an ICP monitor may be considered, even in a patient with a 
relatively high GCS score. 

The typical CT appearance of subarachnoid hemorrhage is 
a layer of blood over the cerebral cortex, layering over the ten¬ 
torium and commonly filling the basal cisterns. Cerebral 


edema appears as areas of decreased density, which may be 
either focal or diffuse. Posttraumatic edema formation gener¬ 
ally takes hours to days to develop unless compounded by 
hypoxia or hypotension. The “swollen brain” commonly seen 
in the setting of trauma may be caused by edema or increased 
CBV (unclotted, intravascular blood is low density). Diffuse 
axonal injury, typical of acute acceleration-deceleration injury, 
appears on CT scan as small areas of focal hemorrhage in the 
brainstem, thalamus or deep nuclear region, corpus callosum, 
and hemispheric white matter and may be accompanied by 
cerebral swelling. Finally, gunshot wounds or other penetrat¬ 
ing injuries can be evaluated with CT scanning to allow accu¬ 
rate preoperative assessment of the anatomic injury for prog¬ 
nostic and therapeutic planning purposes. 

One significant issue of recent origin is the “blossoming” or 
appearance of new lesions subsequent to CT images obtained 
at very short intervals following injury. Most of the “classic” 
TBI studies presented initial CT data from studies done hours 
following trauma. With improved prehospital transport and 
the ready availability of CT imaging, many initial studies are 
now performed 15 to 30 minutes after injury. As a result of 
such ultra-early CT scanning, there is now a risk of missing 
significant intracranial lesions by obtaining imaging before 
their appearance or during an early phase of their evolution. 
For this reason, in any patient with intracranial pathology or 
intracranial hypertension, we routinely obtain an early follow¬ 
up CT image at 4 to 6 hours after admission. Although such 
repeat imaging only uncommonly reveals new surgical pathol¬ 
ogy, documented lack of evolution may allow liberalization of 
the patient’s care plan (e.g., transfer out of ICU or allowance 
of nonemergent extracranial surgery). Alternatively, any evi¬ 
dence of progression on follow-up CT imaging mandates that 
no decrease in surveillance should occur until further imaging 
establishes stability. At the time of follow-up brain imaging, a 
CT scan of the cervical spine can also be done in an effort to 
facilitate its clearance. 
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Ancillary Imaging. As noted earlier, there is a significant 
association between TBI and injury to the axial skeleton, par¬ 
ticularly to the cervical spine. In addition, particularly when 
associated with basilar skull fractures or facial fractures, TBI 
suggests the possibility of damage to the major arteries of the 
neck. As such, particular attention should be given to careful 
radiographic clearance of the spine and consideration of stud¬ 
ies such as CT angiography of the great vessels rostral to the 
aortic arch. 


DEFINITIVE MANAGEMENT 


Surgical Decompression and Outcome 

Skull Fracture (Including Basal Skull Fractures). 

Depressed skull fractures are easily seen on plain frontal or lat¬ 
eral skull films and on CT. The mechanism of injury is usually 
a direct blow to the skull by a blunt object. Closed depressed 
skull fractures that are comminuted and those with a frag¬ 
mented outer margin displaced beneath the inner table have 
characteristically been treated surgically, although growing 
evidence indicates that many may be treated nonoperatively if 
there is no neurologic dysfunction or CT evidence of underly¬ 
ing tissue injury. Open fractures are also generally treated sur¬ 
gically, although, again, growing evidence indicates that fresh, 
noncomminuted fractures without neurologic deficit, CSF or 
brain extrusion, gross contamination, or underlying tissue 
injury can be closed and treated with prophylactic antibiotics. 
When surgery is indicated, the goals are to debride the injury, 
accomplish secure CSF containment, restore cosmetic con¬ 
tours, and close the wound in a manner to ensure healing. 

Basilar skull fractures are usually diagnosed with CT imag¬ 
ing or on clinical evidence, as they are poorly visualized on 
plain films. Clinical signs include otorrhea or rhinorrhea, sub¬ 
cutaneous ecchymoses overlying the mastoid region (Battle 
sign), bilateral periorbital ecchymoses (raccoon eyes), or 
hemotympanum. A basilar skull fracture may involve the 
paranasal sinuses, piriform sinus, petrous bone, sphenoid 
sinus, or sella turcica. Injuries to adjacent structures, such as 
the seventh or eighth cranial nerves, brainstem, and carotid or 
basilar arteries, are not uncommon. These are generally visu¬ 
alized with CT scanning, although special protocols may be 
required. If vascular injury is suggested (such as by fracture 
lines involving the carotid canal), CT or catheter angiography 
should be considered. In the acute CSF leak, no specific ther¬ 
apy is indicated. The leak should not be tamponaded unless it 
is brisk. Antibiotics should not be administered solely for pro¬ 
phylaxis of meningitis. Most CSF leaks stop spontaneously 
with minimal treatment (e.g., elevating the head of the bed). 
Leaks that continue more than 72 hours generally require tem¬ 
porary CSF diversion (e.g., via lumbar drainage or ventricu¬ 
lostomy). CSF drainage that does not respond to diversion will 
require surgery. Although most instances of rhinorrhea cease 
without surgery, the most common operation for persistent 
CSF leaks is exploration of the floor of the frontal fossa. The 
goal of such surgery is to identify the dural defect (often asso¬ 
ciated with herniation of a small tongue of brain tissue) and 
either close it primarily, patch it, or otherwise isolate the sub¬ 
arachnoid compartment from the skull base. 

Mass Lesions. The possibility of a mass lesion must be 
entertained in any patient who develops evidence of herniation 
(see Fig. 19.2). Under optimal circumstances, this herniation 
can be reversed medically (with hyperventilation and hyperos¬ 
molar agents), allowing an emergent CT scan, which will 
demonstrate the location and size of any intracranial mass 
lesions and any herniation caused by nonsurgical processes. 

When CT scanning is not immediately available or hernia¬ 
tion is refractory to medical management, emergency trephi- 



Temporal 
burr hole 


FIGURE 19.7. Location for placement of initial exploratory burr hole 
in the temporal region for emergency diagnosis and decompression. 


nation is a useful and lifesaving option. The first burr hole is 
placed in the ipsilateral temporal region and the dura is opened 
if an epidural hematoma is not in evidence (Fig. 19.7). If this 
exploration is negative, a second hole is placed in the opposite 
temporal region. If this is unrewarding, serial trephines are per¬ 
formed in the region of the parietal boss and the frontal con¬ 
vexity, first on the ipsilateral side, then contralaterally. A burr 
hole exploration is not negative until six holes have been 
drilled. A positive trephine is turned into a craniotomy, and the 
hematoma is thoroughly evacuated. 

Epidural Hematomas. Epidural hematomas are frequently 
of arterial origin and have a tendency to expand. Prognosis 
varies directly with level of consciousness at time of surgery, 
ranging from 0% mortality for patients conscious throughout, 
to 27% with the classic lucid interval, to over 50% if the 
patient never regains consciousness. Aggressive surgical man¬ 
agement has resulted in an overall mortality of about 9%. 33 

The recommendations regarding the management of 
epidural hematomas contained in the Guidelines for the Surgi¬ 
cal Management of Traumatic Brain Injury 24 can be summa¬ 
rized as follows: an epidural hematoma larger than 30 mL, clot 
thickness greater than 15 mm, or midline shift over 5 mm 
should be surgically evacuated regardless of the patient’s GCS 
score. In patients with a GCS score of 8 or less, evacuation 
should be emergent. If the GCS score is higher than 8, evacua¬ 
tion should be done as soon as possible but must not interfere 
with other resuscitative efforts unless there is evidence of pro¬ 
gressive deterioration. It is strongly recommended that patients 
with any acute epidural hematoma with anisocoria undergo 
surgical evacuation as soon as possible. Epidural hematomas of 
less than 30 mL, clot thickness below 15 mm, and midline shift 
less than 5 mm should be considered for evacuation because 
the risk of evacuation appears less than the dangers of enlarge¬ 
ment and neurologic injury. Epidural hematomas of this size in 
patients with GCS scores above 8 may be considered for non¬ 
operative management, including frequent neurologic monitor¬ 
ing in an ICU setting and serial CT imaging. Although the 
mean time for enlargement of such lesions is approximately 
8 hours after trauma, they may occur at intervals up to 36 hours. 

Subdural Hematomas. Subdural hematomas are the more 
common extra-axial mass lesion, particularly in non-motor- 
vehicle trauma. For subdural hematomas, the prognosis is less 
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optimistic, with mortality rates of approximately 50%. To a 
great extent, this is related to the often significant injury to the 
underlying brain. 

The recommendations regarding the management of sub¬ 
dural hematomas contained in the Guidelines for the Surgical 
Management of Traumatic Brain Injury 24 can be summarized 
as follows: an acute subdural hematoma with a thickness 
greater than 10 mm or midline shift above 5 mm on CT should 
be surgically evacuated, regardless of the patient’s GCS score. 
Evacuation should be on an emergency basis if the initial GCS 
score is less than 8. In patients with higher GCS scores, evacu¬ 
ation should be as soon as reasonably possible. A comatose 
patient (GCS score <8) with a subdural hematoma with less 
than 10 mm thickness and midline shift below 5 mm should 
undergo surgical evacuation of the lesion if any of the follow¬ 
ing apply: 

■ The GCS score decreased between the time of injury and 
hospital admission by 2 or more GCS points. 

■ The patient presents with asymmetric or fixed and 
dilated pupil(s). 

■ The ICP exceeds 20 mm Hg. 

Patients with subdural hematomas of less than 10 mm 
thickness and midline shift below 5 mm and GCS scores 
greater than 8 can be treated nonoperatively. 

It appears that outcome from subdural hematomas is pro¬ 
portional to the timing of evacuation. When surgery is 
planned, it should be performed within 4 hours whenever pos¬ 
sible. 34 If surgical evacuation of an acute subdural hematoma 
in a comatose patient (GCS score <8) is indicated, it should be 
done using a full craniotomy with or without bone flap 
removal and duraplasty. 

All patients with acute subdural hematoma and coma (GCS 
score <9) should undergo ICP monitoring, including in the 
initial stages following evacuation. 

Frequently, consideration is given to leaving off the bone 
flap and performing a duraplasty following the evacuation of 
acute subdural hematomas, particularly when the surgeon 
feels that there is evidence of brain swelling. Unfortunately, 
there is a relative dearth of information on this group of 
patients. An “in press” study of 155 such patients at Har- 
borview Medical Center reveals that it appears to be effective 
in patients younger than 50 years of age and should be con¬ 
sidered when the preoperative CT reveals intraparenchymal 
lesions or significant subarachnoid hemorrhage (Marcelo 
Vilela, unpublished data). In that group, the most powerful 
predictors of outcome in terms of variables amenable to clini¬ 
cal manipulation were postoperative intracranial hypertension 
(>35 mm Hg), CPP less than 60 mm Hg, or intraoperative 
hypotension (<90 mm Hg). 

Parenchymal Lesions. Surgery for intraparenchymal mass 
lesions remains controversial. Arguments against surgery 
include the risks of the operation itself as well as damage to 
tissue that may otherwise go on to recover. Arguments for 
surgery focus on preventing the hazards of intracranial hyper¬ 
tension caused by the lesion itself or progressive edema forma¬ 
tion as the lesion matures. Much of the difficulty in determin¬ 
ing the applicability of surgery in individual situations arises 
from our inability to consistently predict which patients will 
rapidly deteriorate (e.g., proceed on to herniation) or fail non¬ 
operative therapy by developing intracranial hypertension 
refractory to medical therapy. Unfortunately, this controversy 
has not been adequately addressed by well-done clinical inves¬ 
tigations, so recommendations remain based on class III evi¬ 
dence. One thing that does appear consistent is that lesions of 
the anterior temporal lobe or the deep basilar frontal lobe are 
particularly dangerous because of the risk of precipitous her¬ 
niation without impressive ICP elevation. 

The recommendations regarding the management of trau¬ 
matic parenchymal lesions contained in the Guidelines for the 


Surgical Management of Traumatic Brain Injury 24 can be sum¬ 
marized as follows: in general, patients with any lesion greater 
than 50 mL in volume should be treated operatively. Addi¬ 
tionally, patients who have parenchymal mass lesions and 
signs of progressive neurologic deterioration referable to the 
lesion, medically refractory intracranial hypertension, or signs 
of mass effect on CT scan should be considered for surgery. 

Patients with GCS scores of 6 to 8 should be treated opera¬ 
tively if they have frontal or temporal contusions greater than 
20 mL in volume with either midline shift over 5 mm or cis¬ 
ternal compression on CT scan. 

Patients with parenchymal mass lesions may be managed 
nonoperatively if they do not show evidence for neurologic 
compromise, have controlled ICP, and have no significant 
signs of mass effect on CT scan. Such patients should be man¬ 
aged with intensive monitoring and serial imaging. Surgery 
should be readdressed if difficulties with control of intracra¬ 
nial hypertension lead to consideration of “second tier” thera¬ 
pies (e.g., hypothermia or barbiturate coma) so as to avoid the 
secondary complications of such therapy. In all nonoperatively 
treated patients with parenchymal mass lesions, surgery 
should be considered before reaching the medical “point of 
failure.” 

Surgical management may involve decompression to 
“make room” for the lesion-induced swelling, evacuation and 
debridement of the offending lesions, or a combination. 
Because evacuation of such lesions does not always eliminate 
the development of intracranial hypertension, extensive cran¬ 
iotomy with expansible duraplasty and without replacing the 
bone flap should be considered at the time of operation. 

Diffuse Injury. The mortality rate of diffuse brain injury is 
directly related to the significance of the associated intracra¬ 
nial hypertension. As such, the mortality rate of diffuse injury 
with open basilar cisterns is approximately 13%, whereas 
compression or absence of cisterns has an associated mortality 
rate of about 38%. Diffuse injuries are not amenable to surgi¬ 
cal therapy unless decompressive craniectomy is indicated for 
control of intractable intracranial hypertension. 

Diffuse axonal injury is a reasonably distinct subset of dif¬ 
fuse brain injury. It is characterized on CT scan as small areas 
of focal hemorrhage in the brainstem, thalamus or deep 
nuclear region, corpus callosum, and hemispheric white mat¬ 
ter, which may be associated with cerebral swelling. Intracra¬ 
nial hypertension is an inconsistent part of this syndrome. 
When ICP is elevated, however, successful management 
improves outcome. These patients tend to recover to varying 
extents; many of them will significantly improve in their level 
of consciousness but will generally be left with diffuse neuro¬ 
logic deficits (e.g., spasticity, cognitive impairments). Although 
a favorable prognosis seems to be correlated with fewer lesions 
on imaging studies and early improvement in level of con¬ 
sciousness, prognostication is difficult in individual cases of 
diffuse axonal injury. 

Posterior Fossa Lesions. Posterior fossa lesions are partic¬ 
ularly dangerous because the progression from a benign lesion 
to a critical lesion is so precipitous and deadly. Patients may 
rapidly deteriorate from awake and alert to comatose, with 
signs of herniation (“upward” [caused by uncompensated 
swelling in the posterior fossa] or “downward” [from hydro¬ 
cephalus]). Because of difficulties with the technology and 
uncertainty as to what pressures might be critical, monitoring 
of posterior fossa intracranial pressure is rarely performed. 
Vigilant clinical observation, tempered with a high degree of 
preemptive concern, therefore, represents the only form of 
monitoring currently applicable. 

The recommendations regarding the management of trau¬ 
matic posterior fossa lesions contained in the Guidelines for 
the Surgical Management of Traumatic Brain Injury 24 can be 
summarized as follows: rapid suboccipital craniectomy for 
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evacuation of acute traumatic posterior fossa mass lesions is 
recommended in patients with neurologic dysfunction or dete¬ 
rioration referable to the lesion or mass effect on CT scan. 
Mass effect on CT scan appears as distortion, dislocation, or 
obliteration of the fourth ventricle; compression or loss of 
visualization of the basal cisterns; or presence of obstructive 
hydrocephalus. 

In general, surgery is recommended for any clot larger than 
3 cm in diameter, whereas conservative management may be 
considered with clots smaller than 3 cm when not associated 
with acute subdural or epidural hematomas. Because of the 
potential for rapid, unheralded deterioration, evacuation 
should be performed as soon as possible in patients with indi¬ 
cations for surgical intervention. 

Depressed Skull Fractures. Skull fractures are a common 
result of head trauma and, when closed and not displaced, 
rarely require treatment per se. When displaced (generally 
defined as beyond the inner table of the skull), surgical inter¬ 
vention should be considered for the management of underly¬ 
ing intracranial pathology or cosmesis. The best available 
evidence does not support elevation for the prevention or 
treatment of epilepsy. As such, nonoperative management of 
closed (simple) depressed skull fractures is a routine treatment 
option. 

The recommendations regarding the management of trau¬ 
matic open (compound) depressed skull fractures contained in 
the Guidelines for the Surgical Management of Traumatic 
Brain Injury 24 can be summarized as follows: treatment of 
open, depressed fractures is focused primarily on avoidance of 
infection. Cosmesis is a secondary consideration. In general, 
patients with open (compound) skull fractures depressed 
greater than the level of the skull inner table should undergo 
operative intervention to prevent infection. Indications for 
nonoperative management are given in Table 19.2. 

When surgery is indicated, early operation is recommended 
to reduce the incidence of infection. Elevation and debride¬ 
ment is recommended as the surgical method of choice. Pri¬ 
mary bone fragment replacement is a surgical option in the 
absence of wound infection at the time of surgery. 

All management strategies for open (compound), depressed 
fractures should include antibiotics regardless of whether 
surgery is undertaken. The exact nature of the antibiotics 
used and the duration of treatment remain inadequately delin¬ 
eated in the existing literature. The general tendency is the use 
of broad-spectrum antibiotics (vs. gram-positive and gram¬ 
negative aerobic and anaerobic bacteria) for 1 to 2 weeks. 

Penetrating Injuries. Penetrating injuries to the brain pre¬ 
sent several unique management problems, including the pro¬ 
phylaxis and treatment of intracranial infection, the possibility 
of epilepsy, and the risk of occult vascular injuries. The rec¬ 
ommendations regarding the management of penetrating 


TABLE 19.2 INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR NONOPERATIVE MANAGEMENT OF 
COMPOUND DEPRESSED SKULL FRACTURES 

No clinical or radiographic evidence of: 

■ Gross wound contamination 

■ Significant intracranial hematoma 

■ Gross cosmetic deformity 

■ Frontal sinus involvement 

■ Dural penetration 

■ Depression >1 cm 

■ Wound infection 

■ Pneumocephalus 


brain trauma contained in the Guidelines for the Management 
of Penetrating Brain Injury 23 can be summarized as follows: 
Although plain radiographs may be useful in determining 
intracranial trajectory, CT scanning of the head is the modal¬ 
ity of choice in penetrating brain injury (PBI). In addition to 
the standard axial views with bone and soft tissue windows, 
coronal sections may be helpful in patients with skull base or 
high convexity involvement. 

Angiography or CT angiography should be considered in 
patients with PBI. It is strongly recommended in cases in which 
the wound’s trajectory passes through or near the Sylvian fis¬ 
sure, supraclinoid carotid, cavernous sinus, or a major venous 
sinus because of the increased risk of traumatic aneurysm or 
arteriovenous malformation. Sentinel signs of vascular abnor¬ 
malities are large initial hematomas or the delayed develop¬ 
ment of substantial and otherwise unexplained subarachnoid 
hemorrhage or hematoma. When discovered, such vascular 
lesions should be definitively managed. 

A major complication of penetrating injury is infection, 
both meningitis and abscess. Most infections occur within 3 
weeks (55%) to 6 weeks (90%). The major risk factors 
appear to be CSF leaks, air sinus wounds, or wound dehis¬ 
cence. The incidence of infection with the use of broad-spec¬ 
trum antibiotic treatment ranges from 1% to 11%. Although 
the main causative agent appears to be Staphylococcus , gram¬ 
negative bacteria are also frequent and Clostridium or other 
anaerobic organisms may be found with appropriate culture 
techniques. As such, antibiotic prophylaxis is indicated in all 
penetrating injuries. The choice of antibiotics and the proper 
duration for their administration have not been formally 
investigated. Broad-spectrum regimens, including anaerobic 
coverage, lasting for 7 to 14 days appear to be a reasonable 
approach. 

Seizures are much more frequent following PBI than non¬ 
penetrating injury in general. Between 30% and 50% of 
patients with PBI develop seizures; 4% to 10% of those have 
their first seizure within the first week after injury and 80% 
during the first 2 years. About 18% may not have their first 
seizure until 5 or more years after injury. The risk decreases 
markedly with time. When followed for 15 years after a PBI, 
nearly 50% of patients with epilepsy eventually stop having 
seizures. Of patients with PBI, 95% remain seizure-free if they 
have no seizures during the first 3 years after injury. 

Although there is a distinct lack of rigorous study, the 
increased incidence of early seizures has led to the recommen¬ 
dation that antiseizure medications (e.g., phenytoin, carba- 
mazepine, valproate, phenobarbital) should be used during the 
first week after PBI. Prophylactic treatment with anticonvul¬ 
sants beyond the first week after PBI has not been shown to 
prevent the development of new seizures and is not recom¬ 
mended. 

The surgical management of penetrating wounds to the 
brain has undergone significant evolution over the past two 
decades. In the more distant past (and until recently, in terms of 
U.S. military policy), it was routine to fully explore penetrating 
injury tracts to completely remove all foreign substances. 
Reoperation was common for this purpose. Based on class III 
evidence from military actions of other countries (most from 
the Middle East), however, it is now recognized that outcomes 
are not measurably worse in patients who do not undergo 
aggressive debridement. At present, surgical debridement of the 
missile tract in the brain is not recommended in the absence of 
significant mass effect. As well, routine surgical removal of 
fragments lodged distant from the entry site or reoperation 
solely to remove retained bone or missile fragments is not rec¬ 
ommended. 

Treatment of small bullet entrance wounds to the head in 
patients whose scalp is not devitalized and have no significant 
intracranial pathology should consist of local wound care and 
closure. In more extensive wounds with nonviable scalp, bone, 
or dura, surgical management with more extensive debridement 
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followed by primary closure or grafting to secure a watertight 
wound is recommended. Closure of the dura and prevention of 
CSF leakage are extremely important goals in managing pene¬ 
trating wounds. In patients with significant fragmentation of 
the skull, debridement of the cranial wound with either 
craniectomy or craniotomy is recommended. 

Mass lesions should be surgically managed to prevent 
intracranial hypertension. As such, debridement of necrotic 
brain tissue and safely accessible bone fragments is recom¬ 
mended when they produce significant mass effect. As well, 
evacuation of intracranial hematomas is recommended if 
they produce significant mass effect as defined by the pro¬ 
duction of midline shift of over 5 mm or intracranial hyper¬ 
tension. This is one of the reasons that monitoring of ICP in 
penetrating injuries is an important adjunct to surgical deci¬ 
sion making. 

Repair of an open-air sinus injury with watertight closure 
of the dura is recommended. 


Decompressive Craniectomy for Control 
of Intracranial Hypertension 

Craniectomies done in conjunction with hematoma evacua¬ 
tion (usually on admission) must be separated from craniec¬ 
tomies done only for brain edema treatment (ICP/CPP man¬ 
agement). The former consist of “leaving the bone out” and 
not closing the dura after surgery, which is done to evacuate 
extra-axial or intracranial mass lesions. Such surgery, per se, 
is not done simply to increase the size and compliance of the 
cranial compartment to allow for brain swelling. This proce¬ 
dure was discussed earlier in the section on subdural 
hematomas. 

Craniectomies done solely to treat brain swelling involve 
intentionally removing very large bone flaps, leaving them out, 
and performing duraplasties to prevent the dura from con¬ 
straining the bulging brain. The most common scenario is that 
of diffuse swelling wherein bilateral frontotemporoparietal 
flaps are removed. When edema is localized primarily to one 
hemisphere (producing intracranial hypertension with midline 
shift), unilateral craniectomy is usually performed. In both 
cases, the bone flaps are as large as possible and particular 
attention is paid to removing the temporal squame forming the 
lateral wall of the middle cranial fossa. 

Other surgical approaches to managing the swollen brain 
include subtemporal decompression and temporal lobectomy. 
In subtemporal decompression, the procedure is focused 
entirely on removing the lateral wall of the middle cranial 
fossa to decompress the temporal lobe. Temporal lobectomy 
involves removing a portion of the temporal lobe to “make 
room.” The right temporal lobe is generally chosen because of 
its less elegant nature. By definition, the operation involves 
removing undamaged or only partially damaged brain, which 
certainly decreases its attractiveness when alternatives exist. In 
addition, it is generally realized that the amount of room made 
by such operation is rapidly filled by swollen brain such that 
intracranial hypertension often soon returns. In the author’s 
practice, this operation has been completely replaced by 
decompressive craniectomy. 

The goal of decompressive craniectomy is to completely 
obviate further ICP treatment, whenever possible. To this end, 
extensive bone removal and duraplasty are recommended. 

Although it has not been rigorously studied in well- 
controlled prospective fashion, the present evidence base defi¬ 
nitely supports decompressive craniotomy within 48 hours of 
injury as a treatment option for patients with diffuse, med¬ 
ically refractory posttraumatic cerebral edema and resultant 
intracranial hypertension. One of the difficulties in determin¬ 
ing the proper timing for such a procedure is the issue of when 
intracranial hypertension becomes medically refractory. The 


point of failure of second-tier treatments is a clear but quite 
delayed threshold point. In general, decompressive craniec¬ 
tomy should be considered as an option to instituting such 
second-tier treatment. In the interest of performing decom¬ 
pression before damage occurs from ICP elevation or cerebral 
ischemia, many support its use prophylactically as soon as a 
high degree of suspicion arises that medical management will 
fail before ICP control is attained. Examples of such decision 
points are patients with diffuse parenchymal injury with clini¬ 
cal and radiographic evidence for impending transtentorial 
herniation (e.g., obscuration of the basal cisterns or midline 
shift >5 mm) where the initial ICP is very high or where early 
management requires rapid escalation in the intensity of 
treatment. 

Intracranial Pressure Monitoring. All patients with 
severe brain injuries and a significant percentage of those with 
moderate injuries require continuous ICP monitoring. The 
most recent revision of the Guidelines for the Management of 
Severe Brain Injury indicates that class II evidence supports 
monitoring of all patients with a postresuscitation GCS score 
equal to or less than 8 who have any CT evidence of intracra¬ 
nial pathology. 11 Class III level evidence supports monitoring 
in patients with severe TBI and a normal CT scan if they have 
two or three of the following: (a) age older than 40 years, (b) 
any history of hypotension, or (c) abnormal motor posturing. 
ICP monitoring in other patients is left to the discretion of the 
physician. ICP monitoring should be considered in any patient 
with a GCS score of 12 or less who cannot be closely moni¬ 
tored clinically or whose CT scan demonstrates evidence of 
intracranial hypertension (i.e., mass lesion, obscured or absent 
basal cisterns, or midline shift). 

Although many techniques are available, the most com¬ 
mon involve small fiberoptic or strain gauge catheter tip pres¬ 
sure sensors placed several millimeters into the brain or fluid- 
coupled catheters placed into the lateral ventricles. The 
minimally invasive catheters are reliable and have a very low 
complication rate, making them an ideal choice in instances 
where a minimum-risk ICP monitoring technique is desired 
(e.g., in a moderate head injury that needs general anesthetic). 
They are also useful when the ventricles are too small to can- 
nulate or there is an uncorrected coagulopathy. Ventricu¬ 
lostomy catheters have the added capability of allowing CSF 
drainage for ICP control. They are technically more difficult 
to place, however, and the complication rate is somewhat 
higher. In any case, safe and effective monitoring technology 
is available for any instance in which ICP monitoring is 
desired. 

Monitoring ICP not only provides early warning of hernia¬ 
tion but also, by allowing calculation of CPP, opens up the 
possibility of more precisely optimizing CBF and preventing 
ischemic secondary brain injury. Because all methods of low¬ 
ering ICP or raising CPP have potentially harmful side effects, 
using such agents to treat suspected intracranial hypertension 
without monitoring ICP is not recommended. 

Monitoring of Cerebral Ischemia. One of the major 
influences of ICP on outcome is its interference with cerebral 
perfusion. It is concern for this aspect that has prompted the 
widespread incorporation of CPP management into TBI treat¬ 
ment as a rough estimate of cerebral vascular resistance. Much 
research has been done on cerebral perfusion after TBI but, 
given the variability of the cerebral metabolic rate following 
TBI, due to both injury- and treatment-related factors, it is 
much more valuable to monitor for cerebral ischemia. As 
noted previously, there are currently several methods that are 
readily clinically available for ICU measurement of the ade¬ 
quacy of cerebral oxygen delivery. Placing a catheter into the 
jugular bulb via a retrograde venous route allows sampling of 
the saturation of oxygen in the blood leaving the brain. Jugular 





Chapter 19: Head Trauma 


351 


venous oxygen saturation values below 50% are associated 
with cerebral ischemia and worsened recovery, whereas satu¬ 
rations above approximately 85% suggest hyperemic flow. 
Unfortunately, this method averages a large volume of the 
brain and does not include blood from all of the supratentor¬ 
ial parenchyma so that it cannot completely rule out ischemia. 
Looking for increased cerebral lactate production has been 
offered as a method of detecting cerebral ischemia that might 
be masked by the mixing of blood from ischemic and nonis¬ 
chemic areas, but the sensitivity of this measurement appears 
limited. 

An alternative monitoring method is the insertion of an 
oxygen-sensing (Clark) electrode into the brain parenchyma to 
measure Pb0 2 . Pb0 2 values of less than 20 mm Hg are sugges¬ 
tive of ischemia. There is a growing body of evidence support¬ 
ing the utility of this method, although definitive studies 
remain to be done. This technique samples only a very small, 
focal volume of tissue, so its placement is a matter of some dis¬ 
cussion. At present, it is generally placed into normal brain, 
although some argue that trying to place it into the penumbra 
of an injury site would be preferable. 

Cerebral microdialysis constitutes a third method of moni¬ 
toring for evidence of cerebral ischemia by allowing the mea¬ 
surement of tissue lactate and pyruvate and calculating the lac¬ 
tate/pyruvate ratio. Like Pb0 2 monitoring, this newer 
technique also samples a very focal region. At present, 
although cerebral microdialysis is very sensitive and is being 
used with growing frequency, it is primarily considered as a 
research tool. 

Of note, these monitors are not mutually exclusive. They 
may be used to supplement each other or to verify findings 
from one technique that are suspect. Such a consideration 
becomes particularly important when significant prolongation 
or escalation of therapy is being considered based on an 
abnormal value from one monitoring system. 


MEDICAL MANAGEMENT 


General Measures 


Aggressive restoration of intravascular volume, maintenance 
of adequate cerebral perfusion pressure, and avoidance of 
hypoxia are conditiones sine quibus non of medical treatment 
for intracranial hypertension. Volume resuscitation should be 
vigorous and thorough, with a target of euvolemia. The 
poorly founded, dangerous, and outmoded practice of 
restricting fluid volume should be abandoned. Restrict free 
water by using isotonic fluids, which makes normal saline 
preferable to lactated Ringer solution. Optimally, continuous 
monitoring of central venous and arterial pressures should be 
instituted early. 

Control of pain and the response to noxious stimulation is 
necessary to avoid iatrogenic elevation of ICR It should not be 
assumed that the comatose patient has a blunted pain 
response. Analgesia should be combined with sedation, using 
short-acting agents whenever possible to facilitate repeated 
neurologic examination. It is preferable to use sedatives that 
concomitantly decrease cerebral metabolism to increase the 
margin for hypoperfusion tolerance. Propofol and dexmedeto- 
midine hydrochloride are good choices in adults for this rea¬ 
son. 

The Guidelines for the Management of Severe Brain Injury 
do not support the early administration of antiepileptic med¬ 
ication for the prophylaxis of late seizures. 11 With respect to 
the prevention of early seizures (e.g., occurring within 10 to 14 
days), prophylaxis does decrease their frequency but without 
proved benefit to outcome. As such, administration of 
antiepileptic agents for the first 2 weeks is at the discretion of 


the physician. One reasonable approach is to treat only in 
cases where seizures could compromise tenuous ICP control or 
when seizures are likely not to be detected (e.g., during neuro¬ 
muscular blockade). 

Fever will elevate ICP and is independently correlated with 
decreased recovery in severe TBI. 3 Local measures (e.g., cool¬ 
ing blankets, fans) should be used in conjunction with aceta¬ 
minophen to keep temperatures below 37.5°C to 38°C when 
ICP requires treatment. Scheduled indomethacin may prove 
effective in cases where acetaminophen is not. 

Venous drainage of the brain should be facilitated by avoid¬ 
ing constriction of the jugular system in the neck and elevating 
the head of the bed in euvolemic patients. In addition, atten¬ 
tion should be paid to intrathoracic pressures, particularly 
when considering the use of positive end-expiratory pressure 
(PEEP) or continuous positive airway pressure (CPAP). 
Increased intra-abdominal pressure can also embarrass jugular 
drainage and elevate ICP. 

Finally, meticulous general critical care is important, 
because the protracted ICU stay and the necessity for intuba¬ 
tion, mechanical ventilation, and other artificial support sys¬ 
tems significantly increase the risk of nosocomial and iatro¬ 
genic complications. 

Recent investigations in the trauma population in general 
have demonstrated an increased risk of complications, such 
as the acute respiratory distress syndrome and the systemic 
inflammatory response syndrome, in patients who undergo 
transfusion. This has led to a reticence to transfuse and a 
strong tendency toward accepting hematocrit levels in the 
low 20s. On the other hand, evidence indicates that the 
injured brain is exquisitely sensitive to secondary insults such 
as ischemia. Unfortunately, there is little evidence that the 
damage caused by such events can be treated or reversed so 
that the general neurosurgical recommendation is to main¬ 
tain an oxygen-carrying capacity that is higher than that 
afforded by such low hemoglobin levels, more commonly 
striving to values of approximately 30. As such, when the 
question of cerebral oxygenation arises in the setting of a 
hematocrit between approximately 21 and 30, monitoring 
the adequacy of cerebral oxygen delivery (e.g., by following 
jugular venous saturation or brain tissue oxygen tension) 
should be considered. In the absence of definitive studies, the 
choice of a general, empirical threshold for transfusion 
remains nebulous. 

Control of Established Intracranial Hypertension. All 

of the previously discussed “pre-ICP monitoring” steps may be 
used in direct response to intracranial hypertension, their 
application and intensity tapered to achieve ICP control. These 
interventions should be considered the basic steps in this 
respect and should be optimized prior to adding further 
treatments. 

Cerebrospinal fluid drainage, hyperventilation, mannitol, 
barbiturates, and so on are the mainstays of therapy to control 
documented intracranial hypertension. Each, however, has sig¬ 
nificant potential complications, which can obviate their bene¬ 
ficial effects. Therefore, they should not be employed unless 
intracranial hypertension is established by monitoring, and 
caution and vigilance must attend their usage. Although the 
treatment of intracranial hypertension is not the primary focus 
of this chapter, some brief comments will be useful. 

As noted, the treatment of intracranial hypertension should 
be initiated on a base of adequate sedation and analgesia, con¬ 
trol of fever, and optimization of systemic physiologic condi¬ 
tions that might exacerbate ICP elevation (e.g., intrathoracic 
pressure). Neuromuscular blockade may be added to sedation 
and analgesia if further ICP control is desired. It does not 
always work, so a trial is often considered. Blockade to the 
level of one to two twitches out of a train-of-four is a reason¬ 
able target in this population. 
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Monitor ICP 

Maintain 
CPP >60 mm Hg 

ICP <20 mm Hg? 


No 


May repeat mannitol 
if serum osmolarity 
<320 mOsm/L & 
patient is euvolemic 


Consider 
hypertonic saline 


Consider 
- hypertonic saline 

Ventricular drainage 
if available 

I 

ICP <20 mm Hg? 
No 

Hyperventilation to 
PaC0 2 30-35 mm Hg 


No 


ICP <20 mm Hg? 
No 

Mannitol 0.25 g/kg IV 


No 


Consider repeating CT scan 


ICP <20 mm Hg? 
1 No 


No 


Consider optimized 
hyperventilation if 
JvS0 2 indicates 
hyperemia 

Consider Consider high- 

decompressive _ dose barbituates 

craniectomy 


■ Consider hyperthermia 


Consider other 
second-tier therapies 

Second-tier therapy 


ALGORITHM 19.4 


r 


ALGORITHM 19.4. Treatment of established intracranial hypertension, based on the Guidelines for the Management of Severe Brain Injury. The 
order of steps is determined by the risk-benefit ratio for individual treatment maneuvers. This algorithm should be viewed as “expert opinion” 
and used as a framework, which may be useful in guiding an approach to elevated ICP. 


Treatment for intracranial hypertension in adults from the 
original edition of the Guidelines for the Management of 
Severe Brain Injury is outlined in Algorithm 19.4. When con¬ 
sulting this algorithm, remember that it represents a consensus 
opinion (class III evidence) and that, for this reason, a treat¬ 
ment algorithm was not included in the 2008 revision (being 
left to subsequent, currently ongoing construction by a con¬ 
sensus development team). When this algorithm was devel¬ 
oped, the role of hypertonic saline was not addressed. 

When available via ventriculostomy, CSF drainage should 
be the first method of managing intracranial hypertension. 
There is no consensus on what pattern of drainage is most 
efficacious. It must be noted that ICP measurement cannot be 
performed when the ventricular catheter is open to drain. For 
this reason, we generally drain against approximately 10 cm 
H 2 0 for 2-minute intervals, then reclamp the catheter and 
measure the ICP. Requiring such cycling more than five times 
in 1 hour constitutes a need for consideration of therapeutic 
escalation. 

As discussed, mannitol is useful for treating intracranial 
hypertension. There are no specific physiologic indications for 
the use of mannitol over other agents. Mannitol should be 
avoided under conditions of hypovolemia or increased serum 
osmolarity (i.e., >320 mOsm/L). When administered, manni¬ 
tol should be given as a bolus. It appears that lower doses (e.g., 
0.25 g/kg) may be equally as effective in lowering ICP as larger 
doses (e.g., 1 g/kg). 11 No adequate evidence exists to guide the 


choice between mannitol and hypertonic saline when osmolar 
treatment is being considered. 

Hypertonic saline is becoming an increasingly common 
tool in the management of traumatic brain injury. Its efficacy 
in reversing intracranial hypertension has been best demon¬ 
strated in children, where administration of 3% NaCl to 
osmolarity thresholds of up to 360 mOsm/L and serum 
sodium levels of up to 160 mEq/L are tolerated. Because of a 
lack of outcome-based studies, however, the independent abil¬ 
ity of such treatment to improve outcome remains unclear. 

There has been a strong tendency to extrapolate such use of 
hypertonic saline to the treatment of intracranial hypertension 
in adults where it has been less well studied. For continuous 
intravenous infusion, doses are generally in the 0.5- to 1.0- 
mEq/kg per hour range and concentrations of 3% to 5% are 
commonly used. For “bolus” injection in response to an 
episode of intracranial hypertension, concentrations ranging 
from 3% to 23% are being used with the caveat (noted earlier) 
that the rate of injection of the higher concentrations into cen¬ 
tral lines should be limited in view of transient adverse effects 
on myocardial conductivity. 

The tolerable limits for serum osmolarity and sodium levels 
have not been well defined in adults, but the levels used in chil¬ 
dren appear to be reasonably tolerated. A risk of rebound cere¬ 
bral edema appears to exist when levels are allowed to drop 
too quickly after the administration of 3% saline is stopped. 
Our present practice is to not consider the patient “out of the 
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woods” for such rebound until the serum sodium has returned 
to within normal limits. As such, we generally leave the ICP 
monitor in place and caution against major, nonemergent sur¬ 
gical cases. 

Hyperventilation is generally effective in lowering ICP. As 
noted, however, it works on the arterial side, via vasoconstric¬ 
tion-induced decreases in CBV, which allows the possibility of 
inducing ischemia by embarrassing CBF. At present, no clini¬ 
cally applicable method exists for measuring CBV, and it is 
unclear how often elevated CBV per se is a primary physio¬ 
logic abnormality in intracranial hypertension. Therefore, 
lowering CBV to treat intracranial hypertension includes risks 
that need be minimized. 

In keeping with the Guidelines for the Management of 
Severe Brain Injury, hyperventilation (PaC0 2 <35 mm Hg) 
should be avoided during the first 24 hours following TBI. 1 2 3 4 5 6 7 8 9 * 11 
Thereafter, if intracranial hypertension continues, hyperventi¬ 
lation to PaC0 2 values between 30 and 35 mm Hg may be 
considered. Whenever hyperventilation is used, and certainly 
when PaC0 2 values of less than 30 mm Hg are targeted, meth¬ 
ods of monitoring the effects on CBF or flow-perfusion match¬ 
ing should be considered, such as quantitative CBF measure¬ 
ment, jugular venous saturation monitoring, or following 
cerebral tissue oxygen saturation. 

Q When ICP control does not respond to these management 
steps, second-tier therapies should be considered. These 
include barbiturate therapy, hypothermia, decompressive 
craniectomy, and optimized hyperventilation (among other 
approaches). The details of the choice between second-tier 
agents are beyond the scope of this chapter. In general, the 
choice should be based on and directed using as much multi¬ 
modality monitoring as is available, because the risk-benefit 
ratio of most of these treatments is very narrow. 
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CHAPTER 20 MAXILLOFACIAL TRAUMA 


RICHARD A. HOPPER AND JOSEPH S. GRUSS 


KEY POINTS 


Q Maxillofacial trauma is directly related to social structure, 
geography, and economics. Facial injury patterns vary 
according to age, risk taking, and daily activities. 

Q Facial trauma is common (up to one third of all multi¬ 
system trauma patients), is frequently associated with life- 
threatening injuries, and should provide a warning of 
potential concomitant airway, central nervous system, and 
orthopedic injuries. 

Q Initial management of maxillofacial trauma follows 
Advanced Trauma Life Support (ATLS) principles and 


involves airway management, control of hemorrhage, and 
rapid identification of injuries with significant morbidity, 
ocular injury, cerebrospinal fluid leakage, neurologic dam¬ 
age, and malocclusion. 

Q Structured history and physical examination and com¬ 
puted tomography scan-guided diagnosis with reconstruc¬ 
tion of major facial buttress damage using open reduction 
and internal fixation in a timely fashion are critical to opti¬ 
mize final functional and esthetic outcome. 


Facial trauma often accompanies life-threatening injuries and 
is a warning of concomitant airway, central nervous system, 
visceral, and orthopedic injuries. 1 Although it is the associated 
life-threatening injuries that demand immediate attention, it is 
the severity of facial trauma that has a direct correlation with the 
ability of patients to return to preinjury work. 2 Because of the 
significant role that facial appearance serves in our ability to 
function daily, and the density of functional units within the 
craniofacial skeleton, injuries in this region can cause lifelong 
debility that precludes functioning in society. 

The current management of complex facial trauma aims to 
restore and maintain the normal anatomy of the craniofacial 
skeleton. Comprehensive clinical examination and computed 
tomography are used to establish the severity and extent of 
facial fractures and to identify injuries that require urgent 
treatment. Definitive operative treatment is performed as 
soon as the patient is stable in order to minimize the sec¬ 
ondary problems of massive edema, bony collapse, and soft 
tissue shrinkage. Craniofacial surgical techniques are employed 
to expose the facial skeleton through limited incisions, to 
achieve anatomic reduction of the fractures, to restore occlu¬ 
sion and orbital volume, and then to use rigid internal 
fixation for stabilization of the reconstructed skeletal frame¬ 
work for uncomplicated fracture healing. Since the long¬ 
term results of timely treatment far exceed those of delayed 
treatment, it is essential that the definitive care phase of a 
trauma victim include the early detection, evaluation, acute 
management, and appropriate referral of maxillofacial 
injuries. 


EPIDEMIOLOGY 


Maxillofacial trauma includes soft tissue injuries, dentoalveo- 
lar damage, facial bone fractures, and combinations of these. 

^The epidemiology of these injuries is directly related to social 
structure, geography, and economics, all of which influence 
the activities of a population. There is consequently significant 
regional and national variability in the etiology and incidence 
of maxillofacial trauma patterns. 1-3 Despite this epidemiologic 
variation, maxillofacial injuries are relatively common in all 
societies, and are present in up to one third of seriously injured 
patients with multisystem trauma. 4 


The incidence of facial trauma as a whole peaks in the first 
decade of life and slowly degrades over the remaining decades 
of life. 1-3,5 The incidence of facial bone fractures, on the other 
hand, peaks in the third decade of life. Counter to the trend of 
increasing incidence of facial bone fractures in the first three 
decades of life, the actual relative risk per accident of facial 
bone fractures increases with increasing age (4.4% per year of 
life) due to the associated decrease in bone density. 1 Most 
injuries in the first decade of life are isolated soft tissue lacera¬ 
tions and/or dentoalveolar trauma (tooth impaction, alveolar 
process fractures, crown fractures, etc.) as opposed to the 
facial bone fractures seen in the adult population. 

The etiology of facial trauma includes motor vehicle collisions 
(automobile, motorcycle, bicycle, and pedestrian), interpersonal 
violence, falls, industrial mishaps, sports-related injuries, and bal¬ 
listic injuries. In the United States and Japan, motor vehicle colli¬ 
sions and interpersonal violence continue to be the major causes 
of facial bone fractures, 2,5 whereas in European studies, sports 
and activities of daily life incidents are predominant. 1 There 
is also a relationship between mechanism of injury and age. Over 
all age groups, motor vehicle collisions are the predominant 
mechanism of injury for inpatient facial fractures. In infants and 
toddlers (age 0 to 4 years), falls are the second most common 
mechanism; in the early school years (age 5 to 14 years), pedes¬ 
trian and bicycle collisions are the second most common mecha¬ 
nism. After age 14, violence and assault become more common. 6 

Approximately 20% of all facial soft tissue, dentoalveolar, 
and facial fracture trauma patients have associated injury to 
additional organ systems. 1 Motor vehicle collision victims with 
facial injuries have a relatively high associated rate of neurologic 
(32%), orthopedic (31%), visceral (24%), and ophthalmologic 
(14%) injuries. Personal assault has a lower association with 
neurologic (11%) and ophthalmologic (4%) injuries. 3 When 
facial fractures are present in patients suffering an occupational 
injury, there is an average of four associated injuries for every 
facial fracture present, and 2.4 associated injuries for every facial 
fracture present in a patient suffering a motorcycle crash. 


INITIAL EVALUATION 

Q Although maxillofacial injuries can be visually distracting to 
the trauma team members, they must not cause deviation from 
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the established Advanced Trauma Life Support (ATLS) proto¬ 
cols. Rarely is facial trauma itself directly life threatening; 
however, as mentioned earlier, it should be viewed as a strong 
indicator of a significant mechanism of injury with associated 
injuries. Within the ATLS algorithms, there are considerations 
specific to maxillofacial injuries. 


Airway Management 

Airway compromise in maxillofacial injuries can result from 
direct laryngeal injury, foreign bodies (including aspirated teeth 
and bone fragments), or active bleeding from an upper airway 
source. Treatment of the compromised airway is complicated 
by the likelihood that 10% of facial trauma patients have cer¬ 
vical spine injuries. 7 As initial treatment, any blood clots 
should be suctioned from the oropharynx, and a finger sweep 
used to remove foreign material from the oral airway. Com¬ 
minuted fractures of the mandible can lead to loss of support of 
the hyomandibular complex and consequent ptosis and 
retroposition of the tongue. Manual anterior traction on the 
mandible symphysis will often temporarily resolve this obstruc¬ 
tion until definitive control of the airway can be achieved. 

For definitive control of the airway, an artificial oral or nasal 
airway is often possible, but the use of blind nasal intubation 
should be carried out with caution. Nasal intubations can exac¬ 
erbate bleeding from the nasal and nasopharyngeal regions, and 
the tube may be inadvertently placed into the cranial fossa in the 
obtunded patient with a comminuted skull base fracture. In the 
case of severe maxillofacial injuries such as a gunshot wound to 
the face, intubation is often easier than expected, since the miss¬ 
ing or pathologically mobile jaws allow an unprecedented view 
of the glottis. As with all facial trauma patients, those with sig¬ 
nificant maxillofacial injury should have a secured airway early 
in the trauma assessment. The secondary swelling that occurs 
over the first few hours following the trauma can impede, or in 
some cases prevent, oral intubation. 

Emergent tracheotomy is rarely indicated except in the 
unusual circumstance of laryngeal fracture or the inability to 
intubate orally due to massive bleeding or swelling. Semielec¬ 
tive tracheostomy in the operating room is reserved for those 
cases with expected prolonged intubation due to massive soft 
tissue and bony injuries or impaired consciousness. 


Massive Hemorrhage 

The elaborate vascularity of the head and neck can result in 
rapid significant blood loss. Fortunately, the location of the 
injuries allows sufficient access for direct pressure to control 
the hemorrhage. Efforts should be made when possible to 
expose and visualize the source of bleeding prior to suture lig¬ 
ature or cautery in order to avoid collateral damage to adja¬ 
cent structures, primarily neural structures. 

Nasopharyngeal bleeding is common in maxillofacial injuries. 
The blood supply to the nose arises from both the internal and 
external carotid systems. The external carotid artery supplies the 
internal maxillary artery, whose sphenopalatine branch supplies 
the posterior nasal septum and lateral nasal walls, and the facial 
artery, whose superior labial branch supplies the anterior inferior 
nasal cavity. The internal carotid artery gives off the ophthalmic 
artery, which in turn supplies the anterior and posterior eth¬ 
moidal arteries that perfuse the superior and anterior nasal sep¬ 
tum. The most common site of epistaxis is at the Kiesselbach 
plexus at the confluence of the anterior ethmoidal and superior 
labial arteries. Anterior bleeding is best controlled by formal ante¬ 
rior nasal packing of half-inch gauze coated with antibiotic oint¬ 
ment. The tail of the gauze is left exposed, and with the aid of a 
nasal speculum, good lighting, and bayonet forceps, the gauze is 
carefully layered and packed back and forth along the nasal floor 
until the roof is reached. The direction of packing is directly pos¬ 
terior, then inferior. Prefabricated nasal packing is also available. 


Posterior nasal bleeding, such as from the sphenopalatine 
artery, requires posterior packing. A 16- or 18-French Foley 
catheter is inserted into the nasopharynx through the nostril. 
The balloon is then inflated and pulled anteriorly against the 
vomer and posterior soft palate. The catheter is secured in this 
position with a clamp at the nostril. A rolled gauze is used to pro¬ 
tect the columella from pressure necrosis. Posterior packing will 
stop the posterior bleeding from draining into the airway, but 
will divert the flow of blood anteriorly out the nose. The poste¬ 
rior packing must therefore be augmented with anterior packing. 

Surgical ligation of the external carotid artery will not con¬ 
trol bleeding from its injured branches due to the robust collat¬ 
eralization present. Selective ligation, such as of the ethmoidal 
vessels through a radix incision or of the internal maxillary 
artery through a Caldwell-Luc incision, is possible but rarely 
feasible in the emergency department. If the patient is stable 
enough to undergo a general anesthetic, the most effective way 
to address bleeding that is not controlled by packing is through 
reduction and rigid fixation of the fractures. 

Recalcitrant bleeding is treated by angiographic emboliza¬ 
tion. The source vessels are identified angiographically and 
then occluded with embolization material such as Gelfoam. At 
Harborview Regional Medical Center in Seattle, from 1985 to 
2000, of the 62,366 trauma cases, 7,147 had craniofacial 
trauma. During this same period, of the 3,529 cases of radi¬ 
ographic embolization, only 4 were performed on patients 
with craniofacial trauma. This emphasizes that although radi¬ 
ographic embolization is a component of the treatment algo¬ 
rithm of maxillofacial bleeding, the vast majority of cases can 
be treated with other means. 8 


Ocular Injury 

Direct injury to the eyeball should be suspected in all patients 
with orbital fractures or lacerations to the periorbital region. 
One prospective study reported a 29% incidence of ocular 
injury in 49 patients with orbital fractures. 9 Pain, decreased 
vision, and the appearance of spots before the eyes are all 
highly suggestive of globe damage. During the neurologic 
phase of trauma assessment, a brief clinical ophthalmologic 
examination should be performed. This would include visual 
acuity, pupillary response to light and accommodation, 
extraocular range of motion, globe position, and turgor. If 
there are any abnormal findings on the examination, an imme¬ 
diate ophthalmologic consult should be obtained for examina¬ 
tion of the retina and ocular pressures. Injuries that may 
require immediate ophthalmologic treatment or result in per¬ 
manent sequelae include corneoscleral lacerations, lens disloca¬ 
tion, major hyphema, acute glaucoma, and retinal detachment. 

Blindness at the time of presentation is fortunately rare, but 
is an extremely poor prognostic factor for future sight. Patients 
with light perception at the time of presentation but who then 
demonstrate progressive loss of vision during the trauma 
assessment must be treated aggressively. The most common 
etiology of this presentation is traumatic optic neuropathy 
secondary to optic nerve compression from a retrobulbar 
hematoma, a bone fragment, or edema. The management of pro¬ 
gressive vision loss remains controversial, for it is unclear which 
patients benefit from emergent optic nerve decompression. If the 
eyeball is tense, then immediate lateral canthotomy is indicated 
to release the confining force of the lids. If there is a clear source 
of compression visualized on computed tomography (CT), 
immediate operative decompression is indicated. 10 All other 
patients are treated with high-dose steroids. 11 


Cerebrospinal Fluid Rhinorrhea 

Cerebrospinal fluid (CSF) leaks should be actively searched for 
in patients with craniofacial or high maxillary fractures. Clear 
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or serosanguineous nasal discharge, anosmia, or a salty taste in 
the mouth is highly suggestive. A CSF leak into the nasal cavity 
implies a defect in the pia-arachnoid and an abnormal commu¬ 
nication between the subarachnoid space and the external envi¬ 
ronment. The thin bone in the anterior skull base and the close 
adherence of the dura to the anterior fossa and cribriform plate 
predispose to penetration of fracture fragments into the sub¬ 
arachnoid space. Common associated fracture patterns that are 
detailed later in the chapter include LeFort II and III midface 
fractures, naso-orbital ethmoid (NOE) patterns, orbital roof 
fractures, and displaced fractures of the posterior table of the 
frontal sinus. CSF is differentiated from serum on laboratory 
examination by its low protein concentration and from normal 
nasal secretions by the presence of glucose but no mucin. 

Most CSF fistulas close spontaneously. Morgan et al. 12 
reported a 35% incidence of CSF rhinorrhea in 300 patients 
with severe facial fractures, of which 66% resolved sponta¬ 
neously by the fifth postinjury day, and 87% by the 10th day. 
Fistulas that do not close spontaneously can be visualized on a 
metrizamide contrast CT scan, followed by surgical explo¬ 
ration and obliteration of the fistula using a dural patch. 


Occlusion 


Occlusion is the contact of the posterior masticating (chewing) 
and anterior incising (cutting) surfaces of the maxillary and 
mandibular teeth. Malocclusion is an indicator of orthog¬ 
nathic fracture and/or dental injury. The maxillary teeth 
should overlap the mandible teeth in normal occlusion in three 
ways: (a) overjet describes the horizontal projection of 
the upper front teeth in front of the lower teeth, (b) overbite 
describes the vertical overlap of the upper front teeth over the 
lower teeth, and (c) the posterior maxillary arch should 
be wider than the mandible arch on both sides by the space of 
one cusp. Typical malocclusion patterns seen following frac¬ 
tures include an anterior open bite (gap between the upper and 
lower front teeth), that indicates the fractured maxilla is 
impacted upward or that both condyles of the mandible have 
collapsed; a posterior open bite (gap between the upper and 
lower back teeth) often associated with a unilateral condylar 
fracture; or a posterior cross-bite (back teeth lateral or medial 
to the normal arch form) that indicates either a mandible frac¬ 
ture or a comminuted fracture of the maxilla and palate. These 
malocclusion patterns indicate that surgical intervention is 
indicated. 

Missing or fractured teeth should be documented. If a tooth 
is missing, the oral cavity and airway should be carefully 
checked for the foreign body. Securing the tooth to an adjacent 
one with a wire can often salvage a loose or dislocated tooth. 
If a tooth is fractured with unstable fragments, the fragments 
should be removed to prevent entrance into the airway. 


Neurologic Injury 

Injury to the muscles of facial expression or the seventh cranial 
nerve can be particularly debilitating, due to their importance 
in interpersonal interactions. The most common cause of 
facial nerve injury is fracture of the temporal bone in the 
intraosseous canal. 13 Penetrating injury to the facial branches 
of the seventh nerve requires exploration and repair, whereas 
nonpenetrating injury is observed for recovery over a period of 
3 to 6 months. Injury to the middle branches of the nerve distal 
to the parotid (zygomatic and buccal) can be masked by cross¬ 
innervation with other branches. The marginal mandibular 
(lower lip depressors) and temporal (brow elevation) branches 
have the least degree of cross-innervation, and therefore more 
commonly result in functional problems. 


COMPUTED TOMOGRAPHY 
DIAGNOSIS OF MAXILLOFACIAL 
FRACTURES: THE FACIAL 
BUTTRESSES 


The functional units of the face are held together and stabi¬ 
lized by several vertical and horizontal skeletal buttresses 
(Fig. 20.1). These buttresses represent regions of relatively 
dense bone that serve to support the functional units of the 
face in an optimal relation and define the form of the face by 
projecting the overlying soft tissue envelope. 14 Additionally, 
the facial buttresses stabilize the face to the cranial base and 
determine the proper relationship between these two impor- 
Q tant structural units. Conceptualizing and describing maxillo¬ 
facial fractures according to the involved buttresses is useful 
because they are directly related to the definitive surgical treat¬ 
ment. Each buttress can be visualized on the craniofacial CT 
scan. There are four transverse and four paired vertical but¬ 
tresses. Due to the reliance of facial form and function on these 
buttresses, as well as the mechanical force exerted on them, the 
craniofacial trauma surgeon typically treats any significant 
buttress displacement using anatomic reduction and rigid 
internal fixation. 

As structural units that support the face, the buttresses 
must either directly or indirectly interface with the skull base 
or cranium as a stable reference. From superior to inferior, the 
transverse facial buttresses are as follows: 

1. Upper transverse maxillary buttress runs from the temporal 
bone across the zygomatic arch and inferior orbital rim, 
superiorly to the frontal bone via the frontal process of the 
maxilla, and then across to the contralateral temporal bone 
via a similar path. This buttress crosses the zygomaticotem¬ 
poral, the zygomaticomaxillary, and the nasofrontal sutures, 


FIGURE 20.1. Illustration of adult skull demonstrat¬ 
ing the four paired vertical and four transverse but¬ 
tresses, all existing in areas of relative increased bone 
thickness. 
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which are commonly involved in fracture patterns. The 
sagittal extensions of this buttress are the orbital floors. 

2. Lower transverse maxillary buttress. From the pterygoid 
projection of the skull base, it extends along the bone of the 
maxillary alveolar arch to the contralateral pterygoids. The 
sagittal extension of this buttress is the hard palate. 

3. Upper transverse mandibular buttress is at the level of the 
mandible’s alveolar arch. 

4. Lower transverse mandibular buttress is at the inferior bor¬ 
der of the mandible. 

The paired vertical buttresses from lateral to medial are as 
follows: 

1. Posterior vertical mandibular buttress. Composed of the 
ascending ramus and condyle of the mandible, this buttress 
links the transverse mandibular buttresses with the skull base. 

2. Lateral maxillary buttress is composed of the column of 
bone from the alveolar bone of the posterior maxillary 
molars across the zygomaticomaxillary suture and body of 
the zygoma, extending superiorly to the lateral orbital rim 
and across the zygomaticofrontal suture. The sagittal pro¬ 
jection of this buttress includes the lateral orbital wall as it 
joins the sphenoid bone of the skull base. 

3. Medial maxillary buttress is composed of the column of 
bone from the alveolar bone of the anterior maxillary den¬ 
tition, extending superiorly along the rim of the piriform 
aperture and frontal process of the maxilla, then across the 
nasofrontal junction to frontal bone. The sagittal projec¬ 
tion of this buttress includes the medial orbital wall. 

4. Posterior maxillary buttress is composed of the column of 
bone at the pterygomaxillary junction where the pterygoid 
plates of the sphenoid join the posterior maxilla. These last 
three vertical buttresses support the transverse buttress of 
the maxillary occlusion. 

Although other anatomic buttresses of the face can be con¬ 
ceptualized, the ones listed here meet the following critical crite¬ 
ria: (a) they are all linked either directly or through another but¬ 
tress to the cranium or cranial base as a stable reference point, 
(b) they have sufficient bone thickness to accommodate metal 
screw fixation, and (c) with the exception of the posterior max¬ 
illary buttress, they are surgically accessible through standard 
limited surgical incisions. Accurate reduction and fixation of 
these facial buttresses restores projection, width, and height of 
the facial skeleton relative to the cranial base and, more impor¬ 
tant, establishes a functional support for the teeth and globes. 


PATTERNS OF INJURY 

Naso-orbito-ethmoid Fractures 


NOE fractures involve the central upper midface between the 
eyes, disrupting the confluence of the medial maxillary buttress 
with the upper transverse maxillary buttress. Fractures of the 
NOE complex can be one of the most difficult fracture pat¬ 
terns to accurately repair. Failure to restore the sagittal projec¬ 
tion of this region and correct the rotation of the frontal 
process of the maxilla (superior portion of the medial maxil¬ 
lary buttress) will result in a lack of upper nasal projection and 
telecanthus (increased distance between the inner corner of the 
eyes), both of which are difficult to correct as a secondary 
operation. The eyelids insert around the lacrimal fossa 
through the medial canthal tendon. If the tendon insertion is 
not returned to its correct position, the patient loses the nor¬ 
mal shadow definition on either side of the nose, the medial 
corner of the palpebral fissure drifts laterally, and the eyes 
appear too far apart. If the distance between the medial canthi 
is greater than 30 mm, a NOE pattern should be suspected. 

By definition, NOE fractures include damage to the eth¬ 
moid sinus and walls. If there is bilateral comminution and 


displacement in this region, the nasofrontal ducts that drain 
the frontal sinus are also likely disrupted. In this situation, the 
surgeon obliterates the frontal sinus by removing all of the 
sinus mucosa and filling the sinus with bone, fat, or some other 
tissue. Failure to diagnose disruption of the nasofrontal ducts 
and obliterate the sinus increases the risk of developing a 
frontal sinus mucocele postoperatively. 


Zygoma and Orbital Fractures 

Following nasal fractures, zygomatic fractures are the most 
common injury resulting from blunt trauma. The zygoma has 
two attachments to the cranium and two to the maxilla and 
forms a large portion of the orbital floor and lateral wall. These 
paired “cornerstone” bones are therefore surgically important 
in establishing orbital volume and in serving as a reference for 
maxilla reduction in LeFort-type maxillary fractures. The two 
major buttresses of the zygoma are the upper transverse max¬ 
illary (across the zygomaticotemporal and zygomaticomaxil¬ 
lary sutures) and the lateral vertical maxillary (across the zygo¬ 
maticomaxillary and frontozygomatic sutures). Fractures 
typically occur across these three buttress-related sutures, lead¬ 
ing to the term tripod fracture. This term fails to recognize the 
posterior relationship of the zygoma with the sphenoid bone of 
the skull base. A displaced orbitozygomatic fracture is really a 
quadripod fracture. If the two buttresses of the zygoma are 
reduced and fixated, it is still possible to have a rotational 
deformity of the zygoma about the zygomaticosphenoid 
suture. The surgeon pays particular attention to the alignment 
of the zygoma and sphenoid at the lateral orbital wall, since 
angulation here after fixation of the remaining buttresses 
reflects a residual rotational deformity and an associated 
increased orbital volume. 

If the zygomatic arch component of the transverse buttress 
is comminuted and is needed as a reference to establish facial 
projection following a panfacial injury, the only way to access 
this region is via the coronal scalp degloving approach, which 
carries with it an associated increased blood loss, operating 
time, and risk for potential complications. 

Orbital floor fractures can occur in isolation but are also 
commonly associated with zygoma fractures through posterior 
propagation of the fracture from the upper transverse maxillary 
buttress at the inferior orbital rim. The size and displacement of 
the orbital floor fragment must be known preoperatively to 
decide what treatment, if any, is required. The width of the 
defect of the floor can be estimated from the coronal reformat 
images, and the depth by counting the number of coronal cuts 
containing the fracture. Multiplying these two gives an estimate 
of the area of the defect. Attention to the shape and position of 
the inferior rectus muscle on the coronal CT scan can provide 
information regarding the damage to the fascial sling of the 
globe. If the rectus remains flattened on cross section and in the 
correct position, the surgeon will likely encounter minimal 
entrapped periorbital tissue. If, however, the inferior rectus is 
round and inferiorly displaced, the fascial sling is disrupted and 
the periorbita and muscle have prolapsed into the orbital floor 
defect (Fig. 20.2A). Entrapment of the inferior rectus in children 
can be easily missed because the flexible bone can spring back in 
place like a trapdoor, looking normal on CT scan except for the 
entrapped muscle beneath it (Fig. 20.2B). This trapdoor fracture 
requires urgent treatment within 24 to 72 hours to minimize the 
chance of motility problems. 15 


Maxillary Fractures 

With the exception of alveolar and palate fractures, maxillary 
fractures are commonly described according to the classifica¬ 
tion described by Rene LeFort in 1901 16 (Fig. 20.3). LeFort 
fractures involve a separation of all or a portion of the maxilla 
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FIGURE 20.2. Computed tomography coronal plane noncontrast 
images demonstrating two patterns of orbital floor blowout fractures. 
A: A left orbital floor fracture with evidence of entrapment of the infe¬ 
rior rectus muscle. The inferior rectus {arrow) is displaced inferiorly 
into the maxillary sinus. Note how the muscle cross section has 
changed from ovoid to circular. The fascial support has been disrupted 
and the muscle is entrapped. B: A pediatric trapdoor left orbital floor 
blowout fracture. The orbital floor was disrupted by the impact, but 
then sprung back in place, trapping the inferior rectus muscle {arrow) 
within the maxillary sinus. Since the bone has returned to its anatomic 
location, this diagnosis can easily be missed unless attention is paid to 
the location of the extraocular muscles. Trapdoor fractures require 
emergent treatment to optimize the chance of recovery. 


from the skull base. For this to occur, the posterior vertical 
maxillary buttress at the junction of the posterior maxillary 
sinus with the pterygoid plates of the sphenoid must be dis¬ 
rupted. This can either be through the posterior walls of the 
sinus or through the plates themselves as seen on axial CT 
images. Once a pterygomaxillary disjunction has been diag¬ 
nosed, the remaining facial buttresses are inspected to deter¬ 
mine the class of LeFort fracture. If the inferior portions of 
both the lateral and medial maxillary buttresses are fractured, 
a LeFort I fracture has occurred, and the maxillary arch 
(lower transverse maxillary buttress) will move in relation to 
the rest of the face and skull. If the inferior lateral maxillary 
buttress (zygomaticomaxillary suture) and the superior 
medial maxillary buttresses (frontomaxillary sutures) are 
fractured, then the entire maxilla will move in relation to the 
skull base as a LeFort II fragment. If the upper transverse 
(zygomatic arch), superior lateral (frontozygomatic), and 
superior medial (maxillofrontal) maxillary buttresses are frac¬ 
tured, then craniofacial separation has occurred as a LeFort 
III pattern, with the entire face moving in relation to the skull 
base. 

For all LeFort fractures, the maxillary dental arch is 
mobile; therefore, the patient must be placed in maxillo¬ 
mandibular fixation prior to plating of the fractures. All but¬ 
tresses can be plated with the exception of the buttress com¬ 
mon to all LeFort patterns—the pterygomaxillary posterior 
vertical buttress. Similar to zygomatic fractures, if there is 
severe comminution of a buttress, bone grafting may be 
required. 



FIGURE 20.3. Computed tomography coronal plane noncontrast 
image demonstrating bilateral LeFort I, II, and III fractures in the same 
patient. The LeFort I pattern has fractures through the inferior portions 
of the medial and lateral maxillary buttresses, the LeFort II pattern is 
through the zygomaticomaxillary and frontomaxillary sutures, and the 
LeFort III pattern is complete craniofacial dissociation. To confirm the 
diagnosis, pterygomaxillary disjunction and fractures of the zygomatic 
arches would need to be observed on axial plane images. 


Mandible Fractures 


Unlike the rest of the facial buttresses, isolated mandible frac¬ 
tures are typically diagnosed with plain radiograph series. In a 
trauma patient with multiple injuries, however, the diagnosis is 
often made on CT scan imaging as a disruption of the mandible 
arch. Fractures can occur at any point on the mandible includ¬ 
ing, in decreasing order of frequency, the body, angle, condy¬ 
lar neck, symphysis and parasymphysis, ramus, and alveolar 
ridge. The condyles are best visualized on coronal images. 
Many condylar fractures are not directly fixated because of the 
difficulty accessing this region surgically as a result of the 
proximity of the facial nerve, as well as the risk of iatrogenic 
temporomandibular joint (TMJ) dysfunction. If there are 
bilateral condylar neck fractures associated with a severely 
comminuted LeFort fracture, one condyle is typically exposed, 
reduced, and plated in order to reestablish a stable vertical 
buttress for reestablishing facial height. Intracapsular condylar 
injuries have a high risk of ankylosis and are treated conserva¬ 
tively with early range of motion if occlusion can be estab¬ 
lished. 


TIMING OF DEFINITIVE REPAIR 


There are two windows for optimum treatment of maxillofa¬ 
cial injuries. The first is in the first 6 to 12 hours following 
injury, before the onset of edema. With the exception of emer¬ 
gencies such as optic nerve compression, uncontrollable facial 
bleeding, or pediatric trapdoor orbital fractures, this phase is 
not feasible in a multisystem trauma victim due to the priority 
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of other injuries. The most common timing for maxillofacial 
injuries is after the initial postinjury edema has subsided and 
the patient is cleared for the operating room. This is typically 
3 to 7 days postinjury. Although facial fractures can be 
reduced up to 3 weeks postinjury, the soft tissue fibrosis and 
the early fracture callus make the procedure progressively 
more difficult starting 10 days after the injury. Mandible frac¬ 
tures have been traditionally treated as open fractures, with 
definitive treatment within 24 hours. 


SUMMARY 


Maxillofacial injuries in a trauma victim should be considered 
an indicator of associated severe injuries. The initial evalua¬ 
tion within the ATLS protocol includes special considerations 
of airway management, ocular assessment, control of bleed¬ 
ing, identification of CSF leaks, and neurologic injury. The 
definitive treatment of maxillofacial injuries, following a 
structured history and physical examination, includes identi¬ 
fication of damage to the facial buttresses on CT imaging. 
Displaced buttress fractures require open reduction and inter¬ 
nal fixation in a timely fashion to minimize secondary soft tis¬ 
sue contracture and optimize the final functional and esthetic 
outcome. 
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CHAPTER 21 ■ NECK INJURIES 

SAMAN ARBABI 


KEY POINTS 


Q The numerous vital structures in the neck are concentrated 
in a small anatomic area at risk of injury, unprotected by 
bone or dense muscular covering. 

Q Anatomically, in addition to large bilateral anterior and pos¬ 
terior triangles, the anterior neck is divided into three zones: 
zone I, extending from the sternal notch to the cricoid carti¬ 
lage; zone II, from the cricoid cartilage to the angle of the 
mandible; and zone III, from the angle of the mandible to 
the base of the skull. 


Q Mechanism and anatomic location of trauma are frequently 
predictive of pattern and number of vital structures injured. 

Q Mandatory versus selective exploration of a penetrating 
neck injury is determined by anatomic and physical findings 
in addition to local resources and physician capabilities. 

Q Patterns of fractures of the face, skull, and neck, along with 
significant soft tissue trauma and subcutaneous emphysema, 
predict the likelihood of airway or vascular injury, with 
computed tomography angiography being the most appro¬ 
priate screening diagnostic test. 


Q The numerous vital structures of the neck are concentrated in 
a small anatomic area, generally unprotected by bone or dense 
muscular covering. Yet, because of its relatively small size, only 
5% to 10% of traumatic injuries involve the neck. Although 
neck injuries occur infrequently, they often require prompt sur¬ 
gical management. Disruption of the airway or carotid circula¬ 
tion is an immediate, life-threatening problem, and esophageal 
or peripheral nerve injury can cause chronic morbidity. Pene¬ 
trating injuries are most common and most severe, with fatal¬ 
ity rates ranging from 1% to 2% for stab wounds, from 5% to 
12% for gunshot wounds, and up to 50% for rifle or shotgun 
blasts. 1-3 Up to 50% of these deaths are preventable with 


appropriate early care. Significant blunt neck trauma is less 
common but can be particularly difficult to manage because it 
often involves the airway. Carotid or vertebral artery injury 
can also occur as a consequence of acute cervical spine hyper¬ 
extension, even in the absence of bony injury. The initial diag¬ 
nosis of these injuries can be difficult, yet the consequences of 
missing an injury are severe. 

As a general guideline, all patients with penetrating neck 
wounds that traverse the platysma muscle should be admitted 
to the hospital for evaluation, observation, and treatment. 
Likewise, all patients with blunt traumatic injuries of the neck 
should be admitted. This section of the text focuses on the 


TRAUMA 









360 


Part Two: Surgical Practice 


FIGURE 21.1. Anatomic triangles of the neck. The 
posterior triangle is composed of the smaller occip¬ 
ital and omoclavicular triangles. The anterior trian¬ 
gle has as smaller divisions the carotid, muscular, 
submandibular, and suprahyoid triangles. 



Anterior triangle 

Digastric muscle 
Submandibular triangle 
Suprahyoid triangle 
Carotid triangle 
Omohyoid muscle 
Muscular triangle 


available and preferred diagnostic and treatment options for 
patients with blunt or penetrating neck trauma. 


ANATOMY 


The neck is classically divided into a number of anatomic tri- 
Q angles (Fig. 21.1). The two large anterior and posterior trian¬ 
gles are particularly important in neck trauma. Wounds to the 


posterior triangle rarely involve the esophagus, airway, or 
major vascular structures, although if the blow is directed infe- 
riorly, intrathoracic injury can occur. In contrast, penetrating 
wounds that enter through either the sternocleidomastoid 
muscle or the anterior triangle carry a high likelihood of vas¬ 
cular, airway, or esophageal injury (Fig. 21.2). 

The anterior neck is further divided into three zones defined 
by horizontal planes. Zone I represents the base of the neck 
and is variably defined. In the Roon and Christensen classifi- 
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FIGURE 21.2. Proximity of cranial nerves to the carotid arteries of the neck. Trauma resulting in cranial nerve deficits in this 
region is often associated with vascular injury. 
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Zone I 

Zone I 

Zone I 


FIGURE 21.3. Zones of the neck. The junction of zones I and II is 
variously described as being at the cricoid cartilage or at the top of the 
clavicles. The important implication of a zone I injury is the greater 
potential for intrathoracic great vessel injury. 


cation, 4 zone I is defined as extending from the sternal notch to 
the lower border of the cricoid cartilage (Fig. 21.3). Injuries 
here carry the highest mortality rate because of the risk of 
major vascular and intrathoracic injury. Zone II is the central 
and largest portion of the neck. It extends from the top of zone 
I to the angle of the mandible. Zone II injuries are most com¬ 
mon but carry a lower mortality rate than either zone I or III 
injuries, because injury is usually apparent and exposure of 
vital structures is readily accomplished. Zone III is that part of 
the neck above the angle of the mandible. The risk of injury to 
the distal carotid artery, salivary glands, and pharynx is great¬ 
est in this zone. Exposure in this region can be particularly 
difficult. 

The other major anatomic landmark in the neck is the 
platysma muscle. This thin, broad muscle lies just beneath the 
skin and covers the entire anterior triangle and anteroinferior 
aspect of the posterior triangle. Wounds that fail to penetrate 
the platysma are considered superficial and do not warrant 
extensive evaluation. Wounds that penetrate the platysma 
must be considered a serious surgical problem that mandates 
hospital admission and further evaluation. 


INITIAL MANAGEMENT 

The same priorities for initial care of the multiply injured 
patient apply to the management of isolated neck trauma. Air¬ 
way control remains the primary tenet of initial trauma care, 
and it takes precedence over all other aspects of the evaluation 
and resuscitation. If injury involves the airway itself or sur¬ 
rounding structures, this management task takes on special 
significance. Rapid inspection for air movement, crepitus, 
hoarseness, and subcutaneous emphysema is the first step. 
Supplemental oxygen should always be administered, and ade¬ 
quate lighting and suction are essential. If spontaneous venti¬ 
lation appears adequate, close observation and pulse oximetry 
monitoring are suggested, because acute decompensation can 
occur with little warning. If spontaneous respirations are inad¬ 
equate, if blood or other material obstructs the airway, or if 
progressive cervical swelling from hemorrhage threatens to 
occlude the airway, emergency intubation is necessary. Pro¬ 
crastination converts a simple intubation into a difficult and 
bloody emergency tracheostomy. Direct visualization of the 
vocal cords and oral endotracheal intubation are usually pre¬ 


ferred. If cervical spine injury has not been excluded, hyperex¬ 
tension of the neck must be avoided. Two-man intubation 
with in-line cervical traction is the preferred alternative to 
nasotracheal intubation. 

A massive pharyngeal or neck hematoma can totally 
occlude the airway, making direct intubation impossible. 
Attempts at blind nasotracheal intubation can further aggra¬ 
vate mucosal or laryngeal injury, and an emergency surgical 
airway (cricothyroidotomy or tracheostomy) is required. 
Occasionally, blunt laryngeal trauma is so severe as to disrupt 
and occlude the airway. The preferred method of controlling 
the airway in this setting is controversial, but provisions for a 
surgical airway must be at hand. Options include primary 
tracheostomy or a single attempt at endoscopically assisted 
endotracheal intubation. Temporization with transtracheal 
needle-jet insufflation can be a valuable adjunct in these set¬ 
tings, and mandatory in the young child. 

Concurrent with airway control is awareness of potential 
cervical spine injury, particularly in unconscious patients who 
have sustained blunt head and neck trauma. The head and 
neck should be supported in the neutral position until this pos¬ 
sibility is excluded radiographically and by physical examina¬ 
tion. In the emergency room, support of the head and neck 
during manipulation or procedures is best accomplished by a 
strong, steady assistant rather than by collars, sandbags, or 
tape. The lateral cervical spine film is an essential component 
of the initial evaluation of patients with either blunt or pene¬ 
trating neck trauma, both to assess the bony cervical spine and 
to evaluate soft tissues for edema or malplaced air. 

The initial management subsequent to control of the air¬ 
way follows the ABC guidelines of trauma care advocated by 
the Advanced Trauma Life Support course of the American 
College of Surgeons, with particular attention directed at ade¬ 
quacy of ventilation, treatment of shock, and baseline neuro¬ 
logic examination. Patients with blunt neck trauma often have 
concomitant thoracic injuries, and penetrating neck wounds 
may follow a caudal trajectory, injuring lung or intrathoracic 
great vessels, particularly if the entrance is in zone I. 5 Rapid 
physical examination of the thorax is therefore part of the ini¬ 
tial evaluation of neck trauma patients and should include 
inspection, palpation, and auscultation. Pneumothorax must 
be treated rapidly by needle decompression or tube thoracos¬ 
tomy, or both, and treatment should not necessarily be delayed 
for radiographic confirmation, particularly in the unstable 
patient. Major neck hemorrhage is treated with direct pres¬ 
sure. Blind clamping of vessels is discouraged to avoid inad¬ 
vertent injury to adjacent nerves or esophagus. Adequate 
peripheral intravenous access is required in all patients with 
neck trauma and usually requires at least two peripheral intra¬ 
venous catheter lines of 16 gauge or larger contralateral to the 
side of greatest neck injury. Blood is drawn for typing and 
cross matching and routine laboratory evaluations, and fluid 
resuscitation is initiated based on the degree of shock and 
anticipated hemorrhage. A rapid yet thorough neurologic 
examination is also part of the initial management, with par¬ 
ticular attention to the patient’s level of consciousness and the 
status of cranial and brachial plexus nerves. Changes in the 
results of neurologic examination are key indicators of progres¬ 
sive injury. 

Q After the initial resuscitation, a complete physical examina¬ 
tion is performed to detect associated injuries and to better 
define the extent of neck trauma. Close visual inspection of the 
neck alerts the physician to the possibility of underlying 
injuries and the mechanism of injury. For example, an oblique 
4- to 6-cm bruise on the neck of a restrained passenger in a 
motor vehicle accident should alert the physician to the possi¬ 
bility of blunt cervical vascular trauma from a seat belt injury. 
Neck wounds should not be probed for fear of dislodging a 
clot and reinstituting hemorrhage. The neck should be pal¬ 
pated with attention to normal anatomic landmarks and areas 
of tenderness. Crepitus or subcutaneous emphysema indicates 
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TABLE 21.1 DIAGNOSIS 


CLINICAL SIGNS OF SIGNIFICANT INJURY IN PENETRATING 
NECK TRAUMA 


■ VASCULAR 

■ DIGESTIVE TRACT 

Shock 

Hemoptysis 

Active bleeding 

Dysphagia or odynophagia 

Large or expanding 
hematoma 

Hematemesis 

Pulse deficit 

Subcutaneous emphysema 

■ AIRWAY 

■ NEUROLOGIC 

Dyspnea 

Focal or lateralized neurologic 

Stridor 

deficit 

Hoarseness 

Dysphonia or voice change 

Subcutaneous emphysema 


injury to the trachea, esophagus, or lung until proven other¬ 
wise. Never assume that a penetrating skin wound itself is 
responsible for subcutaneous air. If the patient is able to talk, 
determine the presence of hoarseness, dysphagia, or dyspho- 
nia. Hemoptysis and hematemesis are also signs of tracheal or 
esophageal injury. Table 21.1 lists the clinical signs of signifi¬ 
cant injury that usually mandate neck exploration to exclude 
or treat vascular, airway, esophageal, or nerve injuries. 

All patients with blunt or penetrating neck trauma should 
have a chest radiograph to rule out thoracic trauma. Stable 
patients should have soft tissue neck films to look for retropha¬ 
ryngeal hematoma, tracheal narrowing or deviation, retained 
missile fragments and pathways, and subcutaneous or retropha¬ 
ryngeal air. Computed tomography (CT) of the neck is particu¬ 
larly helpful in blunt trauma to evaluate laryngeal structures to 
look for laryngeal fractures. Patients with blunt neck trauma 
whose neurologic examination is inconsistent with findings on 
head CT should undergo studies to evaluate for cervical vascu¬ 
lar injury. 


SELECTIVE VERSUS 
MANDATORY EXPLORATION 


There is uniform agreement that all unstable patients and all 
patients with clinical signs of significant neck injury require 
prompt exploration. All other patients with wounds that pen¬ 
etrate the platysma should at least be admitted to the hospital 
and observed. Controversy exists, however, in the manage¬ 
ment of asymptomatic, stable patients with penetrating neck 
injury. Two distinct schools of thought exist, one advocating 
mandatory surgical exploration of all wounds that penetrate 
the platysma 2 ’ 6 ’ 7 and the other favoring a more selective 
approach. 8-12 A comprehensive review of selective versus 
mandatory operative management published in 1991 docu¬ 
ments similar rates for injury incidence, overall mortality, and 
delayed complications, as well as similar hospital costs, but 
with a significant reduction of negative neck explorations in 
the selective management group 13 (Table 21.2). Most recent 
studies have advocated some type of selective management in 
a clinical setting with explicit guidelines and expertise in the 
appropriate use of various diagnostic modalities. 14-17 

Advocates of a mandatory exploration policy cite the low 
morbidity and negligible mortality rate after negative neck 
exploration as justification for the high rate of negative findings 


TABLE 21.2 


MANDATORY OPERATION COMPARED WITH SELECTIVE 
MANAGEMENT OF PENETRATING NECK TRAUMA 



■ MANDATORY 

■ SELECTIVE 

Patients 



Number of series 

11 

24 

Number of patients 

1,653 

2,540 

Outcome 



Mortality rate 
(range) 

5.85% 

(0.3 %—11.0%) 

3.75% 

(0%—9.8%) 

Cases explored 

1,492 (90.2%) 

1,596 (62.8%) 

Positive explorations 

803 (53.8%) 

1,117(70.0%) 

Cases observed 

161 (9.8%) 

944 (37.2%) 

Delayed exploration 

3 (1.9%) 

20 (2.1%) 

System injured 



Arterial injuries 

213 (12.9%) 

303 (11.9%) 

Venous injuries 

310 (18.8%) 

459 (18.0%) 

Esophagus or 
pharynx 

163 (9.9%) 

191 (7.5%) 

Larynx or trachea 

150 (9.1%) 

181 (7.1%) 

Modified from Asensio J, Valenziano C, Falcone R, et al. Management 
of penetrating neck injuries: the controversy surrounding zone III 
injuries. Surg Clin North Am 1991;71:267. 


(40% to 60%). The disastrous complications of missed injuries 
further support this stance. A 67% mortality rate is reported 
after delayed operations for neck vascular injuries, and a 44% 
mortality rate for delayed operations for esophageal injuries. 3 
A 1986 literature review reported an overall mortality rate of 
16.7% for patients initially observed after penetrating neck 
trauma who subsequently required surgical exploration. 18 In 
addition, a few reports have documented major structural 
injury in a small percentage of patients who undergo explo¬ 
ration despite a clinically silent physical examination; in one 
report, 5.5% of patients with wounds that appeared innocuous 
but were nevertheless explored had significant injuries. 7 Trans- 
cervical gunshot injuries represent a special category of neck 
wounds, with one report documenting the high likelihood of 
injuries to cervical structures (83%) and supporting aggressive 
surgical exploration in all cases. 19 

Supporters of a more selective approach berate the high 
incidence of negative explorations, the cost of a surgical explo¬ 
ration, and the fact that some injuries are missed in spite of a 
surgical exploration. They also argue that the original data 
supporting mandatory neck exploration are based on World 
War II and Vietnam War experience with large-caliber, high- 
velocity projectiles, unlike the typical knife or hand gun injury 
observed in civilian trauma. The wide availability and diagnos¬ 
tic accuracy of angiography, endoscopy, and esophagography 
further support a selective management plan. Merion et al., 12 
as part of a review of the cost of managing penetrating neck 
trauma, analyzed 27 reported series in which the clinical 
courses of more than 4,000 patients with penetrating neck 
trauma were documented. Of patients treated by surgeons 
advocating selective exploration, 52% underwent immediate 
operation, compared with almost 90% of patients treated by 
those advocating mandatory exploration. Reexamination of 
these series revealed that mortality rate was no different in the 
two groups, and only 2.4% of initially observed patients 
required subsequent operation. 18 
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No uniform policy has been adopted for selective manage¬ 
ment of penetrating neck injury patients in the absence of pos¬ 
itive clinical findings. There is general agreement that zone I 
and III injuries require diagnostic studies such as helical CT 
angiography, angiography, endoscopy, and esophageal con¬ 
trast studies. 20 The management of zone II injury, however, is 
variable and subject to the experience and preference of indi¬ 
vidual surgeons and trauma centers. 14-17 The disagreement 
concerns whether patients should routinely undergo surgical 
neck exploration, undergo extensive diagnostic evaluation 
similar to zone I and III injuries, or simply be observed. With 
the evolution of helical CT angiography (CTA), however, 
most recent studies support some kind of selective manage¬ 
ment of stable patients with penetrating neck injuries. A sin¬ 
gle-center study, evaluating stable penetrating neck trauma 
patients during a 16-month period, demonstrated helical CTA 
to have 100% sensitivity and 93.5% specificity in detecting 
all vascular and aerodigestive injuries sustained. 21 In some 
trauma centers, CTA has replaced conventional angiography 
in the initial assessment of stable penetrating trauma patients, 
since CTA is less costly and faster, does not require assembly 
of an angiographic team, and has fewer potential complica¬ 
tions. 22 Angiography still remains the “gold standard” and is 
performed in patients who have inadequate studies, streak 
artifacts due to foreign bodies, or inconclusive CTA results. 
Performing diagnostic tests, such as endoscopy and 
esophageal contrast studies, in addition to CTA, is controver¬ 
sial. The accuracy of helical CT scan in detecting esophageal 
injury has not been studied extensively. In one study, two 
(50%) of four esophageal injuries in patients with penetrating 
trauma were missed by CT. It is important to note that esoph- 
agography missed the same two esophageal injuries as well. 23 
The conclusion is that CT scan is no better or worse than 
esophagography in screening for esophageal injury. Further 
support for use of helical CT in penetrating trauma is the 
identification of the trajectory track. Such findings may 
increase suspicion of injury to the aerodigestive tract, thus 
delineating the need for observation, esophagoscopy, or oper¬ 
ative exploration. Because a number of clinical reviews 
demonstrate similar patient outcomes, each institution or sur¬ 
geon should adopt a management plan most consistent with 
local resources and experience. 

At Harborview Medical Center in Seattle, all patients 
with neck wounds who are in hypovolemic shock or who 
have evolving stroke are immediately explored for vascular 
control. Most of those with neck wounds that penetrate the 
platysma in zone II undergo exploration, as do all patients 
with clinical signs of tracheal, esophageal, or major vascular 
injury. The track of the offending agent is followed through¬ 
out its course to exclude any possible vascular, tracheal, 
esophageal, or neurologic injury. Endoscopy is usually per¬ 
formed intraoperatively if pharyngeal, esophageal, or tra¬ 
cheal injury is suspected but cannot readily be identified. 
Some asymptomatic, stable patients with penetrating zone II 
neck injury are evaluated initially with CTA. Zone I and III 
penetrating injuries are selectively managed, based on clini¬ 
cal presentation and the results of diagnostic studies. Hemo- 
dynamically unstable patients undergo immediate explo¬ 
ration, with operative incision based on the most likely 
source of vascular injury. Zone I injuries are managed like 
mediastinal traversing wounds. 19,24 CTA is performed in 
hemodynamically stable patients with penetrating wounds to 
zone I to identify potential injuries to the thoracic outlet ves¬ 
sels or to better plan the operative approach. Depending on 
the penetrating wound trajectory seen on CTA, esophagogra¬ 
phy is performed to detect esophageal injury. Endoscopy is 
considered a complementary procedure to the esophagogra¬ 
phy, and should follow if there is any question of an abnor¬ 
mality. 25 CTA is also performed for zone III injuries, because 
of the possible inaccessibility of internal carotid artery 
lesions or to demonstrate a need for systemic anticoagula¬ 


tion. Angiography is performed in patients with inadequate 
or inconclusive CTA. In addition, most of the vascular 
lesions identified at the base of the skull are best managed by 
interventional angiography techniques. 


Evolution in Diagnostic Modalities 


Q 


Hemodynamically stable patients who sustain trauma with 
potential injury to the neck may be candidates for nonoperative 
management. Most of these patients lack the “hard” signs of 
injury such as expanding hematoma, active bleeding, signifi¬ 
cant air leak, or airway compromise. 26 These patients may be 
observed with assistance of diagnostic modalities when indi¬ 
cated. Traditionally, the most common studies are radiographic 
survey of the cervical spine, four-vessel angiography, 
esophagoscopy and/or esophagography, and bronchoscopy. 
Performing these studies, however, may be expensive and time 
consuming. In addition, four-vessel angiography is an invasive 
test with potential for complications. Therefore, a more selec¬ 
tive approach to screen for cerebrovascular injuries is war¬ 
ranted and has been practiced. 27 Recently, with improvement 
of less invasive diagnostic methods such as helical CTA or mag¬ 
netic resonance angiography (MRA), there has been an effort 
to substitute such modalities in place of routine angiogra¬ 
phy. 28,29 

CTA offers definitive advantages and has emerged as the 
primary diagnostic screening modality. 26 In fact, high-resolu¬ 
tion CTA has replaced angiography in evaluation of selected 
patients with potential for cerebrovascular injuries in some 
trauma centers. The allure for helical CT is that it is a rela¬ 
tively fast, noninvasive test that can evaluate cervical spine, 
trachea, soft tissue, and vascular structures at the same time. 
Earlier data demonstrated CTA to be inadequate for screening 
of patients with blunt neck injury. 30 The diagnostic accuracy 
of high-resolution helical CTA, however, has improved with 
advances in image technology and increasing experience and 
expertise in evaluating these studies in trauma patients. Helical 
CT technology is rapidly changing, and the single-detector 
row is being replaced with multidetector row configuration, gen¬ 
erating 1-mm-thick sections that are reconstructed at 0.5-mm 
intervals. 31 The recent data from the radiologic literature are 
favorable, reporting a sensitivity and specificity of 90% and 
100%, respectively, in diagnosis of carotid and vertebral 
artery injuries in selected patients with penetrating neck 
injury. 31-33 Four major published studies have concluded that 
16-channel detectors can be used to accurately screen at-risk 
patients for blunt cervical vascular injuries. 34-37 Eastman et al. 
compared digital subtraction angiography to CTA in a 
prospective study and identified 46 blunt cervical vascular 
injuries among 43 patients. 35 The overall sensitivity, specificity, 
positive predictive value, negative predictive value, and accu¬ 
racy of CTA for the diagnosis of blunt cervical vascular 
injuries were 97.7%, 100%, 100%, 99.3%, and 99.3%, 
respectively. 35 The accuracy of helical CT in detecting blunt 
cervical vascular injuries remains controversial, however. A 
recent prospective comparative study of 16-channel detector 
CTA and angiography for detection of blunt cervical vascular 
injuries in at-risk trauma patients demonstrated the sensitivity, 
specificity, positive predictive value, and negative predictive 
value of CTA to be 74%, 86%, 65%, and 90%, respectively. 38 
In addition, although CTA is less invasive than traditional 
angiography, the volume of contrast material used for helical 
CTA may be higher. 33 This is especially true when a focused 
study of the unilateral carotid or vertebral artery is desired 
rather than four-vessel angiography. Therefore, a digital sub¬ 
traction angiography may be preferred in patients with high 
risk for contrast-induced nephrotoxicity. 33 Further studies of 
helical CTA in evaluation of trauma patients are warranted 
before uniform acceptance of this diagnostic modality; how¬ 
ever, with the arrival of 64-detector scanners and increased 
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experience with the technology, CTA is likely to replace 
angiography in screening for cervical vascular injuries. 

There is encouraging evidence regarding the use of duplex 
ultrasound and MRA as screening diagnostic tools. 39,40 In a 
multicenter study, duplex ultrasound demonstrated 86% (12 of 
14) of the arterial injuries but was unable to discern dissection 
of the internal carotid artery at the base of the skull in two 
patients; proximal flow characteristics were also normal in 
both of these patients. 39,41 Use of MRA in screening of trauma 
patients has been limited due to practical problems such as 
monitoring the patient in the magnetic resonance imaging suite 
and lack of around-the-clock access. Most data regarding eval¬ 
uation of cerebrovascular structures by MRA are in nontrauma 
patients. 42-44 In these studies MRA demonstrated a high accu¬ 
racy in detecting vascular disease but remained less reliable 
than the “gold standard” digital subtraction angiography. The 
sensitivity of MRA in detecting cerebrovascular injuries in 143 
blunt trauma patients was only 50%. 30 This study, however, 
utilized a 0.2 Tesla open magnet, and current studies utilize 1.5 
Tesla magnets with significantly better image quality. Improv¬ 
ing image quality and increasing experience in interpreting the 
findings may improve the accuracy of MRA in detecting cere¬ 
brovascular injury. 

In the past, CT was frequently utilized to evaluate the cervi¬ 
cal spine after incomplete or inadequate plain films. However, 
evaluation of the cervical spine for identification of fractures 
following blunt trauma has been changing from the traditional 
three-view plain film to helical CT scan with sagittal recon¬ 
struction. This is especially true in patients who require a CT scan 
of the head. Obtaining a helical CT scan of the cervical spine as 
the initial study has expedited time, as the initial study has 
expedited time to spine clearance, 45 increased sensitivity, 46 and 
decreased costs. 47 

The combination of the aforementioned findings makes 
helical CT scan an ideal screening tool for neck injuries. One 
advantage of helical CTA is that it can be incorporated in the 
workup of a blunt trauma patient who is having a head CT 
scan to evaluate intracranial structures because of concomi¬ 
tant head injury. Ideally, the cervical spine, soft tissue, and vas¬ 
cular structures are evaluated, without extra trips to the plain 
radiology or angiography suite. Other modalities such as 
MRA do not have the versatility of the helical CT scan, require 


the presence of around-the-clock expertise, still lack sufficient 
evidence to demonstrate their accuracy, and may possess high 
costs, all of which may make them impractical to use as mass 
screening tools for trauma patients. 


OPERATIVE EXPLORATION 


Of patients with penetrating neck trauma (depending on mecha¬ 
nism), 25% to 50% present with obvious signs of injury requir¬ 
ing prompt operation. An additional 10% to 20% of patients 
without clinical signs of injury are discovered to have significant 
vascular, esophageal, or airway injury on further diagnostic test¬ 
ing. A physician treating patients with neck trauma must be 
capable of performing a complete neck exploration and repair of 
vascular and aerodigestive injuries. Neck exploration should be 
performed in the operating room under general endotracheal 
anesthesia. In the hemodynamically stable patient with a patent 
airway, intubation can be deferred until laryngoscopy and bron¬ 
choscopy have been performed. A nasogastric tube is usually 
passed to ensure an empty stomach. Preparation and draping of 
the patient before induction of anesthesia allows control of hem¬ 
orrhage if the patient starts to gag at the time of placement of the 
endotracheal tube. The chest is also auscultated before surgery, 
and a chest radiograph is routinely performed, because penetrat¬ 
ing injuries may follow a downward path with pleural penetra¬ 
tion. A pneumo-thorax may not develop until positive-pressure 
ventilation is applied, and it may initially present as unexplained 
hypotension during anesthesia. 

The incision is planned to allow full exposure of the tract of 
the injury (Fig. 21.4). The oblique incision along the anterior 
border of the sternocleidomastoid muscle is preferred for uni¬ 
lateral and high (zone III) injuries, whereas the transverse col¬ 
lar incision is preferable for bilateral or neck-traversing 
wounds. Extension of either neck incision into a median ster¬ 
notomy affords excellent exposure of the thoracic great ves¬ 
sels. Proximal and distal control of the major vessels poten¬ 
tially involved must also be considered in the length and 
position of the incision, and the patient is always surgically 
prepared for a possible median sternotomy. The tract of the 
injury is followed to its depth, systematically examining each 
structure in or near the tract. 


FIGURE 21.4. Neck exploration incisions. Extension 
of oblique or collar incision into a median sternotomy 
affords excellent exposure of the great vessels. 
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MANAGEMENT OF 
SPECIFIC INJURIES 

Blood Vessels 


Blood vessels are the most commonly injured structures in the 
neck. Major arterial and venous injuries occur in 18% and 
26% of penetrating neck wounds, respectively. 48 There has 
been an increase in reported blunt carotid injuries, most likely 
due to better recognition. 49-51 Most recent studies report an 
incidence rate of 1% to 2% for blunt cervical vascular injuries. 
The initial diagnosis, however, remains a difficult one and must 
always be suspected with an appropriate mechanism of injury. 


Carotid Artery 

In one of the largest series reported in English literature, 85 blunt 
carotid injuries were recognized in 67 patients over 11 years in a 
level I trauma center. 51 Motor vehicle crashes were the most 
common injury mechanism (82%), followed by motorcycle 
crashes (7%) and assaults (6%). All but two of the patients had 
associated injuries, and combinations of blunt carotid injury 
with closed head and cervical spine injuries occurred in 48% and 
6% of patients, respectively. The initial physical examination 
demonstrated neurologic examination that was not compatible 
with brain CT in 34% and soft tissue injury in the anterior neck 
in 14% of the patients. A neurologic deficit developed subse¬ 
quent to hospital admission in 43% of the patients. The average 
interval from injury to definitive diagnosis was 53 hours, high¬ 
lighting the point that, although its recognition is often delayed, 
blunt carotid trauma must be suspected in patients who develop 
focal neurologic signs or symptoms after a latent interval. In a 
multicenter review, 29% of patients developed significant neuro¬ 
logic deficits more than 12 hours after admission. 41 Other phys¬ 
ical findings—expanding hematoma, audible bruit, pulsatile 
neck mass, palpable thrill, Horner syndrome, or any neurologic 
symptom not explained by other injuries—may be absent at the 
initial examination. Cervical vascular injury should be suspected 
in trauma patients with neurologic deficit not explained by head 
CT. Because some evidence suggested improved outcome with 
early diagnosis, 41,50,51 a high index of suspicion must exist if the 
mechanism of injury involves a direct blow to or compression of 
the neck, basilar skull fracture, cervical hyperextension and rota¬ 
tion, or blunt bilateral perioral fractures. Table 21.3 lists screen¬ 
ing criteria for blunt cerebrovascular injury in asymptomatic 
trauma patients. 27,30 

The mortality rate remains high with blunt carotid injury, 
ranging from 20% to 40%, with permanent neurologic impair¬ 
ment in 25% to 80% of survivors. 41,50-52 There is a reasonably 
good neurologic outcome, better than 55%, for an uncompli¬ 
cated arterial dissection and a uniformly poor outcome, with 


TABLE 21.3 DIAGNOSIS 


SCREENING CRITERIA FOR SUSPECTED BLUNT 
CEREBROVASCULAR INJURY IN ASYMPTOMATIC PATIENTS 

■ Cervical spine fracture in proximity to internal carotid or 
vertebral artery 

■ Skull base fracture extending into the carotid canal 

■ Le Fort II or III facial fracture 

■ Extensive soft tissue neck injury such as seat belt injury or 
hanging 

■ Diffuse axonal injury 

■ Mechanism associated with severe cervical hyperextension 
or hyperflexion 

■ Significant cervical soft tissue injury 


close to 100% mortality, for complete arterial disruption or 
bilateral arterial occlusion. 41,50,51 Treatment is highly variable 
and the efficacy has not been proven in a prospective study. 50,51,53 
Therapy depends on the type and location of the vascular lesion, 
concomitant injuries, availability of the interventional tech¬ 
niques, and preference of the treating surgeon. Arterial dissec¬ 
tions can be best managed by systemic anticoagulation. 51 For 
patients with contraindication to full anticoagulation, aspirin 
and antiplatelet therapy have been suggested. 50 Anticoagulation 
is to prevent propagation, embolization, and thrombosis. Stent¬ 
ing and primary surgical therapy, in anatomically favorable loca¬ 
tions, have also been used in the management of arterial dissec¬ 
tion in small studies. 41,50,51,54 If it is anatomically feasible, 
pseudoaneurysms are resected. Larger inaccessible pseudoa¬ 
neurysms are a difficult management challenge; the treatment 
includes anticoagulation, balloon occlusion, stenting, ligation, or 
extracranial-intracranial bypass. 53,55,56 Patients with carotid-cav¬ 
ernous fistulas have been treated with balloon occlusion with 
variable results. 41,51 The outcome of an arterial injury with com¬ 
plete vascular thrombosis depends more on the neurologic status 
than on any treatment regimen. Nonsurgical management seems 
appropriate for most of these patients. 52 The rare and fortunate 
patient with complete carotid thrombosis without neurologic 
deficits can best be treated with anticoagulation to prevent fur¬ 
ther or contralateral damage. 

Patients with penetrating carotid artery injury most com¬ 
monly present with exsanguinating hemorrhage. The principles 
of operative repair of vascular structures in the neck are the 
same as those for other major vessels. What makes neck vascu¬ 
lar trauma unique is the intolerance of the perfused end organ 
(brain) to even short periods of ischemia. The indication for 
repair versus ligation of a carotid injury in part depends on the 
neurologic presentation. Patients without a neurologic deficit 
should have restoration of vascular continuity, with a good 
neurologic outcome anticipated. Patients with all grades of 
neurologic deficits short of coma should also have primary vas¬ 
cular repair. 57 Although the experience with revascularization 
of patients suffering acute stroke from arteriosclerotic occlusive 
disease suggests that hemorrhagic infarction and death can 
result from revascularization, several reviews of acute revascu¬ 
larization in the trauma patient note that the combined mor¬ 
bidity and mortality rate is significantly lower in patients 
undergoing primary repair (15%) compared with those treated 
with arterial ligation (50%). 58-60 In comatose patients, neither 
repair nor ligation appears to influence what is a uniformly 
poor prognosis. Ligation of the carotid artery is indicated in the 
comatose patient with no prograde flow, in the presence of 
uncontrollable hemorrhage, or if technical reasons prohibit 
repair. There currently is little experience or evidence to favor 
extracranial-intracranial bypass in the patient requiring carotid 
artery ligation for trauma, although it has been used selectively 
in patients requiring selective carotid occlusion. 61,62 


Vertebral Artery 

Traumatic injury to the vertebral artery, once only rarely diag¬ 
nosed, is now more commonly identified because of the liberal 
application of neck angiography after both penetrating and 
blunt neck injuries. Blunt vertebral artery injuries occur more 
commonly than blunt carotid injuries, probably because of the 
close association of bony and ligamentous structures. Mecha¬ 
nisms reported to cause vertebral artery injury are remarkably 
diverse, including hyperextension and rotation, direct blows, 
chiropractic manipulation, yoga exercises, volleyball, and even 
“head banging” to heavy metal rock music. 63,64 Unilateral ver¬ 
tebral artery occlusion seldom results in a neurologic deficit, 
despite a 15% incidence of congenital unilateral hypoplastic 
vertebral arteries. 65 Treatment of blunt vertebral artery injury 
with thrombosis usually is nonoperative: systemic anticoagula¬ 
tion (if possible) is recommended to avoid further propagation 
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FIGURE 21.5. Normal anatomy of the vertebral artery, 
showing its division into four parts. 



of existing thrombus. More often with penetrating wounds, 
acute hemorrhage, pseudoaneurysm, and formation of an arte¬ 
riovenous fistula are reasons for surgically addressing a known 
vertebral artery injury. Operative exposure and exploration can 
be difficult. The extraosseous first portion of the vertebral 
artery can be exposed by a supraclavicular incision with tran¬ 
section of the sternal head of the sternocleidomastoid muscle 
(Fig. 21.5). More distal exposure (second or third portion) is 
best obtained by an anterior approach. 66,67 An incision is made 
along the anterior border of the sternocleidomastoid muscle, 
and the carotid sheath is identified and retracted either antero- 
superiorly or posteroinferiorly to expose the prevertebral space 
(Fig. 21.6). Hemoclips are blindly applied where the vertebral 
artery is free of the osseous vertebral canal between the trans¬ 
verse processes, behind the longus cervicis (colli) muscle. High 
ligation of the vertebral artery at the Cl-2 level (fourth portion) 
is a satisfactory method of obtaining distal control without 
unroofing the bony canal of the vertebral artery. 1,65 Percuta¬ 
neous embolization both distal and proximal to the site of arte¬ 
rial injury simplifies the management, but it requires a skilled 
and experienced interventional angiographer to cross the site of 
injury without causing further, uncorrectable damage. Con¬ 
tralateral vertebral angiography is recommended to accurately 
determine the extent of injury or the adequacy of embolization. 


Trachea and Larynx 

Blunt laryngeal trauma typically results from an anterior 
impact force (e.g., dashboard, steering wheel) that drives the 
larynx posteriorly against the rigid cervical spine. The impact 
can produce a simple or comminuted fracture of laryngeal car¬ 
tilage, disruption of the mucosa of the endolarynx, or perfora¬ 
tion and tears of the hypopharynx. Figure 21.7 depicts the 
critical laryngeal anatomy and the most common blunt injury 
pattern. These injuries are frequently occult and are often ini¬ 
tially overlooked as attention is directed to injuries of the 
head, face, and thorax. Delayed recognition of blunt laryngeal 
trauma is the single greatest contributor to mortality, followed 
by aspiration of blood, missed esophageal injury, and over¬ 


looked concomitant intra-abdominal injury. Subtle clinical 
signs and symptoms of laryngeal injury cannot be ignored. 
One report identifies hoarseness as the most common symp¬ 
tom, followed by shortness of breath, inability to tolerate the 
supine position, pain, dysphagia, and aphonia. Tenderness 
was identified as the most common clinical sign, followed by 
subcutaneous emphysema, neck contusion, tracheal deviation, 
and hemoptysis. 68 Liberal use of neck CT and fiberoptic 
endoscopy aids in the diagnosis. 69 

Unlike blunt laryngeal trauma, penetrating injuries to the 
trachea and larynx are usually readily apparent and dramatic 
in their clinical presentation. Subcutaneous emphysema (occa¬ 
sionally massive), pain, hoarseness, and respiratory distress 
are hallmarks of tracheal injury. However, rapid endotracheal 
intubation by field paramedics can mask a high tracheal injury. 
Concomitant esophageal, vascular, and thoracic injuries are 
frequent. A 20-year review of 106 tracheobronchial injuries 
documented a 22% incidence of concomitant esophageal 
injuries, a 16% incidence of major vessel injury, and a 40% 
incidence of hemopneumothorax. 70 

As with any trauma victim, the first treatment priority for 
those with laryngotracheal injuries is to secure an adequate air¬ 
way. With a laryngeal injury, this usually straightforward task 
can be extremely challenging. If an emergency airway is 
required, direct endotracheal intubation can be attempted ini¬ 
tially if the laryngeal structures are well visualized and the endo¬ 
tracheal tube is passed over a flexible endoscope. However, this 
risks further damage to the trachea even in the most experienced 
hands. Equipment and preparation for emergency tracheostomy 
should always be at hand, and tracheostomy is usually recom¬ 
mended if an emergency airway is required, even though it also 
carries some risk of further injury. 71 Pulse oximetry monitoring 
is essential, and care must be taken to prevent episodes of 
hypoxia while alternative airway access techniques are 
attempted. Transtracheal needle-jet insufflation can temporize a 
critical situation and allow a more controlled tracheostomy. 

Operative repair is usually not required for patients with 
simple laryngeal edema, hematomas without mucosal disrup¬ 
tion, small lacerations of the endolarynx not involving the 
anterior commissure or the free margin of the vocal fold, and 
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FIGURE 21.6. Operative approach to the vertebral 
artery. A: Carotid artery and sheath retracted anteri¬ 
orly. B: Carotid artery and sheath retracted posteri¬ 
orly. 



B 

Superior cornu of 
the thyroid lamina 

Hyoid bone 


Thyroid prominence 


Cricothyroid joint 

Inferior cornu of 
the thyroid lamina 

Cricoid cartilage 
1st. tracheal ring 



FIGURE 21.7. Frontal view (A) and three-quarters view (B) of the larynx. 
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small lacerations of the supraglottic larynx that do not disrupt 
the integrity of this site. 71 Indications for primary open repair 
of the larynx include virtually all penetrating tracheal or laryn¬ 
geal wounds, vocal cord disruption, mucosal tears with 
exposed cartilage, thyrohyoid separation, thyroid or cricoid 
cartilage fractures, and hypopharyngeal perforations. The 
basic tenets of operative care are debridement of devitalized 
cartilage, reduction of cartilaginous fractures, mucosal cover¬ 
age of exposed cartilage, and closure of tracheal defects. Tra¬ 
cheostomy is not always required, but it is useful if extensive 
edema or prolonged airway control is anticipated. Controver¬ 
sial areas in the surgical care of laryngotracheal trauma 
patients include the timing of operation, the role of laryngeal 
stints, the use of steroids, indications for skin grafting, and the 
techniques of operative exposure of the larynx. 72 


Pharynx and Esophagus 

Esophageal injuries occur in only 5% of patients with pene¬ 
trating neck wounds. Esophageal perforation from external 
blunt trauma is rare and accounts for less than 10% of all 
esophageal perforations. 73,74 Most blunt injuries are caused by 
a direct blow to the neck with a hard object, such as a steering 
wheel in high-speed motor vehicle crashes, but it can occur 
from minor trauma. Esophageal injury is an uncommon cause 
of pneumomediastinum. The diagnosis of an esophageal injury 
can be difficult and requires a high index of suspicion. The 
clinical signs of esophageal injury, such as hematemesis, 
odynophagia, neck pain, crepitus, and air in the soft tissues on 
chest and neck radiographs, are often absent or obscured by 
concomitant laryngotracheal injury. 75 In one study, the blunt 
cervicothoracic esophageal injury had a 56% incidence of 
associated tracheolaryngeal injury. 74 In a review of 77 patients 
with penetrating esophageal injuries, 45 had cervical eso¬ 
phageal wounds. 76 Overall, physical findings were diagnostic in 
only 26% of patients. Furthermore, the morbidity of a missed 
esophageal injury is catastrophic. One review of penetrating 
neck wounds contained 109 cases of esophageal injuries; the 
mortality rate was 2% if operation was immediately performed 
but increased to 44% if operation was delayed because of an 
initially missed injury and to 100% if no operation was per¬ 
formed. 1 2 3 4 5 6 7 8 9 10 This information is widely used as support for a 
mandatory neck exploration policy. Other authors, however, 
have documented a small but significant incidence of missed 
esophageal injury even after neck exploration. In one report, 
cervical esophageal injury was initially missed at neck explo¬ 
ration in three patients, and all three died. 76 As a result, an 
aggressive effort at excluding esophageal injury is warranted, 
and some authors recommend routine esophagography or 
esophagoscopy, or both, to aid in the diagnosis of isolated 
esophageal injuries. The sensitivity of esophagography in 
detecting esophageal injury varies from approximately 50% to 
90%, and the sensitivity of endoscopy varies from 29% to 
100%. 18 These modalities should be considered complemen¬ 
tary; when combined, they have an accuracy of almost 
100%. 25 The choice of rigid or flexible esophagoscopy is con¬ 
troversial and probably reflects individual preferences. 

Careful evaluation of the entire tract of the offending pene¬ 
trating agent or region of blunt hematoma is required to doc¬ 
ument esophageal integrity. This can be technically challeng¬ 
ing and time consuming, but it is a crucial component of the 
neck exploration. Concomitant intraoperative endoscopy, 
esophageal air insufflation, or even vital dye instillation can be 
helpful in excluding injury. Because almost all reported deaths 
from cervical esophageal injuries are the result of a delayed or 
missed diagnosis, a particularly high level of suspicion is war¬ 
ranted. The key to successful management of cervical 
esophageal and pharyngeal injury is early adequate drainage. 77 
All such wounds should be drained to avoid deep neck infec¬ 
tion or development of a salivary fistula, which occurs in 9% 


to 18% of these patients. 75,78 Esophagography before drain 
removal is also recommended, because about half of postre¬ 
pair fistulas are initially clinically silent. The injured esophagus 
should be meticulously debrided and repaired primarily, in 
two layers, with absorbable and nonabsorbable sutures. Single¬ 
layer closure also may be adequate. 75,78 A sternocleidomastoid 
or strap muscle should always be placed between the trachea 
and esophagus in a combined repair. If primary closure is not 
realistic or safe, due to an extensive loss of tissue, as with a 
shotgun blast, it may be necessary to perform a cutaneous 
esophagostomy for feeding purposes and a cutaneous pharyn- 
gostomy for salivary drainage. A secondary reconstructive 
procedure is then required after the initial healing is complete. 
Recently, there have been reports of nonoperative manage¬ 
ment of small injuries confined to the upper hypopharynx, 
above the arytenoid cartilage, if there are no other associated 
injuries. 77 The treatment includes close observation, intra¬ 
venous antibiotics, upright positioning, and restricted oral 
intake. Most surgeons advocate primary repair of all 
esophageal injuries, if it can be accomplished early. Delays of 
longer than 12 hours significantly increase the risk of repair 
dehiscence, wound abscess, and death. Neck esophageal 
injuries diagnosed more than 24 to 48 hours after injury are 
best managed initially by diversion and drainage. 


Nerves 


The preoperative determination of level of consciousness and 
lateralizing gross motor or sensory deficits is required in all 
patients; a more detailed neurologic examination of the 
brachial plexus, deep cervical plexus, phrenic nerve, and cra¬ 
nial nerves should be performed in all but the most unstable 
patients. A hypoglossal or spinal accessory nerve injury is par¬ 
ticularly easy to miss unless a preoperative neurologic exami¬ 
nation is performed. The vagus nerve can be evaluated by 
examination of the vocal cords. Primary debridement and 
repair of all severed or lacerated “named” nerves is preferred, 
with the use of fine interrupted nonabsorbable sutures on the 
perineurium. Repair of a single recurrent nerve injury is con¬ 
troversial. An avulsed recurrent laryngeal nerve (blunt laryn¬ 
gotracheal disruption) should be implanted into the posterior 
cricoarytenoid muscle. 79 If a motor nerve deficit is apparent, 
an expendable sensory nerve such as the great auricular can be 
interposed as a nerve graft to allow anastomosis without ten¬ 
sion. If the patient’s condition precludes primary repair, the 
nerve ends should be marked with silver clips or nonab¬ 
sorbable colored sutures. Secondary repair several weeks after 
injury is advised. 
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CHAPTER 22 ■ CHEST TRAUMA 


THOMAS K. VARGHESE Jr. 


KEY POINTS 


Q Thoracic injuries are a significant source of morbidity and 
mortality. 

Q Injuries identified during the primary survey should be cor¬ 
rected as soon as they are identified. 

Q Immediate life-threatening injuries identified during the sec¬ 
ondary survey are not obvious on physical examination. A 
high degree of suspicion is needed along with appropriate 
use of diagnostic studies. 


Q Several manifestations of thoracic trauma are indicative of 
a greater risk of associated injuries. Subcutaneous emphy¬ 
sema is associated with airway or lung injury. Injuries to 
the upper ribs (1 through 3), scapula, and sternum are 
associated with significant mechanisms of injury. 

Q In situations where a significant mechanism of force has 
occurred, underlying head, spine, and thoracic injuries 
should be suspected. 


^Thoracic injuries account for 25% of immediate trauma- 
related deaths, second only to head and spinal cord injuries. 1 
For those who survive the initial trauma, an additional 25% 
will die within the first year from complications. 2 Initial 
assessment and treatment of patients with thoracic trauma 
consists of the primary survey and intervention, resuscitation 
of vital functions, detailed secondary survey, and definitive 
care. 

Major thoracic injuries can be grouped together as the 
Q “fatal 14” (Table 22.1). The lethal six (airway obstruction, 
tension pneumothorax, open pneumothorax, flail chest with 
pulmonary contusion, massive hemothorax, and cardiac tam¬ 
ponade) are immediate life-threatening injuries that should be 
corrected as they are being identified during the primary 
@ survey. The hidden eight (simple pneumothorax, hemothorax, 
pulmonary contusion, tracheobronchial tree injury, blunt cardiac 
injury, traumatic aortic disruption, traumatic diaphragmatic tear, 
and esophageal rupture) are potentially life-threatening injuries 
that should be detected during the secondary survey with sub¬ 
sequent definitive treatment. 


TREATMENT OF INJURIES 
DURING THE PRIMARY SURVEY 


Airway Assessment 

The first priority in treating trauma patients is airway man¬ 
agement. Trauma personnel rarely see acute airway injuries 
presenting to the emergency department (ED), which is likely 
the result of the high fatality rate at the scene secondary to 
aspiration of blood, secretions, and debris causing an acute 
airway obstruction. Acute management of the airway should 
follow the guidelines proposed and updated regularly by the 
American College of Surgeons Committee on Trauma for 
Advanced Trauma Life Support (ATLS). The cornerstones of 
airway management are adequate oxygenation, ventilation, 
and protection from aspiration. Airway patency and air 
exchange should be assessed by listening for air movement at 
the patient’s nose, mouth, and lung fields; inspecting the 
oropharynx for airway obstruction; and observing for inter¬ 
costal and supraclavicular muscle retractions. Orotracheal 
intubation with appropriate cervical spine immobilization and 
direct laryngoscopy is the most common important first step in 


establishing a secure airway. However, extreme caution is 
needed in the face of significant maxillofacial trauma and sus¬ 
picion of laryngeal trauma. The flexible bronchoscope can 
serve as an important aid in the diagnosis and management of 
the injured airway. However, this may take some time to per¬ 
form even in the most experienced hands. The status of the 
larynx may be assessed with a bronchoscope and a decision 
can be made to continue with orotracheal tube insertion over 
the bronchoscope versus proceeding with placement of a sur¬ 
gical airway. 

A cricothyrotomy may play a lifesaving role when orotra¬ 
cheal intubation is not possible and should not be delayed by 
excessive attempts at orotracheal intubation. It is contraindi¬ 
cated in the presence of a rare laryngeal or cricoid cartilage 
injury. It may also be difficult to perform in the face of an 
expanding neck hematoma or significant subcutaneous emphy¬ 
sema. And, while a tracheostomy in the acute setting is difficult 
to perform, it is indicated in the face of severe laryngeal 
trauma, as well as in the setting of a disrupted cervical trachea, 
where the endotracheal tube can be placed directly through the 
injured area (Fig. 22.1). 

Posterior dislocation of the clavicular head also can cause 
upper airway obstruction after injury to the upper chest. The 
injury should be suspected when there is presence of a palpa¬ 
ble defect in the sternoclavicular joint associated with stridor 
or change in voice quality. Closed reduction of the dislocation 
can be achieved either by extension of the shoulders or by 
direct grasping of the clavicle with a towel clip to manually 
reduce the dislocation. 


BREATHING 


Complete exposure of the patient’s chest and neck allows for 
assessment of breathing and the neck veins. Signs of chest 
injury or hypoxia include increased respiratory rate or change 
in breathing pattern. 


Tension Pneumothorax 


Tension pneumothorax develops secondary to a bron¬ 
chopleural fistula (BPF) acting as a one-way valve, allowing for 
air entry into the pleural space from a defect in the lung 
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TABLE 22.1 


CLASSIFICATION OF MAJOR THORACIC INJURIES ("FATAL 14") 

A. Injuries identified during the primary survey 
(“lethal six”) 

i. Airway obstruction 

ii. Tension pneumothorax 

iii. Open pneumothorax 

iv. Flail chest with pulmonary contusion 

v. Massive hemothorax 

vi. Cardiac tamponade 

B. Injuries identified during the secondary survey 
(“hidden eight”) 

i. Simple pneumothorax 

ii. Hemothorax 

iii. Pulmonary contusion 

iv. Tracheobronchial tree injury 

v. Blunt cardiac injury 

vi. Traumatic aortic disruption 

vii. Traumatic diaphragmatic tear 

viii. Esophageal rupture 


parenchyma or airway (Fig. 22.2). The one-way valve effect 
can also occur through a defect in the chest wall. As a result of 
the sudden increase of air in the pleural space, the ipsilateral 
lung collapses, and the mediastinum shifts to the opposite side. 
This interferes with expansion of the contralateral lung and 
causes accompanying compromise of venous return to the 
heart. The associated hypotension is due to impaired filling 
pressures of the myocardium. 

The most common cause of tension pneumothorax is positive- 
pressure mechanical ventilation in patients with visceral 
pleural injury. It can also occur as a complication of a simple 
pneumothorax after penetrating or blunt chest trauma when 
the lung parenchyma fails to seal. Traumatic defects in the 


chest wall may also cause a tension pneumothorax if the defect 
itself acts as a one-way flap valve or if the defect is incorrectly 
covered with an occlusive dressing without chest tube place¬ 
ment. 

A tension pneumothorax is a clinical diagnosis reflecting air 
under pressure in the pleural space. In the setting of clinical 
suspicion and physical signs, treatment should be immediate 
and not be delayed for a chest radiograph. Signs and symp¬ 
toms of tension pneumothorax include chest pain, respiratory 
distress, tachycardia, hypotension, tracheal deviation, unilat¬ 
eral absence of breath sounds, and neck vein distention. As 
these signs are similar to cardiac tamponade, differentiation 
should be made by hyperresonance on percussion and absence 
of breath sounds on the affected side. Both tension pneumo¬ 
thorax and massive hemothorax are associated with decreased 
breath sounds on auscultation. Differentiation on physical 
examination is made by percussion; hyperresonance confirms 
a pneumothorax, whereas dullness is present with a massive 
hemothorax. The possibility of an occult acute tension pneu¬ 
mothorax should also be entertained in the setting of a criti¬ 
cally ill patient being mechanically ventilated who has a high 
peak airway pressure (>30 cm H 2 0), requires high positive 
end-expiratory pressure (PEEP; >15 cm), has a history of tho¬ 
racic trauma or chronic obstructive pulmonary disease, or 
decompensates immediately after an intervention (e.g., central 
line placement, bronchoscopy, deep endotracheal suctioning). 
Immediate treatment includes emergency needle decompres¬ 
sion and aspiration, followed by chest tube placement. A stan¬ 
dard large-bore intravenous catheter is inserted into the sec¬ 
ond intercostal space in the midclavicular line of the affected 
hemithorax. This maneuver converts the injury to a simple 
pneumothorax. Definitive therapy soon follows in the form of 
insertion of a chest tube, usually in the fifth intercostal space 
just anterior to the midaxillary line. 


Open Pneumothorax 

Chest wall defects that are significantly large can remain open 
and result in an open pneumothorax. Such wounds usually 



FIGURE 22.1. A 27-year-old patient with history of a 200-lb bag of fertilizer falling onto the back of the neck with subsequent hyperextension 
and disruption of the cervical trachea. A: Patient’s airway is stabilized with an endotracheal tube placed into the distal trachea. B: Primary repair 
of the cervical trachea is performed with interrupted 4-0 Vicryl sutures. 
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FIGURE 22.2. A: Simple pneumothorax: air collects between the lung and chest wall. B: Tension pneumothorax: air collects between the lung 
and chest wall, with associated mediastinal shift. This leads to compression of venous structures and subsequent decreased venous return to the 
heart. 


occur from high-velocity missiles or shotguns fired at close 
range. The large opening leads to immediate equilibration 
between the atmospheric pressure and intrathoracic pressure. 
If the opening of the chest wall is at least two-thirds the cir¬ 
cumference of the trachea, air passes preferentially through the 
chest wound with each breath rather than down the tracheo¬ 
bronchial tree. Ventilation is thus compromised leading to sig¬ 
nificant hypoxia and hypercarbia. The airway is controlled 
with early intubation and mechanical ventilation. The defect is 
promptly closed with a sterile occlusive dressing, large enough 
to overlap the wound’s edges and taped securely only on three 
sides in order to provide a flutter-type valve effect (Fig. 22.3). 
As the patient breathes in, the dressing occludes the wound, 



preventing air entry through the chest wall. When the patient 
exhales, the open end of the dressing allows air to escape from 
the pleural space. A chest tube is placed remotely from the 
wound. 

The next priority is to address any underlying intrathoracic 
injuries. If definitive surgical intervention is needed, an attempt 
is made to make the thoracotomy in such a fashion to preserve 
blood supply and muscle mass of the chest wall adjacent to the 
defect. After repair of intrathoracic injuries and debridement of 
devitalized tissue, the next step is to plan the definitive closure 
of the wound. In the interim, aggressive wound debridement, 
drainage of pneumothorax and/or hemothorax, and simple 
packing are appropriate. 3 A dreaded complication of chest 



FIGURE 22.3. Occlusive dressing for open pneumothorax: an open pneumothorax occurs when there is a pneumothorax associated with a 
chest wall defect such that the pneumothorax communicates with the exterior. Treatment entails placing an occlusive dressing as well as an 
intercostal drain (chest tube). The occlusive dressing is airtight on three sides. A: Inspiration: the occlusive dressing prevents air entry into the 
chest. B: Expiration: air escapes from the wound and exits at the inferior aspect of the dressing. 
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wounds is necrotizing infection. 4 These infectious complica¬ 
tions need wide local debridement and reconstruction. Most 
chest wall defects can be closed with viable autogenous tissue, 
usually through rotation of local flaps of the pectoral muscle, 
latissimus dorsi, or rectus abdominus. Collaboration between 
trauma surgeons, plastic surgeons, and thoracic surgeons is 
often helpful in these complex cases. Extensive injuries may 
dictate the need for mesh reconstruction with either Gore-Tex 
or methyl methacrylate. 


Flail Chest with Pulmonary Contusion 

Flail chest requires complete dissociation of a portion of the 
chest wall by segmental fractures of two or more adjacent ribs 
(Fig. 22.4). It may also arise from either disruption of the ribs 
from the sternum at the costochondral cartilage or a fracture 
Q in the ribs (sternal flail; Fig. 22.5). In addition to the disarray 
in chest wall mechanics, the force needed to cause the injury 
often leads to significant underlying intrathoracic, primarily 


pulmonary parenchyma, injury. Although chest wall instabil¬ 
ity leads to paradoxical motion of the chest wall during inspi¬ 
ration and expiration, the major difficulty in flail chest is the 
injury to the lung (pulmonary contusion). Additional restric¬ 
tion in chest wall movement from the associated pain further 
exacerbates hypoxia. 

There has been intense debate about the role of surgical 
intervention for flail chest. In the preventilator era, interven¬ 
tion centered on external fixation techniques such as external 
strapping, the placement of sandbags, or even external fixation 
combined with traction. 5 The significant rate of complications, 
prolonged bed rest needed for fracture union, and high failure 
rates led to early ventures in internal fixation. However, the 
use of positive-pressure mechanical ventilation (internal splint¬ 
ing) led to the observation of adequate stabilization in most 
patients, and hence the enthusiasm for surgical intervention 
waned. Only select patients who had persistent flail despite 
mechanical ventilation had a variety of attempted rib fracture 
repairs done with plates, wires, and intramedullary techniques. 
Recently, two randomized trials suggested that patients may 



FIGURE 22.4. Pathophysiology of flail chest. A: Inspi¬ 
ratory phase: chest wall collapses inward, causing air to 
move out of the bronchus of the involved lung into the 
trachea and bronchus of the uninvolved lung, causing a 
shift of mediastinum to the uninvolved side. B: Expira¬ 
tory phase: chest wall balloons outward so that air is 
expelled from the lung on the uninvolved side and 
enters the lung on the involved side with an associated 
shift of mediastinum to the involved side. 
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benefit from early operative repair. In one trial, 37 flail chest 
patients who required mechanical ventilation were random¬ 
ized to surgical stabilization or nonoperative management. 6 
The surgical group had fewer days on the ventilator, a shorter 
intensive care unit (ICU) stay, a lower incidence of pneumonia, 
and a better pulmonary function at 1 month, as well as a 
higher return to work percentage at 6 months, compared to 
the nonoperative group. A second trial randomized 40 patients 
in similar fashion. 7 The surgical group again had fewer days 
on the ventilator, decreased ICU and inpatient stays, and less 
pneumonia than the nonoperative cohort. There was a 
reported higher forced vital capacity and total lung capacity at 
2 months, as well as decreased incidence of visual chest wall 
deformity or persistent flail. Other nonrandomized, case- 
control studies have supported these findings in those patients 
without major pulmonary contusions. 8-11 However, currently 
most trauma centers maintain the belief that the vast majority 
of patients with flail chest are satisfactorily managed without 
surgical intervention. 

Initial treatment of flail chest entails oxygenation, judicious 
fluid administration, and providing adequate analgesia to 
improve ventilation. Prevention of hypoxia is paramount in 
these patients, and thus a period of intubation and ventilation 
may be necessary until all injuries are delineated. Once the 
ventilation status is stabilized, the remainder of the primary 
and secondary survey are completed, and the patient is admit¬ 
ted to the ICU. Surgical intervention may be considered in 
those patients who remain ventilator dependent despite appar¬ 
ent resolution of underlying pulmonary contusions. However, 
the definitive role for surgical intervention may not be deter¬ 
mined until a randomized multicenter clinical trial addresses 
this issue. 


CIRCULATION 


After acute life-threatening airway and breathing issues are 
addressed during the primary survey, the patient is assessed for 
hypovolemia. The pulse is noted for its quality, rate, and regu¬ 


larity. Neck veins should be noted for distention. Cardiac con¬ 
tusions can lead to arrhythmias, which can be exacerbated 
with hypoxia and acidosis. Major thoracic injuries that affect 
circulation should be addressed during the primary survey, 
such as massive hemothorax and cardiac tamponade. 


Massive Hemothorax 


Massive hemothorax results from the collection of more than 
1,500 mL of blood (30% to 40% of total blood volume) 
rapidly in the chest. This occurs most often with a penetrating 
wound with a systemic or hilar vessel injury, though it can also 
occur with blunt trauma. Penetrating anterior chest wounds 
medial to the nipple line and posterior wounds medial to the 
scapula should alert to the likelihood of an injury to the great 
vessels, hilar structures, and the heart. A massive hemothorax 
is suspected when shock accompanies absence of breath 
sounds and dullness to percussion on one side of the chest. 
Blood loss is complicated by hypoxia, as the significant rapid 
accumulation of blood in the chest compromises respiratory 
efforts by mechanically compressing the lung and preventing 
adequate ventilation. Initial management includes simultane¬ 
ous restoration of blood volume along with decompression of 
the chest cavity with a chest tube to evacuate the blood. If 
greater than 1,000 mL of blood is drained by the initial chest 
tube, an additional tube should be placed to ensure better 
evacuation and hemostasis and to avoid potential problems 
from clot formation and occlusion of the initial tube. Tradi¬ 
tional criteria for taking the patient to the operating room 
(OR) for a thoracotomy are initial output of more than 1,500 mL 
of blood or continuing blood loss of 200 mL/h for 2 to 4 hours. 
Need for blood transfusions to maintain blood pressure repre¬ 
sents hemorrhagic shock and is an indication for thoracotomy. 
In the OR, evacuated blood can ideally be collected in a device 
capable of autotransfusion. 


Cardiac Tamponade 

Cardiac tamponade is more often seen in penetrating injuries 
than blunt. Filling of the pericardium with blood can occur 
with injuries to the heart, great vessels, or pericardial vessels. 
Regardless of the mechanism, the collection of blood in the 
pericardium can result in tamponade physiology. Only a rela¬ 
tively small amount of blood in the relatively fixed fibrous sac 
(i.e., the pericardium) is needed to restrict cardiac activity and 
impair cardiac filling. Rising intrapericardial pressure causes 
hemodynamic instability and decreased cardiac perfusion, 
classically described in three phases. 12 In the first phase, rising 
pericardial pressure restricts ventricular diastolic filling and 
reduces subendocardial blood flow. 13 In this phase cardiac out¬ 
put is maintained by compensatory tachycardia, increased sys¬ 
temic vascular resistance, and elevated ventricular filling pres¬ 
sure. In the second phase, rising pericardial pressure further 
compromises diastolic filling, stroke volume, and coronary 
perfusion, resulting in diminished cardiac output. Initial signs 
of shock such as anxiety, diaphoresis, and pallor become evi¬ 
dent in this phase. In the third phase, compensatory mecha¬ 
nisms fail as the intrapericardial pressure approaches the ven¬ 
tricular filling pressure. Cardiac arrest results as profound 
coronary hypoperfusion occurs. 

Signs of cardiac tamponade may be difficult to detect. 
Beck’s triad of muffled heart sounds, jugular venous disten¬ 
tion, and pulsus paradoxus is present in only 15% of patients 
who are later judged to have tamponade. 14 Differences in 
blood pressure greater than 10 mm Hg suggest accentuation of 
the physiologic drop in pressure associated with inspiration. 
Pulsus paradoxus can be difficult to detect in a noisy emer¬ 
gency room with a tachypneic patient. However, chest radiog¬ 
raphy can occasionally but unreliably demonstrate a widened 
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cardiac shadow. Central venous pressure (CVP) reflecting ele¬ 
vated pressures can lead to the diagnosis, but may be absent 
due to hypovolemia. Elevated CVP and pulseless electrical activ¬ 
ity (PEA) are nonspecific signs. Prompt diagnosis and evacua¬ 
tion of pericardial blood are indicated for patients who do not 
respond to the usual measures of resuscitation for hemorrhagic 
shock and have the potential for cardiac tamponade. Methods 
that are rapid and accurate in assessing cardiac injuries include 
focused sonogram in trauma (FAST) and echocardiography. 15 
The presence of a pericardial effusion is diagnostic. However, 
its absence does not necessarily rule out injury. 16 Specifically, 
echocardiography cannot reliably rule out cardiac injury in the 
setting of an associated left pleural effusion. This occurs due to 
the effusion obscuring the pericardium or the effusion occur¬ 
ring as a result of a pericardial tear and escape of blood from 
the pericardium into the pleural space. In this circumstance, 
the pericardial sac may be empty. 

In the first two phases of cardiac tamponade, patients may 
be aggressively managed with definitive airway control and vol¬ 
ume resuscitation, and may be temporized with an attempted 
pericardiocentesis. However, definitive intervention requires 
taking the patient to the OR for a pericardial window or imme¬ 
diate median sternotomy. A pericardial window is typically per¬ 
formed through the subxiphoid approach, although there is a 
role for thoracoscopy in the stable patient with an associated 
hemothorax or if the abdominal route is to be avoided in the 
case of intra-abdominal contamination. 17 When the diagnosis 
is highly likely due to pattern or injury, hemodynamic 
responses, and/or ultrasound (FAST) results, a primary median 
sternotomy may be indicated prior to further physiologic dete¬ 
rioration for both definitive diagnosis and treatment. In the 
third phase of tamponade, patients have profound hypotension 
and should undergo ED thoracotomy (EDT) for evacuation of 
pericardial blood. Following the release of tamponade, the 
source of bleeding is directly controlled. 

Emergency Department Thoracotomy. With the advent 
of regionalized trauma systems, the number of patients who, 
rather than dying in the field, arrive in extremis has increased. 
Closed heart massage for cardiac arrest or PEA is ineffective in 
patients with hypovolemia. Patients with penetrating thoracic 
injuries who arrive pulseless but with signs of life (reactive 
pupils, spontaneous movements, or organized electrocardio¬ 
graphic [ECG] activity) are candidates for immediate resusci- 
tative thoracotomy. The other set of patients who may benefit 
from EDT are those patients with either blunt or penetrating 
thoracic injuries who lose their vitals in the trauma bay. EDT 
refers to the use of a resuscitative thoracotomy in the ED for 
those patients in extremis. A left anterolateral thoracotomy 
incision is preferred for EDT (Fig. 22.6). This enables the pro¬ 
cedure to be performed in the supine position and allows for 
ongoing cardiac massage, and extension into the right 
hemithorax can be achieved with a clamshell thoracotomy and 
subsequent exposure of both pleural spaces, as well as medi¬ 
astinal structures. EDT is performed to correct the cause of 
cardiovascular collapse from mechanical sources or extreme 
hypovolemia. The objectives of EDT are to (a) release pericar¬ 
dial tamponade, (b) control cardiac hemorrhage, (c) control 
intrathoracic bleeding, (d) evacuate massive air embolism, (e) 
perform open cardiac massage, and (f) temporarily occlude the 
descending thoracic aorta. 18 The highest survival rate following 
EDT is in patients with penetrating cardiac wounds, especially 
with pericardial tamponade. 19 The rationale for temporary 
thoracic aortic clamping with massive hemorrhage is twofold. 
First, aortic clamping redistributes the patient’s limited blood 
volume to the myocardium and brain. Second, there may be 
decreased ongoing subdiaphragmatic blood loss in those 
patients with significant intra-abdominal injuries. However, 
once the patient’s blood volume has been restored after repair 
of the injury, the aortic cross-clamp should be removed expe¬ 
ditiously. Persistent clamping in this situation can result in 



increased myocardial demand, increasing acidosis from malper- 
fusion, and risk of paraplegia. 

In a patient with a penetrating chest injury who develops 
profound hypotension and cardiac arrest following endotra¬ 
cheal intubation and positive-pressure ventilation, a bron- 
chovenous air embolism should be suspected. The traumatic 
alveolar-venous communication leads to migration of the air 
embolism to the coronary circulation, with resultant myocar¬ 
dial ischemia and shock. The associated low pulmonary venous 
pressure from intrathoracic blood loss and high bronchoalveo- 
lar pressure from positive-pressure ventilation increase the gra¬ 
dient for air transfer across the bronchovenous channels. 20 
Immediate thoracotomy with pulmonary hilar cross-clamping 
prevents further pulmonary venous embolism. The peri¬ 
cardium is opened, and with the patient in Trendelenburg 
position, air trapped in the ventricles is removed by aspiration. 
Cardiac massage may also dissolve air present in the coronary 
arteries. Aspiration of the aortic root is also done to remove 
any additional accumulated air. 

Analysis of the literature on EDT indicates that the success 
rates approach 35% in the patient arriving in shock with pene¬ 
trating cardiac wounds and 15% for all penetrating wounds. 18 
In contrast, the results of EDT are poor in the setting of blunt 
trauma, with a survival of only 1% to 2%. Patients undergoing 
cardiopulmonary resuscitation (CPR) prior to arrival in the ED 
should be stratified based on the type of injury and transport 
time to assess the potential utility of EDT. 


TREATMENT OF 
INJURIES DURING THE 
SECONDARY SURVEY 


The secondary survey includes detailed physical examination, 
a chest radiograph (ideally upright, injuries permitting), arter¬ 
ial blood gas measurements, pulse oximetry, and ECG moni¬ 
toring. The chest radiograph is examined for adequate lung 
expansion, presence of fluid, widening of the mediastinum, 
mediastinal shift, and loss of anatomic detail. Multiple rib 
fractures and fractures of the first and second ribs are indica¬ 
tive of a severe force delivered to the chest. Unlike the previ¬ 
ously described immediate life-threatening conditions, injuries 
detected during the secondary survey are not obvious on phys¬ 
ical examination. A high degree of suspicion is needed, along 
with appropriate studies. 
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SIMPLE PNEUMOTHORAX 


A pneumothorax is one of the most common traumatic 
injuries, with a reported prevalence of 20% in patients arriv¬ 
ing alive to trauma centers. 21 There are three types of pneu¬ 
mothoraces: simple, open, and tension. A simple pneumotho¬ 
rax is a collection of air trapped in the pleural space. The most 
common cause is air leaking into the pleural space as a result 
of a parenchymal lung injury. Open pneumothorax occurs 
when wounds of the chest wall allow air to enter the pleural 
space from the outside. A tension pneumothorax occurs when 
air collects in the pleural space under pressures exceeding 
atmospheric pressure. This pressure collapses the affected lung 
and is transmitted to the mediastinal structures, leading to a 
shift of the heart and great vessels away from the side of the 
pneumothorax. 

The etiology of a pneumothorax differs in blunt and pene¬ 
trating trauma. Pneumothoraces following blunt trauma may 
occur from (a) a sudden increase in intrathoracic pressure 
leading to ruptured alveoli and air leak, (b) rib fractures lacer¬ 
ating the lung, (c) deceleration injuries tearing the lung, or (d) 
blunt forces directly crushing and disrupting alveoli. In pene¬ 
trating trauma, the etiology is the direct laceration of lung 
parenchyma. 

A definitive diagnosis is made on chest radiography (Fig. 
22.7). Associated findings include subcutaneous emphysema, 
decreased breath sounds, and overlying chest wounds. With 
the increased use of computed tomography (CT) in the evalu¬ 
ation of the trauma patient, it is apparent that pneumothoraces 
can be missed on supine anteroposterior (AP) chest radiogra¬ 
phy. This rate of missed pneumothorax has been estimated to 
be as high as 20% to 35%. The patient’s symptoms and physi¬ 
ologic response to the pneumothorax is significantly more 
important than the apparent size and should dictate the 
urgency of treatment. 

There is debate regarding the management of patients 
whose pneumothorax is visible only on CT and not on a chest 
radiography. The reported incidence of these occult pneumo¬ 
thoraces is between 2% and 8% of all blunt trauma patients. 22,23 
In one retrospective study, the size of the occult pneumothorax 
was correlated with the need for a chest tube, and recommen¬ 
dation was made for chest tube placement in all pneumotho¬ 
races greater than 5 X 80 mm in size. 24 These authors also 


suggested a chest tube be placed for those with two or more rib 
fractures. In another prospective study, 25 8 out of 15 patients 
on positive-pressure ventilation required chest tubes, with 
three of these patients having developed tension pneumotho¬ 
races. The authors thus recommended chest tubes to be placed 
for all patients with occult pneumothoraces and requiring 
positive-pressure ventilation. In contrast, Brasel et al. in a 
prospective study of 44 patients found that neither size nor 
positive-pressure ventilation correlated with the development 
of clinically significant pneumothorax that needed a chest 
tube. 26 Thus, the treatment of an occult pneumothorax should 
be done in the context of the whole patient. In the stable 
patient an occult pneumothorax may be observed, but in those 
with multiple injuries, it would be wiser to place a chest tube. 
Serial examinations in those patients observed include repeat 
chest radiographs at 6 and 24 hours. 

Currently, the standard treatment for a traumatic pneu¬ 
mothorax found on the screening AP chest radiograph is 
placement of a chest tube to allow for reexpansion of the lung 
and apposition of visceral and parietal pleurae. Supplemental 
oxygen may be tried to enhance reabsorption of the pneu¬ 
mothorax, but it is unlikely that high inspired oxygen tensions 
(>60%) will provide any more benefit than 0 2 given by nasal 
prongs. 27 


HEMOTHORAX 


Hemothorax is the collection of blood within the pleural 
space. This can occur as a result of pulmonary parenchymal 
lacerations, intercostal artery or vein laceration, or disruption 
of major pulmonary or bronchial vessels. Because parenchy¬ 
mal tears result in low-pressure pulmonary vessel injury, they 
usually stop bleeding with chest tube intervention and full 
expansion of the lung. The presence of retained blood in the 
chest can lead to complications such as empyema and restric¬ 
tive fibrothorax. Early evacuation of hemothorax is thus ideal. 
The vast majority of hemothoraces can be drained with chest 
tube placement alone. Chest tubes fail to completely evacuate 
a hemothorax in approximately 5% of cases. 28 Conditions 
that can increase the chance of complications in retained fluid 
collections include prolonged ventilation, pleural disruption, 
the development of pneumonia, and other distant sites of 



FIGURE 22.7. A: Chest radiograph demonstrating simple pneumothorax. B: Resolution of pneumothorax after chest tube placement. 
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infection. This is in contrast to the stable, nonventilated patient 
with small effusions (less than one fourth of the hemithorax) 
following blunt trauma with no obvious pleural disruption, 
who may be observed without intervention. 29 

Recognizing the true extent of a hemothorax can be chal¬ 
lenging. Plain chest radiographs, especially done with portable 
equipment, can be misleading and typically underestimate the 
true extent of the fluid collection. Chest CT is much more 
accurate in quantification of total amount of blood, as well as 
assessment for loculations, entrapped lung, and parenchymal 
damage. 30 Moderate effusions in the ventilated patient or effu¬ 
sions in those patients with other risk factors for complica¬ 
tions should be drained. However, it may be difficult to drain 
hemothoraces in patients where recognition occurs more than 
24 hours after injury due to clot formation and early locula- 
tion. In these patients, chest tube placement may lead to inad¬ 
equate drainage while increasing the pain, splinting, and risk 
of pneumonia. One option is the instillation of a thrombolytic 
agent via the chest tube. Intrapleural streptokinase (250,000 
IU) or urokinase (40,000 IU) has been reported to have an effi¬ 
cacy ranging from 65% to 90%. 31 Although the risk of rebleed¬ 
ing is negligible, disadvantages to their use include associated 
fever, severe pain, several days for full effect, and ultimate 
inability to break down some loculations. 

Video-assisted thoracoscopic surgery (VATS) is an effective 
minimally invasive means of definitively addressing significant 
hemothoraces persisting after failed chest tube drainage or a 
delayed diagnosis. The VATS approach is well suited for the 
treatment of hemothorax, breaking down areas of loculation, 
and completely evacuating gelatinous exudates and clots from 
the pleural space. Early fibrinous peels can usually be removed 
from the visceral pleural surface to free any lung entrapment. 
At the conclusion of the procedure, strategically placed chest 
tubes lead to full expansion of the lung and resolution of the 
process. In one prospective study, patients undergoing VATS 
early after trauma had decreased length of time requiring chest 
tube drainage, decreased hospital length of stay (2.7 days less), 
and subsequent decreased hospital cost ($6,000 less) com¬ 
pared to patients treated with a second chest tube. 32 There 
were no failures or complications, and no patients required 
conversion to a full thoracotomy with early VATS. In contrast, 
placement of a second chest tube failed to completely evacuate 
the retained hemothorax, requiring operative intervention in 
over 40% of patients. 

VATS should be considered carefully to identify patients in 
whom it may not be feasible. Possible contraindications include 
(a) compromised pleural cavity due to previous granulomatous 
infections, empyema, or thoracotomy; (b) inability to tolerate 
single-lung ventilation secondary to contralateral pulmonary 
resection, acute or chronic respiratory insufficiency, high levels 
of required oxygen on mechanical ventilation, or hemodynamic 
instability; and (c) bleeding diathesis. 33 In these situations, a for¬ 
mal thoracotomy should be considered. Decortication of a 
mature visceral pleural peel requires an open approach, as do 
those situations where dense adhesions are anticipated. If a 
patient presents late (>3 months following the injury), a 
fibrothorax typically forms. This rare group of patients should 
initially be managed nonoperatively, if there is no evidence of 
infection, as there may be remodeling and adaptation at 6 to 9 
months. If surgical intervention is needed, there is no added dif¬ 
ficulty in performing the procedure at this later date. 


PULMONARY CONTUSION AND 
PARENCHYMAL INJURIES 

A pulmonary contusion is a serious injury to the lung 
parenchyma and is the most common potentially life-threatening 
chest injury. Most reviews report a mortality of 5% to 30%, 
and contusion is the direct cause of death in 25% to 50% of 


TABLE 22.2 


SIGNS OF PULMONARY CONTUSION 

■ Hypoxemia (Pa0 2 <60 mm Hg) on room air 

■ Hypercarbia 

■ Increased work of breathing 

■ Hemoptysis 

■ Loss of lung compliance 

■ Elevated intrapulmonary shunting 

■ Ventilation/perfusion mismatch 


fatalities. Transmission of force (with or without rib fractures) 
leads to interstitial hemorrhage with resulting alveolar collapse, 
atelectasis, and consolidation of the uninjured areas of lung. 34 
As edema forms around the area of initial injury, compliance 
decreases and work of ventilation increases. Resulting hypoxia 
occurs due to increased shunting of blood through unventilated 
lung. 35 The hypoxia and respiratory embarrassment typically 
are maximal within the first 24 to 48 hours and are exacerbated 
by the extent of injury and the associated need for volume 
replacement. 36 Chest radiographs usually appear normal at the 
time of initial presentation but then progress to show patchy 
infiltrates or nonsegmental areas of opacification within the first 
4 to 6 hours after injury, usually in areas that underlie rib, clav¬ 
icle, or sternal fractures. There is a direct correlation between 
the extent of abnormalities seen on chest radiography and the 
severity of the injury, and any abnormalities seen on the admis¬ 
sion trauma series portend a severe pulmonary contusion. The 
degree of injury severity can be better assessed by chest CT, 
where pulmonary contusion appears as an ill-defined area of 
consolidation. However, routine assessment by CT does not sig¬ 
nificantly alter therapy or improve outcomes. 37 

The full assessment of pulmonary contusions is made 
through the correlation of clinical signs with radiographic 
findings and laboratory values (Table 22.2). 38 Any patient who 
has suffered a high-impact blunt impact to the chest should be 
suspected of having a pulmonary contusion. Arterial blood 
gases demonstrate an arterial hypoxemia on room air and 
hypercarbia. The degree of clinical lung injury can be assessed 
using a ratio of partial pressure of arterial oxygen (Pa0 2 ) to 
the fraction of inspired oxygen (Fi0 2 ) 39 : 

- Pa0 2 /Fi0 2 ratio less than 300 = acute lung injury 

- Pa0 2 /Fi0 2 ratio less than 200 = acute respiratory distress 
syndrome 

A study by Tyburski et al. 40 demonstrated that quantifying 
the extent of pulmonary contusions on chest radiography and 
serial Pa0 2 /Fi0 2 ratios in the first 24 hours after injury can aid in 
predicting the need for ventilatory support and patient outcome. 
An initial Pa0 2 /Fi0 2 ratio less than 300 that continues to remain 
less than 300 at 24 hours after injury was the most significant 
factor correlating with the need for mechanical ventilation. 

Management of pulmonary contusions is supportive ini¬ 
tially, with goals of adequate oxygenation and decreased work 
of breathing. Early measures include supplemental oxygen to 
prevent hypoxemia, chest expansion through the use of incen¬ 
tive spirometry, Acapella flutter valve therapy to promote deep 
breathing and coughing, control of pain, and increased activ¬ 
ity and mobilization to promote perfusion in all areas of the 
lung. Fluid volume should be restricted as much as possible, as 
obligatory capillary leaks lead to worsening pulmonary 
edema. Control of pain is critical in patients with limited chest 
excursion as a result of pain from rib fractures, chest wall con¬ 
tusion, and other injuries. Inadequate pain relief can lead to 
hypoventilation, promotion of atelectasis, and worsening 
hypoxemia. Epidural analgesia or patient-controlled analgesia 
using opioids and fentanyl patch should be considered, espe¬ 
cially in the setting of rib fractures. 35 
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Adequate oxygenation should be maintained to achieve a 
Pa0 2 of 60 mm Hg and an oxygen saturation of 90%. Early 
intubation in this patient population is controversial at present. 
Intubation should be reserved for the classical indications, 
although the need for intubation and mechanical ventilation 
can lead to a 44% incidence of pneumonia. There is no role for 
routine antibiotic prophylaxis in this patient population. 
Hemodynamic monitoring with a central mixed venous oxygen 
saturation catheter can help in monitoring severe pulmonary 
injuries. A decrease in venous oxygen saturation (60% to 70%) 
is indicative of inadequate oxygenation and perfusion. 

It has been estimated that 20% to 30% of patients who 
undergo thoracotomy following trauma will require some 
form of lung resection. Most patients who present with pene¬ 
trating injuries have peripheral injuries that are simple to man¬ 
age, whereas extensive blast or blunt trauma often results in 
combinations of diffuse contusion and lung maceration that is 
extremely difficult to salvage. The most common procedures 
required are simple suture repair or wedge resection. Tracto¬ 
tomy is used to either define and, in particular, control bleed¬ 
ing to the tracheobronchial tree in deep injuries or to manage 
peripheral injuries that pass through the parenchyma. Mortal¬ 
ity rates as high as 3% to 50% following lobectomy and 70% 
to 100% following pneumonectomy reflect the severity of lung 
and overall injury in patients requiring extensive resection. 
The use of nonanatomic and stapling techniques has been 
advocated as a method of both damage control and rapid 
definitive resection with reduced operative time and blood loss 
and increased parenchymal salvage. 41 


TRACHEOBRONCHIAL 
TREE INJURY 

Disruption or injury to a major bronchus or trachea is a rare 
potentially fatal condition that is often overlooked on initial 
assessment. It has been reported to occur in 1% to 3% of motor 
vehicle collisions, and more than 80% die in the field. 42,43 Those 
who reach the hospital alive have a high mortality rate from 
associated injuries. The injury, alone or in combination, is in the 
distal trachea within 2 cm of the carina in 76% of cases and in 
the right main stem within 2 cm of the carina in 43%. Approx¬ 
imately 50% of the injuries are circumferential. 44 In contrast, 
penetrating injuries involve the cervical trachea in greater than 
80% of cases. 

A high degree of suspicion is needed to detect these injuries 
in a timely manner. Clinical signs include subcutaneous emphy¬ 
sema, continuous large air leaks seen in chest tubes, and hemop¬ 
tysis. 45 Although a chest radiograph is nonspecific, a pneumo¬ 
thorax, cervical emphysema, or pneumomediastinum may be 
present. A chest CT scan is more sensitive for detecting pneu¬ 
momediastinum, and occasionally a “fallen lung sign” may be 
present, where the lung is seen to fall away from the hilum. 46 A 
persistent pneumothorax, despite a well-placed chest tube, and 
a continuous air leak throughout the entire respiratory cycle are 
also signs of a possible tracheobronchial disruption. 

The first priority is airway control. Orotracheal intubation 
with appropriate cervical spine precautions and direct laryn¬ 
goscopy is typically an appropriate first step in securing the air¬ 
way. Caution should be used in the setting of maxillofacial 
trauma or suspicion of laryngeal trauma. Flexible bronchoscopy 
plays a role in the diagnosis and management of the injured air¬ 
way. It can be used even in the most difficult airway while main¬ 
taining cervical spine immobilization. It allows for the accurate 
placement of distal tubes in the airway that can act as a stent for 
the disrupted trachea or mainstem bronchi. The status of the lar¬ 
ynx can be assessed and a decision made to continue with the 
tube insertion over the bronchoscope versus aborting intubation 
and proceeding with a definite surgical airway. Tracheostomy is 
preferred over a cricothyroidotomy, as the latter can lead to com¬ 


plete airway separation and loss of ability to intubate in this set¬ 
ting. A smooth-end endotracheal tube such as an Armoured 
wired endotracheal tube of at least 8.0 French should be used. 
Adequate suctioning and bronchoscopy are possible with the 8.0 
size, and the smooth-end reinforced tube reduces the risk of 
aggravating the airway tear, is easier to place, can be passed 
across the injury site, and can be manipulated during surgery. On 
occasion, the distal airway must be intubated through the oper¬ 
ative field to allow for adequate exposure. 

A patient who deteriorates after intubation, ventilation, and 
appropriate chest tube placement and subsequently develops a 
massive air leak should have immediate bronchoscopy. The 
timing and type of definitive repair depend on the site, extent, 
and association with other injuries. The proximal two thirds of 
the trachea is best approached via a low collar incision. This 
also allows access to the esophagus and cervical vessels in case 
of associated injury. The collar incision can be extended down 
into the manubrium with an upper sternal split (“T incision”) 
for greater exposure of the middle third of the trachea, as well 
as facilitate control of the proximal innominate artery and 
vein. If there is any suspicion of injury to a great vessel, the 
ascending aorta, or the heart, median sternotomy should be 
employed. 43 The distal one third of the trachea and right main- 
stem bronchus is best approached by a right posterolateral tho¬ 
racotomy via the fourth or fifth intercostal space. A left pos¬ 
terolateral thoracotomy through the fourth or fifth intercostal 
space gives one access to the left mainstem bronchus and the 
proximal left subclavian artery, descending thoracic aorta, and 
lower esophagus. However, the very proximal left mainstem is 
difficult to expose and requires mobilization of the arch by 
dividing the ligamentum arteriosum. 47 

Repair of simple lacerations of the trachea and bronchi are 
repaired primarily using interrupted sutures of 3-0 polyglactin 
910 (Vicryl) to reestablish mucosal-to-mucosal continuity. 
Debridement of devitalized tissues should be performed with 
caution to leave the greatest amount of trachea available for 
repair. Suture lines performed through the chest are reinforced 
with pedicled flaps of pleura or pericardium wrapped around 
the anastomosis. Alternatively, intercostal muscle can be used. 
Repairs made through the neck are reinforced using mobilized 
strap muscles. In the case of more complex injuries involving 
complete transection of the trachea, the trachea can be mobi¬ 
lized anteriorly and around the hila to allow for structures to 
shift superiorly. Care is taken to avoid lateral dissection as 
much as possible, as the vascular supply enters on the sides. 
Interrupted 3-0 Vicryl sutures are placed after careful debride¬ 
ment. Pericartilaginous sutures are placed on the rigid portion 
of the trachea, and simple interrupted sutures are placed on 
the membranous portion (Fig. 22.1). At the end of the proce¬ 
dure, the patient’s chin may be sutured to the anterior chest to 
prevent the patient from extending the neck and stressing the 
suture line (“guardian stitch”). This stitch is left in for 1 week 
and removed after confirmation of integrity of the suture line 
is done by flexible bronchoscopy. Distal airway injuries associ¬ 
ated with lobar destruction can be managed by lobectomy. 45 
Stricture and dehiscence occur in 3% of patients following tra¬ 
cheobronchial reconstruction, with stricture often presenting 
as new-onset wheezing. If the stricture is limited, dilation and 
temporary stenting can allow remodeling and thus provide a 
permanently patent and functioning airway. 


BLUNT CARDIAC INJURY 

Blunt cardiac injury (BCI) encompasses a spectrum of pathology 
ranging from clinically silent transient dysrhythmia to deadly free 
wall rupture. BCI occurs most often from motor vehicle crashes 48 
where rapid deceleration occurs. An alternative mechanism is a 
direct blow to the precordium. Any patient involved in a motor 
vehicle crash with sudden deceleration or who sustains significant 
chest trauma is thus at risk. Several forces may be involved in 
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BCI, including shearing from rapid deceleration, compression of 
the heart between the spine and sternum, abrupt pressure fluctu¬ 
ations in the chest and abdomen, and blast injury. 49,50 The right 
heart is most commonly injured, likely related to its close prox¬ 
imity to the anterior chest wall and sternum. 

The clinical features of BCI can vary widely. Most patients 
with severe BCI, such as uncontained myocardial rupture, do 
not reach the emergency department alive. 51,52 Of those who 
do, hypotension may reduce pressure on the injured 
myocardium, which may rupture as fluid resuscitation restores 
blood pressure. Atrial rupture occurs far less often than ven¬ 
tricular rupture, most likely due to anatomy and lower compli¬ 
ance. Septal injury and isolated valvular injury are extremely 
rare. Of the valves, the aortic valve is most often injured, fol¬ 
lowed by the mitral and tricuspid valve. Depending on the 
valve involved and the degree of injury, the clinical presentation 
falls between acute valvular insufficiency with right- or left¬ 
sided heart failure, a widened pulse pressure, and a new cardiac 
murmur. Treatment of septal or valvular injury is surgical. 

The most common and controversial form of BCI is cardiac 
contusion. The absence of a clear definition and accepted 
“gold standard” of diagnosis makes assessment of cardiac con¬ 
tusion difficult. The exact incidence is thus unknown, and can 
be difficult to determine in the multiply injured trauma patient 
with many reasons for hypotension. BCI often presents with 
other injuries. In one autopsy series, sternal fractures were 
found in 76% of cases involving cardiac injury. 53 However, a 
sternal fracture does not necessarily imply an associated BCI 
and lack of fracture does not rule out BCI. 

Commotio cordis, a rare type of BCI in which low-impact 
trauma causes sudden cardiac arrest, usually occurs from 
being struck by a projectile during sports. The cardiac arrest is 
theorized to occur from the timing of the blow during a period 
of electrical susceptibility. 

While BCI is often associated with thoracic trauma, it can 
occur in any patient with multisystem trauma. The ECG is the 
single most important screening test for hemodynamically sta¬ 
ble patients with potential BCI. An ECG consistent with BCI 
may reveal persistent sinus tachycardia, another dysrhythmia, a 
new bundle branch block, or ST depressions or elevation. A 
screening ECG is obtained in all blunt trauma patients with 
chest pain or tenderness, history suggestive of heart disease, and 
active signs or symptoms consistent with heart disease. These 
may include signs of heart failure or abnormal heart sounds. 

Patients with unexplained tachycardia that persists over sev¬ 
eral hours despite adequate fluid resuscitation and pain control, 
a new bundle branch block, or significant dysrhythmia are 
admitted for cardiac monitoring and echocardiography. 
Echocardiography can provide important information in a 
patient with BCI, but is not as important in the hemodynami¬ 
cally stable patient without dysrhythmia. 49,54,55 In the rare case 
of blunt thoracic trauma with evidence of myocardial infarction 
on ECG, serial biomarkers should be measured (troponin I, cre¬ 
atine kinase [CKj-MB), and consultation done with both cardi¬ 
ology and cardiac surgery. In other patients without history of 
findings of severe cardiac injury but in whom concern persists, a 
brief course of ED observation over 6 hours can be done with a 
minimum of two ECGs obtained during the observation. Floor 
telemetry is appropriate for the patient with minor abnormali¬ 
ties (e.g., intermittent premature ventricular or atrial contrac¬ 
tions), no significant concomitant injuries, and normal hemody¬ 
namics. All other patients should be admitted to the ICU for 
close monitoring, with associated cardiology consultation. 


TRAUMATIC 
AORTIC DISRUPTION 


Patients involved in high-energy blunt trauma involving rapid 
deceleration (such as a motor vehicle crash at speeds over 40 
miles per hour or a fall from a height of 10 feet) are at signifi- 


TABLE 22.3 


CHEST RADIOGRAPHY FINDINGS ASSOCIATED WITH A 
MAJOR VASCULAR INJURY IN THE CHEST 

■ Widened mediastinum 

■ Obliteration of the aortic knob 

■ Deviation of the trachea to the right 

■ Depression of the left mainstem bronchus 

■ Elevation of the right mainstem bronchus 

■ Obliteration of the aortopulmonary window (space 
between the aorta and pulmonary artery) 

■ Deviation of the nasogastric tube (esophagus) to the right 

■ Widened paratracheal stripe 

■ Widened paraspinal interfaces 

■ Presence of a pleural or apical cap 

■ Left hemothorax 

■ Fractures of the first rib, second rib, or scapula 

cant risk for blunt aortic injury (BAI). BAIs cause immediate 
death from aortic transection in 80%. In a minority of 
patients, the adventitia and mediastinal structures contain the 
rupture, allowing the patient to survive the ambulance trans¬ 
port to the ED. In patients who survive to reach the hospital, 
the most common site of disruption is just distal to the origin 
of the left subclavian artery at the ligamentum arteriosum. 
This site is the juncture of the mobile aortic arch and immobile 
descending thoracic aorta, additionally tethered by the inter¬ 
costal arteries. In a sudden deceleration, the descending aorta 
stops with the rest of the body, while the heart and aortic arch 
continue to move forward. Shear force develops at the junc¬ 
ture of these two segments of aorta, creating a tear. 56 

Specific signs and symptoms of traumatic aortic disruption 
are frequently absent. A high index of suspicion prompted by 
noting the mechanism of injury (rapid deceleration) and find¬ 
ings on chest radiography should be maintained, and the 
patient appropriately assessed. Findings on chest radiography 
that indicate a likelihood of major vascular injury in the chest 
are shown in Table 22.3. Any abnormality on chest radiogra¬ 
phy should be followed by a CT scan of the chest. A normal 
CT scan essentially rules out BAI. 57-59 An equivocal CT scan 
should be followed by angiography to exclude aortic injury in 
those where suspicion of injury remains. 60 Transesophageal 
echocardiography (TEE) can be used in those patients too 
unstable for chest CT. TEE has a high sensitivity and specificity 
for BAI and can be performed either in the ED or in the OR. It 
also has utility in assessing valvular incompetence and pericar¬ 
dial effusions. 

When BAI is diagnosed, the goal of management is to pre¬ 
vent propagation of adventitial dissection and subsequent free 
rupture by controlling the shearing forces exerted on the aorta. 
This is accomplished by lowering the heart rate with a beta- 
blocker and decreasing the blood pressure with intravenous 
nitroprusside or nitroglycerin in those cases where the beta- 
blocker alone is not sufficient. Intravenous esmolol, due to its 
rapid action and short half-life, is an ideal beta-blocker to use 
as an initial agent. Beta blockade should be initiated prior to 
any other blood pressure-reducing medications, as other drugs 
may result in a compensatory elevation in heart rate and 
thereby increase the shearing force. In patients in whom beta- 
blockers are contraindicated, a calcium channel blocker such 
as diltiazem can be used. The goal is to maintain a heart rate 
below 100 and a systolic blood pressure around 100 mm Hg. 61 

Surgical options include thoracotomy with open repair or 
interposition graft, and endovascular stenting. Surgery should 
not be delayed if clinical or radiographic signs of impending 
rupture are present such as reaccumulating hemothorax, rapid 
enlargement of a pseudoaneurysm, or contrast extravasation. 
Surgery should also ideally be done early in those patients who 
are hemodynamically stable without other major injuries, as 
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the risk of rupture is high if left untreated. There are, however, 
reports of patients who safely undergo delayed repair of BAI 
after diagnosis and careful management of wall stress. 62-64 
After controlling for comorbidities, these patients were found 
to have outcomes similar to those undergoing immediate repair. 
Many of these patients had other associated injuries that led to 
the delay in repair. 

Paralysis is the dreaded complication of aortic reconstruc¬ 
tion. Risk factors include preoperative hypotension, cross¬ 
clamp time (>30 minutes), and not using mechanical circula¬ 
tory support. 65,66 High mortality and paraplegia rates 
associated with open surgical intervention limit its utility. This 
led to the use of endovascular stents in BAI. The efficacy of 
stenting versus surgery in the emergent setting was specifically 
addressed in a nonrandomized study of 60 consecutive 
patients with acute rupture of the thoracic aorta; 28 patients 
were treated surgically and 32 were treated with an endovascu¬ 
lar stent graft. 67 Findings of the study included a significantly 
lower perioperative mortality rate (3.1% vs. 17.8%). At a 
mean follow-up of 36 months, four additional deaths occurred 
in stented patients, three of which were attributed to late pro¬ 
cedural complications (one aneurysm, one dissection, and one 
traumatic transection). No additional procedure-related deaths 
occurred in the surgical patients. Reintervention rates were 
similar in the two groups. All of the surgical reinterventions 
were early reexplorations for bleeding. In the patients treated 
with stents, one required early drainage of an empyema and 
two required late interventions for endovascular leaks (one 
repeat stent, complicated by paraplegia; one surgical repair 
with stent removal). Ongoing studies are awaited to assess the 
long-term durability of endovascular grafts. 


TRAUMATIC 

DIAPHRAGMATIC INJURY 

The true incidence of diaphragmatic injuries is hard to esti¬ 
mate because of missed and delayed diagnosis. A query of the 
National Trauma Data Bank (NTDB) of 952,242 patients 
from 565 trauma centers during the years 2000 to 2004 
revealed an overall incidence of 0.63% (n = 6,038). Thirty- 
five percent occurred from blunt trauma and 65% from pene¬ 
trating diaphragmatic injuries. 68 The frequency, however, may 
be even higher, as one prospective study where all patients 
admitted with left-sided penetrating thoracoabdominal trauma 
were evaluated with laparoscopy demonstrated 26 out of 110 
(24%) patients with a diaphragmatic injury. 69 

There are several possible mechanisms for diaphragm rup¬ 
ture: increased abdominal pressure from forceful impact that 
causes stretching with avulsion or, more commonly, lacerations; 
or fractured ribs that can perforate the muscle. 70 Tears tend to 
be in a radial orientation along the posterolateral aspect of the 
diaphragm. Diagnosis is easiest on the left when herniated 
bowel enters into the chest. Severe associated injuries occur in 
greater than 50% of cases. The liver and spleen are the most 
commonly associated injury. Diaphragmatic injury may be asso¬ 
ciated with epigastric and abdominal pain, referred shoulder 
pain, shortness of breath, or shock. However, some patients are 
asymptomatic, and initial chest radiography may be nondiag¬ 
nostic, particularly if the patient is on positive-pressure ventila¬ 
tion. CT allows for the production of sagittal and coronal refor¬ 
matting, which appears to improve accuracy. In one large series, 
the sensitivity for CT in diagnosing left-sided diaphragmatic 
tears was 78% and for right-sided tears was 50%, with 100% 
specificity. 71 Accuracy is poor in the absence of visceral hernia¬ 
tion. Right-sided injuries are more difficult to diagnose because 
the liver and diaphragm have a similar appearance on CT (Fig. 
22.8). Coexisting injuries, atelectasis, and aspiration can also 
obscure the diaphragm and decrease sensitivity. 

Often diaphragmatic injuries are found incidentally during 
laparotomy or thoracotomy to treat coexistent injuries. Treat¬ 


ment is by direct repair whenever the injury is diagnosed; an 
“airtight” closure is not necessary, and excess tension and 
ischemia are to be avoided to prevent disastrous tissue loss in 
the difficult to mobilize diaphragm. 


ESOPHAGEAL RUPTURE 


Diagnosis, management, and outcome for traumatic esophageal 
perforations are affected by etiology, location, and duration 
between event and intervention. In trauma, there is a tendency for 
the diagnosis to be delayed. 72 Esophageal injury lacks specific 
symptoms and generally occurs in multiple trauma, making it dif¬ 
ficult to diagnose. Historically, injuries diagnosed greater than 24 
hours after injury were treated with diversion. In recent times, the 
trend has changed to intervention based on the clinical stability of 
the patient, underlying esophageal pathology, and quality of the 
mediastinal tissues. There is now an emphasis on primary repair 
when possible, with some form of tissue reinforcement. 

Traumatic injuries, which tend to involve the cervical esoph¬ 
agus in younger patients, have a mortality rate ranging from 
9% to 19%. 72 The most common traumatic injury occurs fol¬ 
lowing penetrating neck injury, accounting for more than 80% 
of all traumatic perforations. Only 0.5% to 5% of penetrating 
neck injuries, however, are associated with esophageal involve¬ 
ment. Blunt trauma patients rarely sustain esophageal rupture; 
when they do occur, it is mostly in the cervical area, typically 
caused by a sudden blow to the anterior hyperextended neck. 
Virtually all thoracic traumatic perforations are a consequence 
of penetrating trauma. Transmediastinal gunshot wounds 
involving “low-velocity” missiles that course close to the spine 
can result in through-and-through injuries. 

Signs of injury may include blood in the nasogastric aspirate, 
subcutaneous cervical air, and neck hematoma, but none is sen¬ 
sitive. 72,73 Initial symptoms of cervical perforations may be sim¬ 
ply hoarseness, spitting up blood, subcutaneous air, or anterior 
tracheal deviation. Untreated, fever, erythema, swelling, increas¬ 
ing crepitus, airway distress, and, finally, frank abscess forma¬ 
tion occur. Infection often spreads along the precervical plane to 
involve upper mediastinal structures, leading to signs and symp¬ 
toms of mediastinitis. Patients who present with zone II injuries 
that are associated with penetration of the platysma should be 
considered at risk for esophageal injury. Thoracic perforations 
typically have a subtle initial presentation but can quickly 
progress to mediastinitis, empyema, and septic shock. 

Plain radiography may reveal pneumomediastinum, pleural 
effusion, mediastinal contour changes (which progress with 
inflammation), or gas bubbles in the nasogastric tube or 
esophagus, if a tracheoesophageal communication exists. CT 
scans may show subtle air leaks at the site of perforation, 
although the sensitivity of such findings is unclear. Pneumome¬ 
diastinum without a clear cause is an indication for further 
assessment by a contrast study. Diagnosis is primarily made by 
contrast study. Although many radiologists favor Gastrografin 
studies, 15% of perforations can be missed with this type of 
study alone. Dilute or thin barium studies are thus preferred as 
the initial diagnostic study. A contrast study confirms the 
location of the leak and the side toward which the leak is 
going, and also demonstrates other pathology such as stric¬ 
tures that may need to be addressed. 

Esophagoscopy and contrast studies are complementary in 
the trauma setting. Esophagoscopy can miss 15% to 40% of 
traumatic injuries, but when combined with contrast studies 
the sensitivity approaches 90% to 100%. Ideally, flexible 
esophagoscopy should be performed in the OR, as definitive 
intervention can be done when an injury is found. 

The principles of surgical intervention include control of the 
leak, debridement of all devitalized tissues, wide drainage, and 
nutritional support. Broad-spectrum antibiotic coverage is 
essential. 79 Ideally, primary repair should be done whenever 
possible. Additional reinforcement with tissues such as pleura, 
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FIGURE 22.8. A: A 26-year-old male involved in a motor vehicle 
crash with acute rupture of the right diaphragm. Delay in diagnosis 
occurred in this patient, who had a normal-appearing chest radi¬ 
ograph. Computed tomography suggested the possibility of diaphragm 
hernia on sagittal reformats. B: Diagnosis initially made on video- 
assisted thoracoscopic surgery exploration, and conversion to open 
thoracotomy was performed for definitive repair. C: Exposure of free 
edges after adhesiolysis and taking down the inferior pulmonary liga¬ 
ment. D: Free edges of diaphragm tear reapproximated. E: Repair of 
diaphragm using interrupted no. 1 Surgilon sutures. 


pericardial fat, diaphragm, or intercostal muscle should be used. 
In the cervical area, the sternocleidomastoid or other strap mus¬ 
cles can be mobilized as an onlay patch. When there is underly¬ 
ing preexisting esophageal pathology, the long-term results with 
primary repair are often poor, and hence esophageal resection 
may be needed in these cases. The presence of significant inflam¬ 
mation of tissues and/or degree of shock may mandate other 
approaches. In the setting of a delayed perforation, it is impera¬ 
tive that a thorough decortication is done to allow for adequate 


lung expansion. Some authors feel that delayed perforations 
should be treated with diversions (cervical fistula or drainage 
with a T-tube). When the tear or perforation is very large, resec¬ 
tion can be performed expeditiously. A long cervical esophagos- 
tomy can be brought out onto the anterior chest wall below the 
clavicle. This allows for better securement of an ostomy collec¬ 
tion device over the stoma. This procedure has the advantages of 
being more comfortable for the patient and maximizing the 
length of residual esophagus for later reconstruction. 
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SPECIAL THORACIC 
TRAUMA ISSUES 


Sternal Fractures 

^ Because of the force required, the degree of sternal fracture dis- 
placement correlates with the risk for associated thoracic injury, 
although even nondisplaced fractures carry a significant risk. 74,75 
Commonly associated injuries include rib fractures, blunt car¬ 
diac injury, hemopericardium, spinal fracture, hemothorax, and 
pneumothorax. Sternal fractures usually result from a high- 
energy direct blow to the anterior chest wall. Typically these 
fractures occur during a motor vehicle crash when the driver’s 
chest strikes the steering column or rapid deceleration causes an 
occupant’s chest to slam against the cross-shoulder seatbelt. 

As with rib fractures, management is primarily supportive. 
Most fractures are transverse, involve the sternal manubrial 
junction or upper one third of the sternum, and stabilize with 
pain control. Unstable fractures, fractures associated with 
chronic pain, or those associated with infection (indicated by 
new sternal click in the setting of fever or erythema) require 
operative intervention. Options include wires in figure-of-eight 
fashion, plates, or both (Fig. 22.9). Longitudinal fractures may 
require closure similar to that for closing a sternotomy inci¬ 
sion. Sternal fractures complicated by mediastinal abscess may 
require serial widespread debridement and irrigation, followed 
by eventual closure with muscle or omental flaps. 76 


Rib Fractures 


Rib fractures represent the most frequent chest injury. Patients 
with three or more rib fractures, especially elderly patients, are 


at significant risk for complications, such as pulmonary contu¬ 
sion and pneumonia, even in the absence of other injuries. In a 
multivariate analysis of 17,308 patients with rib fractures, age 
and Injury Severity Score were independent risk factors for 
development of pneumonia and mortality, with the incidence of 
pneumonia in this study being 6%, with an overall mortality of 
4%. 80 These findings support the concept of aggressive pain 
management for patients with rib fractures to prevent atelecta¬ 
sis and to improve functional residual and vital capacity and 
the ability to clear secretions. Although the initial therapy for 
rib fractures has been supportive, the outcome of a strictly non¬ 
operative approach may at times not be ideal. Rib fracture 
repair has had waxing and waning enthusiasm among select 
centers for over 50 years, but the operative indications have not 
yet been clearly established. Potential indications for rib frac¬ 
ture repair include flail chest; painful, movable rib fractures 
refractory to conventional pain management; chest wall defor¬ 
mity/defect; rib fracture nonunion; and during thoracotomy for 
other traumatic indication. 5 Rib fracture repair can at times be 
technically challenging secondary to the human rib’s relatively 
thin cortex and its tendency to fracture obliquely. Many tech¬ 
niques of rib fracture repair have been described, including 
using wire sutures, intramedullary wires, staples, and various 
plates made of metal or absorbable materials (Fig. 22.10). Mul¬ 
ticenter randomized trials are needed to firmly establish opti¬ 
mal guidelines in dealing with these common injuries. 


Empyema 

Posttraumatic empyema is likely to require surgical interven¬ 
tion because the blood and infection create a vigorous inflam¬ 
matory reaction and early aggressive management of retained 
or contaminated hemothorax may reduce morbidity. 77,78 



FIGURE 22.9. A: Computed tomography scan demonstrating trans¬ 
verse sternal fracture. B: Sternal plating performed using the titanium 
locking plates (Sternal Fixation System—Synthes CMF, West Chester, 
Pennsylvania). 
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FIGURE 22.10. A: Exposure of rib fracture via cutdown technique. B: U-plate theoretically overcomes the inherent softness of the human rib by 
grasping the rib over its superior margin and by securing the plate with anterior-to-posterior locking screws that do not rely on screw purchase 
in bone (Acute Innovations Rib-Loc Plating System, Portland, Oregon). C: Securing the U-plate in place over the fractured rib. D: Final position 
of U-plate on fixed rib. 


Patients with hemothoraces after chest tube placement with 
opacification of more than one-third hemithorax on chest 
radiography should be considered for drainage. Other risk fac¬ 
tors include mechanical ventilation, splinting secondary to 
pain, hollow viscus injury, and chest tube placed in the emer¬ 
gency room. The primary reason that simple drainage or even 
thoracoscopic approaches may fail in treating empyema in the 
trauma population is the presence of a dense visceral peel pre¬ 
venting parenchymal reexpansion. Early and aggressive 
approaches including thoracotomy and formal pleurodesis are 
thus warranted in the trauma population. 


SUMMARY 


Thoracic trauma is common in the multiply injured patient and 
is a significant source of morbidity and mortality. The ability to 
recognize injuries in a timely manner can be lifesaving. The pri¬ 
mary survey includes management of airway obstruction, tension 
pneumothorax, open pneumothorax, flail chest and pulmonary 
contusion, massive hemothorax, and cardiac tamponade. The 
secondary survey includes identification and initial treatment of 
potentially life-threatening injuries such as simple pneumotho¬ 
rax, hemothorax, pulmonary contusion, tracheobronchial tree 
injury, blunt cardiac injury, traumatic aortic disruption, trau¬ 
matic diaphragmatic injury, and blunt esophageal injury. A 
deliberate and systematic approach in this patient population is 
essential in delivering effective care. 
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CHAPTER 23 ■ ABDOMINAL TRAUMA 


DAVID H. WISNER, JOSEPH M. GALANTE, MATTHEW O. DOLICH, AND DAVID B. HOYT 


KEY POINTS 


^To aid in the evaluation for injury, the abdomen can be 
divided into four areas: intrathoracic abdomen (diaphragm, 
liver, spleen, stomach), true abdomen (small and large 
intestines, distended bladder, gravid uterus), pelvic abdomen 
(rectum, bladder, urethra, small intestine, female reproduc¬ 
tive organs), and retroperitoneal abdomen (kidneys, 
ureters, pancreas, second and third duodenum, aorta, vena 
cava). With the exception of the true abdomen, all of these 
areas are difficult to assess by physical examination alone. 

^The top three patterns of injury are liver, intestines, and 
spleen caused by blunt (usually vehicular crashes, vehicle 
vs. pedestrian, and falls) and penetrating (gunshot and 
shotgun) trauma. 

@ Adjunctive assessment is critical using hematocrit; white 
blood cell count; biochemical markers (amylase, lipase, 
creatinine, bilirubin, liver function tests); imaging, includ¬ 
ing ultrasound (focused abdominal sonography for trauma 
[FAST]), computed tomography (CT), and angiography; 
and diagnostic peritoneal lavage (DPL), as indicated by 
mechanism, pattern, and risk. 

Q The objective is to determine who needs an operation—not 
what organ is injured. The primary effect of solid organ 
injury is bleeding (monitored by hematocrit and FAST, 


DPL, or CT), and visceral injury, peritonitis (diagnosed by 
physical examination, laboratory, DPL, and, increasingly, 
CT). 

© Operative treatment of specific injuries is dictated by pat¬ 
tern, extent, and overall stability of the patient and associ¬ 
ated injuries. Blunt and penetrating injuries are, in large 
part, treated by similar principles. Grossly unstable patients 
require a “damage control” approach and return on a later 
day, when stable. 

Q Specific pattern of injury (e.g., lower abdominal lap belt 
bruising along with lumbar spine fracture) may indicate 
need for operative intervention for intestinal injury and 
should be recognized early to minimize morbidity. 

Q Approach to retroperitoneal hematoma depends on cause, 
location, and other injuries. The retroperitoneum is divided 
into zones to aid decision making: central (zone 1) is asso¬ 
ciated with pancreaticoduodenal injuries or major vascular 
injury and must be explored; flank (zone 2) is associated 
with perinephric bleeding and injuries are explored if 
enlarging, pulsatile, or caused by penetrating trauma; and 
pelvic (zone 3) is associated with pelvic fractures, entered at 
great risk, and best left alone. 


Within the broad scope of trauma care, the knowledge to com¬ 
prehensively manage abdominal trauma is the sine qua non of 
the trauma surgeon. Most civilian abdominal injuries are 
caused by blunt trauma secondary to high-speed automobile 
crashes, although penetrating injuries are common in urban 
environments. The inability to appropriately manage abdomi¬ 
nal injuries accounts for most of the preventable deaths that 
follow multiple trauma. Failure to recognize occult abdominal 
hemorrhage and to control bleeding from intra-abdominal 
organs leads to significant morbidity, and such injuries 
account for approximately 10% of the traumatic deaths that 
occur annually in the United States. 


ANATOMIC CONSIDERATIONS 

The abdomen is defined by the diaphragm at its superior 
aspect and by the infragluteal fold at its caudal aspect; it 
includes the entire circumference of the torso. Abdominal 
injury is often accompanied by trauma to other sites, such as 
the central nervous system, the chest, and the musculoskeletal 
system. The pattern of extra-abdominal injury can often pre- 
Q diet the abdominal organs at risk of injury. To simplify the ini¬ 
tial trauma evaluation, the abdomen can be divided into four 
areas: intrathoracic abdomen, true abdomen, pelvic abdomen, 
and retroperitoneal abdomen (Fig. 23.1). With the exception 
of the true abdomen, all of these areas are difficult to assess by 
physical examination alone. 

The intrathoracic abdomen is the portion of the upper 
abdomen that lies beneath the rib cage (Fig. 23.1 A). Bony and 


cartilaginous structures make this area essentially inaccessible 
to palpation. Its contents include the diaphragm, liver, spleen, 
and stomach. Each of these organs can be injured when blunt 
or penetrating impact is delivered to the rib cage. 

The pelvic abdomen is defined by the bony pelvis (Fig. 
23.IB). Its contents include the rectum, bladder, urethra, small 
intestine, and, in female patients, the uterus, fallopian tubes, 
and ovaries. Trauma to the pelvis, particularly pelvic fractures, 
can damage the organs within, while penetrating injuries of 
the buttocks can injure any or all of the pelvic organs. Injury 
to these structures may be extraperitoneal and, therefore, dif¬ 
ficult to diagnose. For this reason, suspected injuries may 
require adjunctive procedures such as bladder catheterization, 
urethrocystography, and sigmoidoscopy for diagnosis. 

The retroperitoneal abdomen contains the kidneys, ureters, 
pancreas, second and third portions of the duodenum, great 
vessels, aorta, and vena cava (Fig. 23.1C). Injury to these 
structures can occur secondary to penetrating or blunt trauma. 
The kidneys can be damaged by injury to the lower ribs poste¬ 
riorly, and any of these structures can be damaged by crushing 
injuries to the front or side of the torso. Again, injury to these 
structures may result in few physical findings, and physical 
examination and diagnostic peritoneal lavage (DPL) are of lit¬ 
tle use. Accurate evaluation of the retroperitoneal abdomen 
usually relies on computed tomography (CT), angiography, 
and ultrasound. 

The true abdomen contains the small and large intestines, 
the bladder when distended, and the uterus when gravid. Perfo¬ 
ration of these organs is usually manifested by pain from peri¬ 
tonitis and is associated with significant abdominal physical 
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FIGURE 23.1. Four traditional ana¬ 
tomic divisions of the abdomen. A: 
Intrathoracic abdomen. Contents of 
this area are subdiaphragmatic but 
cephalad to the costal margin. With 
respiration, the diaphragm is presumed 
to ascend to the level of the nipples 
(fourth intercostal space anteriorly). A 
ruptured left hemidiaphragm is illus¬ 
trated with herniation of the stomach 
and distal transverse colon into the left 
hemithorax. B: Similarly, the contents 
of the pelvic abdomen are within the 
bony pelvis. C: The structures in the 
retroperitoneal abdomen. The true 
(intraperitoneal) abdomen contains 
the remainder of the viscera, and the 
inventory of its contents is dynamic, 
depending on body position and res¬ 
piration (not shown). 
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findings. While CT will usually provide substantial evidence 
when a solid organ injury is present, DPL can be a useful 
adjunct if intestinal injury is suspected. 

The unique anatomy of the pediatric abdomen can substan¬ 
tially influence the pattern of injury. The high costal margin 
and low pelvic brim increase the amount of unprotected 
abdominal organs relative to the rest of the body. The thin 
abdominal musculature, diminished fat pad, and pliable ribs all 
contribute to vulnerability of the abdominal organs to trauma. 


PENETRATING INJURY 

Q While stab wounds are more common, handguns are more 
likely to cause serious penetrating injury to the abdomen. Sig¬ 
nificant intra-abdominal injury occurs in approximately 80% 
to 90% of patients who sustain abdominal gunshot wounds 
but in only 20% to 30% of patients with stab wounds. The 
difference in injury potential between gunshot wounds and 
stab wounds is a function of both depth of penetration and the 
higher kinetic energy associated with gunshot wounds. Selec¬ 
tive management may be the best method for treating stab 
wounds. The frequency of organ injury after penetrating 
abdominal trauma is shown in Table 23.1. 

Injuries to both thoracic and abdominal cavities occur in 
25% of patients with penetrating wounds of the abdomen. 
Patients with penetrating wounds of the thorax also may have 
significant intra-abdominal injury because a bullet or knife can 
readily traverse the diaphragm. Patients with gunshot wounds 
to the abdomen and lower chest may routinely undergo 
laparotomy because the probability of intra-abdominal injury 
is high. Nonetheless, in patients where the trajectory may be 
tangential to the peritoneum or may have only traversed the 
liver, CT may be considered to allow the option of nonopera¬ 
tive management. 


BLUNT TRAUMA 


Automobile crashes are the cause of at least 60% of all trau¬ 
matic injuries. Table 23.2 shows the frequency with which 


TABLE 23.1 


FREQUENCY OF ORGAN INJURY IN PENETRATING 
ABDOMINAL TRAUMA 


■ ORGAN 

■ OCCURRENCE (%) 

Liver 

37 

Small bowel 

26 

Stomach 

19 

Colon 

17 

Major vascular 

13 

Retroperitoneal 

10 

Mesentery and omentum 

10 

Spleen 

7 

Diaphragm 

5 

Kidney 

4 

Pancreas 

4 

Duodenum 

2 

Biliary system 

1 

Other 

1 


TABLE 23.2 


FREQUENCY OF ORGAN INJURY IN BLUNT ABDOMINAL 
TRAUMA IN ADULTS 


■ ORGAN 

■ OCCURRENCE (%) 

Liver 

30 

Spleen 

25 

Retroperitoneal hematoma 

13 

Kidney 

7 

Urinary bladder 

6 

Intestine 

5 

Mesentery 

5 

Pancreas 

3 

Diaphragm 

2 

Urethra 

2 

Vascular 

2 


specific organs are injured by blunt abdominal trauma. Some 
series list the liver rather than the spleen as the most com¬ 
monly injured intra-abdominal organ; this difference probably 
reflects the means of diagnosis. Small liver injuries are often 
detected in patients who undergo CT scan of the abdomen, 
whereas splenic injuries in adults are more likely to be clini¬ 
cally significant and to require surgical intervention. 

Solid organs are most frequently injured from blunt 
trauma. The sudden application of pressure to the abdomen is 
more likely to rupture a solid organ than a hollow viscus. The 
more elastic tissues of young people tolerate trauma better 
than those of older people, and this accounts in part for the 
differences in incidence and pattern of injuries between chil¬ 
dren and adults with blunt abdominal trauma. 


PREHOSPITAL CARE 


Little can be done outside a hospital for patients with abdomi¬ 
nal injuries. For penetrating wounds, sterile dressings should be 
applied and the patient should be carefully monitored. Foreign 
bodies embedded in the trunk should not be removed because 
major bleeding can follow. Evisceration is best left undisturbed 
except for application of a moist sterile dressing and protection 
of the eviscerated organ from further injury. General principles 
of stabilization and evaluation should be followed, including 
ensuring an adequately functioning airway, inserting intra¬ 
venous lines (preferably in the upper extremity), beginning 
fluid resuscitation, and providing rapid transport to a trauma 
center. Recent controversy surrounding the issue of the value of 
fluid resuscitation in the early posttraumatic period has arisen. 
In blunt trauma, aggressive volume resuscitation to return 
toward normal vital signs and level of consciousness is gener¬ 
ally indicated, though a preoccupation with fluid resuscitation 
at the scene should not delay rapid transport to a trauma cen¬ 
ter. In penetrating abdominal trauma, smaller resuscitation vol¬ 
umes to achieve a systolic blood pressure only greater than 70 
to 80 mm Hg may improve outcomes and diminish total blood 
loss. 1 The prehospital application of the pneumatic antishock 
garment in the treatment of abdominal trauma is rarely indi¬ 
cated and may lead to increased blood loss from injury manip¬ 
ulation and delay in transfer and impair pulmonary and car¬ 
diac function due to upward pressure on the diaphragm and 
increase in afterload. 
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HOSPITAL RESUSCITATION 
AND DIAGNOSIS 


Diagnosis and treatment should proceed concurrently accord¬ 
ing to established protocols. A functioning airway must be 
established, particularly in the comatose patient, before evalu¬ 
ation of the abdomen occurs. If necessary, an endotracheal 
tube is placed and assisted ventilation is begun. Upper extrem¬ 
ity, large-bore intravenous catheters are initiated, and resusci¬ 
tation is begun with a balanced salt solution (e.g., lactated 
Ringer or normal saline). Early crystalloid resuscitation is 
mandatory, especially in the presence of a head injury, despite 
theoretic considerations that instillation of intravenous fluids 
increases bleeding and causes a dilutional coagulopathy. 2 
When operative intervention is indicated, however, it should 
not be delayed by overzealous and prolonged attempts at fluid 
resuscitation. 


HISTORY AND PATTERN 
OF INJURY 

Penetrating injuries present little diagnostic challenge other 
than the question of whether to explore the abdomen opera¬ 
tively. An attempt should be made to establish details of the 
trauma event and the weapon used. The blunt trauma assess¬ 
ment can be aided considerably by an accurate history. If the 
patient was involved in an automobile crash in which he or she 
struck the steering wheel or if no seatbelt was used, specific 
thoracic and epigastric abdominal trauma should be sus¬ 
pected. If the patient was restrained, it can be helpful to deter¬ 
mine whether the restraint was a two-point lap belt or a three- 
point shoulder belt. The patient who sustains rib fractures 
involving the lower left chest has a 15% chance of associated 
splenic injury; the patient with rib fractures on the right has 
a 10% chance of liver injury. A compression fracture of the 
lumbosacral region carries a 20% risk of significant renal 
parenchymal injury. 


abdominal injury. The abdominal wall and back should be 
carefully inspected, and posterior ecchymosis should raise the 
possibility of retroperitoneal injury. The absence of bowel 
sounds is consistent with an ileus, but it is a nonspecific find¬ 
ing and, in the context of a busy emergency department, it is 
insensitive for discriminating between patients who do and do 
not need laparotomy. 

Palpation can reveal localized tenderness, spasm, or 
rigidity of the abdominal wall. These findings and the find¬ 
ing of rebound tenderness are consistent with peritonitis and 
perforation of hollow viscera. Exploratory laparotomy is 
required for this presumed diagnosis. Suprapubic tenderness 
and pelvic lateral wall tenderness, which can indicate a 
pelvic fracture, are assessed in the conscious patient. Inspec¬ 
tion of the perineum and urethral meatus for blood is rou¬ 
tine to look for signs of pelvic fracture and possible urethral 
injury. 

As assessment continues, rectal examination is performed 
and sphincter tone is evaluated. The integrity of the rectal wall 
and the position and excess mobility of the prostate associated 
with urethral injury are evaluated. The stool should be tested 
for the presence of gross or occult blood. A urinary catheter is 
placed, and a urine sample is sent for analysis for microscopic 
hematuria. If injury to the urethra is suspected, retrograde ure¬ 
thrography (RUG) should be performed before attempted 
catheterization and possible aggravation of injury and a supra¬ 
pubic catheter placed if necessary. 

The physical findings for injuries to these different struc¬ 
tures are sometimes a function of the time between injury and 
examination. Hollow viscus perforations may require several 
hours before peritonitis becomes apparent. Colonic or gastric 
perforations produce peritonitis more rapidly, small bowel 
perforations less so. Hematomas and bruising from retroperi¬ 
toneal or pelvic fracture bleeding may not be apparent ini¬ 
tially. Frequent reevaluation is an essential strategy in the 
nonoperative treatment of patients with blunt abdominal 
trauma. 


LABORATORY STUDIES 


PHYSICAL EXAMINATION 


The objective of the physical examination in abdominal 
trauma is to rapidly identify the patient who needs laparo¬ 
tomy. Precise definition of specific organ injury is unnecessary. 
In addition, the specificity and sensitivity of physical examina¬ 
tion alone, however, are not adequate to make these determi¬ 
nations. Associated injuries often cause tenderness and spasm 
in the abdominal wall and make diagnosis difficult. Lower rib 
fractures, pelvic fractures, or abdominal wall contusions can 
mimic the signs of peritonitis. 

In patients with gunshot wounds, no presumptions should 
be made about entrance and exit wounds. Unfounded pre¬ 
sumptions can lead to inaccurate estimations about the num¬ 
ber of times a patient was shot and the course of the bullets. If 
time permits, radiographs should be obtained to determine the 
location of any bullets or bullet fragments that remain in 
the patient. Penetrating wounds should be marked with 
radiopaque clips to allow radiographic delineation of the injury 
tract. 

Because the primary manifestation of blunt solid organ 
injury is hemorrhage, the patient should be monitored closely 
during the initial assessment, and continuing or refractory 
shock is presumed to result from continuing or massive hem¬ 
orrhage. The patient should be examined from head to toe for 
signs of blunt trauma and for penetrating wounds. Small abra¬ 
sions or areas of ecchymosis suggest significant local intra- 


© The hematocrit is the primary blood study of value in the ini¬ 
tial evaluation of a patient with abdominal trauma. Leukocyte 
counts, serum creatinine, glucose, serum amylase/lipase, and 
serum electrolyte determinations are often obtained for refer¬ 
ence but usually have little value in the immediate manage¬ 
ment period, but are critical for serial assessments and trend¬ 
ing the results. 

The diagnosis of massive hemorrhage is usually obvious 
from hemodynamic parameters, and the hematocrit merely 
confirms the diagnosis. Iatrogenic dilutional anemia is com¬ 
mon and, in the presence of hemodynamic stability, is well tol¬ 
erated. In the less severely injured, serial hematocrits showing 
a persistent downward trend identify ongoing bleeding requir¬ 
ing operative or angiographic intervention. Urinalysis con¬ 
firms the presence of microscopic hematuria. For blunt 
trauma, radiographic evaluation (usually by CT) of the kid¬ 
neys and bladder should be initiated if the patient has gross 
hematuria or microscopic hematuria and shock (systolic blood 
pressure <90 mm Hg in an adult) at any point during the pre¬ 
hospital or emergency department course. 

The serum amylase is insensitive and nonspecific as a 
marker for major pancreatic or enteric injury. Injuries to the 
head and face commonly cause increased plasma amylase con¬ 
centrations. Serum lipase levels are not elevated by facial 
trauma and are possibly more specific than amylase levels. 
Sensitivity and specificity of lipase levels, however, especially 
in the early postinjury period, are still relatively low. Sensitiv¬ 
ity and specificity of both the amylase and lipase improve with 
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serial testing. Persistent or increasing elevations of the amylase 
or lipase should, therefore, raise concern of significant intra¬ 
abdominal injury and are an indication for aggressive radi¬ 
ographic or surgical investigation. 


RADIOGRAPHIC EVALUATION 


O 


Radiologic studies of potential value in the evaluation of 
abdominal trauma include a chest radiograph, retrograde ure¬ 
thrography and cystography, CT scans, ultrasound, and 
angiography. In addition, all injuries from penetrating trauma 
should be evaluated with a plain radiograph with the use of 
radiodense markers on the wound sites to allow evaluation of 
the missile trajectory. With blunt trauma, an anteroposterior 
film of the pelvis can delineate pelvic fractures not detectable 
on physical examination. The initial pelvic film or chest radi¬ 
ograph can also demonstrate fractures of the thoracic or lum¬ 
bar spine. A transverse fracture of the vertebral bodies, or 
Chance fracture, should increase the search for serious blunt 
intestinal injury. The value of plain abdominal films after blunt 
trauma is extremely limited and they should not be routinely 
obtained. 

Of greater value are CT scans, ultrasound, and angiogra¬ 
phy. CT has real value in the accurate assessment of solid 
organ injuries, particularly of the liver, kidney, and spleen; 
contrast-enhanced CT has great accuracy in the delineation of 
intra-abdominal bleeding. The accuracy of CT scan in evalu¬ 
ation of hollow viscus injury is somewhat more limited, but 
improvements in CT technology have led to increasing sensi¬ 
tivity of CT in the detection of the more subtle signs of injury 
to the intestine. 3,4 CT is also highly specific in the evaluation 
of retroperitoneal injuries and is the single most useful and 
informative diagnostic study for patients with abdominal 
trauma. 

CT scanning can also be used on occasion for penetrating 
injuries when it is uncertain whether the track of the knife or 
bullet violated the retroperitoneum or the peritoneal cavity. 
Such an approach is most useful in patients with back and 
flank wounds but is also occasionally helpful in patients with 
anterior wounds if it is likely that the knife did not reach the 
peritoneal cavity or the bullet traversed a tangential path. 
Patients with any signs of peritonitis or hemodynamic instabil¬ 
ity after penetrating trauma are obviously not candidates for 
diagnostic CT scanning, nor is any trauma patient displaying 
hemodynamic instability. 

Angiography is reserved for specific situations, such as sus¬ 
pected aortic or renal arterial injuries, or ongoing hemorrhage 
from pelvic, hepatic, or splenic injuries. It is not considered an 
initial screening investigation. 

Laparoscopy has been used for both diagnosis and treat¬ 
ment of trauma patients. 5 Although limited to evaluation of 
the diaphragm in blunt trauma, after penetrating trauma 
laparoscopy is helpful when it is unclear whether the peri¬ 
toneum has been penetrated. In patients in whom peritoneal 
penetration is seen, the use of laparoscopy to further explore 
the peritoneal cavity and repair injuries is more controversial. 
The adequacy of abdominal exploration, particularly exami¬ 
nation of the bowel and retroperitoneum, has been ques¬ 
tioned, and repair of large injuries through the laparoscope 
can be tedious. In patients with a lower chest wound, however, 
laparoscopy can identify both peritoneal penetration and 
diaphragmatic injury. An isolated diaphragmatic injury or 
associated nonbleeding liver laceration is one area in which 
repair of the diaphragm through the laparoscope has proved 
feasible. Of note, when laparoscopy is used in patients with 
potential diaphragmatic injury, the positive pressure in the 
peritoneal cavity can lead to tension pneumothorax if the chest 
is not adequately vented. 


DIAGNOSTIC PERITONEAL 
LAVAGE AND ABDOMINAL 
ULTRASOUND 


Diagnostic peritoneal lavage and focused abdominal sonogra¬ 
phy for trauma (FAST) are standard techniques to detect sig¬ 
nificant intra-abdominal hemorrhage after blunt trauma. 
FAST is less useful after penetrating trauma for potential 
intestinal injury. 

The specific indications for DPL or FAST in blunt trauma 
include the following: 

Unconscious patient with question of potential abdominal 
injury 

Patient with a high-energy injury, suspected intra-abdomi¬ 
nal injury, and equivocal physical findings 

Patient with multiple injuries and unexplained shock 

Patient with major noncontiguous or thoracoabdominal 
injuries 

Patient with spinal cord injury 

Intoxicated patient in whom abdominal injury is suspected 

Patient who has a suspected intra-abdominal injury with 
equivocal diagnostic findings and who will be undergo¬ 
ing prolonged general anesthesia for another injury, 
making continued reevaluation impossible 

Relative contraindications to DPL but not to FAST are pre¬ 
vious abdominal operations, pregnancy, and morbid obesity. 
Obvious peritonitis is a contraindication to either study. If the 
patient is hemodynamically stable, CT scan is prudent, and if 
the patient is unstable, immediate exploratory laparotomy, 
rapid abdominal tap, or FAST to confirm gross hemoperi- 
toneum is indicated. 

Diagnostic peritoneal lavage is not generally useful for 
patients with abdominal gunshot wounds, most of whom 
require laparotomy. 6 If local exploration of a stab wound sug¬ 
gests penetration of the fascia or peritoneum, DPL can help 
distinguish significant and insignificant injuries. It is most sen¬ 
sitive in the diagnosis of hemoperitoneum, but significant 
hemoperitoneum does not necessarily accompany hollow vis¬ 
cus lacerations. In blunt trauma, DPL is considered positive if 
10 mL of grossly bloody aspirate is obtained before instillation 
of lavage fluid or (of much less importance) if the siphoned 
lavage fluid has more than 100,000 red blood cells (RBCs) per 
milliliter (equal to 20 mL of blood). Evaluation of lavage fluid 
in stab wounds should be based on a more sensitive protocol. 
In general, more than 1,000 RBCs/mL is considered a positive 
DPL, and laparotomy should follow. In both cases, presence of 
bile, amylase, bacteria, or particulate matter should indicate 
visceral injury and need for laparotomy. 

Diagnostic peritoneal lavage and CT scan are both satisfac¬ 
tory tests for the diagnosis of visceral injury after blunt 
abdominal trauma. DPL has some advantages, including 
rapidity, higher sensitivity, lower cost, and immediate interpre¬ 
tation (Table 23.3). The major disadvantages are a 1% to 3% 
risk of iatrogenic intraperitoneal injury and the high sensitivity 
of the test. The high sensitivity can lead to nontherapeutic 
laparotomies (i.e., when there are no injuries requiring repair). 
False-positive DPL findings may result from traversing a pelvic 
hematoma that has dissected into the anterior infraumbilical 
abdominal wall if an infraumbilical approach is used in a 
patient with a pelvic fracture. A pelvic radiograph should be 
obtained before DPL, and if a pelvic fracture is present, the 
incision is placed cephalad to the umbilicus. 

Before DPL, the bladder should be emptied with a Foley 
catheter. The abdomen is prepared with povidone-iodine solu¬ 
tion and draped with sterile towels. The infraumbilical midline is 
infiltrated using lidocaine with epinephrine, and a 3-cm incision 
is carried down to the linea alba. This is opened, and a peritoneal 
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DIAGNOSIS 


TABLE 23.3 


COMPARISON OF DIAGNOSTIC PERITONEAL LAVAGE AND COMPUTED TOMOGRAPHY 
IN THE DIAGNOSIS OF VISCERAL INJURY AFTER BLUNT ABDOMINAL TRAUMA 


■ DIAGNOSTIC ■ COMPUTED 

PERITONEAL LAVAGE TOMOGRAPHY 


False-negative result 

<1% 

5%-20% 

False-positive result 

5%-12% 

5% 

Time to complete 

5 min 

55 min 

Cost 

$125 

$900 


dialysis catheter is placed through the peritoneum under direct 
vision. After peritoneal entry, the catheter is directed at a 45- 
degree angle into the pelvis and aspirated. If the aspirate returns 
10 mL of bloody fluid, the study is considered positive and is ter¬ 
minated. If little or no blood is aspirated, 1,000 mL of warm 
normal saline (or 10 mL/kg in a child) is rapidly infused into the 
peritoneal cavity. After the infusion is complete, the empty intra¬ 
venous bottle is placed on the floor, allowing the intraperitoneal 
fluid to be siphoned into the bottle for analysis. 

Ultrasound (FAST) has become increasingly popular in the 
initial diagnostic management of abdominal trauma and, 
when available, can be used in the circumstances outlined ear¬ 
lier for DPL. 7 FAST has been used as a screening modality for 
all patients with blunt trauma to determine which stable 
patients should undergo further diagnostic imaging with CT 
scanning. 8-10 It has also been used in hemodynamically unsta¬ 
ble patients to rapidly determine the presence of intraperi¬ 
toneal fluid and the need for immediate surgery analogous to 
the use of gross blood on DPL. 11 

In FAST, the ultrasound probe is used to interrogate serially 
the subhepatic space, the pericolic gutters, the left upper quad¬ 
rant, the pericystic area in the pelvis, and the pericardial space. 
A small amount of physiologic fluid is occasionally seen in the 
pelvis, but anything more should be considered abnormal and 
should prompt either operative exploration or further investi¬ 
gation. 


There is a steep learning curve for the use of FAST in the 
emergency department, but in the hands of experienced per¬ 
sonnel it is effective in determining the presence or absence 
of intraperitoneal blood. Emergency department ultrasound 
is not very sensitive for the identification of specific organ 
injuries and is insensitive for the diagnosis of bowel injuries. 
It has proved much better for the evaluation of blunt trauma 
than for penetrating trauma, although interrogation of the 
pericardial space with an ultrasound probe placed in the 
subxiphoid position is sensitive for the presence of pericar¬ 
dial blood in patients with potential penetrating cardiac 
injuries. 

The general approaches to the diagnosis of blunt and pene¬ 
trating trauma are outlined in Algorithms 23.1 and 23.2. 


INDICATIONS FOR SURGERY 


It is the job of the general surgeon directing a trauma team to 
integrate the various specialties involved in the care of the mul¬ 
tiply injured patient. Judgments about specialized procedures 
for problems that are not life threatening need to be made with 
an overall view of the patient’s physiologic status. Indications 
for laparotomy include signs of peritonitis, evisceration, clini¬ 
cal deterioration during observation, and, in the presence of 


Positive physical examination 
Laparotomy 


Patient with blunt abdominal trauma 


Grossly positive lavage 
Positive FAST 


Laparotomy 


Hemodynamic instability: 

DPL or FAST 

Indeterminate DPL Negative DPL 

(50,000-100,000 RBCs/mL) (<50,000 RBCs/mL) 


or FAST 
CT scan 

I 


Negative 

| 

Find cause 
of instability 


Positive 

Laparotomy or 
find cause of 
instability 


or FAST 

I 

CT scan or 
observation 

I 

Find cause of 
instability 


ALGORITHM 23.1 


ALGORITHM 23.1. Diagnosis of blunt abdominal trauma. 
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Positive physical examination 
Evisceration 

Laparotomy 


Patient with penetrating anterior abdominal trauma 


No obvious peritonitis or evisceration 


Local wound exploration 

I 


\— 

Lascial violation 
or equivocal 

I 

Diagnostic laparoscopy 

I 


No fascial violation 

| 

Observation 


Peritoneal violation 


L 


Exploratory 

laparotomy 


-1 

No peritoneal violation 

Discharge after recovery 
from anesthesia 


ALGORITHM 23.2 


I 


ALGORITHM 23.2. Diagnosis of low-velocity penetrating abdominal trauma. 


hemodynamic instability, a DPL or LAST examination consis¬ 
tent with hemoperitoneum. 

Broad-spectrum antibiotics are given as soon as the deci¬ 
sion to perform a laparotomy is made. The spectrum of cover¬ 
age should include anaerobic, in addition to aerobic, including 
gram-positive cocci, organisms. Good evidence suggests that 
antibiotics do not need to be continued for longer than 24 
hours postoperatively, even if contamination from an injured 
hollow viscus has occurred. 12,13 Tetanus prophylaxis should be 
administered. If fully immunized as a child, a patient is ade¬ 
quately treated with a booster immunization. If adequate 
childhood immunization is absent, unlikely, or unknown, then 
passive immunization should be provided with hyperimmune 
globulin. 


OPERATIVE APPROACH 


The patient should be placed supine on the operating room 
table and the entire anterior torso from the sternal notch to the 
middle thighs should be prepared and draped to allow for 
maximum exposure and harvesting of the saphenous vein, if 
necessary for vascular repair. A midline incision is preferred 
and there are few reasons to deviate from this choice. This 
incision also allows extension into a median sternotomy in the 
event that more proximal control of the vena cava is needed or 
if the patient is found to have a cardiac injury. 

After the abdomen is opened, obvious blood and clot are 
removed, and packing of the four quadrants is accomplished 
as indicated by ongoing bleeding. If the peritoneal cavity is full 
of blood, the location of clot is often a clue to the site of bleed¬ 
ing. Inflow occlusion can be accomplished, if needed, by 
clamping the aorta at the diaphragmatic hiatus adjacent to the 
esophagus. Obvious hollow viscus wounds should be rapidly 
controlled by sutures, clamps, or staples. This initial closure 
does not need to be definitive and is done primarily to mini¬ 
mize contamination during the course of the operation. 
Retroperitoneal bleeding may be the source of exsanguinating 
hemorrhage if rupture into the free peritoneal cavity has 


occurred. If not, these hematomas can be left for investigation 
at a later time, depending on their location. Hematomas of the 
pelvis that are associated with pelvic fractures should not be 
disturbed. Stable hematomas in the perinephric space lateral to 
the midline are also best left undisturbed. Central hematomas 
that can involve injury to the major vascular structures, pan¬ 
creas, or duodenum are noted and explored after control of 
injuries within the peritoneal cavity. 

After packing has controlled hemorrhage and ongoing con¬ 
tamination has been stopped, time is taken to allow resuscita¬ 
tion of the patient’s circulating blood volume. Warming is nec¬ 
essary if massive blood loss has occurred and all fluids must be 
infused through warming devices, such as the level I. Sustained 
periods of hypotension should be avoided at all costs, which 
usually can be accomplished with packing. A complete and 
thorough exploratory laparotomy is performed methodically 
to investigate the entire contents of the abdomen for occult 
injuries. 

In some patients, a temporizing approach to intra-abdom¬ 
inal injuries, or “damage control,” is appropriate. 14 Minimiz¬ 
ing operative time is emphasized and the definitive manage¬ 
ment of all injuries is not necessary. Appropriate candidates 
for damage control laparotomy are patients with profound 
coagulopathy, severe acidosis, hypothermia, massive intra¬ 
abdominal injuries, or severe associated nonabdominal 
injuries. Hollow viscus injuries should be temporarily con¬ 
trolled to prevent ongoing contamination, but restoration of 
gastrointestinal continuity is not performed. The abdominal 
wall is routinely left open either because of excessive tension 
and/or need to reoperate for definitive repair, and resuscita- 
tive efforts are continued with particular emphasis on cor¬ 
recting coagulopathy, acidosis, and hypothermia. A variety of 
techniques are available to temporarily avoid abdominal wall 
closure and still adequately cover and protect the abdominal 
viscera. Temporary vacuum dressing of the abdominal wall 
with plastic sheets, dressings, suction drains, and Ioban 
drapes or similar commercial devices has shown promise as a 
means of protecting the viscera while maintaining the pliabil¬ 
ity of the abdominal wall to allow for later fascial closure. 15 A 
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planned reoperation is then undertaken when the patient’s 
condition permits and definitive injury repair is undertaken at 
that time. 


SPECIFIC INJURIES 

Diaphragm 

Injuries to the diaphragm after blunt trauma involve predomi¬ 
nantly the left hemidiaphragm. All diaphragmatic injuries 
must be repaired to avoid the long-term potential for hernia¬ 
tion, incarceration, and strangulation of abdominal viscera. 
Strangulation can occur months or even years after the injury 
if the hole in the diaphragm is not diagnosed and treated. The 
diagnosis of diaphragm injury should be suspected if respira¬ 
tory distress and radiologic evidence of pleural effusion are not 
relieved by tube thoracostomy or if an upright radiograph 
demonstrates obvious visceral herniation into the thorax (Fig. 
23.2). Chest radiograph (CXR) findings in patients with blunt 
diaphragmatic rupture are sometimes subtle, particularly in 
the face of positive-pressure ventilation, and may appear only 
as a blurring of the costophrenic angle or the line of the 
hemidiaphragm. Serial CXRs may demonstrate evidence of 
delayed herniation. Low-thoracic (below the level of the nip¬ 
ples) penetrating injuries should be presumed to have tra¬ 
versed the diaphragm. During exploratory laparotomy, the 
entire diaphragmatic surface should be exposed and directly 
visualized. Linear lacerations can be repaired with a simple 
running suture or interrupted horizontal mattress sutures, 
whereas larger lacerations and tissue deficits occasionally 
require repair with prosthetic material or resuspension of the 
diaphragm to higher ribs. Exploration of acute traumatic 
diaphragmatic rupture is usually accomplished through the 
abdomen because of the high risk for associated intraperi- 



FIGURE 23.2. Chest radiograph showing gastric bubble in the left 
chest consistent with a rupture of the left hemidiaphragm. 


toneal injury and because the lack of adhesions makes reduc¬ 
tion of the abdominal viscera back into the peritoneal cavity 
relatively easy. Defects discovered at a later date can be 
addressed satisfactorily by a transthoracic approach, which 
facilitates lysis of adhesions. 


Spleen 

Splenic injury is often heralded by lower rib fractures on the 
left because the spleen lies in the left upper quadrant just to the 
left and slightly posterior to the stomach. The history is help¬ 
ful if the patient describes a direct blow to the left chest, flank, 
or abdomen. For penetrating trauma, a wound entry or exit in 
this area should raise the suspicion of splenic injury. The clini¬ 
cal signs may be few and subtle; a high level of suspicion must 
be maintained simply on the basis of mechanism of injury. 
Clinical evidence of splenic injury includes signs of blood loss, 
left upper quadrant abdominal pain or tenderness, and pain 
referred to the left shoulder (Kehr sign) from diaphragmatic 
irritation. 

In general, laboratory studies are of limited help. CT scan is 
useful in hemodynamically stable patients for demonstrating 
splenic injury. Ultrasound can confirm hemoperitoneum, if 
present, with splenic injury. 

Historically, splenic injury was routinely treated with 
splenectomy. During the last few decades, several factors have 
contributed to a change in this management strategy. Post¬ 
splenectomy sepsis, with its high attendant mortality rate, has 
been characterized, particularly in the treatment of children. In 
addition, the relative success rates for splenic salvage tech¬ 
niques and nonoperative management have been well estab¬ 
lished. Nonoperative approaches focus on the clinical presen¬ 
tation of the patient rather than the CT scan appearance, 
although the presence of a “blush” on the CT scan is indicative 
of potential ongoing bleeding and an increased likelihood of 
need for operative intervention 16 (Fig. 23.3). The presence of a 
“blush” has also been used as a trigger for angiographic 
embolization in hemodynamically stable patients to prevent 
ongoing or recurrent bleeding. Care should be exercised to not 
confuse a nonbleeding pseudoaneurysm with a “true blush” of 
ongoing bleeding. Although increasingly practiced, nonopera¬ 
tive management is not without dangers and limitations. 
Potential disadvantages include a more prolonged hospitaliza¬ 
tion and possibly more exposure to transfused blood, but the 



FIGURE 23.3. A cut from a computed tomography scan through the 
upper abdomen of a patient with a splenic injury. The spleen has evi¬ 
dence of several areas of contrast “blush.” 
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principal risks are ongoing hemorrhage and missed associated 
intra-abdominal injuries, particularly to the pancreas or 
bowel. 

The spleen is evaluated for hemorrhage during the course 
of laparotomy. If hemorrhage is noted, a decision must be 
made regarding splenic salvage. This assessment requires com¬ 
plete mobilization of the spleen from its lateral and posterior 
attachments, and care must be taken to prevent further injury. 
The spleen and tail of the pancreas must be mobilized together 
to evaluate adequately the extent of splenic injury. Ongoing 
bleeding is controlled during mobilization by manual com¬ 
pression. Topical hemostatic agents usually control capsular 
tears of the spleen. Lacerations of the splenic substance can be 
controlled with interlocking absorbable sutures. Major lacera¬ 
tions of the splenic substance can be treated with segmental 
splenic resection or wrapped in absorbable mesh. Splenic sal¬ 
vage should not be attempted if the patient has protracted 
hypotension or other severe injuries or if undue delays are 
encountered in the attempt to repair the spleen. With pene¬ 
trating injury, damage to adjacent structures, such as the stom¬ 
ach, pancreas, colon, and diaphragm, must be anticipated and 
investigated. 

The nonoperative management of splenic trauma is most 
attractive if the diagnosis has been made with an abdominal 
CT scan, the patient is hemodynamically stable, and no other 
signs of abdominal injury are present. Nonoperative manage¬ 
ment is successful in such circumstances approximately 90% 
of the time in adults, and even more often in children. Follow¬ 
up CT scans are routinely obtained by some surgeons, but they 
are probably not necessary if the patient is doing well clini¬ 
cally. 17 In general, nonoperative management should be car¬ 
ried out for the initial 24 to 48 hours in an intensive care unit, 
and patients should remain hospitalized until the hematocrit 
remains stable postmobilization. The maximum risk of contin¬ 
ued or recurrent bleeding is within the first 48 hours after 
injury, but there is a decreasing risk of delayed bleeding within 
the first week postinjury and cases of delayed bleeding even 
months after injury have been reported. 18 

Complications after splenectomy include early transient 
thrombocytosis, which usually resolves spontaneously within 
2 or 3 months. Anticoagulation is neither necessary nor help¬ 
ful. Delayed hemorrhage, pancreatitis, pancreatic leak, and 
subphrenic abscess also may occur. Subphrenic abscess is pri¬ 
marily related to associated hollow viscus injuries and is 
uncommon. Routine “prophylactic” drainage of the sub¬ 
phrenic space should not be done; it is associated with an 
increased incidence of abscess. 

Postsplenectomy Sepsis. Fatal pneumococcal septicemia 
after splenectomy was first noted in the mid-1950s in children. 
Postsplenectomy sepsis syndrome is caused by failure to clear 
one of several encapsulated bacteria in the absence of the 
spleen. The incidence is inversely related to age and is higher 
with underlying hematologic disorders such as lymphoma or 
thalassemia. The incidence of life-threatening sepsis in adult 
trauma patients is low (<1% to 2%) and the overall clinical 
significance is not easily defined. Concern about the possibility 
of postsplenectomy sepsis should not obscure the fact that the 
initial priority is to arrest hemorrhage and deal with the 
patient’s immediate life-threatening injuries. 

If splenectomy is performed, postoperative follow-up is 
important. 19 Immunization with the polyvalent pneumococcal 
vaccine has become the standard of care, and booster immu¬ 
nization is recommended every 3 years. Immunization for 
Haemophilus influenzae , meningococcus, and annually for 
influenza virus is also recommended. In addition, prophylactic 
antibiotics, usually oral penicillin, should be given any time 
the patient is to undergo instrumentation, such as during den¬ 
tal repair or surgery. Postsplenectomy patients should be 
advised of their increased potential for postsplenectomy sepsis 
and should carry an identification card to alert health care 


workers of this possibility if they develop an infection. Also 
recommended is that they should be given a several-day supply 
or prescription for oral antibiotics to be taken at the first sign 
of infection. All infections should be considered emergencies 
and treated aggressively with intravenous antibiotics in the 
hospital. 


Liver 


The liver, the largest organ in the abdominal cavity, is com¬ 
monly damaged in blunt and penetrating abdominal trauma as 
well as in thoracoabdominal injuries. Some series have found 
that the incidence of liver injuries exceeds that of injuries to 
the spleen. In any case, the two together account for approxi¬ 
mately 75% of all blunt intra-abdominal injuries. Trauma suf¬ 
ficient to lacerate the liver is often associated with injuries to 
other organs. Spontaneous hemostatic mechanisms are suffi¬ 
ciently effective that approximately 85% or more of patients 
with liver injuries can be managed nonoperatively. 

Patients with significant liver injuries usually have a his¬ 
tory of major blunt energy transfer to the right thorax or 
upper abdomen. Physical findings may be minimal because 
early bleeding may not cause peritoneal irritation or abdomi¬ 
nal distention. Any patient with unexplained persistent or 
recurrent hypotension after blunt abdominal trauma must be 
considered at risk for a severe liver injury. DPL or FAST is 
most helpful in quickly establishing the diagnosis of hemo- 
peritoneum, and if the results are positive, laparotomy is 
appropriate. In hemodynamically stable patients or patients 
who respond well to resuscitation, the presence of a liver 
injury may be suspected based on physical examination or 
ultrasound. A CT scan with intravenous contrast is indicated 
to illustrate the magnitude of injury and the presence of asso¬ 
ciated injuries. The injury should be graded according to the 
American Association for the Surgery of Trauma (AAST) 
Liver Trauma Scale. The grade of liver injury, the presence of 
active extravasation (or “blush”), and a rough estimate of the 
amount of free fluid pres-ent should be noted. However, the 
decision to proceed to laparotomy is not determined by the 
grade of injury but should be based on the patient’s clinical 
response to resuscitation and the presence of other injuries, 
real or suspected. While earlier recommendations considered 
a severity grade (AAST grade IV or V) to be an indication for 
laparotomy, the relatively high mortality of operation and the 
proven success of nonoperative management do not support 
this approach. 

Liver injuries seen on CT scan in hemodynamically stable 
patients can be treated nonoperatively as long as the patient 
is followed closely and the possibility of associated hollow 
viscus or pancreatic injury is borne in mind. 20 Penetrating 
injuries isolated to the liver can be managed in a similar 
manner as blunt injuries. 21 If active contrast extravasation is 
demonstrated, angiographic embolization should be consid¬ 
ered along with the need for operative intervention, 
although it is not proven whether embolization improves 
outcomes. However, since active extravasation has been 
identified in patients without a “blush” on CT, embolization 
may be considered in all patients with significant bleeding. 22 
Overall reported success of nonoperative management is 
greater than 90% in most series. When broken down by 
grade of injury, the success rate of nonoperative manage¬ 
ment for injuries grades I through III approaches 95%. In 
stable patients with ongoing bleeding, angiographic 
embolization as an adjuvant to a protocol of nonoperative 
management may lower the number of blood transfusions 
and the number of operations. 

Patients with grades III through V liver injuries are gener¬ 
ally admitted to the intensive care unit for monitoring of vital 
signs and serial hematocrit determinations. Patients with 
grades I and II injuries may be appropriate for a ward bed with 
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appropriate laboratory and physical examinations. When no 
evidence of further bleeding is seen, patients can be mobilized 
and started on a diet. There is no mandated period of bed rest 
that has been shown to improve success rates of nonoperative 
management. A repeat CT scan before discharge is not 
required and normal physical activity is traditionally resumed 
3 months postinjury. Liver injuries that do require definitive 
surgical care present a complex and life-threatening series of 
problems. 

Operative Management. Patients with real or suspected 
liver injuries who illustrate persistent or recurrent shock 
require surgical intervention. Injuries vary from simple capsu¬ 
lar tears and nonbleeding lacerations, to complex fractures 
with lobar destruction and extensive parenchymal disruption, 
to bile duct disruption, to hepatic artery and central venous 
injuries. The principles of operative management of liver 
injury are the same regardless of the severity of injury. They 
involve control of bleeding, removal of devitalized tissue, and 
establishment of adequate drainage. 

Simple lacerations that have stopped bleeding at the time 
of surgery do not require drainage unless they are deep into 
the parenchyma, in which case they have an increased proba¬ 
bility of postoperative biliary leakage. Subcapsular 
hematomas are preferably left intact if there is no associated 
parenchymal injury. Lacerations that continue to bleed 
despite attempts at local control, including packing, require 
exploration of the liver wound, and specific vessels and biliary 
radicals are individually ligated. In the event that bleeding 
continues, the structures of the porta hepatis should be com¬ 
pressed as a diagnostic maneuver (Pringle maneuver; Fig. 
23.4). If the bleeding stops, it is presumed to originate from 
the portal veins or the hepatic artery. If the bleeding contin¬ 
ues, it is presumed to arise principally from the main hepatic 
veins or inferior vena cava, although this distinction is seldom 
clear-cut in the operating room. The portal triad can be inter¬ 


mittently occluded to allow improved visualization during 
placement of sutures as parenchymal vessels are ligated. 
When selective parenchymal ligation fails, ligation of the 
hepatic artery is an alternative if the trial Pringle occlusion 
has had a salutary effect. This is rarely necessary but can 
occasionally produce dramatic hemostasis. The vessel is 
occluded as close to the liver injury as possible and after ini¬ 
tial efforts at hemostasis have failed. 

An alternative for deep lacerations with persistent bleeding 
is resectional debridement of the involved segment of the liver. 
This is accomplished by the finger fracture technique, remov¬ 
ing devitalized liver or the appropriate portion of the liver. 
This is required in approximately 5% to 8% of all patients 
with liver injuries. Subsegmental resection is usually adequate; 
if segmentectomy or lobectomy is required, a knowledge of the 
anatomy is imperative so as not to compromise inflow or out¬ 
flow of the remaining segments. This decision should be made 
early in the exploration, the blood bank notified, adequate 
help procured, and exposure obtained. 23 Exposure is best 
accomplished by complete division of the capsular attach¬ 
ments of the liver. This alternative is associated with operative 
mortality rates as high as 30% and as such should be avoided 
unless absolutely necessary. 

An additional technique uses an absorbable mesh individu¬ 
ally wrapping each lobe of the liver and attaching the mesh to 
the falciform ligament. This technique is useful, with or with¬ 
out packing, when there are multiple superficial lacerations of 
the liver with active bleeding and can be used as an alternative 
to parenchymal debridement. 

If blood loss is significant and the patient remains difficult 
to resuscitate, is hypothermic or acidotic, and has a coagu¬ 
lopathy from massive transfusion, however, an early decision 
to pack the injury and perform further resuscitation after the 
abdomen is closed is most appropriate. Packing is done to sig¬ 
nificantly compress the injured liver with laparotomy pads 
placed above and below the liver. An absorbable mesh can be 


FIGURE 23.4. Pringle maneuver com¬ 
pression of the portal triad structures 
with a noncrushing vascular clamp 
for hepatic inflow control. If possible, 
clamp times should be limited to 15- 
to 20-minute intervals. 
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placed over the raw surface and left in place to preserve hemo¬ 
stasis when the packs are removed. For packing to be success¬ 
ful, it should be used early, before coagulopathy has become 
too severe. A system to evacuate fluid in a closed system 
should be constructed, or, more commonly, a commercial 
device is applied (wound vac). Subsequent operative removal 
of the packs 24 to 72 hours later can be accompanied occa¬ 
sionally by resection and suture ligation as needed. After 
hemostasis has been achieved, the area may be drained, 
although this may not diminish the incidence of biloma. 

Inability to control bleeding by any of the previously 
described techniques suggests significant retrohepatic vena 
caval or adjacent hepatic vein bleeding. Early consideration 
should be given to complete vascular isolation or the place¬ 
ment of an intracaval shunt. This approach is rarely necessary 
and should be undertaken only if packing has not controlled 
hemorrhage from the liver and appropriate expertise is avail¬ 
able (Fig. 23.5). To accomplish this, the midline laparotomy 
incision is extended into the chest, either by a right anterior 
thoracotomy or, preferably, by a median sternotomy. Infrahep- 
atic (cephalad to the renal veins) and suprahepatic (usually 
intrapericardial) control of the vena cava is obtained. A shunt 
or other large conduit (chest tube or endotracheal tube) is then 


inserted through a right atrial pursestring suture into the vena 
cava, and vascular occlusion around the conduit at these sites 
is obtained. The resultant vascular isolation is always imper¬ 
fect but may allow better visualization of hepatic vein and 
vena caval lacerations for direct suture ligation or repair. Total 
venous occlusion may be equally effective and serves the same 
general purpose but requires adequate volume loading prior to 
clamping to preserve cardiac function. The risk of hypotension 
is significant with either approach, in the former because of 
significant blood loss during atrial cannulation, and with the 
latter owing to diminished venous return to the right atrium. 
Last, in select institutions the availability of venous bypass 
may be an alternative. 

The major complications after liver injury include hemor¬ 
rhage, respiratory insufficiency, coagulopathy, hypoglycemia, 
biliary fistula or other bile duct injury, hemobilia, and subdi- 
aphragmatic or intraparenchymal abscess formation. The 
coagulopathy after liver resection is usually the result of 
hypothermia and inadequate replacement of blood compo¬ 
nents. In cases of major liver hemorrhage, it is imperative to 
work with anesthesia to confirm that adequate fresh frozen 
plasma is being given along with blood cell replacement. In 
addition to aggressive component replacement, addition of 



FIGURE 23.5. Intracaval shunt used for retro- 
hepatic venous injuries, combined with a 
Pringle maneuver for isolation of the retrohe¬ 
patic vena cava for operative repair. 
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activated factor VII (FVIIa) has anecdotally been lifesaving in 
select cases. Patients undergoing major hepatic resection or 
liver destruction need continuous glucose infusion, often 10% 
dextrose, during the early postoperative period. Hypoalbu- 
minemia is common but does not usually require albumin 
administration and should be treated simply with aggressive 
nutritional support. Hyperbilirubinemia is transient and usu¬ 
ally peaks in 2 to 3 weeks after major resection. Intrahepatic 
and subphrenic abscesses can develop, particularly if signifi¬ 
cant debridement has been necessary. They are diagnosed by 
clinical evidence of sepsis combined with ultrasound or CT 
scan and often can be treated with percutaneous drainage. 
When percutaneous drainage is unsuccessful, drainage can be 
effected surgically either transperitoneally or posteriorly 
through the bed of the 12th rib. Biliary fistulas or bilomas 
usually resolve spontaneously, and major extrahepatic ductal 
injuries are rare. For the rare biliary leak or fistula that does 
not close spontaneously, placement of a temporary intrabiliary 
stent either at the site of injury or, preferably, via the sphincter 
of Oddi (to decrease intrabiliary pressure) is recommended. A 
T-tube placed in an otherwise normal common bile duct is 
inappropriate unless the extrahepatic biliary tree is injured. 
Hemobilia is a rare complication, occurring with intrahepatic 
bleeding into the bile ducts, and is best diagnosed with angiog¬ 
raphy or endoscopy. Angiographic embolization is the treat¬ 
ment of choice. 


Stomach 


The stomach is vulnerable to penetrating injuries of the upper 
abdomen and lower chest. The upper abdominal viscera 
underlie the lower ribs to a level as high as the fourth inter¬ 
costal space during full expiration. The stomach is injured in 
5% to 10% of patients with penetrating abdominal trauma. 
Hematemesis or blood found on aspiration of the stomach 
with a nasogastric tube is a finding suggestive of gastric 
injury. Although many patients with blood in the stomach 
after penetrating abdominal trauma have a gastric injury, the 
absence of blood in the gastric aspirate does not rule out such 
an injury. 

At laparotomy, adequate exposure requires mobilization 
and visualization of the entire stomach. Most of the anterior 
surface of the stomach can be adequately visualized without 
extensive mobilization by grasping the edge of the greater 
curve of the stomach with fingers or Babcock clamps, and the 
stomach is pulled down and spread. Exposure of the gastroe¬ 
sophageal junction can be difficult if the flare of the costal 
margin is narrow or if the left lobe of the liver is in the way. 
Improved exposure is accomplished with extension of the mid- 
line incision as high as possible by creating a paraxiphoid 
extension. The left hepatic lobe is retracted to the right after 
division of the left triangular ligament. Mobilization of the 
gastroesophageal junction, encirclement with a tape or drain, 
and caudal traction into the operative field improves visualiza¬ 
tion and the performance of any necessary repairs. The poste¬ 
rior wall of the stomach should also be examined for the pres¬ 
ence of injuries, particularly if there is an injury on the anterior 
surface. The posterior stomach is exposed by opening the gas¬ 
trocolic ligament bluntly to the left of the midline approxi¬ 
mately halfway between the stomach and the transverse colon 
in a relatively avascular area. The lesser sac is entered and the 
posterior wall of the stomach examined. 

Injuries to the stomach are usually easy to repair, primarily 
in two layers, with an inner layer of 3-0 or 4-0 absorbable 
sutures followed by an outer layer of 3-0 or 4-0 permanent 
Lembert sutures. Because of the ample blood supply and large 
lumen of the stomach in all areas except the gastroesophageal 
junction and pylorus, there is minimal concern for excessive 
inversion and luminal compromise. On rare occasions, espe¬ 
cially after shotgun wounds, large injuries of the stomach may 


require resection. Injuries to the pylorus are rare. If viable tis¬ 
sue is present, it should be closed with a Heineke-Mikulicz 
pyloroplasty; a concomitant vagotomy is not necessary. 

Because of the stomach’s position high in the abdomen, 
penetrating injuries to the stomach are frequently associated 
with lacerations of the diaphragm. During spontaneous venti¬ 
lation, there is negative pressure in the pleural cavity and pos¬ 
itive pressure in the abdomen, and the resultant pressure gra¬ 
dient causes movement of gastric fluid and particulate matter 
from the abdomen into the chest. The degree of contamina¬ 
tion can be deceptive in the operating room because most 
occurs before the institution of positive-pressure ventilation 
and laparotomy. Because even small amounts of contamina¬ 
tion can result in an empyema, combined injuries to the stom¬ 
ach and diaphragm require the pleural cavity to be lavaged 
before closure of the diaphragm. The diaphragmatic lacera¬ 
tion should be enlarged enough to allow lavage from the 
abdomen. The course of the phrenic nerve in the diaphragm 
should be borne in mind, and enlargement of the diaphrag¬ 
matic laceration should be done either radially or as peripher¬ 
ally as possible. Occasionally, adequate lavage is difficult 
because of the amount of pleural contamination or if enlarge¬ 
ment of the diaphragmatic laceration cannot be done without 
risk of de-nervation. In such instances, the patient should be 
closely followed postoperatively for evidence of the develop¬ 
ment of an empyema or undergo “prophylactic” video- 
assisted thora-scopic surgery (VATS) to lavage the chest. If 
empyema develops, it can usually be managed with a VATS 
approach. 24 

Blunt injuries to the stomach are rarer than penetrating 
injuries. The stomach is large, distensible, and mobile. A great 
deal of force is necessary to cause a blowout of the gastric 
wall. As a consequence, the mortality rate from associated 
injuries is high in patients with blunt stomach injuries. 
Blowout injuries of the stomach also tend to be large and the 
stomach is more likely to be full at the time of the injury. Thus, 
blunt trauma injuries are often associated with significant 
intraperitoneal contamination. Principles of operative expo¬ 
sure and repair are the same as for penetrating injuries. 


Duodenum 

Penetrating Injuries. Because of the retroperitoneal loca¬ 
tion of the duodenum close to a number of other viscera and 
major vascular structures, isolated penetrating injuries to the 
duodenum are rare. The need for abdominal exploration is 
usually dictated by associated injuries, and the diagnosis of 
duodenal injury is usually made in the operating room. 25 With 
blunt trauma, gastrointestinal (GI) contrast CT scans are fre¬ 
quently diagnostic. 

Diagnosis and treatment of duodenal injuries in the operat¬ 
ing room depend on adequate exposure. Exposure is obtained 
by incising the lateral peritoneal reflection of the duodenum 
and mobilizing the duodenum from right to left with a combi¬ 
nation of blunt and cautery dissection. This technique is 
known as the Kocher maneuver, and it can be carried well 
across the midline to the level of the abdominal aorta, provid¬ 
ing exposure of the underlying vena cava and aorta. Entry into 
the lesser sac by way of the gastrocolic ligament provides 
exposure of the caudal aspect of the first portion of the duode¬ 
num and the medial aspect of the second portion. Exposure of 
the third and fourth portions of the duodenum, if necessary, is 
carried out by incising the ligament of Treitz and mobilizing 
the right colon from right to left so that the right colon and 
small intestine can be elevated (Cattell maneuver). With this 
combination of maneuvers, the entire duodenum can be mobi¬ 
lized and exposed for evaluation of any injury. It is critical to 
identify all injuries at the time of the initial exploration, 
because overlooked injuries are associated with a significant 
increase in subsequent morbidity. 
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TABLE 23.4 DIAGNOSIS 


IMPORTANT ASPECTS TO NOTE FOR DUODENAL INJURIES 

Anatomic relation to the ampulla of Vater 

Character of the injury (e.g., a simple laceration vs. 
destruction of the duodenal wall) 

Involved circumference of the duodenum 

Associated injuries to the biliary tract, pancreas, or major 
vascular structures 


Grading systems have been devised to characterize duode¬ 
nal injuries. Although useful for research purposes, the 
specifics of the grading systems are less important than several 
simple aspects of the duodenal injury (Table 23.4). Most pen¬ 
etrating injuries to the duodenum are simple lacerations that 
can be repaired primarily. Such repairs should be done in two 
layers, with an inner absorbable layer of 3-0 or 4-0 sutures 
followed by an outer layer of 3-0 or 4-0 permanent Lembert 
sutures. The closure should be oriented transversely, if possi¬ 
ble, to avoid luminal compromise, but transverse orientation is 
not as critical in the duodenum as it is in the rest of the small 
intestine. The biliary tract does not require drainage in such 
cases unless an associated biliary tract injury is present, and 
the duodenum does not require tube decompression, although 
both of these maneuvers have been advocated in the past. The 
periduodenal area should be drained with closed suction 
drainage. 

Injuries that encompass as much as 40% or 50% of the 
duodenal wall can be successfully closed primarily. Primary 
repair of injuries larger than this, however, can lead to lumi¬ 
nal compromise. If the duodenum has been transected or 
almost transected, the edges should be debrided and a two- 
layer primary anastomosis done without tension after mobi¬ 
lization of the duodenum, provided that the transection is 
not close to the ampulla of Vater. Large injuries of the duo¬ 
denum can be reinforced with a jejunal patch by bringing up 
a loop of jejunum and laying it onto the area of injury so 
that the serosa of the jejunum buttresses the duodenal repair 
(Fig. 23.6). Alternatively, a Roux-en-Y duodenojejunostomy 
can drain a large defect internally. If there are severe associ¬ 
ated injuries to the pancreas or biliary tract, pancreatico¬ 
duodenectomy may be necessary. The morbidity associated 
with pancreaticoduodenectomy is substantial, and this oper¬ 
ation is indicated only if the extent of injury is so great that 
the necessary resection has, in essence, been done by the 
injury. 

Some duodenal repairs are tenuous. This is a particular 
problem if there is associated pancreatic injury, raising con¬ 
cern about the digestive action of activated pancreatic 
enzymes on the repair. Pyloric exclusion defunctionalizes the 
duodenum and protects the repair from activated pancreatic 
enzymes until it has had time to heal. A gastrotomy along the 
greater curvature of the stomach provides access to the 
pylorus, which is closed with a large running nonabsorbable 
suture or, alternatively, the pylorus is stapled shut. GI conti¬ 
nuity is restored by a gastrojejunostomy (Fig. 23.7). Tube 
decompression of the duodenum may be performed in 
extreme duodenal injuries, but the biliary tract does not 
require decompression except in cases of an associated biliary 
tract injury. As with all duodenal injuries, the periduodenal 
area should be externally drained to control postoperative 
leak as a controlled fistula. With creation of a gastrojejunal 
anastomosis and no concomitant procedure to decrease gas¬ 
tric acid production, H 2 blockers or proton pump inhibitors 
should be given in the postoperative period to prevent mar- 



FIGURE 23.6. A jejunoileal patch can be used to reinforce repairs of 
the duodenum. A: The duodenum is first repaired. B: The retrocolic 
loop of jejunum is brought up to the area of repair. C: The serosa is 
sewn over the repair. 


ginal ulceration. After a number of weeks, the vast majority 
of patients have reconstituted normal GI continuity. The clo¬ 
sure of the pylorus breaks down, regardless of whether the 
pylorus was closed with absorbable or nonabsorbable suture. 
As the pylorus reopens, the inherently ulcerogenic gastroje¬ 
junostomy gradually closes of its own accord and, thus, does 
not require a concomitant vagotomy. 

Blunt Injuries. Blunt injuries to the duodenum are less com¬ 
mon and more difficult to diagnose than penetrating injuries. 
They can occur in isolation or with pancreatic injury. The need 
for immediate abdominal exploration is frequently not obvi¬ 
ous. Because the duodenum is located in the retroperitoneum, 
findings on physical examination of the abdomen may be sub¬ 
tle except in cases of associated intra-abdominal injuries. 
Nonetheless, the physical examination is still one of the best 
methods for determining the presence of a duodenal injury. 
This is particularly true if the admission examination is inde¬ 
terminate, emphasizing the need for serial abdominal exami¬ 
nations. 
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The serum amylase concentration is helpful in the diagno¬ 
sis of blunt duodenal injuries; however, the test lacks sensitiv¬ 
ity. The duodenum is retroperitoneal, the concentration of 
amylase in the fluid that leaks is variable, and amylase concen¬ 
trations often take hours, even days, to increase after injury. 
Serial determinations of serum amylase are better than a sin¬ 
gle, isolated determination on admission, but sensitivity is still 
not good and delays are inherent in serial determinations. 

Upper GI series and CT scans with GI contrast are reason¬ 
ably sensitive for the presence of duodenal injury after blunt 
trauma. Performance of these tests requires a stable patient 
without any other obvious indications for abdominal explo¬ 
ration. An advantage of CT over upper GI series is that the rest 
of the retroperitoneum and peritoneal viscera are also visual¬ 
ized. With either study, extravasation of contrast material 
from the duodenum constitutes an absolute indication for sur¬ 
gical intervention and repair. 

Operative exposure and repair of the duodenum after blunt 
trauma are the same as for penetrating injuries. Crush injuries 
are more common after blunt trauma and occasionally require 
extensive resection, but the injuries can be treated frequently 
by simple techniques of repair if they are diagnosed in a timely 
fashion. 

Intramural hematoma of the duodenum is a rare injury spe¬ 
cific to patients with blunt trauma. It is most common in chil¬ 
dren after isolated localized force to the upper abdomen (e.g., 
bicycle handlebar ends). Intramural hematomas occur when the 


duodenum is crushed and bleeding occurs in the submucosal or 
subserosal layers of the duodenum. The duodenum is not perfo¬ 
rated. Such hematomas can lead to obstruction of the lumen. If 
the diagnosis is not made at the time of the initial injury, the 
obstruction usually takes several days to develop, presumably 
because of increased accumulation of intramural water as the 
hemoglobin in the hematoma begins to break down and 
osmotic forces increase absorption of water. If exploration takes 
place shortly after injury, intramural hematomas of the duode¬ 
num are seen as periduodenal hematomas. All hematomas in 
the area of the duodenum should be explored to rule out the 
possibility of perforation. Such exploration includes a Kocher 
maneuver and mobilization of the duodenum, which in most 
instances successfully drains subserosal hematomas. Submu¬ 
cosal hematomas, if large and potentially obstructing, may 
require drainage with a deeper, separate myotomy-type incision. 
If surgery does not occur shortly after injury, obstructive symp¬ 
toms become manifest after a number of days. An upper GI 
series or CT scan should be performed to demonstrate obstruc¬ 
tion. The obstruction is usually in the second portion of the 
duodenum and, in the classic picture, demonstrates a coiled- 
spring appearance. Debate surrounds the treatment of intra¬ 
mural hematomas of the duodenum if the diagnosis is delayed, 
but the weight of opinion argues for initial nonoperative treat¬ 
ment. This strategy is usually successful because the hematoma 
gradually resolves and the obstructive symptoms subside with¬ 
out long-term residual sequelae. If obstructive symptoms persist 
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beyond 10 to 14 days from the time of diagnosis, abdominal 
exploration should be undertaken to drain the hematoma, 
relieve the obstruction, and rule out a missed injury. 

Complications. The duodenum is particularly susceptible 
to leak of repairs because of the presence of intraluminal 
digestive enzymes. Adequate drainage of the periduodenal 
area helps to ensure that such leaks are controlled and do not 
result in an intra-abdominal abscess. Placement of a decom¬ 
pressive duodenal tube to protect duodenal repairs is not nec¬ 
essary. If a duodenal repair breaks down and the duodenum 
is adequately drained, a duodenal fistula results. In the 
absence of distal obstruction, foreign body, or persistent 
infection (the chances of which are minimized by adequate 
drainage), most of these controlled fistulas ultimately close. 
They may be slow to resolve, and a wait of several months is 
advised to allow them to resolve spontaneously. Support with 
total parenteral nutrition increases the rate of spontaneous 
closure. If a fistula fails to close after an appropriate waiting 
period, further surgical intervention is warranted. It consists 
of reexploration of the abdomen and construction of a 
defunctionalized Roux-en-Y duodenojejunostomy as a form 
of internal drainage. 


Pancreas 

Penetrating Injuries. Penetrating injuries to the pancreas 
are usually diagnosed in the operating room. 26 The pancreas is 
located in the retroperitoneum, surrounded by a number of 
other viscera and major vascular structures. As a result, an iso¬ 
lated injury to the pancreas is unusual, and patients with pen¬ 
etrating pancreatic trauma usually have obvious indications 
for abdominal exploration. Preoperative serum amylase and 
lipase concentrations are not helpful; they are elevated only in 
a few patients with penetrating pancreatic injuries. 

On abdominal exploration, signs of pancreatic injury 
include a projectile path that passes near the pancreas, a cen¬ 
tral hematoma in the upper abdomen, and injuries to the duo¬ 
denum, vena cava, suprarenal aorta, or mesenteric vessels. In 
all these instances, the pancreas should be thoroughly 
explored. 

The anterior surface of the pancreas is visualized by entry 
into the lesser sac of the peritoneal cavity. This is done in the 
same fashion as outlined previously for exposure of the poste¬ 
rior aspect of the stomach, with division of the gastrocolic lig¬ 
ament in a relatively avascular area to the left of the midline. 
A thin layer of peritoneum overlies the anterior surface of the 
pancreas at this point, and complete visualization of the sur¬ 
face sometimes requires incision of this layer. 

The tail of the pancreas can be more fully visualized, espe¬ 
cially in its posterior aspect, by mobilization of the spleen and 
the tail of the pancreas as a unit. This is accomplished by inci¬ 
sion of any lateral attachments of the spleen to the abdominal 
wall and mobilization of the spleen with blunt dissection later¬ 
ally to medially by development of the plane between the ante¬ 
rior surface of the left kidney and the posterior aspect of the 
spleen. This brings the spleen into the abdominal wound and 
elevates the posterior aspect of the pancreatic tail for inspec¬ 
tion. The posterior aspect of the body of the pancreas is visu¬ 
alized by opening the avascular area at the inferior margin of 
the body and tail of the pancreas with a combination of sharp 
and blunt dissection. The pancreas can then be mobilized 
inferiorly to superiorly. This maneuver is also important to 
mobilize the pancreas in preparation for distal pancreatic 
resection. 

The posterior aspect of the head of the pancreas can be 
exposed by an extensive Kocher maneuver. In combination 
with entry into the lesser sac, this also allows for bimanual pal¬ 
pation of the pancreatic head, with one hand placed on the 
anterior surface of the pancreas through the hole in the lesser 


sac and the other hand placed behind the pancreas in the plane 
developed by the Kocher maneuver. 

In the evaluation of penetrating pancreatic injuries, an 
important key to operative management is whether a ductal 
injury is present. Transduodenal intraoperative pancreatogra¬ 
phy has been recommended. The advantage of this maneuver 
is that it allows for more definitive determination of the type of 
operative intervention that should be undertaken. The major 
disadvantage is that it necessitates entry into the duodenum 
when there is no associated duodenal injury, which turns sim¬ 
ple pancreatic injuries into combined pancreaticoduodenal 
injuries, with an attendant significant increase in potential 
postoperative morbidity. A further argument against intraop¬ 
erative pancreatography is that most injuries to the pancreas 
can be adequately evaluated and decisions made about appro¬ 
priate operative treatment without radiographic examination 
of ductal anatomy. In rare circumstances in which the patient’s 
condition permits and the necessary equipment and expertise 
are available, the use of intraoperative endoscopic retrograde 
cholangiopancreatography (ERCP) provides an excellent 
option. 

The operative management of penetrating pancreatic 
injuries depends on both the location and severity of the 
injury. 27 With respect to location, injuries can be subdivided 
into those of the head, body, and tail of the pancreas. With 
respect to severity, injuries can be classified by the degree of 
parenchymal disruption and the presence or absence of ductal 
injury. 

Contusions of the pancreas, regardless of location, should 
be either simply observed or drained. The optimal type of 
drainage is a matter of some debate, and a variety of different 
drainage methods have been espoused. The type of drain used 
after pancreatic injury is probably not as important as ensur¬ 
ing that adequate drainage has been effected. If drains are 
used, they should be left in place for at least 5 to 7 days to 
ensure that a drain tract develops. Pancreatic fistulas can 
develop on a delayed basis 3 to 7 days after injury, and if the 
drains are removed before that time, drainage may be inade¬ 
quate. The morbidity rate for patients with undrained pancre¬ 
atic secretions is much greater than for those with drained 
pancreatic secretions. 

The timing of drain removal should be based on both the 
amount and character of the pancreatic drainage. Drain out¬ 
puts in excess of 150 to 200 mL/d are suggestive of pancreatic 
fistulas. Determinations of drain amylase concentration are 
helpful, but amylase concentrations within a few days of 
injury, even if very high levels (>50,000 IU/L), do not corre¬ 
late with the development of a pancreatic fistula or other com¬ 
plications. Determinations at 7 days after injury correlate with 
the persistence of a pancreatic fistula or other pancreatic com¬ 
plication only if the level is higher than 100,000 IU/L, whereas 
the negative predictive value of a concentration below 
100,000 IU/L is poor and does not rule out the presence or 
subsequent development of a pancreatic complication. 

Treatment of major parenchymal disruptions depends on 
location and the presence of ductal injury. Injuries to the body 
or tail of the pancreas should be evaluated for possible ductal 
disruption. It can be difficult to determine definitively whether 
an injury has occurred to the duct by inspection of the 
parenchymal injury. If a ductal injury is obvious or likely, the 
distal pancreas should be resected and the proximal pancreas 
and pancreatic duct oversewn. Distal resection can include up 
to 80% of the gland, if necessary. Subsequent endocrine or 
exocrine insufficiency is rare if the pancreas is normal. If a duc¬ 
tal injury is not present or is unlikely, the pancreas should be 
drained. Major parenchymal disruptions of the head of the 
pancreas should be drained, regardless of the presence of duc¬ 
tal disruption, because the morbidity of pancreaticoduodenec¬ 
tomy or attempts at internal drainage is greater than the mor¬ 
bidity of simply draining the area of injury. If a pancreatic 
fistula develops, drains can control it. If the fistula does not 
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resolve with time, the pancreas can be drained internally or 
resected at a later date. 

For massive injuries to the duodenum and head of the pan¬ 
creas, pancreaticoduodenectomy with reconstruction should 
be reserved for cases in which debridement of devitalized tis¬ 
sue results in a de facto removal of the duodenum and head of 
the pancreas. Penetrating injuries to the ampulla of Vater also 
may require formal pancreaticoduodenectomy. 

Internal drainage of the pancreas has been suggested as a 
means of treating ductal injuries without the need for resec¬ 
tion of viable and functional pancreatic tissue. Although in 
theory this approach preserves pancreatic function and mini¬ 
mizes the risk of postoperative pancreatic insufficiency, it has 
major risks. The pancreaticojejunal anastomosis is susceptible 
to break down and leak, especially if suboptimal conditions 
of associated injury and hemodynamic instability exist. The 
construction of a Roux-en-Y jejunal limb requires the open¬ 
ing of the intestine and the creation of a small bowel anasto¬ 
mosis. If the intestine has not been injured, this procedure 
increases the amount of contamination associated with the 
injury as well as the likelihood of postoperative morbidity. 
For these reasons, most major trauma centers rarely carry out 
internal drainage procedures in the early postinjury period, 
relying instead on either resection or drainage. Internal 
drainage is usually reserved for cases in which persistent pan¬ 
creatic fistulas or pseudocysts develop late 28 and is done on a 
delayed basis. 

Distal pancreatectomy for traumatic injuries should be per¬ 
formed only after the pancreas has been thoroughly mobilized 
and exposed. In some cases, the pancreas has already been 
transected, and the site of resection has therefore already been 
determined for the surgeon. If this is not the case, the pancreas 
should be transected just proximal to the site of known or pre¬ 
sumed ductal injury. If associated splenectomy is planned, 
elaborate dissection is unnecessary. The splenic artery can be 
identified near the superior margin of the pancreas and ligated. 
The splenic vein also can be individually ligated at this point. 
Commonly, the splenic vein lies behind the body and tail of the 
pancreas, and its isolation requires more dissection. As an 
alternative to extensive dissection to isolate the splenic vein 
behind the pancreas, the vein can be transected along with the 
pancreatic parenchyma. Individual ligation of the splenic vein 
stump can be done after the distal pancreas and spleen have 
been removed. It is helpful first to mobilize the spleen and tail 
of the pancreas. 

The pancreas should be mobilized at the site of transection 
and can be encircled with a rubber drain. Mobilization and 
encirclement are best done by an approach to the pancreas 
along its inferior margin and mobilization inferiorly to superi¬ 
orly. The pancreas can be divided either distal to a bowel 
clamp or with a stapler. There are some indications that a 
sutured closure is less likely to break down and lead to fistula 
formation than a stapled closure. If a bowel clamp is used, the 
pancreatic stump should be oversewn with a nonabsorbable 
running suture. It is recommended that an individual figure-of- 
eight suture be placed in the cut end of the pancreatic duct. 
This proves exceedingly difficult in patients with normal pan¬ 
creatic ductal systems because the duct is small and not easily 
identified in the cut edge of the pancreatic stump. A pancreatic 
duct that can be seen easily may indicate preexisting proximal 
ductal obstruction. In this case, the duct should be individually 
ligated. If the cut end of the duct is not immediately apparent, 
time and effort should not be taken to locate and individually 
ligate it. 

It is possible to perform a distal pancreatectomy without a 
concomitant splenectomy. Splenic salvage involves individual 
ligation and division of the branches of the splenic artery and 
vein that supply the body and tail of the pancreas. This adds to 
operative time and can increase the risk of bleeding, particu¬ 
larly if there is an associated injury to the spleen treated with 
splenorrhaphy. Splenic salvage should be attempted, therefore, 


only in hemodynamically stable patients with minimal or no 
associated intra-abdominal or extra-abdominal injuries. 

Pancreatic injuries can lead to a number of complications, 
including pancreatic fistulas, pseudocysts, bleeding in the area 
of the pancreatic bed, and pancreatitis. Pancreatic fistulas after 
trauma are characterized by persistent drainage of pancreatic 
enzymes and secretions from the pancreatic injury for a num¬ 
ber of weeks after injury. Most of these fistulas close sponta¬ 
neously, especially if there is no proximal obstruction of the 
pancreatic ductal system. A trial of total parenteral nutrition 
may improve the rate and incidence of spontaneous closure. 
Experience with the use of somatostatin in patients with post- 
traumatic pancreatic fistulas is limited. Somatostatin given to 
patients with pancreatic fistulas after elective pancreatic resec¬ 
tions seems to decrease the amount of fistula drainage but has 
not consistently decreased the time to fistula closure and may 
impact pancreatic healing. 

Pseudocysts that develop after pancreatic trauma often 
resolve on their own or with percutaneous aspiration or 
drainage. If, after 4 to 6 weeks of observation with serial ultra¬ 
sound or CT scans, the pseudocyst does not show signs of reso¬ 
lution, it should be drained internally, into either the stomach or 
a defunctionalized limb of jejunum, depending on its location. 

Bleeding in the area of the pancreatic bed is usually an early 
complication caused by inadequate drainage with resultant 
autodigestion of the pancreas and surrounding tissue. Bleeding 
can be avoided by identifying all injuries at the time of explo¬ 
ration and ensuring adequate drainage. If massive bleeding 
does occur, it should be dealt with through angiographic or 
operative intervention. 

Pancreatitis is another complication of pancreatic injury 
and is worsened by inadequate drainage of pancreatic secre¬ 
tions. Treatment consists of provision of adequate drainage 
and supportive care. If the pancreatitis is localized to the distal 
pancreas and a trial of conservative management fails, distal 
pancreatectomy should be considered. 

Blunt Injuries. The major difference between penetrating 
and blunt injuries of the pancreas concerns diagnosis. Pene¬ 
trating injuries are usually discovered on abdominal explo¬ 
ration for associated injuries, but blunt injuries can occur in 
isolation and the preoperative diagnosis can be difficult. Blunt 
pancreatic injuries are relatively rare, which increases the diffi¬ 
culty of diagnosis. In one series of pancreatic injuries, delays in 
diagnosis of blunt injuries ranged up to several days. Making 
the diagnosis as quickly as possible is important because 
delays in diagnosis are associated with significantly increased 
morbidity and mortality. 

The body of the pancreas lies directly anterior to the verte¬ 
bral column and is vulnerable to crush injuries when the ante¬ 
rior abdominal wall is forcibly compressed, as can occur from 
a seatbelt, steering wheel, or sharp blow to the epigastrium. In 
such instances, the pancreas may be the only intra-abdominal 
organ injured. 

Physical examination of the abdomen is useful, but because 
of the retroperitoneal location of the pancreas, the results can 
be misleadingly benign until a number of hours to days after 
injury. This emphasizes the importance of serial examinations. 
In most cases, the abdomen becomes progressively more 
tender to palpation during the first 24 to 48 hours after injury 
and the need for abdominal exploration becomes more obvi¬ 
ous. The physical examination of the abdomen is much less 
reliable in young children and in patients with head injuries. 

Serum amylase and lipase concentrations drawn on admis¬ 
sion have low positive and negative predictive values but are 
helpful in providing an initial value of these enzymes for com¬ 
parison with subsequent serial determinations. Serial amylase 
and lipase concentrations are helpful in monitoring the courses 
of patients with normal or only mildly elevated admission val¬ 
ues, but overreliance on these methods can result in dangerous 
delays in diagnosis. 
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Computed tomography scan of the abdomen allows for 
visualization of the retroperitoneum, including the pancreas. 
In the case of isolated injury to the pancreas, the sensitivity of 
the CT scan is at its lowest shortly after injury. Although CT 
diagnosis of pancreatic injury improves greatly after a number 
of hours have passed, immediate CT scan of the abdomen 
sometimes misses pancreatic injuries, particularly if expert 
interpretation is not available. Serial CT scans, with GI con¬ 
trast to evaluate the duodenum, should be performed if pan¬ 
creatic injury is of concern. 

Endoscopic retrograde cholangiopancreatography is an 
attractive diagnostic method for pancreatic injury because it 
is less invasive than abdominal exploration and also pro¬ 
vides information about the status of the ductal system, but 
there are several practical disadvantages to the technique. 
Most successful studies using ERCP have involved stable 
patients studied hours to days after injury at a referral cen¬ 
ter specifically because of suspicion of a pancreatic injury. 
These patients are a select group, different from patients 
who are recently injured. In addition, ERCP is not univer¬ 
sally available and, even in large centers, is often unavailable 
at the odd hours necessary for early diagnosis in acutely 
injured patients. Many endoscopists are also fearful of 
inducing an exacerbation of pancreatitis in patients with 
mild pancreatic injuries lacking ductal involvement. Mag¬ 
netic resonance cholangiopancreatography (MRCP) is a 
newer possibility for diagnosis of pancreatic ductal injury in 
patients with blunt trauma and has also been used as an 
alternative to ERCP for the investigation of possible postin¬ 
jury or postoperative complications. 29 Experience to date 
with MRCP is limited, but it has the advantage of being non- 
invasive and does not cause pancreatitis. Further experience 
will be necessary to determine whether the false-negative 
and false-positive rates of MRCP are acceptable in the diag¬ 
nosis of pancreatic injury. 

Basic principles of exposure and operative management of 
blunt injuries of the pancreas are the same as for penetrating 
injuries. In many instances of severe injury, the pancreas 
already has been transected by the trauma, making the pan¬ 
creatic resection somewhat simpler to carry out. Isolated 
injuries of the pancreas from blunt trauma also lend them¬ 
selves to distal pancreatectomy with splenic preservation. As 
in penetrating injury, splenic salvage should be attempted only 
in stable patients without associated splenic rupture or severe 
associated intra-abdominal or extra-abdominal injuries. Com¬ 
plications of blunt pancreatic injury are similar to those out¬ 
lined for penetrating injuries. 


Small Intestine 

Penetrating Injuries. Because the small intestine occupies 
more volume in the peritoneal cavity than any other organ, it 
is the intra-abdominal viscus most frequently injured by pene¬ 
trating abdominal trauma. The severity of injury ranges from 
trivial rents in the bowel serosa or mesentery to massive perfo¬ 
ration or devascularization injuries requiring extensive 
resection. 

Diagnosis of small-bowel injury can be made by a number 
of methods. Physical examination of the abdomen reveals peri¬ 
toneal signs in many patients with penetrating small-bowel 
injuries. Patients with gunshot wounds routinely undergo 
laparotomy. Recently, some have advocated that all patients 
with penetrating abdominal trauma, including gunshot 
wounds, who do not exhibit signs of peritonitis or hemody¬ 
namic instability should undergo abdominal CT. 30 If CT is per¬ 
formed, free air or stranding is an indication for early laparo¬ 
tomy due to the likelihood of bowel injury. However, for 
abdominal gunshot wounds, most trauma surgeons continue 
to limit this approach to only very limited tangential or right 
upper quadrant trajectories. 


In stable patients with abdominal stab wounds, local 
wound exploration may be able to identify a subset of patients 
without fascial violation who may be discharged from the 
emergency department. Patients with multiple stab wounds, 
tangential stab wounds, or indeterminate results of explo¬ 
ration will require further evaluation to identify intraperi- 
toneal injury. Laparotomy for other anterior abdominal stab 
wounds that violate the abdominal wall fascia should be selec¬ 
tive. One method is to use serial abdominal examinations, 
hematocrits, and leukocyte counts. If the patient shows 
increasing signs of intraperitoneal injury, abdominal explo¬ 
ration is performed. Another approach is DPL, with a variety 
of criteria for positivity in patients with anterior abdominal 
wounds, ranging from 1,000 RBCs/mL of lavage fluid up to 
the conventional 100,000 RBCs/mL used in patients with 
blunt trauma. Lastly, CT has been used to determine the track 
of the wound and potential peritoneal penetration with or 
without evidence of intestinal or other visceral injury. 

Regardless of the approach taken for the preoperative diag¬ 
nosis of penetrating injuries of the small intestine, the opera¬ 
tive approach is the same. The abdomen should be explored 
through a standard midline incision, and initial attention 
should be directed toward bleeding from associated injuries or 
from the small bowel mesentery. Bleeding from the mesentery 
usually can be controlled with suture ligation or with a rapid 
running closure of the mesenteric rent. This closure does not 
need to constitute definitive repair, but, if indicated, it tem¬ 
porarily controls bleeding until definitive treatment is delin¬ 
eated. Care should be taken not to compromise the vascular 
integrity of the bowel by overzealous suturing of the mesen¬ 
tery. 

After bleeding has been controlled, steps to prevent ongo¬ 
ing leakage of intestinal contents from the injured small bowel 
should be taken. This is done by rapid examination of the 
small intestine and by application of Babcock or Allis clamps, 
a temporizing running single-layer closure, or stapled control 
of the injured areas. Definitive repair or resection should not 
be done until the entire length of the intestine has been care¬ 
fully examined because knowledge of the extent of injury is 
necessary for a logical and rational approach to operative 
management. It makes no sense, for example, to repair a seg¬ 
ment of small intestine only to determine after further explo¬ 
ration that injuries to adjacent segments of the bowel dictate 
resection of an entire larger segment. 

The entire length of the small intestine should be carefully 
examined, starting at the ligament of Treitz and moving 
sequentially, proximally to distally, to each successive loop. 
This should be done in a systematic manner and should 
include inspection of the small-bowel mesentery by fanning 
out the mesentery and examining each new loop. When a sus¬ 
pect area is seen along the mesenteric border of the intestine, 
the mesentery should be cleared away to allow adequate visu¬ 
alization. The small intestine has a good blood supply and eas¬ 
ily tolerates this maneuver. Any blood or other debris found on 
the serosa of the bowel should be wiped away. Sometimes, 
such debris overlies an otherwise unsuspected area of injury. 
Compression of the intestine in areas of suspected injury may 
also demonstrate a leak that would otherwise be missed. 

In theory, the number of holes found in the small intestine 
should add up to an even number because the number of 
entrance and exit wounds should be identical. This rule is 
sometimes violated in practice, however, because the intestine 
is extensively coiled in the peritoneal cavity and tangential 
wounds of the bowel are common. Rather than focusing on 
the number of holes in the bowel, attention should be directed 
to a close inspection of the entire length of the intestine. After 
all areas of injury have been identified, a decision about repair 
or resection is made. Areas of massive destruction of the bowel 
or the mesentery, with associated ischemia, should be treated 
with resection. If after debridement more than 40% to 50% of 
the circumference of the wall of the small intestine is missing, 
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that segment also should be resected. Caution should be exer¬ 
cised in using stapled anastomoses in trauma patients if exten¬ 
sive bowel wall edema is present. With normal intestinal wall 
thickness, however, stapled anastomoses are particularly use¬ 
ful when time is of the essence and should be constructed in a 
side-to-side, functional end-to-end fashion. 

Knife wounds to the small intestine are usually easy to 
manage and rarely require extensive debridement or resection. 
On rare occasions, a large rent in the small bowel mesentery 
results in enough devascularization to require resection of a 
segment of intestine. 

Minor mesenteric lacerations should be treated with suture 
ligation of bleeding points and closure of the rent. Major lac¬ 
erations with devascularization should be treated with resec¬ 
tion and primary anastomosis. Small-bowel anastomoses, 
when properly done and after adequate debridement of devi¬ 
talized tissue, have an excellent rate of healing even with 
severe associated injuries, shock, and peritonitis. 

Shotgun wounds to the abdomen from close range are often 
associated with massive tissue destruction, which should be 
debrided and anastomosis completed as appropriate. Medium- 
or longer-range shotgun wounds sometimes result in a diffuse 
pattern of shot injury, creating multiple small perforations of 
the small intestine. In such instances, the general principles 
outlined should be followed and obvious areas of injury 
repaired. It is sometimes impossible to ensure closure of all the 
numerous areas of perforation, and planned repeat laparo¬ 
tomy may be required to rule out occult injuries. 

On rare occasions, injuries to the small intestine occur in 
patients who are hemodynamically unstable as a result of asso¬ 
ciated injuries. In such instances, the small intestine can be 
treated most expeditiously by application of the gastrointesti¬ 
nal anastomosis stapler as necessary to remove the injured 
areas of bowel as a “damage control” technique. A second 
operation is planned and definitive anastomosis is deferred 
with the stapled ends of the intestine returned to the abdomen 
until the second procedure is performed. 

Q Blunt Injuries. Blunt injuries to the small intestine are much 
less common than penetrating injuries. As with other blunt 
intra-abdominal injuries, they are more difficult to diagnose 
because the need for urgent intra-abdominal intervention is 
not always obvious. Blunt perforations and devascularizations 
of the small intestine often occur in isolation, either as the only 
injury or as the only intra-abdominal injury present. This 
makes early diagnosis even more difficult. 31 

Seatbelts, in particular high-riding lap belts in children, 
have been implicated in the pathogenesis of blunt injuries of 
the small intestine. The intestine or mesentery is sheared 
across the seatbelt to the point of rupture or disruption of its 
mesentery, resulting in either perforation or devasculariza¬ 
tion. Because of the severe degree of force necessary to pro¬ 
duce a blunt intestinal injury, there is a frequent association 
with transverse fractures of a lumbar vertebral body 
(Chance fracture), caused by flexion or distraction over the 
seatbelt. 

Abdominal examination is usually positive shortly after 
injury, but initial findings in some cases can be subtle, resulting 
in delays in diagnosis. The presence of a Chance fracture and 
a lower abdominal lap belt transverse contusion warrants a 
high index of suspicion and a thorough search for intestinal 
injury. If head injury or intoxication makes physical examina¬ 
tion of the abdomen unreliable, the initial CT scan should be 
closely scrutinized for clues of intestinal injury. CT, particu¬ 
larly if done early after injury, is not completely reliable in rul¬ 
ing out blunt intestinal injury. The injury itself may not be 
obvious, and it is important to look for findings that may indi¬ 
cate blunt abdominal injury. This includes free fluid without 
solid organ injury, focal bowel wall thickening, free air, or 
extravasation of oral contrast (if used). Small amounts of 
intraperitoneal fluid should not be ignored. If the CT is scruti¬ 


nized for all of these findings, then the sensitivity of CT is actu¬ 
ally quite high. If these findings are present, the CT may be 
repeated in 4 to 6 hours to evaluate for progression of the 
injury. 32 A follow-up DPL can also be valuable if there are con¬ 
cerns about radiation or contrast. If the patient is fully evalu¬ 
able and does not have any signs or symptoms of injury, these 
studies may be obviated for careful serial exams. If abdominal 
pain or tenderness is present, a follow-up study is prudent. 
Optimally, the intestinal injury should be identified within 6 to 
8 hours. Intervention greater than 12 to 24 hours will have a 
substantial increase in morbidity and mortality. Blunt injuries 
to the small intestine are most common in either the proximal 
jejunum or the distal ileum, probably because the intestine is 
fixed at these two points and more vulnerable to shear and 
stretch injuries. Multiple injuries to the small intestine from 
blunt trauma occur in approximately 25% of cases. Second or 
even third areas of injury should be carefully sought if a blunt 
intestinal injury is discovered on abdominal exploration. 

After the suspicion of blunt intestinal or other intra¬ 
abdominal injury has been raised and the decision to explore 
the abdomen has been made, the basic principles of abdominal 
exploration and operative management of blunt small-bowel 
injuries are the same as for penetrating injuries. Because of the 
nature of the mechanism of injury, the perforations are usually 
amenable to primary repair. Mesenteric rents that cause devas¬ 
cularization and require resection are relatively more common 
after blunt injury than after penetrating injury. The radiologic 
and physical findings associated with these types of injuries are 
initially more subtle, but become obvious after the devascular- 
ized bowel perforates. This may lead to a delay in laparotomy 
and definitive control. 


Colon and Rectum 


Most injuries to the colon and rectum are the result of pene¬ 
trating or perforating trauma. Blunt trauma accounts for only 
approximately 5% of colonic injuries. Rectal injuries can 
occur in association with pelvic fractures and the possibility of 
rectal injury must be considered in any patient with a signifi¬ 
cant pelvic fracture, in addition to evaluation of other pelvic 
viscera such as the bladder, distal ureters, uterus, and vagina. 

Signs and symptoms of peritonitis result from injury to the 
colon and rectum but are not specific. Injury to the extraperi- 
toneal rectum is particularly difficult to recognize because 
peritonitis does not result. Conventional laboratory studies 
usually are not helpful. Plain radiographs may show free air in 
the peritoneal cavity, but this finding is relatively uncommon; 
when it is not present, the patient cannot be assumed to be free 
of bowel perforation. DPL may be of value if intraperitoneal 
colonic injury is present, yielding lavage fluid with blood, bac¬ 
teria, or fecal material. If the injury is confined to the 
extraperitoneal colon and rectum, however, DPL is of no 
value. Extraperitoneal colonic or rectal injury is extremely dif¬ 
ficult to diagnose. The possibility of rectal injury must be con¬ 
sidered in any patient with penetrating trauma to the lower 
abdomen or buttocks. CT scan may be useful in delineating 
the trajectory of a bullet, and further workup can be selectively 
applied based on the proximity of the trajectory to the 
extraperitoneal rectum. 33 Digital rectal examination is essen¬ 
tial. The presence of blood on examination is strong evidence 
for colon or rectal injury, and proctoscopic and sigmoido- 
scopic examinations should be performed. As blood may be 
the only finding indicating an injury, it is essential that the 
operating surgeon perform the sigmoidoscopy first so that less 
experienced endoscopists do not contaminate the field with 
procedure-induced blood. Water-soluble contrast studies also 
may be useful, but direct bowel examination usually is prefer¬ 
able. Approximately 95% of colon injuries are caused by gun¬ 
shot, shotgun, or stab wounds, and, whenever the possibility 
of colonic injury is entertained, broad-spectrum intravenous 
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TABLE 23.5 MANAGEMENT 


PRINCIPLES OF OPERATIVE MANAGEMENT OF COLON 
AND RECTAL INJURIES 

Placement of the patient in the lithotomy position to provide 
simultaneous exposure of both the perineum and abdomen 

Wide debridement of all dead and devitalized tissue 

A totally defunctioning colostomy (simple loop colostomy 
may be inadequate) 

Rectal wall closure, if the injury is easily accessible 
Retrorectal drainage, primarily in severe injuries 
Distal rectal stump washout if easily feasible 

Broad-spectrum intravenous antibiotics, nutritional support, 
and serial debridement 


prophylactic antibiotics should be started immediately and 
continued postoperatively using a standard protocol limiting 
their use to no more than 2 to 3 days. 

The longstanding controversy between primary repair of 
low-risk colonic injuries and repair or resection with exterior¬ 
ization has been largely resolved. 34 Primary repair is preferred 
after additional risk factors that increase the incidence of com¬ 
plications have been excluded, such as preoperative hypoten¬ 
sion, intraperitoneal hemorrhage exceeding 1 L, more than 
two additional injured organs (hepatic, pancreatic, and splenic 
injuries have the highest morbidity rates), gross fecal spillage, 
or an elapsed time since injury of more than 6 hours. Many 
patients with penetrating colon injuries, however, can be 
treated with primary closure even in the presence of these risk 
factors. Resection and colostomy are an overly conservative 
approach, and recent series indicate that primary repair may 
be safe even in the presence of some risk factors. 35 Exterioriza¬ 
tion of the repaired segment has also been advocated, but the 
success of this technique is low and has little benefit over 
diverting colostomy alone. Overall primary repair is indicated 
for most colon wounds, but each surgeon must decide in the 
context of the individual patient’s risks. Postoperative compli¬ 
cations include abscess formation, anastomotic leak, peri¬ 
stomal hernia, and the morbidity and mortality associated with 
colostomy closure. 

The morbidity and mortality from rectal injuries is primar¬ 
ily a result of inadequate initial therapy and the complications 
associated with delayed sepsis. Rectal injury must be suspected 
in any penetrating injury that enters the buttocks or tracks into 
the true pelvis, or if a pelvic fracture produces a ring disrup¬ 
tion or large displaced bone fragments. Sigmoidoscopic exam¬ 
ination is essential. The principles of operative management of 
colon and rectal injuries are outlined in Table 23.5. 

Complete rectal destruction is a rare injury for which pri¬ 
mary abdominoperineal resection with packing may be neces¬ 
sary. If done, the packing should be removed operatively in 
approximately 48 hours. Complications of rectal injuries 
include pelvic abscesses, urinary or rectal fistulas, rectal incon¬ 
tinence and stricture, urinary incontinence, and loss of sexual 
function. 


Retroperitoneal Hematoma 

The optimal management of retroperitoneal hematoma 
depends on a number of factors, including its cause, its loca- 
Q tion, and the presence of associated injuries. The retroperi- 
toneum can be divided into anatomic zones for purposes of 
decision making (Fig. 23.8 and Table 23.6). Retroperitoneal 



hematomas in zone 1, regardless of cause or size, are formally 
explored with inspection of each of the relevant structures. 
This is required because of the high incidence of associated 
major vascular, pancreatic, or duodenal injuries and the high 
morbidity and mortality rates if these are overlooked. 

Zone 2 hematomas caused by penetrating injuries are rou¬ 
tinely explored if encountered in the operating room. Whether 
proximal control of the renal pedicle should be obtained 
before exploration of a perinephric hematoma is controversial. 
In cases of severe ongoing hemorrhage, time should not be 
taken to obtain proximal control, and the kidney should be 
mobilized directly. If time and the degree of hemorrhage per¬ 
mit, however, it is acceptable to obtain vascular control before 
mobilization of the kidney. Zone 2 hematomas caused by 
blunt trauma can be left alone if they are not expanding. 


ITABLE 

23.6 

1 

ZONES OF THE PERITONEUM 

■ ZONE 

■ LOCATION 

■ ASSOCIATED INJURIES 

1 

Central 

retroperitoneum 

Pancreaticoduodenal injuries 
or major abdominal vascular 
injury 

2 

Flank or per¬ 
inephric area 

Injuries to the genitourinary 
tract or to the colon (i.e., 
with penetrating trauma) 

3 

Pelvis 

Pelvic fractures 
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Zone 3 retroperitoneal hematomas in patients with pene¬ 
trating injuries should be explored to exclude major vascular 
injuries. Bleeding from iliac vessels can be challenging and 
have a significant mortality. Venous control with direct pres¬ 
sure and dissection allows exposure for diagnosis, ligation, or 
repair. Arterial injuries are controlled proximally and occa¬ 
sionally require distal control below the inguinal ligament due 
to extensive collateral blood flow. Patients with zone 3 
hematomas secondary to blunt trauma usually have associated 
pelvic fractures. If found at laparotomy, exploration of the 
hematoma can be hazardous and difficult to control and is 
avoided. There is often combined extensive injury to the rich 
presacral venous plexus and arterial circulation. Incision of the 
peritoneum releases the tamponade, and dissection within the 
hematoma can produce catastrophic bleeding. Discrete bleed¬ 
ing points rarely can be identified. Exploration of these 
hematomas is associated with an increased requirement for 
transfusion and a higher mortality rate. Pelvic packing is use¬ 
ful for substantial hematomas, with a return to the operating 
room in 24 to 72 hours for pack removal. Zone 3 hematomas 
found on CT or clinically suspected that are associated with 
hemodynamic instability are best managed with angiographic 
embolization and/or, less commonly, external pelvic fixation. 
Recently, extraperitoneal packing through a Pfannenstiel inci¬ 
sion has been described as an exigent option, particularly if 
angiography is not available. 36 
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CHAPTER 24 ■ GENITOURINARY TRAUMA 


THOMAS G. SMITH HI AND HUNTER WESSELLS 


KEY POINTS 


Q Upper urinary tract injury is an infrequent result of 
trauma, and the majority of injuries result from blunt 
mechanisms. 

Q Risk of renal injury requiring further evaluation is indi¬ 
cated by gross hematuria or microscopic hematuria with 
an episode of hypotension in adults or significant micro¬ 
scopic hematuria in children. 

@Most renal injuries are managed nonoperatively, with 
indications for exploration being symptomatic renal hemor¬ 
rhage causing hypotension, expanding or pulsatile retroperi¬ 
toneal hematoma at laparotomy, and grade V injury. 


Q Ureteral injuries due to external violence are rare and 
require a heightened index of suspicion due to lack of con¬ 
sistent physical findings. 

^Injuries to the bladder require prompt diagnosis, with 
intraperitoneal injuries necessitating surgical repair. 

Q Initial management of urethral injuries varies based on loca¬ 
tion (anterior vs. posterior) and severity, the most severe 
requiring urinary diversion with a suprapubic tube. 

Q Primary open reconstruction of posterior urethral injuries 
secondary to pelvic fracture is discouraged, and primary 
endoscopic realignment should be undertaken only by a 
surgeon experienced with this technique. 


The incidence of trauma is rising, and the World Health Orga¬ 
nization estimates that without change or intervention, road 
traffic injuries will be the sixth leading cause of death by the 
year 2020 worldwide. Internal injuries were the fifth leading 
nonfatal injury noted, while pelvic fracture was the 12th, 
accounting for 6.3% and 2.6%, respectively, of all traffic 
injuries worldwide. 1 In the United States, abdominal organ 
injuries resulted in 6.3% of total injuries, while pelvic injuries 
resulted in 4.5%. 2 Based on current U.S. population data, 
approximately 15,000 persons will sustain renal injuries 
requiring hospital evaluation annually. Urethral and bladder 
injuries occur in approximately 10% to 15% of pelvic frac¬ 
tures, and the number of pelvic fractures in 2007 was greater 
than 67,000. Thus, in the United States, the number of bladder 
and urethral injuries sustained in 2007 can be estimated 
between 5,000 and 10,000 persons. While injuries to the gen¬ 
itourinary system as a whole are rarely life-threatening, the 
potential morbidity is quite high and the resultant effects on 
quality of life marked. Although few prospective randomized 
studies examining genitourinary trauma management exist, 
genitourinary injuries have reproducible clinical presentations, 
and imaging modalities have improved our ability to identify 
and treat these injuries. We review the fundamental principles 
guiding the evaluation and treatment of genitourinary trauma 
including the American Association for the Surgery of Trauma 
(AAST) organ injury scale (Table 24.1) and the Societe Inter¬ 
nationale D’Urologie (SIU) guidelines for management. 


UPPER URINARY TRACT INJURY 

Kidney 

^ Injury to the upper urinary tract (kidney, ureter) is rare fol- 
lowing trauma, with an incidence of renal injury of 4.89 per 
100,000 persons. 3 Injury occurs in 1.14% to 3.25% of trauma 
patients, predominantly males aged 20 to 30 years. 4,5 Injuries 
are categorized as either blunt (81% to 95%) or penetrating 
(5% to 19%) trauma. 6 The majority of blunt traumatic injury 
is the result of motor vehicle collision (47% to 66%), with fall 
second (13% to 16%) and motor vehicle-pedestrian collision 


third (4% to 7%) in two large population-based studies. 3,7 
Penetrating injury predominantly is due to firearms (15% to 
18%) and stab wounds (6% to 10%). 8 

Anatomically, the kidneys lie in the retroperitoneum, pro¬ 
tected by the ribcage, retroperitoneal fat, perirenal fat within 
Gerota capsule, and overlying viscera (right: liver, colon, duo¬ 
denum, adrenal; left: spleen, colon, adrenal, pancreas). The 
collecting system begins within the kidney, forms the renal 
pelvis, and concentrically narrows at the ureteropelvic junc¬ 
tion (UPJ) to become the ureter. The ureter then traverses the 
retroperitoneum inferiorly, protected by retroperitoneal fat 
and the psoas muscle. After crossing over the common iliac 
vessels, the ureter descends into the pelvis, coursing caudad to 
the base of the bladder and entering the trigone obliquely at 
the ureterovesical junction (UVJ). 

Recognizing the factors that predispose to upper urinary 
tract injury facilitates early diagnosis and management, which 
is associated with improved outcomes (Algorithm 24.1). 
Hematuria is the most sensitive clinical sign of renal injury, yet 
the degree does not predict injury severity. Our Harborview 
Medical Center guidelines for imaging of suspected blunt renal 
injury are consistent with the recent SIU Consensus Panel: in 
adults, gross hematuria or microhematuria (greater than 3 red 
blood cells [RBC]/high-powered field [hpfj) with a period of 
hypotension (systolic blood pressure [SBPj <90 mm Hg), and 
in children (younger than 15 years), greater than 50 RBC/hpf. 6 
Contrast-enhanced computed tomography (CT) is the pre¬ 
ferred imaging modality in stable patients, and the widespread 
use of CT provides accurate staging of upper urinary tract 
injuries using the AAST scale (Fig. 24.1). 6,9 The scan consists 
of early venous phase contrast-enhanced images detecting vas¬ 
cular blush, parenchymal integrity, retroperitoneal hematoma, 
and renal parenchymal perfusion. Delayed (10 minutes) imag¬ 
ing is essential for identifying collecting system injury (urinary 
extravasation, hydronephrosis) and ureteral continuity to the 
bladder. Conventional intravenous urography (IVU) with 
tomography, though inferior to CT, can be used for staging 
when CT is not available. 10,11 The ability of a single-shot urog¬ 
raphy to stage injuries is limited to an operative setting and 
should not be used for clinical staging. Focused abdominal 
ultrasound for trauma (FAST) remains investigational for 
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TABLE 24.1 


CLASSIFICATION | 

AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA (AAST) ORGAN INJURY SCALES FOR URINARY TRACT 

■ INJURED 

■ AAST 


STRUCTURE 

GRADE 

■ CHARACTERISTICS OF INJURY 

Kidney"* 

I 

Contusion with microscopic or gross hematuria, urologic studies normal; nonexpanding 
subcapsular hematoma without parenchymal laceration 


II 

Nonexpanding perirenal hematoma confined to renal retroperitoneum; laceration <1.0 cm 
parenchymal depth of renal cortex without urinary extravasation 


III 

Laceration >1.0 cm parenchymal depth of renal cortex without collecting system rupture or 
urinary extravasation 


IV 

Parenchymal laceration extending through renal cortex, medulla, and collecting system with 
urinary extravasation; injury to main renal artery or vein with contained hemorrhage 


V 

Completely shattered kidney; avulsion of renal hilum that devascularizes kidney 

Ureter"* 

I 

Contusion or hematoma without devascularization 


II 

<50% transection 


III 

50% transection 


IV 

Complete transection with <2 cm devascularization 


V 

Avulsion with >2 cm devascularization 

Bladder^ 7 

I 

Contusion, intramural hematoma; partial-thickness laceration 


II 

Extraperitoneal bladder wall laceration <2 cm 


III 

Extraperitoneal bladder wall laceration >2 cm or intraperitoneal bladder wall laceration <2 cm 


IV 

Intraperitoneal bladder wall laceration >2 cm 


V 

Intraperitoneal or extraperitoneal bladder wall laceration extending into bladder neck or 
ureteral orifice (trigone) 

Urethra 

I 

Contusion with blood at urethral meatus and normal urethrography 


II 

Stretch injury with elongation of urethra, but without extravasation of urethrography contrast 
material 


III 

Partial disruption with extravasation of urethrography contrast material at injury site with 
visualization in the bladder 


IV 

Complete disruption with <2 cm urethral separation and extravasation of urethrography 
contrast material at injury site, without visualization in the bladder 


V 

Complete transection with 2 cm urethral separation or extension into the prostate or vagina 

^Advance one grade for bilateral injuries, 

, up to grade III. 

^Advance one grade for multiple injuries, up to grade III. 

Adapted from Wessells H. Injuries to the urogenital tract. In Souba WW, Fink MP, Jurkovich GJ, et ah, eds. ACS Surgery , 6th ed. New York: WebMD; 

2002;10:3. 




detecting urologic injury and is inferior to CT. 12,13 Renal arte¬ 
rial angiography is rarely used diagnostically but therapeuti¬ 
cally is indicated to treat isolated, symptomatic (early or late) 
renal bleeding, arteriovenous fistula, or pseudoaneurysm using 
embolization. 14 

Most injuries can be managed nonoperatively. 3,15 Grade I 
and II injuries often require no further management. The bulk 
of blunt grade III and nonvascular grade IV injuries can be 
managed expectantly. Select penetrating injuries in hemody- 
namically stable patients can be managed on observation 
protocols as well. 16 The absolute indications for renal explo¬ 
ration include hemodynamic instability secondary to renal 
hemorrhage, expanding or pulsatile retroperitoneal hema¬ 
toma at laparotomy, and pedicle avulsion. Furthermore, in 
patients undergoing laparotomy for concomitant intraperi- 
toneal injuries, exploration should be considered for deep 
grade III or IV lacerations, with or without devitalized kidney 
fragments, because the incidence of complications from non¬ 
operative management can potentially be reduced. 10,17 If renal 
exploration is contemplated or necessary, demonstration of 
contralateral renal function is important in the event ipsilat- 
eral nephrectomy is performed. In patients in whom immedi¬ 
ate laparotomy is performed without preoperative imaging, 


an intraoperative single-shot urogram (kidneys, ureter, 
bladder [KUB] 10 minutes following intravenous injection of 
2 mL/kg contrast) can provide this limited information. 11,18 
Failure to demonstrate contrast excretion from the contralat¬ 
eral kidney may indicate a solitary kidney, hilar injury, 
hypoperfusion, or global renal insufficiency secondary to 
chronic renal disease. Exploration of a solitary kidney should 
be performed only when absolute indications exist. 

The kidney and upper urinary tract are accessed through a 
midline abdominal incision. Using the inferior mesenteric vein 
(IMV) as a landmark, a posterior peritoneal window is created 
medial to the IMV overlying the aorta, which allows access, 
dissection, and control of the proximal renal vasculature. 19,20 
Alternatively, mobilization of the right or left colon provides 
access to the renal hilum and direct rapid mobilization of 
the kidney. 21 If this method is employed, manual compression 
of the renal pedicle followed by vascular clamping may be 
required. Cooling is not routinely employed due to time 
constraints and potential for worsening hypothermia. After 
obtaining control of the renal artery and vein with vessel loops, 
the retroperitoneum is entered by mobilizing the colon (if not 
previously performed) and exposing the Gerota fascia, which is 
then opened, allowing one to dissect away the perinephric fat. 
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Patient presents with possible renal injury 

Urinalysis. Assess hemodynamic stability. 


Hemodynamically stable 


Hemodynamically unstable or 
expanding, pulsatile hematoma 

One shot I.V. pyelogram (IVP). 


Blunt trauma 


Penetrating trauma 


Adult, microscopic 
hematuria and no shock 

Discharge from ED 
Repeat urinalysis in 3 wks 


Gross hematuria, > 3 rbc/hpf with 
systolic BP < 90 mmHG, or 
pediatric patient with >50 rbc/hpf 


Grade I or II 


CT with delayed cuts 


Grade III or nonvascular grade IV 

Other intraperitoneal injuries requiring 
laparotomy 


Vascular grade IV or grade V 


Laparotomy not indicated 


I 

Bed rest until urine grossly clear, Foley catheter out 
when patient ambulatory. 

Evaluate for delayed bleeding. Renal angiography and 
selective embolization with presence. 

Place ureteral stent for continued urinary 
extravasation. 


Laparotomy indicated 




Renal exploration with attempt at reconstruction. 
If kidney is unsalvageable or major renal injury in 
an unstable patient perform nephrectomy. 


ALGORITHM 24.1 


1 


ALGORITHM 24.1. Evaluation and management of suspected kidney injury. 


The capsule of the kidney is routinely left intact for closure fol¬ 
lowing renal reconstruction. During renal exploration, sharp 
debridement, hemostasis, collecting system repair, and pled- 
geted, bolstered closure of the renal capsule using absorbable 
suture is performed. A perinephric suction drain is placed 
away from the repair in the retroperitoneum and removed 
when drainage subsides, usually less than 50 mL/d. If concern 
exists regarding the nature of the drainage, an aliquot of fluid 
can be sent for creatinine concentration to evaluate for the 
presence of urine. 

In the case of renal artery thrombosis, surgical revascular¬ 
ization is rarely helpful because of the time delay from injury 
to revascularization. Intervention is commonly limited to 
patients with solitary kidney or bilateral injuries. 22,23 An 
emerging therapy is vascular stent placement through the 
injury or thrombus; however, most series are limited and 
results mixed. 24 Venous injuries often result in massive bleed¬ 
ing and may require nephrectomy. Isolated proximal left renal 
vein injuries can potentially be managed by controlling and 
oversewing the caval stump because left renal vein collateral 
drainage is present via the gonadal, adrenal, and lumbar veins. 
Right renal venous injury requires repair, if feasible, or 
nephrectomy due to lack of collateral circulation. 

Frequent clinical monitoring for ongoing bleeding is essen¬ 
tial. 6 Postoperative complications of ileus, urinoma, atelectasis, 
and infection can occur. Secondary bleeding of nonoperatively 


managed and explored kidneys should be managed angio- 
graphically, because nephrectomy is likely with exploration. 
Late complications are uncommon and include renin-mediated 
hypertension from chronic renal ischemia, arteriovenous mal¬ 
formations, and segmental arteriolar pseudoaneurysm. 


Ureter 

Q Ureteral injuries are rare (1%), with fewer than 10 (due to 
external causes) presenting annually in busy trauma centers. 25 
As these injuries often present without clear signs or symp¬ 
toms, many are missed at the initial assessment and delayed 
diagnosis is common (Algorithm 24.2). 26 The most common 
source of injury to the ureter is iatrogenic during hysterec¬ 
tomy. These injuries occur with ligation of the infundibu- 
lopelvic ligament where the ureter crosses the uterine artery. 27 
In the adult population, penetrating injuries, gunshot wounds 
followed distantly by stab wounds, are the most frequent 
source of injury associated with external violence. 28,29 A high 
degree of suspicion should accompany the evaluation of pene¬ 
trating wounds and injury should be suspected when organs 
anatomically related to the ureter sustain injury: iliac vessels, 
bladder, sigmoid colon, and lumbar spine or transverse 
processes. Significant deceleration and hyperextension mecha¬ 
nisms can result in blunt avulsion as well. In children, the 
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FIGURE 24.1. American Association for the Surgery of Trauma (AAST) 
grading of renal injury by computed tomography. A: Grade I: contusion. 
B: Grade II. C: Grade III. D: Grade IV: contrast extravasation. E: Grade 
V: devascularized. 


injury occurs at the UPJ, resulting in avulsion of the ureter due 
to increased hyperextensibility of the spine. 

Anatomically, the ureters begin posterior to the renal hilum 
at the UPJ. Subsequently, they course inferiorly through the 
retroperitoneum, along the anterior aspect of the psoas mus¬ 
cle. Upon entering the pelvis, the gonadal vessels run over the 
ureters, which subsequently traverse over the iliac vessels. 
Finally, the ureters continue caudally and enter the inferior 
aspect of the bladder obliquely. The blood supply is segmental 
and arises from the adjacent anatomic structures within the 
retroperitoneum and pelvis (proximal-lateral, mid-/true 
pelvis-medial, and inferior-posterolateral). 


Often, patients with penetrating ureteral injuries undergo 
surgical exploration for associated injuries, allowing the ureter 
to be inspected directly. 30,31 Definitive reconstruction should be 
performed only if the patient is stable. When the defect is too 
long for primary repair or patients are hemodynamically unsta¬ 
ble, damage control techniques for urinary diversion include 
debridement, drainage of the bladder and retroperitoneum, cuta¬ 
neous ureterostomy diversion with a feeding tube, or ligation of 
the ureter with percutaneous nephrostomy tube placement. 
Complete debridement precedes ureter reconstruction, and the 
level and length of ureter dictate the type of repair (Fig. 24.2). 
UPJ disruptions require formal reconstruction by reanastomosis 
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Patient presents with possible ureteral injury 

High index of suspicion: few physical signs and 

delayed presentation 

Urinalysis. Assess hemodynamic stability 


Patient is stable 

CT w/ delayed cuts 


Patient is unstable 

One shot I.V. pyelogram (IVP) at laparotomy 
Evaluate for periureteral hematoma. 


Normal Studies 
Observation 


Delayed recognition, abscess or urinoma: 
Percutaneous nephrostomy and abscess drainage 
Ureteral stent if possible 


Abnormal Studies 
Perform laparotomy 


Explore entire ureter and renal pelvis for location 
and type of injury 

Repair injury over stent unless damage control 
Percutaneous drains for post-op urinoma or abscess 


ALGORITHM 24.2 


■ 


ALGORITHM 24.2. Evaluation and management of suspected ureteral injury. 



Ureteropelvic 

Junction 

Reanastomosis 


Proximal and Mid Ureter 
Short defects: end to end 
anastamosis 

Long defects: sicopsoas 
hitch, Boari flap, or 
transureteroureterostomy 


Distal Ureter 

Short defects: reimplantation 
Long defects: vesicopsoas 
hitch or Boari flap 
reimplantation 


or ureteropyelostomy. For ureteral injuries occurring in the 
proximal to midureter without associated renal injury, simple 
mobilization of the colon without hilar control can be used to 
gain access to the ureters. Short midureteric injuries are 
repaired by spatulated end-to-end anastomosis and low pelvic 
ureteric injuries are repaired by ureteroneocystostomy (Fig. 
24.3). A nonrefluxing anastomosis is preferred in children, 
while a refluxing implant is acceptable in adults. 

Patients presenting with a delay in diagnosis have symptoms 
of fever, flank pain, fullness, tenderness, atelectasis, or oliguria 
as a result of urinoma, hematoma, or abscess. 32 Operative 
intervention at the time of delayed diagnosis can result in 
nephrectomy. Therefore, management includes nephrostomy 
tube placement, percutaneous urinoma drainage, and Foley 
catheter insertion. Stent placement across an injury is delayed 
for 1 to 2 weeks and reconstruction is planned at 3 to 6 months 
to allow for resolution of periureteral inflammation. Long-term 
complications of unrecognized ureteral injury include fistula, 
fluid collections, ureteral stricture, and obstructive uropathy. 

All individuals who have sustained injury to the upper 
urinary tract require follow-up, consisting of imaging in the 
form of radionuclide scanning or IVU at 3 and 12 months to 
evaluate for hydronephrosis and document parenchymal func¬ 
tion. 33 Interval ultrasound to evaluate for urinoma or abscess is 
an acceptable imaging modality and limits radiation exposure. 


LOWER URINARY TRACT INJURY 

Bladder 


FIGURE 24.2. Ureteral reconstruction by location of injury. 


Q Injury to the bladder is rare, occurring in 1% to 2% of trauma 
patients most commonly secondary to blunt trauma. 34 
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FIGURE 24.3. Techniques of ureteral repair. A: End-to-end ureteroureterostomy. B: Vesico-psoas hitch reconstruc¬ 
tion with reimplantation performed by suturing of the bladder to psoas tendon after mobilization of both obliterated 
umbilical, plus or minus contralateral superior vesical, pedicles, avoiding the genitofemoral nerve. C: Boari flap 
performed using a tubularized bladder flap based on the ipsilateral superior vesical artery. D: Transureteroureteros¬ 
tomy (TUU). For all repairs the principles include tension-free, watertight, stented, spatulated, mucosa-to-mucosa 
anastomosis using absorbable suture with drain placement. 


Penetrating trauma accounts for 0% to 45% of bladder trauma 
and blunt trauma accounts for the remainder. 35 Pelvic fractures 
are frequently associated with lower urinary tract injuries. An 
associated pelvic fracture is present in nearly 90% of cases, 
though only 5% to 10% of pelvic fractures result in bladder 
injury. 36 In pelvic fracture two mechanisms predominate as 
causes of bladder injury, usually resulting in extraperitoneal 
rupture. The first involves shearing forces at deceleration 


resulting in injury at the fixed sites of pelvic fascial attachment. 
The second mechanism involves direct injury from pelvic bone 
fragments causing laceration of the bladder. Intraperitoneal 
blunt injury is due to rapid deceleration creating a rapid rise in 
intravesical pressure, resulting in a “burst”-type injury. 
Extraperitoneal injuries account for 54% to 55% of bladder 
injuries, intraperitoneal injuries for 38% to 40%, and com¬ 
bined injuries for 5% to 8%. 37 In the pediatric population, a 
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larger proportion of injuries are intraperitoneal because of 
the relative intra-abdominal location of the bladder. How¬ 
ever, the overall incidence is lower. The incidence of pelvic 
fracture is also lower in children, but, in contradistinction to 
adults, bladder neck injuries are more common in boys with 
a pelvic crush injury rather than urethral injuries as seen in 
adults. 38 

Gross hematuria is a reliable sign of bladder injury, occur¬ 
ring in 95% of patients, and in the setting of blunt or pene¬ 
trating trauma should prompt evaluation using cystography, 
urethrography, or both. 39,40 Acutely, patients presenting with 
bladder injury may complain of inability to void or suprapubic 
pain, though these symptoms may be masked by pain from 
more significant injuries. 35 With delayed presentation, fre¬ 
quent symptoms are abdominal distention, ileus, fever, or 
urinary ascites as a result of persistent leakage, pelvic urinoma, 
or abscess formation. If concomitant bladder neck injury 
occurs, voiding dysfunction may be present as well. Laboratory 
analysis demonstrates acidosis, hyperkalemia, hyperchloremia, 
hypernatremia, and uremia with intraperitoneal bladder 
injuries because of the frequency of these injuries with pelvic 
fracture. Particular attention is paid to thorough evaluation of 
the lower urinary tract for concurrent injury. Penetrating and 
iatrogenic trauma to the pelvis or perineum generally results in 
associated visceral, urethral, or genital injuries, but without 
bony disruption. 41 

Imaging of the bladder, if indicated, consists of cystogra¬ 
phy, and is performed in the clinically stable patient. Har- 
borview Medical Center criteria for bladder imaging after 
blunt trauma include pelvic ring fracture with greater than 30 
RBC/hpf or gross hematuria; an additional indication is the 
presence of a free intraperitoneal low-density fluid collection 
within the first 24 hours postinjury. Isolated acetabular frac¬ 
tures without pelvic ring involvement do not need cystography 
without other indications. CT cystography is used more liber¬ 
ally because of the central role of CT scanning in trauma 
assessment. 42 For CT cystography, the bladder is filled retro¬ 
grade with contrast and the scan is performed after 300 to 400 
mL of contrast is instilled. Static cystography (consisting of a 
scout pelvic image and a second image with 300 to 400 mL of 
contrast instilled in the bladder) remains an acceptable means 
of assessing for bladder rupture. Postdrainage films are essen¬ 
tial for static cystography, and oblique images may identify 
posterior defects. 37 Extraperitoneal contrast extravasation is 
confined to the pelvis on CT and appears as a “flame-shaped” 
opacity on static cystography (Fig. 24.4). Characteristic pat¬ 
terns of intraperitoneal contrast extravasation include pooling 



FIGURE 24.4. Computed tomography cystography for extraperi¬ 
toneal bladder injury. 



FIGURE 24.5. Computed tomography cystography for intraperi¬ 
toneal bladder injury. 


in the cul-de-sac, paracolic gutter, or retrohepatic space on CT 
or outlining of bowel loops on static cystography (Fig. 24.5). 

Most extraperitoneal bladder injuries can be managed con¬ 
servatively with catheter drainage. Indications for repair of 
bladder injury are intraperitoneal bladder injury; exploratory 
laparotomy for concomitant injuries; penetrating bladder 
trauma; extraperitoneal bladder injuries with concomitant 
vaginal, rectal, bladder neck injury, foreign body, or bony 
spicules protruding into the bladder lumen; and open reduc¬ 
tion internal fixation (ORIF) for pelvic fractures (in an effort 
to reduce secondary contamination of orthopedic hardware). 
Delayed exploration, reconstruction, or drainage may be re¬ 
quired to remedy problems that fail to resolve with conserva¬ 
tive measures or are diagnosed in a delayed fashion. During 
exploration and repair, when possible, avoid disruption of a 
pelvic hematoma, which may cause significant hemorrhage. 
The ureteral orifices and bladder wall are inspected through an 
anterior cystotomy or the laceration/injury itself. Sites of 
injury within the bladder lumen are repaired with 3-0 inter¬ 
rupted full-thickness synthetic absorbable suture, while the 
cystotomy, external injuries, or perforations are closed with a 
two-layer running fashion using 2-0 synthetic absorbable 
suture. Foley drainage alone is adequate in most cases. Supra¬ 
pubic catheter diversion using a Malecot catheter (22 to 24 
French) is used when irrigation for heavy bleeding is 
required. 43 Closed suction drains are placed away from the site 
of repair and can be removed in 48 hours unless the drainage 
fluid demonstrates a creatinine level higher than serum. The 
urethral Foley catheter is usually left in place for 7 to 10 days 
and removed following cystogram demonstrating a healed, 
watertight repair. 


Urethra 


The anatomy of the urethra varies throughout its course and is 
divided for practical purposes into the anterior and posterior 
segments (Fig. 24.6). The mechanism of injury varies depend¬ 
ing on the segment, but most commonly is due to blunt mech¬ 
anisms. Anterior urethral injuries are the result of straddle- 
type falls or blows to the perineum. Posterior urethral injuries 
are often associated with pelvic fracture and involve varying 
degrees of prostatomembranous distraction. 44 Female urethral 
injuries are uncommon, 0% to 6%, and are usually associated 
with pelvic fracture and resultant laceration by bony frag¬ 
ments. 45 Gross blood at the urethral meatus in males is the 
most reliable sign and warrants evaluation for injury. Females 
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FIGURE 24.6. Normal retrograde urethrogram and management by 
segment and mechanism of injury. 


with vaginal bleeding and pelvic fracture should be evaluated 
for gynecologic as well as urethral injuries. Further examina¬ 
tion includes digital rectal examination evaluating for 
hematoma, bony spicules, Hemoccult blood, or a “high-riding 
prostate.” These findings on examination and the presence of 
perineal ecchymosis or scrotal hematoma suggest anterior 
pelvic disruption and urethral injury (Algorithm 24.3). 

When gross blood is present at the urethral meatus, retro¬ 
grade urethrography (RUG) is indicated before catheteriza¬ 
tion. 46,47 RUG is readily performed using portable fluoroscopy 
in the emergency department or operating room. The fossa 
navicularis is occluded with the partially filled (2- to 3-mL) 
balloon tip of the catheter, the penis is stretched, and contrast 
is gently injected, opacifying the urethra. Oblique images are 
taken, when possible, to establish the absence of or the pres¬ 
ence and location of extravasation, which is indicative of 
injury. If no extravasation is present, the catheter is advanced 
into the bladder. Failure to recognize these types of injuries can 
result in conversion of a partial injury to a complete injury if 
Q blind catheter placement is performed. 36 Early management of 
most posterior urethral injuries involves urinary diversion 
with a suprapubic catheter. Grades I and II urethral injuries 
can be managed without a catheter provided the patient can 
void. Partial anterior injuries are managed with a urethral 
catheter alone, and a pericatheter urethrogram is done at 7 to 
10 days to confirm healing before its removal. Whereas pri¬ 
mary debridement and closure with diversion are advocated 


Patient presents with possible urethral injury 
Perform retrograde urethrogram 


No extravasation 
Place Foley catheter 


Positive Extravasation 

Note injury location: anterior or posterior 


Anterior urethral injury 


Penetrating injury 

Surgical reconstruction dependent on 
mechanism and associated injuries 


Blunt injury 


Isolated stab wound or 
low-velocity gunshot 
wound, no associated injuries 


Repair injury over Foley 
catheter 


Associated injuries, 
high-velocity gunshot 
wound, or bony fractures. 


Posterior urethral injury 


Penetrating injury Blunt injury 

Surgical intervention necessary 


Place suprapubic cystostomy tube and rule out bladder injury. 

Planned laparotomy: explore bladder and place open suprapubic tube. 
Planned orthopedic fracture reconstruction or presence of rectal injury: 
perform primary realignment of posterior urethral injury and remove 
suprapubic tube 

Change tube at one month, then monthly until surgical reconstruction. 


ALGORITHM 24.3 


ALGORITHM 24.3. Evaluation and management of suspected urethral injury. 
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for anterior stab wounds or low-velocity gunshot wounds, 
high-velocity injuries should be managed with a suprapubic 
catheter and delayed reconstruction. 48 Most posterior injuries 
can be managed with urinary diversion and delayed (3 to 6 
months) reconstruction following resorption of the pelvic 
Q hematoma. Aggressive early operative reconstruction is dis¬ 
couraged, although endoscopic techniques of primary realign¬ 
ment show promise in potentially decreasing rates of stricture 
formation while providing equivalent results with regard to 
continence and erectile dysfunction. 49 Early realignment is 
achieved employing endoscopes and fluoroscopy, then placing 
a catheter, by Seldinger technique, over a guidewire. 50 This has 
become a more commonplace method of initial urethral repair 
at high-volume trauma centers. Whether a patient receives a 
suprapubic cystostomy tube or a urethral Foley catheter as 
drainage, an appropriate plan of follow-up for tube changes, 
removals, and definitive reconstructive efforts is imperative, 
due to potential morbidities including infection, encrustation, 
hematuria, and obstructive uropathy. When definitive recon¬ 
struction is planned, antegrade voiding cystourethrography 
and retrograde urethrography are performed. 
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CHAPTER 25 VASCULAR TRAUMA 


BENJAMIN W. STARNES 


KEY POINTS 


^The overwhelming majority of vascular injuries can be 
diagnosed with a thorough history and physical examina¬ 
tion and a high clinical index of suspicion. 

Q Contrast arteriography is the traditional “gold standard” 
for diagnosing vascular injury, whereas computed tomog¬ 
raphy angiography can be rapidly obtained, provides more 
information about other injuries, and is less invasive with 
fewer complications. 

Q Threat to life or limb from active hemorrhage is self-evident. 

QThe management of injured extremities is superseded by 
the management of the overall patient: “life over limb.” 
Limb salvage is a treatment modality not to be taken 
lightly or as a mandatory preference. 

Q The guiding principle for the management of vascular 
injuries is proximal and distal control of the injured vessel. 


Q The ascending aorta and innominate and right subclavian 
arteries are best approached by median sternotomy. The 
proximal left subclavian artery and descending thoracic 
aorta are best approached via left thoracotomy. 

Q Left colon mobilization is useful for exposure of the par- 
avisceral aorta, left renal artery, infrarenal aorta, and left 
iliac artery. Similarly, the inferior vena cava, right renal 
artery, infrarenal aorta, and right iliac artery can be 
approached by an extensive Kocher maneuver and mobi¬ 
lization of the right colon. 

Q Endovascular repair of traumatic thoracic aortic disrup¬ 
tion is associated with lower mortality and lower rates of 
paraplegia than traditional open repair. 


A large body of literature currently exists regarding the man¬ 
agement of traumatic vascular injuries with traditional open 
surgical techniques. Likewise, there is an evolving literature on 
the management of vascular trauma with endovascular tech¬ 
niques. Over the past several decades, catheter-based and 
endovascular techniques have been used with increasing fre¬ 
quency for the management of trauma. This is particularly 
true for the management of solid organ injury and vascular 
injuries resulting from pelvic fracture. The endovascular man¬ 
agement of vascular trauma seems particularly appealing in 
the management of blunt truncal injuries, especially in the set¬ 
ting of severe concomitant brain and lung injury. Extremity 
and neck injuries are currently best handled by traditional 
methods of surgical proximal and distal control, the exception 
to this being base-of-skull injuries where there is no ability for 
distal vessel control and “watershed” areas between the trunk 
and extremities where surgical management for the unfamiliar 
surgeon can be quite difficult. This chapter reviews current lit¬ 
erature with regard to broad principles of both open and 
endovascular management of traumatic vascular injuries with 
regions being broadly defined as neck, trunk, and extremity. 


EPIDEMIOLOGY OF VASCULAR 
INJURY: DISTRIBUTION 
OF INJURIES 

Trauma is the leading cause of death in persons under the age 
of 45 and consumes an enormous amount of health care dol¬ 
lars in terms of acute and long-term care. Vascular injury in 
particular is highly morbid and can lead to rapid exsanguina- 
tion under certain circumstances. In a review of 5,760 cardio¬ 
vascular injuries sustained by 4,459 patients, Mattox et al. 
described the predominantly young male population present¬ 
ing with a majority (90%) of penetrating injury. 1 Truncal 
(including neck) vascular injuries predominated at 66%, with 
lower extremity regions representing only 19% of all vascular 
injuries. The mechanism of vascular injury varies, with most 
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being caused by high- or low-velocity weapons (70% to 80%) 
(Fig. 25.1). This is followed by stab wounds (10% to 15%) 
and blunt trauma (5% to 10%)d 


PHYSIOLOGIC CONSEQUENCE 
OF VASCULAR INJURY 

The principal physiologic consequence of vascular injury results 
from either profound hemorrhage with associated metabolic con¬ 
sequences of total body ischemia or end-organ ischemia of the 
vascular bed fed by the injured vessel. Factors affecting ischemic 
tolerance include the nature of injury (complete vs. incomplete 
disruption), adequacy of collateral blood flow, underlying meta¬ 
bolic state, associated injuries, sensitivity of the end organ to 
ischemia, and the time required to repair the injury. The brain is 
the most sensitive tissue to ischemia due to the high basal energy 
requirements and the absence of robust glycogen stores. Warm 
brain ischemia lasting longer than 6 minutes results in irreversible 
injury. Other than bone, skeletal muscle is probably most resis¬ 
tant to ischemia. Peripheral nerves and muscle can tolerate up to 
6 hours of ischemia without permanent damage. 

Tissue ischemia causes anoxic cell death. Restoration of 
oxygen-rich blood flow after ischemic injury produces a reperfu¬ 
sion injury mediated by oxygen-free radicals. 2 These oxygen-free 
radicals initiate multiple proinflammatory processes, including 
lipid peroxidation, which causes diffuse injury to the microvas¬ 
culature resulting in increased permeability, edema formation, 
and an increase in interstitial pressure. This overall process ulti¬ 
mately leads to stasis within the microvasculature, worsening 
ischemia, and cell lysis, including rhabdomyolysis. The resultant 
tissue destruction causes hyperkalemia, metabolic acidosis, and 
myoglobin-induced renal failure and may ultimately prove fatal. 


DIAGNOSIS OF VASCULAR INJURY 

The overwhelming majority of vascular injuries can be diag¬ 
nosed with a thorough history and physical examination and 
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FIGURE 25.1. Three high-velocity gunshot wounds to the right lower 
extremity emphasizing a remarkable level of tissue destruction. A: Sin¬ 
gle entrance wound below knee. B: Two entrance wounds in proximal 
thigh. C: Notice the stellate appearance of the exit wounds. 


high clinical index of suspicion. A history of pulsatile bleeding 
or, alternatively, a description of a large amount of blood at 
the scene of injury should elicit suspicion for vascular injury. 
Victims of a high-speed motor vehicle crash or those who fall 
from extreme heights must be assumed to have significant vas¬ 
cular injury until proven otherwise. 

Physical examination findings are extremely variable but 
should be categorized according to “hard” and “soft” signs 
for vascular injury. Hard signs suggesting a vascular injury 
include pulsatile bleeding, expanding hematoma, palpable 
thrill, audible bruit, and evidence of ischemia as dictated by 
the six “P’s”: pulselessness, pain, pallor, paresthesia, paralysis, 
and poikilothermia. Soft signs of vascular injury include a his¬ 
tory of moderate hemorrhage, injury in proximity to a named 
vessel, decreased but present pulse, nonexpanding hematoma, 
and associated peripheral neurologic deficit. 3 The presence of 
distal pulses can be deceiving and are intact in up to 20% of 
cases of major proximal vascular injury. 

Intracavitary vascular injuries should be suspected in those 
patients presenting with hypotension and evidence of pene¬ 
trating injury to the torso. A history of rapid deceleration or 
high transfer of kinetic energy, as occurs with a high-speed 
motor vehicle crash, should also elicit suspicion for a truncal 
vascular injury. Common findings associated with thoracic 
aortic injury include first rib fracture, thoracic spine fracture, 
flail chest, and sternal fracture. A widened upper mediastinum 
on anteroposterior chest radiography, loss of normal aortic 
contour, or thoracic outlet hematoma may suggest significant 
aortic injury. 

The proper measurement of the ankle-brachial index (ABI) 
is essential for diagnosing more occult vascular injuries. The 
ABI is measured by obtaining the highest arterial occlusion 


pressure utilizing a manual blood pressure cuff at the ankle 
and a 9-MHz continuous wave Doppler probe placed over 
both the dorsalis pedis and posterior tibial arteries. This pres¬ 
sure value is then divided by the highest brachial systolic blood 
pressure, thereby providing the corresponding index. A nor¬ 
mal index is greater than 1.0, and any index below 0.9 in an 
otherwise healthy patient is an indication for more definitive 
diagnostic tests to include duplex ultrasonography and/or 
arteriography. 4,5 Hypovolemic patients may have values as 
low as 0.75 and thus should undergo repeat measurement 
after resuscitation or further workup if not equally low in both 
extremities. Repeat physical examinations, coupled with 
repeat ABI measurements after therapeutic intervention, to 
include realignment of long bone fractures, are of paramount 
importance. 

Arteriography remains the “gold standard” for diagnosing 
vascular injuries and providing a road map to guide surgical 
repair (Fig. 25.2). Standard arteriography is not always feasible 
or even practical in the multiply injured patient and is certainly 
not always indicated for single-level injury with associated 
hard signs of vascular trauma. 6 However, it can prove invalu¬ 
able in the management of patients presenting with multiple 
levels of penetrating injury. Arteriography has traditionally 
been considered mandatory for patients presenting with com¬ 
plex knee injuries and/or posterior knee dislocations, although 
more recently, selective duplex examination has been used in 
Q patients with an otherwise normal vascular examination. Con¬ 
trast arteriography has traditionally been the “gold standard” 
for diagnosing vascular injury, whereas computed tomographic 
angiography (CTA) is highly sensitive and specific, can be 
rapidly obtained, provides more information about other 
injuries, and is less invasive with fewer complications. 7,8 
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FIGURE 25.2. Arteriogram demonstrating vascular injury to the 
proximal popliteal artery as a result of distal left femur fracture. 


PRINCIPLES OF MANAGEMENT 


As stated previously, time is of the essence with patients pre¬ 
senting with vascular injury, and different vascular beds have 
different tolerance to ischemia. Preoperative antibiotics should 
be administered to all of these patients and every effort should 
be made to avoid vascular reconstruction in the setting of heavy 
contamination or simultaneous pancreatic injury. Patients with 
suspected vascular injuries should be prepared for operation 
with standard surgical approaches in mind and with addi¬ 
tional preparations allowing for access of more proximal vas¬ 
cular control. In addition, preparation should be made for 
recovery of an adequate vein from an uninvolved extremity to 
be used as a reconstructive conduit. Hence, patients with sus¬ 
pected vascular injuries in the neck or upper extremity should 
have the entire chest prepped into the field to allow for rapid 
performance of median sternotomy or thoracotomy, as well as 
preparation of one or both of the lower extremities to allow 
for recovery of the greater saphenous vein for conduit. 
Patients with suspected abdominal vascular injuries should 
have the chest, abdomen, and both groins prepped. Patients 
with suspected lower extremity vascular injuries should have 
the abdomen and both lower extremities circumferentially 
prepped into the field. When managing a vascular injury in a 
lower extremity, the greater saphenous conduit should be 
obtained from the uninjured extremity. 

The phrase “damage control” implies a rescue situation in 
which prevention of further injury is achieved. When applied 
to vascular injuries, damage control is defined as control of 
exsanguinating hemorrhage, rapid restoration of blood flow 
to an ischemic vascular bed, and prevention of further injury 
Q such as extremity compartment syndrome. Danger from active 
hemorrhage is self-evident. When dealing with the multiply 
injured patient, limb salvage may be a secondary priority or 
not a priority at all depending on the physiologic status of the 


Q patient. 9 The management of injured extremities is superseded 
by the management of the overall patient: “life over limb.” 
Limb salvage is a treatment modality not to be taken lightly or 
as a mandatory preference. 

Proximal and distal control is a basic tenant of vascular 
Q surgery. The ascending aorta and innominate and right subcla¬ 
vian arteries are best approached by median sternotomy. The 
proximal left subclavian artery and descending thoracic aorta 
Q are best approached via left thoracotomy. Left colon mobiliza¬ 
tion is useful for exposure of the paravisceral aorta, left renal 
artery, infrarenal aorta, and left iliac artery. Similarly, the infe¬ 
rior vena cava (IVC), right renal artery, infrarenal aorta, and 
right iliac artery can be approached by extensive Kocher 
maneuver and mobilization of the right colon. 

For those surgeons not accustomed to conducting a vascu¬ 
lar surgical procedure, remote proximal control offers the best 
opportunity for success in managing extremity vascular 
injuries. For upper extremity injuries, proximal control can be 
obtained by exposing the subclavian artery utilizing a supra- 
or infraclavicular incision depending on the comfort level of 
the operating surgeon. The subclavian artery is notoriously 
fragile and thus dissection should be performed carefully in the 
stable patient. For the unfamiliar surgeon, an infraclavicular 
incision is preferred over the more hazardous supraclavicular 
incision. For lower extremity injuries, proximal exposure of 
the common femoral artery allows controlled dissection about 
the more distal injured vessel and provides the opportunity to 
perform arteriography. The challenging injury directly to the 
femoral triangle requires a lower abdominal oblique incision 
(transplant incision), with division of all three abdominal mus¬ 
cular layers and dissection within the preperitoneal space to 
expose the distal external iliac artery, which can then be 
rapidly and easily controlled using digital compression against 
the iliac fossa. 

As a rule, longitudinal incisions over named vascular struc¬ 
tures allow for the widest exposure and best control. Curvilin¬ 
ear and “lazy S”-type incisions should be made across joints to 
include the antecubital and popliteal fossa. The posterior 
approach to the traumatic popliteal artery injury is rarely used 
in any setting. Exposure can often be demanding, particularly 
in the setting of debris, dirt, bone dust, and bone fragments in 
a wound. This presentation demands the time-honored tradi¬ 
tion of adequate and aggressive debridement of devitalized 
tissue. 

Systemic heparinization (50 to 75 U/kg intravenously) 
should be initiated in stable patients in whom vascular control 
of the injury has been quickly established, estimated prehospi¬ 
tal blood loss is relatively low, and ongoing bleeding sources 
are minimal. Unstable patients with diffuse hemorrhage from 
bone fragments, torn muscle, and additional injuries and 
patients who are already hypothermic and coagulopathic 
should not get systemic anticoagulation during repair of a vas¬ 
cular injury. Alternatively, local administration of heparinized 
saline solution directly into the injured vessel prior to repair 
may aid in preventing thrombotic complications. The decision 
to anticoagulate is left to the discretion of the operating sur¬ 
geon, who must be in close contact with the anesthesia 
providers in order to fully understand the patient’s clinical 
status. 

As with all vascular operations, there are several impor¬ 
tant elements for success. Key among these is careful handling 
of tissue, use of magnification loupes, adequate lighting, and 
use of fine instruments with fine, monofilament suture. After 
exposure, injured vessels should be carefully debrided back 
to normal- and healthy-appearing tissue. Inflow and back- 
bleeding should then be assessed. If there is no back-bleed¬ 
ing, gentle thrombectomy with appropriate-sized Fogarty 
embolectomy catheters should be performed. The use of a 
standard pulmonary artery catheter may be useful in this sce¬ 
nario if no standard embolectomy catheters are available. 10 
Minimal manipulation of intima is imperative to prevent 
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ITABLE 25.1 

TREATMENT | 

TREATMENT OF VASCULAR INJURY 

■ TYPE OF REPAIR 

■ USES AND INDICATIONS 

Lateral repair 

When vessel not compromised 
>25% circumference 

Patch angioplasty 

When vessel not compromised 
>50% circumference 

Primary end-to-end 

<2 cm defect, mobilize ends, 

anastomosis 

spatulate 

Interposition graft 

>2 cm defect, reversed vein 
> polytetrafluoroethylene, 
most common repair 

Extra-anatomic bypass 

Extensive defect, multiple-level 
injury, contamination 

Suture ligation 

Strongly consider prophylactic 
fasciotomy, distal embolectomy, 
and anticoagulation 


vessel thrombosis in the early postoperative setting. After ade¬ 
quate debridement, the vessels should be flushed with a 
heparinized saline solution both proximally and distally. A 
tension-free repair should then ensue. Options for repair are 
many and are listed in Table 25.1. As a general rule, the most 
often utilized vascular procedures are ligation and interposi¬ 
tion bypass graft. With combined injuries, arterial repair 
should precede venous repair except when venous repair 
requires little effort. This is to minimize ischemic burden from 
an already severely injured vascular bed. 

The temptation to reconstruct, repair, or even ligate an arte¬ 
rial injury in the setting of a highly contaminated wound 
should be thoroughly resisted. Recent studies have shown that 
a high failure rate ensues due to infection and subsequent 
thrombosis. 11 In a contaminated wound, every effort should be 
made to perform adequate debridement and then reassess for 
adequate collateral macroperfusion with every means avail¬ 
able. If ligation of a major artery is required, distal embolec- 
tomy should be routinely performed followed by distal infusion 
or systemic administration of heparin to preserve collateral cir¬ 
culation. 12 If feasible, patients should undergo abdominal 
decompression, prophylactic fasciotomy, observation, and then 
definitive revascularization once control of wound sepsis has 
been accomplished. Alternatively, routing of bypass grafts 
through uncontaminated fields offers the best chance for suc¬ 
cess in the management of these challenging injuries. 

Key to the success of vascular repair is appropriate use of 
available conduit for reconstruction. It is widely held that the 
best alternative conduit for reconstruction is autologous 
saphenous vein. The saphenous vein is the workhorse for vas¬ 
cular surgeons and can be used in multiple locations. It is 
important to remember the concept of directional flow within 
veins and thus reverse or turn around the saphenous vein prior 
to using it as a conduit for revascularization. The saphenous 
vein may also be used as patch material or refashioned in the 
form of a panel or spiral graft for reconstruction of larger ves¬ 
sels. The saphenous vein should always be recovered from the 
uninvolved extremity. This is done to provide maximal venous 
drainage from the injured extremity should the deep system be 
involved or the patient develop deep vein thrombosis in the 
postoperative period. Proximal saphenous vein can still be uti¬ 
lized in the rare patient presenting with upper extremity vas¬ 
cular injury and bilateral major traumatic below-knee injuries. 

The repair of extremity venous injuries has been controver¬ 
sial. Data from Dr. Norman Rich and the Vietnam Vascular Reg¬ 
istry supports an effort at repair of most major venous injuries if 


possible. 13,14 The decision to repair versus ligate a major extrem¬ 
ity venous injury depends on the available resources, existing 
comorbidities, coexistent injuries in the same patient, and, of 
course, the hemodynamic stability of the patient. Rich retrospec¬ 
tively demonstrated a lower incidence of chronic venous insuffi¬ 
ciency and postphlebitic syndrome in those patients undergoing 
venous repair as opposed to ligation in the lower extremity. 13 
However, the same general principles do not hold true for venous 
injuries in the upper extremity, where ligation is better tolerated 
with minimal chronic morbidity. 


OPERATIVE MANAGEMENT 
OF SPECIFIC REGIONS 


Management of Vascular Injury in the Neck 

Injuries to the neck have been notoriously difficult to manage. 
A clear anatomic division of the neck into zones has allowed a 
selective approach to penetrating neck trauma. Zone I lies 
below the cricoid cartilage, and zone III lies above the angle of 
the mandible. Zone II, which is between I and III, has classi¬ 
cally been managed with immediate exploration and direct 
evaluation of the aerodigestive tract and the carotid and jugu¬ 
lar vessels. The most commonly injured structures in the neck 
are the blood vessels, with the incidence of major vascular 
trauma following penetrating neck trauma being 20%. 15 Phys¬ 
ical examination and determination of hard signs predict those 
patients with significant injuries who might benefit from 
immediate exploration. 16 Direct surgical repair remains the 
“gold standard” for injuries in all zones, but endovascular 
approaches are appealing in that some of these injuries can be 
remotely approached from within the thoracic inlet and base 
of the skull, thus avoiding the morbidity of the required exten¬ 
sive surgical exposure. Unique advantages for an endovascular 
approach to the extracranial cerebrovascular system include 
avoidance of general anesthetic and the ability to monitor neu¬ 
rologic status during the intervention. 

Penetrating zone I and III injuries that require immediate 
operative intervention are not candidates for a purely 
endovascular approach. However, endovascular techniques 
may be utilized in a “hybrid” fashion to support the standard 
open repair of these injuries. Zone I injuries with hard signs of 
vascular injury may have an enlarging hematoma at the tho¬ 
racic inlet, high chest tube output, or shock. These injuries 
notoriously involve the great vessels. Immediate control 
involves a high anterior thoracotomy, sternotomy, or clavicu¬ 
lar resection to obtain adequate proximal control. Once the 
patient is prepared in the operating room, an occlusion bal¬ 
loon can be rapidly utilized from the groin to provide endolu- 
minal proximal control of the great vessels, allowing conduct 
of a surgical exposure in a more controlled fashion and possi¬ 
bly avoiding sternotomy for proximal exposure. With an 
occlusion balloon in place, an arteriogram will help locate the 
injury and allow for operative planning. After the injury is 
exposed, a vascular clamp replaces the occlusion balloon, or, 
alternatively, if proximal vessel length is not adequate, the 
occlusion balloon remains in place for repair. 

In patients with soft signs of a cervical vascular injury and 
hemodynamic stability, there is ample time for further evalua¬ 
tion. Arteriography may identify an intimal flap, dissection, 
pseudoaneurysm, complete or partial transection, or thrombo¬ 
sis. Operative repair of these lesions has been shown to reduce 
overall mortality and stroke rates for both penetrating and 
blunt trauma as compared to observation or ligation. 17 How¬ 
ever, several centers have found that early anticoagulation 
alone also improves overall neurologic status and mortality in 
a cohort of patients with high internal carotid artery trauma 
who did not undergo operative repair and were able to toler¬ 
ate anticoagulation with heparin. 18-20 
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Vertebral artery injury is a rare occurrence, but the identifi¬ 
cation of vertebral artery injuries has actually increased owing 
to the liberal use of screening tests (ultrasound or CTA) during 
workup. When encountered, vertebral artery injuries can be 
difficult to expose and control. The first portion of the verte¬ 
bral artery is fairly accessible, but once the vessel enters the 
bony foramen of the cervical canal, blind clipping or packing 
with bone wax carries the risk of cervical nerve root damage. 
Transcatheter embolization has been utilized for vertebral 
artery transections, pseudoaneurysms, and arteriovenous fistu¬ 
las with a combination of embolization techniques including 
wire-guided crossing of a transected vessel to gain occlusive 
control of the distal bleeding vessel. 21-24 


Management of Vascular Injury in the Trunk 

Truncal vascular trauma is a highly lethal event. The majority 
of patients experiencing blunt or penetrating injury to the 
aorta in either the chest or abdomen do not routinely survive 
to reach a higher level of care and often die in the field. A blunt 
mechanism of injury associated with rapid deceleration also 
causes predictable injury patterns within the thoracic and 
abdominal aorta and iliac, renal, and visceral arteries. Associ¬ 
ated severe brain and lung injury directly and indirectly 
increase the perioperative risk associated with general anesthe¬ 
sia and a traditional open surgical approach. 


Management of Vascular Injury in the Chest 

Blunt aortic injury (BAI) is a highly lethal event, with 80% to 
85% of patients expiring at the scene of injury. Of those pre¬ 
senting to a trauma center, 40% to 50% die within 24 hours 
of injury. 25 Conventional treatment involves thoracotomy for 
open repair, with associated mortality rates ranging from 15% 
to 28% and paraplegia rates as high as 19%. 26 In patients 
experiencing traumatic thoracic aortic injury, thoracotomy 
may worsen potential associated lung injuries and increase 
mortality risk. 27 The past decade has seen significant advances 
in the endovascular management of BAI with resultant dra¬ 
matic decreases in morbidity and mortality. U.S. Food and 
Drug Administration (FDA)-approved devices are now com¬ 
mercially available in the United States for the endovascular 
repair of thoracic aortic pathology. During the evaluation and 
early care prior to surgery for these injuries, control of the 
shear forces on the disrupted aorta using beta-blockers is 
mandatory. Systolic blood pressures should be maintained at 
about 100 mm Hg. 


In March 1997, Fabian et al. published a landmark 
prospective study of BAI inclusive of 50 trauma centers across 
North America now referred to as the American Association 
for the Surgery of Trauma 1 (AAST-1) trial. 28 There were 274 
cases of blunt aortic injury studied over 2.5 years with average 
time from injury to repair of 16.5 hours. Overall mortality was 
31%, with 63% of deaths attributable to aortic rupture. Of 
patients presenting in extremis or who sustained rupture while 
waiting for surgery, the mortality was 100%. Postoperative 
paraplegia occurred in 8.7% of patients. Ninety-three percent 
of injuries occurred at the proximal descending aorta in the 
region of the aortic isthmus. 28 Two months after this landmark 
publication, Semba et al. reported their initial experience 
using endoluminal grafts to repair a multitude of aortic 
pathology. 29 In their series of 95 patients, one patient under¬ 
went endoluminal repair for blunt aortic injury and survived. 
Since then, the use of endovascular techniques to manage this 
devastating injury has increased. An endovascular approach 
for repair of blunt thoracic aortic injury decreases the mor¬ 
bidity associated with posterolateral thoracotomy and single¬ 
lung ventilation in patients who often have multiple associ¬ 
ated injuries, including rib fractures, flail chest, or pulmonary 
injury (Fig. 25.3). 

Recently, the AAST Multi-institutional Thoracic Aortic Injury 
Study Group published the results of the AAST-2 trial. Over a 
period of 26 months, 193 patients with BAI from 18 centers were 
studied. Over 65% of the injuries were managed with endovas¬ 
cular repair with a resultant decrease in mortality from 22% to 
13% and a reduction in paraplegia rates from 8.7% to 1.6%. 30 

Q Endovascular repair of traumatic thoracic disruption is associ¬ 
ated with lower mortality and lower rates of paraplegia than tra¬ 
ditional open repair. These findings are extremely compelling and 
should elicit a dramatic shift in the primary management of BAI 
by surgeons caring for this patient population. 

A majority of patients experiencing BAI are young and 
hence have small aortic anatomy. Most commercially available 
grafts are designed for the treatment of aneurysmal disease and 
not meant for young aortas. The smallest commercially avail¬ 
able grafts specifically designed for the thoracic aorta are 22 mm 
(Talent; Medtronic/AVE, Santa Rosa, CA) and 26 mm (TAG; 
W.L. Gore, Flagstaff, Arizona). Most experts would recom¬ 
mend an oversizing of 10% to 15% based on the aortic diame¬ 
ters defined in the landing zones for BAI. Aggressive oversizing 
has led to stent graft failures and “infolding” of the grafts with 
resultant endoleak and collapse. 31,32 A variety of different 
infrarenal “cuffs” and limb extensions have been used by some 
authors to avoid these problems in small aortas. 33 

Not all patients presenting with blunt aortic injury should 
be considered for endovascular repair. Some authors have 



FIGURE 25.3. A: Axial computed tomography angiography (CTA) image of blunt aortic injury. B: Oblique sagittal CTA image of the same injury. 
C: Follow-up CTA reconstruction after successful stent graft repair. 
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advocated using the Injury Severity Score (ISS) to guide ther¬ 
apy. 27 A predicted mortality based on an ISS of greater than 
100% should elicit an approach to simply supporting the 
patient with conservative measures, including long-term con¬ 
trol of blood pressure with beta-blocking agents and other 
antihypertensive agents as required in the resistant patient. 


Management of Vascular Injury 
in the Abdomen 

The management of abdominal vascular trauma is a formida¬ 
ble challenge faced by many trauma surgeons. In a review of 
5,760 vascular injuries in 4,539 patients, Mattox et al. 
described abdominal vascular injuries accounting for 33.7% 
of all vascular injuries. 1 Abdominal vascular injuries remain 
the most common cause of death following penetrating 
abdominal trauma. Many patients experiencing abdominal 
vascular injury, whether penetrating or blunt, have simultane¬ 
ous hollow viscus injury, which makes operative management 
difficult when considering the need for prosthetic graft place¬ 
ment in a potentially contaminated field. 

The so-called “seat belt aorta” is defined as injury to the 
aorta after direct compression against the bony structures of 
the spine. The most common site of this injury is directly below 
the inferior mesenteric artery. Atherosclerotic aortic plaques 
are also thought to be a contributing factor because less force is 
required to damage the aortic intima with an existing rigid 
plaque within the lumen. 34 It has been strongly suggested that 
an initial attempt at endovascular repair be made for blunt 
abdominal aortic injury. This approach is less invasive, avoids 
a retroperitoneal dissection and application of an aortic cross¬ 
clamp, and may be performed immediately after closure of a 
laparotomy for grossly contaminated injuries. 35 

Blunt trauma is the most common method of injuring a 
renal artery. There are only a few isolated reports in the litera¬ 
ture describing renal artery stenting for traumatic injury with 
either balloon-expandable or self-expanding stents. 36-38 Poten¬ 
tial benefits to this approach include the rapidity with which 
repair can be accomplished following the diagnosis by conven¬ 
tional or CTA. Unfortunately, in a majority of these injuries, 
the diagnosis is often delayed, which significantly impacts out¬ 
come for the affected kidney. While nonoperative complication 
rates, even with close and careful observation, have been 
reported to be as high as 82%, 39 treatment remains controver¬ 
sial when the end organ is not threatened. Most groups recom¬ 
mend treatment within 6 to 12 hours as the most critical factor 
in preserving renal function. 40 

Injuries to the celiac or superior mesenteric artery are best 
managed with traditional open surgical exposure and ligation 
and/or repair. Endovascular management of acute traumatic 
injury to these arteries has not been described as yet. Reasons 
for this probably stem from a requirement for assessment of 
bowel viability in conjunction with definitive arterial repair. The 
combination of endovascular and laparoscopic techniques in 
approaching these injuries may prove worthwhile in the future. 

Iliac artery injuries are among the most challenging for 
trauma surgeons. Morbidity and mortality rates from these 
types of injuries approach 15% and 40%, respectively. 41,42 
Proximal and distal control can be exceedingly difficult, while 
the utility of angiographic embolization of bleeding pelvic ves¬ 
sels in association with severe blunt pelvic trauma is well doc¬ 
umented. As with the thoracic and abdominal aorta, blunt 
trauma is an infrequent cause of iliac vascular injury. How¬ 
ever, morbidity and mortality associated with such injuries 
are profound. Like the abdominal aorta, the presence of ath¬ 
erosclerotic plaque within the iliac vessels has been associ¬ 
ated with an increased susceptibility to intimal disruption. 43 
Lyden et al. reported on the successful management of com¬ 
mon iliac artery dissection with self-expanding stents after 


blunt abdominal trauma. 44 Long-term follow-up is not avail¬ 
able for iliac stenting in the setting of injury from blunt arter¬ 
ial trauma; however, one would surmise that long-term 
patency rates are not too dissimilar and perhaps better than 
those from standard iliac artery angioplasty and stenting. 

Injury to the vena cava is a rare event, occurring in 0.5% to 
5% of penetrating injuries and 0.6% to 1% of blunt abdomi¬ 
nal injuries. 45 Despite their rarity, injuries to the vena cava rep¬ 
resent 30% to 40% of all abdominal vascular injuries and are 
commonly associated with a mortality as high as 50%. 46 


Management of Vascular Injury 
in Watershed Regions 

Managing injuries to the thoracic outlet often requires incisions 
that are potentially profoundly morbid. Many injuries in this 
location are fortunately contained hematomas that allow for 
definitive preoperative diagnosis. This may allow for a window 
of opportunity to use endovascular techniques to manage 
supra-aortic truncal injuries to the innominate, carotid, or sub¬ 
clavian arteries while avoiding a thoracotomy. 47,48 Likewise, 
ileofemoral injuries are also difficult to control. A multicenter 
trial evaluated the use of Wallgraft Endoprostheses (Boston Sci¬ 
entific, Natick, Massachusetts) for the management of 62 
patients with iliac, subclavian, or femoral arterial injuries. 49 
While the majority (78%) of these injuries were iatrogenic in 
nature and not representative of a purely primary vascular 
injury series, the data provide compelling support for endovas¬ 
cular management. 49 In this study, the majority of injuries 
treated were in the iliac arteries (53.2%), while the remainder 
were located in the subclavian (29%) or femoral (17.7%) arter¬ 
ies. Eighty-five percent of patients avoided surgery entirely 
within the first year after placement of the stent graft. 

In addition, operative complications for emergent proce¬ 
dures with the stent graft were significantly reduced compared 
with those of surgical repair (21% vs. 57%), and late compli¬ 
cations for emergent procedures were not different from the 
rate for surgical repair (6% vs. 12.5%). Similarly, postproce¬ 
dure mortality associated with emergent stent graft procedures 
was significantly reduced compared with that of emergent sur¬ 
gical repair (9% vs. 27%), and late all-cause mortality was sig¬ 
nificantly reduced compared with emergent surgical repair 
(15% vs. 34%). 

These data should be interpreted with caution as the num¬ 
bers are small and the comparison between iatrogenic injuries 
and standard traumatic vascular injuries is probably incompa¬ 
rable. Despite these differences, endovascular therapy has 
become an essential tool for the trauma or vascular surgeon 
managing these difficult injuries. 


Management of Vascular Injury 
in the Extremity 

The Mangled Extremity Severity Score (MESS) was created as 
objective criteria to predict amputation after lower extremity 
trauma. The four criteria include (a) skeletal/soft tissue injury, 
(b) limb ischemia, (c) shock, and (d) patient age. An MESS 
score greater than or equal to 7 in the original series predicted 
amputation with 100% accuracy. 50 Many such scores have 
been developed to attempt to predict the need for urgent 
amputation, but this accuracy has not been reproducible. The 
high specificity of these multiple scoring systems confirm that 
limb salvage can be predicted. However, the converse is not 
true; low variable sensitivities fail to support their validity as a 
predictor of amputation and should not be used for this pur¬ 
pose in the individual patient. 51 

The overwhelming majority of injured extremities requir¬ 
ing vascular repair for limb salvage will involve the common 
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femoral, superficial femoral, popliteal, axillary, or brachial 
arteries. Isolated injuries to the ulnar, radial, and tibial arteries 
can be managed with arterial ligation in a majority of cases, as 
long as at least one vessel is patent to perfuse the extremity. In 
general, incisions of election should be made as a preference 
over incisions of opportunity provided by an existing wound. 
This is not always possible as the wound may provide ade¬ 
quate exposure for definitive control of the vascular injury. 

The use of a tourniquet has long been a controversial topic. 
Inappropriately applied tourniquets actually cause an increase 
in bleeding from an extremity wound. This paradoxical effect 
results from occlusion of the lower-pressure venous outflow 
and inadequate occlusion of the higher-pressure arterial 
inflow. As a result, an increase in the bleeding from the wound 
can lead to early exsanguination. A properly applied tourni¬ 
quet causes a significant amount of pain, which should be 
managed with intravenous or intramuscular pain medication. 
The temptation to remove a properly placed tourniquet due to 
patient discomfort should be resisted until operative control 
has been achieved. Tourniquets are often applied to hypoten¬ 
sive patients prior to resuscitation, and hence less pressure is 
required to arrest arterial hemorrhage. Once resuscitation is 
initiated and more normal systolic pressures are achieved, 
patients may bleed through their tourniquet. Thus, tourni¬ 
quets should be monitored and tightened for effectiveness. In 
the emergency department, pneumatic tourniquets can be used 
as a proximal clamp for temporizing measures in the multiply 
injured patient with ongoing workup and those with massive 
soft tissue destruction and mangled extremities. 

Temporary intraluminal shunts allow for rapid restoration 
of blood flow to an ischemic limb or vascular bed while other 
procedures to include wound debridement, external fixation of 
fractures, or more lifesaving procedures such as trauma 
laparotomy or thoracotomy can be accomplished. 52-54 Shunts 
may be easily and rapidly placed after proximal vascular con¬ 
trol with either a pneumatic tourniquet or vascular clamp and 
secured in place with Rummel tourniquets or simple silk ties to 
prevent dislodgement. After placement, patency should be 
confirmed with intraoperative continuous wave Doppler of the 
shunt. The specific use of Sundt shunts minimizes risk of dis¬ 
lodgement due to their design when appropriately inserted. 
The Sundt shunt (Integra Lifesciences Corp., Plainsboro, New 
Jersey) is lined with an inner coil to prevent kinking or collapse 
(Fig. 25.4), except for one small area within the shunt of dis¬ 
continuous coils, which should be used for clamping if needed. 
Clamping the shunt in any other location will crush the coil 
and occlude the shunt. 

One of the most important factors in managing the acutely 
injured extremity is the liberal use of fasciotomy to avoid or treat 



FIGURE 25.4. Temporary intraluminal shunt prior to definitive 
repair of an arterial injury. 



FIGURE 25.5. Thigh fasciotomy in a patient with penetrating injury 
to the right lower extremity causing vascular and skeletal injury. 


compartment syndrome. 55 A thorough understanding of the 
technique of fasciotomy for both the upper and lower extremi¬ 
ties as well as the feet and hands is mandatory (Fig. 25.5). A key 
principle for performance of a standard four-compartment fas¬ 
ciotomy in the lower extremity includes two long skin inci¬ 
sions, each at least 15 cm, on both the medial and lateral 
aspects of each affected extremity. Indications for fasciotomy 
are listed in Table 25.2. 

Repair of traumatic lesions using endovascular techniques 
has had limited application in the extremities. The acutely 
injured patient with hard signs of a peripheral vascular injury 
can usually be controlled with direct tamponade or, rarely, a 
tourniquet. While time is of the essence in a patient with sig¬ 
nificant ischemia or neurologic deficit, peripheral vascular 
beds are fairly resistant to temporary ischemic times of 4 to 
6 hours, 56 and this allows the surgeon time for catheter access 
and endoluminal examination of the injury in the operating 
room. While open repair may be required for complete vessel 
transection, endovascular treatment or proximal control can 
be advantageous for a high brachial artery injury or common 
femoral artery injury that is associated with an extensive 
hematoma. This would avoid an extensive dissection near the 
brachial plexus and, in the groin, would avoid a suprainguinal 
dissection into the pelvis. 

Pseudoaneurysms and arteriovenous fistulas of the periph¬ 
eral vascular system occur infrequently aside from iatrogenic 
injuries. Iatrogenic injuries secondary to femoral access sites 
account for the majority of pseudoaneurysms and arteriove¬ 
nous fistulas that are managed with endovascular techniques. 


TABLE 25.2 INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR FASCIOTOMY 

>4-6 h evacuation delay to revascularization 
Combined arterial and venous injuries 
Crush injuries 

High-kinetic-energy mechanism 

Vascular repair 

Arterial or venous ligation 

Comatose, closed head injury, or epidural analgesia 

Tense compartments 

Prophylactic 
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After ultrasound-directed pressure and thrombin injection 
have failed to thrombose pseudoaneurysms, 57,58 covered stents 
can be successfully used to exclude pseudoaneurysms from the 
circulation. 59 Iatrogenic vascular injuries secondary to ortho¬ 
pedic procedures have also been successfully managed with 
endovascular principles. 60 

Traumatic pseudoaneurysms and arteriovenous fistulas are 
significantly higher in the military population as a result of 
fragmentation wounds 61 and are only rarely encountered in 
civilian trauma. These injuries may not be readily apparent at 
the time of injury and can present several years later. 62,63 While 
intimal flaps or segmental narrowing appears to resolve spon¬ 
taneously, pseudoaneurysms and arteriovenous fistulas tend to 
enlarge, embolize, or thrombose. 64 When identified, endovas¬ 
cular treatment has ranged from transcatheter embolization 
with coils or balloons, and occasionally Gelfoam packing is 
required as an adjunct. 65-68 Remote endoluminal occlusion in 
these patients either avoids an exploration in an acute grossly 
infected cavitary wound or avoids an incision through a scar 
that would have potential healing complications. 


POSTOPERATIVE MANAGEMENT 

Patients who have undergone repair of vascular injuries from 
trauma should be monitored in the intensive care unit for at 
least the first 24 hours after surgery. This should include elec¬ 
trocardiographic monitoring and pulse oximetry, particularly 
because hemorrhagic shock and reperfusion of an ischemic 
limb may result in systemic physiologic derangements such as 
hypoxia, hyperkalemia, and acidosis. Acidosis, anemia, and 
hypothermia should be aggressively corrected. For isolated 
extremity vascular injuries, mild coagulopathy may be toler¬ 
ated after revascularization as long as continued bleeding is 
minimal. Patients may have substantial hypothermia, tissue 
edema, and vasospasm in the injured limb, making palpation 
of pulses difficult. Hypothermia should therefore be aggres¬ 
sively corrected and evaluation of vascular status should rely 
on Doppler evaluation with ABIs rather than palpable pulses. 
During this early postoperative period, palpation for distal 
pulses and search for Doppler signals should occur hourly. 
Any change at the completion of the surgical repair in pulse or 
particularly Doppler signals from the baseline examination 
warrants an investigation, either by rechecking ABIs and/or 
performing an arteriogram. Patients who had heavily contam¬ 
inated wounds on initial presentation should have a planned 
return trip to the operating room within 24 hours for repeat 
irrigation and debridement of wounds. 


MILITARY-SPECIFIC 

APPLICATIONS 


The modern battlefield has a staunch reputation of being 
unclean, noisy, and lacking valuable resources. 69 In addition, 
high-kinetic-energy injuries such as those resulting from high 
explosives, munitions, and high-velocity missiles often cause 
soft tissue destruction that is not routinely seen in civilian set¬ 
tings. Extremity injuries predominate, representing 50% to 
70% of all injuries treated during Operation Iraqi Freedom, 
and exsanguination from extremity wounds is the leading pre¬ 
ventable cause of death on the modern battlefield. 70 Recent 
advances in military medicine have translated into a greater 
percentage of wounded soldiers surviving during Operations 
Enduring and Iraqi Freedom than in any other previous 
American conflict. 70 Despite the relative lack of proper angio¬ 
graphic equipment on the modern battlefield, some surgeons 
are challenging this standard and attempting to perform 
“damage control” endovascular procedures in the field. This 
technology cannot be ignored for future military conflicts. 


Major extremity vascular injury in armed conflict represents 
one of the most formidable challenges for the trauma surgeon. 
These injuries are often present in patients with concomitant mul¬ 
tisystem injury from fragmentation munitions. Arterial injuries 
are frequently associated with venous, peripheral nerve, extensive 
soft tissue, and skeletal injury. Combined arterial and venous vas¬ 
cular injuries are not uncommon and often may preclude limb 
salvage if not addressed. Patients with these injuries often arrive 
in hemorrhagic shock, and treatment of these injuries usually 
requires staged and multidisciplinary approaches. 71 


OUTCOMES 


Outcomes after vascular injury are time dependent, necessitating 
a sense of urgency in overall management. The results of expedi¬ 
tiously treated vascular injuries are encouraging. Mortality rates 
are highest when associated with truncal vascular injuries and 
mostly involve the aorta or its primary branches. Most often, 
however, the mortality is related to other associated injuries. 

The ultimate outcome measure for lower extremity vascular 
trauma is the functional limb preservation rate. Amputation 
rates after peripheral vascular trauma continue to decrease, 
with several modern series reporting rates of less than 2%. This 
decrease in amputation rate probably relates to a shortening of 
the duration of ischemia by improvements in evacuation, rapid 
diagnosis and treatment, and the use of intraluminal shunts. 
Early amputation is more likely if a delay in diagnosis occurs or 
there has been a significant blunt component (crush) to the 
injury. Late amputation is not well documented but is typically 
done for intractable pain, complex wound issues, disability, or 
chronic infection, which frequently includes osteomyelitis. 
Long-term functional outcome is not dependent on the dura¬ 
bility of the vascular repair but, alternatively, on the integrity of 
the neuromuscular and skeletal elements. 72 


CONCLUSIONS 


The application of endovascular technology to the management 
of penetrating and blunt traumatic vascular injuries represents 
an exciting and significant advance in modern trauma centers. 
Utilization of these techniques to stabilize a patient in extremis 
or to serve as a “bridge” to future elective procedures represents 
an attractive alternative with potentially lower morbidity and 
mortality rates than conventional open surgical management. It 
is of the utmost importance that these procedures be carried out 
by experienced providers in a committed trauma center envi¬ 
ronment conducive to such repair. A wide variety of imaging 
equipment as well as endovascular inventory must be readily 
available for the successful management of these injuries. 

Surgeons should emphasize the use of endovascular surgery 
as a modern “damage control” technique. 73 Likewise, training 
paradigms for the credentialing of qualified trauma surgeons 
should include exposure to basic endovascular techniques. It is 
likely that in one or two decades, all endovascular procedures 
relating to trauma will be performed by trauma specialists. 
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CHAPTER 26 ■ ORTHOPAEDIC TRAUMA 


JENS R. CHAPMAN, RICHARD J. BRANSFORD, AND CARLO BELLABARBA 


KEY POINTS 


^Orthopaedic injuries occur in 70% of multiply injured 
patients and, of missed injuries, 75% are orthopaedic, 
which mandates systematic, thorough secondary and ter¬ 
tiary surveys. Delayed recognition leads to potential ongo¬ 
ing blood loss and associated secondary insults contributing 
to complications, such as pulmonary failure. 

Q Life-threatening blood loss can occur secondary to long 
bone fractures, which are treated by realignment, splinting, 
and compression wrapping; pelvic ring disruption, treated 
by sheet wrapping to decrease pelvic volume and stabilize 
fractures; and spine fracture dislocations, treated with 
immobilization, realignment, and airway and vascular sup¬ 
port. Open, bleeding wounds require direct intervention, 
including potential amputation or completion amputation. 

Q Making the decision to amputate is difficult but preferable 
to saving a disabling, nonfunctional, or painful extremity. 
Loss of significant tissue, prolonged ischemia, and disrup¬ 
tion of nerves plus scores, such as the Mangled Extremity 
Severity Score (MESS), aid in this decision. 


Q Compartment syndromes are defined as inadequate tissue 
perfusion to meet oxygen requirements resulting from 
increased pressure in a confined anatomic space. The earli¬ 
est reliable sign is excessive pain to passive or active move¬ 
ment of muscles in the compartment. Pressure monitoring 
with pressure differences between the compartment and 
diastolic pressure of less than 30 mm Hg require urgent 
operative decompression. 

Q Major joint dislocations such as of the hip, femoral neck 
fracture, open fractures with contamination, talar neck 
fracture with dislocation, and thoracic fracture dislocations 
are common injuries with potential for long-term disability 
that require aggressive early intervention. 

Q Spinal cord injuries are leading causes of long-term morbid¬ 
ity and mortality. Aggressive prevention programs, adequate 
recognition and resuscitation to optimize perfusion, and 
timely decompression and stabilization are required to opti¬ 
mize recovery. The use of steroids in the management of 
spinal cord injuries is no longer the standard of care. 


The initial resuscitation phase of an acutely traumatized 
patient aims to identify and treat the immediately life- 
threatening conditions with priorities placed on maintaining 
or restoring airway, breathing, and circulation. Injuries to the 
head, chest, and abdomen receive undisputed priority in 
rationale-based trauma assessment and treatment algorithms. 

^Musculoskeletal injuries, which have more than a 70% inci¬ 
dence in multiply injured patients and a high potential for 
considerable long-term morbidity, if not addressed properly, 
play an important role in successful trauma management. 1 
Systematic and effective incorporation of musculoskeletal 
treatment algorithms in trauma assessment and care can play 
a crucial role in improving long-term patient outcomes and 
decreasing mortality. On a conceptual basis, orthopaedic 
injuries can be differentiated into the three general impact 
categories: (a) life-threatening injuries, (b) limb-threatening 
injuries, and (c) injuries with adverse long-term functional 
implications. 

To minimize the effects of musculoskeletal injuries on the 
care of trauma patients, implementation of a protocolized 
approach to diagnosis is helpful. Since approximately 75% of 
missed injuries are orthopaedic in nature, a systematic muscu¬ 
loskeletal systems evaluation is recommended. 2-5 Inadequate 
visualization of the region of injury or failure to perform a for¬ 
mal secondary or tertiary trauma survey are the most common 
causes of delay in diagnosis. 

Initial musculoskeletal assessment of an acutely injured 
patient ideally is performed concurrently with the other com¬ 
ponents of the trauma patient evaluation, including serial doc¬ 
umentation of vital signs and mental status and an anteropos¬ 
terior radiograph of the pelvis, a lateral radiograph of the 
cervical spine, and an anteroposterior roentgenogram of the 
chest. Preferably, formal musculoskeletal systems assessment 
and initial care take place during the exposure of the patient, 
with palpation of the trunk and all extremities, manual realign¬ 


ment of deformed limbs, palpation of pulses, and detailed neu¬ 
rologic examination. 6 While maintaining full spine precau¬ 
tions using the multiperson team technique, a formal “log¬ 
roll” turn remains a standard procedure for full clinical 
trauma assessment at the earliest feasible time with full palpa¬ 
tion of the axial spine from the occiput through the coccyx and 
denotation of direct or indirect injury signs. Open injuries and 
penetrating wounds are evaluated for their impact on the 
patient’s vital functions and limb viability and then are dressed 
sterilely and splinted until definitive care is rendered. Appro¬ 
priate antibiotic management for open fractures and tetanus 
immunization should be administered in the emergency set¬ 
ting. A systematic neurologic examination and documentation 
are preferably performed consistent with the published stan¬ 
dards recommended by the American Spinal Cord Injury Asso¬ 
ciation, including perianal and rectal examination for presence 
of blood, voluntary contraction, sensation, tone, and reflexes. 7 
For all trauma patients a protocol for secondary and tertiary 
evaluation should be in place to minimize the occurrence and 
impact of delayed injury recognition. This is particularly 
important for patients with cognitive impairment and patients 
who have been removed from the normal trauma care evalua¬ 
tion algorithm because of exigent circumstances. 


LIFE-THREATENING INJURIES 

Musculoskeletal trauma may directly or indirectly lead to 
patient demise on an acute, subacute, or delayed basis. Acutely 
life-threatening conditions may arise from large-scale blood 
loss seen with major arterial injuries in conjunction with long 
bone fractures, pelvic ring disruption, or spine fracture dislo¬ 
cations. Subacute life-threatening circumstances may result 
from occult blood loss with delayed recognition and response. 8 
Delayed patient loss of life may occur as either a direct or 
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indirect result of musculoskeletal injuries. Secondary pul¬ 
monary deterioration and sepsis after multiple fractures are 
leading causes of such delayed patient loss of life. Although the 
exact cause of posttraumatic sepsis and pulmonary deteriora¬ 
tion remains incompletely understood and is likely multifactorial, 
the timing and technique of resuscitation and musculoskele¬ 
tal injury treatment, including factors such as the duration of 
recumbence and immobility, undoubtedly play a consider¬ 
able role in the onset and prevention of these serious 
events. 9-11 

Injuries to the musculoskeletal system may be of sufficient 
severity to cause acutely life-threatening hemodynamic instabil¬ 
ity because of hypovolemia or neurologic alterations. Injuries 
with disruption of vascular structures leading to acute or suba¬ 
cute hypovolemia include pelvic ring disruptions, multiple long 
bone fractures, traumatic forequarter or hindquarter amputa¬ 
tions, scapulothoracic dissociations, and upper- to midthoracic- 
level fracture dislocations, as well as any form of distractive 
spinal column injury. 12-15 The blood loss in each of these injuries 
may be occult if the injury is closed. The source of bleeding may 
be of arterial, venous, or combined origin, which can dissect 
along soft tissue planes even at low pressures into larger recesses 
such as the retroperitoneal pelvis, thigh, chest, or lumbodorsal 
fascia plane. Thus, constant suspicion of this “third-spacing” 
phenomenon in conjunction with severe musculoskeletal 
injuries remains a major differential diagnosis of hypovolemia. 
Diagnostic modalities such as computed tomography (CT) 
scans or even plain radiographs can assist in identifying such 
abnormal fluid collections. Aggressive countermeasures in this 
setting may include simple bedside measures such as temporary 
pressure dressings, pelvic sheet application, and limb realign¬ 
ment and splinting. 16 

A major factor affecting mortality in musculoskeletal injury 
has arisen with the increasing care challenges for injuries to the 
elderly. The adverse relationship between survival beyond 1 year 
following trauma for patients 80 years or older in the presence 
of numerous comorbidities and certain injuries, such as hip frac¬ 
tures, type 2 odontoid fractures, and fractures in ankylosing 
spinal conditions, has become an increasingly well-documented 
public health concern. Large-scale outcome studies continue to 
define the role of early aggressive multidisciplinary management 
versus more palliatively directed management options for this 
increasingly aged segment of the population. 17-20 

However, currently for these two large populations—the 
multiply injured secondary to high kinetic forces and the very 


elderly with low-velocity mechanisms, multiple comorbidities, 
and relatively trivial orthopaedic injuries—improved survival 
outcomes appear to be primarily attributable to multispecialty 
care approaches. In turn, communication between the different 
specialties was found to be a critical contributor to improved 
patient survival in comparisons of level I trauma centers to com¬ 
munity care centers in studies comparing results from fracture 
care in general and for thoracolumbar fractures specifically. 20,21 

A number of common injuries that potentially pose an 
immediate threat to patient survival are reviewed here. 


Pelvic Ring Disruption 

Open-book pelvic injuries, which characteristically consist of 
an anterior-posterior distractive separation of the anterior 
pelvic ring and external rotation of the pelvic wings, can be 
associated with massive diffuse venous plexus bleeding into the 
traumatically expanded lower abdominal cavity. Because of the 
typically venous nature of the associated substantial blood vol¬ 
ume loss, attempts at stopping the hemorrhage with interven¬ 
tional angiographic embolization may frequently be futile. 
Emergent reduction and compression of this traumatically 
expanded space may, however, be an effective emergent man¬ 
agement strategy. This procedure can be achieved with a num¬ 
ber of percutaneous surgical intervention measures, such as 
external fixation or a pelvic clamp, which can be placed in an 
emergency room setting. More recently, simple application of a 
“pelvic sheet” has been introduced as a similarly effective non- 
invasive volume reduction strategy to reduce lower abdominal 
and pelvic volumes. This simple technique consists of wrapping 
a folded linen sheet around the affected patient’s pelvic ring 
from posterior to anterior and then clamping it tightly in front 
(Fig. 26.1). 16 The realignment of the injured pelvis is assessed 
with an anteroposterior radiograph. Definitive surgical stabi¬ 
lization with one or more definitive management options, 
ranging from minimally invasive to open instrumentation tech¬ 
niques, can be deferred to a later time when resuscitation is 
completed. 


Major Limb Injuries 

Major blood loss may occur from proximal limb trauma such 
as open fractures; traumatic amputations such as forequarter 



FIGURE 26.1. A: Application of pelvic sheet to provide external stability and reduce pelvic volume. B: Pelvic sheet in place swaddling patient’s 
pelvis with application of pressure over both iliac wings and trochanteric area. The clamps are applied as cephalad, caudal, and lateral as possi¬ 
ble to prevent obfuscation of subsequent imaging. Should groin access be necessary, the sheet may be fenestrated without significant compromise 
of the pelvic binding ability. 
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amputations; and closed disruptive injuries such as scapulotho- 
racic dissociation. 21 Because bleeding commonly comes from 
arterial sources, emergent embolization following attempts at 
closed injury reduction and application of nonconstrictive 
compression dressings will frequently significantly reduce fur¬ 
ther blood loss. However, emergent operative intervention to 
control bleeding may have to be considered, especially in the 
presence of proximal limb or forequarter amputations. 14 
Scapulothoracic dissociation injuries can be commonly identi¬ 
fied on chest radiographs but may elude casual observation 
due to postinjury reduction. A combination of arterial injuries 
with venous bleeding in addition to brachial plexus disrup¬ 
tion may pose a significant source of hemorrhage. If techni¬ 
cally feasible, application of a chest-arm compressive spica 
dressing may limit fluid extravasation into the soft tissue 
planes of the torso. Should these measures prove unsuccess¬ 
ful, interventional angiography can prevent ongoing arterial 
bleeding. Surgical exploration of the injured shoulder girdle 
in a patient with known scapulothoracic dissociation is prone 
to significant hemorrhage in the acute setting and is not advis¬ 
able. 12,13 


Spine Injuries 

Life-threatening conditions may arise from several types of 
spinal column injuries. Upper cervical spinal cord or brainstem 
injury may be caused by bony or ligamentous disruption from 
the craniocervical junction through the C4 level. Patients with 
craniocervical injuries in particular are at risk for anoxia due to 
loss of respiratory drive secondary to concurrent brainstem or 
upper cervical cord injury. A particular worry in dealing with all 
spinal injuries is the potential for “occult” or underdiagnosed 
extent of spinal trauma, with potential for devastating conse¬ 
quences due to the delay in diagnosis. There are several poten¬ 
tial spinal conditions typically overlooked. Spinal dislocations 
or ligamentous injuries may not be recognized on initial imaging 
tests because of a partial “rebounding mechanism” leading to a 
spontaneous, yet inherently unstable, skeletal reduction. De¬ 
tractive spine injuries are especially worrisome due to their 
highly unstable nature and high propensity for associated neu¬ 
rovascular injury. 22 Other patients affected by critical but often 
occult or underappreciated spinal injuries are individuals whose 



spinal column has been subject to autofusion from a variety of 
conditions. Patients with ankylosing spondylitis, diffuse idio¬ 
pathic skeletal hyperostosis (DISH), or high-grade spondylosis 
challenge clinicians due to their propensity to sustain subtle yet 
highly unstable injuries in the setting of their underlying com¬ 
plex anatomy. Due to the underlying disease processes, spinal 
injuries in this setting are more prone to increased bleeding and 
secondary displacement imposed by cantileverage of the fused 
spinal column above and below the injury zone. 18 In addition to 
delayed or secondary spinal cord injury, there have been reports 
of esophageal disruption or aortic injury as causes of delayed 
death or major morbidity in patients affected by ankylosing 
spinal disorders. Any form of distractive spinal injury or frac¬ 
ture in an ankylosing spinal disorder should result in expedient 
and aggressive immobilization to protect the spinal cord and 
column. Such temporizing measures can include placement of 
sandbags around the head and immobilizing the head with tape 
to provisional application of a halo ring and vest, unless con¬ 
traindicated. For patients with the more common flexion-type 
cervical spine injuries, leading to jumped or perched facets or 
significant malalignment on lateral cervical radiographs, strong 
consideration should be given to urgent closed skeletal reduc¬ 
tion under controlled circumstances. Acute reduction of cervical 
spine fracture dislocations in an emergency room setting prior 
to getting a magnetic resonance imaging (MRI) scan has been 
shown to be a safe and effective intervention for patients with 
spinal cord injury and may decrease the incidence and severity 
of secondary pulmonary insufficiency, acute respiratory distress 
syndrome (ARDS). Cervical traction to accomplish reduction of 
cervical fractures is the most commonly performed approach. 
Application of Gardner-Wells head tongs and sequential increase 
in weight along with intermittent neurologic evaluation is per¬ 
formed in a controlled environment that includes fluoroscopy 
and automated vital sign monitoring. 22 Contraindications to 
application of Gardner-Wells tongs include the presence of a 
skull fracture in the area of intended pin application and the 
presence of distr active-type neck injuries. 

Spinal injury with secondary neurogenic shock should also 
be considered in the differential diagnosis of patients affected 
by sustained severe hypotension. This condition can result 
from fracture dislocations of the subaxial cervical spine or the 
upper thoracic spine with spinal cord injury and direct disrup¬ 
tion of sympathetic nerve input (Fig. 26.2). Neurogenic shock 



FIGURE 26.2. A: Initial lateral cervical radiograph of a young man after a motorcycle crash. He presented with paraplegia and neurogenic shock. 
Once the shock was under control, the next phase in care was rapid closed reduction of the cervical spine. B: Postreduction radiograph. Patient 
went on to definitive surgical stabilization at 48 hours after resuscitation and stabilization. 
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TABLE 26.1 


COMPARISON OF NEUROGENIC AND 
HEMORRHAGIC SHOCK 


■ PARAMETER 

■ HEMORRHAGIC 
SHOCK 

■ NEUROGENIC 
SHOCK 

Blood pressure 

4 

4 

Heart rate 

ft 

4 

Urine output 

4 


Skin 

Pale, clammy 

Warm, pink 

Mental status 

Anxious 

Normal 

Central venous 
pressure 

4 

4 


is typically manifested by systemic hypotension with loss of 
peripheral vascular resistance, normal to increased urine out¬ 
put, a relative bradycardia, and warm, well-perfused extremi¬ 
ties (Table 26.1). Protracted efforts at treating this condition 
with excessive intravascular fluid administration are usually 
unsuccessful and may lead to fluid overload and cardiopul¬ 
monary deterioration. Neurogenic hypotension or shock is 
preferably treated with intravenous pressors in addition to the 
judicious fluid resuscitation used to fill primarily dilated 
venous capacitance vessels. Correcting neurogenic hypoten¬ 
sion permits the remainder of the workup to be completed 
safely, and perfusion and oxygenation of a damaged spinal 
cord are enhanced. Optimizing perfusion through appropriate 
resuscitation reduces the potential for enlarging the zone of 
primary spinal cord injury while enhancing any potential neu¬ 
rologic recovery. 23 

Respiratory dysfunction and failure as a result of pro¬ 
longed supine bed rest in cervical traction or delayed mobi¬ 
lization due to spine trauma in general has been described 
repeatedly. 24-26 In addition, emergent surgery for spinal injury 
is commonly recommended for patients with neural compro¬ 
mise in association with highly unstable injury patterns that 
are unreducible by closed means. 

While type 2 odontoid fractures constitute the most com¬ 
mon type of spinal fracture requiring hospitalization in elderly 
patients, the optimal therapeutic approach remains uncertain. 
These fractures are frequently unstable and are associated with 
high mortality rates both in the acute and in the subacute 
phase of care, apparently irrespective of treatment choice. Sim¬ 
ilar to femoral neck fractures in the elderly, technical advances 
in fracture care have seemingly not improved survival rates or 
functional outcomes at 1 year after injury. Current treatment 
options range from an all-out aggressive multispecialty effort 
in patients deemed capable of returning to meaningful func¬ 
tion to palliative care in those with poor outcome poten¬ 
tial. 19 ’ 27 


Timing of Surgical Intervention 

A lack of consensus remains as to the ideal timing of fracture 
stabilization in the multiply injured patient. 9 There is little 
doubt that early definitive skeletal stabilization can reduce sec¬ 
ondary “fracture disease,” such as pulmonary decompensa¬ 
tion, thromboembolism, decubitus ulcers, and soft tissue com¬ 
promise in an injured limb. However, untimely and extensive 
early surgical procedures may also aggravate pulmonary 
injury and dysfunction if the invasiveness of fracture stabiliza¬ 
tion surgery incurs hypovolemia and necessitates major fluid 
resuscitation. 21 Any secondary perioperative hypotension may 
also aggravate central nervous system and spinal cord injury as 


a major “second hit” phenomenon. In general, however, every 
reasonable attempt should be made to provide surgical 
debridement and some form of stabilization to high-grade 
open long bone and joint injuries. 28-30 Temporary stabilization 
of the pelvic ring—as outlined earlier in this chapter—can be a 
major resuscitation aid in an “open-book-type” pelvic ring 
injury. 16 And, specifically, stabilization of femoral shaft frac¬ 
tures within 24 hours specifically has been shown to reduce the 
rate of ARDS. 31 

The success of treatment of open fractures is closely related 
to the severity of soft tissue injury and the amount of primary 
bone loss. Limiting the timing to surgical debridement to 
within 8 hours has been proposed as a key variable to reduce 
the risk of osteomyelitis and delayed fracture union in tibial 
fractures in the past. However, the evolving current opinion is 
that the quality of the debridement is likely of far greater 
importance than compliance to a specific time frame for 
debridement. 32 Similarly, timing of thoracolumbar surgery for 
stabilization of acute fractures with or without spinal cord 
injury has been the subject of long-standing divergent opinions, 
with the definition of “early” still being subject to debate. 
While undeniably, respiratory distress and pneumonia remain 
the leading cause of death in spinal cord injury, there is some 
modest evidence suggesting that early surgery may enhance 
chances for spinal cord injury recovery or protect the patient 
from secondary neural injury. Additionally, the ability to mobi¬ 
lize a patient into an upright position early following injury 
may play an important role in reducing the risk of pulmonary 
decompensation and nosocomial pneumonia. 24-26 

In general, early surgical intervention for musculoskeletal 
trauma should be expedient and effective in stabilization while 
minimizing extent of surgical exposure, dissection-related 
blood loss, and anesthetic duration. There is a well-accepted 
advantage of integrating musculoskeletal trauma care into gen¬ 
eral trauma care efforts, with optimal communication between 
services necessary to best suit the care of an individual patient 
to his or her specific needs. 20 


LIMB-THREATENING INJURIES 

Although the majority of orthopaedic injuries in trauma 
patients are not life-threatening, they may be a significant 
source of morbidity. 33 This is particularly true when the injury 
may directly lead to loss of limb or, if unrecognized or under¬ 
treated, result in poor long-term outcomes due to diminished 
function or chronic pain. 34 Injuries in which survival of the 
limb is immediately threatened include disruption of the major 
arterial blood supply, due to open fractures, from high-energy 
or penetrating trauma (Figs. 26.3 and 26.4). Furthermore, any 



FIGURE 26.3. External fixation may be thought of as portable trac¬ 
tion. This method can rapidly stabilize any extremity and allow for 
patient mobilization while awaiting definitive internal stabilization. 
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FIGURE 26.4. A: Clinical photo of a mangled lower extremity. This young 
woman sustained a high-velocity gunshot wound to her tibia. Mangled Extremity 
Severity Score (MESS) equaled 8. B: Extremity radiograph. Note soft tissue defects 
and extensive bone loss with comminution. She went on to definitive below-knee 
amputation and good functional results. 



crushing or mangling-type limb injury may result in loss of 
blood supply on a delayed basis even in the absence of direct 
arterial injury due to diffuse intimal damage or through subse¬ 
quent evolution of a compartment syndrome. 

Efforts at identifying limb-threatening conditions early with 
appropriate clinical and radiographic evaluation allows for inte¬ 
gration of expedient care for the threatened extremity within 
the larger treatment needs of the multiply injured patient. Tim¬ 
ing of injury care in limb-threatening situations is highly time 
sensitive, with ischemic limb injuries usually requiring revascu¬ 
larization within 6 to 8 hours and release of symptomatic 
elevated fascial compartment pressures within a similar time 
frame. 35,36 However, distraction prompted by other injuries or 
impaired cognitive function by the patient may cause consider¬ 
able delay in caring for a limb at risk. The most effective strat¬ 
egy is implementation of a formal secondary and tertiary 
trauma survey protocol in all high-risk patients. 

Typical clinical signs of limb ischemia consist of dispropor¬ 
tionate symptoms of pain and/or tenderness. Important clini¬ 
cal findings, which also require documentation during the 
initial evaluation, include findings of lacerations, bruising, 
swelling, and skin discoloration, along with any crepitus or 
excess tension of the soft tissue envelope on palpation. Finally, 
functional testing of joints, including range of motion and sta¬ 
bility to stress, allows for a more integrated understanding of 
limb function. When possible, active range of motion with 
testing of manual resistance motor strength is obtained in 
nonobtunded patients. Clinical testing of perfusion of a trau¬ 
matized limb ranges from simple palpation of pulses and 
assessment of skin color, temperature, capillary refill, and 
spontaneous blanching to more objective testing such as 
determining systolic ankle-brachial indices (ABIs), Doppler 


duplex evaluation of blood flow, and angiographic contrast 
studies. 35-37 

Although limb preservation is generally a preferred treat¬ 
ment goal by far, a timely and well-performed amputation may 
decrease the injury burden to critically injured patients, 
decrease acute multiple organ dysfunction, and improve long¬ 
term functional outcome. With present medical advances, limb 
salvage has become increasingly possible technically but at 
the cost of more surgeries and prolonged invalidity with very 
doubtful long-term functional gains. In contrast, excellent 
functional results can be obtained, especially in lower extrem¬ 
ity amputations, with state-of-the-art amputee care. There¬ 
fore, amputation should not constitute a treatment failure but 
rather be considered a prudent treatment choice. This decision 
process is in drastic contrast to loss of limb resulting from an 
avoidable delay of diagnosis and/or failure to institute timely 
treatment. 38 


Vascular Injuries 

After realignment of deformed limbs in a trauma patient, any 
potentially injured limb should have its vascular and neuro¬ 
logic status evaluated. Diagnosis of clinically significant vascu¬ 
lar injury may be made by using the systolic ABI and/or con¬ 
firming such by angiography if indicated. An ABI of greater 
than 0.9 is considered low risk for arterial injury, and immedi¬ 
ate arteriography is not indicated. 35 In contrast, delay in the 
diagnosis of vascular injury following limb trauma with a 
warm ischemia time of 6 hours or more leads to a markedly 
increased rate of amputation. 37 Extremity trauma typical for 
an increased risk of vascular injury includes any penetrating 
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TABLE 26.2 


RISK OF VASCULAR INJURY 


■ LOCATION AND 

■ RISK OF VASCULAR 

TYPE OF INJURY 

INJURY (%) 

Proximal humerus fracture (open 

<1 

or closed, high energy) 


Femur shaft fracture (closed) 

<1 

Femur shaft fracture (open) 

1.9 

Tibia/fibula fracture (closed) 

1 

Tibia/fibula fracture (open) 

10 

Supracondylar femur fracture 

1-2 

Knee dislocation 

16-40 

Floating knee (ipsilateral femur 

29 

and tibia fractures) 



injury, open fracture, or high-energy long bone fracture as evi¬ 
denced by history or fracture pattern. Certain anatomic loca¬ 
tions have a higher prevalence for arterial injury due to direct 
proximity of bone or vascular tethering to surrounding fascial 
structures. 37 For instance, displaced fractures to the supra¬ 
condylar femur and proximal humerus, knee dislocations, and 
scapulothoracic dissociations are all at an inherently greater 
risk of concurrent vascular injury through either direct lacera¬ 
tion or by distractive intimal damage (Table 26.2). 


Mangled Extremity 

The descriptive term “mangled extremity” is commonly used 
to describe a limb injury with combined major soft tissue and 
high-grade osseous damage, with or without vascular injury, 
of such magnitude that limb survival is questionable even 
under the best of circumstances. The diagnosis of a mangled 
extremity is usually readily made by the dramatic nature of its 
clinical presentation. Feasibility of functional limb salvage, 
however, is far more difficult to ascertain in the acute setting 
and requires the ability to make difficult decisive treatment 
decisions with limited information. To aid in the decision¬ 
making process, several scoring systems have been proposed 
to help clinicians systematically review factors that play an 
important role in predicting outcomes. The most widely used 
of these scoring systems is the Mangled Extremity Severity 
Score (MESS; Tables 26.3 and 26.4). 39 

When the MESS is calculated to be greater than 7, considera¬ 
tion for primary amputation has been recommended. Attempts 
to salvage limbs with prolonged warm ischemia time, massive 
soft tissue contamination, neurologic injury, and skeletal insta¬ 
bility may lead to not only increased morbidity but also over¬ 
whelming sepsis and death. Even if limb salvage has been suc¬ 
cessfully accomplished, long-term quality of life and functional 
outcomes scores have called into question the benefit to the 
patient of reconstructing highly traumatized limbs. 38 

Additional critical factors to consider before embarking on 
the reconstruction of a severely injured lower extremity are 
age, injury load on the patient, presence of comorbidities, 
severity of soft tissue injury and type of contamination, time to 
debridement, warm ischemia time, and integrity of neurologic 
function. In the lower extremity, the presence of severe ipsilat- 
eral foot trauma has been associated with extremely unsatis¬ 
factory functional outcomes and thus should sway the treating 
surgeon toward primary amputation. 40 Similarly, disruption of 
lower extremity nerves below the knee level with loss of 
protective sensation, primarily on the foot, usually indicates a 


TABLE 26.3 


MANGLED EXTREMITY SEVERITY SCORE (MESS) 



poor outlook for most patients, regardless of reconstruction 
method. 41 

Diagnosis of neurologic injury in the extremity is often dif¬ 
ficult in a multiply injured patient, and it may elude even the 
most thorough physical examination if the patient has an 
impaired cognitive status. Unfortunately, even advanced imag¬ 
ing studies such as MRI or electrophysiologic studies rarely 
provide accurate diagnostic data in the acute trauma setting. 
Specifically, electromyography would not be expected to show 
signs of neurologic injury until 3 weeks after injury. Therefore, 
a thorough clinical evaluation and/or direct surgical explo¬ 
ration of neural elements in case of surgical exposure of an 
affected nerve can be all the decision-making help that a treat¬ 
ing physician may have. In contrast to the upper extremity, 


TABLE 26.4 

MANGLED EXTREMITY SCORING SYSTEMS 

■ AUTHOR, YEAR 

■ SCORING SYSTEM 

Johansen et al., 1990 
(MESS) 

Mangled Extremity Severity 
Score 

Howe et al., 1987 

Predictive Salvage Index (PSI) 

Russell et al., 1991 

Limb Salvage Index (LSI) 

McNamara et al., 1994 

Nerve Injury, Ischemia, Soft 
Tissue Injury, Skeletal Injury, 
Shock, and Age Score 
(NISSA) 

Tscherne et al., 1982 
(HFS-97) 

Hannover Fracture Scale-97 
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where repair of transected or avulsed neural elements has a 
reasonable chance of recovery, in the lower extremity this has 
been associated with significantly less-satisfactory rates of 
neurologic recovery and is rarely indicated. Therefore, in gen¬ 
eral, the boundaries of replantation or limb salvage attempts 
have a higher propensity toward the acceptable outcome in 
upper extremity trauma in contrast to severe injury in the 
lower extremities. 


Compartment Syndrome 

Q Compartment syndromes are defined as a mismatch between 
tissue perfusion and tissue oxygen requirements secondary to 
elevation of interstitial tissue perfusion pressure in an anatom¬ 
ically confined space. The most common site for compartment 
syndromes is the lower leg, with the posterior superficial and 
anterior compartments being most commonly affected. Other 
locations include the thigh, foot, and forearm. On occasion a 
compartment syndrome can also arise in the gluteal and psoas 
compartments. Pain medication, multiple injuries, impaired 
cognitive function, and bulky splints hinder accurate physical 
examination and thus prevent or delay detection of this condi¬ 
tion. The earliest and most relevant warning sign of an evolv¬ 
ing compartmental syndrome is pain out of proportion to that 
which is expected with passive stretch maneuvers of the mus¬ 
cles of the fascial compartment. 42 Other signs such as tension 
and local tenderness of the fascial compartment are variable 
and clinically not apparent in the thigh and gluteal region. Pal¬ 
lor, pulselessness, or neurologic signs such as paresthesia or 
weakness are ominous late signs of compartment syndrome 
and indicate prolonged ischemia in most circumstances. In 
patients for whom compliance with physical examination is 
diminished, a high degree of suspicion and vigilant monitoring 
is required. Invasive monitoring of intracompartmental pres¬ 
sures may provide information critical to surgical decision 
making if clinical examination is unobtainable, unreliable, or 
equivocal. The perfusion gradient (diastolic blood pressure 
minus compartmental pressure) in the monitored compart¬ 
ment should be greater than 30 mm Hg. If the perfusion gra¬ 
dient falls below 30 mm Hg, then the compartment is at a con¬ 
siderably elevated risk for ischemia and fasciotomy should be 
considered. The definitive treatment of pathologically elevated 
compartment pressure consists of a decompressive fasciotomy 
performed in a timely fashion. Presently, there are no fixed 
time guidelines regarding decompression of an evolving com¬ 
partment syndrome. Depending on the affected anatomic 
region and a number of other variables, decompression within 
6 hours from the time of insult is recommended for preserva¬ 
tion of tissue. 43,44 Routine fasciotomies should also be consid¬ 
ered after revascularization of a specific extremity or following 
other reperfusion conditions after a prolonged period of 
hypotension. 26-28 


Infection 


There are multiple causes for posttraumatic infection. Aside 
from primary inoculation at the site of injury, the most com¬ 
mon cause of infection in a trauma situation is presence of 
devitalized tissue. Adequate resuscitation efforts with mainte¬ 
nance of oxygenation and tissue perfusion pressures and 
judicious surgical debridement are important key steps in pre¬ 
venting musculoskeletal infection. Aside from host factors, 
effective early skeletal stabilization in combination with mean¬ 
ingful surgical debridement and supplemental antibiotic 
prophylaxis can decrease the likelihood of musculoskeletal 
infection. From an orthopaedic perspective, the expedient ini¬ 
tial skeletal stabilization in an acutely injured patient is the 
most important adjuvant to decreasing the injury burden of a 
multiply injured patient. Specifically, intramedullary nails and 


temporary external fixation can expedite stabilization to per¬ 
mit improved mobility and care of patients with serious 
extremity trauma. Similar to the injured abdomen, the role of 
damage control surgery in orthopaedics, with limitation to 
only the most critical injuries and in an expedited approach, 
has become a popular concept and appears to be life and organ 
sparing in many cases; however, it remains subject to further 
validation. 


INJURIES ASSOCIATED WITH 
LONG-TERM MORBIDITY 


Certain injuries of the musculoskeletal system are associated 
with increased long-term morbidity if not treated expedi¬ 
tiously. Though not life threatening or limb threatening, these 
injuries may represent a considerable source of long-term daily 
disability for the traumatized patient after many of the most 
Q severe injuries have healed. Major joint dislocations such as of 
the hip, femoral neck fractures, open fractures with contami¬ 
nation, talar neck fractures with displacement or dislocation, 
and thoracic fracture dislocations are examples of injuries 
with potential significant long-term disability and negative ill¬ 
ness impact. 

Hip dislocations can be identified on the initial anteropos¬ 
terior pelvic trauma screening radiograph recommended by 
the Advanced Trauma Life Support (ATLS) protocol. For dis¬ 
locations of the hip or fractures surrounding the femoral head 
and neck, early reduction and stabilization are desirable. Hip 
dislocations specifically should be viewed with urgency. Earli¬ 
est feasible closed reduction followed by CT scan is a widely 
accepted standard of care. Vascular supply to the femoral head 
is tenuous and is derived largely from the vessels that reach the 
head after branching from the medial femoral circumflex 
artery. These vessels then travel through the posterior lateral 
aspect of the hip joint capsule as the posterior superior reti- 
nacular arteries. Prolonged dislocation of the femoral head 
leads to disruption of these retinacular arteries and may give 
rise to avascular necrosis (AVN) of the femoral head. 45,46 Ante¬ 
rior hip dislocations, though much less common, may lead to 
occlusion of the femoral artery with prolonged pressure from 
the displaced femoral head. Delay in reduction of this major 
joint dislocation also makes reduction progressively harder 
because of spasm-induced muscular contractions. CT of the 
pelvis following closed reduction of the hip is required to 
assess for articular debris. Presence of debris within the 
weight-bearing portion of the hip may lead to accelerated car¬ 
tilage wear and arthrosis and should prompt consideration for 
early joint debridement through a suitable arthrotomy. Larger 
acetabular fragments may require stabilization through inter¬ 
nal fixation to ensure congruent joint alignment. 

Femoral neck fractures compromise perfusion of the 
femoral head by virtue of disruption of both vascular supply 
and outflow. 45,46 Early stable internal fixation with anatomic 
reduction and release of an intracapsular hematoma is associ¬ 
ated with decreased incidence of AVN or nonunion of femoral 
neck fractures. Particularly in younger patients, few satisfac¬ 
tory reconstructive surgery options exist for either scenario. 
While for elderly patients primary hemiarthroplasty or imme¬ 
diate total hip arthroplasty has become the standard of care, 
posttraumatic hip arthroplasty in younger patients rarely pro¬ 
vides a lasting treatment option. 45-47 

In general, any open fracture, regardless of contamination, 
requires formal debridement and irrigation. Removal of all 
foreign material and devitalized tissue at the earliest possible 
time has been shown to decrease the overall infection rate, 
both for acute wound infection and chronic osteomyelitis. 28-30 
If the patient is too ill to have adequate debridement in an 
operating room environment, it should be done as thoroughly 
as possible in the resuscitation or intensive care arena. Internal 
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fixation of fractures can then be safely performed after appro¬ 
priate soft tissue management has occurred, which can also 
ultimately aid soft tissue healing. 29,30 

Displaced fractures of the talar neck with or without dis¬ 
location of the talar body are associated with a poor progno¬ 
sis. Urgent reduction of the fracture or dislocation should be 
undertaken as soon as the diagnosis is made. If skin viability 
is compromised by underlying bone fragments and is not 
improved by closed reduction, immediate open reduction and 
fixation should occur. Although the presence of a talar neck 
fracture has been considered an indication for urgent opera¬ 
tive reduction and stabilization in the past due to the poten¬ 
tial for AVN, more recent studies have indicated that emer¬ 
gent surgical intervention may not affect the incidence of 
AVN. Operative debridement of open wounds and internal fix¬ 
ation of these injuries should be performed at the earliest rea¬ 
sonable time. 48-50 Delay of reduction of peritalar fractures or 
dislocations can be expected to lead to soft tissue breakdown, 
greatly increasing subsequent reconstruction challenges. 
Neglect of these fractures is associated with a higher incidence 
of AVN of the talus, subsequent severe arthrosis, and long¬ 
term disability. 


Neurologic Injury 

The presence of a neurologic deficit can be a major source of 
poor outcomes. Annually, there are approximately 11,000 
new spinal cord injuries in the United States. While life 
expectancy of patients following thoracolumbar spinal cord 
injury and even higher levels of quadriplegia approximates 
that of their respective age cohorts, this injury entity still lacks 
an evidence-based proven treatment of choice. On the whole, 
no other condition affects patient outcome as profoundly as 
Q spinal cord injury. At present, spinal cord injury therapeutic 
protocols follow four basic philosophies: (a) minimize the 
occurrence of preventable spinal cord injuries through educa¬ 
tion of the population at large and high-risk target groups 
specifically; (b) avoid secondary spinal cord injury or progres¬ 
sion of injury through minimizing the occurrence of missed 
spinal column injuries; (c) optimize chances for spinal cord 
recovery through a number of measures including adequate 
resuscitation, timely decompression and stabilization of the 
spine, and pharmacologic measures aimed at reduction of 
swelling of neural membranes; and (d) implement a formal 
spinal cord rehabilitation program at the earliest possible 
time. 51 Highly publicized reports on breakthrough successes of 
treatment, including systemic hypothermia or stem cell thera¬ 
pies, are currently based more on opportunistic media report¬ 
ing rather than objective medical evidence. 52 

Recovery from spinal cord injury is a highly variable and 
somewhat unpredictable occurrence. Injury mechanism, age, 
and health of the patient are major factors influencing the out¬ 
comes of spinal cord injury. To date there are no reproducible 
methods to achieve spinal cord regeneration. Pharmacologic 
treatment with methylprednisolone had been a widely fol¬ 
lowed practice in North America after several prominent stud¬ 
ies. However, its ongoing routine use has become increasingly 
controversial due to questions about the study methodology 
and potential for serious adverse effects of treatment. 53,54 
More than a decade after its widespread implementation, it 
has become apparent that the recommended high-dose intra¬ 
venous application of 30 mg/kg methylprednisolone bolus 
given over 1 hour followed by a drip of 5.4 mg/kg per hour 
over 23 hours has not produced the anticipated dramatic 
change in the fate of most spinal cord injury patients. The 
administration of intravenous methylprednisolone has become 
a treatment option rather than a standard of care. 54 Unfortu¬ 
nately, for the foreseeable future there are no medical or cellu¬ 
lar treatment regimens for spinal cord injury available outside 
of controlled clinical trials. 


SUMMARY 


The diagnosis and management of musculoskeletal injuries in 
the multiply injured patient population are often complex. 
Early recognition of injuries leads to diminished morbidity 
(both early and long term), earlier stabilization of patient 
hemodynamics, decreased length of stay in the intensive care 
setting, decreased rates of transfusion, earlier patient mobiliza¬ 
tion, and decreased mortality. 55 Improved understanding of 
how each organ injury complex of multisystem trauma impacts 
overall patient well-being will improve patient outcomes 
through enhanced, appropriate collaborative care and commu¬ 
nication by the many specialists needed for an optimal out¬ 
come. While orthopaedic consultation may be readily available 
at major level I trauma centers, this is an increasing challenge in 
the greater community. Similarly, there is a significant trend 
toward improved survival in multiply injured patients and 
patients with concurrent thoracolumbar injuries when care is 
provided at level I centers. Overall, the orthopaedist treating 
multisystem trauma must understand the basics of general 
surgery trauma care, and the trauma surgeon needs to recog¬ 
nize, stabilize, and involve the orthopaedic surgeon early in the 
case of musculoskeletal trauma to optimize appropriate man¬ 
agement and minimize morbidity and mortality. 
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CHAPTER 27 ■ PEDIATRIC TRAUMA 

MARY E. FALLAT 


KEY POINTS 


Q Injury is the leading cause of death in children under 14 
years of age and prevention, utilizing a public health model, 
is the most effective method to reduce deaths in children. 

Q Community hospitals that stabilize injured children prior 
to transport to trauma centers commonly obtain unneces¬ 
sary computed tomography imaging first and many of 
these children later require duplicate scans of the same 
anatomic region for various reasons, exposing the child to 
additional inappropriate risk and cost. 

Q The injured child requires a patient- and family-centered 
approach to care. Increasingly, family members should be 
permitted during all phases of resuscitation and care. 

Q The upper cervical spine is at increased risk for injury in 
the child because of a larger relative head mass and under¬ 
developed ligaments, and diagnosis is more challenging 
due to normal anatomic variants. 

Q Plasticity of the thorax and transmission of kinetic energy 
to the lung make parenchymal injury such as pulmonary 
contusion more common and bony injury such as rib frac¬ 
tures less common. 

Q Abdominal solid organ injury is unlikely to require surgery. 


Q Hollow viscus injury is difficult to diagnose and requires a 
high index of suspicion, serial abdominal examinations, 
and select diagnostic studies, particularly with patterns of 
injury such as a “lap belt” contusion. 

Q Children with unusual patterns of injury including retinal 
hemorrhages, multiple subdural hematomas without skull 
fracture, genital or perianal injury, burns in unusual places, 
and multiple new and old fractures mandate evaluation for 
inflicted trauma. 

Although the child may have a higher survival rate follow¬ 
ing traumatic brain injury (TBI), the long-term negative 
impact of a minor TBI on learning and personal quality of 
life is much greater. 

Children are emotionally vulnerable and follow-up should 
provide support to recognize and care for posttraumatic 
stress disorder in this population. 

0 The Emergency Medical Services for Children (EMSC) 
program emphasizes a step-by-step approach to injury pre¬ 
vention by establishing goals and objectives with measur¬ 
able outcomes. 


_ EPIDEMIOLOGY _ 

Q Unintentional injury is the leading cause of death among chil¬ 
dren ages 14 years and under in the United States and remains 


the greatest public health problem affecting young people. 1 
Despite the fact that death and disability resulting from 
trauma surpass all major diseases in young Americans, far 
more federal funding is spent each year to reduce the incidence 
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of cancer, stroke, heart disease, and acquired immunodefi¬ 
ciency syndrome (AIDS) than injury. 

Injury prevention is the most effective method of reducing 
death in children and adolescents. 2 The science of injury pre¬ 
vention is complex and involves societal decisions that trade 
safety for other benefits. For example, individual states have 
chosen both to raise the speed limit past 55 miles per hour to 
reduce travel time and to rescind motorcycle helmet laws to 
preserve individual freedom, rather than to protect the popu¬ 
lace from increased death and disability due to vehicular 
crashes. 2 Health care workers can ultimately play a pivotal 
role in injury prevention by carefully documenting and collect¬ 
ing data regarding how injuries occur, which will serve dual 
roles of identifying populations at risk and providing com¬ 
pelling evidence to lawmakers in support of effective injury 
prevention legislation. 

Trauma registries are one way to show trends or patterns of 
specific injuries and to use cumulative data to build a case for leg¬ 
islation. The National Pediatric Trauma Registry (NPTR) 3 and 
the National Trauma Registry of the American College of Sur¬ 
geons (NTRACS) 4 are examples of national registries that have 
identified and can elucidate areas to target for prevention initia¬ 
tives. The predominant mechanism of injury varies by age, with 
inflicted injuries most common in infants, falls more common in 
young children, pedestrian injuries in toddlers and elementary 
school-age children, and motor vehicle trauma in adolescents. 
Disparities in clinical and functional outcome have also been 
identified using registry data, providing opportunities for tar¬ 
geted initiatives. For example, worse outcome at discharge has 
been documented in black children after traumatic brain injury 
(TBI) compared with equivalently injured white children. 5,6 

Other disparities in pediatric trauma care deserve mention. 
Mortality rates for all types of trauma are greater in rural parts 
of the country than in cities and suburbs. The reasons for this 
are protean and include longer times from injury to definitive 
care, 7 in-hospital delays to definitive treatment, 8 less time for 
injury prevention education in schools and primary care 
offices, and socioeconomic and ethnic factors. Other associa¬ 
tions have been identified that increase susceptibility to 
trauma. Children with behavioral disorders such as attention- 
deficit hyperactivity disorder (ADHD) have one and one-half 
times the odds of sustaining a variety of injuries from multiple 
causes than those without behavioral disorders, even after 
controlling for known demographic correlates. 9 Sometimes 
age works in favor of youth, with less morbidity after high- 
level falls in those 14 years of age and younger. 10 

The “trimodal” mortality curve described in adults is not 
seen in children. Children who die from injury do so either at 
the scene or within a few hours of hospital admission. Late 
deaths due to sepsis or organ failure are rare. 11 After injury 
control, prompt recognition and emergent treatment of life- 
threatening injuries are the most important ways to decrease 
death and disability caused by pediatric trauma. Whether or 
not outcome for a pediatric trauma victim is affected if care is 
rendered at a children’s versus adult trauma center remains a 
somewhat controversial and unanswered question. 12 


PREHOSPITAL CARE 


Pediatric runs represent approximately 10% of all prehospital 
emergency calls in the United States. Although educational 
courses such as Pediatric Education for the Prehospital Profes¬ 
sional (PEPP) 13 and Pediatric Advanced Life Support (PALS) 14 
have augmented the knowledge base of some prehospital 
providers, the recommended amount of pediatric training 
included in the U.S. Department of Transportation National 
Highway Traffic Safety Administration Emergency Medical 
Technician-Paramedic National Standard Curriculum is tem¬ 
porally limited and basic. The adequacy of prehospital airway 
management and the ability to obtain venous access in chil¬ 


dren by individual providers are associated with proper train¬ 
ing, experience, skill maintenance, and online and offline med¬ 
ical oversight for prehospital care services. 15,16 

A goal of pediatric prehospital care is to prevent secondary 
brain injury associated with hypoxia or hypotension by con¬ 
trolling the airway and striving for normocapnia and nor- 
motension with appropriate fluid resuscitation. All ambu¬ 
lances must be equipped with pediatric equipment in various 
sizes, including blood pressure cuffs, masks, endotracheal 
tubes, and intravenous (IV) access devices. 17 Prehospital care 
of injured pediatric patients for short transports may be lim¬ 
ited to maintaining spinal precautions, assurance of an ade¬ 
quate airway, administration of oxygen, and rapid transport 
to definitive care. Placement of a definitive airway and estab¬ 
lishment of IV or intraosseous (IO) access is recommended for 
longer transport times. 

An inclusive trauma system must provide for the needs of 
injured children as well as adults, with triage by the prehospi¬ 
tal provider to the closest appropriate facility with the capabil¬ 
ities of caring for major trauma. This may be a free-standing 
pediatric trauma center or a regional trauma center with a ver¬ 
ified pediatric component. 18 The receiving center must have 
the necessary personnel and equipment to care for the injured 
child, as outlined in Resources for Optimal Care of the Injured 
Patient: 2006 by the American College of Surgeons Committee 
on Trauma. 19 Despite evidence for improved outcomes of 
severely injured children admitted to high-level trauma cen¬ 
ters, almost one third of children with severe TBI fail to receive 
care in such centers and regionalization efforts in many parts 
of the country are still in their infancy. 20 


INITIAL RESUSCITATION 
AND EVALUATION 


Preparation is the key to a successful pediatric trauma resusci¬ 
tation. In institutions using a team approach, interventions 
may be done simultaneously (i.e., for airway and circulation). 

The best protection for the airway in the child who is 
breathing spontaneously is maintenance of a superior and 
anterior position of the midface (sniffing position), while keep¬ 
ing the cervical spine immobilized. If the airway is inadequate, 
it can be opened with a gentle jaw thrust. The mouth is cleared 
of blood and foreign material and supplemental oxygen is 
used. In a young child, respiratory compromise can result from 
gastric dilatation or from compression of the diaphragm by 
intra-abdominal blood or air, necessitating the use of a gastric 
tube. The tube should be inserted orally if there is concern for 
a basilar skull or midface fracture. 

Children with obvious respiratory distress, those with a 
Glasgow Coma Scale (GCS) score of less than or equal to 8, or 
those who arrive in shock must have immediate tracheal intu¬ 
bation. The proper-size endotracheal tube can be estimated by 
choosing one that corresponds to the diameter of the child’s 
small finger or the external nares or using an appropriate ref¬ 
erence as a guide. An excellent approach is the use of color- 
coded drawers containing all of the equipment necessary for a 
certain-size child and using a length-based pediatric resuscita¬ 
tion tape to estimate the child’s weight. 21 In children younger 
than 8 years, nasotracheal intubation is avoided because of the 
more anterior and cephalad positioned airway, relatively large 
adenoids and tonsils, a soft short trachea, and the potentially 
serious complications associated with blind nasal passage. 
After preoxygenation, a pharmacologically assisted intubation 
using a neuromuscular blocker and a sedative is performed, 
unless the child has a GCS of 3 or has arrested. A chest radi¬ 
ograph should be obtained to confirm proper position of the 
endotracheal tube. If the airway cannot be secured by the most 
senior person in the resuscitation room, a temporizing needle 
cricothyrotomy is placed and jet insufflation initiated until an 
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FIGURE 27.1. Child with multiple dog bites on face, extremities, and torso. 


airway can be established in the operating room. Tra¬ 
cheostomy in young children is reserved for experienced sur¬ 
geons under operating room conditions only. 

Because of small blood volumes in children, shock can 
occur rapidly from blood loss from external wounds (Fig. 
27.1). Bleeding should be controlled with pressure bandages. 
Preferred sites for percutaneous IV access in the child are the 
back of the hand, the antecubital fossa, and the saphenous 
vein at the ankle. If a child is in shock, and no IV line can be 
established after two attempts, an IO needle is placed in an 
uninjured proximal tibia. Alternatively, a percutaneous 
femoral venous line can be placed by an experienced physi¬ 
cian. It is important to follow a protocol so that time is not 
wasted with too many attempts at percutaneous IV access 
before resuscitation can begin. Baseline laboratory work can 
be drawn concurrent with establishing IV access, including a 
complete blood count (CBC), serum aspartate aminotrans¬ 
ferase, and amylase. A urinalysis is done if there is occult 
blood in a urine dip for blood. A clot to hold or type and cross 
match is sent to the blood bank as indicated by the physiologic 
status of the child. An arterial blood gas is sent if the child 
required tracheal intubation. A prothrombin time (PT) and 
partial thromboplastin time (PTT) are indicated for a GCS 
below 13, low systolic blood pressure, open/multiple bony 
fractures, and major soft tissue wounds. 22 There are no routine 
laboratory tests that have utility as good screening tools for 
pediatric abdominal trauma. 23 

A child’s systolic blood pressure should be at least 70 mm 
Hg plus twice the age in years. 14 In general, a blood pressure 
of less than 70 mm Hg systolic is considered shock in a child, 
with the exception of small infants. Hypotension is a late sign 
of shock because of increased physiologic reserve in children 
compared with adults. The initial signs of shock can be subtle 
in a child and manifested only by tachycardia or lethargy. 
Once hypotension has developed, a child has already lost 
approximately 40% of the circulating blood volume and trau¬ 
matic arrest is imminent if treatment is delayed. 

Fluid resuscitation begins with 20 mL/kg of warmed iso¬ 
tonic crystalloid given by rapid IV/IO push. This is approxi¬ 
mately one fourth of the blood volume of a child. This fluid 
bolus can be repeated twice, but if the child remains in shock, 
the source of bleeding should be quickly identified and 
addressed. Transfusion of O-negative packed red blood cells 
may be needed at an initial volume of 10 mL/kg. A Foley 
catheter should be inserted, assuming no blood at the urethral 
meatus or an unstable pelvic fracture. In addition to reestab¬ 
lishing normotension, a proper response to resuscitation 
includes slowing of the heart rate, return of extremity skin 
color and warmth, clearing of the sensorium, and a sustained 
urine output of 1 to 2 mL/kg per hour. 


Small children are especially prone to hypothermia, which 
may render the child unresponsive to resuscitation efforts. Use 
of convective air blankets, warm IV fluids, and warm blankets 
is indicated as soon as feasible. 

During the resuscitation, radiographic studies of the chest 
and pelvis are performed and cervical spine protection is main¬ 
tained until age-appropriate views can be obtained (anteropos¬ 
terior, lateral, and odontoid). It is difficult to obtain an open- 
mouth odontoid view in an infant or young child. 24 Clearing of 
the cervical spine is relatively elective; time should not be 
wasted on these films if other injuries take priority. In the 
hemodynamically unstable child, a quick sonographic evalua¬ 
tion of the pericardium and the peritoneum (the focused sono¬ 
graphic assessment for trauma [FASTj examination) for blood 
can be helpful in establishing the priorities of treatment. Blood 
in the pericardial or peritoneal cavity in the persistently unsta¬ 
ble child demands surgical intervention. In the physiologically 
normal child, a computed tomography (CT) scan of the 
abdomen and pelvis with IV contrast is indicated in certain sit- 
Q uations (Table 27.1). In this era of increasingly fast and sensi¬ 
tive radiographic testing, the multidetector-row CT has gained 
popularity, as has the total-body CT. There are three arguments 
against the routine use of total-body CT in children: (a) the 
medical radiation burden and increased cancer induction risk, 
(b) cost-effectiveness, and (c) the risk of pseudodisease with 
overinterpretation of clinically unimportant findings. 25 Com¬ 
munity hospitals that stabilize injured children prior to trans¬ 
port to trauma centers commonly obtain CT imaging first. 
Many of these children later require duplicate scans of the same 
anatomic region for various reasons (scan inadequate or not 
sent with the patient, computer software incompatible, hard 
copies sent with inadequate tissue window images to allow 
assessment), exposing the child to additional risk and cost. 26 


TABLE 27.1 INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR COMPUTED TOMOGRAPHY OF THE 
ABDOMEN AND PELVIS 

■ History of shock but now stable 

■ Unexplained drop in hematocrit 

■ Positive FAST examination 

■ Presence of hematuria 

■ Presence of lower rib or pelvic fractures 

■ Unreliable abdominal examination because of head injury 

■ Presence of abdominal pain/ecchymosis 

■ Uncorrected base deficit 


FAST, focused sonographic assessment for trauma. 
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Although ultrasound is reasonably sensitive in detecting the 
presence of fluid in the abdomen, its accuracy is highly depen¬ 
dent on the operator. Some data suggest that hospital 
resources are conserved when the FAST examination is incor¬ 
porated into the algorithm in the evaluation of the pediatric 
abdomen after blunt trauma. 27 Ultrasound, however, may not 
detect the presence of intraparenchymal solid organ injuries 
without free blood, may miss small amounts of blood early in 
the resuscitation, cannot be used to grade the degree of injury 
to a solid organ, and cannot exclude pancreatic or bowel 
injury. In addition, the finding of blood in the peritoneum in a 
stable child does not dictate laparotomy. For all of these rea¬ 
sons, the role of FAST in pediatric trauma patients remains 
controversial. Neither ultrasound nor CT reliably detects the 
presence of a bowel injury. Serial abdominal examinations are 
indicated, and a diagnostic peritoneal lavage (DPL) may occa¬ 
sionally be helpful in determining the need for laparotomy. 

Throughout this critical period of resuscitation and evalua¬ 
tion, there are a few additional focused needs of children to 
consider. One is the management of pain, which is often over¬ 
looked, even when pain scale charts or prompts are used. 28 
Another is the emotional needs of the child. A frightened child 
is emotionally labile and may regress to infantile behavior. A 
calm and reassuring approach with attempted explanation of 
procedures gains the most cooperation. There is evidence that 
the psychological effects surrounding a traumatic event are 
long lasting, even if the trauma is relatively minor. The needs 
of the “injured” family must be met by providing a continual 
flow of information to the distressed parents or guardian dur¬ 
ing the resuscitation. A chaplain or member of the family sup¬ 
port services staff can admirably serve this vital role on a pedi¬ 
atric trauma team. There is now a body of literature providing 
advice on “breaking bad news.” 29-32 

In addition, with the shift in medical training from disease- 
centered to patient-centered and family-centered care, there 
has been increasing interest in and allowance of family pres¬ 
ence during invasive procedures and cardiopulmonary resusci¬ 
tation. 33,34 Although this concept has had limited exposure in 
the emergency pediatric trauma setting, family members often 
desire to be present and are more accepting of death and more 
satisfied with the level of care that their loved one received if 
they witness the events of the resuscitation. 35 Pediatric health 
care workers who have more frequent contact with seriously 
ill children are more likely to accept parental presence. 34 


MANAGEMENT OF 
SPECIFIC INJURIES 

Neurologic and Extracranial Head Trauma 

Traumatic brain injury is the leading cause of traumatic death 
and disability in children. The annual clinical burden remains 
high, with 50,658 TBI-associated hospitalizations in 2000 and 
a corresponding financial burden of $1 billion. 36 Unfortu¬ 
nately, the majority of the proinflammatory response caused 
by TBI occurs within 6 hours of injury, making early treatment 
initiatives challenging. Multiple pathways contribute to the 
endpoint of hypoxic ischemic injury, and a host of clinical tri¬ 
als evaluating single-modality translational treatment strate¬ 
gies have yielded uniformly disappointing results with no 
intervention resulting in improved outcome. 37 The National 
Institutes of Health (NIH) is currently promoting prospec¬ 
tively designed studies that will employ multiple therapeutic 
agents in combination. Emerging strategies that may be con¬ 
sidered include hypertonic saline resuscitation, hypothermia, 
and cellular therapeutics (bone marrow progenitor cell ther¬ 
apy). 38 Each has its own inherent benefits, risks, and compli¬ 
cations, and hypertonic saline and hypothermia ideally need to 
be started very soon after injury. Most treatments for TBI are 


designed to mitigate the secondary effects of the initial injury. 
Progenitor cell therapy explores the potential of reparative 
treatments and involves harvesting bone marrow from 
patients with severe TBI within a few days of injury, separat¬ 
ing the cells, and reinfusing progenitor cells. 

Treatment guidelines for the acute prehospital and the 
acute medical management of severe TBI in infants, children, 
and adolescents have been published, with the goal of assimi¬ 
lating the data that exist and presenting them within an evidence- 
based framework. 39,40 The methodology revealed a significant 
dependence on information derived from the adult population 
or personal experience due to a paucity of high-quality clinical 
trials in brain-injured children, thus limiting the strength of the 
recommendations. However, there is some evidence that pedi¬ 
atric patients with severe TBI should be treated in a pediatric 
trauma center rather than an adult trauma center and that 
organized systems of trauma care result in an overall reduction 
in the mortality rate for individuals with severe TBI. 12 The fol¬ 
lowing represent reasonable initiatives or strategies based on 
the clinical evidence that exists. 

Primary treatment of a child with a TBI preferably begins at 
the scene of the injury with correction of hypoxemia and 
shock by restoring oxygenation, ventilation, and perfusion. 
Supplemental oxygen should be administered. There is no evi¬ 
dence to support an advantage of endotracheal intubation 
(ETI) over bag valve mask (BVM) ventilation for the prehospi¬ 
tal management of the airway in children with TBI who have 
short transport times to the hospital. 41 If prehospital ETI is 
instituted for pediatric TBI patients, specialized training and 
use of end-tidal C0 2 detectors is considered necessary. The air¬ 
way should be secured in patients who have severe head injury 
(GCS <9), the inability to maintain an adequate airway, or 
hypoxemia not corrected by supplemental oxygen. Hypocar- 
bia (partial pressure of arterial carbon dioxide [PaC0 2 ] <30 
to 35), due to excessive ventilation in an emergent situation 
from large manual tidal volumes and rates, correlates directly 
with decreased functional outcomes from TBI and must be 
avoided. Hypotension should be identified and corrected as 
rapidly as possible with fluid resuscitation. Hypotension is 
defined as systolic blood pressure below the fifth percentile for 
age or by clinical signs of shock. The lower limit of systolic 
blood pressure (fifth percentile) for age may be estimated by 
the following formula: 70 mm Hg + (2 X age in years). 14 A 
retrospective study evaluating the temporal relationship of 
hypotension to severe TBI found that a poor discharge Glas¬ 
gow Outcome Score was predicted by hypotension occurring 
during the first 6 hours after injury. 42 

A thorough neurologic examination is performed and doc¬ 
umented, including the GCS score. The verbal portion of the 
score has several adaptations for application in infants and 
toddlers (Table 27.2), but it is the motor score that correlates 


ITABLE 27.2 

CLASSIFICATION | 

PEDIATRIC VERBAL SCORE 

■ VERBAL RESPONSE 

■ VERBAL SCORE 

Appropriate words or social 
smile, fixes and follows 

5 

Cries but consolable 

4 

Persistently irritable 

3 

Restless, agitated 

2 

None 

1 

Adapted from American College of Surgeons Committee on Trauma. 
Advanced Trauma Life Support Course for Doctors: Student Course 
Manual , 7th ed. Chicago, IL: American College of Surgeons; 2004:257. 
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FIGURE 27.2. A: Scalp wound with underlying open frontal skull fracture. B: Bone window computed 
tomography image showing comminuted frontal skull fracture, pneumocephaly, and multiple additional 
skull fractures. C: A small frontal contusion is seen beneath the skull fracture. 


best with outcome. Except for the most minor cases, a head 
CT scan is performed in all children with evidence of neuro¬ 
logic injury (Fig. 27.2). For those with severe TBI, serial scans 
ordered for increased ICP and neurologic deterioration best 
correlate with the need for operative intervention. 43 

Secondary measures to treat TBI in children include evacu¬ 
ation of an intracranial space-occupying hematoma, normal¬ 
ization of intracranial pressure (ICP), maintenance of tissue 
oxygenation, external ventricular drainage, and decompres¬ 
sive craniectomy in rare cases of conservative treatment fail¬ 
ure. 44,45 Although mass lesions from hemorrhage requiring 
surgical intervention are relatively uncommon in children, 
cerebral edema is common and deserves treatment. Children 
with a GCS score of 8 or less and those with evidence of cere¬ 
bral edema on CT scan are best managed with sedation, paral¬ 
ysis, endotracheal intubation, and mechanical ventilation to 
keep the PaC0 2 at approximately 35 mm Hg. Prophylactic 
hyperventilation has the potential to reduce cerebral blood 
flow to damaged or marginal brain tissue to ischemic levels. In 
a retrospective cohort analysis of significant pediatric TBI 
done after publication of the 2003 acute TBI medical manage¬ 


ment guidelines, the incidence of severe hypocarbia decreased 
but remained relatively high and predicted mortality. 46 

Evidence exists showing poorer outcomes with sustained 
ICP greater than 20 mm Hg, making ICP-guided therapy 
potentially beneficial. 47 For example, an ICP transducer (or 
ventriculostomy catheter) can be placed (with the exception of 
young infants with open cranial sutures) and therapy targeted 
to maintain ICP less than 20 mm Hg and a cerebral perfusion 
pressure of at least 40 to 65 mm Hg. Hyperosmolar therapy 
with either mannitol or hypertonic saline is an effective first- 
line option for controlling ICP. However, mannitol leads to a 
significant diuresis and potential subsequent volume require¬ 
ment. Brain metabolism is minimized by treating fever and 
avoiding seizures. The use of anticonvulsants early may be 
associated with reduced mortality. 48 The occurrence of 
posttraumatic seizures and epilepsy increases with injury 
severity, younger age, and longer follow-up duration, and both 
are associated with adverse outcome. 49 Despite aggressive 
treatment, the overall mortality rate from severe head injury in 
pediatric patients is approximately 8%, and the coexistence of 
extracranial injury significantly reduces recovery potential. 50 
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The significant reported variation in the use of paralytic agents, 
seizure medications, induced hypothermia, and intracranial 
pressure monitoring across pediatric critical care units suggests 
that standardized treatment protocols should be implemented 
so that more meaningful data can be accrued. 48,51 Other 
authors have enunciated the importance of establishing age- 
dependent guidelines that cover the spectrum of TBI manage¬ 
ment and recovery of function. 52 

Jankowitz and Adelson 53 describe five key areas for priori¬ 
tization and future research in pediatric TBI: (a) prevention, 
including educational programs in combination with manda¬ 
tory interventions or laws that are directed at sports programs, 
recreational activities, and vehicular modifications; (b) devel¬ 
opment, assessment, and implementation of a standard initial 
assessment tool to accurately define the severity of TBI and 
facilitate management; (c) use of multimodality, monitor- 
guided therapy; (d) implementation of an algorithm that stan¬ 
dardizes anatomic and functional imaging at designated inter¬ 
vals to provide meaningful data; and (e) development of 
pediatric-specific TBI outcome measures. 


Spinal Trauma 

The incidence of pediatric spine injuries has been reported as 
2% to 5% of all spine injuries. 54,55 Spinal trauma is frequently 
associated with concomitant system injuries including head, 
abdominal, and thoracic injuries and long bone fractures. 56 
Head injury is the most common injury associated with spinal 
trauma. Any patient suspected of having a spinal injury must 
be immobilized until the entire vertebral column and spinal 
cord have been assessed. Spine injuries after minor trauma in 
children are less common than in adults because of the greater 
mobility and elasticity of the pediatric spine and a smaller 
body mass. However, the ligamentous laxity and increased 
mobility in the immature spine may predispose to lethal dis¬ 
traction injuries during forceful trauma. 57 Spinal trauma may 
occur with or without spinal cord injury (SCI). The mecha¬ 
nisms of SCI can be broadly classified as axial loading, dislo¬ 
cation, lateral bending, rotation, and hyperflexion/hyperex¬ 
tension. Severe injuries often result from a combination of 
these. 58 The CT scan is the best test to evaluate persistent 
symptoms or abnormalities seen on plain film, but it is not 
required as often as it is performed and poses a radiation risk. 
A CT “topogram” or scout film may be helpful to localize 
areas that need to be scanned. 24 The use of an algorithm to 
determine which patients need plain films and which patients 
need more thorough evaluation may be helpful. 59,60 Magnetic 
resonance imaging (MRI) should be performed to evaluate for 
clinical signs or symptoms of SCI. 58 

Certain anatomic features predispose younger children (age 
younger than 8 years) to injury of the upper cervical spine, 
from the occiput to C3. 61 These include a proportionately 
heavier head and weaker ligaments that permit greater mobil¬ 
ity of Cl on C2 compared with the lower spine; horizontally 
inclined articulating facets and immature vertebral joints that 
facilitate sliding; growth centers that are susceptible to shear 
forces during rapid deceleration or hyperflexion-extension; 
and a higher fulcrum of flexion. 61 The fulcrum of cervical 
movement is located higher in young children (C2-3) com¬ 
pared to adolescents and adults (C5-6). In children older than 
8 years, cervical spine fractures are primarily seen caudal to 
C4. 61 As a result of the anatomic and biomechanical differ¬ 
ences between the immature pediatric spine and the mature 
adult spine, 60% to 80% of all pediatric vertebral injuries 
occur in the cervical region. 58 

Some normal anatomic variables make interpretation of 
cervical spine films in children challenging and misdiagnosis or 
misinterpretation common. 61,62 Pseudosubluxation occurs 
normally in approximately 19% to 40% of children and is 
most commonly seen as anterior displacement of C2 on C3 but 


can also be seen at the C3-4 level. 61 An increased distance 
between the dens and the anterior arch of Cl may also occur 
without any pathologic consequences. Skeletal growth centers 
may resemble fractures, especially involving the odontoid and 
the spinous processes. If there is doubt over whether an abnor¬ 
mality exists, it is wise to protect the spine until expert consul¬ 
tation can be arranged. 

An abnormality seen more commonly in children is spinal 
cord injury without radiographic abnormality (SCI- 
WORA). 61,63 This phenomenon is attributed to the elastic 
nature of the child’s spine and may result from longitudinal 
distraction, hyperflexion, hyperextension, or spinal cord 
ischemia. The five specific SCI clinical syndromes that have 
been described in SCIWORA are the central cord syndrome, 
Brown-Sequard syndrome, anterior spinal artery syndrome, 
partial SCI, and complete SCI. 58 The diagnosis is established 
by MRI, and prognosis for recovery after a complete SCI may 
be poorer than after a SCI associated with a fracture. 57 

Thoracic and lumbar spine injuries including multilevel 
injuries are more common in children older than 9 years. The 
most common mechanisms of injury are motor vehicle crashes 
and sports-related activities. Although most patients with tho¬ 
racolumbar spinal trauma can be treated conservatively, indi¬ 
cations for surgery include persistent instability, significant 
compression fracture of the vertebral body, spinal kyphotic 
deformity of more than 20 degrees, vertebral dislocation, and 
spinal cord compression associated with progressive neurologic 
symptoms. 56 Some pediatric patients with devastating spinal 
cord injuries can recover substantial neurologic function. High- 
dose steroid therapy for spinal cord injury is controversial. 64-66 


Thoracic Trauma 


Thoracic trauma is seen in 4% to 6% of children presenting to 
pediatric trauma centers and rarely occurs in isolation. 67 Mor¬ 
tality risk is increased due to associated injuries, particularly 
TBI. 

There are important anatomic and physiologic differences 
between children and adults who present with thoracic injury. 
Rib fractures are uncommon in children because the chest wall 
is more compliant. Displaced rib fractures can occasionally 
cause thoracic or abdominal injury, and multiple rib fractures 
are associated with increased morbidity and mortality. Poste¬ 
rior rib fractures in infants have a high association with 
inflicted trauma. Aortic and great vessel injuries are uncommon 
because of greater vessel elasticity and mobility of mediastinal 
structures. Enhanced pulmonary vasoconstriction results in less 
bleeding. 

The most common injuries in children are pulmonary con¬ 
tusion, hemothorax, and pneumothorax. Pulmonary parenchy¬ 
mal injury following blunt trauma may result from direct com¬ 
pression, shearing forces, contrecoup compression, or 
laceration from fractured ribs. Chest radiography is the pri¬ 
mary screening modality for thoracic injury, both to identify 
life-threatening injuries and to locate tubes and catheters (Fig. 
27.3). Pulmonary contusion is characterized by areas of alveo¬ 
lar and interstitial hemorrhage and edema that appear as ill- 
defined opacities that do not follow anatomic boundaries. 68 
Secondary edema from disruption of the alveolar-capillary 
interface peaks at 24 to 36 hours following injury, and the 
radiographic appearance of the lungs may worsen over the 
first several days. Pneumothorax and pneumomediastinum 
most commonly occur following alveolar or small airway rup¬ 
ture. Air dissects medially along peribronchial tissues toward 
the mediastinum or pleural space. If the air dissection is exten¬ 
sive, increased air pressure shifts the flexible mediastinum, 
compressing the contralateral lung and twisting the great ves¬ 
sels (tension pneumothorax). 68 If this condition is not emer- 
gently corrected, venous return to the heart is decreased and 
shock or cardiac arrest may ensue. 
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FIGURE 27.3. Anteroposterior chest radiograph showing an air-fluid 
level in the left chest and diaphragm elevation indicative of a traumatic 
diaphragmatic hernia. The cardiac silhouette is deviated into the right 
chest. 


Pulmonary contusion may not be obvious on the initial 
chest radiograph but may be seen on CT scan. Hemothoraces 
and pneumothoraces are managed as in adults. Tracheo¬ 
bronchial disruption should be suspected in a child with a ten¬ 
sion pneumothorax, massive subcutaneous emphysema, 
and/or a continuing air leak or persistent collapse of the lung 
despite a functioning chest tube. The diagnosis is confirmed by 
bronchoscopy, although multidetector CT (MDCT) scan has 
the perceived ability to provide detection and detail of pleural, 
parenchymal, mediastinal, and chest-wall injury, and also 
seems to have some utility for esophageal, tracheal, and main- Q 
stem bronchial disruption and cardiac injury. 69 

Blunt cardiac injuries can occur in children and range from 
mild to lethal. 70 The primary mechanisms of injury associated 
with this diagnosis are motor vehicle and pedestrian-related 
trauma. It is extremely rare for a hemodynamically normal 
patient with a normal sinus rhythm to develop a subsequent 
cardiac dysrhythmia or cardiac failure. 70 Significant cardiac 
injuries rarely occur in isolation, and most of these children die 
at the scene. 71 A few survive and are transported to trauma 
centers. Use of the FAST examination of the pericardium is a 
good tool to rapidly identify pericardial fluid in these children 
and allow for prompt treatment. 


Thoracic aortic rupture is a rare injury in children but is 
highly lethal if undiagnosed. A report from the NPTR 
described 28 patients (from a total of 25,301) with traumatic 
aortic disruptions and a mortality rate of 57%. 72 Multisystem 
trauma from motor vehicle crashes or pedestrian collisions are 
the most common mechanisms. An appropriate mechanism of 
injury in conjunction with a chest radiograph demonstrating a 
wide mediastinum should raise suspicion and prompt investi¬ 
gation. Dynamic spiral CT angiography has become a defini¬ 
tive method of diagnosis. Good outcomes can be expected 
from early diagnosis, temporizing antihypertensive therapy, 
and definitive operative management including increasing use 
of endovascular stenting, although there are now reports of 
successful nonoperative management of both thoracic and 
abdominal aortic injuries in children. 73 


Abdominal Trauma 


Twenty-five percent of children who sustain trauma have 
abdominal injuries. Unstable patients should undergo a FAST 
examination in the trauma room, and those with positive find¬ 
ings in the setting of continued hemodynamic abnormality 
despite fluid resuscitation should be taken to the operating 
room. The FAST examination will miss solid organ intra- 
parenchymal injuries without free fluid, and stable pediatric 
trauma patients with major injury mechanisms or abdominal 
tenderness are evaluated with an abdominal and pelvic CT 
scan using IV contrast and then serial physical examinations 
during inpatient observation. 74-76 Six findings have been inde¬ 
pendently associated with intra-abdominal injury, including 
systolic blood pressure below normal for age, abdominal ten¬ 
derness, associated femur fracture, serum aspartate amino¬ 
transferase concentration greater than 200 IU/L or serum ala¬ 
nine aminotransferase concentration greater than 125 IU/L, 
urinalysis showing more than 5 RBCs per high power field, 
and an initial hematocrit of less than 30%. 77 

The approach to solid organ injuries (liver, spleen, kidney) 
discovered on CT scan is primarily nonoperative, as most 
(more than 90%) of these injuries will heal with conservative 
management. The kidney is relatively large and anterior, and a 
significant abdominal blow often manifests with hematuria. 
However, hematuria is more often associated with a liver or 
spleen injury than with a radiographically significant renal 
injury. The indications for operation in children with solid 
organ injury include evidence of ongoing bleeding, uncor¬ 
rected base deficit, persistent hemodynamic abnormality, the 
development of peritoneal signs or other signs and symptoms 
of an associated gastrointestinal (GI) injury, or major urinary 
extravasation with a renal injury. 78 Although most pediatric 




FIGURE 27.4. A: Abdominal computed tomography image showing grade V splenic rupture with extravasation of contrast. B: Ruptured spleen. 
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TABLE 27.3 GRADING 


EVIDENCE-BASED STANDARDS FOR RESOURCE UTILIZATION 
IN CHILDREN WITH ISOLATED BLUNT SPLEEN AND 
LIVER INJURIES 



■ CT 

GRADE 


■ I 

■ II 

■ III 

■ IV 


ICU stay 

None 

None 

None 

1 d 

Hospital stay 

2d 

3 d 

4 d 

5 d 

Predischarge imaging 

None 

None 

None 

None 

Postdischarge imaging 

None 

None 

None 

None 

Activity restriction 

3 wk 

4 wk 

5 wk 

6 wk 

CT, computed tomography; ICU, intensive care unit. 

Reprinted with permission from Stylianos S. Evidence-based guidelines 
for resource utilization in children with isolated spleen or liver injury. 
APSA Trauma Committee. J Pediatr Surg 2000;35:164-169. 


patients with blunt abdominal trauma do not require opera¬ 
tion, the need for surgical judgment in determining which chil¬ 
dren fail nonoperative therapy is critical (Fig. 27.4). 

There is now general consensus on the indications for 
intensive care and transfusion and the need for and timing of 
follow-up imaging procedures, along with the activities 
allowed after discharge of a child with a liver or spleen 
injury. 79,80 A prospective study by the American Pediatric Sur¬ 
gical Association of stable patients with traumatic grades I 
through IV liver and spleen injuries revealed a very low inci¬ 
dence of nonoperative failures (zero in some centers), a general 
agreement that transfusions were not required unless the 
hemoglobin fell below 7 g/dL, and that only children with 
grade IV injuries needed initial observation in an intensive care 
unit (ICU). 81 Children may be allowed out of bed when the 
hematocrit stabilizes, abdominal pain resolves, and hematuria 
is no longer present (renal injuries). Routine follow-up imag¬ 
ing is unnecessary in the absence of recurrent signs or symp¬ 
toms of an abdominal complication. Recommendations on 
activity level after discharge have also been tested prospec¬ 
tively with a very low failure rate (Table 27.3). A reasonable 
approach to the stable child with a solid organ injury is out¬ 
lined in Table 27.4. There is evidence that children with 
splenic injuries treated at trauma centers versus nontrauma 
centers more often undergo splenectomy, suggesting that dis- 


TABLE 27.4 TREATMENT 


APPROACH TO THE STABLE CHILD WITH A SOLID 
ORGAN INJURY 

■ Documentation of the degree of injury by computed 
tomography scan 

■ A brief hospital stay based on physiologic status 

■ Allow ambulation when pain and tenderness resolve 

■ Allow oral intake when pain and tenderness resolve 

■ Discharge when eating, ambulating without pain, and 
stable hematocrit 

■ Selectively repeat computed tomography scan for those 
with recurrent signs or symptoms following initial 
resolution 

■ Office follow-up before release to return to contact sports 
and physical education at school 


semination of these guidelines may be both educational and 
reduce the numbers of children having operations following 
splenic trauma. 82 A recent study reported that children with 
high-grade (IV and V) liver injuries have a longer recovery, 
more complications, and greater use of resources than children 
with similar injuries to the spleen. 83 

Pancreatic injuries occur in a low percentage of pediatric 
trauma patients but carry a high morbidity and mortality risk 
if overlooked. The mechanism of injury is usually a circum¬ 
scribed blow to the epigastrium, such as with the handlebars 
of a bicycle. Pancreatic injuries also may be the result of 
inflicted trauma, either a fist or shoe. Abdominal tenderness 
frequently is initially absent. The most sensitive diagnostic 
study is an abdominal CT scan with oral and IV contrast, but 
this injury can be missed on the initial scan. The approach to a 
blunt pancreatic injury is conservative unless major ductal dis¬ 
ruption is present. 84 Postinjury complications include pancre¬ 
atic fistula or pseudocyst. Both may resolve with drainage 
alone. 

With abdominal and pelvic CT scan as the cornerstone of 
diagnosis after blunt abdominal trauma in children, and a gen¬ 
eral nonoperative approach to solid organ injuries, much 
attention has been directed toward the diagnosis of small- 
intestinal injuries in these patients. 85-87 Blunt intestinal injuries 
occur in 1% to 5% of pediatric patients with abdominal trauma. 

Q Hollow viscus injury is difficult to diagnose and requires a high 
index of suspicion, serial abdominal examination, and select 
diagnostic studies. Mechanisms of injury involve intrusion- 
type blows and can include restrained or unrestrained motor 
vehicle passengers involved in crashes, pedestrians struck by 
motor vehicles, inflicted trauma, bike handlebar injuries, and 
direct blows to the abdomen or back (Fig. 27.5). The initial 
findings on physical examination may be subtle. Findings on 
CT scan may be equally subtle and include extravasation of 
oral contrast material, free intra-abdominal air, localized 
bowel wall thickening or dilatation, and signs of a mesenteric 
hematoma. 86 The presence of free pelvic fluid that is not asso¬ 
ciated with a solid organ injury is especially concerning for an 
intestinal injury. The presence of a small-intestinal injury also 
should be suspected when there is abdominal wall ecchymosis 
associated with spinal (Chance) fractures caused by the inap¬ 
propriate high-riding use of a lap belt above the iliac crests 
without a shoulder harness (lap belt complex). 88 Occasionally, 
a blunt injury to the abdomen results in a hematoma that 
causes obstruction but not a transmural bowel wall ischemic 
injury. This is most common in the duodenum and usually 
resolves with conservative treatment. 85 In the presence of clear 
evidence of a hollow viscus injury, some pediatric surgeons are 
advocating initial diagnostic and possible therapeutic 
laparoscopy rather than laparotomy. 89 At least one study in 
children who had a missed or delayed diagnosis of GI tract 
injury showed no significant differences in ICU stay, total 
length of stay, associated injuries, and mortality compared 
with children who had a timely diagnosis. However, there was 
a significant increase in complications including abscess, fis¬ 
tula, wound infection, and delayed intestinal obstruction. 
Children whose injuries are initially missed exhibit evolving 
signs of peritonitis including fever, increasing abdominal pain, 
leukocytosis, and tachycardia (Fig. 27.6). 87 

Associated injuries to the abdominal aorta can also be seen 
in restrained children who are in high-speed crashes. These 
injuries are rare and may be diagnosed using CT angiography 
or aortography, and some can be managed nonoperatively. 73 


Pelvic Fractures and Extremity Trauma 

Fractures are the second most common injury occurring in 
pediatric trauma patients. The pediatric musculoskeletal sys¬ 
tem differs greatly from the adult, presenting unique injury 
patterns and challenges in diagnosis and treatment. 90 Pediatric 
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FIGURE 27.5. A: Ecchymosis of the abdominal wall resulting from improperly positioned seatbelt on the torso of a small child. B: Deserosalized 
segment of jejunum containing enterotomy. 


bone contains more collagen leading to reduced tensile 
strength, reduced propagation of fractures, and improved 
resilience, but this quality makes radiographic evaluation 
more challenging. The periosteum is more metabolically active 
in children, leading to rapid callus formation and union of 
fractures and a higher potential for remodeling. The growth 
and change that occur at growth plates facilitate fracture 
remodeling and rapid healing, but physeal damage can also 
lead to deformity due to asymmetric limb growth. 

Some fractures are unique to children. Greenstick fractures 
occur when the bone bends before it breaks, and the periosteal 
sleeve maintains apposition, creating a “hinge effect” without 
complete fracture of the bone. 90 Supracondylar fractures are 
the most common pediatric elbow fracture. Most (95%) are 
extension fractures due to a fall on an outstretched hand with 
the elbow hyperextended. Fracture reduction needs to proceed 
urgently in some cases. The physical examination should focus 
on the degree of swelling and neurovascular status. Excessive 
elbow swelling and ecchymosis together with increasing pain 
or pain with passive finger extension are concerning for 
ischemia. This injury is also predisposed to development of a 


compartment syndrome, although all injured extremities must 
be monitored carefully with frequent neurovascular examina¬ 
tions for this reason. 

Injuries to peripheral nerves are common in all forms of 
pediatric upper extremity trauma, making early neurologic 
examination essential. In children who are unconscious, electro¬ 
diagnostic studies may be helpful if a neurologic deficit is 
detected later. Nerve exploration should be considered for open 
fractures, fractures that require open reduction, or nerve palsies 
that develop after fracture reduction. For closed fractures asso¬ 
ciated with nerve palsy at initial evaluation, observation is rec¬ 
ommended with exploration reserved for lack of recovery on 
examination or electrodiagnostic testing after 4 months. 91 

Depending on age, location, and type of fracture, options 
for stabilization and alignment include casting, traction fol¬ 
lowed by casting, various methods of internal fixation includ¬ 
ing flexible rods and plates, and external fixation. 92 External 
fixation is particularly well suited for open complex fractures, 
fractures complicated by extensive soft tissue injury, open frac¬ 
tures complicated by a vascular injury, or fractures in multiple 
trauma victims who will require prolonged rehabilitation. 



FIGURE 27.6. A: Jejunal hematoma and perforation at the ligament of Treitz resulting from child maltreatment. This child presented in hypo¬ 
volemic shock and had a damage-control laparotomy. B: The abdomen was treated open for several days using a conventional, commercially 
available pediatric silo. 


TRAUMA 















440 


Part Two: Surgical Practice 


Angiography (diagnostic and/or therapeutic) may be needed in 
patients with suspected limb ischemia or pelvic bleeding. 93 
There is some evidence that arterial trauma in ischemic but 
nonthreatened limbs of very young children (<2.5 years old) 
can be managed with systemic heparinization. 94 

Blood loss associated with bony injuries, especially in the 
pelvis, is proportionately greater in the child than in the adult, 
and this must be considered during volume resuscitation. At sig¬ 
nificant risk for hemorrhage are patients with bilateral anterior 
and posterior pelvic fractures. 95 The presence of multiple pelvic 
fractures also predicts the presence of associated genitourinary 
and abdominal injuries. 92 However, most pelvic injuries in chil¬ 
dren are not serious and are treated nonsurgically, with pro¬ 
tected weight bearing and gradual return to activity. 

Delay in diagnosis of fractures is common in both the min¬ 
imally and the multiply injured child. A representative study of 
149 multiply injured Canadian children with 494 total injuries 
reported a 6% incidence of delayed fracture diagnosis (46% of 
the 13 missed injuries). 96 Children who are evaluated in emer¬ 
gency departments after trauma and subsequently discharged 
home should be asked to ambulate first, to avoid missing an 
occult fracture. 

Fractures can be associated with prolonged immobility, 
particularly when combined with a TBI. Adults are commonly 
treated prophylactically to prevent venous thromboembolism. 
At least one report indicates that pediatric inpatients with the 
diagnosis of trauma are not at increased risk to develop deep 
venous thrombosis of the lower extremities. 97 Nevertheless, 
adolescent patients who will have prolonged immobility from 
multiple fractures, pelvic fractures, or spinal trauma may be 
candidates for prophylactic therapy. 


INFLICTED TRAUMA 


All physicians caring for injured children have an ethical and 
legal responsibility to recognize and report the possibility of 
child maltreatment/abuse or inflicted injuries. The Centers for 
Disease Control and Prevention estimates that abuse and 
neglect is responsible for 4.5 of every 10,000 deaths in children 
4 years of age and younger. Sadly, most children who die or sus¬ 
tain serious injury from inflicted trauma have a history of pre¬ 
vious injury. Deaths or additional injuries are potentially pre¬ 
ventable if the abusive behavior is recognized and remediated 
or the child is removed to foster care. 98 Inconsistency between 
the history and the anatomic injury or discrepancies in injury 
mechanism reported by involved adults should alert the med¬ 
ical provider to suspect maltreatment. Frequently, the child has 
been taken to several different emergency departments to avoid 
Q raising suspicion. Physical signs of inflicted trauma include lac¬ 
eration or tear of the upper frenulum, retinal hemorrhages, 
multiple subdural hematomas without an acute skull fracture, 
genital or perianal injuries, burns in unusual areas (including 
burns caused by cigarettes), multiple torso bruises, and radi¬ 
ographic evidence of multiple old or healed fractures. The spec¬ 
trum of injuries is variable, but head injuries are the most com¬ 
mon injury reported in addition to being the most common 
cause of death. There is some evidence that children with 
inflicted TBI have worse outcomes than those with noninflicted 
injuries as measured with standardized functional and outcome 
status tools. 99 Visceral trauma is often associated with skin 
bruising and may also be associated with a higher incidence of 
thoracic trauma. 100 If maltreatment is suspected, hospital 
admission is mandatory and a formal report to the appropriate 
social agency is required by law in most states. 


PERFORMANCE INDICATORS 


The pediatric trauma system requires constant reevaluation. 
Because death after trauma is relatively less common in chil¬ 


dren who are brought to the hospital alive (compared with 
adults), pediatric performance filters are primarily aimed at 
reducing morbidity after injury. There are currently few pedi¬ 
atric performance indicators that have been systematically 
studied. The American College of Surgeons Committee on 
Trauma Resources for Optimal Care of the Injured Patient 19 
provides a list of indicators used for verification of pediatric 
trauma centers (Table 27.5). Participation in systemwide 
reviews and a commitment to correction of identified prob¬ 
lems are required of all professionals caring for injured chil¬ 
dren to ensure the best possible outcomes. 


FUNCTIONAL RECOVERY 


Children who survive trauma may experience long-term prob¬ 
lems related to both physical and psychological impairment. A 
^ subset of children with mild TBI display increased hyperactiv¬ 
ity or inattention and conduct disorders, and/or somatic com¬ 
plaints of headaches, photophobia, and dizziness, particularly 
if injured before the age of 5 years. 101,102 Cognitive or behav¬ 
ioral changes may be evident as well as problems with school 
performance or sleep disorders. There are longitudinal studies 
indicating that depression is a significant problem among 
adults with pediatric-onset SCI, contributing to poorer out¬ 
comes and lower quality of life. 103 Many children with persis¬ 
tent disability noted at the time of hospital discharge do not 
receive appropriate rehabilitation services (physical therapy, 
occupational therapy, and speech services) because of lack of 
availability, insurance coverage, or parental perception of 
need. 104 When availability of rehabilitative resources for 
injured children is lacking, full recovery from injury is lim¬ 
ited. 105 One recommendation is to involve the child’s pediatri¬ 
cian or primary care physician in the follow-up care, regard¬ 
less of the postacute services that the child may be receiving. 106 

Many published studies describe acute and long-term 
impairments in behavior, attention, memory, education, and 
adaptive function following TBI in school-aged children and 
adolescents. 107 Studies in preschool children indicate long¬ 
term impairment in educational performance and daily skills. 
For children with long-term disabilities resulting from TBI, 
there is a major impact on both their personal quality of life 
and that of their family. 108 In addition, many families caring 
for children after severe TBI are socially disadvantaged, with a 
large proportion of single, working, minority mothers. 109,110 

Within the first month after a traumatic event, individuals 
may display reexperiencing, avoidance, hyperarousal symp¬ 
toms, and dissociation (feelings of unreality or emotional 
numbing). 111 Brief education is appropriate to explain that 
these symptoms are normal reactions that are likely to resolve. 
Symptoms that persist for more than a month or are particu¬ 
larly distressing in their intensity may be indicative of post- 
traumatic stress disorder (PTSD). Symptoms of this disorder in 
young children include sleep disturbances and nightmares, 
separation anxiety, difficulties in concentration, intrusive 
thoughts, difficulties in talking with parents and friends, mood 
disturbance, deterioration in academic performance, specific 
fears, and accident-related play. PTSD was reported in 35% of 
children involved in motor vehicle crashes compared with only 
3% of children injured while playing sports. 112 Interventional 
programs that are aimed at both recognition and treatment of 
PTSD symptoms have the potential to improve functional 
recovery after injury in children. 

A few studies have looked at health-related quality of life 
S> (HRQOL) following various injuries. Multiple dimensions of 
HRQOL are negatively affected among children with moder¬ 
ate or severe TBI and do not improve significantly over the first 
year after injury. 113 Children requiring hospitalization for 
extremity fractures suffer dramatic declines in physical and 
psychosocial well-being during the first 3 months after injury, 
although children with upper extremity fractures do better 
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TABLE 27.5 


EXAMPLES OF PEDIATRIC PROCESS AND OUTCOMES MEASURES: COMPLICATIONS/PERFORMANCE INDICATORS 


■ MEASURE 

■ DEFINITION 

■ PURPOSE 

Missed intubation 

More than one attempt to place 
endotracheal tube appropriately 

Efficiency of airway care is the defining variable in 
outcome for severely injured children. Who, when, what, 
and how many attempts were required for successful 
control of the airway are objective measures of system 
performance. 

Unplanned extubation 

Unintentional extubation by 
patient or provider 

Failure to maintain the airway can be life threatening. 

This indicator reflects adequacy of pediatric critical care 
nursing care. 

Extubation within 24 h 
of rapid-sequence 
intubation (excluding 
operative procedures) 

Patient can be extubated <24 h 
after drug-assisted intubation, 
excluding operative procedure 

This measure is the objective monitor of appropriateness 
of using rapid-sequence intubation, an intrinsically 
dangerous process. Patients who can be extubated within 

24 h may not have required chemical paralysis and 
intubation in the first place. 

Hypocapnia or 
hypercapnia 

Overventilation or 
underventilation, especially 
in the first 12 h after injury 

These measures are a reflection of efficacy and precision 
of care in the critical first 12 h after initial stabilization. 

Resuscitation volumes 

Infusion of more than 50 mL/kg 
during the first 2 h in child with 
normal initial vital signs 

Judicious fluid management requires careful titration 
of filling pressures with oxygen-carrying capacity. 

Inordinate volumes of crystalloid, especially in the 
absence of clinical findings of hypoperfusion, will 
potentially exacerbate fluid sequestration in the brain 
and/or lung. This indicator reflects appropriate attention 
to clinical detail and accurate recording. 

Vascular access problems 

Any acquisition of vascular 
access that takes longer than 5 min 
to accomplish, especially if 
intraosseous infusion is not used 

This indicator is an objective measure of preparation and 
facility in accomplishment of a critical, size-related 
component of pediatric resuscitation. 

Unplanned operation 
following nonoperative 
management 

Any operation for control of 
hemorrhage in a patient being 
managed nonoperatively 

This indicator is an objective measure of the 
appropriateness of nonoperative management. 

Unplanned hypothermia 

Core temperature <35°C 
for >2 h 

Although mild hypothermia has been associated with 
improved outcomes following brain injury, moderate to 
severe hypothermia causes a variety of hematologic and 
metabolic derangements and must be avoided in children. 

Nosocomial pneumonia 

Pneumonia, defined by NTDS a 

Pneumonia is a major cause of avoidable morbidity and 
cost. Recognition of pneumonia is especially important 
in children without evidence of pulmonary injury or 
aspiration. 

Missed injury 

Any injury related to the initial 
traumatic event diagnosed 
>24 h after admission 

This indicator is an objective measure of the specificity 
and accuracy of the initial assessment. 

fl From 


than those with lower extremity fractures. Many children with 
tibia and/or fibula fractures still report poorer physical function¬ 
ing 1 year postinjury. 114 


INJURY PREVENTION 

Public health experts recommend that injury prevention 
efforts focus on injuries that are common, severe, and readily 
preventable. Examples include mechanisms likely to result in 
head or spinal cord injuries, where there is a high mortality or 
hospitalization rate and a long-term disability rate and effec- 
tive countermeasures exist. The Emergency Medical Services 
for Children (EMSC) program emphasizes a step-by-step 
approach to injury prevention by establishing goals and objec¬ 
tives with measurable outcomes (Table 27.6). 115 


Physicians have been cited as the parent’s first choice for 
information on injury control and child safety, but most 
physicians know little about injury prevention. 116 Major 
educational programs must be aimed at all caregivers to have 
a significant impact on pediatric trauma mortality rates. 

Methods aimed at reducing childhood injury can be 
described as active or passive. The most successful prevention 
strategies are those that work automatically (i.e., are passive). 
Making roadways and vehicles safer has done more to 
decrease injuries from motor vehicle crashes than asking dri¬ 
vers to adhere to the speed limit or refrain from drinking alco¬ 
hol before driving. Active intervention requires a behavioral 
change to be effective, such as securing a child in a safety seat. 
Recent studies emphasize specific patterns of injury in pedi¬ 
atric car crash victims, advocate continued public education 
for positioning children in the back seat of cars, and advocate 
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TABLE 27.6 PREVENTION 


NATIONAL EMSC PROGRAM APPROACH TO 
INJURY PREVENTION 

1. Conduct a community assessment. Bring individuals and 
groups who represent the community at large together to 
assess regional accomplishments and determine available 
resources. 

2. Define the injury problem. Based on the community 
assessment and any available data, define a problem in 
specific, quantifiable terms. 

3. Set goals and objectives. Make your goal a broad, general 
statement about the long-term changes the prevention 
initiatives are designed to make and the objective(s) 
specific, time limited, and quantifiable, in terms of either a 
process or an outcome. 

4. Plan and test interventions. Interventions are the actions 
that you take to accomplish your goals and objectives. Use 
the E’s of prevention to design options: 

Engineering of products and environments 
Enactment of legislation to promote safety 
Education of children, caregivers, healthcare 
professionals, and legislators 
Evaluation of the efficacy of specific interventions 

5. Implement and evaluate interventions. Quantitate your 
results to determine whether your goals and objectives 
have been met. 


After EMS for Children. Preventing childhood emergencies: a guide 
to developing effective injury prevention initiatives. Available at: 
http://www.childrensnational.org/EMSC/PublicRes/DownloadDocs.aspx. 
Accessed Feb 14, 2010. 


for use of appropriate restraint systems (and appropriate use 
of restraint systems) for young children. 117-120 

Successful injury prevention programs have resulted in a 
significant reduction in the number of burn injuries in chil¬ 
dren, specifically with the development of fire-retardant sleep- 
wear and working smoke detectors. There has been less suc¬ 
cess in reducing injuries to pediatric pedestrians: risk factors 
for pedestrian injuries in children include an age of 5 to 9 years, 
male sex, poverty, household crowding, inadequate parental 
supervision, family stress, and minority race or ethnic group. 1 2 3 4 5 6 7 8 9 10 
Environmental contributions include living on streets with high 
traffic, lack of pedestrian-control devices, absence of alterna¬ 
tives to the street for play, and a high density of curbside park¬ 
ing. Successful environmental modifications, termed traffic 
calming, have been pioneered in Europe and include diversion of 
high-speed traffic away from the core of the city and residential 
areas and decreasing the speed limit to 10 to 20 mph. These 
changes reduce the risk of injury for all pedestrians, but 
especially for children. Bicycle helmets are effective in reducing 
the risk of head injuries by 85% and the risk of brain injuries 
by 88%, and legislation mandating their use coupled with 
public awareness translates into a decrease in injury rate. 121 
There is evidence that educating pediatricians improves the use 
of car seats for children. Although the rate of use of car seats 
for newborns and infants is approximately 75%, their use in 
toddlers is estimated at only 29%, and more than half of car 
seats for children are not used correctly. In the child over 4 
years or 40 pounds, there is ample evidence that booster seats 
should be used rather than adult-type restraints. More states 
now have legislation aimed at this high-risk population. 

In the United States, all-terrain vehicle (ATV) crashes 
account for a rising number of neurologic injuries and deaths 
in all ages, including children. The injury and death rate sub¬ 
stantially increased beginning in 1998 when the 1988 Consent 


Decrees between the Consumer Product Safety Commission 
and the ATV industry expired. This agreement included regu¬ 
lations that restricted operators younger than 16 years, halted 
the sale of three-wheeled vehicles, and included a mandatory 
educational safety training module and safety warnings. 122 
Although helmets may reduce the risk of head injuries, many 
states do not have helmet laws, and juvenile passengers not 
only frequently drive ATVs but also do not wear helmets. 123 At 
least one study of pediatric ATV injuries found no advantage 
to wearing a helmet. 124 

A substantial proportion of motor vehicle crashes are alco¬ 
hol related, and alcohol-related crashes are a serious problem 
even for the youngest drivers. Drivers under 21 years are more 
likely than older drivers to be involved in fatal crashes, and 
their added risk for fatal crash involvement increases more 
sharply at all levels of alcohol use. 125 This group has been the 
target of several interventions to reduce alcohol-impaired driving. 
These interventions include “zero tolerance” blood alcohol 
concentration (BAC) standards for drivers under the legal 
drinking age; graduated driver licensing programs that require 
new drivers to progress through stages and allow them 
increased driving privileges as they gain experience; and the 
1984 Uniform Drinking Age Act, which required states to 
adopt a minimum legal drinking age of 21 years. Collectively, 
these and other targeted interventions have contributed to a 
decrease in alcohol-related fatal crashes across all age groups 
during 1982 to 2001, with the largest decrease among drivers 
under 21 years. 125,126 

Preventing penetrating trauma is more complicated but still 
can be done effectively. Laws that make gun owners responsi¬ 
ble for storing firearms in a manner that makes them inacces¬ 
sible to children have resulted in a 23% reduction in uninten¬ 
tional shooting deaths among children where they are in 
effect. 127 An injury prevention program in Harlem that 
included improving environmental safety, supporting commu¬ 
nity development, providing safe and supervised activities for 
children and adolescents, and providing effective health edu¬ 
cation resulted in a 50% reduction in assault and gun injuries 
in the intervention community, compared with increased 
injuries in a neighboring community. 128 Thus, there is hope for 
curbing the epidemic of pediatric injuries, but it will require a 
combination of legislative efforts, education of all child care 
providers, enforcement of existing safety laws, and use of 
widespread, community-based prevention programs using 
methods that have proved effective. Comprehensive injury 
data will allow us to direct our efforts into programs that tar¬ 
get serious, common injuries with practical interventions. 
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CHAPTER 28 ■ GERIATRIC TRAUMA AND 

END-OF-LIFE DECISIONS 

WILLIAM P. SCHECTER 


KEY POINTS 


Q Age older than 65 years significantly increases the risk of 
death after injury. 

Q The Injury Severity Score is the most significant variable 
increasing the risk of death in the elderly. 

Q Elderly patients taking warfarin have a significantly 
increased risk of death after head injury. 

Q The most common cause of injury in the elderly is a fall. 


Q Elderly trauma victims are often undertriaged despite the 
increased risk of death and disability associated with 
advanced age. 

Q Long-term survival after cardiopulmonary resuscitation in 
the elderly is unusual. 

Q Withholding or withdrawing life support is the most com¬ 
mon event preceding death in the intensive care unit. 

Q Decisions to limit critical care must be made in the best 
interests of the individual patient. 


The elderly represent the most rapidly growing sector of our 
population. 1 Twenty percent of the population of the United 
States will be 65 years of age or older by the year 2030. Forty 
percent of all trauma patients will be 65 years or older by the 
year 2050 if current estimates are correct. 2 Unintentional 
injury is the ninth leading cause of death for the population 
aged 65 and older. 1 Both the dramatic demographic shift in 
favor of the elderly and the importance of injury as a cause of 
morbidity and mortality mandate a careful consideration of 
geriatric trauma, intensive care, and end-of-life decisions. 


DEFINITION OF 
GERIATRIC TRAUMA 


Geriatric trauma is usually defined as injury to individuals 
aged 65 years and older. However, the mortality rate from 
moderate injury (Injury Severity Score [ISSj 9 to 24) is already 
increased at age 45. 3 


PREDICTORS OF MORBIDITY 
AND MORTALITY 


Age, the presence of comorbidities, mortality after injury, and 
injury severity all affect the risk of morbidity. Older patients 
are more likely on chronic drug treatment prior to injury and to 
have chronic medical conditions limiting physiologic reserve. 
Although elderly patients tend to sustain more severe injuries, 4 
they have almost twice the mortality rate compared with 
younger patients when stratified for ISS and preexisting med- 
Q ical conditions. 5 Trauma patients older than age 65 are 4.6 
times more likely to die than younger patients (p <0.001) after 
controlling for ISS and preexisting medical conditions. 6 The 
risk of death after injury in the presence of both cardiovascular 
disease and diabetes is greater in patients over age 65 compared 
with younger patients with the same diseases. 6 Functional 
recovery is also impaired. Elderly survivors of trauma are more 
likely to lose the ability to walk and transfer independently. 
The risk is even greater for patients older than age 80. 7 


Comorbidities 


Comorbidities are more common in the elderly population and 
are associated with an increased risk of death following injury. 
Eighty percent of patients over age 65 have at least one comor¬ 
bidity and 5% have at least two. 1 The increased relative risk of 
death with cirrhosis is 4.5, coagulopathy 3.2, chronic heart 
disease 1.8, chronic obstructive pulmonary disease 1.8, and 
diabetes 1.2. 8 In addition, renal disease and malignancy 
increase the risk of death following injury. 9,10 


Injury Severity 

The average ISS of patients over age 75 is 18, compared with 
an average ISS of 11 to 12 in younger patients. 4 Forty-eight 
percent of patients with an ISS greater than 25 died in a study 
of 852 trauma patients older than 65. The ISS was the most 
significant variable correlated with the risk of death. Other 
variables associated with a mortality rate greater than 80% 
were hypoventilation, hypotension, and a Glasgow Coma 
Scale Score (GCS) of 3. 11 


REASONS FOR INCREASED 
MORBIDITY AND MORTALITY 
IN GERIATRIC PATIENTS 


Decreased Physiologic Reserve 

The cardiac index decreases 1 % per year and systemic vascu¬ 
lar resistance increases 1% per year. Both the response to 
adrenergic stimulation and the maximal heart rate are 
reduced with age. 12 As a result, trauma patients over age 65 
have a significantly lower cardiac index, oxygen delivery, and 
oxygen consumption than younger patients. 13 Hypoperfusion 
causing prolonged acidosis leads to a higher mortality rate 
in trauma patients over age 55 compared with younger 
patients. 14 
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Effect of Beta-Blockers 


Twenty percent of elderly patients with coronary artery dis¬ 
ease and 10% with hypertension take beta-blockers, 15 which 
inhibit their ability to respond to hypovolemia with tachycar¬ 
dia. Geriatric trauma patients often may not fulfill hemody¬ 
namic criteria for trauma team activation despite significant 
injury. 16 Preinjury beta blockade is associated with an 
increased risk of death. 17 


Effect of Anticoagulation 

Warfarin is an important drug in the management of a number 
of chronic medical conditions common in geriatric patients 
including atrial fibrillation, deep vein thrombosis, and the 
presence of a prosthetic heart valve. The risk of spontaneous 
intracranial hemorrhage for patients taking oral anticoagula¬ 
tion is 1%. 18 

All elderly patients on warfarin require careful evaluation 
after injury. A retrospective study of 144 geriatric patients on 
warfarin with a history of mild head trauma demonstrated 
clinically significant intracranial injury in 7% of the patients. 19 

The mortality rate for 25 elderly head injury patients on 
warfarin with an average international normalized ratio (INR) 
of 3.2 ± 0.1 was 48%. 20 Patients on warfarin with a 
supratherapeutic INR (6.5) and severe brain injury (GCS <8) 
had an even worse outcome, with a mortality rate of 87.8%. 
Even patients with “minor” brain injury (GCS 13 to 15) who 
present with an elevated INR (4.4) have a mortality rate of 
80.6% caused by continued intracranial hemorrhage after pre¬ 
sentation to the hospital. 21 

Rapid correction of an elevated INR is essential after 
trauma. Correction of an elevated INR with fresh frozen 
plasma (FFP) and vitamin K within 2 hours reduced the mor¬ 
tality rate from 48% to 10% in patients on warfarin with 
intracranial hemorrhage and a GCS less than or equal to 
M. 22 ’ 23 However, if rapid correction of the INR is required in 
an emergency, prothrombin complex concentrates (PCCs) are 
recommended. 24 Factor Vila is also effective in reversing the 
anticoagulation effects of warfarin in patients with intracra¬ 
nial hemorrhage. 25 

Elderly patients taking aspirin or clopidogrel appear to be 
at increased risk for death after head injury. Although one 
study showed no difference in the frequency of intracranial 
hemorrhage in patients with or without low-dose aspirin, 26 
two other studies showed a significantly increased mortality 
rate for patients taking antiplatelet drugs compared to con¬ 
trols. 20,27 The effect of platelet transfusions on the mortality 
rate is unclear. 27,28 


MECHANISM OF INJURY 

The most common mechanism of injury in the elderly is falls, 29 
followed by motor vehicle collisions and pedestrian/vehicle 
accidents. These injuries result in significant morbidity, mor¬ 
tality, and cost. 30,31 The mortality rate for elderly patients after 
pedestrian/vehicle accidents is higher than in any other age 
group. 31 


INJURY PREVENTION IN THE 
GERIATRIC POPULATION 


The known physiologic, anatomic, metabolic, and neurologic 
changes associated with aging offer opportunities for interven¬ 
tion to reduce the risk of injury. Primary care providers and 
family members have an important role in identifying and 


modifying risk factors associated with injury. Patients taking 
multiple medications, particularly sedatives and hypnotics, are 
at increased risk for falls. 32 A careful review and appropriate 
reduction of unnecessary polypharmacy can reduce the risk of 
hemodynamic and neurologic side effects that predispose to 
injury. Periodic screening of geriatric patients for postural 
hypotension, 33 gait and station abnormalities, 34,35 visual acu¬ 
ity, 36 and cognitive deficits 37 can identify patients prone to fall. 

Interventions such as medication change, external compres¬ 
sion stockings, and education of caregivers can reduce the risk 
of postural hypotension. 38 An organized program of strength¬ 
ening and coordination exercises can improve strength and 
balance. 39 Modification of environmental factors such as 
improved lighting; removing obtrusive furniture, slippery 
floors, and floor coverings; and provision of grab rails and 
raised toilet seats in washrooms and other high-risk areas are 
potential interventions that can reduce the risk of falling. 40 
Other important injury prevention measures include automo¬ 
bile seat belts, bicycle helmets, smoke detectors, and hot water 
heaters limited to less than 48.8°C (120°F). 32 


AGE AS A CRITERION FOR 
TRAUMA CENTER TRIAGE 


Age is an important criterion for trauma center triage for all of 
the reasons cited previously. Yet, available evidence indicates 
that elderly trauma victims are undertriaged. 41 Significantly 
fewer elderly compared with younger patients with appropri¬ 
ate triage criteria were transported to trauma centers in a 
study of trauma victims in Maryland. 42 

The reasons for undertriage of geriatric trauma patients are 
not known. One possible cause is late presentation of physical 
findings associated with hypovolemia. 16 Undertriage of geri¬ 
atric trauma patients is a serious problem because treatment of 
these patients in a trauma center results in a significantly lower 
mortality rate. 43 


Head Injury 

The initial presentation of intracranial hemorrhage in geriatric 
patients may be subtle if preexisting cerebral atrophy or 
impaired intellectual function is present. 29 Subdural hematoma 
is relatively common because of the fragile bridging veins and 
increased distance between the dura and brain. Epidural 
hematoma is less common because of increased dural adher¬ 
ence to the cranium with advancing age. 29 

The mortality rate and functional recovery after head 
injury are much worse in geriatric as compared to younger 
patients. 44 The effect of age as an independent predictor of 
death begins at age 45. 44 The odds of death, persistent vegeta¬ 
tive state, or other severe disability increase by 50% with each 
decade increase in age. 45 Geriatric trauma patients who pre¬ 
sent with a GCS less than 8 and an intracranial space-occupying 
lesion have such a high mortality rate and such a low func¬ 
tional recovery rate 46,47 that some investigators have suggested 
withdrawal of aggressive support after 72 hours in the absence 
of significant improvement. 12 The adverse effect of chronic 
anticoagulation therapy on outcome after head injury was dis¬ 
cussed earlier. 


Splenic Injury 

Although nonoperative management of hemodynamically sta¬ 
ble patients with splenic injury is now standard care, 48 this 
approach must be used with caution in geriatric patients 
because of decreased physiologic reserve in the event of sudden 
hemorrhage. The success rate of nonoperative management of 
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splenic injury (approximately 80%) appears to be the same in 
patients younger and older than age 55. 49-53 However, the 
mortality rate was significantly higher in patients older than 
age 55 for both successful (8% vs. 4%, p <0.05) and unsuc¬ 
cessful (29% vs. 12%, p = 0.54) nonoperative management. 
Nonoperative management of splenic injury was overall less 
successful for elderly patients with higher-grade splenic injuries 
compared with younger patients. 54 


Skeletal Injury 

Rib Fractures. Rib fractures are serious injuries in elderly 
patients and are associated with significant morbidity and 
mortality rates. The risk of pneumonia after isolated thoracic 
trauma in geriatric patients is three times the risk in younger 
patients. 55,56 The mortality rate associated with one to two rib 
fractures is 12% but is approximately 40% if more than six 
rib fractures are present. 57 

Chest-wall analgesia and pulmonary toilet are important in 
the management of rib fractures. 58 Parenteral opiates should be 
used with caution because of the risk of respiratory depression. 
Intercostal nerve blockade with local anesthetics effectively 
controls chest-wall pain, but unfortunately the duration of 
anesthesia is limited. 59 Epidural analgesia is probably the most 
effective method of pain control after rib fracture 60 and may be 
associated with a reduction in mortality rate. 56 Elderly patients 
with rib fractures should be admitted to the hospital, be moni¬ 
tored carefully, and receive chest-wall analgesia. 

Hip Fractures. Hip fractures are common in elderly osteo¬ 
porotic women. Patients with periarticular fractures often 
require primary prosthetic replacement to avoid the risks of 
delayed union or nonunion, loss of fixation, and osteonecro¬ 
sis. 61 Timely surgical intervention is critical. The risk of death 
doubles if surgical treatment of hip fracture is delayed for 
more than 2 days. 62 However, elderly hip fracture patients 
should receive careful evaluation and optimization of acute 
and chronic medical conditions during the first 24 hours after 
injury prior to surgery. 63 

Other Extremity Fractures. Geriatric patients are at 
increased risk for poor functional outcome regardless of the 
type of extremity fracture. 61 The timing of orthopaedic surgery 
depends on the nature and severity of associated injuries and 
the physiologic status of the patient. As a general principle, 
surgical correction of unstable extremity fractures should 
occur as soon as possible after resuscitation, treatment of life- 
threatening injuries, and optimization of comorbid conditions. 

Pelvic Fracture. Pelvic fracture is the most serious skeletal 
injury in the elderly, with a mortality rate approaching 81% 
for open pelvic fractures. Pelvic fracture patients older than 55 
are three times more likely to require blood transfusions and 
more likely to require angioembolization than younger 
patients. 64 The overall mortality rate for geriatric patients 
(12.3% to 21%) is significantly higher than for younger patients 
(2.3% to 6%). 64,65 


INTENSIVE CARE IN 
GERIATRIC TRAUMA 


A recent study of intensive care unit (ICU) resource utilization 
indicated that elderly trauma patients had a lower ICU admis¬ 
sion rate (36.7%) compared to younger patients (45.5%). The 
lower ICU admission may be due to the death of more geriatric 
trauma patients prior to ICU admission. Once admitted, 
geriatric trauma patients have a longer period of ICU stay 
compared to younger patients. 5 The risk of death increases 


with the number of complications, 66 many of which are pre¬ 
ventable. 67 

Thirty-nine percent of geriatric trauma patients develop 
nosocomial infections compared with 17% of younger patients 
(p <0.005). Nosocomial infections are associated with a mor¬ 
tality rate of 28% for patients older than age 65. Patients with 
preexisting chronic obstructive pulmonary disease are at par¬ 
ticular risk for nosocomial pneumonia. 68 Aggressive measures 
to prevent, diagnose, and treat nosocomial infections are 
essential to improve the outcome of geriatric intensive care 
patients. 12 

The most appropriate method of hemodynamic monitoring 
is unknown. Although pulmonary artery catheter (PAC) mon¬ 
itoring has been recommended for critically ill geriatric trauma 
patients, 12 the PAC is associated with an increased risk of 
death 69 and pulmonary embolism, 70 as well as complications 
related to insertion and nosocomial infection. 71 

Transthoracic echocardiography (TTE) and trans¬ 
esophageal echocardiography (TEE) permit minimally invasive 
assessment of cardiac anatomy, ventricular filling, wall motion, 
and ejection fraction. Unfortunately, TTE and TEE require 
extensive training for both the technical performance and inter¬ 
pretation of the examination and require multiple examina¬ 
tions at different points in time. 72-74 Anticipated improvements 
in technology offer the hope of efficacious noninvasive hemo¬ 
dynamic monitoring. 


OUTCOME FROM 
CARDIOPULMONARY 
RESUSCITATION IN THE ELDERLY 

Long-term survival following cardiopulmonary resuscitation 
(CPR) in the elderly is unusual. 75-77 Asystole 78 and failure to 
restore cardiac activity after 5 minutes of CPR 79 are variables 
associated with particularly poor outcome. Advance directives 
from patients help guide therapeutic discussions for geriatric 
patients after serious illness or injury. 


ADVANCE DIRECTIVES AND 
HEALTH CARE PROXIES 


Advance directives may be executed via a living will or health 
care proxy. 80 A living will is a legal document in which a com¬ 
petent person expresses preferences for care in the event of 
serious illness or injury precluding participation in therapeutic 
decisions. 81 Unfortunately, a living will can neither predict all 
potential health care scenarios nor predict a change in patient 
preferences due to changing circumstances. Trauma surgeons, 
who have usually not met the patient prior to injury, must at 
times be guided by a document written years previously with¬ 
out the benefit of a discussion with the patient. 

A health care proxy is an individual appointed by a compe¬ 
tent person to make proxy decisions in the event of incompe¬ 
tence due to serious illness or injury. Patients and the general 
public desire advance directives. 82,83 Lack of physician initia¬ 
tive in discussing advance directives with patients is the major 
impediment to advance directives. 82 


WITHHOLDING AND 
WITHDRAWING SUPPORT IN 
GERIATRIC TRAUMA PATIENTS 


Withholding or withdrawing life support is now the most 
common event preceding death in the ICU. 84 Reasons cited by 
health care providers for limiting ICU care include brain 
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death, futility, patient suffering, and anticipated poor quality 
of life. 85 

The concept of brain death was introduced by Beecher in 
1968 to respond to the challenges of the emerging fields of 
organ transplantation and intensive care. 86 Current diagnostic 
criteria include the presence of all of the following signs: (a) 
irreversible coma, (b) absent brainstem reflexes, and (c) apnea. 
These findings must be confirmed by serial examinations sepa¬ 
rated by 6 hours in adults over age 18. Confirmatory tests 
demonstrating absence of cerebral blood flow must be done if 
the diagnosis is in doubt. 87 

Futility is a word denoting continued intensive care with¬ 
out hope of survival. Unfortunately, uncertainty and disagree¬ 
ment regarding the futility of continued intensive care in an 
individual patient are common. Opinions regarding futility are 
influenced by the skill, experience, and professional background 
of the clinician as well as personal and cultural values. 88 While 
perceived patient suffering is a challenge for the ICU staff, 
withdrawal of support based solely on patient suffering is not 
indicated. 

Data on the quality of life of geriatric trauma survivors are 
sparse. The use of anticipated poor quality of life as a criterion 
to withdraw support is dangerous. Clinicians may substitute 
their own concept of acceptable quality of life for the patient’s. 
All trauma patients may struggle with the psychological, cos¬ 
metic, and functional sequelae of injury. 89,90 However, with¬ 
holding or withdrawing support based solely on anticipated 
poor quality of life is not indicated. 

Competition for the limited number of ICU beds is a daily 
occurrence. The appropriate allocation of this limited resource 
is a challenge for trauma surgeons. 91 Although social justice is 
a basic principle of medical ethics, 92 in the absence of a mass 
casualty event 93 the best interests of the individual patient 
must guide the clinician’s decisions. The medical profession 
must provide transparent outcome data to inform open public 
debate regarding appropriate resource allocation. The body 
politic must set the rules. The medical profession must provide 
the best possible care given the rules. 

Withholding and withdrawing intensive care for hopelessly 
ill geriatric trauma patients is a necessary part of clinical prac¬ 
tice. Unfortunately, advance directives or health care proxies 
are often absent. The challenge is to identify the patients who 
Q are hopelessly ill. Decisions to limit critical care should be 
made in the best interests of the patient based on the following 
principles 94 : 

1. Diagnostic precision: All patients deserve a precise diagno¬ 
sis and a search for treatable disease. All patients will be 
“hopelessly ill” if clinicians fail to diagnose a missed injury, 
drain pus under pressure, or resect dead tissue. 

2. Recognition of an uncertain prognosis: Clinicians must rec¬ 
ognize the uncertainty of their prognosis. All patients 
should be given every chance to improve before withdrawal 
of support if the prognosis is uncertain. 

3. A risk-benefit analysis: The primary responsibility is to the 
individual patient and the family. The patient’s interests are 
paramount. All decisions must be made in the patient’s best 
interest. 

4. Patient autonomy: The autonomy of all patients must be 
respected, both the competent and incompetent. Clinicians 
must not substitute their own concepts of quality of life for 
the patient’s. 

5. Due deliberation prior to decision: Clinicians should not 
rush to judgment. A careful consideration of all the issues is 
essential prior to making these critical decisions. 

6. Communication with the patient, family, and professional 
colleagues: Close communication with the patient, family, 
and friends is important. Communication utilizes a critical 
resource for busy clinicians—time. However, failure to 
spend a small amount of time each day with the patient and 
professional colleagues will result in the expenditure of 


huge amounts of time later on coping with the inevitable 
conflict and psychological distress caused by lack of com¬ 
munication. 

7. Cultural sensitivity: Framing the discussion in the cultural 
context of the patient and family is extremely helpful. If the 
clinician is unfamiliar with the culture, assistance from col¬ 
leagues with the appropriate cultural and linguistic skills 
can be very helpful in improving the quality of communica¬ 
tion. 

8. Consensus prior to the final decision: Consensus is 
absolutely essential prior to withdrawal of support. Dog¬ 
matism and unilateral action lead to hostility and legal 
action. Agreement among all parties can almost always be 
achieved with daily meetings. Allowing another few days to 
pass to achieve respectful consensus is a wise course. If con¬ 
sensus cannot be achieved, involvement of the hospital 
ethics committee may help resolve the conflict. If concerted 
efforts are made to achieve meaningful communication, 
failure to reach consensus should be a rare event. 


SUMMARY 


An increasing number of geriatric patients will require care as 
a result of injury. Physiologic changes due to aging and multi¬ 
ple comorbidities both increase the geriatric patient’s suscepti¬ 
bility and adversely affect the physiologic response to injury. 
Public and professional injury prevention education efforts 
have the potential to reduce the risk of injury in the elderly. 
Aggressive evaluation and treatment of the geriatric trauma 
patient are essential to minimize potentially preventable death 
and complications. In spite of all efforts, many desperately ill 
geriatric trauma patients require prolonged intensive care, pre¬ 
senting medical, rehabilitation, and ethical challenges to the 
trauma team. 
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CHAPTER 29 TRAUMA IN PREGNANCY 


AMY D. WYRZYKOWSKI AND GRACE S. ROZYCKI 


KEY POINTS 


Q Care of the injured pregnant patient brings the challenge 
of treating two patients, both with unique physiologic 
responses to the trauma. 

Q Anatomic and physiologic changes of pregnancy can alter 
the maternal response to injury. Knowledge of these 
changes should be kept in mind as the evaluation and 
resuscitation of the pregnant trauma patient proceeds. 

Q Priorities for the resuscitation of the injured pregnant patient 
are the same as for any other trauma patient. Patient care, 
however, is altered to accommodate the unique anatomic 
and physiologic characteristics of the gravid woman. 

Q Following injury, the fetus is highly susceptible to hypoxia 
and decreased perfusion. Hypoxia, hypovolemia, and acido¬ 
sis must be promptly treated and aggressively normalized. 

Q If fundal height is at the umbilicus, the fetus should be pre¬ 
sumed viable. 

Q A Kleihauer-Betke test should be performed in all Rh-negative 
pregnant women to determine if fetomaternal transfusion 
has occurred. 


Q Fetal evaluation includes fundal height measurement and 
recording heart tones, heart rate, and movement. Focused 
abdominal sonogram for trauma is an excellent noninva- 
sive, radiation-free method of evaluating the mother, 
uterus, and fetus. 

Q Trauma may require urgent transfusion, which should be 
type O, Rh-negative blood. 

Q Liberal but judicious use of radiographic studies is advised 
for the evaluation of the pregnant trauma patient. An 
imaging study deemed necessary should not be withheld 
for fear of potential hazard to the fetus. 

© Although the myometrium is relatively elastic, the pla¬ 
centa is not, predisposing it to shear forces at the utero¬ 
placental interface, which may lead to abruptio placen¬ 
tae. Abruptio placentae is the most common cause of 
fetal demise following trauma and may present as an 
occult process. 


^Although injured pregnant patients make up only approxi¬ 
mately 1% of all trauma admissions, 1-6 the magnitude of the 
problem is much greater because two patients are being cared 
for simultaneously. Studies have found that trauma is respon¬ 
sible for up to 46.3% of deaths in pregnant women. 7,8 In fact, 
the problem may be underestimated because gravid status may 
not be routinely recorded on death certificates. 9 

In several series, the rate of fetal death parallels the extent 
of maternal injury. 3,8,10 In others, fetal death rates have been 
reported to be three to four times greater than the maternal 
death rate, implying that the survival of the mother is not 
always sufficient to ensure fetal well-being. 1,2,5,11 Although 
most trauma involving pregnant patients occurs during the 
second or third trimester, some reports of domestic abuse 
show that this occurs most frequently before 18 weeks’ gesta¬ 
tion and then diminishes between 20 and 30 weeks’ gesta¬ 
tion. 1,9,11-13 Motor vehicle crashes occur with equal frequency 
throughout the gestational period and are the leading cause of 
fetal death secondary to maternal trauma. 13-15 An understand¬ 
ing of the anatomic and physiologic changes unique to preg¬ 
nancy as well as of the principles of resuscitation and treat¬ 
ment after trauma are important to provide the best care for 
both the injured mother and her unborn child. 


ANATOMY AND PHYSIOLOGY 
UNIQUE TO THE 

_ GRAVID PATIENT _ 

Q Anatomic and physiologic changes of pregnancy can alter the 
maternal response to injury (Table 29.1). Knowledge of these 
changes should be kept in mind as the evaluation and resusci¬ 
tation of the pregnant trauma patient proceed. 


Anatomic Changes 

By the 12th week of gestation, the gravid uterus is considered 
an intra-abdominal organ. Important marks for estimating 
gestational age include the umbilicus (20 weeks’ gestation) and 
the costal margins (34 to 36 weeks’ gestation). During the final 
2 weeks of normal gestation, the fetal head descends into the 
pelvis, placing the fetus at risk for skull fractures or traumatic 
brain injuries with maternal pelvic fractures. With increasing 
gestational age, the uterus becomes relatively thin (1.5 cm at 
term) and the amount of amniotic fluid decreases. 16 As a 
result, with advancing gestational age, the fetus is more 
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1 TABLE 29.1 


MANAGEMENT 1 

PHYSIOLOGIC ALTERATIONS IN PREGNANCY 


■ SYSTEM 

■ CHANGE 

■ IMPLICATION 

Neurologic 

Eclampsia may mimic traumatic brain injury 
(headache, seizures, hypertension) 

Exclude traumatic brain injury (head computed 
tomography scan) 

May mask shock 

Cardiovascular 

Cardiac output increased by 1.0-1.5 L/min 

Heart rate t 10-15 bpm 

Blood pressure i 5-15 mm Hg in second trimester 
but returns to normal in third trimester 

Plasma volume increase by 50% 

Vena cava compression 

Delayed signs of shock 

Supine hypotension syndrome 

Respiratory 

Residual lung volume decreased 

Chronic respiratory alkalosis 

Decreased buffering capacity 

Gastrointestinal 

Decreased gastrointestinal motility 

Increased propensity toward aspiration and vomiting 

Genitourinary 

Dilatation of renal system 

Physiologic hydronephrosis and urinary stasis 

Laboratory values 

Increased white blood cell count 

Decreased hematocrit 

Increased fibrinogen and factors VII, VIII, X, and XII 

Difficulty interpreting clinical picture regarding 
hemorrhage 

Hypercoagulable stage 


vulnerable to injury, especially when the mother receives a 
direct blow to the abdomen. Although the myometrium is rel¬ 
atively elastic, the placenta is not, predisposing it to shear 
forces at the uteroplacental interface, which may lead to 
abruptio placentae (Fig. 29.1). 


Cardiovascular 


Maternal blood volume (plasma and erythrocytes) begins to 
increase during the first trimester but expands most rapidly 



FIGURE 29.1. Placental abruption. Computed tomography scan 
demonstrating placental abruption. The arrow points to an area of 
active extravasation of contrast consistent with ongoing hemorrhage. 
(Reprinted with permission from Jeffrey M. Nicholas, MD, FACS.) 


during the second trimester, reaching approximately 45% (6.5 
to 8 L) above nonpregnant levels. 17-19 The increase in plasma 
volume is proportionally greater than the enlarged erythrocyte 
volume and results in the physiologic anemia of pregnancy. 
Near term, the plasma volume continues to expand, but the red 
cell mass begins to increase, resulting in a near-normal hemat¬ 
ocrit. Pregnancy-induced hypervolemia supplies the extraordi¬ 
nary demands of the enlarged uterus, allows for fewer red 
blood cells to be lost during parturition, minimizes the loss of 
oxygen-carrying capacity associated with hemoglobin, and 
protects the mother from the hypotensive effects of impaired 
venous return. 20 This physiologic hypervolemia masks volume 
loss after trauma and may give the clinician an unfounded 
sense of security about the patient’s hemodynamic stability. 
Almost 35% of the mother’s blood volume may be lost before 
maternal signs of shock are noted. 21 Placental vasculature is 
dilated at baseline, but exquisitely sensitive to catecholamines. 
Maternal hypovolemia and the presence of circulating cate¬ 
cholamines may result in increased uterine vascular resistance, 
diminished placental blood flow, and diminished fetal oxy¬ 
genation even with normal maternal vital signs. 22 In fact, 
fetal distress may be the first manifestation of maternal 
hypovolemia. 23 

As pregnancy progresses, cardiac output increases up to 
50% above normal until the 24th week of gestation, after which 
it plateaus. This increase in cardiac output is a result of a mod¬ 
est rise in heart rate and stroke volume related to the expanded 
blood volume and the direct inotropic effect of estrogen. 24 

If the pregnant patient is in the supine position, the inferior 
vena cava is partially obstructed by the gravid uterus. This 
decreases venous blood return to the heart, lowers cardiac 
output, and results in supine hypotension. Turning the preg¬ 
nant patient onto her left side improves venous return and 
increases cardiac output by approximately 30%. 25 

Overall, cardiac work is increased with pregnancy because 
of the volume load and estrogen effect, despite a decrease in 
systemic vascular resistance mediated by prostaglandin, pro¬ 
gestin, intracellular calcium flux, and endothelial-derived fac¬ 
tors. 26 Early in pregnancy, the blood pressure, especially the 
diastolic level, decreases but then slowly returns to normal by 
term. Mean normal values for the first trimester are 105 mm Hg 
systolic and 60 mm Hg diastolic; for the second trimester, 102 
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and 55 mm Hg, respectively; and for the third trimester, 108 
and 67 mm Hg, respectively. Significant elevation above these 
levels may indicate pregnancy-induced hypertension. 27 

Finally, the enlarged uterus causes the heart to be displaced 
upward and to the left. This change, along with the common 
development of a serous pericardial effusion, 28 results in an 
enlarged cardiac silhouette and increased pulmonary vascular 
markings on the chest radiograph. 29 


Pulmonary 

The thoracic cavity undergoes significant reconfiguration dur¬ 
ing pregnancy. The subcostal angle increases and the chest cir¬ 
cumference expands 5 to 7 cm. As the uterus enlarges, the level 
of the diaphragm rises approximately 4 cm. The rise of the 
diaphragm decreases the volume of the lungs at rest, reducing 
both total lung capacity and functional residual capacity. At 
the same time, there is a 5% to 10% increase in inspiratory 
capacity. The net result of these changes is that pregnancy is a 
state of chronic hyperventilation with a 30% to 40% increase 
in minute ventilation inducing a chronic respiratory alkalosis. 
The maternal alkalosis facilitates the transfer of fetal C0 2 to 
the maternal circulation. Acidosis in the pregnant patient sig¬ 
nificantly compromises fetal-maternal gas exchange and must 
be avoided. 30 


Gastrointestinal 


As pregnancy progresses, the enlarged uterus stretches the 
abdominal wall and compresses the viscera. This results in a 
diminished response to peritoneal irritation and altered or 
referred pain perception, diminishing the accuracy of the clin¬ 
ical exam. Progesterone diminishes the tone of the lower 
esophageal sphincter and decreases both gastric tone and 
motility. As a result, the pregnant patient is at significant risk 
for aspiration. 


Renal 


Throughout pregnancy, the renal collecting system enlarges to 
meet the demands of the increased blood volume and urine 
formation. The renal pelvis and ureter dilate early in the first 
trimester, resulting in a mild hydronephrosis and hydroureter. 31 
Urinary stasis in the collecting system predisposes the pregnant 
woman to pyelonephritis. In the first trimester, the renal blood 
flow and the glomerular filtration rate increase by up to 50%; 
consequently, the levels of creatinine and blood urea nitrogen 
(BUN) decrease. 32 The clinical significance is that normal or 
slightly elevated levels of creatinine or BUN may signify renal 
dysfunction. 


Musculoskeletal 


The relaxation of the interosseous ligaments during pregnancy 
causes increased mobility of the sacroiliac and sacrococcygeal 
joints and widening of the symphysis pubis. These changes, 
coupled with an enlarged uterus, result in lordosis, disrupt the 
maternal center of gravity, and increase the risk for falls. 


Laboratory Values 

The peripheral blood leukocyte count increases to approxi¬ 
mately 12,000 cells/mL during gestation and may be as high 
as 25,000 cells/mL during labor. 33 The platelet count may 


appear falsely low because of dilution from increases in 
plasma volume. Fibrinogen (factor I) and factors VII, VIII, IX, 
and X are increased considerably during pregnancy, but pro¬ 
thrombin (factor II) is increased only slightly. Although there 
is a slight decrease in the protein S level and its activity, 34 lev¬ 
els of antithrombin III and protein C show no significant 
change during pregnancy. The level of plasminogen (profibri- 
nolysin) in plasma increases significantly, most likely induced 
by estrogen. 


INITIAL ASSESSMENT 
AND MANAGEMENT 

@ Priorities for the resuscitation of the injured pregnant patient 
are the same as for any other trauma patient. Patient care, 
however, is altered to accommodate the unique anatomic and 
physiologic characteristics of the gravid woman. 35 

The best therapy for the unborn child is expedient mater¬ 
nal resuscitation. An adequate airway with supplemental 
Q oxygenation is essential to prevent fetal hypoxemia. Because 
fetal blood functions on a different oxyhemoglobin dissocia¬ 
tion curve, small positive increments in maternal oxygen con¬ 
centration improve oxygen content and physiologic reserve 
for the fetus, even if maternal arterial oxygen content does 
not change appreciably. Maternal hemorrhagic shock, with 
its resultant release of catecholamines, causes uterine artery 
vasoconstriction, reducing uterine perfusion and compromis¬ 
ing fetal viability. Hence, vigorous crystalloid resuscitation is 
encouraged, even for patients who appear normotensive. In 
late pregnancy, compromised cardiac output and blood pres¬ 
sure secondary to vena cava compression can be relieved by 
placing the patient in the left lateral decubitus or right hip- 
flexed position. A nasogastric tube should be inserted 
because of the pregnant patient’s increased propensity 
toward vomiting and aspiration. Urinary volume per hour 
should be monitored to provide some indication of perfusion 
status. A focused abdominal ultrasound examination should 
be performed to look for intraperitoneal hemorrhage in the 
mother. Goodwin et al. found that ultrasound in the preg¬ 
nant trauma patient detects intraperitoneal fluid with a sensi¬ 
tivity, specificity, and accuracy similar to that of nonpregnant 
patients. 36 


History and Physical Examination 

The secondary survey consists of a thorough history (including 
obstetric history), physical examination, and fetal monitoring 
if indicated by gestational age. 37 Maternal prenatal history is 
crucial and may alter management decisions if medical prob¬ 
lems such as preeclampsia, diabetes, essential hypertension, or 
congenital heart disease are present. Obstetric history includes 
the date of the last menstrual period, the expected date of con¬ 
finement, the perception of fetal movement, and the status of 
the current and previous pregnancies. If the mother is unable 
to provide the gestational age, it can be estimated from the 
Q fundal height. Fundal height at the umbilicus represents 
approximately 20 weeks’ gestation and the fetus should be 
considered viable unless an obstetrician determines otherwise. 
Pelvic and rectal examinations are performed with special 
attention to vaginal discharge (amniotic fluid or blood), efface- 
ment, dilation, and fetal station. 38 Vaginal bleeding is always 
abnormal and may be a sign of labor, placental abruption, pla¬ 
centa previa, or uterine rupture. 39,40 

Fetomaternal hemorrhage occurs in 20% of injured preg¬ 
nant patients. The Kleihauer-Betke (KB) test detects fetal cells 
in the maternal circulation, indicating fetomaternal hemor¬ 
rhage, and should be obtained in all Rh-negative pregnant 
women. If an Rh-negative woman has a positive KB test, she 
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should receive Rh immunoglobin. The initial dose is 300 fig 
followed by an additional 300 fig for each 30 mL of estimated 
fetomaternal transfusion. 41,42 


Fetal Assessment and Monitoring 

Q Fetal evaluation consists of uterine assessment, fundal height 
measurement, and recording of heart tones, heart rate, and 
movement. Uterine tenderness and contraction may be related 
to abruptio placentae, which can occur in the absence of vagi¬ 
nal bleeding. Continuous fetal monitoring is the best predic¬ 
tor of a healthy or distressed fetus. Normal fetal heart rate is 
120 to 160 beats per minute; both fetal tachycardia and 
bradycardia may indicate fetal distress. There is still no con¬ 
sensus on the indications for fetal monitoring in trauma 
patients. A guideline for patients with major injuries, includ¬ 
ing shock, is to provide continuous fetal monitoring for at 
least 24 hours. 43 


DIAGNOSTIC MODALITIES 


o 


o 


After patient stabilization, several diagnostic modalities are 
used to define the extent and type of injury for the mother and 
fetus. Initially, laboratory studies are obtained. If blood is 
urgently needed, type O, Rh-negative blood is chosen. Evalua¬ 
tion of the abdomen may be performed by ultrasound, com¬ 
puted tomography (CT) scan, or diagnostic peritoneal 
lavage. 44 Reliance on ultrasound to evaluate both the mother 
and the fetus obviates the need to perform a CT scan in some 
cases and can provide valuable information on fetal motion, 
heart tones, location, and placement. If diagnostic peritoneal 
lavage is elected, the open, supraumbilical technique is recom¬ 
mended. 

Liberal but judicious use of radiographic studies is 
advised for the evaluation of the pregnant trauma patient. An 
imaging study deemed necessary should not be withheld for 
fear of potential hazard to the fetus. Factors contributing to 
the sequelae of prenatal exposure to ionizing radiation are 
the stage of development, the exposure time, the dose deliv¬ 
ered, and the dose absorbed. The absorbed radiation dose 
varies according to many factors, including instrument 
model, desired image quality, and distance from the radioac¬ 
tive source. The roentgen (R) is the unit of exposure, and the 
centigray (cGy) or rad is the unit of absorbed dose. Approx¬ 
imate absorbed fetal doses for radiographic tests are pre¬ 
sented in Table 29.2. There is no medical justification for ter¬ 
minating pregnancy in women exposed to 5 cGy or less. 45 A 
0.1% increase in the rate of spontaneous abortion during 
the first 2 weeks of development follows a dose of 10 cGy, 
and there is a 1 % increase in congenital abnormalities at the 
same dose. 46 Another concern is the potential for late neo¬ 
plasia development. The risks for radiation-induced cancer 
after in utero exposure during the second and third trimesters 
are estimated to be 1 in 15,000 children if exposed to 1 mGy 
x-radiation. 47 If the fetus receives 50 mGy, the risk is 
increased to 1 in approximately 300 children. Prudent judg¬ 
ment and foresight by the physician should ensure that spe¬ 
cific radiographic studies are ordered and accurately per¬ 
formed to avoid repetition. 


BLUNT TRAUMA 


Motor vehicle crashes remain the chief cause of blunt trauma 
in the pregnant patient. As pregnancy progresses, the uterus 
becomes more vulnerable, rising out of the protective bony 
pelvis, and it absorbs most of the impact of blunt abdominal 
trauma. These factors often result in direct fetal injury, usually 


ITABLE 29.2 

DIAGNOSIS | 

APPROXIMATE FETAL DOSES FROM COMMON 

DIAGNOSTIC PROCEDURES 

■ EXAMINATION 

■ MEAN ■ MAXIMUM 

EXPOSURE DOSE 
(mGy) (mGy) 

CONVENTIONAL X-RAY EXAMINATIONS 


Abdomen 

1.4 

4.2 

Chest 

<0.01 

<0.01 

Intravenous pyelogram 

1.7 

10 

Lumbar spine 

1.7 

10 

Pelvis 

1.1 

4 

Skull 

<0.01 

<0.01 

Thoracic spine 

<0.01 

<0.01 

FLUOROSCOPIC EXAMINATIONS 


Upper gastrointestinal 

1.1 

5.8 

Barium enema 

6.8 

24 

COMPUTED TOMOGRAPHY 


Abdomen 

8.0 

49 

Chest 

0.06 

0.96 

Head 

<0.005 

<0.005 

Lumbar spine 

2.4 

8.6 

Pelvis 

25 

79 

Adapted from Sharp C, Shrimpton JA, Bury RF. Diagnostic Medical 
Exposures. London: National Radiology Board; 1998. 


skull fracture or intracerebral hemorrhage. Pelvic fractures in 
the gravid patient may cause extensive maternal retroperi¬ 
toneal hemorrhage as a result of engorged pelvic veins. 

Uterine rupture is a catastrophic and fortunately rare com¬ 
plication of blunt abdominal trauma. The incidence is approx¬ 
imately 0.6%. 39 Fetal mortality approaches 100% and associ¬ 
ated maternal mortality is 10%. 22 

0 Abruptio placentae is the most common cause of fetal 
death after maternal injury. This carries a 30% to 70% rate of 
fetal death and a 1% maternal mortality rate. Over 50% pla¬ 
cental separation invariably results in fetal demise. 48 Abruptio 
placentae can occur in the absence of obvious abdominal 
injury, because maternal shock is a far greater stimulus for 
abruption than are the mechanical forces of trauma disrupting 
the placenta. 38 Abruptio placentae is more common in the 
presence of hypertension, diabetes mellitus, advanced age, 
multiparity, and maternal use of tobacco or cocaine. Abruptio 
placentae presents with vaginal bleeding (in 80% of cases), 
abdominal pain, disseminated intravascular coagulation due 
to thromboplastin release, and inexplicable maternal hypo¬ 
volemia. It invariably occurs within 48 hours after trauma, 
and pregnant patients who are at risk should be monitored 
accordingly. 

The pregnant patient with minor injury should be observed 
for several hours. Most patients with insignificant trauma do 
not require admission unless specific signs and symptoms, such 
as vaginal bleeding, abdominal cramps, or leakage of amniotic 
fluid, are present. In one series, only 1 of 11 patients had 
symptoms after minor trauma, and pregnancy outcome was 
successful. 6 Occult abruptio placentae has been reported after 
motor vehicle accidents in which the patient displayed only 
subtle clinical signs and symptoms. Because placental separa¬ 
tion can occur with rapid deceleration injuries, a three-point 
restraint system appropriately applied is recommended for 
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pregnant automobile passengers. 49-51 The mechanism of injury 
may provide invaluable information regarding potential 
injuries in even a healthy-appearing patient. At a minimum, a 
prompt and thorough maternal assessment, fetal assessment, 
and comprehensive search for injuries are necessary for evalu¬ 
ating the pregnant patient with minor trauma. 


PENETRATING TRAUMA 


The perinatal mortality rate from penetrating injury to the 
mother has been reported to range from 47% to 71%. 52 In 
general, pregnant women with gunshot wounds to the 
abdomen should undergo celiotomy. For those who sustain 
stab wounds to the abdomen, management is based on the 
likelihood of intra-abdominal injury. The abdominal examina¬ 
tion may be unreliable because of a diminished response to 
peritoneal irritation and altered or referred pain perception. If 
the clinical presentation is unclear (e.g., absence of peritonitis 
or evisceration), then a diagnostic peritoneal lavage performed 
with the open technique in the supraumbilical area may be 
diagnostic. 


OPERATIVE MANAGEMENT 


General anesthesia is preferred for the gravid patient with mul¬ 
tisystem injury. The risks of anesthesia are related to the phys¬ 
iologic changes that accompany pregnancy. For example, 
because aspiration is more likely, rapid-sequence induction 
with cricoid pressure is preferred. Both thiopental and etomi- 
date are good induction agents in pregnancy. As a general rule, 
ketamine should be avoided as it increases uterine tone and 
may decrease placental perfusion. Both depolarizing and non¬ 
depolarizing neuromuscular blocking agents cross the placenta. 
This must be remembered because if delivery is required, the 
infant will be hypotonic and apneic. Volatile agents should be 
used, if tolerated, as they relax the uterine smooth muscle and 
blunt the maternal catecholamine response, both of which 
improve uterine perfusion. 53 

The standard vertical midline incision is used for mater¬ 
nal celiotomy. Adequate visualization of viscera is manda¬ 
tory, and the pregnant uterus should not interfere with 
abdominal exploration or repair of an injury. If labor ensues, 
vaginal delivery is almost always encouraged. Even early in 
the postoperative period, vaginal delivery is still preferred 
and does not appear harmful to the mother or the neonate. 
Cesarean section prolongs the operative time and increases 
blood loss, generally by approximately 1 L. Indications for 
cesarean section during celiotomy for trauma are listed in 
Table 29.3. 

If fetal delivery is cesarean, the uterus is incised longitudi¬ 
nally. After the amniotic membranes are ruptured, the fetus is 
delivered, and the placenta is removed. The uterus is closed in 
a running-locking fashion using large, absorbable suture. 
Once the uterus is evacuated, postpartum hemostasis begins. 
In cases of uterine atony, bimanual compression of the uterus 
and the intravenous administration of oxytocin are begun. In 
addition, the surgeon should examine the uterus and cervix for 
any lacerations and ensure that the uterus is thoroughly evac¬ 
uated. Other measures to control severe hemorrhage include 
intravenous methyl ergonovine, or intramyometrial injection 
of 15-methyl prostaglandin F 2a . For the most part, massive 
hemorrhage associated with emergent cesarean section in the 
injured women is associated with a pelvic fracture. Packing of 
the pelvis or embolization of the internal iliac arteries may be 
needed as well. 

Successful outcome of a postmortem cesarean section 
depends on the duration of the gestation and the time interval 
between maternal death and delivery. Under optimal condi¬ 
tions, at 26 to 28 weeks’ gestation, the estimated fetal survival 


TABLE 29.3 TREATMENT 


INDICATIONS FOR CESAREAN SECTION DURING 
CELIOTOMY FOR TRAUMA 

■ Maternal shock, pregnancy near term 

■ Threat to life from exsanguination (injury or disseminated 
intravascular coagulation) 

■ Mechanical limitation of maternal treatment 

■ Risk of fetal distress exceeding risk of prematurity 

■ Unstable thoracolumbar spinal injury 


rate is approximately 50%. Therefore, postmortem cesarean 
section is justified if the estimated gestational age is at least 
approximately 26 to 28 weeks. If the time between maternal 
death and delivery is less than 5 minutes, the fetal prognosis is 
considered excellent. If the time since maternal death is pro¬ 
longed to approximately 20 minutes, fetal prognosis is poor. 
Uncertainty about maternal death time is not a contraindica¬ 
tion for this procedure. 54 


CRITICAL CARE MANAGEMENT 


Critical care management of the traumatized pregnant patient 
covers a wide range of topics. The basic principles of hemody¬ 
namic monitoring, adequate ventilatory support, nutrition, 
and careful assessment of volume status apply to the injured 
pregnant patient and are covered in more detail in other chap¬ 
ters. Knowledge of the disease processes that can arise in the 
pregnant patient within the first 24 hours after injury allows 
the physician to render high-quality critical care to the trau¬ 
matized patient and her unborn child. 55 

When administrating medication to the gravid patient, 
potential risk versus therapeutic benefit must be considered 
especially carefully. Prophylactic tetanus immunization should 
be given appropriately, with anti-D globulin for patients who 
are Rh negative and at risk for isoimmunization. Prophylactic 
antibiotics are administered if needed, but tetracycline and 
most sulfa drugs should be avoided. 


CARDIOPULMONARY 

RESUSCITATION 


The enlarged uterus compresses the vena cava, resulting in a 
25% decrease in cardiac output as a result of decreased venous 
return. To improve the effects of cardiopulmonary resuscitation 
(CPR), patients before 24 weeks’ gestation can be maintained 
in the supine position but with manual displacement of the 
uterus laterally. After 24 weeks’ gestation, a procedure table 
with a 30-degree left lateral tilt is helpful, although CPR is 
only 80% effective when performed with the patient in this 
position. Emergent cesarean section may be needed if the 
patient does not respond to CPR within approximately 5 min¬ 
utes. 56,57 Morris et al. found that if the fetus is viable (presence 
of fetal heart tones) and is at least 26 weeks’ gestation, emer¬ 
gent cesarean section is justified; they found that infants who 
met these criteria had a survival rate of 75%. 58 


TOXEMIA OF PREGNANCY OR 
PREECLAMPSIA (PREGNANCY- 
INDUCED HYPERTENSION) 

Any traumatized pregnant patient presenting with seizures or 
coma should have head injury excluded. Toxemia of pregnancy 
should also be included in the differential diagnosis. In the 
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severe state, eclampsia is manifested by hypertension, pul¬ 
monary edema, elevated liver function enzymes, proteinuria 
(i.e., HELLP syndrome), and seizure activity. The pathophysio¬ 
logic cause is vasospasm, which affects hepatic, renal, cerebral, 
and placental blood flow. Despite the presence of pulmonary 
edema, intravascular volume depletion is often present, and a 
fluid challenge may be appropriate. Rapid control of the hyper¬ 
tension is achieved with hydralazine. 59 However, elevated 
maternal oxygen consumption disrupts uterine vascular oxy¬ 
gen supply and maternal equilibrium, resulting in fetal distress. 
Smoother control of reduction in blood pressure and myocar¬ 
dial oxygen consumption is accomplished by achieving volume 
expansion before vasodilation. Inotropic support, in combina¬ 
tion with vasodilator treatment, maximizes oxygen delivery 
and affects afterload reduction. Magnesium sulfate has a slight 
hypotensive effect but does not decrease systemic vascular 
resistance. 


THROMBOEMBOLISM 


Pregnant patients are at increased risk of thromboembolism 
from all three components of the Virchow triad: stasis, intimal 
damage, and hypercoaguability. Increased venous capacitance, 
vena cava compression, and weight gain promote venous sta¬ 
sis. Labor and trauma cause intimal damage, and hyperco- 
aguability results from elevated levels of fibrinogen and intrin¬ 
sic coagulation factors with the gravid state. Advanced age 
and multiparity further increase these risks. No method of 
prophylaxis has been demonstrated to be both safe and uni¬ 
versally effective in preventing thromboembolism, either in the 
patient with multiple injuries or in the pregnant patient. In 
general, warfarin is avoided because it is associated with con¬ 
genital anomalies if given to the mother in the first trimester 
and has been shown to cause serious fetal bleeding when 
administered during the second and third trimesters. 60,61 If 
chemical venous thromboembolism prophylaxis is indicated in 
the pregnant patient, the American College of Chest Physi¬ 
cians currently recommends the use of low-molecular-weight 
heparin over unfractionated heparin. 62 


AMNIOTIC FLUID EMBOLISM 


Amniotic fluid embolism after trauma in pregnancy or parturi¬ 
tion is characterized by hypotension, hypoxemia, and coagu¬ 
lopathy. The diagnosis is often difficult, and an 80% mortality 
rate has been reported. Amniotic fluid debris enters the mater¬ 
nal venous circulation, causing sudden dyspnea and hypoten¬ 
sion. A mixed metabolic acidosis and respiratory alkalosis 
ensue. The chest radiograph shows characteristic pulmonary 
edema or an acute respiratory distress syndrome (ARDS) pat¬ 
tern. Hemodynamically, the patient has an elevated pul¬ 
monary capillary wedge pressure and a low systemic vascular 
resistance. Disseminated intravascular coagulation develops in 
approximately 30% of these patients. Although most cases of 
amniotic fluid embolism occur during labor, it has been 
reported to occur after abdominal trauma 63 and abruptio pla¬ 
centae. This diagnosis is established on clinical findings, and 
the treatment consists of supportive care (i.e., oxygenation, 
maximization of hemodynamic parameters, and correction of 
coagulopathy). 


INTERPERSONAL VIOLENCE 


Although motor vehicle crashes and falls are the most com¬ 
mon causes of trauma during pregnancy, reports indicate that 
4% to 17% of pregnant women are victims of interpersonal 
violence. 2-4 In fact, this number may be underestimated 
because population-based prevalence estimates are often 


unavailable, pregnancy is not consistently recorded on death 
certificates, 9 and, as with many abuse crimes, it is not fre¬ 
quently reported. 

Poole et al. reported that 64 (31.5%) of 203 injured preg¬ 
nant patients experienced interpersonal violence. 1 11 Of the eight 
fetal deaths in this series, three occurred 7 days after injury and 
five occurred in women with an Injury Severity Score of zero. 
These findings indicate that severe trauma to the fetus may 
occur without obvious injury to the mother, emphasizing the 
need for the physician to question the patient directly about 
abuse. Furthermore, physicians should be encouraged to take 
measures for early intervention, such as establishing a link with 
agencies that deal with battered women, so that physical pro¬ 
tection, emotional support, and information about legal rights 
are readily available. 


SUMMARY 


The pregnant trauma victim presents a unique challenge to the 
resuscitating physician. Two patients are being treated, and a 
high degree of expertise is needed to treat both. Initially, eval¬ 
uation should involve the cooperative efforts of the emergency 
physician, trauma surgeon, obstetrician, and obstetric nurse. If 
the pregnancy is near term or delivery is anticipated, a pedia¬ 
trician and pediatric surgeon should be consulted. The preg¬ 
nancy should not distract the surgeon from initiating basic 
resuscitation. Equally important, the injury should not con¬ 
found the obstetrician. The expertise of the obstetric nurse is 
useful in coordinating the overall care plan for the mother and 
her unborn child. Expedient, accurate resuscitation of the 
mother takes priority because the best chance for fetal survival 
is maternal survival. 
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CHAPTER 30 CRITICAL CARE AND POSTINJURY 

MANAGEMENT 

GRANT E. O’KEEFE 


KEY POINTS 


Q Adequate resuscitation is critical to avoid ongoing occult 
hypoperfusion and subsequent complications by using a 
protocol for physiologic endpoints, including central venous 
pressure. 

Q Hypothermia occurs due to ongoing heat loss and meta¬ 
bolic failure requiring large amounts of energy production 
and thus oxygen consumption. There is no proven benefit 
for hypothermia in traumatic brain injury (TBI) outcomes. 

Q Coagulopathy is common and due to both dilution and con¬ 
sumption while being aggravated by hypothermia. Early 
empiric replacement of coagulation components reduces 
mortality. 


QTBI is a major cause of injury-related death, with care 
directed at avoiding secondary brain injury, control of ele¬ 
vated intracranial pressure, and early recognition of treat¬ 
able mass lesions. 

Q Elevated intra-abdominal pressure (abdominal compartment 
syndrome) causes a tense distended abdomen, hypoxia, olig¬ 
uria despite adequate volume, and impaired cardiac output, 
requiring decompression and an open abdomen in severe 
cases. 

Q Acute lung injury and acute respiratory distress syndrome 
require adequate, frequently higher levels of positive 
end-expiratory pressure; low tidal volumes; and moderate 
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levels of fraction of inspired oxygen to optimize re¬ 
covery. 

^Venous thromboembolism remains an important and 
potentially preventable cause of morbidity and mortality. 
Prophylactic anticoagulation in high-risk patients must 
often be balanced with increased risk of hemorrhage. 


Q Nosocomial infections are the most common complication 
requiring aggressive prevention, diagnosis, and preemptive 
empiric antibiotic therapy with subsequent de-escalation 
for ventilator-associated pneumonia, urinary tract infec¬ 
tions, catheter-related bloodstream infections, and surgical 
site infections. 


Most deaths occurring in trauma patients who survive to reach 
a trauma center occur in the intensive care unit (ICU). Fur¬ 
thermore, the most costly complications occur in and require 
treatment in the ICU. 1,2 Most of these deaths and complica¬ 
tions are the consequence of severe hemorrhage and traumatic 
brain injury, and others are related to injury-induced alter¬ 
ations in coagulation and inflammatory and innate immune 
responses. Understanding their biology, epidemiology, and 
clinical features will help focus our resuscitative and definitive 
care efforts in these patients. 3,4 

Trauma patients experience shared physiologic changes 
and complications with noninjured critically ill patients. They 
also experience others that, if not unique to, are particularly 
relevant to trauma patients. The sections that follow are orga¬ 
nized temporally in an effort to reflect when specific situations 
are most likely to be encountered in the postinjury period. The 
time periods that follow provide a framework in which to 
think about the challenges these patients face as they arrive in 
the ICU from the operating room, emergency department, and 
elsewhere. 


STABILIZATION AND 
SECONDARY SURVEY (INITIAL 
24 HOURS POSTINJURY) 

This phase is often a continuation of emergency department or 
operating room stabilization of vital functions and the ongo¬ 
ing diagnosis and management of life-threatening injuries. In 
other circumstances, resuscitation is complete, but secondary 
or “tertiary” surveys to search for occult injuries are under¬ 
taken, optimal support of vital organ function is continued, 
and careful monitoring for deterioration is required. 


Hemodynamic Resuscitation: 
Monitoring and Targets 

Tissue injury, local and global ischemia, and hypoxia are well- 
known contributors to subsequent multiple organ dysfunction 
syndrome (MODS), nosocomial infection, and other complica¬ 
tions after severe injury. 5,6 The duration and degree of shock 
both increase the risk for subsequent organ dysfunction and 
severe nosocomial infection after various types of trauma 
Q (blunt, penetrating, and burn injury). 6,7 Therefore, rapid and 
adequate resuscitation is a critical component of the initial ICU 
care of trauma patients. However, there are no definitive mark¬ 
ers of adequate resuscitation. Arterial base deficit and arterial 
lactate concentration are good indicators of the severity of 
injury and are a function of the degree and duration of shock. 
However, they correlate poorly with other “real-time” measures 
of tissue perfusion. Excessive attempts to normalize these values 
may lead to overresuscitation. Serum lactate concentrations and 
base deficit often remain elevated for hours after perfusion is 
appropriately restored, in part because they reflect adrenergic 
stimulation of Na + -K + /ATPase, which increases lactate produc¬ 
tion unrelated to tissue hypoxemia. 8,9 In addition, other bio¬ 
chemical or physiologic markers may only be obtained by inva¬ 
sive means, which are not warranted in most cases. 

Therefore, and in recognition of the limitations of these 
physiologic endpoints, this early phase should initially be 


guided by the objectives of normalizing heart rate and blood 
pressure, achieving adequate urine output (0.5 mL/kg per hour 
in adults and 1.0 mL/kg per hour in children), and approxi¬ 
mating an appropriate central venous pressure (CVP; 10 to 
15 mm Hg), measurements that can be obtained simply from 
an indwelling bladder catheter, an arterial line, and a central 
venous line. Measuring CVP is important in the critically 
injured to guide resuscitation and may help distinguish hypo¬ 
volemia from other less common causes of shock, such as pump 
failure from myocardial contusion or tamponade. 10 Overly 
aggressive crystalloid resuscitation or, conversely, inappropri¬ 
ate early use of vasopressor agents prior to adequate resuscita¬ 
tion have each been associated with poor outcomes after 
trauma. 11 Taken together, this information mandates careful 
attention to resuscitation strategies, collection of appropriate 
data, and judicious use of crystalloid and vasoactive agents. 12,13 

Clinical trials have shown that routine pulmonary artery 
catheter (PAC) use does not improve outcome in critically ill 
patients. 14 Furthermore, observational studies in trauma 
patients also do not demonstrate an overall survival advan¬ 
tage. 11 However, there are circumstances where additional 
information is needed to guide resuscitation. Invasive monitor¬ 
ing may be indicated when the patient remains hypotensive 
despite seemingly adequate intravascular volume, based on an 
adequate CVP, or when shock is accompanied by severe hypox¬ 
emia and additional fluid resuscitation may, in fact, worsen 
oxygenation. In patients who arrive in the ICU with unstable 
parameters after receiving large-volume resuscitations in the 
operating room or emergency department, invasive monitoring 
may be helpful in clarifying the patient’s intravascular volume 
status and help determine whether additional volume, vasoac¬ 
tive medication, or both are necessary. When a PAC is used, 
recommended targets are a cardiac index of —3.5 to 4.0 L/min 
per m 2 and an oxygen delivery index —500 mL/min per m 2 . 

In addition, there are a number of potential alternatives to 
invasive monitoring with a PAC. These include continuous mea¬ 
surement of central venous oxyhemoglobin saturation (Scv0 2 ) 
(rather than mixed venous oxyhemoglobin saturation [Smv0 2 ] 
with a PAC), which has been shown to improve survival when 
used early in the management of patients with sepsis. 15 
Transthoracic echocardiography and transesophageal Doppler 
have been studied as possible alternatives to invasive PAC mon¬ 
itoring. Limited transthoracic echocardiography can be used to 
assess preload and cardiac index. However, there are often 
physical impediments to its use (particularly subcutaneous air), 
its correlation with concurrent measurements from a PAC is 
modest, and it has not been shown to predictably influence 
patient management or outcome. 16 Transesophageal Doppler 
monitoring of cardiac function is a more promising technique. 
When used to guide resuscitation in the initial 12 hours after 
admission to the ICU, it influences volume resuscitation choices 
and may improve outcomes in critically ill trauma patients. 17 A 
summary of resuscitation targets is included in Table 30.1. 


Hypothermia 

Hypothermia (core temperature <34.5°C) is less common in 
trauma patients arriving in the ICU than it was in the past. This 
is likely due to more aggressive prevention in the emergency 
department, radiology suite, and operating room. However, it 
remains a preventable and treatable situation that contributes 
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TABLE 30.1 


HEMODYNAMIC RESUSCITATION PARAMETERS DURING 
INITIAL 24 HOURS AFTER INJURY 

Urine output: 30 mL/kg/h 

Hemoglobin: 12-15 g/dL 

Heart rate: <100/min 

Arterial blood pressure: >120 mm Hg 

Central venous pressure: 10-15 mm Hg 

Cardiac index: 3.5-4.0 L/min/m 2 

Oxygen delivery: 500-550 mL 0 2 /min/m 2 

Mixed venous oxyhemoglobin saturation: >65% 

Central venous oxyhemoglobin saturation: >70% 

to complications and death. Thermoregulation is compromised 
in severely injured patients by shock and failure of cellular 
metabolism. Hypothermia from metabolic failure is often exac¬ 
erbated by external heat loss through the four general mecha¬ 
nisms of energy transfer: (a) radiation, (b) convection, (c) evap¬ 
oration, and (d) conduction. 18 Minimizing heat loss through 
careful attention to the patient’s environment is central to pre¬ 
venting hypothermia and its consequences. In theory, the pre¬ 
vention of hypothermia simply requires the elimination or min¬ 
imization of heat loss by these four mechanisms. This primarily 
involves keeping the patient covered and dry. Warm air con¬ 
tains little heat (specific heat = 0.25 kcal/kg per °C) and is of 
little help in warming a cold patient. However, a warm air envi¬ 
ronment or warm air circulating blanket is an excellent way to 
prevent heat loss. 

A considerable amount of energy and, therefore, oxygen is 
required to warm a hypothermic patient. 18,19 The amount of 
energy required to warm a hypothermic patient by 3°C (34°C 
to 37°C, for example) is substantial and can be a significant 
metabolic stress. Based on the following formula, where spe¬ 
cific heat of the human body is 0.83 kcal/kg per °C: 

Q (heat) = mass (in kg) X 0.83 kcal/kg/°C 
X [Temp! - Temp 2 (ATemp)j 

Q (heat) = 70 kg X 0.83 kcal/kg/°C X [37°C - 34°C] 

= 181 kcal 

It will take 181 kcal of energy to return the patient to 37°C. 
A patient would have to double his or her oxygen consumption 
for 3 hours (or increase it by 50% for 6 hours) in order to gen¬ 
erate this amount of heat. Patients in shock or recovering from 
shock are unable to meet such a high metabolic demand and 
should be actively warmed, rather than having to rely on their 
own metabolism (termed passive warming). A number of tech¬ 
niques for actively rewarming patients are available. These 
include overhead radiant heat warmers, whose effectiveness 
requires that they be placed relatively close to the patient 
(within 70 cm) and that the patient be fully exposed to the radi¬ 
ant heat, rather than covered by a blanket, in which case the 
blanket is warmed. Not surprisingly, risk of thermal injury is 
significant. Body cavity lavage (pleural or peritoneal) can 
potentially transfer large amounts of energy, but may not be 
practical in the multiply injured patient or due to the significant 
logistic challenges. Airway warming with heated, humidified 
oxygen transfers relatively little energy, similar to increasing 
ambient temperature in general, and should not be relied upon 
for treatment of hypothermia. The most effective method for 
rewarming is full cardiopulmonary bypass, which has been 
used successfully in severely hypothermic trauma victims. 
Although a heparin-bonded system avoids the need for sys¬ 
temic anticoagulation, limited availability and overall imple¬ 
mentation technical challenges hamper its usefulness. 20,21 


Other forms of extracorporeal rewarming of blood have been 
used and tested in hypothermic trauma patients. These include 
arteriovenous and venovenous bypass systems. Each uses a 
countercurrent exchange warmer; the advantage of the venove¬ 
nous system is that it does not rely on the patient’s blood pressure 
to maintain adequate flow, but it does require a more complex 
system than an arteriovenous system. 22,23 Given the conse¬ 
quences of moderate to severe hypothermia, active rewarming 
should be used in any critically injured patient with a tempera¬ 
ture of 34.5°C or below. Extracorporeal rewarming is the most 
effective option and radiant heat warmers are a secondary alter¬ 
native. Although induced hypothermia increases survival after 
nontraumatic cardiac arrest, it should not be used in critically ill 
trauma patients. 24 Furthermore, induction of hypothermia has 
not been proven beneficial in the treatment of traumatic brain 
injury in either adults or children. Therefore, there are currently 
no circumstances where allowing a critically ill trauma patient 
to remain hypothermic is beneficial. 

Q Hemostatic Abnormalities. Coagulopathies are common 
in critically injured trauma patients and their cause is multifac¬ 
torial (Table 30.2). It is evident that hemorrhage accompanied 
by crystalloid and red blood cell transfusion results in dilution 
of coagulation factors, yet the implications of this dilution are 
not clear. Correlation between the amount of blood transfused 
and specific factor levels or the global measures of coagulation 
(activated partial thromboplastin time [aPTTj, prothrombin 
time [PTj) are relatively low, and coagulopathy after non¬ 
trauma-related blood loss alone seems to generally occur after 
rather large transfusions (10 to 12 units of packed red blood 
cells). 25,26 The effect of pure dilution on platelet counts is even 
less clear, with wide variations in the incidence of thrombocy¬ 
topenia being reported. Basing coagulation factor replacement 
and platelet transfusion needs on predictive formulas is gener¬ 
ally inaccurate. 27 

A number of other factors have been linked to hemostatic 
abnormalities after trauma. Tissue trauma leads to platelet 
aggregation and activation of coagulation. Variable induction 
of these processes depending on the nature and severity of the 
trauma likely explain the lack of correlation of measured 
hemostatic deficits with blood loss, resuscitation, and blood 
transfusion volumes. For example, traumatic brain injury can 
result in coagulopathy that is independent of blood loss and 
transfusion volumes. 28 The exact mechanism is uncertain and 
likely more complicated than release of brain tissue thrombo¬ 
plastins, as has been previously theorized. Marked reductions 
in circulating fibrinogen concentrations (<50 mg/dL) are often 
seen, suggesting that hyperfibrinolysis plays an important role. 
Extremity injuries, including fractures and extensive soft tissue 
trauma, expose circulating coagulation factors and platelets to 
subendothelial collagen and tissue factor. However, clinically 
significant coagulopathies are unlikely to occur solely as the 
result of tissue trauma and require additional contributing fac¬ 
tors. The effect of hypothermia on hemostasis is significant 


TABLE 30.2 


FACTORS CONTRIBUTING TO COAGULOPATHY IN TRAUMA 

Dilution of coagulation factors 

Hypothermia (impaired enzyme activity, platelet dysfunction, 
enhanced fibrinolysis) 

Acidosis 

Tissue trauma (brain injury, fractures, soft tissue injuries) 

Preexisting hemostatic defects (von Willebrand disease, 
hemophilia, chronic liver disease) 

Medications (warfarin, antiplatelet agents) 
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and generally multifactorial, and is effectively reversed only by 
achieving normothermia and not with blood components. 

In the event of severe hemorrhage and clinical evidence of 
coagulopathic bleeding, treatment must not wait for labora¬ 
tory confirmation or for precise characterization of the 
defect(s). The development of diffuse hemorrhage intraopera- 
tively, abnormal bleeding from intravenous sites, and marked 
bloody drain (thoracostomy, other surgically placed drains, 
etc.) output are obvious but late signs of a coagulopathy. 

Review of the likely contributing factors will help direct 
appropriate blood component therapy while waiting for defin¬ 
itive laboratory diagnosis of the specific abnormalities. Labo¬ 
ratory characterization and treatment can be based on four 
tests: the platelet count, PT, aPTT, and fibrinogen levels. In 
most circumstances, a combination of platelet, plasma, and 
cryoprecipitate transfusions are required and are sufficient to 
treat hemostatic abnormalities after trauma. There are no 
definitive platelet count, aPTT, or PT thresholds that require 
treatment, but general recommendations follow. Isolated 
increases in the aPTT (normal PT) should not be treated with 
blood products as they are not due to deficiencies in the com¬ 
mon pathway factors (X, V, II, and I). The results may be spu¬ 
rious (blood drawn through heparinized tube) or due to a 
lupus anticoagulant or hemophilia. In the initial postinjury 
period, platelet counts should be maintained above 50,000/^tL 
in all cases, and above 100,000/^tL in the presence of an injury 
with major hemorrhage (severe liver injury requiring packing, 
pelvis fracture with large hematoma, etc.) or when the conse¬ 
quence of ongoing bleeding is devastating, such as in the case 
of an intracranial hemorrhage, cerebral contusion, and possi¬ 
bly spinal fractures. Combined moderate abnormalities in the 
aPTT and PT (1.5 to 3.0 times the upper limit of normal) 
should be treated with 2 to 4 units of plasma. Marked eleva¬ 
tions in PT and aPTT may reflect very low fibrinogen levels. In 
this case or when measured fibrinogen is less than or equal to 
100 mg/dL, cryoprecipitate should also be given. A normal 
aPTT should be the target in patients with injuries that have 
resulted in major hemorrhage as indicated. In the presence of 
a traumatic intracranial bleed (epidural, subdural, or intra¬ 
cerebral hematoma), the risk for hemorrhage progression has 
been associated with the aPTT, but as there is no particular 
threshold where bleeding clearly increases, the treatment goal 
should be to maintain the aPTT within the normal range. 29 

Recombinant factor Vila has been used recently in severely 
coagulopathic trauma patients. Factor Vila binds to tissue 
factor exposed at the site of injury and rapidly stimulates coag¬ 
ulation. Small studies have reported its usefulness in coagulo¬ 
pathic trauma patients who continue to bleed despite treatment 
with platelets, plasma, and cryoprecipitate. 30-32 Factor Vila 
also may be indicated in bleeding trauma patients who have 
been receiving warfarin and for the rare trauma patient with 
hemophilia A who also has factor VIII inhibitors. 


Management of Traumatic Brain Injury 
and Intracranial Hypertension 

Severely injured patients, particularly those who have sustained 
their injuries by a blunt mechanism, often have a traumatic 
brain injury (TBI) in addition to torso and extremity injuries. 

Q The three principal challenges in the management of TBI are (a) 
avoiding secondary brain injury, (b) control of elevated intracra¬ 
nial pressure (ICP), and (c) early identification of any progres¬ 
sion of mass lesions that would require surgical decompression. 
These issues are discussed in detail in the section devoted to 
trauma to the central nervous system. Management of patients 
with traumatic brain injuries requires the use of various moni¬ 
toring and therapeutic strategies based on clinical course, com¬ 
puted tomography (CT) scan findings, and response to treatment. 
Significant deterioration in clinical course, physical examina¬ 
tion, or ICP should be considered an absolute indication for 


repeat CT scan. This is the only practical method for the prompt 
identification of patients in whom surgically correctable mass 
lesions develop during the initial phase of care. 

Important additional and avoidable causes of secondary 
brain injury include hypotension, hyperthermia, seizure activ¬ 
ity, hyperglycemia, and hypoxemia. Taken together, these con¬ 
tribute to deterioration in the severity of brain function and 
are often preventable. Hypotension at any point (even brief 
time periods) approximately doubles the likelihood of death 
from a given brain injury and must be avoided. 33,34 Posttrau- 
matic seizures increase cerebral metabolic rate, may increase 
ICP, and may cause important secondary brain injury. Preven¬ 
tion with intravenous phenytoin for the first 7 days after injury 
is indicated and effective. 35 Normocapnia (partial pressure of 
arterial carbon dioxide [PaC0 2 ] 35 to 40 mm Hg) should be 
maintained to avoid cerebral vasoconstriction and concomitant 
hyperfusion. However, brief, but not excessive, hyperventila¬ 
tion (keep PaC0 2 >25 mm Hg) as a temporizing measure to 
treat sudden increases in ICP or herniation may be necessary 
while preparing for definitive treatment (craniotomy, ventricu¬ 
lostomy for cerebrospinal fluid drainage, etc.). 


Mechanical Ventilation 


This will be discussed in more detail elsewhere, but there are a 
number of important considerations in the delivery of mechani¬ 
cal ventilation during this resuscitative and diagnostic phase. 
First, abnormal gas exchange, leading to hypoxemia, commonly 
exists in patients who are being resuscitated from hemorrhagic 
shock. Pulmonary edema may arise more as a consequence of 
overly aggressive crystalloid resuscitation than the transiently 
increased endothelial permeability consequent to shock. Tran¬ 
sient hypoxemic respiratory failure is observed in trauma 
patients and may reflect a somewhat different pathophysiologic 
process than that which exists in the more prolonged hypox¬ 
emic respiratory failure seen with subsequent acute lung injury 
(ALI) and acute respiratory distress syndrome (ARDS). 36 How¬ 
ever, the goals of support at this point are primarily to ensure 
adequate resuscitation from shock, support oxygen delivery, 
and prevent any ongoing oxygen insufficiency. Therefore, it is 
important to distinguish the approach to mechanical ventilation 
in these first hours from the approach used once the patient has 
been successfully resuscitated and may have developed moder¬ 
ate to severe ALI. Initial ventilator settings aim to achieve ade¬ 
quate ventilation and oxygenation. This typically requires a 
minute ventilation of greater than or equal to 12 L/min and 
employs a fairly traditional approach. This includes volume- 
controlled ventilation, with a tidal volume of 8 to 10 mL/kg, a 
rate of 18 to 22 breaths/min, positive end-expiratory pressure 
(PEEP) of at least 5 to 10 cm H 2 0, and a fraction of inspired 
oxygen (Fi0 2 ) greater than or equal to 50%. Contrary to limits 
imposed for treatment of ALI or ARDS, it is appropriate to 
accept end-inspiratory static (Pst) pressures up to 40 cm H 2 0 
and not aggressively limit tidal volume to 6 mL/kg and static 
pressures to less than 30 cm H 2 0 during this initial phase. 

Rarely, circumstances occur in the severely injured patient 
that require unconventional ventilation strategies. These 
patients may be profoundly hypoxemic despite high Fi0 2 con¬ 
centrations and elevated PEEP and/or may have a massive air 
leak due to severe parenchymal or airway injury. These patients 
have typically received a massive volume of fluid during the 
acute resuscitation, have sustained severe thoracic trauma, 
and/or often both. There are no established proven best 
approaches to managing these patients. However, some princi¬ 
ples can apply. First, large air leaks require treatment at this 
stage only if they are significantly affecting patient oxygenation 
due to diversion of the inspired gas away from gas-exchanging 
alveoli. Bronchoscopy should be considered to identify proxi¬ 
mal airway injuries, but patient instability may preclude both 
bronchoscopy and definitive operative management. Therefore, 
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regardless of the anatomy of the injury, in these severely hypox¬ 
emic patients, initial treatment options are often nonsurgical. 
Approaches include maneuvers to minimize air leak, such as 
high-frequency oscillatory ventilation (HFOV) and single-lung 
isolation (double-lumen endotracheal tube or bronchial block¬ 
ers) to support effective gas exchange. 


Abdominal Compartment Syndrome 

Q Elevated intra-abdominal pressure (intra-abdominal hyperten- 
sion) leading to pulmonary, renal, or cardiac dysfunction is 
termed the abdominal compartment syndrome (ACS). Accord¬ 
ing to most studies, death is almost certain if greatly excessive 
pressure is not relieved. 37 Intra-abdominal hypertension can be 
defined as an intra-abdominal pressure of greater than or equal 
to 20 cm H 2 0. 38 Experimental data indicate that hepatic arter¬ 
ial, portal venous, and hepatic microcirculatory blood flow are 
markedly reduced when intra-abdominal pressure is increased 
to greater than or equal to 20 cm H 2 0. 39 Typically, it is observed 
after severe abdominal trauma that requires celiotomy and con¬ 
trol of intra-abdominal hemorrhage. 40,41 It has also been 
described in the setting of intra-abdominal injuries that were 
initially managed nonoperatively (e.g., severe liver or kidney 
injuries). 42 In addition, excessive large-volume resuscitations, 
even in the absence of any direct abdominal trauma, can also 
lead to ACS. 12,43,44 

The diagnosis often begins with a triad of clinical findings: 
(a) tense, distended abdomen; (b) increased end-inspiration 
airway pressures; and (c) oliguria despite appropriate volume 
resuscitation. Additional clinical measurements, particularly 
those that reflect poor cardiac performance, may be helpful in 
making the diagnosis. Signs consistent with ACS are a reduced 
cardiac output, elevated systemic vascular resistance, and ele¬ 
vated pulmonary capillary wedge pressure with simultaneous 
low or normal calculated estimates of end-diastolic volumes. 
The addition of corroborative findings from invasive hemody¬ 
namic monitoring may help clarify the diagnosis and direct the 
appropriate treatment. 

Bladder pressure is the most widely used surrogate for 
intra-abdominal pressure. It is measured with the patient 
supine, by distending the bladder with 100 mL of sterile saline. 
The drainage tubing is then occluded, and an 18-gauge needle 
inserted sterilely and connected to the pressure transducer 
through the aspiration port on the catheter tubing. An ade¬ 
quate pressure “tracing” is indicated by visible respiratory vari¬ 
ation, which is usually less than 5 to 10 mm Hg. 45 The mean 
pressure should be used as an estimate of the intra-abdominal 
pressure, although this aspect of the procedure is not well char¬ 
acterized. A simpler method (although not validated) involves 
filling the bladder with 100 mL of sterile saline and elevating 
the clear tubing vertically above the pubic symphysis. The 
height of the fluid column is measured and converted to mm 
Hg (1.3 cm H 2 0 = 1 mm Hg) 

Established ACS with associated organ dysfunction is treated 
with surgical decompression of the abdomen. 38 In contrast, ele¬ 
vated intra-abdominal pressures, regardless of the actual mea¬ 
sured value, in the absence of physiologic derangement is not an 
indication for decompressive celiotomy. Similarly, high intratho- 
racic pressures and marked Fi0 2 and PEEP requirements are not 
necessarily sufficient to warrant decompression. Progressive 
renal dysfunction (oliguria, rising creatinine) despite adequate 
preload and ongoing resuscitation should warrant abdominal 
decompression. Persistent shock, particularly when vasopressor 
agents are needed to supplement fluid resuscitation, also war¬ 
rants decompressive celiotomy. There are no absolute thresholds 
for airway pressure, urine output, or arterial blood lactate that 
indicate or contraindicate decompressive celiotomy. Of note, 
ACS can occur in patients whose fascia has not been definitively 
closed, but where some other technique of temporary abdominal 
closure has been performed and is sufficient to generate excessive 


intra-abdominal pressures. One causal factor that seems com¬ 
mon to all cases of ACS is the use of very aggressive crystalloid 
resuscitation, including attempts to reach elevated 0 2 delivery to 
reverse a perceived oxygen debt. Therefore, attempts to achieve 
“supranormal” endpoints (cardiac index of >4 L/min per m 2 or 
oxygen delivery index of >600 mL/min per m 2 ), which often 
require the excessive resuscitation volumes that contribute to 
ACS, should be avoided. 11 


ORGAN SYSTEM SUPPORT 
AND DEFINITIVE CARE 
(1 TO 7 DAYS POSTINJURY) 

Coordinating Multidisciplinary Care and 
the Timing of Operative Interventions 

Decisions made during this phase will significantly influence 
patient outcome, and this period should not simply be consid¬ 
ered a period of observation and general support. During and 
following resuscitation, patients require careful reevaluation as 
part of a tertiary survey to establish subsequent priorities in 
care. Communicating with other specialties to determine the 
timing of additional diagnostic tests and operative procedures is 
crucial during the first week after injury. It is typically the role of 
the general surgeon or surgical intensivist to oversee and coor¬ 
dinate the timing of subsequent surgical care. The definitive care 
of fractures and non-life-threatening torso injuries should be 
delayed when patients are hemodynamically unstable, acidotic, 
hypothermic, or coagulopathic or have intracranial hyperten¬ 
sion. 46 Once these are addressed and corrected (typically within 
48 hours), definitive repair can be undertaken. Generally, the 
more delayed operative stabilization of fractures, such as 
femoral, spine, and pelvic, is associated with an increased risk of 
respiratory complications. 47,48 On the other hand, it is impor¬ 
tant not to risk worsening organ function, particularly respira¬ 
tory failure and TBI, by exposing patients to prolonged opera¬ 
tive procedures and concomitant blood loss and potential 
hypotension at a time when they are least able to tolerate an 
additional physiologic challenge. Rather than the absolute tim¬ 
ing of definitive procedures, it appears that the duration of the 
operation and the associated physiologic stress are the most 
important factors in determining how well the patient tolerates 
the intervention. 46,49 It is important, therefore, to discuss the 
details and expected course of each operative procedure with 
the consultant surgeon. 


Mechanical Ventilation and 
Acute Respiratory Failure 

Within 24 to 48 hours, many severely injured patients can be 
rapidly liberated from mechanical ventilation, are able to ade¬ 
quately protect their airway, and can be extubated. Prompt 
recognition of when the patient is ready to be liberated from 
mechanical ventilation can be best accomplished by performing 
a trial of spontaneous breathing rather than relying on any sin¬ 
gle measure (or even a combination of measures) of respiratory 
muscle strength or endurance. 50,51 Many patients require more 
prolonged mechanical ventilation, either for respiratory failure 
or often because they are unable to protect their airway, partic¬ 
ularly in cases of TBI. In some cases, mechanical ventilation is 
supportive, gas exchange is not particularly impaired, and the 
lung fields on chest radiography are relatively normal. In these 
circumstances, mandatory volume-controlled (also termed 
“assist-control”) ventilation aimed to maintain the partial pres¬ 
sure of arterial oxygen (Pa0 2 ) at 80 to 100 mm Hg and the 
PaC0 2 at 35 to 45 mm Hg is appropriate. This can be accom¬ 
plished using tidal volumes of 8 to 10 mL/kg of predicted body 










Chapter 30: Critical Care and Postinjury Management 


461 


weight, positive end-inspiratory pressure of 5 to 10 cm H 2 0, 
an Fi0 2 of 40% to 60%, and a respiratory rate of 12 to 24 
breaths/min. Slight adjustments above or below any of these 
thresholds are acceptable to achieve these targets. There is no 
proven advantage to using any other mode or technique of 
delivering positive-pressure ventilation. 

Q Severe ALI and ARDS develop in a substantial fraction of 
critically ill trauma patients and contribute to prolonged and 
costly ICU care. 4,52 ALI is defined by the following set of clinical 
criteria: (a) diffuse patchy pulmonary infiltrates on chest radi¬ 
ograph, (b) Pa0 2 /Fi0 2 less than or equal to 300, and (c) cardiac 
failure excluded as a cause for pulmonary edema; ARDS is 
defined by the same criteria except for a Pa0 2 /Fi0 2 less than or 
equal to 200. While the pathophysiology is not entirely clear, an 
intense alveolar inflammatory response that correlates with the 
severity of the initial insult exists in these patients that may be 
influenced by positive-pressure ventilation, based on the follow¬ 
ing 53 ^ first, alveolar edema can be reduced by preventing end- 
expiratory collapse with sufficient PEEP. 56 Second, a marked 
inflammatory response can be induced in otherwise normal 
lungs in experimental animals exposed to positive-pressure ven¬ 
tilation, particularly when alveoli are allowed to repeatedly col¬ 
lapse (0 cm H 2 0 PEEP) and repeatedly overexpand with each 
inspiratory cycle. 57 Third, a similar inflammatory response is 
seen in patients with ARDS, and this inflammatory response can 
be reduced by a strategy that reduces end-expiratory collapse 
and end-inspiratory distention. 55 In clinical trials, mortality was 
reduced when patients were treated with protocols designed to 
limit alveolar stretch using a tidal volume of 6 mL/kg compared 
to subjects ventilated with higher tidal volumes (—12 mL/kg). 58,59 
These trials included patients with ALI and ARDS due to many 
different risk factors, including trauma and massive transfusion. 
This approach is therefore applicable and considered the stan¬ 
dard of care for trauma patients with ALI and ARDS. Judicious 
use of PEEP to maintain moderate Fi0 2 levels (<60%) should 
typically be employed. An acceptable approach is based on 
PEEP and Fi0 2 combinations used by the ARDS Network. 58 
There is no benefit to using relatively higher or lower levels of 
PEEP or Fi0 2 to achieve levels of Pa0 2 greater than 80 to 90 in 
these patients. 60 


Nutritional and Metabolic Support 

Nutritional and metabolic support is an important but often 
neglected component of caring for critically injured patients. 
Once resuscitation from shock is complete, a hypermetabolic 
and hyperdynamic cardiovascular response ensues, which has 
features characteristic of the more general acute-phase response, 
frequently referred to as systemic inflammatory response syn¬ 
drome (SIRS). Important changes include increased energy 
expenditure and protein breakdown with a shift in metabolic 
priorities to favor the production of proteins characterized as 
acute-phase reactants, produced primarily by the liver. 61 
Although the initial injury and subsequent complications are the 
prime drivers, the type and timing of nutritional and metabolic 
support are important modifiers of this response and can help 
reduce the loss of nitrogen derived from structural protein 
catabolism. 

The route of administration, timing, amount, and nutrient 
composition of nutritional support are of particular relevance 
to critically injured patients. When compared to total par¬ 
enteral nutrition (TPN), enteral nutrition (EN) is associated 
with greater constitutive protein concentrations (prealbumin 
and albumin) and lower acute-phase reactant proteins (such as 
C-reactive protein) in the initial days after trauma. These 
effects may be due to a direct effect of the route of nutrient 
delivery or to an associated reduction in infectious complica¬ 
tions seen with EN. 62 Therefore, nutritional support should be 
delivered enterally when possible. Small randomized clinical 
trials and subsequent meta-analyses have shown that enteral 


nutrition results in fewer nosocomial infections than parenteral 
nutrition. The evidence is more complete in patients with 
severe torso trauma, but can be generalized to those with severe 
extremity injuries. 63,64 

Starting EN within the first 48 hours of injury appears ben¬ 
eficial. However, it is first important to ensure that the patient 
has been fully resuscitated, as intestinal ischemia may be the 
result of feeding a patient with splanchnic hypoperfusion due 
to ongoing hypovolemia. This may also lead to intolerance, 
gastroparesis, and aspiration. There is no proven definitive 
advantage of a very aggressive approach to feeding (6 to 12 
hours after injury) when compared to EN delayed until 48 to 
72 hours after injury. Nevertheless, it has been demonstrated 
that starting EN within 12 hours of being resuscitated from 
shock is safe and tolerated by approximately 80% of patients 
when a defined protocol for EN is used. 65 

The amount and composition of nutritional support, 
whether delivered enterally or parenterally, can be estimated or 
directly measured and the metabolic response to this support 
should be monitored. Caloric requirement estimates are 
derived from the Harris-Benedict equation in which basal 
energy expenditure (BEE) and, thus, caloric needs are calcu¬ 
lated from an equation based on the patient’s age, height, 
weight, and gender. The equations are as follows: 

Females: BEE = 655 + 9.7 (wt in kg) + 1.8 (ht in cm) 

- 4.7 (age) 

Males: BEE = 66 + 13.75 (wt in kg) + 5 (ht in cm) 

- 6-8 (age) 

Depending on the severity of injury, the BEE expenditure is 
multiplied by a “stress” factor that estimates the energy expen¬ 
diture above basal requirements. On average, this factor is 
approximately 1.4. Caloric needs according to this formula are 
approximately 25 to 30 kcal/kg per day. Head-injured patients 
typically have higher energy expenditure than other trauma 
patients (140% BEE), whereas spinal cord-injured patients 
often have lower metabolic demands (94% BEE). It is reason¬ 
able to estimate the initial caloric requirements using the Har¬ 
ris-Benedict equation, but when critical illness is prolonged 
beyond 7 to 10 days, direct measurements should be used to 
determine energy expenditure and refine nutritional support. 
Metabolism consumes oxygen and produces carbon dioxide. 
Therefore, oxygen consumption (V0 2 ) and carbon dioxide 
production (VC0 2 ) can be used to calculate caloric needs using 
the abbreviated de Weir equation: EE = 1.44 X [(3.9 X V0 2 ) 
+ (1.1 X VC0 2 )]. Measuring VC0 2 requires a metabolic cart 
and is often inaccurate when Fi0 2 requirements are high. 

Although protein calories are included in the estimated 
caloric requirements, it is hoped that delivered protein is not bro¬ 
ken down as an energy source, but rather used as a source of 
amino acids. Protein or nitrogen requirements are generally esti¬ 
mated relative to caloric goals. A kilocalorie/nitrogen (mg) ratio 
of 100:1 is considered appropriate for critically injured, cata¬ 
bolic patients. Elemental formulas may be better tolerated in 
patients who have been without EN for more than a few days, 
although there is no definitive advantage over nonelemental 
ones. The use of “immune-enhancing” formulas, in which addi¬ 
tional amino acids such as arginine, omega-3 fatty acids, and 
various antioxidants are added, is controversial. The anti-inflam¬ 
matory effects of omega-3 fatty acids are the most promising, 
and these nutrients seem beneficial in critically ill patients. 66 Sim¬ 
ilarly, the addition of antioxidants (selenium, vitamin C, and vit¬ 
amin E) delivered enterally or intravenously and started early in 
the postinjury phase may reduce postinjury organ failure. 67 


Prevention of Gastric Stress 
Ulcer Hemorrhage 

The incidence of clinically relevant stress ulceration or gastritis 
has substantially dropped. Whether this is a function of overall 
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better general supportive care, particularly adequate resuscita¬ 
tion, or due to specific preventative measures is uncertain. Nev¬ 
ertheless, trauma patients in the ICU receiving mechanical 
ventilation for over 48 to 72 hours constitute a high-risk group 
in whom the risk for upper gastrointestinal hemorrhage is 
reported to be from 4% to 12%. 68,69 Histamine-2-receptor 
antagonists may be the most effective agent for preventing 
upper gastrointestinal hemorrhage in the ICU, and many prac¬ 
titioners choose them for prophylaxis. 70,71 However, nosoco¬ 
mial pneumonia and, in trauma patients, other nosocomial 
infections as well are increased in patients receiving histamine- 
2 antagonists when compared to those given sucralfate. 72,73 
The use of sucralfate avoids gastric acid neutralization and the 
potential systemic effects of histamine-2-receptor antagonists. 
Proton pump inhibitors markedly suppress gastric acid secre¬ 
tion but are no more effective than other agents in reducing 
clinically relevant hemorrhage from stress gastritis. Once 
enteral nutrition via the stomach has been initiated and shown 
to be tolerated, there is no proven benefit to continuing any of 
the gastric-protective interventions. 


Pain Relief 


Approaches to pain relief and sedation assume great impor¬ 
tance in this phase of care of the critically ill trauma patient. In 
particular, adequate pharmacologic relief of thoracic pain due 
to multiple rib fractures may be critical to avoiding intubation 
and to hastening liberation from mechanical ventilation and 
extubation. It appears that, when possible, thoracic epidural 
analgesia results in fewer cases of nosocomial pneumonia and 
fewer days of mechanical ventilation than systemically admin¬ 
istered opioid analgesia. 74 Given the multiple painful stimuli 
experienced by trauma patients in the ICU (fractures, surgical 
incisions, lacerations, contusions, etc.), it is reasonable to con¬ 
sider regional analgesia not just for those with multiple rib 
fractures. However, contraindications to the use of epidural 
analgesia are commonly encountered and include severe trau¬ 
matic brain injury, spinal fracture, coagulopathy, or any injury 
that would preclude appropriate positioning for accessing the 
epidural space. While sedation is critical to optimize patient 
rest and recovery, overdosing and deposition of active byprod¬ 
ucts can lead to prolonged oversedation and inability to extu- 
bate in a timely fashion. All patients receiving sedation should 
undergo a “sedation holiday” every 24 hours, allowing the 
patient to return to baseline mentation and permit serial daily 
monitoring of overall neurologic status. 


Venous Thromboembolic Disease 

Q Venous thromboembolic disease (VTE), which can manifest as 
deep venous thrombosis (DVT) or pulmonary embolism (PE), 
is common after trauma and can have serious or fatal conse¬ 
quences. Pulmonary embolism is the most devastating manifes¬ 
tation and an important cause of posttraumatic death. Both 
can occur at any time after injury, and many occur as early as 
the initial 48 hours. 75 In particular, spinal cord injuries and 
lower extremity and severe pelvic fractures are strong risk fac¬ 
tors for VTE. 76 However, patients without these injuries are 
also at risk for thromboembolic complications. Other impor¬ 
tant risk factors include increasing age, immobility, and the 
need for blood transfusions. 76,77 That most trauma patients are 
at risk and that both DVT and PE can occur early pose difficult 
practical problems to apply effective prevention strategies due 
to the high risk for ongoing or secondary bleeding and associ¬ 
ated complications. 

Low-molecular-weight heparin is more effective than unfrac¬ 
tionated heparin for prophylaxis and should be used in patients 
in high-risk groups. One large randomized trial demonstrated 
that proximal DVT risk was approximately 30% lower in 
patients receiving low-molecular-weight heparin (30 mg twice 


daily) than in those receiving unfractionated heparin (5000 IU 
twice daily). 76,78 However, the risk of bleeding may be higher 
when patients are given low-molecular-weight heparin, and it is 
not recommended for use in those with intracranial hemorrhage 
or ongoing extracranial bleeding. Alternative prophylactic meth¬ 
ods exist to address the risk of DVT in patients who cannot 
receive prophylactic or therapeutic heparin. Intermittent pneu¬ 
matic compression devices can be used in patients with con¬ 
traindications to heparin prophylaxis. Although once thought 
that these devices increased local and regional fibrinolysis by 
increasing tissue factor pathway inhibitor and decreasing plas¬ 
minogen activator inhibitor activities, recent evidence suggests 
that this is not the case. Any benefit from pneumatic compres¬ 
sion is likely due to improved venous blood flow. 79,80 In addition, 
prophylactic placement of a vena cava filter (VCF) is appropriate 
for patients at high risk for VTE who cannot receive prophylac¬ 
tic anticoagulation. 81 This has become an increasingly acceptable 
alternative with the development of retrievable filters. 82 Alterna¬ 
tively, sonographic screening, followed by VCF placement in 
only those with documented DVT, can be used in patients with a 
contraindication to prophylactic and therapeutic anticoagula¬ 
tion. 83 VTE prophylaxis is considered standard trauma care and 
should be approached with a specific protocol to ensure that all 
patients receive appropriate management. 84 


MANAGEMENT OF INFECTIOUS 
COMPLICATIONS 
(8 DAYS AND BEYOND) 

Infectious complications can occur earlier in the postinjury 
period, but they assume heightened importance as patients 
remain in the ICU beyond the first week. At this point, pre¬ 
vention, surveillance, rapid diagnosis, and effective treatment 
become an important focus of the critical care team. 


Nosocomial Pneumonia 


Pneumonia is the most common pulmonary complication and 
the most common infection in trauma victims. It most often 
occurs in association with tracheal intubation, and when asso¬ 
ciated with mechanical ventilation is referred to as ventilator- 
associated pneumonia (VAP). Posttraumatic VAP occurs due 
to a combination of factors including alterations in host 
defense mechanisms and concomitant colonization with path¬ 
ogenic bacteria. Taken together, recumbent positioning and 
translaryngeal intubation facilitate microaspiration of secre¬ 
tions that have pooled in the hypopharynx. Although gastric 
bacterial colonization may lead to oropharyngeal and tracheal 
colonization, oropharyngeal colonization frequently precedes 
both gastric and tracheal colonization. 69 Alterations in host 
innate immune mechanisms likely contribute to the risk for 
pneumonia by impairing cellular immune responses to aspi¬ 
rated bacteria. Examples of alterations in host innate immune 
mechanisms that exist in critically ill patients include reduc¬ 
tions in immune cell expression of bacterial antigen receptors 
(Toll-like receptors 2 and 4) and alterations in intracellular sig¬ 
nalling (decreased nuclear factor-/<B heterodimer formation) 
leading to reduced cytokine responses. 85,86 

Posttraumatic nosocomial pneumonia is caused by a range 
of gram-negative and gram-positive organisms. Pseudomonas 
species and Staphylococcus aureus are the two most common 
pathogens and together are responsible for up to 40% of 
cases. 87,88 Multidrug-resistant bacteria are becoming a greater 
challenge. Both gram-negative organisms, such as Acinetohacter 
species, and gram-positive organisms, such as methicillin and 
vancomycin-resistant staphylococci and enterococci, have 
emerged as important pathogens. 

Prevention strategies reduce the incidence of VAP. For 
example, elevating the head of the bed to 45 degrees effectively 
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reduces VAP, presumably by minimizing gastroesophageal 
reflux and pooling in the hypopharynx with microaspira¬ 
tion. 89 This is the single most important preventative strategy, 
but may not be possible in certain circumstances. It may be con¬ 
traindicated in patients with vertebral, spinal cord, or pelvic 
injuries. Various strategies to eradicate potential pathogens 
from the patient’s gastrointestinal tract have also been tested. 
While aimed at reducing all types of infectious complications, 
their effect on nosocomial pneumonia may be most pronounced 
because this is the most common infection. These strategies 
have been typically referred to as selective digestive decontami¬ 
nation (SDD) or selective oropharyngeal decontamination 
(SOD), when applied in a more limited manner. 90 Despite being 
the subject of many clinical trials and meta-analyses, the effec¬ 
tiveness of SDD is controversial and it has not gained wide¬ 
spread use. 91 However, a large clinical trial has demonstrated 
a reduction in mortality when SDD was applied to critically ill 
patients expected to have a high risk of mortality. 92 In trauma 
patients, SDD appears to reduce the number of infections but 
not fatality rates. 93 

The diagnosis and treatment of VAP is ideally based on 
direct sampling and quantitative cultures of distal pulmonary 
secretions, typically with bronchoscopic guidance. Bron¬ 
choscopy is most useful in patients with specific clinical factors 
suggesting they have pneumonia. These factors are leukocytosis, 
fever, purulent tracheal secretions, and persistent or progressive 
pulmonary infiltrates on chest radiography. While not sufficient 
to diagnose VAP, these criteria should prompt bronchoscopic 
sampling for quantitative cultures, which can be obtained from 
bronchoalveolar lavage (BAL) or with a protected specimen 
brush (PSB). The threshold for diagnosis of pneumonia is 
greater than or equal to 10 4 colony-forming units/mL based on 
BAL samples and greater than or equal to 10 3 colony-forming 
units/mL based on PSB samples. A clinical approach using bron- 
choscopically obtained specimens leads to more appropriate use 
of antibiotics, shorter ICU stays, and lower mortality in patients 
with pneumonia, including trauma patients. 94 

Treatment initially is empiric and must be started immedi¬ 
ately to minimize mortality; antibiotic choice depends on ini¬ 
tial Gram stain identification of predominant organisms and 
the knowledge of prevailing antibiotic sensitivities of organ¬ 
isms specific to the unit or hospital. Once the organism and 
specific antibiotic sensitivities are identified, treatment should 
be modified accordingly (“de-escalation”) using the most 
appropriate antibiotic or combination for the specific organ¬ 
isms. The duration of antibiotic therapy is controversial. An 
inadequate duration of treatment may increase the risk for 
recurrent VAP with resistant organisms, whereas excessive 
treatment is costly, may result in the selection of other resistant 
organisms, and does not seem to improve outcome. Generally, 
antibiotic treatment for 8 days, assuming adequate initial 
treatment, is as effective as a 15-day course of treatment. 
However, for VAP caused by non-lactose-fermenting gram¬ 
negative rods (e.g., Acinetobacter and Pseudomonas ), a 15- 
day course results in lower recurrence. 88 Treatment failure with 
these organisms is common and associated with higher mortal¬ 
ity. The two most important factors associated with treatment 
failure and poor outcomes are delayed or inadequate initial 
antibiotic therapy, 95 both of which may occur in up to 34% of 
cases. 96 This can be prevented by following the approach indi¬ 
cated earlier. However, even in the presence of timely and 
appropriate antibiotic therapy, treatment failure occurs and is 
correlated with the initial severity of illness based on Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
scores and comorbidities. 96 


Vascular Catheter-related Infections 


Intravascular catheters are an important source of nosocomial 
infections. These infections can be classified as primary blood¬ 
stream infections, catheter-related bloodstream infections (in 


which cultures of the blood and of the catheter reveal the same 
pathogen), and exit site infections (in which there is local 
catheter site evidence of infection without positive blood or 
catheter cultures). 97 Approximately 10% of critically ill 
patients will develop a vascular catheter-related infection dur¬ 
ing their ICU stay, and this translates into approximately 9 
infections per 1,000 patient-days. 97 In the absence of infection 
at the site of insertion, the diagnosis of catheter-related infec¬ 
tions is difficult. Options for diagnosing catheter-related infec¬ 
tions include culture of a catheter segment or of blood drawn 
through the catheter alone or simultaneously with blood drawn 
from a peripheral vein. These specimens can be quantitatively, 
semiquantitatively, or qualitatively cultured. In general, quan¬ 
titative catheter segment cultures are the most accurate (high¬ 
est combined sensitivity and specificity) for the diagnosis of 
infection. Unpaired quantitative culture of blood (drawn via 
the vascular catheter alone, without paired peripheral sam¬ 
ples) is slightly less accurate. 98 Therefore, when infection is 
suspected but the insertion site is not inflamed or draining, the 
catheter should be removed for intratissue catheter segmental 
culture or blood should be drawn from the catheter for quan¬ 
titative culture. 98 

Preventative strategies can lower the incidence of catheter- 
related infections in the ICU. Full sterile barriers are appropri¬ 
ate for insertion of central venous catheters and reduce subse¬ 
quent infection rates, but they may not be required for the 
insertion of peripheral arterial catheters. 99,100 Chlorhexidine 
gluconate results in fewer bloodstream infections in compari¬ 
son to povidone-iodine when used for insertion site prepara¬ 
tion. 101 Using a silver-impregnated antimicrobial subcutaneous 
cuff attached to central venous catheters or antibiotic-impreg¬ 
nated catheters decreases the incidence of catheter infections. 
However, while impregnating catheters with antimicrobials 
(rifampin-minocycline) may reduce the risk of catheter-related 
infections, antibiotic resistance can develop. 

Hyperglycemia does not seem to be an important risk fac¬ 
tor for catheter-related infections. However, TPN administra¬ 
tion is a risk factor for catheter-related and other bloodstream 
infections. Avoiding unneeded TPN use and preventing even 
short periods of excessive caloric intake will help reduce the 
incidence of these infections. 102,103 


Other Infections 


Other infections are less common in trauma patients but are 
still of considerable importance and reflect the spectrum of 
infections seen in other cohorts of critically ill patients. Wound 
and urinary tract infections, intra-abdominal abscesses, and 
less commonly considered complications such as Clostridium 
difficile colitis and acalculous cholecystitis must be considered 
in the days to weeks after injury. Any patient developing diar¬ 
rhea or a rapidly rising white blood cell count, particularly fol¬ 
lowing or during a course of antibiotic therapy, should have a 
stool specimen sent for C. difficile toxin and, in the critically 
ill, metronidazole begun empirically. 

Fungal infections are uncommon but are serious complica¬ 
tions in critically ill trauma victims. They typically develop 
after a prolonged ICU course in patients who have received 
multiple antibiotics for nosocomial bacterial infections. They 
are responsible for 5% to 17% of bloodstream infections in 
critically ill patients and various Candida species are responsi¬ 
ble for the majority of these infections. 104-106 Candidemia 
refers to the growth of Candida from blood cultures, and sys¬ 
temic candidiasis refers to the situation in which microab¬ 
scesses are present in multiple organs and tissues and are 
extremely difficult to eradicate. 

The single most relevant risk factor for the development of 
candidemia in nonneutropenic trauma patients is the use of 
broad-spectrum antibiotics. Colonization with Candida organ¬ 
isms is another important risk factor that can be useful in iden¬ 
tifying the highest-risk patients. 105,107 Fungal infections acquired 
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in the ICU are an important risk factor for death in critically ill 
patients in general as well as in trauma patients. 104 Although 
antifungal prophylaxis with fluconazole seems safe and may 
reduce the incidence of invasive fungal infections in high-risk 
surgical patients, it is typically not indicated in trauma 
patients. 107 The diagnosis of candidemia is challenging, and the 
clinical presentation is neither sensitive nor specific for fungal 
infection. However, invasive Candida infections can occur 
without cultures being positive. Therefore, treatment is often 
empiric, based on a high clinical suspicion, typically in a patient 
colonized by Candida with sepsis who is not responding to 
antibiotic therapy. Treatment is generally with fluconazole or 
another azole antifungal agent. Candida glabrata and Candida 
krusei should be considered resistant to fluconazole, and resis¬ 
tance to amphotericin has been documented to occur. 108 There¬ 
fore, if these organisms are suspected or determined to be 
responsible for infection, amphotericin or one of the agents in 
the echinocandin class should be used as initial therapy. 
Voriconazole is a newer azole antifungal that is effective against 
azole-resistant Candida species. It is an acceptable alternative 
to amphotericin and the echinicadins. 109,110 
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KEY POINTS 


Q Of 3,000 species of snakes worldwide, only 375 are ven¬ 
omous, with approximately 20 deaths per year in the United 
States caused by snakebites compared with 100,000 species 
of Hymenoptera that cause approximately 40 deaths per 
year, mostly as a result of severe anaphylactic reactions. 

Q Snakebite morbidity is a result of venom composition, time 
of year, size of snake, and depth and amount of envenoma- 
tion. Venoms consist of numerous (up to 30 or more) pro¬ 
teins that disrupt endothelial cells and blood flow, produce 
neuromuscular blockade, or generate a coagulopathy via 
procoagulants. Coral snake venom also has direct neuro¬ 
toxins and cardiotoxins. 

Q Snakebites induce immediate pain, edema, and erythema at 
the site, and spread at greater than 30 cm/h indicates severe 
envenomation. Initial incision and suction provides little 
benefit, as does a proximal tourniquet, which may cause 
harm. Use of purified ovine antivenin is effective and has 
replaced equine antivenin with its associated risk of serum 
sickness. 

Q Spider bites produce toxicity by local tissue necrosis 
(brown recluse and hobo spiders) and painful muscle con¬ 
tractions (black widow spider) in the United States. Deaths 
may be caused by stinging Hymenoptera, including bees 
(particularly aggressive Africanized bees), fire ants, and 
scorpions. 

Q Hypothermia risk is high in the severely injured patient as 
a result of exposure, loss of normal protective metabolism 
(i.e., shivering), rapid massive infusion of cold fluids/blood, 
and open thoracic and abdominal cavities. 

Q Loss of protective responses to hypothermia occurs between 
33°C and 30°C with an initial intensive sympathetic-type 
reaction with tremulousness, profound vasoconstriction, 
tremendous increases in oxygen consumption, and acceler¬ 
ated heart rate and minute ventilation. 


Q Hypothermia affects both blood gases and coagulation 
parameters with increased PA0 2 and decreased PC0 2 , 
whereas coagulopathy is aggravated as a result of platelet 
dysfunction and impaired enzyme activity. However, both 
blood gases and coagulation parameters should be assessed 
at 37°C because if the arterial blood gas value is normal at 
37°C, it will be acceptable at lower temperatures, whereas 
coagulopathy at 37°C requires blood component therapy 
separate from warming to correct the cold-induced coagu¬ 
lopathy. 

Q Hypothermia increases risk of mortality at every level of 
injury. And, although hypothermia delays mortality in 
experimental shock models, there is no improvement in 
outcome when applied to severe traumatic brain injury, 
and patients rapidly rewarmed require less resuscitation 
volume and have improved survival. 

Q Hypothermia is treated either passively by preventing fur¬ 
ther losses and allowing endogenous rewarming or actively 
either externally by use of warm blankets, heating pads, or 
lights and immersion in warm water or internally by core 
rewarming, which includes heated intravenous fluids; 
heated peritoneal, thoracic, gastric, bladder, or colonic 
lavage; heated moist inhaled air; extracorporeal circula¬ 
tory re warming (continuous arteriovenous re warming), or 
closed circuit intravascular countercurrent heat exchange 
devises. 

€> Frostbite involves ice crystal formation and unpredictable 
loss of tissue. Early definitive rewarming (avoiding refreez¬ 
ing) by submersion in 40°C to 42°C water is preferable 
with subsequent meticulous care, possible early throm¬ 
bolytic therapy, and awaiting demarcation and avoidance 
of early debridement to optimize outcomes and tissue 
salvage. 


ENVENOMATION 


Snakes and Snakebites 


Q There are more than 3,000 species of snakes worldwide, of 
which approximately 375 are venomous. Although estimates 
vary greatly, possibly 300,000 venomous bites each year are 
responsible for 30,000 deaths annually worldwide. In the 
United States, an estimated 45,000 snakebites occur annually, 
of which 7,000 are from venomous snakes, resulting in 14 to 
20 deaths each year. 1-4 The American Association of Poison 
Control Centers provides an annual report of snakebites that 
are reported to poison centers in the United States; this infor¬ 
mation can be accessed at http://www.aapcc.org/. It is likely 
that many snakebites go unreported. For example, in 2007 
only three deaths due to bites and stings from all sources were 
reported. A recent review of all human rattlesnake bites from 
1993 to 2007 published in the Annual Reports of the American 
Association of Poison Control Centers revealed that while the 
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incidence of severe (reported) bites is decreasing by 2% per 
year, annual rates of fatalities showed no significant change 
from 1983 through 2007. 4a 

From 2001 through 2005 there were 23,676 human expo¬ 
sures (average = 4,735/year) to native venomous snakes in 
the United States reported to U.S. poison centers in all states 
except Hawaii: 98% were to viper (Crotalidae) snakes and 2% 
to elapids. Overall, 77% of victims were male, 70% were 
adults older than 20 years, 12% were aged younger than 
10 years, and interestingly, 65 cases involved pregnant 
women. The overall hospital admission rate was 53%. Out¬ 
comes were generally more severe with rattlesnake and cop¬ 
perhead envenomations and in children younger than 6 years 
of age. The fatality rate of reported cases was 0.06%. 4b 

The five main families of poisonous snakes found worldwide 
are the Colubridae, Elapidae, Hydrophiidae, Viperidae, and Cro¬ 
talidae. The Colubridae family consists primarily of the boom- 
slang and the bird snake, which are mainly found in Africa. The 
Elapidae family includes the cobras, the coral snakes, and the 
adders, which are found throughout Asia, Africa, the Americas, 
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ITABLE 31. 

1 


1 

SNAKES OF THE FAMILY CROTALIDAE 

■ GENUS 

■ COMMON NAME 

■ CHARACTERISTICS 

■ RANGE 

Agkistrodon 

Water moccasin and copperhead 

No rattles; large plates on crown 

North America, southeastern Europe, Asia 

Bothrops 

New World pit vipers 

No rattles; small scales on crown; 
large scales on ventral tail 

Mexico to South America 

Crotalus 

Rattlesnakes 

Rattles; small scales on crown 

North, Central, and South America 

Lachesis 

Bushmaster 

No rattles; small scales on crown; 
small scales on ventral tail 

Central and South America 

Sistrurus 

Massasaugas and pygmy 

Rattles; large plates on crown 

North America 

Trimeresurus 

Rattlesnakes 

No rattles; small scales on crown 

Asia 


and Australia. The Hydrophiidae family consists of the sea 
snakes, which are found throughout the Pacific and along the 
west coast of South America. The Viperidae family consists of 
Old World vipers, which are found throughout Africa, Europe, 
and the Middle East, and are noted by their lack of a heat¬ 
sensing pit. The Crotalidae are the true pit vipers and are found 
worldwide. Some classification systems note the pit vipers as a 
subfamily of the Viperidae. 5 

The native venomous snakes of North America are mem¬ 
bers of the phylum Chordata, class Reptilia, order Squamata, 
suborder Serpentes, and the two families Crotalidae and 
Elapidae (Table 31.1). 

Rattlesnakes are members of the family Crotalidae and the 
genus Crotalus or Sistrurus. Water moccasins (or cotton- Q 
mouths) and copperheads are also members of the Crotalidae 
family, but of the genus Agkistrodon. The coral snake is the 
major representative of the Elapidae family and of the genus 
Micrurus or Micruroides. Other well-known members of the 
Elapidae family that are not indigenous to North America are 
the cobras and mambas. The distribution of venomous snakes 
in the United States is extensive, with at least one native species 
found in every state except Maine, Alaska, and Hawaii. Rat¬ 
tlesnakes are particularly widely distributed, whereas the 
water moccasin is found in the southeastern United States, 
Mississippi Valley, Illinois, and Indiana. The copperhead’s 
range is primarily from central Massachusetts to northern 
Florida and west to Illinois and Texas. 

The Crotalidae, or pit vipers, have a number of characteris¬ 
tics that help distinguish them from benign snakes (Fig. 31.1). 
Their unique and characteristic thermoreceptor “pit” is an 
infrared sensor located between the nostril and the eye that 
helps the snake localize its prey. Pit vipers also have a vertical 
elliptical pupil, a triangular head, and retractable fangs. Ven¬ 
omous snakes have a single row of plates distal to the anal 
plate on their ventral surface, whereas harmless snakes have a 
double row of caudal plates. 

Coloration is so variable that it is nearly useless as a dis¬ 
tinguishing characteristic. An exception is the coloration of 
the Elapidae coral snake, which can be identified by the 
simple rhyme, “Red on yellow kill a fellow; red on black 
venom lack.” Coral snakes have circular bands of colors 
with red adjacent to yellow, whereas the nonvenomous but 
similar-looking king snake has red on black bands that do 
not completely encircle it. The eastern coral snake has a 
completely black nose, whereas the king snake usually does 
not. 

Most snakebites in the United States occur in the Sunbelt 
region between April and October, with the peak incidence 
occurring in the summer months of July and August. Prehiber¬ 
nation and posthibernation snakes appear to be more aggres¬ 
sive. The victims of snakebites are typically men between 18 
and 50 years of age. Up to 60% of snakebite victims are delib¬ 


erately handling snakes, 6 and alcohol consumption in snakebite 
victims is common. 7 

Not every poisonous snakebite results in envenomation, 
and even the presence of fang marks does not necessarily cor¬ 
relate with envenomation. Venom is produced in Duvernoy 
glands, which are located on the dorsal sides of the head and 
correspond to the parotid glands. The location of this large 
gland gives the head its characteristic triangular shape. During 
the bite, the venom is forced through the hollow fangs by the 
palatine muscles and extruded out the orifices, which are 
located just proximal to the tip. Therefore, clothing, gloves, 
and shoes may significantly diminish the depth of penetration 
and limit the amount of envenomation. 

The severity of envenomation is related to the amount of 
venom injected, the concentration of the venom, and the size 
of the snake. Direct intravenous envenomation is unusual but 
particularly severe. 8 Snakebites with a distance between the 
fangs of more than 15 mm are representative of a large snake 
and therefore suggest a potentially more significant envenoma¬ 
tion. Hibernation also seems to play a role in severity. After 
hibernation, snakes are relatively dehydrated because they 
have been in a prolonged fasting state, and therefore they pro¬ 
duce a more potent, concentrated venom. The degree of enven¬ 
omation also varies because 10% to 25% of bites have no 
significant envenomation, even when fang marks are noted on 
the victim. With each strike, the snake may discharge between 
25% and 75% of its venom, so that successive or repetitive 
strikes tend to diminish the amount of venom available. 
Snakes that are angered or fearful may discharge greater 
amounts of venom. Table 31.2 lists the grading scale for pit 
viper bites. 24-28 

Snake Venom. The function of venom is to kill or immobi¬ 
lize prey and to aid in digestion. Venom consists of a complex 
array of proteins and enzymes that have historically been char¬ 
acterized as neurotoxins, hemotoxins, and cardiotoxins. 9 The 
components of pit viper venom, however, affect almost every 
organ system; thus, labeling snake venom as a specific organ 
toxin is probably inaccurate. 5 More than 26 different proteins 
and nonenzymatic peptides have been isolated from various 
venoms. 2,5 The Crotalidae venom consists of approximately 
90% water, 5 to 15 enzymes, 3 to 12 nonenzymatic proteins 
and peptides, and more than 6 other unidentified substances. 
A partial list of these enzymes is shown in Table 31.3 and 
includes several proteolytic enzymes, phospholipase, nucleoti¬ 
dase, acetylcholinesterase, and amino acid oxidase. 

These low-molecular-weight peptides and polypeptides (6 
to 100 kD) appear to act by damaging vascular endothelial 
cells. Electron microscopic analysis of tissue from human 
snakebite victims has demonstrated disruption of the vascular 
endothelium and other plasma membranes. Microangiopathic 
vascular injury leads to increased permeability, peripheral 
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Poisonous (pit vipers) 



Vertical pupil 


Anal plate 


Single row of 
subcaudal plates 


No rattles 


Rattlesnakes Copperheads and 

cottonmouths 
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Round pupil 



Anal plate 


Double row of 
subcaudal plates 


FIGURE 31.1. Characteristics of snakes that differentiate poisonous pit vipers from harmless snakes. 


TABLE 31 

.2 CLASSIFICATION 1 

GRADING OF PIT VIPER BITES 

■ GRADE 

■ DESCRIPTION OF BITE 

0 

Visible bite but no envenomation; swelling/ 
erythema around the fang mark <2.5 cm; 
minimal pain and tenderness; no systemic 
symptoms 

I 

History of immediate pain with bite; swelling 
and erythema 5-15 cm from fang marks; no 
systemic signs or symptoms 

II 

Moderate pain; erythema and edema of 

15-40 cm; mild systemic signs such as 
weakness and emesis; may have abnormal 
laboratory findings 

III 

Severe pain; erythema and edema >40 cm, 
with petechiae and bullae; systemic signs 
and symptoms such as vertigo, DIC, or 
coagulopathy; abnormal laboratory values 

IV 

Lethal envenomation with widespread edema, 
shock, seizures, coma, renal failure, bleeding, 
DIC, paralysis 


DIC, disseminated intravascular coagulation. 


TABLE 31.3 


ENZYMES OF SNAKE VENOMS 

Proteolytic enzymes 

Arginine ester hydrolase 

Thrombinlike enzyme 

Collagenase 

Hyaluronidase 

Phospholipase A 2 (A) 

Phospholipase C 

Lactate dehydrogenase 

Phosphomonoesterase 

Phosphodiesterase 

Acetylcholinesterase 

RNase 

DNase 

5'-Nucleotidase 
L- Amino acid oxidase 
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edema, pulmonary edema and hemorrhage, significant intersti¬ 
tial fluid sequestration, and hypotension. Other venom proteins 
appear to induce a neuromuscular blockade or coagulopathy. 
Procoagulant venom factors seem to dominate, primarily exert¬ 
ing their effect late in the clotting cascade by activating factor 
X or prothrombin or by directly converting fibrinogen to fib¬ 
rin. 10 Tissue destruction is aided by several different proteins. 
L-Amino acid oxidase causes extensive tissue destruction and 
splits fibrinogen, leading to platelet trapping and unstable clot 
formation, thus contributing to the genesis of disseminated 
intravascular coagulation (DIC). Phospholipase A 2 causes 
hydrolysis of lecithin at the C-2 position, resulting in the for¬ 
mation of lysolecithin. This event alters the permeability of 
erythrocyte membranes and muscle cell plasma membranes, 
leading to hemolysis and tissue edema. Hyaluronidase induces 
the lysis of ground substance and thereby aids in the distribu¬ 
tion of the venom throughout body tissues. 

The Elapidae snake venom also contains specific and unique 
neurotoxins and cardiotoxins, which have a more direct effect 
on the neuroactivity of the prey. Coral snake venom directly 
blocks action of acetylcholine receptor sites that do not appear 
to be responsive to neostigmine. This blockade results in pto¬ 
sis, dysphagia, and slurred speech and can lead to seizures, 
coma, and death within 8 to 72 hours. While coral venom is 
extremely toxic, there has been only one confirmed death in 
the United States from a coral snake bite in the past 40 years, 
the victim delaying medical attention; alcohol was involved. 10a 

Signs and Symptoms of Envenomation by Snakebite. 

Q The important signs and symptoms of snakebites include both 
local and systemic effects. Immediate pain and progressive 
edema and erythema at the site of the bite are the norm. Local 
signs and symptoms progressing at a rate of greater than 
30 cm/h, in addition to microscopic hematuria and bleeding 
from the puncture sites, indicate significant envenomation. 11 
Delayed toxicity has been observed on occasion, and rarely 
severe toxicity has followed resolution of initial local symp¬ 
toms. 12 Occasionally, a bite by a nonpoisonous garter snake 
(Tbamnopbis species) can be confused at an early stage with 
the bite of a poisonous snake of the Crotalidae family. 
Edema and erythema can be produced by toxic salivary 
secretions of a parotidlike gland (Duvernoy glands) if the 
skin has been broken. 13 Systemic signs fail to develop, 
however, and the local signs resolve spontaneously within a 
few days. 

Myonecrosis at or near the bite site is affected by both the 
direct toxic effects of the venom and the added ischemia of 
edema and increased compartment pressures. The develop¬ 
ment of a frank compartment syndrome after a snakebite of 
the extremity can occur but is unusual, occurring in only 1 of 
272 Eastern diamondback and water moccasin bites in one 
report. 14 Studies using purified venom injected into the antero¬ 
lateral leg compartment of mongrel dogs determined that only 
intramuscular injection leads to an increase in compartmental 
pressure. 15 Compartment syndromes are unusual because 
most snakebites do not penetrate through the superficial fas¬ 
cia; the principal cause of myonecrosis is probably direct toxi¬ 
city of the venom rather than ischemia from elevated compart¬ 
ment pressure. Nonetheless, in one report of 36 rattlesnake 
bites, three definitive diagnoses of compartment syndrome 
were made on the basis of elevated compartment pressures. 16 
The indication for fasciotomy remains controversial, with 
some authors recommending fasciotomy in nearly all cases, 17 
but others believing that aggressive use of antivenin precludes 
the need for fasciotomy in most instances. 

Shock is a common finding with significant systemic enveno¬ 
mation, resulting from increased microvascular permeability and 
the loss of plasma volume. Bradycardia and arrhythmia result 
from the cardiotoxins. Renal failure may occur from hypoperfu¬ 
sion and shock, from DIC with renal tubular necrosis, or as a 
direct toxic effect of the venom. Sheehan syndrome of pituitary 


necrosis has been reported after a Russell viper bite, likely a 
result of the procoagulant activity of the viper’s venom. 18 

The hematologic effects of venom cause both local and sys¬ 
temic problems. Venom appears to activate factor X as well as 
factors V and IX or directly converts fibrinogen to fibrin, lead¬ 
ing to activation of the coagulation cascade and a consumptive 
coagulopathy. 18 The prothrombin time (PT) and partial 
thromboplastin time (PTT) are commonly increased, which 
may result in persistent bleeding, ecchymosis, or petechiae at 
the puncture site or affected extremity. Microscopic hematuria 
and bleeding from any preexisting condition, such as peptic 
ulcer or menstrual bleeding, may aggravate the situation. 
Venom also causes a mild defibrinogenation state, with unsta¬ 
ble clot formation consuming fibrinogen but sparing platelets. 
This state may contribute to DIC. 

Venom also appears to cause myriad neurologic effects, 
especially the venom from the Elapidae family. The venom of 
coral snakes, cobras, and sea snakes contains an acetyl¬ 
cholinesterase receptor antagonist that causes ptosis, slurred 
speech, and impaired swallowing leading to hypersalivation. 
This venom also has central nervous system activity that 
results in progressive weakness, paresthesia, and eventually 
respiratory muscle failure and respiratory arrest. Seizures and 
psychotic behavior may develop that can lead to coma or 
death in 8 to 72 hours. The toxins responsible include neuro¬ 
toxin A, which appears to act on the central nervous system, 
and neurotoxin B, which acts at the myoneural junction. 

Clinical Evaluation of Snakebites. Victims of snakebites 
require the same aggressive supportive and resuscitative care 
as any trauma patient. Attention to airway and breathing are 
the first priority, followed by cardiovascular assessment and 
resuscitation. A detailed history is often helpful in determining 
the type and size of snake, the circumstances of the bite, and 
timing. Key points should include snake description, first-aid 
measures applied, known allergies and comorbidities, and his¬ 
tory of snakebites or use of antivenin. A complete and detailed 
physical examination should specifically look for fang marks 
(usually a single pair, rarely more than one strike), distance 
between fang marks (indicates size of the snake), and mea¬ 
surement of the zone of erythema and edema initially sur¬ 
rounding the fang marks and subsequently over time. Signs of 
toxicity to be searched for include petechiae, bruises, bullae, or 
blisters. Measurements at the same site should be repeated 
every 15 minutes until edema and erythema progression has 
ceased. Frequent clinical examinations should focus on neuro¬ 
logic, hematologic, and hemodynamic profiles. 

Initial laboratory testing should include electrolytes, com¬ 
plete blood count with platelet count, PT, PTT, fibrinogen 
level, blood urea nitrogen, and serum creatine plus urinalysis. 
Depending on the patient’s age and comorbidities, an electro¬ 
cardiogram and chest radiograph should be included. Type 
and cross-matching for blood is advised, particularly if the 
patient presents with a more severe grade of injury. Tetanus 
immunization status should be queried and brought up to date 
if needed. Enzyme-linked immunosorbent assays (ELISAs) 
have been developed to directly measure serum venom anti¬ 
gens in patients and to help identify the species of snake. 18 
ELISA is sensitive to 5 mg/L of venom and can assess serum, 
urine, blister fluid, or aspiration fluid. This test is helpful when 
attempting to determine the specific snake to direct monova¬ 
lent antivenin therapy. Radioimmunoassay is extremely sensi¬ 
tive, with some venoms being detected to levels of 0.4 mg/L. 
The applicability of this assay is limited because of its expense 
and the fact that it may take 24 hours to produce a definitive 
result. 19 In the United States, however, there is only one Cro- 
talidae antivenin and only one coral snake antivenin; there¬ 
fore, this more detailed identification is usually unnecessary. 

Treatment of Snakebite Envenomation. First aid is 
simply immobilization and splinting of the injected part at the 
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level of the heart or at a slightly dependent position, much as 
a fracture of the extremity would be treated. The utility of inci¬ 
sion and suction at the puncture site has been debated for 
years, and probably should not be advised. In dogs, up to half 
of the venom can be removed if incision and suction are begun 
within 3 minutes of the bite, 19 and in rabbits, a suction device 
(the Sawyer extractor pump) has been shown to remove up to 
37% of radiolabeled venom in rabbits when applied 3 minutes 
after envenomation 34 ; however, these results have not been 
verified in humans. Russell 2 has indicated that if immediate 
incision and suction is started and continued for 1 hour, at best 
11% of the venom may be removed. 20 Most authorities do not 
recommend incision and suction therapy. 1,20,20a ’ 21 

The use of a proximal tourniquet should also be discour¬ 
aged because it may lead to venous congestion and increased 
edema and ischemia without demonstrated benefit. Cryother¬ 
apy (ice pack) is discouraged universally because it increases 
tissue ischemia. The effects of cryotherapy and steroids were 
studied in envenomated mongrel dogs, and it was found that 
no added benefit could be demonstrated by using cortico¬ 
steroids or cryotherapy as adjuvants to antivenin alone. 22 

Tetanus prophylaxis and the prevention of secondary 
infections are important objectives of snakebite treatment. 
Species of the gram-negative bacteria Aerobacter, Proteus, and 
Pseudomonas are particularly common causes of bacterial infec¬ 
tion, and appropriate systemic antibiotics are given routinely. 
Cholinergic agonists may be of benefit after an Elapidae bite 
because this venom has a significant effect on acetylcholine 
receptors. Calcium gluconate may also be of benefit after an 
Elapidae bite to control the onset of seizures. Some snake ven¬ 
oms have been shown to contain metallopeptides, and for this 
reason, ethylenediaminetetraacetic acid (EDTA) has been tried 
experimentally in animals as a chelator to inactivate these pro¬ 
teins. The use of this agent is to be discouraged, however, 
because it appears to hasten death in laboratory animals for 
unknown reasons. 16 Systemic steroids have no effect in the initial 
treatment of snakebites, but they play a significant role in treat¬ 
ment of serum sickness that often follows antivenin therapy. 23 

Antivenin is the mainstay of treatment of significant enven¬ 
omation throughout the world. 1 While more than 100 
antivenin"' products are available worldwide, prior to 2007 
there were two antivenins available in the United States for 
Crotalinae bites and one for Elapidae bites. In 2007, the man¬ 
ufacturer of Crotalidae equine polyvalent antivenin (Wyeth- 
Ayerst, St. David’s, Pennsylvania) stopped distribution of this 
antivenin in the United States, although unexpired stock may 
still exist. The Crotalidae equine antivenin by Wyeth-Ayerst 
was a polyvalent, hyperimmune equine serum produced by 
horse envenomation with the eastern diamondback, western 
diamondback, tropical rattlesnake, and fer-de-lance. The high 
rate of hypersensitivity and serum sickness reactions was the 
primary reason for halting its use. Anaphylaxis is reported in 
3% to 54% of patients treated with equine antivenin, but only 
14% of those treated with ovine CroFab. 5,25 The anaphylaxis 
is a type I immunoglobulin E-mediated reaction to the horse 
serum, which results in massive mast cell degranulation. 

The other available antivenin for Elapidae bites is the 
eastern coral snake antivenin, also manufactured by Wyeth- 
Ayerst. 

Since 2000, the sheep (ovine)-produced antivenin, polyva¬ 
lent Crotalidae ovine immune Fab (CroFab, Protherics) 
(referred to as “FabAV”), has been the standard of treatment 
for most North American snakebites. FabAV contains only the 


"'Regarding the terminology for envenomation, the term venom describes 
the poisonous fluid produced by snakes, spiders, scorpions, etc., and the 
term venin describes any poisonous substance found in venom; antivenin is 
the term used by both Stedman’s Medical Dictionary and Webster’s English 
Dictionary to describe an antitoxin or antiserum against an animal or insect 
venom. 


venom-binding portion of immunoglobulin G. CroFab (Cro¬ 
talidae Polyvalent Immune Fab [Ovine]; Fougera, Melville, 
New York) is a sterile, nonpyrogenic, purified, lyophilized 
preparation of ovine Fab (monovalent) immunoglobulin frag¬ 
ments obtained from the blood of healthy sheep immunized 
with one of the following North American snake venoms: 
Crotalus atrox (western diamondback rattlesnake), Crotalus 
adamanteus (eastern diamondback rattlesnake), Crotalus scu- 
tulatus (Mojave rattlesnake), and Agkistrodon piscivorus (cot- 
tonmouth or water moccasin). To obtain the final antivenin 
product, the four different monospecific antivenins are mixed. 
Each monospecific antivenin is prepared by fractionating the 
immunoglobulin from the ovine serum, digesting it with 
papain, and isolating the venom-specific Fab fragments on ion 
exchange and affinity chromatography columns. 33 

CroFab is standardized by its ability to neutralize the lethal 
action of each of the four venom immunogens following intra¬ 
venous injection in mice. The potency of the product varies 
with each batch; however, a minimum number of mouse FD50 
neutralizing units against each of the four venoms is included 
in every vial of final product. A schema for using CroFab to 
treat snakebites is given in Algorithm 31.1. This product is 
roughly five times more potent than the older equine Crotali¬ 
dae polyvalent antivenin; it has rapidly replaced the equine 
antivenin once widely used against all North American crotal- 
ids, primarily because of fewer allergic reactions. 5,29,30 Recur¬ 
rence of the effects of venom after an initial response to 
antivenin has been well recognized, hence the subsequent 
smaller doses 6, 12, and 18 hours following an effective initial 
response. As the algorithm illustrates, however, the equine 
antivenin may still have a role in the patient who is a nonre¬ 
sponder to CroFab, and an equine antivenin remains the most 
effective antivenin for coral snake bites. 

The occurrence of anaphylaxis during or after administra¬ 
tion of any antivenin mandates immediate cessation of therapy 
and countermeasures, including antihistamines (oral diphen¬ 
hydramine), epinephrine infusion, and/or corticosteroids. The 
adequacy of the airway and volume status must be ensured. 
The risk of continuing antivenin must be weighed against the 
potentially fatal consequences of severe envenomation. Con¬ 
comitant administration of intravenous antihistamine and epi¬ 
nephrine in small, titrated microdrip doses to prevent the most 
severe manifestations of systemic anaphylaxis has been described 
in an allergic patient in whom antivenin therapy was deemed 
essential. This technique requires close physician observation 
because there are risks from both anaphylaxis and the treat¬ 
ment itself. 

The other major complication of any antivenin therapy is 
serum sickness. Serum sickness occurs in approximately 50% 
to 75% of all patients treated with an equine-based antivenin 
but only 16% with the ovine source of antivenin. 5,24 Serum 
sickness is a type III hypersensitivity reaction in which soluble 
antigen-antibody complexes are deposited diffusely in the 
presence of antigen access. In 26 patients who were treated 
with a total of 507 vials of Crotalidae antivenin, there was a 
23% incidence of immediate hypersensitivity reaction and a 
50% incidence of serum sickness. 24 Of patients who received 
more than eight vials of antivenin, 83% experienced serum 
sickness compared with 38% of patients who received fewer 
than eight vials. Serum sickness symptoms of urticaria, itching, 
nephritis, and arthralgia can occur at any time up to 3 weeks 
after antivenin therapy. The exact number of vials of antivenin 
required to induce serum sickness is unknown, but it appears 
that increasing amounts of antivenin lead to a higher incidence 
of serum sickness, with almost universal occurrence after the 
administration of 7 to 10 vials of antivenin. The treatment for 
serum sickness is systemic corticosteroids in decreasing doses 
over a 7- to 14-day period. 

Treatment of snakebites with antivenin has changed with 
the more widespread use of the ovine polyvalent CroFab. As 
illustrated in Algorithm 31.1, patients with a suspected or 
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Patient with documented snake envenomation 

History and physical examination 
Laboratory tests 

I 

Administer four to six vials 
of CroFab™ a 


Initial signs and symptoms controlled? 


Yes No 


Infuse additional two vials of CroFab™ Administer additional four to six vials 

at 6, 12, and 18 hours of CroFab™ 

I 

Initial control achieved? 


Yes No 


Infuse additional two vials of CroFab™ Administer additional four to six vials 
at 6, 12, and 18 hours of CroFab™ 

Initial control achieved? 


Yes No 

I I 

Infuse additional two vials of CroFab™ Consider Wyeth-Ayerst b equine antivenin 
at 6, 12, and 18 hours Reconsider diagnosis 


a CroFab™ Crotalidae Polyvalent Immune Fab - Ovine (Fougera®, Melville, NY), 
b Wyeth-Ayerst (St. David’s, PA) 


ALGORITHM 31.1 


ALGORITHM 31.1. Treatment of snakebite envenomation with antivenin. (Adapted from Gold BS, Dart RC, Barish RA. Bites of venomous 
snakes. N Engl J Med 2002;347:347-356; and Cribari C. Management of Poisonous Snakebites. Chicago, IL: American College of Surgeons 
Committee on Trauma Poster; 2004.) 


confirmed envenomation are recommended to receive an ini¬ 
tial four to six vials of CroFab. If signs and symptoms of 
envenomation are controlled, additional vials are administered 
in a delayed fashion to prevent recurrence of symptoms. How¬ 
ever, if the initial treatment fails to control envenomation, an 
additional four to six vials of CroFab are repeated twice, and 
then consideration should be given to using the “older” 
Wyeth-Ayerst polyvalent equine antivenin. The estimated ini¬ 
tial amount of Crotalidae antivenin needed should correlate 
with the presenting clinical grade of envenomation. The pack¬ 
age insert for Wyeth-Ayerst Crotalidae Antivenin Polyvalent 
provides detailed instructions for preparing, administering, 
and dosing this agent. 

Although early surgical excision of the bite wound has been 
advocated by some, most authorities regard antivenin as the 


primary therapy and reserve surgery for the occasional com¬ 
partment syndrome or debridement of necrotic tissue at the 
site of the bite several days after envenomation. Unless deep 
intramuscular envenomation has occurred and antivenin ther¬ 
apy has been delayed, fasciotomy is rarely required. Because 
the musculature and deep compartments of the hand are 
relatively superficial, however, intramuscular penetration may 
occur at these sites. Myonecrosis and interstitial edema may 
cause enough compartmental hypertension in these sites that 
linear finger fasciotomy and digital release are helpful. Fas¬ 
ciotomy may help reduce the ischemic tissue damage caused by 
increased pressure but does not alleviate the myonecrosis 
caused by the direct toxic effect of the venom. 31,32 Noninvasive 
arterial studies may help select patients who require special 
surgical intervention for ischemia. 33 
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Venomous Lizards, Lizard Bites, 
and Crocodile Attacks 

Two species of venomous lizards exist, Heloderma suspectum 
and Heloderma borridum. H. suspectum, or the Gila monster, 
is found in the southwestern United States, and H. borridum, 
or the Mexican beaded lizard, is found in central and southern 
Mexico. 35 Physicians may, however, encounter a bite victim 
anywhere in the world because these colorful animals are com¬ 
mon in zoos and often are kept illegally as pets. Nonetheless, 
human envenomation is very unusual, with only a few case 
reports of Gila monster or Mexican beaded lizard envenoma¬ 
tion, and occurs most often from captive animals. 35,36 

Gila monsters grow up to 55 cm in length. They character¬ 
istically have slow, lingering movements, but they also have 
surprisingly quick reflexes and incredibly powerful jaws. 
Although usually docile, the medical literature reports suggest 
they can strike without warning or provocation. The mecha¬ 
nism of envenomation is fairly inefficient. The lizard has eight 
pairs of inferior labial glands located on either side of the 
lower jaw that secrete venom into the floor of the mouth. By 
capillary action alone, the venom travels out of the glands and 
into grooves of the posteriorly curved lower canines (teeth 4 
through 7, counting from the central incisor). Only approxi¬ 
mately 60% of bites have significant envenomation because 
prolonged chewing is required to disperse the venom ade¬ 
quately into the prey. Dislodging the animal from its prey, how¬ 
ever, may be difficult because of its extremely powerful jaws. It 
may be necessary to cut the powerful masseter muscles to pry 
open the lizard’s mouth. More ill-advised techniques of grab¬ 
bing the tail or igniting the lizard (flame under the lower jaw) 
have also been attempted. The teeth of the Gila monster are 
poorly anchored and periodically shed. Wounds must be thor¬ 
oughly explored for the teeth because soft tissue radiographs 
often fail to demonstrate these foreign bodies. 35 

In general, Gila monster bites have local effects, with direct 
tissue destruction and capillary membrane injury by serotonin, 
amine oxidases, phospholipase A, hyaluronidase, and a variety 
of proteases. The exact composition of Gila monster venom has 
not been elucidated, although the U.S. Food and Drug adminis¬ 
tration in April 2005 approved the use of a new injectable drug 
for the treatment of type 2 diabetes derived from Gila monster 
venom. Amylin Pharmaceuticals, Inc. (San Diego, California) 
and Eli Lilly and Company (Indianapolis, Indiana) codeveloped 
Byetta, a 39-amino-acid, glucagonlike peptide-1 agonist derived 
from the venom of H. suspectum and the first approved drug of 
a class called incretin mimetics , hormones secreted by the gut 
that help spur insulin production. The peptide appears to spur 
insulin production only when blood glucose levels are high, 
decreasing the risk of hypoglycemia. Clinical trials have been 
initiated comparing this drug alone and in combination with 
metformin and sulfonylureas. 37 

The most common clinical symptom of a Gila monster bite 
is pain, usually subsiding in 8 to 10 hours, although it may 
persist for several days. Generalized weakness, dizziness, per¬ 
spiration, and anxiety are other common symptoms. Hypoten¬ 
sion is a common clinical finding with envenomation, usually 
responding to fluid resuscitation alone. There has been one 
reported case of significant systemic hypotension and myocar¬ 
dial infarction in a 23-year-old man after a Gila monster bite. 38 
Other common signs include erythema, edema, and even lym¬ 
phangitis, probably from pathogens injected at the time of the 
bite because injection of sterile venom produces none of these 
clinical signs. Rather severe nausea and vomiting can also be 
seen. Laboratory abnormalities are rare. The treatment of Gila 
monster bites is largely local wound care and systemic support 
of the patient (fluids, pain relief, antibiotics, antiemetics). No 
antivenin is available. Tetanus immunization should be cur¬ 
rent. A period of observation after the bite to assess the poten¬ 
tial for systemic toxicity is warranted. 


Crocodile and alligator attacks on humans are not uncom¬ 
mon in certain parts of the world. Saltwater crocodiles ( Croco- 
dylus porosis) are formidable predators in northern Australia. 
They are the largest of 23 species of crocodilians and 
are indigenous to southeast Asia and northern Australia. They 
are significantly larger than North American alligators or Nile 
crocodiles, averaging 5 meters in length versus 3 to 3.5 meters. 
The largest recorded was 8.5 meters in length and weighed 2 
tons. 39a Injuries sustained are primarily from the forceful jaws, 
conical teeth, and heavy skull, resulting in mangled extremities 
infected with gram-negative water-borne organisms. While 
humans are usually not strong enough to force open a crocodile 
jaw, the strategy of applying forceful pressure to the reptile’s 
eyes may be more than folklore. Of course, shooting the beast 
or beating it with a large stick may also provoke a release of the 
victim. Prevention is the best form of treatment. 


Venomous Spiders and Spider Bites 

More than six genera of spiders in the United States can 
inflict painful bites and necrotic ulceration, but most widely 
known and ones of medical significance are Loxosceles reclusa 
(brown recluse spider), Tegenaria agrestis (hobo spider), and 
Latrodectus mactans (black widow spider). 60 In the United 
States, the brown recluse spider is native to the central South, 
whereas other Loxosceles species exist in the southwestern bor¬ 
der state regions 39 (Fig. 31.2). Sighting of the brown recluse 
outside its native region is rare, is usually attributed to ship¬ 
ping of the spider in boxes of possessions or commerce, and is 
a single specimen only, not the typical large populations of spi¬ 
ders that exist when the habitat is conducive to their survival. 
The hobo spider is indigenous to the Northwest, whereas the 
black widow spider resides throughout the United States, 
except for Alaska. 40 

The brown recluse and hobo spiders can cause a painful, 
slow-healing, necrotic ulceration, but not all painful ulcera¬ 
tions should be attributed to spider bites. The complaint of 
“spider bite” commonly accompanies a cutaneous abscess. 
When a spider has not been positively identified as the offend¬ 
ing agent, consideration should be given to other possible 
causes of necrotic ulceration. 39,41,42 Lyme disease ( Borrelia 
burgdorferi) in particular can present with the classic “bull’s 
eye” patterning characteristic of the brown recluse bite. 43 
Lyme disease is caused by an Ixodes tick-borne spirochete and 
is most common in the Northeast, Middle Atlantic area, and 
upper Midwest. Lyme disease is important to distinguish 
because early treatment with antibiotics (doxycycline) is usu¬ 
ally curative, whereas unrecognized infections can cause late 
arthritic and neurologic symptoms that may not respond to 
antibiotics. 

T. agrestis was introduced to the Pacific Northwest in the 
early 1900s from Europe. It was first reported from Seattle in 
the 1930s and had become common by the 1960s. T. agrestis 
is long legged (40 mm resting length), is hairy, and ranges in 
color from light tan to dark brown. The cephalothorax (10 to 
12 mm) is distinguished by two stripes and “butterfly” mark¬ 
ings on the dorsal surface and two stripes marking the ventral 
surface. T. agrestis is a poor climber and hence is usually found 
in low places. Sometimes referred to as an “aggressive house 
spider,” the hobo builds a funnel-shaped web that can be found 
in woodpiles, crawl spaces, barns, haystacks, and objects that 
have not been moved in a long time. The hobo spiders are 
active from spring through fall, and although not overtly 
aggressive, the most dangerous time to encounter the hobo spi¬ 
der is during the fall mating season; the nests should be avoided 
and not probed with a finger. A bite of the hobo spider causes 
a necrotic wound similar to that of the brown recluse spider, 
along with a characteristic persistent headache. 39 The ulcer is 
slow to heal, often leaving a central crater. 
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FIGURE 31.2. The geographic distribution of medically 
relevant spiders in North America. 


The brown recluse spider is so named because it lives in dark, 
dry places, emerging only at night. This spider does not spin a 
web but catches prey by pursuit. It is small (body, 0.5 to 1 cm 
wide; leg span, 3 to 4 cm) and recognizable by the characteristic 
violin-shaped mark on the cephalothorax. When viewed under 
a microscope, it has three pairs of eyes rather than the two pairs 
most spiders have. Like most biting spiders, the brown recluse 
spider bites humans only when trapped or crushed against the 
skin. Brown recluse spider bites cause a complex and chronic 
soft tissue ulcer. Clinical signs begin first with an erythematous 
papule (2 to 8 hours), followed by white vasoconstriction (8 to 
72 hours), ecchymosis (24 to 72 hours), and a hemorrhagic vesi¬ 
cle (48 to 96 hours). 39,41 Two to 7 days after the bite, an eschar 
develops over a characteristic crateriform ulcer, with surround¬ 
ing soft tissue induration. 44 The eschar may conceal a progres¬ 
sive undermining necrosis that can persist for months. These 
wounds are most severe in the fatty parts of the body, such as 
the thighs and buttocks, perhaps because of the relatively poor 
blood supply to these tissues. There may also be a particular 
dermonecrotic factor in brown recluse venom. Sphingomyeli¬ 
nase D is present in the venom and appears to interact with the 
sphingomyelin of the red blood cell membrane and perhaps cap¬ 
illary endothelial cell membranes, causing cell destruction. 45 
Histologically, the site of the bite is said to resemble a cutaneous 
Arthus reaction, with the mechanism involving interactions 
between complement neutrophils and the clotting system. 46 
Investigations suggest the necrosis is completely dependent on 
the victim’s neutrophils, yet these neutrophils are not activated 
by the venom. Loxosceles venom appears to be a novel yet 
potent endothelial cell agonist, stimulating the release of 
interleukin-8 and granulocyte-macrophage colony-stimulating 
factor and E-selectin expression. 47 

Significant systemic symptoms after a brown recluse bite 
occur infrequently, in fewer than 10% of cutaneous manifes¬ 
tations. The clinical spectrum includes fever, chills, malaise, 
arthralgia, nausea and vomiting, and a scarlatiniform rash but 
can progress to hemolytic anemia, renal failure, and DIC in 
rare cases, perhaps more commonly in children than adults. 48 

Treatment of brown recluse spider bites includes analgesics, 
wound care, antitetanus therapy, avoidance of early surgical 
debridement, and perhaps oral dapsone. Antibiotics are 
reserved for true associated cellulitis. Dapsone is thought to 
work as an inhibitor of polymorphonuclear leukocyte chemo- 
taxis, but it can cause hemolysis in glucose-6-phosphate 
dehydrogenase-deficient patients and can produce methemo¬ 
globinemia. Some studies show dapsone effective in reducing 


the size of the skin lesion and limiting the need for surgical 
debridement, 49,50 whereas other studies demonstrate no benefit 
in animal models, 51 and no prospective study in humans supports 
its use. 52 The most common dose is 50 to 100 mg (0.7 mg/kg) 
twice daily for 3 days to 2 weeks, although it is not approved for 
this use by the U.S. Food and Drug Administration. One con¬ 
trolled trial of dapsone, electric shock therapy, or no therapy in 
guinea pigs injected with 30 mg of spider venom demonstrated 
efficacy of dapsone in reducing lesion induration and necrosis 
area 72 hours after envenomation. 53 Electric shock therapy had 
no benefit. Hyperbaric oxygen treatment of model envenoma¬ 
tion in rabbits and pigs also failed to demonstrate any effect on 
lesion healing time or superficial appearance, although hyperbaric 
treatments seemed to have decreased the amount of undermining 
necrosis visualized histologically on day 24 after envenoma¬ 
tion. 54,55 A trial of hyperbaric oxygen, dapsone, and cyprohep¬ 
tadine in rabbits also failed to demonstrate any significant 
difference in lesion size, ulcer size, or histopathologic ranking 
up to 10 days after injection of toxin. 55 Local injections of lido- 
caine, phentolamine, and systemic steroids and antihistamines 
have been widely used in the past but have no demonstrable 
benefit. Systemic corticosteroids probably have a role only in 
the rare case of systemic loxoscelism, which has minimal skin 
changes but produces massive hemolysis. 44 Surgical excision of 
the lesion itself has no clear benefit. 56 

Commercial antivenin for the brown recluse spider is not 
available in the United States, although a rabbit antivenin for 
L. laeta is available in South America. 39 Equine-derived 
antivenin has been shown effective in mice and rabbits, and 
pepsin treatment to isolate the F(ab’) 2 monoclonal fragment 
has been attempted. However, studies to date fail to demon¬ 
strate any advantage to antivenin, with or without dapsone, 
particularly if there is a few-hour delay in administering the 
antivenin. In areas where Loxosceles spiders are endemic, vac¬ 
cination might hold promise. 60 

Few living creatures invite such poetic fascination and fear as 
the black widow spider. Its name, coloring, carnivore diet, and 
the disconcerting habit of the female eating her sexual partner 
invite such fascination. And although both the male and female 
spider possess potent venom, only the female is dangerous to 
humans because the male is smaller and thus its bite cannot pen¬ 
etrate human skin. The mature female has a black body, 
approximately 6 mm in diameter, with a characteristic red hour¬ 
glass mark on the ventral aspect of the thorax. This mark is not 
always present and may consist only of two red dots. The black 
widow prefers a dry, protected, dimly lit area with access to flies 
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and other insects, such as an outdoor privy. During the period in 
which the female L. mactans is guarding an egg sac, she is par¬ 
ticularly aggressive and will attack the male if he disturbs the 
web, hence earning the particularly dark and descriptive com¬ 
mon name black widow. 49 The diet most commonly consists of 
insects of any size, but reportedly includes mice, toads, and 
tarantulas that wander into the dense web and succumb to the 
poisonous bite and organ liquefaction. 

Black widow venom has a systemic neurotoxin, the primary 
effect of which is chest pain and abdominal pain. The abdomi¬ 
nal pain may mimic an abdominal crisis, with marked cramp¬ 
ing and a rigid abdomen. The neurologic signs of hyperreflexia, 
paresthesia, and cutaneous hyperesthesia help distinguish this 
from a true intra-abdominal catastrophe. Profuse sweating, 
hypertension, and tachycardia are also common. 57 The primary 
treatment is supportive care and narcotics and muscle relaxants 
(methocarbamol or benzodiazepine) for pain control, although 
antivenin therapy also provides effective pain relief in patients 
with severe envenomations. 58 Antivenin is a horse serum- 
derived immunoglobulin therapy, usually suggested for use in 
young patients (<6 years of age), very infirm patients, and 
patients with a severe reaction. The usual dose is 1 ampule in 
50 mL of normal saline. Calcium gluconate, 10 mL of a 10% 
solution given intravenously over 15 to 20 minutes, has usually 
been considered the first-line treatment of severe envenoma¬ 
tions, although one report disputes its efficacy at pain relief. 58 
Most black widow spider bite symptoms resolve within 1 day, 
but recurrent symptoms may persist for 2 to 3 days. Antivenin 
has been reported to be effective up to 30 hours after a bite. 59 
The reported mortality rate is 2% to 6%, usually as a result of 
severe acute or delayed hypersensitivity reactions with paraly¬ 
sis, hemolysis, renal failure, and coma. 


Venomous Hymenoptera Species and Bites 

The more than 100,000 species of Hymenoptera consist of the 
well-known families of bees, wasps, and hornets but also 
include the fire ants, a nonwinged Hymenoptera present in the 
southeastern United States. 61 More envenomations and deaths 
(approximately 40 annually) in the United States are caused by 
Hymenoptera stings than by snakebites, emphasizing the fact 
that the venom of most Hymenoptera is as toxic as the rat¬ 
tlesnake’s venom, the difference being the volume adminis¬ 
tered. The venom is primarily a hemolysin and neurotoxin, 
known for triggering anaphylactic reactions. Bee venom also 
contains melittin, phospholipase A 2 , and hyaluronidase, which 
when given in adequate volume can cause endothelial disrup¬ 
tion, cell breakdown, and tissue necrosis. It is estimated that 
approximately 0.4% of the human population is at risk for 
anaphylaxis from Hymenoptera stings. 62 Fortunately, most 
sting reactions are mild, involving dermal manifestations (e.g., 
hives, edema) only. The clinical effects are related both to the 
local toxic effects and to the anaphylactic systemic effects. The 
local toxic effects include significant pain, swelling, and pruri¬ 
tus. If a significant amount of toxin is injected, the patient may 
experience nausea, emesis, and muscle spasms. 

Most deaths from Hymenoptera stings are a result of severe 
anaphylactic reaction, which can occur at any age, but is rela¬ 
tively more common in adults. In this reaction, a preformed 
immunoglobulin E antibody activates mast cells, leading to 
degranulation with massive histamine release and prompting 
laryngeal and pulmonary edema, vasodilation, and vascular 
collapse. The treatment for Hymenoptera bites and stings is to 
remove the stinger, treat the local wound with ice and possibly 
an enzymatic meat tenderizer, and treat the anaphylactic reac¬ 
tions aggressively with antihistamines (diphenhydramine, 50 
to 100 mg intramuscularly or intravenously) or epinephrine 
(1:1,000 dilution, 0.3 to 0.5 mL intramuscularly or subcuta¬ 
neously). Patients also require supplemental oxygen and intra¬ 
venous fluids. 


After sting anaphylaxis, approximately 50% of patients 
remain allergic to subsequent stings, in part determined by the 
severity of the initial anaphylactic symptoms. Children with 
benign dermal reactions only are unlikely to have recurrent 
reactions. Patients with more severe reactions are at risk for 
repeat anaphylaxis. Patients with a history of insect sting ana¬ 
phylaxis and positive venom skin tests should have epinephrine 
available and are candidates for subsequent venom immunother¬ 
apy, which provides almost 100% protection against subsequent 
sting reactions. Such desensitization, however, can take more 
than 3 years. 62 

Africanized bees (Apis mellifera scutellata) are a more 
aggressive subspecies than the native European bees of North 
and South America. Initially imported from Africa to Brazil in 
1956 in the hope that they would hybridize with the better 
honey-producing European bee, some escaped and began 
interbreeding with domestic bees, proliferated, and migrated 
through Central America and the Yucatan peninsula of 
Mexico, first detected near Hidalgo, Texas, in 1993 and 
reportedly advancing at a rate of 100 miles per year. 63,64 Cur¬ 
rently located primarily in the arid southwestern United States, 
these bees now pose a significant threat because massive 
envenomations (more than 50 bites) have occurred, resulting 
in nausea, vomiting, shock, hemolysis, rhabdomyolysis, and 
DIC; coma and renal failure may follow. Rarely, in patients 
initially complaining only of pain after multiple bee stings, a 
delayed (6 to 48 hours) toxic reaction has been reported. Some 
poison centers now recommend a 24-hour hospitalization for 
pediatric patients, older patients, and patients with underlying 
medical problems after an envenomation of 50 or more stings 
because such patients have an increased risk of delayed severe 
systemic reaction. 65 Laboratory studies on patients sustaining 
massive envenomations should be performed on presentation 
and 6 hours later to rule out hemolysis, thrombocytopenia, 
liver function abnormalities, and rhabdomyolysis. 

Two species of imported fire ants now infest large areas of 
the Gulf Coast states. 66 The most aggressive species, Solenopsis 
invicta, has adapted well to environmental conditions in the 
southern United States, where it has become a considerable agri¬ 
cultural pest and a significant public health problem. Sting 
reactions typically include a dermal wheal-and-flare reaction 
followed by sterile pustules at sting sites. Occasionally, large 
local dermal reactions and pyoderma, or even life-threatening 
anaphylaxis, can occur. Caplan et al. 67 have shown that resi¬ 
dents of Augusta, Georgia, an endemic area, had a 17% inci¬ 
dence of fire ant-specific immunoglobulin E compared with a 
7.5% incidence of peanut-specific immunoglobulin E, posing a 
significant risk of potential fatal anaphylaxis. 67 Four venom 
allergens have been isolated and characterized. Clinical studies 
under way are designed to compare the safety and efficacy of fire 
ant venom with whole-body extract for diagnosis and treatment 
of fire ant allergy. 66 Additionally, biologic control of fire ants by 
the release of multiple species of decapitating flies has shown 
promise in keeping the fire ant population under control. 68 


Scorpions and Scorpion Stings 

More than 650 types of scorpions can be found worldwide. In 
the United States, most scorpion stings are not lethal and the 
sting results primarily in local effects. In parts of Brazil, 
Mexico, North Africa, India, and Israel, however, the scorpion 
sting may be lethal. The venom toxicity depends greatly on the 
species, season, and age of the scorpion. In a fatal response, 
the venom induces a sympathetic storm, resulting in hyperten¬ 
sion, tachycardia, and high-output cardiac failure. 69 Serum 
biochemistry reveals increased potassium and glucose, 
decreased sodium, and markedly elevated catecholamine lev¬ 
els. The treatment is specific antivenin therapy and systemic 
support directed at controlling hypertension and acute pul¬ 
monary edema. The outcome in the United States is usually 
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excellent, with complete resolution of local effects; however, in 
some parts of Brazil, the mortality rates for a scorpion sting 
have been reported to be as high as 12% in adults and 60% in 
children. 70 In India, of 34 children admitted to a hospital after 
scorpion sting, 14 had hypertension, nine had acute pul¬ 
monary edema, five had myocardial failure, and four died. 69 In 
one report from Israel, respiratory distress was the main fea¬ 
ture in 17 of 54 children with scorpion stings, but only three 
required mechanical ventilation; two patients died, but both 
failed to receive antivenin. 71 However, another report from 
Israel evaluated the treatment of 104 children with scorpion 
envenomation, noting that since 1989 they had discontinued 
using antivenin, with similar, if not better, results in the no- 
antivenin group. 72 The antivenin in this report, however, is 
prepared from donkeys treated with the venom of the yellow 
scorpion (Leiurus quinquestriatus ), which is not the same as 
that of the North American bark scorpion (Centuroides exili- 
cauda) antivenin. 

Clinically significant scorpion envenomation by Cen- 
truroides sculpturatus produces a dramatic neuromotor syn¬ 
drome and respiratory insufficiency that often necessitate 
intensive supportive care, particularly in children. In a ran¬ 
domized, double-blind study, the efficacy of scorpion-specific 
F(ab’)2 antivenom was compared with placebo in 15 children 
ages 6 months to 18 years of age who were admitted to a pedi¬ 
atric intensive care unit in Tucson, Arizona, with clinically 
significant signs of scorpion envenomation. 71a The clinical 
syndrome resolved more rapidly among recipients of the 
antivenom than among recipients of placebo, with a resolution 
of symptoms in all eight antivenom recipients versus one of 
seven placebo recipients within 4 hours after treatment (p = 
0.001). Plasma venom concentrations were undetectable in all 
eight antivenom recipients but in only one placebo recipient 
1 hour after treatment (p = 0.001). As of this writing, this 
antivenom is commercially available in Mexico, but only 
available in the United States through an investigational new 
drug application. 


ENVIRONMENTAL INJURIES 

Hypothermia 

Q Because humans are homeotherms, we attempt to maintain a 
constant body temperature despite changes in environmental 
temperature. Normal body temperature depends on the site of 
measurement and is 37°C sublingually, 38°C in the rectum, 
32°C at the skin, and 38.5°C deep in the liver. Even minor devi¬ 
ation from normal leads to important symptoms and disabil¬ 
ity. 73 Humans have a remarkable capacity to dissipate heat by 
evaporating body water; however, our tropical evolutionary 
heritage has provided us with far less ability to cope with cold 
conditions. As a result, hypothermia can occur in a variety of 
clinical settings and from a number of causes (Table 31.4). 

To allow for the normal circadian temperature variation of 
0.5°C to 1°C, hypothermia is considered to be present in 
humans if the core temperature drops below 35°C (95°F). 
Hypothermia is usually classified by temperature zones as mild 
(32°C to 35°C), moderate (28°C to 32°C), or severe (<28°C). 73 
Primary accidental hypothermia is defined as a decrease in 
core temperature that occurs as a result of overwhelming envi¬ 
ronmental cold stress. It most often occurs as a result of recre¬ 
ational misadventures that lead to cold-water immersion or 
prolonged environmental exposure. Secondary accidental 
hypothermia occurs in patients with abnormal heat produc¬ 
tion or thermoregulation, who become cold despite only mild 
cold stress. The most significant risk factors are advanced age, 
mental impairment, and substance abuse, in particular, of 
alcohol, although hypothyroidism, hypoadrenalism, trauma, 
and hypoglycemia are other risk factors. 74,75 Chronic hypother¬ 


ITABLE 31.4 

CLINICAL DEFINITIONS OF HYPOTHERMIA AND EXAMPLES 
OF SETTINGS IN WHICH THEY OCCUR 

■ TYPE 

■ SETTINGS 

Accidental 

Recreational environmental exposure, 
cold-water immersion 

Therapeutic 

Treatment of Reye syndrome, 
cardiopulmonary bypass, organ 
preservation 

Drug induced 

Alcohol, anesthetics, barbiturates, 
phenothiazines, morphine, other drugs 

Central nervous 
system dysfunction 

Transection of spinal cord, 
hypopituitarism, cerebrovascular 
accidents 

Hypothalamic 

dysfunction 

Wernicke encephalopathy, anorexia 
nervosa, head trauma, pinealoma, 
other tumors 

Metabolic 

Hypoglycemia, hypothyroidism, 
hypoadrenalism, malnutrition 

Dermal dysfunction 

Burns, erythrodermas 

Traumatic 

Occurs after any major injury 

Adapted from Jurkovich GJ. Hypothermia in the trauma patient. Adv 
Trauma 1989;4:111-140. 


mia develops in patients with impaired heat generation (i.e., 
the elderly and infirm) who live in unheated apartments, 
are under continual cold stress, and after a time are found 
always to have a low temperature as if they have autoregulated 
to a new set temperature. A multicenter review of 428 cases of 
accidental hypothermia reported an overall mortality rate of 
17%, 76 although other reports document mortality rates as 
high as 80%, primarily a result of infection and underlying 
illness. 

From 1979 to 2002, a total of 16,555 deaths in the United 
States, an average of 689 per year (range 417 to 1,021), were 
attributed to exposure to excessive natural cold (Fig. 31.3). 75 
In 2002, a total of 646 hypothermia-related deaths were 
reported, with an annual death rate of 0.2 per 100,000 popu¬ 
lation. Most reported hypothermia-related deaths (66%) 



Year 


FIGURE 31.3. Number of hypothermia-related deaths by year in the 
United States, 1979-2002. (After Hypothermia-related deaths— 
United States, 2003-2004. MMWR Morb Mortal Wkly Rep 2005;54: 
173-175.) 


TRAUMA 




















476 


Part Two: Surgical Practice 



FIGURE 31.4. Number and rate (per 100,000 population) of 
hypothermia-related deaths, by age group and gender, in the United 
States, 1979-2002. (After Hypothermia-related deaths United States, 
2003-2004. MMWR Morb Mortal Wkly Rep 2005;54:173-175.) 


occurred in males (Fig. 31.4), but the overall death rate (0.5 
per 100,000 population) was the same for both males and 
females. Hypothermia-related deaths are commonly reported 
by states with characteristically milder climates that experi¬ 
ence rapid temperature changes (e.g., North Carolina [0.4] 
and South Carolina [0.4]) and by western states that have high 
elevations and experience considerable changes from daytime 
to nighttime temperatures (e.g., Arizona [0.3]). States with the 
greatest overall death rates caused by hypothermia are Alaska, 
New Mexico, North Dakota, and Montana. 

The physiologic response to hypothermia is one of 
transitional changes, with few exact temperature-dependent 
responses (Fig. 31.5). Broadly speaking, the transition from a 
“safe zone” of hypothermia (in which physiologic adaptations 
to heat loss are working) to a “danger zone” of hypothermia 
(in which shivering is abolished, metabolism decreases, and 
heat loss is passively accepted) occurs between 33°C and 30°C. 
The initial effects of hypothermia mimic intense sympathetic 
stimulation, with tremulousness, profound vasoconstriction, 
and tremendous increases in metabolic rate, oxygen consump¬ 
tion, and minute ventilation. 77 

The initial cardiovascular response includes tachycardia, 
followed by progressive bradycardia, which starts at approxi¬ 
mately 34°C and results in a 50% heart rate decrease at 28°C. 


FIGURE 31.5. Zones of hypothermia and 
corresponding physiologic responses. Wide 
biologic variability accounts for physiologic 
changes rarely occurring at the exact tempera¬ 
tures noted. (After Jurkovich GJ. Hypother¬ 
mia in the trauma patient. Adv Trauma 1989; 
4:111-140.) 
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Cardiac output initially increases with the tachycardia, then 
progressively decreases, with a concomitant fall in blood pres¬ 
sure. The cardiac conduction system is particularly sensitive to 
hypothermia: the PR interval, then the QRS complex, and 
finally the QT interval become progressively prolonged. 78 As 
temperature falls below 30°C, atrial fibrillation, bradycardia, 
and ventricular dysrhythmia become common, with asystole 
occurring at temperatures below 25°C. 79 Because palpating 
pulses or measuring blood pressure in cold, stiff, hypothermic 
patients is difficult, the presence of an organized cardiac elec¬ 
trical rhythm should be taken as a sign of life that contraindi¬ 
cates cardiopulmonary resuscitation chest compressions, despite 
the absence of a palpable pulse. Such a rhythm may provide 
diminished but sufficient circulation in patients with severely 
reduced metabolism, and it is likely that vigorous chest com¬ 
pressions will convert this perfusing rhythm to fibrillation. 
Rewarming with close monitoring of rhythm, pulse, and blood 
pressure is indicated. If cardiac arrest occurs, extracorporeal 
cardiopulmonary bypass for perfusion and rewarming is indi¬ 
cated. 80-82 One report noted excellent long-term functional 
outcomes in 15 of 32 young patients successfully rewarmed in 
this manner. 81 All patients were intubated and ventilated and 
had received ongoing cardiac massage during transportation, 
and all 15 survivors had documented circulatory arrest (ven¬ 
tricular fibrillation or asystole) and fixed, dilated pupils. The 
mean interval from discovery of the patient to rewarming with 
cardiopulmonary bypass was 141 ± 50 minutes; the mean tem¬ 
perature was 21.8°C ± 2.5°C. A report from Finland docu¬ 
ments a 61% (14 of 23) survival to hospital discharge for 
adults undergoing cardiopulmonary bypass after a mean of 70 
minutes of cardiopulmonary resuscitation following hypother¬ 
mic arrest primarily from cold-water immersion or exposure. 82 

Respiratory drive is increased during the early stages of 
hypothermia, but below 33°C progressive respiratory depres¬ 
sion occurs, resulting in a decrease in minute ventilation. This 
decrease is not usually a significant problem until temperatures 
below 29°C are reached. Occasionally, hypothermia results in 
the production of a large amount of mucus (cold bronchor- 
rhea). 83 This development predisposes to atelectasis and aspi¬ 
ration because ciliary action and the cough reflex are also 
depressed. Noncardiogenic pulmonary edema is also occasion¬ 
ally reported, especially in elderly patients and especially after 
prolonged periods of hypothermia. 84 

The effect of core hypothermia on arterial blood gas inter¬ 
pretation warrants a comment. Arterial blood gas samples are 
typically warmed to 37°C before measurement. A nomogram 
of Severinghaus mathematical corrections is then used to esti¬ 
mate the blood gas values at the patient’s actual body tempera¬ 
ture. With each 1°C temperature reduction, the partial pressure 
of carbon dioxide (PC0 2 ) decreases by 4.4% and the partial 
pressure of oxygen (P0 2 ) decreases by 7.2%. Thus, a blood gas 
measured at 37°C with a PC0 2 of 40 mm Hg and a P0 2 of 
70 mm Hg in a 32°C patient is reported as having a PC0 2 of 32 
mm Hg and a P0 2 of 48 mm Hg after temperature correction. 

The decrease in partial pressure is related to the increased 
solubility of gases in cold fluids and is not a result of a change 
in carbon dioxide content, oxygen content, or serum bicarbon¬ 
ate level. Clinicians often assume that the normal PCP 2 and P0 2 
at 37°C are the values that should be attained at all tempera¬ 
tures. However, if normothermic endpoints for PC0 2 are 
attained in a hypothermic patient, they would have increased 
total body C0 2 stores, which would manifest by a rising PC0 2 
and a falling pH during rewarming. Likewise, attempts at 
increasing a P0 2 that reflects normal oxygen content at a lower 
Q temperature are also inappropriate. A far simpler strategy is to 
assess the blood gases at 37°C without temperature correction. 
Values that are normal and acceptable when reported at 37°C 
correspond to normal values and contents when “corrected” 
for hypothermic temperatures. 

Temperature correction of blood gases for pH management 
is also unnecessary. A pH of 7.40 at 37°C would be temperature 


corrected to 7.47 in a 32°C patient. At 37°C, the acid-base 
balance of water is neutral (pH is equal to pOH) when the pH 
is 6.8, and the body functions optimally when its pH is offset 
0.6 pH units above the neutral point of water and has a rela¬ 
tively alkaline pH of 7.40. The pH of water rises with cooling, 
causing the pH of blood to rise by 0.015 pH units/°C, without 
a change in bicarbonate content. 85-87 Treating a patient with a 
temperature of 30°C with a pH of 7.40 instead of 7.47 fails to 
maintain the normal pH offset above the neutral point of 
water (relative alkalinity) and results in an acidotic cellular 
and chemical environment that has a multiplicity of effects on 
enzyme systems. Because blood with a pH of 7.40 assessed at 
37°C is reported as having a pH of 7.47 when temperature is 
corrected to 32°C, the simplest strategy when confronted with 
a patient with a temperature of 32°C is to assess the blood gas 
at 37°C only and to use the 37°C uncorrected pH value for 
management. 87,88 

The neurologic response to hypothermia is heralded by 
progressive loss of lucidity and deep tendon reflexes and, 
eventually, by flaccid muscular tone. Patients are often amnes¬ 
tic below 32°C, and between 31°C and 27°C they usually lose 
consciousness. Pupillary dilatation and loss of cerebral 
autoregulation occur at temperatures below 26°C, and elec¬ 
troencephalography becomes silent at 19°C to 20°C. 89 These 
findings, combined with an unobtainable pulse and apparent 
rigor mortis, may cause the patient to appear dead. It is impor¬ 
tant to remember that patients have been revived from core 
temperatures as low as 14°C, 90 hence the saying “No one is 
dead until they are warm and dead.” An exception to this 
admonition probably includes the patient who has sustained 
an anoxic event while still normothermic and has a serum 
potassium level greater than 10 mmol/L. 82,91 The reduction 
in blood pressure and cardiac output decreases glomerular fil¬ 
tration rate, but urinary output is maintained because of an 
impairment in renal tubular Na + reabsorption (cold diure¬ 
sis). 92,93 Vasoconstriction also results in an initial increase in 
central blood volume that prompts a diuresis. Ileus, bowel 
wall edema, depressed hepatic drug detoxification, punctate 
gastric erosions (Wischnewsky ulcers), hyperamylasemia, and, 
rarely, hemorrhagic pancreatitis are hallmarks of the intestinal 
response to hypothermia. Hypothermia inhibits insulin release 
and insulin uptake at receptor sites, making hyperglycemia a 
relatively common finding, especially at temperatures below 
30°C. 94 Exogenous insulin administration is unwarranted 
because it may result in rebound hypoglycemia during rewarm¬ 
ing. Serum electrolyte changes are unpredictable, but serum 
potassium is often slightly increased in hypothermic patients 
because of renal tubular dysfunction, acidosis, sodium wasting, 
and the breakdown of liver glycogen. 95 Hypothermia also 
appears to affect endothelial cell adhesion molecule function and 
neutrophil recruitment and bactericidal activity, which may par¬ 
tially explain increased infectious complications in hypothermic 
patients. 96 Only a 1.9°C core hypothermia triples the incidence 
of surgical wound infection following colon resection and 
increases the duration of hospitalization by 20%. 97 

Body temperature has a significant effect on oxygen uptake. 
Oxygen consumption (V0 2 ) increases dramatically with any 
fall in body temperature. When involuntary muscle contrac¬ 
tions in the form of shivering occur, oxygen consumption 
increases by as much as threefold to fivefold. 98,99 However, this 
process is inefficient because shivering produces heat near 
the surface of the body, causing most of the heat to be lost to 
the environment, with less than 45% being retained by the 
patient. In addition, shivering cannot be maintained due to the 
enormous energy requirements. 

The thermoregulatory drive is such a powerful one that it 
takes precedence over many other homeostatic functions. The 
resultant increase in oxygen utilization may result in anaerobic 
metabolism, acidosis, and significant cardiopulmonary stress. 
One study noted a 35% increase in oxygen consumption and 
a 65% increase in C0 2 production in postoperative patients 
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after resolution of anesthesia, when the thermostatic drive 
reappeared. 100 In another study, a core temperature decrease 
of as little as 0.3°C in postoperative patients was associated 
with a 7% increase in V0 2 , and temperature reductions 
between 0.3°C and 1.2°C were associated with a 92% increase 
in V0 2 , with proportional increases in minute ventilation. 101 
Further details of the specific organ system responses to 
hypothermia are beyond the scope of this chapter, but the 
interested reader is referred to several excellent in-depth 
monographs. 73,101-103 

Hypothermia in Trauma Patients. Mild hypothermia is 
very common after traumatic injury. When ambient tempera¬ 
ture falls below the thermoneutral temperature (i.e., the tem¬ 
perature at which no thermogenesis or heat dissipation is nec¬ 
essary), which is 28°C (82.5°F) for humans, an increase in heat 
production is required to maintain a normal body tempera¬ 
ture. Combustion is the only source of endogenous heat pro¬ 
duction, and this process requires an increase in energy and 
oxygen utilization. After shock or injury, however, oxygen 
supplies are often limited and further heat loss occurs owing to 
cold emergency department and operating room environ¬ 
ments, cold fluid resuscitation, and open thoracic and abdom¬ 
inal cavities. This is further aggravated by anesthetic and neu¬ 
romuscular blocking agents that prevent the heat-producing 
shivering response. Thus, the occurrence of hypothermia in 
surgical or critically injured patients is most often a form of 
secondary unintentional hypothermia. 

One study found that 57% of trauma patients admitted to 
a level 1 trauma center were hypothermic at some time and 
that temperature loss was most significant in the emergency 
department. 104 Another study reported that the average initial 
temperature for 94 intubated major trauma victims was 35°C, 
with no seasonal variation. 105 Of patients in this study, 66% 
were hypothermic on admission: 43% were mildly hypother¬ 
mic (34°C to 36°C) and 23% had temperatures below 34°C. 
Likewise, Jurkovich et al. 106 reported that 42% of 71 adult 
trauma victims with an Injury Severity Score (ISS) of 25 or 
higher had core temperatures below 34°C and in 13% the core 
temperature fell below 32°C. Importantly, there were no sur¬ 
vivors when core body temperature was below 32°C. Both 
mortality rate and the incidence of hypothermia increase with 
higher ISS, massive fluid resuscitation, and the presence of 
shock, but even controlling for these variables still demon¬ 
strates that the mortality rate of the hypothermic trauma 
patient is greater than that of the warm trauma patient. 106,107 

Q Although the mortality rate for moderate (28°C to 32°C) 
degrees of primary incidental hypothermia is approximately 
20%, 76 moderate levels of hypothermia in trauma and criti¬ 
cally ill patients are associated with a much higher mortality 
rate. Rutherford et al. 108 reported that 9.4% of surgical inten¬ 
sive care unit patients had a core body temperature less than 
35°C; the mortality rate of the hypothermic trauma patients 
was 53%. In fact, compared with other patient populations, 
the mortality rate associated with hypothermia in the trauma 
victim is so high that the definition of mild, moderate, and 
severe hypothermia in the trauma patient warrants special 
reclassification (Table 31.5). 73 


ITABLE 31.5 

GLASSIFICATION | 

ZONES OF SEVERITY FOR HYPOTHERMIA 

■ ZONE 

■ TEMPERATURE 

Mild hypothermia 

36°C-34°C (<96.8°F-93.2°F) 

Moderate hypothermia 

34°C-32°C (<93.2°F-89.6°F) 

Severe hypothermia 

<32°C (<89.6°F) 


Hypothermia appears to occur primarily in victims of rela¬ 
tively severe trauma. Little and Stoner, 109 reporting on a 
heterogeneous group of 82 trauma patients, observed that 
hypothermia occurred only in those patients with an ISS greater 
than 12. Skin temperature fell from 32.0°C to 31.7°C, whereas 
core temperature fell from 37.3°C to 36.5°C. Hypothermia did 
not occur in less severely injured patients, and shivering, which 
should be expected, was noted in only one of the hypothermic 
patients. Mild degrees of injury have, in fact, been associated 
with small elevations in core body temperature, particularly 
when the shivering response mechanism has not been 
abated. 73,110 

The detrimental effect of hypothermia in the human trauma 
victim is contrasted by a large body of experimental evidence 
in animals, suggesting that hypothermia has a protective role in 
shock. This extensive body of literature is reviewed elsewhere, 73 
but in general, animals subjected to combined hypothermia 
and shock (hemorrhage, burn, blunt trauma) usually survive 
longer than similarly injured but actively warmed animals. 
Blalock and Mason 111 were among the first in modern times to 
recognize the ability of hypothermia to prolong survival times 
after shock, but they emphasized that the overall survival rate 
was unchanged, an observation reaffirmed in 2003. 112 How¬ 
ever, other investigators have shown increases in both survival 
times and survival rates in a number of animal models of induced 
hypothermia after hemorrhagic shock. 113,114 The protective 
effects of hypothermia in preventing ischemia-reperfusion injury 
have been described in a number of models, including muscle, 
intestine, and rabbit ear. 115-118 

Hypothermia has also been suggested to protect the trau- 
matically injured brain. The use of therapeutic hypothermia 
in a patient with traumatic brain injury was first reported in 
1943 119 and sporadically over the ensuing two decades. 120 
More recently, a randomized, multicenter, controlled trial of 
core body hypothermia in trauma patients with severe closed 
head injury (Glasgow Coma Scale scores of 3 to 7) was con¬ 
ducted. 121 Select trauma patients with severe head injury were 
intentionally cooled within 6 hours of injury to 32°C to 33°C 
for 48 hours after injury and then rewarmed. The outcome 
was poor (defined as severe disability, a vegetative state, or 
death) in 57% of the patients in both groups. Mortality was 
28% in the hypothermia group and 27% in the normother- 
mia group (p = 0.79). The patients in the hypothermia group 
had more hospital days with complications than the patients 
in the normothermia group. The authors concluded that 
treatment with hypothermia is not effective in improving out¬ 
comes in patients with severe brain injury. Other authors have 
also reported higher rates of pneumonia and diabetes 
insipidus in a small study of induced hypothermia in severely 
head-injured patients (Glasgow Coma Scale scores of 3 to 7) 
with no effect on neurologic outcome. 122 Evidence further 
supporting the harmful effect of hypothermia in the trauma 
patient is provided by a prospective randomized trial of rapid 
rewarming versus conventional rewarming of 57 multiple- 
trauma patients. 123 In this study, trauma patients who were 
rapidly rewarmed with continuous arteriovenous rewarming 
from less than 34.5°C to greater than 36°C required less 
resuscitation fluid volume and had a lower early mortality 
rate than those rewarmed more slowly. Failure to rewarm in 
either group was uniformly fatal. The survival rate at 3 days 
after injury was 82% in the rapid rewarm group versus 62% 
in conventionally managed patients. Approximately 50% of 
the patients in both groups had a severe head injury, defined 
as a head Abbreviated Injury Severity score of 3 or greater. In 
this well-controlled study, maintenance of hypothermia not 
only failed to confer an advantage but also was detrimental to 
early survival. 

The role of hypothermia in the injured patient remains unre¬ 
solved. It is apparent that the physiologic consequence of 
severe trauma is a drop in core body temperature. It remains 
unclear, however, whether this response is a protective response 
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to shock or the result of diminished heat production caused by 
failing metabolism. The frequent presence of lactic acid accu¬ 
mulation in cold, seriously injured patients supports the latter 
hypothesis. Clinical studies indicate that even mild hypother¬ 
mia in the trauma patient is predictive of a poor outcome. 
Hypothermia does diminish metabolic demands and oxygen 
consumption in anesthetized patients, but the price appears to 
be malfunction of enzymes and physiologic systems necessary 
to recover from injury. 

The systems most affected by hypothermia in victims of 
injury are those involved in clotting. Reports of coagulation 
abnormalities in patients with apparently normal clotting 
factor levels surfaced shortly after the introduction of 
hypothermic cardioplegia for cardiac surgery. 124,125 Although 
hemodilution with volume expanders deficient in clotting 
factors and platelets is the usual cause of nonsurgical bleed¬ 
ing, cold platelets are known to undergo morphologic 
changes that affect adherence, including loss of shape, cyto¬ 
plasmic swelling, and dissolution of cytoplasmic micro¬ 
tubules necessary for normal motility. 126 Platelet activation is 
also associated with activation of cell membrane phospholi¬ 
pases that hydrolyze phospholipids to arachidonic acid, a 
precursor to prostaglandin endoperoxides and thromboxane 
A 2 , a potent vasoconstrictor necessary for normal platelet 
aggregation 127 Valeri et al. 128 induced systemic hypothermia 
to 32°C in baboons, but kept one forearm warm using heat¬ 
ing lamps and a warming blanket. Simultaneous bleeding 
time measurements in the warm and cold arm were 2.4 and 
5.8 minutes, respectively. This effect, which was reversible 
with rewarming, appeared to be mediated by cold-induced 
slowing of the enzymatic reaction rates. A recent report sug¬ 
gests that bleeding observed at mildly reduced temperatures 
(33°C to 37°C) results primarily from a platelet adhesion 
defect and not reduced enzyme activity or platelet activation; 
however, at temperatures below 33°C, both reduced platelet 
function and enzyme activity likely contribute to the coagu¬ 
lopathy, 129 perhaps helping to explain why 32°C is such a 
critical temperature for survival in the coagulopathic injured 
patient. 

As with blood gases, clinical tests of coagulation are tem¬ 
perature standardized to 37°C. Fibrometers contain a thermal 
block that heats the plasma and reagents to 37°C before initi¬ 
ating the assay. Thus, tests of coagulation reflect clotting fac¬ 
tor deficiencies but are corrected for any potential effect of 
hypothermia on clotting factor function. A detailed study of 
the kinetic effects of hypothermia on clotting factor function 
has been undertaken by Reed et al., 130 who performed clotting 
tests (PT, PTT, and thrombin time) on reference human 
plasma-containing normal clotting factor levels at tempera¬ 
tures ranging from 25°C to 37°C. The results showed a signif¬ 
icant slowing of all coagulation tests at temperatures below 
35°C that was proportional to the degree of hypothermia. The 
prolongation of clot formation occurred at clinically relevant 
levels of hypothermia and was equivalent to that seen in nor- 
mothermic patients with significant clotting factor depletion. 
For example, assays conducted at 35°C, 33°C, and 31°C pro¬ 
longed the PTT to the same extent as would occur in a euther- 
mic patient with reductions in factor IX levels to 66%, 32%, 
and 7% of normal, respectively. 

Clotting factor supplementation is not the answer to a 
hypothermia-induced coagulopathy; re warming is. However, 
in many seriously injured patients, clotting factor depletion 
exists in conjunction with hypothermia. A potentiating effect 
of hypothermia on coagulation dysfunction occurs in plasma 
of patients with deficient clotting factor levels, although there 
does not appear to be synergy between the two conditions. 131 
Hypothermic, coagulopathic trauma patients still benefit from 
coagulation profile testing. If prolongation of PT and PTT is 
evident in plasma warmed to 37°C, clotting factor replacement 
is indicated. If PT and PTT are near normal, rewarming alone 
reverses the clinically relevant coagulopathy. 


Treatment. Rewarming techniques are usually classified as 
passive external rewarming, active external rewarming, or 
active core rewarming. 132 Passive external rewarming simply 
implies allowing spontaneous rewarming to occur with the 
patient removed from a hypothermic environment and is usu¬ 
ally used only for the mildly hypothermic patient. Active exter¬ 
nal rewarming techniques include surrounding the patient 
with warm blankets or heating pads, infrared heating lights, or 
immersion in warm water. Active core rewarming includes 
heated intravenous fluids, as well as heated peritoneal or tho¬ 
racic lavage; heated gastric, bladder, or colonic lavage; heated 
and water-saturated inhaled air; and extracorporeal circula¬ 
tory rewarming. Blood rewarming is currently limited to a 
maximum temperature of 42°C by the American Association 
of Blood Banks, but rewarming to 49°C with inline microwave 
blood rewarmers has been reported as safe, as has intravenous 
fluid rewarming to 65°C. 133,134 

The advantages and disadvantages of each technique are 
regularly debated, particularly regarding the role of external 
versus core rewarming. It is clear, however, that the rate of heat 
transfer to the hypothermic patient is greatest using active core 
rewarming, particularly extracorporeal circulation rewarming. 
This may be a critical factor in surgical patients for whom 
rapid restoration of clotting and cardiac function is necessary. 

The technique of rewarming the hypothermic victim by 
extracorporeal circulation has been described by numerous 
authors, based primarily on small personal experiences. 81,82 
This technique has appeal in cases of primary accidental 
hypothermia, in which maintenance of circulation, correction 
of hypoxia, and replenishment of intravascular volume may 
play a role as large as correcting the temperature change itself. 
The need for systemic anticoagulation has, however, generally 
limited the usefulness of full cardiopulmonary bypass rewarm¬ 
ing in the trauma patient. 

A simplified technique of extracorporeal active core 
rewarming is continuous arteriovenous re warming (CAVR). 135 
This technique makes use of the patient’s own blood pressure 
to drive an extracorporeal circuit through an efficient but 
small countercurrent heat-exchange device (Sims Level 1, 
Rockland, Massachusetts). Systemic anticoagulation is not 
necessary if the tubing is heparin bonded and trauma patients 
are relatively anticoagulated. The relative ease of use made this 
device widely applicable in rewarming severely hypothermic 
patients with an intact circulation and, in a prospective ran¬ 
domized trial of rewarming trauma patients, demonstrated its 
efficacy by improved surival. 123 Unfortunately, as of 2007, the 
single manufacturing company for the tubing needed for 
CAVR halted production. 

Direct intracirculation rewarming can be accomplished with 
commercially available devices that employ an intra-vena caval 
countercurrent heat exchange device (InnerCool Therapies, 
San Diego, California; Alsius Corporation, Irvine, California). 
While initially developed to cool patients for neurosurgical 
procedures and for induced resuscitative hypothermia follow¬ 
ing cardiac arrest, rewarming can be accomplished by simply 
changing the temperature of the closed-loop circulating fluid. 
Requirements are the commercial bedside console and special¬ 
ized endovascular temperature control catheter, inserted via the 
femoral vein to the vena cava via an 11- to 12-French intro¬ 
ducer. Preliminary data on rewarming cold patients suggest 
that rewarming can occur rapidly, up to 3°C per hour. 123a 

The use of body cavity lavage with warm solutions is a sim¬ 
ple, less invasive method of accomplishing active core rewarm¬ 
ing; however, rewarming rates with body cavity lavage vary 
greatly based on initial core temperature, dialysate temperature, 
infusion rate, and dwell time. Several studies support the notion 
that active core rewarming by peritoneal lavage is preferable 
to active external rewarming. 136 Moss 74 examined three tech¬ 
niques of rewarming hypothermic and cardiac-arrested dogs, 
concluding that both peritoneal lavage (55°C dialysate) and 
partial extracorporeal circulation were faster than active external 
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rewarming with a heating blanket. 74 A frequently stated disad¬ 
vantage of external rewarming is that the peripheral tissues are 
rewarmed in advance of the still cool “core,” resulting in 
peripheral vasodilation. In the presence of inadequate volume 
resuscitation, this rewarming method may result in vascular col¬ 
lapse (“rewarming shock”) and a subsequent fall in central tem¬ 
perature (“afterdrop”) as the cold peripheral blood returns to 
the core. Volume contraction caused by vasoconstriction, cold 
diuresis, and cellular swelling coupled with inadequate fluid 
resuscitation may be a more appropriate explanation for circu¬ 
latory collapse during rewarming. 

The thermodynamic principles of heat transfer to the 
hypothermic patient are reviewed in greater detail elsewhere, 
but a sense of rewarming rates and quantity of heat transferred 
by various techniques is instructional. 132,137 Ventilating a patient 
with a core temperature of 32°C with water-saturated air at 
41°C results in a maximum heat transfer rate of 9 kcal/h. For 
comparison, basal metabolic heat generation produces approx¬ 
imately 70 kcal/h, and shivering produces up to 250 kcal/h. 
Given the specific heat of the body (0.083 kcal/kg per °C), 
58 kcal is required to raise the temperature of a 70-kg patient 
by 1°C. Thus, more than 6 hours would be required to warm 
a 32°C patient using 41°C humidified inspired air. 

Heat transfer rates using body cavity lavage can be similarly 
calculated based on the specific heat of water (1 kcal/kg per °C). 
If 1 L of 44°C water infused into a body cavity dwells long 
enough to exit at 40°C, 4 kcal of heat will have been trans¬ 
ferred to the patient. Thus, over 14 L of fluid is needed to 
increase core temperature by 1°C. However, warming becomes 
less efficient as the patient rewarms because a longer dwell time 
is required to reduce the temperature of the infusate to 40°C. 

Warming by cardiopulmonary bypass or continuous arteri¬ 
ovenous rewarming is the most efficient method of core heat¬ 
ing. With flow rates of 15 to 30 L/h, it is possible to deliver 
120 to 240 kcal/h if the reinfused blood is heated to 40°C, a 
rate of heat transfer over 10 times that of the other methods. 
In each case, the urgency with which rewarming must be 
accomplished depends on how adversely the hypothermia is 
affecting the patient. With the exception of extracorporeal cir¬ 
culatory methods, most rewarming techniques serve primarily 
to prevent further loss of endogenously generated heat and are 
ineffective in circumstances during which rapid rewarming is 
indicated. Early and direct attention to the mechanisms of heat 
loss is necessary to optimize prevention of heat loss and the 
metabolic and hemorrhagic complications associated with 
hypothermia in surgical patients. 


Cold Injury and Frostbite 

Cold injuries limited to digits, extremities, or exposed surfaces 
are the result of either direct tissue freezing (frostbite) or more 
chronic exposure to an environment just above freezing 
(chilblain [pernio], trench foot). Cold injury has been a major 
cause of morbidity during war experiences. It resulted in more 
than 7 million lost soldier fighting days by Allied forces in World 
War II and was reportedly the most common major injury sus¬ 
tained by British soldiers in the Falklands expedition. 138 

The terms chilblain and pernio describe a form of local cold 
injury characterized by pruritic, red-purple papules, macules, 
plaques, or nodules on the skin. The lesions are often associ¬ 
ated with edema or blistering and are caused by a chronic vas¬ 
culitis of the dermis 139 ; this entity does not appear to be related 
to hereditary protein C or S deficiency. 140 This pathologic 
process is provoked by repeated exposure to cold, but not 
freezing, temperatures. This injury typically occurs on the face, 
the anterior surface of the tibia, or the dorsum of the hands 
and feet, areas poorly protected or chronically exposed to the 
environment. With continued exposure, ulcerative or hemor¬ 
rhagic lesions may appear and progress to scarring, fibrosis, 
and atrophy. Treatment consists of sheltering the patient, ele¬ 


vating the affected part on sheepskin, and allowing gradual 
rewarming at room temperature. Rubbing and massage are 
contraindicated because they can cause further damage and 
secondary infection. 

Trench foot or cold immersion foot (or hand) describes a 
nonfreezing injury of the hands or feet, typically in sailors, fish¬ 
ermen, or soldiers, that is caused by chronic exposure to wet 
conditions and temperatures just above freezing. 141 It appears 
to involve an alternating arterial vasospasm and vasodilata¬ 
tion, with the affected tissue first cold and anesthetic and then 
hyperemic after 24 to 48 hours of exposure. With the hyper¬ 
emia comes an intense, painful burning and dysesthesia, and 
tissue damage is characterized by edema, blistering, redness, 
ecchymosis, and ulceration. Complications of local infection or 
cellulitis, lymphangitis, and gangrene may occur. A posthyper- 
emic phase occurs 2 to 6 weeks later and is characterized by tis¬ 
sue cyanosis with increased sensitivity to cold. Treatment is 
best started during or before the reactive hyperemia state and 
consists of immediate removal of the extremity from the cold, 
wet environment with exposure of the feet (or hands) to warm, 
dry air. Elevation to minimize edema, protection of pressure 
spots, and local and systemic measures to combat infection are 
indicated. Massage, soaking of the feet, or rapid rewarming is 
not indicated. Demyelination of nerves, muscle atrophy, fallen 
arches, and osteoporosis may all present long-term complica¬ 
tions, and a tendency toward marked vasospasm during subse¬ 
quent exposure to cold develops in some patients. 142 

Frostnip is the mildest form of cold injury. It is character¬ 
ized by initial pain and pallor, with subsequent numbness of 
the affected body part. Skiers and other winter outdoor enthu¬ 
siasts are most likely to experience this cold injury to the nose, 
ears, or tips of digits. The injury is reversible and warming of 
the cold tissue results in return of sensation and function with 
no tissue loss. 

Frostbite is a more severe and common form of cold injury. 
Frostbite damage is caused by direct ice crystal formation at 
the cellular level with cellular dehydration and microvascular 
occlusion. Frostbite is traditionally classified into four grades 
of injury severity (Table 31.6). 

The affected body part nearly always initially appears hard, 
cold, white, and anesthetic, regardless of the depth of injury. 
Because the appearance of the lesion changes frequently dur¬ 
ing the course of treatment and because the initial treatment 
regimen is applicable for all degrees of insult, 143 some author¬ 
ities suggest discarding this classification as a prognostic 
impossibility and simply classifying frostbite as either superfi¬ 
cial or deep. 144 

Weather conditions, altitude, degree of protective clothing, 
duration of exposure, and degree of tissue wetness are all con¬ 
tributing external factors to the development of frostbite injury. 
Because sensory nerve activity is abolished at 7°C to 9°C, the 


TABLE 31.6 CLASSIFICATION 


CLASSIFICATION OF FROSTBITE 


■ DEGREE 

■ DESCRIPTION OF FROSTBITE 

First 

Tissue freezing with hyperemia and edema 
but without blistering 

Second 

Tissue freezing with hyperemia, edema, and 
characteristic large, clear blisters 

Third 

Tissue freezing with death of subcutaneous 
tissues and skin, resulting in hemorrhagic 
vesicles that are in general smaller than 
second-degree blisters 

Fourth 

Tissue necrosis, gangrene, and eventual 
full-thickness tissue loss 
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disappearance of pain is an early warning sign of cold injury. 
Acclimation to cold may be protective, whereas a previous his¬ 
tory of frostbite probably predisposes to another cold tissue 
injury. Smoking and a history of arterial disease also are con¬ 
tributing factors. In urban environments, more than 50% of 
frostbite injuries are alcohol related and a significant portion of 
these patients (16%) have an underlying psychiatric illness. 145 

Evidence suggests that frostbite injury has two components— 
the initial freeze injury and a reperfusion injury that occurs 
during rewarming. The initial response to tissue cooling is 
vasoconstriction and arteriovenous shunting, intermittently 
relieved (every 5 to 7 minutes) by vasodilation, the so-called 
hunting response. 146 With prolonged exposure, this response 
fails, and the temperature of the freezing tissue approximates 
ambient temperature until -2°C. At this point, extracellular ice 
crystals form, and as these crystals enlarge the osmotic pres¬ 
sure of the interstitium increases, resulting in movement of 
intracellular water into the interstitium. Cells begin to shrink 
and become hyperosmolar, disrupting cellular enzyme func¬ 
tion. If freezing is rapid (>10°C/min), intracellular ice crystal 
formation occurs, resulting in immediate cell death. 138 
Intravascularly, endothelial cell disruption and red cell sludg¬ 
ing result in cessation of circulation. 

During rewarming, red cell, platelet, and leukocyte aggre¬ 
gation is known to occur and results in patchy thrombosis of 
the microcirculation. These accumulated blood elements are 
thought to release, among other products, the toxic oxygen 
free radicals and the arachidonic acid metabolites PGF 2a and 
thromboxane A 2 , which further aggravate vasoconstriction 
and platelet and leukocyte aggregation. 147,148 However, the 
exact mechanism of tissue destruction and death after freeze 
injury remains poorly defined. Animal studies suggest that vas¬ 
cular injury in the form of endothelial cell damage and subse¬ 
quent interstitial edema, but not vessel thrombosis, predomi¬ 
nate as initial events in rewarming injury. 149,150 A substantial 
component of severe cold injury may be neutrophil mediated, 
as suggested by the observation that a monoclonal antibody to 
neutrophil-endothelial and neutrophil-neutrophil adherence 
can markedly ameliorate the pathologic process of a severe 
cold injury. 151 In this rabbit model, animals treated with anti- 
CD11/CD18 adhesion molecule after cold injury (30 minutes 
at -15°C) but before rewarming (39°C water bath) had signif¬ 
icantly less tissue loss and edema. The implication of these 
observations is that much of the injury of severe frostbite 
occurs during rewarming or reperfusion, although recent evi¬ 
dence of the efficacy of intra-arterial thrombolytic therapy 
suggests that endovascular clotting does occur and can be 
reversed. 151a 


Treatment 


Prehospital or field care of the victim of cold injury should 
focus on removing the patient from the hostile environment 
and protecting the injured body part from further damage. 
Rubbing or exercising the affected tissue does not augment 
blood flow and risks further cold injury or mechanical 
trauma. Because repeated bouts of freezing and thawing 
worsen the injury, it is preferable for the patient with frost¬ 
bite of the hands or feet immediately to seek definitive shel¬ 
ter and care rather than rewarm the tissue in the field and 
risk refreezing. Although the initial symptoms may be mild 
and overlooked by the patient, severe pain, burning, edema, 
and even necrosis and gangrene may appear with rewarm¬ 
ing. With severe injury the range of motion progressively 
decreases and edema becomes prominent. The injury may 
progress to numbness and, eventually, to loss of all sensation 
in the affected tissue. 

The emergency room treatment of a frostbite victim should 
first focus on the basic ABCs (airway, breathing, and circula¬ 
tion) of trauma resuscitation and then systemic hypothermia 


should be identified and corrected. Most patients are dehy¬ 
drated, and resuscitation with warm fluids is an important 
part of early management. Fractures are often accompanied by 
frostbite in mountaineers, and although manipulation may be 
required to treat vascular compromise, open reduction is haz¬ 
ardous, and application of traction should be delayed until 
after postthawing edema has been assessed. 

Rapid rewarming is the goal. Gradual, spontaneous 
rewarming is inadequate, particularly for deeper injuries, and 
rubbing the injured part in ice or snow often delays warming 
and results in marked tissue loss. 152 Rapid rewarming should 
be achieved by immersing the tissue in a large water bath of 
40°C to 42°C (104°C to 108°F). The water should feel warm, 
but not hot, to the normal hand. The bath should be large 
enough to prevent rapid loss of heat, and the water tempera¬ 
ture should be maintained. Dry heat is not advocated because 
it is difficult to regulate, and the result of using excessive 
heat is often disastrous. The rewarming process should 
take approximately 30 to 45 minutes for digits, with the 
affected area appearing flushed when rewarming is complete 
and good circulation has been reestablished. Narcotics 
are required because the rewarming process can be quite 
painful. 

The skin should be gently but meticulously cleansed and air 
dried and the affected area elevated to minimize edema. A 
tetanus toxoid booster should be administered as indicated by 
immunization history. Sterile cotton is placed between toes or 
fingers to prevent skin maceration and extreme care taken 
to prevent infection and avoid even the slightest abrasion. The 
affected tissue should be protected by a tent or cradle, and 
pressure spots must be prevented. In one review, infection 
developed in 13% of urban frostbite victims, but one half of 
these infections were present at time of admission. 145 Most 
clinicians reserve antibiotics for identified infections. 153 

After rewarming, the treatment goals are to prevent further 
injury while awaiting the demarcation of irreversible tissue 
destruction. All patients should be hospitalized and affected 
tissue gently cleansed once or twice a day in warm (38°C) 
whirlpool baths, with some clinicians adding an antiseptic 
such as chlorhexidine or an iodophor to the bath. Based on the 
findings of arachidonic acid metabolites in the blisters of frost¬ 
bite victims, some authors advocate the use of topical aloe vera 
(thromboxane inhibitor) and systemic ibuprofen or aspirin. 
Heggers et al. 154 report on a nonrandomized trial in which 56 
patients treated with these agents, plus prophylactic penicillin, 
had less tissue loss, a lower amputation rate, and a shorter 
hospital stay than 98 patients treated with warm saline, silver 
sulfadiazine, or Sulfamylon dressings (Bertek Pharmaceuticals, 
Research Triangle Park, North Carolina). 154 Another report 
on frostbite treatment in rabbits demonstrated improved tis¬ 
sue viability when systemic pentoxifylline and topical aloe 
vera cream were used. 155 Uninfected blebs should be left 
intact because they provide a sterile biologic dressing for 7 to 
10 days and protect underlying epithelialization. After resolu¬ 
tion of edema, digits should be exercised during the whirlpool 
bath and physical therapy begun. Tobacco, nicotine, and 
other vasoconstrictive agents must be withheld. Weight bear¬ 
ing is prohibited until complete resolution of edema. 

Numerous adjuvants have been suggested and tried in an 
effort to restore blood supply to frostbitten areas. The intense 
vasoconstrictive effect of cold injury has focused attention on 
increased sympathetic tone. Sympathetic blockade and even sur¬ 
gical sympathectomy continues to be advocated by some 
authors based on the theory that it releases the vasospasm that 
precipitates thrombosis in the affected tissue. 156,157 This method 
of treatment has produced inconsistent results and is difficult to 
evaluate clinically, with no prospective randomized trials avail¬ 
able. Although sympathectomy appears to mollify the pain, 
hyperhidrosis, and vasospasm of cold injuries, it may increase 
vascular shunting and adversely affect healing. In one series, a 
more proximal demarcation of injury in sympathectomized 
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FIGURE 31.6. Digital angiography of a 19-year-old woman who sustained bilateral lower extremity frostbite following vehicle breakdown. 
A: The image demonstrates poor distal perfusion to the left toes. B: Following administration of tissue plasminogen activator via bilateral femoral 
catheters, angiography demonstrates return of perfusion. All 10 of her toes were saved. (Reproduced with permission from Bruen KJ, Ballard JR, 
Morris SE, et al. Reduction of the incidence of amputation in frostbite injury with thrombolytic therapy. Arch Surg 2007;142:546-553.) 


limbs was noted than in nonsympathectomized ones, despite 
apparently equal bilateral injury. 152 

Experience with intra-arterial vasodilating drugs such as 
reserpine and tolazoline has also been unrewarding. Bouwman 
et al. 157 demonstrated in a controlled clinical study that imme¬ 
diate (mean 3 hours) ipsilateral intra-arterial reserpine infu¬ 
sion coupled with early (mean 3 days) ipsilateral operative 
sympathectomy failed to alter the natural history of acute 
frostbite injury compared with the contralateral limb. 
Heparin, thrombolytic agents, and hyperbaric oxygen have 
also failed to demonstrate any substantial treatment benefit, 
whereas low-molecular-weight dextran alleviated postthawing 
circulatory obstruction as late as 2 hours after thawing and 
markedly reduced tissue loss in rabbit feet. 158 

The most recent adjunct to the management of frostbite is 
the intra-arterial infusion of tissue plasminogen activator 
(tPA). In a nonrandomized study of a small number (n = 7) of 


patients who received intra-arterial tPA, the burn team at the 
University of Utah demonstrated that tPA infusion improved 
tissue perfusion and reduced amputations (10% vs. 41%) 
when administered within 24 hours of injury (six of the seven), 
as compared with 25 patients managed in a more traditional 
fashion. 1513 Candidates for this therapy should have minimal 
risk of bleeding from other injuries; have the tPA administered 
(intra-arterially or intravenously) within 24 hours of frostbite, 
with no episodes of re warming or refreezing between injury 
and treatment; and have clear evidence of full-thickness tissue 
involvement, as well as abnormal perfusion on either 
angiogram or pyrophosphate scanning (Fig. 31.6; Table 31.7). 

The difficulty in determining the depth of tissue destruction 
in cold injury has led to a conservative approach to the care of 
frostbite injuries. 153,159,160 As a general rule, amputation and 
surgical debridement are delayed for 2 to 3 months unless 
infection with sepsis intervenes, hence the adage: “frostbit in 


TABLE 31.7 


AMPUTATION OUTCOMES OF PATIENTS TREATED WITH TISSUE PLASMINOGEN ACTIVATOR (tPA) COMPARED WITH ALL 


OTHER PATIENTS BY FROSTBITE 

■ NO. OF 

INVOLVED 

EXTREMITIES 

■ EXTREMITIES REQUIRING 
AMPUTATION, NO. (%) 

■ NO. OF DIGITS 
AMPUTATED/TOTAL 
DIGITS INVOLVED (%) 

■ AGENT 

■ NO. OF 
PATIENTS 

■ NONE 

■ PROXIMAL 

■ DIGITS 
ONLY 

No agenU 

26 

57 

25 (45) 

14 (25) 

18 (29) 

97/234 (41) 

tPA administration, 
<24 h 

6 

13 

10 (77) 

0 

3 (23) 

6/59 (10) & 

Total 

32 

70 

35 (50) 

14 (20) 

21 (30) 

103/293 (35) 


^Includes one patient who received tPA starting 48 h after exposure. 
b p <0.50 using Mann-Whitney U test. 

Reproduced with permission from Bruen KJ, Ballard JR, Morris SE, et al. Reduction of the incidence of amputation in frostbite injury with 
thrombolytic therapy. Arch Surg 2007;142:546-553. 
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January, amputate in June.” The natural history of a full¬ 
thickness frostbite injury is the gradual demarcation of the 
injured area with dry gangrene or mummification clearly 
delineating nonviable tissue. Often the permanent tissue loss is 
much less than originally suspected. In an Alaskan series, only 
10.5% of patients required amputation, usually involving only 
phalanges or portions of phalanges. 141 The need for emergency 
surgery is unusual, but vigilance should be maintained during 
the rewarming phase for the development of a compartment 
syndrome requiring fasciotomy. Open amputations are indi¬ 
cated in patients with persistent infection and sepsis that is 
refractory to debridement and antibiotics. Mills 161 convinc¬ 
ingly demonstrated that of all the factors in the treatment of 
frostbite that may influence outcome, premature surgical inter¬ 
vention by any means, in any amount, was by far the greatest 
contributor to poor results. 

The use of technetium-99m methylene diphosphonate 
bone scanning has shown some promise in the early detec¬ 
tion of eventual bone and soft tissue viability, 162 as has the 
use of magnetic resonance imaging. 163 Technetium-99m 
“triple-phase” scanning (at 1 minute, 2 hours, and 7 hours) 
performed beginning 48 hours after admission has been used 
to assess early tissue perfusion and viability, in an attempt to 
define the extent of fatally damaged tissues and to allow for 
early debridement and wound closure. 164,165 The utility of 
this diagnostic modality continues to evolve, however, with 
one recent study suggesting that the moderate to severe 
frostbite lesion identified by technetium-99m scans can be 
“hibernating” (viable) tissue, which can show improvement 
up to 6 months following injury. 153,166 

Frostbitten tissues seldom recover completely. Some degree 
of cold insensitivity invariably remains. Hyperhidrosis (in up 
to 72% of patients), neuropathy, decreased nail and hair 
growth, and a persistent Raynaud phenomenon in the affected 
part are frequent sequelae to cold injury. 167 The affected tissue 
remains at risk for reinjury and should be carefully protected 
during any cold exposure. As mentioned previously, chilblain 
(or chronic pernio) is a specific form of a dermopathy sec¬ 
ondary to cold-induced skin vasculitis. Treatment with antia- 
drenergic agents (prazosin hydrochloride, 1 to 2 mg/d) or cal¬ 
cium channel blockers (nifedipine, 30 to 60 mg/d) and careful 
protection from further exposure are often helpful. 139,167 
However, few therapies afford significant relief to the chronic 
symptoms after tissue freeze injury, although f3- and u-adrenergic 
blocking agents, calcium channel blockers, topical and sys¬ 
temic steroids, and a host of home remedies have been tried 
with occasional individual success. 
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CHAPTER 32 TERRORISM 


ERIC R. FRYKBERG 


KEY POINTS 


Q Terrorism is random and ruthless violence against people— 
usually innocent civilians—and property to intimidate soci¬ 
eties and governments for political or ideologic purposes. 
Terrorism has increased greatly and is the most common 
cause of mass casualties today. In the United States, com¬ 
placency and apathy of health care providers are the great¬ 
est impediments to effective response to terrorism. 

Q The major goals of terrorism are maximal casualties and 
lethality using, most frequently “weapons of mass destruc¬ 
tion” of biologic, nuclear or radiologic, incendiary, chemi¬ 
cal, and explosive (BNICE) agents. 

Q Biologic weapons use microorganisms or their toxins to 
inflict disease. Useful because of easy deployment over 
wide areas, delay in onset, variability in recognition for 
containment, and proven effectiveness in nature (e.g., 
influenza epidemics), biologic weapons have been used in 
war since at least the Roman Empire. 

Q Major biologic agents include anthrax (Bacillus anthracis ), 
botulinum toxin (Clostridium botulinum ), bubonic plague, 
tularemia, small pox, and viral hemorrhagic fever, caused 
by four viral groups. However, their development is dan¬ 
gerous, expensive, and difficult, explaining their rare use. 

Q Chemical agents are aerosolized or gaseous, ingested as con¬ 
taminated food, or absorbed by direct contact and have been 
used frequently during wars in the 20th century. Response 
requires recognition, treatment (including decontamination 
and protection of caregivers), and specific antidotes. 


Q Dispersal of radioactive agents has severe theoretical risk 
but is primarily a psychological and panic effect. Penetra¬ 
tion by ionizing radiation causes severe damage but is lim¬ 
ited in range (square of the distance), and containment is 
relatively easy and nontransmittable. Care is supportive, 
treating dermal burns and gastrointestinal and hematopoi¬ 
etic damage. 

Q Terrorist attacks are, by far, implemented most commonly 
using conventional weapons and confirm the need of a sys¬ 
tem to treat the casualties of bombings. The magnitude of 
energy achieved, the ease of technology required, and cost 
effectiveness support an ongoing increase in risk of mass 
casualties. 

Q Explosion injuries are caused by the primary blast 
wave-induced disruption of organs with air-liquid inter¬ 
faces (lung, bowels, eyes, and ears); secondary blast injury 
from flying objects, particularly shrapnel placed in bombs 
and suicide bomber body parts; tertiary blast injury from 
displacement of the victim’s body; and quaternary blast 
injury from indirect causes such as building collapse. 

Q Response to mass casualty events requires triage of victims 
to effectively utilize resources, including the paradigm shift 
from greatest good for the individual to greatest good for 
the greatest number, with need for preemptive planning, 
coordination, and practice of an Incident Command Sys¬ 
tem to respond optimally. 


_ THE CHALLENGE _ 

Q Terrorism is defined as the unlawful exercise of random and 
ruthless violence against people, usually innocent civilians 
including women and children, and property to intimidate 
governments or societies for political or ideologic purposes. 1 
Over the past few decades, terrorist attacks on civilian popu¬ 
lations worldwide have ranked among the most common and 
most prominent causes of mass casualty disasters. These 
attacks have increasingly confronted health care providers 
with the unique demands of mass casualty management and 
have demonstrated the importance of developing a basic 
knowledge and skill set for disaster planning and management 
within the medical community. 

Among the greatest impediments to a successful response to 
terrorist-related disasters are the complacency and apathy that 
pervade the mindset of most health care providers in the 
United States because of the low probability of these events 
and the belief that this country is well protected from such 
attacks. Disaster and mass casualty management has never 
been included in medical school or residency training. Even 
though most terrorist attacks involve bodily injury, surgeons 
in particular have largely abrogated their natural leadership 
role in disaster planning and management to other nonsurgical 
specialists and even to nonmedical organizations, agencies, 
and personnel. 2 The inaccuracy of these perceptions has been 
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repeatedly demonstrated by the suboptimal medical response 
to such prominent disasters as the 1993 World Trade Center 
bombing in New York City; the 1995 bombing of the Alfred P. 
Murrah Federal Building in Oklahoma City; the Centennial 
Olympics bombing in Atlanta, Georgia, in 1996; and the jet¬ 
liner attacks on and collapse of the World Trade Center twin 
towers on September 11, 2001, among many others. 3-6 

The two major goals of most terrorist attacks are maximal 
casualty generation and maximal lethality. 7 These goals are 
best achieved by the “weapons of mass destruction” of bio¬ 
logic, nuclear or radiologic, incendiary, chemical, and explo¬ 
sive (BNICE) agents. Even the mere threat of these weapons is 
sufficient in many settings to achieve the public chaos and soci¬ 
etal disruption that terrorists seek. It is essential that surgeons 
be fully prepared to meet these threats by learning the associ¬ 
ated history, epidemiology, pathophysiology, and injury pat¬ 
terns, so as to allow appropriate preparation and practice for 
their medical management. 


BIOLOGIC WEAPONS 


The term biologic weapons as agents of terrorism refers to the 
deliberate use of microorganisms, or toxins derived from them, 
to intentionally inflict disease and death on large populations. 8 
Biologic agents have a number of features that theoretically 
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make them useful weapons. The most prominent such feature 
is that they can easily be deployed silently and anonymously 
over wide areas. Their incubation period results in a delayed 
time interval after initial exposure before the effects, and any 
suspicion of a terrorist attack, become manifest. A large num¬ 
ber of casualties may occur before the medical community is 
able to initiate containment measures. Also, most biologic 
pathogens are widely available, are readily disseminated over 
large geographic areas, and have a historically proved capabil¬ 
ity to cause widespread disease and death (i.e., bubonic plague 
and influenza epidemics). In contrast, only a relatively few 
pathogens are believed to be suitable for potential use in ter¬ 
rorist attacks, and their development into effective weapons is 
quite expensive and difficult, which is confirmed by the 
extreme rarity of their use for this purpose. 9 

There is a long history of the use of biologic pathogens as 
weapons of war and terrorism. The contamination of drinking 
water with animal carcasses or human feces dates back at least 
as far as the Roman Empire. In 1346, the corpses of victims of 
an outbreak of bubonic plague among Tartar invaders of the 
port city of Caffa (now Feodosiya, Ukraine) on the Black Sea 
were catapulted into the city, which spread the disease among 
the Genoese defenders. It is believed that these Genoese carried 
this disease back to Europe to begin the Black Death epidemic 
that killed one third of Europe’s population. During the 
French and Indian War in North America, the British caused 
an outbreak of smallpox among Native Americans by giving 
them gifts of disease-ridden blankets. In recent decades, coun¬ 
tries such as Japan, Iraq, the United States, and the Soviet 
Union developed large-scale weaponization of anthrax, small¬ 
pox, and botulinum toxin. 9-12 

The level of threat of any biologic agent for use as a bioter¬ 
rorist weapon is dependent on four factors: (a) the public 
health impact, in terms of its virulence, communicability, and 
susceptibility in exposed populations and its lethality; (b) the 
ease of production, delivery, and dissemination to large popu¬ 
lations; (c) the requirements for surveillance, diagnosis, and 
stockpiling of treatments and antidotes; and (d) the potential 
for fear, panic, and societal disruption based on public percep- 
Q tions. The U.S. Centers for Disease Control and Prevention 
(CDC) has developed three categories of threat of bioterrorist 
agents (A, B, and C), with the six pathogens in category A pos¬ 
ing the greatest risks. 13 Frontline medical providers must be 
aware of the clinical manifestations and treatment of these six 
organisms and should have a high index of suspicion for their 
deliberate use to contain an attack as early as possible. 


High-risk Biologic Agents 

Anthrax is carried by the gram-positive rod Bacillus antbracis 
and is considered the most likely agent to be used in a bioter¬ 
rorist attack. Its spores can be produced easily in large quantities 
with little training, they can be stored for many years without 
loss of potency, they are undetectable by human senses, and 
they are easily spread in air by such delivery mechanisms as 
sprayers, bombs, and missiles. Conversely, a relatively high 
dose of 10,000 to 50,000 spores is necessary to cause infec¬ 
tion, and the infection cannot be transmitted from person to 
person. 14,15 An accidental release of anthrax spores from a 
Soviet military facility in 1979 led to 66 human deaths within 
a 4-km radius. 16 One report estimates that an aerosolized 
release of 100 kg of anthrax spores could result in 130,000 to Q 
3 million deaths in the Washington, D.C. area. 15 Reports con¬ 
flict as to how easily or cheaply weapons-grade anthrax can be 
produced, because the most virulent form requires that the 
anthrax particles be less than 5 microns in size with minimal 
clumping, which is difficult and expensive to achieve. 

The incubation period of anthrax is between 2 and 6 days 
and manifests in three clinical forms: cutaneous, gastrointesti¬ 
nal, and pulmonary. The cutaneous form is the most common, 


representing 95% of all reported cases. It occurs naturally, 
from exposure to infected animals, and has a 20% case fatal¬ 
ity rate. The gastrointestinal form results from ingestion of 
contaminated meat and has a higher mortality rate due to its 
delayed recognition. It manifests nonspecific symptoms of 
abdominal pain, fever, nausea, vomiting, and gastrointestinal 
bleeding and peritonitis. The pulmonary form is the most 
lethal and is believed to be the most likely form to be used in a 
terrorist attack from an aerosolized spread. This form is 100% 
fatal if untreated and 80% fatal if treated after the onset of 
symptoms. The antibiotics ciprofloxacin and doxycycline are 
the treatments of choice for both active infection and prophy¬ 
laxis. Vaccination is considered to be 92% effective when 
given after exposure. 15 

Botulinum toxin is a highly lethal neurotoxin produced by 
the organism Clostridium botulinum , causing a neuromuscu¬ 
lar blockade that leads to respiratory failure. Although most 
commonly contracted from ingestion of contaminated food, 
aerosolized forms have been developed that could be especially 
effective as lethal weapons through inhalation. Standard gas 
masks provide protection from this agent, and treatment 
involves supportive care with mechanical ventilation until the 
effects subside. Antitoxins may shorten the duration of clinical 
effects, and vaccines are available for high-risk individuals in 
research and the military. 15 

Bubonic plague and tularemia are bacterial diseases, and 
smallpox is a virulent viral pathogen; all have a high case fatal¬ 
ity rate and an established history of causing millions of deaths. 
Although bubonic plague and tularemia are usually spread 
through the bite of infected organisms (i.e., mosquitoes, fleas) 
and smallpox is spread by contact with infected body fluids, all 
can be effectively transmitted by aerosolized airborne dissemi¬ 
nation. Bubonic plague and tularemia are treated with strepto¬ 
mycin as the antibiotic of choice. Vaccination is the only effec¬ 
tive measure against smallpox and must be administered as 
soon as possible after exposure to prevent or minimize its con¬ 
sequences. 15,17-19 

Viral hemorrhagic fever is a clinical syndrome that mani¬ 
fests symptoms of fever, myalgias, headaches, and malaise in 
association with evidence of neurovascular collapse (shock, 
mucous membrane hemorrhages). Viral hemorrhagic fever is 
caused by the four major viral groups of filoviruses (Ebola and 
Marburg), arenaviruses (Lassa fever), bunyaviruses (Rift Valley 
fever), and flaviviruses (yellow fever and dengue). Filoviruses 
are considered bioterrorist threats because of their ability to 
infect via aerosolized dissemination, their ease of replication in 
culture for large-scale production, and their virulence, with 
mortality rates ranging up to 90%. Treatment is supportive, 
and contact and droplet precautions are generally adequate for 
infection control. Antiviral drugs have shown some promise, 
and a vaccine is available only for yellow fever. 20 


CHEMICAL WEAPONS 


Toxic chemicals have a proven capability to cause widespread 
morbidity, mortality, and societal disruption among large pop¬ 
ulations and thus pose a major threat as terrorist weapons. 
Their deadly effects could be imparted through inhalation of 
aerosolized and gaseous agents, ingestion of contaminated 
foods, and direct contact with the skin, mucous membranes, 
and eyes (Table 32.1). 

Poison gases have been used extensively in warfare, espe¬ 
cially in the 20th century. In World War I, about 4% of all 
casualties (about 1 million people) were caused by these 
agents, which included 26% of all American casualties. 21 The 
worst chemical disaster in history involved the accidental 
release of 40 tons of methyl isocyanate gas in Bhopal, India, in 
1984, resulting in 2,500 deaths and an additional 200,000 
casualties. 22 These devastating results demonstrate how effec¬ 
tive these agents could be in the hands of terrorists. The bomb 
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Part Two: Surgical Practice 


ITABLE 32.1 


DIAGNOSIS AND TREATMENT | 

CHEMICAL AGENTS THAT POSE A THREAT AS TERRORIST WEAPONS 

■ CATEGORY 

■ AGENTS 

■ TREATMENT/ANTIDOTE 

Pulmonary irritants 

Phosgene, chlorine, ammonia, mace 

Decontamination, water cleansing, 
bronchodilators, mechanical ventilation 

Incapacitating agents (anticholinergics) 

Benzene 

Intravenous hydration, physostigmine 

Vesicants (blistering agents) 

Mustard, lewisite, phosgene oxime 

Decontamination, hypochlorite, 
dimercaprol 

Nerve agents 

Tabun, sarin, soman, VX 

Atropine, 2-Pam, diazepam, airway 
control, decontamination 

Blood agents 

Cyanide 

Decontamination, hyperbaric oxygen, 
amyl nitrite 


that exploded in the World Trade Center in New York City in 
1993 contained enough cyanide to contaminate the entire 
building, but it was destroyed by the blast. 23 In 1995, the 
gaseous release of the nerve agent sarin in the Tokyo subway 
system caused 12 deaths and 5,000 injuries, representing the 
first terrorist use of this agent on a civilian population. 24 

The initial phase of response to intentional chemical 
attacks, as well as biologic and radiologic attacks, is known as 
consequence detection. Early detection is essential if casualties 
and death are to be minimized and can occur from either the 
discovery of the source of environmental release or exposure, 
or the diagnosis of the afflicted casualties. Patterns of large 
numbers of patients with similar symptom clusters must be 
recognized, which requires a knowledge of the classic symp¬ 
toms of chemical poisoning, including coughing and choking 
from pulmonary agents such as chlorine and phosgene, dry 
mouth and mucous membranes, seizures, eye irritation, and 
the cholinergic symptoms of nerve agent poisoning described 
by the mnemonic DUMBBELS (diarrhea, urination, miosis, 
bronchospasm, bronchorrhea, emesis, lacrimation, and saliva¬ 
tion). 

The response phase that involves organization and cleanup 
of the disaster scene and medical and psychological treatment 
of the casualties is termed consequence management. The 
identified source of contamination and exposure must be neu¬ 
tralized to prevent further damage. Health care workers must 
wear personal protective equipment to prevent their exposure 
to hazardous materials (HAZMAT), including the prevention 
of inhalation of toxic fumes from off-gassing that may emanate 
from the tissues or clothing and belongings of afflicted 
victims. 

Triage and decontamination of casualties must be estab¬ 
lished outside the hospital, and away from the disaster scene, 
to prevent health care providers and hospital facilities from 
being contaminated and rendered useless for further treatment 
of casualties. Decontamination should furthermore take place 
at a site that is uphill and upwind from the scene for this pur¬ 
pose. A hot zone must be established for contaminated casual¬ 
ties, to be clearly demarcated from the warm zone, where 
decontamination takes place, and the cold zone, where casual¬ 
ties are considered fully decontaminated and ready to undergo 
re-triage and medical treatment. All casualties must undergo 
decontamination as early as possible to minimize adverse 
effects. Simply removing their clothing and showering with 
soap and water removes more than 90% of all contaminating 
agents, a process known as gross decontamination. The more 
intensive technical decontamination then follows for specific 
forms of exposure, such as hypochlorite solutions for mustard 
agents, and copious eye irrigation with saline solution. Poison 
control centers, public health officials, pharmacologists, and 
toxicologists are important resources and personnel who 


should be involved in the planning and management of chem¬ 
ical terrorist disasters. 


NUCLEAR/RADIOLOGIC 

WEAPONS 


Dispersal of radioactive substances poses a significant poten¬ 
tial for a terrorist attack because of the theoretical damage 
that could be inflicted on large populations, although such a 
deliberate attack on civilian populations has never occurred 
outside of war. These agents also carry the potential of wide¬ 
spread psychosocial effects and panic caused by the mystique 
that is associated with radiation among the general popula¬ 
tion. The dangers of these agents are largely overestimated, 
however, and result from poor understanding of radiation 
biology. These misperceptions are as common among health 
care providers as among the lay public and represent a major 
barrier to effective management. In fact, major radiation expo¬ 
sure from a terrorist attack should be easier to manage than 
biologic or chemical events because of easy detection methods 
with Geiger counters and dose-rate meters; the large number 
of hospital, industrial, and government personnel who regu¬ 
larly deal with radiation; and the well-known clinical effects 
that can be monitored with simple laboratory tests. 25,26 

Radiation is categorized as nonionizing and ionizing, and 
may consist of particles or waves, each of which has specific 
implications for injury in mass casualty scenarios. Nonioniz¬ 
ing radiation, such as infrared and visible light, has little if any 
Q injurious effects on living organisms. Ionizing radiation repre¬ 
sents the major radiologic threat from terrorist events, as it 
causes damage to living cells and tissues from its direct energy 
as well as from the indirect effects of the unstable and toxic 
hyperoxide molecules it creates. These effects are long term, as 
they continue far beyond the time of exposure. y-Rays and 
x-rays, which are examples of wave radiation, have high tissue 
penetrance and cause the greatest tissue damage, especially to 
rapidly dividing cells (gastrointestinal tract and bone marrow). 
Neutrons are particles that behave much like y- and x-rays as 
they also have high penetrance with severe tissue damage, a 
(Helium nuclei) and /3 (electrons) particle radiation have low 
tissue penetrance and damage potential and are easily 
shielded, but cause highly lethal damage if ingested or if they 
gain access through open wounds. 25 

The major factors that determine the severity of radiation 
exposure are time, distance, and shielding. The absorbed radi¬ 
ation dose rapidly decreases with shortened duration of expo¬ 
sure and with the square of the distance from the source, so 
that quadrupling the distance reduces the dose rate to one 
sixteenth of the original exposure. In doses of less than 1 Gy 
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(1 Gy = 100 rads), the biologic effects are not clinically signif¬ 
icant, although long-term malignant transformation is always 
possible. The handling of highly radioactive sources or fallout 
of radioactive dust from a or /3 particles results in local skin 
exposure with thermal burns that are characterized by ery¬ 
thema, desquamation, and blistering. Treatment of these low 
levels of exposure includes prophylactic antibiotics and stan¬ 
dard burn wound care. 25-27 

The effects of whole-body exposure from highly penetrat¬ 
ing wave and particle sources (y-rays, x-rays, and neutrons) 
are dose and duration dependent. Nausea, vomiting, diarrhea, 
and pancytopenia, especially lymphocyte count depression 
(termed acute radiation syndrome ), begin at doses greater than 
1.0 Gy. The LD 50 of radiation exposure, which is the dose 
range that will kill 50% of the afflicted casualties, is 3.0 to 
4.5 Gy. An absorbed dose of 10 Gy is considered to be the high¬ 
est survivable dose if maximal medical therapy is provided. 
Symptoms develop in less than 5 minutes following doses 
greater than 10 Gy, and doses greater than 30 Gy inevitably 
lead to death from cardiovascular and nervous system collapse 
in 24 to 72 hours. 27 Thus, the timing of onset of gastrointesti¬ 
nal symptomatology and lymphocyte depression can serve as 
accurate and easily discerned determinants of mortality risk, 
which greatly aids in the triage of mass casualties from a radi¬ 
ologic event. 

The two major forms that a nuclear or radiologic terrorist 
attack could take are the dispersal of radioactive materials that 
are commonly used in industry and medicine (i.e., cobalt-60, 
cesium-137, iridium-192, iodine-131), most likely using con¬ 
ventional explosives ( dirty bombs), and the atmospheric 
release of large amounts of intense ionizing radiation through 
the sabotage of nuclear power plants or the detonation of 
nuclear bombs. Dirty bombs are easy to construct with little 
training. They could spread contamination over a few city 
blocks at most and cause bodily injuries from the blast as well 
as fear and panic in the population. Property damage and radi¬ 
ation exposure are unlikely to be extensive, and the relatively 
small area of contamination should be easily monitored and 
contained for long-term cleanup. In contrast, nuclear sabotage 
and explosions require significant technical expertise and 
money to develop and execute and are therefore considered 
relatively unlikely to be used by terrorists. However, they 
threaten substantial property destruction as well as injury and 
death to people over a range of hundreds of miles because of 
the physical effects of the blast, the thermal and blinding 
effects of the ensuing fireball, and the high levels of ionizing 
radiation thrown into the atmosphere. 28-30 

The appropriate medical care of casualties from a radio- 
logic incident first requires an understanding of the distinction 
between radiation exposure and radiologic contamination. 
Exposure to ionizing radiation results in damage to body tis¬ 
sues, and the clinical manifestations of the victim and their 
timing provide a reliable guide to their absorbed dose. Expo¬ 
sure alone does not make a casualty “radioactive,” does not 
require decontamination, and offers no danger whatever to 
medical providers. Contamination refers to radioactive mater¬ 
ial that is found on the clothing or body of a victim, which can 
be spread to medical providers and the environment and 
requires decontamination to reduce such spread. Treatment of 
these casualties is largely supportive, involving the manage¬ 
ment of the skin, gastrointestinal, and hematopoietic signs and 
symptoms, after removing them from the source. Internal con¬ 
tamination through inhalation, ingestion, or skin or open 
wound absorption is treated by minimizing absorption and 
through the use of dilution, blockage, displacement, stimula¬ 
tion of renal and gastrointestinal elimination, and chelation 
methods. Most of these approaches are largely unproved and 
ineffective, including bone marrow transplantation or stem 
cell augmentation, or they have some beneficial effect only 
against specific radioisotopes. There is no “antiradiation” 
drug or agent. Potassium iodide does effectively block thyroid 


uptake of radioactive iodine, but this isotope is found only 
after nuclear explosions or nuclear plant leaks. Also, potassium 
iodide is effective only if given within 4 hours of exposure and 
is of benefit only in children. 26,28 

External contamination of clothing and exposed skin is eas¬ 
ily managed by simply removing clothing and showering with 
water and detergent, which should remove more than 90% of 
the contamination. Technical decontamination can then fol¬ 
low with removal or intensive cleansing of all hair and 
through scrubbing of the body, guided by the use of radiation 
dose meters to detect residual radiation. All clothing and fluid 
runoff is bagged and carefully disposed of to control the 
spread of radioactive materials. Open contaminated wounds 
must be washed and debrided according to standard aseptic 
principles, and wound excision should be considered for con¬ 
tamination with long-lived radionuclides (e.g., a emitters). 
After whole-body exposure of greater than 1.0 Gy, open 
wounds should be closed as soon as possible to prevent them 
from becoming portals of entry for lethal internal contamina¬ 
tion. External radiologic contamination does not constitute a 
medical emergency for either victims or medical providers. It is 
best to consider radioactive contamination as nothing more 
than dirt, something that is preferably cleaned off before treat¬ 
ment or hospitalization but that should not cause any delay in 
treatment of life-threatening injuries or the withholding of 
appropriate medical care for fear of exposure. Life-threatening 
injuries that require urgent medical management should not 
await extensive decontamination, although removal of cloth¬ 
ing and a quick shower can usually be accommodated. Med¬ 
ical personnel and hospital facilities will not be overexposed 
even with the highest levels of exposure and contamination of 
casualties, and medical personnel should simply wear protec¬ 
tive gowns, caps, masks, and gloves in accordance with stan¬ 
dard universal precautions. 25-27,29 There should be no reason 
for hospital-based providers to ever wear any more protective 
gear than this for any toxic contamination. Not only is it 
unwarranted for radiologic contamination, but also no chemi¬ 
cally contaminated casualty should be allowed to enter the hos¬ 
pital until fully decontaminated. 

The overall response to a radiologic or nuclear disaster 
should include proper planning and preparation, training of 
personnel, and on-scene triage and evacuation of casualties on 
the assumption of hazardous internal exposure. Triage officers 
must be familiar with the clinical effects and treatment of radi¬ 
ation injury. 29,30 National government resources should be 
contacted for guidance on the recognition and management of 
radiation exposure. 26 Severely injured casualties with radia¬ 
tion exposure should be triaged for definitive care to different 
facilities from those who are not seriously injured, and all pos¬ 
sible measures to contain further contamination should be 
undertaken. Medical personnel should wear standard protec¬ 
tive gear in accordance with universal precautions and treat all 
emergent medical and surgical problems without considera¬ 
tion of the radioactive contamination and exposure. Resources 
and procedures for dealing with the stress and psychosocial 
effects that are inevitably associated with radiologic incidents, 
in both casualties and medical providers, should be in 
place. 26,29 


EXPLOSIVE WEAPONS 


Explosive attacks by terrorists have typically been character¬ 
ized among conventional weapons, but the magnitude of 
energy that terrorist bombings have achieved over the past 
three decades and the thousands of resulting casualties make 
it clear that these agents belong as much in the category of 
unconventional weapons of mass destruction as those dis¬ 
cussed previously. Furthermore, explosive devices have histor¬ 
ically been and currently are the most common weapons of 
terrorism by far and therefore remain overwhelmingly the 
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ITABLE 32.2 


RESULTS | 

PROMINENT TERRORIST BOMBINGS WORLDWIDE 

■ EVENT 

■ YEAR(S) 

■ EXPLOSIVE AGENT 
(‘ BUILDING COLLAPSE) 

Irish Republican Army bombings, U.K. 

1970s 

TNT, dynamite 

Bologna train terminal 

1980 

TNT 

Beirut airport 

1983 

Ammonium nitratef*) 

Paris bombings 

1986 

TNT 

World Trade Center, NY 

1993 

Ammonium nitrate 

AMIA building, Buenos Aires 

1994 

Ammonium nitratef*) 

Oklahoma City 

1995 

Ammonium nitratef*) 

Atlanta Olympics 

1996 

TNT 

U.S. Embassies, Africa 

1998 

TNT(*) 

USS Cole , Yemen 

2000 

TNT 

World Trade Center, NY; Pentagon, VA 

2001 

Jet air liner crashes(*) 

Israel suicide bombings 

2001-present 

TNT, C-4 

U.N. Baghdad headquarters 

2003 

Ammonium nitratef*) 

Madrid train terminals, Spain 

2004 

TNT 

London subways and bus, U.K. 

2005 

TNT 


most prominent and most likely threat for which civilian pop¬ 
ulations must be prepared in the future. This has important 
implications for the role of surgeons in disaster planning and 
management because the casualties of explosive disasters will 
be afflicted predominantly with traumatic injuries for which 
surgical expertise and support are necessary. The technology 
required for large-scale casualty generation and lethality with 
this mechanism is easily learned, and its cost effectiveness is 
unsurpassed by any other method. 31,32 These factors have 
resulted in a dramatic worldwide increase in frequency of 
these incidents with each passing year (Table 32.2)7 


Historical Perspective 

An analysis of two major accidental explosions of the 20th 
century serves to demonstrate the devastation of civilian pop¬ 
ulations that can result from large-magnitude explosive agents 
and provides important lessons in the planning for and pre¬ 
vention of their disastrous consequences. On December 6, 
1917, in Halifax harbor, Nova Scotia, the Belgian ship Imo 
collided with the French munitions ship Mont Blanc , causing a 
fire on the top deck of Mont Blanc from the ignition of 35 tons 
of benzene. Hundreds of first-responder city firefighters and 
civilian onlookers then flocked to the scene. After 15 minutes, 
the fire ignited a cargo below decks consisting of 2,300 tons of 
picric acid, 10 tons of gun cotton, 300 rounds of ammunition, 
and 200 tons of trinitrotoluene (TNT). The ensuing explosion, 
the largest nonnuclear manmade explosion ever to occur, was 
followed by a 150-foot tidal wave, which leveled more than 

2.5 km 2 of the city, blew the ship 1 mile high and vaporized it, 
threw its 1,100-pound anchor 2 miles away and a cannon 

3.5 miles away, shattered windows 100 km away, and was 
heard in Boston. The resulting smoke plume rose 4 miles into 
the air. This delayed explosion wiped out the hundreds of curi¬ 
ous citizens and firefighters who initially responded to the fire. 
There were 2,000 deaths, 9,000 injured, and more than 
20,000 left homeless in a city with a population of only 
50,000, and all medical facilities were destroyed. 33 

In the port of Texas City, Texas, on April 16, 1947, the 
freighter Grand Camp caught fire, again attracting the entire 


city’s firefighters and hundreds of onlookers. Its cargo below 
decks of several tons of ammonium nitrate fertilizer was 
ignited 20 minutes later, creating an explosion with a 2,000- 
foot-high smoke plume and hurling the ship’s anchor 2 miles 
away. A second more powerful blast occurred a short time 
later, causing widespread fires and a 150-foot tidal wave. This 
disaster resulted in 600 deaths in a city of only 16,000 popu¬ 
lation, including, again, the city’s entire fire department and 
dozens of citizens initially attracted to the fire. 34 

These disasters demonstrate how devastating explosions 
can be and how effectively they can achieve the terrorist aims 
of casualty generation and lethality with relatively little cost or 
training. In Texas City, simple ammonium nitrate fertilizer 
caused one of the largest manmade explosions ever. It is quite 
likely that terrorists have studied these and similar events. 
With the ever-increasing use of bombings as instruments of ter¬ 
ror in subsequent years, it is clear that lessons learned from these 
accidental disasters have been used. Ammonium nitrate-based 
fuel-air explosives have been used in several major terrorist 
attacks to generate explosions of great magnitude (see Table 
32.2). Another effective and commonly used technique in ter¬ 
rorist bombings has been the “second hit,” so well demon¬ 
strated in both Halifax and Texas City, in which an initial 
event draws in onlookers and first responders, who are then 
wiped out by a second deliberate event—another explosion, 
sniper fire, or a building collapse. 6,32,35,36 In this way, to further 
expand injury, death, and panic among their target popula¬ 
tion, terrorists exploit the natural and predictable urge of peo¬ 
ple to help others. This second-hit phenomenon is best com¬ 
bated by restricting access to any disaster scene, especially to 
medical personnel who have no training to manage that scene, 
whose help and skills are best used in the protected and 
resource-rich environment of hospitals, and whose deaths will 
further and needlessly magnify the risk to surviving casualties. 
The noble but emotional, ego-driven, and misguided urge to 
run to a scene to “help” must be restrained by a disciplined 
and rational analysis of how help can best be delivered. 

Terrorist bombings increased dramatically in the 20th cen¬ 
tury, with 5,075 such events documented worldwide between 
1973 and 1983, causing 3,689 deaths and 7,991 injuries. 
There was a 10-fold increase in these incidents between 1968 
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and 1980 as their success became evident. 37 In the United 
States alone, 12,216 terrorist bombings occurred between 
1980 and 1990, with 1,582 bombings causing 222 injuries 
and 27 deaths occurring in 1990 alone. 38 From 1988 to 1997, 
the number of actual and attempted terrorist bombings 
increased by 127% within the United States, with 17,579 inci¬ 
dents causing 4,063 injuries and 427 deaths. 39 Between 1991 
and 2000, 88% of all disasters involving more than 30 casual¬ 
ties were due to explosions. 40 Since then, major bombings of 
U.S. embassies in Tanzania and Kenya in 1998 and the USS Q 
Cole in Yemen in 2000, the jet airliner crashes into the World 
Trade Center and Pentagon in 2001, the Madrid train terminal 
bombings in 2004, the London subway and bus bombings in 
2005, and the ongoing suicide bombings in Israel and Iraq 
have shown that explosive weapons remain the most likely 
mass casualty threat that must be confronted by surgeons in 
coming years. Analysis of these many events and an under¬ 
standing of the pathophysiology of blast provide a valuable 
insight into the patterns of injury around which planning and 
management can be formulated. 


Biodynamics of Blast 

Terrorist bombings typically employ high-energy detonations 
that generate a pressure pulse wave, called a blast wave , which 
travels through air at supersonic speeds. The edge of this radi¬ 
ally propagating wave is known as the blast front. Immedi¬ 
ately following detonation, a peak overpressure phase, lasting 
only a fraction of a second, involves the sudden rise of air pres¬ 
sure far above ambient levels. This instantaneous rise in pres¬ 
sure imparts to the blast wave the characteristic of brisance , or 
shattering ability. The peak overpressure is followed by a more 
gradual ebbing of pressure lasting up to 10 times longer, which 
ends in a negative-pressure phase into which air and debris can 
be sucked (Fig. 32.1). This negative-pressure phase accounts 
for the implosion of some surrounding structures, as well as 
the creation of tidal waves in coastal areas, as happened after 
both the Halifax and Texas City explosions. The term blast 
wind refers to these rapid back-and-forth movements of air. 
Underwater blasts are generally three times more powerful in 
blast wave propagation than those in air because of the greater 
density of water. 41-43 

The four factors that determine the force of a blast and the 
severity of injuries it causes are the size of the explosive charge, 
the distance from the blast, indoor or outdoor location, and 
the surrounding medium of air or water. The magnitude of an 



FIGURE 32.1. The Friedlander curve demonstrating the pressure 
characteristics of a blast wave over time. 


air blast tends to dissipate rapidly according to the cube of the 
distance from the blast, so that moving three times the distance 
away reduces the energy by 27-fold. Indoor detonations cause 
the blast energy to be magnified rather than dissipated as the blast 
wave is reflected off walls, floors, and ceilings, causing greater 
damage than open-air blasts. This magnification of destructive 
force explains why terrorists seek to detonate bombs in con¬ 
fined spaces, such as in buses in Israel, rather than open 
air. 44 ’ 45 

The medical management of casualties of terrorist bombings 
requires an understanding of the three categories of injury that 
result from explosions. Primary blast injury is caused by the 
passage of the blast wave through the body, which causes a dis¬ 
ruptive turbulence, called spalling , in the tissues of organs with 
air-to-liquid interfaces, such as the lung, bowels, eyes, and ears. 
For this reason, tympanic membrane rupture is quite common 
among casualties of explosive events and should be viewed as a 
sensitive marker for more severe internal effects of primary blast 
injury. 46 The lung is the most common visceral organ damaged in 
air blasts, whereas bowel disruption is found primarily in under¬ 
water blasts. Most victims of primary blast lung injury die imme¬ 
diately because such injuries require that they be so close to the 
blast that they suffer lethal bodily harm. Only 0.6% of survivors 
of major terrorist bombings have been found to have blast lung 
injury, but more than 10% of these victims ultimately die, indi¬ 
cating that this injury should also be considered a marker of 
severity that requires urgent treatment. 34 Blast lung is character¬ 
ized by progressive pulmonary insufficiency, with radiologic and 
pathologic findings typical of blunt pulmonary contusion. Death 
is caused by cerebral and coronary air embolism. 41,47 ’ 48 A higher 
incidence of blast lung injury is found among survivors of urban 
bombings as compared with bombings in rural and isolated 
locales as a result of the rapid triage and transport of victims and 
abundant medical resources available in larger cities. 49 

Secondary blast injury is caused by the impact on the body 
of flying objects and debris set in motion by the blast. Tertiary 
blast injury involves the displacement of the victim’s body to 
impact other objects. Both of these forms of blast injury cause 
the standard forms of blunt trauma that predominate among 
survivors of terrorist bombings and that surgeons typically 
manage in routine practice. 31,32,43,44,47,48,50 Secondary blast 
injury has also increasingly included penetrating trauma from 
destructive shrapnel placed in the bombs, as well as from body 
parts of suicide bombers that become embedded in the vic¬ 
tim. 5,51,52 An especially bizarre implication of these latter 
injuries to both casualties and medical care providers is that 
the embedded terrorist body parts have been shown to carry 
chronic diseases, such as hepatitis and acquired immunode¬ 
ficiency syndrome (AIDS), that are transmitted to surviving 
casualties and serve to further magnify the level of injury and 
terror. 53 

Quaternary, or miscellaneous, blast injuries are indirect 
consequences of explosive events, including burns, crush 
injuries from falling debris or structural collapse, inhalational 
injuries from dust and toxic chemicals, and ocular injuries. 
The dissemination of biologic, chemical, and radiologic agents 
in dirty bombs falls into this category and is also called com¬ 
bined blast injury. 1 


Patterns of Injury, Severity, and Mortality 

Terrorist bombings result in consistent and predictable patterns 
of injury and mortality in all published reports. 3,31,32,47,48,50,54 
The incidence of immediate deaths and critical injuries among 
survivors is related to the magnitude of the explosion, whether 
it occurs indoors or outdoors or in urban or isolated locales, 
and the association with building collapse. By exploding a 
bomb within a large building, the probability of complete 
structural collapse is increased, which greatly magnifies the 
casualty generation and lethality beyond the blast itself. 32 This 
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ITABLE 32.3 




RESULTS | 

IMPACT OF BUILDING COLLAPSE ON THE OUTCOME OF THE 1995 TERRORIST BOMBING IN OKLAHOMA CITY, OK° 

■ CASUALTY 
LOCATION 

■ NO. CASUALTIES 

■ NO. DEAD 

■ NO. SURVIVORS 

■ NO. SURVIVORS 
HOSPITALIZED 

Collapsed 

175 

153 (87%) 

22 

18 (82%) 

Uncollapsed 

186 

10 (5%) 

176 

32 (18%) 

Total 

361 

163 (45%) 

198 

50 (25%) 

^Includes only 361 casualties inside the Alfred P. Murrah Federal Building stratified by portion of building in which they were located. 

Adapted from data in Mallonee S, Shariat S, Stennies G, et al. Physical injuries and fatalities resulting from the Oklahoma City bombing. JAMA 
1996;276:382-387. 


is another reason why terrorists seek to place explosives in 
buildings. In the suicide bombing of the U.S. Marine barracks 
in Beirut, Lebanon, in 1983, with an ammonium nitrate fuel- 
air explosive imparting an estimated explosive force of 6 to 
10 tons of TNT, the complete collapse of the four-story build¬ 
ing resulted in the immediate death of 68% of all 346 casual¬ 
ties. 55 A terrorist bombing in Buenos Aires, Argentina, in 1994, 
caused the complete collapse of a seven-story building, result¬ 
ing in the immediate death of 29% of all casualties but of 94% 
of casualties within the building. 54 In the 1995 bombing in 
Oklahoma City, the partial collapse of the nine-story Alfred P. 
Murrah Federal Building, also caused by an ammonium nitrate 
bomb constructed as a fuel-air explosive imparting a 2-ton 
TNT equivalent blast force, 3 resulted in significantly greater 
injury and death among victims in the collapsed portion of the 
building (Table 32.3). This is remarkably different from the 3.3% 
immediate death rate among the 574 casualties of the Khobar 
Towers bombing in Saudi Arabia in 1996, in which there was 
no building collapse. 56 These observations emphasize the pre¬ 
ventive value of both barricading major buildings to prevent 
vehicular access and improving structural design of buildings 
to withstand major blasts without collapsing. 

Most survivors of terrorist bombings are not critically 
injured. Generally only 10% to 20% of survivors require 
urgent treatment for severe injuries, a pattern that is typical of 
most mass casualty disasters from any mechanism. The most 
common injuries found in immediate fatalities involve the 
head, chest, abdomen, blast lung, and traumatic amputation. 
These same severe injuries are found in only a small minority of 
survivors (0.5% to 2%) but contribute to a disproportionately 
high mortality among those survivors (10% to 50%) and there¬ 
fore must be considered important markers of severity that 
require urgent attention. The great majority of survivors have 
noncritical soft tissue and skeletal injuries, for which care may 
be delayed for hours or days if necessary to maximize casualty 
flow and the immediate care of critical injuries. 3,5,6,31,32,56,57 


TRIAGE AND HOSPITAL 
CASUALTY MANAGEMENT 


The prioritizing of patients according to injury severity, their 
need for immediate care, and available resources is called 
triage. In societies and geographic areas with an abundance of 
medical resources, such as the United States, triage is seldom 
necessary or practical because all injured individuals are 
brought to hospitals and provided with maximal care. In true 
mass casualty disasters, however, such as those resulting from 
terrorism, triage must assume major importance on the part of 
medical providers because of the limited resources available to 
the large casualty numbers. The difficulty of triage in this set¬ 
ting lies in the need to rapidly identify that small minority of 
critically injured casualties who require and are expected to 


respond to immediate care from among the large majority of 
casualties who have noncritical or unbeatable injuries, but 
who tend to rapidly inundate medical facilities. Although this 
rationing of care, and the possibility of denying care to some 
victims because of limited resources, is antithetical to current 
medical training and moral values, it may nonetheless be 
essential to maximize casualty survival. Disaster triage thus 
requires a paradigm change in mindset and approach to med¬ 
ical care, which in turn mandates that medical providers be 
educated in these principles that are so different from the rou¬ 
tine approach to medical care. 32 The goal of management must 
shift from the greatest good for each individual to the greatest 
good for the greatest number, with the population taking pri¬ 
ority over the individual. Triage officers not only must be 
experienced in the care of those injuries expected in any form 
of disaster (i.e., trauma in explosive events), but also must 
understand how to assess and treat these injuries within the 
unique context of mass casualties. 58,59 

The five categories of triage that are generally accepted are 
immediate, delayed, minimal or walking wounded, expectant, 
and dead. In the first triage performed at a disaster scene, the 
only decision made is that of who is alive and who is dead. Liv¬ 
ing casualties are then removed from the dangers of the scene 
to one or more casualty collection points , where the only deci¬ 
sion to be made is who needs immediate care and hospital 
transport and who does not. 36,58 It is best not to evacuate casu¬ 
alties directly to the hospital from the scene, so as to allow a 
systematic reevaluation and distribution of those needing hos¬ 
pital care among all available facilities, to avoid overloading 
any one hospital. As secondary and tertiary triage is performed 
later in the hospital, more discrimination can be applied. 

The expectant category includes those casualties with such 
severe and extensive injuries that more time and resources 
would be required than is justified by the limited resources, 
which can better be applied to more salvageable victims. This 
category best illustrates the change in mindset required in mass 
casualty management and why special training and experience 
are needed to serve in the role of triage officer. A physician 
may be appropriate for this role, but any health care provider 
could fulfill this role with the proper training. In fact, physi¬ 
cians may be too scarce and valuable a resource to spare for 
this duty. Exactly what constitutes an expectant casualty must 
be decided early in each disaster and cannot be predicted 
because the definition depends on the specific types of injuries, 
casualty numbers, and what resources are available. 58-61 


Errors of Triage 

The accuracy of triage could certainly affect the ultimate out¬ 
come of surviving casualties. Improper assignment to a 
delayed category of critically ill or injured casualties who 
require urgent care, termed undertriage, is the most important 
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TABLE 32.4 RESULTS 


RELATION OF OVERTRIAGE TO CRITICAL MORTALITY IN TERRORIST BOMBING SURVIVORS 


■ EVENT 

■ YEAR 

■ NO. 
SURVIVORS 

■ NO. CRITICALLY 
INJURED (%)« 

■ NO. OVERTRIAGE ■ NO. CRITICAL 

(%) b MORTALITY (%) c 

Cu Chi, 

Vietnam 67 

1969 

34 

3(9) 

9(75) 

1 (33) 

Craigavon, 

Northern 

Ireland 66 

1970s 

339 

113 (33) 

29 (20) 

5(4) 

Old Bailey, 

London, U.K. 63 

1973 

160 

4 (2.5) 

15 (79) 

1 (25) 

Guildford pubs, 
U.K. 43 

1974 

64 

22 (34) 

2 (8.3) 

0 

Birmingham, 

U.K. 65 

1974 

119 

9(8) 

12 (57) 

2 (22) 

Tower of 

London, U.K. 64 

1974 

37 

10 (27) 

9(47) 

1 (10) 

Bologna train 
station, Italy 50 

1980 

218 

48 (22) 

133 (73.5) 

11 (23) 

Beirut, 

Lebanon 55 

1983 

112 

19 (17) 

77 (80) 

7(37) 

AMIA building, 
Buenos Aires, 
Argentina 54 

1994 

200 

14(7) 

47 (56) 

4(29) 

Oklahoma City, 

OK 3 

1995 

597 

52 (9) 

31 (37) 

5(10) 

Total 


1,880 

294 (16) 

364 (53) 

37(12.6) 

^Percentage of total survivors. 

^Number of noncritical survivors triaged to immediate care as a percentage of all casualties triaged to immediate care. 
c Number and percentage of all critically injured survivors who died. 

Adapted from Frykberg, ER. Medical management of disasters and mass casualties from terrorist bombings: how can we cope? 
201-212. 

J Trauma 2002;53: 


to avoid and imparts an obvious potential for preventable death 
in all settings. The term overtriage describes the assignment of 
noncritical casualties to immediate care. In the routine manage¬ 
ment of trauma patients, with small numbers arriving at any 
given time, overtriage is an economic, logistical, and adminis¬ 
trative burden that does not affect casualty outcome and is 
considered necessary to minimize undertriage. 62 

However, the published results of 10 major mass casualty 
disasters from terrorist bombings that relate the overtriage rate 
to the mortality among critically injured survivors (Table 34.4) 
confirms a direct impact of overtriage on the critical mortality 
rate in this setting (Fig. 32.2 ). 3 ’ 43,50 ’ 54 ’ 55,63-67 This impact occurs 
because the inundation of a hospital with large numbers of 
casualties all at once, most of whom are not critically injured, 
impedes the ability of medical personnel to rapidly detect that 
small minority who require immediate care, thus increasing the 
risk of preventable deaths. 32 It is reasonable to postulate that 
this principle probably applies to all mass casualty events of 
any mechanism, as the essential element of this problem is the 
overwhelming casualty load. This emphasizes the critical 
importance of accurate triage discrimination in all disasters to 
minimize both overtriage and undertriage. 59 


Hospital Care Considerations 

The system of casualty flow and treatment within the hospital 
following a mass casualty explosive event is a major factor in 



Overtriage 


FIGURE 32.2. Relationship of overtriage to critical mortality rate in 
survivors of major terrorist bombings, from data in Table 34.4 (r = 
0.92). GP, Guildford pubs U.K.; CA, Craigavon, Northern Ireland; 
OC, Alfred P. Murrah Federal Building, Oklahoma City, OK, U.S.; TL, 
Tower of London, U.K.; BP, Birmingham pubs, U.K.; AMIA, AMIA 
building, Buenos Aires, Argentina; Bol, Bologna train terminal, Italy; 
OB, Old Bailey, London, U.K.; CC, Cu Chi, Vietnam; BE, Beirut air¬ 
port, Lebanon. (Adapted from Frykberg ER. Medical management of 
disasters and mass casualties from terrorist bombings: how can we 
cope? J Trauma 2002;53:201-212.) 
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FIGURE 32.3. Relationship of hospital casualty 
arrival rate to quality of medical care following 
urban terrorist bombings. (Adapted from 
Hirshberg A, Scott BG, Granchi T, et al. How 
does casualty load affect trauma care in urban 
bombing incidents? A quantitative analysis. / 
Trauma 2005;58(4):686-695.) 



the outcome of these casualties. The abundant published infor¬ 
mation on the hospital management of terrorist bombing casu¬ 
alties can be extrapolated to the expected demands from dis¬ 
asters of all kinds. 31,32,36,68 

Hospitals must restrict access of casualties to all but those 
most seriously injured in order to conserve their scarce 
resources and allow them to be applied to those most in need. 
No casualty should be allowed into a hospital before being 
both decontaminated and triaged. The three hospital resources 
most in demand in this setting are the emergency room (ER) 
where casualties are first received and evaluated, the operating 
room (OR), and the intensive care unit (ICU). Each of these 
units should have a designated controller , who is not involved 
directly in medical care but is responsible for the proper 
admission, movement, and disposition of all casualties to opti¬ 
mize rapid and efficient casualty handling. Casualties should 
always move forward through hospital spaces, never returning 
or going backward, thereby minimizing traffic gridlock and 
confusion. 36,40,60,61,69,70 

Developing the space to accommodate the added casualty 
load, or surge capacity , is the first thing that a hospital must 
accomplish following a mass casualty event, and this must be 
done within a matter of minutes. More important is the provi¬ 
sion of the ability to care for the casualties brought into this 
space (i.e., nurses; special needs such as dialysis, pediatric, 
geriatric, and burn care; and surgical specialists), or surge 
capability , without which the space and beds alone are of no 


1 TABLE 32.5 


COMPLICATIONS | 

EFFECT OF OVERTRIAGE ON SURGE CAPACITY 

■ % OVERTRIAGE* 

■ SURGE 
CAPACITY 6 

■ OVERTRIAGE 
LOAD" 

0 

4.7 

0 

25 

4.6 

1.6 

50 

3.8 

3.8 

75 

2.7 

8.1 


^Percentage of casualties arriving at hospital not requiring hospital 
care. 

^Number of critically injured casualties per hour. 

"Number of noncritically injured casualties per hour. 

Reprinted with permission from Hirshberg A, Scott BG, Granchi T, 
et al. How does casualty load affect trauma care in urban bombing 
incidents? A quantitative analysis. / Trauma 2005;58(4):686-695. 


benefit. The most appropriate and realistic definition of surge 
capacity and capability is a functional one. An evidence-based 
computer modeling study by Hirshberg et al., using data from 
urban terrorist bombings, defines surge capacity as the arrival 
rate of critically injured casualties per hour that would allow 
at least 90% of the optimal quality of medical care to be deliv¬ 
ered to each casualty. 71 They showed the relationship between 
casualty arrival rate and quality of hospital care to be best 
described by a sigmoid curve, and that there was a precipitous 
decline in the quality of medical care delivered to individual 
casualties at more than five critical casualties arriving per hour 
(Fig. 32.3). This could be improved (i.e., the curve moved to 
the right) by effective planning and preparation. However, the 
quality of medical care declines more precipitously (i.e., the 
curve moves to the left) with increasing levels of overtriage, 
defined as the arrival rate of noncritical casualties who do not 
require hospital care, presumably because overtriage delays the 
recognition and treatment of the critical casualties (Table 32.5). 
This further emphasizes the importance of minimizing over¬ 
triage in mass casualty events. 


PLANNING AND REPORTING 


Advance preparations are immensely important for the success 
of any disaster response because disasters are completely ran¬ 
dom, unexpected, and unpredictable. However, their magni¬ 
tude requires a rapid, organized, and comprehensive response 
involving a number of disparate elements that do not usually 
work together, and a medical approach that is quite different 
from routine patient care. 70 Such a response cannot occur 
without plans in place that have been extensively rehearsed. 

Disasters are rare events, requiring that planning be based 
on the abundant literature that documents experience from 
past disasters. Although every disaster is different in several 
specific factors, consistent patterns have clearly been estab¬ 
lished that are common to most disasters, allowing for realis¬ 
tic planning. Every plan must also have a built-in flexibility to 
allow adaptation to unique contingencies of a specific event. 
Terrorist bombings, in view of their frequency, should be con¬ 
sidered as the universal model for disaster management, and 
planning can be based on the well-established patterns of 
injury and mortality previously described. It is possible to 
anticipate resource needs and distribution from knowledge of 
the prognostic factors of these events that can be gleaned from 
the literature (Table 32.6). 32 It is also possible to optimize the 
success of disaster plans by learning from the patterns and 
trends of major pitfalls described in past disasters (Table 
32.7). 72 
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TABLE 32.6 RESULTS 


PROGNOSTIC FACTORS THAT AFFECT THE CASUALTY 
OUTCOME FOR TERRORIST BOMBINGS 

Magnitude of explosion 
Triage accuracy 
Time interval to treatment 
Anatomic injuries 
Location 

Confined space vs. open air 
Rural vs. urban 
Building collapse 

Immediate presence of surgical capability 


The Incident Command System has been widely adopted as 
the best organizational and functional scheme for a compre¬ 
hensive and successful disaster response. The five major com¬ 
ponents of this system are command, planning, logistics, oper¬ 
ations, and finance/administration. This integration of 
resources into a unified command has been shown to avoid the 
major barriers and to promote the most effective interaction of 
the several components of a disaster response. 72,73 

It is essential that surgeons be integrally involved in disas¬ 
ter planning and management by participating in their local 
hospital disaster committee, their hospital disaster drills, and 
community disaster exercises. The care of trauma patients and 
rapid decision making for large numbers of patients are what 
surgeons are trained to do and what they regularly practice. In 
fact, U.S. trauma centers and the nationwide trauma systems 
should logically serve as the template for a national disaster 
response system in view of their extensive resources, collective 
expertise, and already established liaisons with most of the ele¬ 
ments necessary in a disaster response (i.e., prehospital assets, 
search and rescue, air medical transport, law enforcement, fire 
services, public health, media, local and state government 
health services). 74-76 It is also important that the results of a 
disaster be analyzed and reported in the surgical literature as 
the only means by which health care providers can be edu¬ 
cated. This analysis also allows a postevent debriefing on the 
part of those involved in a disaster, which should result in a 
revision of the disaster plan to correct any deficiencies identi¬ 
fied. These goals all require that an effective method of record 
keeping be in place to allow patient tracking and data accumu¬ 
lation during the disaster, from which a comprehensive analysis 
of results can be derived. A successful disaster response can be 
achieved only through intensive education, research, self-analy¬ 
sis, reassessment, and practice. 


TABLE 32.7 COMPLICATIONS 


MOST COMMON BARRIERS TO A SUCCESSFUL 
DISASTER RESPONSE 

Failure of communications 

Security failures at the scene and hospital 

Failure to designate authority and responsibility 

Ineffective and inefficient system of medical care of casualties 

Failure of original disaster plan 

Failure to manage and control volunteers 

Lack of education and training among responders 
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CHAPTER 33 TRANSPLANTATION 

IMMUNOLOGY 

JEFFREY E. PLATT AND MARILIA CASCALHO 


KEY POINTS 


Q Development of the vascular anastomosis and immuno¬ 
suppression were the key technologic advances that 
allowed clinical application of transplantation. 

Q The condition of the donor and ischemia and reperfusion 
of the transplant impact directly on grafts and on the 
immune response to grafts. 

Q The genetic relationship between the recipient and the 
donor determine the outcome of a transplant, especially 
susceptibility to rejection. 

Q Transplantation provokes immune responses by T cells 
and B cells. 


Q Modern immunosuppressive agents and regimens effec¬ 
tively prevent acute rejection. 

^The impact of T-cell and B-cell responses on a graft 
depends to the greatest extent on whether a transplant con¬ 
sists of cells, tissues, or an organ. 

Q Transplanted organs but not transplanted cells and tissues 
are susceptible to various types of humoral rejection; all 
transplants are susceptible to cellular rejection. 

Q Chronic rejection is the most common cause of loss of 
organ transplants. 


Transplantation refers to the transfer of living cells, tissues, or 
organs from one individual to another. Envisioned from a theo¬ 
retical perspective throughout history, transplantation has been 
attempted surgically since the early years of the twentieth cen¬ 
tury. Today, transplantation is the preferred method to replace 
the function of the heart, lungs, kidneys, liver, and bone marrow 
and, in some circumstances, the islets of Langerhans of the pan¬ 
creas. Applications may soon be expanded if transplantation of 
stem cells or the derivatives of stem cells become part of clini¬ 
cal practice. Transplants have shed light on such fundamental 
principles of biology and immunology as the genetic differences 
between individuals in a population, the principle that organs 
are integral biologic structures, the major histocompatibility 
complex, and tolerance. Many terms have been applied to 
transplants based on the genetic relationship between the 
source and recipient of transplants. Some of these terms are 
listed and defined in Table 33.1. 


THE VASCULAR ANASTOMOSIS 
AND FIRST LESSONS OF 
TRANSPLANTATION 


The field of clinical transplantation was launched by the 
advent of the vascular anastomosis. The development of surgi¬ 
cal techniques for repair and anastomosis of blood vessels met 
a widely recognized and urgent need for repair of traumatic 
and surgical wounds. 1,2 Development of the vascular anasto¬ 
mosis taught technical lessons such as the importance of asep¬ 
sis and protection of vascular intimae. It taught that restoring 
blood flow could avert gangrene distal to a vascular lesion. It 
taught that some organs such as the kidney function as integral 
units (the kidney can be removed and reimplanted) and that 
function is not dependant on anatomic location (the kidney 
can be implanted in a heterotopic location). The greatest 
excitement was generated by the possibility that the vascular 
anastomosis might allow the replacement of a diseased or 


injured organ with a healthy one. Ultimately, the vascular 
anastomosis was one of two advances critical to the clinical 
application of organ transplantation, the other advance being 
the discovery of immunosuppression. 

Successful application of the vascular anastomosis for trans¬ 
plantation of the kidneys was reported by Alexis Carrel in 1908. 2 
Carrel was awarded a Nobel Prize in 1912 for having developed 
the vascular anastomosis and using it to launch the field of trans¬ 
plantation. However, Carrel’s collaborator, Charles Guthrie, 
actually perfected the technique of vascular suture, which Carrel 
applied. 3,4,5 

The outcome of the first transplants is illustrated in Figure 
33.1. 5 Although Carrel claimed the transplants to be successful, 
all of the recipients died during the ensuing 5 weeks. This 
result contrasts with the outcome of transplants performed 
into the same animals from which the kidneys were harvested, 
termed autografts. These results illustrate several points. Organs 
transplanted into unrelated individuals (allotransplants) almost 
invariably fail, while organs transplanted into oneself or into a 
genetically identical recipient, an isograft, survive indefinitely. 
This chapter will consider the biologic reasons why transplanted 
tissues and organs fail. 


INJURY FROM HARVESTING, 
ISCHEMIA-REPERFUSION, AND 
OTHER “TECHNICAL” PROBLEMS 

The medical condition of the source of the transplant and the 
donor and the procedures associated with harvesting, preserv¬ 
ing, transplanting, and reperfusing a graft influence the out¬ 
come of transplantation, sometimes profoundly. 6 The surgical 
removal or “harvesting” of organs and tissues for transplanta¬ 
tion, like any surgical procedure, damages cells and extracellu¬ 
lar structures (Fig. 33.2). The utmost haste and meticulous 
technique cannot avoid completely this injury. Because these 
problems vary with the organ and tissue transplanted, we focus 
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ITABLE 33 

-J _1 

TERMINOLOGY OF TRANSPLANTATION 

■ TERM 

■ DEFINITION 

Autograft 

Transplant to oneself 

Allograft 

Transplant from one individual to another in a 
species 

Homograft 

Allograft 

Isograft 

Transplant to a genetically identical individual 

Xenograft 

Transplant from an individual of one species to 
an individual of another species 

Heterograft 

Xenograft 


here on the properties and impact of ischemia-reperfusion 
injury common to all organs and tissues. 

Severe surgical trauma, such as prolonged ischemia or failed 
anastomosis, can condemn an organ or tissue. Such severe 
injury may underlie some early deaths after transplantation 
illustrated in Figure 33.1 and described in Carrel’s seminal 
report. 2 Such technical failures are still observed, but fortu¬ 
nately far less often. The disruption of blood flow deprives tis¬ 
sues of oxygen and allows wastes to accumulate; physical injury 
triggers aggregation of platelets and activation of coagulation 
and complement cascades. Severe ischemia-reperfusion injury of 
organ and tissue transplants can cause immediate failure of 
grafts to function. Even mild ischemia-reperfusion injury acti¬ 
vates endothelium and inflammatory cells, which in turn pro¬ 
mote immunity to grafts. By means yet uncertain, ischemia- 
reperfusion injury may eventuate in changes over months and 
years, sometimes referred to as chronic rejection. 

Ischemia-reperfusion injury refers to tissue damage seen 
after disruption and subsequent restoration of blood flow to a 
tissue or organ. The term reflects complexity of the pathogenesis; 
absence of flow causes some damage, restoration of flow causes 


other damage. Ischemia-reperfusion injury to the heart (myocar¬ 
dial infarction) and brain (stroke) are leading causes of death 
and disability. Organs differ in the extent to which they are dam¬ 
aged by ischemia-reperfusion. Lung, liver, and heart are more 
susceptible than kidney. The risk of severe ischemia-reperfusion 
injury limits the time that organs can be “preserved” prior to 
transplantation and hence the matching of organs to the recipi¬ 
ents most in need. 

The mechanisms by which ischemia-reperfusion injures tis¬ 
sues remain uncertain. Table 33.2 lists some factors implicated 
in the pathogenesis of ischemia-reperfusion injury. Inhibition 
or absence of these factors can prevent or decrease ischemia- 
perfusion injury. Since inhibition of many different factors 
decreases or eliminates ischemia-reperfusion injury, those fac¬ 
tors must function in series or in a limiting way in parallel, 
with injury critically dependent on the sum of independent 
insults. How these factors orchestrate the pathology and 
pathophysiology of ischemia-reperfusion injury is a question 
of central importance in the field of transplantation. 

The factors that initiate ischemia-reperfusion injury remain 
unclear and are the focus of much inquiry. Surgical harvesting 
deprives organs and tissues of the flow of blood. Severe injury 
and/or prolonged deprivation of blood cause changes in small 
blood vessels that prevent re-establishment of perfusion, a 
condition referred to as no reflow, and directly cause necrosis. 7 
Mild injury and shorter periods of ischemia cause transient 
changes in structure and function. Deprivation of oxygen 
might initiate many of the reversible changes in ischemia- 
reperfusion injury. 8 Reperfusion of a graft also contributes to 
tissue injury, perhaps to a greater extent than ischemia. 

Nearly every factor that contributes to tissue injury can 
also protect against it. 9,10 For example, activation of comple¬ 
ment in subtoxic amounts causes cells to acquire resistance to 
toxic amounts of complement. 11 Similarly, while inhibiting 
interleukin-1 (IL-1) decreases ischemia-reperfusion injury, 
treatment with IL-1 in advance of reperfusion protects against 
damage. 12,13 This antithesis of injury and protection suggests 
that ischemia-reperfusion injury may cause damage in some 
circumstances but may be protective in others. As only one 
example, ischemia-reperfusion injury may help to sequester the 



FIGURE 33.1. Method (A) and outcome (B) of the initial “suc¬ 
cessful” transplants reported by Carrel in 1908. 2 All recipients died 
over a period of weeks. In contrast, a few autografts performed by 
the same surgeon functioned for years. The difference between the 
outcome of autografts and allografts illustrates the preeminence of 
the immunologic barrier to transplantation. ([A] from Carrel A. © 
Originally published in The Journal of Experimental Medicine. 
1908;10:98-140.) 
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FIGURE 33.2. Impact of ischemia-reperfusion on the structure of a graft. The figure depicts heparan sul¬ 
fate, a sugar that supports most of the normal functions of blood vessels, by silver staining in a normal 
heart (left) and in hearts transplanted heterotopically into genetically identical guinea pigs (middle and 
right). The micrograph on the right is from a recipient in which complement was inhibited by treatment 
with cobra venom factor (CVF). The figure shows that transplantation under optimal surgical conditions 
causes loss of all detectable heparan sulfate in a complement-dependant manner. 


microorganisms through vasoconstriction and coagulation and 
at the same time may allow activation of antigen-presenting cells 
and delivery to lymphoid organs, thus promoting host defense. 14 
Because the factors contributing to ischemia-reperfusion also 
contribute to tissue repair and host defense, the solution to the 
problem of reperfusion injury may not reside in complete inhibi¬ 
tion of the processes activated by it. 


GENETIC DETERMINANTS 

@ The genetic relationship between the source (donor) and the 
recipient determines the fate of transplants that survive 
ischemia-reperfusion injury and technical complications of the 
procedure. The nature of this genetic relationship, termed his¬ 
tocompatibility, occupies a central place in the field of trans¬ 
plantation. Because transplants with novel genetic properties 
may soon enter practice, we consider in some detail the classic 
rules governing acceptance and failure of grafts. 

Evidence for the importance of genetics in the fate of trans¬ 
plants emerged in the early years of the twentieth century. C.O. 
Jensen, a Danish biologist, discovered that tumors arising in an 
inbred strain of mouse could be maintained by transplanting 
pieces of tumor tissue between members of that strain; however, 
pieces of tumor transplanted into common mice would grow 
for a period of days and then regress and disappear. Trans¬ 
planted into a mouse in which the tumor had previously 
regressed, the tumor would disappear almost immediately. 


TABLE 33.2 


FACTORS CONTRIBUTING TO ISCHEMIA- 
REPERFUSION INJURY 


■ FACTOR 

■ MECHANISM 

FTypoxia 

Hypoxia-inducible factor 

Complement 

Senses injury; activates endothelium and 
leukocytes 

Natural antibodies 

Activate complement 

Oxidants 

Activate endothelium and damage cells 

Apoptosis 

Disrupts endothelium 

Toll-like receptors 

Activates endothelium and leukocytes 

Cell adhesion 
molecules 

Facilitate leukocyte migration 

T cells 

Unknown 


Jensen speculated that regression of the tumor might be caused 
by immunity, and his observations sparked efforts in a number 
of laboratories to generate resistance to tumors by the transfer 
of serum from resistant mice. These efforts were futile and, 
Peter Medawar, reflecting on this period, later commented that 
“nearly everyone who supposed that he was using transplan¬ 
tation to study tumors was in fact using tumors to study trans¬ 
plantation—not always to very good effect.” 15 

Jensen’s contemporary, Leo Loeb, observed that sponta¬ 
neous mammary adenocarcinomas in Japanese “waltzing” 
mice, so named because of a neurologic defect that made them 
twirl when stimulated, survived transplantation and grew in 
waltzing mice but never in mice of other stocks. 16 Tumors 
from waltzing mice grew in offspring of crosses between 
waltzing mice and other strains and thus appeared to be gov¬ 
erned by the “rules” of Mendelian inheritance. 17 Tumors 
would not grow in mice of the F2 generation or in mice derived 
by crossing FI with the resistant parent. If susceptibility to the 
tumor was conferred by a single genetic locus, then three fourths 
of the F2 generation and one half of the backcrosses should have 
been susceptible. This observation refuted Mendelian inheri¬ 
tance. From a large number of matings, a small fraction of the 
F2 generation and of backcrosses accepted the tumors, indi¬ 
cating that acceptance of tumors was governed by multiple 
independently segregating codominant traits. 18,19 

Investigators used congenic strains to explore in detail the 
role of histocompatibility or “FT” genes in tumor transplanta¬ 
tion (Fig. 33.3). Genes varied in their impact on the outcome 
of transplants, and the “strength” of different FT genes was a 
specific feature of the gene. Incompatibility of strong histo¬ 
compatibility genes, now known to be products of the major 
histocompatibility complex, inevitably caused resistance to 
tumors. Incompatibility of weak histocompatibility genes, 
now called minor histocompatibility genes, led sometimes but 
not always to resistance to tumors. Moreover, when incom¬ 
patibility of weak histocompatibility genes led to tumor resis¬ 
tance, the tumors would often grow to larger size and over a 
longer period of time before resistance was manifest. Immu¬ 
nization with tissue incompatible for weak histocompatibility 
genes sometimes could make the immunized mouse resist 
tumors as fully as if the tumors carried strong histocompati¬ 
bility disparities. Immunity to tumors was akin to immunity to 
normal tissues. 20 FTistocompatibility, defined genetically, cor¬ 
responds with immune responses and immunity aroused by 
transplantation of foreign tumors also recognizes nonmalig- 
nant cells of the same foreign source. 21 

The FT-2 locus is a strong histocompatibility locus because 
tumors disparate at FT-2 always regress and transplants dis¬ 
parate at FT-2 are always rejected and the rejection reaction 
proceeds rapidly. 22,23 The strong histocompatibility locus was 
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FIGURE 33.3. The outcome of transplants incom¬ 
patible at strong and weak histocompatibility loci. The 
figure shows that incompatibility of strong histocom¬ 
patibility genes causes rapid and universal rejection of 
allografts. Incompatibility of weak histocompatibility 
genes causes rejection to occur in some but not all 
transplants and at a relatively slow rate. Prior expo¬ 
sure to a transplant incompatible for a weak gene 
causes the response to be universal and more rapid. 
The locus of the strong histocompatibility genes is 
called the major histocompatibility complex. 



later found to be a complex of genes called the major histo¬ 
compatibility complex (MHC). Transplants matched for 
MHC might still undergo rejection, albeit at a slower tempo; 
this type of rejection was attributed to “weaker” histocompat¬ 
ibility antigens, later called “minor” antigens. 

In 1958, Jean Dausset discovered that human patients who 
had received multiple transfusions of blood were subject to 
transfusion reactions, and contained in their serum antibodies 
specific for leukocyte alloantigens. 24 These antigens, ultimately 
called human leukocyte antigens (HLAs), were encoded by 
genes analogous to the murine H-2 genes. 

The field of histocompatibility has struggled to address the 
nature of the genetic determinants of tissue individuality, the 
factors that condition recipient immune responses to foreign 
tissues, and the mechanisms mediating those responses. A cen¬ 
tral question has been whether antigens encoded by MHC 
(“MHC antigens”) function only as passive targets of immune 
responses or whether MHC antigens participate in some way 
in the physiology of the immune system. 25 Another question 
has been what distinguishes the “strong” histocompatibility 
barrier posed by antigens encoded by MHC versus the weaker 
barrier posed by minor antigens. Yet another question con¬ 
cerned the nature of MHC genes and the proteins they encode 
that enable this system to confer uniqueness to each member 
of an outbred population. Only recently have answers to these 
questions emerged and the biologic role of histocompatibility 
determinants in the initiation and regulation of immune 
responses in normal animals been determined. 


IMMUNITY AND THE 
REJECTION OF TRANSPLANTS 

Initial efforts to connect immunity with the destruction of 
transplants failed. This failure stemmed from the belief that 
immunity was manifest only by production of antibodies and 
every effort to transfer immunity to transplants with immune 
serum failed. In the early 1940s, Landsteiner and Chase 
demonstrated that the cells but not the serum of sensitized ani¬ 
mals could transfer delayed-type hypersensitivity reactions 
from one individual to another. 26 The existence of cellular 
immunity and pertinence for the rejection of transplants were 
appreciated by the demonstration that immunity to a trans¬ 
plant can be transferred by cells. 27 How the lymphoid cells, 
later called “T” lymphocytes because they originate in the thy¬ 
mus, might recognize foreign tissues became an issue of wide¬ 
spread interest. Those who studied transplants also failed to 
appreciate that antibodies have far more impact on organ 
grafts than on cell and tissue grafts. 

The conceptual hurdles to connecting immunity with the 
failure of transplants were overcome by Thomas Gibson and 


Peter Medawar in 1943. 28 Skin allografts were thought to fail 
either because of local incompatibility leading to inflammation 
or because of immunity. Since immunity was thought only to be 
humoral, and since transfer of immune sera had no impact on 
grafts, immunity was not the favored explanation. Gibson, a 
surgeon, and Medawar, a biologist, asked whether immunity 
might cause the failure of skin grafts between different individ¬ 
uals (allografts). The question was urgent because surgeons 
were called upon to treat extensive burn wounds and skin graft¬ 
ing could prevent the loss of water, infection, and contractures 
caused by such wounds. Gibson and Medawar carried out a 
series of skin grafts on one human subject with extensive burns. 
A “first set” of skin grafts from the patient herself (autografts) 
and from the patient’s brother (allografts) was performed. On 
the 10th day, the autografts and allografts appeared normal 
to the eye but biopsies revealed inflammation in the allografts. 
On the 15th day, a “second set” of autografts and allografts was 
performed. On the 23rd day, the first set of autografts appeared 
normal but the first set of allografts had deteriorated markedly. 
The second set of allografts (now in their eighth day) had not 
taken; some were detached and some appeared white and not 
perfused. The fate of the second set of allografts, accelerated 
destruction, pointed to immunity rather than a local reaction as 
the cause of graft loss. Medawar followed up on this initial clin¬ 
ical study with extensive work in rabbits. 29-31 This work con¬ 
firmed irrefutably that the reaction to transplantation of foreign 
tissue causes the destruction of allografts and has the funda¬ 
mental characteristics of an immune response. The reaction (a) 
is systemic, (b) is specific (e.g., the second set reaction does not 
afflict third-party grafts), (c) is generalized (e.g., the same reac¬ 
tion aroused by tumors is aroused by skin), and (d) exhibits 
memory. The recipient thus rejects the graft and the immune 
system is the vehicle of that process. 


CHARACTERISTICS OF 
TRANSPLANT IMMUNITY 

If the first 40 years of transplantation (—1906-1946) proved that 
Mendelian genetics and immunity govern the fate of transplants 
the exact mechanisms of governance are still incompletely under- 
Q stood. Both T lymphocytes and B lymphocytes respond to trans¬ 
plantation, but the impact of these cells and their products varies 
profoundly depending on whether the transplant is an intact 
organ, which is attacked by both T cells and antibodies, or cells 
and tissues, which are attacked mainly by T cells (See Impact on 
Transplants below). In many cases clinicians define immune 
responses to transplantation based on graft injury or rejection. 
While the presence of graft injury may prove the existence of a 
destructive immune response, all immune responses to transplan¬ 
tation are not destructive and some may actually protect grafts. 












Chapter 33: Transplantation Immunology 


501 


PRODUCTS OF THE MAJOR 
HISTOCOMPATIBILITY COMPLEX 

The immune response to products of the major histocompati¬ 
bility complex (i.e., MHC) dominates the immune response to 
transplantation, except transplants between some siblings or 
inbred animals matched at the MHC. 21,22,24,32 Antigens 
encoded by the MHC dominate transplant immunity in part 
because the antigens are highly polymorphic, meaning all indi¬ 
viduals in a species can be assumed to differ from all others at 
one or more loci of the MHC, and be highly antigenic. 


Major Histocompatibility Complex 
Class I Molecules 

MHC class I molecules consist of a 45-kD a chain and p 2 - 
microglobulin, a 12-kD glycoprotein not encoded by the 
MHC complex (Fig. 33.4A). The MHC class I molecule has 
four extracellular domains, a transmembrane region, and a 
cytoplasmic “tail.” Each MHC class I molecule has a groove 
that harbors an antigenic peptide. Correct folding of the class 

I MHC proteins depends on the presence of the peptide. The 
peptide and polymorphic regions of the a 1 and a 2 domains 
bind to the T-cell receptor. A nonpolymorphic region of the a 3 
domain binds to CD 8. 

The peptides presented by MHC class I molecules are 8 to 
10 amino acids in length and join the MHC class I molecule 
during assembly in the endoplasmic reticulum. 33 The peptides 
derive from degradation of cytoplasmic proteins by protea- 
somes made up of low-molecular-proteins encoded in the class 

II region of HLA in close linkage with genes encoding the pep¬ 
tide transporters for both class I and class II molecules and by 
other proteases. These transporters carry the peptides into the 
endoplasmic reticulum where the class I assembly takes 
place. 24 The major transporter of peptide destined to associate 


with MHC class I molecules is the transporter associated with 
antigen processing (TAP). The ability of the TAP to attach to a 
peptide determines in part the immunogenicity of the peptide. 
In the endoplasmic reticulum, the peptide is affixed to MHC 
class I molecules by a complex of proteins called the peptide¬ 
loading complex. This complex can promote exchange of 
bound peptides, further determining immunogenicity. 

The peptides bound to MHC class I molecules in most cells 
originate either from endogenous proteins or proteins pro¬ 
duced by viruses and other intracellular organisms. This limi¬ 
tation would seem to ensure that the cellular targets of cyto¬ 
toxic T cells, which recognize MHC class I, include only those 
cells harboring intracellular microorganisms. However, this 
rule is violated by antigen-presenting cells, which can trans¬ 
form peptides derived from exogenous proteins into MHC 
class I molecules. This process is called cross-presentation (or 
cross-priming). Cross-presentation may occur in several ways; 
most involve the fusion of endosomes containing the products 
of phagocytosis, both proteins and cellular fragments, with the 
endoplasmic reticulum. Cross-presentation is essential for the 
development of cytotoxic responses against tumor cells, allo¬ 
geneic cell transplants, and cells infected by viruses. 


Major Histocompatibility Complex 
Class II Molecules 

MHC class II molecules are heterodimers consisting of a 34-kD 
a chain and 29-kD (3 chain (Fig. 33.4B). MHC class II mole¬ 
cules are expressed mainly by specialized antigen-presenting 
cells such as macrophages and dendritic cells. In humans, 
endothelial cells also express MHC class II molecules. MHC 
class II molecules have four extracellular domains, a trans¬ 
membrane region, and a cytoplasmic “tail.” The tertiary struc¬ 
ture of MHC class II antigens provides a pocket or antigen¬ 
binding cleft between the two polypeptide chains. 34 The assembly 
of MHC class II molecules in the endoplasmic reticulum requires 
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FIGURE 33.4. A: Human leukocyte antigen (HLA) class I molecule. The polymorphic heavy chain (45 kD) of the class I polypeptide is non- 
covalently bound to the invariant light chain, /3 2 -microglobulin (12 kD). The heavy chain consists of five domains—three extracellular 
domains (a 1? a 2 , and a 3 ), a transmembrane domain, and a cytoplasmic domain. The a 3 and a 2 domains contain the most polymorphic residues 
responsible for antigen binding and form the side walls of the peptide-binding groove; the transmembrane portion anchors the molecule to the 
plasma membrane; and the /3 2 -microglobulin stabilizes the conformation of the extracellular domains. B: Human leukocyte antigen (HLA) 
class II molecule. The two chains, a (29 kD) and /3 (34 kD), are noncovalently associated and are made up of four domains—two extracellu¬ 
lar domains, a transmembrane domain, and a cytoplasmic domain. Most of the allelic variance is contained in the /3 chain. The peptide¬ 
binding site is believed to be in the groove between the a 3 and (3 1 domains. 
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FIGURE 33.5. T-cell receptor (TCR) complex in the cell membrane 
composed of TCR a(3, CD3, CD4, and CD8 chains. 


the presence of invariant chain or Ii, which stabilizes the ter¬ 
tiary structure until it is replaced by a peptide. The invariant 
chain also directs the traffic of MHC class II proteins from the 
endoplasmic reticulum to a specialized endosomal compart¬ 
ment known as the MHC class II compartment. There, the 
invariant chain is degraded, leaving class II-associated invari¬ 
ant chain peptide (CLIP) in the peptide-binding groove. CLIP 
is replaced by peptides of 12 to 24 amino acids, the replace¬ 
ment being facilitated by HLA-DM. 35,36 

The peptides bound to MHC class II molecules originate 
with intact cells, cellular debris, and proteins taken up by 
phagocytosis into phagosomes. 37 Phagosomes fuse with lyso- 
somes and the contents are degraded. Peptides generated in 
phagolysosomes vary greatly in propensity for loading in 
MHC class II. Not only is the size of the peptide important, 
but also the presence of certain amino acids at critical points, 
which allow binding to the antigen-binding cleft. So important 
is this discrimination of peptides that the genes encoding 
MHC class II were originally called “immune response genes.” 
MHC class II antigens lacking a peptide are not expressed on 
the cell surface. 38 Absence of “free” MHC class II antigens 
ensures that peptides in the extracellular environment are not 
inadvertently presented. 


T-cell Receptors 

T cells recognize foreign antigens via cell surface glycoproteins 
called T-cell antigen receptors (TCRs). The TCR is a heterodimer 
consisting of a and (3 chains, each approximately 40 to 45 kD 
and resembling immunoglobulins in three-dimensional struc¬ 
ture (Fig. 33.5). TCRs reside in complexes with co-receptor 
proteins including CD3 and CD4 or CD8 that facilitate cellu¬ 
lar signaling. While TCRs resemble immunoglobulins, they do 
not bind to “free” antigens as immunoglobulins do but only 
bind to antigens that are associated with MHC class I or class 
II molecules. TCR genes are assembled in T-cell precursors in 
the thymus by recombination of a constant region gene 


segment C with one each of a number of V, D, and J gene seg¬ 
ments in the case of (3 chains and V and J segments in the case 
of a chains. Much of the diversity of the TCR repertoire is 
engendered by the inexact selection of the ends of the segments 
to be so spliced (i.e., from junctional diversity). The joining of 
various V, D, and J segments to form a T-cell antigen receptor 
gene could yield 10 12 to 10 16 specificities. However, from the 
repertoire of cells bearing TCRs actually assembled (—10 12 
different cells), a much smaller repertoire (—10 9 ), which can 
bind to self-MHC proteins plus peptide, is “selected” to pro¬ 
ceed toward maturity. This process ensures that all T cells can 
recognize self-MHC. Fashioning of the final T-cell repertoire 
in the thymus is also based on the general rule that the T cells 
that recognize peptides complexed with MHC class II mole¬ 
cules express CD4 glycoproteins; T cells that recognize MHC 
class I molecules express CD8 glycoproteins. The final T-cell 
repertoire is also fashioned by elimination of thymocytes with 
TCRs that bind too aggressively to self-MHC, a process called 
negative selection. 


ANTIGEN PROCESSING 
AND PRESENTATION 


Recognition of foreign antigen by T cells begins with the pro¬ 
cessing and presentation of antigen by antigen-presenting 
cells. 39 Phagocytic cells of all types, especially dendritic cells 
and B cells, process and present antigen. Antigen-presenting 
cells engulf and digest antigens (Fig. 33.6). Because cells gen¬ 
erate many different peptides from endogenous proteins and 
proteins ingested into cells, relatively few peptides from any 
given source and of any given sequence will be presented on 
the cell surface at any point in time. Since activation of a T cell 
requires at least 200 peptides of a given type to be presented, 
effective presentation of peptide to a T cell capable of recog¬ 
nizing it is highly improbable. 40 Thus, under normal condi¬ 
tions, antigen-presenting cells do not effectively present pep¬ 
tides in association with MHC. Effective presentation of 
antigenic peptides requires activation of antigen-presenting 
cells, typically by cytokines or products of tissue injury. Acti¬ 
vated antigen-presenting cells migrate to lymph nodes, the 
architecture of which brings T cells and antigen together at the 
same place and the same time, heightening expression levels of 
MHC class I and class II proteins and increasing peptide sta¬ 
bility in those protein complexes. 41 Activated antigen-present¬ 
ing cells also express costimulatory molecules such as CD 80 
and CD 8 6 and produce cytokines that provide additional sig¬ 
nals to T cells. 


T-CELL ACTIVATION 


Activation of T cells generally requires two signals, one deliv¬ 
ered by the T-cell antigen receptor and proteins of the TCR 
complex and one by a costimulatory receptor. 42 The binding of 
the TCR to MHC molecules is enhanced by CD 8 for MHC 
class I molecules and by CD4 for MHC class II molecules. 
CD8 and CD4 in complex with TCR deliver signals that 
amplify TCR stimulation. Besides signals generated by the 
TCR complex, T cells receive costimulatory signals from 
receptors such as CD28. Costimulatory signals overlap and in 
part complement the signals generated by the antigen receptor 
complex. 43,44 Signals delivered by the antigen receptor and by 
costimulatory receptors can be suppressed by stimulation of 
controlling receptors such as cytotoxic T-lymphocyte antigen-4 
(CTLA-4). Both types of signals are modified further by other 
signals, such as those delivered by cytokines. 

The biochemistry of T-cell activation and control is com¬ 
plex, but the biologic impact can be summarized as follows. 
Moderate signals delivered through the TCR complex in the 
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FIGURE 33.6. Antigen processing and presentation. Endogenously synthesized or intracellular proteins (e.g., viral gene products) are degraded 
into peptides that are transported to the endoplasmic reticulum. These peptides bind to class I major histocompatibility complex (MHC) mole¬ 
cules and are transported to the surface of the antigen-presenting cell. CD8+ T cells recognize the foreign peptide bound to class I MHC by way 
of the T-cell receptor complex. Exogenous antigen (e.g., bacterial) is endocytosed and broken down into peptide fragments in endosomes. Class 
II molecules are transported to the endosome in association with the invariant chain, bound to the peptide, and delivered to the surface of the 
antigen-presenting cell, where they are recognized by CD4+ cells. 


presence of costimulatory receptors activate T cells, leading 
to proliferation and manifestation of effector functions such 
as secretion of cytokines and cytotoxicity. Moderate signals 
delivered through the TCR alone induce anergy, a condition 
in which T cells are transiently inured to delivery of full sig¬ 
naling. Strong signals delivered through the TCR can activate 
T cells without costimulation. Some allospecific T cells may 
be activated in this way. Finally, the survival of mature T cells 
depends on frequent weak signaling through the TCR; such 
signals reflect interaction of the TCR with METC plus self¬ 
peptide. 

Besides the specific signals delivered to T cells, the survival, 
activation, and apoptosis of T cells depend on the total level of 
signaling. Thus, the sum of many weak signals might evoke an 
activating response like a few strong signals. The impact of 
many weak signals may be especially pertinent in transplanta¬ 
tion when T cells confront allogeneic antigen-presenting cells. 
The properties of the stimulated lymphocyte thus depend not 
only on the nature and strength of the antigenic stimulus, but 
also on the nature and strength of other sources of stimulation 
and the microenvironment in which the lymphocyte resides. 
For example, activation of T cells in the blood requires much 
more potent stimulation than activation of T cells in lymphoid 
tissues. Activation of T cells in lymphoid tissues may lead to a 
full immunologic response, whereas activation in the blood 


may lead to a limited response or to tolerance. To understand 
how T cells become activated and what governs the response 
of T cells, one must consider how T cells recognize antigen, 
the function of accessory cells that present antigen to T cells, 
and the surrounding microenvironment. 

Some T cells activated by alloantigen can directly attack a 
graft. ETowever, most T cells so activated provide “help” for 
other leukocytes that will exert the attack. These other leuko¬ 
cytes include B cells, CD4+ effector cells, CD8+ cytotoxic 
cells, and activated phagocytes like APC (Fig. 33.7). 


IMMUNOLOGIC MEMORY 


Protective immune responses by T cells and B cells generally 
reflect immunologic memory. The first encounter with foreign 
antigen may or may not activate naive T cells, with activation 
occurring over an extended period of time (weeks). Conse¬ 
quently, defense against microorganisms and toxins on first 
encounter depends on innate immunity. Defense against subse¬ 
quent encounters with microorganisms and toxins can be 
dominated by immunologic memory, which is more rapid, spe¬ 
cific, and effective than innate immunity. The vigorous and 
reliable memory response to minor transplantation antigens 
was described earlier. For cellular immunity, memory resides 
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FIGURE 33.7. Central paradigm for cellular initiation of an immune 
response. CD4+ T cells respond to appropriately presented antigen on 
antigen-presenting cells (APCs) and in turn help other T cells, B cells, 
and APCs. 


in memory T cells. Memory T cells have several properties that 
make them especially effective. Memory T cells exist in larger 
numbers per clone than naive T cells and migrate throughout 
the body rather than dwelling in lymphoid organs like naive 
T cells. Memory T cells can be activated by weak stimulation of 
the TCR with little or no costimulation. Memory T cells sur¬ 
vive for long periods of time, possibly years, without exposure 
to antigen. Although it protects against infectious organisms, 
the memory T-cell response poses a considerable hurdle to suc¬ 
cessful transplantation: those with memory responses are espe¬ 
cially prone to accelerated cellular and humoral rejection. 
Because primary immune responses to allogeneic stimulation 
are so powerful, detecting memory responses can be challeng¬ 
ing. Allospecific antibodies against a transplant donor suggest 
that such a response might exist. 


UNIQUE FEATURES OF THE 
IMMUNE RESPONSE TO 
TRANSPLANTATION 


While recognition by T cells of foreign histocompatibility anti¬ 
gens might offer one explanation for the specificity of allo¬ 
geneic responses, how transplants activate T cells is not so 
obvious. Under the best conditions, transplantation generates 
little costimulation. Some ischemia may be inevitable, but it is 
not clear that this amount would suffice to induce immunity 
rather than tolerance. Experimental models in which costimu¬ 
lation is entirely lacking reveal no diminution in rejection. 45 
Thus, activation of T cells by transplants appears to violate 
rules governing immunity versus tolerance. 

Activation of T cells by allogeneic cells poses another chal¬ 
lenge. T cells recognize immunizing antigens if they are 
expressed by histocompatible cells. 25,46 Foreign antigens form a 
complex with self-MHC molecules, and this complex is recog¬ 
nized as altered self. Such a model allows allogeneic MHC mol¬ 
ecules to serve as “altered self.” This concept has been validated 
by the determination of the three-dimensional structure of the 
TCR in conjunction with allogeneic MHC. Thus, histocompat¬ 
ibility antigens are no longer thought of as mere markers of 
individuality but as cellular tools for the processing of antigenic 
peptides and the transmission of information between sets of 
functionally distinct immune cells. The function of MHC mole¬ 
cules in antigen presentation is one element of the central role of 
MHC antigens’ alloimmune responses. 


1 TABLE 33.3 1 

COMPARISON OF IMMUNE RESPONSE TO AN ALLOGRAFT 
WITH IMMUNE RESPONSE TO A MICROORGANISM 


■ ALLOGRAFT 

■ MICROORGANISM 
(BCG) 

Frequency of 
response 

100% 

50% 

Frequency of 

T cells 

Up to 1/10 

-1/100,000 

Kinetics of 
immunity 

8-14 d 

3-6 wk 

Impact on tissue 

Destruction 

Minimal 


While the immune response to transplantation exhibits fea¬ 
tures typical of all immune responses (generalized, systemic, 
specific, and characterized by memory), the immune response 
to transplantation also exhibits features that set it apart from 
other adaptive immune responses (Table 33.3). Considering 
how very limited the genetic diversity within a species is, and 
considering that the immune system probably evolved to pro¬ 
tect against microbial organisms, one might predict that 
immune responses to transplants would be idiosyncratic and 
weak in comparison to immune responses to microorganisms. 
But such a prediction proves wrong. The immune response to 
transplantation is universal (occurring in every unmanipulated 
recipient), rapid, and quite severely destructive. 47 In contrast, 
immune responses to bacteria, viruses, fungi, vaccines, and 
other antigens, including minor histocompatibility antigens, 
occur sporadically, over periods of weeks or months, and do not 
generally destroy the targeted cells. The difference between the 
immune response to allografts and to all other antigenic chal¬ 
lenges could reflect the peculiar way in which antigens encoded 
by the major histocompatibility complex are presented, or it 
could reflect unanticipated immunologic memory. 48,49 

The mechanism by which T cells recognize allogeneic cells 
might explain the universal, rapid, and highly destructive allo¬ 
geneic response. T cells can recognize allogeneic cells “directly”; 
T cells recognize intact allogeneic MHC expressed on allogeneic 
antigen-presenting cells. By direct recognition, a T cell can 
engage a large fraction of a given MHC on antigen-presenting 
cells. 50,51 Hence, direct recognition activates up to 30% of 
T cells. 52 In contrast, T cells recognize other antigens, such as 
toxins and bacterial and viral proteins, as degraded foreign pep¬ 
tides associated with MHC on autologous antigen-presenting 
cells. When T cells indirectly recognize antigen on autolo¬ 
gous antigen-presenting cells, only a small fraction of MHC 
complexes on the autologous cells contain a given peptide. 
Hence, indirect recognition activates only a small fraction of 
1% of T cells; in some cases no activation ensues. 

Grafts consisting of allogeneic cells and tissues are fed by 
blood vessels of the recipient, and the immunologic reaction 
seems to be directed mainly against these blood vessels. 52-54 
Recognition of these blood vessels must involve the indirect 
pathway. Yet these grafts are rejected universally, rapidly, and 
severely. Eliminating allogeneic MHC from the surface of all 
donor cells does not prevent or slow the course of allograft 
rejection. 55 

If peptides of allogeneic MHC presented indirectly can even¬ 
tuate powerful rejection reactions, then the immune system 
might recognize peptides of allogeneic MHC differently than 
other proteins. The immune system is predisposed to respond 
aggressively to allogeneic MHC. 55 Heightened immunogenicity 
of MHC-derived peptides indicates that peptides from MHC 
efficiently load on MHC complexes. 56,57 MHC with MHC- 
derived peptides also interacts distinctly with T-cell receptors. 
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Besides efficient loading, peptides from MHC might be recog¬ 
nized in some special way. This idea may explain the distinct 
structure of TcRs bound to MHC-peptide complexes. 

As still another explanation for the universal, rapid, and 
severe response to allotransplantation, one might postulate that 
the allogeneic response is actually a manifestation of immuno¬ 
logic memory. Generally, a protective response occurs weeks and 
sometimes months after the first exposure to antigen, if it occurs 
at all, and full protection is only exhibited upon re-exposure to 
antigen. On the other hand, responses on first exposure to cells 
bearing allogeneic MHC can be detected within a few days. The 
speed and intensity of the allogeneic response thus resembles the 
speed and intensity of the response on re-exposure to antigen. 
Consistent with this possibility, many of the T cells that respond 
to allogeneic cells in human adults are memory T cells. 58 This 
explanation would place alloimmune responses within the 
framework of conventional immune responses. Some T-cell 
clones for peptides of cytomegalovirus and intestinal flora also 
respond to allogeneic MHC. Allogeneic grafts in the newborn 
sometimes generate immunity and sometimes do not. Consistent 
with the concept, newborn mice do not reject tumor grafts 
acutely but can still be primed to generate second set responses, 
as if the antigens were minor rather than major. 60 

One practical implication of the difference in antigen recog¬ 
nition in alloimmune versus conventional responses is that 
alloimmune responses can be detected in cell cultures if allo¬ 
geneic antigen-presenting cells are mixed with allogeneic T 
cells. For conventional antigens, primary responses are not 
detected in cell culture systems; only “memory” responses can 
be detected in this way. 

The rapid kinetics of alloimmune responses probably reflects 
several factors. To the extent that peptides play a nominal role 
as antigenic targets, antigen-presenting cells of the donor are 
fully able to evoke alloimmune responses without antigen 
uptake processing and presentation. The large number of cells 
committed to alloimmune responses limits the amount of T-cell 
proliferation needed before a sizable response is achieved. Espe¬ 
cially important, the effecter functions of the alloimmune 
response follow directly from activation of naive T-cells. 


REGULATION OF 
ALLOIMMUNE RESPONSES 


The immune system must potentially recognize all microor¬ 
ganisms, every species of animal and plant, toxins of many 
types, and cells with histocompatibility antigens foreign at one 
or only a few amino acids. Given this diversity of recognition 
and destructiveness, how autoreactivity is avoided has been a 
question of importance for more than 100 years. 61,62 
Freemartins are fraternal twins in cattle. 63 Freemartins have 
two kinds of erythrocytes, those that bear blood group anti¬ 
gens of autologous hematopoietic cells and those that bear the 
blood group antigens of the twin, thus making the freemartin 
hematopoietic chimeras. The existence of such chimerism 
shows that blood and hematopoietic precursor cells have been 
exchanged between twins sharing the same placenta. Such 
chimerism results from the failure to mount an immunologic 
response against the “foreign” blood cells; this failure is evi¬ 
dence of induced acceptance of a genetically distinct intrauter¬ 
ine graft, in other words, tolerance. 64 Thus, the discrimination 
between self and non-self is learned and not just inherited. 

Today, one can think of tolerance at molecular, cellular, and 
systemic levels, yet the mechanism that avoids self-reactivity, 
or at least injury from self-reactivity, is incompletely known. A 
few aspects pertinent to transplantation immunology are men¬ 
tioned and are summarized in Table 33.4. For T cells, the first 
and most important steps in avoiding self-reactivity take place 
in the thymus. Positive selection ensures that thymocytes bear¬ 
ing receptors that bind to anything other than MHC die. Neg¬ 
ative selection destroys thymocytes that recognize self-MHC, 


ITABLE 33.4 | 

MECHANISMS OF PERIPHERAL TOLERANCE 

■ MECHANISM 

■ EXAMPLE 

Shape the repertoire to eliminate 
reactive lymphocytes 

Peripheral deletion 

Conditional responses 

Anergy 

Suppression 

Regulatory T cells 

Prevent immune-mediated injury 

Accommodation 


and thymocytes that react to self-peptides too strongly also 
die. Tolerance of T cells during development in the thymus is 
referred to as central tolerance. 

Some T cells capable of recognizing self-antigen inevitably 
emerge from the thymus. What prevents these cells from reacting 
with self has been the focus of much investigation. B cells stimu¬ 
lated only through the antigen receptor are not activated, and 
these cells are anergic. 65 B cells stimulated through the antigen 
receptor and by a second receptor are fully activated. Thus, acti¬ 
vation of lymphocytes is conditional. A lymphocyte confronted 
with self-antigen without a second stimulus might become aner¬ 
gic and ultimately die; this process could shape the lymphocyte 
repertoire functionally and structurally to avoid self-responses. 
This concept of conditional responses has been supported by dis¬ 
covery of receptors such as CTFA-4 that deliver signals that sup¬ 
press lymphocyte responses. Advances in understanding the 
function of antigen-presenting cells have further enriched the 
concept. Antigen-presenting cells confronting conditions of tis¬ 
sue injury heighten expression of MHC, express peptides endur- 
ingly, and express costimulatory agonists. 66 Thus, the concept of 
conditional responses of T cells can be used to explain how the 
immune system discriminates self from non-self. 67 

Anergy and conditional signaling cannot explain why 
transplant recipients do not become tolerant to their grafts. 
Vigorous immune responses are aroused by transplants under 
conditions in which danger signals are absent, and normal 
individuals suffer many small traumas every day without 
arousing autoimmunity to antigens in damaged tissue. Condi¬ 
tional immunity must depend on other controls. 

Transplant immunologists in the 1970s and 1980s found 
that establishment of a graft for a period of time was associated 
with the development of suppressor cells. Perhaps lymphocytes 
could themselves suppress immune responses to self. This idea 
was not widely embraced until the 1990s, when T cells with a 
specific phenotype (CD25 + ) and functional properties (the cells 
proliferated slowly and did not exert effector properties) were 
found. The cells were called regulatory T cells. As further sup¬ 
port for this mechanism, a transcription factor, foxP3, was 
found characteristically in these cells and was found to be essen¬ 
tial for their function. Unfortunately, some of the immunosup¬ 
pression regimens impair the function of regulatory T cells. 68 

If no theory of tolerance fully explains the lack of toxicity 
from self-recognition, a theory directed at the targets of immu¬ 
nity might do so. In the 1980s, a few transplants were per¬ 
formed across ABO blood group barriers in recipients tem¬ 
porarily depleted of anti-blood group antibodies. 69-71 Contrary 
to expectations, these transplants continued to function after 
antibodies specific for blood groups carried by the grafts 
returned to the circulation. The transplants were found to sur¬ 
vive because they had acquired resistance to injury by anti¬ 
body and complement. 72 This resistance was called accommo¬ 
dation. 73 The concept of accommodation has been extended to 
protection of tissues from T cells and inflammation. 73 If the 
immune system avoids self-reactivity imperfectly, cells and 
tissues have a way of avoiding immune-mediated injury. 
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Accommodation may yet prove integral to defend against 
invasive organisms. 


PREVENTING AND TREATING 
TRANSPLANT REJECTION 

Matching Histocompatibility Genes 

Although the products of the major histocompatibility locus are 
extraordinarily polymorphic, MHC genes, located on the short 
arm of chromosome 6, can be matched. If the source and recip¬ 
ient are related, for example, a brother and sister, the MHC can 
potentially be identical. If the source and recipient are unrelated, 
typically if a deceased donor is the source, HLA type of both 
can be determined at various levels of approximation. 74 HLA 
typing was once performed by serology using sera of known 
specificity. Presently, MHC genes are identified using DNA 
amplified by polymerase chain reaction. Several methods are 
used to determine HLA-A, -B, and -DR at various levels of res¬ 
olution, including sequencing of the most variable regions as 
necessary. 

One might expect that matching a donor and recipient for 
MHC would minimize alloimmune responses and improve the 
outcome of transplantation, potentially allowing transplanta¬ 
tion without use of immunosuppressive drugs. Consistent 
with this possibility, surveys in the 1980s showed that HLA 
compatibility improved the outcome of organ transplanta¬ 
tion. 75-77 HLA matching takes time, thus lengthening the 
period before harvesting of organs or increasing ischemia- 
reperfusion injury. HLA matching also decreases the discretion 
of the clinician to find the best organ independent of HLA for 
each recipient. For example, matching might eclipse such con¬ 
siderations as matching for size or presence of viruses such as 
cytomegalovirus in the donor and recipient. Further, the bene¬ 
fit of matching is also decreased by improvements in immuno¬ 
suppressive drugs. 

Even where full matching of MHC can be accomplished, as 
in transplants between HLA-matched siblings, immunosup¬ 
pressive therapy is still needed. What accounts for rejection of 
MHC-compatible grafts? Even with MHC typing performed 
by high-resolution methods, MHC sequences are not fully 
determined and may differ between the donor and recipient. If 
the donor of the transplant is infected with a virus, such as 
cytomegalovirus, that virus may be recognized as an alloanti- 
gen, generating an alloimmune-like response. Grafts matched 
with the recipient for MHC are still unmatched for other histo¬ 
compatibility antigens because every protein exists as an allo¬ 
type, and thus might potentially arouse an alloimmune 
response. In allotransplantation of the cornea, matching may 
actually increase the risk and/or severity of rejection, presum¬ 
ably because cornea antigens are presented through the indirect 
pathway in which alloantigen is presented as a peptide on self- 
MHC. With the indirect pathway, antigen presentation is best 
using self-MHC to present foreign peptide. To what extent this 
counterintuitive explanation—better matching worsens graft 
outcome owing to better antigen presentation—applies in cell 
and tissue transplantation is yet to be determined. 

Besides determining HLA type, histocompatibility labora¬ 
tories test would-be recipients of transplants for alloreactive 
antibodies. Three types of assays are performed. 

The cross match tests the serum of a recipient for antibod¬ 
ies against a particular donor. The cross match can be per¬ 
formed by applying serum of the recipient to cells of the donor 
and testing for complement-mediated lysis or for binding by 
fluorescent-activated cell sorting (FACS). A strongly positive 
cross match indicates significant risk of hyperacute rejection, 
and is an absolute contraindication to transplantation. 78 The 
FACS cross match test can be quite sensitive, and the meaning 
of a weakly positive cross match is a current subject of debate. 


The panel reactive antibody (PRA) test tests the serum of 
the recipient for antibodies against a panel of cells or antigen 
targets representing the broad population of potential donors. 
This test predicts how difficult the effort to find a cross 
match-negative donor for a given recipient will be. The test 
also predicts the risk of rejection in general, since the recipient 
with antibodies against many potential donors is more likely 
to mount a strong immune response to any transplant. 

The blood type of the donor and recipient is determined. 
Where possible, donor and recipient are matched for ABO 
antigens. 


IMMUNOSUPPRESSION FOR 
TRANSPLANTATION 


Transplantation of organs and tissues in clinical subjects was 
attempted at various times during the first five decades of the 
twentieth century. With the exception of a few kidneys trans¬ 
planted between identical twins, these clinical allografts always 
failed. 79 What allowed transplantation to succeed was the 
development of immunosuppressive drugs. Today, immuno¬ 
suppressive drugs and regimens are so effective that many 
centers report success rates exceeding 90%. Some comments 
pertinent to the immunology of transplantation will be offered 
here; detailed consideration will be found in sections devoted 
to each type of organ transplant and in recent reviews. 68,80 

Immunosuppressive therapy sometimes begins with induc¬ 
tion therapy. Induction therapy is delivered at the time of trans¬ 
plantation and usually consists of administration of antibodies, 
such as thymoglobulin, anti-CD3, or anti-CD25, which deplete 
or block the function of T cells. These treatments decrease the 
likelihood of early severe cellular rejection. Induction therapy 
might also limit ischemia-reperfusion injury, to which T cells 
may contribute. Because induction therapy acts directly and 
rapidly on many T cells, the treated individual is highly suscep¬ 
tible to infection and to dissemination of viruses and fungi. 

The recipients of transplants are always treated with main¬ 
tenance immunosuppressive therapy. Agents used for mainte¬ 
nance therapy are listed in Table 33.5. Combinations of 
agents listed in the table are usually employed to limit the 
complications of the drugs, because the drugs act synergisti- 
cally, or both. 

Given the strength and the quality of alloimmune responses, 
one might reasonably question why immunosuppression is 
effective and why the clinical course of those treated effectively 
is not dominated by infection. Table 33.3 compares features of 
the alloimmune response with features of the response against 


TABLE 33.5 


SOME AGENTS USED FOR MAINTENANCE 
IMMUNOSUPPRESSION 

■ CLASS OF AGENT 

■ MECHANISM* 

■ EXAMPLES 

Glucocorticoids 

Regulate gene 
transcription 

Prednisone 

Calcineurin inhibitors 

Inhibit protein 
kinases and 
phosphatases 

Cyclosporine, 

tacrolimus, 

rapamycin 

Antimetabolites 

Inhibit de novo 
synthesis of 
nucleic acids 

Azathioprine, 

mycophenolate 

mofetil, 

leflunomide 


a The mechanisms listed predominate for class of immunosuppressive 
agent; however, immunosuppressive agents often act through several 
mechanisms, of which only one is listed. 
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Bacillus Calmette-Guerin (BCG). If the immune response to 
BCG is weaker and less predictable than the immune response 
to a transplant, one might predict that the response to BCG 
should be suppressed at lower doses of immunosuppression 
than immunity to transplantation. The surprising efficacy of 
immunosuppression for transplantation might be explained 
as an example of differential susceptibility of naive and mem¬ 
ory T cells to suppression. Thus, protective immunity conferred 
by memory T cells is not much abrogated by immunosuppres¬ 
sion, and subjects presensitized to a given donor often require 
more immunosuppression and even then are much more sus¬ 
ceptible to severe rejection than naive recipients. 

Immunosuppressive drugs are also used to treat established 
episodes of rejection. Therapeutic regimens often consist of the 
anti-T-cell antibodies used for induction and/or higher doses 
of corticosteroids. The drugs most effective for maintenance 
immunosuppression, particularly the calcineurin inhibitors, 
are not effective for treatment of established episodes of 
rejection. The ineffectiveness of calcineurin inhibitors for treat¬ 
ment of rejection is consistent with the concept that maintenance 
immunosuppression inhibits differentiation of naive T cells into 
effector memory T cells and that cells so differentiated are less 
susceptible to immunosuppression. 


INDUCTION OF TOLERANCE 


The induction of tolerance for transplantation has been a cen¬ 
tral goal of transplantation immunology for five decades. 81,82 
How to accomplish this goal without exerting undue toxicity 
has been difficult. Two general approaches have been proposed. 

One approach to inducing allogeneic tolerance involves 
elimination of mature lymphocytes and other hematopoietic 
cells and provision of hematopoietic stem cells of the would-be 
transplant source, which would potentially rebuild an immune 
system lacking responsiveness to the hematopoietic cell source. 
If the source (transplant donor) is fully allogeneic, the approach 
should fail. 83 The thymus of the treated individual would select 
T cells, the function of which are restricted to the MHC of the 
treated individual, while the antigen-presenting cells would 
express incompatible MHC. In practice, however, the approach 
could work since fully allogeneic human thymus is capable of 
selecting T cells cross-reactive with allogeneic MHC. 84 Regard¬ 
less, the problem of incompatible MHC can be overcome by 
administering hematopoietic stem cells of both the donor and 
the recipient. 85 The main deterrent to applying this approach to 
tolerance resides in the need to eliminate mature T cells and B 
cells. In the absence of mature lymphocytes, especially memory 
cells, the treated individual lacks the ability to protect against 
infection and the thymus of the mature individual may allow 
this defect to be repaired only slowly, if at all. 

Another approach to inducing tolerance involves adminis¬ 
tration of inhibitors of costimulation, such as blockers of 
CD80, CD86, CD40, and CD40 ligand. 68,86 This approach 
prevents naive T cells from being activated but avoids the 
eradication of memory lymphocytes and hence maintains 
acquired host defense. However, full tolerance is not induced 
and in some experimental model systems ongoing treatment is 
needed. The limitations may prove even more challenging 
because the approach does not inhibit memory T cells to any 
great extent and because T cells that protect against some 
infectious agents such as cytomegalovirus also recognize HLA. 


B CELLS IN TRANSPLANTATION 


B cells develop in the fetal liver and in the bone marrow of adult 
mammals from multipotent hematopoietic stem cells. In contrast 
to T cells, B cells are produced continuously throughout life. 
The most important feature of B-cell development is the assem¬ 
bly of a functional B-cell receptor, which is a membrane-bound 


immunoglobulin. Immunoglobulins are composed of two equal 
heavy and two equal light chains. Heavy and light chains have 
two functional domains: the variable region, which confers anti¬ 
gen-binding properties to the immunoglobulin, and the constant 
region, which confers the functional properties associated with 
antibodies. Immunoglobulins, like T-cell receptors, differ from 
most proteins in that their genes are not preformed in the 
germline. Immunoglobulin (Ig) heavy (H) and light (L) chain 
variable region exons are encoded by fragmented gene segments, 
variable (H+L), diversity (H), and joining (H+L) segments that 
must be joined by a process called V(D)J recombination, to gen¬ 
erate a functional variable exon. The constant region exons are 
preformed in the germline. Following rearrangement of the vari¬ 
able gene exon, the IgH locus originates transcripts encoding Ig 
fi and Ig 5, containing the /jl and 8 HC constant region exons, 
which are produced by alternative splicing of a single transcript. 
The fi and 8 heavy chains associate with light chains to produce 
IgM and IgD, which mark naive B cells. 

Upon activation, B cells secrete antibody as they lose 
membrane-bound Ig. Secretion of antibody is brought about by 
engaging an earlier transcription termination sequence, which 
excludes the membrane-encoding exons from the mature tran¬ 
script. Activation of B cells also causes somatic hypermutation of 
the variable region exons and isotype class switch recombina¬ 
tion. Somatic hypermutation consists of the introduction of fre¬ 
quent point mutations in the DNA encoding the heavy and light 
chain variable gene exons. Some mutations inserted in the vari¬ 
able region exons cause amino acid changes that modify the 
affinity of the antibody to its antigen. Because B cells that bind 
antigen better have a selective advantage, increased antibody 
affinity increases the likelihood of survival and favors the devel¬ 
opment of B-cell memory by creating long-lived quiescent mem¬ 
ory B cells and long-lived antibody-secreting cells. 

The various IgH isotypes are generated following B-cell acti¬ 
vation by recombination between specialized genomic regions 
upstream of the constant heavy chain exons following class 
switch recombination. Briefly, isotype class switch consists of 
replacing the DNA encoding /a and 8 constant regions with 
DNA encoding y, u, or s constant regions. The exchange is 
caused by recombination between specialized highly repetitive 
regions called the switch regions located in the intron upstream 
of the first exon of each constant region, with the exception of 
8. Recombination involves loop-out and deletion of the inter¬ 
vening sequences, making class switch recombination an irre¬ 
versible process. For example, once a cell produces IgG, it can 
no longer revert to producing IgM from the same allele. 

While completely distinct processes, somatic hypermuta¬ 
tion and class switch recombination share one necessary initi¬ 
ation factor, an enzyme called the activation-induced cytidine 
deaminase (AID). AID is required for somatic hypermutation 
and for class switch recombination. 87 AID deaminates 
cytidines to form uracyl (U), which is not a normal base in 
DNA. Introduction of U opposite a G in DNA creates a mis¬ 
match, which is resolved by DNA repair components to create 
point mutations or eventuating in recombination between 
switch regions. 88,89 It has been suggested that repair of the U- 
containing lesion necessarily originates DNA breaks that pro¬ 
mote either error-prone repair, causing point mutations, or 
class switch recombination. 88-90 


TYPES OF B-CELL RESPONSES 


Naive B cells that come in contact with their cognate antigen 
differentiate into antibody-producing plasma cells or into mem¬ 
ory cells. The path to the plasma cell differs according to the 
type of antigen. B cells responding to T-independent antigens 
differentiate into plasma cells without T-cell help but do not 
generate memory cells. B cells responding to T cell-dependent 
antigens require T-cell help to differentiate into plasma cells or 
into memory cells. 
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Transplants, blood transfusions, and pregnancy evoke 
humoral responses, the immunizing antigen being the donor 
blood group antigens, allogeneic MHC, and occasionally other 
foreign proteins. Blood group antigens are polysaccharides and 
evoke antibody responses that do not require T-cell help and are 
therefore called T cell-independent responses. Because blood 
group sugars are inserted onto a protein backbone, B cells that 
internalize part of the protein that serves as an anchor to the 
blood group can mount T cell-dependent antibody responses by 
engaging help of T cells specific to the protein backbone. Thus, 
T cell-dependent anti-blood group antibody responses require 
the activation of T cells that are specific to the allogeneic deter¬ 
minants of the protein bound to the blood group. Anti-blood 
group antibodies are often referred to as “natural” antibodies. 
The designation “natural” refers to the fact that these antibodies 
are found prior to exposure to the blood group to which they 
bind. Because the sugar residues that form the blood groups are 
abundantly present as part of bacteria walls, it is widely believed 
that anti-blood group antibodies are evoked in response to com¬ 
mensal bacteria, explaining their universal presence. 

T cell-independent (TI) B-cell responses originate through 
one of two pathways. T cell-independent type 1 (TI-1) responses 
are initiated by polyclonal activators, such as lipopolysaccha- 
ride, which stimulate B cells through toll-like receptors. 91 T 
cell-independent type 2 (TI-2) responses are initiated by poly¬ 
saccharide antigens and evoke antibodies that are important in 
the clearance of encapsulated bacteria and enteroviruses. TI-2 
antigens have high molecular weight and repetitive epitopes 
and can thus stimulate B cells through extensive cross-linking 
of their surface Ig, which probably overcomes the need for T- 
cell help. 

While it is generally accepted that antibody responses to sol¬ 
uble polysaccharides may be evoked in the absence of T-cell help 
and CD40/CD40L interaction, T cells and CD40/CD40L inter¬ 
action enhance IgM and IgG antipolysaccharide responses. 92-96 
In contrast, CD8+ T cells depress antipolysaccharide responses. 
How polysaccharides activate T cells is an unresolved question. 
Because polysaccharides resist degradation in vivo, they may 
persist in the animal, stimulating continuous B-cell activation 
and long-lived antibody responses. 

All allotransplants may potentially evoke anti-MHC T cell- 
dependent antibodies, the impact of which varies profoundly 
with the type of transplant. T cell-dependent (TD) responses 
originate with the activation of T-helper cells and then proceed 
through the interaction of protein antigens with the B-cell recep¬ 
tor. Activation of B cells in this way depends absolutely on cog¬ 
nate T-cell help. B cells activated by protein antigens in the pres¬ 
ence of T-cell help migrate to lymphoid follicles and form 
germinal centers. Here they are induced by T cells to proliferate, 
differentiate and hypermutate the variable region of Ig genes, 
switch Ig class, and give rise to plasma cells and long-lived mem¬ 
ory B cells. Because the sequential activation of T cells and B cells 
in the T cell-dependent response takes time, TD antibody 
responses generally take much longer than T cell-independent 
antibody responses and are often too late to clear primary infec¬ 
tions. However, because TD antibody responses generate high- 
affinity antibodies and long-lasting memory, antigens or organ¬ 
isms carrying TD antigens are rapidly and effectively neutralized 
by the memory responses. In transplantation, B-cell memory 
responses are one of the most vexing challenges. Memory B cells 
and long-lived plasma cells are resistant to B cell-depleting 
strategies, which effectively block antibody production de novo. 


B-CELL MEMORY 


The raison d’etre of adaptive immunity is immunologic mem¬ 
ory, and memory was the first feature of the immune system 
to be recognized. B-cell memory is characterized by a faster 
and more effective antibody response following a repeated 
antigen encounter, and is manifested by heightened clearance 


of the antigen. B-cell memory relies on persisting long-lived 
plasma cells that reside in the bone marrow or de novo gener¬ 
ation of short-lived plasma-cells from long-lived memory 
B cells. 97-99 Long-lived plasma cells may be insufficient to 
maintain antibody levels because they may not last as long as 
the individual and because they must compete with newly 
formed plasma cells for the niches supporting their survival. 100 
Thus, long-lasting humoral immunity may depend on the con¬ 
tinuous differentiation of plasma cells from memory B cells in 
response to persisting antigen, to polyclonal stimuli such as 
nonmethylated CpG DNA acting on the TLR9 receptor, to 
noncognate T-cell help, or to cross-reactivity with self¬ 
antigens, or in response to stimulation by anti-idiotypic anti¬ 
bodies. 101,102 Whether B-cell memory requires persistence of 
antigen remains controversial. 


B-CELL TOLERANCE 


Humoral tolerance defines specific absence of a humoral 
immune response following an adequate stimulus in an indi¬ 
vidual fully able to respond to other immune stimuli. This def¬ 
inition has three critical parts. First, tolerance refers to the 
immune response and not its impact. Second, the stimulus 
must be adequate to induce a perceptible response; all foreign 
proteins are not immunogenic. Third, nonresponsiveness must 
be specific for the tolerizing antigen; absence of response in an 
immunosuppressed or immune-incompetent subject may not 
reflect tolerance. 

Clonal deletion, receptor editing, and anergy establish toler¬ 
ance in immature B cells or when the autoantigen is present 
during development. Elimination of self-reactive B cells is 
called clonal deletion. Membrane-bound antigens and complex 
autoantigens, such as DNA, that possess repetitive epitopes, 
with the potential to cross-link the B-cell receptor, induce cen¬ 
tral and/or peripheral deletion of antigen-specific B cells. 103 

Bone marrow B cells may also become self-tolerant by 
receptor editing. Receptor editing postulates that low-affinity/ 
avidity self-antigen binding on immature B cells induces re¬ 
rearrangements of the immunoglobulin genes changing the cell 
specificity from self to non-self and presumably rescuing it 
from death. This salvage mechanism was first postulated to 
occur in immature B cells in the bone marrow. 

Tolerance to soluble autoantigens is achieved by functional 
inactivation of self-reactive B cells. Anergic B cells express 
decreased amounts of surface IgM and have decreased respon¬ 
siveness to B-cell receptor-mediated stimulation and shortened 
lifespan. Anergic B cells undergo apoptosis induced by Fas. 

The mechanisms that establish tolerance of immature B cells 
are less efficient at precluding antibody production from mature 
B cells, as well illustrated by the fate of ABO-incompatible car¬ 
diac grafts in human subjects. While spontaneous tolerance 
occurs to A and B blood group antigens in infants with cardiac 
transplants, the same does not occur later in life. Infants lack the 
ability to produce antipolysaccharide antibodies including 
anti-blood group antibodies. Thus, without preexisting anti¬ 
bodies, the newborn becomes tolerant probably through dele¬ 
tion of B cells committed to producing anti-blood group anti¬ 
bodies upon exposure to a graft carrying these antigens. In 
contrast, adults who receive organ transplants carrying foreign 
blood group antigens continue to make anti-blood group anti¬ 
bodies because mature B cells are not susceptible to mechanisms 
that would eradicate or inactivate immature B cells. 


IMPACT OF IMMUNITY 
ON TRANSPLANTS 

Why the alloimmune response is more destructive than other 
immune responses is not fully understood. Alloimmune 
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FIGURE 33.8. A: The origin of blood vessels in cell, tissue, and organ grafts. Both cell and tissue grafts are fed at least in part by blood vessels 
of the recipient. Organ grafts depend entirely on blood vessels of the donor. The consequences of this difference are shown in panels B and C. 
B: Cell and tissue transplants. Fed by blood vessels of the recipient, cell and tissue transplants are susceptible mainly to early nonfunction, perhaps 
owing to ischemia and cellular rejection. Antibodies and complement of the recipient penetrate poorly through blood vessel walls and hence do 
not injure these grafts. C: Organ transplants. An organ transplant is fed entirely by vessels of the transplant donor. Consequently, antibodies 
made by the recipient can bind to the blood vessel walls and cause injury manifest as hyperacute or acute vascular rejection and chronic rejec¬ 
tion. Under some circumstances antibodies can cause an organ graft to resist immunological injury. This condition is called accommodation. 


responses mainly attack blood vessels. 29,53,54 The targeted 
cells rapidly impair blood flow to transplanted organs and tis¬ 
sues. Since all donor blood vessels and many recipient blood 
vessels are affected, the impact is diffuse and profound and 
the viability of the transplant is rapidly compromised. As a 
related consideration, the direct attack of T cells, antibodies, 
and complement on transplanted cells may preclude the 
development of accommodation. 

The impact of immunity on transplants depends to the 
greatest extent on whether transplants consist of cells, tissues, 
Q or organs (Fig. 33.8). 104 All transplants are susceptible to cellular 
rejection. However, transplants differ profoundly in suscepti¬ 
bility to humoral immunity. The differential susceptibility to 
humoral immunity reflects in large part the way in which the 
transplant receives its vascular supply. 

Isolated cells, such as hepatocytes, derive their vascular 
supply entirely from the host. 105 Antibodies of the recipient do 
not bind to blood vessels in these grafts, and very limited 
amounts of antibody penetrate the vessels to reach the allo¬ 
grafted cells. The level of complement outside of vascular 
lumina is much lower than inside. Hence, blood vessels of the 
recipient of a cellular transplant shield the transplant from 
antibody- and complement-mediated injury. 

Free tissues, such as skin and pancreatic islets, derive their 
vascular supply both by the in-growth of blood vessels of the 
recipient and by spontaneous anastomosis of graft and host 
capillaries. Antibodies of the recipient can bind to donor seg¬ 
ments of these vessels and in doing so may cause focal 
ischemia in some types of grafts via vascular reactions. 106,107 
Vascularization of tissue grafts by blood vessels of the recipi¬ 
ent provides a parallel supply of blood and a partial shield 
against humoral injury. 

Organ grafts such as heart, kidney, liver, and lung derive 
blood flow from the surgical anastomosis of donor and recipi¬ 
ent vessels. The graft is thus fed entirely through a vascular 
system that is foreign to the immune system of the recipient. 
Antibodies of the recipient can bind to these foreign vessels. 
Antibody-mediated injury is observed in organ grafts to a 
much greater extent than in cell or tissue grafts. Furthermore, 
because immunoglobulins are largely confined to vascular 


spaces, alloreactive antibodies have minimal direct impact on 
parenchymal cells. 105,108 


HYPERACUTE REJECTION 

Hyperacute rejection occurs within 24 hours of reperfusion and 
is characterized by immediate loss of graft function and by a 
pathologic picture of interstitial hemorrhage, thrombosis, and 
varying extents of inflammation. Hyperacute rejection is thought 
to be caused by antidonor antibodies binding to blood vessels 
and activating the complement system in a newly transplanted 
organ. The development of hyperacute rejection depends 
absolutely on the activation of complement, and inhibition of 
complement nearly always prevents hyperacute rejection. 73 

Anti-HLA antibodies most often cause hyperacute rejection 
of clinical allografts. Hyperacute rejection occurs in up to 
80% of the kidneys transplanted into recipients with cytotoxic 
antibodies detected by cytotoxic cross match 78 (Fig. 33.9). 
Hyperacute rejection is now observed rarely because assays for 
anti-HLA antibodies identify subjects at risk and transplanta¬ 
tion is avoided. FACS methods are especially sensitive but they 
may also exclude from transplantation recipients with very 
low levels of anti-HLA antibodies or non-complement-fixing 
antibodies who might safely receive a transplant. 109 The lym- 
phocytotoxic cross match illustrated in Figure 33.9 is less sen¬ 
sitive, but a positive result may predict hyperacute rejection 
with more confidence. 

Antibodies directed at blood group A and B antigens in a 
graft can also cause hyperacute rejection. Gleason reported that 
46% of ABO-incompatible allografts never gained function and 
at 12 months only 1 of 24 ABO-incompatible renal transplants 
continued to function, whereas only 9% of a large group of 
ABO-compatible grafts did not show early function. 110 Whether 
anti-blood group antibodies cause hyperacute rejection 
depends on such factors as the antibody levels and the affinity 
and susceptibility of the graft to injury. For example, the A2 
antigen interacts less well with anti-A antibodies; hence, organs 
expressing A2 transplanted into recipients of blood group O are 
less susceptible to destruction by humoral responses. 111 
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FIGURE 33.9. Lymphocytotoxicity cross match. Recipient serum is 
incubated with donor lymphocytes and complement in microtiter plates. 
If donor-specific lymphocytotoxic antibodies are present in the recipient 
serum, antibody binding results in complement fixation and lysis of the 
donor lymphocytes. This is detected by the addition of a dye that is taken 
up through the damaged cell membrane, and a positive cross match is 
noted (A). If no antibodies are present, cells remain viable and do not 
take up the dye (B). This is a negative cross match. A more sensitive 
approach to cross matching involves use of the fluorescence activated cell 
sorter (FACS) (not shown). This device detects antibody binding with 
great sensitivity but does not detect whether binding would be injurious. 


ABO-incompatible organs vary in susceptibility to hypera¬ 
cute rejection, liver transplants being less susceptible than kid¬ 
ney or heart transplants. The 3-year graft survival rate for 
ABO-compatible liver grafts and ABO-incompatible grafts is 
remarkably similar, 39% and 36%, respectively. 112 Differences 
in the size of the vascular beds may explain the varying sus¬ 
ceptibility, as a given amount of antibody and complement 
would be deposited less densely in the liver than in a smaller 
organ such as the kidney. The liver also intrinsically resists 
injury by complement. 73,113 

Hyperacute rejection sometimes occurs in recipients lack¬ 
ing detectable antidonor antibodies. In some cases, antibody 
capable of causing rejection is present in the blood but is not 
detected by assays in which leukocytes are used as the target. 
For example, the major histocompatibility complex class 
I-related chain A is not expressed on leukocytes but is 
expressed on endothelial cells, and antibodies against that anti¬ 
gen have been postulated to cause some cases of hyperacute 
rejection in recipients with a negative cross match. 114,115 Simi¬ 
larly, antibodies against yet undefined endothelial antigens 
have also been linked to rejection of transplants between 
HLA-identical sibling transplants. 116 In other cases, the recipi¬ 
ent may truly lack antidonor antibodies and the alternative or 
lectin pathways without the involvement of antibody may acti¬ 
vate complement. 


Some antibodies can activate complement through the alter¬ 
native pathway. 117,118 Hyperacute rejection can occur indepen¬ 
dent of antidonor antibodies, and these cases may reflect acti¬ 
vation of the alternative or lectin pathways as might occur with 
ischemic injury. 119,120 Prolonged preservation and high perfu¬ 
sion pressures in allografts can cause lesions that are patholog¬ 
ically similar to those found in hyperacute rejection. 121,122 


Prevention and Treatment 
of Hyperacute Rejection 

Hyperacute rejection is prevented by using the cross match to 
identify recipients at risk and avoiding transplantation when 
the cross match is positive. In experimental settings, hyperacute 
rejection is prevented by administration of complement 
inhibitors. Use of complement inhibitors cannot be justified 
when alternative recipients are available. Further, experimental 
studies suggest that if hyperacute rejection is prevented in this 
way, acute antibody-mediated rejection will ensue. No therapy 
has proven effective for hyperacute rejection once it has begun. 


ANTIBODY-MEDIATED 

REJECTION 

Antibody-mediated rejection is a vexing condition. 123,124 Previ¬ 
ously known as “humoral rejection” and before that as “acute 
vascular rejection,” antibody-mediated rejection has been 
considered very difficult and expensive to reverse. Most cases 
appear to be caused by antibodies and therefore the term anti- 
body-mediated rejection is used. 

Antidonor antibodies such as those directed at MHC 
antigens likely trigger antibody-mediated rejection. The tim¬ 
ing of antibody-mediated rejection after transplantation 
depends mainly on when antidonor antibodies are pro¬ 
duced. In the absence of immunosuppression, antibody- 
mediated rejection can begin within 24 hours of transplan¬ 
tation and proceed over days if the recipient is sensitized to 
donor antigen. In immunosuppressed recipients, antibody- 
mediated rejection usually appears weeks or months after 
transplantation. 

Evidence of antibody-mediated rejection can be found in 
20% to 30% of episodes of acute rejection, but the diagno¬ 
sis of antibody-mediated rejection is sometimes challeng¬ 
ing. 125 Although antibodies specific for the donor are some¬ 
times found in the circulation, such antibodies are not often 
found at high levels. The absence of antidonor antibodies 
does not exclude antibody-mediated rejection, because an 
organ graft can absorb tremendous amounts of antibody, 
leaving little or none in the blood. 126 Also, the antibodies 
found in the blood may be of lower affinity and thus may not 
represent the antibodies bound to the graft and those that 
cause tissue injury. 

Because of the limited value of measuring antidonor anti¬ 
bodies, pathologists have turned to the detection of C4d as 
diagnostic evidence of antibody-mediated rejection. 127 C4d 
deposits in peritubular capillaries of transplant recipients with 
circulating donor-specific antibodies strongly suggest that C4d 
is a specific and reliable indication of antibody-mediated rejec¬ 
tion following kidney transplantation. 128 Formed by cleavage 
of C4b covalently bound to target cells, C4d is functionally 
inert and hence a relatively enduring footprint of complement 
activation. Since C4 can be cleaved during activation of the 
classic pathway, the presence of C4d on the endothelium of a 
graft is taken as evidence that antidonor antibody has bound 
to that site. C4d is also generated during activation of the 
lectin pathway; hence, it might be found in some conditions in 
which antidonor antibodies do not exist. C4d can also be 
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found in accommodation, a condition in which the graft resists 
injury caused by antibody and complement. Given these con¬ 
siderations, detection of C4d should not be taken by itself to 
mark antibody-mediated rejection; other evidence is needed to 
make that diagnosis. 

Antibody-mediated rejection is characterized pathologi¬ 
cally by focal ischemia, severe injury to the endothelial cells 
lining blood vessels in the graft, and intravascular coagulation. 
Antibody-mediated rejection is thought to be caused by 
endothelial cell activation in the graft. 129,130 Normally, resting 
endothelial cells inhibit coagulation through expression of 
such anticoagulant molecules as thrombomodulin and 
heparan sulfate proteoglycan. 131,132 The binding of antidonor 
antibodies to endothelium in the graft and the activation of 
complement disrupt the quiescent state and cause the endothe¬ 
lium to become activated. Activated endothelial cells promote 
coagulation by shedding thrombomodulin and heparan sulfate 
proteoglycan and subsequently expressing tissue factor and 
plasminogen activator inhibitor type l. 133 Inflammation is 
promoted by activated endothelial cells, which induce expres¬ 
sion of cell adhesion molecules and cytokines. 134 Complement- 
induced coagulation and inflammation both appear to be gov¬ 
erned by transcription and production of IL-1 a and by the 
availability of that cytokine to act in local blood vessels. 135,136 
Coagulation and inflammation impair the flow of blood 
through regions of the vasculature, and this impairment prob¬ 
ably accounts for the pathologic manifestations of antibody- 
mediated rejection, which are most consistent with ischemia. 


Prevention and Treatment of 
Antibody-mediated Rejection 

For many years, antibody-mediated rejection was thought to be 
inseparable from cellular rejection, but unlike cellular rejection, 
it resisted all therapeutic efforts. Recently, better approaches to 
treatment have emerged. Plasmapheresis, sometimes used in 
conjunction with administration of cytotoxic drugs, can effec¬ 
tively overcome established episodes of antibody-mediated 
rejection. This therapy engenders risk and is quite expensive. 
Administration of y-globulin, sometimes in conjunction with 
plasmapheresis, has also proven effective. Gamma-globulin 
inhibits production of antibodies, blocks Fc receptors, and 
diverts activated fragments of complement away from 
endothelium. Anti-B cell antibodies, such as anti-CD20, have 
been used in some cases of antibody-mediated rejection with 
anecdotal claims of success. If confirmed, the success of these 
antibodies might point to functions of B cells other than anti¬ 
body production, since plasma cells, which do not express 
CD20, probably produce most alloreactive antibodies. 


CHRONIC REJECTION 

Chronic rejection, more than any other condition, limits the 
long-term success of solid organ transplantation. Chronic 
rejection or chronic graft dysfunction may be caused by a 
number of processes, particularly repeated inflammation and 
injury from both immune- and non-immune-mediated causes. In 
the kidney, chronic rejection is sometimes called chronic allo¬ 
graft nephropathy ; in the heart, accelerated arteriosclerosis ; in 
the lung, bronchiolitis obliterans ; and in the liver, vanishing bile 
duct syndrome. The term chronic rejection might best be applied 
to chronic graft dysfunction caused by an immunologic reaction 
and chronic allograft dysfunction caused by drug toxicity, 
ischemia, aging, and other nonimmunologic processes. While the 
clinical signs are organ specific, the result of chronic rejection is 
similar for all solid organ allografts - inexorable loss of function. 
Obliterative vasculopathy, infiltration of leukocytes, luminal 
occlusion, and a marked fibrotic response are common to many 


types of chronic rejection and are believed to account for loss of 
function. 

Antidonor antibodies cause up to 60% of chronic dysfunc¬ 
tion of organ transplants. 137 Circulating antidonor HLA anti¬ 
bodies correlate strongly with chronic rejection. 138 De novo 
anti-HLA antibodies are always present prior to graft failure. 
Whether antidonor antibodies actually cause chronic rejection 
or reflect a response to a damaged graft caused by other fac¬ 
tors has not been determined. 

The presence of C4d deposits seen in chronic graft dysfunc¬ 
tion has been taken to implicate humoral immunity in the loss 
of graft function; 64% of subjects with chronic rejection have 
C4d deposits in graft biopsies. 139 In one report, all with donor- 
specific antibodies at the time of biopsy also had C4d deposits, 
and 90% of those positive for C4d also had antidonor anti¬ 
bodies. 137 C4d deposits precede and predict the development 
of chronic allograft glomerulopathy. 140 No treatment has 
proven effective for chronic rejection. 


ACCOMMODATION 


Accommodation refers to acquired resistance of an organ graft 
to humoral injury. Accommodation was first described and later 
named based on observations of the outcome of ABO-incom- 
patible kidney transplants. 72,73,141 In the mid-1980s, several 
investigators observed that if anti-blood group antibodies were 
removed from the circulation at the time of transplantation, 
kidneys transplanted across blood group A or blood group B 
barriers could survive and function. 70,71 This suggested that 
incompatibility of blood groups was not an absolute barrier to 
transplantation and prompted the question of how these kid¬ 
neys survived. Some recipients had antibodies specific for donor 
blood groups and the transplanted kidneys continued to express 
donor antigen, but graft injury and compromise of function did 
not occur. This observation suggested that the survival of the 
graft must reflect some change in the graft itself. Accommoda¬ 
tion may be more frequent than currently assumed. 142 Healthy 
organs can absorb antidonor antibodies in large amounts, 
removing these antibodies from the circulation, and hence more 
recipients may make antidonor antibodies than surveys of the 
prevalence of antibodies would suggest. 

Accommodation might reflect a change in the properties of 
the antibody or the antigen. Both of these mechanisms have 
been observed in experimental models. Under some condi¬ 
tions, the Ig subclass of antidonor antibodies does not effi¬ 
ciently fix complement and may even block the binding of 
complement-fixing antibodies. 142,143 In other conditions, car¬ 
bohydrate antigen may be shed or undergo biochemical 
change and therefore might be less avidly bound. 144-146 

While these models may apply in some cases, most studies 
suggest that accommodation reflects resistance to injury. 
Exposure of an organ to heme induces heme oxygenase, which 
can protect the organ against lethal injury by various toxins. 147 
Xenografts and allografts with accommodation express a num¬ 
ber of “protective,” antiapoptotic genes. 148,149 Products of these 
genes may prevent cells of the graft from undergoing apoptosis 
that otherwise would be triggered by humoral immunity. Con¬ 
sistent with this concept, exposure to xenoreactive antibodies 
induces expression of antiapoptotic genes in endothelial cells. 150 
Anti-HLA antibodies likewise induce such genes. 151 Further 
understanding of how accommodation is induced and by what 
mechanisms it is manifest and maintained could have a pro¬ 
found impact on transplantation in general and perhaps on 
other fields. 


CELLULAR REJECTION 

All allografts are subject to cellular rejection, and the clinical 
application of transplantation depends absolutely on suppressing 
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or eradicating cellular immune responses to the transplant 
source. Accordingly, no subject in transplantation has been 
studied more thoroughly than cellular rejection. Most research 
has focused on the mechanisms by which T cells are activated 
and the antigenic target of activated T cells. Much less has 
been elucidated about how cellular immunity, once induced, 
destroys transplants and why such destruction is more violent 
and complete than the tissue injury seen in autoimmune 
diseases. 

Cellular rejection is directed against small blood vessels of 
the graft, at least initially. The blood vessels appear to be tar¬ 
geted by two fundamental mechanisms. 152,153 One mechanism 
involves the action of cytotoxic T cells. The importance of 
cytotoxic T cells is suggested by the observation that in grafts 
consisting of mixtures of allogeneic and isogeneic cells, the allo¬ 
geneic cells are destroyed and the isogeneic cells are spared. 154 In 
grafts consisting of both allogeneic and syngeneic islets of 
Langerhans, the allogeneic islets were destroyed, while syn¬ 
geneic islets, even those adjacent to allogeneic islets, survived. 155 
However, early in the course, rejecting allografts do not contain 
many dead cells. This inconsistency raises the possibility that 
some function of cytotoxic cells other than killing may account 
for tissue injury. One potential effector is perforin, a pore¬ 
forming protein. Perforin and other pore-forming proteins acti¬ 
vate endothelial cells and in so doing could evoke focal 
ischemia, inflammation, and thrombosis. 156 One concern about 
implicating cytotoxic T cells in the pathogenesis of cellular 
rejection is the observation repeated in many laboratories that 
rejection of allografts can be brought about by helper cells alone 
and proceeds fully when cytotoxic cells are eliminated. 157 These 
observations can be explained by the extraordinary extent to 
which immunity is aroused by allotransplantation; far more 
effector cells are activated than are needed for rejection. 

The second mechanism of tissue injury in cellular rejection 
can be likened to delayed-type hypersensitivity. Helper T cells 
and some cytotoxic T cells secrete cytokines that modify the 
functions of blood vessels to promote leukocyte migration, 
thrombosis, and ischemia. Cellular rejection departs from 
delayed-type hypersensitivity in several respects. First, cellular 
rejection is often dominated by cytotoxic cells (CD8 + ) and 
delayed-type hypersensitivity by helper cells (CD4 + ). 158,159 
Cellular rejection is associated with microvascular injury and 
thrombosis, whereas delayed-type hypersensitivity is charac¬ 
terized by edema and relatively uninjured blood vessels. Both 
allograft rejection and delayed-type hypersensitivity may be 
driven by products secreted by T cells, although the products 
may differ. Alloreactive T cells may preferentially secrete 
cytokines and other agonists when the TCR is stimulated by 
an adjacent allogeneic cell—the same mechanism that ensures 
specificity of cytoxic cells for their targets may ensure speci¬ 
ficity of helper cells for theirs. 


CONCLUDING REMARKS 


This chapter reviews the immunology of transplantation as it 
is practiced in the first decade of the 21st century and eluci¬ 
dated over the past century. However, the practice of trans¬ 
plantation may soon change, as transplants consisting of stem 
cells, stem cell derivatives, and engineered tissues are used. 
Stem cells interact with the immune system in ways, very dif¬ 
ferent from mature cells and organs. These differences will 
become important as surgeons turn increasingly to regenera¬ 
tive medicine and novel approaches to organ replacement for 
the treatment of disease. 
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CHAPTER 34 ■ ORGAN PRESERVATION 


ROBERT M. MERION 


KEY POINTS 


Q Much of the injury to transplanted organs occurs not dur¬ 
ing the period of ischemia but during organ reperfusion. 

Q The general attributes of an acceptable organ donor include 
pronouncement of donor death, previously good general 
health, and relative hemodynamic stability from the time of 
the precipitating event leading to death until organ procure¬ 
ment is complete. 

Q The following requirements must be met to make a firm 
diagnosis of brain death: the presence of reversible 
causes of coma should be excluded; clinical criteria 


establishing the loss of all functions of the entire brain 
must be met (deep coma, absence of brainstem function, 
absence of spontaneous respiration); and a confirmatory 
diagnostic test must be carried out (electroencephalo¬ 
gram, nuclear brain blood flow study, four-vessel cere¬ 
bral arteriography). 

Q All transplant candidates within the United States are 
entered into a computer system, and an allocation system 
is used to determine the appropriate potential recipient for 
a given donor organ. 


PATHOPHYSIOLOGY OF ORGAN 
PRESERVATION INJURY 

The removal, storage, and transplantation of a solid organ 
from a donor results in profound alterations in homeostatic 
control of the milieu interieur of that organ. These effects 
manifest themselves in the degree to which the return of nor¬ 
mal organ function is delayed or prevented once the recipient 
transplantation procedure is completed. The injury sustained 
by an organ during the processes of procurement, preserva¬ 
tion, and transplantation occurs primarily as a result of 
ischemia and hypothermia, the former being customarily clas¬ 
sified as warm or cold ischemia. Warm ischemia and its conse¬ 
quences are associated with normothermic events that occur 
before removal of the organ from the body. Cold ischemia 
refers to events occurring during the interval between initial 
organ cooling and revascularization in the recipient. 

The principles of modern organ preservation are to provide 
for hypothermia, prevent cellular swelling, and avoid bio¬ 
chemical injury. 1,2 These principles are intended to interfere 
with the loss of cellular integrity, changes in ionic composi¬ 
tion, and disruption of cellular energy systems that occur dur¬ 
ing organ storage. The following discussion describes these 
phenomena. Finally, the effects of oxygen-derived free radi¬ 
cals, cytokines, and nitric oxide at the time of reperfusion are 
discussed. 


Structural Integrity 

The cell membrane plays a crucial physical protective role and 
provides an active interface with the extracellular environ¬ 
ment. Receptors, ion regulation, and enzyme systems linked to 
the cell membrane complex contain extracellular, transmem¬ 
brane, and intracellular components essential to their func¬ 
tion. The interrelation of such systems with the membrane 
itself is highly dependent on a stable configuration of the lipid 
bilayer and on tight control of temperature, pH, and osmolar- 
ity. Organ ischemia and preservation disrupt all these rela¬ 
tions. Lowering the temperature through the phase transition 
of lipids results in profound changes in conformation and sta¬ 
bility of the membrane in addition to drastically altering the 


function of membrane-bound enzymes. Physicochemical mem¬ 
brane changes induced by hypothermia result in increased per¬ 
meability, which in turn adds to the burden of maintaining a sta¬ 
ble intracellular environment and contributes to cell swelling. 
Organ preservation solutions have historically therefore been 
hypertonic to minimize these alterations. 


Ionic Composition 

The foregoing membrane changes are compounded by crip¬ 
pling of the Na + -K + -adenosine triphosphatase (ATPase) pump 
caused by the lack of ATP production and by generation of 
excess hydrogen ion resulting from anaerobic metabolism dur¬ 
ing ischemia. When the Na + -K + -ATPase pump is paralyzed, 
potassium diffuses down its concentration gradient to the 
extracellular environment while sodium, normally present at a 
low concentration in the cell, pours in. Modern preservation 
solutions have typically had electrolyte compositions similar 
to that inside the cell with high potassium and low sodium 
concentrations. Osmotic gradients are, therefore, minimized, 
and the cellular ionic charge remains relatively constant. 

Hydrogen ion production continues in ischemic organs and 
may result in cellular damage. Intracellular pH gradually falls 
without replenishment of buffering capabilities, and under 
conditions requiring a switch from aerobic to anaerobic gly¬ 
colysis, the production of lactic acid also increases. The liver 
appears to be especially susceptible to this type of injury. A 
plausible mechanism has been described whereby glucokinase 
in the liver phosphorylates glucose (endogenous or provided in 
preservation solution) to glucose-6-phosphate. 3 The normal 
metabolic pathway for glucose-6-phosphate results in produc¬ 
tion of pyruvate and ultimately lactate by lactic dehydrogenase 
(Fig. 34.1). Unlike the kidney, the hepatic isozyme of lactic 
dehydrogenase, M4, functions particularly well under acidotic 
conditions in the presence of high concentrations of lactic acid. 
These biochemical differences underlie the range of acceptable 
cold ischemia time for various organs. 

Calcium ion permeability is increased with ischemia, and 
a rapid influx of calcium may overwhelm mitochondrial 
buffering capacity. There is increased activity of calmodulin, 
a cytoplasmic calcium-binding protein, and a cascade of 
enzyme activation events, including the upregulation of 
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FIGURE 34.1. The effects of acidosis on glucose 
metabolism are organ specific. For example, the 
M4 isozyme of lactate dehydrogenase (LDH) func¬ 
tions well in an acidotic environment in the pres¬ 
ence of high concentrations of lactic acid. G6P, glu- 
cose-6-phosphate. (Adapted with permission from 
Belzer FO, Southard JH. Principles of solid-organ 
preservation by cold storage. Transplantation 
1988;45:673-676.) 


Glucose 




phospholipases and subsequent production of prostaglandin 
derivatives, results in mitochondrial and cell membrane 
injury. Vascular smooth muscle myofibrillar contraction may 
be initiated by increased cellular calcium concentrations, 
with the resulting vasospasm contributing to ischemic dam¬ 
age. Endothelin, a 21-amino-acid peptide with potent vaso¬ 
constrictor properties, has been recognized as another factor 
that plays a role in preservation injury by inducing 
vasospasm after revascularization. 4,5 


Cellular Energy 

The energy requirements of aerobic cells are provided by a com¬ 
bination of the enzymatic breakdown of glucose (glycolysis) and 
by the process of cellular respiration, encompassing the transfer 
of electrons from organic molecules to molecular oxygen (elec¬ 
tron transport and oxidative phosphorylation) (Fig. 34.2). 
Hypothermia results in decreased metabolic rate and slows the 
rate at which enzymes degrade cellular components, but metab¬ 
olism is not completely suppressed. It has been calculated that 
cooling from 37°C to 0°C results in a 12-fold reduction of cel¬ 
lular metabolism. 1 Although metabolism is slowed and utiliza¬ 
tion of cellular energy stores is slowed, ATP and adenosine 
diphosphate (ADP), the major sources of cellular metabolic 
energy, are gradually depleted during hypothermia. This deple¬ 
tion is presumably a result of residual energy requirements that 
exceed the capacity of the cell to produce ATP. 

During ischemia and organ preservation, the glycolytic 
pathway is sidetracked to lactate production as the Krebs tri¬ 
carboxylic acid cycle and mitochondrial respiration are 


impaired. Although some of the enzymes of the Krebs cycle 
may be found in the extramitochondrial cytoplasm, the inner 
compartment of the mitochondrion is where the enzymatic 
reactions of the cycle occur. Mitochondrial dysfunction, there¬ 
fore, is responsible for most of the changes in cellular energy 
associated with ischemia and organ preservation. 

Hypothermic preservation results in reduced activity of 
mitochondrial enzymes. Cellular respiration, which requires 
adenine nucleotide substrates, is reduced. For ADP to be trans¬ 
ported into the mitochondrion as a substrate for conversion to 
high-energy ATP, a membrane adenine nucleotide translocase 
is required. Hypothermia unfavorably alters the relation 
between the enzyme and the inner mitochondrial membrane 
within which it resides, reducing substrate delivery. 6 Phospho¬ 
lipid hydrolysis by phospholipases increases levels of free fatty 
acids, acyl derivatives of which may also affect membrane 
structure and the function of the translocase. Cannibalization 
of ADP sequestered in the extramitochondrial cytoplasm by 
adenylate kinase for conversion to ATP results in accumula¬ 
tion of adenosine monophosphate as a byproduct, which 
reduces purine synthesis and results in the loss of ATP precur¬ 
sors from the cell. 


Reperfusion Injury 

^ It is apparent that much of the injury to transplanted organs 
occurs not during the period of ischemia per se but upon 
organ reperfusion. This realization has led to many advances 
in organ preservation. Furthermore, some of the events 
that occur during reperfusion may result in enhanced 
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FIGURE 34.2. Cellular energy requirements are met largely through 
the processes of glycolysis, the Krebs tricarboxylic acid cycle, and 
oxidative phosphorylation. CoA, coenzyme A; NADH 2 , reduced form 
of nicotinamide adenine dinucleotide; NAD, nicotinamide adenine 
dinucleotide; NADP, nicotinamide-adenine dinucleotide phosphate; 
NADPH 2 , reduced form of NADPH; FAD, flavin adenine dinucleotide; 
FADH 2 , reduced form of FAD. 


immunogenicity of the graft. A better understanding of these 
events will hopefully lead to the development of preservation 
methods that decrease the propensity for allograft rejection at 
a later date. 


Oxygen Free Radical-mediated Effects 

The mechanisms by which reactive species of oxygen are pro¬ 
duced in biologic systems and the effects of these molecules on 
various cells and tissues were elucidated in the 1970s and 
1980s. 7 The best-studied model involves the production of 
super oxide anion (0 2 ) as a byproduct of the enzymatic catab¬ 
olism of the purine metabolites hypoxanthine and xanthine to 
uric acid by xanthine oxidase (Fig. 34.3). During ischemic 
states, a cytosolic enzyme is activated by increased intracellu¬ 
lar calcium, resulting in the conversion of xanthine dehydro¬ 
genase to xanthine oxidase. Both xanthine dehydrogenase and 
xanthine oxidase catabolize hypoxanthine and xanthine to 
uric acid. Xanthine oxidase utilizes molecular oxygen as an 
electron acceptor and forms (0 2 ) as a result. Superoxide anion 
rapidly reacts with itself to form hydrogen peroxide, a potent 
oxidant capable of injuring the cell by oxidizing lipid mem¬ 
branes and cellular proteins. Hydrogen peroxide then pro¬ 
duces a cascade of oxygen free radicals, including hydroxyl 
radical (OH*) and singlet oxygen, that are even more potent 
oxidants. The damaging effects of oxygen free radicals begin 
upon reperfusion of the organ. During ischemic conditions, 
tissue oxygen levels fall below the threshold needed to allow 
xanthine oxidase to metabolize xanthine and hypoxanthine. 
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FIGURE 34.3. The classic pathway of superoxide anion generation 
by the metabolism of purines by xanthine oxidase. ATP, adenosine 
triphosphate; AMP, adenosine monophosphate; Ca 2+ , calcium; 0 2 , 
oxygen; 0 2 , superoxide anion. 


This allows the intracellular concentration of these metabo¬ 
lites to rise. Upon reperfusion, oxygen is suddenly available 
and metabolism proceeds rapidly, resulting in a dramatic and 
sudden production of reactive oxygen intermediates. The cel¬ 
lular defenses against peroxidation are overwhelmed and 
injury occurs. 8 

Agents that reduce oxygen free radical generation, or scav¬ 
enge them once they are formed, have been used to determine 
the contribution of these molecular species to preservation- 
related reperfusion injury and have the ability to decrease per¬ 
oxidation due to oxygen free radicals during reperfusion. 
Allopurinol, an inhibitor of xanthine oxidase, has been 
shown to have protective effects when used before the 
ischemic insult in a variety of experimental systems. Unfortu¬ 
nately, allopurinol has other effects, such as vasodilatation 
and preservation of the purine nucleotide pool, making it a 
less-than-ideal agent for defining oxygen free radical effects. 
Other studies using superoxide dismutase have clearly 
demonstrated a role for oxygen radicals in reperfusion injury 
in transplantation. 9 Similarly, desferrioxamine, an iron chela¬ 
tor, removes an essential metal cofactor for the generation of 
the extremely reactive hydroxyl radical, resulting in decreased 
oxidative injury. 

Indirect evidence of oxygen free radical effects rests on the 
documentation of lipid peroxidation. In this process, interac¬ 
tion of highly reactive oxygen species with polyunsaturated 
fatty acids in the cell membrane starts a chain reaction that 
may ultimately destroy cellular integrity and result in cell 
death. The products of this reaction can be measured by sev¬ 
eral different assays. The magnitude of lipid peroxidation 
appears to be inversely related to levels of glutathione, which 
functions as an endogenous free radical scavenger. Glutathione 
and other agents that protect against peroxidation are, there¬ 
fore, useful in organ preservation solutions to attenuate reper¬ 
fusion injury. 

Production of oxygen free radicals also initiates production 
of prostaglandins including leukotriene B 4 by direct activation 
of phospholipase A 2 . This chemoattractant causes leukocyte 
adherence to vascular endothelium. These neutrophils may 
contribute to local injury by plugging the microcirculation and 
by degranulation, resulting in proteolytic damage to the 
organ. 


Cytokine-mediated Effects 

Cytokines are a recently described group of intercellular mes¬ 
senger molecules that may be produced in a variety of normal 
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and pathophysiologic states. Ischemia and reperfusion are 
known to be associated with marked release of tumor necrosis 
factor-u, a cytokine with profound systemic effects. 10 Other 
cytokines, including interferon-y, interleukin-1, and inter- 
leukin-8 (neutrophil chemotactic factor), may also be released 
during organ reperfusion and cause upregulation of adhesion 
molecule expression on vascular endothelium. These changes 
may lead to leukocyte adherence and platelet plugging follow¬ 
ing revascularization, resulting in graft failure and an increased 
risk of later rejection. 


Nitric Oxide-mediated Effects 


Nitric oxide (NO) is an extremely labile autocoid generated by 
nitric oxide synthase from L-arginine. It has potent vasodila- 
tory effects on microvasculature and is responsible for a wide 
variety of physiologic effects. Evidence suggests that NO pro¬ 
duction is induced by inflammatory cytokines including tumor 
necrosis factor-a, interferon-y, and interleukin-1. In the setting of 
ischemia-reperfusion, NO may, therefore, mediate injury to 
organs directly as a result of cytokine release. Inhaled nitric 
oxide has been demonstrated to attenuate reperfusion injury in 
transplanted lungs. 11 Increased NO synthesis also correlates 
with acute rejection. 12 


CONTEMPORARY 
CLINICAL PRACTICE 


The science of transplantation has developed rapidly during 
the past 40 years. Improved understanding of the immune 
response to allografts and better appreciation of the complex¬ 
ity of organ ischemia and preservation-related injury have 
contributed to greatly improved graft and patient survival 
results. Most solid organ transplants are now performed as 
the therapeutic option of choice, and in many cases transplan¬ 
tation offers the only definitive treatment for a given disease 
entity. As a result, an ever-widening list of indications for solid 
organ transplantation has emerged, placing increasing pres¬ 
sure on an already limited supply of donor organs. As of 
December 2006, there were 93,820 patients awaiting deceased 
donor organ transplantation in the United States, almost dou¬ 
ble the number listed in 1997. 13 Each year, more patients are 
placed on the waiting lists than are transplanted, resulting in 
thousands of waiting list deaths and increasing waiting time. 


Determination of Suitability for Deceased 
Donor Organ Donation 

Q General Considerations. The characteristics of a suitable 
deceased organ donor can be divided into those that are gen¬ 
eral in nature and those that are organ specific. Broadly stated, 
the general attributes of an acceptable organ donor include 
pronouncement of donor death, previously good general 
health, and relative hemodynamic stability from the time of 
the precipitating event leading to death until organ procure¬ 
ment is complete. Informed consent from the donor’s next of 
kin is required before organ procurement. The concepts of 
brain death and the renewed practice of donation after cardiac 
death (DCD) are discussed in detail later. A detailed under¬ 
standing of these conditions and their associated pathophysi¬ 
ology is essential for the successful procurement and subse¬ 
quent transplantation of solid organs from deceased donors. A 
detailed medical history should be sought by contacting family 
members or friends of the potential donor. 

Age. As experience has been gained with donors considered 
less than ideal, it has become apparent that arbitrarily defined 


chronologic age limits for organ donors are unnecessary. 
Ample evidence supports the relaxation of upper age limits for 
most abdominal organs. For example, kidney procurement 
from deceased donors older than age 65 years is routinely con¬ 
sidered, and successful renal transplantation has been reported 
from a deceased donor aged 84 years. 14 Donor age has been 
similarly de-emphasized in liver transplantation, where more 
than one third of deceased donors are older than 50. The 
acceptable upper donor age limit for cardiac transplantation 
has been cautiously increased, and approximately 8% of heart 
donors are older than 50. 

Transplantation of organs from donors at the younger 
extreme of life is similarly successful. Some controversy exists 
with regard to the advisability of transplanting kidneys from 
infants and children younger than 5 years. 13,15 Lower graft 
survival rates have been reported when kidneys from very 
young donors have been transplanted. 13 However, individual 
center and national registry-based analyses show that results 
using en bloc transplantation of both kidneys from pediatric 
donors to adults are comparable to those achieved with adult 
donor kidneys. 16,17 Other than the kidney, size considerations 
dictate use of organs from younger, smaller donors for younger, 
smaller candidates. An important exception is the liver, where 
lobar transplantation is possible. 

Overall Premorbid Health. Because most deceased organ 
donors have acute cerebral trauma or intracerebral catastro¬ 
phe as the cause of death, serious associated systemic diseases 
are relatively uncommon in this population. As the donor 
population ages, however, the effects of hypertension, athero¬ 
sclerosis, and other diseases associated with advancing age are 
more common. Thus, careful screening to ascertain that the 
donor was previously in good health is mandatory. Common 
disorders, such as hypertension and diabetes mellitus, do not 
automatically disqualify a person from organ donation, but 
the duration, severity, and treatment of such conditions should 
be evaluated for their potential effects on individual organs. 

Hemodynamic Stability. Cardiovascular instability and 
eventual cardiopulmonary collapse eventually occur in all 
brain-dead patients. Thus, hemodynamic management is one of 
the most important aspects of donor management once brain 
death has been established and consent for organ donation has 
been obtained. Many potential organ donors sustain significant 
hypotension or even cardiac arrest during the initial stages of 
their illness or as the presenting signs of intracerebral cata¬ 
strophe. Knowledge of the course and management of these 
episodes is helpful in predicting damage to the various organs 
and in guiding the workup of the donor for suitability of the 
organs for transplantation. In terms of specific organs, the 
kidneys appear to tolerate transient hypotension best, 
whereas the liver and pancreas may be more severely dam¬ 
aged by such episodes. The cardiac response to hypotension 
or actual cardiac arrest depends on the cause of the hemody¬ 
namic instability and the magnitude of direct cardiac injury 
sustained as a result of cardiac compressions during car¬ 
diopulmonary resuscitation. 

Contraindications 

Sepsis. Active systemic infection has traditionally been an 
absolute contraindication to organ donation. However, these 
tenets are being re-examined because of the current organ 
shortage. A history of diseases such as tuberculosis or human 
immunodeficiency virus (HIV) infection clearly renders a per¬ 
son unsuitable for donation. Pneumonia (except for lung 
donors) and urinary tract infection are no longer considered 
to be problematic in the absence of systemic sepsis. Even in 
the presence of bacteremia, the risk of transmission of 
infectious agents by organ transplantation appears to be 
small. 18 In all cases, appropriate antibiotic therapy should 
be initiated before the procurement procedure. 
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Viral Infection. All potential organ donors, regardless of 
whether they are considered high risk, are tested for evidence 
of infection with HIV. Although the incidence of false-positive 
results may be a problem, the high sensitivity of the test 
ensures that the potential for transmission of this virus is min¬ 
imized. Nucleic acid testing for HIV is increasingly available 
by organ procurement organizations, which further reduces 
the so-called window period for false-negative test results. 
Screening for human T-lymphotropic virus (HTLV-1 and 
HTLV-2) has been done routinely for deceased donors, but 
concerns about false-positive rates, which result in otherwise 
suitable organs being discarded, and the recently announced 
removal from the market of the most commonly used U.S. 
Food and Drug Administration (FDA)-approved assay, have 
complicated decision making about testing for this virus. Test¬ 
ing is also routinely performed for evidence of hepatitis B and 
C virus infection. History of viral hepatitis or serologic evi¬ 
dence of past infection has previously been considered an 
absolute contraindication to organ donation. Many centers 
are now reconsidering this issue in selected situations. Some 
organs from donors who have evidence of past infection with 
the hepatitis B virus are able to transmit the virus. However, 
these organs may be considered for recipients who have long¬ 
standing infection with this virus or have received the recom¬ 
binant hepatitis B vaccine and have serologic immunity. In 
addition, in medically appropriate circumstances, organs may 
be used from donors who test positive for hepatitis B core anti¬ 
body and negative for hepatitis B surface antigen. In such 
cases, recipients are generally treated with lamivudine or other 
similar antiviral agents. Organs from donors with evidence of 
past infection with the hepatitis C virus are possible sources of 
infectious virus. The risk of infection is small, however, and 
these organs are now being considered for patients with 
known preexisting exposure to the hepatitis C virus. 19 Other 
viral titers that are frequently determined during workup of a 
donor include members of the herpesvirus family, such as 
cytomegalovirus (CMV), Epstein-Barr virus, and herpes sim¬ 
plex virus. Evidence of previous infection with these viruses 
does not preclude organ donation but may require additional 
therapy in the recipient, such as valganciclovir prophylaxis or 
hyperimmune globulin administration in the case of CMV. 

Cancer. Cancer, whether treated or not, has long been consid¬ 
ered to contravene organ donation based on the knowledge 
that tumor cells may circulate widely even in patients with 
malignant lesions thought to be localized. The transplantation 
of even a small number of malignant cells into a recipient who 
is heavily immunosuppressed carries the threat of dissemina¬ 
tion and a disastrous outcome. The only exception to this rule 
has been the donor with a primary malignancy of the central 
nervous system. It has long been thought that as long as the 
blood-brain barrier is intact, these tumors are rarely capable 
of systemic spread. Although transmission of central nervous 
system tumors of donor origin to transplant recipients has 
been reported, the rate of transmission is dependent on the 
organ transplanted and the type of malignancy involved. 20 
These cases must be considered on an individual basis. 

Specific Organ Dysfunction. The condition of particular 
organs of interest in great measure dictates their individual 
suitability for transplantation. With appropriate emphasis on 
the overall maintenance of donor homeostasis, most if not all 
transplantable organs should be procured from most donors. 
A history of longstanding hypertension may result in fixed 
damage to the kidneys as a result of hypertensive scarring and 
secondary to the effects of aortic and renal atherosclerosis. 
Similarly, insulin-dependent diabetes mellitus produces a well- 
known renal lesion. These changes may be reversible, however, 
after transplantation into a nondiabetic recipient. 21 The kid¬ 
neys are relatively resilient organs, and simple measures usu¬ 
ally suffice to identify serious renal dysfunction. Measure¬ 


ments of hourly urinary output, coupled with determinations 
of the central venous pressure, are useful monitors of the ade¬ 
quacy of volume repletion in potential donors. Significant vol¬ 
ume depletion is the combined result of intentional volume 
contraction to treat cerebral edema and the effects of diabetes 
insipidus accompanying lethal brain injury. Serum creatinine is 
measured as a global, if imperfect, indicator of renal function. 
Significant elevation of the serum creatinine level during the 
course of the donor hospitalization may be a sign of renal 
injury, predisposing to delayed graft function after transplan¬ 
tation, although eventual outcomes may be very acceptable in 
the face of acute tubular necrosis in young and otherwise 
uncomplicated donors. 22,23 

Preexisting liver disease usually can be identified before 
organ procurement. A history of cirrhosis precludes donation. 
Prior cholecystectomy for uncomplicated cholelithiasis is not a 
contraindication to liver donation. Standard liver function 
tests, such as serum alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, and bilirubin, may be 
helpful in identifying gross injury to the donor liver resulting 
from traumatic, metabolic, or hemodynamic causes, but the 
absolute levels of these tests are poor indicators of the likeli¬ 
hood of immediate, life-sustaining graft function in the recipi¬ 
ent. Hepatic synthetic function as assessed by prothrombin 
time may also be deceiving because of the effects of severe 
brain injury on the coagulation cascade. 24 An increasing inci¬ 
dence of obesity has led to higher rates of nonrecovery and dis¬ 
card of donor livers due to steatosis. Bedside donor liver 
biopsy is increasingly utilized to avoid the high cost of unnec¬ 
essarily dispatching procurement teams to donor hospitals. 

The pancreas may be difficult to assess until the time of 
organ procurement. Hyperglycemia and hyperamylasemia are 
common in patients who sustain brain death, particularly if 
the cause is traumatic. A careful history establishing the 
absence of preexisting diabetes mellitus and pancreatitis pro¬ 
vides the most useful information. A history of alcohol abuse 
alone does not correlate well with the finding of chronic pan¬ 
creatitis pathology at laparotomy. Computed tomographic 
examination of the abdomen may be indicated if the donor 
sustained any abdominal injury. It is more appropriate to 
examine the organ at the time of multiple organ procurement 
to determine if it is suitable for transplantation rather than 
making a decision on the basis of historical or laboratory 
information alone. 

Intestinal donation still occurs quite uncommonly. Fewer 
than 200 candidates are on the waiting list in the United States 
at any given time, and many of these are children for whom 
appropriate size matching is required. 

Cardiac dysfunction resulting in arrhythmia or the need for 
high-dose inotropic support suggests that the heart may be 
unsuitable for transplantation. Transient supraventricular 
tachycardias, ventricular arrhythmia associated with severe 
hemodynamic instability, or cardiac arrest requires investiga¬ 
tion before acceptance as a cardiac donor. Significant valvular 
disease and wall motion abnormalities can be readily identified 
by bedside echocardiographic examination, a study that is 
routinely obtained by many transplant centers. In many cases 
the fluid management of the donor radically affects the appar¬ 
ent cardiac function since over- or underhydration will 
markedly reduce effective cardiac output. Urine output can be 
extremely misleading due to the loss of antidiuretic hormone 
secretion from the hypothalamus. Measurements of central 
venous pressure or pulmonary artery wedge pressure may 
allow for more accurate management of fluid replacement. 
Determination of cardiac output using a flow-directed bal¬ 
loon-tipped pulmonary artery catheter is also helpful and com¬ 
plements echocardiographic findings. In questionable cases, 
cardiac catheterization may be required to exclude significant 
coronary artery disease. 

Pulmonary donation is dependent upon satisfactory gas 
exchange parameters and an absence of major lung disease 
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history. In the setting of conditions that lead to deceased organ 
donation, oxygen saturation and arterial oxygen tension 
(Pa0 2 ) may be suboptimal. However, lung resuscitation proto¬ 
cols have resulted in greater likelihood of successful placement 
of donor lungs for transplant. 


Brain Death 

Q Definition. The concept of brain death was crystallized in the 
1968 Report of the Ad Hoc Committee of Harvard Medical 
School developed to examine the definition of brain death. 25 
This document established the following clearly defined criteria 
that were reliably predictive of irreversibility: (a) unreceptivity 
and unresponsivity, (b) absence of spontaneous muscular 
movement, (c) absence of reflexes, and (d) silent electroen¬ 
cephalogram. Since the publication of the so-called Harvard 
Criteria, the prerequisites for the diagnosis of brain death have 
been refined. Most hospitals have constituted a Brain Death 
Committee that is responsible for making uniform determina¬ 
tions of brain death according to locally established specific cri¬ 
teria while conforming generally to the Harvard Criteria. The 
following requirements must be met to make a firm diagnosis 
of brain death: (a) the presence of reversible causes of coma 
should be excluded, (b) clinical criteria establishing the loss of 
all functions of the entire brain must be met (deep coma, 
absence of brainstem function, absence of spontaneous respira¬ 
tion), and (c) a confirmatory diagnostic test must be carried out 
(electroencephalogram, nuclear brain blood flow study, four- 
vessel cerebral arteriography). 

Reversible causes of coma include sedation, hypothermia 
below 32.2°C, neuromuscular blockade, and shock. Coma 
should be deep and fixed, without perception or response to 
external stimuli, including deep pain. Decerebrate and decorti¬ 
cate responses should not be present. Occasionally, spinal 
reflexes may be present. Absence of brainstem function can be 
documented by confirming the absence of pupillary light 
response, corneal reflex, oculocephalic reflex, oculovestibular 
reflex, and spontaneous respiration. 

An apnea test should be performed to assess spontaneous 
respiration. Ventilation of the patient with 100% oxygen for 
10 minutes before the test reduces the risk of hypoxemia and 
subsequent cardiovascular collapse. After the period of pre¬ 
oxygenation, passive flow of oxygen into the endotracheal 
tube is continued, and the patient is monitored for evidence of 
respiratory effort. During this interval, hypercarbia with a 
arterial carbon dioxide tension (PaC0 2 ) greater than 60 mm 
Hg should be documented by arterial blood gas testing. 

The confirmatory test of choice is an electroencephalogram 
documenting electrocerebral silence or absence of brain blood 
flow by nuclear scintigraphy. The electroencephalogram may 
be done 6 hours after the initial clinical determination of brain 
death and, when accompanied by a second clinical determina¬ 
tion, is diagnostic of brain death. Nuclear scintigraphic deter¬ 
mination of brain blood flow is a satisfactory method to pro¬ 
vide definitive confirmation of brain death. This test has the 
advantage that it can be done as a portable examination at the 
patient’s bedside in the intensive care unit (ICU) or emergency 
department, avoiding the risk of unnecessarily transporting a 
potentially unstable patient. Alternatively, four-vessel cerebral 
arteriography demonstrating cessation of blood flow to the 
brain may be used within an hour of the clinical brain death 
declaration. 

Etiology. Any condition that results in an overwhelming cere¬ 
bral insult may be sufficient to cause brain death. In general, 
these conditions fall into the broad categories of subarachnoid 
or intracerebral hemorrhage, direct cerebral trauma, primary 
malignancy of the central nervous system, and other rare and 
miscellaneous entities. Subarachnoid hemorrhage may result 
from rupture of an intracranial aneurysm. Other cerebrovascu¬ 


lar accidents including hypertensive hemorrhagic stroke can be 
lethal. These entities are responsible for most cases of brain 
death that lead to organ donation. Brain injury after trauma, 
either vehicular or related to firearms, is also common. 

Pathophysiology 

Cardiovascular Instability. During the events that lead to brain 
death, there is usually progressive intracranial hypertension. 
Important pathophysiologic responses are evident before the 
actual occurrence of brain death, including the development of 
marked systemic hypertension associated with vastly increased 
sympathetic activity and the massive release of catecholamines. 
Arrhythmia may become manifest at any time during the 
process of tentorial herniation. Bradyarrhythmia may be asso¬ 
ciated with the systemic hypertensive response to intracranial 
hypertension (Cushing reflex), but ventricular and supraven¬ 
tricular tachyarrhythmia may also be seen in the presence of 
high levels of catecholamines. 

Once herniation is complete and brain death has occurred, 
a high proportion of donors manifest a hypotensive response 
related to the loss of sympathetic tone and the failure to main¬ 
tain circulating catecholamine levels. It has been reported that 
62% of brain-dead patients sustain cardiac arrest within 24 
hours and 87% by 72 hours in the absence of specific donor 
maintenance measures. 26 Even with aggressive donor support, 
about 10% of donors manifest cardiopulmonary arrest during 
the interval between the determination of brain death and the 
procurement of organs. 27 

Central Hormonal Failure. As the brain and brainstem cease to 
function, failure of the central hormonal axis occurs. Pituitary 
hormones cease to be produced, and diabetes insipidus ensues. 
Without antidiuretic hormone, urinary output may increase to 
astonishing rates, sometimes well in excess of 1 L/h. The urine 
becomes extremely dilute, resulting in increasing serum osmo- 
larity and hypernatremia. The resultant hypovolemia may con¬ 
tribute to cardiovascular collapse if untreated. 

The influence of other aspects of central hormonal function 
is less well understood. There is experimental evidence of 
reduced circulating levels of triiodothyronine, cortisol, and 
insulin after brain death in pigs and baboons. 28,29 These fac¬ 
tors may contribute to the hemodynamic instability, cardio¬ 
vascular collapse, and hyperglycemia so often seen in associa¬ 
tion with brain death and have led some to advocate using 
combinations of these compounds before organ procurement. 
Confirmatory studies in humans have not shown these hor¬ 
monal systems to play major roles in the pathophysiology of 
the hypotensive state following brain death, although use of 
these agents is still common in clinical practice. 

Request for Permission from Next of Kin. All states and 
the federal government have passed legislation requiring that 
relatives of deceased patients be asked whether they are willing 
to permit organ or tissue donation. Unfortunately, the contri¬ 
bution of such laws to an increase in the actual supply of 
donor organs is less than clear. What is far more important 
than required request is the careful training, uniform deploy¬ 
ment, and empathetic demeanor of the individuals who actu¬ 
ally approach the family. In many hospitals, trained donor 
coordinators are on call to discuss the option of organ dona¬ 
tion with bereaved families. Such people may come from a 
variety of fields, including medicine, nursing, social work, or 
pastoral care. Refusal of consent by the family is one of the 
biggest stumbling blocks to increasing the supply of organs 
actually donated. It has also been suggested that the discus¬ 
sion of possible organ donation should occur at a time sub¬ 
sequent to and separate from informing the family of the 
patient’s death. 

The use of the term brain death may be confusing to 
laypeople and professionals alike; it implies that brain death 
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TABLE 34.1 


CLASSIFICATION HIERARCHY FOR PERMISSION FOR 
ORGAN DONATION FROM NEXT OF KIN 

1. Spouse 

2. Adult son or daughter 

3. Either parent 

4. Adult brother or sister 

5. Guardian 

6. Any other person authorized to dispose of the body 


is different from other kinds of death. Obviously, the distinc¬ 
tion is intended to differentiate this modality of dying from 
cardiac death but not to indicate that the person is any less 
dead. Phrases such as “keeping the organs alive so they can be 
transplanted” are as misleading and confusing as they are 
incorrect. 

According to the Uniform Anatomical Gift Act, a signed 
and witnessed organ donor card is a legally binding indication 
of the decedent’s wishes, but throughout North America and 
most European countries, the family’s consent is routinely 
obtained before organ procurement. Although it is desirable 
that the entire family be in agreement about donating, the legal 
next of kin is required to agree to the donation and grant 
signed permission (Table 34.1). 


Donor Maintenance 

Tissue Perfusion. Most donors are maintained with a mini¬ 
mum of fluids to prevent increased cerebral edema, and, there¬ 
fore, one of the first priorities in donor maintenance should be 
the prompt restoration of intravascular volume. Depending on 
the duration of the donor’s underlying illness, this process may 
require from 3 to 10 L of volume resuscitation. In general, the 
dosage of pressor agents required to support blood pressure 
can be progressively decreased as the central venous pressure is 
raised to 10 to 12 cm H 2 0. Crystalloid may be used, and lac- 
tated Ringer solution is often given because its slightly lower 
sodium concentration counteracts the concentrating effects of 
diabetes insipidus. If the latter condition has resulted in severe 
hypernatremia, the addition of free water may be necessary. 
Colloid and blood should be used to restore and maintain 
osmotic pressure and normovolemia. The hematocrit should 
be kept around 35 volume percent to replace traumatic losses Q 
and to maintain oxygen-carrying capacity. Enough volume 
should be administered to achieve a urine output of at least 
100 mL/h and a systolic arterial pressure of 90 to 120 mm Hg. 
Higher levels of arterial blood pressure are usually unneces¬ 
sary because the loss of sympathetic tone accompanying brain 
death facilitates tissue perfusion at lower pressure. 

If diabetes insipidus is severe, exogenous vasopressin must 
be given. Available in a variety of forms, desmopressin acetate, 
a synthetic analog of 8-arginine vasopressin, appears to have the 
least splanchnic vasoconstrictive effect compared with its anti¬ 
diuretic action. This agent can be given by a variety of routes, 
including intranasally, subcutaneously, or intravenously. The 
usual dosage is 20 fig intranasally or 2 to 4 fig intravenously or 
subcutaneously. 

Oxygenation and Ventilation. Arterial blood gases should 
be checked regularly and appropriate adjustments of the ven¬ 
tilator made to optimize gas exchange and acid-base balance. 
Oxygen supply should be adequate to maintain an arterial 
oxygen saturation of greater than 95% and mixed venous oxy¬ 
gen saturation above 70%. Low levels of positive end-expiratory 
pressure may facilitate achieving a balanced oxygen supply 
and demand. 


Inotropic Support. Most donors are hypovolemic at the 
time of brain death and are receiving inotropic support in lieu 
of volume to support their blood pressure. Dopamine 
hydrochloride is the most commonly used agent. The need for 
dosages above 10 fig/kg/mm usually indicates persistent hypo¬ 
volemia, and the restoration of normovolemia is almost always 
accompanied by a reduction in dopamine requirements. High 
doses of dopamine maintained for long periods before organ 
procurement may be associated with increased rates of acute 
tubular necrosis and hepatic allograft failure. Cardiac procure¬ 
ment is often abandoned if high doses of inotropic support are 
required despite adequate volume status. 

Other inotropic agents, such as isoproterenol, epinephrine, 
norepinephrine, and phenylephrine, are occasionally used, but 
the use of these agents should be discouraged because of their 
peripheral vasoconstrictive effects. Dobutamine is sometimes 
used in conjunction with low doses of dopamine. 

Prevention of Hypothermia. Thermoregulatory homeo¬ 
static mechanisms are destroyed with the occurrence of brain 
death, and the development of severe hypothermia may lead to 
ventricular arrhythmia and cardiac arrest. Warming blankets 
should be used above and below the donor to keep body tem¬ 
perature above 35°C, and exposure for the purposes of exami¬ 
nation or intervention should be kept to a minimum. If mainte¬ 
nance of normal body temperature is problematic, intravenous 
fluids may be prewarmed before administration, and a heated 
humidifier circuit can be added to the ventilator. 


Multiple Organ Procurement 

The Organ Procurement and Transplantation Net¬ 
work and the Coordination of Surgical Teams. When 
brain death has been declared, the person has been identified 
as a suitable organ donor, and permission has been given by 
the next of kin, the logistics of organ procurement must be 
arranged. Since passage of the National Organ Transplanta¬ 
tion Act, a national Organ Procurement and Transplantation 
Network (OPTN) has been organized. The federal contract for 
this important function is held by the United Network for 
Organ Sharing (UNOS). The OPTN is responsible for the fair 
and equitable distribution of deceased donor organs through¬ 
out the United States. The 50 states and U.S. territories and 
possessions are divided into 11 regions (Fig. 34.4). Within 
each region, federally certified local organ procurement orga¬ 
nizations (OPOs) are responsible for maintaining the list of 
potential recipients for their catchment area. All transplant 
candidates within the United States are entered into a com¬ 
puter system, and an allocation system is used to determine the 
appropriate potential recipient for a given donor organ. In 
general, offers are made first to candidates listed with trans¬ 
plant centers in the local OPO service area, then to suitable 
candidates in the region, and finally to any candidate in the 
nation. In each case, priority is ordered by the existing alloca¬ 
tion system designed for that organ. 30 An important exception 
to these general rules relates to renal transplant recipients who 
share six antigens with the donor. These kidneys are automat¬ 
ically shared nationwide even if suitable local recipients are 
available. 

Recipients of the various organs may reside in geographi¬ 
cally distant locations. Because the recipient transplant teams 
must be given considerable detailed information about the 
donor to decide whether to use a particular organ for a par¬ 
ticular recipient, a finite period of time is required to assemble 
the necessary donor retrieval teams. A national computerized 
system (DonorNet) provides all relevant medical informa¬ 
tion simultaneously to multiple prospective accepting pro¬ 
grams. The coordinating OPO contacts accepting teams, 
facilitates logistical arrangements and communications for 
travel to the donor hospital, and makes arrangements for the 
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FIGURE 34.4. The 50 United States are divided into 11 regions of approximately equal populations for purposes of administration of 
organ procurement, distribution, and educational objectives. 


donor operating room to be available at an appropriate time. 
When all teams are on site at the donor hospital, the donor is 
transferred to the operating room for the actual procurement 
procedure. 

Surgical Technique for Multiple Organ Procurement. 

Techniques of multiple organ procurement allow for the 
removal of the heart, lungs, kidneys, liver, intestine, and pan¬ 
creas from a single donor for transplantation into multiple 
recipients. The following discussion details the methods used 
to remove all these organs from a donor. 

The heart-beating donor is brought to the operating room 
from the ICU or emergency department with appropriate 
hemodynamic and electrocardiographic monitoring. Oxygen is 
delivered by hand bagging at 100% inspired concentration. 
Inotropic drug infusions are continued during transport and 
procurement. The anesthesiologist should maintain close com¬ 
munication with the procurement teams to avoid the develop¬ 
ment of cardiac arrhythmia, hypotension, and hypoxemia. The 
procuring surgical teams should each confirm documentation 
of the declaration of death, valid consent for organ donation, 
and ABO blood typing. 

The steps in the procedure can be categorized as follows: 
(a) incision, (b) exploration and inspection, (c) individual 


organ mobilization, (d) in situ perfusion, (e) removal of 
organs, and (f) closure of the incision. Postprocurement pro¬ 
cessing, packaging, and transport to the recipient centers are 
the final steps. 

The entire torso is prepared with an iodine-containing 
solution, and a field is draped from the neck to the pubis. A 
long, midline incision is made from the suprasternal notch to 
the pubis. The sternum is split with an electrical or air-pow¬ 
ered saw if available, although manual methods using a Leb- 
sche knife or Gigli saw work perfectly well. Exposure of the 
abdominal organs may be facilitated by the addition of cruci¬ 
ate incisions (Fig. 34.5). A general exploration is carried out 
to ascertain that no unexpected conditions are present that 
would preclude donation, such as tumor, infection, or specific 
organ damage. In general, a “no-touch” technique is used 
to minimize trauma to the organs during the procurement 
procedure. 

For the so-called rapid technique of organ procurement, 
relatively little in the way of mobilization of individual 
organs is necessary. Preparation for in situ perfusion consists 
of a complete Kocher maneuver, with mobilization of the 
right colon, duodenum, and small bowel in a cephalad direc¬ 
tion to the patient’s left (Fig. 34.6). The aorta is exposed 
from the bifurcation distally to the level of the left renal vein 
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FIGURE 34.5. A complete midline incision from su¬ 
prasternal notch to pubis is made for multiple organ pro¬ 
curement. The sternum is split. If necessary, cruciate 
abdominal incisions are added to facilitate exposure of 
the intra-abdominal organs. 


Inferior vena cava - 

Superior mesenteric 
artery- 

Aorta- 

Gonadal vein- 



FIGURE 34.6. The Kocher maneuver is 
used to mobilize completely the right 
colon and duodenum, exposing the retro- 
peritoneum, including the aorta, from 
the level of the superior mesenteric 
artery to the bifurcation and the inferior 
vena cava from the iliac veins to the edge 
of the liver. 


Inferior mesenteric artery 
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Diaphragm 

Triangular 
ligament (cut) 


Pars flaccida 



Left replaced hepatic artery 
Left gastric artery 
Portal vein 
Splenic artery 

Common hepatic artery 
Common bile duct 


Diaphragmatic 
crura divided 


FIGURE 34.7. A: The left triangular ligament is divided and the left lateral segment of the liver is retracted to 
expose the esophagus and aortic hiatus. B: The pars flaccida of the lesser omentum is widely opened after 
checking for the presence of a replaced left hepatic artery arising from the left gastric artery. C: After division 
of the diaphragmatic crura, the supraceliac aorta is encircled at the level of the diaphragm. 


proximally. The inferior mesenteric artery may be divided. 
Lumbar branches may be ligated and divided at this point. 
The inferior vena cava is similarly exposed. Next, the left tri¬ 
angular ligament of the liver is taken down, exposing the 
crural fibers at the aortic hiatus. The aorta is encircled with a 
tape at the diaphragm (Fig. 34.7A). These maneuvers can be 


accomplished in 10 to 15 minutes and allow in situ perfusion 
through the distal aorta and cross-clamping of the proximal 
aorta to begin immediately in the event that the donor 
becomes hemodynamically unstable or sustains cardiac 
arrest. Warm ischemia is completely prevented by in situ per¬ 
fusion. 
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Left hepatic artery 


Celiac axis 


Left gastric artery 

Splenic artery 
Superior mesenteric artery 


Left gastric artery 


Superior mesenteric artery 


FIGURE 34.8. A: Standard hepatic arterial anatomy, with the artery arising as a single vessel as a branch 
of the celiac axis. B: Aberrant hepatic arterial anatomy, with a replaced right hepatic artery arising from 
the superior mesenteric artery and ascending posterior to the common bile duct and anterolateral to the 
portal vein. C: A replaced left hepatic artery arising from the left gastric artery is usually visible and pal¬ 
pable crossing the pars flaccida of the lesser omentum from the lesser curvature of the stomach. D: A com¬ 
pletely replaced common hepatic artery arising from the superior mesenteric artery. 


Stable donors afford the luxury of further preparation 
before in situ flushing. The inferior mesenteric vein is isolated 
as it enters the retroperitoneum behind the pancreas. This vein 
provides convenient access for in situ portal flushing by means 
of a small catheter. If pancreas and/or intestinal procurement is 
also planned, the portal flush can be done after removal. The 
pars flaccida of the lesser omentum should be inspected for 
evidence of a replaced left hepatic artery arising from the left 
gastric artery, and minimal dissection of the hepatic artery is 
necessary (Fig. 34.7B). The portal triad should be palpated 


carefully for evidence of a replaced right hepatic artery arising 
from the superior mesenteric artery. This vessel, when present, 
can be palpated as it courses toward the liver posterior to the 
common bile duct and along the right side of the portal vein as 
it emerges from its origin off the superior mesenteric artery 
posterior to the pancreas (Fig. 34.8). 

If the pancreas is to be procured, 250 mL of an iodine- 
containing solution, followed by instillation of an antifungal 
agent, is administered via the nasogastric tube into the duo¬ 
denum. After the gastrocolic omentum is divided, the short 
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FIGURE 34.9. A: Division of the gastrocolic 
omentum exposes the pancreas. The short gastric 
vessels are ligated and divided, separating the 
spleen from the stomach. B: After completion of 
gastric devascularization, the duodenum is sta¬ 
pled just beyond the pylorus and the stomach is 
retracted superolaterally to facilitate exposure 
and mobilization of the pancreas. 



Gastrocolic 
omentum divided 


Splenic artery 


gastric vessels are carefully divided between ligatures or 
hemostatic clips. The left and right gastric branches to the 
stomach are then divided. After the nasogastric tube is with¬ 
drawn from the duodenum, a stapling device is applied just 
beyond the pylorus (Fig. 34.9). The spleen is delivered anteri¬ 
orly, dividing its attachments to the body wall and diaphragm. 
Using the spleen as a handle, the retroperitoneal attachments 
of the pancreas are divided from lateral to medial, until the 
superior mesenteric vessels are reached (Fig. 34.10). The distal 
duodenum is divided with a stapler near the Treitz ligament 
just before or after aortic cross-clamping. 

If the intestine is to be procured for an isolated small 
bowel transplant, the only additional dissection required is to 
separate the distal ileum near the ileocecal valve from the 
colon. The small bowel is transected here using a stapling 
device. 31 

The course of the ureters should be identified. The Gerota 
fascia is widely incised to allow topical cooling with iced slush 
solution to supplement the in situ perfusion. Complete mobi¬ 
lization of the kidneys before in situ flushing is unnecessary 
and risks damage to the renal vessels or inadvertent division of 
accessory renal arteries. 

The heart and lungs can be readied for removal by a team 
working simultaneously with the abdominal retrieval team. 
The superior and inferior vena cavae are mobilized, and the 
aortic arch is dissected sufficiently for the placement of a cross¬ 
clamp at the time of infusion of aortic root cardioplegia (Fig. 
34.11). Preliminary mobilization of the lungs is usually per¬ 


formed, and access to the pulmonary artery is necessary for 
pulmonary preservation. 

When all teams are ready, a coordinated sequence of 
events ensures that all organs are simultaneously cooled and 
protected. The donor is systemically heparinized. At this 
point, if in situ portal flushing is desired, a catheter is 
advanced through the inferior mesenteric vein near the pan¬ 
creas into the portal vein (Fig. 34.12A). A cardioplegia needle 
is positioned in the aortic arch (Fig. 34.12B). The distal 
abdominal aorta is cannulated for retrograde in situ perfusion 
of the kidneys, liver, pancreas, and intestine, and an exsan- 
guination cannula is placed in the distal inferior vena cava 
(Fig. 34.12C). Alternatively, the inferior vena caval-right 
atrial junction may be divided in the chest with suction 
catheters placed in the caval lumen and right thoracic cavity 
to decompress the venous circulation at the moment of aortic 
cross-clamping. 

The aortic arch and the abdominal aorta at the diaphragm 
are simultaneously cross-clamped. Cardioplegia solution is 
infused under pressure into the aortic root, perfusing the 
coronary arteries and arresting the heart. Ventilation is 
ceased. Portal and distal aortic perfusion are initiated with 
ice-cold preservation solution. Topical iced slush is placed in 
the abdomen and chest to assist the cooling process. The heart 
and lungs are then removed. The clamp is removed from the 
distal vena caval cannula for exsanguination and to preclude 
venous congestion. The liver and pancreas are removed en 
bloc. The diaphragm surrounding the suprahepatic inferior 
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FIGURE 34.10. The pancreas is reflected 
anteriorly and to the right to the level of 
the superior mesenteric vein near the 
confluence with the splenic vein. The 
aortic origins of the celiac axis and supe¬ 
rior mesenteric arteries are identified. 


vena cava and adjacent to the bare area of the liver is divided. 
The infrahepatic inferior vena cava is divided just cephalad to 
the left renal vein. The liver and pancreas unit is now attached 
only by the distal superior mesenteric vessels coursing to the 
small bowel and by the aortic origins of the superior mesen¬ 
teric artery and celiac axis. The superior mesenteric artery 


and vein emerging from the uncinate process are ligated and 
divided, and a cylinder of aorta is removed encompassing the 
superior mesenteric artery and celiac axis. The distal superior 
mesenteric artery and vein provide blood supply to the small 
intestinal graft, which is removed next. The liver and pan¬ 
creas are separated as a bench procedure, retaining the celiac 



Superior vena cava 


Aorta mobilized 


FIGURE 34.11. Preparation of the heart for cardioplegia. Mini¬ 
mal dissection is necessary. The venae cavae are encircled, and 
the aorta is separated from the pulmonary artery. 
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C 



Right renal vein 



FIGURE 34.12. In situ perfusion set-up. A: A cannula is placed into the portal vein through the inferior mesenteric vein for portal venous 
perfusion. B: A needle is placed in the aortic root for perfusion of the coronary arteries with cardioplegia solution. C: A cannula is placed 
in the distal aorta for retrograde perfusion with cold preservation solution. Another cannula is placed in the distal vena cava for venous 
decompression and exsanguination. 


axis with the liver (Fig. 34.13). The splenic artery is divided 
at its origin. This vessel and the superior mesenteric artery 
are reconstructed with a bifurcated donor iliac artery graft. 
The portal vein is divided about 1 cm from the pancreas. 
The common bile duct is divided at the superior edge of the 
pancreas. 

The kidneys are also removed en bloc. The ureters are given 
wide berth to avoid devascularization and are divided near 
their entrance into the bladder. Dissection is carried out poste¬ 
rior to the aorta and vena cava in the plane of the prevertebral 
fascia. Once removed, the left renal vein is divided flush with 
the vena cava (Fig. 34.14). The aorta is opened in the midline 
to identify the orifices of the renal arteries from within the 
lumen. In this way, multiple renal arteries can be readily iden¬ 
tified and kept on a single aortic Carrel patch. Once the 
abdominal and thoracic organs have been removed, a sam¬ 
pling of lymph nodes and spleen is taken for tissue typing and 
cross match testing. The chest and abdomen are closed, and 
standard postmortem care is given. 


Donation after Cardiac Death 

The profound shortage of organs has led to efforts aimed at 
utilizing organs from patients who die as a result of cardiac 
standstill rather than brain death. This process is referred to as 


donation after cardiac death (DCD). Individuals who are 
declared dead in the emergency department without cardiac 
function are not generally used as donors because the hemody¬ 
namic situation is uncontrolled. In contrast, patients who have 
severe brain injury but who do not meet brain death criteria 
can be considered as controlled DCD donors. In this setting, a 
decision to withdraw further life support measures has 
already been made by the family and the treating team of 
physicians. DCD, especially of kidneys and increasingly of 
livers, has become one of the fastest-growing sources of 
donor organs. 32 Once the decision to withdraw support has 
been made, organ donation can be considered. The Institute 
of Medicine has studied the issues surrounding the utilization 
of DCD donors and recommends that “the recovery of 
organs from non-heartbeating donors is an important med¬ 
ically effective and ethically acceptable approach to reducing 
the gap that exists now and will continue to exist in the 
future between the demand for and available supply for 
transplantation. ” 33 

Following informed consent, perfusion and exsanguination 
cannulae are placed in the femoral artery and vein, respec¬ 
tively. The patient is then extubated and must expire, usually 
within 60 minutes, in order for the donation to proceed. This 
agonal period may be accompanied by marked hypotension 
and desaturation, and typically results in some degree of 
warm ischemic injury. The Institute of Medicine recommends 





























Chapter 34: Organ Preservation 


529 



FIGURE 34.13. The liver and pancreas are removed en bloc. Separation of the two organs is accomplished as a bench procedure. The 
celiac axis is retained with the liver, dividing the splenic artery just beyond its origin. The gastroduodenal artery is ligated and divided. 
The portal vein is divided approximately 1 cm from the superior edge of the pancreas, and the common bile duct is divided just superior 
to its entrance into the pancreas. 


waiting an additional 5 minutes after cessation of effective car¬ 
diac function and pronouncement of death before proceeding 
with organ procurement. 

At this point, the organs are rapidly cooled by infusing cold 
preservation fluid via the previously placed cannula. Simulta¬ 
neously, the abdomen and chest are opened and a standard 
organ procurement procedure is carried out. Growing experi¬ 
ence demonstrates that outcomes of kidneys transplanted from 
DCD donors are comparable with those from brain-dead 
donors, with the exception of a higher incidence of delayed 
graft function. 34 However, DCD livers have been noted to 
develop ischemic-type biliary strictures, and significantly 
worse outcomes from livers from DCD versus brain-dead 
donors have been reported. 35 


Current Preservation Techniques and Results 

Kidneys, Liver, and Pancreas. For many years, the primary 
solution used for cold storage preservation of the kidneys 
was Euro-Collins solution (Table 34.2). This formulation 
provides a hyperosmolar environment with intracellular elec¬ 
trolyte composition that is intended to reduce cellular 
swelling. In combination with hypothermia, kidneys can be 
safely stored in this solution for 36 to 48 hours before trans¬ 
plantation. 

In the 1980s, the advent of new immunosuppressive agents, 
such as cyclosporine, meant that for the first time extrarenal 
organs could be transplanted with good success rates, and the 



Right kidney 


Right renal vein 


Right renal artery 
(upper pole) 

Right renal artery 
(lower pole) 


FIGURE 34.14. The kidneys are removed en bloc and separated on the back bench. Safe division is ensured by viewing the kidneys pos¬ 
teriorly. The aorta is divided between the paired lumbar arteries, and renal arterial orifices can be viewed directly from within the aortic 
lumen. This avoids any hilar dissection with the accompanying risk of injury to renal arteries. The left renal vein is divided at its entrance 
to the inferior vena cava, leaving the entire vena cava with the shorter right renal vein. 
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TABLE 34.2 


COMPOSITION OF HYPOTHERMIC ORGAN 
PRESERVATION SOLUTIONS 



need for more effective preservation became apparent. Cold 
ischemia limitations of about 8 hours for the liver and pan¬ 
creas meant that donor and recipient teams had to be exquis¬ 
itely coordinated; complex recipient operations requiring a 
multitude of ancillary support services had to be organized in 
the middle of the night; and all personnel involved in the pro¬ 
cedure, including the surgeons, were starting the operation in 
a fatigued condition. 

A solution was developed that transformed the practice of 
hepatic and pancreatic transplantation. This solution includes 
lactobionate, raffmose, hydroxyethyl starch, and a host of 
other ingredients designed to provide high-energy phosphate 
precursors, hydrogen ion buffering capacity, and antioxidant 
properties. It is unclear how many of these components are 
truly necessary. Lactobionate, an impermeant anion to pre¬ 
vent cellular swelling, is used in place of the glucose that is 
contained in Euro-Collins solution; raffinose, a naturally 
occurring trisaccharide of fructose, glucose, and galactose, 
which is found in abundance in sugar beets, provides addi¬ 
tional osmotic activity; and hydroxyethyl starch is a colloid 
intended to prevent an increase in the extracellular space. The 
University of Wisconsin (UW) solution is used to preserve 
most organs in the United States. Livers and pancreata can be 
stored for up to 24 hours, and isolated clinical cases with total 
cold ischemia times in excess of 30 hours have been 
reported. 36,37 However, although livers will function in terms 
of hepatocellular metabolism, evidence is accumulating that 
cold ischemia times of greater than 12 hours may be associ¬ 
ated with a higher incidence of biliary strictures. The propor¬ 


tion of liver transplants with cold ischemia time above 10 
hours has decreased steadily over the period from 1997 to 
2006 from 23% to 11%. 13 

It is not clear whether UW cold storage solution has any sig¬ 
nificant advantages over Euro-Collins solution for the preserva¬ 
tion of kidneys. In a large, randomized, multicenter European 
trial, patient and graft survival rates were similar among recipi¬ 
ents of the two solutions, but the incidence of delayed graft func¬ 
tion requiring dialysis was reduced by about one third in the UW 
group. The results of other ongoing trials are needed before a 
definitive statement can be made about the relative merits of the 
two solutions in renal preservation. This point may be moot, 
however, because the majority of deceased donors are used for 
the procurement of extrarenal organs as well as kidneys, so UW 
solution is generally used for all of the abdominal organs. 

A newer preservative solution, histidine-tryptophan- 
ketoglutarate (HTK) solution, has been reported to have 
advantages over UW solution in terms of reduced viscosity. 38 
However, recent analyses of outcomes after deceased donor 
kidney and liver transplants have suggested inferior results 
using this preservation solution. 39,40 

There has been a resurgence of interest in pulsatile machine 
preservation for donor kidneys. Many studies have attempted 
to discern whether this technique results in superior preserva¬ 
tion characteristics. However, there is a large practice pattern 
effect, and treatment indication bias has confounded most 
studies to date. Recently, however, a European prospective 
randomized trial has shown significantly better results using 
machine preservation. 41 However, because of the added expense 
and logistical requirements for machine preservation, further 
studies are needed to identify which donor kidneys are best 
suited to this technique. 

Heart and Lungs. Cardiac preservation has changed rela¬ 
tively little in recent years. Crystalloid cardioplegia solution is 
used at 4°C, and 4 hours is the generally accepted limit of cold 
ischemia. For this reason, donor and recipient operations must 
be finely coordinated. Recently, machine perfusion preserva¬ 
tion has been explored as an alternative to simple cold storage, 
but this modality is still considered experimental. 

A comprehensive review of pulmonary preservation has 
recently been published. 42 Hypothermia is used along with 
intracellular-type solutions such as Euro-Collins or UW solu¬ 
tion. Pulmonary inflation is also important. The optimal vas¬ 
cular perfusate for the lungs remains unknown, however, and 
results with pulmonary transplantation are still limited by defi¬ 
ciencies in the quality and duration of preservation. 

Small Bowel. Transplantation of small bowel segments with 
or without concomitant liver transplant is being performed 
more commonly as a definitive treatment for short-gut syn¬ 
drome. Preservation of the bowel is generally performed with 
UW solution or HTK solution. 43 Since most small bowel pro¬ 
curements are from donors that have multiple transplantable 
organs, standard in situ intra-aortic preservation techniques 
are used. The current limit of cold ischemia time for small 
bowel is approximately 12 hours. 44 
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CHAPTER 35 ■ RENAL TRANSPLANTATION 

CHRIS FREISE AND PETER STOCK 


KEY POINTS 


^The major barriers to successful renal transplantation 
include ABO compatibility and the HLA system. 

Q Before a renal transplant is undertaken, histocompatibility 
of the donor and recipient are determined. 

Q Methods to expand the donor pool of kidneys include the 
use of donation after cardiac death and expanded criteria 
donors. 

Q The etiology of kidney disease resulting in end-stage failure, 
and the necessity for transplantation is led by glomeru¬ 
lonephritis, diabetes, and hypertension. 


Q Surgical complications of kidney transplantation include 
vascular, urologic, lymphocele, and wound problems. 

^The kidney transplant is heterotopically placed in the 
extraperitoneal iliac fossa. 

Q Hyperacute rejection is humor ally mediated by preformed 
anti-HLA antibodies. Hyperacute rejection occurs within 
minutes to hours following reperfusion of the kidney. 

Q Acute cell-mediated rejection most typically occurs 
between 1 week and 3 months following transplantation. 

Q Chronic rejection leads to loss of graft function over the 
course of months to several years. 
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Renal transplantation has evolved to become the preferred 
therapeutic modality for patients with end-stage renal failure. 
Improved patient survival and quality of life as compared with 
dialysis has been established, with cost effectiveness achieved 
after a minimum of 18 months of allograft function. The 
importance of minimizing time on dialysis, compounded by 
the exponential growth of patients on the wait list, has led to 
several strategies to increase the number of deceased and living 
donor organs in an effort to decrease waiting time and mortal¬ 
ity on the wait list. These new strategies have been the focus of 
clinical research in kidney transplantation and will be dis¬ 
cussed in this chapter. Other important topics that will be 
reviewed include immunologic considerations specific to kid¬ 
ney transplantation; preoperative assessment of kidney allo¬ 
graft recipients; the standard surgical approach in kidney 
transplantation and advances in laparoscopic technology for 
the donor; current strategies in immunosuppression; manage¬ 
ment of the technical and immunosuppressive complications; 
and future trends. 


IMMUNOLOGY OF RENAL 
TRANSPLANTATION 


The immunologic response to allografted tissue is well defined 
and under the influence of both T-cell- and B-cell-derived 
reactions. The cells and cytokines responsible for rejection 
vary with time posttransplant (hyperacute, acute, and chronic 
rejection) and have a differential response to currently avail¬ 
able immunosuppressive agents. 

Q The major barriers to successful renal transplantation 
include ABO compatibility and the human leukocyte antigen 
(HLA) system. In general, renal transplantation is done between 
ABO-compatible donor and recipients using the same guidelines 
as for blood transfusion. However, because of the shortage of 
donors, cadaver kidneys are nearly always used in recipients of 
identical blood type. Recently, ABO-incompatible living-donor 
transplants have been performed on an experimental basis sec¬ 
ondary to excessive wait times for ABO-compatible deceased- 
donor transplants. 1,2 

The HLA system is made up of well-defined antigens pres¬ 
ent on most cell types that are genetically determined for each 
patient and are termed the major histocompatibility complex. 
These genes reside on chromosome 6 and are distributed in a 
Mendelian fashion to offspring. The HLA system includes sev¬ 
eral loci, but the most commonly characterized are the HLA- 
A, HLA-B, and HLA-D regions. Given that each human has 
two alleles for each locus, there are six potential HLA antigens 
of clinical significance. These are characterized using tissue 
typing techniques and can be used to determine the degree of 
matching between a donor and potential recipient, i.e., one- 
antigen match to six-antigen match. Improved results of graft 
survival are seen when the degree of matching reaches the six- 
antigen level, and long-term results may be better with match¬ 
ing to a lesser degree. 

Class I antigens include the HLA antigens A, B, and C, 
whereas class II antigens include the D and DR loci. Class I 
antigens act as targets for cytotoxic T lymphocytes, and class II 
antigens are important for antigen presentation. Class II anti¬ 
gens are also responsible for triggering lymphocyte prolifera¬ 
tion in the mixed lymphocyte culture system. 

Before a renal transplant is undertaken, histocompatibility 
of the donor and recipient are determined. Standard testing 
consists of two procedures. Donors and recipients first undergo 
tissue typing, which involves characterization of their respec¬ 
tive HLA type. Recipient serum is tested against a panel of anti¬ 
gens that contain the known HLA types, to identify anti-HLA 
antibodies. The sensitivity for detecting anti-HLA antibodies 
continues to improve, and newer technology uses single antigen 
beads to detect antibodies against a specific HLA antigen. The 
amount of reactivity that a potential recipient has against a 


panel of HLA antigens is indicative of the degree of sensitiza¬ 
tion. Based on the number of anti-HLA antibodies detected, a 
calculated percent reactive antibodies (cPRA) can be estimated. 
A cPRA of 70% would suggest that the potential recipient 
would have anti-HLA antibodies against 70% of the potential 
donor pool. Sensitization to HLA antigens occurs as a result of 
previous exposure to foreign HLA antigen either from preg¬ 
nancy, previous blood transfusion, or a previous organ trans¬ 
plant. A patient who is highly sensitized is more difficult to 
transplant because of the greater likelihood of having antibod¬ 
ies to a potential donor. 

The second test performed prior to transplantation is com¬ 
monly known as the final cross-match. Several recipient serum 
samples collected at different times are mixed with donor 
lymphocytes in a culture system. This assay will detect pre¬ 
formed cytotoxic antibodies that would result in a hyperacute 
rejection if the transplantation were performed (see Rejection, 
later). A more sensitive method of detecting these antibodies 
uses a fluorescent activated cell scanner and is commonly used 
when evaluating potential recipients who are highly sensitized 
or receiving second transplants. In the near future, many trans¬ 
plant centers will be adopting a “virtual cross-match” based 
on the detection of anti-HLA antibodies present in a given 
recipient. The most sensitive technology will be used to detect 
the presence of anti-HLA antibodies in a given recipient. Based 
on these antibodies, each recipient will have a list of unaccept¬ 
able donor antigens. Compatability with each donor will be 
determined in the absence of the final cross-match by eliminat¬ 
ing a potential donor based on the presence of unacceptable 
antigens. This strategy facilitates an expedited transplant and 
minimization of cold ischemia times, as it avoids the addi¬ 
tional time and expense associated with the final cross-match. 
Widespread acceptance of the virtual cross-match will require 
further confirmation that all donor antigens are sufficiently 
identified using the single antigen bead technology. 


THE DONOR POOL: 
LIVING DONORS, DECEASED 
DONORS, DONATION AFTER 
CARDIAC DEATH 


There is marked improvement in graft survival for both living 
and deceased donors when a transplant can be completed 
before the initiation of dialysis. 3 The significantly better out¬ 
comes achieved with preemptive transplantation and mini¬ 
mization of dialysis times have given rise to several strategies 
to increase the number of available kidneys. 


Living Donors 

The first long-term success in renal transplantation over 
50 years ago involved a live donor transplant between twin 
brothers. The number of living donors has increased signifi¬ 
cantly in the last few years, in part as a result of the increased 
use of the laparoscopic technique for donor nephrectomies. 
For the first time, in 2001 the number of living donors 
exceeded the number of deceased donors, although deceased 
donor transplants still represent the majority of kidney trans¬ 
plants done today. 4 This trend toward increased live donation 
may also be the result of the excessive waiting times for 
deceased donor transplants, now more than 7 years for blood 
type O and B recipients in many parts of the United States. 
Despite initial concerns about the safety and efficacy of the 
laparoscopic technique for the donor procedure, morbidity 
and mortality rates (0.03%) remain low and comparable with 
those of the open technique. 5,6 

The evaluation of a potential living kidney donor begins 
with a brief overall assessment of physical condition because 
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potential donors must be in good health with normal kidney 
function. Diabetes, hypertension, and cardiovascular disease 
generally rule out a potential donor. ABO is also determined 
before further workup, because ABO incompatibility has been 
a relative contraindication to donation. A cross-match test is 
usually performed at this time to ensure donor and recipient 
immunologic compatibility. After this initial screen, a careful 
medical and psychosocial screen takes place to confirm donor 
suitability. Following a normal physical examination, further 
studies should include chest radiography, electrocardiogram, 
urinalysis, and blood work. During this phase, any conditions 
that could predispose to later renal insufficiency need to be 
ruled out. For example, donors from families with a history of 
type II diabetes are at a significant risk for the development of 
diabetes, and glucose tolerance testing is justified as part of the 
screening process. A history of renal stones warrants stone 
analysis to assess likelihood for recurrent stones. Any inherited 
disorders of kidney disease must also be ruled out, particularly 
in potential living-related donors when the recipient has poly¬ 
cystic kidney disease. 

The psychosocial history is directed at assessing the moti¬ 
vation of the donor, and to ensure that there are adequate 
resources for the donor to proceed with the surgery and recov¬ 
ery. Many centers require a relationship between the donor 
and intended recipient, although it is becoming increasingly 
common to have general members of the public show interest 
in being evaluated as a donor, with no particular recipient 
identified. These nondirected donors require the same careful 
scrutiny as any living donor, and the psychosocial evaluation is 
especially important. The motivation for donation should be 
clear and not be connected in any way to financial gain. It is 
also the duty of the physician evaluating the potential donor to 
review the current statistics on morbidity and mortality, and 
the potential donor should be provided with the opportunity 
to speak to the transplantation team privately to address issues 
of reluctance or coercion. To allow for an unbiased assessment 
of the donor, it is now required that an independent donor 
advocate be part of the evaluation team, and by definition this 
person should have no role in the care of an intended recipient. 

The final testing of a potential donor involves anatomic 
definition of the two kidneys and is typically done with either 
a computed tomography angiogram or MR angiogram, both 
of which avoid the needle stick and catheters associated with a 
conventional angiogram. The results of these studies are used 
to detect any anatomic abnormalities that would exclude a 
donor and to decide which kidney will be removed. In general, 
the left kidney is favored for transplant because it has a longer 
renal vein. 


Several strategies are currently being considered to increase 
the frequency of living donation. Potential donors with well-con¬ 
trolled hypertension on a single antihypertensive agent are being 
considered, although this remains controversial. Controversy also 
exists regarding the potential reimbursement for living donors, 
specifically providing financial compensation regarding lost wages 
during the donation. Consideration is also being given to provid¬ 
ing health insurance to living donors for complications related to 
the donor procedure. The extent of the reimbursement provided 
to living donors continues to be debated by medical ethicists and 
transplant professionals. Finally, a national exchange system is 
currently being designed that matches living donors who were 
incompatible with their intended recipient with other recipients 
with incompatible living donors. Such exchange systems have 
already been successful on a regional level, and extending this to 
a national system will permit many more successful exchanges 
and further expand the living donor pool. 


Deceased Donors 


Procurement of kidneys from brain-dead deceased donors has 
not increased at the same pace as the rapid growth of the 
national wait list (Fig. 35.1). Although most deceased donors 
are brain dead, there has been an increased use of kidneys 
from donors who do not meet the strict definitions of brain 
death but have cardiopulmonary support withdrawn because 
of a severe brain injury or high spinal cord injury, with little 
hope of living without the use of ongoing mechanical ventila¬ 
tion and/or the possibility of existing in a persistent vegetative 
state. Organs are recovered after withdrawal of support, once 
the heart stops beating, hence the terminology of donors by 
cardiac death or DCD donors. Usually support is withdrawn 
in a controlled setting so that the time of warm ischemia and 
poor organ perfusion can be minimized. Minimizing the time 
from cessation of the heart to perfusion of organs with 
preservation fluid requires an experienced procurement team, 
and the successful use of these organs is dependent on rapid 
procurement. Although the use of livers from DCD donors 
appears to be associated with a higher incidence of biliary tract 
complications following transplantation, kidneys procured 
from DCD donors are proving to be an important source of 
donor kidneys. 7 Several studies from the United States and 
Japan have demonstrated comparable graft success between 
kidneys procured from DCD donors and brain-dead donors. 
The percentage of DCD donors in the United States has pro¬ 
gressively increased over the last decade and presently repre¬ 
sents about 10% of deceased donors. 




FIGURE 35.1. The growth in the number of patients awaiting transplant (A) has exceeded the relatively stagnant rate of deceased donor kidney 
transplants leading to progressively increasing waiting times over the last decade. Living donors have had a slight increase, which may be in 
part due to the introduction of the laparoscopic donation procedure. There has been an increase in the proportion of recipients aged 50 years 
and older on both the wait list and receiving transplants (B). (Adapted from Wolfe RA, Merion RM, Roys EC, et al. Trends in organ donation 
and transplantation in the United States, 1998-2007. Am J Transplant 2009;9:869-878, with permission.) 
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Placement of deceased donor kidneys is guided by a series of 
complex allocation rules established by the United Network for 
Organ Sharing (UNOS). Unfortunately, the number of people 
being added to waiting lists continues to be significantly greater 
than the number of people being removed following transplan¬ 
tation. As a result, waiting times in many parts of the country 
for blood type O kidneys are exceeding 7 years, and are getting 
longer each year. To accommodate the increasing size of the 
waiting lists, the UNOS kidney committee is in the process of 
establishing a new algorithm for the allocation of deceased 
donor kidneys. The current system is driven principally by wait¬ 
ing time, with a much smaller component driven by HLA-DR 
matching. A newer system is being developed that will address 
the changing demographics of both the patients on the waiting 
lists and deceased donors, most notably the increasing age of 
both donors and recipients. At the same time, a new allocation 
system must balance the conflicting goals of all the stakeholders 
involved in transplant process, while striking the best balance 
between justice and utility. As a result of the conflicting goals of 
all the stakeholders involved in kidney transplantation, the 
development of a new allocation system continues to be a hot 
topic of debate within UNOS and the transplant community. 8 


Further Strategies for Increasing the 
Number of Donor Kidneys 

Many of the unique approaches for increasing the number of 
potential donors have come from Japan, where cultural beliefs 
have limited the number of available deceased donor trans¬ 
plants. Several groups have reported successful kidney trans¬ 
plantation across ABO blood group barriers, using aggressive 
pretransplant immunosuppression, plasmapheresis to decrease 
anti-ABO titers, and in some cases splenectomy. 1,2 This strategy 
has been implemented with increasing frequency in the United 
States as a result of the marked increases in the waiting times 
for blood group O and B recipients. 9 

An important strategy currently being implemented in the 
United States as well as internationally involves the use of intra¬ 
venous gammaglobulin to facilitate transplantation across a 
known positive anti-HLA cross-match. This protocol could 
potentially impact the increasing number of sensitized patients 
on waiting lists with little hope of finding a compatible donor. 10 

Further strategies have recently been implemented to expand 
the availability of kidneys procured from deceased donors. In 
addition to the use of kidneys from DCD donors described ear¬ 
lier, another strategy recently implemented by UNOS involves 
expedited placement of kidneys from donors that are less than 
optimal. These kidneys are designated as expanded criteria 
donors (ECD) and are expected to have decreased graft survival 
compared with kidneys procured from the standard pool of 
deceased donor kidneys, designated as standard criteria donors. 
The classification of an expanded criteria donor kidney is based 
on the presence of older donor age, higher donor creatinine at 
the time of organ procurement, cerebrovascular accident as the 
cause of brain death, and a history of hypertension in the donor. 
The kidneys that fall into the category of expanded criteria 
donor kidneys are generally allocated to older recipients to 
decrease their time on the wait list and to improve their overall 
chance of survival. Expedited placement of these kidneys and 
rapid transplantation to decrease cold-ischemia time minimizes 
the potential for delayed graft function and increases the use of 
organs that otherwise would be discarded. 11,12 


THE TRANSPLANT PROCEDURE 


Recipient Preoperative Assessment 

Q The etiologies of kidney disease resulting in end-stage failure and 
the necessity for transplantation are led by glomerulonephritis, 


TABLE 35.1 ETIOLOGY 


ETIOLOGY OF RENAL DISEASE AS INDICATIONS FOR RENAL 
TRANSPLANTATION, RANKED IN ORDER OF PREVALENCE 

Diabetes mellitus (types I and II) 

Hypertension 
Polycystic kidney disease 
IgA nephropathy 
Chronic glomerulonephritis 
Focal sclerosis 
Systemic lupus 

Membranous glomerulonephritis 
Pyelonephritis 

Focal segmental glomerulosclerosis 
Congenital obstructive uropathy 
Nephritis 
Alport syndrome 
Hypoplasia, dysplasia 
Wegener granulomatosis 
Postinfectious glomerulonephritis 
Obstructive uropathy 
Hemolytic uremia 

Membranoproliferative glomerulonephritis 

Goodpasture syndrome 

Membranous nephropathy 

Analgesic nephropathy 

Prune belly syndrome 

Medullary cystic disease 

Henoch-Schonlein purpura 

Nephronophthisis 

Scleroderma 

Sickle cell anemia 

Amyloidosis 

Oxalosis 

Adapted from Cecka JM. The OPTN/UNOS Renal Transplant Registry. 

In Cecka JM, Terasaki PI, eds. Clinical Transplants 2003. Los Angeles: 
UCLA Immunogenetics Center; 2004:1-12, with permission. 


diabetes, and hypertension (Table 35.1). 13 Because of the high 
incidence of cardiovascular disease associated with many of 
these conditions, most notably diabetes, a careful assessment of 
the cardiovascular status of the potential recipient is critical. For 
patients at risk, this assessment should include at a minimum an 
echocardiogram and an exercise or pharmacologic stress test as 
a screen for reversible ischemia requiring cardiac catheterization. 
Controversy remains with regard to the accuracy of noninvasive 
studies in terms of identifying significant disease of the coronary 
arteries, particularly in diabetic patients. Nonetheless, for most 
centers this remains the standard screening strategy, and 
updated studies should be obtained within 1 year of the trans¬ 
plant procedure. If either coronary artery bypass or stenting has 
taken place in preparation for renal transplantation, follow-up 
angiograms and/or stress tests should be repeated within 1 year 
of the actual transplant. 

Although the evaluation of potential recipients is focused 
on the assessment of cardiovascular status, further studies 
must exclude malignancies and infections that would con¬ 
traindicate transplantation and immunosuppression. Potential 
kidney recipients who are infected with hepatitis C should be 
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evaluated by a hepatologist to determine the risks of immuno¬ 
suppression causing progression to end-stage liver disease. 
Potential kidney recipients with evidence of advanced liver 
disease should be evaluated for a combined liver and kidney 
transplant. For patients with less advanced liver disease, con¬ 
sideration could be given to interferon therapy before pro¬ 
ceeding with kidney transplantation to provide the opportunity 
for viral clearance. Kidney transplantation was previously 
contraindicated in people with HIV infection secondary to 
concerns of exacerbating an already immunologically compro¬ 
mised state. Recent advances in antiretroviral therapy and the 
ability to provide effective prophylaxis against opportunistic 
infections has prompted several centers to perform transplan¬ 
tation in people with end-stage renal disease and HIV infec¬ 
tion. Early results suggest that progression of HIV to AIDS has 
not been seen following transplantation and immunosuppres¬ 
sion, with early allograft success rates comparable to those in 
non-HIV-positive recipients. 14 Potential patients with a previ¬ 
ous history of tuberculosis or conversion to purified protein 
derivative positivity should be evaluated for active disease. 

Colonoscopy, mammography, and Pap smear should be 
performed as dictated by age-specific standard guidelines. For 
most malignancies, with the exception of nonmelanoma skin 
cancers and early-stage renal cancers, a disease-free interval of 
5 years is recommended before kidney transplantation. 

For patients with congenital abnormalities as the cause of 
renal failure, a complete workup of the genitourinary systems 
is necessary, including urodynamics and voiding cystourethro- 
grams. These studies are particularly important in children 
with end-stage disease resulting from posterior urethral valves, 
to ensure that the bladder will serve as an adequate conduit for 
the kidney transplant. For patients with severe reflux disease 
and chronic pyelonephritis, native nephroureterectomy may 
be required to prevent posttransplant infection secondary to 
chronic reflux into the native ureters. For patients with inade¬ 
quate bladder capacity and function, pretransplant reconstruc¬ 
tive procedures such as ileal augmentation or ileal conduits 
may be required. 

For patients with suspected clotting disorders based on a 
previous history of thromboembolic events (frequent clotting 
problems with dialysis access) or diseases associated with an 
increased frequency of clotting disorders (i.e., lupus), a hema¬ 
tologic workup is necessary to determine the necessity for anti¬ 
coagulation at the time of the transplant. This workup should 
include a determination of serum levels of protein C, protein S, 
anticardiolipin antibody, factor V Leiden, antithrombin III 
levels, and the G20210 A prothrombin gene mutation. 


Living Donor Nephrectomy: 

Open and Laparoscopic 

A living kidney donor operation is a unique surgical procedure 
for two reasons. First, the donor has no medical reason to be 
in the operating room, and the process is driven only by his or 
her willingness to help another person with the gift of dona¬ 
tion. Second, the removed tissue must be in perfect condition 
because it will be reimplanted into the recipient. These two 
features, therefore, necessitate that the donor operation is 
done safely and done well. The original donor operation was 
done through a generous flank incision, allowing for good 
exposure and careful dissection of the renal vessels. Unfortu¬ 
nately, this flank approach generally left a large incision, with 
its accompanying morbidity, pain, and sometimes adverse cos¬ 
metic result. The development of the laparoscopic procedure 
to remove kidneys has revolutionized the field, although its ini¬ 
tial introduction was met with trepidation because of concerns 
over donor safety. With the explosive growth and dissemina¬ 
tion of this procedure, it has now become the standard for 
donor nephrectomy. 


The procedure is most commonly done through a transperi- 
toneal approach, although some surgeons prefer to remain 
retroperitoneal. Once the operative space is expanded with 
carbon dioxide gas and the scope is inserted, two to three addi¬ 
tional ports are placed to allow for the passage of instruments 
to dissect the kidney (Fig. 35.2). Some centers also favor the 
use of a gastight “hand-port,” which allows placement of the 
surgeon’s hand in the operative space to assist in exposure and 
to have available if sudden bleeding is encountered. Once the 
kidney vessels are transected and the vessel stumps are con¬ 
trolled by laparoscopic staples, the kidney can be removed 
through a 2- to 3-inch incision, which can be placed in a posi¬ 
tion that leaves minimal scarring and avoids cutting muscle tis¬ 
sue. Most commonly this is via a Pfannenstiel incision, and 
recently the use of natural orifice approaches (NOTES) has 
been described. Donors who undergo the laparoscopic proce¬ 
dure typically have reduced pain medicine requirements, have 
a slightly shorter hospital stay, and are able to return to their 
usual activities sooner. 5,6 

The safety of this relatively new procedure has been estab¬ 
lished, in addition to the demonstration that kidneys recovered 
through a laparoscopic approach function as well as kidneys 
removed in an open operation. It is important that there seems 
to have been an increased interest in live donation, coincident 
with the introduction of the laparoscopic procedure, suggest¬ 
ing that this procedure has removed some of the disincentives 
of the donation process. 


Recipient Operative Procedure 

Q The kidney transplant is heterotopically placed in the extraperi- 
toneal iliac fossa. Although this is a less technically demanding 
procedure than either liver or pancreas transplants, attention to 
detail is imperative to optimize immediate graft function and 
avoid technical complications resulting in loss of the kidney 
transplant. 

The operation is initiated by exposure of the iliac fossa 
through a curvilinear incision and can be done on either the 
right or left side. The incision extends from 1 cm above the 
symphysis pubis to approximately 2 cm lateral to the anterior 
iliac spine (Fig. 35.3). The fascia is divided along the lateral 
border of the rectus sheath, and the contents of the peritoneal 
cavity are reflected cephalad and medially, exposing the iliac 
vessels in the retroperitoneum. Lymphatics overlying the iliac 
vessels are ligated and divided to prevent the development of 
lymphoceles. In males, the spermatic cord is secured with a 
vessel loop and can be retracted away from the operative field. 
In females, the round ligament is suture ligated and divided. 
The inferior epigastric artery and vein are typically divided to 
prevent potential compression of the transplanted ureter. 
Placement of a mechanical retractor should avoid compression 
of the iliac artery and vein as well as the femoral nerve to pre¬ 
vent neurapraxias. 

The living or deceased donor kidney is inspected for the 
presence of multiple vessels, duplication of the urinary collect¬ 
ing system, and parenchymal abnormalities. The artery and 
vein are dissected from surrounding structures to provide the 
necessary length for transplantation. In the case of multiple 
arteries, a decision must be made as to whether to perform ex 
vivo reconstruction to achieve a single implantable conduit 
versus implanting the vessels separately. This decision is in 
part dependent on the quality of the recipient vessels and an 
assessment as to whether the anastomosis of multiple vessels 
directly into the recipient would require an unacceptable 
period of warm ischemia to the kidney. In general, in an adult 
the anastomosis of the renal artery and vein are performed in 
an end-to-side fashion to the external iliac vessels, although 
occasionally the presence of atherosclerotic disease requires 
transplantation to the common iliac vessels. In children who 
weigh less than 20 kg, or for third transplants in adults, an 
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12 mm port 
for stapler 



intraperitoneal approach is used and the vascular anastomoses 
are frequently performed to the aorta and inferior vena cava. 
For kidneys from deceased donors, a Carrel patch of aorta is 
used to prevent stenosis and to provide a common patch for 
multiple arteries. Warm ischemia time should be minimized to 
prevent delayed graft function. Ensuring adequate intravascu¬ 
lar volume and stable hemodynamics at the time of reperfu¬ 
sion is extremely important to achieve optimal function of the 
transplant. 



FIGURE 35.2. A: The laparoscopic donor procedure is performed 
with the donor in a lateral position, typically using three to four ports, 
with extraction of the kidney through a 6- to 8-cm incision. B: Preop¬ 
erative computed tomography angiogram revealing the arterial and 
venous anatomy. C: Intraoperative photograph of laparoscopic view of 
right kidney just prior to transection of the renal vein. The artery has 
already been divided. 


The reimplantation of the ureter is most frequently per¬ 
formed through an extravesicular technique. Following posi¬ 
tioning of the revascularized kidney in the iliac fossa and 
assurance of hemostasis, the ureter is shortened to permit a 
tension-free anastomosis with adequate blood supply to the 
distal ureter. In men, the ureter is placed under the spermatic 
cord to prevent ureteral obstruction. The bladder is distended 
with an antibiotic solution to identify a suitable area for 
ureteral implantation on the dome of the bladder, and a 



FIGURE 35.3. A: Curvilinear iliac fossa incision used for the kidney transplant recipient procedure. B: Vascular anastomoses completed 
between the recipient external iliac artery and vein and donor renal artery and vein. Insets: ureteral anastomosis performed using the external 
ureteroneocystostomy technique. 
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cystotomy is made at this site. An anastomosis between the 
mucosa of the bladder and transplanted ureter is constructed 
using an absorbable suture to prevent stone formation. A sec¬ 
ond layer of the bladder musculature is closed over the distal 
portion of the ureter to prevent reflux during micturition. 

There are alternative techniques to reimplant the ureter, 
including the Politano-Leadbetter transvesical ureteroneocys- 
tostomy. This technique involves tunneling the ureter through 
the bladder wall from the inside of the bladder. This technique is 
still preferred by some surgeons who believe the long-term pre¬ 
vention of reflux is superior with the transvesicular approach. 
However, this technique requires a second cystotomy, and post¬ 
transplant hematuria is more common than with the extravesic- 
ular technique. A third technique for ureteral implantation in 
recipients with normal native ureters is uretero-ureterostomy 
over a double-J stent. In general, this technique is reserved as a 
salvage procedure for reimplantation of transplanted ureters 
with distal strictures secondary to ischemia. It can also be used as 
a primary technique if there are questions regarding the blood 
supply to the distal ureter at the time of transplant. This tech¬ 
nique is preferred if the donor ureter was damaged or inadver¬ 
tently stripped of its blood supply at the time of procurement but 
is dependent on the availability of normal native ureters to serve 
as an adequate conduit. 


COMPLICATIONS 


Early Graft Dysfunction 

Most kidneys begin to function right after implantation, espe¬ 
cially in the case of a living donor. When the initial function 


results in only a slow drop in serum creatinine, the diagnosis 
of slow graft function is made. When dialysis is needed in the 
first week because of poor function, the diagnosis of delayed 
graft function is made. Delayed graft function typically occurs 
in 15% to 30% of deceased donor transplants. The diagnosis 
of slow graft function or delayed graft function is important to 
establish because other problems, such as rejection, vascular 
occlusion, or ureteral obstruction, can also result in low urine 
output and need for dialysis. These other causes must be elim¬ 
inated before the diagnosis of slow graft function or delayed 
graft function can be made. 

In the immediate postoperative period, careful attention to 
fluid status is critical. In cases of immediate graft function, fluid 
orders should include replacement for urine output as well as a 
maintenance fluid rate. This approach ensures that the patient 
does not become volume depleted and compromise perfusion 
to the new kidney. In cases of delayed graft function, fluid should 
be restricted and dialysis instituted when electrolyte imbalance 
or fluid overload are evident. 

A decrease in urine output in the early postoperative period 
requires immediate diagnostic and therapeutic intervention. A 
stepwise approach to diagnosing the etiology of oliguria is 
shown in Algorithm 35.1. Once mechanical obstruction of the 
indwelling Foley catheter has been excluded by irrigation, the 
volume status of the patient should be assessed, preferably with 
a central venous pressure line or pulmonary artery catheter. 
Fluid replacement to restore intravascular volume should be 
initiated in the volume-depleted patient. 

Radiologic evaluation using various imaging techniques is 
required if urine output remains low in the face of adequate 
volume status. Ultrasonography is most helpful to diagnose 
ureteral obstruction caused by technical complications at the 
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ALGORITHM 35.1 


ALGORITHM 35.1. Stepwise approach to the management of decreased low urine output posttransplant. 
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anastomosis or fluid collections that may be obstructing the 
ureter by extrinsic compression. With the addition of duplex 
and color Doppler imaging, blood flow to the kidney can be 
evaluated and technical problems with the vessels can be 
assessed. Nuclear medicine techniques are also valuable for 
assessing renal function. Technetium 99m diethylenetriamine 
pentaacetic acid (DTPA) and iodine-131 iodohippurate (Hip- 
puran) are the two major radionuclides used in the evaluation 
of renal allograft function. DTPA renal scans evaluate the vas¬ 
cular flow pattern of the kidney as well as the gross anatomy 
of the ureter and bladder. Scans are performed over 30 min¬ 
utes, with uptake of contrast within 6 seconds indicating ade¬ 
quate flow to the graft. Peak activity in the parenchyma should 
be reached within 2 minutes, followed by a gradual decline in 
radioactivity in the renal parenchyma and an increase in 
radioactivity in the urinary collecting system and bladder. 
Iodine-131 iodohippurate scans are more sensitive in evaluating 
renal function. Peak activity is also reached in 2 to 4 minutes, 
with gradual decline over the next 30 minutes. In rejection, 
acute tubular necrosis and drug toxicity as well as poor uptake 
and poor excretion are the typical findings with a nuclear med¬ 
icine scan. 

If these imaging techniques do not indicate an explanation 
for the poor urine output, the diagnosis of delayed graft func¬ 
tion is made. Immunosuppression can then be adjusted to mini¬ 
mize or avoid the calcineurin inhibitors, which can prolong the 
recovery from delayed graft function, and also to initiate anti¬ 
body therapy to protect the kidney from rejection. The combi¬ 
nation of delayed graft function and early rejection is clearly 
associated with worse outcome in the long term, and an early 
biopsy of the kidney that is functioning poorly is helpful to diag¬ 
nose rejection and guide therapy. 


Technical Complications 

Q Most surgical complications are experienced in the immediate 
postoperative period. The two main types of complications 
can be classified as vascular and urologic. 

Renal artery thrombosis is a rare complication occurring in 
about 1% of transplants. The risk of this complication is 
higher with size mismatch of donor renal artery and recipient 
internal iliac artery when an end-to-end anastomosis is per¬ 
formed, in kidneys with multiple renal arteries, in kidneys 
traumatized because of rough handling, and in the presence of 
an unidentified renal artery intimal flap. Sudden loss of uri¬ 
nary output, not the result of an obstructed Foley catheter or 
inadequate vascular volume, should necessitate a workup with 
duplex Doppler ultrasound. Loss of signal is indicative of no 
flow to the kidney. Alternatively, a nuclear medicine renal scan 
is informative, with lack of isotope uptake by the kidney indi¬ 
cating no blood flow. Prompt return to the operating room for 
correction of a technical problem is imperative, but often the 
diagnosis is not made quickly enough to salvage the kidney. 

Renal artery stenosis occurs in up to 15% of transplanted 
kidneys. Difficult-to-control hypertension should suggest the 
possibility of stenosis. Diagnosis with renal duplex ultrasound 
followed by arteriography to better define the anatomy and 
degree of stenosis should be done before operative repair or 
angioplasty. Initial success rates for both methods are similar 
(75%—80%), but the restenosis rate following angioplasty is 
not well defined. Anastomotic strictures respond less well to 
angioplasty and probably should be repaired by operative 
intervention. 

Aneurysms that occur in the renal artery are either pseudoa¬ 
neurysms at the anastomotic site or mycotic aneurysms sec¬ 
ondary to bacterial or fungal infection. A rapidly expanding, 
tender pulsatile mass in the region of the kidney suggests a 
mycotic aneurysm. Arteriography is confirmatory for diagno¬ 
sis. Treatment consists of appropriate antibiotics and removal 
of the transplanted kidney. 


* 
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FIGURE 35.4. Percutaneous nephrostogram revealing a urine leak 
from the ureterovesical anastomosis. 


Venous complications are less frequent, with thrombosis 
occurring in 1% to 4% of transplants. Causative factors include 
intimal damage during retrieval, kinking at the iliac vein anas¬ 
tomosis, or pressure secondary to a lymphocele, urinoma, or 
hematoma. Occasionally, severe rejection can result in venous 
occlusion. Heparin infusion for incomplete occlusion and trans¬ 
plant nephrectomy for complete occlusion are the indicated 
therapies. Occasionally, graft salvage is possible if the diagnosis 
is made before progression of clot into the kidney itself. The 
classic sign of new hematuria may be an early hint of a renal 
vein problem and should lead to an ultrasound. 

Urologic complications include ureteral obstruction, urinary 
fistula, or bladder leak. These complications all present with 
decreased urine output and a rise in serum creatinine. With a 
urine leak, pain in the region of the transplant may be severe. 
Mechanical obstruction of the Foley catheter must first be elim¬ 
inated. Ureteral obstruction occurs in 1% to 9% of transplants, 
and diagnosis can be made with ultrasonography demonstrat¬ 
ing hydronephrosis. A leak is usually diagnosed with a nuclear 
medicine renal scan. Further definition of a leak or stricture can 
be obtained via an antegrade pyelogram (Fig. 35.4). Early 
obstruction of the transplant ureter at the site of the bladder 
anastomosis may respond to internal stenting. Late strictures 
usually require reoperation, and urine and blood polymerase 
chain reaction for the polyoma virus should be done in that 
circumstance, because polyoma viral infection can lead to 
ureteral stricture. The surgical correction of a ureteral stricture 
may require reimplantation of the ureter into the bladder, the 
creation of a Boari flap, or the use of the recipient’s native 
ureter for a ureteroureterostomy (Fig. 35.5). 


IMMUNOSUPPRESSION, 
REJECTION, AND 
IMMUNOSUPPRESSIVE 
COMPLICATIONS 


Immunosuppression 

Major advances in the ability to block immune-mediated 
destruction of the kidney have taken place in the past few 
years, resulting in a significant decrease in the incidence of 
acute rejection and improvement in long-term allograft 
survival rates. 13 This advance is the result of numerous 
agents that have been added during the past decade to the 
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Flap 


FIGURE 35.5. A: Reconstruction of 
a stenotic donor ureter, showing 
resection of the stenotic segment and 
mobilization of the bladder. B to D: A 
Boari flap is constructed from a tabu- 
larized segment of bladder wall and 
anastomosed end-to-end to the prox¬ 
imal donor ureter. 



immunosuppressive armamentarium of prednisone, azathio- 
prine, and cyclosporine A. These agents include tacrolimus, 
mycophenolate mofetil, sirolimus, anti-interleukin-2 receptor 
blockers, antithymocyte globulin (a polyclonal anti-T-cell 
agent), rituximab (an anti-CD20 monoclonal agent), and most 
recently costimulatory blockade with CTLA4-Ig. The addition 
of various newer drugs targeting different pathways in the 
alloimmune cascade has permitted the development of regi¬ 
mens that are less dependent on the calcineurin inhibitors or 
prednisone. 15 

Newer strategies in the immunosuppressive pipeline are 
targeted to block: costimulatory pathways; signaling pathways 
that activate T cells and T-cell proliferation; and trafficking 
and recruitment of immune cells. The most promising biologic 
agents targeted to block the costimulatory pathways include a 
second-generation CTLA4Ig (LEA29Y), a humanized anti- 
CDll-a (anti-LFAl), and a humanized anti-B7.1/B7.2. 
Promising agents designed to block T-cell activation and pro¬ 
liferation are the inhibitors of the Janus protein tyrosine kinase 
(JAK3) and the leflunomide analog FK778. Finally, drugs to 
block the trafficking and recruitment of immune cells are 
antagonists against the chemokine receptors CCR1, CXCR3, 
and CCR5. The chemokine antagonists have been effective in 
experimental transplantation and will likely be transitioned to 
clinical trials in the near future. 16 


Rejection 

Q Hyperacute rejection is extremely rare and is Immorally medi- 
ated by preformed anti-HFA antibodies. Hyperacute rejection 
occurs within minutes to hours following reperfusion of the 
kidney, whereas classic cell-mediated rejection typically does 
not occur until 1 to 2 weeks after the transplant. In hyperacute 
rejection, the anti-HFA antigens bind to the vascular endothe¬ 
lium of the kidney transplant, resulting in activation of the 
complement cascade and rapid graft thrombosis. The kidney 
appears blue-black with poor tissue turgor despite adequate 
blood flow. The characteristic histologic appearance includes 
the triad of polymorphonuclear leukocytes in the glomerular 
capillary loops, fibrin deposition, and platelet thrombi. The 
kidney cannot be salvaged, and a transplant nephrectomy is 
necessary. The presence of anti-HFA antibodies should be 
detected in the pretransplant cross-match, and with the sensi¬ 
tivity of current immunologic assays, hyperacute rejection is 
usually a result of technical or clerical errors in the cross-match 
procedure. A more common and less intense form of humoral 
rejection occurring within a few days of transplantation is a 
result of reactivation of memory B cells following reexposure 
to alloantigen. The histologic findings are defined by positive 
C4d staining on vascular endothelium, although lymphocytic 
infiltrates consistent with classic cell-mediated rejection can be 
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present. Treatment of this aggressive rejection can include 
plasmapheresis, the anti B-cell agent rituximab (anti-CD20 
monoclonal antibody), and polyclonal antilymphocyte prepa¬ 
rations (antithymocyte globulin). 

Classic acute cell-mediated rejection typically occurs 
between 1 week and 3 months following transplantation. Most 
patients with rejection episodes present with decreasing urine 
volumes and increases in serum creatinine values. Low-grade 
fever and allograft tenderness may be present, but significant 
physical symptoms frequently are absent. Immediate workup 
of increasing serum creatinine should be initiated, beginning 
with an ultrasound to rule out ureteral obstruction or techni¬ 
cal vascular complications as the cause of the deteriorating 
function. Similarly, toxicity from calcineurin inhibitors needs 
to be determined by checking drug levels. A percutaneous kid¬ 
ney biopsy is performed to confirm rejection. The severity of 
the rejection episode is based on the presence of lymphocytes 
in renal tubules (tubulitis) and vascular endothelium (vasculi¬ 
tis). Mild rejection is generally treated with pulse cortico¬ 
steroids and maximizing the maintenance immunosuppression 
to ensure therapeutic levels of calcineurin inhibitors. More 
severe rejection with both tubulitis and vasculitis, as well as 
steroid-resistant rejection, is treated with antilymphocyte anti¬ 
body preparations, most frequently muromonab-CD3 (a mon¬ 
oclonal agent directed against the CD3 receptor) or rabbit 
polyclonal antilymphocyte preparations. If the rejection 
episode occurred while the patients had therapeutic drug levels, 
maintenance therapy is frequently altered following the anti¬ 
body therapy. For example, if maintenance therapy consisted of 
cyclosporine A, the calcineurin inhibitor could be switched to 
tacrolimus. Other potential strategies include the addition of 
sirolimus to the immunosuppressive regimen, particularly for 
cases where there is evidence of calcineurin inhibitor toxicity 
on biopsy. 

Each rejection episode takes a toll on long-term function of 
the kidney transplant. Even well-controlled acute rejection 
episodes initiate a cascade of events leading to interstitial fibro¬ 
sis and proliferative changes affecting the vascular endothe- 
Q lium. These histologic and progressive degenerative changes 
are classified as chronic rejection or chronic allograft 
nephropathy. These changes lead to loss of graft function over 
the course of months to several years. Current strategies mini¬ 
mizing calcineurin inhibitor nephrotoxicity are being used to 
prolong function in kidneys with these chronic changes and 
involve the addition of sirolimus to replace the calcineurin 
inhibitors. It remains unclear whether the marked decrease in 
acute rejection episodes, from greater than 50% to less than 
20% observed in the past 5 years, will translate to better long¬ 
term function of transplants. Nonetheless, it is evident that 
immunosuppression strategies minimizing prednisone and cal¬ 
cineurin inhibitors are providing safer and more effective 
immunosuppression for kidney transplant recipients while 
decreasing long-term toxicities associated with immunosup¬ 
pression. 


Immunosuppressive Complications 

It would be naive to assume that the intensification of 
immunosuppressive regimens resulting in decreased acute and 
chronic rejection rates can be accomplished without sequelae. 
Infections and malignancy remain significant complications 
associated with long-term immunosuppression and are the dri¬ 
ving force for drug-minimization strategies. Early infections 
during the perioperative period are commonly iatrogenic and 
involve bladder infections or intravenous catheter use. Higher 
doses of immunosuppressive drugs used in the early postoper¬ 
ative period predispose patients to these infections and empha¬ 
size the importance of maintaining sterility during Foley 
catheter placement and insertion of intravenous catheters. 
Pneumonia related to mechanical ventilation and poor postop¬ 


erative inspiratory effort can occur in the early postoperative 
period, and early incentive spirometry should be encouraged 
to decrease the potential for this infection. Wound infections 
are relatively uncommon, although diabetes and obesity are 
both associated with a much higher incidence of wound com¬ 
plications. Weight reduction to achieve a body mass index of 
less than 35 is strongly recommended to facilitate the opera¬ 
tive procedure and minimize the risks of wound complica¬ 
tions, particularly in the recipient with diabetes mellitus. 

Cytomegalovirus (CMV), a herpesvirus, remains a prob¬ 
lematic infection in the immunosuppressed patient and can 
become symptomatic 1 to 2 months following the transplant. 
CMV-seronegative patients who receive a kidney from a 
CMV-seropositive donor are at the highest risk for infection, 
although prophylaxis with acyclovir or ganciclovir is generally 
provided for all recipients for a period of 3 to 6 months fol¬ 
lowing the transplant. Despite prophylaxis, activation of 
CMV can occur, accompanied by fever, malaise, pneumonia, 
gastrointestinal distress, or dysfunction of the kidney trans¬ 
plant. The effective treatment of blood- or tissue-invasive 
CMV has been one of the major advances in the management 
of kidney transplant patients within the past decade. What 
was a life-threatening disease in the early era of solid organ 
transplantation can today be effectively managed with oral 
antibiotics. 

Prophylaxis against Candida albicans with fluconazole and 
Pneumocystis carinii with trimethoprim-sulfamethoxazole is 
also part of most management strategies posttransplant. Other 
potentially life-threatening opportunistic organisms that can 
affect the chronically immunosuppressed transplant recipient 
include Aspergillus, Cryptococcus, Listeria, Nocardia, and 
Mycobacterium. 

More potent immunosuppression regimens used in the cur¬ 
rent era have been associated with the emergence of polyoma 
or BK virus, a previously rare infection that may cause graft 
loss in up to 5% of infected patients. Reduction in immuno¬ 
suppression is necessary to prevent progression of viral tubuli- 
tis. There has been some experience with the use of lefluno- 
mide, ironically an immunosuppressive agent, but with an 
active metabolite, A77 1726, that has substantial antiviral 
activity in vitro and in animals. Another potential medication, 
cidofovir, is a nucleotide analogue that inhibits viral DNA 
polymerase but unfortunately is also nephrotoxic, and its in 
vivo efficacy has not been proved. Probably the best method to 
prevent graft loss due to polyoma is the use of monitoring of 
urine and serum levels of BK virus, with lowering of immuno¬ 
suppression when early evidence of polyoma is detected. 

Patients with a previous history of active tuberculosis or 
conversion to purified protein derivative (PPD) positivity 
should receive appropriate prophylaxis for 6 months to 1 year 
following the transplant procedure. 

More potent immunosuppression regimens will also have 
an impact on the development of neoplasms following trans¬ 
plantation. 17 Skin cancers are the most common malignancy 
following transplantation, with more than 90% being squa¬ 
mous or basal cell cancers. The incidence of skin cancers is 
staggering, with 50% or more of white recipients ultimately 
developing lesions. The immunosuppressed patient also has a 
higher incidence of nodal spread, and educating the patient 
about the importance of avoiding direct sun exposure is essen¬ 
tial. Other malignancies that have a particularly high incidence 
in transplant recipients include non-Hodgkin lymphomas and 
carcinomas of the anogenital areas. The etiology of anogenital 
carcinoma is related to the presence of human papilloma virus. 

Posttransplant lymphoproliferative disease is the second 
most common form of malignancy in transplant recipients and 
is associated with Epstein-Barr virus. These lymphoprolifera¬ 
tive syndromes present as a spectrum of pathology, extending 
from polyclonal lymphoproliferation to monoclonal B-cell 
lymphomas. Polyclonal disease has been managed by decreas¬ 
ing or withdrawing immunosuppression, whereas progression 
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FIGURE 35.6. Comparison of graft survival and graft half-life (t 1/2 ) in 
1992 and 2002 for different donor types (age >60 years in 1992 
group, age >50 years with hypertension, elevated creatinine, or donor 
death from cerebrovascular accident in 2002 group). There has been 
an improvement in survival for all donor types, with the best long¬ 
term results with living donor kidneys. ECD, extended criteria donor; 
LD, living donor; SCD, standard deceased donor. 


to monoclonal lymphomas has required chemotherapy. CD20- 
positive lymphomas have been successfully managed with rit- 
uximab, an anti-CD20 antibody, with no significant side 
effects. 


CURRENT RESULTS AND 
FUTURE TRENDS 


Over the past three decades, progressive improvement has been 
made in patient and graft survival, independent of donor 
source. This progression is best shown in Figure 35.6 for the 
period of time spanning 1992 to 2002. Overall graft survival, 
as well as the half-life of the graft, improved incrementally for 
live donor transplants, standard deceased donor transplants, 
and even deceased donor transplants using suboptimal or 
extended criteria donors. 13 This change is related to improved 
organ preservation, perfected operative technique, and most 
important, improved immunosuppressive agents. Current 1- 
year actuarial graft survival rates for living and deceased donor 
transplants are 94.8% and 88.9%, respectively. 18 These 
remarkable 1-year results continue to be overshadowed by the 
specter of late graft loss due to chronic rejection. This problem 
remains unsolved in renal transplantation, and future improve¬ 
ment in long-term survival will be achieved only when the 
mechanisms of this process are understood. 

The exponential growth in waiting lists compounded by the 
ongoing critical shortage of organs will continue to stimulate 
creative means of increasing both the living and deceased 
donor pools. Expansion in the number and types of immuno¬ 


suppressive agents has resulted in marked decreases in the inci¬ 
dence of acute rejection, which it is hoped will translate to 
prolongation in the long-term function of kidney transplants. 
Newer strategies in immunosuppressive regimens that mini¬ 
mize nephrotoxic cyclosporine and tacrolimus by adding non- 
nephrotoxic agents will also benefit the long-term function of 
transplanted kidneys. The effect of ischemia-reperfusion injury 
on both early and late graft function, as well as its impact on 
the development of chronic rejection and transplant glomeru¬ 
lopathy, is an area of active research, and potential therapeutic 
interventions to minimize this injury are being evaluated. The 
induction of tolerance to foreign antigen remains the “holy 
grail” of transplantation. A paucity of tolerizing regimens 
have been applied clinically, although the use of donor bone 
marrow or stem cells will likely have a future role in achieving 
the elusive goal of transplantation tolerance. 
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CHAPTER 36 HEPATIC TRANSPLANTATION 


THEODORE H. WELLING AND SHAWN J. PELLETIER 


KEY POINTS 


Q The main indication for liver transplantation is end-stage 
liver disease, defined as the clinical scenario in which a 
pathologic process or multiple processes have resulted in a 
damaged liver that has minimal function and no potential 
for recovery. 

^The Organ Procurement and Transplantation Network 
uses the Model of End-stage Liver Disease (MELD) score 
as a method of prioritizing liver transplant recipients. The 
MELD score is an integer value based on three objective 
laboratory studies: creatinine, bilirubin, and the interna¬ 
tional normalized ratio. 

Q The degree of preoperative debilitation and the complexity 
of the operative procedure make complications following 
hepatic transplantation very common. 

Q Approximately 2% to 10% of transplanted livers func¬ 
tion so poorly in the immediate postoperative period 


that death is likely in the absence of retransplantation, a 
condition referred to as primary nonfunction of the alio- 
graft. 

Q Liver transplant recipients require less immune suppression 
than patients with other types of allografts, such as heart, 
lung, and kidney recipients. 

Q Typical acute rejection in liver transplant recipients is usu¬ 
ally cell mediated. 

Chronic rejection is characterized by relentless immune 
attack on small bile ducts. Histologically, small bile ducts 
are obliterated or completely absent, termed vanishing bile 
duct syndrome. 

Q The patient survival rate following liver transplantation in 
the United States at 1 year is more than 85% for adults and 
nearly 90% for children. 


Liver transplantation has evolved over the past four decades to 
be the standard treatment for patients with a variety of acute and 
chronic liver diseases. The first successful liver transplant was 
performed on a moribund child with a hepatoma by Dr. Thomas 
Starzl at the University of Colorado in 1967. 1 This child lived 
more than a year before succumbing to recurrent tumor. Over 
the next 12 years, liver transplants continued to be performed at 
a modest rate. Despite 1-year survival rates of less than 50%, it 
was clear that some patients benefited from the procedure. 

In 1979, cyclosporine was introduced into clinical organ 
transplantation by Sir Roy Caine. 2 Almost immediately, 1-year 
patient survival rates jumped to over 70%. As a result, liver 
transplantation programs began to appear worldwide. Today 
more than 10,000 liver transplants are performed annually in 
the United States, and survival rates exceed 85% at 1 year and 
70% at 5 years, primarily varying on liver disease indication. 3,4 

The clinical expanse of liver transplantation is now primar¬ 
ily limited by the availability of suitable donor organs. Every 
year more patients are listed for liver transplantation than 
receive transplants. In the future it is likely that this problem 
will worsen because of the large number of individuals with 
chronic hepatitis C infection, a significant portion of whom 
will eventually develop cirrhosis and hepatocellular carcinoma 
(HCC), and the expanding numbers of patients with either 
HCC or nonalcoholic steatohepatitis (NASH). 5 Attention con¬ 
tinues to be focused on methods to increase the available sup¬ 
ply of livers for transplantation. Notable efforts to improve 
the supply of available organs include the work by the Depart¬ 
ment of Health and Human Services, which recently took up 
the cause of organ donation vigorously. This effort, termed the 
Organ Donation Breakthrough Collaborative, 6 focused on 
improving the success rate of organ donation efforts at the 
hospitals that have most potential organ donors nationwide. 
The Centers for Medicare and Medicaid Services also joined 
the effort by declaring specific Conditions of Participation for 
all hospitals that treat Medicare patients in the United States. 7 
This effort focused on encouraging methods of approaching 
donor families that have been shown to be optimally effective. 
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Many other methods to increase the number of donor livers 
are currently being practiced. These methods include the uti¬ 
lization of older liver donors and steatotic donor livers, the 
development of techniques to allow a single liver graft to be 
split into two grafts, and the utilization of liver grafts from 
donors that die of cardiac death (DCD). Recently, many cen¬ 
ters have continued the development of safe surgical tech¬ 
niques that allow healthy, living volunteers to donate a seg¬ 
ment of their liver to a recipient in need of a liver transplant. 8,9 


GENERAL INDICATIONS FOR 
HEPATIC TRANSPLANTATION 


The most common indication for liver transplantation is end- 
stage liver disease. The term end stage refers to the clinical sce¬ 
nario in which a pathologic process or multiple processes have 
resulted in a damaged liver that has minimal function and no 
potential for recovery. The diagnosis of end-stage liver disease 
is made primarily on the basis of clinical findings. Additional 
information about the etiology of the liver disease and thus its 
natural history can often be obtained by supplementary inves¬ 
tigations including serologic studies and histologic examina¬ 
tion of a liver biopsy specimen. It is important that potential 
liver transplant recipients are evaluated by a specialist with 
expertise in end-stage liver disease, because many other dis¬ 
eases may present similar clinical pictures. 

The severity of liver disease in an individual is highly vari¬ 
able, from mild cirrhosis and no symptoms to severe decom¬ 
pensation resulting in deterioration of mental status and frank 
renal failure. The rate of progression of liver disease from a 
functional state to invalidism to death is variable and may be 
rapid or may take several years. The challenge facing liver 
transplant professionals is to identify patients who will ben¬ 
efit from transplantation. Hepatic transplantation may 
result in wonderful and dramatic results, but at the same 
time it is always a high-risk procedure. In situations in 
which patients enjoy full performance status, and are only 
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TABLE 36.1 M I /ill I I In l 


FORMULAS TO CALCULATE MELD AND PELD SCORES URGENT LISTING CRITERIA FOR LIVER TRANSPLANTATION 


MELD score = 0.957 X Log e (Creatinine [mg/dL]) + 0.378 
X Log e (Total bilirubin [mg/mL]) + 1.120 
X Log e (INR) + 0.643 

PELD score = 0.436 (Age younger than 1 year = 1, Older = 
0) — 0.687 X Loge (Albumin [g/dL]) + 0.480 
X Loge (Total bilirubin [mg/mL]) + 1.857 
X Loge (INR) + 0.667 (Growth failure = 1) 


INR, international normalized ratio; MELD, Model of End-stage 
Liver Disease; PELD, Pediatric End-stage Liver Disease. 


minimally symptomatic, transplantation is an inappropriate 
therapeutic measure. A liver transplant is a major surgical pro¬ 
cedure on a profoundly ill individual with unavoidable risk that 
also requires chronic, lifelong immunosuppression. Despite 
advances in immunosuppressive medications developed over 
the past four decades, immunosuppression remains a treatment 
that induces a state of vulnerability in the recipient by virtue of the 
fact that the recipient’s natural resistance to infection and malig¬ 
nancy is compromised. It is thus critical that patients be care¬ 
fully selected as to who will benefit from the procedure. 

How is it possible to properly select patients and properly 
time transplantation so that the benefit of transplantation is 
Q assured? In 2002, the Organ Procurement and Transplantation 
Network began using the Model of End-stage Liver Disease 
(MELD) 10 score as a method of prioritizing liver transplant 
recipients. The MELD score is an integer value based on three 
objective laboratory studies: creatinine, bilirubin, and the 
international normalized ratio (INR) (Table 36.1). This has 
been adapted to pediatric patients as well (Pediatric End-stage 
Liver Disease [PELD]) utilizing the variables in MELD along 
with albumin instead of creatinine and including age as well as 
the presence of growth failure (Table 36.1). Analysis done by 
the Scientific Registry of Transplant Recipients (SRTR) has 
shown that patients with MELD scores of less than 15 have a 
mortality rate on the waiting list that is less than the mortality 
of the transplant procedure in the same population. 11 This sug¬ 
gests that patients with a MELD score of less than 15 do not 
receive an absolute survival benefit from transplantation, 
whereas patients with higher MELD scores have the potential 
to receive a survival benefit with liver transplantation. In other 
words, there is no evidence that patients who are too ill from 
liver disease to benefit from liver transplantation are being 
transplanted, but patients who have stable, mild liver disease 
should not receive a transplant until their disease has pro¬ 
gressed to a more severe state. 

Surprisingly, MELD more accurately predicts mortality 
than clinical factors that were previously thought to be omi¬ 
nous signs of reduced (6 months or less) survival. Such factors, 
including the presence of ascites, hepatic encephalopathy, 
spontaneous bacterial peritonitis, and variceal hemorrhage, do 
not add to the predictive value of MELD. 10 This finding may 
be related to the difficult nature of accurately quantifying clin¬ 
ical variables in registry databases or to the fact that MELD is 
such an accurate way of measuring functional hepatic capacity 
that no additional clinical variables are more relevant. 

As will be discussed later, the transplant community has 
agreed upon certain exceptions to the MELD score for patients 
with chronic liver disease. It is generally supported that 
patients with diseases such as HCC, hepatopulmonary syndrome 
(HPS), primary oxaluria, and familial amyloidosis benefit 
from additional MELD points by regional review boards. 
Other diseases or complications such as portal vein thrombo¬ 
sis or portal pulmonary hypertension (PPHTN) remain less 
clear and are handled on a case-by-case basis. 12 


Status 1A Fulminant hepatic failure (encephalopathy 
within 8 wk of liver disease and ICU status 
with ventilator dependence, renal replacement 
therapy, INR >2.0, or acute Wilson disease) 

Hepatic artery thrombosis of liver transplant 
(AST >3,000 U/mL and INR >2.5 or acidosis 
within 7 d) 

Primary nonfunction of liver transplant (AST 
>3,000 U/mL and INR >2.5 or acidosis 
within 7 d) 

Anhepatic state (graft removal for any reason) 

Status IB Age <18, chronic liver disease in ICU with 
MELD/PELD >25 plus one of following: 
ventilator dependence, GI bleeding, renal 
replacement therapy, Glasgow Coma 
Score <10 


AST, aspartate aminotransferase; GI, gastrointestinal; ICU, intensive 
care unit; INR, international normalized ratio; MELD, Model of End- 
stage Liver Disease; PELD, Pediatric End-stage Liver Disease. 


The improved ability to predict mortality for patients with 
liver failure allowed the development of national allocation 
policies that direct livers to those patients who will benefit. 
Importantly, the implementation of the MELD system of allo¬ 
cation for livers from deceased donors has been associated 
with a decrease in the death rate on the waiting list. 13 Further 
refinements of our understanding will undoubtedly occur as 
improved long-term follow-up data on waiting list mortality 
become available and as quality-of-life considerations are 
added to the analysis. 

These considerations apply to the chronic forms of liver fail¬ 
ure, but not to the important emergency decisions about trans¬ 
plantation that must be made when a patient presents with ful¬ 
minant hepatic failure (FHF), which is defined as the 
progression from good health to liver failure with hepatic 
encephalopathy within 8 weeks. Without transplantation, the 
mortality rate for fulminant hepatic failure is approximately 
75%. 14 Death often occurs rapidly once patients progress to 
stage II (confusion), stage III (stuporous), or stage IV (unre¬ 
sponsive) hepatic encephalopathy. In these cases, the decision 
to perform transplantation is based on clinical grounds. Cur¬ 
rent liver transplant allocation policy allows for the rapid 
transplantation of patients with fulminant hepatic failure. 
These patients can be listed as status 1A (Table 36.2), which 
gives them higher priority for available livers than patients with 
chronic liver disease who are prioritized based on MELD score. 


Contraindications to Liver Transplantation 

The number of absolute contraindications to hepatic trans¬ 
plantation has steadily decreased during the past several years 
as experience with the procedure has increased. Many clinical 
situations once considered to be absolute contraindications for 
transplantation are now either no longer considered to be 
contraindications or to be only relative contraindications. 
A thrombosed portal vein is no longer a contraindication to 
transplantation because techniques have been devised to effec¬ 
tively deal with this condition (see later). 15 The presence of 
juvenile-onset diabetes mellitus formerly precluded transplan¬ 
tation. In current practice, this is not usually the case, depend¬ 
ing on the patient’s physiologic status at the time of evalua¬ 
tion. Similarly, advanced age causes concern, but in most 
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centers the physiologic state of the patient is a more important 
consideration than the chronologic age. 

The inability to withstand the operative procedure, usually 
for cardiovascular or pulmonary reasons, is considered to be a 
contraindication to liver transplantation. Specific examples 
include patients with depressed ejection fraction secondary to 
ischemic cardiomyopathy, significant pulmonary hyperten¬ 
sion, and significant chronic obstructive pulmonary disease. 
Cardiac disease that is not amenable to percutaneous therapy 
poses a particular problem because these patients are fre¬ 
quently unable to withstand a corrective cardiac procedure 
because of their severe liver disease. In highly selected patients 
it may be possible to perform combined heart and liver trans¬ 
plantation or combined lung and liver transplantation. 

Recent intracranial hemorrhage is almost always a con¬ 
traindication because during the liver transplant procedure, 
coagulopathy is often present along with significant alterations 
in arterial blood pressure. The risk of a catastrophic exacerba¬ 
tion of intracranial bleeding during a transplant is therefore 
high in this setting. However, the meaning of “recent” is not 
defined in either the transplant or the neurosurgical literature. 
Profound, irreversible neurologic impairment is also consid¬ 
ered to be a contraindication, but mild mental retardation is 
not necessarily problematic as long as a social support net¬ 
work exists to ensure compliance with posttransplant regi¬ 
mens. Active substance abuse remains a contraindication, as is 
the lack of the necessary social support network. 

Human immunodeficiency virus (HIV) infection, long con¬ 
sidered a contraindication, is no longer an absolute exclusion 
due to the development of highly effective antiretroviral thera¬ 
pies. 16,17 Active sepsis or untreated infection and active extra- 
hepatic malignancy continue to be contraindications. 

Although renal insufficiency increases the risk of liver 
transplantation, it is not a contraindication. Patients who have 
hepatorenal syndrome (HRS) frequently experience recovery 
of renal function following liver transplantation. However, 
patients who have longstanding hepatorenal failure and patients 
with known renal parenchymal disease requiring renal replace¬ 
ment therapy are often best served by combined liver/kidney 
transplantation. 


DISEASE-SPECIFIC INDICATIONS 
AND OUTCOMES 


While the MELD score assessment plays a critical role in eval¬ 
uating and listing patients who might benefit from liver trans¬ 
plantation, patients who develop liver disease-specific compli¬ 
cations, regardless of MELD, are also appropriate to consider 
for liver transplantation. Some of these complications along with 
other liver-specific metabolic diseases are listed in Table 36.3. 
Hepatitis C is the most common disease for which liver 
transplantation is currently performed in the United States 
(33%) (Fig. 36.1). Alcoholic liver disease, NASH, and 
cholestatic liver diseases are the next most common ranging 
from 10% to 14% of cases. However, this trend is believed to 
be changing with a greater proportion of liver transplants 
being performed for NASH (Fig. 36.2). 5 Outcomes following 
liver transplantation are best for pediatric patients with biliary 
atresia, while patients with cholestatic liver diseases experience 
the best survival among adults (Fig. 36.3). Patients with 
hepatitis C or HCC experience worse survival secondary to 
disease recurrence. Disease-specific indications, outcomes, and 
considerations will be discussed in the following sections. 


TABLE 36.3 


LIVER DISEASE COMPLICATIONS AND LIVER-SPECIFIC 
METABOLIC DISEASES 

Complications: 

Ascites 

Encephalopathy 

Refractory variceal hemorrhage or portal gastropathy 
Hepatocellular carcinoma 
Hepatopulmonary syndrome (HPS) 

Portopulmonary hypertension (PPHTN) 

Fulminant hepatic failure (FHF) 

Metabolic diseases: 

Wilson disease 

a r Antitrypsin disease 

Familial amyloidosis 

Urea cycle enzyme deficiencies 

Glycogen storage disease 

Tyrosemia 

Primary oxaluria 


hepatic fibrosis, and cirrhosis. Alcoholic liver disease was once 
thought to occur only in individuals who consumed large 
quantities of alcohol over long periods of time. It has recently 
become recognized that even moderate amounts of alcohol 
consumption can induce liver injury, suggesting that heredi¬ 
tary and/or environmental factors are probably important. 
Hepatitis C viral infection, found in 15% to 25% of patients 
with alcoholic liver disease, appears to exacerbate alcohol- 
induced liver injury and vice versa. 

When liver transplantation emerged as a standard therapy 
for end-stage liver disease in the 1980s, intense debates occurred 
surrounding the issue of offering liver transplantation. There 
were two broad areas of concern. First, many were skeptical 
that patients with a history of longstanding alcoholism would 
be able to successfully comply with the rigorous long-term med¬ 
ical treatment required of patients who receive lifelong 
immunosuppression. On a broader level, concern was expressed 
that scarce societal resources should not be used to treat 
patients with “self-induced” diseases. With more experience in 
this area, it has been recognized that the incidence of recidivism 
after transplantation is low, and both short- and long-term 
results in this category are as good as for non-alcohol-related 



| Hepatitis C 
H Hepatitis B 

□ Alcohol 

□ Cryptogenic/NASH 

□ Cholestatic 

□ Hepatocellular Carcinoma 
■ Other Malignancies 

□ Metabolic 

□ Pediatric Diseases 

□ Miscellaneous 


Alcoholic Liver Disease 

Excessive alcohol consumption can lead to several hepatic 
abnormalities, ranging from alcoholic hepatitis to steatosis, 


FIGURE 36.1. Percentage of liver transplants for each etiology. 
(Reproduced with permission from O’Leary JG, Lepe R, Davis GL. 
Indications for liver transplantation. Gastroenterology 2008;134: 
1764-1776.) 
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FIGURE 36.2. Changing incidence of liver transplan¬ 
tation for nonalcoholic steatohepatitis (NASH), hepa¬ 
tocellular carcinoma (HCC), and hepatitis C. (Repro¬ 
duced with permission from O’Leary JG, Lepe R, 
Davis GL. Indications for liver transplantation. Gas¬ 
troenterology 2008;134:1764-1776.) 


categories. It has also become understood that determining wor¬ 
thiness for receiving a lifesaving organ by making a judgment 
about past behavior is neither ethical nor possible. 

Today, the same methods of determining suitability for 
transplantation are used for patients with alcoholic liver dis¬ 
ease as with other diagnoses with one proviso. Unlike other dis¬ 
orders that tend to be universally progressive, alcohol-induced 
liver injury frequently regresses following cessation of alcohol 
consumption as long as cirrhosis is not yet present. Patients 
with a history of recent alcohol abuse should therefore be 
observed for a minimum of 6 months to ensure that their 


hepatic dysfunction is not reversible. In addition, all patients 
with a history of substance abuse must be evaluated by indi¬ 
viduals with expertise in addiction and found to have good 
insight into their past self-destructive behavior and a stable 
social support network for the posttransplant phase. 


Viral Hepatitis 

Most patients who become infected with hepatitis B develop 
an immunologic response to the virus that results in complete 



FIGURE 36.3. Disease-specific sur¬ 
vival following liver transplantation. 
(Reproduced with permission from 
Roberts MS, Angus DC, Bryce CL, 
et al. Survival after liver transplanta¬ 
tion in the United States: a disease- 
specific analysis of the UNOS data¬ 
base. Liver Transpl 2004;10:886- 
897.) 
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viral clearance. Patients who do not clear the hepatitis viral 
antigen may persist as carriers or may develop chronic hepati¬ 
tis, which progresses to fibrosis and cirrhosis. In the 1980s, 
transplantation for hepatitis B was associated with universal 
recurrence of viral infection posttransplant and survival rates 
were poor. Fortunately, transplantation for this indication was 
revolutionized by the development of effective posttransplant 
prophylaxis using long-term, high-dose, hepatitis B immune 
globulin and the nucleoside inhibitors lamivudine or enta- 
cavir. 18,19 Today, outcomes for transplantation for hepatitis 
B-induced liver failure, while varying based on genotype, are 
equivalent to or better than those for other conditions. 20 

Hepatitis C has become the most common etiology among 
patients receiving liver transplants. 5 Antiviral therapy using 
pegylated interferon and ribavirin for early hepatitis C infec¬ 
tion has been demonstrated to have clinically important 
responses seen in over half of patients treated. However, com¬ 
plete clearance of hepatitis C from serum can only be achieved 
in a minority of patients, which is largely related to viral geno¬ 
type and whether significant toxicities to therapy develop. 21,22 

Following liver transplantation, recurrence of hepatitis C in 
the transplanted liver occurs universally unless the virus was 
eradicated pretransplant with therapy. 23 Although some 
patients experience an indolent course, most patients experi¬ 
ence a more rapid progression to liver failure once cirrhosis 
has developed posttransplant. These patients can progress to 
end-stage liver failure within 6 months. 24 Short-term results of 
transplantation for this disease are comparable to those for the 
other noninfectious conditions. However, approximately 25% 
of patients develop recurrent cirrhosis within 5 years post¬ 
transplant, and long-term survival is less likely compared with 
patients who do not have hepatitis C infection. Use of livers 
from donors of increased age is thought to contribute to 
poorer results in hepatitis C patients. 25 Treatment of recurrent 
hepatitis C posttransplant is often attempted with some sur¬ 
vival benefit, but many patients are unable to tolerate therapy 
or fail to respond. 24,26 Despite recurrence, transplantation 
appears to provide a substantial and worthwhile survival ben¬ 
efit to most patients with hepatitis C. 


Hepatocellular Carcinoma and Other 
Hepatic Malignancies 

Cirrhosis is a major risk factor for the development of HCC, 
and the majority of HCCs develop in patients who have cir¬ 
rhosis. Curative resection is unsafe in the setting of advanced 
cirrhosis, and it does not eliminate the high likelihood of 
recurrent malignancy. Because most patients with HCC die of 
liver failure, rather than metastatic disease, it was reasoned 
that transplantation would be potentially curative. This 
approach yielded poor survival rates, and during the early 
1990s primary hepatic malignancy was considered a con¬ 
traindication to liver transplantation by many centers. This 
circumstance changed when Mazzaferro et al. reported an 
85% 4-year survival rate for patients who had cirrhosis and 
either stage I or stage II HCC (Table 36.4). 27 Transplantation 
is now considered standard therapy for HCC and cirrhosis if 
there is no evidence of extrahepatic disease or vascular inva¬ 
sion and if the tumor burden does not exceed stage II (single 
tumor <5 cm in diameter, or two to three tumors, none >3 cm 
in diameter). While some advocate transplantation of patients 
with larger tumors, 28,29 this practice is still controversial due to 
concerns of overall lower disease-free survival. Transplanta¬ 
tion is clearly not beneficial in the presence of known positive 
nodal or distant metastases (stage IV disease). To create rela¬ 
tive equality for a scarce resource, MELD allocation points are 
standardly allocated to HCC patients meeting the Milan crite¬ 
ria so as to minimize waitlist dropouts due to disease progres¬ 
sion and at the same time not overutilize donor livers from the 


ITABLE 36 

.4 1 

TNM CLASSIFICATION AND STAGING OF 

HEPATOCELLULAR CARCINOMA 

CLASSIFICATION 

T1 

One nodule <1.9 cm 

T2 

One nodule 2.0-5.0 cm; two or three 


nodules, all <3.0 cm 

T3 

One nodule >5.0 cm; two or three nodules, 


at least one >3.0 cm 

T4a 

Four or more nodules, any size 

T4b 

T2, T3, or T4a plus gross intrahepatic portal 


or hepatic vein involvement on imaging 

NO 

No evidence of regional nodal involvement 

N1 

Regional (porta hepatitis) nodal involvement 

MO 

No evidence of metastatic disease 

Ml 

Evidence of metastatic disease 

STAGE GROUPING 

Stage I 

T1 

Stage II 

T2 

Stage III 

T3 

Stage IV Al 

T4a 

Stage IV A2 

T4b 

Stage IV B 

Any Nl, any Ml 


remainder of the recipient candidate pool. However, in the lat¬ 
est review of outcomes of liver transplantation as reported by 
the SRTR, 4 the adjusted 3-year survival rate for HCC patients 
was 74% and was statistically lower than non-HCC recipients 
(81%) during the MELD era, suggesting that the allocation 
policy may need further refinements. 

Other primary tumors of the liver include hepatoblastoma, 
cholangiocarcinoma, and primary sarcoma. Hepatoblastoma 
occurs primarily in children with resection or transplantation 
being used as potential curative options. 30 Transplantation is 
utilized for patients who are unresectable because of bilobar 
disease or hilar location. Hepatoblastoma can respond par¬ 
tially to chemotherapy, but complete and sustained tumor 
regression is uncommon. Patients are often treated with 
chemotherapy until the time of transplantation to prevent 
extrahepatic growth prior to the definitive treatment. Hepato¬ 
blastoma is relatively unique among liver tumors in that long¬ 
term survival has been reported even in children who have had 
distant metastatic spread. 

Cholangiocarcinoma has historically been considered a 
contraindication to transplantation because 5-year survival 
rates have been reported at less than 20%. Recently, success 
similar to other recipients has been reported for patients who 
have limited disease (<2.5 cm, no lymph node disease) and 
have received neoadjuvant therapies. However, more investi¬ 
gations are required as transplantation following this regimen 
has been associated with increased vascular complications. 31 

Although there are anecdotal reports of long-term survival 
following transplantation for primary sarcoma of the liver, the 
majority of experiences indicate that transplantation is not a 
curative therapy for this condition. Liver transplantation is 
generally not appropriate for patients who have secondary 
(metastatic) hepatic malignancy, because long-term survival 
rates are very poor due in part to the observation that 
immunosuppression promotes tumor growth. The possible 
exception to this rule is patients who have metastatic carcinoid 
that is limited to the liver. This tumor grows very slowly and 
local cure of the primary tumor is frequently possible. A sub¬ 
set of patients who have a period of years without evidence of 
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tumor growth anywhere else but in the liver will have long¬ 
term disease-free survival following liver transplantation. 32 


Nonalcoholic Fatty Liver Disease 

NASH may be the most common liver disease in the United 
States. It has a high incidence in obese patients and those with 
adult-onset diabetes mellitus. The disease resembles alcoholic 
liver disease, but patients do not report a significant history of 
alcohol use. The degree of hepatic injury varies from benign 
elevations of serum hepatic transaminases in association with 
hepatic steatosis or steatohepatitis to fibrosis and cirrhosis. A 
majority of patients previously classified as having cryptogenic 
cirrhosis probably have longstanding steatohepatitis. It is esti¬ 
mated that at least two thirds of the obese population in the 
United States have hepatic steatosis and close to one fifth have 
steatohepatitis. 33 Patients who develop cirrhosis and progress 
to end-stage liver disease are appropriate candidates for liver 
transplantation. Recurrence of steatohepatitis leading to graft 
dysfunction is possible. Recipient diabetes and obesity appear 
to be independent negative prognostic indicators for survival 
after liver transplantation. 33 


Fulminant Hepatic Failure 

Acute hepatic failure, defined as the development of altered 
mental status, coagulopathy, and hepatic dysfunction within 8 
weeks of the onset of an acute hepatic disease, is a rare but 
lethal disease. 14,34 There are over 2,000 cases of acute hepatic 
failure per year in the United States. The mortality rate 
approaches 80% in patients who do not receive liver trans¬ 
plants. The causes of acute hepatic failure include viral hepati¬ 
tis, toxins such as aflatoxins from the poisonous mushroom 
family Amanita pballoides , acute fatty liver of pregnancy, 
acute Budd-Chiari syndrome, and drug toxicities. Drug toxic¬ 
ides include both idiosyncratic reactions and drugs with pre¬ 
dictable toxicity when taken in excess. Drugs that have been 
reported to induce idiosyncratic liver failure include isoniazid, 
halothane, valproate, disulfiram, and phenytoin, among many 
others. The over-the-counter analgesic acetaminophen causes 
dose-dependent hepatic failure and is now the single most 
common cause of acute hepatic failure in the United States. 

The most generally accepted criteria for transplantation of 
patients with fulminant hepatic failure were described by the 
group at the King’s College hospital in London, England 
(Table 36.5). 35 While the King’s College criteria have been sep¬ 
arately validated in other studies, more recent studies have 
begun to evaluate whether other scoring systems may have 
improved abilities to measure severity of illness. MELD has 
come under recent investigation in this regard and has been 
found to be additive to the King’s College criteria in predicting 
outcome following fulminant hepatic failure. 36,37 The current 
United Network for Organ Sharing (UNOS) listing criteria for 
patients with fulminant hepatic failure is in Table 36.2. The 
outcomes following transplantation have shown overall higher 
perioperative mortality, compared to other diseases, with 
overall similar long-term survival (Fig. 36.3). 3 


Biliary Atresia 

Biliary atresia is a congenital disorder of infants that is charac¬ 
terized by biliary obstruction resulting from obliteration or 
discontinuity of the extrahepatic biliary system resulting in 
progressive hyperbilirubinemia, cirrhosis, and hepatic failure. 
The etiology is unknown yet is the most common indication for 
hepatic transplantation in pediatric patients. Standard treatment 
includes creation of a portoenterostomy (Kasai procedure), if 
this can be done before 3 months of age. After this point, success 
rates diminish markedly. Response to the portoenterostomy 


TABLE 36.5 


KING'S COLLEGE CRITERIA FOR LIVER TRANSPLANTATION 


■ ACETAMINOPHEN 

■ NONACETAMINOPHEN 

pH <7.3 

PT >100 s (INR >6.5) 

Or all three of: 

Or any three of: 

Grade 3-4 
encephalopathy 

Age <10 or >40 y 

PT >100 s 

Etiology (non-A, non-B 

(INR >6.5) 

hepatitis, halothane, drug 
reaction, Wilson disease) 

Cr >3.4 mg/dL 

Period of transition from 
jaundice to encephalopathy 
>7 d 

PT >50 s (INR >3.5) 

Total bilirubin >17.5 mg/dL 

Cr, creatinine; INR, international normalized ratio; PT, prothrombin 
time. 


procedure is highly variable. Patients may develop cirrhosis 
within the first 6 months of life or live into their twenties 
before developing synthetic dysfunction and portal hyperten¬ 
sion. Approximately 75% of children will require transplanta¬ 
tion by 6 years of age. 

It is critical that these patients are managed by an experi¬ 
enced pediatric gastroenterologist so that the correct window 
for effective transplantation can be identified and so they 
receive appropriate attention to their specialized nutritional 
needs. Specifically, deficiencies of fat-soluble vitamins that 
depend on bile for absorption are common and treatable. 
Transplantation is appropriate when children manifest growth 
and nutritional failure, when ascites develops, and when por¬ 
tal hypertension progresses to the point of variceal hemor¬ 
rhage. Recurrent cholangitis is also thought to be an indication 
for liver transplantation. Transplantation for this population 
overall has had excellent results, with greater than 85% 10-year 
survival being achieved in the United States. 38 Factors that 
have been associated with improved survival include living 
donor transplants and older recipient age. Patients with signif¬ 
icant growth failure generally have poorer outcomes. 


Primary Biliary Cirrhosis 

Primary biliary cirrhosis (PBC), thought to be autoimmune in 
nature, is characterized by gradually increasing serum bilirubin 
levels, progressive fatigue, and cirrhosis. Early stages of the dis¬ 
ease are usually asymptomatic, and disease progression may 
evolve over 20 years. Treatment with ursodeoxycholic acid 
appears to slow the progression of the disease, but immunosup¬ 
pression does not. It was once thought that primary biliary cir¬ 
rhosis does not recur; however, histologic analysis has shown 
that the incidence of recurrence is approximately 15% within 5 
years of transplantation. 39 Eventual progression to graft failure 
requiring retransplantation is possible, though rare. 


Primary Sclerosing Cholangitis 

Primary sclerosing cholangitis (PSC) is an autoimmune disease 
that is characterized by gradually progressive inflammation of 
the biliary tree, eventually resulting in cirrhosis. PSC is associ¬ 
ated with ulcerative colitis, but removal of the colon does not 
affect progression of the disease. In most cases, colectomy for 
associated inflammatory bowel disease is done after successful 
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transplantation because the failing liver makes the patient a 
poor candidate for a large abdominal procedure. PSC is also 
associated with the development of cholangiocarcinoma. 
Patients who experience a course that becomes rapidly pro¬ 
gressive should be examined by endoscopic retrograde cholan¬ 
giopancreatography (ERCP) with brushings to evaluate for 
cholangiocarcinoma. In addition to the usual considerations 
about the timing of transplantation, it is important to note 
that these patients are susceptible to bacterial cholangitis, 
which can cause systemic sepsis and rapid hepatic decompen¬ 
sation. Episodes of cholangitis that do not respond to suppres¬ 
sive antibiotic therapy should prompt early consideration for 
transplantation. Overall, patients with PBC or PSC experience 
the best outcomes with transplantation when compared to adults 
with other diseases; however, disease recurrence remains higher 
in PSC patients than in PBC patients. 3,40 


Inherited Metabolic Disorders 


Numerous inherited metabolic disorders are treatable by liver 
transplantation (Table 36.3). Some enzymatic deficiencies in this 
group result in destruction of the liver, so transplantation may 
resolve the liver failure as well as supply the missing enzyme. Dis¬ 
orders in this category include Wilson disease, oq-antitrypsin 
deficiency, tyrosinemia, and type I glycogen storage disease. In 
other cases, the liver is not affected by the disease, either struc¬ 
turally or functionally. In these circumstances transplantation is 
undertaken solely as enzyme replacement therapy. Diseases that 
have been cured by hepatic transplantation in this category 
include hemophilia A or B, homozygous familial hypercholes¬ 
terolemia, Niemann-Pick disease, oxalosis, familial amyloid 
polyneuropathy, and numerous enzymatic deficiencies of urea 
cycle metabolism. 41 Transplantation depends on determining 
that transplantation will cure the disease, or at least halt its pro¬ 
gression, and that the consequences of the disease without trans¬ 
plantation are devastating, making transplantation appropriate. 


Budd-Chiari Syndrome 

Budd-Chiari syndrome is characterized by obliteration of the 
hepatic veins. It may be due to congenital webs of the hepatic 
veins or suprahepatic cava or may be caused by spontaneous 
thrombosis of the hepatic veins. The latter condition is associ¬ 
ated with polycythemia vera and other hypercoagulable states. 
Diagnosis is made by inferior vena cavagram or magnetic reso¬ 
nance venography. The classic presentation is a triad of right 
upper quadrant pain, hepatomegaly, and ascites. Patients may 
present with fulminant hepatic failure during acute Budd-Chiari 
and have symptoms of encephalopathy and coagulopathy, or 
they may present in a more indolent fashion with ascites as the 
predominant feature. The natural history of the indolent form of 
Budd-Chiari syndrome is the eventual development of cirrhosis. 

Patients who present with intact hepatic function should 
undergo an assessment to determine whether the liver has evi¬ 
dence of cirrhosis. A transjugular intrahepatic portosystemic 
shunt (TIPS) is the preferred therapy for patients who do not have 
evidence of synthetic failure and have not yet developed cirrhosis. 
Transplantation is reserved for cases where portal decompressive 
shunting is not possible or for patients who have advanced cir¬ 
rhosis. Long-term anticoagulation to prevent recurrent hepatic 
vein thrombosis in the liver graft is routinely recommended. 


Other Considerations 


HPS and PPHTN are two other manifestations of cirrhosis 
whereby transplantation is justified. Similar to HCC, these two 
diseases can occur in cirrhosis despite overall preserved hepatic 
function and appear to involve dysregulation of vasoactive 


mediators such as nitric oxide. Therefore, MELD exception 
scores are often sought when either HPS or PPHTN are pres¬ 
ent. 12 HPS is diagnosed on the basis of unexplained hypoxia in 
the presence of cirrhosis along with a positive “bubble” study 
for pulmonary shunt on echocardiography. PPHTN is diag¬ 
nosed on the basis of pulmonary hypertension in the setting of 
cirrhosis without any other explainable etiology such as under¬ 
lying pulmonary pathology. Recipient selection and manage¬ 
ment is critical to achieve reasonable success with liver trans¬ 
plantation. Patients with HPS experience the best outcomes if 
the preoperative partial pressure of arterial oxygen (Pa0 2 ) is 
greater than 50 mm Hg. 42 Patients with PPHTN likewise must 
have mean pulmonary artery pressures less than 35 mm Hg 
with or without medical therapy to experience a reasonable 
chance of recovery following liver transplantation. 43,44 

In addition to isolated liver disease, liver transplantation is 
occasionally considered along with other solid organ trans¬ 
plantation. The two most notable examples are combined kid¬ 
ney and liver transplantation as well as combined liver and 
intestine transplantation. 4 Intestine transplantation is usually 
performed in cases where intestinal failure is present along 
with progressive cholestatic liver failure secondary to hyperal¬ 
imentation. 45 Since hepatorenal syndrome frequently occurs 
with advanced cirrhosis and also frequently resolves with suc¬ 
cessful liver transplantation, the indications for combined liver 
and kidney transplantation are more controversial. 46 It is 
widely accepted that preexisting end-stage renal disease along 
with significant cirrhosis or the existence of hepatorenal syn¬ 
drome requiring 8 or more weeks of renal replacement therapy 
warrants consideration of combined liver and kidney trans¬ 
plantation. Ongoing investigations are required to define 
patients with hepatorenal syndrome who are less likely to 
recover renal function following liver transplantation. 


LIVER TRANSPLANTATION: 
SURGICAL PROCEDURE 


Anesthetic Management 

An anesthesiologist with experience in liver transplantation is 
invaluable to the transplant team, and liver transplant 
anesthesiology is rapidly becoming a subspecialty. Proper anes¬ 
thetic management and effective communication between the 
surgery and anesthesiology teams is necessary to optimize patient 
care during the surgical procedure. While an extensive outpatient 
preoperative evaluation is usually performed, including cardiac 
risk stratification, many liver candidates report from home when 
a liver becomes available. If adequate time for fasting has not 
occurred, consideration of rapid sequence induction should be 
given to prevent aspiration. After induction and intubation, gen¬ 
eral anesthesia is maintained with a combination of inhalational 
agents and the administration of paralytic agents and analgesics. 
For adult patients, cardiac monitoring is often performed either 
by pulmonary artery catheterization or intraoperative trans¬ 
esophageal echocardiography. An arterial catheter is placed for 
blood pressure monitoring. Adequate vascular access, often 
including central venous catheters, is required for the administra¬ 
tion of blood products and the potential for rapid resuscitation in 
the case of massive blood loss. A device for rapid infusion and the 
ability to warm blood products or intravenous fluids is advisable. 
Low central venous pressures maintained during the hepatectomy 
phase of the procedure may help avoid excess bleeding. 


Intraoperative Management of Coagulopathy 

Liver transplantation has the potential for massive blood loss 
for several reasons. Liver transplant candidates with cirrhosis 
often have synthetic deficiencies in circulating coagulation fac¬ 
tors as well as severe portal hypertension associated with 
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thrombocytopenia and extensive venous collaterals. Intraoper¬ 
ative coagulopathy may be worsened during the anhepatic 
phase of the procedure. Finally, liver transplantation involves 
extensive dissection of major vascular structures including the 
inferior vena cava, portal vein, and hepatic artery, all with an 
inherent risk for torrential bleeding. 

Intraoperatively, coagulation is monitored by frequent deter¬ 
mination of standard parameters including prothrombin time, 
partial thromboplastin time, platelet count, and fibrinogen. 
Abnormalities of these laboratory values associated with intraop¬ 
erative bleeding are often corrected with fresh frozen plasma, 
platelets, or cryoprecipitate. Normal coagulation is also helped 
by maintaining normal pH, calcium levels, and normothermia. 
Intraoperative thromboelastography (TEG) can facilitate deci¬ 
sion making by rapidly identifying which components of the 
coagulation cascade are deficient or by identifying the presence of 
a fibrinolytic state. However, the device for TEG can be fragile 
and overly sensitive, which may limit its practical use in the clini¬ 
cal setting. The decrease in excessive bleeding in the modern era 
of liver transplantation has led to many programs abandoning 
the routine use of TEG. While the administration of recombinant 
factor VII intraoperatively can rapidly and effectively stop non- 
surgical bleeding, its use has a theoretical risk of postoperative 
thrombotic complications including hepatic arterial thrombosis. 
In addition, no definitive data have been demonstrated to 
decrease the need for intraoperative blood transfusions. 47,48 
Therefore, its use is only recommended in emergent situations. 

Following reperfusion of the donor liver, a fibrinolytic state 
may be encountered. This is related to the lack of production 
of fibrinolysis inhibitors during the anhepatic phase and the 
inability of the liver to metabolize profibrinolytic compounds. 
This state may be identified either by thromboelastography, 
recurrence of bleeding where hemostasis had been previously 
obtained (such as the wound edge), or extensive and refractory 
bleeding after revascularization. This state may be treated with 
the use of antithrombolytic agents including s-aminocaproic 
acid, tranexamic acid, or aprotinin. Because therapy with 
antithrombolytic agents has been associated with intravascu¬ 


lar thrombus formation, it should not be used routinely and 
should be discontinued when no longer needed. 


Surgical Technique 

Transplantation of the liver is among the most technically 
demanding surgical procedures. During induction and place¬ 
ment of the appropriate monitoring lines by the anesthesiology 
team, the donor liver is prepared on the back table for implan¬ 
tation (Fig. 36.4). Bench preparation includes resection of the 
donor diaphragm and adrenal gland off of the bare area of 
the liver and vena cava. Meticulous ligation of tributaries from 
the vena cava (adrenal vein, phrenic vein, and lumbar branches) 
is performed. The artery is dissected free from the Carrel patch 
of the aorta up to the gastroduodenal artery. Dissection near 
the right or left hepatic arteries is avoided to prevent unneces¬ 
sary injury. The portal vein is circumferentially dissected free. 
The gallbladder may be removed at this stage or following 
reperfusion. Tissues surrounding the common bile duct are left 
intact to avoid injury of the blood supply. 

Following this, the recipient’s abdomen and bilateral groins 
are prepped and draped in a standard fashion. The most com¬ 
monly used incision is a bilateral subcostal incision with a 
midline extension to the xiphoid process (Fig. 36.4B). After 
dividing the fascia, ascites, which can occasionally be present 
in a large volume, is evacuated. The ligamentum teres hepatis 
is carefully divided between clamps and ligated because a large 
recannulized umbilical vein is often present in patients with 
severe portal hypertension. After dividing the falciform liga¬ 
ment with cautery, a mechanical retractor is used to retract the 
bilateral costal margins anteriorly and superiorly for excellent 
exposure of the upper abdomen. The abdominal cavity and 
liver are then inspected for any abnormalities including unsus¬ 
pected malignancy, particularly within the cirrhotic liver, which 
is a risk factor for hepatocellular carcinoma. Following this, 
liver transplantation occurs in three stages: (a) recipient hepa- 
tectomy, (b) anhepatic phase, and (c) postrevascularization. 
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FIGURE 36.4. A: The donor liver after excision and before transplantation. B: Bilateral subcostal incision with a 
subxiphoid extension. 
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Part Two: Surgical Practice 


Recipient Hepatectomy 

During the recipient hepatectomy phase, the liver is mobilized 
from its ligamentous attachments and the porta hepatis is 
skeletonized. Attention is first directed to dissecting and skele¬ 
tonizing the structures of the portal triad. The peritoneum 
overlying the portal triad is divided with electrocautery near 
the liver edge. The right and left hepatic arteries are dissected 
free, ligated, and divided, leaving adequate length to form a 
branch patch for the arterial anastomosis. The proper hepatic 
artery is also dissected free to the level of the gastroduodenal 
artery allowing enough length for clamping during the anasto¬ 
mosis. Because portal venous flow of blood to the liver may be 
hepatofugal (away from the liver), division of the artery may 
leave the patient functionally anhepatic. If a prolonged period 
of time is expected for mobilization of the liver, such as when 
extensive adhesions are present, the artery may be dissected 
free but left in continuity to allow whatever synthetic capacity 
the native liver has to continue. A replaced or accessory right 
hepatic artery, which arises as a branch off the superior mesen¬ 
teric artery and travels in a posterior position to the common 
bile duct and lateral to the portal vein, can usually be palpated 
if present and can be ligated and divided. When the replaced 
right hepatic artery is relatively large and the proper hepatic 
artery is diminutive in size, the replaced right hepatic artery 
can be left long and used for arterial inflow for the donor liver. 
A replaced or accessory left hepatic artery arises from the left 
gastric artery if present and can be identified by inspection of 
the pars flaccida of the lesser omentum along the lesser curva¬ 
ture of the stomach (Fig. 36.5). 

Conceptually, the common bile duct and common hepatic 
duct should be dissected free with as much length as possible 
and without injuring the blood supply to the bile duct. Leav¬ 
ing the recipient bile duct as long as possible allows the 
length of the donor bile duct, which may have a tenuous 
blood supply, to be shorter and still avoid tension at the time 
of anastomosis. This is accomplished by first ligating and 
dividing the cystic duct. The common bile duct and common 
hepatic duct are then circumferentially dissected free leaving 
the surrounding tissue to preserve the bile duct blood supply. 
The common hepatic duct is then ligated as close to the 
native liver as possible. 

Once the bile duct and the hepatic artery are freed from 
surrounding tissues, the portal vein can be easily approached 


from its anterior, medial, and lateral aspects. In general, the 
portal vein is freed circumferentially from the edge of the duo¬ 
denum up to its bifurcation of the right and left portal veins. 
Small branches may arise near the pancreas and excessive 
bleeding may arise if these are inadvertently injured. Most 
patients with severe portal hypertension will not develop 
hypotension, small bowel edema, or ischemia if the portal vein 
is clamped and divided because of the presence of portal 
venous collaterals. However, patients without portal hyperten¬ 
sion, such as those undergoing liver transplantation for fulmi¬ 
nant hepatic failure or metabolic deficiency or those who have 
had a TIPS for a prolonged period of time, may develop exten¬ 
sive small bowel edema or hypotension when the portal vein is 
clamped. Small bowel edema can lead to limited exposure in 
the right upper quadrant, making implantation of the liver 
extremely difficult. In these situations, the portal vein should 
be left in continuity for as long as possible, particularly when 
the use of venovenous bypass is not intended. For those 
patients with portal vein thrombosis, portal venous flow can 
be restored in most cases. Often, the thrombus can be evacu¬ 
ated with the use of forceps or by placing a Yankauer suction 
tip within the lumen of the portal vein. If the thrombus is more 
mature, an eversion endovenectomy may be necessary. 49 If 
these maneuvers are unsuccessful, the junction of the splenic 
vein and superior mesenteric vein may be patent. Dissection of 
the portal vein behind the pancreas to this junction can then be 
performed to allow for future anastomosis. Dissection to the 
confluence of the splenic and superior mesenteric veins is 
sometimes necessary in pediatric recipients because of the 
small caliber of the portal vein within the porta hepatis. In rare 
cases, all of these maneuvers may be unsuccessful and a venous 
bypass graft from the superior mesenteric vein may be neces¬ 
sary. If the superior mesenteric vein is also occluded, the infe¬ 
rior vena cava can be used for portal inflow, a procedure 
termed cavoportal hemitransposition. 50 This procedure is 
associated with acceptable outcome despite the fact that portal 
hypertension may not be alleviated. A fourth option is arteri- 
alization of the portal vein, using a conduit created by anasto¬ 
mosing donor iliac vessels to the recipient aorta and connect¬ 
ing this to the donor portal vein. 51 

The ligamentous attachments of the liver, including the left 
and right triangular and coronary ligaments, are then divided 
using electrocautery. The bare area of the liver is dissected 
along a plane just superficial to the capsule of the liver. Care 


FIGURE 36.5. A replaced left hepatic 
artery usually arises as a branch of the 
left gastric artery, traversing the pars 
flaccida of the lesser omentum from left 
to right toward the left lobe of the liver. 
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must be taken to avoid injury to the phrenic or hepatic veins 
when freeing the suprahepatic inferior vena cava where it tra¬ 
verses the diaphragm. The hepatocaval ligament along the 
right lateral aspect of the vena cava can be divided using a 
combination of cautery and ligation as a phrenic venous 
branch is often present within this ligament. The liver is then 
dissected off of the anterior aspect of the inferior vena cava. 
Small venous branches from the inferior vena cava to the cau¬ 
date lobe are ligated and divided. Larger branches, such as an 
accessory right hepatic vein, are clamped, divided, and over¬ 
sewn. Division of the portal vein facilitates exposure for this 
dissection but is not required. The liver may be gradually 
retracted and dissected from either the right or left aspects 
until the right, middle, and left hepatic veins are reached. If a 
bicaval venous anastomosis technique will be used, the vena 
cava can be circumferentially mobilized near the diaphragm 
above the hepatic veins as well as in an infrahepatic position. 
However, if a piggyback or cavocavostomy (side-to-side caval 
anastomosis) technique is intended, the dissection of the pos¬ 
terior aspect of the vena cava should be avoided to prevent 
encountering unnecessary bleeding from collateral or lumbar 
venous branches in this area. 


Anhepatic Phase and Implantation 
of the Donor Liver 

At this point, the liver has been completely mobilized except 
for its attachments of the hepatic veins to the inferior vena cava 
and, in some cases, the portal vein. The decision should now be 
made whether to use venovenous bypass. Most patients will 
tolerate clamping of both the portal vein and the inferior vena 
cava without difficulty. 52 At this point, communication with 
the anesthesiologist is essential and the vena cava should be test 


clamped before division to make sure that adequate cardiac fill¬ 
ing and blood pressure can be maintained. If the patient 
becomes hypotensive during test clamping, the clamp should be 
removed and additional volume or pressor support can be 
administered. Occasionally, patients will require venovenous 
bypass, but its use is no longer routine at most centers. 

If necessary, venovenous bypass can be accomplished from 
both the portal vein and inferior vena cava simultaneously, or a 
single cannula in either the portal vein or the inferior vena cava 
may be used (Fig. 36.6). There are several accepted methods of 
placing cannulas for venovenal bypass. Cannulas may be 
placed percutaneously in the internal jugular vein and femoral 
vein prior to beginning the procedure. These cannulas are 
advanced into the superior and inferior vena cava, respectively. 
Alternatively, one or both of the bypass cannulas may be placed 
by cutdown on the axillary and/or greater saphenous vein. 
Inferior vena caval and mesenteric blood is delivered to the 
superior vena cava by a centrifugal pump. The cannulas, tub¬ 
ing, and centrifugal pump head are heparin bonded to reduce 
the chance of thrombus formation and subsequent embolism 
without the use of anticoagulation. Flow rates of 1 to 2 L/min 
are usual. 

Once venovenous bypass has been established or the deci¬ 
sion to forego bypass has been made, the recipient hepatec- 
tomy is completed. If still intact, the portal vein is divided as 
high in the hilum as possible. Three methods are commonly 
used for orthotopic liver transplantation: (a) the bicaval tech¬ 
nique, (b) the piggyback technique, and (c) cavocavostomy 
(side-to-side caval technique). 

1. For the bicaval technique, the recipient liver is excised en 
bloc with the retrohepatic inferior vena cava after caval 
clamps have been placed in a suprahepatic and infrahepatic 
position. The hepatic veins are divided within the substance 



FIGURE 36.6. Setup for venovenous 
bypass during hepatic transplantation. 
Cannulas are placed into the portal 
vein to decompress the splanchnic bed 
and inferior vena cava (through the 
greater saphenous vein) to decompress 
the lower extremities and kidneys dur¬ 
ing the anhepatic phase of the trans¬ 
plantation. A centrifugal pump is used 
to deliver bypassed blood to the central 
circulation by means of a cannula 
passed into the axillary vein. 
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Part Two: Surgical Practice 


FIGURE 36.7. A: The diseased recipient liver is removed by incising the liver 
below the level of the hepatic veins. B: The hepatic veins are then opened to 
form a large suprahepatic cuff for anastomosis. The suprahepatic vena caval 
anastomosis: posterior suture line (C) and anterior suture line (D). 




of the liver to allow the creation of a large suprahepatic cuff 
compromising the left, middle, and right hepatic veins (Fig. 
36.7). This technique has the disadvantages of (a) totally 
obstructing inferior vena cava flow, resulting in renal 
ischemia and decreased cardiac filling with associated 
hypotension, possibly leading to the requirement of ven- 
ovenous bypass; (b) requiring two vena caval anastomoses, 
prolonging the warm ischemic time; and (c) requiring dis¬ 
section posterior to the vena cava, possibly leading to 
bleeding. However, complete dissection of the caudate lobe 
off of the vena cava is not necessary, making the recipient 
hepatectomy phase somewhat easier and faster. 


2. For the piggyback technique, a clamp is placed transversely, 
partially occluding the vena cava at the level of the hepatic 
veins. The vena cava is left in continuity and the hepatic 
veins are divided within the substance of the liver, allowing 
the creation of a common patch of the right, middle, and 
left hepatic veins for a wide anastomosis. While the inten¬ 
tion is to only partially occlude the vena cava, allowing 
venous return to the heart, often a clamp placed for the pig¬ 
gyback technique either occludes or nearly occludes the 
inferior vena cava. This technique does have the advantage 
of only requiring a single vena caval anastomosis, helping 
to limit warm ischemic time. However, torsion may occur if 
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FIGURE 36.8. Cavocavostomy. A: The recipient right and junction of the middle and left hepatic veins are stapled and the inferior vena 
cava is left in continuity. B: The supra- and infrahepatic vena cavae are stapled and a venotomy is made longitudinally on the posterior 
aspect of the donor liver. C: A side-to-side caval anastomosis is performed with a running suture. 


the right upper quadrant is relatively large, such as when a 
large volume of ascites is present, and the donor right 
hepatic lobe is relatively small. This may lead to right 
hepatic vein or inferior vena caval stenosis. 

3. For the cavocavostomy technique, clamps can be placed on 
the right hepatic vein as well as the junction of the left and 
middle hepatic veins. The liver is excised and these venous 
branches are oversewn and the clamps are removed. Alter¬ 
natively, the hepatic veins can be divided using an Endo 
GIA stapler (Fig. 36.8). Advantages of the cavocavostomy 
anastomosis include (a) minimalization of the time that the 
vena cava is clamped; (b) the vena caval clamp is placed 
longitudinally, only occluding the anterior third of the vena 
cava, leading to minimal or no changes in the recipient’s 
hemodynamics; (c) a cavoplasty is performed, limiting the 
likelihood of caval stenosis; (d) a long anastomosis is per¬ 
formed, often over 6 cm in length, minimizing the risk for 
hepatic vein outflow complications; and (e) exposure dur¬ 
ing suturing of the anastomosis is considerably improved 
compared to the piggyback or bicaval technique. 

After removal of the recipient liver, the right upper quad¬ 
rant is carefully inspected and hemostasis is obtained. Com¬ 
plete hemostasis in the bare area is essential at this time 
because this region is easily visualized when the liver is absent 
but may be relatively inaccessible once the donor liver is 
implanted, especially if the donor liver is relatively large or the 
recipient is obese. Argon beam coagulation can also be used to 
aid in hemostasis at this point. 

The donor liver is then brought onto the operative field. The 
vascular anastomoses are performed using a running monofila¬ 
ment polypropylene suture. If a bicaval technique is planned, 
two caval anastomoses are required. The suprahepatic vena 


caval anastomosis is first performed by suturing the posterior 
walls from within the lumen using an imbricating technique 
(Fig. 36.7). The anterior wall is then completed. The infrahep¬ 
atic anastomosis is then completed in a similar fashion. Redun¬ 
dancy in the donor vena cava is avoided to prevent the poten¬ 
tial for kinking. The completion of the anastomosis may be left 
until the time of hepatic revascularization to provide a vent for 
air and acidotic or hyperkalemic blood and for residual preser¬ 
vation solution. Venting of blood prior to reperfusion is most 
important if preservative solutions containing a high concen¬ 
tration of potassium, such as University of Wisconsin solution, 
are used. Venting of blood is less critical if preservative solu¬ 
tions that do not contain high concentrations of potassium are 
used, but care must still be taken to avoid the rapid bolus of air 
or cold blood to the heart. For the piggyback technique, the 
donor infrahepatic vena cava is either oversewn or stapled. The 
donor infrahepatic vena cava is then sewn in an end-to-side 
fashion to the recipient hepatic vein cuff (Fig. 36.9). As 
described earlier, an imbricating suture technique is often help¬ 
ful to prevent gaps in the anastomosis and to compensate for 
size discrepancies. Venting at the time of reperfusion can either 
be performed through the suprahepatic anastomosis or at the 
donor infrahepatic vena cava. For the side-to-side caval tech¬ 
nique, a clamp is placed longitudinally on the anterior third of 
the recipient vena cava. A longitudinal venotomy is made on 
the anterior surface of the recipient vena cava. The donor 
suprahepatic and infrahepatic vena cavae are either oversewn 
or stapled closed. A longitudinal posterior venotomy is then 
made matching the length of the recipient venotomy. The liver 
is then placed in the right upper quadrant and the left lateral 
segment is elevated. The two vena cavae are then sutured in a 
side-to-side fashion with the lateral wall sutured from within 
the lumen and the medial wall sutured from outside the lumen 
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FIGURE 36.9. A: Recipient liver is dissected off 
the native inferior vena cava by dividing veins 
draining directly into the inferior vena cava up to 
the level of the hepatic veins. B: Clamp is placed 
on recipient hepatic veins in preparation of exci¬ 
sion of the recipient’s native liver and perfor¬ 
mance of a piggyback anastomosis. 


(Fig. 36.8). Venting can be performed from either the supra- 
hepatic donor vena cava or the medial wall of the anastomosis. 
During the caval anastomosis, the donor liver may be perfused 
with cold fluid via a cannula placed within the donor portal 
vein to wash out the preservation solution and to help maintain 
the cold temperature of the liver. This step is not required but 
may be considered if the liver was preserved with a solution 
containing a high concentration of potassium or if a prolonged 
warm ischemic time is anticipated. 

Once the caval anastomosis or anastomoses are completed, 
either the portal anastomosis, arterial anastomosis, or both can 
be performed prior to reperfusion. In theory, reperfusion with 
arterial blood would limit the extent of warm ischemia to the 
biliary tree, which, unlike the remainder of the liver, receives its 
blood supply exclusively from the arterial blood and not along 
with portal venous blood. However, neither sequence has been 
clearly shown to be an advantage over the other, so the choice 
is made based on the surgeon’s preference and the patient’s 
anatomy. Most commonly, the portal venous anastomosis is 
completed and the liver is reperfused. If portal bypass has been 
used, the portal limb of the venovenous bypass circuit is 
removed. The portal anastomosis is usually performed in an 
end-to-end fashion using a running technique. To avoid nar¬ 
rowing, an air knot is used when the suture is tied. 

At the time of revascularization, flow is restored to the liver 
through the portal vein and/or the hepatic artery. The first sev¬ 
eral hundred milliliters of blood may be vented through the 
infrahepatic vena cava and the knot can be tied completing the 
caval anastomosis. Alternatively, the caval clamp can be 
“flashed” and the anastomosis inspected for bleeding and 
repaired if present. If blood is not vented through the infra¬ 
hepatic cava, portal blood should be restored gradually to 
minimize cardiac irritability, bradycardia, and hypotension, all 
of which routinely result from cold blood circulating through 
the donor liver and going directly into the right atrium. Close 
coordination between the surgeon and anesthesiologist is nec¬ 
essary during this phase as hypotension and bradycardia are 
routinely encountered and cardiac arrest may rarely occur. If 
venovenous bypass has been used during the anhepatic phase, 
it can now be discontinued. 

Once hemostasis is obtained and the patient has stabilized, 
attention can now be turned toward the arterial anastomosis if 
it has not already been performed. Conceptually, the arterial 
anastomosis can be performed in one of two ways. The anas¬ 


tomosis can be performed with the artery being long, which 
allows the artery to lie with a smooth and gentle curve or loop 
(Fig. 36.10). For this technique, all branches on the donor 
artery are ligated and the donor aortic Carrel patch, celiac 
artery, or branch patch of the celiac and splenic artery is anas¬ 
tomosed in an end-to-end fashion to a branch patch of the 
recipient right and left hepatic arteries (Fig. 36.11). Alterna¬ 
tively, the artery can be cut to just the right length and sewn in 
an end-to-end fashion. This is often performed by forming 
branch patches between the donor and recipient proper hepatic 
and gastroduodenal arteries and performing the anastomosis in 
an end-to-end fashion. However, when the retractor is released, 
the liver may shift position and kinking of the artery may occur. 
Therefore, judging the proper length of the arteries may be dif¬ 
ficult and this technique may be more technically demanding 
than the method that leaves the artery way too long. If the 
artery is somewhat long but not long enough to allow a gentle 
or smooth curve or loop, kinking and obstruction to blood 
flow may occur. For both techniques, the anastomosis can be 
performed using a fine, nonabsorbable, monofilament, running 
suture. If the recipient arterial inflow is inadequate, an aortic 
conduit may be constructed. This is often performed using a 



FIGURE 36.10. Hepatic artery anastomosis where the artery is left 
long to allow for a gentle loop or curve to form. 
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FIGURE 36.11. A: The donor hepatic artery is procured with a Car¬ 
rel patch of aorta. B: The recipient hepatic artery bifurcation is used to 
fashion a branch patch for a larger anastomosis. C: The anastomosis 
is carried out using continuous monofilament suture material. D: The 
completed anastomosis. 


graft consisting of the donor common and external (or inter¬ 
nal) iliac artery. A partially occluding aortic clamp can either be 
placed in a supraceliac or infrarenal position and the common 
iliac artery is sutured in an end-to-side fashion to the recipient 
aorta. The donor Carrel patch can then be sutured in an end- 
to-end fashion to the external iliac artery of the conduit. 


Postrevascularization Phase 


Following revascularization, the liver should assume a normal 
color and consistency within several minutes. If the liver 
remains pale or is overly soft, problems with portal inflow 
should be considered. Alternatively, if the liver becomes ede¬ 


matous and overly firm, outflow obstruction should be 
excluded. Bile production should be seen while in the operating 
room and is among the first evidence for liver function. In con¬ 
trast, watery or milky fluid from the bile duct raises concern for 
primary nonfunction. Inspection for surgical bleeding should be 
performed and entails examination of the vascular anastomoses 
as well as a search for branches of the major vessels that may 
not have been ligated. If bleeding continues after all surgical 
bleeding has been resolved, attention should be directed 
toward correction of coagulopathy as described earlier. 

While biliary reconstruction does not carry the same risk for 
intraoperative disaster when compared to the recipient hepatec- 
tomy and reperfusion, it is associated with considerable post¬ 
operative morbidity and mortality and requires the same dili¬ 
gence and attention as other steps of the operation. Because of 
the relatively high complication rate associated with biliary 
reconstruction, it has been referred to as the “Achilles heel” of 
liver transplantation. There are several options for biliary 
reconstruction. In the past, the Caine conduit, or the use of the 
donor gallbladder, was used but has been abandoned due to the 
high rate of biliary complications associated with it. The sim¬ 
plest and most common technique is currently an end-to-end 
choledochocholedochostomy from the donor to the recipient 
bile duct (Fig. 36.12). If a size discrepancy exists, the narrower 
duct can be spatulated. Running or interrupted sutures can be 
used. Absorbable monofilament suture is most commonly used 
to avoid a nidus for future stone formation within the bile duct. 
While T-tubes were commonly used in the past to stent the 
anastomosis, evidence now suggests that more leaks or stric¬ 
tures develop as a result of the T-tube than are prevented. Inter¬ 
nal biliary stents may be used and may help prevent leaks or 
strictures. 53 Alternative biliary reconstruction methods may be 
necessary for those with a bile duct of inadequate quality or 
size or in those whose primary disease is biliary pathology such 
as primary sclerosing cholangitis or biliary atresia. The most 
common option employed in these situations includes a stan¬ 
dard Roux-en-Y choledochojej unostomy. If a choledochoje- 
j unostomy had been performed in the past, the limb of small 
bowel used may often be salvaged and used for biliary drainage 
of the new liver. Placement of drains is optional but may help 
identify and treat biliary leaks. Abdominal wall and skin clo¬ 
sure is then performed in the standard fashion. 


Technique for Reduced-size and 
Split Liver Transplantation 

In the 1980s, the waiting list mortality for small, pediatric liver 
candidates was relatively high because the number of suitably 
sized small liver donors was inadequate. As a result, tech¬ 
niques to reduce the size of an adult liver, based on Couinaud’s 
segmental anatomy (Fig. 36.13), were developed so that the 
left lobe, left lateral segment, or even a single segment could be 
used for a recipient more than 10 times smaller by weight than 
the donor. 54,55 During the early experience, the donor hepatec- 
tomy was performed in a standard fashion and the liver was 
brought back to the recipient hospital. The needed segments of 
the liver were cut down on the back table with the organ on 
ice, the vessels were left intact to the future transplant graft, 
and the remainder of the liver was discarded. Techniques have 
now developed so that both sides of the liver can be trans¬ 
planted into two recipients, either a child and an adult or two 
adults. 56,57 In addition, the liver may be split in situ at the 
donor hospital, allowing coagulation of the cut edge of the 
liver so that bleeding is minimized following reperfusion. Per¬ 
fusion to both sides of the liver can be inspected prior to flush¬ 
ing, ensuring that blood flow to all segments of each future 
graft has been preserved. Because of technical and practical 
issues, both the cut-down technique and in situ splitting of the 
liver are still employed. Split liver transplantation has been 
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FIGURE 36.12. A: In most cases, a choledochochole- 
dochostomy is performed, possibly over an internal 
stent. B: Patients with a diseased or unsuitable com¬ 
mon bile duct require biliary reconstruction with a 
Roux-en-Y choledochoenterostomy. 



associated with a decreased survival rate and the potential for 
increased risk of complications, including primary nonfunc¬ 
tion, hepatic artery thrombosis, and biliary complications. 
Because of this, while widespread adoption of allocation poli¬ 
cies to encourage greater utilization of split liver grafts in the 
adult population has been suggested, split liver transplanta¬ 
tion only accounts for a small proportion of transplants per¬ 
formed. In addition, only grafts from “ideal donors” are 
thought to be suitable for this form of transplantation. Crite¬ 
ria supported by UNOS for splitting currently include that the 
donor be less than 40 years of age, be on a single pressor or no 
pressors, have transaminases no greater than three times nor¬ 
mal, and have a body mass index of 28 or less. 


Living Donor Liver Transplantation 

Experience with deceased donor split liver transplantation as 
well as the success with living donor kidney transplantation 
led to the adoption of the techniques for split liver transplan¬ 
tation to living donor liver transplantation. The first living 
donor liver transplantation allowed an adult volunteer to 
donate the left lateral segment of the liver to a child. Based on 
the success of living donation in the pediatric population as 
well as the increased waiting list mortality rate for adults, 
these techniques have also been applied to adult recipients 
receiving either the right or left lobe from an adult volunteer. 58 
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FIGURE 36.14. Living donor right hepatic lobe allograft 
demonstrating the right hepatic vein (RHV), right portal 
vein (RPV), right hepatic artery (RHA), and two right 
hepatic ducts. 


Living donor liver transplantation was progressively develop¬ 
ing in the United States until a well-publicized donor mortality 
occurred. 59 Living donor liver transplantation now accounts 
for approximately 5 % of all liver transplants performed in the 
United States. In Japan and other areas of the Far East, where 
deceased donor transplantation has developed more slowly 
because of cultural difficulties with the concept of brain death, 
living donor transplant is the rule rather than the exception. 


In many respects, transplantation of a graft from a living 
donor is similar to transplantation of a whole liver from a 
deceased donor. However, a bicaval technique is not possible 
given that the donor vena cava is not available for replacement 
of the recipient’s retrohepatic inferior vena cava (Fig. 36.14). 
Therefore, the recipient vena cava must be left intact. A direct 
hepatic vein to vena caval anastomosis is used (Figs. 36.15 and 
36.16). Establishing adequate outflow of hepatic venous blood 
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FIGURE 36.15. Left lateral segment 
(segments II and III) living donor 
transplantation. A: Donor operation. 
B: Recipient operation completed. 
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FIGURE 36.16. Right lobe (segments V to VIII) living donor transplantation. A: Donor operation. B: Recipient operation completed. 


is necessary to prevent edema of inadequately drained seg¬ 
ments of the liver possibly leading to small-for-size syndrome. 
Therefore, any accessory veins greater than 5 mm in diameter 
should be reconstructed either by direct anastomosis to the 
vena cava or by using an interposition graft. In addition, 
the lengths of the portal vein, hepatic artery, and bile duct on 
the donor graft are considerably shorter than those available 
from a deceased donor. Therefore, during the recipient hepatec- 
tomy, considerable care should be given to preserving the 
length of the recipient bile duct as well as the right and/or left 
hepatic artery and portal vein that are intended for future 
anastomosis. 


Auxiliary Liver Transplantation 

Under select circumstances, there is a good rationale for placing 
the donor allograft in heterotopic rather than orthotopic posi¬ 
tion, leaving the native liver in place. This procedure is known 
as auxiliary liver transplantation. Auxiliary liver transplanta¬ 
tion has occasionally been used for cases in which liver trans¬ 
plantation is indicated for enzymatic deficiency but the native 
liver is otherwise normal in all other respects. It has also been 
used in cases of fulminant hepatic failure where the liver candi¬ 
date is expected to die in the near future without transplant but 
if adequate time was allowed, the native liver may recover and 
return to normal. In this situation, immunosuppression can 
slowly be weaned, the transplanted liver will atrophy, and the 
recipient can be taken off of all immunosuppression. Figure 
36.17 demonstrates one technique used. Another option, auxil¬ 
iary partial orthotopic liver transplantation (APOLT), has been 
developed. For this technique, part of the native liver is resected, 
often the right trisegment, leaving only the left lateral segment 
intact. The donor liver is then transplanted in an orthotopic 
position. If the native left lateral segment recovers, immunosup¬ 
pression can be weaned, leading to hypertrophy of the left lateral 
segment and involution of the allograft. 


_ COMPLICATIONS _ 

Q The degree of preoperative debilitation and the complexity of 
the operative procedure make complications following liver 
transplantation very common. Prompt recognition and treat¬ 
ment are essential. However, the usual signs or symptoms that 
would be expected in the general population are often absent 
or present to a lesser degree, and therefore, a high level of sus¬ 


picion must be maintained. Early warnings, such as fever, 
leukocytosis, or pain, may be suppressed as a result of 
immunosuppression. In addition, the burden of immunosup¬ 
pression predisposes to additional problems not usually en¬ 
countered in other areas of surgery. In the following sections, 
some of the major surgical complications that occur after liver 
transplantation are described. 


Primary Nonfunction 

Q About 2% to 10% of transplanted livers function so poorly in 
the immediate postoperative period that death is likely in the 
absence of retransplantation. This circumstance is referred to 
as primary nonfunction. Most cases of primary nonfunction 
likely occur as a result of ischemic injury, occurring either in 
the donor or the recipient, 60 or from poor preservation. Donor 
factors known to predispose to primary nonfunction include 
allograft steatosis, advanced donor age, and prolonged cold 
ischemic time. In addition, donor race and the need for portal 
vein reconstruction have also been demonstrated to be risk 
factors for primary nonfunction. 61 

Early evidence for primary nonfunction includes poor bile 
production of the liver intraoperatively, refractory acidosis, 
progressive coagulopathy, and hepatic encephalopathy. In a 
short period of time, these early signs are often followed by 
acute renal insufficiency and eventually cardiopulmonary col¬ 
lapse. Serial factor V levels may be helpful to determine if a 
liver allograft is functioning in a patient who has received a 
massive transfusion of fresh frozen plasma. In this setting, the 
INR may reflect transfused coagulation factors rather than 
factors emphasized by the liver graft. Fresh frozen plasma con¬ 
tains relatively little factor V because this factor is relatively 
unstable in cold storage. Therefore, a steady increase in the 
factor V level suggests production by the liver rather than 
transfusion with fresh frozen plasma. 

Liver transplant recipients in the United States with pri¬ 
mary nonfunction, currently defined as those who were trans¬ 
planted within 7 days and are anhepatic or those who have 
developed an aspartate transaminase above 3,000 along with 
an INR above 2.5 and/or acidosis, can be relisted as a status 
1A. Patients listed as a status 1A receive regional priority over 
less ill patients and frequently wait only a period of a few days 
for an appropriate donor to become available. Despite this 
preferential listing for retransplantation, primary nonfunction 
is associated with a mortality rate of more than 50%. 61 


































FIGURE 36.17. Heterotopic auxil¬ 
iary liver transplantation using a 
reduced-size allograft. 
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Postoperative Hemorrhage 

Postoperative hemorrhage requiring laparotomy occurs in 
approximately 5 % to 15% of liver transplant recipients. Post¬ 
operative bleeding should be suspected in any liver recipient 
during the immediate posttransplant period who develops 
tachycardia, volume-dependent hypotension, oliguria, and 
abdominal distention. Because many liver transplant recipients 
may have had a large volume of ascites preoperatively (some¬ 
times more than 10 to 20 L), a considerable amount of bleed¬ 
ing may occur before developing an abdominal compartment 
syndrome. In general, attempts to correct coagulopathy should 
be made and reexploration should occur in patients with 
refractory hypotension, abdominal compartment syndrome, 
or ongoing need for blood transfusion. At exploration, a spe¬ 
cific bleeding point often cannot be identified, suggesting that 
bleeding may be related more to coagulopathy than failure of 
surgical hemostasis. Therefore, waiting until coagulopathy is 
corrected before reexploration may be wise, assuming that the 
recipient is otherwise reasonably stable. 


Hepatic Artery Thrombosis 

The incidence of hepatic artery thrombosis ranges from 1 % to 
2% up to 10% in some populations. The incidence of hepatic 


artery thrombosis is higher in pediatric recipients and recipi¬ 
ents of living donors or split livers. Other risk factors include 
receiving a liver from a donor who is significantly smaller than 
the recipient, the need for reconstructive arterioplasty in the 
presence of nonstandard donor anatomy, acute rejection within 
the first week posttransplant, placement of cytomegalovirus 
(CMV)-positive organs into CMV-negative recipients, and a 
recipient history of smoking. 62 The association between rejec¬ 
tion and hepatic artery thrombosis may be the result of a 
decrease in hepatic arterial flow that occurs when the liver is 
swollen and edematous or of release of procoagulations into 
the microcirculation in association with the inflammatory 
injury of graft rejection. 

Hepatic artery thrombosis can occur in the early period, 
arbitrarily defined as within 30 days, or late posttransplant 
period. Early hepatic artery thrombosis is usually identified 
within the first 10 days posttransplant. The diagnosis is sus¬ 
pected in the setting of unexpectedly high liver enzymes, an 
elevation in liver enzymes rather than a gradual decline, or 
poor synthetic function during the first week to 10 days post¬ 
transplant. Other signs of biliary ischemia from hepatic arter¬ 
ial thrombosis include the development of biliary leaks, stric¬ 
tures, or intrahepatic abscesses. Doppler ultrasonography is 
usually used to confirm flow within the extrahepatic and intra¬ 
hepatic arteries. If inappropriate waveforms or no flow is iden¬ 
tified, the diagnosis can be confirmed by angiography or reex¬ 
ploration. At exploration, flow can be restored within the 
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hepatic artery approximately 80% of the time if the diagnosis 
is made early. However, despite restoring arterial flow, many 
of these recipients will still develop biliary complications. 

Hepatic artery thrombosis that occurs months to years fol¬ 
lowing liver transplantation does not always lead to graft fail¬ 
ure. Although some patients develop biliary strictures and/or 
hepatic abscesses, approximately a third of patients do well 
without intervention. 63 

The rate of arterial blood flow in the reconstructed hepatic 
artery is an important determinant of long-term patency. It is 
believed that children are predisposed to hepatic artery throm¬ 
bosis because they have smaller vessels and lower mean arter¬ 
ial blood pressure than adults. Pediatric patients with an 
arterial diameter of less than 3 mm have the highest incidence 
of hepatic artery thrombosis. However, the experience with 
pediatric living donor transplantation, where very small arter¬ 
ies are routinely encountered, has indicated that with micro- 
surgical technique it is possible to achieve a low hepatic artery 
thrombosis rate. 64 

A postoperative hypercoagulable state associated with 
hepatic transplantation may predispose to hepatic artery throm¬ 
bosis. Relatively poor hepatic production of natural regulatory 
anticoagulants, such as proteins C and S and antithrombin III, 
immediately after transplantation promotes coagulation because 
production of procoagulant factors, such as factor V and VII, 
occurs more rapidly after revascularization. 65 This observation 
has prompted some centers to administer fresh frozen plasma as 
a source of antithrombin III and proteins C and S in the postop¬ 
erative period. Most centers recommend prophylactic aspirin 
to prevent hepatic artery thrombosis in children, although no 
objective data demonstrate the value of this practice. 


Portal Vein Thrombosis 


Postoperative portal vein thrombosis is much less common 
than hepatic artery thrombosis, occurring in 1% to 3% of 
cases. A higher incidence of portal vein problems is seen in 
patients who have had previous portal vein operations or prior 
thrombosis of the portal system. Factors that decrease ante¬ 
grade portal flow also predispose to portal vein thrombosis. 
Patients with chronic portal hypertension often spontaneously 
develop large retroperitoneal collaterals from the portal 
venous system to the renal vein and inferior vena cava. A pre¬ 
vious surgically created splenorenal shunt should be discon¬ 
nected at the time of transplantation because it usually is asso¬ 
ciated with reduced flow through the portal vein. This can be 
accomplished easily during a liver transplant by dissecting 
down the vena cava and ligating the left renal vein at its origin. 
This maneuver does not compromise the function of the left 
kidney. This maneuver can also be useful to improve portal 
flow if preoperative imaging discloses large spontaneous 
portal-systemic shunts to the left renal vein. 

Portal vein thrombosis should be suspected when the recip¬ 
ient develops symptoms of portal hypertension or ascites that 
is unusually difficult to control. Doppler ultrasound examina¬ 
tion is usually the first diagnostic tool, but magnetic resonance 
imaging is also an option, as are standard mesenteric arteriog¬ 
raphy with portal phase views and direct percutaneous trans- 
hepatic portography. Transhepatic portography is particularly 
useful if a stenosis, rather than thrombosis, is identified because 
it is possible to both measure the pressure gradient across a 
stenotic area and treat a stenotic area with angioplasty and/or 
stent placement. 

When portal vein thrombosis is identified in the immediate 
postoperative period, reexploration and attempted thrombec¬ 
tomy are usually indicated. Thrombectomy is more likely to be 
successful if a technical flaw in the anastomosis is present and 
can be corrected. When performing thrombectomy, it is advis¬ 
able to avoid using balloon embolectomy catheters to remove 
clot from the mesenteric venous system, because these veins 


are very fragile and rupture of mesenteric veins deep in the 
mesentery can be catastrophic. 


Hepatic Vein or Inferior Vena Cava Stenosis 

Thrombosis of the inferior vena cava is a rare complication 
after liver transplantation, but hepatic vein outflow obstruction 
occurs in 2% to 4% of patients. Restrictions of hepatic blood 
flow may result from kinking of the suprahepatic cava. This is 
particularly problematic when the donor is small relative to the 
recipient and when the suprahepatic anastomosis is left long. 
Hepatic outflow problems can present with ascites and renal 
dysfunction. Presentation may be early in the first week after 
transplantation or months later. The diagnosis may be sus¬ 
pected on the basis of Doppler ultrasonography, but definitive 
diagnosis usually requires inferior cavography with measure¬ 
ment of pressure gradients. The incidence of caval complica¬ 
tions utilizing the piggyback technique appears to be higher 
than the incidence with the bicaval technique, at approximately 
4%. 66 Outflow stenosis appears to be more common if the 
combined orifice of two, rather than three, hepatic veins is used 
for the anastomotic site on the recipient when the piggyback 
technique is used. In many cases, hepatic vein or suprahepatic 
caval stenosis can be successfully treated noninvasively with 
the use of balloon angioplasty and stenting. 67,68 


Biliary Leak or Stricture 

Biliary leak or obstruction is a common surgical complication 
encountered after hepatic transplantation with an incidence of 
approximately 10% to 30%. 53,69 Most biliary complications 
probably relate to ischemia of the donor biliary tree 
(Fig. 36.18). The transected donor bile duct is totally depen¬ 
dent on arterial flow from the liver graft. Therefore, when a bil¬ 
iary leak is identified, it is appropriate to interrogate the hepatic 
vasculature to rule out the presence of hepatic artery stenosis or 
thrombosis. 

Although anastomotic biliary complications can result in 
mortality from sepsis, they most commonly lead to short-term 
morbidity. The initial management of biliary complications can 



FIGURE 36.18. Bile leak {arrow) from the choledochocholedochos- 
tomy after hepatic transplantation. 
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generally be nonoperative. In most cases, the problem can be 
both diagnosed and treated by endoscopic retrograde cholan¬ 
giopancreatography (ERCP). If the biliary reconstruction was 
made using a Roux-en-Y hepaticojejunostomy, or if ERCP is 
unsuccessful, biliary leaks must be diagnosed and treated by 
interventional radiology using percutaneous transhepatic 
cholangiography and percutaneous placement of a biliary stent. 
In addition to stenting the anastomosis, it may be necessary to 
place a percutaneous drain if there is a significant extrahepatic 
collection of bile. In cases where initial studies show a large 
defect and in cases where the leak is not controlled through per¬ 
cutaneous measures, operative repair using a Roux-en-Y hepati¬ 
cojej unostomy may be indicated. 

Biliary obstruction resulting from anastomotic strictures 
can also generally be managed nonoperatively by using percu¬ 
taneous cholangioplasty or ERCP. When anastomotic strictures 
persist beyond two attempts at balloon dilatation and stent 
replacement, operative repair may be an option as long as the 
entire biliary stricture is extrahepatic and there are no intra- 
hepatic strictures. 

While anastomotic strictures are less likely to cause long¬ 
term morbidity, intrahepatic biliary strictures, also referred to 
as intrahepatic cholangiopathy, can be progressive and lead to 
allograft dysfunction, cholangitis, and, ultimately, either death 
or retransplantation. Intrahepatic cholangiopathy is largely 
related to ischemic injuries, occurs in the setting of hepatic 
artery thrombosis, and occurs in approximately 20% of dona¬ 
tion following cardiac death (DCD) liver recipients. 


Intra-abdominal Sepsis 

Intra-abdominal sepsis presents as diffuse peritonitis or local¬ 
ized abscess and occurs in about 5% of patients who undergo 
liver transplantation. The most common cause of peritonitis is 
leakage of the biliary anastomosis. Abscesses may also develop 
spontaneously in the right upper quadrant or elsewhere in the 
abdomen. Most isolated infected fluid collections can be man¬ 
aged by percutaneous placement of drains guided by ultra¬ 
sound or computed tomography (CT) scanning, along with 
broad-spectrum intravenous antibiotics. Generalized infected 
ascitic fluid is managed with paracentesis and antibiotics. 
Surgical drainage may be necessary if leakage of enteric con¬ 
tents is suspected based on the finding of extravasated oral 
contrast in the peritoneal cavity on CT scan, or if the patient 
does not respond to percutaneous drainage. 


Neurologic Complications 

A number of preoperative and postoperative factors predispose 
to impaired consciousness and seizure activity after transplan¬ 
tation. Patients who have significant preoperative encephalopa¬ 
thy are more likely to suffer from postoperative neurologic 
symptoms. In the extreme, patients who are in hepatic coma 
from fulminant liver failure can sometimes take weeks to 
regain complete consciousness. Patients undergoing liver 
transplants are also at risk for watershed infarcts if significant 
intraoperative hypotension occurs. The effects of transient 
cerebral ischemia are worsened by the large amount of intra¬ 
venous fluids that are often necessary during and after trans¬ 
plantation, which can exacerbate cerebral edema. Air 
embolism is also a risk if venous bleeding occurs from the cava 
or hepatic veins at a time when the patient is relatively hypo¬ 
volemic. If the patient has a patent foramen ovale, air embolism 
can result in cerebral ischemia if large bubbles lodge in the 
cerebral circulation. If the patient fails to awaken promptly 
after transplantation, and particularly if the transplant is func¬ 
tioning well, an urgent CT scan of the head should be obtained 
to rule out intracranial hemorrhage and to assess the degree of 
cerebral edema. 


Seizures are reasonably common after transplantation. The 
calcineurin inhibitors cyclosporine and tacrolimus both lower 
seizure threshold and are associated with seizures following 
liver transplantation. Patients with a history of seizures are 
particularly predisposed to postoperative seizure activity. 
Seizures are treated with benzodiazepines acutely. The use of 
many long-term anticonvulsants alter the metabolism of cal¬ 
cineurin inhibitors. Therefore, levetiracetam is often used. To 
prevent recurrence of seizure activity, it is usually necessary to 
decrease the dosage of calcineurin inhibitor to a lower target 
blood level. Frequently it is also necessary to change to a dif¬ 
ferent calcineurin inhibitor altogether, or even to change the 
patient’s maintenance immunosuppression to a regimen that 
does not include a calcineurin inhibitor. 


REJECTION AND 
IMMUNOSUPPRESSION 


For reasons that are only partly understood, liver transplant 
recipients require less immune suppression than patients with 
other types of allografts, such as heart, lung, and kidney 
recipients. This is somewhat surprising given that the mass of 
the liver is so great compared with the mass of the other 
organs. With current immunosuppressive therapy, graft loss 
from rejection is rare. 


Antibody-mediated Rejection 

The liver is relatively resistant to injury from recipient anti¬ 
bodies, regardless of whether they are present at the time of 
transplant or develop later. This is very different compared 
with renal and cardiac recipients who experience rapid graft 
destruction, termed hyperacute rejection , if performed in a 
patient who has complement fixing antibodies directed against 
the donor organ in significant concentrations at the time of 
transplantation. Hepatic graft injury from preexisting anti¬ 
bodies directed at donor ABO determinants does occur, but in 
a much less pronounced fashion than in the context of renal 
transplantation. The overall results of ABO-incompatible liver 
transplants are somewhat inferior to those of ABO-compatible 
transplantations, but only by about a 10% to 20% decrease in 
1-year graft survival rates compared to ABO-compatible 
grafts. Some of this decrease in graft survival rate may be due 
to the fact that ABO-incompatible transplants are usually per¬ 
formed only in dire circumstances where the patient is so ill 
that he or she may not survive the wait for a compatible organ. 
Because preformed antibodies do not seem to be clinically 
important, most transplantation programs do not perform 
prospective cross matches between recipient serum and donor 
cells before transplantation, and determination of recipient 
and donor HLA type is no longer considered mandatory. 

Why the liver is less susceptible to antibody-mediated 
destruction than the kidney is not clearly understood. One fac¬ 
tor may be the vastly different microcirculation that the liver 
has compared with the kidney, with a preponderance of sinu¬ 
soidal channels and a smaller capillary network. It is probable 
that antibody-mediated injury affects blood flow through the 
delicate capillary network of the kidney more than it does liver 
sinusoids. In addition, each hepatocyte is exposed to two sinu¬ 
soidal channels, presumably permitting survival if only one 
sinusoid is occluded. Finally, differences in HLA antigen 
expression are known to exist in the two organs, with the kid¬ 
ney the more antigenic of the two. 


Cell-mediated Rejection 

Typical acute rejection in liver transplant recipients is usually 
cell mediated and occurs frequently but is effectively blunted 
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FIGURE 36.19. Acute rejection of a liver transplant. A: A portal tract is expanded by a polymorphous inflammatory infiltrate consisting of large 
and small lymphocytes, plasma cells, macrophages, and neutrophils. The bile ducts ( arrows ) are damaged and inflamed. B: A central vein from 
the same biopsy exhibits endothelialitis, characterized by swollen endothelial cells and infiltrating lymphocytes. (Reproduced with permission 
from Thung SN, Gerber MA. Histopathology of liver transplantation. In: Fabry TL, Klion FM, eds. Guide to Liver Transplantation. New York: 
Igaku-Shoin Medical Publishers; 1988.) 


by antirejection therapy. Acute rejection occurs most com¬ 
monly in the first 2 postoperative months. In modern practice, 
cell-mediated rejection is a less common cause of graft loss than 
is primary nonfunction or hepatic artery thrombosis. Still, the 
effectiveness of antirejection treatment assumes a relatively 
early diagnosis and treatment of acute rejection, which is in 
turn the result of careful monitoring by the transplantation 
physician and compliance by the patient with frequent labora¬ 
tory testing. Treatment of acute rejection with enhanced 
immunosuppressive therapy is highly effective, and an episode 
of rejection does not affect long-term graft survival. This is very 
different from renal transplantation, where an episode of rejec¬ 
tion decreases long-term graft survival markedly. 

The diagnosis of cell-mediated rejection is made primarily 
on a histologic basis. Clinical features can include low-grade 
fever and malaise, but frequently the patient is completely 
asymptomatic. Laboratory evaluation of peripheral blood may 
demonstrate leukocytosis and occasionally eosinophilia. Bio¬ 
chemical changes associated with rejection include elevated 
and rising levels of serum transaminases and alkaline phos¬ 
phatase. A prolonged serum prothrombin time and an abnor¬ 
mal serum bilirubin also suggest the possibility of rejection, 
but frequently these parameters are normal if rejection is 
detected early. Any of these findings should prompt a biopsy. 

The diagnosis of cell-mediated rejection rests on the finding 
of a triad of portal lymphocytosis, endotheliitis (subendothe- 
lial deposits of mononuclear cells), and bile duct infiltration 
and damage (Figs. 36.19 and 36.20). Various classification 
schemes have been devised to grade the severity of the rejec¬ 
tion process based on the degree of cellular involvement or 
injury in these areas. Cell characterization studies have docu¬ 
mented that the cells in the portal triads are primarily T cells, 
with fewer macrophages and neutrophils. Bile duct epithelial 
cells appear to be a prime target of immune attack, and they 
are known to express large amounts of class II HLA antigen. 

If the recipient has hepatitis C, it is critical that recurrent 
hepatitis C is differentiated from acute rejection. At times the dif¬ 
ference can be subtle, and a pathologist with experience in the 
interpretation of allograft biopsies is extremely valuable. 
Enhanced immunosuppression is associated with accelerated 
rates of hepatitis C viral replication; it is, therefore, important 
that immunosuppression is kept to a minimum for these patients. 


Chronic Rejection 

Q Chronic rejection is characterized by relentless immune attack 
on small bile ducts. Clinically, the pattern is one of gradual ele¬ 
vation of alkaline phosphatase and bilirubin, in the absence of 
obstruction of the large bile ducts. Histologically, small bile 
ducts are obliterated or completely absent, with a less pro¬ 
nounced cellular infiltrate than is seen with acute rejection. This 
finding has been termed vanishing bile duct syndrome when bile 
ducts are absent in 15 of 20 portal triads examined. 70 The 
loss of small bile ducts is partly the result of lymphocyte- 
directed attack on biliary epithelium. Relative to other cells 
in the liver, biliary epithelium tends to express more class I 
antigen. Thus, biliary epithelial cells are vulnerable targets 
for host attack because of their antigenicity. Loss of bile 
ducts may also occur indirectly as the result of ischemia 



FIGURE 36.20. Arterial lesion of chronic hepatic rejection. Subinti- 
mal foam cells, intimal sclerosis, and myointimal hyperplasia obliter¬ 
ate the arterial lumen. (Reproduced with permission from Rubin E, 
Farber JL. Pathology, 3rd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 1999.) 
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secondary to immune-mediated obliteration of small to 
medium arteries. As in the case of renal transplantations, there 
is no effective treatment for chronic rejection except retrans¬ 
plantation. 


Immunosuppression Induction 
and Maintenance 

Multiple immunosuppressive protocols achieve acceptable 
suppression of allograft rejection for liver transplant recipi¬ 
ents. Induction with anti thymocyte globulin is no longer con¬ 
sidered to be mandatory but is used at some centers. Similarly, 
prednisone therapy, once considered a mainstay of a successful 
immunosuppressive protocol, is no longer considered absolutely 
necessary and when used is often tapered rapidly. Treatment 
with a calcineurin inhibitor, either cyclosporine or tacrolimus, 
is still considered to be imperative for most liver transplant 
recipients. These agents are associated with significant long¬ 
term morbidity, particularly the development of chronic renal 
failure. Dosages of these agents have gradually been reduced 
both to prevent renal insufficiency and to avoid the rapid and 
aggressive recurrence of hepatitis C infection. Induction anti¬ 
body therapy with either polyclonal antilymphocyte prepara¬ 
tions or with inhibitors of the receptor for interleukin 2 is still 
used commonly in the perioperative setting to avoid the nephro¬ 
toxicity associated with the immediate use of calcineurin 
inhibitors. 

Because immunosuppression predisposes to infection, pro¬ 
phylactic anti-infective drugs are usually administered. 
Trimethoprim-sulfamethoxazole, dapsone, or pentamidine is 
recommended to prevent Pneumocystis carinii infection. Oral 
Mycostatin or fluconazole therapy is used to prevent fungal 
infections, particularly esophageal Candida albicans. Either 
ganciclovir or valganciclovir is prescribed for patients who are 
at risk for CMV infection, which includes any patient exposed 
to CMV in the past and any patient transplanted with organs 
from a donor who has been exposed to CMV. Patients who are 
CMV negative who receive CMV-negative organs are not at 
risk for CMV infection but should still receive prophylaxis 
against disseminated herpes simplex infections with acyclovir 
therapy. The duration of prophylactic anti-infective therapy 
has not been rigorously defined by evidence-based trials and is 
therefore dependent on each center’s experience with the 
prevalence of these infections in its patient population. 


Treatment of Acute Rejection 

Despite the overall effectiveness of the regimen described, acute 
rejection does occur and must be treated promptly. Several 
options are available for treatment of acute rejection, depend¬ 
ing on the clinical circumstances. Traditionally, high doses of 
methylprednisolone are administered (usually 500 mg to 1 g) 
intravenously on a daily basis for 3 days. This treatment is 
effective in reversing most acute rejection episodes. Alterna¬ 
tively, increased doses of a calcineurin inhibitor or the addition 
of an antimetabolite drug, such as mycophenolate mofetil, will 
also reverse most episodes of rejection, particularly if the rejec¬ 
tion is mild. Rejection that is resistant to these maneuvers is 
treated with antilymphocyte therapy, either a monoclonal anti¬ 
body directed at the T3 determinant common to all mature T 
cells (Orthoclone, OKT3) or polyclonal antilymphocyte treat¬ 
ments such as Atgam or thymoglobulin. These treatments are 
typically administered daily for 5 to 10 days. These agents are 
highly effective, and it is unusual to lose an allograft secondary 
to acute rejection. However, these treatments are associated 
with profound and long-lasting immunosuppression, and it is 
usually advisable to restart prophylactic anti-infective therapies 
when they are initiated. 


_ RESULTS _ 

Q The patient survival rate following liver transplantation in the 
United States at 1 year is more than 85% for adults and nearly 
90% for children. Patients who survive the first year following 
a liver transplantation experience approximately a 3% annual 
mortality rate thereafter, so 3-year survival rates for adults and 
children are currently 78% and 83%, respectively. 

The most important predictors of survival following liver 
transplantation are whether the patient has previously under¬ 
gone transplantation and whether the patient was in the 
intensive care unit at the time of transplantation. Although 
not as important as the condition of the patient at transplan¬ 
tation, the cause of liver failure is also an important determi¬ 
nant of success. Five-year survival varies from approximately 
60% for patients transplanted for malignancy to 70% for 
patients transplanted for viral and alcoholic cirrhosis. The 
best 5-year survival rates of around 80% are seen with 
patients transplanted for metabolic liver disease, biliary atre¬ 
sia, and cholestatic liver diseases (primary biliary cirrhosis 
and primary sclerosing cholangitis). 37 The volume of liver 
transplants performed at a given transplant center is also 
associated with patient survival, with higher-volume pro¬ 
grams exhibiting higher adjusted overall patient survival 
rates. 71 
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CHAPTER 37 ■ CARDIAC TRANSPLANTATION 


RICHARD N. PIERSON III 


KEY POINTS 


Q Over the past 50 years, heart transplantation has evolved 
from public spectacle to accepted therapeutic modality 
based on improved tools to diagnose rejection and infection 
and an expanded armamentarium of treatment options. 

Q Heart transplantation is offered to patients for whom no 
other reasonable treatment options exist and who are at 
higher risk of death without transplant than with it, while 
excluding those whose comorbid conditions are likely to 
significantly limit length or quality of life. 

@The mortality rate for patients awaiting transplant has 
improved significantly over the past decade due to 
improvements in (a) patient selection, (b) medical therapy 
of patients awaiting transplantation, (c) mechanical sup¬ 
port as a bridge to transplant, and (d) donor management 
and allocation algorithms. 

Q Of the four techniques for performing heart transplanta¬ 
tion, orthotopic transplant using bicaval right atrial con¬ 
nections has emerged as the most popular. 

Q A “triple-drug” regimen including a calcineurin inhibitor, 
an antimitotic agent, and a steroid, with or without anti¬ 


lymphocyte “induction,” is employed to prevent graft 
injury due to acute rejection. 

Q Prophylaxis against opportunistic infections includes 
agents targeted at common bacterial, viral, and protozoal 
pathogens. 

Q Although the number of heart transplants performed 
worldwide has declined due to a donor organ shortage, 
operative survival has improved over the past 20 years, 
and both patient and graft 1-year survival rates exceed 87% 
for adults. 

Q Rejection and infection together account for most of the 
mortality during the first year, whereas long-term survival 
is limited by cardiac allograft vasculopathy (a manifesta¬ 
tion of chronic rejection) and malignancy. 

Q Current initiatives in the field include development of 
improved immunosuppression (perhaps leading to graft 
“tolerance”) and alternatives to heart allotransplantation, 
such as “destination” mechanical support or heart xenografts 
from genetically modified pigs. 


Q Since 1964, cardiac transplantation has evolved from a sensa¬ 
tional, perilous experiment to become conventional therapy for 
end-stage heart disease, the paradigm of successful but expen¬ 
sive “high-tech” medicine. This remarkable transformation 
stemmed from fundamental surgical innovations supported by 
incremental improvements in the diagnosis and management of 
common problems. Current challenges revolve around donor 
supply and allocation, improving long-term outcomes, develop¬ 
ing alternative therapies, and related ethical issues. 


HISTORICAL PERSPECTIVE 


Based on significant contributions by many surgical pio¬ 
neers, 1-8 the first clinical heart transplant was performed in 
1964 by Hardy, who attempted to salvage a man dying from 
cardiogenic shock by replacing his heart with one from a chim¬ 
panzee. 9 Then, before the concept of brain death achieved wide 
social or legal acceptance, in 1967 Christian Barnard et al. cap¬ 
tured the imagination of the world with the first operative sur¬ 
vival, using the heart of a resuscitated cadaveric donor. 10 This 
case, and many others that were performed shortly thereafter, 
demonstrated not only the physiologic capacity of the trans¬ 
planted human heart allograft to support the recipient’s circu¬ 
lation but also the difficulty of managing subsequent immuno¬ 
logic and infectious complications. After a worldwide flurry of 
activity, generally dismal outcomes at many prominent cardiac 
surgery centers made clear the need for more thoughtful 
approaches to what was clearly a difficult constellation of prob¬ 
lems beyond effective circulatory support. 

A few pioneering programs persisted in cautious clinical 
application supported by parallel laboratory investigation. 
Recognizing the need for a more sensitive and specific diag¬ 
nostic technique to diagnose rejection, Phillip Caves, working 


with Shumway et al. at Stanford, developed the technique of 
transvenous endomyocardial biopsy. 11 Frequent, representa¬ 
tive surveillance sampling of the graft allowed early detection 
of pathogenic host immune responses. Perivascular lympho¬ 
cytic infiltrates were found to accurately diagnose acute cellu¬ 
lar rejection in its presymptomatic phase; when detected early, 
rejection usually responded to enhanced immunosuppression. 
Equally important, when rejection was not seen, immunosup¬ 
pression could be tapered to minimize drug toxicities and 
reduce the incidence of opportunistic infection. Coupled with 
important advances in the diagnosis, prevention, and treat¬ 
ment of infectious pathogens in immunosuppressed patients 
and in selection and management of patients with end-stage 
heart failure, patient survival at 1 year improved gradually, 
from about 20% in the 1960s to about 70% by 1980. 12 

However, even as recently as the early 1980s, when rejec¬ 
tion persisted or recurred despite high-dose steroids, alterna¬ 
tive treatments (total lymphoid irradiation, intramuscular 
antilymphocyte preparations, thoracic duct ligation, splenec¬ 
tomy) were often toxic or invasive and accompanied by a high 
incidence of major short- and long-term complications. In this 
context the discovery and clinical development of cyclosporin 
A 13,14 catalyzed the next major improvement in outcomes. 
Because the primary mechanism of action (inhibition of cal- 
cineurin-dependent cellular activation events) and toxicity 
profile were fundamentally different from those of azathio- 
prine, an antimitotic agent, or anti-inflammatory steroids, 
combination “triple” therapy allowed each agent to be used 
more safely. Meanwhile, antithymocyte and antilymphocyte 
preparations were adapted for safe intravenous use, either as 
prophylactic induction therapy (“quadruple therapy”) or as 
treatment for steroid-resistant rejection. Based primarily on 
these pharmacologic innovations in the regulation of the 
immune response, expected 1-year survival following heart 
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transplant gradually rose from about 70% to almost 88% 
between 1980 and 2008 despite increasing reliance on older 
donors for older and sicker recipients. 15,16 


CANDIDATE EVALUATION 

End-stage heart failure is the primary indication for heart 
transplantation in adults, with coronary artery occlusive dis¬ 
ease and myopathy of various etiologies each accounting for 
about 45% of cases. Congenital heart disease is the primary in¬ 
dication for infants, whereas myopathy predominates in older 
children. 

Q The heart transplant evaluation process seeks to identify 
patients for whom no other reasonable treatment options exist 
and who are at higher risk of death without transplant than 
with it, while excluding those whose comorbid conditions are 
likely to significantly limit length or quality of life. In 1993, a 
National Institutes of Health consensus conference developed 
recipient selection guidelines for cardiac transplantation, based 
on objective criteria known to predict poor outcome without 
transplantation 17 ; these guidelines (Tables 37.1 through 37.3) 
continue to evolve in the context of improving heart failure 
therapy. 18-20 Among patients with heart failure symptoms, 
maximal oxygen consumption (MV0 2 ) is more sensitive and 
specific than ejection fraction in gauging prognosis, and 
blunted cardiac output response to exercise may further strat¬ 
ify patients into high- and low-risk groups. 18 

When no clear survival advantage is apparent for trans¬ 
plantation or an alternative management strategy, quality of 
life and other subjective factors are weighed. Contemporary 
studies defining relative risks, along with basic considerations 
in the medical management of end-stage heart failure, are well 
summarized in recent reviews. 19,20 


TABLE 37.1 


INDICATIONS FOR HEART TRANSPLANT 

General indications 

End-stage heart disease without lower-risk alternative 
Absence of any noncardiac condition likely to: 

1) limit survival independent of cardiac function 

2) preclude safe administration of adequate 
immunosuppression 

3) predispose to life-threatening infection with 
immunosuppression 

Specific indications 

1) Heart failure of various etiologies 

a) Myopathy: ischemic, idiopathic, viral, familial, 
restrictive 

b) Valvular 

c) Congenital 

d) Failed transplant 

Early: Primary nonfunction, acute rejection 
Late: Cardiac allograft vasculopathy 

2) Other indications 

a) Angina not amenable to revascularization 

b) Arrhythmia, failed conventional therapy 

c) Hypertrophic cardiomyopathy 

d) Restrictive cardiomyopathy 

e) Primary cardiac tumor (completely resectable) 


TABLE 37.2 


SELECTION CRITERIA FOR STRATIFYING RISK AND 
SURVIVAL RESULTS 

Survival benefit established 
MV0 2 <10 mL/kg/min 

Class IV CHF symptoms despite maximal medical therapy 
Requiring mechanical circulatory support 
Refractory angina without therapeutic alternative 
Refractory ventricular arrhythmia without alternative 
Survival benefit likely 

MV0 2 10-14 with blunted CO response to exercise 

Instability of fluid balance or renal function despite 
documented compliance 

EF <20% with class III HF symptoms on maximal medical 
therapy 

Survival benefit not established 

MV0 2 10-14 with preserved CO response to exercise 
MV0 2 >14, EF <20% without other indication 

History of CHF or arrhythmia, controlled with medical 
therapy 

Quality-of-life considerations may influence selection of 
recipients for whom survival benefit is not established. 

CHF, congestive heart failure; CO, carbon monoxide; EF, ejection 
fraction; MV0 2 , maximal oxygen consumption. 


DONOR SELECTION 
AND MANAGEMENT 


The ideal donor is a young, previously healthy individual with¬ 
out cardiac disease or hypertension, who is well matched in size 
to the intended recipient and whose hemodynamics have been 
carefully managed during the evolution of his or her lethal cen¬ 
tral nervous system (CNS) injury. Some programs have advo¬ 
cated use of older donors, donors who may transmit infection 
or malignancy to the recipient, and grafts with hypertensive 
myocardial hypertrophy for particular recipients. 21 Some 
aggressive programs have even proposed that hemodynamically 
significant coronary stenoses can be bypassed at the time of 
transplant. 22 These approaches to donor selection are associated 
with less favorable short- and long-term outcomes, 15,23,24 but 
the increased risk may be considered acceptable for patients in 
whom the short-term prognosis is poor without transplant. 

Donor management requires skill and experience to suc¬ 
cessfully address the complex physiologic perturbations asso¬ 
ciated with brain death. Reflex hypertensive and hypotensive 
responses to intracranial pressure changes, fluid and elec¬ 
trolyte imbalances consequent to the diabetes insipidus from 
pituitary death, and additional stresses related to hemorrhage, 
trauma, and surgery often cause hemodynamic and metabolic 
instability, which may injure a previously healthy heart. The 
neurohumoral milieu of CNS catastrophe may also adversely 
affect other fundamental cell regulatory functions, such as 
those dependent on thyroid hormone. Despite controversy 
regarding the mechanisms involved, thyroid hormone is often 
administered to the donor as a continuous infusion, hoping to 
correct a “sick euthyroid” syndrome and optimize cardiac 
metabolism prior to explant. Although evidence to date is 
largely anecdotal, inotrope requirements can often be reduced 
after thyroid infusion is begun, and donor hemodynamic 
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TABLE 37.3 


CONTRAINDICATIONS TO CARDIAC TRANSPLANTATION 

Absolute contraindications 

High pulmonary vascular resistance^ 

Transpulmonary gradient >15, fixed 
Pulmonary vascular resistance index >5-6 Woods Units 
Irreversible renal insufficiency (CrCl <40) d 
Active infection (viral or bacterial) 

Active peptic ulcer disease 

Diabetes with end-organ damage, renal insufficiency, 
neuropathy, retinopathy 

Symptomatic extracardiac vascular disease 
CVOD with recent TIA, CVA 
PVOD with claudication, rest pain, or tissue loss 

Current malignancy or recent treatment (<2 y) for life- 
threatening malignancy 

Disease of another organ system that would probably limit 
survival 

Established cirrhosis, cardiac or other etiology 
Symptomatic COPD; chronic bronchitis 

High risk for inability to comply with complex medical 
regimen 

Not firmly committed to transplantation 

Inadequate cognitive capacity to comply with postop 
regimen, coupled with inadequate compensatory social 
support 

Documented psychiatric instability 
Recurrent drug or alcohol abuse 

Demonstrated noncompliance with therapeutic 
recommendations 

Relative contraindications 
Age over 65 

Established renal failure 
Diabetes without end-organ disease 

Asymptomatic or previously treated extracardiac vascular 
disease 

COPD with FEVi or DLCO <60% predicted without 
referable symptoms 

Remote malignancy, in remission (>4 y with no evidence of 
disease) 

High pulmonary vascular resistance, reversible 

Disease of another organ system that would limit quality of 
life 

Difficulty complying with complex medical regimen 

COPD, chronic obstructive pulmonary disease; CrCl, creatinine 
clearance; CVA, cardiovascular accident; CVOD, cerebrovascular 
obstructive disease; DLCO, carbon monoxide diffusing capacity; 

FEV l5 forced expiratory volume in 1 second; PVOD, pulmonary 
veno-occlusive disease; TIA, transient ischemic attack. 
fl On optimal medical therapy. 


lability is less common, suggesting improved cardiac and 
vasoregulatory function. 25,26 

Cardiac echocardiography has become a standard compo¬ 
nent of donor assessment to measure ejection fraction and to 
exclude structural abnormalities or hypertrophy suggestive of 
hypertensive myopathy. Cardiac catheterization may be 
requested for donors over age 45, especially for those with a 


strong family history of coronary artery disease, for smokers, 
or when regional wall motion abnormalities are appreciated 
on echocardiography. 


MATCHING DONOR 
TO RECIPIENT 


Once a potential donor is identified, priority among blood 
type-compatible recipients is determined first by relative sever¬ 
ity of illness (“status”) and then by length of time on the wait¬ 
ing list among those at each status in the donor’s geographic 
area. In the United States, this information is currently tracked 
and collated by a central, national registry operated by the 
United Network for Organ Sharing. The heart is first offered 
to the program whose candidate has priority on the list and 
whose registered height and weight range include the potential 
donor. Donor inotrope requirements and functional assess¬ 
ment, recipient pulmonary vascular resistance, possible infec¬ 
tion transmission risks (known hepatitis or potential human 
immunodeficiency virus [HIVj exposure in the donor), and 
other logistical considerations (expected graft ischemic time) 
influence the recipient team’s decision regarding acceptance of 
an organ for an individual patient. If the first program declines 
the offer for the first patient, the process is repeated for the 
patient next on the list until the heart is accepted. 

Tissue typing, the time-consuming process by which donor 
and recipient are matched for shared transplant antigens, is not 
currently used for hearts. The probability is low of identifying 
a “close” match among the relatively small number of blood 
type-compatible potential recipients within the geographic 
radius (usually <1,500 miles) defined by a 4-hour projected 
ischemic time. In addition, the demonstrated benefit of partial 
human leukocyte antigen (HLA) matching is small relative to 
the added risk of prolonged graft ischemia, a risk augmented 
by increasing donor age. 16,27 


RECIPIENT MANAGEMENT 
BEFORE TRANSPLANT 


Q The medical therapy of patients awaiting transplantation has 
improved significantly over the past decade, centered around 
aggressive afterload reduction and diuresis, anticoagulation, 
and beta blockade. 18-20 This trend, coupled with improved 
mechanical support and improved donor allocation algo¬ 
rithms (discussed later), has reduced the mortality rate for 
patients awaiting transplantation. As waiting lists have grown 
faster than the donor pool and average time waiting has simi¬ 
larly escalated, cardiac decompensation among patients on the 
waiting list is frequent. In most areas of the United States and 
Europe, the majority of hearts go to patients who are sick 
enough to require hospitalization for intensive diuresis and 
intravenous inotrope administration. 15,16 

When inotropic therapy proves inadequate, as gauged by 
progressive deterioration in renal and other end-organ func¬ 
tion, temporary intra-aortic balloon pump counterpulsation 
and mechanical ventilation can stabilize some patients. These 
interventions are associated with important risks; the relative 
risk of death is increased threefold in patients who are ventila¬ 
tor dependent at the time of transplant. 15,16 

In contrast, mechanical circulatory support using ventricu¬ 
lar assist devices has emerged as an effective bridging strategy. 
Although some bridged patients incur serious complications 
(stroke, renal or hepatic failure, systemic infection) that pre¬ 
clude transplantation, about three quarters are successfully 
transplanted, with excellent outcomes relative to patients not 
requiring this intervention. 16 Patients with biventricular failure 
can be supported with either implanted or paracorporeal 
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pulsatile left ventricular support, with or without addition of 
temporary right heart support. Various total artificial heart 
devices can be implanted in place of the native heart and have 
been applied successfully in small numbers. 28 This approach is 
most likely to find a niche as an alternative to heart transplan¬ 
tation in patients not supportable with a left ventricular assist 
device, such as those with fixed pulmonary hypertension. 
Intravascular axial flow devices and other nonpulsatile assist 
systems have shown promise in clinical trials. 29,30 


HEART PROCUREMENT 


Cardiac allograft protection depends primarily on hypothermia, 
which reduces myocardial energy requirements while the heart 
graft has no nutritive coronary blood flow. Other important 
principles include avoidance of distention and warm ischemia in 
both the donor and the recipient and induction of diastolic (flac¬ 
cid) cardiac arrest. These goals are accomplished by interrupt¬ 
ing systemic venous return for decompression, placing a clamp 
across the distal ascending aorta, and infusing a hyperkalemic 
preservation solution proximal to the clamp, and thus selec¬ 
tively into the coronary arteries. Both the inferior vena cava and 
left atrium are incised (“vented”) to prevent distention of either 
ventricle. Some preservation solutions incorporating free radical 
scavenging molecules or other cytoprotective agents are associ¬ 
ated with improved early graft function. 31,32 



Every effort is made to limit the ischemic interval, the time 
between initial interruption of coronary flow by aortic cross¬ 
clamping in the donor and removal of the cross-clamp in the 
recipient, to less than 4 hours. Although laboratory studies and 
isolated clinical reports suggest that good results may be expected 
with storage times of 8 hours or more using various preservation 
solutions, increased ischemic time remains a strong and impor¬ 
tant independent risk factor for poor recipient outcome. 15,16 


OPERATIVE RECIPIENT 
MANAGEMENT 


Timing of the recipient operation requires careful coordina¬ 
tion with the procurement team. Anesthesia is induced after 
the donor heart is visually inspected and found suitable. 
Venous access is obtained, which will permit rapid volume 
resuscitation and invasive cardiac monitoring after the new 
heart is implanted. Prior cardiac surgery may complicate coor¬ 
dination of operative timing and is associated with increased 
risk of bleeding. 

If appropriate, Coumadin effects are reversed with fresh 
frozen plasma and vitamin K. Aprotinin or e-aminocaproic 
acid are often used to inhibit fibrinolysis and prevent coagulo- 
pathic bleeding after prior cardiac surgery or associated with 
hepatic congestion. Increased inotropic infusion, antiarrhyth- 
mic agents, or mechanical circulatory support may be required 



FIGURE 37.1. Native cardiectomy and donor graft preparation. A: Recipient pericardium after institution of cardiopul¬ 
monary bypass and ascending aortic occlusion, with caval snares secured. The diseased native heart can then be safely 
excised by transecting the recipient aorta and pulmonary artery, and the atria divided as appropriate for the intended 
implant technique. Shown is the right atrial incision for the traditional Lower/Shumway right atrial cuff. B: Posterior view 
of the explanted donor heart, indicating various incisions used for atrial cuff preparation. Donor atrial cuff incisions made 
in preparation for traditional Lower/Shumway biatrial implant are indicated by the heavy white dashed line. The superior 
vena cava (SVC) is ligated or oversewn. Right and left pulmonary vein ( light white dashed line ) and superior vena cava 
{black dashed line) incisions are indicated for the total atrioventricular implant technique. For the bicaval technique, the 
donor SVC ( black dashed line ) and inferior vena cava are retained as for the total atrioventricular technique (Fig. 37.4), and 
the donor left atrial cuff trimmed as for the traditional biatrial approach {heavy white dashed line). 
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FIGURE 37.2. Traditional Lower/ 
Shumway biatrial technique. A: Recip¬ 
ient cuffs, prepared for bicaval atrial 
implant technique. After completion 
of the left atrial anastomosis (B), the 
right atrial cuffs are joined. Care is 
taken to avoid carrying the right atrial 
incision or suture line close to the 
donor sinoatrial node, at the superior 
vena cava/right atrial junction ( aster¬ 
isk ). C: Appearance of the operative 
field after completion of great vessel 
anastomoses, weaning from car¬ 
diopulmonary bypass, and decannula- 
tion. 


to maintain adequate systemic perfusion prior to institution of 
cardiopulmonary bypass. 

Vascular access for bypass is accomplished by cannulation 
of the superior and inferior vena cavae so as to completely 
divert systemic venous blood to the cardiopulmonary bypass 
circuit. The ascending aorta, common femoral, or subclavian 
artery is used for arterial return from the circuit to the patient. 
Technical misadventures, such as entry into the heart or great 
vessels before bypass is established or induction of ventricular 
arrhythmias, are more common with reoperative procedures 
and can greatly complicate the intraoperative course and post¬ 
operative management. 

Once the proximate arrival of the donor heart is ensured, 
the recipient is placed on bypass and cooled. Snares are 
secured around the caval cannulae, the ascending aorta 
clamped, and the native heart excised (Fig. 37.1 A). Vascular 
cuffs are preserved, which are appropriate for implantation of 
the donor heart (Figs. 37.2A, 37.3A, and 37.4A). The donor 
heart is then prepared according to the implant technique to be 
used (Fig. 37.1B). 

Implant techniques and the sequence of vascular anastomo¬ 
sis vary widely between surgeons, as do strategies used to pro- 
Q tect the ischemic organ during implantation. The biatrial 
orthotopic heart transplant technique is simple, easy to teach, 
and still used by many surgeons 8 (Fig. 37.2A-C). The donor 
atria are spatulated open, trimmed if necessary, and laid over 
the recipient’s atrial remnants. The left atrial suture line is 
everted to achieve endothelial apposition and to avoid leaving 


epicardial fat or muscle exposed in the lumen as a potential 
nidus for thromboemboli. Sinoatrial node dysfunction can 
usually be prevented by keeping the donor right atriotomy 
well anterior on the right atrial appendage, away from the 
sinoatrial node and its blood supply (Fig. 37.2B), and by opti¬ 
mizing graft preservation. 32 Even if most of the dilated native 
atrium is excised, atrioventricular (AV) valve annular geome¬ 
try may be distorted, causing regurgitation, or the area around 
the sinus node may be placed under tension, leading to atrial 
arrhythmias or sinus node dysfunction. 

During the 1990s, these considerations led to evaluation of 
alternate atrial anastomotic techniques, including bicaval right 
atrial connections (Fig. 37.3A-C) and total atrioventricular 
replacement (two caval and two pulmonary vein anastomoses) 
(Fig. 37.4A, B). In a prospective, randomized trial (bicaval 33 ) 
and several retrospective analyses, 34,35 the incidence of atrial 
arrhythmias and AV valve regurgitation was reduced, and 
hemodynamic results and survival were improved with either 
the bicaval or total atrioventricular technique. 

Independent of whether the aorta or pulmonary artery con¬ 
nection is performed first, the anterior aspect of the pulmonary 
artery anastomosis is usually left open or vented, to allow 
decompression of the right heart after reperfusion (Fig. 37.3C). 
The size mismatch between donor and recipient aortas is often 
dramatic, but can usually be accommodated by beveling the 
smaller vessel (usually the more pliable donor) to increase its 
effective circumference and by distributing the discrepancy 
evenly over the length of each anastomosis. Occasionally it is 
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FIGURE 37.3. Bicaval right atrial 
implant technique. A: During explan¬ 
tation of the native heart, the intera¬ 
trial septum may be excised, for end- 
to-end anastomosis of the cavae (B), or 
left in place (as in Fig. 37.2A), allowing 
the back walls of the donor cavae to be 
laid into those of the recipient. C: Tech¬ 
nique for pulmonary artery venting 
through an opening in the anterior 
aspect of this anastomosis, which is 
useful for deairing and decompressing 
the right heart. Alternatively, the aorta 
may be anastomosed earlier in the 
operation to minimize graft ischemic 
time. 



necessary to tailor down the larger vessel or to replace an 
aneurysmal ascending aorta with donor tissue or a prosthetic 
graft. Functional pulmonary stenosis is avoided by trimming 
back both donor and recipient sufficiently to prevent redun¬ 
dancy. 

An alternate “heterotopic” implantation technique places a 
second heart in the circulation, in parallel with the retained 
native heart. 36 In principle, leaving the native heart affords 
protection in the event that the graft fails. The operation is 
technically demanding, usually produces compressive atelecta¬ 
sis in the right lung, and is associated with a high risk of 
stroke, perhaps due to stasis of blood in the native heart. 37 Not 
withstanding, this surgical approach may be considered for 
patients with high pulmonary vascular resistance unresponsive 
to vasodilators, and may in the future also find a role in the ini¬ 
tial application of cardiac xenografts. 

After completion of the anastomoses, the heart is reper¬ 
fused and allowed to resume contracting without being 
required to function as a pump (“rested”) as the recipient is 
rewarmed. Atrial and ventricular pacing wires are placed. Car¬ 
diac output of the denervated transplant is highly dependent 
on rate. In addition, the shorter cardiac filling time associated 


with higher heart rate prevents graft distention. Isoproterenol 
is initiated prior to weaning from bypass at a dose of 0.005 to 
0.02 /JLg/kg per minute and titrated to achieve a heart rate of 
about 110 beats per minute. 

Patients with high preoperative pulmonary vascular resis¬ 
tance may be particularly difficult to wean from cardiopul¬ 
monary bypass, even with excellent function of the donor heart, 
as the “normal” donor right ventricle may acutely dilate and fail 
when confronted by a high-resistance pulmonary vascular bed. 
Resting the recently ischemic heart on cardiopulmonary bypass, 
establishing a stable sinus or AV sequentially paced rhythm, 
instituting inotropic support, and intra-aortic balloon counter¬ 
pulsation are useful in managing this problem. Traditional 
pharmacologic approaches to reducing pulmonary vascular 
resistance, such as prostaglandins Ej or I 2 and sodium nitro- 
prusside, may cause transpulmonary shunting of deoxygenated 
blood; these agents also reduce systemic vascular resistance and 
thus coronary perfusion pressure. Inhaled nitric oxide selec¬ 
tively dilates the pulmonary vascular bed before being rapidly 
inactivated by hemoglobin in the blood. We and others have 
found this very helpful to selectively reduce pulmonary vascular 
resistance without adverse effects on oxygenation or heart 
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FIGURE 37.4. Total atrioventricular transplant technique. A: Recipient pericardial well after preparation of bilateral pulmonary vein 
pedicles and caval cuffs, for total atrioventricular heart transplant. B: Construction of left pulmonary vein anastomosis. As with other 
left atrial anastomotic approaches, atrial walls or vein cuffs are everted to minimize exposure of thrombogenic fat or muscle to the 
blood. 


function, and this drug has recently been approved by the U.S. 
Food and Drug Administration for clinical use. 38 Poor func¬ 
tion of either or both ventricles may necessitate institution of 
mechanical support as a bridge to graft recovery or to retrans¬ 
plantation. 

Postoperatively, ventilator and inotropic support is 
weaned, immunosuppression is instituted, and diuretic and 
antihypertensive agents are initiated as necessary. Isopro¬ 
terenol is continued for about 5 days and replaced with theo¬ 
phylline if needed to sustain a resting heart rate over 70. The 
first surveillance endomyocardial biopsy is performed 7 to 10 
days after surgery and repeated as an outpatient procedure 
about every 2 weeks for the first 3 months. Patient and care¬ 
giver education with regard to medication schedules and phys¬ 
iologic monitoring facilitates early discharge for patients with¬ 
out complications. Biologic monitoring of peripheral blood 
gene or protein expression and electrical approaches to moni¬ 
tor the immune response to the graft have shown promise to 
supplant routine invasive monitoring. 39-41 


IMMUNOSUPPRESSION 


The goal of immunosuppressive therapy is to prevent immune- 
mediated injury to the graft while minimizing associated com- 
Q plications, including opportunistic infection. Most programs 
employ a “triple-drug” regimen, including a calcineurin 
inhibitor, an antimitotic agent, and steroids. This approach 
allows each individual drug to be used within its therapeutic 
window (Table 37.4). Some centers add antibody “induction” 
with anti-CD3, polyclonal antilymphocyte serum, or anti-inter- 
leukin-2 (anti-IL-2) receptor antibodies. 42-47 The mechanisms of 
action and side effect profiles of these agents are well described 
in an earlier section of this chapter. 

Medical management after heart transplantation is focused 
on anticipation and prevention of common complications. 


Hypertension and hyperlipidemia are prevalent due to predis¬ 
position in the recipient patient population and as side effects 
of various immunosuppressive agents. Prophylaxis against 
opportunistic infections includes agents targeted at common 
protozoal and viral pathogens (Table 37.4). Surveillance biop¬ 
sies are performed according to a scheduled routine, and addi¬ 
tional biopsies are performed to exclude rejection in the event 
of hemodynamic instability or unexplained fever. Typically, 
patients are able to leave the hospital within 10 days of uncom¬ 
plicated operation, to be followed regularly in outpatient clinic. 
Monitored physical rehabilitation facilitates optimal cardio¬ 
vascular and musculoskeletal recuperation, 48 and occupational 
rehabilitation may offer important psychological and social 
benefits. 


COMPLICATIONS 


Complications of antirejection therapy relate primarily to the 
side effects of the specific immunosuppressive agents currently 
used. Infections tend to occur in patients with the greatest 
degree of preoperative debility and malnutrition, or in con¬ 
junction with additional stressors such as perioperative bleed¬ 
ing or hepatorenal dysfunction. Bacterial pathogens are com¬ 
mon in the first several weeks, particularly in the lung and 
related to surgical or vascular access sites. Opportunistic viral 
and fungal infections usually predominate later. Increasingly 
effective prophylaxis for cytomegalovirus and herpes infections 
has markedly reduced the morbidity associated with these com¬ 
mon pathogens. When infection occurs, immunosuppression is 
tapered as aggressively as possible based on myocardial biopsy 
results. 

Acute rejection occurs in the majority of patients and is 
graded histologically according to standardized criteria devel¬ 
oped by the International Society for Heart and Lung Trans¬ 
plantation (ISHLT). When detected at an early histologic stage 
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TABLE 37.4 


TYPICAL IMMUNOSUPPRESSIVE PROTOCOL AND ASSOCIATED MEDICAL TREATMENT 
FOLLOWING ADULT HEART TRANSPLANTATION 

Calcineurin inhibitors: Cyclosporine 2-4 mg/kg PO bid or 1-4 mg/h IV 

FK506 0.025-0.15 mg/kg PO bid 

Side effects: Hypertension, renal insufficiency, tremor, 


Hirsutism (cyclosporine A only), gingival hyperplasia, diabetes 
(FK only) 


Antimitotic agents: 

Side effects: 

Azathioprine 1-2 mg/kg/d qd 

Mycophenolate mofetil 500-1,500 mg/d bid 

Marrow suppression, nausea, abdominal cramps, diarrhea 

Glucocorticoids: 

Methylprednisolone IV, then 

Prednisone PO 

Side effects: 

Hypertension, insulin resistance, osteoporosis, mood swings 

Central obesity, Cushingoid habitus 

Antiprotozoal: 

Trimethoprim-sulfamethoxazole ( Pneumocystis ; toxoplasmosis) 

Antiviral: 

Acyclovir (herpes) 

Ganciclovir (cytomegalovirus) 

Antihypertensives: 

Angiotensin-converting enzyme (ACE) inhibitor or ACE-receptor 
blocker 

Diltiazem (retards cyclosporine A metabolism, reducing drug 
requirement) 

a-Receptor blockers 

Antilipid agents: 

Statin class agent 


(ISHLT grade 1, Fig. 37.5) in an asymptomatic patient on sur¬ 
veillance biopsy, rejection will often respond to augmented 
oral steroids and/or an increased dose of calcineurin inhibitor. 
When a higher grade of rejection is found (Fig. 37.6), when the 
infiltrate fails to resolve in response to initial interventions, or 
in the setting of depressed cardiac function or shock, high-dose 
intravenous steroids are administered and antilymphocyte 
therapy often added. Inotropic or mechanical support is insti¬ 
tuted as needed in hopes of rescuing graft and patient. Anti- 
body-mediated “vascular” rejection is a controversial entity 
that, when documented by immunohistochemical techniques, 
may warrant introduction of cyclophosphamide or other 
agents with increased activity against B cells. 



FIGURE 37.5. International Society for Heart and Lung Transplanta¬ 
tion grade 1R—diffuse interstitial or focal perivascular infiltrate with 
rare or absent myocyte damage is characteristic of mild acute cellular 
rejection. 


Bradycardia is prevalent in the denervated heart for the first 
weeks after transplant, but a resting heart rate over 70 can 
usually be achieved by initiating a /3-agonist such as theo¬ 
phylline. Persistent bradycardia may be caused by ischemic, 
surgical, or immunologic injury to the sinus or AV nodes or by 
amiodarone leaching from stores accumulated preoperatively 
in body fat; pacemaker implantation may be necessary. Atrial 
flutter or fibrillation may occur spontaneously or herald acute 
rejection. This dysrhythmia can be difficult to manage because 
vagal denervation attenuates digoxin modulation of the 



FIGURE 37.6. International Society for Heart and Lung Transplanta¬ 
tion grade 3R—multifocal cellular infiltrate with focal myocyte necrosis, 
typical of severe acute cellular rejection. 














FIGURE 37.7. Autopsy specimen of an epicardial coronary artery 
demonstrating a moderately severe concentric fibroproliferative inti- 
mal lesion characteristic of cardiac allograft vasculopathy. (Courtesy 
of Dr. James Atkinson, Vanderbilt University School of Medicine, 
Nashville, TN.) 


typical rapid ventricular response. Most other agents tradi¬ 
tionally used to treat atrial arrhythmias depress AV node con¬ 
duction or myocardial contractility, particularly undesirable 
side effects in a recent heart recipient. Amiodarone is generally 
better tolerated, controls heart rate and promotes conversion 
to sinus rhythm, and has been used widely in this circum¬ 
stance. 

Among patients who survive beyond the first year, the pri¬ 
mary limits to long-term survival are cardiac allograft vascu¬ 
lopathy (CAV) and malignancy 15,16 ’ 24 (Fig. 37.7). Current 
understanding of the pathogenesis of CAV is incomplete. 49-51 
Widely presumed to be a consequence of “chronic rejection,” 
this process has an incidence of approximately 5% per year. 
CAV may cause progressive insufficiency of coronary flow, 
myocardial infarction, and ultimately death. Recent research 
has drawn attention to the importance of donor stress associ¬ 
ated with brain death and ischemia/reperfusion injury in the 
incidence and severity of CAV in animal models. 52 In contrast 
to the usual pattern of focal proximal lesions in conventional 
atherosclerosis, coronary arteries are diffusely involved, and 
conventional revascularization techniques are not generally 
feasible. In the future, new immunosuppressive or antiprolifer¬ 
ative agents may prevent this process or delay its progres¬ 
sion. 53 Both CAV and increased risk of malignancy would 
likely be prevented if efforts to accomplish durable tolerance 
are successful, but this obstacle is proving stubborn. 54 


_ RESULTS _ 

Q Due to a decline in the number of donor hearts that are consid¬ 
ered acceptable, the number of heart transplants performed 
worldwide has declined, from a peak of about 4,070 in 1995 to 
fewer than 3,200 reported in each year since 2000, a 20% 
decrease. While some decrease in reporting from European cen¬ 
ters may have resulted from the absence of an incentive to con¬ 
tribute to international registries, reported U.S. activity— 
which is federally mandated by organ allocation regulations— 
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Years after transplant 

FIGURE 37.8. Heart Transplant Survival, 1980-2006. Survival fol¬ 
lowing heart transplantation in recipients, grouped by era of opera¬ 
tion, analyzed by the Kaplan-Meier method. Operative survival 
accounts for much of the steady improvement in outcomes over the 
past two decades. The subsequent rate of attrition appears to have 
changed little over the past 20 years, likely reflecting the effect of com¬ 
peting influences such as an older recipient population and improving 
patient management strategies. (Figure created from data provided by 
the United Network for Organ Sharing, including follow-up informa¬ 
tion available as of 12/10/09.) Current demographics and statistics 
may be found at International Society for Heart and Lung Transplan¬ 
tation website (www.ishlt.org). 


decreased by about 15% between 1997 and 2004 despite a 
steady increase in average donor age. 15,24 A recent trend 
upward in U.S. heart transplant activity (from 2,000 to 2,200 
cases annually) may reflect the influence of the Health 
Resources and Services Administration organ donor initia¬ 
tive, 15,55,56 implementation in 2006 of a donor allocation algo¬ 
rithm that emphasizes disease acuity over proximity to donor 
hospital or other factors. 

Operative survival in adults has improved over the past 20 
years to above 90%, and both patient and graft 1-year sur¬ 
vival rates exceed 87% 15,16 (Fig. 37.8). The most important 
risk factors for death within the first year include previous 
transplant, increased donor age (with age older than 60 con¬ 
ferring greater risk than age older than 45), need for ventilator 
or left ventricular assist device support before transplant, and 
Q recipient age older than 60. Among common complications, 
rejection and infection together account for most of the mor¬ 
tality during the first year and contribute approximately 
equally (Table 37.5). Beyond the first year, malignancy, includ¬ 
ing posttransplant lymphoproliferative disease, and chronic 
rejection emerge as prominent additional factors limiting long¬ 
term survival. Extrapolating from current early results, more 
than 50% of recent recipients can expect to be alive 10 years 
after transplant, with actuarial graft half-life over 12 
years. 16,24,27 

Repeat heart transplantation accounts for less than 2% of 
all heart transplants done. When performed within the first 6 
months, typically for early failure of the first graft, 1-year sur¬ 
vival is less than 50%. When performed later, usually for car¬ 
diac allograft vasculopathy, 1-year survival is over 80%, and 
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TABLE 37.5 


COMPLICATIONS FOLLOWING HEART TRANSPLANTATION 

Primary graft failure (<5%) 

Technical (inadequate tissue preservation; reperfusion 
injury) 

Immunologic (hyperacute rejection) 

Donor selection (myocardial, valvular, or coronary 
obstructive disease in donor) 

Technical 

Size mismatch (too large, too small) 

Bleeding (surgical, medical) 

Anastomotic (narrowing, aneurysm, disruption) 

Infection 

Bacterial (various) 

Viral (herpes, cytomegalovirus, Epstein-Barr virus) 

Protozoal (toxoplasmosis, Nocardia) 

Fungal (Candida, Aspergillus) 

Rejection 

Acute (cellular, humoral, mixed) (24%-34% within first 
year) 

Chronic (cardiac allograft vasculopathy) (53% by 10 years) 
Treatment effects 

Hypertension (99% by 10 years) 

Hyperlipidemia (93% by 10 years) 

Diabetes (37% by 10 years) 

Renal failure (acute; chronic) (39% by 10 years; 6% 
dialysis or transplant recipient) 

Malignancy (31% by 10 years) 

Skin 

Visceral (lung, colon, prostate/breast, other) 
Lymphoproliferative disease 

has improved significantly over the past decade. Overall, actu¬ 
arial graft half-life following retransplant is about 4.6 years, 
and is over 9 years in those who survive the first year. 16 While 
these outcomes are significantly inferior to other transplant 
indications, retransplantation offers significant survival advan¬ 
tage for carefully selected patients. 

Adolescent (11- to 17-year-olds) pediatric heart transplanta¬ 
tion recipients fare better (>80% 1-year survival) than do 
younger children (1- to 10-year-olds: —77%) or infants 
(younger than 1 year old: —68%). Less favorable short-term 
outcomes may be ascribed to pulmonary hypertension and 
anatomic challenges posed by congenital heart disease, and to 
monitoring and compliance challenges characteristic of these 
age groups. Nonetheless, the graft half-life for pediatric patients 
(11.4 to 13 years) is similar to that for adults. 15,16,24,27 


ETHICS 

Ethical considerations are important to every aspect of heart 
transplantation. The donor pool is limited and appears to be 
shrinking despite extended donor acceptance criteria, restrict¬ 
ing the number of patients who can undergo transplantation. 
This shortage forces consideration of ways to limit recipient 
candidacy (age limits), to increase the donor pool (presumed 
consent, advertising initiatives, community outreach), and to 
develop alternatives (mechanical devices, xenografts). 57-59 


The heart transplant community has taken the lead in stan¬ 
dardizing patient selection and management guidelines and has 
established policies for equitable organ allocation. Those given 
an opportunity to receive the “gift of life” are chosen from a 
much larger population who might benefit. Recipient candi¬ 
dacy decisions are made by a multidisciplinary group based on 
objective and subjective input from many individuals who 
come to know the patient and family in depth. Some recipient 
selection criteria are fundamentally arbitrary: age is retained as 
a criterion because of the limited supply of donor organs and 
based on the consensus view that younger patients deserve pre¬ 
ferred access. Recipient selection criteria only become unfair if 
they are applied unequally or inconsistently at different pro¬ 
grams or between various regions of the country. 

Some of the most difficult decisions made by the heart 
transplant team involve medically marginal candidates with 
outstanding and effective social support or medically suitable 
candidates with marginal social support. While the majority of 
such patients will do well, outcomes in either case can, on 
average, be expected to fall below outcome benchmarks. For 
every marginal patient transplanted, a candidate who meets all 
the criteria may die. Thus, the “right” decision for an individ¬ 
ual patient is difficult or impossible to know in advance and 
may conflict with the best interests of the population of poten¬ 
tial recipients. 


CURRENT ISSUES 


Quantifiable, objective measures of efficacy beyond survival, 
such as improvement in exercise capacity, freedom from com¬ 
plications, and reduced costs, are becoming the standards by 
which individual heart transplantation programs are judged. 
Most important to the patient are subjective factors such as 
quality of life and productivity, for which standardized mea¬ 
surement tools are being developed. Meanwhile, the efficacy of 
any proposed alternative to transplantation must be measured 
against survival, cost, and quality-of-life benchmarks estab¬ 
lished by this once-experimental procedure. 60,61 

The most important factor currently restricting the applica¬ 
tion of heart transplantation is the limited supply of donor 
organs. Consent is obtained from the donor’s legal representa¬ 
tives in only about 25% to 50% of cases where hearts are 
appropriate based on acceptable physiologic parameters. Var¬ 
ious proactive approaches, such as institution of presumed 
consent, have been associated with high per capita donation 
rates in some countries. However, presumed consent is ethi¬ 
cally dubious and may violate basic cultural or religious pre¬ 
cepts of individuals or ethnic groups. An adverse societal 
response to imposition of this unpopular approach as national 
policy might paradoxically cripple efforts to maintain organ 
donation even at current levels. Well-conceived efforts to 
increase the rate of consent, by passing laws requiring hospi¬ 
tals to facilitate and document the request, by allowing trained 
individuals to manage the request process, and by educating 
the public about “the gift of life,” have boosted per capita 
donation in several U.S. organ procurement regions. 

Efforts to develop improved immunosuppressive drugs are 
important and are likely to yield incremental near-term 
improvements in the incidence of chronic rejection. Ideally, 
one could induce tolerance—permanent graft acceptance with¬ 
out requirement for indefinite immunosuppressive therapy. 
Modulation, rather than suppression, of host responses to 
donor antigens may allow achievement of this goal. 62,63 

Even if every physiologically suitable donor heart were 
available, only a minority of patients for whom transplanta¬ 
tion would offer a survival advantage could be cared for using 
this modality. As technical issues related to transcutaneous 
power delivery, thromboembolism, infection risk, and reliabil¬ 
ity are addressed, mechanical assist devices are likely to 
emerge as definitive “destination” therapy for some patients. 57 
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Progress has also been made toward use of porcine “xenografts” 
in man, and the initial immunologic barrier, hyperacute rejec¬ 
tion, appears surmountable using organs from pigs genetically 
modified to express human complement regulatory proteins or 
“knocked out” for the gene encoding Gal a 1,3 Gal, the main 
carbohydrate target recognized by human antipig antibod¬ 
ies. 64-66 Control of subsequent cellular and antibody responses 
has proven difficult in animal models, but life-supporting 
function of renal xenografts for 3 months and heart xenografts 
for 1 month have been demonstrated in primates using an 
intensive regimen of “conventional” immunosuppressive 
agents. 67,68 

Heart transplantation is one of the most resource-inten¬ 
sive modalities in modern medicine when assessed as cost per 
year of life saved. The procedure itself, the in-hospital care 
before transplantation, and maintenance of program infra¬ 
structure are very expensive. Ongoing pharmacy charges and 
surveillance procedure costs are also substantial. Paradoxi¬ 
cally, patients physically able to return to work often cannot 
do so because they rely on medical disability benefits to pay 
for medications and follow-up care. Whether heart trans¬ 
plantation will continue to receive wide support is a function 
of societal acceptance of these costs, as currently reflected by 
coverage policies established by public and private health 
care insurers. 60 In the future the application of heart trans¬ 
plantation and related technologies may be limited more by 
what society chooses to afford, rather than what is medically 
possible. 
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CHAPTER 38 PULMONARY TRANSPLANTATION 


RAJA S. MAHIDHARA, JULES LIN, AND ANDREW C. CHANG 


KEY POINTS 


Q Long-term survival after lung transplant is lower in com¬ 
parison to outcomes in the transplantation of other solid 
organs. The lack of effective medical therapy for acute and 
chronic rejection remains a barrier. 

Q Candidates for pulmonary transplantation have significant 
functional impairment that interferes with activities of 
daily living. In patients with restrictive or obstructive dis¬ 
ease, abnormal gas exchange is the major problem and 
essentially all require supplemental oxygen. In patients with 
pulmonary vascular disease, the manifestations of right 
ventricular failure predominate. 

Q A paradigm shift in the allocation of donor lungs has 
decreased lung waitlist times and waitlist mortality. The 
effect of the Lung Allocation Score on short-term and long¬ 
term mortality remains to be seen. 


Q Advances in donor management and lung preservation 
have been shown (a) to minimize lung injury, (b) to increase 
the number and quality of recoverable donor lungs, and (c) 
likely to be responsible for the dramatic increase in the 
number of lung transplants performed over the last 10 
years. 

Q It is believed that posttransplant lung injury results not only 
from the ischemic insult and the host immunologic response 
but also from reperfusion of the ischemic organ and other 
mediators of non-alloimmune-related injury. 

Q Airway anastomotic healing remains a concern following 
transplantation but has been ameliorated by improvements 
in operative technique and postoperative management. 

Q By the end of the first year after transplantation, approxi¬ 
mately 80% of recipients report no limitations in activity. 


INTRODUCTION 


With nearly 18,000 lungs implanted, pulmonary transplanta¬ 
tion comprises only 4% of the organs transplanted in the 
^United States between 1988 and 2008. Since the first lung 
transplant was performed in 1963, 1 outcomes for this opera¬ 
tion have improved dramatically, but even with advances in 
immunosuppression, surgical technique, and perioperative 
and posttransplant care, long-term survival following pul¬ 
monary transplantation remains less than that of other solid 
organ transplant recipients. The major problems limiting 
durable pulmonary transplantation have been infection, acute 
rejection, impaired anastomotic healing, 2 and chronic rejec¬ 
tion, manifested in lung transplant recipients as the onset of 
bronchiolitis obliterans. 3 

In the lung, unlike other solid organs, systemic arterial 
blood supply is limited to the bronchial arteries. Because the 


bronchial artery anatomy and caliber vary greatly, most trans¬ 
plant surgeons have not advocated reanastomosis of these ves¬ 
sels primarily to avoid prolonged total organ ischemia time, 
particularly when bilateral sequential transplantation is 
planned. Consequently, the bronchial anastomosis is more pro¬ 
foundly ischemic after transplantation and susceptible to air¬ 
way dehiscence, typically within 3 weeks after transplantation. 
The combination of anastomotic ischemia and other factors 
such as infection and post-reperfusion edema hampered initial 
efforts to develop successful clinical programs in pulmonary 
transplantation. 

The first combined heart and lung transplantation was per¬ 
formed successfully in 1981, but this procedure currently is 
rarely performed, with only 50 or fewer performed annually in 
the United States since 2000. Combined cardiac and pul¬ 
monary transplantation introduced a series of new problems 
related to transplanting two organs, including those associated 
with heart transplantation, especially accelerated coronary 
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artery atherosclerosis. Tracheal anastomotic healing presents 
less of a problem, possibly because the bronchial artery collat¬ 
erals in the subcarinal space are preserved. The discrepancy 
between available organ donors and the increasing number of 
patients on the waiting list for either heart or lung transplanta¬ 
tion as well as the observation that both short- and intermediate- 
term survival appears to be worse among heart-lung trans¬ 
plant recipients than among individuals receiving one or the 
other thoracic organ likely are major factors mitigating against 
widespread use of heart-lung transplantation. 

Recognizing the potential advantage of single-lung trans¬ 
plantation, investigators experimentally defined the factors 
contributing to failure in pulmonary transplantation. 4 They 
demonstrated the significant detrimental effect that cortico¬ 
steroids exert on airway healing and showed that cyclosporine 
did not have this adverse effect. Delaying the administration of 
maintenance corticosteroids proved advantageous. It was later 
suggested that wrapping the bronchial anastomosis with a 
pedicle of gastrocolic omentum resulted in early capillary 
ingrowth and revascularization of the airway promoting heal¬ 
ing, although this practice has not correlated with a reduction 
in anastomotic dehiscence. 5 

Another significant factor contributing to the improved 
success of single-lung transplantation was the recognition of 
the importance of careful recipient selection. Most early 
attempts at pulmonary transplantation involved severely ill, 
ventilator-dependent patients who had already suffered signif¬ 
icant nutritional depletion and muscle wasting. It then became 
apparent that a more suitable candidate for single-lung trans¬ 
plantation was an individual with end-stage restrictive disease 
(pulmonary fibrosis), in which the allograft would receive 
preferential ventilation and perfusion due to increased compli¬ 
ance and relatively decreased pulmonary vascular resistance in 
the transplanted lung. Ultimately, the importance of assessing 
preoperative ambulatory status and of implementing intense 
pretransplantation pulmonary rehabilitation was recognized. 
Thorough patient evaluation and preparation in addition to 
advances in both operative techniques and immunosuppres¬ 
sion have broadened considerably the indications for pul¬ 
monary transplantation. 

As lung transplantation has become accepted more widely 
in the treatment of patients with end-stage lung diseases, the 
increasing disparity between donor organ availability and 
patients listed for transplantation has resulted in increasing 
waitlist mortality. Initial lung allocation policies were based on 
ABO blood type compatibility, geographic proximity to the 
organ donor hospital, and the amount of accumulated waiting 
time since listing. In 1998, the Final Rule was issued by the U.S. 
Department of Health and Human Services requiring increased 
organ sharing and development of an organ allocation system 
that would be more equitable and that would reduce the use of 
waitlist time as a criterion for allocation. In developing an allo¬ 
cation system, the chief priority of the Organ Procurement and 
Transplantation Network (OPTN) was “to reduce the number 
of deaths among potential and actual lung transplant candi¬ 
dates.” 6 In 2005, based on analyses performed by the Lung 
Allocation Subcommittee of the OPTN Thoracic Organ Trans¬ 
plantation Committee, the Lung Allocation Score (LAS) was 
implemented to address the points of the Final Rule, incorpo¬ 
rating waiting list mortality and posttransplant survival proba¬ 
bilities, in order to minimize waiting list mortality, increase the 
benefit of transplantation among recipients, and ensure equi¬ 
table allocation of lungs to lung transplantation candidates. 6 
Although the impact on long-term survival remains undeter¬ 
mined, since implementation of the LAS (spring 2005), as indi¬ 
cated in the 2007 OPTN/Scientific Registry of Transplant 
Recipients (SRTR) Annual Report 1997-2006 (Health and 
Human Services [HHS]/Health Resources and Services Admin¬ 
istration [HRSAj/Healthcare Systems Bureau [HSBj/Division 
of Transplantation [DOT]), there has been a dramatic reduc¬ 
tion in the duration of median waiting list time prior to trans¬ 


plantation, from 792 days in 2004 to 199 and 132 days in 
2005 and 2006, respectively. 7 In addition, waiting list mortal¬ 
ity has declined from 134.6 per 1,000 patient-years in 2004 to 
114.9 per 1,000 patient-years and 97.2 per 1,000 patient-years 
in 2005 and 2006, respectively. 


INDICATIONS 


Transplantation is indicated for patients with isolated organ 
dysfunction who have limited life expectancy despite maximal 
medical therapy. A patient should be referred for lung trans¬ 
plantation when expected survival after transplant exceeds the 
expected survival without transplantation. While this may 
seem like an obvious statement, validated data are limited with 
respect to the natural history of even the more common sub- 
types of end-stage lung disease categories including emphy¬ 
sema/chronic obstructive pulmonary disease (COPD), fibrotic 
or interstitial lung disease such as interstitial pulmonary fibro¬ 
sis (IPF), or infectious lung disease, particularly cystic fibrosis. 
In addition, substantive changes in patient selection, operative 
techniques, organ preservation, immunosuppression, and 
other aspects of posttransplant management have led to 
progressively better survival after transplantation over the last 
18 years. 

Since the overall median survival after transplantation is 
approximately 5 years, the timing of transplant is an impor¬ 
tant consideration for maximizing transplant benefit. Prior to 
May 2005, allocation of donor lungs was based on time on the 
waiting list. With the large discrepancy between the number of 
listed transplant candidates and the limited availability of 
donor lungs, referral for transplant often occurred well before 
patients had become severely debilitated from poor respiratory 
function. 

Lung transplantation can provide considerable palliation for 
dyspnea. Due to the limited availability of donors, quality-of-life 
improvement has been considered secondary to survival benefit, 
although improved outcomes in terms of factors such as oxygen 
dependence, physical activity, and return to work remain impor¬ 
tant in assessing the success of pulmonary transplantation. 


CONTRAINDICATIONS 


Table 38.1 lists absolute and relative contraindications to lung 
transplant. The absolute contraindications are self-explanatory 
and consistent with the risks associated with immunosuppres¬ 
sion and the physical and social rigors of maintaining a com¬ 
plex medical regimen after transplantation of any organ. With 
respect to body mass index (BMI), extremes in weight have 
been shown to confer lower short-term survival in heart 
transplant patients. 8 These findings have been reinforced by 
studies of lung transplantation where extremes in BMI have 
been shown to confer a three- to fivefold increase in 90-day 
mortality. 9,10 

Overall survival for patients over the age of 65 is significantly 
lower than younger cohorts. 11 Despite this, the number of trans¬ 
plants in older patients has increased from less than 1 % prior to 
1994 to approximately 5% since 2000. Single-institution studies 
have demonstrated equivalent short- and intermediate-term sur¬ 
vival in highly selected older patients. 12,13 

Convalescence after lung transplant can be particularly gru¬ 
eling. Postoperative incisional pain, impaired ventilatory 
mechanics, malnutrition, and deconditioning impact directly 
on lung function as with any pulmonary operation. In the ear¬ 
lier eras of lung transplantation, ventilator-dependent, mal¬ 
nourished patients or those with immune suppression-related 
myopathy and osteoporosis experienced very poor survival. 
Recipients had marked improvement in survival in the late 
1980s and early 1990s due to the recognized value of preoper¬ 
ative pulmonary rehabilitation and improved selection of 
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TABLE 38.1 INDICATIONS/CONTRAINDICATIONS 


CONTRAINDICATIONS TO LUNG TRANSPLANTATION 

ABSOLUTE CONTRAINDICATIONS 

Recent malignancy other than nonmelanoma skin cancer 

End-stage extrapulmonary organ dysfunction (i.e., cirrhosis, 
dialysis-dependent renal insufficiency) 

Active sepsis 
Active HIV infection 

Active hepatitis B or C infection with histologic evidence of 
liver damage 

Current or recent tobacco use 

History of alcohol or drug abuse/addiction 

Severe psychiatric illness 

History of noncompliance with medical therapies 
Malnutrition (BMI < 18) 

RELATIVE CONTRAINDICATIONS 

Age >65 

Debilitation (6-minute hall walk <150 meters) 

Mechanical ventilation 
Extrapulmonary organ dysfunction 
Coronary artery disease 
Gastroesophageal reflux disease 
Osteoporosis 

Poorly controlled chronic medical conditions (e.g., diabetes, 
hypertension) 

Chronic high-dose steroid dependence 
Chest or spinal deformity 
Obesity (BMI >32) 

Severe pleural disease including empyema, fungal infection, 
and pleurodesis 

Chronic infection with HIV or hepatitis B or C 
BMI, body mass index; HIV, human immunodeficiency virus. 


ambulatory patients. Pulmonary transplantation still may be 
suitable in highly selected nonambulatory or ventilator- 
dependent patients as demonstrated in small single-center 
series 14 including patients who have had rapid deterioration in 
lung function and who have had only brief periods of debilita¬ 
tion. Although patients with end-stage extrapulmonary organ 
dysfunction are not candidates for lung transplant, limited expe¬ 
rience has demonstrated acceptable survival in patients with sur¬ 
gically or percutaneously correctable coronary artery disease. 15 


Disease-Specific Indications 

Disease-specific indications for lung transplantation are listed 
in Table 38.2. 

Chronic Obstructive Pulmonary Disease. COPD is the 
most common indication for lung transplantation, accounting 
for 51% of single-lung and 37% of bilateral lung transplants 
since 1995. 11 Advances in the medical therapy of patients with 
emphysema that can prolong survival include smoking cessa¬ 
tion, long-acting bronchodilators, oxygen supplementation, 
optimization of nutrition, pulmonary rehabilitation, and vac¬ 
cination for pneumonia and influenza. In addition, lung vol¬ 
ume reduction surgery has been shown to confer survival ben- 


T A B LE^3 8.2 INDICATIONS/CONTRAINDICATIONS 


DISEASE-SPECIFIC CONSIDERATIONS FOR 
LUNG TRANSPLANTATION 

COPD 

BODE index >7 or hospitalization for exacerbation with 
hypercapnia (PC0 2 >50 mm Hg) 

Pulmonary hypertension 

FEVi <20% and either DLCO <20% or non-upper-lobe- 
predominant emphysema 

IPF 

Histologic or radiographic evidence of UIP and 
DLCO <39% 

>10% decrease in FVC on 6-month follow-up 
Sa0 2 <88% during a 6-min walk test 
“Honeycombing” on HRCT (fibrosis score >2) 

CF 

FEVi <30% or rapid decline in VEV 1 on follow-up 

Exacerbation requiring ICU stay 

Increasing frequency of exacerbations 

Refractory or recurrent pneumothorax 

Increasing oxygen requirements 

Hypercapnia 

Pulmonary hypertension 

PAH 

NYHA class III or IV on maximal therapy 
Low or declining 6-min walk test 
Cardiac index <2.0 
Right atrial pressure >15 

BODE, body mass, airflow obstruction, degree of dyspnea, and exercise 
tolerance; CF, cystic fibrosis; DLCO, carbon monoxide diffusing 
capacity; FEV l5 forced expiratory volume in 1 second; HRCT, high- 
resolution computed tomography; IPF, interstitial pulmonary fibrosis; 
NYHA, New York Heart Association; PAH, pulmonary artery 
hypertension; UIP, usual interstitial pneumonia. 

Taken from Orens JB, Estenne M, Arcasoy S, et al. International 
guidelines for the selection of lung transplant candidates: 2006 
update—a consensus report from the Pulmonary Scientific Council of 
the International Society for Heart and Lung Transplantation. J Heart 
Lung Transplant 2006;25(7):745-755. 


efit in patients with upper lobe-predominant disease, impaired 
exercise capacity, and the absence of high-risk factors includ¬ 
ing forced expiratory volume in 1 second (FEVj) less than 
20% or carbon monoxide diffusing capacity (DLCO) less than 
20%. 16 Referral for transplantation should occur for patients 
who deteriorate despite maximal therapy and who are not 
candidates for lung volume reduction. 

Factors associated with poor survival in patients with 
COPD include respiratory exacerbation with hypercapnia, 
hypoxia, pulmonary hypertension, increasing age, decreasing 
FEV 1? decreasing DLCO, and increased BMI. 17 A prospectively 
validated index based on body mass, airflow obstruction, 
degree of dyspnea, and exercise tolerance (BODE) has been pro¬ 
posed as a robust predictor of mortality in patients with COPD. 
A BODE index of greater than 7 on a scale from 0 to 10 was 
associated with a median survival of 3 years. 18 

Idiopathic Pulmonary Fibrosis. Usual interstitial pneu¬ 
monia (UIP) is the pathologic correlate of IPF and is the most 
common subtype of interstitial pneumonia. Pulmonary fibrosis 















Chapter 38: Pulmonary Transplantation 


579 


has been the second most common indication for lung trans¬ 
plantation, accounting for 28% of single-lung transplants and 
14% of bilateral lung transplants since 1995. 11 In 2006, IPF 
accounted for 32% of all lung transplants performed. 

Although the options for effective medical therapy of 
patients with IPF are limited and patient mortality is high with 
median survival of 3 to 4 years following diagnosis, patients 
experience a varying clinical course, with some patients pro¬ 
gressing rapidly and others following a more indolent deterio¬ 
ration. Risk factors for poor survival include a pathologic 
diagnosis of UIP (vs. other type of interstitial pneumonia), 
severe fibrosis by high-resolution computed tomography, the 
presence and severity of pulmonary hypertension, and acute 
pulmonary exacerbations. 

Assessment of pulmonary function and exercise capacity 
also can be used to identify subgroups of patients with pul¬ 
monary fibrosis at higher risk for mortality. A baseline DLCO 
of less than 39% and greater than 10% decrement of DLCO 
or forced vital capacity (FVC) over a 6- to 12-month period 
are associated with an increased risk of death. 19,20 Oxygen 
desaturation and shorter walk distance during 6-minute walk 
testing independently predicted increased mortality in patients 
diagnosed with pulmonary fibrosis. 21 

Cystic Fibrosis/Bronchiectasis/Infection-related End- 
stage Lung Disease. Cystic fibrosis (CF) is the third most 
common indication for lung transplantation, accounting for 
20% of lung transplants performed in 2006, with most recipi¬ 
ents undergoing bilateral transplantation. 11 Colonization of the 
airway with resistant organisms is common in these patients 
and is not an absolute contraindication to transplantation, 
although overt sepsis is an absolute contraindication to trans¬ 
plantation. Single-institution studies have identified coloniza¬ 
tion with Bur kb older ia cepacia genomovar III (redesignated as 
Burkholderia cenocepacia) to be associated with a 30% to 
40% increase in posttransplant mortality, although this finding 
has not been validated in a multi-institutional setting. 

Among patients with pulmonary disease due to cystic fibro¬ 
sis, the time course of respiratory deterioration is highly vari¬ 
able. As a consequence, the criteria for pulmonary transplan¬ 
tation in this population have been difficult to define by risk 
modeling, although deterioration of FEVj to below 30% of 
predicted remains an indication for referral to evaluation, 
although not for immediate listing. 22,23 Other factors to con¬ 
sider include increasing oxygen requirement, hypercapnia, and 
pulmonary hypertension. 24 

Pulmonary Artery Hypertension. Idiopathic pulmonary 
artery hypertension (PAH) has a median survival of less than 3 
years if untreated. Although a more common indication for 
transplantation in the past, effective medical therapies including 
vasodilator therapy and continuous intravenous epoprostenol 
have prolonged survival in this population. Patients with a 
history of right heart failure or poor pretreatment functional 
status and those who, despite vasodilator therapy, have demon¬ 
strated either no response or functional deterioration should be 
referred for pulmonary transplantation. Modern guidelines 
emphasize progressive deterioration of right heart function 
despite maximal medical therapy as an appropriate indication 
for referral. 24 Patients with left ventricular heart failure requir¬ 
ing inotropic support may not be suitable candidates for pul¬ 
monary transplantation alone but instead should be considered 
for en bloc heart-lung transplantation. 


LUNG ALLOCATION AND 
TRANSPLANT BENEFIT 

Q Perhaps the most significant change in the practice of lung 
transplantation over the last 10 years has been a paradigm shift 


in the process of donor allocation. Prior to 2005, recipients 
were prioritized by length of time spent on the waiting list as 
well as other factors including size, ABO compatibility, and 
geographic location. In compliance with the Final Rule man¬ 
date of 1998 to allocate organs based on urgency (risk of dying 
without a transplant) and utility (minimizing transplantation 
of patients with low transplant survival), the Lung Allocation 
Score was developed by the Thoracic Committee of the OPTN. 

Prior existing data to determine transplant benefit were 
conflicting. An analysis of all transplant patients with COPD, 
IPF, and CF from 1992 to 1994 demonstrated a survival bene¬ 
fit for patients with IPF and CF but not with COPD. 25 A simi¬ 
larly powered analysis of the European transplant experience 
demonstrated survival benefit for all lung transplant groups. 26 
Recent studies also had called into question the transplant 
benefit for children with cystic fibrosis listed between 1992 
and 2002 for pulmonary transplantation. 27 In this latter study, 
evaluating patients listed before implementation of the new 
LAS system, over half of the patients had a predicted median 
survival of greater than 5 years at the time of operation. 

Egan et al. for the SRTR 6 analyzed over 4,000 patients on 
the UNOS lung transplant waiting list in order to identify 
markers of waitlist mortality. The listing diagnoses for these 
patients—COPD, IPF, CF, and PAH—accounted for 80% of 
the transplants performed at the time. Striking differences in 
waitlist mortality were noted, with patients listed for emphyse¬ 
matous diseases experiencing a 1-year waitlist mortality of less 
than 14% compared with 1-year waitlist mortality between 
28% and 33% among patients listed with the other three pri¬ 
mary diagnoses. Transplant candidate demographics, hemody¬ 
namic parameters, measures of pulmonary function, and other 
clinical variables were used to create a regression model. Simi¬ 
larly, a predictive model for posttransplant survival was devel¬ 
oped. When these models were applied to evaluate survival in 
2,484 patients with the aforementioned four primary diag¬ 
noses, factors including increasing recipient age, intensive care 
unit (ICU) admission, and need for mechanical ventilation were 
significant predictors for 1-year survival. Variables included in 
the LAS calculator are listed in Table 38.3. The normalized 


TABLE 38.3 STAGING 


SELECTED COMPONENTS OF THE LUNG 
ALLOCATION SCORE 

Age 

Diagnosis code 
Functional status 
Diabetes 

Assisted ventilation 
Supplemental oxygen 
FVC% predicted 
PA systolic 
PA mean 
PA wedge 

pco 2 

Highest 
Lowest 
Change % 

Six-min walk 
Creatinine 


FVC, forced vital capacity; PA, pulmonary artery. 
http://www.unos.org/resources/frm_LAS_Calculator.asp 


TRANSPLANTATION 



















580 


Part Two: Surgical Practice 


lung allocation score ranges from 0 (lowest priority) to 100 
(highest priority) with the intent of balancing urgency (waitlist 
mortality) and benefit (posttransplantation survival). 

The LAS has been implemented for over 4 years and has 
had a clear impact on outcomes in lung transplantation. The 
number of active waitlist patients has declined by 54% as early 
listing confers no advantage. Waiting time to transplantation 
has decreased from 792 days in 2004 to 141 days in 2007. 
Death rates on the waiting list have been consistently declining 
over the past decade and have continued to decrease since 
implementation of the LAS. The death rate did not, however, 
decline as much as might be expected, possibly as a consequence 
of an overall increase in the acuity of the waiting list. 

Overall early survival (30-day and 1-year) has enjoyed a 
slow but steady improvement since 1995, which has carried 
through the implementation of the LAS in 2005. The impact 
of the LAS on intermediate- and long-term outcomes is not 
yet evaluable. An increasing LAS score, however, is associated 
with lower 1-year survival. Transplanted patients with an 
LAS score less than 35 had a 1-year survival of 85.7%, 
whereas those with an LAS score greater than 60 had a 1-year 
survival of 71.3%. 28 The impact of the LAS on maximizing 
transplant benefit is not clear at this time. Reevaluation and 
revision of the criteria that determine the LAS remains one of 
the objectives of the Thoracic Organ Transplantation Com¬ 
mittee of the OPTN. 


DONOR CONSIDERATIONS 


Donor Selection 


The shortage of acceptable donors for lung transplantation is 
highlighted by the observation that although the number of lung 
transplants has steadily increased (1,465 in 2007) and waitlist 
times and waitlist death rates have decreased, the total number 
of registrants on the wait list has remained the same. 28 The rea¬ 
sons that fewer lungs are offered or accepted compared to other 
organs is manifold. Death from head injury or bleeding may 
lead to neurogenic pulmonary edema, while chest trauma can 
result in contusion or pneumothorax. All brain-dead donors are 
intubated and at risk for aspiration and nosocomial pneumonia, 
especially if there is a prolonged interval between hospitaliza¬ 
tion and declaration of brain death. Finally, hemodynamic insta¬ 
bility, whether from herniation or trauma, often results in signif¬ 
icant volume resuscitation that can contribute to acute lung 
injury. 

Bronchoscopy allows for direct examination of the 
bronchial tree and for microbiologic examination of bronchial 
secretions, the results of which may influence later treatment 
of the recipient. Chest radiography and computed tomography 
are useful to evaluate for effusions or pulmonary infiltrates, 
consolidation, and contusion that might be contributing to 
donor hypoxemia. Unlike other solid organ transplants, lungs 
are unique in carrying a relatively high risk of intrinsic infec¬ 
tion (i.e., pneumonia) following transplant. Infiltrates typically 
preclude donor candidacy. A small infiltrate in one lung with¬ 
out evidence of purulent secretions may still allow this lung to 
be used in conjunction with a contralateral normal lung in a 
bilateral lung transplant. Moreover, a pulmonary infiltrate 
does not necessarily preclude use of the contralateral lung for 
single-lung transplant. 29 Not infrequently, the lungs of a par¬ 
ticular donor may not be suitable because of infiltrates when 
all other organs are acceptable. Because all brain-dead patients 
have endotracheal tubes and are on mechanical ventilation, 
there is a high likelihood that the airway is either colonized 
with bacteria or that there is ongoing invasive pulmonary infec¬ 
tion. With pulmonary infection, an infiltrate often is present on 
the screening chest radiograph. 

Aspiration at the time of the insult that resulted in brain 
death is a common cause of pulmonary infiltrates in potential 


donors. Signs of aspiration may not be evident on a chest radi¬ 
ograph for 24 to 48 hours, underscoring the importance of the 
bronchoscopic examination when evaluating donor candidacy. 
Characteristic early bronchoscopic evidence of aspiration 
includes erythematous tracheobronchial mucosa, purulent secre¬ 
tions, and occasionally the presence of food particles. 

Major pulmonary contusion resulting from blunt chest 
trauma also may eliminate lungs from donor consideration, 
but minor to moderate contusions unilaterally are often 
acceptable. Evaluating the full extent of contusion at the time 
of donor retrieval can be difficult because the interval from 
injury to determination of brain death and donation may be 
short. Although the detrimental effect on gas exchange caused 
by a pulmonary contusion is usually transient, further bleed¬ 
ing into the lung parenchyma could occur if cardiopulmonary 
bypass is required to perform the transplantation. Pulmonary 
edema may occur as a result of massive head injury and may 
be exacerbated by donor management protocols directed at 
maintaining satisfactory nonpulmonary organ perfusion and 
function. 

The well-recognized limitation of donor organ availability is 
compounded by the relatively fewer usable lungs per donor. 
Criteria for an acceptable donor lung are particularly stringent, 
as listed in Table 38.4. 30 This consensus statement highlights 
the dearth of data available to validate these criteria. Multiple 
single-institution retrospective reports looking at “extended 
criteria” donors (those who do not meet one or more ideal cri¬ 
terion) have been published with conflicting results on nearly 
every single criterion with respect to postoperative, short, and 
long-term outcomes. Clinically, these selection criteria provide 
an overall gestalt of the quality of the donor. If one aspect of the 
donor is marginal, the donor lungs can still be acceptable; how¬ 
ever, when multiple criteria are not met, the risk of transplant¬ 
ing such lungs might be increased. There are several caveats 
that have come into “standard” practice. Although leukocytes 
or occasional bacteria on sputum Gram stain can be acceptable, 
the presence of gross pus or fungal elements confers a high risk 
of perioperative complications. 31 In the annual report of lung 
transplant outcomes, increasing donor age modestly increased 
the risk of 5-year mortality. 11 Analysis of a large cohort of more 
than 750 lung and heart-lung recipients demonstrated signifi¬ 
cantly worse long-term survival with ischemic times greater than 
330 minutes. Hazard ratios for death were threefold higher in 
patients with ischemic times of 8 hours and nearly eightfold 
higher when ischemia reached 10 hours. 32 The detrimental 
effects of older donor age and longer ischemic times appear to 
be additive. 33 


|TABLE 38.4 

MANAGEMENT | 

CRITERIA FOR IDEAL LUNG DONORS 



Age <55y 
ABO compatibility 

Height match within 20% of recipient 

Clear chest radiograph 

Pa0 2 >300 on Fi0 2 of 1.0, PEEP 5 cm H 2 0 

Tobacco history of <20 y 

Absence of chest trauma 

No evidence of aspiration or pulmonary sepsis 
No previous cardiothoracic surgery 
Negative sputum Gram stain 
Absence of purulent secretions 

PEEP, positive end-expiratory pressure. 
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Initial Donor Evaluation 

Confirm brain death 
15 mg/kg Methylprednisolone 
Lung protective ventilation 
Confirm ABO match/compatibility 


Lung Donor Selection 

Age < 60 

Height and weight 
Chest x-ray 

Tobacco < 20 pack-years 
Ventilator < 5 days 
Bronchoscopy, gram stain 
Anticipated ischemic time <6-8 hours 
Obtain ABG on 100% oxygen, PEEP 5 


Pa0 2 > 300 mmHg 


Donor Management 
Pulmonary toilet 
Restrict IV fluids 
Diurese to CVP 4-8 mmHg 
Elevate head of bed 30° 

Lung protective ventilation 
Plateau pressure <30 cm H 2 0 
Tidal volume 4-8 ml/kg 
Re-evaluate ABG 


Unusable Lungs 

Dense consolidation, suspicious 
nodule on chest x-ray 
Extensive smoking history 
Purulent secretions or signs of 
aspiration on bronchoscopy 
Pan-resistant or mycobacteria 


-1 

Pa0 2 < 300 mmHg 

I 

Recruitment Maneuvers 
PEEP 15 cm H 2 0 for 2 hours 


Intraoperative Evaluation 

Bronchoscopy 

Examine lungs for contusions, 
nodules, or injuries 
ABG 

Pulmonary vein gases if indicated 


ALGORITHM 38.1 


ALGORITHM 38.1. University of Michigan donor management algorithm. 


Donor Management 

Q Despite the inability to identify “extended” donor criteria that 
reliably provide acceptable grafts, donor management opti¬ 
mization has allowed an increase in donor recovery and is 
likely responsible for the increase in the overall number of 
transplants performed over the last decade. Algorithm 38.1 
outlines the donor management algorithm used at the Univer¬ 
sity of Michigan. Key principles include the early use of 
steroids and thyroxine to prevent neurogenic pulmonary 
edema and to maintain cardiovascular stability, alveolar 
recruitment with high positive end-expiratory pressure (PEEP) 
and aggressive endotracheal lavage for patients with partial 
pressure of arterial oxygen (Pa0 2 ) less than 300 mm Hg, opti¬ 
mization of intravascular volume, maneuvers to prevent aspi¬ 
ration, and lung-protective ventilation utilizing high frequency, 
low tidal volumes, and high PEEP to prevent volutrauma and 
barotrauma to the lungs. These maneuvers have been shown to 
double the organ recovery rate without detrimental effects on 
30-day or 1-year survival. 34 The presence of a dense infiltrate 
or purulent secretions in one lung does not preclude the use of 
the contralateral lung for single-lung transplant. 

Investigators at the Texas Organ Sharing Alliance identified 
330 potential lung donors over a 4-year period preceding initia¬ 
tion of an active donor management protocol and 381 potential 
donors managed on the protocol in the subsequent 4 years. 34 


Overall, 1.7 organs per donor were procured in 19% (136/711) 
of potential donors. Prior to initiation of the management proto¬ 
col, organ procurement occurred in only 12% (38/330), recover¬ 
ing 1.6 lungs per donor. In contrast, with lung-protective donor 
management, organ procurement occurred in 26% (98/381), 
recovering 1.7 organs per donor. 

Following initial organ acceptance, the lungs are declined 
when the procurement team identifies significant purulent secre¬ 
tions during bronchoscopy or when arterial blood gases deterio¬ 
rate significantly between the time of acceptance and when the 
procuring team reassesses the donor upon arrival at the donor 
hospital. On-site measurement of pulmonary vein blood gases at 
the time of donor sternotomy can aid the procuring team in deter¬ 
mining whether donor hypoxemia is due to unilateral or bilateral 
organ compromise. 35 Size of the donor lungs is less important 
when the recipient suffers from emphysema, in which each 
hemithorax is very large, compared with pulmonary fibrosis, in 
which the hemithorax can be significantly contracted. The 
most important size consideration is a reasonable match 
between donor and recipient height. 


Lung Preservation 

Unlike the kidney, liver, or pancreas, immediate acceptable 
function of the transplanted lung is vital for survival of the 
recipient. Primary graft dysfunction occurs in 10% to 25% of 
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cases, is the most common cause of 30-day mortality after lung 
transplantation, is associated with higher rates of chronic 
rejection (bronchiolitis obliterans syndrome), and correlates 
with increased 1-year and 5-year mortality. 36 

Ischemia-reperfusion injury refers to the cellular and archi¬ 
tectural changes that occur from donor aortic cross-clamp to 
release of the recipient pulmonary artery clamp (ischemic phase) 
through the immediate restitution of systemic gas exchange 
(reperfusion phase). Minimizing ischemia-reperfusion injury is 
crucial in ensuring good early graft function. Advances in donor 
lung preservation techniques have led to more consistent quality 
of the donor allograft and lower rates of primary graft dys¬ 
function. 

A major development in lung preservation over the last 5 
years has been the widespread clinical use of a preservation 
solution specifically designed for the lung. Traditional preser¬ 
vation solutions such as Euro-Collins were designed to main¬ 
tain intracellular ion balance and cell-wall integrity. Low- 
potassium dextran (Perfadex, Vitrolife, Goteborg, Sweden) has 
an extracellular fluid ion balance and has been shown to have 
beneficial effects on endothelial cell function and pulmonary 
microcirculation. Five single-institution reports have demon¬ 
strated significantly better initial lung function with low-potas¬ 
sium dextran, while one study showed no difference. 37 

The donor allograft is cooled to minimize cellular metabo¬ 
lism while maintaining vital cellular function. Although small 
animal studies have demonstrated better postischemic func¬ 
tion at preservation temperatures between 15°C and 23°C, 
practical constraints have led to the common practice of cool¬ 
ing to 4°C to 8°C (the temperature of ice water). Other tech¬ 
niques that have traditionally been employed to ensure rapid 
homogeneous cooling of the lung include topical cooling, ante¬ 
grade flush through the pulmonary artery, and techniques to 
maintain patency of the microcirculation including the admin¬ 
istration of prostaglandins prior to cross-clamp and mainte¬ 
nance of ventilation after cross-clamp. Retrograde flush through 
the pulmonary veins purges the pulmonary and bronchial circu¬ 
lations, has more homogeneous distribution, and can evacuate 
clot or fat emboli. Clinically, retrograde flushing has been 
shown to improve immediate posttransplant oxygenation in 
combination with antegrade flush. 38 

Optimizing storage technique has also evolved. After flush¬ 
ing of the pulmonary circulation, the lungs are recruited to 
expand atelectatic areas and the trachea is stapled and divided 
prior to separation from the donor and storage for transport. 
Methods of lung recruitment have been studied in animal 
models and have shown that ventilation with less than 50% 
oxygen and maintenance of airway pressure between 15 and 
20 cm H 2 0 have beneficial effects on capillary leak, lipid per¬ 
oxidation, and barotrauma. 39-41 

It is believed that lung injury results not only from the 
ischemic insult but also from reperfusion of the ischemic organ. 
Several experimental models of acute lung injury implicate 
oxygen free radicals as a factor in the genesis of reperfusion 


injury. A significant early increase in lung permeability is seen 
after an ischemic period followed by reperfusion, which 
improves within several hours. Changes in the contralateral, 
nonischemic lung are presumably the result of substances 
released during reperfusion of the ischemic lung. Animal mod¬ 
els have demonstrated that gradual pressure-controlled reintro¬ 
duction of blood flow and a protective ventilation strategy of 
high frequency and low tidal volume reduces lung injury. 42,43 


TRANSPLANTATION OPERATION 

The decision to proceed with single-lung or bilateral lung trans¬ 
plantation depends on several factors, including the etiology of 
respiratory insufficiency and donor lung availability. Patients 
with chronic infection, such as those with cystic fibrosis or 
immunoglobulin deficiency disorders, require replacement of 
both lungs. Single-lung transplantation can be considered for 
patients with restrictive physiology (pulmonary fibrosis), particu¬ 
larly if there is no evidence of secondary pulmonary hypertension. 
In patients with end-stage obstructive lung disease, specifically 
emphysema, early in the pulmonary transplantation experience, 
it became evident that single-lung transplantation was associated 
with altered physiology arising from hyperventilation of an 
overly compliant native emphysematous lung left in situ. Air 
trapping in the overly compliant native lung, combined with 
the resultant mediastinal shift, resulted in a significant ventila¬ 
tion and perfusion mismatch, as well as poor expansion and 
compromised function of the transplanted lung. Despite such 
concerns, it also has been demonstrated that single-lung trans¬ 
plantation not only is an acceptable operation for patients with 
emphysema but also may be the operation of choice for 
patients older than 50 years. 44 In contrast, bilateral lung trans¬ 
plant recipients appear to have greater improvement of FEVj 
and 6-minute walk testing when compared with single-lung 
transplant recipients, at 1-year follow-up. 45 

Bilateral lung transplantation, when indicated, has been 
simplified by the development and refinement of the sequential 
lung transplant procedure rather than en bloc double-lung 
operation, which required a tracheal anastomosis with car¬ 
diopulmonary bypass and resulted in significant perioperative 
cardiac morbidity and mortality. 46 Bilateral sequential lung 
transplant can be approached either by median sternotomy or 
bilateral thoracotomies and with or without cardiopulmonary 
bypass depending on the indication for transplantation. A 
bilateral thoracosternotomy incision (“clamshell”) permits eas¬ 
ier completion of the recipient pneumonectomies than median 
sternotomy, but the clamshell incision tends to be more painful. 
A candidate’s past history of chest operations does not alone 
preclude eligibility for bilateral lung transplantation. 

In patients with pulmonary hypertension, single-lung trans¬ 
plantation historically had been felt to be adequate to unload the 
right ventricle, reduce pulmonary artery pressure, and thus lead 
to improved right ventricular function (Table 38.5). Currently, 


ITABLE 38.5 


COMPLICATIONS | 

TYPICAL HEMODYNAMICS DATA FOR SINGLE-LUNG TRANSPLANTATION IN PATIENTS 

WITH PULMONARY HYPERTENSION 

■ MEASUREMENT 

■ PRETRANSPLANT 

■ POSTTRANSPLANT 

Pulmonary artery pressure 

Mean 

58 mm Hg 

16 mm Hg 

Systolic 

94 mm Hg 

28 mm Hg 

Right ventricular ejection fraction 

25% 

52% 

Cardiac output 

4 L/min 

7 L/min 

Pulmonary vascular resistance 

1,302 dyne/cm 5 /s 

161 dyne/cm 5 /s 
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although no significant survival benefit is demonstrable between 
patients treated with single-lung, bilateral lung, or heart-lung 
transplantation, most patients receive predominantly bilateral 
sequential transplantation, unless there is evidence for inotrope- 
dependent heart failure. 47 Patients with pulmonary arterial 
hypertension listed for lung transplantation tend to be younger, 
and thus may be more likely to obtain more durable improve¬ 
ment in lung function following bilateral lung transplantation. In 
addition, perioperative management and improved hemody¬ 
namic performance appear to be facilitated by bilateral rather 
than single-lung transplantation. Although seemingly contradic¬ 
tory, bilateral lung transplantation for this population also might 
improve organ utilization, since marginal lungs likely are more 
readily available than a single “ideal” donor lung. 


OPERATIVE TECHNIQUE 

Single-lung Transplantation 

The performance of the donor operation does not vary because 
one always attempts to use both lungs, either for single-lung 
replacement on two recipients or for distribution in another 
transplant medical center. This practice provides the most effi¬ 
cient use of limited donor organs. In the recipient operation, a 
standard fourth intercostal space posterolateral thoracotomy 
is performed. In patients with emphysematous disease, muscle¬ 
sparing axillary thoracotomy can be performed, but this 
approach might not afford suitable exposure for patients who 
have significant volume loss due to severe pulmonary fibrosis, 
previous thoracotomy, or pleurodesis. The hilar dissection 
(Fig. 38.1) differs from that of a pneumonectomy in that the 
main pulmonary artery should be mobilized and divided distal 
to the origin of the first segmental trunk and the pulmonary 
veins should be divided at the main segmental tributaries as 
they return to the superior or inferior veins. Care should be 
taken to preserve lymphatic and areolar tissue at the point of 
division of the mainstem bronchus in order to maintain its vas¬ 
cular supply. When the donor lung arrives in the operating 
room, the recipient pneumonectomy is performed by dividing 
the hilar vessels as far distally as possible and the bronchus at 
the level of the upper lobe take-off. 

The implantation procedure begins with construction of an 
anastomosis between the donor and recipient bronchus. End- 
to-end anastomosis, with running suture approximation of the 


membranous airway and figure-of-eight suture approximation 
of the cartilaginous airway using monofilament absorbable 
suture, appears to reduce bronchial anastomotic complications 
and permits adjustment for potential donor-recipient size mis¬ 
match, particularly when completing the cartilaginous por¬ 
tion. 48,49 The peribronchial areolar and lymphatic tissue can be 
reapproximated between the donor and recipient, particularly 
anteriorly, in order to separate the bronchial and pulmonary 
arterial anastomoses. Advocates of bronchial arterial bypass 
with a native internal mammary have demonstrated decreased 
bronchial anastomotic complications in small series, but this 
technique has not received widespread acceptance. 50-52 

The vascular anastomoses are then performed sequentially 
using running nonabsorbable monofilament sutures. Our pref¬ 
erence has been to first perform the pulmonary arterial anas¬ 
tomosis and then the left atrial anastomosis. The recipient left 
atrial cuff is typically prepared by cross-clamp of the left 
atrium and unifocalization of the branch pulmonary veins. 
Once the vascular anastomoses are constructed, clamps are 
removed and blood flow is reestablished as the lung is inflated, 
with care taken to de-air the left atrial anastomosis prior to 
securing the anastomotic suture line. The chest is closed in 
standard fashion. Either the right or left lung can be trans¬ 
planted, and the decision of which side to transplant is based 
on both donor lung availability and recipient quantitative per¬ 
fusion lung scan data. If one lung receives most of the perfu¬ 
sion, the opposite lung typically is transplanted. 


Bilateral Lung Transplantation 

The technique of double-lung transplantation has evolved con¬ 
siderably since the late 1980s from en bloc replacement to 
bilateral, sequential lung replacement. 46,53 With the patient in 
the supine position, this operation can be performed through 
sternotomy, bilateral thoracosternotomy (clamshell) incision 
(Fig. 38.2), bilateral anterior thoracotomies without sternal 
division, or bilateral muscle-sparing axillary thoracotomies. 
The bilateral thoracosternotomy incision provides the broad¬ 
est exposure to the hemithoraces, facilitating dissection and 
mobilization of hilar structures. This exposure is particularly 
important in recipients with diffuse dense adhesions between 
the visceral and parietal pleural surfaces, as is often seen in 
patients with chronic infection and bronchiectasis, such as 
those with cystic fibrosis. 



FIGURE 38.1. Mobilization of the hilum 
of the right lung demonstrating the encir¬ 
cled pulmonary artery with the first 
branch ligated and divided. The superior 
and inferior pulmonary veins have been 
exposed. Both the artery and veins are 
taken as close to the lung as possible. The 
bronchus is divided at the level of the take¬ 
off of the upper lobe. 


Atrium 
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FIGURE 38.2. Patient positioning for bilateral, sequential pulmonary 
transplantation operation. The chest incision, a bilateral thoracoster- 
notomy, is seen, as is the separate midline incision used to expose the 
omentum (if necessary). The sternum is divided transversely, and the 
fourth intercostal space on each side is entered. 


Although both lungs are replaced, the operation often can 
be performed without cardiopulmonary bypass unless the 
recipient has significant pulmonary hypertension or severely 
limiting DLCO. By replacing the lung with the least function 
first, patient oxygenation and ventilation are maintained by 
the native lung that receives the major fraction of perfusion. If 
the patient is unable to tolerate single-lung ventilation due to 
either inadequate gas exchange or worsening right ventricular 
dysfunction and worsening pulmonary hypertension (near- or 
suprasystemic), then cardiopulmonary bypass is instituted. If 
recipient hemodynamics are impaired significantly during 
retraction and exposure of the left atrial anastomosis, particularly 
during left lung recipient pneumonectomy and implantation, 
opening the recipient pericardium can be sufficient to permit 
safe manual cardiac retraction or application of an apical 
cardiac stabilizer. 54 Initiation of cardiopulmonary bypass will 
also provide sufficient cardiac decompression in order to 
obtain adequate and safe exposure to complete the remaining 
anastomoses. 

The donor lungs are separated as for single-lung trans¬ 
plantation, leaving a cuff of left atrium around the pul¬ 
monary veins on each side. The recipient pneumonectomy is 
carried out with the patient maintained on one-lung ventila¬ 
tion. Each donor lung is implanted using essentially the same 
technique as described for single-lung transplantation. The 
bronchial anastomosis is completed first, followed by the 
vascular anastomoses. Once perfusion and ventilation are 
restored to the first implanted lung, this lung then supports 
the patient while the remaining lung is removed and the sec¬ 
ond lung is implanted. 


RESULTS 


The Registry of the International Society of Heart and Lung 
Transplantation (ISHLT) has recorded 24,904 lung transplants 
between 1985 and 2006. 11 Currently, 147 centers actively per¬ 
form lung transplants, but only 23 centers perform more than 
30 per year. Of the 2,168 lung transplants performed captured 
by the ISHLT in 2006, over 67% of patients transplanted 
received bilateral lung transplants. The single most common 
indication for transplant was emphysema either as a result of 
oq-antitrypsin deficiency (4% of cases) or idiopathy (32% of 
cases). Most of the so-called idiopathic cases of emphysema are 
related to cigarette smoking. Pulmonary fibrosis, the indication 
first treated successfully by lung transplantation, accounted for 
26%, while cystic fibrosis accounted for 16%. 

Overall, survival after transplant has steadily improved with 
time. In the era between 1988 and 1994, median survival was 
3.9 years, while survival from 2000 to 2006 has increased to 
5.5 years. In this most recent epoch of lung transplant, the 
overall 1-year survival rate following lung transplant is 81.4% 
and the 5-year survival is 53.5%. Patients receiving bilateral lung 
transplant survive significantly longer than patients after single¬ 
lung transplant (median survival of 6.2 vs. 4.5; p <0.0001). In 
general, younger recipients enjoy longer survival than older 
patients. Patients with cystic fibrosis have the best median sur¬ 
vival (6.4 years) as they comprise a younger population and in 
general will receive two lungs secondary to infectious lung dis¬ 
ease. Median survival for patients with pulmonary fibrosis is 
significantly lower at 4.1 years, and that of patients with COPD 
is 5 years. 

For all recipients, the factors associated with the highest 
risk of 1-year mortality were the era in which patients were 
transplanted, intravenous inotropes, and mechanical ventila¬ 
tion. The most significant risk factor, by far, for 5-year mortal¬ 
ity was development of bronchiolitis obliterans syndrome 
within the first year of transplant. 11 Outcomes in lung trans¬ 
plant have clearly improved over time. The impact of changes 
in lung allocation in the United States on early and late out¬ 
comes remains to be seen. 


IMMUNOSUPPRESSION 


Immunosuppression is initiated in the immediate perioperative 
period and continued for the rest of the recipient’s life. UNOS 
registry data show that regimens typically include a cal- 
cineurin inhibitor, either cyclosporine or tacrolimus; a purine 
synthesis antagonist, either azathioprine or mycophenolate 
mofetil; and a corticosteroid, either methylprednisolone (intra¬ 
venous) or prednisone (oral). In a recent open-label random¬ 
ized trial of 90 patients who received either cyclosporine or 
tacrolimus, 55 subjects who were treated with tacrolimus expe¬ 
rienced significantly less acute rejection. Lymphocytic bronchi¬ 
tis was less frequent among patients receiving tacrolimus. In 
addition, fewer (but not statistically significant) patients devel¬ 
oped stage 0-p bronchiolitis obliterans syndrome. These inves¬ 
tigators used a composite endpoint including cumulative acute 
rejection score, cumulative lymphocytic bronchitis score, or 
the development of bronchiolitis obliterans syndrome stage 
0-p (10% or greater decrease in FEYi). No difference in graft 
survival was noted. Although diabetes was slightly more 
prevalent among subjects treated with tacrolimus, there were 
no differences observed between the two treatment groups in 
terms of hypertension, chronic renal disease, posttransplant 
malignancy, or total number of infections. 

In other solid organs, use of induction (perioperative) antithy¬ 
mocyte regimens appears to be salutary in reducing both acute 
and chronic rejection. There are limited data supporting the use 
of such agents in lung transplantation. In a study of 44 patients 
randomized to conventional triple-drug immunosuppression 
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with or without rabbit antithymocyte globulin, a significant 
reduction in early acute rejection from 41% to 5% was observed 
with the use of rabbit antithymocyte globulin, but there was no 
apparent effect on the total number of rejection episodes. Time 
to onset of bronchiolitis obliterans syndrome was earlier, and 
graft survival worse, with conventional treatment only, but these 
differences were not statistically significant. Several studies com¬ 
paring antithymocyte globulin with T-cell-specific interleukin-2 
(IL-2) receptor (CD25) monoclonal antibody suggest that out¬ 
comes, including early acute rejection and freedom from rejec¬ 
tion, are equivalent 56 if not worse 57,58 for patients treated with 
IL-2-receptor antibody. Treatment-related complications, partic¬ 
ularly cytomegalovirus infection, appear to be equivalent for 
these induction agents. These studies do not provide sufficient 
evidence, and likely lack sufficient power, to determine whether 
their use is beneficial for the prevention of acute or chronic rejec¬ 
tion. Two important issues regarding standard immunosuppres¬ 
sive therapy are the myriad side effects associated with these 
agents and their numerous interactions with other commonly 
prescribed medications. 59 

Rapamycin (sirolimus) is a serine/threonine kinase inhibitor 
that can be used as a second-line agent for treatment of acute 
rejection, sometimes in combination with calcineurin inhibitors, 
but such use is considered off-label and not recommended. In 
addition, rapamycin is contraindicated absolutely in the early 
posttransplantation period because of its association with fatal 
bronchial anastomotic dehiscence. 


COMPLICATIONS 


Complications resulting from pulmonary transplantation occur 
frequently, may be severe, and occasionally result in death. 
Intraoperative complications include technical problems with 
the vascular or bronchial anastomoses, injury to the phrenic or 
recurrent laryngeal nerves, and myocardial infarction. Early 
postoperative complications include primary graft dysfunction, 
infection, and problems with airway healing and acute rejec¬ 
tion. The most common late complications are infection and 
bronchiolitis obliterans (chronic rejection). Intra-abdominal 
complications are not uncommon. Wound infection is noted 
rarely. Noninfectious, nonpulmonary complications related to 
immunosuppression are common. The cumulative prevalence 
within 5 years after transplant of hypertension, renal insuffi¬ 
ciency, hyperlipidemia, and diabetes is 85.3%, 37.0%, 53.6%, 
and 35.5%, respectively. 11 Finally, there is a three- to fourfold 
higher risk of malignancy in patients after transplant. 60 

Causes of recipient death can be categorized according to the 
time frame in which they occur. Early deaths (sooner than 30 
days following transplant) most commonly result from primary 
graft failure (28.2%). 11 Infection is the second most common 
cause of early death (20.3%), followed by heart failure 
(11.1%). Rejection accounts for 4.3% of deaths in the early 
posttransplantation period. Hemorrhage and airway dehiscence 
each are responsible for 8.3% of early postoperative deaths. 
Infection accounts for about 39.5% of deaths within the first 
year of transplant (after 90 days). About one third of deaths 
result from manifestations of chronic rejection and obliterative 
bronchiolitis, the single biggest impediment to long-term sur¬ 
vival following lung transplantation. Respiratory failure and 
malignancy are the next most common causes of late mortality. 
Despite the major strides made in the operation itself and early 
postoperative care, the complications resulting from chronic 
immunosuppression continue to plague transplant patients. 


Primary Graft Dysfunction 

Mild, transient pulmonary edema is a common feature of the 
freshly transplanted allograft. In approximately 15% of cases, 
the injury is sufficiently severe to cause a form of acute respira¬ 
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tory distress syndrome termed primary graft failure. Primary 
graft failure is presumed to reflect ischemia-reperfusion injury, 
but surgical trauma and lymphatic disruption may be con¬ 
tributing factors. The diagnosis rests on the presence of wide¬ 
spread infiltrates on chest radiographs, severe hypoxemia 
within 72 hours after transplantation, and the exclusion of 
other causes of graft dysfunction, such as volume overload, 
pneumonia, rejection, occlusion of the venous anastomosis, and 
aspiration. Treatment is supportive, relying principally on con¬ 
ventional mechanical ventilation. Independent lung ventilation, 
inhaled nitric oxide, and extracorporeal membrane oxygena¬ 
tion have been used as adjunctive measures. Mortality rates of 
up to 60% have been reported, and among those who survive, 
the recovery period is often protracted, but achievement of nor¬ 
mal allograft function is possible. The results of emergency 
retransplantation in such cases have been poor. 59,61,62 

The impact of primary graft dysfunction on outcomes has 
been muddied by variability in the definition of this syndrome 
historically. A consensus statement by the ISHLT in 2005 
sought to standardize the definition and severity of primary 
graft dysfunction (Table 38.6). 63 Studies examining outcome 
utilizing the current grading system have demonstrated a 
direct correlation with severity of primary graft dysfunction 
and ICU mortality, in-hospital mortality, 1-year survival, and 
freedom from bronchiolitis obliterans syndrome. 64,65 


Rejection 

With few exceptions, acute rejection episodes occur soon after 
transplantation, usually between posttransplantation days 5 
and 7. Often, two or three rejection episodes occur within the 
first month. Mild temperature elevation, perihilar fluffy infil¬ 
trates, or a minimal decrease in blood oxygenation as mea¬ 
sured by arterial oxygen tension may herald rejection. Because 
rejection occurs so frequently during this period, the distinc¬ 
tion between infection and rejection may be difficult. Often, 
the distinguishing factor between these two entities is that 
rejection responds positively to the administration of cortico¬ 
steroids. Treatment of early rejection episodes involves the use 
of bolus corticosteroid administration given on 3 consecutive 
days. Within 12 to 18 hours after the first corticosteroid dose, 
symptoms relating to rejection usually resolve, including clear¬ 
ing of infiltrates on chest radiograph. 

The diagnostic experience using transbronchial biopsy to 
diagnose and monitor rejection at some centers after car¬ 
diopulmonary transplantation is impressive, but the number 
of biopsies required to maximize specificity is large. One group 
recommends obtaining 18 separate transbronchial biopsy 
specimens to achieve 95% specificity. The risks and potential 
complications of transbronchial lung biopsy do not justify its 
routine performance because suspected rejection episodes 
respond so well to corticosteroids. Transbronchial lung biopsy 
can be used when the issue of rejection versus infection is not 
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resolved after steroid administration. Flexible bronchoscopy 
can be performed at the bedside, and 6 to 10 separate biopsies 
can be obtained under fluoroscopic guidance. When symptoms 
or signs of rejection persist despite adequate treatment, open 
lung biopsy may be considered. 


Infection 


Infection in the posttransplantation period continues to be a 
significant cause of morbidity and mortality. Posttransplant 
prophylaxis strategies targeting gram-positive and gram¬ 
negative bacteria, Pneumocystis pneumoniae , cytomegalovirus, 
and Aspergillus have been shown to decrease the morbidity and 
mortality from this category of complication. Bacterial pneu¬ 
monia usually responds to appropriate antibiotic therapy, and 
patients are maintained on broad-spectrum antibiotics until 
specificities are determined by culture of the donor and recipi¬ 
ent bronchus. Antibiotic administration is particularly impor¬ 
tant if one predominant organism is grown from the donor 
lung cultures obtained at organ harvest. If a specific organism 
is grown from donor bronchial washings, the recipient is main¬ 
tained on an appropriate antibiotic or combination of antibiotics 
for at least 1 week. The most common organism recovered 
from donor bronchial washings is Staphylococcus aureus. In a 
series of 32 transplants, this organism was recovered from 
donors 11 times and subsequently from 4 transplant recipients. 66 
Other commonly recovered pathogens include Enterohacter 
species and Candida albicans. The presence of organisms cul¬ 
tured from donor bronchial washings, however, does not 
absolutely predict the development of invasive infection in 
recipients. Less than half of recipients from whom organisms 
were recovered went on to develop invasive infection. 

The second most significant pathogen is cytomegalovirus 
(CMV). The diagnosis of CMV is usually made from culture of 
bronchoalveolar lavage fluid or tissue obtained from trans- 
bronchial lung biopsy. In the pulmonary transplantation pop¬ 
ulation, CMV pneumonitis is the predominant form of CMV 
infection, although CMV enteritis and retinitis also occur. This 
experience corresponds to that seen in cardiac and cardiopul¬ 
monary transplant recipients. About half of lung recipients 
develop documented CMV infection. Ganciclovir has proved 
particularly effective and is the drug of choice for CMV infec¬ 
tion in this circumstance. The drug is well tolerated in most 
patients, with neutropenia accounting for most of the toxicity. 
CMV prophylaxis with ganciclovir can be used for CMV- 
positive recipients or in those recipients who receive a lung 
from a CMV-positive donor. The mortality rate from life- 
threatening CMV infections treated with ganciclovir has been 
reported at 10%, far better than the 40% or greater mortality 
reported before this agent was available. 67 Life-threatening 
CMV infection can occur in CMV-negative recipients who 
receive a lung from a CMV-positive donor (primary infection) 
or in recipients who are already CMV positive (secondary 
infection). Cytolytic therapy especially with muromonab-CD3 
is associated with an increased risk and severity of CMV infec¬ 
tion. Attempts to match a CMV-negative recipient with a 
CMV-negative donor lung, given the shortage of donor 
organs, can prolong candidate waiting time. 

A recent analysis of UNOS outcomes data demonstrated 
that donor-recipient CMV serologic mismatch, particularly 
donor-positive/recipient-negative (D+/R-) serologic status, 
was a significant adverse risk factor for posttransplantation 
mortality in earlier eras (1990-1994 and 1995-1999) but not 
in a more recent era (2000-2004) of pulmonary transplanta¬ 
tion, when compared with donor-negative/recipient-negative 
transplants. 68 Mismatched donor-recipient CMV status also 
appears to be a significant univariate risk factor for mortality 
following retransplantation. 69 These findings suggest that 
donor-recipient CMV mismatch can be an adverse factor for 
posttransplant survival but also that this deleterious effect may 


be abrogated with the introduction of more effective CMV 
antiviral therapy. 70 

Infection with Aspergillus species is the most common fun¬ 
gal infection after lung transplant. It occurs in 15% to 35% of 
recipients. Overall mortality is high (52%), especially with 
invasive infections (80%). 71 Preemptive antifungal therapy has 
been shown to decrease the incidence of clinical fungal infec¬ 
tion from 69% to 31%. 72 


Airway Complications 

Airway complications can be categorized by the time course of 
occurrence (early vs. late) and the type of complication (steno¬ 
sis, dehiscence, granulation, fistula, or infection). The inci¬ 
dence of airway complications has decreased substantially 
over time. This is likely due to improvements in lung preserva¬ 
tion, surgical technique, and antibiotic prophylaxis. 

During the early pulmonary transplantation experience, 
problems with airway healing resulted in a significant percentage 
of deaths. Patients often did well for the first 3 weeks after trans¬ 
plantation, and then the bronchial anastomosis split, often with 
erosion into the pulmonary artery. Bronchial anastomotic heal¬ 
ing initially was facilitated by withholding maintenance corticos¬ 
teroids until after the first posttransplantation week and using an 
omental pedicle wrapped around the anastomosis. Historically, 
most problems with airway healing occurred after the en bloc 
double-lung operation, which involves a tracheal anastomosis. 
Double-lung transplantation required extensive dissection in the 
subcarinal space, resulting in the disruption of a number of 
bronchial collateral vessels. Since this operation was modified to 
one involving bilateral, sequential lung replacement using two 
bronchial anastomoses, airway problems are infrequent and 
now are rarely if ever implicated in recipient deaths. Partial 
bronchial dehiscences often heal without sequelae. 

The use of a telescoping bronchial anastomosis, in which 
the donor bronchus is intussuscepted into the recipient 
bronchus or vice versa, obviated the need for the omental pedi¬ 
cle wrap, allowed for immediate use of corticosteroids, and 
reduced anastomotic dehiscence rates. However, the telescop¬ 
ing anastomosis can increase the rate of anastomotic stenosis. 
Recently there has been a trend toward the use of primary end- 
to-end anastomosis using figure-of-eight sutures, and initial 
results demonstrate a lower incidence of stenosis with an 
equivalent rate of dehiscence (about 2%). 48,49 


Bronchiolitis Obliterans 


Bronchiolitis obliterans remains the leading cause of late mor¬ 
tality following lung transplantation, with nearly 30% of 
deaths beyond the first year of transplantation attributed to 
the fibroproliferative changes and airway destruction of this 
disorder. Bronchiolitis obliterans syndrome, the clinical corre¬ 
late of this complication, occurs in over 40% of patients who 
survive beyond 90 days of operation, and remains a significant 
cause of morbidity, occurring in one third of patients surviving 
at least 5 years. Following heart-lung transplantation, nearly 
50% of deaths beyond the first year are attributable to bron¬ 
chiolitis obliterans and pulmonary graft failure. 73 

Bronchiolitis obliterans syndrome is defined as decline in 
PEV 1 of greater than 20% from baseline, as determined by at 
least two separate measurements obtained at least 3 weeks 
apart. 74 The histologic appearance of bronchiolitis obliterans is 
characterized by progressive small airway destruction, airway 
deposition with an inflammatory exudate, and, finally, fibrosis. 
This complication is likely a form of chronic rejection, although 
its exact etiology remains unknown. If diagnosed early, enhanc¬ 
ing immunosuppression may either halt the process or slow the 
progression. It has been hypothesized that the development of 
obliterative bronchiolitis in cardiopulmonary transplantation 
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patients is related to a human major histocompatibility com¬ 
plex (human leukocyte antigen)-A2 antigen mismatch. Others 
postulate that CMV infection or early lung injury, such as that 
arising from primary graft dysfunction, 75 may be implicated. 
Once diagnosed, it is imperative to increase immunosuppres¬ 
sion to prevent what is usually an insidiously progressive disor¬ 
der. Unfortunately, in patients who have developed obliterative 
bronchiolitis and then undergo retransplantation, the pathol¬ 
ogy can recur in the newly transplanted lungs. Obliterative 
bronchiolitis remains the major problem in patients surviving for 
greater than 2 years following transplantation. Overall, long¬ 
term survival for lung transplantation is not likely to improve 
significantly until effective strategies for the prevention and 
treatment of obliterative bronchiolitis and bronchiolitis obliter¬ 
ans syndrome are identified. 


POSTTRANSPLANTATION 

PHYSIOLOGY 


Pulmonary transplantation has afforded an opportunity to 
observe changes in pulmonary physiology that are not seen 
under ordinary circumstances. It is important to examine these 
changes relative to the type of transplantation operation. 

The development of bilateral, sequential lung replacement 
provides the opportunity to indirectly assess lung function by 
perfusion lung scan. Because the newly implanted lungs have 
different ischemic times, the immediate posttransplantation 
perfusion scan would be expected to demonstrate less perfu¬ 
sion to the side with the longer ischemic time. Indeed, this situ¬ 
ation does occur, especially when ischemic times exceed 6 hours; 
however, the relative perfusion to each side usually equalizes 
within 24 to 48 hours. 

Performing single-lung transplants in patients with pul¬ 
monary hypertension has been particularly illustrative in 
demonstrating the potential for reversing right ventricular dys¬ 
function. As soon as the lung is implanted, the morphology of 
the right ventricle changes significantly, as assessed by trans¬ 
esophageal echocardiography. The interventricular septum, 
previously bulging into the left ventricle, immediately assumes 
a normal position. An increase in contractility of the right 
ventricle occurs with significant decrease in dilatation. The 
pulmonary artery pressure immediately decreases and is essen¬ 
tially normal by the time the patient leaves the operating room 
(Table 38.7). Late catheterization studies (2 years posttrans- 


TABLE 38.7 INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR PULMONARY TRANSPLANTATION 



■ SINGLE 
LUNG (%) 

■ DOUBLE 
LUNG (%) 

Emphysema 

53.0 

23.0 

a r Antitrypsin 

8.5 

9.5 

Cystic fibrosis 

2.3 

31.0 

Idiopathic pulmonary 
fibrosis 

24.0 

9.7 

Primary pulmonary 
hypertension 

1.1 

7.6 

Retransplant 

2.0 

1.7 

Adapted with permission from Trulock EP, Edwards LB, Taylor DO, 
et al. The Registry of the International Society for Heart and Lung 
Transplantation: twenty-first official adult heart transplant report— 
2004. J Heart Lung Transplant 2004;23:804-815. 
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Evaluation Preop 3 wk 6 wk 12wk 24 wk 


FIGURE 38.3. Mean 6-minute walk data for a group of patients 
undergoing single-lung transplantations for emphysema. Marked 
improvement is seen at the 6-week level, with continued improvement 
at 12 weeks. 


plantation) in patients undergoing this operation show contin¬ 
ued normal hemodynamics. 

The situation after single-lung transplantation in patients 
with emphysema is also illustrative. One would expect a sig¬ 
nificant ventilation/perfusion (V/Q) mismatch to occur, with 
ventilation to the native lung occurring preferentially because 
the native lung is significantly more compliant. Conversely, 
there is significantly greater differential perfusion to the newly 
transplanted lung, particularly at rest, with greater differences 
in perfusion observed in patients undergoing transplantation 
for emphysema compared with pulmonary fibrosis. With exer¬ 
cise, perfusion to the native lung tends to increase. 76 Despite 
significant perfusion to the nontransplanted lung, patients 
undergoing single-lung transplantation do well from a func¬ 
tional standpoint (Fig. 38.3) and do not typically have persis¬ 
tent carbon dioxide retention after transplantation. Physio¬ 
logic dead space (Vd/V t ) decreases with work, with a shift in 
ventilation toward the transplanted side. By 3 months after 
transplantation, the V/Q mismatch narrows (Fig. 38.4). From 
a clinical standpoint, improvement in pulmonary function is 
seen almost immediately after transplantation. Spirometric 
improvement is noted within 2 weeks of operation, increasing 
significantly within 6 months and then remaining stable after 
3 years following transplantation (Fig. 38.5). Improvement 
after bilateral lung replacement is slightly better. 77 

Exercise studies show modest, if any, improvement after lung 
transplantation, with no significant differences apparent in 
exercise tolerance between patients with bilateral or single-lung 
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Preop Postop 1 mo 3 mo 6 mo 

FIGURE 38.4. Mean values for ventilation and perfusion for patients 
undergoing single-lung transplantation for emphysema. Note the 
ventilation-perfusion mismatch that occurs, as expected, after trans¬ 
plantation. 
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Evaluation 1 mo 3 mo 


FIGURE 38.5. Comparison of percentage of predicted forced expira¬ 
tory volume in 1 second in 14 patients undergoing single and 10 
patients undergoing bilateral sequential pulmonary transplantation 
for chronic obstructive pulmonary disease. 


transplants. 78,79 Maximum oxygen consumption, maximum 
work, peak ventilation, and anaerobic threshold are increased 
after lung transplantation but remain well below normal val¬ 
ues. 80 This may be due in large part to an accompanying abnor¬ 
mal cardiovascular response to exercise and peripheral muscle 
Q weakness. 81 By the end of the first year after transplantation, 
approximately 80% of recipients report no limitations in activ¬ 
ity. 59 On average, after transplantation, the distance a patient 
can cover during a standard 6-minute walk test is doubled that 
achieved preoperatively. Recipients of bilateral lung transplants 
can walk farther in 6 minutes than recipients of single-lung 
transplants, but this difference may reflect the younger age of 
the bilateral transplant recipients. 59,82 


FUTURE CONSIDERATIONS 


Pulmonary transplantation has slowly evolved from an experi¬ 
mental therapy to standard of care for patients with respiratory 
failure, although many fewer patients undergo these operations 
compared with other solid organ transplants. Donor availabil¬ 
ity remains a limiting issue and will likely continue to be an 
obstacle despite efforts to improve both donor management 
and organ procurement efforts at a societal level. Lung volume 
reduction surgery has demonstrated some benefit in a select 
group of COPD patients but has not had as significant an 
impact on quality of life as lung transplant has for patients with 
emphysema. Questions about long-term impact and preserva¬ 
tion of lung function remain to be answered. Other considera¬ 
tions including posttransplantation quality of life and cost-util¬ 
ity analyses also will likely impact the application of this 
therapy despite the accomplishments of the past 40 years. 
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CHAPTER 39 PANCREAS AND ISLET 

TRANSPLANTATION 


RANDALL S. SUNG 


KEY POINTS 


^The Diabetes Control and Complications Trial demon¬ 
strated that tight control of blood glucose and minimiza¬ 
tion of hemoglobin A1C delays the progression of sec¬ 
ondary complications of diabetes. 

Q Recipients with functioning pancreas transplants have nor¬ 
mal glycemic control without the need for exogenous 
insulin, and pancreas transplantation has a beneficial 
impact on diabetic complications. 

Q Most pancreas transplants are performed in patients with 
end-stage renal disease, either concomitant with or follow¬ 
ing a kidney transplant. 


Q Pancreas transplant outcome is dependent on the careful 
selection of donors and on meticulous pancreas procure- 
ment technique. 

G Pancreas graft survival rates are greater than 80% at 1 year. 

Q In contrast to kidney transplants, the effect of a pancreas 
transplant on patient survival is probably only modest. 

Q Islet transplantation does not require an operative procedure. 

Q Although early outcomes are excellent at major islet cen¬ 
ters, long-term islet transplant outcomes are inferior to 
those of whole-pancreas transplants, with most recipients 
returning to insulin within 2 years. 


Diabetes mellitus is a spectrum of impaired glucose tolerance 
that ranges from gestational glucose intolerance to severe 
hyperglycemia and ketoacidosis. Diabetes, which affects 
approximately 8% of the U.S. population, can be divided into 
two major classifications. Type 1, previously referred to as 
insulin-dependent diabetes, is an autoimmune disease charac¬ 
terized by the eventual loss of all pancreatic /3-cell function. 
Type 2, previously referred to as non-insulin-dependent dia¬ 
betes or adult-onset diabetes, characteristically presents in 
obese patients over age 40 1 ; many of these individuals eventu¬ 
ally require insulin therapy. The incidence of type 2 diabetes is 
increasing as the prevalence of obesity increases, especially in 
younger age groups. While the mean age of onset is in the early 
teenage years, the disease may present as early as the first year 
of life. Type 1 diabetes afflicts approximately 1 in every 400 to 
500 children and adolescents. 2 Patients may present as late as 
the fourth decade of life, and these patients may be misclassi- 
fied as type 2 diabetics, despite clearly possessing the physiol¬ 
ogy of type 1 diabetes. The disease classically presents in a lean 
patient with polyuria, polydipsia, and polyphagia. It may pre¬ 
sent at the time of a concurrent illness. While there may be a 
brief “honeymoon” period after presentation where insulin is 
not required, exogenous insulin is always required to replace 
that lost by the complete destruction of /3-cell mass. While 
hyperglycemic episodes from poorly controlled diabetes or 
hypoglycemic events from insulin may be life-threatening, the 
major morbidity of type 1 diabetes stems from the myriad 
long-term manifestations of the disease, particularly those that 
are due to accelerated atherosclerosis. 


PATHOPHYSIOLOGY 


The classic pathophysiology of diabetes is that of insulin secre¬ 
tory failure in type 1 diabetes and peripheral insulin resistance 
in patients with type 2 diabetes. However, the etiology, epi¬ 
demiology, and pathogenesis of diabetes is much more complex 
than is reflected in early characterizations of the disease. Type 1 
diabetes is classically described as an autoimmune disorder 
manifest by destruction of /3-cells, with proinsulin being the 


most likely primary target. 3 There is multigenic susceptibility, 
with known genes at the human leukocyte antigen (HLA) class 
II genotype, the 5' flanking region of the insulin gene, and the 
CTLA4 gene; however, many genetic susceptibility loci have 
been demonstrated but not completely characterized. The pos¬ 
sibility that these many genes may individually only have weak 
effects makes them more difficult to identify precisely, and may 
explain the heterogeneity of inheritance of type 1 diabetes. This 
genetic susceptibility background is thought to interact with 
environmental triggers, perhaps infectious, that lead to autoim¬ 
munity and insulitis, the characteristic pathologic lesion of type 
1 diabetes, although definitive proof of these triggers is lacking. 
In type 2 diabetes, while /3-cell hypersecretion initially may 
exist, ultimately loss of /3-cell mass ensues. /3-Cell apoptosis is 
mediated by glucotoxicity from insulin resistance, and is exac¬ 
erbated by fatty acids, lipoproteins, leptins, and cytokines, all 
of which are elevated in type 2 diabetes and obesity. 4 Because 
of peripheral insulin resistance, many patients require insulin in 
amounts that exceed 1 unit/kg, far greater than typically 
required by type 1 diabetics. 

The observation that type 1 and type 2 diabetes frequently 
co-occur in the same family has raised the possibility that they 
are opposite ends of the same disease spectrum, and ample evi¬ 
dence exists that suggests the two are more similar than ini¬ 
tially believed. 5,6 Families with mixed diabetes histories tend 
to have an intermediate diabetes phenotype: insulin resistance 
in type 1 and lower body mass index (BMI) and C-peptide 
concentrations in type 2 patients. /3-Cell destruction is com¬ 
mon to both types, and obesity and insulin resistance have 
both been shown to be risk factors for childhood type 1 as well 
as type 2 diabetes. The “accelerator hypothesis” of diabetes 
proposes three determinants of disease in all types of diabetes: 
the intrinsic rate of /3-cell apoptosis, insulin resistance, and 
autoimmunity (which would apply only to a subset). Genetic 
studies suggest there may be a common predisposition. How¬ 
ever, the cytokines, signal transduction pathways, and other 
soluble mediators of apoptosis are quite different between the 
insulitis of type 1 diabetes and the lipotoxic or glucotoxic 
processes of type 2 diabetes, and thus at minimum represent 
distinct mechanisms of /3-cell destruction. 7 
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The relatively recent discovery of the replicative potential 
of a variety of adult tissue types, and their roles in the patho¬ 
genesis of disease, has raised questions about the relevance to 
the pathogenesis of diabetes. In such a model, diabetes occurs 
due to a failure of regeneration of /3 cells, and individual vari¬ 
ation in the ability to regenerate /3 cells is an important deter¬ 
minant of diabetes development. This is partially supported by 
the finding of associations of type 2 diabetes with genes having 
identified roles in cellular development. While it is broadly 
agreed that failure of /3-cell replication is an important con¬ 
tributor to diabetes development, this is largely attributed 
more to an increased susceptibility of replicating /3 cells to 
apoptosis, which in a proapoptotic environment leads to loss 
of /3-cell mass, rather than individual variations in replication. 
There is also evidence that deficits of /3-cell secretion are as 
important as those of replication. Furthermore, the range of 
/3-cell mass in adult diabetic and nondiabetic humans is very 
wide, and exceeds the apparent capacity for expansion of /3-cell 
mass in response to regenerative stimuli. Thus, it appears more 
likely that insufficient growth of /3-cell mass during develop¬ 
ment may be more likely to have a role in the predisposition to 
diabetes than specific deficits in regeneration. 8 


SECONDARY COMPLICATIONS 
OF DIABETES 


Diabetes mellitus is responsible for tens of thousands of deaths 
each year in the United States. The high incidence of cardio¬ 
vascular complications in diabetics is primarily responsible for 
the twofold increase in the risk of death in diabetics compared 
with those without diabetes. 2 Clinical complications of dia¬ 
betes include end-stage renal disease, retinopathy, peripheral 
vascular disease, coronary artery disease, and neuropathy. 
Diabetic nephropathy is responsible for nearly half of all cases 
of end-stage renal disease; diabetes is also the leading cause of 
blindness and amputations in the United States. 9 The esti¬ 
mated cost of providing care for diabetes and its complications 
is over $150 billion per year. 1 

While diabetic complications have a multifactorial etiology, 
they are ultimately secondary to structural alterations in 
nerves, blood vessels, and connective tissue. Excess glucose is 
converted to sorbitol by aldose reductase, leading to the reduc¬ 
tion of cellular content of myoinositol, abnormal phospho- 
inositide metabolism, and reduction in Na + -K + -adenosine 
triphosphatase (ATPase) activity. In experimental animals 
aldose reductase inhibitors prevent diabetic neuropathy, 
cataracts, and retinopathy. 10 The accumulation of advanced 
glycosylation end products (AGEs), due to abnormal nonenzy- 
matic glycosylation of proteins and extensive cross-linking of 
these proteins, is likely to be pathogenic. 11 Ligation of 
endothelial cell receptors by AGEs results in the release of 
proinflammatory cytokines and activation of the coagulation 
cascade. Microangiopathy is characterized by thickening of 
capillary basement membranes, which increases with the dura¬ 
tion of disease, and altered capillary permeability. 

Q The Diabetes Control and Complications Trial (DCCT) 
demonstrated that tight control of blood glucose prevents and 
delays the progression of secondary complications of dia¬ 
betes. 12,13 This study, in which patients with type 1 diabetes 
were randomized to conventional treatment with one or two 
doses of daily insulin versus intensive treatment with three or 
more injections per day, demonstrated a dramatic reduction in 
the risk of progression of retinopathy, microalbuminuria, albu¬ 
minuria, peripheral neuropathy, and cardiovascular disease in 
the subjects randomized to intensive treatment. However, the 
major side effect of intensive treatment was a threefold increase 
in the risk of severe hypoglycemic episodes; approximately 
10% of patients in the intensive insulin therapy cohort experi¬ 
enced five or more episodes of seizure or coma during the study 


period. Even in the absence of overt brain injury, multiple 
episodes of severe hypoglycemia have been associated with 
cerebral perfusion abnormalities and poor neuropsychiatric 
performance. In addition, there is a significant risk of accident 
during hypoglycemic episodes. Frequently, as hypoglycemia 
becomes more frequent and autonomic neuropathy worsens, 
patients may develop a syndrome of unawareness to hypo¬ 
glycemia where the typical symptoms of tremor and anxiety do 
not occur. Such patients with hypoglycemic unawareness may 
develop profound hypoglycemia, especially if left unsupervised, 
and risk severe neurologic and traumatic injury. 

The overall management of diabetes is focused on main¬ 
taining blood glucose as close to normal range as possible 
while attempting to minimize significant hypoglycemic 
episodes. Although the frequency and extent of hyperglycemia 
is important in the assessment of glucose management, long¬ 
term glycemic control is best assessed by evaluation of blood 
levels of hemoglobin A1C, which measures the extent of gly¬ 
cosylation of hemoglobin. Although the incidence of diabetes 
is increasing, the overall treatment efficacy has improved. The 
use of subcutaneous insulin pumps is being increasingly 
employed; inhaled insulin has been used in selected patients; 
and infusion devices, which also assess serum glucose and 
automatically adjust insulin dose accordingly, are being devel¬ 
oped. 14,15 However, in practice it is a rare diabetic who can 
maintain tight glucose control without hypoglycemic compli¬ 
cations. In fact, in a study of type 2 diabetics designed to 
reduce cardiovascular complications through normalization of 
glycemic control, intensive therapy was associated with 
increased early mortality and no reduction of cardiovascular 
events. 16 Most type 1 diabetics, even if on optimal insulin ther¬ 
apy, are unable to maintain hemoglobin A1C levels in the nor¬ 
mal range, and most will ultimately develop progressive dia¬ 
betic complications. 


PANCREAS TRANSPLANTATION 


Overview 


Pancreas transplantation, while not technically a cure, repre¬ 
sents the only option for insulin elimination for many type 1 
diabetics. Recipients with functioning pancreas transplants 
have normal glycemic control without the need for exogenous 
insulin. Initial experience with pancreas transplantation, from 
the first pancreas transplant performed by Kelly and Lillehei in 
1966 until the 1980s, was marked by low success rates and 
high mortality. 17 In 1980, the 1-year graft survival rate for 
pancreas transplantation was only 21%, and there was 
tremendous skepticism about the utility of the procedure prior 
to the advent of cyclosporine. Advances in surgical technique 
and immunosuppression have dramatically improved current 
graft survival rates to greater than 85% at 1 year. In addition 
to the development of cyclosporine, the introduction of blad¬ 
der drainage of the donor pancreas, first introduced by 
Sollinger in 1985 using a button of donor duodenum, and sub¬ 
sequently modified by Corry in 1986 using an entire segment 
of duodenum anastomosed to the urinary bladder, dramati¬ 
cally improved the results of pancreas transplantation (Fig. 
39.1). 18,19 Graft survival continued to improve throughout the 
1980s and 1990s, especially for isolated pancreas transplanta¬ 
tion (pancreas transplant alone, or pancreas after kidney 
transplantation), the results of which have been historically 
inferior to simultaneous kidney-pancreas transplants. Both 
short- and long-term survival of pancreas transplants has 
remained relatively stable in the current decade. Because blad¬ 
der drainage is associated with significant morbidity, in recent 
years there has been a shift toward enteric drainage into the 
recipient jejunum. Currently, most pancreas transplants are 
performed with enteric exocrine drainage and venous drainage 
into the systemic circulation. However, pancreas transplantation 
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Part Two: Surgical Practice 



FIGURE 39.1. Simultaneous pancreas-kidney transplantation per¬ 
formed with drainage of the pancreatic exocrine secretions into the 
urinary bladder (bladder drainage). This technique has been predomi¬ 
nant until recently. Note that a segment of the second portion of the 
duodenum is left attached to the pancreas. Despite its heterotopic 
location, the transplanted pancreas responds to gastrointestinal hor¬ 
mones with a marked increase in secretion of pancreatic juice that has 
very high bicarbonate content. Also note that the portal vein drains 
into the iliac vein (i.e., systemic venous drainage). In healthy individu¬ 
als 50% of the secreted insulin is extracted from the circulation in the 
first pass through the liver. Transplant recipients with systemic venous 
drainage have peripheral insulin levels two to two and one half times 
higher than normal. 


may also be performed by draining pancreatic venous blood 
into the recipient portal circulation, usually via the superior 
mesenteric vein. 


Patient Selection 


Pancreas transplantation is usually performed in patients with 
type 1 diabetes. The diagnosis of type 1 diabetes is relatively 
straightforward for most individuals. A history of juvenile or 
young adult onset, diabetic ketoacidosis, a lean body habitus, 
and a low insulin requirement (<0.7 units/kg) all support the 
diagnosis of type 1 diabetes. In contrast, older age of onset, 
obesity, an interval of treatment with diet or oral agents, or 
high insulin requirements are all suggestive of type 2 diabetes. 
A subset of adult-onset diabetics will display characteristics 
otherwise associated with type 1 diabetes, including absence of 
insulin production. Whether these individuals are properly 
classified as type 1 or type 2 diabetics may be subject to debate, 
but these individuals may certainly benefit from pancreas trans¬ 
plantation. Individuals with type 1 physiology but adult age of 
onset and low but detectable C-peptide secretion (so-called 
“type 1.5 diabetics”) may also be considered for pancreas 
transplantation. Approximately 5% of pancreas transplant 
recipients are reported as having type 2 diabetes, and outcomes 
for these recipients are similar to those with type 1 diabetes. 20 
These are likely to be highly selected individuals without sig¬ 
nificant insulin resistance; most type 2 diabetics would not 
be considered candidates. Some type 1 diabetics may develop 


insulin resistance as a result of years of insulin therapy; this is 
frequently accompanied by increased body weight and insulin 
requirements. While such patients, if transplanted, may be 
helped by oral agents typically used for type 2 diabetics, they 
are at higher risk for remaining on insulin after pancreas trans¬ 
plantation. 21 While provocative tests for insulin resistance 
exist, they are not commonly employed. 

A small percentage of pancreas transplant recipients do not 
have type 1 diabetes, but have diabetes from other causes. Sev¬ 
eral have undergone pancreatectomy for chronic pancreatitis 
or other conditions. 22 Some pancreas transplants (<1%) are 
performed as part of a mutivisceral transplant that includes 
liver and small intestine in patients who do not have diabetes; 
in these transplants, the pancreas is included in the graft to 
facilitate the technical conduct of the operation and to reduce 
complications. 23 

Most individuals evaluated for pancreas transplantation 
have chronic renal disease. These patients may present prior to 
onset of dialysis, while currently receiving dialysis, or following 
kidney transplantation. For individuals without a functioning 
kidney transplant, potential options include simultaneous 
deceased donor kidney-pancreas transplantation (SPK), living 
donor kidney transplantation followed by deceased donor pan¬ 
creas transplantation (PAK), simultaneous living donor kidney- 
deceased donor pancreas transplantation (SPLK), or simultane¬ 
ous living donor kidney-pancreas transplantation. Of these 
options, the former two are by far the most common. 


Simultaneous Kidney-Pancreas 
Transplantation 

SPK from a deceased donor is the most commonly performed 
pancreas transplant option, with the number exceeding all 
other types combined. An SPK transplant has the advantage of 
requiring only one operation for both transplants. Since 
alloreactivity against the transplanted pancreas tends to be 
concordant with activity against the kidney, pancreas rejection 
may be heralded by signs of kidney rejection, which are more 
sensitive and present earlier. Consequently, SPK pancreas out¬ 
comes have been historically superior to those of solitary pan¬ 
creas transplants. 


Pancreas after Kidney Transplantation 

If a living kidney donor is available, candidates have the 
option of receiving a living donor transplant, followed by a 
deceased donor pancreas transplant. This approach has the 
disadvantage of requiring two separate operations, but the 
recipient enjoys the benefit of a living donor kidney transplant 
that in many circumstances occurs sooner than would an SPK 
from a deceased donor. Since the primary survival benefit of 
the kidney-pancreas transplant comes from the restoration of 
renal function, this is a significant advantage. However, since a 
PAK is essentially a solitary pancreas transplant immunologi- 
cally distinct from the kidney transplant, pancreas outcomes 
are worse than for SPK. 


Simultaneous Living Donor Kidney-Deceased 
Donor Pancreas Transplantation 

SPLK is another option performed at a few centers. 24 Candi¬ 
dates with identified living donors are listed for deceased 
donor pancreas transplantation. When a deceased donor pan¬ 
creas becomes available, the living kidney donor transplant is 
performed at the same time as the pancreas transplant. This 
approach has the advantages of sequential living donor kidney 
followed by PAK transplants while requiring only one operation. 
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It does require that the potential living donor be available 
around the clock, a requirement that excludes some donors 
from this approach. It also has the disadvantage of potentially 
delaying a kidney transplant for the recipient if the waiting 
time for a deceased donor pancreas is long. However, since 
waiting times for solitary pancreas in some areas of the coun¬ 
try can be quite short, the advantages may be substantial. 


Living Donor Kidney-Pancreas 
Transplantation 

A few centers perform living donor kidney-pancreas trans¬ 
plantation, with a single living donor donating the tail of the 
pancreas as well as the kidney (Fig. 39.2). This approach has 


all the advantages of a single operation, a single donor, and no 
waiting time. Results have been comparable to deceased donor 
SPK transplants. 25,26 Widespread adoption of this approach 
has been limited by concerns about donor morbidity from the 
pancreatectomy. Serious complications such as pancreatitis, 
fistula, abscess, or pseudocyst occur in nearly 10% of pancreas 
donors. Glucose intolerance and frank diabetes have occurred, 
although this problem has largely abated with more stringent 
donor selection criteria. 26 

Pancreas transplant candidates with renal failure may be 
counseled in a variety of ways depending on the availability of 
a living donor. How individuals are counseled depends in part 
on factors particular to the potential living donor and recipi¬ 
ent, and also on the expected waiting time for SPK and PAK 
transplantation, which vary greatly by geographic region. 



FIGURE 39.2. Live donor pancreas and kidney trans¬ 
plantation. A: Provided that the donor has a normal 
glucose tolerance test, a living donor may donate the 
segment of the pancreas that is to the left of the supe¬ 
rior mesenteric vessels. B: Transplantation of the tail of 
the pancreas is based on the splenic artery and vein. 
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Since the mortality benefit of a kidney-pancreas transplant 
derives primarily from the kidney transplant, priority is gen¬ 
erally given to achieving kidney transplantation expedi¬ 
tiously. In geographic regions where the waiting time for SPK 
is long (5 years is not unusual), living donor kidney trans¬ 
plantation is advised. Recipients of living donor kidney 
transplant can then be listed for PAK, which can be per¬ 
formed following recovery from the living donor kidney 
transplant. Individuals without living donors or those with 
borderline living donors in areas with short waiting times can 
be listed for SPK. 


Pancreas Alone Transplantation 

A small number of type 1 diabetics are evaluated for pancreas 
transplantation alone (PTA). These individuals are generally 
extremely labile diabetics who have progressive complications 
but do not have nephropathy. In these individuals the risk- 
benefit equation is quite different than that of uremic diabetics 
evaluated for kidney-pancreas transplantation. For nonuremic 
diabetics evaluated for pancreas transplantation the risk of 
immunosuppression in addition to the surgical procedure must 
be weighed against the potential benefits from transplantation. 
This contrasts to uremic diabetics, where the risk of immuno¬ 
suppression is already assumed by virtue of the need for a kid¬ 
ney transplant. As will be discussed later, whether pancreas 
transplantation alone for type 1 diabetes results in a significant 
mortality benefit is controversial. For this reason, pancreas 
transplantation alone in most centers is generally offered only 
in the most exceptional cases, the most common indication 
being frequent life-threatening hypoglycemic events. However, 
several transplant programs exist that have a different philo¬ 
sophical outlook on the benefits of PTA, and these referral cen¬ 
ters generally perform large numbers of PTAs. Most PTAs are 
from deceased donors, with a small number of centers offering 
living donor PTAs. 


Evaluation and Screening 

In general, eligibility criteria for pancreas transplantation are 
more stringent than for kidney transplantation alone, since the 
operation and potential complications are more stressful and 
the benefits less pronounced compared with kidney transplan¬ 
tation. All candidates, in addition to assessment of the poten¬ 
tial benefit of pancreas transplantation, should have at the 
least noninvasive cardiac stress testing such as dobutamine 
stress echocardiography or adenosine thallium stress scintigra¬ 
phy. Potential candidates with reversible myocardial defects 
should undergo coronary angiography, and many centers per¬ 
form angiography on all candidates. The decision to perform 
pretransplantation coronary revascularization, either with 
angioplasty, stenting, or bypass, must be made with consider¬ 
ation of both peritransplant mortality and long-term survival. 
Although practices vary, a history of coronary revasculariza¬ 
tion is not necessarily a contraindication; individuals with 
extensive myocardium at risk and without revascularization 
options are frequently excluded. 

Screening for peripheral vascular occlusive disease is often 
performed. Although distal peripheral vascular occlusive 
disease is characteristic of longstanding diabetes, aortoiliac 
disease and femoral popliteal vascular disease may also be 
pres-ent. Mild femoral popliteal disease is generally not a 
contraindication to transplantation, unless there are clinical 
signs of arterial insufficiency such as severe claudication or 
nonhealing ulcers. The presence of iliac disease is more prob¬ 
lematic, as it can compromise inflow to the transplanted 
organs or increase the risk for postoperative arterial compli¬ 
cations. In addition, diabetics may have significant vascular 


calcification, which could preclude transplantation even in 
the absence of flow abnormalities. Screening for peripheral 
vascular occlusive disease, in addition to a thorough physical 
exam, may include noninvasive flow studies, magnetic reso¬ 
nance angiography, conventional angiography, and pelvic 
radiography and/or computed tomography (CT) scanning to 
evaluate vascular calcification. Candidates with a history or 
exam findings suggestive of cerebrovascular disease should 
be screened for hemodynamically significant carotid occlusive 
disease. 

Other evaluations, as with other types of transplant, are 
tailored to the individual medical history, and differ among 
centers. Screening for malignancy commonly includes mam¬ 
mography and Pap smears for women, prostate-specific anti¬ 
gen levels in men, and colonoscopy. Individuals with a prior 
history of treated cancer and who are judged to be at low risk 
for recurrence are usually candidates following an appropriate 
disease-free interval. This interval is decreasing as greater 
experience with transplantation in individuals with a history 
of cancer has accumulated, and can be as little as 2 years for 
many solid epithelial tumors to none for carcinoma in situ. 27 
Screening for chronic viral infections such as hepatitis B, 
hepatitis C, and human immunodeficiency virus (HIV) is com¬ 
monly performed, and pancreas transplants in selected indi¬ 
viduals with chronic hepatitis are being performed with 
increasing frequency. 28,29 Although experience with liver and 
kidney transplantation in carefully selected individuals with 
HIV infection has been encouraging, this experience has not 
yet been applied to pancreas transplantation. 30 Social work 
and/or psychiatric evaluation is performed to rule out psychi¬ 
atric disease, inadequate social environments, and other issues 
that may impact the recipient’s ability to participate in post¬ 
transplantation management. 


The Kidney-Pancreas Waiting 
List and Recipients 

The number of patients on the waiting list for a simultaneous 
kidney-pancreas transplant decreased from 2,451 in 2000 to 
2,416 in 2006. 31 The majority of patients are white (68%), 
though the percentages of white and African-American (16%) 
candidates are decreasing, while the percentage of Hispanic/ 
Latino patients (12%) continues to increase. The number of 
patients on the waiting list has decreased since 2000 for all 
adult age groups except those 50 to 64, and the age distribu¬ 
tion has shifted upward. While the majority are ages 35 to 49 
(59% in 2006), the percentage who are ages 50 to 64 is 
increasing (22% in 2006) and the percentage who are ages 18 
to 34 (19% in 2006) is decreasing. The annual death rate on 
the SPK waiting list was 97 per 1,000 patient-years in 2006; 
while this rate varies from year to year, the trend has not 
changed over the past decade. 

After a steady decrease in the number of SPK transplants 
performed, from a peak of 970 in 1998 to 871 in 2003 (Fig. 
39.3), the number increased again to 924 in 2006. This 
increase corresponds to a decrease in solitary pancreas trans¬ 
plants. This could represent a trend away from performing 
PAK transplants among the transplant community, or it may 
represent recent changes in local allocation policies that favor 
performance of SPK transplants. Median times to SPK 
decreased to 451 days for registrants listed in 2005, from a 
peak of 543 days for registrants listed in 2000. Time to trans¬ 
plant is longer for African-American and Hispanic/Latino 
recipients. While the majority of SPK recipients are white 
(75%) and male (65%), the percentage of SPK recipients who 
are African-American increased from 9% in 2000 to 15% in 
2006; those who are Hispanic increased from 5% to 8% over 
the same period. The age distribution of recipients parallels 
that of the waiting list. 
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FIGURE 39.3. Number of U.S. simultaneous pan¬ 
creas-kidney (SPK), pancreas after kidney trans¬ 
plantation (PAK), and pancreas transplantation 
alone (PTA) transplants performed by year. (Data 
from Scientific Registry of Transplant Recipients. 
2007 Annual Report. Rockville, MD: Health Re¬ 
sources and Services Administration, Department 
of Health and Human Services; 2008.) 


The Pancreas Transplant 
Waiting List and Recipients 

The number of patients awaiting isolated pancreas transplants 
in 2006 continued to increase, with 609 patients awaiting PTA 
versus 412 in 2002, and 1,007 awaiting PAK versus 786 in 
2002. 31 The increase in the number of patients waiting for iso¬ 
lated pancreas transplants in the last 5 years is largely due to a 
decrease in the numbers of transplants performed rather than 
an impact of new registrations, which increased modestly for 
PTA but has decreased for PAK. 

The great majority of patients awaiting isolated pancreas 
transplants are white (83% for PTA, 81% for PAK); there 
have been significant increases in the percentage of African- 
Americans on the PAK and PTA lists over the last several 
years. Although women continued to constitute 57% of the 
PTA waiting list in 2003, they were only 46% of the PAK wait¬ 
ing list. The majority of patients awaiting both PTA and PAK 
are between 35 and 49 years old, but as with SPK candidates, 
the percentage of older patients listed for PAK and PTA has 
increased, with 16% and 22%, respectively, of the waiting list 
in 2006 being between the ages of 50 and 64 years. 

The median time to transplant for PAK has gradually 
increased over the last 5 years, with the mean waiting time for 
candidates registered in 2004 being 562 days. This is greater 
than the median time to transplant for SPK registrants. Wait 
times for PTAs have remained around 1 year since 2002, 
which suggests that solitary pancreata are more available than 
SPKs. PAK and PTA patients with blood group types O and B 
have historically had longer waiting times than those with 
types A and AB, a pattern observed in both kidney and SPK 
recipients. 

The age and race of recipients of solitary pancreas trans¬ 
plants reflect the waiting list. In 2006, 88% of PAK and PTA 
recipients were white, reflecting an ongoing disparity in racial 
distribution of solitary pancreas transplants, which is even 
more marked than that for SPK transplants. The reasons for 
this disparity are uncertain, but likely reflect access to these 
procedures. More PAK recipients (54%) were male, but more 
PTA recipients (54%) were women, although the gender gap 
has closed in the past 5 years. The age at transplant has 
remained relatively consistent over the last several years, with 
a slight shift to younger patients receiving PTA. 


Deceased Donor Pancreas Allocation 


As with many organs, deceased donor pancreas allocation is 
determined primarily by geography, with most organs offered 
to centers in the donation service area (DSA) of donor origin. 
The base organ allocation unit is the organ procurement orga¬ 


nization (OPO), which serves the population within the DSA. 
The 58 DSAs are organized into 11 regions, which serve as the 
second tier of organ allocation. In contrast to other organs, 
however, most pancreata are allocated according to locally 
determined policies set by the OPO; however, certain national 
rules exist. 32 There is mandatory sharing of pancreata to 
highly sensitized candidates that are completely matched to 
the donor. SPKs are allocated to these kidney-pancreas candi¬ 
dates first locally, then regionally, then nationally. If the pan¬ 
creas is not allocated to an SPK candidate, then the solitary 
pancreata are similarly allocated to completely matched candi¬ 
dates. 32 

A number of utilization issues specific to pancreas trans¬ 
plantation influence allocation. Pancreata are significantly 
underutilized compared to other solid organs such as liver and 
kidney. Restrictions on cold ischemia time for whole-pancreas 
transplantation and particularly for islet transplantation make 
the placement of pancreata that are not used by the recovering 
center difficult. There is significant geographic variation in 
pancreas use, which correlates with activity by local transplant 
centers. 33 The allocation of pancreata is also complicated by 
the fact that pancreas donor selection criteria for islet trans¬ 
plant and whole-organ transplant overlap, leading to competi¬ 
tion among certain types of pancreata. Allocation of kidneys 
to SPK candidates prevents allocation to kidney-alone candi¬ 
dates. This may lead to disagreement between transplant cen¬ 
ters with and without pancreas transplant programs over allo¬ 
cation policies. Solitary pancreata are more difficult to place 
compared with SPK because their outcomes are slightly worse, 
but are more easily shared voluntarily since OPOs have no 
obligation to share kidneys along with pancreas for outside 
SPK candidates; since pancreas donors are carefully selected, 
the kidneys from these donors are usually able to be trans¬ 
planted into a local kidney candidate. 

In determining whether a given pancreas will be allocated 
to a solid organ or islet transplant candidate, donor age and 
BMI are considered. Donors under age 50 and with a BMI less 
than 30 are allocated for whole-organ pancreas transplant 
locally. If there is no local acceptance, the pancreas is offered 
regionally and then nationally. If there is no candidate for 
whole pancreas, the pancreas is then allocated for islets. For 
donors older than age 50 or with a BMI greater than 30, 
whose pancreata are rarely used for whole-organ transplant, 
the organ is first offered for pancreas transplant locally; if 
there are no local candidates, the pancreas is then offered for 
islets. 32 

Local policies vary widely. In some OPOs, SPK candidates 
have priority over candidates for isolated pancreas transplant, 
which increases the numbers of SPK and thus the overall ben¬ 
efit from transplantation to pancreas transplant candidates. In 
addition, because SPKs are easier to place, it is believed that 
this increases overall pancreas utilization. In other localities 


TRANSPLANTATION 









































596 


Part Two: Surgical Practice 


isolated pancreas transplant candidates receive priority. This is 
meant to encourage living donor kidney transplant by short¬ 
ening wait times for PAK, and to decrease the disparity in 
waiting times between SPK and kidney-alone candidates. 
Within groups, status on the waiting list is determined by wait¬ 
ing time. In other systems no priority is given, but place on a 
combined SPK/PAK/PTA waiting list is determined by waiting 
time only. 

Pancreas allocation is also influenced by how candidates 
are prioritized on the kidney transplant waiting list. In some 
cases, the kidney follows the pancreas; in other words, a kid¬ 
ney transplant is allocated to SPK candidates regardless of 
their place on the kidney list. This is thought to increase pancreas 
utilization by encouraging allocation of combined kidney- 
pancreas. This practice is also consistent with that applied to 
other multiorgan transplants such as heart-kidney and 
liver-kidney. Some OPOs will preferentially allocate kidneys 
to higher-priority kidney transplant candidates, such as highly 
sensitized or pediatric candidates, over SPK candidates. In 
other OPOs the pancreas follows the kidney; that is, pancreas 
allocation for an SPK candidate is dependent on the kidney 
match run. Since waiting times for kidney candidates exceed 
that for pancreas candidates, this tends to discourage SPK. 


Donor Evaluation 

Q The selection of appropriate pancreas donors is perhaps the 
most important determinant of successful pancreas transplan¬ 
tation. Many of the early complications of pancreas transplan¬ 
tation are thought to be secondary to processes related to 
organ quality and preservation, rather than the technical con¬ 
duct of the recipient operation. While the ideal donor is young, 
nonalcoholic, and nonobese, very few donors meet this 
description, and the surgeon frequently needs to consider pan- 
creata from imperfect donors. Donor selection criteria may 
vary among surgeons and transplant centers, and may depend 
on past experience, waiting time, and recent outcomes. Pri¬ 
mary criteria are the age of the donor, donor BMI, donor cause 
of death, and gross appearance of the organ at the time of 
recovery. Additional information that may influence the deci¬ 
sion includes aspects of the medical and social history, donor 
hemodynamics, laboratory values, HLA matching, and antici¬ 
pated preservation time. As with donor selection with other 
organs, the decision-making process often involves considera¬ 
tion of multiple factors in aggregate. 

The importance of donor age on graft outcomes has been 
confirmed by multiple studies, and the maximum age thresh¬ 
old is significantly lower than for liver and kidney transplan¬ 
tation. 34,35 Many centers use an age threshold, which may 
range from 40 to 50, above which donors are selected very 
carefully. Only 7% of pancreas transplants in 2006 were from 
donors over the age of 50. 31 The mechanism by which age 
affects outcomes is not firmly established: age appears to influ¬ 
ence both early technical and late graft loss. 35,36 

Donor BMI has been found to be a determinant of graft 
failure by single-center and transplant registry analyses. 37,38 
Very few pancreata from donors with BMIs greater than 30 
are used for solid organ transplant, and are more likely to be 
recovered for islet transplant. 33 Interestingly, for overweight 
but not obese donors (BMI 25 to 30), a large single-center 
study found a higher rate of technical failure for donors that 
also had a cerebrovascular attack as cause of death. 37 It is not 
known whether associations with BMI relate to fatty infiltra¬ 
tion of the pancreas or a separate mechanism. 

The circumstances of death and the condition of the donor 
influence donor selection. Pancreata from donors with stroke 
as a cause of death have reduced graft survival. Although 
experience from donors after cardiac death (DCDs) is limited, 
a small number of centers have published good outcomes with 
careful donor selection. 39,40 Laboratory values, including 


serum amylase and lipase, play a relatively minor role in donor 
selection. Insulin administration is generally not considered a 
contraindication to pancreas donation. While the presence of 
donor hyperglycemia may raise concerns about latent dia¬ 
betes, in most donors this reflects the rapid administration of 
dextrose-containing solutions, corticosteroids for cerebral 
edema, and high-dose catecholamines for blood pressure sup¬ 
port rather than latent pancreatic endocrine insufficiency. 
Abnormal HbAlC has been utilized as a relative contraindica¬ 
tion, but is not well studied and is not uniformly available for 
use. Evidence of injury to other organs such as liver and kid¬ 
neys as a marker of abdominal ischemia, while not ordinarily 
a contraindication, may be considered in marginal cases. 

Donors with a history of type 2 diabetes, excessive alcohol 
use, or pancreatitis may be used. A history of cardiovascular 
disease or cardiac risk factors are also not contraindications 
but may influence decision making or be associated with 
mesenteric atherosclerotic disease. A social history that sug¬ 
gests an increased risk of transmission of hepatitis or HIV 
should be evaluated, as with other organs, in the context of the 
degree of perceived risk relative to the benefit of the transplant. 

Intraoperative evaluation of the donor organ is said to be 
the most important determinant of donor selection. Evidence 
of inflammation or fibrosis, which may manifest as focal or 
diffuse firmness to palpation, is considered to be a contraindi¬ 
cation. Fatty infiltration of the pancreas, trauma, and pancre¬ 
atic edema are also adverse findings, although the latter may 
be correctable with donor management. Traumatic injury to 
the pancreas or hematoma within the substance of the pan¬ 
creas would preclude transplantation. However, a prior 
splenectomy is not a contraindication, provided that the tail 
can be dissected atraumatically. 

Factors not intrinsic to the donor may bear on the decision 
to perform a transplant. The higher risk of graft failure-asso¬ 
ciated solitary pancreas transplants leads some centers to have 
more stringent selection criteria for PTA and PAK. While little 
data exist to suggest a definitive effect of cold ischemia, in 
practice shorter times are preferred, and those transplanted 
with clinical islet transplantation approaching 24 hours are 
more likely to be carefully selected. Attention to HLA match¬ 
ing varies widely by center; the many analyses performed sug¬ 
gest that any relationships between matching and graft out¬ 
come that may exist are not likely to be very significant. 36,38,41 


Procurement Technique 

The importance of the pancreatic procurement cannot be 
overstated. It is thought by many pancreas transplant surgeons 
to be more critical to the success of the transplant than the 
recipient procedure. Because the pancreas is susceptible to 
traumatic injury, it must be carefully dissected and manipu¬ 
lated to avoid injury to the pancreatic parenchyma. Typically 
the pancreas is procured along with the liver and kidneys. This 
is performed in standard fashion through a midline incision 
that extends from the sternal notch to the pubic symphysis. 
After a generous Kocher maneuver, mobilization of the right 
colon, and isolation of the distal and supraceliac aorta to pre¬ 
pare these vessels for clamping, the pancreas is mobilized. This 
is most commonly achieved by entering the lesser sac, dividing 
the gastrocolic omentum. This dissection continues with divi¬ 
sion of the short gastric vessels and the avascular gastrosplenic 
ligament. The pancreas is dissected from the pancreatic bed 
using the spleen as a handle. The tail is lifted from the pancre¬ 
atic bed using blunt dissection and the occasional use of elec- 
trocautery. The proximal jejunum is dissected at the ligament 
of Treitz. An antibiotic and/or Betadine-containing solution is 
frequently instilled into the duodenum through a nasogastric 
tube for decontamination. The duodenum is divided both at the 
ligament of Treitz and at the pylorus using a stapler. Division of 
the middle colic vessels permits exposure of the proximal small 
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FIGURE 39.4. Back-table prepara¬ 
tion of the pancreas. Before transplan¬ 
tation, the pancreas must be prepared 
in a slush-filled basin to maintain cold 
preservation. Preparation includes 
unifying the arterial blood supply of 
the pancreas by anastomosis of the 
donor external iliac artery to the supe¬ 
rior mesenteric artery and the donor 
internal iliac artery to the splenic 
artery. The donor common iliac artery 
is used for anastomosis to the recipient 
iliac artery. During back-table prepa¬ 
ration, donor splenectomy is per¬ 
formed. 


bowel mesentery, which is divided distal to the pancreas with 
a vascular stapler. The mobilization of the pancreas may be 
performed either prior to or following the aortic perfusion 
procedure described later. 

Perfusion of the pancreas is generally achieved through an 
intra-arterial cannula placed in the distal aorta following 
clamping of the supraceliac aorta and the aortic bifurcation. 
This is typically achieved with approximately 3 L of University 
of Wisconsin solution while the entire abdominal organs are 
packed in saline slush. Recent experience with HTK (histidine- 
tryptophan-ketoglutarate) in pancreas transplantation sug¬ 
gests no increase in risk of adverse outcomes with use of this 
preservation solution. 38,42 Some centers will also perfuse the 
abdominal viscera with a portal perfusion cannula, typically 
through the inferior mesenteric vein, although some surgeons 
maintain that overperfusion of either the arterial or particu¬ 
larly the venous circulation may result in pancreatic edema 
and an increased risk of complications. 

The pancreas can be removed either en bloc with the liver 
and kidneys, en bloc with the liver, or separately, following 
removal of the liver. Whatever the technique, the portal triad is 
dissected out in cooperation with the liver procurement team. 
Typically the portal vein is shared by dividing it at the level of 
the coronary vein. Only in the rarest of circumstances should 
there be any difficulty using both the liver and the pancreas 
from the same donor even in the presence of hepatic arterial 
anomalies. In the presence of a replaced right hepatic artery, the 
superior mesenteric artery can be divided just distal to the 
replaced right hepatic artery, leaving a very short cuff of supe¬ 
rior mesenteric artery on the pancreas. Alternatively, the 
replaced right hepatic artery, if large enough to be safely recon¬ 
structed by the liver transplant team without a cuff of superior 
mesenteric artery, can be transected as it exists superiorly from 
behind the head of the pancreas. The bile duct and gastroduo¬ 
denal artery are ligated on the pancreas side and divided on the 
liver side. Dissection then proceeds along the superior aspect of 
the pancreas along the proper hepatic artery. The splenic artery, 
which constitutes the other arterial blood supply to the pan¬ 
creas, is divided a few millimeters from its origin to allow for 
adequate length on the pancreas while allowing the stump to be 
oversewn without compromising flow to the liver. Once the 
pancreas is removed or split from the liver, the pancreas is 
packed in preservation solution; the entire common iliac artery 
and its two main branches, the internal and external iliac arter¬ 
ies, are packaged along with the pancreas for back-table recon¬ 
struction. A graft of donor iliac vein is also included in case the 
portal vein needs to be extended, which is done by some sur¬ 
geons. Although most centers transplant the pancreas as soon 
as possible, up to 24 hours of cold ischemia time (time between 
perfusate infusion and organ reperfusion) has not been associ¬ 
ated with reduced graft survival. 36 


Back-table Preparation of the Pancreas 

The pancreas is placed on ice and remains cold at all times on 
the back table. The spleen is removed by dividing all vessels 
near the spleen, taking care to avoid injury to the tail of the 
pancreas, which should be clearly identified. Some surgeons 
elect to wait until reperfusion of the pancreas in the recipient to 
remove the spleen. Significant peripancreatic fat, if left on at the 
time of procurement, should be trimmed. Both ends of the dis¬ 
tal duodenum are shortened to the point where they are imme¬ 
diately adjacent to the head of the pancreas. Both stapled ends 
of the duodenum may be oversewn with silk or polypropylene 
sutures. Some surgeons elect to reinforce the mesenteric staple 
line by oversewing with polypropylene suture. The iliac artery 
Y-graft is typically attached by anastomosis of the internal iliac 
artery to the splenic artery and anastomosis of the external iliac 
artery to the superior mesenteric artery (SMA, Fig. 39.4). In the 
absence of a Y-graft, the splenic artery may be implanted in 
end-to-side fashion to the SMA. The portal vein is mobilized by 
freeing from surrounding adventitial tissue to the confluence of 
the splenic vein and superior mesenteric vein. This should 
allow an adequate length of portal vein for anastomosis, as 
only 1 to 2 cm of portal vein length is generally needed. 


Recipient Operation 

The pancreas transplant is typically performed through a mid¬ 
line incision, although a lower quadrant incision similar to a 
kidney transplant incision may be used. The recipient should 
receive broad-spectrum antibiotics preoperatively. The pan¬ 
creas transplant, for systemic venous drainage, is placed in the 
iliac fossa, preferably on the right side. After dissection of the 
iliac artery and vein, the portal vein is anastomosed in an end- 
to-side fashion to the external iliac vein. The common iliac 
vein or distal inferior vena cava may also be used; the recipient 
vein segment should be mobile enough for the portal vein to 
reach without tension. The common iliac artery component of 
the donor Y-graft is then anastomosed in an end-to-side fash¬ 
ion to either the recipient external iliac artery or common iliac 
artery; the distal aorta can also serve as the site of anastomo¬ 
sis. A pancreas placed on the left side in the recipient may be 
placed either medial or lateral to the sigmoid colon. Multiple 
variations have been described. 

Because of concerns about the systemic hyperinsulinemia 
that invariably develops with systemically drained pancreas 
transplants, portal venous drainage is also utilized (Fig. 39.5). 
As 50% of insulin is removed with the first pass through the 
liver, systemic drainage leads to elevated peripheral insulin lev¬ 
els, which is not observed following portal venous drainage. 
Since hyperinsulinemia has been associated with dyslipidemia 
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FIGURE 39.5. Simultaneous pancreas-kidney transplantation per¬ 
formed with drainage of the pancreatic exocrine secretions into the prox¬ 
imal jejunum (enteric drainage). This technique has been adopted by most 
transplant centers in the United States for simultaneous pancreas-kidney 
transplants. For solitary pancreas transplantation, some centers still 
utilize bladder drainage to allow monitoring of the urinary amylase. 
Note that the donor portal vein drains into the recipient superior 
mesenteric vein (portal venous drainage), preventing peripheral hyper- 
insulinemia. Many centers continue to place the pancreas in the pelvis, 
combining enteric drainage and systemic venous drainage. This place¬ 
ment requires enteric anastomosis to a more distal segment of jejunum 
or ileum. 


and accelerated atherosclerosis, portal venous drainage theo¬ 
retically ought to decrease cardiovascular risk compared with 
systemic drainage. 43 Portal drainage is associated with stimu¬ 
lation of the insulinlike growth factor I (IGF-I)/growth hor¬ 
mone (GIT) axis, contributing to glucose control despite lower 
insulin levels. 44 However, despite a nearly 10-year experience 
with the procedure, no effect on cardiac morbidity or mortal¬ 
ity has been shown, although equivalent graft and patient sur¬ 
vival has been demonstrated. 45,46 

Although the type of venous drainage typically depends on 
the preferences of individual surgeons or transplant centers, 
the decision to perform portal or systemic drainage may also 
depend on the anatomy of an individual patient. Patients with 
multiple previous abdominal operations or who have a thick¬ 
ened mesentery may be more suited for systemic venous 
drainage. Alternatively, patients who have had multiple trans¬ 
plants or other operations on the iliac vessels may be candi¬ 
dates for portal venous drainage. 

For portal venous drainage the superior mesenteric vein is 
dissected out just below the transverse mesocolon. 47 The right 
common iliac artery is almost completely dissected. An end-to- 
side anastomosis of the donor portal vein to the recipient supe¬ 
rior mesenteric vein is performed with the duodenum oriented 
superiorly and the tail pointed inferiorly. The iliac artery graft 


of the donor is then passed through a hole created in the small 
bowel mesentery and anastomosed to the recipient common 
iliac artery. 

Most centers currently use enteric exocrine drainage for 
simultaneous kidney-pancreas transplant and some centers use 
enteric drainage for all transplants including solitary pancreas 
transplantation. This shift to enteric drainage has occurred as a 
result of the significant complications associated with bladder- 
drained pancreas transplants. These include recurrent urinary 
tract infections, hematuria, chemical urethritis, severe bicar¬ 
bonate wasting, and dehydration. Approximately 25% of indi¬ 
viduals who receive bladder-drained pancreas transplants 
require enteric conversion because of persistent complica¬ 
tions, 48 but an additional percentage endure significant mor¬ 
bidity early after transplant. The major advantage of bladder 
drainage is the ability to monitor urinary amylase, a decrease 
in which can be associated with rejection. This can be helpful 
in solitary pancreas transplants, but is perhaps not as impor¬ 
tant for simultaneous pancreas-kidney transplants where graft 
function may be monitored by serum creatinine. Improved 
immunosuppression and an increased utilization of biopsy to 
diagnose rejection have led to a decreased reliance on urinary 
amylase. 49 

Enteric drainage is achieved by creating a side-to-side or end- 
to-side anastomosis of donor duodenum to recipient jejunum. 
This may be a loop of jejunum, or a Roux-en-Y configuration 
may be created. For bladder drainage, a side-to-side anastomo¬ 
sis between the donor duodenum and the bladder is performed. 
Enteric drainage is always used for pancreas transplants with 
portal venous drainage because the orientation of the pancreas 
precludes anastomosis of the duodenum to the bladder. 

If a simultaneous kidney-pancreas transplant is performed, 
the kidney transplant is usually placed in the left iliac fossa. The 
anastomoses, as with a kidney transplant via a retroperitoneal 
incision, are typically to the external iliac artery and external 
iliac vein. The kidney is typically placed in an intraperitoneal 
location, which increases the potential for torsion of the kidney 
on its vascular pedicle compared with kidney-alone trans¬ 
plants, which are usually placed in a retroperitoneal location. 
Some surgeons prefer to raise a retroperitoneal flap to place the 
kidney retroperitoneally after implantation. Advantages to this 
approach include improved percutaneous access should biopsy 
be required and a decreased risk of postbiopsy hemorrhage. 

Following revascularization of the pancreas, attention is 
paid to bleeding from the pancreas, which can be quite brisk. 
These are controlled with ties or suture ligatures. Since throm¬ 
bosis is a common complication of pancreas transplantation, 
anticoagulation in the perioperative period is frequently 
employed, particularly for solitary pancreas transplantation. 
Thrombosis is less frequent in simultaneous pancreas-kidney 
transplantation, where uremic platelet dysfunction is protec¬ 
tive. The extent of anticoagulation may range from the intra¬ 
operative administration of heparin prior to clamping of ves¬ 
sels, followed up by low-dose heparin infusion and warfarin 
anticoagulation, to more conservative approaches such as the 
use of low-dose heparin for a limited interval postoperatively, 
or the use of aspirin or other antiplatelet agents. Hypercoagu¬ 
lability states may predispose to graft thrombosis in a signifi¬ 
cant number of individuals, although definitive data are lack¬ 
ing, and anticoagulation is not commonly individualized based 
on risk. 50 Whatever the approach, patients should be moni¬ 
tored for bleeding, since as many as 5% of patients experience 
postoperative hemorrhage requiring reoperation. 51 

Following revascularization, serum glucose levels are 
obtained hourly. It is common for the blood glucose to decline 
significantly following revascularization, and it is not uncom¬ 
mon for it to fall to normal levels soon after the patient’s arrival 
in the recovery room. At some point intravenous fluids should 
be converted to dextrose-containing solution in order to pre¬ 
vent hypoglycemia. Pancreas transplant recipients with enteric 
drainage require only maintenance fluid with consideration of 
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third-space losses. Simultaneous kidney-pancreas transplant 
recipients require the additional fluid replacement that would 
be administered following kidney transplantation alone. Indi¬ 
viduals who receive bladder-drained pancreas transplants 
require replacement of pancreatic exocrine losses, which can 
be quite profound in the early postoperative period. 


Immunosuppression 

The immunogenicity of a pancreas transplant is considered to 
be greater than the majority of solid organ transplants because 
of the extensive lymphoid component of the gland. In addi¬ 
tion, the difficulty in diagnosing rejection compared to other 
solid organ transplants makes the choice of immunosuppres¬ 
sion perhaps more significant for pancreas transplants. Most 
centers use some form of triple maintenance therapy utilizing 
a calcineurin inhibitor, an antiproliferative agent, and steroids, 
although steroid-free regimens are becoming more common. 
According to data from the Scientific Registry of Transplant 
Recipients, 92% of kidney-pancreas recipients in 2006 
received tacrolimus as maintenance therapy, compared to only 
6% who received cyclosporine. 31 Mycophenolate mofetil is the 
antiproliferative agent of choice in pancreas transplantation, 
although the use of sirolimus has increased from virtually nil 
in 1999 to nearly 16% in 2006. The use of steroids for com¬ 
bined kidney transplantation is also decreasing; whereas in 
1999, 97% of kidney-pancreas recipients received steroids as 
part of initial maintenance immunosuppression, this has 
decreased to 67% in 2006. This pattern of usage is similar to 
that employed for solitary pancreas transplantation, either 
PTA or PAK. 

The use of induction therapy to inhibit lymphocyte func¬ 
tion is common. Two large randomized multicenter trials uti¬ 
lizing diverse agents such as T-cell-depleting antibody induc¬ 
tion (OKT3, ATGAM, and thymoglobulin) and interleukin-2 
(IL-2) receptor antibody inhibition (daclizumab and basilix- 
imab) showed a reduction in the incidence of acute rejection 
but failed to demonstrate a significant effect on patient or graft 
survival. 52,53 Despite this modest impact on overall graft out¬ 
come, 83% of kidney-pancreas transplant recipients received 
induction therapy in 2006. 31 Of these, approximately three 
quarters received thymoglobulin; the remaining were split 
between anti-IL-2 receptor and Campath induction therapy. 
For pancreas after kidney transplants, fewer recipients 
received induction (78%), with a similar proportion receiving 
thymoglobulin over anti-IL-2 receptor agents or Campath. 
The International Pancreas Transplant Registry (IPTR) has 
demonstrated a lower risk of pancreas graft loss in all cate¬ 
gories of pancreas transplantation with the use of tacrolimus, 
and also demonstrated similar associations with the use of 
mycophenolate mofetil. 36 Consistent with the multicenter tri¬ 
als, IPTR analyses also fail to demonstrate a beneficial effect of 
induction therapy on patient and graft survival. 

Several groups have reported excellent intermediate-term 
patient and graft outcomes utilizing steroid minimization pro¬ 
tocols. 54-56 These protocols generally employ an induction 
agent (usually a depleting T-cell antibody or Campath), 
tacrolimus, and either mycophenolate mofetil or sirolimus. 
Steroids are given for a maximum of 3 days. These steroid 
minimization protocols, as in kidney transplantation, aim to 
avoid the significant short- and long-term side effects associ¬ 
ated with corticosteroids. Regimens employing maintenance 
monotherapy have also been successfully employed, although 
long-term outcomes are not yet established. 57 


Complications 

Thrombosis of the pancreas transplant is the most common 
cause of graft loss in the early postoperative period. Why pan¬ 


creas transplants are more prone to thrombosis than other 
solid organ transplants is uncertain. The most likely mecha¬ 
nism is that ischemia-reperfusion injury in the pancreas, char¬ 
acterized by the release of cytokines and activation of pancre¬ 
atic enzymes, leads to accelerated injury and a procoagulant 
state. Diabetic patients have impaired fibrinolysis and are 
therefore relatively hypercoagulable. The relatively low 
venous flow through the portal vein, which leads to dimin¬ 
ished flow velocity, may be contributory. Thrombosis is more 
common in solitary pancreas transplantation than in SPK, 
probably due to the absence of uremic platelet dysfunction 
present in SPK recipients. The risk of thrombosis has been 
associated with donor factors such as older patient age, BMI, 
and cerebrovascular cause of death. 35,58 

Pancreas transplant thrombosis is usually heralded by a 
sudden rise in blood glucose in a pancreas that was previously 
functioning. Confirmation of the diagnosis is usually obtained 
with duplex ultrasound. Although anecdotal reports have 
described successful surgical and angiographic thrombectomy 
or thrombolysis in restoring flow to the pancreas, 59,60 the usual 
treatment is removal of the infarcted pancreas. While this usu¬ 
ally occurs immediately after diagnosis, some centers opt to 
relist the patient urgently and wait until another pancreas 
transplant becomes available. Depending on the waiting time 
for another pancreas, the added morbidity of delaying the 
graft pancreatectomy is usually not significant. Because of the 
high risk of thrombosis, anticoagulation is frequently 
employed. It is likely due to these efforts and improvements in 
immunosuppression that the thrombosis rate has decreased to 
less than 5% for simultaneous pancreas-kidney transplants 
and to less than 10% for isolated pancreas transplants. 

Bleeding is another frequent cause for reoperation in the 
early postoperative period. Because of the large number of ves¬ 
sels that enter and exit the pancreas, bleeding following reper¬ 
fusion is not unusual. While readily controllable, it is not 
uncommon for bleeding points to emerge later in the proce¬ 
dure, and postoperatively. This can be minimized by meticu¬ 
lous attention to ligating vascular structures during pancreas 
procurement. The use of anticoagulation in the perioperative 
period, as described earlier, adds to the bleeding risk. Pancreas 
transplant recipients are monitored carefully in the early post¬ 
operative period for signs and symptoms of intra-abdominal 
hemorrhage. 

The other major early complication is leak from the donor 
duodenum. Duodenal leaks occur in approximately 10% of 
cases, usually 1 to 2 weeks after the transplant. 61 A leak may 
present as fever, abdominal pain, leukocytosis, lower abdomi¬ 
nal tenderness, and persistent ileus. The diagnosis may be sup¬ 
ported by the finding of a focal fluid collection near the head 
of the pancreas on CT scanning or ultrasound. Alternatively, 
diffuse peritonitis may reflect disseminated contamination. For 
bladder-drained pancreas transplants, the diagnosis may be 
made by cystography. 

The management of a suspected duodenal leak is operative. 
Peripancreatic sepsis or abscess can occur in the absence of a 
frank duodenal leak. This is caused by the growth of organ¬ 
isms transmitted into the peritoneal cavity during performance 
of the duodenal anastomosis. The peritoneum should be 
lavaged and all necrotic debris removed and debrided. If a leak 
is present, it is usually at the stapled end of the duodenum 
rather than at the anastomosis. The likelihood of success for 
repair of a duodenal leak depends on the viability of the duo¬ 
denum at the point of the leak, the patient’s overall hemody¬ 
namic stability, and the degree of surrounding inflammation. 
Usually one attempt at repair is made, but failure may necessi¬ 
tate removal of the pancreas in order to control life-threatening 
sepsis. Some surgeons have adopted a practice of managing 
leaks from duodenal enteric anastomoses by conversion to 
bladder drainage. This minimizes the risk of recurrent conta¬ 
mination of the peritoneal cavity with enteric contents and 
allows for Foley catheter decompression of the duodenum, but 
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has the morbidity associated with bladder drainage. Occasion¬ 
ally a fluid collection or leak that presents late can be treated 
with percutaneous CT-guided drainage. 62 In addition, drainage 
of infection without primary repair of the duodenal leak has 
been successfully employed in situations where inflammation is 
so profound that the leak could not be primarily repaired. 
However, the morbidity associated with these duodenal fistu¬ 
las dictates that these options be employed only when defini¬ 
tive repair is not possible. 

In contrast to renal transplantation, the complications of 
pancreas transplantation can be severe and life threatening if 
not properly managed. Even in the most experienced centers, 
occasional patients who suffer extended intensive care unit 
stays and even death are not unusual. This is a consequence of 
both the tenuous medical status of longstanding diabetics and 
the substantial morbidity of pancreas transplant complications. 
Therefore, given the limited survival benefit of pancreas trans¬ 
plantation, particularly compared with kidney transplanta¬ 
tion, patients should be counseled frankly about the potential 
magnitude of these complications so that they have a realistic 
expectation of outcomes. Even with honest discussion and 
informed consent, most individuals will elect pancreas trans¬ 
plantation, and many will pursue multiple pancreas trans¬ 
plants even with a history of significant complications from 
previous pancreas transplants. 


Diagnosis and Treatment of Rejection 

The timely and accurate diagnosis of pancreas transplant 
rejection is one of the most important and challenging aspects 
of posttransplant management. As noninvasive means of diag¬ 
nosing rejection are neither sensitive nor specific, the diagnosis 
of rejection is best made with the histologic examination of a 
pancreatic biopsy specimen. 63 The pancreas graft in SPK trans¬ 
plants may be monitored by following the serum creatinine, as 
the concordance rate for rejection between kidney and pan¬ 
creas grafts is believed to be high. 64,65 Improvements in the 
outcome of solitary pancreas transplants are largely attribut¬ 
able to not only improvements in the overall quality of 
immunosuppression, but also the ability to more accurately 
diagnose and treat pancreas rejection. 


The technique of pancreas transplant biopsy has evolved 
over the years. In the era of bladder-drained pancreas trans¬ 
plants, cystoscopic biopsy of both the pancreas and transplant 
duodenum was common. 66 As more enteric-drained pancreas 
transplants have been performed, a greater reliance on percu¬ 
taneous biopsy has developed, using either ultrasound or CT- 
guided techniques. 67 Laparoscopic-assisted or open pancreas 
biopsy may be utilized for patients whose pancreas transplant 
may not be accessible to percutaneous approaches, although 
the need for operative biopsy is decreasing as the percutaneous 
procedure has become more routine. 68 The indications for 
pancreatic biopsy include hyperamylasemia, hyperlipasemia, 
hyperglycemia, or unexplained pain in the vicinity of the pan¬ 
creas transplant. The differential diagnosis includes pancreati¬ 
tis, cytomegalovirus infection, toxicity from calcineurin 
inhibitors, and, in the early postoperative period, peripancre- 
atic infection. The histologic grading system developed at the 
University of Maryland for determining rejection grade in pan¬ 
creas biopsies is generally used (Table 39.1). 69 Indeterminate 
rejection may be treated with increases in calcineurin inhibitor 
dose or pulse corticosteroids. More substantial rejection is 
generally treated with depleting antilymphocyte antibody ther¬ 
apy, either OKT3 or Thymoglobulin. 

As long-term survival of pancreas transplants becomes 
more commonplace, chronic rejection is emerging as an 
important problem. 70 Chronic rejection is histologically char¬ 
acterized as expansion of fibrous septa within the pancreatic 
parenchyma. This may progress to lobular atrophy or loss of 
both acini and /3 cells. Although there are parallels to chronic 
allograft nephropathy, whether chronic calcineurin inhibitor 
toxicity contributes to chronic pancreas rejection is unknown. 


Recurrent Autoimmunity 

Selective /3-cell destruction in pancreas transplants may occur in 
a pattern similar to the insulitis seen in type 1 diabetes. This pat¬ 
tern is histologically distinct from cellular rejection. Although 
recurrent autoimmunity has been documented in both immuno- 
suppressed pancreas transplant recipients and nonimmuno- 
suppressed living donor recipients from identical twin siblings, 
well-documented case series have been infrequent. A variety of 


ITABLE 39. 

1 

CLASSIFICATION | 

PROPOSED BANFF CLASSIFICATION FOR GRADING PANCREAS ALLOGRAFT ACUTE CELLULAR REJECTION 

■ GRADE 

■ SEVERITY 

■ FINDINGS 


Normal 

Absent inflammation or inactive septal, mononuclear inflammation not involving ducts, veins, 
arteries, or acini. There is no graft sclerosis. The fibrous component is limited to normal septa and 
its amount is proportional to the size of the enclosed structures (ducts and vessels). The acinar 
parenchyma shows no signs of atrophy or injury. 


Indeterminate 

Septal inflammation that appears active but the overall features do not fulfill the criteria for mild 
cell-mediated acute rejection 

I 

Mild 

(a) Active septal inflammation (activated, blastic lymphocytes ± eosinophils) involving septal 
structures: venulitis (subendothelial accumulation of inflammatory cells and endothelial damage 
in septal veins), ductitis (epithelial inflammation and damage of ducts); neural/perineural 
inflammation and/or (b) focal acinar inflammation: no more than two inflammatory foci per 
lobule with absent or minimal acinar cell injury 

II 

Moderate 

(a) Multifocal (but not confluent or diffuse) acinar inflammation (three or more foci per lobule) 
with spotty (individual) acinar cell injury and drop-out and/or (b) minimal intimal arteritis 

III 

Severe 

(a) Diffuse (widespread, extensive) acinar inflammation with focal or diffuse multicellular/ 
confluent acinar cell necrosis and/or (b) moderate or severe intimal arteritis and/or (c) transmural 
inflammation: necrotizing arteritis 

From Drachenberg CB, Odorico J, Demetris AJ, et al. Banff schema for grading pancreas allograft rejection: working proposal by a multi-disciplinary 
international consensus panel. Am J Transplant 2008;8(6):1237-1249. 
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associations have been suggested with autoantibodies to glu¬ 
tamic acid decarboxylase (GAD-65) and islet cells (IA-2), but 
patterns of autoantibody expression have not proven reliable 
enough to establish their etiologic relevance or prognostic value. 

Posttransplant Viral Infections. The higher level of 
immunosuppression given to pancreas transplant recipients 
compared with kidney transplant recipients, particularly with Co 
respect to lymphocyte-depleting induction therapy, places pan- 27 
creas transplant recipients at risk for conditions known to be | 
influenced by overall immunosuppressive exposure. While 3 
rates of cytomegalovirus (CMV) infection are generally higher ^ 

than for kidney recipients, especially when the donor is known ® 

to carry the virus, the use of intravenous and oral ganciclovir 
over the past decade has reduced the incidence of significant 
CMV-associated disease . 71,72 The incidence of CMV disease 
may also be lower in those recipients receiving steroid-free 
immunosuppression . 72 Data are mixed with respect to the inci¬ 
dence of polyoma-associated, or BK, nephropathy, with some 
analyses suggesting a higher rate and others an equivalent inci¬ 
dence in SPK recipients compared with kidney-alone recipi¬ 
ents . 73,74 As with kidney-alone recipients, those SPK recipients 
with BK nephropathy have inferior kidney graft survival. Post¬ 
transplant lymphoproliferative disorder (PTLD), often associ¬ 
ated with Epstein-Barr virus (EBV) infection, has a 5-year inci¬ 
dence of approximately 2 %, which is similar to kidney 
recipients . 75 However, pancreas recipients with PTLD may 
have a worse prognosis than other abdominal organ transplant 
recipients with PTLD. 


Results of Kidney-Pancreas Transplantation 

There were 6,832 recipients of SPK transplants alive with 
functioning grafts at the end of 2005. 31 Current kidney graft 
survival at 1 and 5 years following SPK transplantation is 
93% and 78%, respectively. African-Americans have some¬ 
what poorer five-year graft survival (71%) than whites (79%). 
Kidneys from older donors have the poorest graft survival; 5- 
year graft survival from donors older than 50 is 68 % com¬ 
pared with approximately 80% from donors aged 11 to 34. As 
opposed to previous decades, 5-year kidney graft survival is 
not associated with HLA matching. 

Q Pancreas graft survival at 1 and 5 years following SPK 
transplantation is 86 % and 73%, respectively (Fig. 39.6). 



Time After Transplant 


FIGURE 39.6. Pancreas graft survival for U.S. transplants. Cohorts 
are transplants performed during 2005 for 3-month and 1-year sur¬ 
vival; 2003 for 3-year survival; and 2001 for 5-year survival. (Data 
from Scientific Registry of Transplant Recipients. 2007 Annual 
Report. Rockville, MD: Health Resources and Services Administra¬ 
tion, Department of Health and Human Services; 2008.) 



Time After Transplant 

FIGURE 39.7. Patient survival for U.S. pancreas transplant recipi¬ 
ents. Cohorts are transplants performed during 2005 for 3-month and 
1-year survival; 2003 for 3-year survival; and 2001 for 5-year sur¬ 
vival. (Data from Scientific Registry of Transplant Recipients. 2007 
Annual Report. Rockville, MD: Health Resources and Services 
Administration, Department of Health and Human Services; 2008.) 


Worse 5-year graft survival is seen in African-American ( 68 %) 
recipients compared with whites (73%). Five-year graft sur¬ 
vival from donors over age 50 years ( 66 %) is significantly 
lower than those from donors under 35 years (74%), includ¬ 
ing those under 10 years of age. Recipients with a previous 
transplant (kidney, pancreas, or both) have worse pancreas 
graft survival. As with kidney survival, there is no difference in 
5-year pancreas graft survival with increasing levels of HLA 
mismatch. 

Registry analyses demonstrate a mortality benefit of SPK 
transplantation compared with dialysis 76 or kidney transplan¬ 
tation alone . 77 Patient survival at 1 year and 5 years following 
SPK transplantation is 95% and 85%, respectively (Fig. 39.7). 
Race, ethnicity, sex, and transplant center volume are not 
associated with decreased patient survival at 5 years, and 
patient survival has improved since 1995 but not appreciably 
in the past 5 years. Death rates for recipients continue to be 
lower than the corresponding death rates for candidates on the 
SPK waiting list. Older (ages 50 to 64) and African-American 
recipients tend to have higher death rates in the first year fol¬ 
lowing transplantation. 


Results of Solitary Pancreas Transplantation 

The 1-year pancreas graft survival for recipients of a PAK 
transplant has improved in the last 5 years, although the 1-year 
unadjusted graft success decreased from 82% for PAK trans¬ 
plants performed in 2001 to 78% for PAK transplants per¬ 
formed in 2005. 32 The graft survival for PAK at 3 years and 
5 years is currently 64% and 60%, respectively. Patient sur¬ 
vival for PAK recipients is excellent, 98% and 83% at 1 and 
5 years, respectively. 

One-year pancreas graft survival for PTA has improved in 
the last 5 years to 85% for transplants performed in 2005. The 
unadjusted graft survival for PTA at 3 and 5 years is 60% and 
54%, respectively. Graft survival rates for PTA are better than 
PAK early but the rate of graft failure in the long term is 
greater for PTA than for PAK. Patient survival rates for PTA 
recipients are 98% at 1 year and 87% at 5 years. 

Whether pancreas transplantation positively impacts 
patient mortality is controversial. One study reported that 
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registrants on the waiting lists for PAK and PTA had better 
survival rates than recipients who underwent these proce¬ 
dures. 76 Subsequently, another group, using a similar cohort 
but different analytical methods, reported better survival 
rates for recipients of solitary pancreas transplantation than 
registrants on the waiting list. 78 These discrepancies are in 
part related to the differing methodologies used in the two 
studies with respect to deaths among those removed from the 
waiting list and to variability in the year-to-year death rates 
on the waiting list. In contrast, both studies demonstrated a 
conclusive benefit for SPK recipients compared with remain¬ 
ing on the waiting list, which illustrates the importance of 
restoration of kidney function in this population, as with kidney- 
Q alone transplant. While opinions on the specific benefit of the 
pancreas transplant differ in light of the differing conclusions 
of these two studies, together the studies indicate that any sur¬ 
vival benefit conferred by the pancreas transplant is likely to 
be modest. 


Effect of Pancreas Transplantation on 
Secondary Complications of Diabetes Mellitus 

There are data that clearly demonstrate the impact of pancreas 
transplantation on the course of secondary complications of 
diabetes. This could to some extent be predicted from the 
results of the DCCT, in that pancreas transplantation leads to 
a complete normalization of blood glucose and glycosylated 
hemoglobin levels that are vastly superior to those achievable 
by intensive insulin therapy. Therefore, it should not be sur¬ 
prising that pancreas transplantation has an impact on dia¬ 
betic complications. 

For example, while type 1 diabetic recipients of kidney 
transplants alone show typical findings of diabetic nephropa¬ 
thy following transplantation, SPK transplantation prevents the 
development of recurrent diabetic nephropathy. 79 In addition, 
native diabetic nephropathy has been demonstrated to reverse 
10 years following successful isolated pancreas transplanta¬ 
tion. 80 These reports demonstrate convincingly that pancreas 
transplantation has a significant impact on diabetic nephropa¬ 
thy. Effects on diabetic neuropathy have also been docu¬ 
mented using nerve conduction studies, which are significantly 
improved following pancreas transplantation. 81 Small corneal 
nerve fiber regeneration can be detected. 82 Furthermore, clini¬ 
cal progression of diabetic neuropathy is significantly dimin¬ 
ished compared to nontransplanted controls. However, no 
study has been able to demonstrate clinical improvement in 
existing diabetic neuropathy following transplantation. There 
is also an impact on autonomic neuropathy, with clinical 
improvement in epinephrine responses to hypoglycemia. 83 
While the DCCT demonstrated a relationship between 
glycemic exposure and retinopathy, the effect of pancreas 
transplantation on retinopathy is only modest. While stabi¬ 
lization of moderate retinopathy has been demonstrated, long¬ 
term graft function (>3 years) is required. 84,85 Many pancreas 
transplant candidates have advanced retinopathy, and an 
effect has not been demonstrated in these individuals. Early 
acceleration of retinopathy, a phenomenon that has been 
noted with other methods of improving glycemic control, can 
occur in the first 6 to 12 months following transplant. Despite 
the findings of the DCCT trial, an assessment of the impact of 
pancreas transplantation on the progression of atherosclerosis 
is lacking a definitive large-scale study. Smaller single-center 
studies are mixed, with some centers demonstrating a positive 
impact on peripheral vascular occlusive disease, and others 
demonstrating a worsening of disease. 86,87 

Regardless of the magnitude of objectively demonstrable 
benefits of pancreas transplantation, most recipients enjoy a 
dramatic improvement in quality of life. 65 ’ 88 ’ 89 While many 
diabetics can adapt quite well to the dramatic glucose fluctua¬ 


tions and the associated morbidity of diabetes, the freedom 
from insulin and the avoidance of hyper- and hypoglycemia 
offered by a functioning pancreas transplant is a primary moti¬ 
vator for many recipients. The fervor with which many candi¬ 
dates pursue pancreas transplantation, especially retransplan¬ 
tation, is an indication of the enormous benefit on quality of 
life for these individuals. 


ISLET TRANSPLANTATION 


Overview 


The notion that insulin-producing f3 cells could be physically 
separated from the pancreas and transplanted for the treatment 
of diabetes has long been recognized. Islet transplantation, as a 
cellular transplant, has significant potential advantages over 
Q whole-organ pancreas transplantation. Islet transplantation 
does not require an operative procedure. 90 In addition, the 
potential ability to preserve islets without impairment of graft 
function opens up possibilities with regard to distribution, allo¬ 
cation, transportation, and preparation of the islet recipient. 
Pretreatment of the graft to reduce immunogenicity or enhance 
survival and function is also possible. 91 Recipients of successful 
islet transplants can have glucose metabolism and insulin secre¬ 
tion profiles that are close to normal and maintain metabolic 
control in a manner equivalent to whole-pancreas transplanta¬ 
tion. 92 Although effects on mortality and progression of dia¬ 
betic complications are unproven, these benefits are also antic¬ 
ipated. From a long-range perspective, the development of islet 
transplantation sets some of the procedural, technical, and reg¬ 
ulatory groundwork for the eventual establishment of stem 
cell-derived /3-cell transplantation. 


History 

The development of islet transplantation was historically lim¬ 
ited by poor graft survival. The first human islet allograft in a 
type 1 diabetic was performed in 1974 by the University of 
Minnesota. 93 The first islet autograft for the treatment of 
chronic pancreatitis was performed at Minnesota in 1977. 
Despite intense research in islet transplantation over three 
decades, until 2000, clinical islet transplantation met with 
minimal success. 94 While the transplanted islets were capable 
of physiologic function, as evidenced by the 66% rate of 
insulin independence at 1 year in the 163 recipients of islet 
autografts from 1974 to 1995, even these recipients had sig¬ 
nificantly reduced functional /3-secretory reserve. 95 Alloimmu- 
nity to the islets presented an even greater hurdle; in the 96 
islet allograft recipients with type 1 diabetes from 1990 to 
1994, C-peptide production and insulin independence at 1 year 
were 25% and 7%, respectively. 94 Of the 270 recipients until 
1999, only 6 had achieved insulin independence for greater 
than 2 years. 

The dramatic improvement in islet transplant outcome 
reported by the Edmonton group in 2000 stimulated an 
increase in islet transplant activity. 96 Several important refine¬ 
ments in islet isolation and immunosuppression have largely 
been credited for the improvement in outcomes, including 
careful attention to pancreas procurement, minimization of 
cold ischemia time of the pancreas prior to isolation, avoid¬ 
ance of xenoproteins in the islet isolation process, and avoid¬ 
ance of steroids in the immunosuppressive regimen. Further¬ 
more, the use of sequential infusions to achieve insulin 
independence has been critical to success for many centers. 
The enthusiasm that accompanied this recent success has been 
tempered recently by the inability for many new centers to 
replicate the success of more established centers, 97 the disap¬ 
pointing long-term survival of the transplants, 98 and the costs 
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FIGURE 39.8. Isolated, purified human islets. Islets are stained red 
with diphenylthiocarbazone. (Adapted from Robertson PR. Islet 
transplantation as a treatment for diabetes: a work in progress. N Engl 
J Med 2004;350:694-705.) 


associated with islet transplants, which are not routinely reim¬ 
bursed by insurers." As a result, the volume of islet trans¬ 
plants has contracted in the past few years. 100 


Islet Isolation 


The precise separation of the islets from the other tissues of the 
pancreas (exocrine cells, lymphatics, vascular structures) is 
perhaps the most important determinant of successful islet 
transplantation (Fig. 39.8). One of the limitations of islet iso¬ 
lation is the difficulty in getting a large number of high-quality 
islets, and consistent success in islet isolation is a combination 
of science, art, and experience. Although a variety of methods 
have been utilized, most currently employ some modification 
of the semiautomated method described by Ricordi in 1988. 101 
This method combines mechanical distention with enzymatic 
digestion of the pancreas. After cleaning the pancreas of sur¬ 
rounding fat, the pancreatic duct is cannulated with an angio- 
catheter and the pancreas is distended and loaded with warm 
collagenase solution, which digests the pancreas. 102 The pan¬ 
creas is then placed into a sterile chamber, which also contains 
a number of stainless steel or glass spheres. Additional colla¬ 
genase solution is added, and the chamber is attached to a 
shaking apparatus or agitated by hand. The collagenase solu¬ 
tion is recirculated and kept at 37°C as the chamber is agi¬ 
tated. Agitation of the chamber allows the spheres to continue 
to disrupt the structural integrity of the pancreas as it digests. 
Following digestion, the separation of islets from nonislet tis¬ 
sue is performed via density gradient centrifugation. After sus¬ 
pension in culture media, islets are counted and assessed for 
sterility, purity, viability, and functional capacity. As islet iso¬ 
lation in the United States is regulated by the U.S. Food and 
Drug Administration, stringent product release criteria are in 
place to ensure the quality of the transplanted islets. The per¬ 
centage of islet isolations that result in a transplantable prepa¬ 
ration varies widely among centers, between 25% and 70%, 
and depends on both donor selection practices and the experi¬ 
ence and expertise of the particular center. 


Patient Selection 


Candidates for islet transplantation are selected in a similar 
manner as for whole-organ pancreas transplantation. Islet 
transplantation is currently limited to adult type 1 diabetics 
with progressive diabetic complications who have failed inten¬ 


sive insulin therapy. Because islet transplantation remains 
experimental therapy with limited availability, the procedure 
is offered only to ideal candidates with minimal medical con¬ 
ditions other than diabetes. Most centers require evaluation 
and/or a period of treatment by an experienced endocrinolo¬ 
gist specializing in diabetes. Candidates with coronary artery 
disease; chronic infections, including hepatitis B and C; or a 
prior solid organ transplant are excluded. Nonuremic candi¬ 
dates must be free of renal insufficiency, due to concerns about 
aggravation of nephropathy by calcineurin inhibitors. Since 
efficacy of the islet transplant appears to be related to the num¬ 
ber of islets transplanted per kilogram of recipient body 
weight, only lean (<70 kg or BMI <28) recipients are selected. 
Although most islet transplants are currently performed in 
nonuremic diabetics, islet transplants either concurrent with 
or following kidney transplantation are also performed. 103,104 


Donor Selection, Procurement, 
and Preservation 

Donor selection for islet isolation differs from that for whole- 
pancreas transplantation in several respects. While the ideal 
donor for islet isolation is still young and healthy, the age and 
weight criteria are less stringent than for whole-pancreas 
transplantation. Donors older than age 50, donors on vaso¬ 
pressors, and especially obese donors are all perfectly suitable 
for islet isolation. Since the ideal pancreas is easily distensible 
and digestible, fatty pancreata are felt to be especially suitable, 
whereas fibrotic pancreata are not. As previously mentioned, 
pancreata from older and obese donors (which are infre¬ 
quently used for whole pancreas) are preferentially allocated 
for islet transplantation rather than for regional and national 
sharing for whole-pancreas transplantation. 33 

The pancreas is procured in a manner similar to whole- 
pancreas transplantation. However, less attention to preserva¬ 
tion of vascular structures is required. Attention is paid to sur¬ 
face cooling following flushing of preservation solution, and 
avoidance of pancreatic injury. A number of reports have high¬ 
lighted the importance of a dedicated team trained in pancreas 
procurement in the success of islet isolation. 105,106 Expanded 
use of the two-layer technique of pancreas preservation, using 
both standard preservation solution (University of Wisconsin 
solution or HTK) and oxygenated perfluorocarbon solution, 
has resulted in increased islet yields. 107-109 The two-layer tech¬ 
nique also permits the successful use for islet transplantation 
of pancreata subjected to prolonged cold ischemia as long as 
18 hours. Success with pancreata from DCDs has been 
reported. 110 


Transplant Techniques 

The portal circulation of the liver is currently the preferred site 
for islet transplantation (Fig. 39.9). 111 This can be performed 
by a minilaparotomy, with infusion of the islets into a periph¬ 
eral mesenteric vein. However, most centers utilize interven¬ 
tional radiology techniques, avoiding both a surgical incision 
and general anesthesia. Percutaneous transhepatic portal vein 
catheterization is done under ultrasound and fluoroscopic 
guidance, with usually a small-gauge (4-French) catheter. The 
islets are infused into the portal vein through the catheter by 
either gravity from an infusion bag or by hand injection, and 
the islets lodge in the hepatic parenchyma. Portal vein pressure 
is monitored intermittently throughout the procedure. Follow¬ 
ing infusion of the islets, hemostasis is usually achieved using 
a combination of coils and Gelfoam. Recipients receive 
heparin in the islet preparation, systemically during the proce¬ 
dure, and in the perioperative period as prophylaxis against 
portal vein thrombosis, a now rare but serious complication. 
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FIGURE 39.9. Islet transplantation. 
The pancreas is procured as a whole 
organ from the donor. The islets are 
isolated from the pancreas and are 
purified and infused into a cannula 
placed in a branch of the recipient’s 
portal vein. 



Exocrine 
fragments 

Transplantation of purified 
islets into liver through a 
percutaneous catheter 


Perioperative Care 

Although islet transplantation is in theory an outpatient proce¬ 
dure, it is not uncommon for recipients to receive a few days of 
inpatient care for monitoring purposes. Immediately following 
the islet transplant, patients are maintained on bed rest for a 
short interval and monitored for bleeding. Liver function tests 
are monitored, and a liver ultrasound is frequently done to assess 
portal venous flow and to check for hematoma. It has been 
demonstrated that intensive glycemic control with insulin in the 
immediate posttransplant period is beneficial for islet func¬ 
tion. 112 Hence, many centers will give insulin postoperatively to 
keep the serum glucose tightly controlled, in order to “rest” the 
islets. Additional adjuncts to prevent nonspecific inflammation 
may include antioxidants such as vitamin E, antibodies against 
tumor necrosis factor-u, pentoxifylline, and others. 


Immunosuppression 

Current thinking focuses on the importance of the elimination 
of steroids from the immunosuppressive regimen, which typi¬ 
cally uses basiliximab induction, and maintenance therapy 
with low-dose tacrolimus and sirolimus. Regimens employing 
mycophenolate mofetil and cyclosporine are also used, and 
thymoglobulin is an alternative induction agent. The best 
results for islet-kidney transplantation are cases where 
steroids are avoided or eliminated at the time of islet trans¬ 
plantation. Long-term effects of either the islet transplant or 
steroid elimination on kidney function are not known, and 
steroid avoidance in kidney transplant recipients is becoming 
increasingly common. 31 


Metabolic Control 


Islet recipients show significant improvement in metabolic 
function and glycemic reserve. Although hormonal counter¬ 


regulation to hypoglycemia is diminished, actual hypo¬ 
glycemic events are rare. 113 However, islet recipients have sig¬ 
nificantly more diminished /3-cell reserve than do recipients of 
whole-pancreas transplants, which may account for their 
reduced long-term survival. 114 Analyses of the impact on dia¬ 
betic complications and mortality await further experience. 


Complications 

Morbidity from islet transplantation is substantial but much 
less than for whole-pancreas transplantation. The most com¬ 
mon serious complication is bleeding (1% to 5%). Most cases 
of bleeding can be managed nonoperatively with adjustments in 
anticoagulation, though occasionally laparotomy is required. 
The side effects of immunosuppression, such as hyperlipidemia 
and mouth ulcers in sirolimus-containing regimens, are much 
more common and can significantly affect quality of life. 115 
Renal insufficiency is an uncommon but serious consequence. 98 
Transient elevations of portal venous pressure during islet infu¬ 
sion and elevations of liver function tests following infusion are 
common and usually well tolerated. 116,117 Recently, the demon¬ 
stration of late steatosis has raised concerns about chronic liver 
disease; to date, this has not occurred. 118 Cytomegalovirus 
infection is rare. Sensitization to alloantigen does occur, 
although perhaps to a lesser extent than for whole-organ trans¬ 
plants. 98 Mortality is virtually nil. 


Results 

^ The short-term results of islet transplantation at high-volume 
centers are approaching that of whole-pancreas transplanta¬ 
tion. The most successful centers achieve insulin independence 
rates of 80% to 90% at 1 year. 96,119,120 In the Immune Toler¬ 
ance Network multicenter trial of the Edmonton Protocol, 
success rates at the most successful centers (Edmonton, Min¬ 
nesota, and Miami) were significantly higher than at the other 
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centers. 97 However, long-term rates of insulin independence 
are significantly worse than whole-pancreas transplants: in 
most centers less than 50% of recipients are insulin-free at 3 
years, and at the University of Alberta the median insulin-free 
interval was 15 months. 98 

One of the shortcomings of islet transplantation compared 
with whole-pancreas transplantation is the inability to reverse 
diabetes with the islets from one pancreas. Most of the recipi¬ 
ents in the modern era have required two or more islet infu¬ 
sions to achieve insulin independence. However, some centers 
have successfully employed single-donor islet transplantation 
by utilizing careful donor and recipient selection, usually by 
transplanting islets from pancreata from large donors into 
small recipients. 119,121,122 However, as long-term outcome 
appears to be related to /3-cell mass, which is likely to be lower 
for single-donor infusions, these recipients may return to 
insulin or require retransplants earlier. 123 

The ability to maximize the use of islets and minimize islet 
requirements and pancreas utilization for an individual recipi¬ 
ent is critical if islet transplantation is to compare favorably 
with whole-pancreas transplantation. 


Graft Failure 


Graft failure appears to occur earlier than for whole- 
pancreas transplants. This may be related to a lower initial 
islet mass or the inability to histologically diagnose and treat 
islet rejection, since the islets are scattered about the liver 
parenchyma. Attempts to identify immunologic markers of 
rejection or recurrent autoimmunity, or metabolic indicators 
of impending graft failure are not of sufficient predictive 
value for clinical application. 124,125 Recipients with prior 
graft function who have returned to insulin are candidates 
for retransplantation. In fact, some centers have used trans¬ 
planted islets from isolations where yields are insufficient for 
a primary transplant as retransplants, where the islet require¬ 
ment may be less. 


THE FUTURE OF PANCREAS AND 
ISLET TRANSPLANTATION 


Many challenges remain in determining the ideal insulin 
replacement therapy for type 1 diabetics. While the current 
allocation system designed to maximize whole-pancreas trans¬ 
plantation ensures the most efficient use of donor pancreata, 
improvements in the efficiency of islet isolation may require 
that further refinements be made to allocation policy. Current 
outcomes support the prioritization of whole-pancreas trans¬ 
plantation over islet transplantation, and sufficient long-term 
survival reproducible among a larger number of centers may 
be required before islet transplantation can move further into 
the mainstream. If this occurs, the reduced morbidity of islet 
transplantation may mean that a large number of candidates 
who are not surgical candidates for pancreas transplantation 
may be islet candidates in the future. Many centers have taken 
the philosophical step to offer islet transplantation primarily 
to diabetics who would not otherwise receive immunosuppres¬ 
sion (i.e., nonuremic diabetics). This is somewhat in contrast 
to PTA transplantation, which is offered to only the most 
exceptional candidates. Taken further, islet transplantation 
could theoretically be open to a large number of type 1 diabet¬ 
ics who would surely exhaust the limited supply of human 
donor pancreata. However, the experience gained by the devel¬ 
opment of islet transplantation would surely apply to tech¬ 
nologies not affected by donor supply, such as islet xenografts 
or engineered /3 cells, which could have a profound impact on 
the devastating effects of diabetes on the public health world¬ 
wide. 
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[ HEAD AND NECK 

CHAPTER 40 ■ HEAD AND NECK 

MATTHEW C. MILLER, JEFFREY S. MOYER, AND THEODOROS N. TEKNOS 


KEY POINTS 


^Tobacco and alcohol are the best-recognized risk factors 
for head and neck cancers. Their effects are synergistic. 

0No head and neck examination is complete until all 
mucosal surfaces of the upper aerodigestive tract have been 
visualized. 

Q Early recognition of and preparation for a potentially difficult 
airway may prevent it from becoming an emergency airway. 


Q The most common neoplasm in the head and neck is squa¬ 
mous cell carcinoma. 

Q Cystic neck masses in adults are metastatic oropharyngeal 
carcinoma until proven otherwise. 

Q In any smoker aged 35 or older with hoarseness, a neck 
mass, or mucosal abnormality, carcinoma must be ruled 
out. 


The head and neck is a complex and intricate region of the body, 
and surgical management of head and neck diseases is both 
challenging and rewarding. A wide variety of benign and malig¬ 
nant processes are encountered by the head and neck surgeon, 
and a comprehensive review of this material is well beyond the 
scope of this chapter. However, head and neck complaints are 
relatively common and it behooves the surgeon to familiarize 
himself or herself with the processes. With that in mind, the fol¬ 
lowing chapter is designed to introduce the reader to head and 
neck diseases, provide a framework for diagnostic evaluation, 
and discuss the treatment strategies commonly employed. 


EVALUATING THE PATIENT WITH 
A HEAD AND NECK COMPLAINT 


Patient Presentation and History 

Though a few patients will be referred to the head and neck 
surgeon for incidentally discovered abnormalities, the vast 
majority of patients will present with a specific head and neck 
complaint. As with any medical discipline, concise history tak¬ 
ing begins with questions aimed at determining the onset, 
severity, location, and quality of the presenting symptom along 
with any exacerbating or alleviating factors. Once this is com¬ 
pleted, a head and neck review of systems should be obtained. 
Pertinent positives and negatives in this category will help to 
narrow the differential diagnosis and might point to the pres¬ 
ence of an underlying malignancy. Table 40.1 lists common 
signs and symptoms that are associated with head and neck 
cancers. When any of these are present—particularly in the 
context of tobacco use or other risk factors (Table 40.2)— 
malignancy must be strongly considered. 

The social history is of vital importance in evaluating 
patients with head and neck complaints. Tobacco and alcohol 
Q use history must be specific and detailed. Tobacco users have 
up to 25 times the risk of head and neck squamous cell carci¬ 
noma when compared to nonusers. These carcinogenic effects 
are increased synergistically among heavy consumers of alco¬ 
hol. 1,2 Type, amount, and duration of use should be docu¬ 
mented as well as any previous efforts to quit (including meth¬ 
ods used). Any significant secondhand smoke exposure should 
also be documented. Passive smoking either at home or at 
work is often overlooked during the history, but its role in the 
pathogenesis of many head and neck cancers is becoming 
increasingly evident. 3 


Human papillomavirus (HPV) infection is now widely rec¬ 
ognized as a risk factor for oropharyngeal cancer. HPV is 
transmitted sexually, and the risk of oropharyngeal cancers 
has been strongly correlated to the lifetime number of sexual 
partners. 4 Consequently, the sexual history has become an 
important component of the overall assessment if carcinoma is 
suspected—particularly in the absence of other risk factors. 

Additional medical, surgical, family, and occupational his¬ 
tory should also be documented at this point. While these 
items may or may not have direct implications to the present¬ 
ing problem, they may be critical to the overall patient evalua¬ 
tion and therapeutic decision-making process. 


Physical Examination 

Once an appropriate patient history has been obtained, a com¬ 
prehensive head and neck examination should be undertaken. 
Many of the techniques and equipment used in the head and 
neck exam are specialized and may be unfamiliar to some prac¬ 
titioners. However, the examiner must become facile with them 
to perform a complete and appropriate patient evaluation. At a 
minimum, physicians treating head and neck disorders should 
have at their disposal and be comfortable using a stethoscope, 
a pneumatic otoscope, an assortment of angled mirrors, and 
nasal specula. A headlight or head mirror should be worn. This 
allows for the use of both hands during examination and pro¬ 
vides superior visualization as compared to the omnipresent 
“single hand and flashlight” technique. Though most of the 
upper aerodigestive tract is visible by direct or indirect (mirror) 
examination, portions of the nasal cavity, nasopharynx, 
hypopharynx, and larynx are often difficult to assess. The flex¬ 
ible fiberoptic nasopharyngolaryngoscope (NPL scope, or 
NPL) has become an indispensable tool for this purpose. 

Physical examination need not follow a strict sequence per 
Q se. However, the entire surface of the head, neck, and upper 
aerodigestive tract must be evaluated. It behooves the examiner 
to develop his or her own systematic approach to prevent inad¬ 
vertent omissions. It is the authors’ practice to progress sequen¬ 
tially from the least to the most invasive portions of the exam. 
This allows for a gradual building of rapport and trust during 
what can for many patients be a sensitive exam and an invasion 
of personal space. It generally begins by visually inspecting the 
patient’s face, neck, and scalp—paying attention to any asym¬ 
metry or irregularity of natural contours, cutaneous lesions, 
neuromuscular deficits, scars, or other stigmata of previous 
surgery and/or radiation therapy. Palpation of the neck ensues, 

609 


HEAD AND NECK 













610 


Part Two: Surgical Practice 


TABLE 40.1 


DIAGNOSIS PROGRESSIVE SIGNS AND SYMPTOMS THAT 
MAY INDICATE A HEAD AND NECK CANCER 

Odynophagia 

Dysphagia 

Weight loss 

Loose dentition 

Oral fetor 

Trismus 

Otalgia 

Neck mass 

Serous otitis media 

Nasal obstruction 

Epistaxis 

Facial pain 

Cranial neuropathies 

Secondary infections 

Aspiration 

Fistulization 

Hemorrhage 

Voice changes 

Stridor 

Airway obstruction 



FIGURE 40.1. The cervical lymph nodes are divided into six groups, 
or levels. (Reproduced with permission from Robbins KT, Samant S. 
Chapter 116: Neck Dissection. In: Cummings Otolaryngology-Head 
& Neck Surgery , 4th ed. Philadelphia: Elsevier; 2003:2616.) 


TABLE 40.2 


ETIOLOGY | 

SELECTED RISK FACTORS FOR HEAD AND NECK MALIGNANCY 

SKIN CANCER 

ORAL CARCINOMA 


Ultraviolet and ionizing radiation 

Betel nut chewing 


Neoprene inorganic arsenics 

Snuff 


Burns 

Tobacco chewing 


Riboflavin deficiencies 

Reverse smoking 


NOSE AND PARANASAL SINUS CARCINOMA 

Syphilis 


Wood dust 

Vitamin B and riboflavin deficiencies 


Leather manufacturing 

Chronic irritation 


Nickel refining 

LARYNGEAL AND HYPOPHARYNGEAL CARCINOMA 

Radium dial painting 

Asbestos 


Thorotrast and mustard gas 

Coke oven exposure 


NASOPHARYNGEAL CARCINOMA 

Wood dust 


Nitrosamine 

Riboflavin deficiency 


Salted fish 

Gastroesophageal reflux disease 


Epstein-Barr virus 

Fanconi anemia 


Vitamin deficiency 

SALIVARY GLAND CARCINOMAS 


Chinese heritage 

Radiation exposure 


Eskimo heritage 

Eskimo heritage 



THYROID CARCINOMA 



Radiation exposure 

Iodine deficiency 

Genetic inheritance 
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ITABLE 40.3 

DIAGNOSIS | 

MOST COMMON PRIMARY SITES IN PATIENTS PRESENTING 
WITH NECK MASSES 

■ NODAL LEVEL 

■ PRIMARY SITE 

I 

Oral cavity 

II 

Oropharynx 

Nasopharynx 

Supraglottic larynx 

III 

Hypopharynx 

Larynx 

IV 

Thyroid 

Hypopharynx 

Larynx 

Subclavicular sites 

V 

Scalp 

Nasopharynx 


with attention to the salivary glands, cervical lymph nodes, thy¬ 
roid, trachea, and laryngeal cartilages. Auscultation of the neck 
and chest should also be accomplished. This is followed by for¬ 
mal cranial nerve assessment and pneumatic otoscopy. The 
remainder focuses on the mucosa-covered surfaces and should 
include a speculum exam of the nasal cavity, inspection of the 
oral cavity using a tongue blade in each hand to manipulate the 
soft tissues, bimanual palpation of the oral cavity and orophar¬ 
ynx, and indirect visualization of the nasopharynx, hypophar- 
ynx, and larynx with either the mirror or the NPL. 

Documentation of the exam should include detailed descrip¬ 
tions and diagrammatic representations of any abnormality. 
Size, location, extent, and character should be included for any 
suspected neoplasm. When cervical adenopathy is present, the 
number, size, and anatomic level (Fig. 40.1) of the involved 
lymph nodes should be reported. The pattern of nodal spread 
from head and neck cancers is relatively predictable. In the 
presence of a neck mass, the nodal level involved may help to 
identify an occult primary tumor. Conversely, finding an 
unusual drainage pattern from a known primary tumor can 
alert the examiner to the presence of a second primary lesion 
(Table 40.3). 5 

The following sections review many of the conditions seen 
in a surgical head and neck practice. Coupled with the infor¬ 
mation garnered through the history and physical exam, it will 
provide a framework for generating and ultimately narrowing 
the differential diagnosis. 


AIRWAY MANAGEMENT 


Many conditions affecting the head and neck can result in 
upper airway obstruction. Obstruction may be chronic, as in 
the case of some neoplasms, or it may be acute, as in the case 
of hemorrhage or trauma. In either case, it is crucial that the 
surgeon be familiar with the techniques involved in securing 
an impaired airway. 

Management of the difficult airway begins with early recog¬ 
nition . The historical and clinical elements listed in Table 40.4 may 
be associated with difficult intubation and/or airway obstruc¬ 
tion. If attention is paid to these signs and symptoms, poten¬ 
tially hazardous situations may be anticipated and addressed in 
a controlled fashion before a difficult airway becomes an emer¬ 
gency airway. Orotracheal intubation remains the preferred 
means of accomplishing this goal. However, various conditions 


TABLE 40.4 DIAGNOSIS 


CLINICAL AND HISTORICAL ELEMENTS THAT MAY BE 
ASSOCIATED WITH DIFFICULT INTUBATION 

Head and Neck Tumors (Both current and previously treated) 

Trismus 

Stridor 

“Hot-potato” voice 

Obesity 

Sleep apnea 

Micrognathia 

Retrognathia 

Macroglossia 

Angioedema 

Prior thyroid surgery 

Prior orthognathic surgery 

Facial fractures 


render the airway “difficult” and may preclude successful 
intubation. As a consequence, surgical intervention may become 
necessary. 

Tracheostomy is the gold standard surgical airway. Elective 
tracheostomy is typically performed in a controlled setting 
(i.e., in the operating room). In an intubated patient, this pro¬ 
cedure is undertaken under general anesthesia. If intubation 
cannot safely be performed, local anesthesia is used and tra¬ 
cheostomy is carried out on the awake, spontaneously breath¬ 
ing patient. Despite the anxiety and discomfort that may 
accompany this procedure, anxiolytics and sedatives must be 
used with caution. Continuous and detailed communication 
with the anesthesiologist is vital in the perioperative period 
and throughout the case. Figure 40.2 outlines the primary 
steps involved in elective tracheostomy. 

In emergency situations, the procedure is identical with one 
significant distinction: Whereas elective tracheostomy uses a 
horizontal incision, emergent or urgent airway situations call 
for one that is vertically oriented along the midline of the neck 
(Fig. 40.2A). This reduces the risk of inadvertent injury to the 
anterior jugular veins and the associated increase in difficulty 
and time needed to secure the airway. 

An alternative to the emergent tracheostomy is the 
cricothyrotomy. Cricothyrotomy has the advantage of being 
technically easier and faster to perform than tracheostomy. It 
is a means of rapidly securing the airway when the patient is in 
danger of imminent death because of mechanical respiratory 
obstruction. However, cricothyrotomy has the disadvantage of 
being a temporary solution. Instrumentation of the cricothy¬ 
roid membrane may result in injury to the vocal folds as well 
as subglottic stenosis. 6 Consequently, the smallest endotra¬ 
cheal or tracheostomy tube that permits adequate ventilation 
should be used. Once the patient is stably ventilated, this 
should immediately be converted to a formal tracheostomy to 
prevent long-term damage to the larynx and proximal trachea. 


NONNEOPLASTIC DISORDERS 


Sialadenitis and Sialolithiasis 


The three pairs of major salivary glands include the parotid, 
submandibular, and sublingual glands. In addition, there are 
hundreds of minor salivary glands situated diffusely through¬ 
out the oral cavity, pharynx, and larynx. A wide variety of 
nonneoplastic conditions can eventuate in swelling of either 
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FIGURE 40.2. Tracheostomy. A: The incision for an elective tracheostomy is typically placed on a horizontal axis, approximately 2 finger 
breadths above the sternal notch. A vertical incision allows for less bleeding when the procedure must be performed emergently. B: The strap mus¬ 
cles are separated in the midline. The thyroid isthmus may bulge into the wound (C), necessitating inferior retraction or division (D). E: After the 
second tracheal ring is cleaned, an inferiorly based flap (i.e., Bjork flap) is developed in the tracheal wall and sutured to the skin. This allows for 
easy access to the trachea while the tract is maturing. 


the major or minor salivary glands—though they are most 
often observed in the paired major glands. 7 Table 40.5 lists 
several commonly encountered etiologic agents. Among these, 
infectious causes are most frequent. Mumps and other viruses 
may lead to diffuse bilateral swelling of the parotid and, to a 
lesser extent, the sublingual and submandibular glands. 7 
Treatment is generally supportive. 

Acute suppurative sialadenitis presents in a more fulminant 
fashion, with sudden onset of salivary gland pain and swelling. 
Acute sialadenitis is most often seen in the context of dehydra¬ 
tion and xerostomia. The condition is commonly seen in the 
postoperative setting, particularly among patients undergoing 
gastrointestinal operations. 7 When compared to viral etiolo¬ 
gies, bacterial sialadenitis is more often unilateral and is asso¬ 
ciated with a tense and tender gland. Purulent material may be 
expressed from the Wharton or Stensen duct during bimanual 
palpation. This material, when cultured, typically yields 
Staphylococcus aureus. However, other aerobic and anaerobic 
organisms have also been implicated. 8 Management is aimed 
at improving salivary flow through aggressive hydration, mas¬ 
sage, warm compresses, and sialogogues such as sour candy 
and lemons. Antibiotic therapy should be initiated and should 
be broad enough to cover S. aureus and gram-positive aerobes. 
Rarely, parotitis may progress to an intraparotid abscess. This 
should be suspected in patients who are not responding to 
conservative therapy after 48 to 72 hours or in whom symp¬ 
toms rapidly progress. Incision and drainage becomes a con¬ 
sideration in these patients, but should be undertaken with 
caution as the facial nerve and Stenson duct may be inadver¬ 
tently injured during the procedure. Confirmatory imaging is a 
prerequisite to operative intervention in these cases. 


TABLE 40.5 CLASSIFICATION 


NONNEOPLASTIC SALIVARY DISORDERS 

Congenital 

First Branchial Cleft Cyst 
Lymphatic Malformation 
Vascular Malformation 
Granulomatous 
Sarcoidosis 
Infectious 
Mumps 
Hepatitis C 
CMV 

Tuberculosis 
Cat-scratch Disease 
Suppurative Sialadenitis 
Other 

Sialolithiasis 

Sialadenosis 

Juvenile Recurrent Parotitis 

Adapted from: Kaplan M, Abemayor E. Major salivary glands. In: 

Fu Y, Wenig BM, Abemayor E, et al., eds. Head and Neck Pathology 
with Clinical Correlations. Philadelphia: Churchill Livingstone; 2001: 
234, with permission. 
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FIGURE 40.3. Axial CT scan demonstrating large bilateral hilar cal¬ 
culi of the submandibular glands. Stones of this size and location are 
generally not amenable to transoral or minimally invasive excision 
techniques. This patient underwent bilateral submandibular gland 
excision and recovered uneventfully. 


Sialolithiasis is a disorder that merits special attention. Sali¬ 
vary stones are most commonly composed of calcium salts in 
the form of hydroxyapatite. 7,9 They are typically seen in the 
context of chronic sialadenitis, though their exact pathogene¬ 
sis remains unclear. Calculi may form in any of the major sali¬ 
vary glands, though 80% to 90% are submandibular. 9 Patients 
typically present with recurrent, painful swelling of the sub¬ 
mandibular region, often exacerbated at mealtimes. Noncon¬ 
trast CT is the initial study of choice as nearly 90% of 
submandibular stones will be radio-opaque. 7,10 

Treatment depends on the size and location of the calculus. 
Occasionally, small calculi will pass through the Wharton duct 
spontaneously. Initial therapy for small, distally situated 
stones consists of observation and sialogogues. Dilatation of 
the papilla and proximal end of the Wharton duct and may 
also be performed. Stones located proximal to the mylohyoid 
muscle are less likely to be amenable to transoral removal. 
However, recent advances in fiberoptics have made transo- 
ral/transductal endoscopy (i.e., “sialendoscopy”) possible. 
Several endoscopic techniques are now used for this purpose 
and have been successful in treating proximal stones. 9 Despite 
these advances, large, hilar, or intraglandular calculi are typi¬ 
cally not amenable to transoral approaches (Fig. 40.3). 10 In 
these cases, formal submandibular gland excision is usually 
necessary. 




Abcess 

Uvula 

Tonsillar 

shift 


FIGURE 40.4. Schematic representation of a peritonsillar abscess. 
Purulence develops between the tonsillar capsule and the superior pha¬ 
ryngeal constrictor muscle. As a result, the palate bulges and the ton¬ 
sil is deviated medially. Inflammation in the region of the pterygoid 
muscles results in pain and trismus, which may be significant. 


streptococci, Corynebacterium, and Neisseria species, among 
others. Pharyngitis typically presents with sore throat and 
odynophagia. Bacterial tonsillitis is associated with purulent 
exudate, though this may also be seen in viral infections such 
as mononucleosis. Signs highly indicative of GABHS infection 
include fever, tonsillar exudates, tender cervical adenopathy, 
and the absence of a cough. 12 Patients with these signs and 
symptoms or in whom streptococcal testing is positive should 
be considered for antibiotic therapy with amoxicillin, ery¬ 
thromycin, or clindamycin. 

Most pharyngitis is acute and self-limited, responding to 
supportive measures such as antipyretics, hydration, and, 
when indicated, antibiotics. However, bacterial pharyngitis 
may occasionally be complicated by a collection of purulent 
material in a potential space that lies between the tonsillar 
capsule and the superior constrictor muscle—the peritonsillar 
space. This space is contiguous with the retropharyngeal and 
parapharyngeal space. 

Peritonsillar abscesses (PTAs) can potentially involve critical 
structures in these regions. Patients typically have a history of an 
antecedent pharyngitis. As pus collects in the peritonsillar space, 
symptoms may progress to severe sore throat, odynophagia, 
otalgia, and a “hot potato” voice. 13 On exam, the oropharynx 
has an asymmetric appearance, with uvular deviation, medial 
displacement of the tonsil, and bulging of the soft palate on the 
affected side (Fig. 40.4). Trismus is a common feature. The diag¬ 
nosis is clinical, though contrast-enhanced CT scan may be used 
in equivocal cases or if repeated aspirations fail to alleviate the 
symptoms. Needle aspiration, incision and drainage (I&D), and 
tonsillectomy have each been successfully used in the initial 
management of PTA. 14 For cooperative adult patients without 
airway compromise, the authors favor a combination of bedside 
needle aspiration and I&D. After applying topical anesthesia, a 
14-gauge needle is passed into the peritonsillar space and its 
contents aspirated. A number 11 scalpel is then used to create a 
cruciate incision centered on the needle entry point. This is 
enlarged and marsupialized using a hemostat. The remainder of 
the infected material is then evacuated. Antibiotic therapy with 
clindamycin or an extended-spectrum aminopenicillin is 
initiated. 


Pharyngitis 

Pharyngitis is one of the most common reasons for ambulatory 
care visits in the United States today. Strictly defined, pharyn¬ 
gitis is an inflammatory process affecting the mucosa and sub¬ 
mucosal structures of the throat. Bacterial infection with 
group A beta-hemolytic streptococci (GABHS) has classically 
been associated with pharyngitis (i.e., strep throat). However, 
only 5% to 15% of all adult cases of pharyngitis can be attrib¬ 
uted to GABHS. The vast majority of cases are viral in 
origin. 11,12 Other bacterial etiologies include non-group A 


Deep Neck Space Infections 

The muscles and fascia of the neck divide it into a series of dis¬ 
tinct but interconnected potential spaces commonly referred to 
as the deep neck spaces (Table 40.6). The intimate relationship 
that these spaces share with the airway, the great vessels, and 
the mediastinum underscores the importance of prompt recog¬ 
nition and management of deep neck infections (Fig. 40.5). 
Delays in diagnosis and treatment can be catastrophic as com¬ 
plications include airway obstruction, aspiration of ruptured 
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TABLE 40.6 

CLASSIFICATION | 

DEEP NECK SPACES 

Spaces Involving the Entire Length of the Neck 

Danger Space 

Prevertebral Space 

Visceral Vascular Space 


Suprahyoid Spaces 


Pharyngomaxillary Space 
Submandibular Space 

Parotid Space 

Masticator Space 

Peritonsillar Space 

Temporal Space 


Infrahyoid Spaces 


Anterior Visceral Space 



Adapted from: Gadre AK, Gadre KC. Infections of the deep spaces of 
the neck. In: Bailey BJ, Johnson JT, eds. Head & Neck Surgery — 
Otolaryngology, 4th ed. Philadelphia: Lippincott Williams & Wilkins; 
2006:670, with permission. 


abscess material, mediastinitis, necrotizing cervical fasciitis, 
jugular vein thrombosis, and carotid artery aneurysm or rup¬ 
ture. 13 Fortunately, with the widespread use of antibiotics, the 
incidence of deep neck infections and their sequelae has 
declined. 

Though classically associated with pharyngotonsillar dis¬ 
ease, a growing number of deep neck infections are odonto¬ 
genic in nature. 13 Other risk factors include diabetes mellitus, 
immunocompromise, intravenous drug abuse, and branchial 
anomalies. 13,15 A deep neck space infection should be sus¬ 
pected in any patient with the just-named risk factors who pre¬ 
sents with neck pain and swelling. 

The initial step in managing a patient with suspected deep 
neck infection is to ascertain the adequacy of the airway. Any 
signs of compromise should be addressed immediately by 
oral/nasal intubation or, alternatively, tracheostomy under 



FIGURE 40.5. The deep spaces of the neck are distinct but intercon¬ 
nected compartments. Infections in any one of these may spread to 
involve other potential spaces and critical structures contained therein. 
(Adapted with permission from Gadre AK, Gadre KC. Infections of 
the deep spaces of the neck. In: Bailey BJ, Johnson JT, eds. Head & 
Neck Surgery — Otolaryngology, 4th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2006:670.) 


local anesthesia. Once a secure airway has been established, a 
contrast CT scan should be obtained. This will help to better 
characterize the infection and will aid in surgical planning. 
Empiric therapy with broad-spectrum antibiotics should be 
initiated. Coverage should include beta-lactamase-producing 
and anaerobic species. Though a few patients will respond 
completely to intravenous antibiotics, surgical drainage is the 
definitive therapy. This may be accomplished transorally or 
transcervically. The choice of approach depends on the exact 
anatomic locale of the infection, but should provide the most 
direct access to the affected space while minimizing risk to sur¬ 
rounding structures. It must also allow for the complete expo¬ 
sure and drainage of the involved space(s) and debridement of 
any necrotic tissue. 


Sinusitis 


Sinonasal complaints are among the most common reasons for 
ambulatory care visits. Patients present with headache, facial/ 
retro-orbital pressure, nasal congestion, anosmia, and puru¬ 
lent rhinorrhea. Though these features are suggestive of acute 
bacterial rhinosinusitis, they are by no means pathognomonic. 
In most patients, the etiologic agent is a community-acquired 
viral infection and the course of illness is self-limited. 16 Bacte¬ 
rial growth is present in as few as one third of patients treated 
for sinusitis. The most common pathogens include Streptococcus 
pneumoniae , Haemophilus influenzae, Moraxella catarrhalis, 
and S. aureus . 16,17 Diagnosis is based on the constellation of 
symptoms and the presence of purulent material during nasal 
endoscopy. 

Although there are significant effects on quality of life dur¬ 
ing bouts of acute and chronic sinusitis, most cases will resolve 
without antibiotics and the vast majority of patients will con¬ 
valesce without long-term consequences. 16,18 However, the 
surgeon must be aware of the potential complications of acute 
suppurative sinusitis and their management. Complications of 
sinusitis may be grouped into three categories: local, orbital, 
and intracranial (Table 40.7). 19 A high index of suspicion is 


TABLE 40.7 COMPLICATIONS 


COMPLICATIONS OF SINUSITIS 

Local 
Mucocele 
Pott’s Puffy Tumor 
Osteomyelitis 
Orbital 

Preseptal Cellulitis 
Orbital (Postseptal) Cellulitis 
Subperiosteal Abscess 
Orbital Abscess 
Cavernous Sinus Thrombosis 
Intracranial 
Meningitis 
Epidural Abscess 
Subdural Abscess 
Intracerebral Abscess 
Cavernous Sinus Thrombosis 
Superior Sagittal Sinus Thrombosis 


From: Epstein VA, Kern RC. Invasive fungal sinusitis and complications 
of sinusitis. Otolaryngol Clin North Am 2008;41:497, with permission. 
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vital since many of these conditions can lead to significant 
morbidity and even mortality if left untreated. The presence of 
high fever, facial swelling, mental status changes, cranial neu¬ 
ropathies, proptosis, chemosis, or vision changes should alert 
the clinician to the presence of a complicated sinusitis. High- 
resolution CT scan of the brain and sinuses should be obtained 
along with ophthalmologic and/or neurosurgical consultation. 
Treatment consists of parenteral antibiotics and prompt surgi¬ 
cal intervention aimed at relieving sinus obstruction and drain¬ 
ing the infected material. 19 

Sinusitis in the context of an immunocompromised patient 
presents a particular challenge. Individuals with diabetes melli- 
tus, HIV, or myelosuppression owing to chemotherapy or trans¬ 
plantation are at risk of developing fulminant invasive fungal 
sinusitis. Failure to recognize and treat these individuals in a 
timely fashion results in rapid deterioration and death. Even 
among appropriately managed patients, the mortality rates may 
be as high as 80%. Patients with intracranial involvement fare 
worse, with the condition being almost universally fatal. 19 Diag¬ 
nosis relies on clinical suspicion and the classic findings of black, 
necrotic tissue in the lateral nasal cavity on endoscopy. Biopsy 
and culture are required. The agents responsible for invasive 
fungal sinusitis include the Zygomycetes ( Mucor ; Rhizopus, and 
Absidia genera) and Aspergillus species. Histology reveals 
extensive necrosis and the presence of submucosal, perivascular, 
and intravascular hyphae on silver staining. The treatment 
involves aggressive surgical debridement that is extended until 
healthy, bleeding tissues are encountered. Craniotomy and 
orbital exenteration may be required. Long-term parenteral 
antifungal therapy and control of the underlying disease process 
are a must. 


HEAD AND NECK NEOPLASIA 


Neoplasms of the head and neck comprise a varied group of 
benign and malignant processes. While a handful of these dis¬ 
eases have no clear risk factors associated with them, a great 
number may be attributed to alcohol and tobacco use. Despite 
continued public health measures aimed at reducing the abuse 
of these substances, head and neck cancers remain prevalent 
throughout our society. Though there has been an overall 
reduction in the incidence rates over the past 30 years, mortal¬ 
ity rates have shown more modest decreases during this 
period. In 2001, there were an estimated 75,000 new cases 
diagnosed and nearly 30,000 deaths attributable to head and 
neck cancers. 20 

Continued advances in diagnosis, treatment, and recon¬ 
struction have improved our ability to manage these diseases. 
However, the oncologic, functional, communicative, cosmetic, 
and psychosocial implications of head and neck neoplasms 
continue to be a challenge. A systematic approach is vital to 
achieving success in any of these areas. 

The following sections will review the salient features of the 
most common head and neck neoplasms and their manage¬ 
ment strategies. 


Salivary Neoplasms 

Tumors of the salivary glands constitute 3% to 6% of all head 
and neck neoplasms. The parotid gland is most commonly 
affected, with 65% of all tumors arising in it. An additional 
8 % of tumors will be seen in the submandibular gland while 
27% occur in minor salivary glands. 21 Most parotid and sub¬ 
mandibular neoplasia is benign (75%-80% and 50%-60%, 
respectively). Conversely, more than 80% of all minor salivary 
gland tumors are malignant (Table 40.8). Patients with sali¬ 
vary tumors typically present with an asymptomatic mass. The 
presence of pain, trismus, or cranial neuropathy is suggestive 
of malignancy. Evaluation begins with a comprehensive history 


ITABLE 40.8 

CLASSIFICATION | 

COMMON SALIVARY NEOPLASMS 



Benign 

Pleomorphic adenoma (benign mixed tumor) 

Warthin tumor (papillary cystadenoma lymphomatosum) 
Basal cell adenoma 
Oncocytoma 
Malignant 

Mucoepidermoid carcinoma 
Adenoid cystic carcinoma 
Acinic cell carcinoma 
Salivary ductal adenocarcinoma 
Carcinoma ex pleomorphic adenoma 
Adenocarcinoma NOS 


and physical examination. Given that most of these masses 
represent benign tumors of the superficial parotid gland, 
superficial parotidectomy with dissection and preservation of 
the facial nerve is often undertaken without additional 
workup. However, malignancy may be present in the absence 
of the previously mentioned signs and symptoms. As a conse¬ 
quence, fine-needle aspiration (FNA) cytology is often used 
prior to surgical intervention. This test has predictive values in 
excess of 90%, and the results may be useful in surgical plan¬ 
ning and patient counseling. 22 MRI with contrast is the pre¬ 
ferred imaging modality. This test can provide additional use¬ 
ful information about tumor size and position relative to the 
deep and superficial lobes of the parotid gland and may 
uncover multifocal disease (a feature present in nearly 10% of 
Warthin tumors). 7,22 

Among the benign salivary neoplasms, pleomorphic ade¬ 
noma (benign mixed tumor) is the most common, accounting 
for nearly 70%. 7 Grossly, these appear as nodular, gray-tan 
masses. Though they appear to be well-circumscribed, histo¬ 
logic examination commonly reveals islands of tumor and 
pseudopodia extending into and beyond the capsule. 23 Simple 
enucleation of these tumors may result in their incomplete 
removal and eventuate in multifocal tumor recurrence. Appro¬ 
priate surgical management therefore requires that they be 
widely excised to include a cuff of normal parotid tissue. The 
position of the facial nerve within the substance of the parotid 
gland necessitates its proximal identification and distal dissec¬ 
tion during parotidectomy (Fig. 40.6). Superficial parotidec¬ 
tomy is the procedure of choice for nearly all benign parotid 
neoplasms. 

Malignant salivary neoplasms are less frequent but require 
more aggressive therapy. They are staged according to their 
size and the degree of local extension (Table 40.9). Mucoepi¬ 
dermoid carcinoma is the most common malignancy of the 
parotid gland. These tumors are grouped by histologic grade, 
with low-grade tumors behaving in a more indolent fashion 
than intermediate and high-grade tumors. High-grade tumors 
demonstrate a prominent epidermoid component and smaller 
numbers of mucoid cells. Overall, high-grade mucoepidermoid 
carcinomas carry a poor prognosis. Rates of nodal and distant 
metastases may exceed 40% and 30%, respectively. 24 

Surgery for malignant parotid tumors involves total 
parotidectomy. The facial nerve should be preserved except in 
cases of direct tumor extension or preexisting facial pare¬ 
sis. 21,24 

Adenoid cystic carcinoma is the most common malignancy 
of the submandibular and minor salivary glands (Fig. 40.7). 21 
These tumors are characterized by their propensity for 
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Temporal branches 
Zygomatic branches 
Buccal branches 


Marginal mandibular 
branch 
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FIGURE 40.6. Superficial parotidectomy. A: The standard Blair incision or the cosmetically superior rhytidectomy incision may be used. 
B: Branches of the facial nerve course between the superficial and deep lobes of the parotid. C: The main trunk of the facial nerve is identified 8 mm 
deep to the tympanomastoid suture line and at the same level as the digastric muscle. D: The nerve is then dissected distally, separating it from the 
substance of the parotid. E: Schematic representation of the relationship between the parotid and surrounding structures. 
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TABLE 40.9 STAGING 


AJCC STAGING FOR PRIMARY TUMORS OF THE MAJOR 
SALIVARY GLANDS 


Tx 

Tumor cannot be assessed 

TO 

No evidence of primary tumor 

T1 

Tumor < or = 2 cm in greatest dimension without 
extraparenchymal extension 

T2 

Tumor > 2 cm, but < 4 cm in greatest dimension 
without extraparenchymal extension 

T3 

Tumor > 4 cm and/or having extraparenchymal 
extension 

T4a 

Tumor invades skin, mandible, ear canal, and/or 
facial nerve 

T4b 

Tumor invades skull base and/or pterygoid plates 
and/or encases the carotid artery 


From: American Joint Committee on Cancer. Cancer Staging Manual, 
6th ed. New York: Springer-Verlag; 2002, with permission. 


perineural spread. Up to 70% will exhibit this feature and skip 
lesions are common, resulting in a high local recurrence rate. 24 
Adenoid cystic carcinomas are also marked by their unique 
natural history. Patients may experience 10- to 20-year disease- 
free intervals followed by a sudden and aggressive recurrence. 
Lung metastases are common, occurring in nearly half of all 
patients. Treatment consists of aggressive local therapy and 
adjuvant radiation with electron or neutron beam radia¬ 
tion. 24,25 General principles regarding the management of sali¬ 
vary carcinomas are listed in Table 40.10. 


Sinonasal Neoplasms 

Various epithelial and mesenchymal tumors may arise within 
the sinonasal tract. Patients with sinonasal neoplasms will 


TABLE 40.10 MANAGEMENT 


GENERAL CONSIDERATIONS FOR TREATMENT OF SALIVARY 
GLAND MALIGNANCIES 

Malignant tumors of the parotid gland warrant total 
parotidectomy. 

The facial nerve should be sacrificed only in cases of direct 
tumor invasion or preexisting facial paralysis. 

Patients with high-grade tumors should undergo elective neck 
dissection. 

Postoperative radiotherapy is indicated for all high-grade 
tumors; close margins; recurrent disease; skin, bone, nerve, or 
extraparotid extension; positive nodes; and unresectable 
tumors. 


often present with recurrent epistaxis and unilateral nasal 
obstruction. Many will report having been treated for chronic 
sinusitis for several months prior to referral. Diagnosis is 
established by nasal endoscopy with biopsy. Imaging should 
include both high-resolution CT scan and a contrast-enhanced 
MRI. CT is used to evaluate for bony destruction whereas 
MRI is useful for differentiating tumor mass from inspissated 
secretions within the nose and sinuses. Approximately half of 
all sinonasal neoplasms are malignant, with squamous cell car¬ 
cinoma accounting for nearly 80% of the cancers (these will be 
discussed in detail later in this chapter). 26 However, several 
benign lesions involving the nose and paranasal sinuses can 
exhibit aggressive behavior as well. 

The most common benign sinonasal tumor is the papilloma. 
There are three categories of sinonasal papilloma (also known 
as Schneiderian papillomas after the Schneiderian mucosa lining 
the nasal wall): fungiform, cylindrical, and inverting. 27 Fungi¬ 
form papillomas arise from the nasal septum, whereas cylindri¬ 
cal and inverting papillomas originate from the lateral nasal 
wall. Inverting papillomas are the most common variant. They 
are noteworthy for their significant propensity for recurrence 



Submandibular 

gland 

Platysma 



B 

FIGURE 40.7. Excision of the submandibular gland. The skin incision usually is placed in a skin crease. A: After division of platysma, the 
ramus mandibularis is identified and retracted superiorly. B: Elevation of the gland allows identification of the lingual and hypoglossal nerves. 
After removal of the gland, the lingual nerve is in the base of the wound. 
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and for the fact that up to 20% will harbor in situ or invasive 
squamous cell carcinoma. 26 Consequently, removal of these 
lesions should be aggressive. Wide excision using a lateral 
rhinotomy approach and medial maxillectomy provides the 
greatest chance of cure, with recurrence rates ranging from 0 
to 30%. 27 Advances in endoscopic instrumentation and tech¬ 
niques over the past decade have allowed for complete exci¬ 
sion of these lesions through minimally invasive transnasal 
approaches. At centers experienced in endoscopic resection, 
the rates of disease control meet and in some cases exceed 
those achieved through open maxillectomy. 28 

Juvenile nasal angiofibromas (JNAs) are benign vascular 
tumors found in the adolescent male population. These 
patients present with unilateral nasal obstruction with recur¬ 
rent bouts of epistaxis. Many will require repeat transfusions. 
Recurrent epistaxis in a young or adolescent male necessitates 
a formal endonasal and nasopharyngeal exam. On endoscopy, 
these appear as friable masses along the lateral nasopharyn¬ 
geal wall. They are thought to originate near the sphenopala¬ 
tine foramen. Though histologically benign, these lesions may 
expand into the pterygopalatine fossa, nasal cavity, orbit, and 
skull base—leading to pain, swelling, trismus, cranial neu¬ 
ropathies, and vision changes. 26,29 Management involves com¬ 
plete excision via a transpalatal or transmaxillary approach. 
Surgery is often complicated by profuse bleeding, and preop¬ 
erative embolization is recommended. Endoscopic-transnasal 
approaches have demonstrated safety and efficacy in the man¬ 
agement of JNA. These techniques continue to be investigated, 
but in expert hands it appears that they may impart better cos¬ 
metic outcomes, reduced blood loss, and shorter hospital 
stay. 30 


Squamous Cell Carcinoma 

In many ways, squamous cell carcinoma has become synony¬ 
mous with head and neck cancer. Indeed, 80% to 90% of non- 
thyroidal/nonsalivary head and neck cancers are squamous 
cell carcinomas. 2,20 Most of these tumors occur at readily visi¬ 
ble or palpable sites. 20 Despite this, many patients delay seek¬ 
ing treatment and present with advanced disease—thereby 
dramatically reducing the chance of cure. With earlier diagno¬ 
sis, many of these individuals might otherwise be rendered free 
of disease. Educating patients and physicians about the risk 
factors and signs associated with head and neck cancer is 
imperative to the process of early detection. 

As with any other patient, the diagnostic evaluation of an 
individual with head and neck cancer begins with the history 
and physical examination (the critical elements of which were 
detailed previously). Once suspicion of a cancer exists, tissue 
diagnosis is required for confirmation. In some instances, this 
may be possible in the outpatient setting. As mentioned earlier, 
75% of head and neck cancers occur at readily visible or pal¬ 
pable sites. Mucosal sites may be sampled by excisional biopsy 
whereas fine-needle aspiration may be used to sample lymph 
nodes or other subcutaneous masses. Alternatively, biopsy can 
be undertaken under general anesthesia as a component of a 
staging endoscopy procedure (panendoscopy). Panendoscopy 
involves direct laryngoscopy, esophagoscopy, and tracheo¬ 
bronchoscopy. In addition, it provides the surgeon with the 
opportunity to perform bimanual examination under anesthe¬ 
sia. Panendoscopy is the gold standard with respect to provid¬ 
ing a detailed evaluation of the mucosal surfaces of the upper 
aerodigestive tract and should be performed for all patients 
with suspected head and neck cancers. Not only does it facili¬ 
tate accurate staging and surgical planning, but it also allows 
for the detection of occult synchronous primary tumors. 

Second primary tumors are common in the context of head 
and neck cancer and occur in approximately 20% of patients 
(published reports range from —5%—35%). 31 Second pri¬ 
mary tumors are more likely in heavy tobacco users (>20 pack 


ITABLE 40.1 1 

STAGING | 

AJCC STAGE GROUPING FOR CANCERS OF THE HEAD AND 
NECK (EXCLUDING THYROID AND NASOPHARYNX) 

■ STAGE 

■ STAGE GROUPING 

0 

Tis, NO, M0 

I 

Tl, NO, M0 

II 

T2, NO, M0 

III 

T3, NO, M0 

T1-T3, Nl, M0 

IVA 

T4a, N0-1, M0 

Tl-T4a, N2, M0 

IVB 

T4b, Any N, M0 

Any T, N3, M0 

IVC 

Any T, Any N, Ml 

From: American Joint Committee on Cancer. Cancer Staging Manual, 

6th ed. New York: Springer-Verlag; 2002, with permission. 


years), patients diagnosed before age 60 years, patients with 
oropharyngeal cancers, and among those with early-stage dis¬ 
ease at initial presentation. 31,32 Among patients with nonla- 
ryngeal primary head and neck tumors, synchronous lesions 
are most often found on the mucosal surface of other upper 
aerodigestive tract subsites. The lung and mainstem bronchi 
are the most frequently affected locations in the context of 
laryngeal carcinoma. 33 The development of a synchronous or 
metachronous primary tumor imparts a dismal prognosis. 
Mortality rates in excess of 80% can be expected in the pres¬ 
ence of a second primary head and neck cancer. If the second 
primary tumor develops in the lung or esophagus, the proba¬ 
bility of survival drops to less than 5%. 32 

The findings on panendoscopy are coupled with the outpa¬ 
tient examination and the results of imaging studies, and the 
patient is then staged according to the TNM classification and 
the American Joint Committee for Cancer (AJCC) staging sys¬ 
tem (Table 40.11). 


GENERAL PRINCIPLES IN THE 
MANAGEMENT OF HEAD 
AND NECK CARCINOMA 


Once histopathologic confirmation has been obtained and the 
patient has been clinically staged, the process of designing and 
carrying out a treatment plan is undertaken. This begins by 
having an open and frank discussion with patients about ther¬ 
apeutic options, risks, outcomes, and expectations. Many will 
not comprehend the gravity of their situation or the possibility 
of adverse functional and cosmetic outcomes arising as a result 
of curative therapy. Conversely, some will not recognize the 
potential for oncologic success nor will they be cognizant of 
the potential for aesthetic and functional reconstruction and 
rehabilitation. Patient and family support groups exist at most 
centers where head and neck cancers are treated. These are an 
invaluable and often underused resource for patients and 
physicians alike. 

Given the complexity of modern treatment paradigms for 
head and neck cancers, most centers have instituted multidis¬ 
ciplinary tumor boards from which therapeutic plans are 
derived for each individual patient. Specific plans outlined will 
differ based on a given patient’s tumor characteristics, func¬ 
tional status, potential for rehabilitation, and comorbidities. 
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Individual and institutional resources, customs, and biases 
also come into play. However, the principal goal in treating 
any head and neck cancer is to completely and permanently 
eradicate the disease. Treatment should be carried out in a 
manner that limits potential functional consequences to the 
greatest degree possible (without compromising the chance for 
cure). 

The mainstays of treatment in head and neck cancer are 
surgery, external beam radiation therapy, and systemic 
chemotherapy. As a general rule, single-modality therapy is 
highly effective for early cancers (stages I and II). By definition, 
stages I and II carcinomas represent small, localized tumors 
without evidence of cervical metastases. This is true for all 
mucosal subsites within the head and neck. These are readily 
treated by surgery or radiation therapy and have a favorable 
prognosis. Among stages I and II head and neck tumors, sur¬ 
vival rates exceed 80% after either definitive radiotherapy or 
surgery. 34 The decision to use surgery or radiation therapy 
depends on the tumor subsite, the expertise of the surgeon and 
radiation oncologist, and the preference of the patient. Surgi¬ 
cal treatment provides immediate cure and allows radiation 
therapy to be reserved for future needs (i.e., recurrent disease, 
second primary tumors, etc.). Radiation carries with it a sig¬ 
nificant time requirement (standard head and neck protocols 
call for approximately 6 weeks of daily treatments). However, 
it avoids the removal or recontouring of anatomic structures 
that is associated with surgical resection. This has made radia¬ 
tion therapy a popular alternative for tumors in functionally 
sensitive areas such as the glottic larynx. 

In contrast to stages I and II carcinomas, later-stage disease 
requires sequential or concomitant therapy using two and 
sometimes three different treatment modalities. In most cases, 
these tumors exhibit locally aggressive features or have metas¬ 
tasized to regional lymph nodes. Though radical resection is 
typically used with curative intent, there is a potential for 
microscopic residual disease even after all gross disease has 
been removed. In this context, adjuvant therapy is aimed at 
sterilizing any remaining viable tumor. Classically, external 
beam radiation therapy was used for this purpose. Indications 
for postoperative radiation therapy include locally advanced 
(T3 or T4) primary tumors, high-grade histology, perineural 
or vascular invasion, positive or close resection margins, N2 or 
N3 disease, and extracapsular nodal extension. 34 In 2004, the 
results of two separate prospective trials comparing the effects 
of adjuvant radiation therapy to adjuvant chemoradiotherapy 
were published simultaneously. Among high-risk head and 
neck cancers (i.e., with extracapsular nodal extension, multi¬ 
ple positive lymph nodes, or positive resection margins), both 
found that adjuvant chemoradiation significantly improved 
locoregional control. Survival was also improved in both, 
though to a statistically significant degree in only one of the 
two. 35,36 

In rare instances, tumor volume, invasiveness, or proximity 
to critical structures may render it unresectable. In such cir¬ 
cumstances, the potential for morbidity and/or mortality 
exceeds the reasonable probability of cure. Examples include 
circumferential encasement of the common or internal carotid 
artery, extensive skull base masses with multilevel cranial 
nerve or brain parenchyma involvement, and invasion of the 
prevertebral fascia or cervical spine. Likewise, distant metas¬ 
tases (including isolated dermal metastases) point to the pres¬ 
ence of an advanced disease state for which cure is unlikely. In 
selected cases, resection may be undertaken for palliative pur¬ 
poses. However, for the vast majority of these stages IVb and 
c cancers, palliative chemotherapy and/or radiation therapy is 
the most appropriate option. 

Several factors contribute to the overall prognosis among 
head and neck cancer patients. Many of these are inherent to 
the TNM staging system. Tumor size and invasiveness corre¬ 
late to the risk of nodal metastases and assist with determining 
the need for elective neck dissection. The number, size, and 


location of cervical metastases are predictive of regional recur¬ 
rence and distant metastases. Distant metastases, in turn, are 
almost universally incurable. However, a recent report does 
demonstrate improved survival among patients undergoing 
resection of lung metastases versus those receiving conserva¬ 
tive measures. 37 Though previous attempts at metastasectomy 
have not yielded positive results, these findings have sparked 
optimism and warrant further investigation. 

Other patient and tumor characteristics associated with 
poor outcome include positive resection margins; perineural, 
vascular, or extracapsular nodal extension; African American 
race; malnutrition; anemia; and multiple medical comorbidi¬ 
ties. Continued tobacco and alcohol use have significant effects 
on patient outcomes. Patients who abstain from tobacco have 
better locoregional control rates and are 2.5 times more likely 
to survive than those who continue to smoke. Smoking and 
alcohol cessation also significantly reduces the risk of second 
primary tumors. 38 


Management of the Neck in 
Head and Neck Cancers 

Neck masses are among the most common presenting signs 
and symptoms in patients with head and neck cancer. After 
determining the site of the primary tumor, attention should be 
paid to the size, number, and location of cervical metastases. 
These are essential components of the TNM staging system 
(Table 40.12). The nodal stage of a tumor provides important 
prognostic information. In the presence of even a single cervi¬ 
cal metastasis, the stage can be no lower than III—regardless 
of the primary tumor size. As the number of involved nodes 
increases, there is a significant and stepwise decrease in 
recurrence-free and overall survival that is highly statistically 
significant. 39 

Head and neck cancers have well-established lymphatic 
drainage patterns. In the absence of a known primary tumor, 
the location of cervical adenopathy may suggest the site of ori¬ 
gin (Table 40.3). Alternatively, if the pattern of lymph node 
enlargement does not correspond to the mucosal site in ques¬ 
tion, the possibility of an occult second primary tumor should 
be considered. 5 

Much like primary tumors, early-stage cervical adenopathy 
(i.e., NO or N1 disease) may be sterilized with single-modality 
therapy. In the NO or N1 neck, surgery and radiation therapy 
are equally efficacious for this purpose. The neck must be 
addressed with one of these modalities when it is clinically 
positive (Nl) or when the risk of occult metastases in an NO 


TABLE 40.12 STAGING 


AJCC STAGING SYSTEM FOR CERVICAL LYMPH 
NODE METASTASES 

Nx Nodal status cannot be assessed 
NO No evidence of nodal metastases 
Nl Single ipsilateral lymph node metastasis < or = 3 cm 

N2a Single ipsilateral lymph node metastasis >3 cm but 

< = 6 cm 

N2b Multiple ipsilateral lymph node metastases, none 
greater than 6 cm 

N2c Any bilateral or contralateral lymph node 
metastases, none greater than 6 cm 

N3 Any nodal metastasis greater than 6 cm 

From: American Joint Committee on Cancer. Cancer Staging Manual , 
6th ed. New York: Springer-Verlag; 2002, with permission. 
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TABLE 40.13 MANAGEMENT 


INDICATIONS FOR ELECTIVE TREATMENT OF THE NECK 
BASED ON ANATOMIC LOCALE AND T STAGE 


■ SUBSITE 

■ T STAGES WITH >20% RISK OF 
OCCULT NODAL METASTASES 

Oral Cavity 

T2, T3, T4 

Oropharynx 

T1,T2, T3,T4 

Hypopharynx 

T1,T2, T3, T4 

Supraglottic Larynx 

T1,T2, T3,T4 

Glottic Larynx 

T2, T3, T4 

From: Frank DK, Sessions RB. Management of the Neck-Surgery. In: 
Harrison LB, Sessions RB, Hong WK, eds. Head and Neck Cancer: A 
Multidisciplinary Approach , 3rd ed. Philadelphia: Lippincott Williams 
& Wilkins; 2009:189, with permission. 


patient exceeds 20%. This risk varies by T stage and subsite 
and will be discussed under the individual tumor site headings 
that follow. Table 40.13 provides general subsite and stage- 
specific indications for elective neck dissection in the context 
of a clinically negative neck. The decision to use radiation 
therapy or surgery depends to some extent on which modality 
has been chosen to treat the primary site. Radiation therapy 
avoids the potential risks of neck dissection and obviates the 
need for general anesthesia. However, selective neck dissection 
is acceptable in these cases. In experienced hands, selective 
neck dissections are of low morbidity and have the distinct 
advantage of providing tissue for accurate pathologic staging 
(Fig. 40.8). 

In advanced nodal disease (N2 or N3) and in cases where 
extracapsular extension is present, combination therapy is 
used. More extensive neck dissection is required in these cases 
and is typically followed by adjuvant radiation or chemoradi- 
ation. The modified radical neck dissection is the procedure of 
choice for clinically positive disease. This procedure can take 
one of three forms, depending on the extent of the patient’s 
disease. 40 Table 40.14 describes various neck dissections and 
the structures that are removed during each modification. 


One unique entity that should be discussed is the cystic 
neck mass. When seen in adults, these are commonly assumed 
to be benign lesions such as branchial cleft cysts and are man¬ 
aged with simple excisional biopsy. However, a large series of 
patients with isolated cystic neck masses revealed that approx¬ 
imately 10% harbored squamous cell carcinoma. This number 
is significantly higher among patients older than 40 years of 
Q age—approaching 25%. 41 Cystic cervical metastases are most 
often observed with primary tumors of the Waldeyer ring and 
strongly associated with HPV. 42 Fine-needle aspiration biopsy 
is the preferred initial diagnostic modality in these cases. If the 
cytology is benign, an open biopsy may be performed, but 
frozen section should be used. In the presence of carcinoma, 
the patient should undergo formal neck dissection and panen¬ 
doscopy with directed biopsies and tonsillectomy at that 
setting. 
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Sinonasal Carcinomas 


Squamous cell carcinomas (SCC) involving the sinonasal tract 
may occur in association with inverting papillomas or may be 
secondary to environmental exposures. In addition to tobacco 
smoke, occupational exposure to heavy metals such as nickel 
and hydrocarbons such as those used in the leather tanning 
and textile industries have been implicated. Chronic wood- 
dust exposure is associated with the development of sinonasal 
adenocarcinomas. However, these occur far less frequently 
than squamous cell cancers. 26,27 Most sinonasal SCCs 
(approximately 60%) arise in the maxillary sinuses. Approxi¬ 
mately one third are found on the lateral nasal wall, whereas 
10% are ethmoidal. Primary carcinomas of the frontal and 
sphenoid sinuses are rare and constitute less than 2% of all 
sinonasal cancers. 26 Staging of these tumors follows the AJCC 
criteria (Table 40.15). Surgical resection is the preferred treat¬ 
ment for cure of sinonasal cancers. Cervical lymph node 
metastases are rare except in advanced-stage disease. Elective 
treatment of the neck is not indicated for T1 and T2 tumors. 
The approach to and extent of surgical resection depends on 
the location and stage of the primary tumor. For maxillary 
sinus tumors, options include partial or total maxillectomy 


FIGURE 40.8. Intraoperative photograph demon¬ 
strating the left neck after performance of a selective 
(supraomohyoid) neck dissection. Selective neck dis¬ 
section is generally a low-morbidity procedure. Vital 
structures such as the internal jugular vein (IJV), com¬ 
mon carotid artery (CCA), and spinal accessory nerve 
{large arrow) are carefully preserved. In the context of 
an NO neck, other nonvital structures such as the ster¬ 
nocleidomastoid muscle (SCM), external jugular vein 
(EJV), greater auricular nerve (GAN), cervical sensory 
rootlets ( small arrows) and ansa cervicalis ( asterisks) 
may also be spared. 
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ITABLE 40.14 

GLASSIFICATION | 

CLASSIFICATION OF NECK DISSECTIONS 

Radical neck dissection 

Lymph node levels I-V, SCM, IJV, and XI are removed 

Modified radical neck dissection 
(MRND) 

Node-bearing tissues from levels I-V are removed, 
but at least one of the above mentioned nonlymphatic 
structures is spared 

MRND type I 

Removal of levels I-V, SCM, IJV 

MRND type II 

Removal of levels I-V, IJV 

MRND type III 

Removal of levels I-V only 

Selective neck dissections 

Fewer than levels I-V are removed 

Supraomohyoid neck dissection 

For NO tumors of the oral cavity 
Anterolateral neck dissection 

Levels I-III 

For NO tumors of the oropharynx 

Lateral neck dissection 

Levels I-IV 

For NO tumors of the 
hypopharynx and larynx 

Levels II-IV 

Posterolateral neck dissection 


For NO cutaneous malignancies 
of the temporal/scalp region 

Levels II-V 

SCM, sternocleidomastoid; IJV, internal jugular vein; XI, spinal accessory nerve. 


with or without orbital exenteration. Ethmoidal tumors 
require external ethmoidectomy via anterior subcranial or mid¬ 
face degloving approaches. Significant cranial base involve¬ 
ment necessitates a combined approach with neurosurgery (i.e., 
craniofacial resection). The orbit may be preserved in cases 


without radiographic or clinical evidence of direct invasion. 
However, if the apex, orbital fat, extraocular muscles, or eye¬ 
lids are involved, exenteration is indicated. 43 As with the 
benign sinonasal tumors, an increasing body of literature sug¬ 
gests that endoscopic surgery is a safe and effective alternative 


TABLE 40.15 STAGING 


AJCC STAGING CLASSIFICATION FOR TUMORS OF THE NASAL CAVITY AND PARANASAL SINUSES 

Maxillary Sinus 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor limited to the maxillary sinus mucosa with no bony erosion 

T2 Tumor erodes into the hard palate or middle meatus of the nose. Tumor does not involve the posterior maxillary wall or 

pterygoid plates 

T3 Tumor invades any of the following: posterior wall of the maxillary sinus, subcutaneous tissues, floor or medial wall of the 

orbit, pterygoid fossa, or ethmoid sinuses 

T4a Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform plate, sphenoid 
sinus, or frontal sinus 

T4b Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerve other than V2, 
nasopharynx, or clivus 

Nasal Cavity and Ethmoid Sinuses 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor restricted to any one subsite with or without bony invasion 

T2 Tumor invading two subsites within a single region or extending to involve an adjacent region within the nasoethmoidal 

complex, with or without bony invasion 

T3 Tumor invades the medial wall or floor of the orbit, maxillary sinus, palate, or cribriform plate 

T4a Tumor invades any of the following: anterior orbital contents, skin of nose or cheek, minimal invasion of anterior cranial 

fossa, pterygoid plates, sphenoid sinus, or frontal sinus 

T4b Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves other than V2, 
nasopharynx, or clivus 


From: American Joint Committee on Cancer. Cancer Staging Manual , 6th ed. New York: Springer-Verlag; 2002, with permission. 
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to open approaches. 44 Adjuvant radiation therapy is reserved 
for patients with advanced-stage disease (i.e., those with skull 
base, orbital, pterygopalatine fossa or infratemporal fossa inva¬ 
sion). Five-year disease-specific survival among these tumors is 
approximately 50%. 44 


Oral Cavity Carcinomas 

Oncologically, the oral cavity extends from the vermillion 
border to the anterior tonsillar pillar. It is divided into eight 
distinct subsites including the lips, buccal mucosa, maxillary 
and mandibular alveoli, mobile tongue (i.e., tip of the tongue 
to the linea terminalis and circumvallate papillae), floor of 
mouth, hard palate, and retromolar trigone. The AJCC stag¬ 
ing classification scheme for oral cavity tumors is presented in 
Table 40.16. Oral cavity carcinomas can be debilitating with 
regard to speech and deglutition. Functional and aesthetic 
reconstruction and rehabilitation present unique challenges 
among this patient population. 

The oral tongue is the most common site of origin, account¬ 
ing for 38% of all oral cavity carcinomas. This is followed by 
the floor of mouth and the lips (26% and 18%, respectively). 
Each of the remaining subsites constitutes a small overall per¬ 
centage. 45 The following section reviews the management of 
the most frequently encountered oral cavity carcinomas. 

Oral Tongue. Early-stage oral tongue lesions may be 
treated with transoral partial glossectomy. Given the lack of 
fascial barriers to spread within the tongue musculature, wide 
excision with 2-cm margins is advised. Advanced-stage tumors 
may require mandibulotomy for exposure or in some cases 
mandibulectomy and composite resection. Primary closure, 
healing by secondary intention, or split-thickness skin grafting 
may be used for small defects. Tethering of the tongue to the 
floor of the mouth should be avoided. To provide adequate 
bulk and mobility for speech and food bolus propulsion, hemi- 
tongue or larger defects should be reconstructed with regional 
or microvascular free flaps. 

Because of its rich vascularity, lesions of the oral tongue 
tend to grow rapidly and develop early occult metastases. 
Nearly 40% of patients with T1 and T2 oral tongue carcinomas 


TABLE 40.16 STAGING 


AJCC STAGING CLASSIFICATION FOR TUMORS OF THE LIP 
AND ORAL CAVITY 


Tx 

Primary tumor cannot be assessed 

TO 

No evidence of primary tumor 

T1 

Tumor is 2 cm or less in greatest dimension 

T2 

Tumor is greater than 2 cm, but <=4 cm in greatest 
dimension 

T3 

Tumor is greater than 4 cm in greatest dimension 

T4 

(Lip) Tumor invades through cortical bone, inferior 
alveolar nerve, floor of mouth, or facial skin (cheek 
or nose) 

T4a 

(Oral Cavity) Tumor invades adjacent structures: e.g., 
through cortical bone, into deep (extrinsic) muscle of 
tongue (genioglossus, hyoglossus, palatoglossus, 
styloglossus), maxillary sinus, skin of face 

T4b 

(Oral Cavity) Tumor invades masticator space, 
pterygoid plates, or skull base and/or encases internal 
carotid artery 

From: American Joint Committee on Cancer. Cancer Staging Manual , 

6th ed. New York: Springer-Verlag; 2002, with permission. 


will have developed occult nodal disease at the time of presen¬ 
tation. 46 This may be related to the depth of tumor invasion as 
lesions with greater than 2 mm thickness have nearly four 
times the rate of nodal metastases of thinner tumors (47% vs. 
12%). 47 At present, elective neck dissection is indicated for all 
but the most superficially invasive T1 tumors. 48 Bilateral lym- 
phadenectomy should be performed for lesions approaching 
the midline. The prognostic significance of nodal metastases 
cannot be overstated. Five-year survival is approximately 75% 
among patients with localized disease. In the presence of 
advanced T-stage or regional nodal metastases, this drops to 
25% to 48%. 45,49 

Floor of Mouth. As with the oral tongue, floor of mouth 
cancers have a high propensity for early nodal metastases. 
Though nearly 60% of patients will be clinically NO at presen¬ 
tation, 50 nearly 21% with T1 disease and 62% with T2 tumors 
will harbor occult metastases. 51 Likewise, the risk of regional 
lymphatic spread is correlated to the depth of invasion at the 
primary site. 52 Elective neck dissection is thus advocated even 
in the case of T1 disease. Bilateral neck dissection should be 
performed for tumors approaching midline. In addition, bilat¬ 
eral neck dissection is recommended for patients with bulky 
(T3/T4) tumors and in patients with clinically positive ipsilat- 
eral nodes as the incidence of occult contralateral disease is 
approximately 21% and 36%, respectively. 53 Involvement of 
the submandibular gland may also occur in these tumors. This 
may result from direct invasion by bulky, aggressive tumors, 
but also indirectly along the submandibular duct. Many of 
these cancers are in close proximity to the Wharton duct 
papilla. This provides a preformed pathway for even the small¬ 
est floor of mouth lesions. Consequently, it is recommended 
that the ipsilateral submandibular gland be excised along with 
the primary tumor and neck contents. 

Surgery is the treatment of choice for floor of mouth can¬ 
cers. Local resection with or without adjuvant radiation ther¬ 
apy provides superior disease control to radiation therapy 
alone for early-stage tumors. 50 If the resection is limited to the 
mucosa and submucosa, split-thickness skin grafts may be 
used to resurface the floor of mouth and ventral tongue with 
excellent functional outcomes. In advanced disease, treatment 
typically involves composite resection—in many cases includ¬ 
ing glossectomy and mandibulectomy. Adjuvant radiation or 
chemoradiation is used in such cases. These patients typically 
require microvascular free flap reconstruction. Composite 
flaps such as the osteocutaneous fibular free flap are often used 
for this purpose, allowing for re-establishment of the bony 
mandibular contour and excellent functional outcomes. The 
5-year disease-specific survival for floor of mouth carcinomas 
is 72% for stage I disease, 63% for stage II, 44% for stage III, 
and 47% for stage IV. 50 

Lip. The lip is the third most common site for cancer in the 
oral cavity. 45 Squamous cell carcinoma accounts for 90% of 
these lesions. 54 The lower lip is affected much more frequently 
than the upper lip, with nearly 95% of cases involving the for- 
mer.55’56 Most of these patients present with local disease, and 
the long-term prognosis is excellent. The actuarial 5-year over¬ 
all survival for lip cancers is in excess of 90%. 45 Treatment is 
typically surgical and involves full-thickness resection with wide 
margins. If resection involves less than one third of the lip, pri¬ 
mary closure or w-plasty may be used. However, larger defects 
that involve up to two thirds of the lip require local flaps such 
as the Karapandzic, Abbe, or Estlander. If more than two thirds 
of the lip is removed, more complex reconstruction such as the 
Bernard-Burrows, or, in some cases, microvascular free flaps are 
needed. The goal of lip reconstruction is to maintain oral com¬ 
petence while minimizing microstomia. Meticulous technique in 
reapproximating the vermillion border is a must. 

Lymph node metastases in lip cancers are exceedingly rare. 
Most patients will present with T1 and T2 lesions, and among 








Chapter 40: Head and Neck 


623 


these lesions, the incidence of occult nodal metastasis is less 
than 5%. However, in patients with T3 and T4 tumors, the 
rate nears 25%. Tumors involving the oral commissure also 
have elevated rates of occult cervical lymph node involvement 
that is independent of T stage. 55 Elective neck dissection should 
be performed for patients with clinical evidence of disease and 
also for those with bulky primary tumors and those involving 
the oral commissure. 


Oropharyngeal Carcinomas 

The oropharynx extends from the anterior tonsillar pillars and 
the junction of the soft and hard palate to the level of the hyoid 
bone. Oropharyngeal subsites include the palatine tonsils, base 
of tongue, soft palate, and posterior oropharyngeal wall. The 
current primary tumor staging is listed in Table 40.17. Nearly 
90% of oropharyngeal cancers are squamous cell carcino¬ 
mas. 54 The symptoms of oropharyngeal carcinomas are typi¬ 
cally vague, and primary tumors may be difficult to assess. 
Consequently, delay in diagnosis is common and nearly 70% of 
patients will present with advanced disease. 45,54 Because of the 
rich vascularity of this region and bilateral lymphatic drainage 
patterns, these patients often develop bilateral or even con¬ 
tralateral nodal metastases. The tonsillar fossa is the most com¬ 
mon site for primary tumors of the oropharynx, followed 
closely by the base of tongue. Primary tumors of the soft palate 
and posterior oropharyngeal wall occur much less frequently. 

For early-stage, localized disease, surgery and radiation 
have approximately equal cure rates, with nearly 90% local 
control rates for the pooled group of oropharyngeal can¬ 
cers. 57,58 Ablative surgery of the oropharynx—particularly the 
tongue base—can have significant effects on speech and swal¬ 
lowing. Radiation therapy results in less functional impair¬ 
ment and is in most cases the preferred initial treatment for T1 
and T2 tumors. Advanced-stage disease is typically treated 
with multimodal therapy including surgery with adjuvant 
radiation or chemoradiation. Among all head and neck sites, 
surgical resections of the oropharynx are the most likely to 
result in functional morbidity with respect to speech, degluti¬ 
tion, and management of airway secretions. Historically, tongue 
base resections very often necessitated the performance of a 
total laryngectomy as a means to prevent chronic aspiration. 
For several years, pedicled pectoralis major myocutaneous flaps 
were used to offset some of these difficulties. However, these 
have fallen out of favor because of pedicle retraction, unpre¬ 
dictability of residual bulk, and their insensate nature. As 


TABLE 40.17 STAGING 


AJCC STAGING CLASSIFICATION FOR PRIMARY TUMORS OF 
THE OROPHARYNX 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor is 2 cm or less in greatest dimension 

T2 Tumor is greater than 2 cm but less than or equal to 

4 cm in greatest dimension 

T3 Tumor is greater than 4 cm in greatest dimension 

T4a Tumor invades the larynx, deep/extrinsic muscle of 
tongue, medial pterygoid, hard palate, or mandible 

T4b Tumor invades the lateral pterygoid muscle, 

pterygoid plates, lateral nasopharynx, or skull base 
or encases carotid artery 


From: American Joint Committee on Cancer. Cancer Staging Manual , 
6th ed. New York: Springer-Verlag; 2002, with permission. 


reconstructive surgery has grown more sophisticated, 
microvascular free flaps have supplanted their use and have 
become the gold standard for oropharyngeal reconstruction. 
Microvascular free flaps have resulted in approximately 80% 
to 90% of patients returning to a normal diet. Conversely, this 
figure is approximately 40% to 50% after pedicled myocuta¬ 
neous flaps. 59 

For patients with localized disease, the 5-year overall sur¬ 
vival is approximately 73%. However, this drops to less than 
40% among patients with regional lymph node involvement. 45 
Five-year survival for tongue base carcinomas is approxi¬ 
mately 67% for stages I and II, 66% for stage III, and 50% for 
stage IV. 58 These numbers are slightly better for tonsil carcino¬ 
mas, where survival is approximately 80% among patients 
with stages I and II disease and 40% to 50% for stages III and 
IV. 60 

Recent data suggest that definitive chemoradiation may 
provide similar rates of disease control and survival to those 
historically observed for standard sequential therapy (surgery 
plus radiation). 61 This approach is thought to provide superior 
functional outcomes. 62 However, long-term quality of life 
scores are remarkably similar between chemoradiated patients 
and those treated with surgery followed by free flap recon¬ 
struction. 63 

An increasing body of evidence implicates human papil¬ 
loma virus (HPV), particularly HPV-16, in the pathogenesis of 
oropharyngeal squamous cell carcinoma. 4,64 Approximately 
50% of oropharyngeal cancers have been shown to contain 
HPV DNA. Though histologically similar, HPV-positive and 
HPV-negative squamous cell cancers differ with respect to 
their pathogenesis, patient characteristics, and clinical behav¬ 
ior. Patients with HPV-positive tumors tend to have a better 
overall prognosis. Cancer-related mortality may be reduced by 
up to 80% when compared to patients with HPV-negative 
tumors. 64 These data seem to suggest that HPV-positive and 
HPV-negative oropharyngeal cancers are distinct disease 
processes. However, the therapeutic implications of this are yet 
to be determined. 


Nasopharyngeal Carcinoma 

Nasopharyngeal carcinoma (NPC) is a relatively uncommon 
diagnosis in the United States, though it is prevalent in other 
parts of the world—particularly in Southern China, where the 
disease is endemic. The risk of NPC remains elevated in 
patients who have emigrated from these areas, suggesting that 
both environmental and genetic factors contribute to its patho¬ 
genesis. 65 Environmental agents include nitrosamines such as 
those present in cured meats and fish, cigarette smoking, 
formaldehyde, wood dust, and polycyclic hydrocarbons. 66 
However, Epstein-Barr virus (EBV) is the most widely impli¬ 
cated etiologic agent. More than 90% of endemic NPC and 
over 60% of cases worldwide are associated with EBV. 67-69 
Though NPC is a squamous cell carcinoma, there are three dis¬ 
tinct histologic classifications based on the degree of differenti¬ 
ation: keratinizing, nonkeratinizing, and undifferentiated. The 
World Health Organization (WHO) has designated these as 
types I, II, and III, respectively. WHO type III is the most com¬ 
mon, accounting for 63% of North American cases and 95% 
of endemic cases in China. In China, types I and II account for 
less than 5% of all cases. However, WHO type I NPC occurs 
much more frequently in North America, where up to 40% of 
the cases may be of the keratinizing variety. 70,71 Endemic/EBV- 
associated NPC is typically WHO types II and III whereas spo¬ 
radic NPC is most frequently keratinizing (type I). However, 
molecular detection methods have identified EBV DNA among 
a significant proportion of type I NPCs as well. 72 

The most common presenting symptom of a patient with 
NPC is a neck mass. This is followed closely by nasal obstruc¬ 
tion and otologic complaints. 65,68,73 Advanced disease may be 
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heralded by cranial neuropathies, headache, or mental status 
changes. These tumors most typically arise within the Fossa of 
Rosenmuller, an anatomic region situated in the superolateral 
nasopharynx—just above the torus tubarius. The close prox¬ 
imity of these masses to the eustachian tube orifice is responsi¬ 
ble for the high prevalence of aural pressure, hearing loss, and 
serous otitis media among patients with NPC. Indeed, the 
presence of an unexplained unilateral middle ear effusion 
necessitates visualization of the nasopharynx (either via 
endoscopy or high-resolution imaging) to rule out NPC. 

Diagnosis is confirmed by biopsy and should be followed 
by imaging of the temporal bones and skull base with MRI. 
This will allow for more accurate staging and treatment plan¬ 
ning. The staging classification of NPC differs somewhat from 
that of other head and neck subsites, particularly with refer¬ 
ence to cervical lymph node metastases (Table 40.18). Radia¬ 
tion therapy is the mainstay of treatment, though a recent 
phase III clinical trial suggests that concomitant chemoradia- 
tion provides improved locoregional control and disease- 


TABLE 40.18 STAGING 


AJCC STAGING CLASSIFICATION FOR PRIMARY TUMORS 
OF THE NASOPHARYNX 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor confined to the nasopharynx 

T2 Tumor extends to soft tissues 

T2a: Tumor extends to the oropharynx and/or nasal 

cavity without parapharyngeal extension 

T2b: Any tumor with parapharyngeal extension 

T3 Tumor invades bony structures and/or paranasal 

sinuses 

T4 Tumor with intracranial extension and/or 

involvement of cranial nerves, infratemporal fossa, 
hypopharynx, orbit, or masticator space 

Nx Regional lymph nodes cannot be assessed 

NO No evidence of regional lymph node metastasis 

N1 Unilateral metastasis in lymph node(s), not more 

than 6 cm in greatest dimension, above the 
supraclavicular fossa 

N2 Bilateral metastasis in lymph node(s), not more 

than 6 cm in greatest dimension, above the 
supraclavicular fossa 

N3 Metastasis in a lymph node(s) larger than 6 cm 

and/or to supraclavicular fossa 

N3a: Larger than 6 cm 

N3b: Extension to the supraclavicular fossa 

Stage Grouping 


Stage I 

Tl, NO, M0 

Stage Ha 

T2a, NO, M0 

Stage lib 

Tl, Nl, M0 

T2, N0-1, M0 

Stage III 

T3, N0-1, M0 
Tl-3, N2, M0 

Stage IVa 

T4, NO-2, M0 

Stage IVb 

Any T, N3, M0 

Stage TVc 

Any Ml 


From: American Joint Committee on Cancer. Cancer Staging Manual , 
6th ed. New York: Springer-Verlag; 2002, with permission. 


specific survival among patients with the endemic form of the 
disease. 74 Survival is strongly correlated to the histologic type, 
with WHO type III disease having a better prognosis than types 
II and I, respectively. Five-year overall survival is approxi¬ 
mately 68% for type III, 56 % for type II, and 46% for WHO 
type I NPC. 70 


Hypopharyngeal Carcinomas 

The hypopharynx is a region that extends from the hyoid bone 
to the esophageal inlet and includes the pyriform sinuses, post¬ 
cricoid region, and posterior hypopharyngeal walls. Squa¬ 
mous cell carcinoma of the hypopharynx is extremely aggres¬ 
sive, and the prognosis is poor irrespective of the therapeutic 
regimen used. The use of tobacco and alcohol account for a 
great number of hypopharyngeal carcinomas. However, sev¬ 
eral other risk factors including Plummer-Vinson syndrome, 
Fanconi anemia, and gastroesophageal reflux disease have also 
been reported. 75-77 Patients will typically present with dyspha¬ 
gia, odynophagia, and otalgia. In addition, the hypopharynx 
has a rich lymphovascular supply and nodal metastases are 
common. Nearly 65% will present with N+ disease and more 
than three fourths of patients with clinically negative necks 
will harbor occult metastases. 78,79 Contralateral disease is fre¬ 
quent, especially among tumors approaching the midline and 
those with clinically positive disease on the ipsilateral side. 79 

Hypopharyngeal tumors are not readily visible on routine 
examination. Coupled with the vagueness of the symptoms, 
this often results in a delay in diagnosis. Nearly 80% will pre¬ 
sent with stage III or IV disease. 54 The primary tumor staging 
system may be seen in Table 40.19. 

Early-stage disease may be treated using either definitive 
radiation therapy or open partial pharyngectomy/partial laryn- 
gopharyngectomy. 80 Advanced disease requires a combined 
approach using surgery and adjuvant radiation or chemoradia- 
tion. Surgery typically involves total laryngopharyngectomy 
and flap reconstruction. The submucosal lymphatic plexus of 
the hypopharynx is extensive and allows for proximal and dis¬ 
tal spread of disease. This often necessitates a wide margin that 
may extend beyond the thoracic inlet. In these cases, resection 
includes not only total laryngopharyngectomy but also 
esophagectomy. Gastric pullup or jejunal free flap reconstruc¬ 
tion is necessary in this circumstance. 81 Given the morbidity of 
these procedures and the dismal prognosis, organ-preservation 


TABLE 40.19 STAGING 


AJCC STAGING CLASSIFICATION FOR PRIMARY TUMORS 
OF THE HYPOPHARYNX 


Tx 

Primary tumor cannot be assessed 

TO 

No evidence of primary tumor 

Tl 

Tumor involves one subsite of the hypopharynx and 
is less than or equal to 2 cm in greatest dimension 

T2 

Tumor involves more than one subsite of 


hypopharynx or adjacent site or measures >2 cm but 
not more than 4 cm in greatest diameter without 
fixation of hemilarynx 

T3 

Tumor measures >4 cm in greatest dimension or with 
fixation of hemilarynx 

T4 

Tumor invades thyroid/cricoid cartilage, hyoid bone, 
thyroid gland, esophagus, or central compartment 
soft tissues 

From: American Joint Committee on Cancer. Cancer Staging Manual , 
6th ed. New York: Springer-Verlag; 2002, with permission. 
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protocols are now frequently used in the management of 
advanced hypopharyngeal carcinomas. The overall survival is 
similar to that obtained after surgery and adjuvant radiation 
therapy. 82 Published 5-year overall survival rates are approxi¬ 
mately 58%, 43%, 31%, and 13% for stages I, II, III, and IV, 
respectively. 83 


Laryngeal Carcinomas 

Cancers of the larynx receive a great deal of attention among 
both the medical and the lay community. This is not surprising 
given the vital role that this organ plays in speech, swallowing, 
and respiration. The psychosocial implications of laryngeal 
disease and its varied therapies are significant. Indeed, quality 
of life issues are more evident here than perhaps for any other 
head and neck subsite. For this reason, functional preservation 
of the larynx has become central to treatment paradigms for 
laryngeal carcinomas. However, as with any head and neck 
tumor, eradication of disease remains the primary goal. Fortu¬ 
nately, modern protocols have allowed for organ preservation 
in a significant proportion of early and advanced laryngeal 
carcinomas. Among those patients who do undergo total 
laryngectomy, there are a host of options that provide for ala- 
ryngeal speech as well. 

The larynx itself is divided into three subsites: the supra¬ 
glottis, the glottis, and the subglottis. The supraglottic larynx 
extends from the root of the epiglottis in the vallecula down to 
the ventricle. It includes the epiglottis, ary epiglottic folds, ary¬ 
tenoid cartilages, and false vocal folds. The glottis is the space 
encompassed by the true vocal folds. Oncologically, this sub¬ 
site includes the true vocal folds and the mucosal surfaces 
approximately 5 mm above and below them. The subglottis 
begins at the inferior extent of the glottis and extends 1 cm dis- 
tally into the trachea. 

Given that even small perturbations of normal laryngeal 
airflow will result in dysphonia, many laryngeal cancers will 
present at early stages. This is particularly true of glottic carci- 
Q nomas. Given the relative ease of diagnosis and the curability 
of these early-stage lesions, any hoarseness present for more 
than 3 weeks should be evaluated by direct or indirect laryn¬ 
goscopy. Other symptoms of laryngeal cancers include 
referred otalgia, hemoptysis, stridor, dysphagia, odynophagia, 
and a neck mass. Larger tumors may result in dyspnea and air¬ 
way obstruction. Supraglottic and subglottic tumors are par¬ 
ticularly prone to this, as they may not manifest (i.e., with 
hoarseness) until the primary tumor is at an advanced stage. 

As a general rule, equal cure rates may be achieved for 
stages I and II disease using either radiation therapy or surgery 
as a single modality. Radiation therapy typically results in bet¬ 
ter functional outcomes and is typically the primary treatment 
of choice. Stages III and IV disease most often requires 
extended partial laryngectomy or total laryngectomy with 
adjuvant radiation or chemoradiation therapy. The functional 
and social consequences of total laryngectomy can be signifi¬ 
cant. As a consequence, organ-preservation protocols have 
been developed as an alternative to laryngectomy in these 
cases as well. The concept of organ preservation for laryngeal 
carcinoma was championed after the publishing of a landmark 
study conducted through the Department of Veterans 
Affairs. 84 This seminal study used induction chemotherapy 
(cisplatin plus 5-fluorouracil) and external-beam radiation 
therapy as an alternative to total laryngectomy with adjuvant 
radiation therapy for patients with advanced laryngeal carci¬ 
noma. The 5-year survival rates among the two groups were 
42% and 46% (p = NS). However, it was found that nearly 
two thirds of the patients in the organ preservation arm had 
laryngeal preservation at 5 years. Subsequent studies have 
confirmed chemo/radiation as an oncologically equivalent 
but functionally superior treatment for advanced laryngeal 
carcinoma. Today, induction chemotherapy has largely been 


replaced by concurrent chemoradiation therapy as it was 
found to provide even greater rates of laryngeal preservation. 85 
However, patients must be carefully selected for organ preser¬ 
vation protocols as there is speculation that their indiscrimi¬ 
nate use may be responsible for an overall decrease in survival 
observed in recent years. 86 

Supraglottic Carcinoma. The supraglottic larynx accounts 
for approximately 32% of all laryngeal carcinomas. 86 Staging 
of these tumors is outlined in Table 40.20. Unlike other head 
and neck cancers, laryngeal tumor stage is not based on size. 
Rather, it includes information regarding the number of sub¬ 
sites involved, degree of functional impairment of the vocal 
folds, and involvement of surrounding structures. Even small 
tumors of the supraglottis may be advanced-stage lesions if 
they invade the pre-epiglottic space or cause vocal fold fixa¬ 
tion. The supraglottis has a rich lymphovascular supply, which 
facilitates early bilateral nodal metastases even among small 
primary tumors. Although more than two thirds of patients 
will be clinically NO at presentation, 87 the rate of occult metas¬ 
tases is 20%, 25%, and 40% among T2, T3, and T4 tumors, 
respectively. 88 

Management of early supraglottic carcinomas may be 
through single-modality therapy with either radiation or 
surgery. Disease-specific survival for stage I and II supraglottic 
cancers are approximately 79% and 76%, respectively. Surgery 
for T1 and T2 supraglottic carcinoma involves open supraglot¬ 
tic laryngectomy. In recent years transoral laser resection has 
emerged as an alternative to the open procedure. Local control 
rates and disease-specific survival for T1 and T2 disease are 
equivalent to historical controls undergoing open supraglottic 
laryngectomy. 89,90 Advanced-stage supraglottic carcinomas 
should be treated with a multimodal approach. Surgery with 
adjuvant radiation/chemoradiation or definitive chemoradia¬ 
tion may be used. Surgical resection classically involved total 
laryngectomy. Alternatively, selected T1 to T3 glottic, supra¬ 
glottic, and transglottic tumors may be surgically addressed via 
the supracricoid laryngectomy. This procedure is a form of par¬ 
tial laryngectomy that involves removal of the entire thyroid 
cartilage, true vocal folds, and supraglottic larynx. The cricoid 
cartilage and at least one arytenoid cartilage are preserved. 
This allows for preservation of a limited but functional voice. 
However, these patients must be carefully selected as nearly all 
will experience some degree of chronic aspiration. Contraindi¬ 
cations to supracricoid laryngectomy are fixation of the ary¬ 
tenoid, subglottic extent, cricoid invasion, extralaryngeal 
spread, and poor pulmonary reserve. In carefully selected 
patients at experienced centers, oncologic and functional 
results are similar to those obtained after total laryngectomy. 91 
Disease-specific survival rates for stages III and IV supraglottic 
carcinoma are 64% and 50%, respectively. 87 

Glottic Carcinoma. Glottic carcinomas account for 51% 
of all laryngeal cancers. 86 Given that even small glottic tumors 
can have a significant impact on the voice, patients will fre- ■ 
quently present with early-stage disease. The glottic larynx is 
devoid of lymphatics, and the incidence of nodal metastases is 
low in T1 and T2 disease. Elective neck dissection is reserved 
for patients with advanced primary tumors. Therapeutic neck 
dissection should be used for any clinically positive nodes. For 
early glottic cancers, radiation therapy or surgery may be used 
with equal cure rates. Disease-specific survival among T1 
tumors ranges from 89% to 100%. Patients with T2 tumors 
fare slightly worse, with published survival rates ranging 
between 75% and 90%. 86,92 From a surgical standpoint, open 
partial laryngectomy is the gold standard, with local control 
rates approaching 95% for T1 disease and 80% to 90% for 
T2. 92 However, transoral laser resection results in similar rates 
of disease control with less overall morbidity. Voice outcomes 
tend to be similar after radiation or laser excision of T1 
tumors, though radiation is superior in this regard when the 
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TABLE 40.20 STAGING 


AJCC STAGING CLASSIFICATION FOR PRIMARY TUMORS OF THE LARYNX 

Supraglottis 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor limited to one subsite of supraglottis with normal vocal fold mobility 

T2 Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis or 

region outside supraglottis (e.g., mucosa of base of tongue, vallecula, medial wall of 
pyriform sinus) without fixation of the hemilarynx 

T3 Tumor limited to larynx with vocal cord fixation and/or invades any of the 

following: postcricoid area, preepiglottic space, and/or minor cartilage erosion (e.g., 
inner cortex) 

T4a Tumor invades through the thyroid cartilage and/or invades tissues beyond the 

larynx (e.g., trachea, soft tissues of neck including deep extrinsic muscle of tongue, 
strap muscles, thyroid, or esophagus) 

T4b Tumor invades prevertebral space, encases carotid artery, or invades mediastinal 
structures 

Glottis 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tla Tumor limited to one vocal fold with normal vocal fold motion 

Tib Tumor involves both vocal folds with normal vocal fold motion 

T2 Tumor extends to supraglottic or subglottic larynx or with impaired vocal fold 

motion 

T3 Tumor limited to the larynx with vocal cord fixation and/or invades paraglottic 

space, and/or minor thyroid cartilage erosion (e.g., inner cortex) 

T4a Tumor invades through the thyroid cartilage and/or invades tissues beyond the 

larynx (e.g., trachea, soft tissues of neck including deep extrinsic muscle of tongue, 
strap muscles, thyroid, or esophagus) 

T4b Tumor invades prevertebral space, encases carotid artery, or invades mediastinal 
structures 

Subglottis 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor limited to subglottis 

T2 Tumor extends to vocal folds with normal or impaired mobility 

T3 Tumor limited to larynx with vocal cord fixation 

T4a Tumor invades through the thyroid cartilage and/or invades tissues beyond the 

larynx (e.g., trachea, soft tissues of neck including deep extrinsic muscle of tongue, 
strap muscles, thyroid, or esophagus) 

T4b Tumor invades prevertebral space, encases carotid artery, or invades mediastinal 
structures 


From: American Joint Committee on Cancer. Cancer Staging Manual , 6th ed. New York: Springer-Verlag; 
2002, with permission. 


primary tumor is larger. 92 Stages 3 and 4 lesions are managed 
similar to supraglottic tumors. Total laryngectomy and, in 
selected cases, supracricoid laryngectomy with bilateral neck 
dissection and adjuvant radiation/chemoradiation or definitive 
chemoradiation (in selected cases) may be used. Five-year sur¬ 
vival for locally advanced stages III and IV glottic carcinoma is 
60% and 53%, respectively. In the presence of regional nodal 
disease, these numbers decrease significantly. 86 

Subglottic Carcinoma. Subglottic cancers represent 2% of 
all malignant laryngeal tumors. Consequently, there are lim¬ 
ited data with regard to treatment and outcomes. The litera¬ 
ture suggests that most patients present with advanced-stage 
disease and that the prognosis is dismal. Current recommen¬ 


dations for stages I and II disease is definitive radiation ther¬ 
apy, with local control and survival rates of approximately 
65% to 70%. 93,94 Advanced disease often involves the thyroid 
gland, paratracheal lymph nodes, trachea, and other structures 
of the superior mediastinum. Total laryngectomy with tracheal 
resection and adjuvant radiation/chemoradiation are advo¬ 
cated. Despite aggressive local and systemic therapy, the prog¬ 
nosis is poor, with overall survival nearing 25%. 94 
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ESOPHAGUS 


CHAPTER 41 ESOPHAGEAL ANATOMY 

AND PHYSIOLOGY AND 
GASTROESOPHAGEAL 
REFLUX DISEASE 


JEFFREY H. PETERS, VIRGINIA R. LITTLE, AND THOMAS J. WATSON 


KEY POINTS 


Q The lymphatics of the esophagus form a rich submucosal 
network draining into regional lymph nodes in the 
periesophageal connective tissue; thus, little barrier exists 
to the longitudinal spread of esophageal cancer. 

Q The diagnosis of gastroesophageal reflux based on symp¬ 
toms alone is correct in only approximately two thirds of 
patients because the symptoms are often nonspecific and 
can be caused by other conditions. 

Q The three characteristics of the lower esophageal sphincter 
that maintains its resistance or “barrier” function to intra- 
gastric and intra-abdominal pressure challenges are pres¬ 
sure, overall length, and length exposed to the positive- 
pressure environment of the abdomen. 

^An important complication of gastroesophageal reflux is 
the development of reflux-induced respiratory symptoms 
either with or without heartburn. 

Q Antireflux surgery improves respiratory symptoms in 
nearly 90% of children and 70% of adults with asthma 
and reflux disease. 

Q Factors predisposing to the development of Barrett esoph¬ 
agus include early-onset gastroesophageal reflux disease, 
abnormal lower esophageal and esophageal body physiol¬ 
ogy, and mixed reflux of gastric and duodenal contents 
into the esophagus. 

Q Proton pump inhibitor therapy, both to relieve symptoms 
and to control esophagitis, is an acceptable treatment, 
although most patients will require life-long treatment. 

Q Progression of nondysplastic Barrett epithelium occurs 
with 5% to 10% of patients per year progressing to dys¬ 


plasia and 0.5% to 1% per year progressing to adeno¬ 
carcinoma. 

Q Until recently, esophagectomy was considered the standard 
of care for patients with high-grade dysplasia. With the 
Western acceptance of an Eastern modality, endoscopic 
mucosal resection is becoming an increasingly attractive 
option for patients with high-grade dysplasia and intramu- 
cosal cancers. 

© The standard of care for the treatment of confirmed Barrett 
esophagus with high-grade dysplasia has been esophagec¬ 
tomy because approximately 35% of patients will harbor 
invasive adenocarcinoma. Where expertise exists, endo¬ 
scopic therapies such as endoscopic resection or mucosal 
ablation are being increasingly utilized in highly selected 
patients with high-grade dysplasia or early esophageal car¬ 
cinoma. 

0 The mainstay of maintenance medical therapy is acid sup¬ 
pression. Patients with persistent symptoms should be 
given proton pump inhibitors, such as omeprazole. In 
doses as high as 40 mg/d, they can effect an 80% to 90% 
reduction in gastric acidity. Such a regimen usually heals 
mild esophagitis, but healing may occur in only three 
fourths of patients with severe esophagitis. 

0 Three factors predictive of a successful outcome following 
antireflux surgery are (a) an abnormal score on 24-hour 
esophageal pH monitoring; (b) the presence of typical symp¬ 
toms of gastroesophageal reflux disease, namely, heartburn 
or regurgitation; and (c) symptomatic improvement in 
response to acid suppression therapy prior to surgery. 


ANATOMY 

A detailed knowledge of the anatomic relationships of the 
esophagus is essential for the surgeon to plan and perform safe 
surgery, as well as to understand the significance of abnormal¬ 
ities detected on studies such as upper endoscopy, barium 
roentgenography, or computed tomography. 1 In this section, 
the embryology of the esophagus is first described, then the 
topographic relations of the esophagus are covered, and finally 
the conduct of investigations that yield anatomic information 
is addressed. 

The embryology of the esophagus is important in under¬ 
standing the pathogenesis of congenital malformations of the 
esophagus and trachea. The embryonic esophagus forms when 


paired longitudinal grooves appear on each side of the laryn¬ 
gotracheal diverticulum. These grooves subsequently grow 
medially and fuse to form the tracheoesophageal septum. This 
septum divides the foregut into the ventral laryngotracheal 
tube and the dorsal esophagus. Incomplete fusion of the two 
lateral grooves was thought to be the major factor in the 
pathogenesis of congenital tracheoesophageal fistula, but the 
anomaly is now attributed to abnormal growth and differenti¬ 
ation of the lung buds. Initially the esophagus is short, but 
elongation occurs rapidly, and the final relative length is 
attained by the seventh gestational week. This is followed by 
endodermal proliferation, resulting in near obliteration of the 
esophageal lumen and subsequent recanalization by the devel¬ 
opment of large vacuoles that coalesce. The striated muscle of 
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the upper esophagus is derived from the caudal branchial 
arches and is innervated by the vagus nerve and its recurrent 
laryngeal branches. The smooth muscle of the lower esopha¬ 
gus arises from splanchnic mesenchyme and is supplied by a 
visceral nerve plexus derived from neural crest cells. The adult 
position of the vagus nerves on the esophagus is the result of 
unequal growth of the greater curve of the stomach relative to 
the lesser curve, resulting in rotation of the left vagus anteri¬ 
orly and the right vagus posteriorly. 

The cervical esophagus begins below the cricopharyngeus 
muscle, which itself is a continuation of the inferior constrictor 
of the pharynx. The potential space between these muscles pos¬ 
teriorly is the site where Zenker diverticulum develops. The cer¬ 
vical esophagus is about 5 cm long. It begins at the level of C6 
and extends to the lower border of Tl, curving slightly to the 
left in its descent. Anteriorly, it abuts against the trachea and 
posterior larynx and can be dissected off both organs if neces¬ 
sary. Posteriorly, the retroesophageal space is continuous with 
the retropharyngeal space above and the superior mediastinum 
below. Laterally, the omohyoid muscle crosses it obliquely and 
is usually divided to gain access to the esophagus. The carotid 
sheaths lie laterally and the lobes of the thyroid and the strap 
muscles anteriorly. The recurrent laryngeal nerves lie in the 
grooves between the esophagus and the trachea. The right 
recurrent nerve runs a more oblique course and is more prone to 
anatomic variants. Consequently, although the surgical 
approach to this portion of the esophagus may be from either 
side of the neck through an incision along the anterior border of 
sternocleidomastoid muscle, the left side is chosen if possible. 

The thoracic esophagus in its upper part is closely related to 
the posterior wall of the trachea. This close relation is respon¬ 
sible for the early spread of cancer of the upper esophagus into 
the trachea, and it limits the ability of the surgeon to perform 
an en bloc resection of such a tumor. Above the level of the tra¬ 
cheal bifurcation, the esophagus moves to the right of the 
descending aorta. It then moves to the left, passes behind the 
tracheal bifurcation and the left main bronchus, and descends 
to the diaphragm. In its lower third, the esophagus courses 
anteriorly and to the left to pass through the diaphragmatic 
hiatus. The lower esophagus is covered only by flimsy medi¬ 
astinal pleura on the left, and it is this portion that is most 
commonly the site of perforation in Boerhaave syndrome. The 
azygos vein is closely related to the esophagus as it arches from 
its paraspinal position over the right main bronchus to enter 


the superior vena cava. The thoracic duct ascends behind and 
to the right of the distal esophagus, but at the level of T5 it 
passes posterior to the aorta and ascends on the left side of the 
esophagus and posterior to the left subclavian artery. 

Throughout its length, the attachments of the esophagus to 
its adjacent structures other than the posterior trachea are flimsy. 
This accounts for the ease with which the esophagus may be 
bluntly mobilized out of the mediastinum during transhiatal 
esophagectomy. In general, the lower esophagus is most easily 
approached through the left chest, but access to the supra-aortic 
esophagus is restricted. Thus, a left thoracotomy is most useful 
for performing Heller myotomy, transthoracic fundoplication, 
or resection of an epiphrenic diverticulum. Access to the entire 
thoracic esophagus can be obtained only from the right chest, 
but access to the intra-abdominal organs is restricted by the liver 
and normally requires a separate upper abdominal incision. 

The abdominal esophagus begins as the esophagus enters the 
abdomen through the diaphragmatic hiatus (Fig. 41.1). It is sur¬ 
rounded by a fibroelastic membrane, the phrenoesophageal lig¬ 
ament, which arises from the subdiaphragmatic fascia (Fig. 
41.2). The lower limit of the phrenoesophageal membrane ante¬ 
riorly is marked by a prominent fat pad, which corresponds to 
the gastroesophageal (GE) junction. The lower esophageal 
sphincter (LES) is a zone of high pressure 3 to 5 cm long at the 
lower end of the esophagus. 2 Although it does not correspond 
to any macroscopic anatomic structure, its function appears to 
be related to the microscopic architecture of the muscle fibers. 
The esophageal hiatus is formed by the right and left crura, 
which form a sling of muscular fibers arising by tendinous 
bands from the anterolateral surface of the first four lumbar ver¬ 
tebrae. The relative contributions of the right and left crura to 
the sling are variable. Surgeons name the crura from their rela¬ 
tion to the esophagus, whereas anatomists name them from their 
relation to the aorta. Thus, both right and left “surgical” crura 
originate from the right “anatomic” crus. Caudally, the crura 
are united by a tendinous arch, the median arcuate ligament, 
just anterior to the aorta at the level of the celiac axis. 

The blood supply and venous drainage are largely segmen¬ 
tal. The inferior thyroid artery provides the main blood supply 
to the cervical portion of the esophagus. This becomes impor¬ 
tant in a patient with a previous thyroidectomy, although 
ligation is usually performed distal to the esophageal branch. 
The thoracic portion of the esophagus receives its blood sup¬ 
ply from two sources. Usually, branches from two to three 


FIGURE 41.1. The diaphragm and esophageal hiatus 
viewed from below. 
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FIGURE 41.2. Attachments of the 
phrenoesophageal membrane. 


bronchial arteries provide the proximal arterial supply, and 
branches directly from the aorta supply the more distal tho¬ 
racic esophagus. The upper of these aortic branches arises 
between the sixth and seventh thoracic vertebrae; the lower 
one arises between the eighth and ninth thoracic vertebrae. 
Intrathoracic mobilization of the esophagus during the perfor¬ 
mance of antireflux procedures often requires ligation of these 


branches. The abdominal esophagus receives its blood supply 
from branches of the left gastric artery and inferior phrenic 
arteries (Fig. 41.3). A particularly constant artery at the base 
of the left surgical crus connects the inferior phrenic artery to 
branches of the left gastric artery and is sometimes called the 
Belsey artery. It is often seen during the crural dissection in 
performing laparoscopic fundoplication. Once the vessels have 



FIGURE 41.3. Arterial blood supply 
of the esophagus. 
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FIGURE 41.4. Venous drainage of 
the esophagus. 



entered the muscular wall of the esophagus, branching occurs 
at right angles to provide a longitudinal vascular plexus. This 
anatomic arrangement allows for mobilization of the esopha¬ 
gus from the stomach to the aortic arch without ischemic 
injury. 

A venous plexus in the submucosa collects capillary blood 
and delivers it into a periesophageal venous plexus. From this 
plexus, esophageal veins arise that empty into the inferior thy¬ 
roid vein proximally; into the bronchial, azygos, or hemiazy¬ 
gos veins in the thorax; and into the left gastric vein in the 
abdominal region (Fig. 41.4). The left gastric vein, or coronary 
vein, provides the principal collateral in portal hypertension 
when esophageal varices develop. The submucosal veins 
become much more superficial in the most distal esophagus, 1 
to 2 cm above the GE junction, and are consequently the most 
common site of bleeding in portal hypertension. The continu¬ 
ity between the submucosal venous networks of the esophagus 
and stomach provides an additional collateral pathway for 
portal blood to enter the superior vena cava through the azy¬ 
gos vein in patients with portal hypertension. 

The lymphatics of the esophagus form a rich submucosal 
network draining into regional lymph nodes in the perieso¬ 
phageal connective tissue (Fig. 41.5). Thus, little barrier exists 
to longitudinal spread of cancer in the esophagus; it is esti¬ 
mated that for every 1 cm of axial spread, there are 6 cm of lon¬ 
gitudinal spread. Lymphatic drainage from the upper two 
thirds of the esophagus is usually cephalad, but drainage from 
the lower one third is in both directions. In the cervical region, 
esophageal lymphatic drainage is toward the internal jugular 
and upper tracheal nodes. Posterior mediastinal nodes drain 
the thoracic portion of the esophagus dorsally. Drainage from 
the anterior portion of the thoracic esophagus is most often to 
tracheal nodes superiorly and subcarinal and paraesophageal 


nodes inferiorly. In the abdomen, the esophageal lymph drains 
to cardiac and celiac nodes, which may eventually drain into 
the cisterna chyli or the thoracic duct. Although lymphatic 
metastases in the esophagus generally involve the regional 
nodes in proximity, nodal involvement may occur several cen¬ 
timeters away from the primary lesion because of the rich 
intramural lymphatic anastomotic channels. When a carci¬ 
noma is limited to the mucosa (above the muscularis 
mucosae), the incidence of lymphatic metastases is low, but 
once it spreads into the submucosa, the incidence rises to 50% 
to 60%. The results of three-field lymph node dissection for 
esophageal carcinoma have emphasized the widespread lym¬ 
phatic connections within the esophagus. 

The innervation of the cricopharyngeal sphincter and cervi¬ 
cal portion of the esophagus is from both the right and left 
recurrent laryngeal nerves. 2 These nerves, arising from the 
vagus, travel dorsally around the subclavian artery on the 
right and the arch of the aorta on the left. Branching to both 
the esophagus and trachea occurs as these nerves ascend in the 
tracheoesophageal groove. The nerve may be injured during 
dissection of the upper esophagus in the neck or during the 
mediastinal dissection in transhiatal esophagectomy. Although 
much attention is given to the vocal cord dysfunction that 
accompanies recurrent laryngeal nerve damage, it is also clear 
that cricopharyngeal sphincter dysfunction and motility prob¬ 
lems of the cervical esophagus can occur with injury to these 
nerves. Serious aspiration following recurrent nerve injury is 
caused not only by cricopharyngeal dysfunction, but also by 
the additional morbidity incurred because of inability to close 
the glottis during swallowing and loss of the protection 
afforded by effective coughing. 

Branches from the left recurrent laryngeal nerve and from 
both vagus nerves provide innervation of the upper thoracic 
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FIGURE 41.5. Lymphatic drainage of the esopha¬ 
gus. 


esophagus. The esophageal plexus on the anterior and poste¬ 
rior wall of the esophagus provides innervation for the lower 
esophagus. The esophageal plexus also receives fibers from the 
thoracic sympathetic chain. The single trunks located distally 
contain fibers from both right and left original vagus nerves. 

Efferent preganglionic sympathetic fibers supplying the 
esophagus arise from the fourth to sixth thoracic spinal cord 
segments and terminate in the cervical and thoracic sympa¬ 
thetic ganglions. Fibers from the superior cervical ganglion 
arrive at the pharyngeal plexus by way of vagal nerves. The 
postganglionic fibers reach the esophagus by branches from the 
cervical and thoracic sympathetic chain. The distal esophageal 
segments also receive direct sympathetic fibers from the celiac 
ganglion. 

Afferent visceral sensory pain fibers from the esophagus 
terminate without synapsing in the first four segments of the 
thoracic spinal cord, following both sympathetic and vagal 
pathways. Pain fibers from the heart also travel in this same 
pathway, which explains the similarity of the symptoms in 
many esophageal and cardiac diseases. 


PHYSIOLOGY 


The act of alimentation requires the passage of food and drink 
from the mouth into the stomach. Food is taken into the mouth 
in a variety of bite sizes, where it is broken up, mixed with 
saliva, and lubricated. Swallowing, once initiated, is entirely a 
reflex. When food is ready for swallowing, the tongue, acting 
like a piston, moves the bolus into the posterior oropharynx 
and forces it into the hypopharynx. 3 Concomitantly with the 
posterior movement of the tongue, the soft palate is elevated, 
thereby closing the passage between the oropharynx and 
nasopharynx. This partitioning prevents pressure generated in 
the oropharynx from being dissipated through the nose. When 
the soft palate is paralyzed, as following a cerebral vascular 
accident, food is commonly regurgitated into the nasophar¬ 
ynx. During swallowing, the hyoid bone moves upward and 
anteriorly, elevating the larynx and opening the retrolaryngeal 
space, bringing the epiglottis under the tongue. The backward 
tilt of the epiglottis covers the opening of the larynx to prevent 
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aspiration. The whole pharyngeal part of swallowing occurs 
within 1.5 seconds. 

During swallowing, the pressure in the hypopharynx rises 
abruptly to at least 60 mm Hg because of the backward move¬ 
ment of the tongue and contraction of the posterior pharyn¬ 
geal constrictors. A sizable pressure difference develops 
between the hypopharyngeal pressure and the less-than- 
atmospheric mid-esophageal or intrathoracic pressure. This 
pressure gradient speeds the movement of food from the 
hypopharynx into the esophagus when the cricopharyngeus or 
upper esophageal sphincter relaxes. The bolus is both pro¬ 
pelled by peristaltic contraction of the posterior pharyngeal 
constrictors and sucked into the thoracic esophagus. Critical 
to receiving the bolus is the compliance of the cervical esopha¬ 
gus; when compliance is lost due to muscle pathology, dyspha¬ 
gia can result. The upper esophageal sphincter closes within 
0.5 second of the initiation of the swallow, with the immediate 
closing pressure reaching approximately twice the resting level 
of 30 mm Hg. The postrelaxation contraction continues down 
the esophagus as a peristaltic wave (Fig. 41.6). The high clos¬ 
ing pressure and the initiation of the peristaltic wave prevents 
reflux of the bolus from the esophagus back into the pharynx. 
After the peristaltic wave has passed further down the esopha¬ 
gus, the pressure in the upper esophageal sphincter returns to 
its resting level. 

Swallowing can be started at will, or it can be elicited as a 
reflex by the stimulation of areas in the mouth and pharynx, 
among them the anterior and posterior tonsillar pillars or the 
posterior lateral walls of the hypopharynx. The afferent sen¬ 
sory nerves of the pharynx are the glossopharyngeal nerves 
and the superior laryngeal branches of the vagus nerves. Once 
aroused by stimuli entering via these nerves, the swallowing 
center in the medulla coordinates the complete act of swallow¬ 
ing by discharging impulses through the 5th, 7th, 10th, 11th, 
and 12th cranial nerves, as well as the motor neurons of Cl to 
C3. Discharges through these nerves occur in a rather specific 
pattern and last for approximately 0.5 second. Little is known 
about the organization of the swallowing center except that it 
can trigger swallowing after a variety of different inputs, but 
the response is always a rigidly ordered pattern of outflow. 
Following a cerebral vascular accident, this coordinated out¬ 
flow may be altered, causing mild to severe abnormalities of 
swallowing. In more severe injury, swallowing can be grossly 
disrupted, leading to repetitive aspiration. 


The striated muscles of the cricopharyngeus and the upper 
third of the esophagus are activated by efferent motor fibers 
distributed through the vagus nerve and its recurrent laryn¬ 
geal branches. The integrity of innervation is required for the 
cricopharyngeus to relax in coordination with the pharyngeal 
contraction and resume its resting tone once a bolus has 
entered the upper esophagus. Operative damage to the inner¬ 
vation can interfere with laryngeal, cricopharyngeal, and 
upper esophageal function and predispose the patient to aspi¬ 
ration. 

Pharyngeal activity in swallowing initiates the esophageal 
phase. Owing to the helical arrangement of its circular mus¬ 
cles, the body of the esophagus functions as a worm drive 
propulsive pump and is responsible for transmitting a bolus of 
food into the stomach. The esophageal phase of swallowing 
represents esophageal work done during alimentation in that 
food is moved into the stomach from a negative-pressure envi¬ 
ronment of -6 mm Hg intrathoracic pressure to a positive- 
pressure environment of 6 mm Hg intra-abdominal pressure 
or over a gradient of 12 mm Hg. Effective and coordinated 
smooth muscle function in the lower third of the esophagus is, 
therefore, important in pumping the food across this gradient. 

The peristaltic wave generates an occlusive pressure vary¬ 
ing from 30 to 120 mm Hg. The wave rises to a peak in 1 sec¬ 
ond, lasts at the peak for about 0.5 second, and then subsides 
in about 1.5 seconds (Fig. 41.6). The whole course of the rise 
and fall of occlusive pressure may occupy one point in the 
esophagus for 3 to 5 seconds. 4,5 The peak of a primary peri¬ 
staltic contraction initiated by a swallow (primary peristalsis) 
moves down the esophagus at 2 to 4 cm per second and reaches 
the distal esophagus about 9 seconds after swallowing starts. 
Consecutive swallows produce similar primary peristaltic 
waves, but when the act of swallowing is rapidly repeated, the 
esophagus remains relaxed and the peristaltic wave occurs only 
after the last movement of the pharynx. Progress of the wave 
in the esophagus is caused by sequential activation of its mus¬ 
cles initiated by efferent vagal nerve fibers arising in the swal¬ 
lowing center. 

Continuity of the esophageal muscle is not necessary for 
sequential activation if the nerves are intact. If the muscles, but 
not the nerves, are cut transversely, the pressure wave begins 
distally below the cut as it dies out at the proximal end above 
the cut. For this reason, a sleeve resection of the esophagus can 
be performed without destroying its normal function. Afferent 


FIGURE 41.6. Representative example 
of manometric tracing of an esophageal 
peristaltic wave. Channel 2 is in the prox¬ 
imal esophagus and channel 5 is in the 
distal esophagus. The channels are 5 cm 
apart. The wave can be seen to progress 
in time down the esophagus. 
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FIGURE 41.7. Representative example 
of a manometric tracing of lower eso¬ 
phageal sphincter relaxation. Channels 2 
and 3 are in the distal esophagus and 
show a peristaltic wave progressing 
downward. The lower four channels are 
all at the same level within the lower 
esophageal sphincter and oriented radi¬ 
ally at 12, 3, 6, and 9 o’clock. The dot¬ 
ted lines below each tracing represent 
gastric baseline pressures. The lower 
four tracings each relax to gastric base¬ 
line at the initiation of the swallow. 


impulses from receptors within the esophageal wall are not 
essential for progress of the coordinated wave. Afferent nerves, 
however, do go to the swallowing center from the esophagus, 
because if the esophagus is distended at any point, a contractual 
wave begins with a forceful closure of the upper esophageal 
sphincter and sweeps down the esophagus. This secondary con¬ 
traction occurs without any movements of the mouth or phar¬ 
ynx. Secondary peristalsis can occur as an independent local 
reflex to clear the esophagus of ingested material left behind 
after the passage of the primary wave. Current studies suggest 
that secondary peristalsis is not as common as once thought. 

Despite the rather powerful occlusive pressure, the propul¬ 
sive force of the esophagus is relatively feeble. If a subject 
attempts to swallow a bolus attached by a string to a counter¬ 
weight, the maximum weight that can be overcome is 5 to 10 g. 
Orderly contractions of the muscular wall and anchoring of 
the esophagus at its inferior end are necessary for efficient ab- 
oral propulsion to occur. Loss of the inferior anchor, as occurs 
with a large hiatal hernia, can lead to inefficient propulsion. 

The LES provides a pressure barrier between the esophagus 
and stomach. Although an anatomically distinct LES has been 
difficult to identify, microdissection studies show that, in 
humans, the sphincterlike function is related to the architecture 
of the muscle fibers at the junction of the esophageal tube with 
the gastric pouch. The sphincter actively remains closed to pre¬ 
vent reflux of gastric contents into the esophagus and opens by a 
relaxation that coincides with a pharyngeal swallow (Fig. 41.7). 
The LES pressure returns to its resting level after the peristaltic 
wave has passed through the esophagus. Consequently, reflux 
of gastric juice that may occur through the open valve during a 
swallow is cleared back into the stomach. 

If the pharyngeal swallow does not initiate a peristaltic con¬ 
traction, then the coincident relaxation of the LES is unguarded 
and reflux of gastric juice can occur. This may be an explana¬ 
tion for the observation of spontaneous LES relaxation, 
thought by some to be a causative factor in gastroesophageal 
reflux disease (GERD). The power of the esophageal body is 
insufficient to force open a valve that does not relax. In dogs, a 
bilateral cervical parasympathetic blockade abolishes the relax¬ 
ation of the LES that occurs with pharyngeal swallowing or 
distention of the esophagus. Consequently, vagal function 
appears to be important in coordinating the relaxation of the 
LES with esophageal contraction. 


The LES has intrinsic myogenic tone, which is modulated by 
neural and hormonal mechanisms. 6,7 a-Adrenergic neurotrans¬ 
mitters or beta-blockers stimulate the LES, and alpha-blockers 
and (3 stimulants decrease its pressure. It is not clear to what 
extent cholinergic nerve activity controls LES pressure. The 
vagus nerve carries both excitatory and inhibitory fibers to the 
esophagus and sphincter. The hormones gastrin and motilin 
have been shown to increase LES pressure; cholecystokinin, 
estrogen, glucagon, progesterone, somatostatin, and secretin 
decrease LES pressure. The peptides bombesin, B-enkephalin, 
and substance P increase LES pressure; calcitonin gene-related 
peptide, gastric inhibitory peptide, neuropeptide Y, and vasoac¬ 
tive intestinal polypeptide decrease LES pressure. Some phar¬ 
macologic agents such as antacids, cholinergics, domperidone, 
metoclopramide, and prostaglandin F 2 are known to increase 
LES pressure; anticholinergics, barbiturates, calcium channel 
blockers, caffeine, diazepam, dopamine, meperidine, pro¬ 
staglandin E a and E 2 , and theophylline decrease LES pressure. 
Peppermint, chocolate, coffee, ethanol, and fat are all associated 
with decreased LES pressure and may be responsible for 
esophageal symptoms after a sumptuous meal. 

During 24-hour esophageal pH monitoring, healthy indi¬ 
viduals have occasional episodes of GE reflux. This physio¬ 
logic reflux is more common when a person is awake and in 
the upright position than during sleep in the supine position. 
When reflux of gastric juice occurs, normal subjects rapidly 
clear the acid gastric juice from the esophagus regardless of 
their position. 


GASTROESOPHAGEAL 
REFLUX DISEASE 


Definition and Epidemiology 

Developing an accurate definition of gastroesophageal reflux 
disease is surprisingly difficult. The disease can be associated 
with myriad common gastrointestinal (GI) and respiratory 
symptoms and there is no fully accurate diagnostic test that 
can be relied upon. In an effort to provide a consensus defini¬ 
tion, a group of experts came together in Montreal in 2004 | 

and concluded that GERD can be best defined as “a condition 
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FIGURE 41.8. Time trends for the prevalence of weekly heartburn 
from 1980 to 2005. (Reproduced with permission from El-Serag H. 
Time trends of gastroesophageal reflux disease: a systematic review. 
Clin Gastroenterol Hepatol 2007;5:17-26, Figure 1.) 


which develops when the reflux of stomach contents causes 
troublesome symptoms and/or complications.” 8 

GERD is a very common disease. Population-based studies 
have reported that one third of Western populations experi¬ 
ence the symptoms of GERD at least once a month, with 4% 
to 7% of the population experiencing daily symptoms. 9,10 Its 
prevalence varies considerably around the globe and is highest 
in North America, Australia, and Western Europe and lowest 
in Africa and Asia. 11 It is also likely that both the prevalence 
and severity of GERD are increasing in many parts of the 
world. Time trend analyses have shown that the prevalence of 
GERD symptoms has increased progressively in most longitu¬ 
dinal studies, including those from the United States, Singa¬ 
pore, and China (Fig. 41.8). 12 Further, recent data reported by 
the Agency for Healthcare Research and Quality (AHRQ) 
indicate a marked increase (103%) in hospitalizations for 
treating disorders caused by GERD; a 216% increase in hos¬ 
pitalization of patients who, in addition to the ailment for 
which they were admitted, have milder forms of GERD; and a 
39% increase in admission for GERD with severe symptoms 
including anemia, weight loss, and vomiting. 13 These data sug¬ 
gest that the current therapeutic approach to GERD may be 
inadequate. 


Most patients with mild symptoms self-medicate with over- 
the-counter antacids or antisecretory agents, whereas those 
with more severe and persistent symptoms seek out medical 
attention. Further, the prevalence and severity of GERD are 
likely increasing. This is in contrast to duodenal ulcer disease, 
where the prevalence has markedly decreased (Fig. 41.9). 14 
The diagnosis of a columnar-lined esophagus is also increasing 
at a rapid rate, and deaths from end-stage benign esophageal 
disease are on an upward trend. 15 These changes have occurred 
despite dramatic improvements in the efficacy of treatment 
options. 

Two epidemiologic trends may be contributing to the 
increasing prevalence and severity of GERD over the past sev¬ 
eral decades. Population-based studies have shown that GERD 
is positively associated with obesity and negatively associated 
with gastric colonization with Helicobacter pylori. Over the 
past 20 to 30 years, the former has increased and the latter has 
decreased markedly in most Western countries. The relation¬ 
ship between GERD and body mass index (BMI) has been 
evaluated in a number of well-designed clinical studies. The 
frequency, duration, and severity of reflux symptoms were 
studied in 10,500 women of the Nurses’ Health Study and a 
dose-dependent relationship between increasing BMI fre¬ 
quency of GERD symptoms was identified. 16 Compared to 
normal-weight women (BMI 20 to 22.4), underweight women 
(BMI <20) were one-third less likely and overweight women 
(BMI 25 to 27.4) two times more likely to have frequent 
GERD symptoms. Obese women (BMI >30) had a nearly 
three times higher risk of frequent GERD symptoms (Fig. 41.10). 
Recent meta-analyses confirm these findings, with studies from 
the United States demonstrating an association between 
increasing BMI and the presence of GERD. 17 High-resolution 
motility studies have shown a significant correlation with BMI 
and both intragastric pressure and gastroesophageal pressure 
gradients, providing a physiologic explanation for the BMI- 
GERD association. 18 These studies suggest that obese subjects 
are more likely to have esophagogastric junction disruption 
and abnormal pressure gradients favoring the development of 
reflux. Finally, the risk of Barrett esophagus has been corre¬ 
lated with the presence of central obesity. Measures of central 
obesity, including waist circumference and waist-to-hip ratios, 
were associated with both short- and long-segment Barrett 
esophagus, with a 4.1 higher odds ratio of long-segment Barrett 
in patients with a high waist-to-hip ratio. 19 

The possible pathogenic role of helical-shaped bacteria 
found in gastric fluids was first suggested in the late 19th cen¬ 
tury by the Polish scientist Walery Jaworski of the University 
of Krakow. 20 It was the publication of two Australian scien¬ 
tists in 1983 that convincingly demonstrated the pathogenic role 
of H. pylori. 11 These pioneering studies of Barry Marshall and 


FIGURE 41.9. Trends in hospitalization for duode¬ 
nal ulcer and gastroesophageal reflux disease from 
the 1970s to 1990s in U.S. veterans. (Reproduced 
with permission from El-Serag HB, Sonnenberg A. 
Opposing time trends of peptic ulcer and reflux dis¬ 
ease. Gut 1998;43:327.) 
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FIGURE 41.10. Association between 
body mass index and the risk of frequent 
symptoms of GERD. (Reproduced with 
permission from Jacobson B, Somers SC, 
Fuchs CS, et al. Body-mass index and 
symptoms of gastroesophageal reflux in 
women. N Eng J Med 2006;354:2340- 
2348, Figure 1.) 


Robin Warren from Perth, Australia, included self-experiments 
and were later awarded the Nobel Prize. H. pylori induces a 
significant inflammatory and immune response in the affected 
host, resulting in persistent inflammation in virtually all 
infected subjects. 

The relationship between H. pylori and GERD has been of 
interest for decades. The observation that gastric mucosal atro¬ 
phy was less frequent in patients with reflux esophagitis was 
made well before the H. pylori era. Evolutionary hypotheses 
assume, and the majority of available epidemiologic data show, 
that the decline of H. pylori infection is one of the reasons 
behind the increasing incidence of GERD-related diseases 
including esophageal and cardia adenocarcinoma in the West¬ 
ern world. This inverse relationship is strongest between H. 
pylori and esophageal adenocarcinoma, although significant 
evidence relates H. pylori and the development of Barrett esoph¬ 
agus and GERD. Over the period from 1970 to 1995, the inci¬ 
dence of both duodenal ulcer, compared to erosive esophagitis, 
and distal gastric cancer, compared to gastric cardia cancer, dis¬ 
plays strikingly opposing time trends. It has been postulated 
that H. pylori- induced chronic corpus gastritis may protect 
against the development of gastroesophageal reflux disease and 
its malignant transformation. A detailed report by Labenz et al. 
in 1997 provided some of the first evidence in support of this 
theory. 22 In a case-control study of 460 duodenal ulcer patients, 
new-onset GERD symptoms were significantly higher in 
patients who had successful H. pylori eradication than in those 
with persisting infection. Although a number of subsequent 
studies have raised doubts as to whether a true relationship 
exists, the available evidence suggests that the prevalence of H. 
pylori infection in patients with GERD is lower than non- 
GERD control populations and that there is likely an inverse 
epidemiologic relationship between GERD and H. pylori. 

The relationship of Barrett esophagus to gastric H. pylori col¬ 
onization is also debated, although most studies show an even 
stronger inverse relationship than that of GERD alone. Bowrey 
et al. reported an H. pylori prevalence of 27% in patients with 
Barrett esophagus compared to 41% in healthy control sub¬ 
jects. 23 Werdmuller and Loffeld also found significantly lower H. 
pylori infection rates in Barrett than non-Barrett patients (23% 
vs. 51%), whereas Loffeld et al. reported very high rates (62%) 
in a retrospective analysis of 107 consecutive patients with 
columnar-lined esophagus. 24,25 Investigations focused on the role 
of subpopulations of H. pylori have implicated cagA + strains as 
particularly relevant to the development of GE reflux and its 
complications. 26 Vicari et al. demonstrated that in patients with 
H. pylori infection, the prevalence of cagA + strains progressively 
decreased with the severity of GERD, including Barrett esopha¬ 
gus and esophageal adenocarcinoma. 27 Other studies have con¬ 


firmed an inverse relationship between the presence of cagA pos¬ 
itivity and adenocarcinoma of the esophagus and the GE junc¬ 
tion. 28 Most authors postulate that cagA + strains may protect 
from the development of adenocarcinoma by inducing more 
severe mucosal inflammation and atrophic gastritis and thereby 
decreasing acid reflux. Present data regarding gastric acid secre¬ 
tion are conflicting, however, and further studies are required to 
test whether this hypothesis is true. 

Studies on the natural history of GERD are rare. The few 
that do exist usually involve patients who were receiving some 
form of therapy. One of the most detailed studies on the nat¬ 
ural history of the disease comes from investigators in 
Europe. 29 The progression or regression of GERD complica¬ 
tions was assessed in a cohort of nearly 4,000 patients with 
predominant heartburn over a 2-year period. After 2 years, 
25 % of patients with nonerosive GERD progressed to erosive 
disease, 1.6% with mild erosive esophagitis worsened to more 
severe esophagitis, and nearly 8% progressed to Barrett esoph¬ 
agus, the latter predominantly in patients with Los Angeles 
grade C/D erosive disease at baseline. On the other hand, 50% 
to 60% of patients with baseline esophagitis improved to a 
milder grade or no erosive disease and 22% were off medica¬ 
tions at 2 years. Given that virtually all patients were receiving 
significant antisecretory therapy, the study shows that a sub¬ 
stantial minority of patients will continue to worsen despite 
pharmacologic treatment. Investigators in Lausanne, Switzer¬ 
land, reported an intensive endoscopic follow-up of a defined 
population of 959 patients over a 30-year period. 30 The study 
involved only patients who had endoscopic esophagitis and 
did not include those who had symptoms without mucosal 
injury. Esophagitis was an isolated episode and did not return 
while on acid suppression therapy in roughly half of the 
patients. In the remaining patients, esophagitis intermittently 
recurred on acid suppression therapy, and in 42% it pro¬ 
gressed on therapy to more severe mucosal injury. This latter 
group makes up roughly one quarter of the initial population 
of patients with esophagitis, similar to that reported in the 
Labenz study outlined previously. The study also showed that 
as many as 18% of the initial population may have acquired, 
while on therapy, a columnar-lined lower esophagus with 
intestinal metaplasia. 


Clinical Presentation 


The most common complaints in patients with GERD are 
heartburn, regurgitation, and dysphagia or difficulty swallow¬ 
ing. These represent the so-called typical symptoms of GERD. 
Although none of these are specific to GERD, dysphagia is 
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FIGURE 41.11. Prevalence of erosive 
esophagitis in 994 patients with varying 
severity and frequency of reflux symp¬ 
toms. (Reproduced with permission from 
Venables TL, Newland RD, Patel AC, 
et al. Omeprazole 10 milligrams once daily, 
omeprazole 20 milligrams once daily, or 
ranitidine 150 milligrams twice daily, 
evaluated as initial therapy for the relief 
of symptoms of gastro-oesophageal reflux 
disease in general practice. Scand J Gas¬ 
troenterol 1997;32:965.) 


I I Erosion absent 

| | Erosion present 



more commonly a sign of serious underlying pathology, 
including esophageal carcinoma, and should always be inves¬ 
tigated promptly and thoroughly. 

Heartburn is characterized as a substernal “burning” dis¬ 
comfort often radiating from the epigastrium to sternal notch. 
Occasionally patients will refer to it as “chest pain” rather 
than heartburn, and the two can be difficult to distinguish. 
Even the location can be variable with patients occasionally 
experiencing discomfort in the epigastrium, base of the neck, 
back, or other areas. Heartburn is typically made worse by 
“spicy” foods such as tomato sauce, citrus juices, chocolate, 
coffee, and alcohol. It occurs 1 to 2 hours after eating, often at 
night, and is relieved by antacids and antisecretory agents such 
as the over-the-counter histamine-2 blockers. It is well recog¬ 
nized that the severity of symptoms is not necessarily related to 
the severity of the underlying disease (Fig. 41.11). 

Regurgitation is the spontaneous return of gastric contents 
proximal to the GE junction. Its spontaneous nature distin¬ 
guishes it from vomiting. The patient often gets a sensation 
that fluid or food is returning into the esophagus, even if it 
does not reach as high as the pharynx or mouth. It is typically 
worse at night in the recumbent position or when lying down 
after a meal. Patients commonly compensate by not eating late 
at night or by sleeping partially upright with several pillows or 
in a chair. This symptom is often less well relieved with 
antacids and antisecretory agents, although it may change in 
character from acid to a more “bland” nature. 

Dysphagia is present in up to 40% of patients with GERD. 
It is generally manifested by a sensation of food hanging up in 
the lower esophagus (esophageal dysphagia) rather than diffi¬ 
culty transferring the bolus from the mouth to the esophageal 
inlet (oropharyngeal dysphagia). Classically, dysphagia limited 
to only solid food, with normal passage of liquids, suggests a 
mechanical disorder such as a large hernia, stricture, or tumor, 
whereas difficulty with both solids and liquids suggests a func¬ 
tional or motor disorder. It often develops slowly enough that 
the patient may adjust his or her eating habits and not neces¬ 
sarily notice that it is happening. Thus, a thorough esophageal 
history includes an assessment of the patient’s dietary history. 
Questions should be asked regarding the consistency of food 
that is typically eaten and whether the patient requires liquids 
with the meal, is the last to finish, has interrupted a social 
meal, chokes or vomits with eating, or has been admitted on 
an emergency basis for food impaction. These assessments, in 
addition to the ability to maintain nutrition, help to quantify 
the dysphagia and are important in determining the indica¬ 
tions for surgical therapy. 

Many patients with GE reflux often manifest “atypical” 
symptoms, such as cough, asthma, hoarseness, and noncardiac 


chest pain. Atypical symptoms are the primary complaint in 
20% to 25% of patients with GERD and are secondarily pres¬ 
ent in association with heartburn and regurgitation in many 
more. It is considerably more difficult to prove a cause-and- 
effect relationship between atypical symptoms and GE reflux 
than it is to do so for the typical symptoms. Consequently, the 
results of surgical therapy have been correspondingly less 
good. That is not to say that patients with atypical symptoms 
are not good candidates for antireflux surgery, because many 
will benefit greatly, but that in these patients it should be 
applied cautiously. Often a trial of high-dose proton pump 
inhibitors (PPIs) is helpful. Given atypical symptoms, the out¬ 
come of antireflux surgery is optimal in patients with a good 
response to medical treatment rather than in those who fail to 
respond. 

The diagnosis of GERD based on symptoms alone is cor¬ 
rect in only approximately two thirds of patients. 31 This is 
because these symptoms are not specific for GE reflux and can 
be caused by other diseases such as achalasia, diffuse spasm, 
esophageal carcinoma, pyloric stenosis, cholelithiasis, gastri¬ 
tis, gastric or duodenal ulcer, and coronary artery disease. This 
fact underscores the need for objective diagnosis before the 
decision is made for surgical treatment. 


Physiology of the Antireflux Barrier 

The common denominator for virtually all episodes of gas¬ 
troesophageal reflux, whether physiologic or pathologic, is the 
loss of the normal gastroesophageal high-pressure zone and 
the resistance it imposes to the flow of gastric juice from an 
environment of higher pressure, the stomach, to an environ¬ 
ment of lower pressure, the esophagus. This barrier, composed 
of both anatomic (flap valve and diaphragm) and physiologic 
(LES) components, acts to prevent reflux during stressed and 
unstressed conditions. The key determinates of the barrier 
include: 

1. The frequency of swallow- and non-swallow-induced tran¬ 
sient relaxations of the LES 

2. The structural integrity of the LES 

3. Anatomic alterations of the diaphragmatic crura and gas¬ 
troesophageal flap valve represented by the angle of His 

The presence or absence of pathologic esophageal acid 
exposure (i.e., abnormal 24-hour pH studies) is not only influ¬ 
enced by the degree of barrier loss but also by esophageal and 
gastric functional characteristics including esophageal clear¬ 
ance, intra-abdominal pressure, and gastric emptying abnor¬ 
malities. 































Chapter 41: Esophageal Anatomy and Physiology and Gastroesophageal Reflux Disease 


639 


| TABLE 41.1 1 

NORMAL MANOMETRIC VALUES OF THE DISTAL ESOPHAGEAL SPHINCTER IN 50 SUBJECTS 


■ MEDIAN 

■ 2.5TH 

■ 97.5TH 

■ PARAMETER 

VALUE 

PERCENTILE 

PERCENTILE 

Pressure (mm Hg) 

13 

5.8 

27.7 

Overall length (cm) 

3.6 

2.1 

5.6 

Abdominal length (cm) 

2 

0.9 

4.7 


Transient Relaxation of the Lower 
Esophageal Sphincter 

The lower esophageal high-pressure zone is normally present 
except in two situations: (a) after a swallow, when it momen¬ 
tarily relaxes to allow passage of food into the stomach, and (b) 
when the fundus is distended with gas, and it is reflexly relaxed 
to allow venting of the gas (a belch). In 1982, Dodds et al. 
reported that non-swallow-induced transient relaxations of the 
lower esophageal sphincter (TLESRs) were a significant mech¬ 
anism of gastroesophageal reflux in normal individuals and 
patients with gastroesophageal reflux disease. 32 These sponta¬ 
neous relaxations occurred without pharyngeal contraction, 
were prolonged (>10 seconds), and, when reflux occurred, 
were associated with relaxation of the crural diaphragm. 
Underscoring the importance of the crural diaphragm to bar¬ 
rier integrity, Mital et al. later showed that pharmacologic 
elimination of lower esophageal sphincter pressure to zero did 
not result in reflux unless crural diaphragmatic contraction was 
also absent. 33 Gastric distention, upright posture, and meals 
high in fat have all been shown to increase the frequency of 
TLESRs. 33,34 The latter observations suggest that unfolding of 
the sphincter may be responsible for the loss of sphincter 
pressure. 

As a result of these findings, TLESRs became commonly 
accepted as the major mechanism of gastroesophageal reflux 
regardless of the underlying severity of disease, despite evi¬ 
dence to the contrary. The facts that in over 80% of patients 
with symptomatic gastroesophageal reflux a hiatal hernia 
could be identified and that most patients with erosive 
esophagitis and Barrett esophagus had incompetent lower 
esophageal sphincter characteristics at rest were largely ignored 
by many. When these facts are taken into account, particularly 
in association with the known characteristics of TLESRs, it 
seems likely that transient relaxations are (a) a physiologic 
response to gastric distention by food or gas, (b) the mecha¬ 
nism of belching, and (c) responsible for physiologic reflux 
episodes in individuals with normal lower esophageal sphincter 
and hiatal anatomy, but not the primary mechanism of gas¬ 
troesophageal reflux disease. Evidence supporting this has been 
provided via studies of Van Herwaarden et al., in which ambu¬ 
latory esophageal manometry and esophageal pH monitoring 
were performed on patients with and without hiatal hernia. 35 
Patients with hiatal hernia had greater esophageal acid expo¬ 
sure and more reflux episodes, but the frequency of TLESRs, 
and the proportion associated with reflux, was similar in both 
groups. They concluded that excess reflux in patients with 
GERD and hiatal hernia is caused by a combination of low LES 
pressure, swallow-induced relaxation, and straining. 


Structural Integrity of the Lower 
Esophageal Sphincter 

In humans, a zone of high pressure can be identified at the 
junction of the esophagus and stomach. This lower esophageal 


“sphincter” provides an important component of the barrier 
between the esophagus and stomach that normally prevents 
gastric contents from entering the esophagus. It has no 
anatomic landmarks, but its presence can be identified by a 
rise in pressure over gastric baseline as a pressure transducer is 
pulled from the stomach into the esophagus. 

There are three characteristics of the lower esophageal 
sphincter that maintain its resistance or barrier function to 
intragastric and intra-abdominal pressure challenges. They are 
its pressure, its overall length, and the length exposed to the 
positive-pressure environment of the abdomen (Table 41.1). 
The tonic resistance of the lower esophageal sphincter is a 
function of both its pressure and the length over which this 
pressure is exerted. 36 The shorter the overall length of the 
high-pressure zone, the higher the pressure must be to main¬ 
tain sufficient resistance to remain competent (Fig. 41.12). 
Consequently, a short overall sphincter length can nullify a 
normal sphincter pressure. 37 Further, as the stomach fills, the 
length of the sphincter decreases, rather like the neck of a bal¬ 
loon shortening as the balloon is inflated. If the overall length 
of the sphincter is abnormally short when the stomach is 
empty, then with minimal gastric distention there will be insuf¬ 
ficient sphincter length for the existing pressure to maintain 
sphincter competency, and reflux will occur. 

The third characteristic of the lower esophageal sphincter is 
its position, in that a portion of the overall length of the high- 
pressure zone should be exposed to positive intra-abdominal 
pressure. During periods of increased intra-abdominal pres¬ 
sure, the resistance of the lower esophageal sphincter would be 



FIGURE 41.12. The relationship between the magnitude of pressure 
in the high-pressure zone measured at the respiratory inversion point 
and the overall length of the zone to the resistance to the flow of fluid 
through the zone. Competent, no flow. Incomplete, flow of varied vol¬ 
umes. Note that the shorter the overall length of the high-pressure 
zone, the higher the pressures must be to maintain sufficient resistance 
to remain competent. 
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overcome if the abdominal pressure were not applied equally 
to the high-pressure zone and stomach. This is akin to sucking 
on a soft soda straw immersed in a bottle of Coke; the hydro¬ 
static pressure of the fluid and the negative pressure inside the 
straw due to sucking cause the straw to collapse instead of 
allowing the liquid to flow up the straw in the direction of the 
negative pressure. If the abdominal length is inadequate, the 
sphincter cannot respond to an increase in applied intra¬ 
abdominal pressure by collapsing, and reflux is more liable to 
result. If the high-pressure zone has an abnormal low pressure, 
a short overall length, or minimal exposure to the abdominal 
pressure environment in the fasting state, then there is a per¬ 
manent loss of lower esophageal sphincter resistance and the 
unhampered reflux of gastric contents into the esophagus 
throughout the circadian cycle. This is referred to as a perma¬ 
nently defective sphincter and is identified by having one or 
more of the following characteristics: a high-pressure zone 
with an average pressure of less than 6 mm Hg, an average 
overall length of 2 cm or less, and an average length exposed 
to the positive-pressure environment of the abdomen of 1 cm 
or less. 38 Compared with normal subjects, these values are 
below the 2.5th percentile for each parameter. The most com¬ 
mon cause of a permanently defective sphincter is an inade¬ 
quate abdominal length, most likely a consequence of the 
development of a hiatal hernia. It is important to note that an 
inadequate abdominal length or an abnormally short overall 
length can nullify the efficiency of a sphincter with a normal 
pressure. 

The presence of a permanently defective sphincter has sev¬ 
eral implications. First, it is commonly associated with 
esophageal mucosal injury and predicts that the patient’s 
symptoms may be difficult to control with medical ther¬ 
apy. 39,40 It is now accepted that when the sphincter is perma¬ 
nently defective, it is irreversible, even when the associated 
esophagitis is healed. The presence of a permanently defective 
sphincter is commonly associated with reduced esophageal 
body function, 41 and if the disease is not brought under con¬ 
trol, the progressive loss of effective esophageal clearance can 
lead to severe mucosal injury, repetitive regurgitation, aspira¬ 
tion, and pulmonary failure. 


Anatomic Alterations 


With the advent of clinical roentgenology, it became evident 
that a hiatal hernia was a relatively common abnormality 
although not always accompanied by symptoms. Philip Alli¬ 
son, in his classic treatise published in 1951, suggested that the 
manifestations of gastroesophageal reflux disease were caused 
by the presence of a hiatal hernia. For most of the next two 
decades, hiatal hernia was considered the primary pathophys¬ 
iologic abnormality leading to GERD. Indeed, the Allison 
repair, among the first surgical attempts to treat GERD, con¬ 
sisted of a hernia repair only. As techniques of esophageal 
manometry were developed in the late 1950s and 1960s, 
allowing identification and study of the lower esophageal 
sphincter, attention was slowly diverted away from the hernia 
as the main pathophysiologic abnormality of GERD. In 1971, 
Cohen and Harris published a study of the contributions of 
hiatal hernia to lower esophageal sphincter competence in 75 
patients, concluding that hiatal hernia had no effect on GE 
junction competence. 42 This paper, published in the New Eng¬ 
land Journal of Medicine , and the growing use of esophageal 
manometry shifted the emphasis away from the hernia almost 
exclusively toward features of the lower esophageal sphincter 
as the primary abnormality in symptomatic GERD. 

Perhaps serendipitously, studies of the phenomenon of 
TLESRs identified the diaphragmatic crura as an important 
factor in preventing reflux during periods of loss of LES pres¬ 
sure. 43 In normal subjects, even with absent LES pressure, 
reflux does not occur without relaxation of the crural 



FIGURE 41.13. The intragastric pressure at which the lower esopha¬ 
gus endoscopically opened in response to gastric distention by air dur¬ 
ing endoscopy. Note that the dome architecture of a hiatus hernia 
(HH) influences the ease with which the sphincter can be pulled open 
by gastric distention. (Reproduced with permission from Ismail T, 
Bancewicz J, Barlow J. Yield pressure, anatomy of the cardia and gastro- 
oesophageal reflux. Br J Surg 1995;82:943.) 


diaphragm. Coincidentally, Hill et al. stressed the importance 
of the physiologic flap valve created by the angle of His as a 
barrier to gastroesophageal reflux. 44 The endoscopic appear¬ 
ance of the flap valve can be correlated with abnormal 
esophageal acid exposure, emphasizing that the geometry of 
the gastroesophageal region is also important to barrier com¬ 
petence. 45 If mechanical forces set in play by gastric distention 
are important in pulling on the terminal esophagus and short¬ 
ening the length of the high-pressure zone or “sphincter,” then 
the geometry of the cardia, that is, the presence of a normal 
acute angle of His or the abnormal dome architecture of a slid¬ 
ing hiatus hernia, should influence the ease with which the 
sphincter is pulled open. Evidence that this occurs was pro¬ 
vided by Ismail et al., who showed a close relationship 
between the degree of gastric distention necessary to overcome 
the high-pressure zone (yield pressure) and the morphology of 
the cardia (Fig. 41.13). 46 No relationship between the yield 
pressure and lower esophageal sphincter resting pressure and 
length was found. A higher intragastric pressure was needed to 
open the sphincter in patients with an intact angle of His when 
compared to patients with a hiatal hernia. The presence of a 
hiatal hernia also disturbs esophageal clearance mechanisms 
likely due to loss of anchorage of the esophagus in the 
abdomen. Kahrilas et al. have shown that complete esophageal 
emptying was achieved in 86% of swallows in control subjects 
without a hiatal hernia, 66% in patients with a reducing hiatal 
hernia, and only 32% of patients with a nonreducing hiatal 
hernia. 47 Impaired clearance in patients with nonreducing 
hiatal hernias further supports the contribution of hiatal her¬ 
nia to the pathogenesis of gastroesophageal reflux disease. 
Thus, present evidence is overwhelming that hiatal hernia does 
indeed play a significant, if not primary, role in the pathophys¬ 
iology of gastroesophageal reflux disease. 

A transient loss of the high-pressure zone can also occur 
and usually results from a functional problem of the gastric 
reservoir. 48 Excessive air swallowing or food can result in gas¬ 
tric dilatation and, if the active relaxation reflex has been lost, 
an increased intragastric pressure. When the stomach is 
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distended, the vectors produced by gastric wall tension pull on 
the GE junction with a force that varies according to the geom¬ 
etry of the cardia; that is, the forces are applied more directly 
when a hiatal hernia exists than when a proper angle of His is 
present. The forces pull on the terminal esophagus, causing it 
to be “taken up” into the stretched fundus and thereby reduc¬ 
ing the length of the high-pressure zone or “sphincter.” This 
process continues until a critical length is reached, usually 
about 1 to 2 cm, when the pressure drops precipitously and 
reflux occurs. The mechanism by which gastric distention con¬ 
tributes to shortening of the length of the high-pressure zone, 
so that its pressure drops and reflux occurs, provides a 
mechanical explanation for “transient relaxations” of the LES 
without invoking a neuromuscular reflex. Rather than a 
“spontaneous” muscular relaxation, there is a mechanical 
shortening of the high-pressure zone, secondary to progressive 
gastric distention, to the point where it becomes incompetent. 
These “transient sphincter” shortenings occur in the initial 
stages of GERD and are the mechanism for the early com¬ 
plaint of excessive postprandial reflux. After gastric venting, 
the length of the high-pressure zone is restored and compe¬ 
tence returns until distention again shortens it and encourages 
further venting and reflux. This sequence results in the com¬ 
mon complaints of repetitive belching and bloating in patients 
with GERD. The increased swallowing frequency seen in 
patients with GERD contributes to gastric distention and is 
due to their repetitive ingestion of saliva in an effort to neu¬ 
tralize the acid refluxed into their esophagus. 49 Thus, GERD 
may begin in the stomach, secondary to gastric distention 
resulting from overeating and the increased ingestion of fried 
foods, which delay gastric emptying. Both characteristics are 
common in Western society and may explain the high preva¬ 
lence of the disease in the Western world. 

A recent series of studies from Glasgow assesses the nature 
of the acid environment at the GE junction, 50 including possi¬ 
ble inciting factors in the development of cardia and distal 
esophageal adenocarcinoma. The studies were initiated to 
investigate a long-recognized observation that esophageal pH 
monitoring reveals postprandial esophageal acidification at 
the same time as the gastric contents are alkalinized. This 
paradox is hard to explain given that reflux of gastric content 
into the esophagus is the primary mechanism underlying 
GERD. Hypothesizing that acidic material must be present 
somewhere in the upper stomach, the investigators studied 
luminal pH at 1-cm increments across the upper stomach and 
lower esophagus in healthy volunteers before and after meals. 
Surprisingly, they identified a “pocket” of acid at the GE junc¬ 
tion unaffected by the buffering action of the meal, which 
extended across the squamocolumnar junction an average of 
1.8 cm into the lumen of the esophagus (Fig. 41.14). The 
authors concluded that this was the source of postprandial 
esophageal acid exposure. They expanded these initial studies, 
confirming that the same process occurs in patients with 
endoscopy-negative dyspepsia and normal conventional 
esophageal pH monitoring 5 cm above the upper border of the 
LES. 51 Perhaps more important, they also identified that 
dietary nitrate consumed in the form of green vegetables 
results in the generation of concentrations of nitric oxide at the 
GE junction high enough to be potentially mutagenic (Fig. 
41.15). 52 These observations provide the fundamental basis 
for the observations of inflammation and other alterations in 
the epithelium long known to occur at the squamocolumnar 
junction in both overt and unrecognized GERD. 

The data support the likelihood that GERD begins in the 
stomach. Fundic distention occurs because of overeating and 
delayed gastric emptying secondary to the high-fat Western 
diet. The distention causes the sphincter to be “taken up” by 
the expanding fundus, exposing the squamous epithelium with 
the high-pressure zone, which is the distal 3 cm of the esopha¬ 
gus, to gastric juice. Repeated exposure causes inflammation 
of the squamous epithelium, columnarization, and carditis. 



FIGURE 41.14. Fasting and postprandial gastric and esophageal pH 
measurements in 1-cm increments during a pull through the gastroe¬ 
sophageal junction. The postprandial tracing reveals an “acid pocket” 
from 44 to 41 cm from the nares. The fasting tracing reveals this to be 
the same area as the pH “step-up” corresponding to the transition 
from the stomach to the esophagus. (Reproduced with permission 
from Fletcher J, Wirz A, Young J, et al. Unbuffered highly acidic gas¬ 
tric juice exists at the gastroesophageal junction after a meal. Gas¬ 
troenterology 2001; 121:775.) 


This is the initial step and explains why in early disease the 
esophagitis is mild and commonly limited to the very distal 
esophagus. The patient compensates by increased swallowing, 
allowing saliva to bathe the injured mucosa and alleviate the 
discomfort induced by exposure to gastric acid. Increased swal¬ 
lowing results in aerophagia, bloating, and repetitive belching. 
The distention induced by aerophagia leads to further exposure 
and repetitive injury to the terminal squamous epithelium and 
the development of cardiac-type mucosa. This is an inflamma¬ 
tory process, commonly referred to as “carditis,” and explains 
the complaint of epigastric pain so often registered by patients 
with early disease. The process can lead to a fibrotic mucosal 
ring at the squamocolumnar junction and explains the origin of 
a Schatzki ring. Extension of the inflammatory process into the 
muscularis propria causes a progressive loss in the length and 
pressure of the distal esophageal high-pressure zone associated 
with an increased esophageal exposure to gastric juice and the 



Distance from gastroesophageal pH step-up (cm) 


FIGURE 41.15. Mean (±SEM) nitric oxide concentrations in the 
upper stomach and lower esophagus after administration of water 
with 2 mmol nitrate (upper tracing) and water alone (lower tracing) 
(**p <0.01, *p <0.05 compared with value at gastroesophageal junc¬ 
tion pH step-up). (Reproduced with permission from Iljima K, Henry 
E, Moriya A, et al. Dietary nitrate generates potentially mutagenic 
concentrations of nitric oxide at the gastroesophageal junction. Gas¬ 
troenterology 2002; 122:1248.) 
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FIGURE 41.16. Schematic representation of the types 
of complications of gastroesophageal reflux disease. 
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symptoms of heartburn and regurgitation. The loss of the bar¬ 
rier occurs in a distal-to-proximal direction and eventually 
results in the permanent loss of LES resistance and the explo¬ 
sion of the disease into the esophagus with all the clinical man¬ 
ifestations of severe esophagitis. This accounts for the observa¬ 
tion that severe esophageal mucosal injury is almost always 
associated with a permanently defective sphincter. At any time 
during this process and under specific luminal conditions or 
stimuli, such as exposure time to a specific pH range, intesti- 
nalization of the cardiac-type mucosa can occur and set the 
stage for malignant degeneration. 


Implications 

Implications of recognizing anatomic alterations as component 

of GE barrier: 

1. Transient lower esophageal sphincter relaxation is the 
likely underlying mechanism of belching and physiologic 
reflux. It does not play a major role in patients with symp¬ 
tomatic gastroesophageal reflux, particularly those with 
erosive disease, those with Barrett esophagus, or those 
referred for surgery. 

2. Efforts to augment the gastroesophageal barrier either 
pharmacologically or endoscopically will commonly fail 
when a hiatal hernia is present. 

3. Patients with abnormal esophageal acid exposure in the 
presence of normal LES characteristics and no hiatal hernia 
have an uncommon reason for reflux. Gastric or esophageal 
clearance failure may be present and will seriously compli¬ 
cate postoperative outcome. 

4. Both reduction of hiatal hernia and augmentation of the 
lower esophageal sphincter is necessary to maximally 
restore gastroesophageal barrier competence. 

5. Although acid control without regard to barrier incompe¬ 
tence will improve heartburn and heal esophageal erosive 
disease, it results in increasing numbers of patients with 
pulmonary manifestations of GERD. 


Complications of Gastroesophageal 
Reflux Disease 

The complications of gastroesophageal reflux result from the 
damage inflicted by gastric juice on the esophageal mucosa or 
laryngeal or respiratory epithelium (Fig. 41.16). These can be 
conceptually divided into (a) mucosal complications such as 
esophagitis and stricture; (b) extraesophageal or respiratory 
complications such as chronic cough, asthma, and pulmonary 
fibrosis; and (c) metaplastic (Barrett esophagus) and neoplastic 
(adenocarcinoma). The prevalence and severity of complica¬ 
tions is related to the degree of loss of the gastroesophageal 


barrier, defects in esophageal clearance, and the content of 
refluxed gastric juice (Fig. 41.17). 

Mucosal Complications. The potential injurious compo¬ 
nents that reflux into the esophagus include gastric secretions, 
such as acid and pepsin; biliary and pancreatic secretions that 
regurgitate from the duodenum into the stomach; and toxic 
compounds generated in the mouth, esophagus, and stomach 
by the action of bacteria on dietary substances. 

Our current understanding of the role of the various ingre¬ 
dients of gastric juice in the development of esophagitis is 
based on classic animal studies performed by Lillimoe et 
al. 53 ’ 54 These studies have shown that acid alone does minimal 
damage to the esophageal mucosa, but the combination of 
acid and pepsin is highly deleterious. Hydrogen ion injury to 
the esophageal squamous mucosa occurs only at a pH below 
2. In acid refluxate, the enzyme pepsin appears to be the major 
injurious agent. Similarly, the reflux of duodenal juice alone 
does little damage to the mucosa, while the combination of 
duodenal juice and gastric acid is particularly noxious. Reflux 
of bile and pancreatic enzymes into the stomach can either 
protect or augment esophageal mucosal injury. For instance, 
the reflux of duodenal contents into the stomach may prevent 
the development of peptic esophagitis in a patient whose gas¬ 
tric acid secretion maintains an acid environment, because the 
bile salts would attenuate the injurious effect of pepsin and the 
acid would inactivate the trypsin. Such a patient would have 


% 
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FIGURE 41.17. Prevalence of esophageal mucosal injury related to 
the presence of a defective lower esophageal sphincter, esophageal 
body motility, or both. 
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bile-containing acid gastric juice that, when refluxed, would 
irritate the esophageal mucosa but cause less esophagitis than 
if it were acid gastric juice containing pepsin. In contrast, the 
reflux of duodenal contents into the stomach of a patient with 
limited gastric acid secretion can result in esophagitis, because 
the alkaline intragastric environment would support optimal 
trypsin activity and the soluble bile salts with a high pK a 
would potentiate the enzyme’s effect. Hence, duodenal-gastric 
reflux and the acid-secretory capacity of the stomach interre¬ 
late by altering the pH and enzymatic activity of the refluxed 
gastric juice to modulate the injurious effects of enzymes on 
the esophageal mucosa. 

This disparity in injury caused by acid and bile alone as 
opposed to the gross esophagitis caused by pepsin and trypsin 
provides an explanation for the poor correlation between the 
symptom of heartburn and endoscopic esophagitis. The reflux 
of acid gastric juice contaminated with duodenal contents 
could break the esophageal mucosal barrier, irritate nerve end¬ 
ings in the papillae close to the luminal surface, and cause 
severe heartburn. Despite the presence of intense heartburn, 
the bile salts present would inhibit pepsin, the acid pH would 
inactivate trypsin, and the patient would have little or no gross 
evidence of esophagitis. In contrast, the patient who refluxed 
alkaline gastric juice may have minimal heartburn because of 
the absence of hydrogen ions in the refluxate but have endo¬ 
scopic esophagitis because of the bile salt potentiation of 
trypsin activity on the esophageal mucosa. This is supported 
by recent clinical studies that indicate that the presence of 
alkaline reflux is associated with the development of mucosal 
injury. 55 

Although numerous studies have suggested the reflux of 
duodenal contents into the esophagus in patients with gastroe¬ 
sophageal reflux disease, few have measured this directly. The 
components of duodenal juice thought to be most damaging 
are the bile acids, and as such, they have been the most com¬ 
monly studied. Most studies have implied the presence of bile 
acids using pH measurements. Studies using either prolonged 
ambulatory aspiration techniques (Fig. 41.18) or spectropho- 
tometric bilirubin measurement have shown that, as a group, 
patients with gastroesophageal reflux disease have greater and 
more concentrated bile acid exposure to the esophageal 



FIGURE 41.18. Peak bile acid concentration (/jl mol/L) for patients 
and normal subjects during upright, postprandial, and supine aspira¬ 
tion periods. The shaded area represents the mean and the bar the 
95th percentile values. 


mucosa than normal subjects. 39,40 This increased exposure 
occurs most commonly during the supine period while asleep 
and during the upright period following meals. Most studies 
have identified the glycine conjugates of cholic, deoxycholic, 
and chenodeoxycholic acids as the predominant bile acids 
aspirated from the esophagus of patients with GERD, 
although appreciable amounts of taurine conjugates of these 
bile acids were also found. Other bile salts were identified but 
in small concentrations. This is as one would expect because 
glycine conjugates are three times more prevalent than taurine 
conjugates in normal human bile. 

The potentially injurious action of toxic compounds either 
ingested or newly formed on the mucosa of the gastroe¬ 
sophageal junction and distal esophagus has long been postu¬ 
lated. Until recently, however, few studies have substantiated 
this possibility. Expanding upon studies of acid exposure at 
the gastroesophageal junction, investigators from Glasgow, 
Scotland, have recently shown that dietary nitrate consumed 
in the form of green vegetables and food contaminated by 
nitrate-containing fertilizers results in the generation of nitric 
oxide at the gastroesophageal junction in concentrations high 
enough to be potentially mutagenic. 52 Previous studies have 
shown that nitrate ingested in food is reabsorbed in the small 
bowel, with approximately 25 % resecreted into the mouth via 
the salivary glands. Oral bacteria chemically transforms the rel¬ 
atively innocuous nitrate to the more toxic nitrite, which is 
swallowed and subsequently converted to nitric oxide and other 
toxic nitroso-compounds by acid and ascorbic acid in the stom¬ 
ach. Whether this mechanism in fact contributes to injury 
and/or neoplastic transformation in the upper stomach, gastroe¬ 
sophageal junction, and distal esophagus is currently unknown. 

Respiratory Complications. It is increasingly recognized 
that a significant proportion of patients with gastroesophageal 
reflux will have either primary respiratory symptoms or respi¬ 
ratory symptoms in association with more prominent heart¬ 
burn and regurgitation. 56 Reflux has been implicated as 
causative of asthma and idiopathic pulmonary fibrosis (IPF) 
and can complicate advanced lung diseases including chronic 
obstructive pulmonary disease (COPD) and cystic fibrosis 
(CF). Thirty-five to fifty percent of asthmatics have been 
shown to have abnormal esophageal pH, esophagitis, and a 
hiatal hernia. 57 Others have shown that the prevalence of 
reflux symptoms exceeded 50% in patients with asthma and 
CF.58’59 j n addition, patients with COPD and gastroesophageal 
reflux are twice as likely to have significant COPD exacerba¬ 
tions than their nonreflux counterparts, 60 and reflux symp¬ 
toms correlate with airway obstruction in COPD patients. 
These reports suggest that the frequency of dual pathology is 
higher than would be expected by chance alone. 

Pathophysiology of Reflux-induced Respiratory Symptoms. 

Two mechanisms have been proposed as the pathogenesis of 
reflux-induced respiratory symptoms. The first, the so-called 
“reflux” theory, maintains that respiratory symptoms are the i 
result of the aspiration of gastric contents. The second or 
“reflex” theory maintains that vagally mediated bronchocon- 
striction follows acidification of the lower esophagus. 

The evidence supporting a reflux mechanism was shown in 
animals in the 1950s to 1970s, with studies of acid instillation 
in the lungs resulting in pneumonitis, 61,62 epithelial damage, 63 
and increased airway resistance. 64 The evidence in humans can 
be categorized as follows. First, there is radiographic evidence. 
Patients with pulmonary fibrosis have an increased prevalence 
of hiatal hernia on upper GI series, 65,66 while elderly patients 
with large hiatal hernias have a significantly increased fre¬ 
quency of pleural scarring on chest computed tomography 
(CT) scans. 67 Second, erosive esophagitis was found at a high 
frequency in a large series of Veterans Affairs patients with 
asthma, pneumonia, chronic bronchitis, and pulmonary fibro- j 
sis. 56 Third, patients with chronic lung diseases, including 
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asthma and pulmonary fibrosis in particular, have a signifi¬ 
cantly higher frequency of positive 24-hour pH studies. 67,68 
With dual pH monitoring of the proximal and distal esopha¬ 
gus, prolonged exposure of the proximal esophagus to gastric 
juice occurs at a higher frequency in patients with gastroe¬ 
sophageal reflux and respiratory symptoms than in patients 
without respiratory complaints. 69,70 Fourth, simultaneous tra¬ 
cheal and esophageal pH monitoring in patients with reflux 
disease have documented tracheal acidification in concert with 
esophageal acidification. 64 Finally, medications used to treat 
chronic lung diseases, in particular, bronchodilators, relax 
esophageal sphincter tone. 71 

A reflex mechanism is primarily supported by the fact that 
bronchoconstriction occurs following the infusion of acid into 
the lower esophagus. 72-74 This can be explained by the com¬ 
mon embryologic origin of the tracheoesophageal tract and its 
shared vagal innervation. 

The primary challenge in implementing treatment for 
reflux-associated respiratory symptoms lies in establishing the 
diagnosis. In those patients with predominantly typical reflux 
symptoms and secondary respiratory complaints, the diagno¬ 
sis may be straightforward. However, in a substantial number 
of patients with reflux-induced respiratory symptoms, the res¬ 
piratory symptoms dominate the clinical scenario. Gastroe¬ 
sophageal reflux in these patients is often silent and is only 
uncovered when investigation is initiated. 68,75 A high index of 
suspicion is required, notably in patients with poorly con¬ 
trolled asthma in spite of appropriate bronchodilator therapy. 
Supportive evidence for the diagnosis can be gleaned from 
endoscopy and stationary esophageal manometry. Endoscopy 
may show erosive esophagitis or Barrett esophagus. Manome¬ 
try may indicate a hypotensive lower esophageal sphincter or 
ineffective body motility, defined by 30% or more contrac¬ 
tions in the distal esophagus of less than 30 mm Hg in ampli¬ 
tude. 76 D’Ovidio et al. studied 78 patients awaiting lung trans¬ 
plant for IPF, scleroderma, COPD, or CF and found that 72% 
had a hypotensive lower esophageal sphincter, 33% abnormal 
esophageal body motility, and 38% abnormal 24-hour pH 
testing, 77 although, interestingly, patients with IPF in other 
series have been shown to have normal manometry. 70 

The current “gold standard” for the diagnosis of reflux- 
induced respiratory complaints is ambulatory dual-probe pH 
monitoring, often combined with multichannel intraluminal 


impedance (MII-pH). One probe is positioned in the distal 
esophagus and the other at a more proximal location. Sites for 
proximal probe placement have included the trachea, phar¬ 
ynx, and proximal esophagus. Most authorities would agree 
that the proximal esophagus is the preferred site for proximal 
probe placement. While ambulatory esophageal pH monitor¬ 
ing allows a direct correlation between esophageal acidifica¬ 
tion and respiratory symptoms, the chronologic relationship 
between reflux events and bronchoconstriction is complex. 

Nonrespiratory Extraesophageal Complications. Other 
extraesophageal manifestations of gastroesophageal reflux 
range from laryngitis, pharyngitis, hoarseness, and sinusitis to 
sleep disturbance and dental erosions. 78,79 Nearly half of 
patients referred for antireflux surgery may have nongastroin- 
testinal symptoms. The term laryngopharyngeal reflux (LPR) 
is used for a broad category of atypical symptoms of gastroe¬ 
sophageal reflux, respiratory and nonrespiratory. Mechanisms 
for these symptoms are difficult to prove and substantial evi¬ 
dence remains lacking. 80 

Treatment of Extraesophageal Complications. Once gastroe¬ 
sophageal reflux is suspected or thought to be responsible for 
extraesophageal symptoms, treatment may be with either pro¬ 
longed PPI therapy or antireflux surgery. Initially, a 3- to 6- 
month trial of high-dose PPI therapy (b.i.d. or t.i.d. dosing) 
may help confirm (by virtue of symptom resolution) the fact 
that reflux is partly or completely responsible for the symp¬ 
toms. If symptoms are improved, patients can be treated with 
maintenance medical therapy or may be offered surgical treat¬ 
ment to control the reflux. The persistence of symptoms 
despite PPI treatment, however, does not necessarily rule out 
reflux as being a potential contributor. Algorithm 41.1 bases 
clinical decisions on the results of dual-probe 24-hour pH 
monitoring and is a useful starting point. 

Based on reported observations, relief of respiratory symp¬ 
toms can be anticipated for 25% to 50% of patients with reflux- 
induced asthma treated with antisecretory medications, 81-83 
although patients with pulmonary fibrosis in particular may 
have an inherent resistance to standard-dose PPIs. 84 Fewer than 
15% of asthmatics with symptom relief, however, can be 
expected to have objective improvements in their pulmonary 
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ALGORITHM 41.1. Algorithm of clinical decision making based on outcome of dual-probe 24-hour pH testing and esophageal manometry in 
patients with respiratory symptoms thought secondary to gastroesophageal reflux disease. 
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function. The reason for this apparent paradox may be that 
most studies employed relatively short courses of antisecretory 
therapy (<3 months). This time period may have been sufficient 
for symptomatic improvement but insufficient for recovery of 
pulmonary function. The chances of success with medical treat¬ 
ment are likely directly related to the extent of reflux elimina¬ 
tion. The conflicting findings of reports of antisecretory therapy 
may well be due to inadequate control of gastroesophageal 
Q reflux in some studies. The literature indicates that antireflux 
surgery improves respiratory symptoms in nearly 90% of chil¬ 
dren and 70% of adults with asthma and reflux disease. 83,85 
Improvements in pulmonary function were demonstrated in 
around one third of patients. Comparison of the results of 
uncontrolled studies of each form of therapy and the evidence 
from the two randomized controlled trials of medical versus 
surgical therapy indicate that fundoplication is the most effec¬ 
tive therapy for reflux-induced asthma. 85 The superiority of the 
surgical antireflux barrier over medical therapy is probably 
most noticeable in the supine posture, which corresponds with 
the period of acid breakthrough with PPI therapy and is the time 
in the circadian cycle when asthma symptoms and peak expira¬ 
tory flow rates are at their worst. 

More convincing data establishing the benefit of antireflux 
surgery in improving respiratory symptoms and pulmonary 
function tests derives from the lung transplantation literature. 
Bronchiolitis obliterans syndrome (BOS), synonymous with 
chronic rejection of the transplanted lung, is diagnosed by a 
greater than 20% decline in pulmonary function tests from 
posttransplant baseline. Lau et al. showed in the early 2000s 
that 67% of 18 patients with BOS had an improvement in their 
pulmonary function tests after antireflux surgery. 86 More 
recently, several groups have reported improvements in oxygen 
requirements and stabilization of declining pulmonary function 
tests when pre-lung transplant patients underwent antireflux 
surgery. 87,88 In addition, pulmonary and other extraesophageal 
symptoms can improve after laparoscopic Nissen fundoplica- 
tion with minimal perioperative morbidity. 89 

It is also important to realize that, in asthmatic patients with 
a non-reflux-induced motility abnormality of the esophageal 
body, performing an antireflux operation may not prevent the 
aspiration of orally regurgitated, swallowed liquid or food. 
This can result in respiratory symptoms and airway irritation 
that may elicit an asthmatic reaction. This factor may be the 
explanation why surgical results appear to be better in children 
than adults, since disturbance of esophageal body motility is 
more likely in adult patients. 

Metaplastic (Barrett) and Neoplastic (Adenocarcinoma) 
Complications. The condition whereby the tubular esopha¬ 
gus is lined with columnar epithelium rather than squamous 
epithelium was first described by Norman Barrett in 1950 
(Fig. 41.19). 90 He incorrectly believed it to be congenital in 
origin. It is now realized that it is an acquired abnormality, 
occurring in 7% to 10% of patients with gastroesophageal 
reflux disease, and represents the end stage of the natural his¬ 
tory of this disease. 91 It is also understood to be distinctly dif¬ 
ferent from the congenital condition in which islands of 
mature gastric columnar epithelium are found in the upper 
half of the esophagus. 

The definition of Barrett esophagus has evolved consider¬ 
ably over the past decade. 90-93 Traditionally, Barrett esophagus 
was identified by the presence of any columnar mucosa 
extending at least 3 cm into the esophagus. Recent data indi¬ 
cating that specialized intestinal-type epithelium is the only tis¬ 
sue predisposed to malignant degeneration, coupled with the 
finding of a similar risk of malignancy in segments of intestinal 
metaplasia less than 3 cm long, have resulted in the diagnosis 
of Barrett esophagus, given any length of endoscopically visible 
tissue that is intestinal metaplasia on histology (Fig. 41.20). 
Whether to call long segments of columnar mucosa without 
intestinal metaplasia Barrett esophagus is unclear. The hall- 



FIGURE 41.19. Endoscopic appearance of Barrett esophagus. Note 
the pink metaplastic mucosa as opposed to the normal whitish squa¬ 
mous lining of the esophagus. 


mark of intestinal metaplasia is the presence of goblet cells. 
Recent studies have identified a high prevalence of biopsy- 
proven intestinal metaplasia at the cardia, in the absence of 
endoscopic evidence of a columnar-lined esophagus. The sig¬ 
nificance and natural history of this finding remain unknown. 
The term Barrett esophagus should currently be used in the 
setting of an endoscopically visible segment of intestinal meta¬ 
plasia of any length or columnar replacement of the esophagus 
of 3 cm or more. 

Factors predisposing to the development of Barrett esopha¬ 
gus include early-onset GERD, abnormal lower esophageal 
sphincter and esophageal body physiology, and mixed reflux 
of gastric and duodenal contents into the esophagus. 93 Direct 
measurement of esophageal bilirubin exposure as a marker for 
duodenal juice has shown that 58% of the patients with gas¬ 
troesophageal reflux disease have increased esophageal expo¬ 
sure to duodenal juice and that this exposure is most dramati¬ 
cally related to Barrett esophagus. 94 



FIGURE 41.20. Histologic appearance of Barrett esophagus. To the 
left of the photograph, columnar mucosa with abundant goblet cells is 
seen. This is intestinal metaplasia, which is the histologic hallmark of 
Barrett esophagus. To the right of the photomicrograph, cardiac 
epithelium is present. 
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Pathophysiology of Barrett Metaplasia. Recent studies suggest 
that the metaplastic process at the gastroesophageal junction 
may begin by conversion of distal esophageal squamous 
mucosa to cardiac-type epithelium, heretofore presumed to be 
a normal finding. 92 This is likely due to exposure of the distal 
esophagus to excess acid and gastric contents via prolapse of 
esophageal squamous mucosa into the gastric environment. 
This results in inflammatory changes at the gastroesophageal 
junction and/or a metaplastic process, both of which may 
result in the loss of muscle function and a mechanically defec¬ 
tive sphincter allowing free reflux with progressively higher 
degrees of mucosal injury. Intestinal metaplasia within the 
sphincter may result, as in Barrett metaplasia of the esophageal 
body. This mechanism is supported by the finding that as the 
severity of gastroesophageal reflux disease progresses, the 
length of columnar lining above the anatomic gastroesophageal 
junction is increased. 

Treatment. The relief of symptoms remains the primary force 
driving antireflux surgery in patients with Barrett esophagus. 
Healing of esophageal mucosal injury and the prevention of 
disease progression are important secondary goals. In this 
regard, patients with Barrett esophagus are no different than 
the broader population of patients with gastroesophageal 
reflux. Antireflux surgery should be considered when patient 
factors suggest severe disease or predict the need for long-term 
medical management, both of which are almost always true in 
patients with Barrett esophagus. 

PPI therapy, both to relieve symptoms and to control any 
coexistent esophagitis or stricture, is an acceptable treatment 
option in patients with Barrett esophagus. Once initiated, 
however, most patients with Barrett esophagus will require 
life-long treatment. Complete control of reflux with PPI ther¬ 
apy can be difficult, however, as has been highlighted by stud¬ 
ies of acid breakthrough while on therapy. Katzka and Castell, 
and Ouatu-Lascar and Triadafilopoulos have shown that 40% 
to 80% of patients with Barrett esophagus continue to experi¬ 
ence abnormal esophageal acid exposure despite up to 20 mg 
twice daily of PPI. 95,96 Ablation trials have shown that mean 
doses of 56 mg of omeprazole are necessary to normalize 24- 
hour esophageal pH studies. 97 Antireflux surgery likely results 
in more reproducible and reliable elimination of reflux of both 
acid and duodenal content, although long-term outcome stud¬ 
ies suggest that as many as 25 % of patients postfundoplication 
will have persistent pathologic esophageal acid exposure con¬ 
firmed by 24-hour pH studies. 98 

An important consideration is that patients with Barrett 
esophagus generally have severe GERD, with its attendant 
sequelae such as large hiatal hernia, stricture, shortened esoph¬ 
agus, and poor motility. Compared to mild and nonerosive 
reflux disease, severe erosive disease and Barrett esophagus are 
associated with significantly greater loss of the mechanical 
antireflux barrier because of associated hiatal hernias and a 
hypotensive lower esophageal sphincter. Surgical treatment with 
a laparoscopic Nissen fundoplication reduces the hiatal hernia, 
improves the antireflux barrier, and consequently provides sim¬ 
ilarly excellent symptom control. 99 Large studies in patients 
with typical acid reflux symptoms have been published from the 
United States and Europe. 100-103 In patients having laparoscopic 
Nissen fundoplication at Emory University, relief of heartburn 
and regurgitation occurred in 90%, and 70% were off all reflux 
medications at a mean follow-up of 11 years. 104 These results 
emphasize the durability of the procedure as well as the persis¬ 
tent relief of typical symptoms. Risk factors for persistent use of 
antacids after antireflux surgery include a partial fundoplica¬ 
tion, older age, and female gender. 105 

Studies focusing on the symptomatic outcome following 
antireflux surgery in patients with Barrett esophagus docu¬ 
ment excellent to good results in 72% to 95% of patients at 
5 years following surgery. 98-100 The outcome of laparoscopic 
Nissen fundoplication in patients with Barrett esophagus has 


been assessed at 1 to 3 years after surgery. Hofstetter et al. 
reported the experience at the University of Southern California 
(USC) in 85 patients with Barrett esophagus at a median of 5 
years after surgery. Fifty-nine had long- and 26 short-segment 
Barrett esophagus and 50 underwent a laparoscopic antireflux 
procedure. 98 Reflux symptoms were absent postoperatively in 
79% of the patients. Postoperative 24-hour pH was normal in 
17 of 21 patients (81 %). Ninety-nine percent of the patients 
considered themselves cured or improved and 97% were satis¬ 
fied with the surgery. In addition to symptomatic improvement 
in reflux after surgery, there is evidence that mediators of 
esophageal inflammation implicated in carcinogenesis are 
decreased as well. Cyclooxygenase-2 (COX-2) gene expression 
is elevated in the distal esophagus of reflux patients, but the 
expression of COX-2 and another inflammatory mediator, 
interleukin 8, can be decreased in the distal esophageal mucosa 
after a fundoplication. 106-108 

The Development of Dysplasia in Barrett Esophagus. The 

prevalence of dysplasia at diagnosis in patients presenting 
with Barrett esophagus ranges from 15% to 25%, and 
approximately 5% of patients will develop dysplasia each 
year. The identification of dysplasia in Barrett epithelium 
rests on histologic examination of biopsy specimens. The 
cytologic and tissue architectural changes are similar to those 
described in ulcerative colitis (Fig. 41.21). By convention, 
Barrett metaplasia is currently classified into four broad 
categories: 

1. No dysplasia 

2. Indefinite for dysplasia 

3. Low-grade dysplasia 

4. High-grade dysplasia 

There are few prospective studies documenting the pro¬ 
gression of nondysplastic Barrett epithelium to low- or high- 
grade dysplasia. Those that are available suggest that 5% to 
6% per year will progress to dysplasia and 0.5% to 1% per 
year to adenocarcinoma (Table 41.2). Once identified, Bar¬ 
rett esophagus complicated by dysplasia should undergo 
aggressive therapy. Patients whose biopsies are interpreted as 
indefinite for dysplasia should be treated with a medical reg¬ 
imen consisting of 60 to 80 mg of PPI therapy for 3 months 
and rebiopsied. Importantly, esophagitis should be healed 
prior to interpretation of the presence or absence of dyspla¬ 
sia. The presence of severe inflammation makes the micro¬ 
scopic interpretation of dysplasia difficult. The purpose of 
acid suppression therapy is to resolve inflammation that may 
complicate the interpretation of the biopsy specimen. If the 



FIGURE 41.21. Histologic appearance of high-grade dysplasia. The 
cellular architecture and structure of the glands are becoming disorga¬ 
nized. 
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TABLE 41.2 DIAGNOSIS 


DEVELOPMENT OF DYSPLASIA: PROSPECTIVE EVALUATION OF 62 PATIENTS 


■ INITIAL 
DIAGNOSIS 


■ FINAL DIAGNOSIS 



■ NO. 

■ METAPLASIA 

■ I/LGD 

■ HGD 

■ CA 

Metaplasia 

39 

27 

10 

1 

1 

I/LGD 

20 

4 

8 

3 

2 

HGD 

3 



1 

2 


CA, carcinoma; HGD, high-grade dysplasia; I, indeterminate; LGD, low-grade dysplasia. 

From Reid BJ, Blount PL, Rubin CE, et al. Flow-cytometric and histological progression to malignancy 
in Barrett’s esophagus: prospective endoscopic surveillance of a cohort. Gastroenterology 1992;102: 
1212-1219. 


diagnosis remains indefinite, the patient should be treated as 
if low-grade dysplasia were present with continued medical 
therapy or antireflux surgery and repeat biopsy every 
6 months. 

High-grade dysplasia should be confirmed by two pathol¬ 
ogists knowledgeable in GI pathology. Once high-grade dys¬ 
plasia is confirmed, observation is less than optimal as more 
than 50% of patients will progress to multifocal high-grade 

Q dysplasia or cancer. 109 Until recently, esophagectomy was 
considered the standard of care for patients with high grade 
dysplasia. With the Western acceptance of an Eastern modal¬ 
ity, endoscopic mucosal resection (EMR) is becoming an 
increasingly attractive option for patients with high-grade 
dysplasia and intramucosal cancers. The aim of EMR is to 
excise the area of interest including the mucosal and submu¬ 
cosal layers down to the lamina muscularis propria allowing 
optimal histologic interpretation. Reports from specialized 
centers combining EMR with mucosal ablation using either 
photodynamic or radiofrequency energy are encouraging, 
with a high prevalence of eradication of dysplasia/neopla¬ 
sia. 110-115 Ell et al. initially showed that EMR is feasible and 
safe; however, in one of their earlier reports, recurrent or 
metachronous carcinomas were found in 14% of 64 patients 
during 1-year follow-up. 116 

Longer success rates with EMR for early Barrett cancer 
have been reported from the experienced centers. The largest 
study comes from Wiesbaden, Germany, involving over 300 
patients with high-grade dysplasia or intramucosal cancers 
and a mean follow-up of over 5 years. 117 A complete response 
was achieved in 97% of patients, and surgery was necessary in 
3.7% after endoscopic therapy failed. Metachronous lesions 
developed during the follow-up in 21% of the patients. The 
risk factors most frequently associated with recurrence were 
piecemeal resection, long-segment Barrett esophagus, and 
multifocal lesions. 118 

Traditionally, high-grade dysplasia has been considered a 
marker for the presence of invasive carcinoma in nearly half of 
patients, as confirmed in esophagectomy reports from the Uni¬ 
versity of Southern California, Mayo Clinic, Johns Hopkins, 0 
and other centers. 119 122 It is not possible with present technol¬ 
ogy, including endoscopic ultrasound, to differentiate the 
patients who harbor a cancer from those who do not. Further¬ 
more, esophageal adenocarcinoma associated with high-grade 
dysplasia, identified by surveillance endoscopy, is generally 
highly curable. We and others have documented 5-year sur¬ 
vival rates of 90% after potentially curative esophagectomy. 

0 Although on average 30% to 40% of patients with the preop¬ 
erative diagnosis of high-grade dysplasia will harbor invasive 
cancer when the esophagus is examined in its entirety, removal 
of the lesion via EMR, histologic assessment including the 
submucosa, and the addition of mucosal ablation of residual 
Barrett epithelium are shifting the treatment paradigm. How¬ 


ever, the standard of care for treatment of high-grade dyspla¬ 
sia and intramucosal carcinoma outside a specialized 
esophageal center, particularly in younger patients or those 
unable to undergo consistent endoscopic surveillance, remains 
esophagectomy. 


Treatment of Gastroesophageal 
Reflux Disease 

Medical Treatment. GERD is one of the most prevalent 
conditions encountered in general medical practice. As a 
result, medications for control of GERD comprise one of the 
largest pharmaceutical markets in the United States and 
abroad. Since PPIs were introduced in the United States in 
1989, a number of different agents have emerged, each with 
substantial penetration in the marketplace. Data from the year 
2004 reveal that, of the top 10 expenditures for medications in 
the United States, the third highest dollar amount was spent on 
Prevacid (lansoprazole, TAP Pharmaceutical Products, Inc., 
Lake Forest, Illinois; $4.0 billion), while the fourth highest 
was on Nexium (esomeprazole magnesium, AstraZeneca 
Pharmaceuticals, Wilmington, Delaware; $3.6 billion). 123,124 

GERD is such a common condition that most patients with 
mild symptoms carry out self-medication, particularly now 
that generic and over-the-counter H 2 -receptor antagonists 
(H 2 RAs) and PPIs have become widely available. When first 
seen with symptoms of heartburn or regurgitation without 
obvious complications, patients can reasonably be placed on 8 
to 12 weeks of acid suppression therapy before extensive 
investigations are carried out. In many situations, symptoms 
successfully resolve. Patients should be advised to elevate the 
head of the bed; avoid tight clothing; eat small, frequent meals; 
avoid eating their nighttime meal shortly before retiring; lose 
weight; and avoid alcohol, coffee, chocolate, and peppermints, 
which may aggravate the symptoms. Medications to promote 
gastric emptying, such as metoclopramide, are beneficial in 
early disease but of little value in more severe disease. 

The mainstay of maintenance medical therapy is acid sup¬ 
pression. Patients with persistent symptoms should be given 
PPIs, such as omeprazole. In doses as high as 40 mg/d, they can 
effect an 80% to 90% reduction in gastric acidity. Such a reg¬ 
imen usually heals mild esophagitis, but healing may occur in 
only three fourths of patients with severe esophagitis. It is 
important to realize that in patients who reflux a combination 
of gastric and duodenal juice, inadequate acid suppression 
therapy may give symptomatic improvement while still allow¬ 
ing mixed reflux to occur. This can result in an environment 
that allows persistent mucosal damage in an asymptomatic 
patient. Unfortunately, within 6 months of discontinuation of 
any form of medical therapy for GERD, 80% of patients have | 
a recurrence of symptoms. 125 
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In patients with reflux disease, esophageal acid exposure is 
reduced by up to 80% with H 2 RAs and up to 95% with PPIs. 
Despite the superiority of the latter class of drug over the for¬ 
mer, periods of acid breakthrough still occur. 126,127 Break¬ 
through occurs most commonly at nighttime and is some jus¬ 
tification for a split rather than a single dosing regimen. 
Katzka et al. 126 studied 45 patients with breakthrough reflux 
symptoms while on omeprazole 20 mg b.i.d. and found that 
36 patients were still refluxing, defined by a total distal 
esophageal acid exposure greater than 1.6%. Peghini et al. 127 
employed intragastric pH monitoring in 28 healthy volunteers 
and 17 patients with reflux disease and found that nocturnal 
recovery of acid secretion (more than 1 hour) occurred in 75% 
of the individuals. Recovery of acid secretion occurred within 
12 hours of the oral evening dose of PPI, the median recovery 
time being 7.5 hours. This is particularly pertinent because it is 
during the nighttime and early morning that asthma symptoms 
are most pronounced and that peak expiratory flow rate is at 
its lowest. Ranitidine 300 mg at bedtime appears superior to 
omeprazole 20 mg at bedtime in preventing acid break¬ 
through, likely due to the abolition of histamine-mediated acid 
secretion in the fasting state. 

An accumulating body of literature suggests potential 
adverse consequences to long-term acid suppressive therapy. A 
population-based cohort study from the Netherlands covering 
the years 1995-2002 revealed higher incidence rates of com¬ 
munity-acquired pneumonia in patients using H 2 RAs or PPIs 
compared to those who never used them or those who had 
used them previously but stopped. 128 The risk was most pro¬ 
nounced for PPIs and showed a clear dose-response relation¬ 
ship. Other studies have focused on the association between 
acid suppression and the development of osteoporosis-related 
fractures. 129-131 Of note, a population-based study from the 
United Kingdom assessed the risk of hip fractures from long¬ 
term PPI therapy. 129 The study covered the years 1987-2003 
and compared users of PPI therapy to nonusers of any acid 
suppressive medication. The risk of hip fracture was signifi¬ 
cantly increased in patients prescribed long-term high-dose 
PPI, and the strength of the association increased with increas¬ 
ing duration of PPI therapy. The authors conjectured that cal¬ 
cium malabsorption secondary to chronic acid suppression 
may potentially explain the positive association. 

Failure of acid suppression to control symptoms or imme¬ 
diate return of symptoms after stopping treatment suggests that 
either the diagnosis is incorrect or the patient has relatively 
severe disease. Endoscopic examination at this stage of the 
patient’s evaluation provides the opportunity for assessing the 
severity of mucosal damage and the presence of Barrett esoph¬ 
agus. Both of these findings on initial endoscopy predict a high 
risk for medical failure. A measurement of the degree and pat¬ 
tern of esophageal exposure to gastric juice, with 24-hour pH 
monitoring, should be obtained at this point. The status of the 
LES and the function of the esophageal body should also be 
assessed. These studies identify features that predict a poor 
response to medical therapy, frequent relapses, and the devel¬ 
opment of complications and include supine reflux, poor 
esophageal contractility, erosive esophagitis, a columnar-lined 
esophagus, and a structurally defective sphincter. Patients who 
have these risk factors should be given the option of surgery as 
a primary therapy with the expectation of long-term control of 
symptoms and complications. 

Antireflux Surgery 

Indications. Antireflux surgery is indicated for the treatment of 
objectively documented, relatively severe GERD. Candidates 
for surgery include not only patients with erosive esophagitis, 
stricture, and Barrett esophagus but also those without severe 
mucosal injury who are dependent on PPIs for symptom relief. 
Patients with atypical or respiratory symptoms who have a 
good response to intensive medical treatment are also candi¬ 
dates. The option of antireflux surgery should be given to all 


patients who have demonstrated the need for long-term med¬ 
ical therapy, particularly if escalating doses of PPIs are needed 
to control symptoms. Antireflux surgery may be the preferred 
option in patients younger than 50 years, those who are non- 
compliant with their drug regimen, those for whom medica¬ 
tions are a financial burden, and those who favor a single 
intervention over long-term drug treatment. It may be the 
treatment of choice in patients who are at high risk of pro¬ 
gression despite medical therapy. Although this population is 
not well defined, risk factors that predict progressive disease 
and a poor response to medical therapy include (a) nocturnal 
reflux on 24-hour esophageal pH study, (b) a structurally defi¬ 
cient LES, (c) mixed reflux of gastric and duodenal juice, and 
(d) mucosal injury at presentation. 132 

Preoperative Evaluation. Successful antireflux surgery is 
largely defined by two objectives: the achievement of long¬ 
term relief of reflux symptoms and the absence of complica¬ 
tions or complaints after the operation. In practice, achieving 
these two deceptively simple goals is difficult. Both are criti¬ 
cally dependent on establishing that the symptoms for which 
the operation is performed are the result of excess esophageal 
exposure to gastric juice, as well as the proper performance of 
the appropriate antireflux procedure. Success can be expected 
in the vast majority of patients if these two criteria are met. 
The status of the LES is not as important a factor as in the days 
of open surgery. Patients with normal resting sphincters are 
often selected for antireflux surgery in the era of laparoscopic 
fundoplication. The outcome is not dependent on sphincter 
function. There are four important goals of the diagnostic 
approach to patients suspected of having GERD and being 
considered for antireflux surgery (Table 41.3). 

The introduction of laparoscopic access, coupled with the 
growing recognition that surgery is a safe and durable treat¬ 
ment for GERD, has dramatically increased the number of 
patients being referred for laparoscopic fundoplication com¬ 
pared to the prelaparoscopic era. Recent data suggest that the 
peak use of antireflux surgery in the United States occurred in 
1999, with an estimated 15.7 cases per 100,000 adults at that 
time. 133 Since then, the frequency of antireflux surgery has 
declined, such that an estimated 11 antireflux procedures were 
performed per 100,000 adults in 2003. This recent decline 
may reflect the availability of generic and over-the-counter 
PPIs, a constantly evolving menu of endoscopic antireflux 
therapies, increased utilization of Roux-en-Y gastric bypass 
for control of GERD in morbidly obese individuals, and the 
long-term efficacy of fundoplication being called into ques¬ 
tion. Given the various therapies for GERD, each with its 
potential advantages and shortcomings, accurate and contem¬ 
porary data regarding outcomes after antireflux surgery are 
necessary as a basis against which other established and novel 
therapies must be judged. 


TABLE 41.3 DIAGNOSIS 


GOALS OF THE DIAGNOSTIC APPROACH TO PATIENTS 
SUSPECTED OF HAVING GERD AND BEING CONSIDERED 
FOR ANTIREFLUX SURGERY 

Establish that GERD is the underlying cause of the patient’s 
symptoms. 

Estimate the risk of progressive disease. 

Determine the presence or absence of esophageal shortening. 

Evaluate esophageal body function and, occasionally, gastric 
emptying function. 


GERD, gastroesophageal reflux disease. 
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TABLE 41.4 


PREDICTORS OF OUTCOME AFTER LAPAROSCOPIC FUNDOPLICATION: STEPWISE LOGISTIC REGRESSION RESULTS 
OF 199 PATIENTS 


■ ADJUSTED ODDS RATIO (95% 


■ PREDICTOR 

■ STATUS 

CONFIDENCE INTERVALS) 

■ WALD’S p VALUE 

Composite acid score 

Increased 

5.4 (1.9-15.3) 

<0.001 


Normal 

— 

— 

Symptom 

Typical 

5.1 (1.9-13.7) 

<0.001 


Atypical 

— 

— 

Response to medical therapy 

Complete/partial 

3.3 (1.3-8.7) 

0.02 


Minor/none 

— 

— 


Odds ratios and corresponding p values are adjusted for age and for all other factors in the model. 

From Campos GMR, Peters JH, DeMeester TR, et al. Multivariate analysis of the factors predicting outcome after laparoscopic Nissen 
fundoplication. J Gastrointest Surg 1999;3:292-300. 


Given the large number of surgical referrals, the impor¬ 
tance of selecting patients for surgery who are likely to have a 
successful outcome cannot be overemphasized. Although a 
Nissen fundoplication will reliably and reproducibly halt the 
return of gastroduodenal juice into the esophagus, little bene¬ 
fit is likely if the patient’s symptoms are not caused by this spe¬ 
cific pathophysiologic derangement. Thus, in large part, the 
anticipated success rate of laparoscopic fundoplication is 
directly proportional to the degree of certainty that GERD is 
the underlying cause of the patient’s complaints. 

Three factors predictive of a successful outcome following 
antireflux surgery have emerged (Table 41.4). 134 These are (a) 
an abnormal score on 24-hour esophageal pH monitoring; 
(b) the presence of typical symptoms of GERD, namely, 
heartburn or regurgitation; and (c) symptomatic improve¬ 
ment in response to acid suppression therapy prior to 
surgery. It is immediately evident that each of these factors 
helps to establish that GERD is indeed the cause of the 
patient’s symptoms and that they have little to do with the 
severity of the disease. 

Endoscopic Assessment. Endoscopic visualization of the 
esophagus equates to the physical examination of the foregut 
and is a critical part of the preoperative evaluation of patients 
with GERD. Its main aim is to detect complications of GE 
reflux, the presence of which may influence therapeutic deci¬ 
sions. 

In every patient, the locations of the diaphragmatic crura, 
the GE junction, and the squamocolumnar junction are deter¬ 
mined. These anatomic landmarks are commonly at three dif¬ 
ferent sites in patients with GERD. The crura are usually evi¬ 
dent and can be confirmed by having the patient sniff during 
the examination. The anatomic GE junction is identified as the 
point where the gastric rugal folds meet the tubular esophagus 
and is often below the squamocolumnar junction, even in 
patients without otherwise obvious Barrett esophagus. 

Endoscopic esophagitis is defined by the presence of 
mucosal erosions (Table 41.5). When present, the grade and 
length of esophageal mucosal injury are recorded. The pres¬ 
ence and length of columnar epithelium extending above the 
anatomic GE junction is also noted. Columnar-lined esophagus 
(CLE) is suspected at endoscopy when there is difficulty in visu¬ 
alizing the squamocolumnar junction at its normal location 
and by the appearance of a velvety red luxuriant mucosa. The 
presence of Barrett esophagus is confirmed by biopsy evidence 
of specialized intestinal metaplasia involving the tubular esoph¬ 
agus and is considered histologic evidence of GERD. Endo¬ 
scopic visualization of columnar lining without histologic con¬ 
firmation of specialized intestinal metaplasia is not considered 


Barrett esophagus and likely has no premalignant potential. 
Multiple biopsies should be taken in a cephalad direction to 
determine the level at which the junction of Barrett epithelium 
and normal squamous mucosa occurs. Barrett esophagus is sus¬ 
ceptible to ulceration, bleeding, stricture formation, and malig¬ 
nant degeneration. Dysplasia is the earliest sign of malignant 
change. Because dysplastic changes typically occur in a random 
distribution within the distal esophagus, a minimum of four 
biopsies (each quadrant) every 2 cm should be obtained from 
the metaplastic epithelium. Particular attention must be paid to 
the squamocolumnar junction in these patients, where a mass, 
ulcer, nodularity, or inflammatory tissue is always considered 
suspicious for malignancy and requires thorough biopsy or 
endoscopic resection. The GE junction is defined endoscopi- 
cally where the tubular esophagus meets gastric rugal folds, 
and the squamocolumnar junction is where there is an obvious 
change from the velvety and darker columnar epithelium to the 
lighter squamous epithelium. 

After completion of the esophageal examination, the first 
and second portions of the duodenum and the stomach are sys¬ 
tematically inspected. This is commonly done on withdrawal of 
the endoscope. When the antrum is visualized, the incisura 
angularis appears as a constant ridge on the lesser curve. Turn¬ 
ing the lens of the scope 180 degrees allows inspection of the 
fundus and cardia. Attention is paid to the frenulum (angle of 
His) of the esophagogastric junction and to the closeness with 
which the cardia grips the scope. Hill et al. 135 have graded the 
appearance of this valve on a scale from I to IV according to the 


TABLE 41.5 CLASSIFICATION 


MODIFIED LOS ANGELES CLASSIFICATION OF ESOPHAGITIS 


■ GRADE 

■ LESION 

A 

One (or more) mucosal break of longer than 

5 mm that does not extend between the tops of 
two mucosal folds 

B 

One (or more) mucosal break more than 5 mm 
long that does not extend between the tops of 
two mucosal folds 

C 

One (or more) mucosal break that is continuous 
between the tops of two or more mucosal folds 
but that involves <75% of the circumference 

D 

One (or more) mucosal break that involves at 
least 75% of the esophageal circumference 
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degree of unfolding or deterioration of the normal valve archi¬ 
tecture. This grading system has been correlated with the pres¬ 
ence of increased esophageal acid exposure, occurring predom¬ 
inantly in patients with a grade III or IV valve. 

A hiatal hernia is endoscopically confirmed by finding a 
pouch lined with gastric rugal folds lying 2 cm or more above 
the margins of the diaphragmatic crura. A prominent sliding 
hernia is frequently associated with increased esophageal 
exposure to gastric juice. When a paraesophageal hernia 
exists, particular attention is given to exclude a gastric ulcer or 
gastritis within the pouch. The term Cameron erosions refers 
to such mucosal erosions occurring in large sliding or parae¬ 
sophageal hernias, typically at the level of the diaphragmatic 
hiatus. The intragastric retroflex or “J” maneuver is important 
in evaluating the full circumference of the mucosal lining of 
the herniated stomach. As the endoscope is removed, the 
esophagus is again examined and biopsies taken. The location 
of the cricopharyngeus is identified and the larynx and vocal 
cords are visualized. Acid reflux may result in inflammation of 
the larynx. Vocal cord movement is recorded both as a refer¬ 
ence for subsequent surgery and an assessment of the patient’s 
ability to protect the airway. 

Twenty-four Hour Ambulatory pH Monitoring. The most 
direct method of assessing the relationship between symptoms 
and GERD is to measure the esophageal exposure to gastric 
juice with an indwelling pH electrode. Miller 136 first reported 
prolonged esophageal pH monitoring in 1964, although it was 
not until 1973 that its clinical applicability and advantages 
were demonstrated by Johnson and DeMeester. 137 Ambulatory 
pH testing is considered by many to be the “gold standard” for 
the diagnosis of GERD, because it has the highest sensitivity 
and specificity of all tests currently available. Some experts 
have suggested that 24-hour pH monitoring be used selec¬ 
tively, limited to patients with atypical symptoms or no endo¬ 
scopic evidence of GE reflux. Given present-day referral pat¬ 
terns, more than half of the patients referred for antireflux 
surgery will have no endoscopic evidence of mucosal injury. 
For these patients, 24-hour pH monitoring provides the only 
objective measure of the presence of pathologic esophageal 
acid exposure. Although it is true that most patients with typ¬ 
ical symptoms and erosive esophagitis have a positive 24-hour 
pH result, the pH study provides other useful information. It 
quantifies the actual time that the esophageal mucosa is 
exposed to gastric juice, measures the ability of the esophagus 
to clear refluxed acid, and correlates esophageal acid exposure 
with the patient’s symptoms. It is the only way to quantita¬ 
tively express the overall degree and pattern of esophageal acid 
exposure, both of which may impact the decision toward 
surgery. 138 Patients with nocturnal or bipositional reflux have 
a higher prevalence of complications and failure of long-term 


medical control. For these reasons, we continue to advocate 
the routine use of pH monitoring in clinical practice. 

Present technology includes both transnasal catheter-based 
pH probes and an implantable capsule (Bravo pH system, 
Medtronic Corporation, Minneapolis, Minnesota) placed 
under endoscopic guidance. 138-140 The units used to express 
esophageal exposure to gastric juice are (a) cumulative time 
the esophageal pH is below a chosen threshold, expressed as 
the percent of the total, upright, and supine monitored time; 
(b) frequency of reflux episodes above a chosen threshold, 
expressed as number of episodes per 24 hours; and (c) dura¬ 
tion of the episodes, expressed as the number of episodes 
greater than 5 minutes per 24 hours and the time in minutes of 
the longest episode recorded. Table 41.6 shows the normal 
values for these components of the 24-hour record at the 
whole number pH threshold derived from 50 normal, asymp¬ 
tomatic subjects. The upper limits of normal were established 
at the 95th percentile. Most centers use pH 4 as the threshold. 
Combining the result of the six components into one expres¬ 
sion that reflects the overall esophageal acid exposure below a 
pH threshold, a pH score was calculated by using the standard 
deviation of the mean of each of the six components measured. 

Several limitations exist, however, to standard pH monitor¬ 
ing: nonacid reflux events are not detected, the height and 
quantity of refluxate above the gastroesophageal junction are 
not defined, and the physical nature of the refluxed material 
(i.e., liquid, gas, or a mixture) cannot be differentiated. As 
reflux symptoms such as regurgitation and cough may be pres¬ 
ent in the absence of demonstrable reflux of acid, improved 
modalities for detection of nonacid refluxate may be clinically 
important. 

Ambulatory Combined Impedance-pH Monitoring. New 
technology has been introduced into clinical practice that 
allows for detection of both acid and nonacid refluxate. The 
Sleuth system (Sandhill Scientific, Denver, Colorado) combines 
pH monitoring and intraluminal impedance measurements 
using a single catheter (Fig. 41.22). The technology identifies 
refluxate via changes in impedance caused by the presence of a 
bolus in the esophagus, and the reflux event can be categorized 
as acid or nonacid by the contemporaneous change in intralu¬ 
minal pH. Multichannel intraluminal impedance (Mil) has 
been validated as an appropriate method for the evaluation of 
gastrointestinal function and reflux. 141 All episodes of gastroe¬ 
sophageal reflux can be detected using this technology without 
regard to their chemical composition. Surprisingly, recent 
studies using this technology have shown that, in normal sub¬ 
jects, PPI therapy does not alter the number of reflux episodes; 
it simply converts them to neutral pH. 142 This observation 
may have important implications in the treatment of gastroe¬ 
sophageal reflux disease. 


TABLE 41.6 


NORMAL VALUES FOR ESOPHAGEAL EXPOSURE TO pH <4 IN 50 SUBJECTS 


■ COMPONENT 

■ MEAN 

■ STANDARD 
DEVIATION 

■ 95TH 
PERCENTILE 

Total time pH <4 

1.51 

1.36 

4.45 

Upright time pH <4 

2.34 

2.34 

8.42 

Supine time pH <4 

0.63 

1.0 

3.45 

No. episodes 

19.00 

12.76 

46.9 

No. >5 min 

0.84 

1.18 

3.45 

Longest episode 

6.74 

7.85 

19.8 


From Johnson LF, DeMeester TR. Development of the 24-hour intraesophageal pH monitoring composite 
scoring system. / Clin Gastroenterol 1986;8(suppl l):52-58. 
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FIGURE 41.22. Combined multichannel intraluminal impedance-pH 
catheter. (Reproduced with permission from Mainie I, Tutuian R, 
Agrawal A, et al. Combined multichannel intraluminal impedance-pH 
monitoring to select patients with persistent gastro-oesophageal reflux 
for laparoscopic Nissen fundoplication. Br J Surg 2006;93:1483-1487.) 


Combined MII-pH monitoring has recently been used to 
select patients, both with typical and atypical manifestations 
of GERD and who are resistant to medical treatment, for fun¬ 
doplication. 143 Patients with a positive symptom index, as 
assessed by combined MII-pH testing while on PPI therapy, 
were noted to respond well to surgery. Another recent trial 
demonstrated that combined MII-pH testing is more accurate 
for the preoperative assessment of GERD in patients off of PPI 
therapy compared to pH monitoring alone. 144 


failure to appreciate esophageal shortening is a major cause of 
fundoplication failure and is often the explanation for the 
“slipped” Nissen fundoplication. In many such instances, the 
initial repair is incorrectly constructed around the proximal 
tubularized stomach rather than the terminal esophagus. Sur¬ 
geons opting to perform fundoplication laparoscopically in the 
setting of potential esophageal shortening must be vigilant of 
esophageal tension, technically facile at extensive mediastinal 
mobilization of the esophagus while preserving vagal integrity, 
and able to perform a laparoscopic or open transabdominal 
Collis gastroplasty should esophageal lengthening be necessary. 

Radiographic Evaluation. Radiographic assessment of the 
anatomy and function of the esophagus and stomach is one of 
the most important parts of the preoperative evaluation. Crit¬ 
ical issues are assessed, including the presence of esophageal 
shortening (Fig. 41.23), the size and reducibility of a hiatal 
hernia, and the propulsive function of the esophagus for both 
liquids and solids. 

The definition of radiographic GE reflux varies depending 
on whether reflux is spontaneous or induced by various 
maneuvers. In only about 40% of patients with classic symp¬ 
toms of GERD is spontaneous reflux observed by the radiolo¬ 
gist (i.e., reflux of barium from the stomach into the esophagus 
with the patient in the upright position). In most patients who 
show spontaneous reflux on radiography, the diagnosis of 
increased esophageal acid exposure is confirmed by 24-hour 
esophageal pH monitoring. Therefore, the radiographic 
demonstration of spontaneous regurgitation of barium into 
the esophagus in the upright position is a reliable indicator 
that reflux is present. On the contrary, failure to see radi¬ 
ographic reflux does not prove the absence of reflux disease. 

A carefully performed video esophagram can provide an 
enormous amount of information on the structure and func¬ 
tion of the esophagus and stomach. The modern barium 


Assessment of Esophageal Length. Esophageal shortening is a 
consequence of scarring and fibrosis associated with repetitive 
esophageal injury. Anatomic shortening of the esophagus can 
compromise the ability to perform an adequate tension-free 
fundoplication and may result in an increased incidence of 
breakdown or thoracic displacement of the repair. Esophageal 
length is best assessed preoperatively using video roentgeno- 
graphic contrast studies and endoscopic findings. Endoscopi- 
cally, hernia size is measured as the difference between the 
diaphragmatic crura, identified by having the patient sniff, and 
the GE junction, identified as the loss of gastric rugal folds. We 
consider the possibility of a short esophagus in patients with 
strictures or those with large hiatal hernias (>5 cm), particu¬ 
larly when the latter fail to reduce in the upright position on a 
video barium esophagram. 145 

The definitive determination of esophageal shortening is 
made intraoperatively when, after thorough mobilization of 
the esophagus, the GE junction cannot be reduced below the 
diaphragmatic hiatus without undue tension on the esophageal 
body. Surgeons performing fundoplication have reported vary¬ 
ing incidences of esophageal shortening, attesting to the judg¬ 
ment inherent in defining and recognizing “undue tension.” An 
advantage of transthoracic fundoplication is the ability to 
mobilize the esophagus extensively from the diaphragmatic 
hiatus to the aortic arch. With the GE junction marked with a 
suture, esophageal shortening is defined by an inability to posi¬ 
tion the repair beneath the diaphragm without tension. In this 
situation, a Collis gastroplasty coupled with either a partial or 
complete fundoplication may be performed. 146 

Potential pitfalls of laparoscopic fundoplication include the 
elevation of the diaphragm due to pneumoperitoneum, poten¬ 
tially contributing to a false impression that esophageal length 
is adequate, and the limited ability to mobilize the esophagus 
relative to the transthoracic approach. 147 In our experience, the 



FIGURE 41.23. Barium-filled esophagogastric segment in a patient 
with a short esophagus. Note that the gastroesophageal junction is 
well above the hiatus. 
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ITABLE 41.7 


DIAGNOSIS | 

UNIVERSITY OF SOUTHERN CALIFORNIA PROTOCOL FOR VIDEO ESOPHAGRAM STUDIES 

■ PATIENT POSITION 

■ PURPOSE 

■ TECHNIQUE 

Prone RAO 

Esophageal body function 

Esophageal diameter 

Gastric function 

Five separate 10-mL swallows, 15 s between each, follow bolus 
on videotape 

Video swallow over thoracic inlet and another over distal third 
of esophagus without panning 

Rapid swallow of several gulps to distend esophagus maximally 

Video-record activity of stomach and duodenum for 30 s in 
prone position 

Supine 

Relationship of GE 
junction to hiatus 

Two or three individual swallows focused on distal esophagus 
and GE junction 

Erect 

Cricopharyngeal function 

Mucosal injury 

Reducibility of hernia 

Gas distention of distal 
esophagus 

Lateral and anteroposterior views of oropharynx and upper 
esophagus 

Spot of collapsed esophagus for mucosal detail 

Video images of one or two swallows focused on distal 
esophagus and GE junction 

Erect 

Solid bolus transport 

Record video images of passage of two contrast-coated 
hamburger boluses from oropharynx to stomach 

GE, gastroesophageal; RAO, 

right anterior oblique. 



swallow emphasizes motion recording (video), utilizes a 
tightly controlled examination protocol (Table 41.7), and 
requires an understanding of esophageal physiology. 

Videotaping the study greatly aids the evaluation, provid¬ 
ing the surgeon with a real-time assessment of swallowing 
function, bolus transport, and the size and reducibility of an 
associated hiatal hernia. Given routine review before antire¬ 
flux surgery, the value of the study becomes increasingly clear. 
The examination provides structural information including 
the presence of obstructing lesions and anatomic abnormali¬ 
ties of the foregut. A hiatal hernia is present in more than 80% 
of patients with GE reflux and is best demonstrated with the 
patient in the prone position, which causes increased abdomi¬ 
nal pressure and promotes distention of the hernia above the 
diaphragm. The presence of a hiatal hernia is an important 
component of the underlying pathophysiology of GE reflux. 
Other relevant findings include a large (>5 cm) or irreducible 
hernia, suggesting the presence of a shortened esophagus; a 
tight crural “collar” that inhibits barium transit into the stom¬ 
ach, suggesting a possible cause of dysphagia; and the presence 
of a paraesophageal hernia. 

Lower esophageal narrowing resulting from a ring, stricture, 
or obstructing lesion is optimally viewed with full distention of 
the esophagogastric region. A full-column technique with dis¬ 
tention of the esophageal wall can be used to discern extrinsic 
compression of the esophagus. Mucosal relief or double-con¬ 
trast films should be obtained to enhance the detection of small 
esophageal neoplasms, mild esophagitis, and esophageal 
varices. The pharynx and upper esophageal sphincter are evalu¬ 
ated in the upright position, and an assessment of the relative 
timing and coordination of pharyngeal transit is possible. 

The assessment of peristalsis on video esophagram often 
adds to, or complements, the information obtained by 
esophageal motility studies. This is in part because the video 
barium study can be done both upright and supine and with 
liquid and solid bolus material, which is not true of a station¬ 
ary motility examination. This is particularly true with subtle 
motility abnormalities. During normal swallowing, a stripping 
wave (primary peristalsis) is generated that completely clears 


the bolus. Residual material can stimulate a secondary peri¬ 
staltic wave, but usually a second pharyngeal swallow is 
required. Motility disorders with disorganized or simultane¬ 
ous esophageal contractions have “tertiary waves” and pro¬ 
vide a segmented appearance to the barium column, often 
referred to as beading or corkscrewing. In dysphagic patients, 
a barium-impregnated marshmallow, bread, or hamburger is a 
useful adjunct, which can discern a functional esophageal 
transport disturbance not evident on the liquid barium study. 
Reflux is not easily seen on video esophagram, and motility 
disorders that cause retrograde barium transport may be mis¬ 
taken for reflux. 

Assessment of the stomach and duodenum during the bar¬ 
ium study is a necessity for proper preoperative evaluation of 
the patient with GERD. Evidence of gastric or duodenal ulcer, 
neoplasm, or poor gastroduodenal transit has obvious impor¬ 
tance in the proper preoperative evaluation. 

Assessment of Esophageal Function. The presence of poor 
esophageal body function can impact the likelihood of relief of 
regurgitation, dysphagia, and respiratory symptoms following 
surgery and may influence the decision to undertake a partial 
rather than a complete fundoplication. When peristalsis is 
absent or severely disordered, many surgeons would opt for a 
partial fundoplication, although recent studies would suggest 
a complete fundoplication may be appropriate even in this set¬ 
ting. The less favorable response of atypical, compared with 
typical, reflux symptoms after fundoplication may be related 
to persistent poor esophageal propulsive function and the con¬ 
tinued regurgitation of esophageal contents. 148,149 

The function of the esophageal body is assessed with 
esophageal manometry. Conventional water-perfused or solid- 
state manometry is performed with five pressure transducers 
located in the esophagus (Fig. 41.24). To standardize the pro¬ 
cedure, the most proximal pressure transducer is located 1 cm 
below the well-defined cricopharyngeal sphincter. With this 
method, a pressure response along the entire esophagus can be 
obtained during one swallow. The study consists of recording 
10 wet swallows with 5 mL of water. Amplitude, duration, 
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FIGURE 41.24. Illustration of the position of a five-channel esophageal 
motility catheter during the esophageal body portion of the study. 


and morphology of contractions following each swallow are 
all calculated at the five discrete levels within the esophageal 
body (Fig. 41.25). The delay between onset or peak of 
esophageal contractions at the various levels of the esophagus 
is used to calculate the speed of wave propagation and repre¬ 
sents the degree of peristaltic activity. 


Recently, high-resolution manometry (ManoScan 360 , Sierra 
Scientific Instruments, Los Angeles, CA) has been introduced 
into clinical practice and may possess several advantages over 
the other manometric systems currently available. 150 The high- 
resolution catheter is 4.2 mm in diameter and has 36 solid- 
state transducers spaced at 1-cm intervals, compared to the 
standard 3- to 5-cm spacing of traditional water-perfused or 
solid-state catheters. Pressure transduction technology allows 
each of the sensors to detect pressure over a length of 2.5 mm 
in 12 radially dispersed sectors. The pressure of each sector is 
averaged, making each of the 36 sensors a circumferential 
pressure detector. This construct allows a more thorough and 
precise evaluation of esophageal function than standard 
manometry. In addition, given the number and span of trans¬ 
ducers across the length of the catheter, the upper esophageal 
sphincter, esophageal body, and lower esophageal sphincter 
can be assessed simultaneously without moving the catheter. 
Thus, the study can be performed more quickly and with 
improved patient comfort compared to conventional manom¬ 
etry in that multiple repositionings of the catheter are not 
required to complete the evaluation. The experience in our 
laboratory has been that high-resolution manometry takes, on 
average, only 8.1 minutes to complete, whereas standard 
manometry with a solid-state catheter takes 24.4 minutes 
(p <0.0001). 150 Finally, the color-coded readouts allow for a 
better, more intuitive, graphic description of the motor activity 
of the esophagus, the characteristics of the lower esophageal 
sphincter, and the presence of a hiatal hernia compared to the 
other technologies (Fig. 41.26). The catheter, however, is 
expensive with a high replacement cost should it break. With 
increasing experience and further study, the pros and cons of 
this new technology will continue to be elucidated. 

Assessment of Gastric Function. Esophageal disorders are fre¬ 
quently associated with abnormalities of duodenogastric func¬ 
tion. Symptoms suggestive of gastroduodenal pathology 
include nausea, epigastric pain, anorexia, and early satiety. 
Abnormalities of gastric motility or increased gastric acid 
secretion can be responsible for increased esophageal exposure 
to gastric juice. If not identified before surgery, unrecognized 
gastric motility abnormalities are occasionally “unmasked” by 
an antireflux procedure, resulting in disabling postoperative 
symptoms. 151 Considerable experience and judgment are nec¬ 
essary to identify the patient with occult gastroduodenal 


AMPLITUDE 


0 

> 

0 


0 

0 

CD 

0 

sz 

Cl 

O 

co 

LU 



0 20 40 60 80 100 120 140 160 180 200 

mmHg 


SLOPE 


DURATION 



sec. 


FIGURE 41.25. Computer-generated 
graphic representation of esophageal 
body contraction amplitudes, dura¬ 
tion of contraction, and wave progres¬ 
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FIGURE 41.26. High-resolution manometry (HRM) 
display. Note the color-coded graphic description of 
esophageal body wave amplitudes and lower eso¬ 
phageal sphincter function. 



dysfunction. The surgeon should maintain a keen awareness of 
this possibility and investigate the stomach given any sugges¬ 
tion of problems. Tests of duodenogastric function that are 
helpful when investigating the patient with GE reflux include 
gastric emptying studies, gastric acid analysis, 24-hour gastric 
pH monitoring, and ambulatory bilirubin monitoring of the 
esophagus and stomach. 

Poor gastric emptying or transit can provide for reflux of 
gastric contents into the distal esophagus. Standard gastric 
emptying studies are performed with radionuclide-labeled 
meals. They are often poorly standardized and difficult to 
interpret. Emptying of solids and liquids can be assessed simul¬ 
taneously when both phases are marked with different tracers. 
After ingestion of a labeled standard meal, gamma camera 
images of the stomach are obtained at 5- to 15-minute inter¬ 
vals for 1.5 to 2 hours. After correction for decay, the counts 
in the gastric area are plotted as percentage of total counts at 
the start of the imaging. The resulting emptying curve can be 
compared with data obtained in normal volunteers. In general, 
normal subjects will empty 59% of a meal within 90 minutes. 

Evolving Technologies for Assessment of Extraesophageal 
Manifestations of GERD. Given the difficulty inherent in 
proving that GERD is etiologic to extraesophageal symptoms, 
such as cough, sore throat, or hoarseness, or to more chronic 
and insidious conditions, such as repetitive aspiration or pul¬ 
monary fibrosis, a great interest exists to develop testing 
modalities that are both more sensitive and more specific than 
the technologies widely utilized at present. Several recent test¬ 
ing paradigms have emerged that appear promising, despite 
lacking extensive data. 

Simultaneous 24-hour MII-pH and continuous pulse 
oximetry recently was evaluated in 20 subjects with primary 
respiratory symptoms (RSs) and 10 with primary esophageal 
symptoms (ESs). 152 Oxygen saturation monitoring was per¬ 
formed using a finger clip probe (Pulsox-300i, Konica Minolta 
Sensing, Inc., Ramsey, NJ) that measures the arterial oxygen 
saturation (Sp0 2 ) and pulse rate every second via standard 
photometries (Fig. 41.27). An oxygen desaturation event was 
defined by either (a) Sp0 2 less than 90% or (b) Sp0 2 drop of 
6% or greater (Fig. 41.28). Reflux events, both acid and 
nonacid, were temporally correlated to desaturation events. 
Markedly more reflux events were associated with desatura¬ 
tion in patients with RSs (74.5%, 832/1,117 reflux events) 
than in patients with ESs (30.4%, 223/734 reflux events, 
p <0.0001) (Fig. 41.29). In addition, the difference in reflux 
desaturation association was more pronounced with proximal 
reflux (80.3% with RSs vs. 20.4% with ESs, p <0.0001). 
While a number of issues still need to be resolved with this 
technique for it to be considered reliable and useful, the obser¬ 


vation of oxygen desaturations in temporal proximity to reflux 
events, particularly in patients with RSs, is intriguing and may 
prove meaningful. 

A pharyngeal pH catheter (ResTech, San Diego, CA) also was 
recently developed and consists of a thin (1.5-mm diameter) 
nasally passed catheter that can be positioned in the pharynx 
with the assistance of a light-emitting diode (LED) mounted 
on the tip. The catheter, being small, is well tolerated and mea¬ 
sures both liquid and aerosolized reflux events. Optimal pH 
thresholds are currently being evaluated to predict the respon¬ 
siveness of extraesophageal symptoms to antireflux therapy, 
either medical or surgical. 

Finally, several centers have investigated the utility of salivary/ 
sputum or laryngoscopic biopsy specimen assays for pepsin as 
a marker for underlying GERD. 153-155 As pepsin is produced 
only in the gastric mucosa, its presence in the sputum or larynx 
reflects gastric reflux. Pepsin assays, when compared to ambu¬ 
latory pH monitoring, showed a high correlation to proximal 
reflux events. Positive assays were also highly correlated with 
the presence of laryngopharyngeal reflux symptoms. Still lack¬ 
ing are data showing that a positive sputum or laryngeal 
pepsin assay predicts a successful symptomatic response to 
antireflux therapy. With additional study, the utility and relia¬ 
bility of each of these modalities will be determined in the clin¬ 
ical marketplace. 

Partial Versus Complete Fundoplication. The decision between 
partial and complete fundoplication and an open or laparoscopic 
approach requires considerable judgment. Two randomized 



FIGURE 41.27. Pulsox-300i with finger probe used to assess ambula¬ 
tory oxygen saturation (Konica Minolta Sensing, Inc.). 
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FIGURE 41.28. Example of the association between 
a reflux episode detected by multichannel intraluminal 
impedance-pH study and oxygen desaturation 
detected by pulse oximetry. (Reproduced with permis¬ 
sion from Salvador R, Watson TJ, Herbella F, et al. 
Association of gastroesophageal reflux and 0 2 desatu¬ 
ration: a novel study of simultaneous 24-h MII-pH and 
continuous pulse oximetry. J Gastrointest Surg 2009; 
13:854-861.) 


studies of unselected patients undergoing laparoscopic fundo- 
plication have shown equivalence of complete and partial fun- 
doplications, anterior in one study 156 and posterior in the 
other, 83 in terms of operative time, perioperative morbidity, and 
hospital stay. Watson et al. 156 noted that resting and residual 
LES pressures were greater after complete fundoplication and 
that esophageal clearance of liquid radioisotope was prolonged 
in these patients compared with after partial fundoplication. 
Six months after operation, partial fundoplication was linked 
to a greater overall level of patient satisfaction manifested by a 
lower incidence of the symptoms of dysphagia, inability to 
belch, and excessive flatus. Laws et al. 157 did not identify any 
difference in symptomatic outcome between patients treated by 
complete and those treated by posterior partial fundoplication 
at a mean follow-up time of 27 months. 

Hagedorn et al. reported on the results of a randomized, 
controlled trial comparing total (Nissen-Rosetti) and posterior 



FIGURE 41.29. Scatterplot of association between reflux episodes 
and desaturation events by patient group. The prevalence of reflux- 
associated desaturations was remarkably different between the two 
groups (p <0.0001). (Reproduced with permission from Salvador R, 
Watson TJ, Herbella F, et al. Association of gastroesophageal reflux 
and 0 2 desaturation: a novel study of simultaneous 24-h MII-pH and 
continuous pulse oximetry. J Gastrointest Surg 2009;13:854-861.) 


partial (Toupet) fundoplication in which long-term efficacy was 
assessed. 158 A total of 110 patients (54 undergoing a total wrap, 
56 a partial wrap) completed a median follow-up of 11.5 years. 
No significant differences were observed between the groups in 
terms of heartburn, regurgitation, or dysphagia scores. A signif¬ 
icant difference, however, was noted in the prevalence of rectal 
flatus and postprandial fullness, which were reported more 
often by those having undergone a total fundoplication. 

A recent prospective, randomized trial from Australia com¬ 
paring laparoscopic Nissen fundoplication to an anterior 180- 
degree partial fundoplication similarly revealed no significant 
differences between the two groups with regard to reflux 
symptoms, dysphagia, abdominal bloating, ability to belch, 
and overall satisfaction at 10 years’ follow-up. 159 

These observations, however, must be tempered by reports 
questioning the durability of partial fundoplications. Jobe et al. 
found that 51 % of patients studied by 24-hour esophageal pH 
monitoring after Toupet fundoplication still had pathologic 
acid exposure. 160 Disturbingly, only 40% of the refluxers were 
symptomatic. Two studies have identified the presence of a 
defective LES function, an aperistaltic distal esophagus, and 
higher grades of esophagitis (Savary-Miller grades 2 to 4) as 
risk factors for partial fundoplication failure. 158,160 Bell et al. 
reported recurrent reflux in 14% after Toupet fundoplica¬ 
tion. 161 The presence of mild esophagitis and a normal LES 
were associated with a 3-year success rate of 96%, whereas the 
presence of complicated esophagitis or a defective LES low¬ 
ered this value to 50% (Fig. 41.23). 

These findings highlight an apparent paradox, in that par¬ 
tial fundoplications afford suboptimal reflux protection in 
those most at risk from the effects of unabated GERD. The 
question arises, therefore, whether total fundoplication should 
be applied more liberally to patients with severe reflux disease 
and associated esophageal dysmotility. Patti et al. recently 
reported on 357 patients undergoing antireflux surgery, 235 
undergoing a “tailored approach” with either a partial or total 
fundoplication depending on the results of preoperative 
manometry, and 122 more recent patients undergoing a total 
fundoplication regardless of the quality of esophageal peristal¬ 
sis. 161 In the first group, heartburn from pathologic reflux, 
confirmed by postoperative ambulatory esophageal pH moni¬ 
toring, recurred in 19% after partial fundoplication and in 4% 
after total fundoplication. In the latter group, heartburn 
recurred in 4% after total fundoplication. Importantly, the 
incidence of postoperative dysphagia was similar in the two 
groups. This recent evidence, as well as our own experience, 
has led us to utilize the complete fundoplication more readily, 
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TABLE 41.8 MANAGEMENT 


ELEMENTS OF LAPAROSCOPIC FUNDOPLICATION 

1. Crural dissection, identification and preservation of both 
vagi including the hepatic branch of the anterior vagus 

2. Circumferential dissection of the esophagus 

3. Crural closure 

4. Fundic mobilization by division of short gastric vessels 

5. Creation of a short, loose fundoplication by enveloping 
the anterior and posterior wall of the fundus around the 
lower esophagus 


particularly in patients with Barrett esophagus. Currently, par¬ 
tial fundoplication is best reserved for patients with severe 
esophageal dysmotility approaching aperistalsis, such as 
occurs in scleroderma, or in combination with a distal 
esophageal myotomy for achalasia. 162 

Laparoscopic Nissen Fundoplication. The performance of 
laparoscopic fundoplication should include the steps identified 
in Table 41.8. 

Fort Flacement. Five ports are used (Fig. 41.30). The camera is 
placed above and to the left of the umbilicus, roughly one third 
of the distance to the xiphoid process. In most patients, place¬ 
ment of the camera in the umbilicus is too low to allow ade¬ 
quate visualization of the hiatal strictures once dissected. A 
transrectus location is preferable to midline to minimize the 
prevalence of port site hernia formation. Two lateral retracting 
ports are placed, one for the liver retractor in the right midab¬ 
domen (anterior axillary line), at or slightly below the camera 
port. This allows the proper angle toward the left lateral seg¬ 
ment of the liver and thus the ability to push the retractor 
toward the operating table, lifting the liver. A second retraction 
port is placed slightly above the level of the umbilicus, in the 



FIGURE 41.30. Trocar placement for laparoscopic antireflux surgery. 
The patient is placed with the head elevated 45 degrees in the modified 
lithotomy position. The surgeon stands between the patient’s legs and 
the procedure is completed via five abdominal access ports. 


left anterior axillary line. Placement of these ports too far lat¬ 
eral or too low on the abdomen will compromise the excursion 
of the instruments and thus the ability to retract. The left-sided 
operating port (surgeon’s right hand) is placed 1 to 2 cm below 
the costal margin approximately at the lateral rectus border. 
Such placement allows triangulation between the camera and 
the two instruments and avoids the difficulty associated with 
the instruments being in direct line with the camera. The right¬ 
sided operating port (surgeon’s left hand) is placed last, after 
the left lateral segment of the liver has been retracted. This 
placement prevents “sword fighting” between the liver retrac¬ 
tor and the left-handed instrument. The falciform ligament 
hangs low in many patients and provides a barrier around 
which the left-handed instrument must be manipulated. 

Hiatal Dissection. A fan or similar suitable retractor is placed 
into the right anterior axillary port and positioned to hold the 
left lateral segment of the liver toward the anterior abdominal 
wall. We prefer to use a table retractor to hold this instrument 
once properly positioned. Trauma to the liver should be metic¬ 
ulously avoided, because subsequent bleeding will obscure the 
field. Mobilization of the left lateral segment by division of the 
triangular ligament is not necessary. A Babcock or fundus 
clamp placed through the left anterior axillary port is used to 
grasp the GE fat pad and retract the stomach toward the 
patient’s left foot. This maneuver exposes the esophageal hia¬ 
tus. Commonly a hiatal hernia will need to be reduced. Atrau¬ 
matic clamps should be used and care taken not to grasp the 
stomach too vigorously, as gastric perforations can occur. 

Crural Dissection. Crural dissection begins with identification 
of the right crus. Metzenbaum-type scissors and fine grasping 
forceps are preferred for dissection. In all except the most 
obese patients, there is a very thin portion of the gastrohepatic 
omentum overlying the caudate lobe of the liver. The dissec¬ 
tion is begun by incising the portion of the gastrohepatic 
omentum above and below the hepatic branch of the anterior 
vagal nerve (which some authors routinely spare). A large left 
hepatic artery arising from the left gastric artery is present in 
up to 25% of patients (Fig. 41.31); it should be identified and 
avoided. A right crural branch is occasionally seen, which can 



FIGURE 41.31. Illustration of the initial dissection of the esophageal 
hiatus. The right crus is identified and dissected toward its posterior 
confluence with the left crus. 
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be divided. After incising the gastrohepatic omentum, the out¬ 
side of the right crus will become evident. The peritoneum 
overlying the anterior aspect of the right crus is incised with 
scissors and electrocautery, and the right crus dissected from 
anterior to posterior as far as possible. The medial portion of 
the right crus leads into the mediastinum and is entered by 
blunt dissection with both instruments. 

At this juncture the esophagus usually becomes evident. 
The right crus is retracted laterally with the surgeon’s left- 
handed grasper and a modest dissection of the tissues posterior 
to the esophagus is performed. In most patients it is best not to 
dissect behind the GE junction at this time. Meticulous hemo¬ 
stasis is critical. Blood and fluid tend to pool in the hiatus and 
are difficult to remove. Irrigation should be avoided. Modest 
bleeding can be controlled by placing a 4 X 4 sponge into the 
abdomen. A large hiatal hernia often makes this portion of the 
procedure easier because it accentuates the diaphragmatic 
crura. On the other hand, dissection of a large mediastinal her¬ 
nia sac can be difficult. 

Following dissection of the right crus, attention is turned 
toward the anterior crural confluence. The tissues anterior to 
the esophagus are held upward by the left-handed grasper and 
the esophagus is swept downward and to the right, separating 
it from the left crus (Fig. 41.32). The anterior crural tissues are 
then divided and the left crus identified. The anterior vagus 
nerve often “hugs” the left crus and can be injured in this por¬ 
tion of the dissection if not carefully searched for and pro¬ 
tected. The left crus is dissected as completely as possible, 
including taking down the angle of His and the attachments of 
the fundus to the left diaphragm (Fig. 41.33). A complete dis¬ 
section of the lateral and inferior aspect of the left crus and 
fundus of the stomach is the key maneuver allowing circum¬ 
ferential mobilization of the esophagus. Failure to do so will 
result in difficulty encircling the esophagus, particularly if 
approached from the right. Repositioning of the Babcock 
retractor toward the fundic side of the stomach facilitates 
retraction for this portion of the procedure. The posterior 
vagus nerve may be encountered in the low left crural dissec¬ 
tion and should be protected. 

A window behind the GE junction can generally now be 
easily created. Attention is returned to the right side of the 
esophagus where the left-handed instrument is used to retract 
the esophagus anteriorly. This allows the right hand to per¬ 
form the dissection behind the esophagus. The posterior vagus 
nerve should be identified and left on the esophagus. The left 
crus is identified and the dissection kept caudal to it. There is 
a tendency to dissect into the mediastinum and left pleura. In 
the presence of severe esophagitis, transmural inflammation, 



FIGURE 41.32. Artistic depiction of division of the anterior crural 
fibers and mobilization of the esophagus off the left crus. 



FIGURE 41.33. Left-sided crural dissection. The left crus is dissected 
as completely as possible and the attachments of the fundus of the 
stomach to the diaphragm are taken down. 


esophageal shortening, or a large posterior fat pad, this dissec¬ 
tion may be particularly difficult. If unduly difficult, abandon 
this route of dissection and approach the hiatus from the left 
side by dividing the short gastric vessels at this point in the 
procedure rather than later. After completing the posterior dis¬ 
section, pass a grasper (through the surgeon’s left-handed 
port) behind the esophagus and over the left crus and pull a 
Penrose drain around the esophagus to be used as an esophageal 
retractor for the remainder of the procedure. 

Fundic Mobilization. Complete fundic mobilization allows 
construction of a tension-free fundoplication. This is best done 
by suspending the gastrosplenic omentum anteroposteriorly, 
in a clothesline fashion via two Babcock forceps, and opening 
into the lesser sac approximately one-third the distance down 
the greater curvature of the stomach (Fig. 41.34). The short 



FIGURE 41.34. Illustration of the proper retraction of the gastro¬ 
splenic omentum facilitating the initial steps in short gastric division. 
Complete fundic mobilization is continued by retraction of the stom¬ 
ach rightward and the spleen and omentum left and downward. These 
maneuvers allow opening of the lesser sac and facilitate division of the 
high short gastric vessels. 
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FIGURE 41.35. The fundic mobilization is continued to include pan- 
creaticogastric branches as well as the short gastric branches. Dissec¬ 
tion continues until the crura and the caudate lobe can be seen from 
left posterior. 


gastric vessels can then be sequentially dissected and divided 
with the aid of ultrasonic shears (Ethicon Endosurgery, 
Cincinnati, Ohio). An anterior-posterior rather than medial- 
to-lateral orientation of the vessels is preferred, with the 
exception of those close to the spleen. The dissection includes 
pancreaticogastric branches posterior to the upper stomach 
and continues until the right crus and caudate lobe can be seen 
from the left side (Fig. 41.35). With caution and meticulous 
dissection, the fundus can be completely mobilized in virtually 
all patients. Although generally possible via the right- and left- 
handed surgeon’s access ports, occasionally this dissection 
requires removal of the liver retractor and placement of a sec¬ 
ond Babcock forceps through the right anterior axillary port 
to facilitate retraction during division of the short gastric 
vessels. 

The relationship between complete fundic mobilization 
(short gastric vessel division) and postoperative dysphagia is a 
debate that has continued from the open era, when fundic 
mobilization was linked to a lower incidence of dysphagia. 
Two randomized studies have compared fundic mobilization 
with nonmobilization; one found no difference in outcome 163 
and the other showed significant reductions in the incidence of 
dysphagia, gas bloat, and inability to belch after fundic mobi¬ 
lization. 164 The beneficial effect of fundic mobilization on 
these parameters has also been noted by other authors. 165 
Whether fundic mobilization per se has a direct impact on dys¬ 
phagia is unclear. It may simply be that mobilization permits 
better visualization of the procedure, thus ensuring that the 
repair is constructed with the posterior portion of the fundus. 

Esophageal Mobilization and Crural Closure. The esophagus 
is mobilized into the posterior mediastinum for several cen¬ 
timeters to provide maximal intra-abdominal esophageal 
length. Posterior and right lateral mobilization is readily 
accomplished. In performing the anterior and left lateral mobi¬ 
lization, the surgeon must take care not to injure the anterior 
vagus nerve. Gentle traction on the Penrose drain around the 
GE junction facilitates exposure. The right and left pleural 
reflection often come into view and should be avoided. Con¬ 


tinue the crural dissection to enlarge the space behind the GE 
junction as much as possible. Following mobilization and an 
assessment of intra-abdominal esophageal length, the hiatus is 
closed in all patients. The esophagus is held anterior and to the 
left and the crura approximated with two to four interrupted 
figure-of-eight O-Ethibond sutures, starting just above the aor¬ 
tic decussation and working anterior. The authors prefer a 
large needle (CT1) passed down the left upper 10-mm port to 
facilitate a durable crural closure. Because space is limited, it is 
often necessary to use the surgeon’s left-handed (nondomi¬ 
nant) instrument as a retractor, facilitating placement of single 
bites through each crus with the surgeon’s right hand. The 
aorta may be punctured while suturing the left crus. Identifica¬ 
tion of the anterior aortic surface and retracting the left crus 
via the left-handed grasper will help avoid inadvertent aortic 
puncture. The authors prefer extracorporeal knot tying using 
a standard knot pusher or a “tie knot” device (LSI Solutions, 
Victor, New York), although tying within the abdomen is per¬ 
fectly appropriate. More recently, we have inspected the crural 
closure at the completion of the procedure following creation 
of the fundoplication and removal of the bougie. Doing so will 
often reveal that the bougie has dilated the hiatal opening such 
that a final stitch should be placed to further approximate it. 
Although there have been no randomized studies evaluating 
the role of routine crural closure, there is compelling evidence 
to indicate that closure should be standard. Watson et al. 166 
identified paraesophageal herniation in 17 of 253 patients 
(7%), the frequency being 3% in those who had undergone 
crural repair and 11 % in those who had not. 

Creation of the Fundoplication. A short, loose fundoplication 
is fashioned with particular attention to the geometry of the 
wrap (Fig. 41.36). The midposterior fundus is grasped and 
passed left to right behind the esophagus rather than pulling 
right to left. This ensures that the posterior fundus is used for 
the posterior aspect of the fundoplication. This is accom¬ 
plished by placing a Babcock clamp through the left lower port 
and grasping the midportion of the posterior fundus (Fig. 
41.37). One should gently bring the posterior fundus behind 
the esophagus to the right side with an upward, rightward, 
and clockwise twisting motion. This maneuver can be difficult, 
particularly for the novice. If so, placement of a 0-silk suture 
in the midposterior fundus and grasping it from the right side 
facilitates bringing the posterior fundus around to create the 


Plication 


Wrap 


Twist 



FIGURE 41.36. Schematic representations of the various possibilities 
of orientation of a Nissen fundoplication. The top set of figures repre¬ 
sents the preferred approach, whereas the bottom two sets can be seen 
to result in twisting of the fundoplication. 
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FIGURE 41.37. Placement of Babcock on the posterior 
fundus in preparation for passing it behind the esopha¬ 
gus to create the posterior or right lip of the fundoplica- 
tion. Inset: To achieve the proper angle for passage, the 
Babcock is placed through the left lower trocar. The 
posterior fundus is passed left to right and grasped from 
the right via a Babcock through the right upper trocar. 
A: Location of posterior fundus for passage to the right 
side. B: The posterior fundus passed underneath the 
esophagus and grasped on the right. 


fundoplication. The anterior wall of the fundus is then folded 
over the esophagus to meet the posterior at about the 10 to 11 
o’clock position above the supporting Penrose drain. 

The posterior and anterior fundic lips should be maneu¬ 
vered (as in a “shoe shine”) to allow the fundus to envelope 
the esophagus without twisting. Laparoscopic visualization 
has a tendency to exaggerate the size of the posterior opening 
that has been dissected. Consequently, the space for the pas¬ 
sage of the fundus behind the esophagus may be tighter than 
thought and the fundus relatively ischemic when brought 
around. If the right lip of the fundoplication has a bluish dis¬ 
coloration, the stomach should be returned to its original posi¬ 
tion and the posterior dissection enlarged. A 60-French bougie 
is passed to properly size the fundoplication, and the “lips” of 
the fundoplication sutured utilizing a single U-stitch of 2-0 
Prolene buttressed with felt pledgets. The most common error 
is an attempt to grasp the anterior portion of the stomach to 
construct the right lip of the fundoplication rather than the 
posterior fundus. The esophagus should comfortably lie in the 
untwisted fundus prior to suturing. Finally, two anchoring 
sutures of 2-0 silk or Ethibond are placed above and below 
the U-stitch to complete the fundoplication. When finished, 
the suture line of the fundoplication should be facing in a right 
anterior direction (Fig. 41.38). The abdomen is then irrigated, 
hemostasis checked, and the bougie, Penrose drain, and any 
sponges placed into the abdomen removed. 

Transthoracic Nissen Fundoplication. The indications for per¬ 
forming an antireflux procedure by a transthoracic approach 
are given in Table 41.9. 

In the thoracic approach the hiatus is exposed through a 
left posterior lateral thoracotomy incision in the sixth inter¬ 
costal space (i.e., over the upper border of the seventh rib). 
When necessary, the diaphragm is incised circumferentially 2 
to 3 cm from the lateral chest wall for a distance of approxi¬ 
mately 10 to 15 cm. The esophagus is mobilized from the level 
of the diaphragm to underneath the aortic arch. Mobilization 
up to the aortic arch is usually necessary to place the repair in 
a patient with a shortened esophagus into the abdomen with¬ 
out undue tension. Failure to do this is one of the major causes 
for subsequent breakdown of a repair and return of symp¬ 
toms. The cardia is then freed from the diaphragm. When all 
the attachments between the cardia and diaphragmatic hiatus 


are divided, the fundus and part of the body of the stomach are 
drawn up through the hiatus into the chest. The vascular fat 
pad that lies at the GE junction is excised. Crural sutures are 
then placed to close the hiatus though are not tightened until 
later. The fundoplication is constructed by enveloping the fun¬ 
dus around the distal esophagus in a manner similar to that 
described for the abdominal approach. When complete, the 
fundoplication is placed into the abdomen by compressing the 
fundic ball with the hand and manually maneuvering it 
through the hiatus. The previously placed crural stitches are 
then tightened and knotted. 

Collis Gastroplasty. In patients with a short esophagus sec¬ 
ondary to a stricture, Barrett esophagus, or a large hiatal hernia, 



FIGURE 41.38. Fixation of the fundoplication. The fundoplication is 
sutured in place with a single U-stitch of 2-0 Prolene pledgeted on the 
outside. A 60-French mercury-weighted bougie is passed through the 
gastroesophageal junction prior to fixation of the wrap to ensure a 
floppy fundoplication. Inset illustrates the proper orientation of the 
fundic wrap. 
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ITABLE 41.9 

INDICATIONS/CONTRAINDICATIONS 1 

INDICATIONS FOR PERFORMING AN ANTIREFLUX PROCEDURE BY A TRANSTHORACIC APPROACH 

■ INDICATION 

■ EXPLANATION 

Previous hiatal hernia repair 

In this situation, a peripheral circumferential incision in the diaphragm is made to provide 
simultaneous exposure of the upper abdomen. This allows safe dissection of the previous 
repair from both the abdominal and thoracic sides of the diaphragm. 

Concomitant procedure 

Concomitant esophageal myotomy for achalasia or diffuse spasm. 

Short esophagus 

This is usually associated with a stricture or Barrett esophagus. In this situation, the 
thoracic approach is preferred to allow maximum mobilization of the esophagus, the 
performance of a Collis gastroplasty, or, if necessary, placement of the repair without 
tension below the diaphragm. 

Sliding hiatal hernia that does not 
reduce below the diaphragm during 
a roentgenographic barium study 
in the upright position 

This can indicate esophageal shortening and, again, a thoracic approach is preferred for 
maximum mobilization of the esophagus and, if necessary, the performance of a Collis 
gastroplasty. 

Associated pulmonary pathology 

The nature of the pulmonary pathology can be evaluated and the proper pulmonary 
surgery, in addition to the antireflux repair, can be performed. 

Obesity 

The abdominal repair is difficult because of poor exposure, whereas the thoracic approach 
gives better exposure and allows a more precise repair. 


the esophagus is lengthened with a Collis gastroplasty. The gas¬ 
troplasty lengthens the esophagus by forming a gastric tube or 
“neoesophagus” along the lesser curvature. The procedure 
allows a tension-free construction of a total or partial fundo- 
plication around the newly formed gastric tube, with place¬ 
ment of the repair in the abdomen. A gastroplasty can be read¬ 
ily performed via either an abdominal or thoracic approach. A 
number of techniques have been reported for the laparoscopic 
performance of Collis gastroplasty, and the surgeon opting to 
manage the shortened esophagus laparoscopically must be able 
to perform such a procedure should the need arise. 167 

Outcomes Following Antireflux Surgery. Any discussion 
regarding results following fundoplication must consider: 

1. Perioperative morbidity and mortality 

2. Control of typical and atypical symptoms 

3. Side effects 

4. Objective relief from excessive esophageal acid exposure 

5. Anatomic failure rates, such as recurrent hiatal herniation 
or slippage, and the need for reoperation 

Complications of Antireflux Surgery. Carlson and Frantzides 168 
reported on complications and results of primary minimally 
invasive antireflux operations based on a literature review. 
Included in their analysis were 41 papers comprising 10,489 
procedures. Postoperative complications were found to occur 
in approximately 8% of patients, with the rate of conversion 
to an open procedure of about 4%. The most common peri¬ 
operative complication was early wrap herniation (1.3%), 
defined as occurring within 48 hours of surgery. This is one 
complication that may be more common with the laparoscopic 
than open approach. The explanation for this is unclear but 
may be related to the opening of tissue planes by the pneu¬ 
moperitoneum and the reduced tendency for adhesion forma¬ 
tion after laparoscopic compared to open surgery. In an 
attempt to eliminate this complication, most surgeons routinely 
perform a crural repair. 

Both pneumothorax and pneumomediastinum have been 
reported. The occurrence of pneumothorax is related to 
breach of either pleural membrane, usually the left, during the 
hiatal dissection. Chest drain insertion is usually not required 
because accumulated carbon dioxide rapidly dissipates following 
release of pneumoperitoneum by a combination of positive- 
pressure ventilation and absorption. 


As with any laparoscopic procedure, instrumental perfora¬ 
tion of the hollow viscera may occur. Early esophageal perfo¬ 
ration may arise during passage of the bougie, during the 
retroesophageal dissection, or during suture pull-through. 
Late esophageal perforation is related to diathermy injury at 
the time of mobilization. Gastric perforations usually result 
from excessive traction on the fundus for retraction purposes. 
Recognition of the problem at the time of surgery requires 
repair, which may be performed either laparoscopically or by 
an open technique. 

Hemorrhage during the course of laparoscopic fundoplica¬ 
tion usually arises from the short gastric vessels or spleen. Rarer 
causes include retractor trauma to the liver, injury to the left 
inferior phrenic vein, an aberrant left hepatic vein, or the infe¬ 
rior vena cava. Cardiac tamponade as a result of right ventricu¬ 
lar trauma has also been reported. Major vascular injury man¬ 
dates immediate conversion to an open procedure to achieve 
hemostasis. One complication that has been virtually eliminated 
since the advent of laparoscopic fundoplication is incidental 
splenic injury necessitating splenectomy (0.06%), which 
occurred with a frequency of around 2% to 5% during the open 
era. The mortality rate for primary minimally invasive antire¬ 
flux surgery has fortunately been quite low, reported at 0.08%. 

Symptomatic Outcomes Following Antireflux Surgery. Studies 
of long-term outcome following both open and laparoscopic 
fundoplication document the ability of laparoscopic fundopli- 
cation to relieve typical reflux symptoms (heartburn, regurgi¬ 
tation, and dysphagia) in more than 90% of patients at follow¬ 
up intervals averaging 2 to 3 years and 80% to 90% of 
patients 5 years or more following surgery. 169-177 The data 
include evidence-based reviews of antireflux surgery, 174 
prospective randomized trials comparing antireflux surgery to 
PPI therapy 175 and open to laparoscopic fundoplication, 176 
and analysis of U.S. national trends in utilization and out¬ 
comes. 177 The results of laparoscopic fundoplication compare 
favorably with those of the “modern” era of open fundoplica¬ 
tion. They also indicate the less predictable outcome of atypi¬ 
cal reflux symptoms (cough, asthma, laryngitis) after surgery 
being relieved in only two thirds of patients. 178 

A few recent trials deserve emphasis. Results were updated 
on a prospective, randomized trial comparing PPI therapy to 
antireflux surgery. 179 The outcome of the study previously had 
been reported at a follow-up of 5 years, 175 while the latest 
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update provided follow-up of at least 7 years. The proportion 
of patients in whom treatment did not fail during the 7 years 
was significantly higher in the surgical arm than in the medical 
arm. A smaller difference in outcomes was noted after dose 
adjustments in the medical group. More patients in the surgi¬ 
cal cohort, however, complained of side effects such as dys¬ 
phagia, inability to belch or vomit, and hyperflatulence. Dis¬ 
ease control was essentially stable between 5 and 7 years of 
follow-up. The authors concluded that surgery was more 
effective in controlling overall GERD symptoms, though post- 
fundoplication side effects were a concern. 

Another prospective trial from the United Kingdom compared 
laparoscopic Nissen fundoplication to PPI and reported follow¬ 
up at a median of 6.9 years. 180 Some patients initially randomized 
to PPI therapy were offered the opportunity to undergo surgery. 
While both the medical and surgical cohorts reported an 
improvement in GERD-related symptoms after 12 months, fur¬ 
ther symptomatic improvement was noted in those patients sub¬ 
sequently undergoing surgery despite optimal PPI therapy. 

A multicenter, European, prospective randomized trial 
comparing laparoscopic antireflux surgery (LARS) to medical 
therapy with esomeprazole is ongoing (the LOTUS trial). 
Three-year outcomes in 288 patients assigned to LARS and 
266 assigned to medical therapy were reported in 2008. 181 The 
proportion of patients remaining in symptomatic remission 
was similar between the two groups (90% for LARS, 93% for 
medical therapy in an intention-to-treat analysis, p = 0.25). No 
major perioperative complications were noted and esomepra¬ 
zole appeared to be well tolerated. 

Recent reports have called attention to the observation that 
many patients are prescribed acid suppression medications 
after antireflux surgery. Spechler et al. reported on the long¬ 
term follow-up of patients with complicated GERD enrolled in 
the Department of Veterans Affairs randomized trial of med¬ 
ical versus surgical therapies. 182,183 In the first report, almost 
half (46.9%) of the patients treated by fundoplication had 
taken acid suppression medications at some point during the 
11- to 13-year follow-up period. 182 In the second report, 62% 
of the surgically treated patients had used medications. 183 

Lord et al. 184 reported on 86 patients who had symptoms 
after Nissen fundoplication severe enough to warrant evalua¬ 
tion with 24-hour ambulatory esophageal pH monitoring. 
Thirty-seven (43%) of these patients were taking acid suppres¬ 
sion medications, and only 9 of them (24%) were found to 
have abnormal pH scores. Heartburn and regurgitation were 
the only symptoms that were significantly associated with an 
abnormal pH study. Multivariable logistic regression analysis 
showed that patients with a disrupted, abnormally positioned 
fundoplication had a 52.6 times increased risk of abnormal 
esophageal acid exposure. Based on these data, most patients 
using acid suppression medications after antireflux surgery do 
not have abnormal esophageal acid exposure. Objective evi¬ 
dence of reflux should be obtained in patients who complain 
of postoperative symptoms. 

The goal of surgical treatment for GERD is to relieve the 
symptoms of reflux by re-establishing the GE barrier. The chal¬ 
lenge is to accomplish this without inducing dysphagia or 
other untoward side effects. Dysphagia that existed prior to 
surgery usually improves following laparoscopic fundoplica- 
tion. Temporary dysphagia is common after surgery and gen¬ 
erally resolves within 3 months. Dysphagia persisting beyond 
3 months has been reported in up to 10% of patients. In our 
experience, dysphagia, manifested by occasional difficulty in 
swallowing solids, was present in 7% of patients at 3 months, 
5% at 6 months, 2% at 12 months, and a single patient at 24 
months following surgery. 170 Others have observed a similar 
improvement in postoperative dysphagia with time. Induced 
dysphagia is usually mild, does not require dilatation, and is 
temporary. It can be induced by technical misjudgments, but 
this explanation does not hold in all instances. In experienced 
hands, its prevalence should be less than 3% at 1 year. Other 


side effects common to antireflux surgery include the inability 
to vomit and increased flatulence. Most patients cannot vomit 
through an intact wrap, though this is rarely clinically rele¬ 
vant. Hyperflatulence is a common and noticeable problem, 
likely related to increased air swallowing that is present in 
most patients with reflux disease. 

Objective Outcomes Following Antireflux Surgery. Laparo¬ 
scopic fundoplication results in a significant increase in LES 
pressure and length, generally restoring these values to normal. 
The ability of an antireflux operation to restore esophageal 
acid exposure to normal depends on the type of fundoplication 
performed. Complete (Nissen) fundoplications generally are 
more reliable and durable than partial (e.g., Toupet) fundopli- 
cations at preventing pathologic acid reflux. Objective studies 
have shown that more than 90% of patients will have normal 
pH studies at 1 to 3 years following complete fundoplication, 
whereas only 50% of patients will have normal esophageal 
acid exposure following a partial fundic wrap. 160 

Quality-of-life analyses have become an important part of 
surgical outcome assessment, with both generic and disease- 
specific questionnaires in use, in an attempt to quantitate qual¬ 
ity of life before and after surgical intervention. In general, 
these measures relate the effect of disease management to the 
overall well-being of the patient. 185 Most studies have utilized 
the Short Form 36 (SF-36) instrument, because it is rapidly 
administered and well validated. This questionnaire measures 
12 different health-related quality-of-life parameters encom¬ 
passing mental and physical well-being. Data from Los Ange¬ 
les indicate significant improvements in scores for the area of 
bodily pain and in a portion of the general health index. 170 
Most other measures were improved but failed to achieve sta¬ 
tistical significance. Trus et al. 186 have also analyzed SF-36 
scores before and after laparoscopic antireflux surgery. In con¬ 
trast to our data, scores in all fields were significantly better 
after surgery. In this study, preoperative scores were dramati¬ 
cally lower than were found in our study. Thus, the difference 
is likely to be secondary to the relatively high scores of our 
patients prior to surgery (perhaps reflecting good disease con¬ 
trol on medical therapy) and to our small sample size. 

Other investigators have also reported improvement in 
quality of life following antireflux surgery. Glise et al. 187 uti¬ 
lized two standardized and validated questionnaires, the Psy¬ 
chological General Well-Being Index and the Gastrointestinal 
Symptom Rating Scale, to evaluate quality of life in a cohort of 
40 patients following laparoscopic antireflux surgery. Scores 
with both instruments were improved following antireflux 
surgery and better than in untreated patients. Of particular 
note was that scores were as good as or better than those of 
patients receiving optimal medical therapy. Velonovich et al., 188 
using a 10-item health-related quality-of-life questionnaire 
specific for GERD, have also shown an improvement in qual¬ 
ity of life following antireflux surgery. 

Fernando et al. 189 reported on quality of life after antireflux 
surgery compared with nonoperative management for severe 
GERD. Follow-up quality of life was measured using the SF-36, 
and heartburn severity was measured using the Health-Related 
Quality of Life (QOL) scale. Detailed outcomes were available 
for 101 surgical patients and 37 medical patients. Mean QOL 
scores were better in the surgical group. More of the medical 
patients were dissatisfied with therapy. SF-36 scores were better 
in six of eight domains for surgical patients. These data support 
the notion that antireflux surgery, performed on properly 
selected patients, can significantly improve quality of life and 
may outperform medical therapy in this regard. 

Anatomic Failure Following Antireflux Surgery. An important 
and often underemphasized point is that the rate of failure of 
fundoplication is largely dependent upon the size of the under¬ 
lying hiatal hernia. Repair of large sliding and paraesophageal | 
hernias (PEHs) is associated with a higher risk of recurrent 
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hiatal herniation compared to fundoplication for GERD in the 
setting of no or small hiatal hernias. Multiple potential expla¬ 
nations exist to explain this differential, including the presence 
of a widened hiatus with weakened or attenuated crural fibers 
that must be brought together under tension, the coexistence of 
esophageal body shortening, the generally older and frailer 
nature of patients with a PEH, and underlying anatomic, mus¬ 
cular, or connective tissue deficits that contributed to the patho¬ 
genesis of the hernia. In particular, the association between 
kyphosis and intrathoracic stomach is becoming increasingly 
recognized, as skeletal abnormalities likely are contributory to 
the pathogenesis of paraesophageal hiatal herniation. 190 

The need for reoperation after fundoplication for GERD is 
only approximately 5% over the patient’s lifetime, whereas the 
risk can run as high as 42% after repair of a giant PEH. 191 In 
a trial from Finland, objective outcomes were assessed by 
endoscopy and demonstrated a 40% disruption rate following 
open Nissen fundoplication and a 13% disruption rate fol¬ 
lowing a laparoscopic procedure. 192 Despite these relatively 
high rates of objective breakdown, only 8% of patients in the 
open group and 2% in the laparoscopic group had undergone 
repeat operation for fundoplication failure. 

A recent trial compared two techniques of laparoscopic PEH 
repair, with or without the use of a biologic prosthesis placed at 
the esophageal hiatus. 193 At 6 months, 9% of patients with the 
prosthesis and 24% of patients without mesh reinforcement 
had developed a recurrent hiatal hernia as assessed by a barium 
upper gastrointestinal examination, underscoring the potential 
for failure when operation is undertaken for PEHs. 

Some surgeons routinely add a Collis gastroplasty as an 
esophageal lengthening procedure in the setting of fundoplica¬ 
tion for giant PEHs given the high incidence of acquired 
esophageal body shortening associated with this condition. 194 
Methods to reduce the risk of recurrent hiatal herniation fol¬ 
lowing repair of giant PEHs, such as gastroplasty, mesh rein¬ 
forcement, extensive esophageal mobilization, or use of open 
surgical approaches rather than laparoscopy, are areas of active 
ongoing investigation. 


FUTURE DIRECTIONS 


Medical therapy for GERD and antireflux surgery both have 
inherent drawbacks. Major limitations of acid suppressive 
medications include the inability to prevent regurgitation of 
weakly acidic or nonacidic refluxate and the need for chronic, 
continual therapy, not to mention the cost, inconvenience, 
potential side effects, and need for ongoing dietary and lifestyle 
modifications. In addition, current therapy does not address 
the main pathophysiologic contributor to the presence of 
GERD, the mechanically defective LES. Fundoplications, while 
intended to permanently restore the LES, suffer from the poten¬ 
tial for perioperative complications, a high initial cost, the risks 
inherent in general anesthesia, possible short- and long-term 
side effects, and inconsistent reflux control across centers. In 
addition, proper patient selection is critical and the operative 
technique is not well standardized, perhaps adversely affecting 
outcomes, particularly in inexperienced hands. 

For all of these reasons, an interest remains to create means 
of restoring LES competence by medical or less invasive surgi¬ 
cal or endoscopic techniques that are easily applied and highly 
reproducible. Medications such as baclofen, a y-aminobutyric 
acid B receptor agonist, have been utilized to decrease TLESRs, 
thereby decreasing GERD. 195 Similar investigational drugs are 
in the pipeline and likely will reach clinical practice soon. A 
number of endoluminal therapies have been devised and tested 
to date, including endoscopically injected agents for bulking of 
the LES, endoluminal suturing or valvuloplasty, and radiofre¬ 
quency energy application to the LES, though most have been 
withdrawn from the marketplace. 196 


Despite these notable recent failures, new devices continue 
to emerge and offer potential improvements over prior tech¬ 
nologies. A transoral endoscopic fundoplication device (Eso- 
phyX, EndoGastric Solutions, Inc., Redmond, Washington) 
has been trialed in animal models and a limited number of 
human GERD patients. 197 Another device that creates an 
endoscopic, anterior partial fundoplication (Medigus SRS, 
Medigus, Ltd., Omer, Israel) has been tested in Europe, Aus¬ 
tralia, and India and is in early U.S. trials as of this time. 
Finally, magnetic augmentation of the LES via a laparoscopi- 
cally placed ring of small magnets (TORAX Medical, Inc., 
Shoreview, Minnesota) is in clinical trials and offers the poten¬ 
tial for a quick, highly reproducible, and effective means of 
chronic GERD control with low risk. 198 The long-term safety 
profile, as well as the symptomatic and objective success rates, 
of each of these devices awaits further study. 
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CHAPTER 42 ESOPHAGUS: TUMORS 

AND INJURY 

PHILIP A. RASCOE, JOHN C. KUCHARCZUK, AND LARRY R. KAISER 


KEY POINTS 


Q The high fat content of the esophageal submucosa leads to 
mobility of the overlying mucosa; therefore, care must be 
taken that every anastomotic suture transfixes the submu¬ 
cosa to prevent anastomotic leak. 

Q The incidence of esophageal perforation has increased over 
recent decades due to the increasing use of invasive endo¬ 
scopic procedures, such that iatrogenic injury by instru¬ 
mentation accounts for more than 50% of all cases. 

Q The management of esophageal perforation is dictated by 
the location and extent of the perforation, the clinical con¬ 
dition of the patient, and the presence or absence of under¬ 
lying esophageal pathology. 

Q Perforations of the upper third of the esophagus down to 
the level of the carina are treated by cervical drainage, 
most commonly via a left neck incision. 

Q The management of an esophageal perforation associated 
with endoscopic dilatation for achalasia includes primary 
repair of the injury, a vertical esophageal myotomy per¬ 
formed 180 degrees opposite the injury, and a noncircum- 
ferential wrap such as a Belsey fundoplication. 


Q The incidence of esophageal adenocarcinoma in the United 
States has increased in the last 25 years greater than the 
incidence of any other major malignancy. 

Q The goal of surgical resection for esophageal cancer is cure, 
as effective palliation can be obtained with chemotherapy, 
radiation therapy, and endoscopic interventions such as 
stenting and laser fulguration. 

Q Data concerning improved survival following neoadjuvant 
chemotherapy and radiation for esophageal cancer are 
inconclusive and must be considered in light of the associ¬ 
ated toxicity of multimodality therapy. 

Q Advantages of transhiatal esophagectomy are less surgical 
trauma by avoidance of a thoracotomy and placement of 
the anastomosis in the neck, which minimizes the morbid¬ 
ity of an anastomotic leak. 

€> The intent of palliation of unresectable esophageal cancer 
is to maintain comfort, restore swallowing function if pos¬ 
sible, and support nutrition. 


The role of the esophagus is to propel food and secretions 
from the pharynx to the stomach. As such, it is primarily an 
organ of motility with no absorptive capacity. It also provides 
an important barrier function, isolating the mediastinum from 
the bacteria present in the mouth and external environment. 

The esophageal anatomy is discussed in the previous chap¬ 
ter. Nevertheless, several specific anatomic points need to be 
highlighted when discussing surgery for injuries and tumors of 
the esophagus. First, indentations made on the esophagus by 
external mediastinal structures are clinically important. These 
indentations can be seen readily on esophagram (Fig. 42.1). 
The cricopharyngeus causes the first constriction of the esoph¬ 
agus and is a common location for iatrogenic perforations 
caused by instrumentation. The second indentation seen to the 
left of the esophagus is the aortic arch, which is a common 
location for food or foreign body impaction. The third inden¬ 
tation is the left mainstem bronchus. 

In the adult, esophageal length is variable depending on 
upper body length. Nevertheless, the overall average length 
from the upper esophageal sphincter to the lower one approx¬ 
imates 24 cm or 10 inches. Because endoscopy plays an impor¬ 
tant role in the localization of esophageal injuries and tumors, 
esophageal locations are usually referenced relative to the dis¬ 
tance from the incisors. Thus, on average, the esophagus 
begins at 16 cm from the incisors and ends at 38 to 40 cm from 
the incisors. 

Externally, the esophagus is composed of an outer layer of 
longitudinal muscle and an inner layer of circular muscle. There 
is no serosal layer as ensheathes all other parts of the gastroin¬ 
testinal tract. Transmural invasion by esophageal carcinoma is 
common because the tumor is not limited by overlying serosa or 


pleura. This is in contrast to other gastrointestinal cancers, 
which usually extend to, but not through, the peritoneum. 
Another important anatomic feature of the esophagus is the 
unique submucosal layer. This layer has a high fat content, which 
accounts for the mobility of the overlying mucosa. Because of 
this arrangement, care must be taken to ensure that every anas¬ 
tomotic suture transfixes the submucosa; if it does not “an anas¬ 
tomotic leak will occur when the mucosa retracts proximally 
and an accurate apposition of the mucosa is not achieved.” 1 

The esophageal blood supply is segmental. The esophagus is 
vascularized by numerous arteries coursing through the lateral 
attachments, and it has an extensive submucosal collateral cir¬ 
culation. The cervical esophagus receives blood from the supe¬ 
rior and inferior thyroid arteries. Multiple aortic esophageal 
arteries supply the intrathoracic esophagus and through collat¬ 
erals connect with the inferior thyroid, intercostal, bronchial, 
inferior phrenic, and left gastric arteries. Improper control of 
these vessels during a transhiatal esophagectomy can result in 
significant blood loss. 

The intramural lymphatic network of the esophagus is pre¬ 
dominantly located within the submucosa. However, there are 
lymphatic channels within the lamina propria of the mucosa. 
This explains the occasional presence of nodal metastasis aris¬ 
ing from superficial cancers. 

The esophagus is innervated by the autonomic nervous sys¬ 
tem. The cervical esophagus receives parasympathetic innerva¬ 
tion through the recurrent laryngeal branches of the vagus 
nerve. Thus, injury to the recurrent laryngeal nerve not only 
produces hoarseness and a poor cough but may also result in 
upper esophageal sphincter dysfunction predisposing to life- 
threatening aspiration following esophagectomy. 
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FIGURE 42.1. Barium contrast esophagography showing the con¬ 
striction caused by the cricopharyngeal muscle, aortic arch, and the 
left mainstem bronchus. Indentations of the esophagus made by exter¬ 
nal structures are important anatomic landmarks and are often the 
sites of perforation due to instrumentation. 


SURGICAL APPROACHES 
TO THE ESOPHAGUS 


Multiple factors influence the surgical approach to the esoph¬ 
agus. These include the nature of the injury or neoplasm 
(benign vs. malignant), the overall health of the patient, and 
the expertise of the surgeon. 

A complete working knowledge of the anatomic relation¬ 
ships between the esophagus and adjacent structures is vital to 
planning surgical therapy. The upper thoracic esophagus is in 
contact with the posterior membranous trachea, the left main- 
stem bronchus, and the aortic arch. Patients with cancers 
involving the upper thoracic esophagus must undergo preoper¬ 
ative bronchoscopy to rule out invasion of the posterior mem¬ 
branous trachea, because this precludes resection. Although 
flexible bronchoscopy may demonstrate gross airway invasion, 
rigid bronchoscopy is much more sensitive in determining 
adherence to the membranous trachea. Loss of the normal rip¬ 
ple effect as the rigid scope slides over the membranous tra¬ 
chea suggests the tumor is fixed to the airway and is not 
resectable. This is equally important where the esophagus 
passes under the left mainstem bronchus. 

From a surgical perspective, the esophagus is divided into 
thirds. The upper third can be reached through a cervical inci¬ 
sion. The middle third is best approached through the right 
chest, as access to the middle third of the esophagus from the 
left chest is obscured by the aorta. The distal third of the 
esophagus is best approached through the left chest. The short 
segment of intra-abdominal esophagus may be approached 
through the upper abdomen. 

When esophagectomy is required, several surgical 
approaches have been described. These include the transhiatal 
approach, 2 the transabdominal transthoracic approach (Ivor 
Lewis), 3 the three-stage or “three-hole” approach (McKeown), 4 
the thoracoabdominal approach, and the minimally invasive 
approach. Each approach has its own set of risks and benefits as 
well as outspoken opponents and proponents. Selection of the 


appropriate approach requires experienced surgical judgment. 
Despite the rhetoric, several studies have shown equivalent out¬ 
comes among the multiple approaches. It appears that the expe¬ 
rience of the surgeon 5 and the number of cases performed at a 
particular institution are the leading factors determining out¬ 
come. 6 Clearly, failures in technique that occur during the per¬ 
formance of an esophagectomy are associated with increased 
length of hospital stay and increased in-hospital mortality and 
are predictive of a poorer overall long-term survival. 7 


ESOPHAGEAL INJURY 

Perforation 

Despite decades of clinical experience and surgical innovation, 
perforation of the esophagus continues to present diagnostic 
and therapeutic challenges. Accurate diagnosis and early treat¬ 
ment are essential to the successful management of patients 
with esophageal perforation. Outcome is determined by the 
cause and location of the injury, the presence of concomitant 
esophageal disease, and the interval between perforation and 
initiation of therapy. 

The causes of esophageal perforation are listed in Table 42.1. 
Over the past decade, the incidence of esophageal perforation 
has increased, and the most common etiology has become 
iatrogenic, due to the increasing use of invasive diagnostic and 
therapeutic endoscopic procedures. In our review of the litera¬ 
ture, we found that iatrogenic injury to the esophagus by 
instrumentation accounted for 59% of all cases and sponta¬ 
neous perforations accounted for only 15%. 8 

Other, less common injuries include foreign body ingestion 
(12%) and trauma (9 %). Ingestion of foreign bodies or caus¬ 
tic materials can produce perforation most commonly in areas 
of anatomic narrowing including the cricopharyngeus, the seg¬ 
ment where the aortic arch and left mainstem bronchus 
impinge on the esophagus, and at the distal esophageal sphinc¬ 
ter. External penetrating trauma causes perforations mainly in 
the cervical esophagus, the portion not protected by the 


TABLE 42.1 ETIOLOGY 


CAUSES OF ESOPHAGEAL PERFORATION 

INSTRUMENTAL 

Endoscopy 

Dilation 

Intubation 

Sclerotherapy 

Laser therapy 

NONINSTRUMENTAL 

Barogenic trauma 

Postemetic (Boerhaave syndrome) 

Blunt chest or abdominal trauma 
Other (e.g., labor, convulsions, defecation) 
Penetrating neck, chest, or abdominal trauma 
Operative trauma 

Esophageal reconstruction (anastomotic disruption) 

Vagotomy, pulmonary resection, hiatal hernia repair, 
esophagomyotomy 

Corrosive injuries (acid or alkali ingestion) 

Erosion by adjacent infection 
Swallowed foreign body 
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thoracic cage. The morbidity and mortality of penetrating 
esophageal trauma is usually the result of the associated 
injuries including major vascular and airway injuries. 9 Blunt 
traumatic perforation is exceedingly rare but may be evident 
following motor vehicle accident or performance of the Heim¬ 
lich maneuver. 

Spontaneous, or barogenic, esophageal perforation results 
from a sudden increase in intraesophageal pressure. This has 
been associated with hyperemesis, childbirth, seizure, pro¬ 
longed coughing, or weightlifting. Of special historical note 
are patients with Boerhaave syndrome. These patients develop 
perforation of the distal esophagus after the excessive inges¬ 
tion of food and alcohol followed by violent emesis resulting 
in disruption of the distal esophagus with soilage into the left 
pleural cavity. This syndrome is named after Herman Boer¬ 
haave who, in 1723, provided a detailed account with post¬ 
mortem correlation of the esophageal perforation of the High 
Admiral of the Dutch Navy, Baron Van Wassenaer. 10 The 
admiral had attempted to relieve his postprandial discomfort 
by self-induced vomiting after having feasted richly on roast 
duck and beer. 


Clinical Features 


The presenting clinical features of esophageal perforation 
depend on the location of the perforation and the time interval 
between injury and presentation. Patients with cervical perfo¬ 
rations generally present with cervical dysphagia, neck pain, 
dysphonia, and subcutaneous cervical emphysema. This is in 
distinction to patients with intrathoracic perforations, who 
often present with signs and symptoms of mediastinitis. These 
include tachycardia, tachypnea, fever, and leukocytosis. Perfo¬ 
rations of the intra-abdominal esophagus result in soilage of 
the peritoneal cavity and present as an acute abdomen. As 
with thoracic perforations, patients present with tachycardia, 
tachypnea, fever, and leukocytosis. Systemic sepsis, rapid dete¬ 
rioration, and shock are common. 


Diagnosis 

The diagnosis of esophageal perforation begins with a high 
level of suspicion. Esophageal perforation must be ruled out in 
any patient presenting with cervical, thoracic, or abdominal 
pain following endoscopy. Contrast esophagography remains 
the gold standard for diagnosis, as it both confirms the diag¬ 
nosis and localizes the site of perforation. Water-soluble con¬ 
trast (e.g., Gastrografin) is the initial agent used for contrast 
esophagography. These agents demonstrate extravasation in 
50% of cervical perforations and 80% of perforations located 
within the chest. 11 If no extravasation is seen with Gastro¬ 
grafin, thin barium should be used because it will demonstrate 
60% of cervical perforations and 90% of intrathoracic perfo¬ 
rations. 12 In patients with known or suspected aspiration risk, 
or in cases of suspected airway-esophageal fistula, barium con¬ 
trast should be used alone because the hyperosmolar water- 
soluble contrast agents may cause rapid pulmonary edema and 
ventilatory collapse. 

Flexible esophagoscopy may be used to directly visualize and 
localize the area of perforation. It has a sensitivity of 100% and 
a specificity of 80%. 13 Proponents of flexible esophagoscopy 
use this technique for confirmation of the injury and in planning 
the surgical approach. Opponents of this practice argue that air 
insufflation enlarges the injury and results in further bacterial 
contamination. One particular case that warrants special dis¬ 
cussion is a mucosal or submucosal tear without perforation. 
Clearly, endoscopy is contraindicated in these patients as air 
insufflation may convert this to a full-thickness injury, thus con¬ 
verting a problem that could be managed conservatively to one 
that requires surgical intervention. We routinely perform 


flexible endoscopy in the operating room for localization in 
patients requiring operative management of their perforation. 
In the small subset of patients who will be treated conserva¬ 
tively, we avoid the practice. 

Computed tomography (CT) scan is useful in localizing col¬ 
lections in the pleural space or mediastinum; it is not used to 
localize the primary site of perforation. We do not generally 
obtain this study on presentation, although many patients 
have this study performed prior to surgical consultation. Com¬ 
monly, the recognition of pneumomediastinum on a CT scan 
obtained in the emergency department prompts surgical con¬ 
sultation. However, the real value of CT scanning is in the 
patient who remains septic following drainage and repair. The 
CT scan may reveal a collection requiring percutaneous or 
operative drainage. 


Management 

The treatment of esophageal perforation is dictated by the loca¬ 
tion of the perforation, the amount of soilage present, the clini¬ 
cal condition of the patient, and the presence of underlying 
esophageal pathology. While delay in presentation is associated 
with increased mortality, it is not a contraindication to definitive 
surgical repair. The goal of treatment is to stabilize the patient, 
stop ongoing soilage, control infection, and reestablish 
esophageal continuity. Our current protocol for management of 
esophageal perforations is outlined in Algorithm 42.1. 

Nonoperative Treatment. In practice, only a very small 
subset of patients with esophageal perforation are appropriate 
for nonoperative treatment. The successful use of nonoperative 
therapy requires careful patient selection, sound surgical judg¬ 
ment, and repeated clinical evaluation. Because the stakes are 
so high, it must be recognized that operative treatment really is 
the more conservative approach. Selecting the wrong patient or 
making a poor judgment will lead to local complications, con¬ 
tinued sepsis, and a potentially devastating outcome. 

The first reported series of nonoperative treatment of 
esophageal perforation appeared in 1965 and included 18 
patients with instrument perforations of the thoracic esopha¬ 
gus; there was only one death. 14 In 1979, Cameron et al. 15 
established a set of criteria to aid in the selection of patients for 
nonoperative management. Currently, nonoperative manage¬ 
ment is appropriate for the treatment of all intramural dissec¬ 
tions without evidence of frank full-thickness perforation. For 
transmural perforations, however, the approach can be con¬ 
sidered only if (a) the perforation is well contained, (b) there is 
no associated esophageal malignancy, (c) the perforation is not 
in the abdominal cavity, (d) there is no simultaneous obstruc¬ 
tive esophageal disease, and (e) there are no signs or symptoms 
of systemic sepsis. 16 

Nonoperative management begins with the administration 
of broad-spectrum antibiotics, the suspension of oral intake, 
and the institution of alternative nutrition either parenterally 
or enterally via a gastric or jejunal feeding tube. Vigilant mon¬ 
itoring for fever, tachycardia, and leukocytosis is necessary, as 
these findings are indicative of impending sepsis. Any clinical 
deterioration suggests failure of this approach and should 
prompt expedient operative intervention. From a practical 
standpoint, it is best to think in terms of operative manage¬ 
ment whenever esophageal perforation is suspected. 

Stent Placement. Endoscopic placement of an endoluminal 
stent to palliate inoperable esophageal malignancy was first 
described in the 1970s. 17 The past three decades have seen 
expanded indications and improved technology for esophageal 
stenting. There are an increasing number of small case series in 
the literature detailing stent placement for esophageal perfora¬ 
tions. Attempts to stent the cervical esophagus cause dysphagia 
and aspiration, whereas stenting the distal esophagus and 
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SIGNS AND SYMPTOMS OF ESOPHAGEAL PERFORATION 

I 

Water-soluble or barium contrast esophagography, chest 
x-ray, computed tomography 


r 

Contained 

perforation 


Broad-spectrum antibiotics 
parenteral nutrition 


Surgical repair tolerable 


Primary repair 


No improvement 
<24 hr 


I 

Uncontained 

Perforation 

l 


T 


Cervical 

I 

Drainage 


Abdominal 


Thoracic 

I I 

Evaluation of perforation 


Surgical repair intolerable 


-1 

Malignancy 


Controlled 

fistula 


Exclusion 

and 

diversion 


Resection 


ALGORITHM 42.1 


ALGORITHM 42.1. Evaluation and treatment of esophageal perforation. (Adapted with permission from Brinster CJ, Singhal S, Lawrence L, 
et al. Evolving options in the management of esophageal perforation. Ann Thorac Surg 2004;77:1475.) 


esophagogastric junction is plagued by gastroesophageal reflux 
and stent migration. It appears that iatrogenic midthoracic per¬ 
forations in patients without underlying esophageal pathology 
are most amenable to stenting. In a report of 17 such patients, 
leak occlusion occurred in 94% as confirmed by contrast 
esophagram. 18 Of note, all patients underwent simultaneous 
endoscopic or surgical procedures, and 18% of patients 
required repeat endoscopy for replacement or repositioning 
due to stent migration. In our opinion, highly selected patients 
may be candidates for stenting but should be cared for by a 
thoracic surgeon and managed expectantly in case urgent sur¬ 
gical exploration is clinically mandated. 

Operative Treatment. The operative management of 
esophageal perforation is dictated by the location of the perfo¬ 
ration, the extent of injury, and the presence or absence of 
underlying esophageal pathology. Approaches include drainage 
alone, primary reinforced repair, esophagectomy with 
immediate reconstruction, and exclusion or resection with 
diversion. 

Although the anatomic relationships of the neck and medi¬ 
astinum had been previously described, Herman Pearse’s 1938 
publication 19 regarding cervicomediastinal fascial continuity 
and the surgical prevention and management of mediastinitis 
following cervical suppuration was indeed landmark. Pearse 
noted that approximately 20 percent of cases of suppurative 
mediastinitis resulted from descending cervical infections, most 
as a result of cervical esophageal perforation. He identified the 
retrovisceral space as the most common path of dependent 
spread and advocated early operative drainage via cervical 
mediastinotomy in such cases, noting 35% mortality in patients 
operated on as compared to 85% mortality in the nonoperative 
group. 19 Air within the retrovisceral space may be detected by 
lateral roentogram of the neck. The typical radiographic studies 


of a patient with cervical esophageal perforation are shown in 
Figure 42.2. Perforations of the upper third of the esophagus 
down to the level of the carina are treated by cervical drainage. 
This is easily performed through a left neck incision as depicted 
in Figure 42.3. Usually it is not necessary to find or close the 
perforation. However, ensuring complete drainage by opening 
the prevertebral fascia is of paramount importance. If the per¬ 
foration is easily seen, it can be sutured with minimal difficulty. 
In all patients, we place a Penrose drain alongside the esophagus 
into the posterior mediastinum and bring it out through the 
inferior aspect of the neck incision. A gastrostomy or jejunos¬ 
tomy tube is placed for enteral feeding during the recovery 
period. Oral intake is prohibited for 1 week, and then the 
patient is restudied with contrast esophagography. If no 
extravasation is noted, the diet is advanced, the drain is 
removed, and the patient is discharged. If a leak persists, oral 
intake is again prohibited, enteral feeding is continued, and the 
patient is studied at 1-week intervals until resolution occurs. As 
long as there is no underlying distal esophageal pathology, 
essentially all adequately drained esophageal perforations will 
heal spontaneously. 

Perforations of the middle third are best approached 
through a right fifth intercostal space thoracotomy. We favor a 
buttressed primary repair whenever possible, even in delayed 
presentations. 20 Material for buttressing the repair includes 
flaps of pleura, pericardium, diaphragm, omentum, or muscle. 
For small- to moderate-size repairs, we prefer an intercostal 
muscle flap. This is a reliable pedicled muscle flap based on the 
intercostal vessels. It should be harvested at the start of the 
procedure prior to the placement of retractors to avoid dam¬ 
age to the vascular pedicle. Once harvested, the chest is 
opened, all pleural collections are drained, and the perforation 
is localized. Necrotic tissue around the perforation is debrided. 
A vertical myotomy is performed to fully expose the rent in the 
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FIGURE 42.2. A: Barium swallow and (B) computed tomography scan showing cervical esophageal perforation. The 
patient was treated with drainage and 1 week of gastrostomy tube feeding. The follow-up swallow at 1 week showed res¬ 
olution. 


FIGURE 42.3. Approach for drainage 
of a cervical esophageal perforation. 
A: Skin incision parallel to the anterior 
border of the left sternocleidomastoid 
muscle, extending from the level of the 
cricoid cartilage to the sternal notch. 
B: With the sternocleidomastoid mus¬ 
cle and carotid sheath retracted later¬ 
ally and the trachea and thyroid gland 
medially, blunt dissection along the 
prevertebral fascia in the superior 
mediastinum is carried out. Injury to 
the recurrent laryngeal nerve in the tra¬ 
cheoesophageal groove must be 
avoided. C: Schematic drawing of the 
prevertebral space drained by this cer¬ 
vical approach. D: Two 1-in. rubber 
drains placed into the superior medi¬ 
astinum are brought out through the 
neck wound to allow establishment of 
an esophagocutaneous fistula, which 
usually heals spontaneously. (Adapted 
with permission from Orringer MB. 
The mediastinum. In: Nora PH, ed. 
Operative Surgery, 3rd ed. Philadel¬ 
phia: WB Saunders; 1990:370.) 
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FIGURE 42.4. Primary repair of esophageal perforation. The edema¬ 
tous mucosa pouting through the muscular defect {inset) is grasped 
with Allis clamps and elevated. A 1-cm vertical esophagomyotomy is 
made at either end of the muscular defect to expose the entire limits of 
the tear. This is facilitated by using a right-angle clamp to direct mus- 
cularis away from underlying submucosa around the entire circumfer¬ 
ence of the tear. The result of this mobilization is exposure of a cir¬ 
cumferential rim of normal submucosa that can then be closed. 
(Adapted with permission from Whyte RI, Iannettoni MD, Orringer 
MB. Intrathoracic esophageal perforation: the merit of primary repair. 
J Thorac Cardiovasc Surg 1995;109:140.) 


mucosa, which almost always extends beyond the tear in the 
muscularis. The proximal and distal extent of the mucosal tear 
must be fully visualized and repaired; failure to do so will 
result in persistent leakage. We repair the mucosa with inter¬ 
rupted absorbable sutures and then reapproximate the muscu¬ 
lar layer with interrupted fine silk suture. The intercostal mus¬ 
cle is then secured as an onlay patch. The steps involved in the 
operation are depicted in Figure 42.4. Large chest tubes are 
placed, and the patient is recovered. Enteral access either via a 
gastrostomy tube or jej unostomy tube aides in postoperative 
nutrition. A contrast swallow is performed on postoperative 
day 7. If there is no ongoing leakage, an oral diet is restarted 
and the chest tubes are removed. Persistent leaks are treated 
conservatively with chest tube drainage and alternative nutri¬ 
tion as long as the leak is well drained and there is no sign of 
clinical instability. If such a patient becomes systemically ill, 
CT scanning is indicated to identify any undrained collections. 
Reoperation with the goal of obtaining better and more com¬ 
plete drainage may be required on occasion. Depending on the 
findings of the CT scan and reexploration, the leaking repair 
may need to be taken down and the esophagus excluded with 
a cervical esophagostomy. If this is required, subsequent 
reconstruction can be very challenging; therefore, exclusion 
with diversion is reserved for those patients in whom there is 
no other viable alternative. 

Perforations of the distal third of the esophagus, such as the 
classic Boerhaave rupture, are approached via a left seventh 
intercostal space thoracotomy. Again a pedicled intercostal 
muscle flap is harvested, the chest is opened, the mediastinum 
is drained, and the perforation site is identified, most com¬ 
monly in the left posterolateral wall of the esophagus 2 to 3 cm 
proximal to the esophagogastric junction. The technique for 
primary repair and postoperative management is the same as 
described previously. 

The operative treatment of esophageal perforation in 
patients with underlying esophageal pathology deserves spe¬ 
cial consideration. Repair of a proximal perforation with dis¬ 
tal obstruction will fail, and the obstructing lesion must be 


addressed at the initial procedure. For distal strictures, simple 
intraoperative dilation will usually decompress the esophagus 
to allow healing of a proximal perforation. 

Patients with achalasia who are perforated during pneumatic 
dilation warrant separate discussion. Most have small, asymp¬ 
tomatic mucosal tears or well-contained small perforations and 
as such are candidates for nonoperative management as long as 
the dilation has successfully relieved the distal obstruction. For 
those who fail nonoperative management or do not qualify for it, 
the decision on how to proceed surgically requires thought and 
Q discussion. In patients with achalasia and preserved esophageal 
motility, the perforation should be repaired primarily, a vertical 
esophageal myotomy should be performed 180 degrees oppo¬ 
site the injury, and a noncircumferential wrap such as a modi¬ 
fied Belsey fundoplication should be performed. Recently it has 
been demonstrated that a “floppy” or loose Nissen fundoplica¬ 
tion or 360-degree wrap may be just as acceptable and likely to 
be more familiar to the surgeon who does esophageal surgery 
only on an occasional basis. For patients with decompensated 
achalasia, a sigmoid nonfunctional esophagus, and a perfora¬ 
tion who are hemodynamically stable, consideration should be 
given to performance of esophagectomy with immediate 
restoration of gastrointestinal continuity. 

Unstable patients with thoracic esophageal perforation and 
associated severe underlying esophageal pathology should be 
treated with exclusion and diversion. This includes an end cer¬ 
vical esophagostomy, pleural drainage, stapled division of the 
gastroesophageal (GE) junction, and placement of gastros¬ 
tomy and jej unostomy tubes. If the patient survives, he or she 
can be brought back to the operating room at a later time for 
restoration of gastrointestinal continuity, usually following 6 
to 8 weeks of recovery. 


Foreign Body 

Foreign body ingestion typically occurs in pediatric, psychi¬ 
atric, alcoholic, and elderly patients. Most objects remain in 
the cervical esophagus; blunt objects as well as small sharp 
objects usually can be removed either by flexible and/or rigid 
esophagoscopy. Objects such as fish and chicken bones can be 
reoriented with a long grasper and easily brought out through 
a rigid esophagoscope. Large, rigid foreign bodies with sharp 
edges embedded in the mucosa and those that exceed the 
diameter of the rigid endoscope in all orientations pose a par¬ 
ticularly difficult problem and may require esophagotomy for 
removal. Following endoscopic removal of a foreign body, 
completion esophagoscopy and contrast esophagography 
should be performed to rule out esophageal perforation. If a 
perforation is present, the patient is managed according to the 
esophageal protocol presented in Algorithm 42.1. 


Caustic Injury 

Caustic injury to the esophagus occurs following ingestion of 
either strong acids or strong base chemicals, usually household 
cleaning products. Ingestions in children are usually accidental 
and the quantities involved small. Ingestions in adults are 
often associated with a suicide attempt or psychiatric illness. 
The quantities swallowed in this group can be quite large and 
the injury extensive. Fortunately, these types of ingestion 
injuries are relatively rare today when compared to the num¬ 
ber formerly seen. 

Management of caustic ingestion injuries requires experi¬ 
enced surgical judgment. 21 The first step in caring for any 
patient following caustic ingestion is airway protection. Burns 
to the oropharynx result in ongoing edema and may cause loss 
of the airway. A tracheostomy should be performed early if 
this is suspected. The second step is to determine the type of 
agent, the approximate quantity, and the time since ingestion. 
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Caustic Ingestion 


I- 

* Severe injury 

| 

ABC’s, upright 
chest x-ray, 
Abd Films 


h/o Exposure 

L 


Symptoms 


Perforation 


No perforation 


Esophagoscopy 
± Bronchoscopy 


Injury 


Grade 


Full-Thickness 

im/in 


* Antibiotics 

► ± Steroids 

► TPN 

* Close observation 
for deterioration 


Worsening 

symptoms 


—I 

Mild 
Grade I 
Grade IIA 


48 hr observation 
NPO, advance diet 
as tolerated 


-1 

Asymptomatic 


• <24 hr stay 

• Immediate 
discharge 


1 Follow-up 


Emergency resection 
via thorax and/or 
abdominal approach 


ALGORITHM 42.2 


ALGORITHM 42.2. Evaluation and management of acute caustic ingestion. (Adapted with permission from Paidas CN. Caustic burns of the 
esophagus. In: Yang SC, Cameron DE, eds. Current Therapy in Thoracic and Cardiovascular Surgery. St. Louis: Mosby; 2004:99.) 


Unfortunately, history and physical examination alone are 
not predictive of the degree of esophageal injury. Severe injury 
can occur in the absence of significant oropharyngeal burns; 
thus, examination of the esophagus is required. When the 
ingestion is minor or questionable and there are no symptoms, 
the patient should be observed and flexible upper endoscopy is 
carried out at 24 to 48 hours. This timing allows for an ade¬ 
quate endoscopic evaluation of the injury, whereas immediate 
endoscopy may underestimate the extent of esophageal damage. 


TABLE 42.2 CLASSIFICATION 


ENDOSCOPIC GRADING OF ACUTE CAUSTIC INJURY TO 
THE ESOPHAGUS 


■ INJURY 
GRADE 

■ ENDOSCOPIC 
APPEARANCE 

■ DEPTH OF 
INJURY 

I 

Superficial hyperemia 

Mucosal 

IIA 

Sloughing mucosa, 
superficial ulceration 

Patch partial 
thickness 

II B 

Deep ulceration 

Circumferential 

III 

Eschar, necrosis 

Full thickness 


In symptomatic patients or those with suspected large inges¬ 
tions of strong caustic agents, immediate esophagoscopy 
should be performed. The esophageal injury is graded endo- 
scopically as shown in Table 42.2. This information is used to 
determine the appropriate treatment. The acute management 
is summarized in Algorithm 42.2. 


BENIGN NEOPLASMS 


Table 42.3 shows a complete listing of the benign neoplasms 
of the esophagus. All are rare. Leiomyoma is the most com¬ 
mon benign esophageal neoplasm and is subsequently dis¬ 
cussed in detail. Esophageal polyps are also seen with some 
frequency at referral centers and deserve mention. Other 
benign neoplasms occur so infrequently that they are not indi¬ 
vidually discussed in this chapter. 


Leiomyoma 

Leiomyomas account for roughly two thirds of all benign 
tumors of the esophagus. 22 The incidence of leiomyoma 
reported in autopsy series ranges from 0.005% to 5.1%. 23 
Approximately 80% of leiomyoma are located intramurally 
and originate in the muscularis propria. Roughly 90% are 
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TABLE 42.3 CLASSIFICATION 


CLASSIFICATION OF BENIGN ESOPHAGEAL TUMORS 

EPITHELIAL TUMORS 

Papillomas 

Polyps 

Adenomas 

Cysts 

NONEPITHELIAL TUMORS 

Myomas 

Leiomyomas 

Fibromyomas 

Lipomyomas 

Fibromas 

Vascular tumors 
Hemangiomas 
Lymphangiomas 
Mesenchymal and other tumors 
Reticuloendothelial tumors 
Lipomas 
Myxofibromas 
Giant cell tumors 
Neurofibromas 
Osteochondromas 
HETEROTOPIC TUMORS 
Gastric mucosal tumors 
Melanoblastic tumors 
Sebaceous gland tumors 
Granular cell myoblastomas 
Pancreatic gland tumors 
Thyroid nodules 

From Nemir P Jr, Wallace HW, Fallahnejad M. Diagnosis and surgical 
management of benign disease of the esophagus. Curr Probl Surg 1976; 
13:1, with permission. 


located in the middle and lower esophagus, reflecting the rela¬ 
tive paucity of smooth muscle in the upper esophagus. They 
are slow-growing tumors, and therefore the size of the lesion 
may not change for many years. Leiomyomas usually present 
as single lesions, although cases of multiple lesions have been 
reported. 24 Figure 42.5 shows the typical esophagogram of a 
midthoracic esophageal leiomyoma; note the smooth-walled 
appearance of the lesion, indicating that the mucosa is not 
involved by this submucosal lesion. Figure 42.6 shows the 
endoscopic appearance of a distal esophageal leiomyoma. 

Evaluation of a patient with a suspected leiomyoma usually 
includes a barium swallow, endoscopy, endoscopic ultrasound 
(EUS), and a CT scan of the chest. The utility of EUS lies in its 
ability to ascertain the layer of origin of a submucosal mass. In 
cases where the diagnosis of leiomyoma is in question, EUS- 
guided fine-needle aspiration (EUS-FNA) may be used to 
obtain tissue for histologic study including immunohistochem- 
ical (IHC) analysis. IHC in particular can differentiate leiomy¬ 
oma from more aggressive entities such as gastrointestinal 
stromal tumor (GIST) and leiomyosarcoma and therefore 
assist in surgical planning. 25 However, FNA should not be rou¬ 
tinely performed in the evaluation of suspected leiomyoma, as 
preoperative biopsy has been shown to increase the risk of 
mucosal perforation at the time of surgical enucleation. 26 



FIGURE 42.5. Esophagogram of a leiomyoma. The acute angle at its 
junction with the esophageal wall is typical. (Reproduced with permis¬ 
sion from Orringer MB. Tumors of the esophagus. In: Sabiston DC Jr, ed. 
Textbook of Surgery, 13th ed. Philadelphia: WB Saunders; 1986:736.) 



FIGURE 42.6. Endoscopic appearance of an esophageal leiomyoma 
at the level of the gastroesophageal junction. (Courtesy of Michael L. 
Kochman, M.D., Hospital of the University of Pennsylvania, Philadel¬ 
phia.) 
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Surgery 


Symptoms or abnormal chest x-ray 


Barium swallow 
(filling defect) 


Endoscopy 

(normal mucosa covering mass) 


EUS 

(homogeneous, hypoechoic mass) 


Clinically diagnose 
leiomyoma 


Radiological 

monitoring 


ALGORITHM 42.3 


CT 

(hypodense mass) 


ALGORITHM 42.3. Evaluation and treatment of esophageal leiomyoma. (Adapted with permission from Lee LS, Singhal S, Brinster CJ, et al. 
Current management of esophageal leiomyoma. J Am Coll Surg 2004;198:136.) 


Indications for resection of an esophageal leiomyoma 
include symptoms of dysphagia, increase in tumor size, 
mucosal ulceration, and to definitively establish a diagnosis 
to rule out a malignant process such as a leiomyosarcoma. 
The surgical approach to these lesions depends on the size, 
location, and character of the leiomyoma. Leiomyomas of 
the midesophagus are approached via the right thorax, 
whereas those in the distal esophagus or esophagogastric 
junction are best approached via the left chest or abdomen. 
Leiomyomas less than 8 cm without annular characteristics 
are best treated by surgical extramucosal enucleation and 
subsequent closure of the myotomy. Results of enucleation 
via thoracotomy are excellent, with mortality less than 1% 
and greater than 90% of patients symptom-free at 5 years. 27 
Minimally invasive approaches to enucleation have become 
increasingly common in recent years, particularly for tumors 
smaller than 5 cm. Right thoracoscopy is used for middle 
esophageal tumors and laparoscopy for those of the distal 
esophagus or EG junction. 28 Leiomyomas greater than 8 cm 
or annular in character usually require esophageal resection. 
Treatment of the asymptomatic patient with a small leiomy¬ 
oma (<3 cm) is controversial and can include either nonop¬ 
erative surveillance or resection. 27 The process we use for 
evaluation and treatment of esophageal leiomyoma is shown 
in Algorithm 42.3. 


Fibrolipomas and Fibrovascular Polyps 

Esophageal fibrolipomas present as intraluminal cervical 
esophageal polyps. The peristaltic action of the esophagus may 
cause this lesion to elongate over time and reach extraordinary 
lengths. 29 Patients present with dysphagia. The lesion almost 


always originates in the cervical esophagus; it is usually on a 
stalk and can be removed endoscopically. Very large lesions may 
require cervical esophagotomy or occasionally right thoraco¬ 
tomy for removal. Rarely, these polyps can present protruding 
from the mouth after an episode of coughing or emesis (Fig. 
42.7). With large polyps, asphyxiation has been reported when 
the stalked polyp “flips” into the airway and becomes trapped. 
They should be excised. 



FIGURE 42.7. This patient presented with a large esophageal polyp 
protruding from her mouth following an episode of coughing. This 
polyp was found to originate from a narrow stalk in her cervical 
esophagus and was removed endoscopically. Of note, she had under¬ 
gone operative resection of a cervical esophageal polyp earlier in life. 
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MALIGNANT NEOPLASMS 


Malignant neoplasms of the esophagus include adenocarci¬ 
noma, squamous cell carcinoma, small cell carcinoma, 
leiomyosarcoma, rhabdomyosarcoma, fibrosarcoma, liposar- 
coma, lymphomas, and metastatic lesions from distant primary 
sites. Adenocarcinoma and squamous cell carcinoma are the 
most frequent malignant lesions, and adenocarcinoma has 
emerged in recent years as the more common lesion (Fig. 42.8). 
Q In fact, the incidence of esophageal adenocarcinoma has 
increased in the last 25 years greater than the incidence of any 
other major malignancy in the United States (Fig. 42.9). 30 Most 
thoracic surgeons will complete an entire career without seeing 
the less common types of esophageal malignancies. 

The goal of esophageal resection, whether as primary 
treatment or as part of a multimodality plan, is cure, though 
this goal remains elusive. Palliative esophagectomy is associ¬ 
ated with mortality rates in excess of 20% and morbidity 
rates as high as 50% and should therefore be avoided. 31 Very 
effective palliation can be obtained with chemotherapy, radi¬ 
ation therapy, and endoscopic interventions such as stenting. 
Surveillance, epidemiology and end results (SEER) data from 
the National Cancer Institute estimate that 16,470 Ameri¬ 
cans will be diagnosed with and 14,280 will die of esophageal 
cancer annually. The lifetime risk of developing esophageal 
cancer is about 0.5%, being slightly higher for men than 
women. 

Tobacco, alcohol, and obesity are all risk factors associated 
with the development of esophageal cancer. Table 42.4 shows 
the additional risk factors associated with esophageal cancer 
and their contributions to the development of either squamous 
cell carcinoma or adenocarcinoma. 

Although many have postulated a genetic predisposition 
to esophageal cancer, tylosis is the only recognized familial 
syndrome that predisposes to the development of esophageal 
cancer. This is an autosomal dominant disorder that has 
been mapped to chromosome 17q25. 32 Patients have 
hyperkeratosis of the palms of their hands and the soles of 
their feet. The risk of developing squamous cell carcinoma 
of the esophagus by age 70 is 95% in this cohort of 
patients. 33 



FIGURE 42.8. Histology and esophageal cancer incidence (1975-2001). 
Data from the National Cancer Institute’s Surveillance, Epidemiology, 
and End Results program with age-adjustment using the 2000 U.S. stan¬ 
dard population. Blue line , adenocarcinoma; orange line , squamous cell 
carcinoma; green line , not otherwise specified. (Adapted with permission 
from Pohl H, Welch G. The role of overdiagnosis and reclassification in 
the marked increase of esophageal adenocarcinoma incidence. J Natl 
Cancer Inst 2005;97:142-146.) 



FIGURE 42.9. Relative change in incidence of esophageal adenocar¬ 
cinoma and other malignancies (1975-2001). Data from the National 
Cancer Institute’s Surveillance, Epidemiology, and End Results pro¬ 
gram with age-adjustment using the 2000 U.S. standard population. 
Baseline was the average incidence between 1973 and 1975. Blue line , 
esophageal adenocarcinoma; green line , melanoma; orange line , 
prostate cancer; yellow line , breast cancer; purple line , lung cancer; 
red line , colorectal cancer. (Adapted with permission from Pohl H, 
Welch G. The role of overdiagnosis and reclassification in the marked 
increase of esophageal adenocarcinoma incidence. J Natl Cancer Inst 
2005;97:142-146.) 


Diagnosis 

Unfortunately, early esophageal carcinomas are largely asymp¬ 
tomatic. As a distensible muscular tube, a significant portion 
of the esophageal lumen must be obstructed to impede passage 
of a food bolus and produce symptoms. Dysphagia is the pri¬ 
mary manifestation of esophageal cancer in 80% of patients, 
and up to 20% have odynophagia. Vague symptoms of ret¬ 
rosternal discomfort and transient dysphagia are often over¬ 
looked by the patient and the physician. On retrospective eval¬ 
uation, many patients have significantly altered their eating 
habits by avoiding foods such as meats and breads while 
increasing their intake of semisolid foods and liquids. About 
one half of patients have significant weight loss. Weight loss of 
more than 10% of body mass is an independent predictor of 
poor prognosis. 34 

Pulmonary symptoms may be caused by aspiration of 
regurgitated food or by direct invasion of the airway by 
esophageal tumor. Direct airway invasion can occur with 
locally advanced lesions at the location where the left main- 
stem bronchus passes anterior to the esophagus. New hoarse¬ 
ness due to vocal cord paralysis is indicative of left recurrent 
nerve involvement and suggests unresectability. The Virchow 
node, a palpable left supraclavicular lymph node, may be 
apparent in some patients. Fine-needle aspiration with positive 
cytology confirms the pathologic involvement of the Virchow 
node, which is considered distant metastatic disease and pre¬ 
cludes resection. 

The evaluation of a patient with suspected esophageal can¬ 
cer involves securing the diagnosis, clinically staging the 
patient, and determining the medical operability of patients 
with stage-appropriate lesions for resection. Barium swallow 
and esophagoscopy remain the most important diagnostic tools 
for assessing the patient with esophageal symptoms. Barium 
swallow is usually the first study obtained. It provides both 
anatomic and functional information. Flexible esophagoscopy 
is used to precisely locate the lesion and provide tissue confir¬ 
mation of malignancy. In patients considered for surgical 
resection, endoscopic ultrasonography (EUS) is the single most 
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TABLE 42.4 ETIOLOGY 


RISK FACTORS FOR THE DEVELOPMENT OF ESOPHAGEAL CANCER WITH THEIR 
RELEVANT CONTRIBUTION TO BOTH SQUAMOUS CELL AND ADENOCARCINOMA 
OF THE ESOPHAGUS 


■ RISK FACTOR 

■ SQUAMOUS CELL 
CARCINOMA 

■ ADENOCARCINOMA 

Tobacco use 

+ + + 

+ + 

Alcohol use 

+ + + 

— 

Barrett esophagus 

— 

+ + + + 

Weekly reflux symptoms 

— 

+ + + 

Obesity 

— 

+ + 

Poverty 

+ + 

— 

Achalasia 

+ + + 

— 

Caustic injury to the esophagus 

+ + + + 

— 

Nonepidermolytic palmoplantar 
keratoderma (tylosis) 

+ + + + 

— 

Plummer-Vinson syndrome 

+ + + + 

— 

History of head and neck cancer 

+ + + + 

— 

History of breast cancer treated with 
radiotherapy 

+ + + 

+ + + 

Frequent consumption of extremely 
hot beverages 

+ 

— 

Prior use of beta-blockers, 
anticholinergic agents, or 
aminophyllines 


+ 

+ , Increase in the risk by a factor of less than two; + + , increase by a factor of two to four; + + + , increase 

by a factor of more than four to eight; + + + + , 
results have been reported; — , no proven risk. 

increase by a factor of more 

than eight; ±, conflicting 

Reproduced with permission from Enzinger C, Mayer J. Esophageal cancer. 
Copyright © 2003 Massachusetts Medical Society. All rights reserved. 

N Engl J Med 2003; 349:2241 


valuable test in determining tumor size and depth of penetra¬ 
tion (T stage). EUS successfully predicts the T stage in greater 
than 80% of cases confirmed at surgery and generally per¬ 
forms better for advanced (T4) than local (Tl) disease. 
Regional lymph nodes are also visualized during EUS and can 
be sampled by FNA to determine the cytologic presence or 
absence of metastatic nodal disease (N stage). The sensitivity 
of EUS alone to predict N stage is 85% and improves to 
greater than 95% with FNA. 35 Figure 42.10 shows an exam¬ 
ple of EUS for esophageal cancer. 

A computed tomographic (CT) scan of the chest, abdomen, 
and pelvis with intravenous contrast is valuable for assessing 
lung and liver metastasis. However, it is not accurate for deter¬ 
mining T stage or assessing regional lymph node involvement. 

Positron emission tomography (PET) with 18 F-fluoro- 
deoxyglucose (FDG) is a physiologic test unique in its ability 
to detect increased metabolic activity within tissues. It is 
increasingly used to detect distant metastasis (M stage) in 
patients with esophageal cancer. It has been reported that PET 
will detect otherwise radiographically occult metastatic dis¬ 
ease in up to 15% of patients who were thought to have only 
localized disease by conventional studies, thus making them 
more appropriately managed by non-surgical interventions. 36 
We now routinely obtain a PET scan as part of the preopera¬ 
tive staging evaluation in patients under consideration for 
esophagectomy. Increasingly, PET is being used to restage 
patients and evaluate response after neoadjuvant chemoradia- 
tion. Several studies have shown promising results in demon¬ 
strating that decreased FDG-avidity after neoadjuvant therapy 
predicts pathologic response and increased survival. 37,38 


The use of combined thoracoscopy and laparoscopy for 
preoperative staging has been advocated by some centers. 
Periesophageal mediastinal lymph nodes and celiac lymph 
nodes can be sampled with a high degree of accuracy using 
these techniques. 39 This practice has largely been replaced by 
the combination of EUS-FNA and PET. We currently do not 
use these techniques as part of our standard evaluation. 

Unfortunately, no serum tumor markers have been consis¬ 
tently found in patients with esophageal cancers. Standard 
serum cancer markers including CEA, CA 19-9, and CA 125 
have no value in the preoperative evaluation of patients with 
esophageal cancer. 

Adenocarcinoma. Adenocarcinoma of the esophagus was 
once considered rare; however, adenocarcinoma of the esoph¬ 
agus currently accounts for more than 50% of the esophageal 
cancers diagnosed in the United States and Western Europe. 
Obesity and Barrett, or columnar-lined esophagus, are associ¬ 
ated with an increased risk of developing adenocarcinoma of 
the esophagus. Chronic gastroesophageal reflux disease 
(GERD) is considered the predominant contributor to the 
development of Barrett metaplasia. The frequency, severity, and 
duration of reflux symptoms are correlated with an increased 
risk of developing esophageal adenocarcinoma. 40 Patients with 
recurring symptoms of reflux have an eightfold increase in the 
risk of esophageal adenocarcinoma. 

A Barrett esophagus develops in about 5 % of patients with 
GERD. Endoscopically, it is recognized by inflamed salmon- 
colored mucosa extending proximally from the GE junction. 
Often there are intervening areas of normal-appearing mucosa, 
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FIGURE 42.10. Endoscopic image (A) and endoscopic ultrasound (B) showing a transmural adenocarcinoma of the esophagus associated with a 
Barrett esophagus (short arrows ), with lymph node metastasis (long arrow). (Reproduced with permission from Enzinger C, Mayer J. Esophageal 
cancer. N Engl J Med 2003;349:2245. Copyright © 2003 Massachusetts Medical Society. All rights reserved.) 


or so-called skip areas. Figure 42.11 A shows the typical endo¬ 
scopic appearance; Figure 42.1 IB shows the same patient with 
methylene blue vital stain, which can be used to highlight the 
mucosal changes. Microscopic evaluation reveals replacement 
of the normal stratified squamous epithelium of the esophagus 
with columnar epithelium more typical of other parts of the 
gastrointestinal tract. Thus, these changes are often referred to 



as “intestinalization” of the mucosa. With progression to dys¬ 
plasia, the nuclei become crowded and the normal glandular 
architecture is lost. Histologically, patients with high-grade 
dysplasia carry a significant risk for esophageal carcinoma and 
should be considered candidates for resection. Ten percent to 
thirty percent of patients with high-grade dysplasia will 
develop invasive adenocarcinoma within 5 years of the initial 



FIGURE 42.11. A: The typical endoscopic appearance of Barrett changes at the gastroesophageal (GE) junction. Note the salmon-colored areas 
of erosion extending from the GE junction. Also note the intervening areas of normal appearing mucosa. B: Vital staining with methylene blue. 
Vital stains are used to highlight the mucosal changes at the time of endoscopy. (Courtesy of Michael L. Kochman, M.D., University of Pennsyl¬ 
vania, Philadelphia.) 
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diagnosis; moreover, in patients undergoing esophagectomy 
for presumed high-grade dysplasia, invasive carcinoma is iden¬ 
tified in 30% to 40% of the pathologic specimens. 41 A Barrett 
esophagus increases the risk of esophageal adenocarcinoma 
when compared with the general population. 42 The annual 
rate of neoplastic transformation to adenocarcinoma in 
patients with Barrett is 0.5%. 43 

Squamous Cell Carcinoma. The primary risk factor for 
squamous cell carcinoma of the esophagus is chronic irritation 
of the esophageal mucosa. Prolonged alcohol consumption, 
especially in combination with tobacco exposure, appears to be 
the major contributing factor. Nitrosamines and other nitrosyl 
compounds found in smoked meats are also important factors 
in native populations who rely on them for their main source of 
nutrition. In some Asian countries, there appears to be strong 
correlation between the development of squamous cell cancer 
of the esophagus and ingestion of hot beverages. Medical con¬ 
ditions including achalasia, caustic strictures, Plummer-Vinson 
syndrome, and tylosis also increase the risk of squamous cell 
carcinoma. Patients with tylosis have a 40% lifetime incidence 
of squamous cell carcinoma of the esophagus. 32 The risk with 
long-standing achalasia approximates 7%. 44 


Staging of Esophageal Cancers 

Esophageal cancers are staged according to the American Joint 
Committee on Cancer (AJCC) TNM staging system. 45 The cur¬ 
rent (sixth edition) AJCC definitions are shown in Table 42.5. 
The stage groupings and current recommended treatment strat¬ 
egy for each stage are displayed in Table 42.6. The staging 
system for esophageal cancer has recently undergone revision 
and should be published soon. Pathologic stage according to 
the updated system will be dependent on the number of nodes 
containing metastasis, tumor grade, tumor location, and histo¬ 
logic cell type. 

It is clear that the outcome in esophageal cancer is strongly 
associated with the stage of the disease. Thus, accurate clinical 
staging is of paramount importance in formulating an appro¬ 
priate treatment plan and providing the patient with informa¬ 
tion regarding prognosis. The preoperative evaluation is 
intended to define the extent of disease and thus the clinical 
stage. All patients should have a CT scan of the chest and 
abdomen. In the absence of lung, liver, or other distant metasta¬ 
tic disease, EUS is performed to define the depth of tumor inva¬ 
sion and assess regional lymph nodes. Recently, we have added 
PET scanning to the standard preoperative evaluation as PET 
is a complementary modality to the CT scan and in conjunc¬ 
tion with CT is very sensitive at detecting distant metastatic 
disease. In stage-appropriate candidates, plans are made to 
optimize the patient from a medical standpoint and proceed to 
resection. The role of preoperative therapy followed by opera¬ 
tion remains ill defined and hotly debated. 


Neoadjuvant Therapy 

The current information on neoadjuvant treatment can be 
divided into studies evaluating preoperative radiation, preop¬ 
erative chemotherapy, and combined preoperative chemoradi- 
ation therapy. In operable patients with resectable tumors, the 
results of any preoperative therapy followed by resection must 
be compared with the results of primary resection alone. It is 
important that this analysis must take into account the toxici- 
ties associated with multimodality therapy and the impact on 
the intended resection and quality of life. 

Several randomized trials have failed to show any benefit 
from preoperative radiation therapy alone. Proponents of pre¬ 
operative radiotherapy argue that the trials are too small to 
demonstrate the advantages of this approach. A meta-analysis 


TABLE 42.5 STAGING 


AMERICAN JOINT COMMITTEE ON CANCER (AJCC) 
STAGING OF ESOPHAGEAL CANCER 


■ STAGE 

■ DESCRIPTION 

PRIMARY TUMOR (T) 

TX 

Primary tumor cannot be assessed 

TO 

No evidence of primary tumor 

Tis 

Carcinoma in situ 

T1 

Tumor invades lamina propria or submucosa 

T2 

Tumor invades muscularis propria 

T3 

Tumor invades adventitia 

T4 

Tumor invades adjacent structures 

REGIONAL LYMPH NODES (N) 

NX 

Regional lymph nodes cannot be assessed 

NO 

No regional lymph node metastasis 

N1 

Regional lymph node metastasis 

DISTANT METASTASIS (M) 

MX 

Distant metastasis cannot be assessed 

M0 

No distant metastasis 

Ml 

Distant metastasis 

TUMORS OF THE LOWER THORACIC ESOPHAGUS 

Mia 

Metastasis in celiac lymph nodes 

Mlb 

Other distant metastasis 

TUMORS OF THE MIDTHORACIC ESOPHAGUS* 

Mia 

Not applicable 

Mlb 

Nonregional lymph nodes and/or other distant 


metastasis 

TUMORS OF THE UPPER THORACIC ESOPHAGUS 

Mia 

Metastasis in cervical nodes 

Mlb 

Other distant metastasis 

Tor tumors of midthoracic esophagus, use only Mlb because these 
tumors with metastasis in nonregional lymph nodes have an equally 
poor prognosis as those with metastasis in other distant sites. 
Reproduced with permission from American Joint Committee on 

Cancer. AJCC Cancer Staging Manual, 6th ed. New York: Springer; 
2002:91-98. 


of available randomized trials comprising 1,147 patients, 
however, found no improvement in survival with preoperative 
radiotherapy alone in patients with resectable esophageal can¬ 
cer. 46 At this time, there is no indication for preoperative radi¬ 
ation therapy alone followed by resection. 

The utility of preoperative chemotherapy alone is much 
more poorly defined. A large multicenter randomized trial in 
the United States (Intergroup Trial) of 440 patients failed to 
show any improvement in survival after three cycles of com¬ 
bined cisplatin and fluorouracil followed by surgery and two 
postoperative cycles when compared to surgery alone. 47 This is 
in contrast to a large randomized European study (Medical 
Research Council), which suggested that neoadjuvant 
chemotherapy resulted in nearly a 10% improvement in sur¬ 
vival at 2 years. 48 Unfortunately, the preoperative staging tech¬ 
niques and duration of treatments were quite different, making 
the two studies difficult to compare. More recently, another 
European neoadjuvant chemotherapy trial (MAGIC trial) 
demonstrated improved survival with perioperative chemother¬ 
apy versus surgery alone (36% vs. 23% at 5 years). 49 Of note, 
75% of the MAGIC trial participants had gastric cancer, while 
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ITABLE 

42.6 


STAGING | 

AMERICAN JOINT COMMITTEE ON CANCER (AJCC) STAGE GROUPING WITH 
RECOMMENDED TREATMENT STRATEGY AND PREDICTED 5-YEAR SURVIVAL 

■ STAGE ■ TNM DESIGNATION 

■ TREATMENT 

■ 5-YR SURVIVAL (%) 

0 

Tis, NO, MO 

Surgery alone 

95 

I 

Tl, NO, MO 

Surgery alone 

75 

IIA 

T2, NO, MO 

T3, NO, MO 

Surgery alone 

30 

IIB 

Tl, Nl, MO 

Surgery alone or surgery 
+/— preop chemo/XRT 
under investigation 

20 


T2, Nl, MO 



III 

T3, Nl, MO 

Surgery for T3 lesions 
with or without 

10-15 



preoperative chemo/XRT 
under investigation 



T4, any N, MO 

Palliation (chemo, XRT, 
stenting, or combination) 



IVA Any T, any N, Mia 

Palliation (chemo, XRT, 
stenting, or combination) 

5 

IVB Any T, any N, Mlb 

Palliation (chemo, XRT, 
stenting, or combination) 

1 

chemo, chemotherapy; XRT, radiation therapy. 


only 25% had either distal esophageal or GE junction adeno¬ 
carcinoma. Also, only 41.6% of patients randomized to peri¬ 
operative chemotherapy were able to complete all six pre¬ 
scribed cycles of therapy. In the most recent Cochrane review 
of the topic, 11 randomized controlled trials with 2,051 
patients suggested that preoperative chemotherapy plus 
surgery may offer a survival advantage compared to surgery 
alone for resectable esophageal cancer. 50 There was no demon¬ 
strable difference in the rate of resection, tumor recurrence, or 
postoperative morbidity. There was some chemotherapy- 
related morbidity. Presumably based on the relative success of 
the MRC and MAGIC trials, chemotherapy alone is used quite 
commonly as neoadjuvant therapy in Europe, whereas com¬ 
bined chemotherapy and radiation is used more commonly in 
the United States. 

Several small randomized trials have evaluated combined 
preoperative chemoradiation followed by surgical resection. 
The most widely cited trial to justify the use of combined treat¬ 
ment followed by surgery was published by Walsh et al. 51 in 
1996. This study projected a 3-year survival of 32% in the 
neoadjuvant treatment group as compared to 6% in the 
surgery alone group for patients with adenocarcinoma. Critics 
were quick to point out the lack of appropriate staging, the 
poor survival in the surgical group as compared with other 
surgical series, and the small study size. A more recent study 
found equivalent median and 3-year survival in patients with 
squamous cell carcinoma of the esophagus randomized to 
either preoperative chemoradiation followed by surgery or 
surgery alone. 52 An increased complication rate was noted in 
the patients undergoing preoperative chemoradiation therapy. 
A recent meta-analysis of 10 randomized controlled trials of 
neoadjuvant chemoradiotherapy versus surgery alone demon¬ 
strated an absolute survival advantage of 13% at 2 years 
favoring neoadjuvant therapy. 53 Despite a paucity of conclu¬ 
sive data, there seems to be an evolving consensus at most cen¬ 
ters that patients with T3 and/or N1 disease should receive 
neoadjuvant chemoradiation. This issue remains unresolved, 
and operation remains the standard treatment for localized 


esophageal cancer outside of a clinical trial. At this time we 
consider neoadjuvant chemoradiotherapy to be investigational. 
Unfortunately, a large intergroup trial designed to answer this 
question was closed because of poor accrual. 


Operative Management 

Approaches to Esophagectomy. There are several surgical 
approaches to esophagectomy. Selecting the appropriate proce¬ 
dure for an individual patient depends on the overall medical 
condition of the patient, the location of the tumor, and the 
expertise and experience of the surgeon. Possible approaches 
include the transhiatal approach, the transabdominal transtho¬ 
racic approach (Ivor Lewis), the three-stage or “three-hole” 
approach (McKeown), the thoracoabdominal approach, and 
the minimally invasive approach. Options for reconstruction 
include a gastric tube, a colonic interposition, and in selected 
cases small intestinal free graft. Because of its ample blood sup¬ 
ply, ease of mobilization, and sufficient length to reach the 
neck, the gastric tube is the usual conduit of choice for recon¬ 
struction. The use of colon is more complex and has increased 
morbidity when compared to gastric pull-up. 54 We reserve the 
use of colon or jejunum for patients with an unusable stomach 
due to previous surgery, tumor extension, or other technical 
considerations. 

The esophageal anastomosis requires meticulous attention. 
Many esophageal operations are plagued by high anastomotic 
leak rates and a significant number of postoperative strictures. 
At present, the modified stapled anastomosis as described by 
Orringer et al. 55 appears to have the lowest leak rate, about 
3% as compared with sutured techniques, which are as high as 
15%. The technique is shown in Figure 42.12; many thoracic 
surgeons have adopted this anastomotic technique. 

The Transhiatal Approach. The transhiatal esophagectomy 
was reintroduced by Orringer and Sloan 2 in 1978 and contin¬ 
ues to be refined. 56,57 The procedure is performed through an 
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FIGURE 42.12. The stapled technique for cervical esophageal anastomosis. This technique results in lower anastomotic leak rates and 
fewer postoperative strictures. (Adapted with permission from Orringer MB, Marshall B, Iannettoni MD. Eliminating the cervical esopha¬ 
gogastric anastomotic leak with a side-to-side stapled anastomosis. J Thorac Cardiovasc Surg 2000;119:277.) 


upper midline laparotomy and left cervical incision as shown 
in Figure 42.13. A gastric conduit based on the right gas¬ 
troepiploic artery is used to establish gastrointestinal continu¬ 
ity. The completed operation is depicted in Figure 42.14. If the 
stomach is unusable, a colonic interposition can be performed. 

Today, the transhiatal esophagectomy is the preferred 
approach by many surgeons. Nevertheless, debate continues 
over whether this approach has lower morbidity and mortality 
than other approaches involving thoracotomy and whether it 
Q provides an optimal cancer operation. Proponents argue that 
this approach results in less surgical trauma by avoiding tho¬ 
racotomy and thus less postoperative morbidity, especially 
pulmonary complications. Furthermore, with placement of the 
anastomosis in the neck, a leak, should it occur, can be treated 
by simple bedside cervical drainage. In contrast, a leak in the 
chest is far more likely to result in severe mediastinitis and 
more devastating complications. 

The Ivor Lewis Approach. The transabdominal transthoracic 
approach to esophagectomy as initially described is often 
referred to as the Ivor Lewis esophagectomy. 3 This approach 
includes an upper midline laparotomy for mobilization of the 
stomach with creation of a gastric tube in the same manner 
used for the transhiatal esophagectomy. Once the stomach has 
been mobilized, the hiatus is opened and the GE junction and 
distal esophagus are mobilized. At this point the abdomen is 
closed, the patient is repositioned, and a right fifth intercostal 
space thoracotomy is performed. The intrathoracic esophagus 
is mobilized under direct vision up to the level of the azygous 
vein. The esophagogastric anastomosis is performed at the 
level of the divided azygous vein. The advantage of this 
approach is that the intrathoracic esophagus is mobilized 
directly with full exposure of the mediastinum and surround¬ 
ing structures. This may be of value in avoiding injury to the 
airway or other mediastinal structures, especially with bulky 
tumors in the middle third of the esophagus at the level of the 
carina. Unfortunately, these patients are subject to increased 
early postoperative pulmonary complications due to the tho¬ 
racotomy incision. In addition, placing the anastomosis in the 


chest can lead to life-threatening mediastinitis should an anas¬ 
tomotic leak occur. Additionally, a large amount of thoracic 
esophagus is retained with this approach and may be at risk of 
recurrent disease, specifically in the setting of severe Barrett 
esophagus. 

Three-Field Esophagectomy. This approach is carried out 
through separate laparotomy, right thoracotomy, and cervical 
incisions. 4 Proponents of this approach fall into two categories. 
The first group uses this approach to resect large intrathoracic 
lesions of the midesophagus. Exposure especially at the level of 
the carina and left mainstem bronchus is superior as compared 
with the transhiatal approach. Because visualization is 
improved, the injury rate to nearby structures, especially the 
airway and azygous vein, is lower. The second group uses this 
approach to perform a complete two- or three-field lymph node 
dissection, suggesting that this approach provides a more com¬ 
plete resection and thus improves long-term survival. This 
approach has been shown to have acceptable morbidity and 
mortality as compared with other approaches; however, the 
often-cited report was from a single U.S. center. 58 On the other 
hand, a large randomized Dutch trial comparing transhiatal 
resection with extended transthoracic resection showed that 
the transhiatal approach was associated with a lower morbidity 
and no statistically different overall, disease-free, and quality- 
adjusted survival. 59 Patients who underwent thoracotomy had 
an increased incidence of chyle leak and pulmonary complica¬ 
tions, as well as longer ventilator dependence, ICU stay, and 
hospital stay (Table 42.7). In a recent retrospective review of 
2,303 esophageal cancer patients treated with R0 resection 
without adjuvant or neoadjuvant therapy, the number of nodes 
removed was an independent predictor of survival. The authors 
concluded that to maximize this survival benefit, a minimum of 
23 nodes should be removed at esophagectomy. 60 The true 
value of extensive lymphadenectomy in esophageal cancer 
remains undefined. 

The Thoracoabdominal Approach. The left thoracoabdomi¬ 
nal approach is probably the least used of all approaches to 
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FIGURE 42.13. A: Transhiatal mobilization of the thoracic esophagus from the posterior mediastinum with the use of blunt dissection and trac¬ 
tion on rubber drains placed around the esophagogastric junction and cervical esophagus. The volar aspects of the fingers are kept against the 
esophagus to reduce the risk for injury to adjacent structures. B: Lateral view showing transhiatal mobilization of the esophagus away from the 
prevertebral fascia. Half of a sponge on a stick is inserted through the cervical incision and advanced until it makes contact with the hand inserted 
from below through the diaphragmatic hiatus. Arterial pressure is monitored as the heart is displaced forward by the hand in the posterior medi¬ 
astinum. (Adapted with permission from Orringer MB. Surgical options for esophageal resection and reconstruction with stomach. In: Baue AE, 
Geha AS, Hammond GL, eds. Glenns Thoracic and Cardiovascular Surgery , 5th ed. Norwalk, CT: Appleton & Lange; 1991:799.) 


the esophagus. It is performed by making an oblique incision 
from the midpoint between the xiphoid and umbilicus across 
the costal arch to the tip of the scapula. The abdomen is 
opened, the costal arch is divided, and the chest is entered 
through the seventh intercostal space. The diaphragm is 
opened in a circumferential manner along the chest wall to 
avoid any damage to the phrenic nerve branches. At least a 2-cm 
rim of diaphragm is preserved on the chest wall to aid in 
reconstruction of the diaphragm at the completion of the pro¬ 
cedure. This approach offers superior exposure to the left 
upper quadrant, including the hiatus, and is our approach of 
choice in patients with previous extensive hiatal or proximal 
gastric surgery. For patients with distal tumors and inadequate 
conduit for total esophageal replacement, the anastomosis can 
be placed in the left chest below the inferior pulmonary vein or 
up to the level of the aortic arch. For those with adequate con¬ 
duit, a separate left cervical incision can be made and the cer¬ 
vical esophagogastric anastomosis can be placed in the neck. A 
consecutive case series of 64 thoracoabdominal esophagec¬ 


tomies reported no anastomotic leaks and a 2% mortality 
rate. 61 


The Minimally Invasive Approach. Various minimally inva¬ 
sive techniques to esophagectomy have been described. These 
include laparoscopic, hand-assisted, thoracoscopic, and 
robotic-assisted esophagectomy. The hope of these procedures 
is that minimizing the incision size will decrease the morbidity 
of the operation while at the same time providing adequate 
resection. The largest study included 217 patients from the 
University of Pittsburgh who underwent esophagectomy via 
thoracoscopy, laparoscopy, and a left neck incision. 62 The 
investigators observed equivalent results as compared to open 
techniques and suggest development of a multicenter trial to 
define the role of minimally invasive esophagectomy. At pres¬ 
ent, the advantage of this approach remains to be determined. 

Cervical Esophageal Cancer. Cervical esophageal cancer I 
represents a very small subset of primary esophageal cancers. 


HEAD AND NECK 

































682 


Part Two: Surgical Practice 



FIGURE 42.14. Final position of the mobilized stomach in the poste¬ 
rior mediastinum after transhiatal esophagectomy and cervical esoph¬ 
agogastric anastomosis. The gastric fundus has been suspended from 
the cervical prevertebral fascia, and an end-to-side cervical esopha- 
gogastrostomy has been performed. The pylorus is now located sev¬ 
eral centimeters below the level of the diaphragmatic hiatus. (Adapted 
with permission from Orringer MB, Sloan H. Esophagectomy without 
thoracotomy. / Thorac Cardiovasc Surg 1978;76:643.) 


Direct extension into the cervical esophagus from a primary 
laryngeal or thyroid malignancy is much more common. 
Unfortunately, all are difficult to treat. Traditional methods of 
treatment have relied on definitive chemoradiation therapy. A 
small subset of patients may be candidates for salvage resec¬ 
tion, which usually includes laryngectomy with permanent tra¬ 
cheostomy, esophagectomy, and gastric transposition to recon¬ 
stitute the gastrointestinal tract. 


Palliation 


Several palliative therapies are available for patients who have 
unresectable disease, have metastatic disease, or are medically 
E> unfit for surgery. The intent of palliation is to maintain com¬ 
fort, restore swallowing function if possible, and support 
nutrition. 

Establishment of alternative enteral access is helpful in 
maintaining nutritional status and hydration. When possible, 
this is provided by a percutaneous gastrostomy (PEG) tube 
placed under endoscopic guidance. For patients with bulky 
obstructing lesions who cannot undergo PEG, an open gas¬ 
trostomy or jejunostomy tube is required. 


Chemotherapy. Esophageal cancers are usually responsive 
to chemotherapeutic drugs providing some palliation. Agents 
currently in use include fluorouracil and taxanes either alone or 
in combination with platin-based agents. Palliative chemother¬ 
apy requires time to effectively reduce symptoms of dysphagia 
and must be balanced with the associated risks of systemic 
treatment in usually debilitated, malnourished patients. 

Radiation. Palliative radiotherapy relieves dysphagia in up 
to 75% of patients. The dose is 4,000 to 5,000 cGy delivered 
over 4 weeks. This allows patients with advanced disease and 
severe dysphagia to handle secretions and to swallow liquids 
as well as dietary supplements. Unfortunately, relief is not 
immediate and maximal improvement occurs at about 4 weeks 
following completion of treatment. In patients with a life 
expectancy greater than 3 months, combined chemotherapy 
with radiation is used. Short-term side effects from radiation 
therapy include skin irritation and erythema. Esophagitis with 
painful swallowing also occurs with frequency. Additional 
complications include stricture formation, radiation pneu¬ 
monitis, and fistulization to the airway. 

Stenting. Palliative endoscopic intubation of inoperable 
malignant esophageal strictures was first described in the 
1970s. 17 Currently, self-expanding coated and uncoated niti- 
nol stents are used for palliation. These stents can be inserted 
either radiologically or endoscopically on an outpatient basis. 
Following insertion, the lumen can be balloon dilated to an 
acceptable diameter to provide palliation. 

Neodymium:Yttrium-Aluminum-Garnet Laser Ful- 
guration. Endoscopic neodymium:yttrium-aluminum-garnet 
(Nd:YAG) laser fulguration can be used to provide temporary 
relief of esophageal obstruction in patients with unresectable 
obstructing tumors. A flexible quartz fiber is passed through 
the working channel of the esophagoscope to deliver the laser 
energy at the fiber tip. Multiple sessions are usually required to 
achieve debulking and functional success. Laser fulguration is 
often combined with endoluminal stenting and radiation ther¬ 
apy. It can also be useful in patients who have undergone 
uncovered stenting procedures with ingrow of tumor through 
the stent. 

Photodynamic Therapy. Intraluminal photodynamic ther¬ 
apy (PDT) is a nonthermal ablative technique that can be used 
to palliate patients. This technique requires the systemic 
administration of a hematoporphyrin, which is concentrated 
within the malignant cells. Approximately 48 hours after 
administration of the photosensitizer, patients undergo 
endoscopy and an argon-pump dye-laser is used to deliver 
endoluminal light at a wavelength of 630 nm. This results in 
the generation of oxygen radicals, which quickly lead to tumor 
necrosis. The depth of penetration is relatively limited, and 
this decreases the risk of full-thickness necrosis with perfora¬ 
tion. Unfortunately, the photosensitizing agents are retained 
by the reticuloendothelial system in skin; thus, patients are 
sensitive to infrared wavelength light, including sunlight, radi¬ 
ant heat, fluorescent light, and strong incandescent light. 
Depending on the photosensitizing agent used, this sensitivity 
can persist up to 3 months, a challenging problem in patients 
with short life expectancies. 

A recent series of 215 patients treated with palliative endo¬ 
luminal PDT revealed a procedure-related mortality rate of 
1.8%, effective palliation for patients with obstructing cancers 
in 85% of the treatment courses, and median survival of 4.8 
months. 63 Some patients in this series also required stenting, 
suggesting that PDT has a role in multimodality palliation of 
obstructing esophageal cancers. 
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TABLE 42.7 


COMPLICATIONS 



■ TRANSTHORACIC 

■ TRANSHIATAL 



(« = 114) 

(n = 106) 

■ P VALUE 

Pulmonary complications 

57% 

27% 

<0.001 

Chylothorax 

10% 

2% 

0.02 

Ventilator time (days) 



<0.001 

Median 

2 

1 


Range 

0-76 

0-19 


Intensive care unit stay (days) 



<0.001 

Median 

6 

2 


Range 

0-79 

0-38 


Hospital stay (days) 



<0.001 

Median 

19 

15 


Range 

7-154 

4-63 


Anastomotic leak 

16% 

14% 

0.85 

Vocal cord paralysis 

21% 

13% 

0.15 

Reproduced with permission from Hulscher JB, van Sandick JW, de Boer AG, et al. Extended transthoracic 
resection compared with limited transhiatal resection for adenocarcinoma of the esophagus. N Engl J Med 
2002;374:1662. 
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SECTION E 

STOMACH AND DUODENUM 

CHAPTER 43 ■ GASTRIC ANATOMY AND 

PHYSIOLOGY 

MICHAEL W. MULHOLLAND 


KEY POINTS 


Q The stomach is an extremely well-vascularized organ, sup¬ 
plied by a number of major arteries and protected by a 
large number of extramural and intramural collaterals. 

Q Oxyntic glands occupy the fundus and body of the stom¬ 
ach and contain the oxyntic or parietal cells, which are the 
sites of acid production. Oxyntic glands also contain chief 
cells, the site of gastric pepsinogen synthesis. 

Q The most important stimulant of gastrin release is a meal. 
Postprandial luminal pH also strongly affects gastrin 
secretion. 

Q Ghrelin is the only known circulating hormone that causes 
the sensation of hunger and stimulates oral intake. 


Q The basolateral membrane of the parietal cell contains spe¬ 
cific receptors for histamine, gastrin, and acetylcholine, the 
three major stimulants of acid production. 

Q Pepsins are a heterogeneous group of proteolytic enzymes 
that are secreted by the gastric chief cells. 

Q The gastric mucosa is the site of production of intrinsic 
factor, which is necessary for the absorption of cobalamin 
from the ileal mucosa. Total gastrectomy is regularly fol¬ 
lowed by cobalamin malabsorption, as is resection of the 
proximal stomach or atrophic gastritis that involves the 
oxyntic mucosa. 


GROSS ANATOMY 


The stomach and duodenum, along with the esophagus, liver, 
bile ducts, and pancreas, are derived from the embryonic 
foregut. During the fifth week of gestation, the future stomach 
is marked as a dilation in the caudal portion of the foregut. Cra¬ 
nial to this dilation, the trachea forms as a bud from the future 
esophagus. At this time, the primitive stomach is invested with 
both ventral and dorsal mesenteries. The embryonic ventral 
mesentery is represented in postnatal life by the falciform liga¬ 
ment and by the gastrohepatic and hepatoduodenal mesenteries 
that form the lesser omentum. The celiac artery, the major blood 
supply to the foregut, passes within the dorsal mesentery. The 
primitive dorsal mesentery ultimately forms three structures: the 
gastrocolic ligament, the gastrosplenic ligament, and the gas¬ 
trophrenic ligament. 

During the sixth and seventh weeks of gestation, the typical 
morphology of the stomach is established. Accelerated growth 
of the left gastric wall, relative to the right, establishes the 
greater and lesser curvatures. This unequal growth also rotates 
the stomach and causes the left vagal nerve trunk to assume its 
anterior position, whereas the right vagal trunk is located pos¬ 
teriorly. The growth of structures cephalad to the stomach 
causes the organ to descend. During the sixth week, the prim- Q 
itive stomach lies between the T10 and T12 vertebral seg¬ 
ments. By the eighth week, the stomach is located between the 
Til and the L4 segments. In adult life, the stomach is most 
commonly located between the T10 and the L3 vertebral 
segments. 

The stomach can be divided into anatomic regions based 
on external landmarks (Fig. 43.1). Although this division is 
commonly referred to in surgical texts and is useful in dis¬ 
cussing gastric resective procedures, it does not necessarily 
reflect the secretory or motor functions of the mucosal and 
muscular layers of the stomach. The gastric cardia is the 
region of the stomach just distal to the gastroesophageal junc¬ 
tion. The fundus is the portion of the stomach above and to 
the left of the gastroesophageal junction. The corpus consti¬ 
tutes the region between the fundus and the antrum. The mar¬ 


gin between the corpus and antrum is not distinct externally 
but can be defined arbitrarily by a line from the incisura angu- 
laris on the lesser curvature to a point one-fourth the distance 
from the pylorus to the esophagus along the greater curva¬ 
ture. The gastric antrum is bounded distally by the pylorus, 
which can be appreciated by palpation as a thickened ring of 
smooth muscle. 

The stomach is mobile in most people and is fixed at only 
two points, proximally by the gastroesophageal junction and 
distally by the retroperitoneal duodenum. Therefore, the 
position of the stomach varies and depends on the habitus of 
the person, the degree of gastric distention, and the position 
of the other abdominal organs. Anteriorly, the stomach is in 
contact with the left hemidiaphragm, the left lobe and the 
anterior segment of the right lobe of the liver, and the ante¬ 
rior parietal surface of the abdominal wall. The posterior 
surface of the stomach is related to the left diaphragm; the 
left kidney and left adrenal gland; the neck, tail, and body of 
the pancreas; the aorta and celiac trunk; and the periaortic 
nerve plexuses. The greater curvature of the stomach is near 
the transverse colon and the transverse colonic mesentery. 
The concavity of the spleen contacts the left lateral portion of 
the stomach. 

The stomach is an extremely well-vascularized organ, sup¬ 
plied by a number of major arteries and protected by a large 
number of extramural and intramural collaterals. Gastric via¬ 
bility can be preserved after ligation of all but one primary 
artery, an advantage that can be exploited during gastric 
reconstructive procedures. Also, the rich network of anasto¬ 
mosing vessels means that gastric hemorrhage cannot be con¬ 
trolled by the extramural ligation of gastric arteries. Most gas¬ 
tric blood flow is ordinarily derived from the celiac trunk (Fig. 
43.2). The lesser curvature is supplied by the left gastric artery, 
which is the first major branch of the celiac trunk, and by the 
right gastric artery, which is derived from the hepatic artery. 
Branches of the left gastric artery also supply the lowermost 
portion of the esophagus. The greater curvature is supplied by 
the short gastric and left gastroepiploic arteries, which are 
branches of the splenic artery, and by the right gastroepiploic 
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FIGURE 43.1. Topographic relations of the sto¬ 
mach. 
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artery, a branch of the gastroduodenal artery. In instances of 
celiac trunk occlusion, gastric blood flow is usually main¬ 
tained from the superior mesenteric artery collaterally by way 
of the pancreaticoduodenal arcade. In general, venous effluent 
from the stomach parallels the arterial supply. The venous 
equivalent of the left gastric artery is the coronary vein. 

As a first approximation, the lymphatic drainage of the 
stomach parallels gastric venous return (Fig. 43.3). Lymph 
from the proximal portion of the stomach along the lesser cur¬ 
vature first drains into superior gastric lymph nodes surround¬ 
ing the left gastric artery. The distal portion of the lesser cur¬ 


vature drains through suprapyloric nodes. The proximal por¬ 
tion of the greater curvature is supplied by lymphatic vessels 
that traverse pancreaticosplenic nodes, whereas the antral por¬ 
tion of the greater curvature drains into the subpyloric and 
omental nodal groups. Secondary drainage from each of these 
systems eventually traverses nodes at the base of the celiac 
axis. These discrete anatomic groupings are misleading. The 
lymphatic drainage of the human stomach, like its blood sup¬ 
ply, exhibits extensive intramural ramifications and a number 
of extramural communications. As a consequence, disease 
processes that involve the gastric lymphatics often spread 


FIGURE 43.2. Arterial blood supply of 
the stomach. 
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intramurally beyond the region of origin and to nodal groups 
at a distance from the primary lymphatic zone. 

The left and right vagal nerves descend parallel to the 
esophagus within the thorax before forming a periesophageal 
plexus between the tracheal bifurcation and the diaphragm. 
From this plexus, two vagal trunks coalesce before passing 
through the esophageal hiatus of the diaphragm (Fig. 43.4). 
The left vagal trunk is usually closely applied to the anterior 
surface of the esophagus, whereas the posterior vagal trunk is 
often midway between the esophagus and the aorta. The ante¬ 
rior vagus supplies a hepatic division, which passes to the right 
in the lesser omentum before innervating the liver and biliary 
tract. The remainder of the anterior vagal fibers parallel the 
lesser curvature of the stomach, branching to the anterior gas¬ 



tric wall. The posterior vagus nerve branches into the celiac 
division, which passes to the celiac plexus, and a posterior gas¬ 
tric division, which innervates the posterior gastric wall. 

Approximately 90% of the fibers in the vagal trunks are 
afferent, transmitting information from the gastrointestinal 
tract to the central nervous system (CNS). Parasympathetic 
afferent fibers are not responsible for the sensation of gastric 
pain. Only 10% of vagal nerve fibers are motor or secretory 
efferents. Parasympathetic efferent fibers contained in the 
vagus originate in the dorsal nucleus of the medulla. Vagal 
efferent fibers pass without synapse to contact postsynaptic 
neurons in the gastric wall in the myenteric and submucous 
plexuses. Secondary neurons directly innervate gastric smooth 
muscle or epithelial cells. Acetylcholine is the neurotransmitter 
of primary vagal efferent neurons. 

The gastric sympathetic innervation is derived from spinal 
segments T5 through T10. Sympathetic fibers leave the corre¬ 
sponding spinal nerve roots by way of gray rami communi- 
cantes and enter a series of bilateral prevertebral ganglia (Fig. 
43.5). From these ganglia, presynaptic fibers pass through the 
greater splanchnic nerves to the celiac plexus, where they 
synapse with secondary sympathetic neurons. Postsynaptic 
sympathetic nerve fibers enter the stomach in association with 
blood vessels. Afferent sympathetic fibers pass without synapse 
from the stomach to dorsal spinal roots. Pain of gastroduode¬ 
nal origin is sensed through afferent fibers of sympathetic 
origin. 


MICROSCOPIC ANATOMY 


The glandular portions of the stomach are lined by a simple 
columnar epithelium composed of surface mucous cells. The 
luminal surface, visualized by scanning electron microscopy, 
appears cobblestoned, interrupted at intervals by gastric pits. 
Opening into the gastric pits are one or more gastric glands 
that impart functional significance to the gastric mucosa. The 
mucosa of the human stomach is composed of three distinct 
types of gastric glands—cardiac, oxyntic, and antral. 
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Lateral spinothalmic track 



FIGURE 43.5. Derivation of gastric sympathetic innervation. 


In humans, cardiac glands occupy a narrow zone adjacent 
to the esophagus and mark a transition from the stratified 
squamous epithelium of the esophagus to the simple columnar 
epithelium of the stomach. The surface and gastric pit mucous 
cells of the cardia are not distinguishable from those in other 
areas of the stomach. Cardiac glands contain mucous and 
undifferentiated and endocrine cells but not the parietal or 
chief cells that are prominent in the adjacent oxyntic mucosa. 
Cardiac glands are usually branched and connect with rela¬ 
tively short gastric pits. The functional properties of cardiac 
glands include the secretion of mucus. 

Oxyntic glands are the most distinctive feature of the 
human stomach. They occupy the fundus and body of the 
stomach and contain the oxyntic or parietal cells, which are 
the sites of acid production. Oxyntic glands also contain chief 
cells, the site of gastric pepsinogen synthesis. The tubular 
oxyntic glands are usually relatively straight but sometimes 
branch; several glands may empty into a single gastric pit. The 
glands are divided into three regions: (a) the isthmus, contain¬ 
ing surface mucous cells and a few scattered parietal cells; (b) 
the neck, with a heavy concentration of parietal cells and a few 
neck mucous cells; and (c) the base of the gland, containing 
chief cells, undifferentiated cells, a few parietal cells, and some 
mucous neck cells. Endocrine cells are scattered throughout all 
three regions of oxyntic glands. 

The most distinctive cell of the gastric mucosa is the acid- 
secreting parietal cell. Parietal cells have an unusual ultra- 
structural specialization in the form of intracellular canaliculi, 
a network of clefts extending to the basal cytoplasm and often 
encircling the nucleus, which is continuous with the gland 
lumen (Fig. 43.6). The surface area provided by the intracellular 




Acid-secreting parietal cell 

FIGURE 43.6. Resting and stimulated parietal cell, emphasizing mor¬ 
phologic transformation with increase in secretory canalicular mem¬ 
brane surface area that occurs with acid secretion. 


secretory canaliculi is large and is further magnified by 
microvilli lining the canaliculi. In parietal cells that are not stim¬ 
ulated to secrete acid, the secretory canaliculi are collapsed and 
inconspicuous. On stimulation, a severalfold increase in canalic¬ 
ular surface area occurs, the intracellular clefts become promi¬ 
nent, and the communication with the luminal surface is readily 
identified. These changes create an intracellular space in com¬ 
munication with the gastric lumen into which hydrogen ions are 
secreted at high concentration. 

The cytoplasm of the parietal cell also contains an abun¬ 
dance of large mitochondria. Mitochondria are estimated to 
occupy 30% to 40% of the cytoplasmic volume of unstimu¬ 
lated parietal cells, reflecting the extremely high oxidative 
activity of these cells. The oxygen consumption rate of isolated 
parietal cells is approximately five times higher than that of 
gastric mucous cells. The cytoplasm also contains a limited 
amount of rough endoplasmic reticulum, presumed to be the 
production site of intrinsic factor, which is also secreted by 
parietal cells. 

In addition to parietal cells, the oxyntic glands contain the 
gastric chief cells, which synthesize and secrete pepsinogen. 
Chief cells are most abundant in the basal region of the oxyntic 
glands. The cells have a morphology typical of protein-secreting 





















Chapter 43: Gastric Anatomy and Physiology 


689 



FIGURE 43.7. Contrasting morphol¬ 
ogy of antral gastrin cell {left) with 
basally oriented secretory granules, 
and gastric mucous cell {right) with 
apical mucous granules. 


exocrine cells and are similar in ultrastructural appearance to 
pancreatic acinar cells. Rough endoplasmic reticulum is abun¬ 
dant in the cytoplasm and extends between secretory granules. 
Zymogen granules containing pepsinogen are most concen¬ 
trated in the apical cytoplasm. Pepsinogen is released by exo- 
cytosis from secretory granules at the apical surface of chief 
cells. 

Antral glands occupy the mucosa of the distal stomach and 
pyloric channel. Antral glands are relatively straight and often 
empty through deep gastric pits. Although most cells in the 
antral glands are mucus secreting, gastrin cells are the distinc¬ 
tive feature of this mucosa. Gastrin cells are pyramid shaped, 
with a narrow area of luminal contact apically and a broad 
surface overlying the lamina propria basally (Fig. 43.7). Gas¬ 
trin cells are identified immunocytochemically by the presence 
of the peptide. Granules ranging from 150 to 400 nm in diam¬ 
eter are the sites of gastrin storage and are most numerous in 
the basal cytoplasm. Gastrin is released by exocytotic fusion of 
the secretory granule with the plasma membrane. In contrast 
to secretion from chief cells, emptying of gastrin-containing 
granules occurs at the basal membrane rather than at the api¬ 
cal region of the cell. Gastrin thus released diffuses to and 
enters submucosal capillaries in close apposition to the lamina 
propria. 


GASTRIC PEPTIDES 


The stomach contains a number of biologically active peptides 
in nerves and mucosal endocrine cells, including gastrin, 
somatostatin, ghrelin, gastrin-releasing peptide, vasoactive 
intestinal polypeptide (VIP), substance P, glucagon, and calci¬ 
tonin gene-related peptide. The peptides with the greatest 
importance to human disease and clinical surgery are gastrin, 
somatostatin, and ghrelin. 


Gastrin 


The synthesis, secretion, and action of gastrin have been exten¬ 
sively studied, and many aspects of the biology of gastrin appear 
to be shared by other gastrointestinal peptide hormones. 1 The 
gene that encodes for gastrin has been isolated using a human 
DNA library. The human gastrin gene contains three exons; two 
exons consist of coding sequences. The major active product is 
encoded by a single exon. In adults, the gastrin gene is expressed 
primarily in mucosa cells of the gastric antrum, with lower lev¬ 
els of expression in the duodenum, pituitary, and testis. During 
embryonic development, the gastrin gene is transiently active in 
pancreatic islets and colonic mucosa. 

The human gene encompasses approximately 4,100 base 
pairs and directs the synthesis of a peptide of 101 amino 
acids (Fig. 43.8). The resulting peptide, preprogastrin, con¬ 
tains the sequence of gastrin within its amino acid sequence. 
Preprogastrin consists of a signal peptide of 21 amino acids, 
an intervening peptide of 37 amino acids, the 34-residue 
region of the gastrin molecule, and a carboxyl-terminal 
extension of nine amino acids. Gastrin is derived from its 
preprohormone by the sequential enzymatic cleavage of the 
signal peptide, the intervening peptide, and the carboxyl-ter¬ 
minal extension. 

The signal peptide region of preprogastrin consists of a 
series of hydrophobic amino acids that direct the nascent pep¬ 
tide into the endoplasmic reticulum as it is translated from 
messenger RNA. After directing the preprogastrin molecule 
into the rough endoplasmic reticulum, the signal peptide is 
removed. The remaining peptide is termed progastrin. Progas¬ 
trin is further processed as it traverses the endoplasmic reticu¬ 
lum to mature secretory vesicles. Enzymatic cleavage at a pair 
of basic amino acid residues proximal to the gastrin 34 (G 34 ) 
sequence removes the intervening peptide. A similar cleavage 
removes a six-amino-acid fragment at the carboxyl-terminal 
end. The peptide that remains has a Gly-Arg-Arg sequence at 
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FIGURE 43.8. Sequential processing of preprogastrin molecule. 
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the carboxyl terminus. Carboxypeptidase cleaves the Arg 
residues, and the peptide that results is termed glycine-extended 
gastrin. G 34 is formed by cleavage of the Gly-Arg-Arg sequence 
and amidation of the carboxyl-terminal phenylalanine. Gastrin, 
like most gastrointestinal peptide hormones, requires terminal 
amidation for biologic activity. Gastrin 17 (G 17 ), the most abun¬ 
dant form of gastrin in the human antrum, is formed by further 
processing that removes the first 17 amino acids at the amino 
terminus of G 34 . G 34 is the predominate molecular form of gas¬ 
trin in the duodenum. 

The most important stimulant of gastrin release is a meal. 
Small peptide fragments and amino acids that result from 
intragastric proteolysis are the most important food compo¬ 
nents that stimulate gastrin release. The most potent gastrin¬ 
releasing activities are demonstrated by the amino acids tryp¬ 
tophan and phenylalanine. Ingested fat and glucose do not 
cause gastrin release. Gastric distention by a meal activates 
cholinergic neurons and stimulates gastrin release. As the meal 
empties and distention diminishes, VIP-containing neurons are 
activated, which stimulate somatostatin secretion and thus 
attenuate gastrin secretion. 

Postprandial luminal pH also strongly affects gastrin secre¬ 
tion. Gastrin release is inhibited when acidification of an 
ingested meal causes the intraluminal pH to fall below 3.0. Con¬ 
versely, maintaining intragastric pH above 3.0 potentiates gas¬ 
trin secretion after ingestion of protein or amino acids. 2 Perni¬ 
cious anemia and atrophic gastritis, which produce chronic 
achlorhydria, are associated with fasting hypergastrinemia and 
an exaggerated gastrin meal response. Release of mucosal 
somatostatin occurs with gastric acidification, and this peptide 


has been implicated in the inhibition of gastrin release that 
occurs when luminal pH falls. 

The vagus nerve appears to both stimulate and inhibit gas¬ 
trin release. 3 In humans, vagally mediated stimulation of gastrin 
release can be demonstrated by sham feeding, insulin-induced 
hypoglycemia, and administration of the vagal stimulant 
(//-aminobutyric acid. In contrast to these stimulatory vagal 
effects, hypergastrinemia, observed after vagotomy, suggests 
that inhibitory vagal effects on gastrin release may also exist. 
Cholinergic neurons stimulate gastrin secretion directly by 
actions on gastrin cells. By decreasing somatostatin secretion, 
cholinergic neurons also indirectly stimulate gastrin release. 
Evidence suggests that vagal stimulation of gastrin release is 
mediated by bombesin or its mammalian equivalent, gastrin¬ 
releasing peptide, acting as a neurotransmitter in the gastric 
wall. Adrenergic stimulation has also been noted to increase 
gastrin release. 

Chronic gastric infection with Helicobacter pylori causes 
increased acid secretion by altering gastrin release. 4,5 H. pylori 
has been observed to upregulate proinflammatory cytokines, 
including interleukin (IL)-6, IL-8, and tumor necrosis factor-u 
(TNF-ck). Several inflammatory mediators have been demon¬ 
strated to stimulate gastrin release from isolated gastrin cells. 
The putative gastrin secretagogues include IL-1, IL-8, TNF-a, 
interferon-i//, and leukotrienes C4 and D4. The same factors 
that affect gastrin release also influence gastrin mRNA expres¬ 
sion. Food ingestion increases gastrin mRNA abundance, 
whereas fasting and somatostatin decrease gastrin mRNA 
production. Chronic achlorhydria, as seen in pernicious ane¬ 
mia, increases gastrin mRNA production. 
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In addition to stimulating acid secretion from gastric pari¬ 
etal cells (detailed later in this chapter), gastrin has important 
physiologic actions in the control of gastrointestinal mucosal 
growth. The acid-secreting oxyntic mucosa is particularly sen¬ 
sitive to the trophic actions of gastrin, but the mucous mem¬ 
branes of the duodenum, colon, and pancreatic parenchyma 
are also affected. Stimulation of mucosal growth by gastrin is 
enhanced by the presence of solid food in the diet. The 17- and 
34-amino-acid forms of gastrin are equipotent in stimulating 
mucosal growth. In humans, the relative importance of gastrin 
and other influences, such as the composition and form of the 
diet and the actions of other trophic hormones, have not been 
completely established. Prolonged stimulation by high levels of 
gastrin, as seen in the Zollinger-Ellison syndrome, is associated 
with hypertrophy of the gastric mucosa. Smaller increases in 
circulating gastrin, such as those that follow vagotomy, do not 
cause mucosal hypertrophy. 


Somatostatin 


Somatostatin, like gastrin, is very significant in gastric physiol¬ 
ogy. Somatostatin was first isolated from hypothalamic tissues 
and was named for its ability to inhibit the release of growth 
hormone. The peptide was subsequently localized in neurons 
in central and peripheral nervous systems, and in endocrine 
cells in the pancreas, stomach, and intestine. The wide tissue 
distribution of somatostatin suggested important regulatory 
functions, a concept validated by many investigations. 

The human somatostatin gene is located on chromosome 3 
and encodes for a precursor of 116 amino acids (Fig. 43.9). The 
somatostatin molecule is contained in the carboxyl-terminal 
sequence of this preprohormone. The first 24 amino acids of 
the amino terminus of preprosomatostatin constitute a signal 
peptide; cleavage of this signal peptide leaves prosomatostatin. 
Enzymatic cleavage of an additional 64-amino-acid segment 
from prosomatostatin forms somatostatin 28. Further process¬ 
ing of somatostatin 28 to somatostatin 14 is tissue-specifically 
regulated. In the stomach, most somatostatin exists as the 
shorter peptide. 

Gastric somatostatin release responds to luminal, hor¬ 
monal, and neural signals. Luminal acidification is associated 
with increased somatostatin release, whereas somatostatin 
release decreases when luminal pH is increased. A number of 
peptides have been demonstrated experimentally to release 
somatostatin from the stomach, including gastrin, cholecys- 
tokinin, and secretin. /3-Adrenergic agonists have also been 


shown to release somatostatin. In contrast, electrical stimula¬ 
tion of vagal nerves inhibits somatostatin release, as does the 
cholinergic agonist methacholine. 

The most important gastric function of somatostatin 
appears to be regulation of acid secretion and gastrin release. 
Circulating somatostatin appears to be important in modulat¬ 
ing gastric acid secretion; locally released somatostatin func¬ 
tions to regulate gastrin release. In each instance, somatostatin 
serves an inhibitory function, decreasing acid secretion and 
diminishing the release of gastrin. In animals, antral or duode¬ 
nal acidification has been associated with an increase in circu¬ 
lating somatostatin. Increases in circulating somatostatin are 
followed, in turn, by decreased gastric acid secretion. Infusion 
of exogenous somatostatin in doses that produce somatostatin 
levels similar to those observed postprandially has also been 
shown to inhibit acid secretion. In humans, concentrations of 
somatostatin capable of inhibiting acid secretion can do so 
without altering serum gastrin levels, indicating a direct action 
on the acid-secreting fundic mucosa. 

Somatostatin is believed to influence gastrin secretion through 
a locally active intramucosal mechanism. Local actions of soma¬ 
tostatin are supported by ultrastructural studies of antral soma¬ 
tostatin cells, which demonstrate long cytoplasmic processes 
that make intimate cell-to-cell contact with antral gastrin cells. 
The presence of somatostatin at these sites of cellular contact 
implies that somatostatin cells influence the function of gastrin 
cells through local release of the peptide. Somatostatin can also 
reach neighboring gastrin cells through diffusion or local blood 
flow. A number of experiments have suggested that release of 
somatostatin and gastrin is functionally, although reciprocally, 
linked. For example, in anesthetized animals, an increase in gas¬ 
tric pH or ingestion of a meal is associated with increases in gas¬ 
trin and decreases in somatostatin in antral venous blood. 
Cholinergic agents stimulate gastrin release while inhibiting 
somatostatin release. Prostaglandin E 2 , in contrast, inhibits 
gastrin release and stimulates somatostatin secretion. These and 
similar observations suggest that increases in somatostatin 
release are often associated with decreased gastrin secretion. A 
family of five somatostatin receptors has been cloned. Inhibition 
of gastrin-stimulated gastric acid secretion is mediated by 
somatostatin receptor subtype 2. 


Ghrelin 


The control of feeding behavior and nutrient intake is an 
extremely important, and highly regulated, biologic process. 
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FIGURE 43.9. Derivation of somatostatin 14 from preprosomatostatin precursor. 
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The control of caloric intake is centered in the hypothalamus, 
which integrates information on nutritional status, environ¬ 
ment, and energy expenditure. This process is regulated by 
both central and peripheral orexigenic and anorexigenic sig¬ 
nals. Peripheral messengers include adiposity signals such as 
leptin, and a variety of gut peptides. The stomach has recently 
been recognized as the site of production of an important stim¬ 
ulant of feeding, ghrelin. 

Ghrelin is a gastric peptide that is localized to oxyntic 
glands. Gastric ghrelin cells represent about one fourth of 
endocrine cells within the gastric mucosa. Ghrelin-expressing 
cells have no microscopic contact with the gastric lumen, and 
are presumed to sense signals relevant to feeding from the 
basolateral side. Ghrelin-positive cells are accordingly closely 
associated with capillaries in the lamina propria. The hormone 
is also produced in the hypothalamus. 

The ghrelin receptor is a member of the family of G pro¬ 
tein-coupled receptors and contains seven transmembrane 
domains. Ghrelin receptors are widely distributed among both 
central and peripheral tissues, including the pituitary gland, 
hypothalamus, pancreas, stomach, and intestine. Ghrelin 
causes growth hormone secretion following either peripheral 
or central administration, and release of growth hormone 
from cultured pituitary cells. 

Ghrelin plays an important role in the control of food 
intake and energy metabolism. 6,7 Ghrelin is the only orexi¬ 
genic hormone identified to date. In humans, the intravenous 


administration of ghrelin at physiologic concentrations 
induces the sensation of hunger and stimulates oral intake. 
Circulating ghrelin levels peak just prior to meal initiation 
and decline rapidly postprandially. Ghrelin secretion is 
increased by weight loss and by restriction of caloric intake. 
Serum ghrelin levels are increased in anorexic individuals and 
depressed in obese subjects. 8,9 In animals, ghrelin administra¬ 
tion has been found to stimulate food intake, to induce 
growth of adipose tissues, and to increase body weight. 
Administration of ghrelin antibody or ghrelin receptor antag¬ 
onists blunts ghrelin-induced weight gain and positive energy 
balance. 

Ghrelin is a circulating hormone with CNS effects. The 
arcuate nucleus of the hypothalamus is a crucial site for the 
integration of fasting and feeding signals. 10 Two types of neu¬ 
rons, with opposing actions on feeding behavior, have been 
identified in the arcuate nucleus. Neurons that express proopi¬ 
omelanocortin (POMC) and cocaine and amphetamine-related 
transcript (CART) suppress food intake, reduce body weight, 
and increase energy expenditure. In contrast, neurons produc¬ 
ing neuropeptide Y and agouti gene-related transcript (AgRP) 
are orexigenic. These cells act to stimulate food intake and 
reduce energy expenditure. Ghrelin directly mediates the activ¬ 
ities of these two types of neurons, as depicted in Figure 43.10. 
Direct peripheral effects of ghrelin on peripheral tissues that 
contribute to the regulation of body weight and energy home¬ 
ostasis may also exist. 



FIGURE 43.10. Source of hormones that act within the brain to regulate appetite and energy homeostasis. The arcuate nucleus of the hypo¬ 
thalamus (ARC) contains neurons that reciprocally influence ingestive behavior. Activation of NPY/AgRP neurons increases appetite and metab¬ 
olism. Activation of POMC/CART neurons suppresses appetite and energy expenditure. The vagal nucleus of the tractus solitarius receives 
input from the hypothalamus as well as from the periphery via the vagus nerve. 
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GASTRIC ACID SECRETION 


Cellular Events 


An appreciation of the mechanisms that control gastric acid 
formation is essential to a discussion of gastric disease. An 
understanding of the cellular basis of acid secretion by the gas¬ 
tric parietal cell also provides a foundation for discussing the 
Q pharmacologic treatment of acid-peptic diseases. The basolat- 
eral membrane of the parietal cell contains specific receptors 
for histamine, gastrin, and acetylcholine, the three major stim¬ 
ulants of acid production. 11 Each stimulant reaches the pari¬ 
etal cell by a different route. Histamine is released from mast¬ 
like cells within the lamina propria and diffuses to the mucosa, 
acetylcholine is released in close proximity to the parietal cells 
from cholinergic nerve terminals, and gastrin is delivered by 
the systemic circulation to the fundic mucosa from its source 
in the antrum and proximal duodenum (Fig. 43.11), activating 
protein kinase A, which in turn catalyzes protein phosphory¬ 
lation. The target protein molecules for this phosphorylation, 
in turn, stimulate acid production. 

Acetylcholine and related cholinergic agonists activate 
parietal cells after binding to muscarinic receptors. The stim¬ 
ulatory effects of acetylcholine and its congeners can be abol¬ 
ished by atropine. The action of acetylcholine is mediated by 
muscarinic receptor subtype 3 (M 3 ). Studies suggest that 
cholinergic stimulation of parietal cell function is coupled to 
enhanced mobilization of intracellular calcium. The resultant 
transient increases in intracellular calcium activate mecha¬ 
nisms that stimulate acid secretion (Fig. 43.12). Evidence also 
indicates that occupation of acetylcholine receptors increases 
turnover of specific membrane phospholipids termed phos- 
phatidylinositides. Acetylcholine-receptor binding is fol¬ 
lowed by activation of membrane-associated phospholipase 
C. Phospholipase C acts on phosphatidylinositol-4,5-bisphos- 


phate (PIP 2 ) within the plasma membrane to liberate water- 
soluble inositol triphosphate (IP 3 ) and diacylglycerol. A major 
action of IP 3 is to increase intracellular calcium, mainly from 
intracellular stores in the endoplasmic reticulum. The result¬ 
ing increased cytosolic calcium interacts with calmodulin or 
other calcium-binding proteins. Calmodulin kinase type II is 
involved in parietal cell activation by acetylcholine. Intracel¬ 
lular calcium in this form is postulated to modulate parietal 
cell function through protein phosphorylation or enzyme acti¬ 
vation. Diacylglycerol, the second product released by hydrol¬ 
ysis of PIP 2 , activates a class of protein kinases that are phos¬ 
pholipid dependent and Ca 2+ activated, protein kinase C. 
Protein kinase C in turn acts to phosphorylate a set of pro¬ 
teins that are distinct from those affected by the calmodulin- 
dependent system. The ultimate result of this protein phos¬ 
phorylation is parietal cell activation and hydrogen ion 
secretion. 

Parietal cells can also be activated by occupation of specific 
gastrin receptors. As with cholinergic stimulation, gastrin 
exposure increases membrane PIP 2 turnover (see Fig. 43.12). 
Fike acetylcholine, the actions of gastrin depend highly on 
increases in intracellular calcium and activation of protein 
kinase C. 

Although histamine, acetylcholine, and gastrin occupy 
separate receptors on the parietal cell and activate differing 
second-messenger systems, each secretagogue ultimately acts by 
means of a specialized ion transport system called the parietal 
cell proton pump. This membrane-bound protein is located in 
the secretory canaliculus of the parietal cell; the peptide has not 
been identified in other gastric cells or in significant amounts in 
other organs. The proton pump is an H + -K + -adenosine triphos¬ 
phatase (ATPase) that electroneutrally exchanges cytosolic H + for 
luminal K + . Hydrogen ions are concentrated 2.5-million-fold 
within the secretory canaliculus, and the hydrolysis of ATP is the 
energy source for transport against the steep electrochemical 
gradient generated. For each H + ion transported to the luminal 



FIGURE 43.11. Interactions of cell types that affect parietal cell acid secretion. 
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H + 


FIGURE 43.12. Cellular mechanisms controlling parietal cell acid secretion. ADP, adenosine diphosphate; ATP, adenosine 
triphosphate; cAMP, cyclic adenosine monophosphate; PI, phosphatidylinositol; PIP, phosphatidylinositol-4,5-phosphate; PIP 2 , 
phosphatidylinositol-4,5-bisphosphate; RER, rough endoplasmic reticulum. 


surface of the canalicular membrane, one K + ion is trans¬ 
ported to the cytosolic surface (Fig. 43.13). This cotransport 
requires that K + be continuously supplied to the luminal sur¬ 
face of the secretory membrane. This requirement is satisfied 
by conductance of K + across the canalicular membrane from 
intracellular stores. Chloride ions also enter the secretory 
canaliculus by diffusion. 


Cytoplasm 

ATP ADP + Pi 



FIGURE 43.13. Gastric H + -K + -adenosine triphosphatase (ATPase). 
ADP, adenosine diphosphate; ATP, adenosine triphosphate; Pi, phos¬ 
phate ion. 


Activation of the H + -K + -ATPase significantly increases 
intracellular OH - generation, with potential cellular toxicity. 
Carbonic anhydrase, which is associated with the canalicular 
membrane, converts OH“ to HC0 3 _ . The HC0 3 ~ produced is 
disposed of by exchange for Cl” at the basolateral membrane. 
Intracellular Cl” thus acquired supplies the necessary Cl" on a 
one-to-one basis for each H + secreted. The transcellular 
exchange of H + for HC0 3 _ ensures that the voluminous secre¬ 
tion of hydrochloride at the luminal surface of the gastric 
mucosa is matched by an equivalent delivery of base to sub¬ 
mucosal capillaries. Parietal cell ionic transport pathways are 
shown in Figure 43.14. 

The function of the proton pump is highly regulated. In the 
unstimulated state, the enzyme is sequestered in cytoplasmic 
structures termed tubulovesicles that are not connected to the 
gastric lumen. Tubulovesicle membranes in this state have a 
low permeability to KC1. Stimulation of acid secretion causes 
tubulovesicles to fuse with apical secretory membranes and 
increases membrane permeability to KC1. In this way, the 
fusion of tubulovesicle membrane exposes the H + -K + pump to 
the gastric lumen and simultaneously provides the K + sub¬ 
strate necessary for acid secretion. 

Parietal cells also contain membrane receptors that inhibit 
acid secretion. Specific receptors for somatostatin have been 
identified using isolated gastric cells. Activation of isolated 
parietal cells by histamine, pentagastrin, or the cholinergic ago¬ 
nist carbachol can be blocked by somatostatin 28. In the case 
of histamine activation, the inhibitory effects appear to be 
mediated by the ability of somatostatin to block the production 
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FIGURE 43.14. Ionic fluxes associated with acid secretion by the 
parietal cell. 


of cyclic adenosine monophosphate (cAMP). Somatostatin 
appears to inhibit the actions of these agonists at a point distal 
to second-messenger generation. Gastric parietal cells also con¬ 
tain receptors for prostaglandins, notably prostaglandin 
E 2 and its derivatives. Prostaglandin E 2 is a potent inhibitor of 
histamine-stimulated parietal cell activation, probably by a 
mechanism that inhibits formation of cAMP. Prostaglandin 
inhibition is specific for histamine; the actions of gastrin or 
carbachol are not affected. Epidermal growth factor and trans¬ 
forming growth factor-n also inhibit histamine-stimulated acid 
secretion through effects on cAMP production. 

These considerations of the cellular basis of acid produc¬ 
tion demonstrate how parietal cell function can be altered 
pharmacologically. Gastric acid production can be blocked by 
receptor antagonists for each of the three primary stimu¬ 
lants—gastrin, acetylcholine, and histamine. Direct inhibition 
of acid production can be effected by derivatives of somato¬ 
statin or prostaglandin E 2 . All forms of stimulated acid pro¬ 
duction can be blocked by agents that act as inhibitors of the 
parietal cell proton pump. Agents that act at each of these 
points have been developed, and their appropriate clinical 
applications are discussed in subsequent chapters. 


Regulation of Acid Secretion 

Given the multiple receptors on parietal cells, it is not surpris¬ 
ing that a great deal of secretagogue interdependence, both 
stimulatory and inhibitory, exists in humans. Parietal cell acti¬ 
vation, and the resultant acid secretion, is greater in response 
to a combination of agonists than it is in response to the total 
effect of agents used singly. This increase in responsiveness is 
defined as potentiation. Potentiating interactions are most 
apparent when agents are used that act by way of different 
second-messenger systems. Thus, histamine strongly potentiates 
the acid-secretory response to pentagastrin or to carbachol in 
humans. Conversely, blockade of receptors to one stimulant 
also decreases responsiveness to the other agonists. For exam¬ 
ple, blocking histamine receptors with agents such as cimeti- 
dine decreases responsiveness to pentagastrin, even though 
gastrin receptors are not directly affected. These inhibitory 
interactions are exploited therapeutically in the treatment of 
acid-peptic diseases. 


Humans normally secrete 2 to 5 mEq/h of hydrochloride in 
the fasting state, constituting basal acid secretion. Both vagal 
tone and ambient histamine secretion are presumed to be im¬ 
portant in determining the rate of basal acid secretion. In 
humans, truncal vagotomy decreases basal secretion by approx¬ 
imately 85%. Similarly, H 2 -receptor antagonists also inhibit 
basal acid secretion by approximately 80%. Gastrin does not 
have an important role in determining basal acid secretion in 
normal people. 

Stimulated acid secretion begins with the thought, sight, or 
smell of food (Fig. 43.15). This cephalic phase of gastric acid 
secretion is mediated by the vagus nerve. Vagal discharge 
directs a cholinergic mechanism, and the cephalic phase of 
acid secretion can be inhibited by administering atropine. 
Vagal discharge secondary to cephalic stimulation also 
inhibits the release of somatostatin. Diminished secretion of 
somatostatin further augments stimulatory vagal effects, pre¬ 
sumably by eliminating tonic inhibition of acid secretion 
exerted by somatostatin. The cephalic component of acid 
secretion can be measured in normal people by sham feeding 
and is approximately 10 mEq/h. The cephalic phase approxi¬ 
mates 40% of the maximal acid-secretory response to gastrin 
infusion. 

The gastric phase of acid secretion begins when food 
enters the stomach. The presence of partially hydrolyzed food 
constituents, gastric distention, and the buffering capacity of 
food all stimulate acid secretion. Gastrin is the most impor¬ 
tant mediator of the gastric phase of acid secretion. In normal 
humans, acid-secretory rates after a mixed meal average 15 to 
25 mEq/h, approximately 75% of the maximal response 
achieved with infusion of exogenous gastrin or histamine. 
The meal response is less than the maximal response to exoge¬ 
nous stimulants because food also causes the release of 
somatostatin and initiates other inhibitory responses. In 
humans, 90% of meal-stimulated acid secretion is mediated 
by gastrin release. 12 

The inhibitory regulation of gastric acid secretion is 
accomplished by CNS, gastric, and intestinal mechanisms. 
Stimulated acid secretion can be inhibited experimentally by 
administering various neuropeptides into the lateral cerebral 
ventricles, including gastrin-releasing peptide (bombesin), 
corticotropin-releasing factor, and calcitonin gene-related 
peptide. Although the relevance of these observations to 
human physiology remains to be determined, it is likely that 
CNS inhibition of acid secretion exists in humans. In this 
regard, the vagus nerve has both a stimulatory and an 
inhibitory role in acid secretion and gastrin release. Vagotomy 
causes fasting and postprandial hypergastrinemia, indicating 
that an inhibitory regulation of gastrin release normally 
exists. Hypergastrinemia is sustained long term after vago¬ 
tomy by hyperplasia of antral gastrin cells. The vagal fibers to 
the oxyntic region of the stomach appear to mediate this 
inhibitory effect. 

In humans, the most important and clearly established gas¬ 
tric inhibitory influence is the suppression of gastrin release 
when the antral mucosa is exposed to acid. When luminal pH 
falls to 2.0, gastrin release stops. Antral acidification also sup¬ 
presses the gastrin response to an ingested meal. Somatostatin 
acting locally in the gastric mucosa as a paracrine agent may 
mediate this important inhibitory response. Release of gastric 
somatostatin is reciprocally linked to that of gastrin; acidifica¬ 
tion of the antrum causes increases in somatostatin release and 
decreases in gastrin secretion. Antral distention also inhibits 
stimulated acid secretion. 

The entry of digestive products into the intestine begins 
intestinal-phase inhibition of gastric acid secretion. Acidifica¬ 
tion of the duodenal bulb inhibits acid secretion, and although 
exogenous secretin also can inhibit acid secretion, this effect 
appears to be independent of the release of secretin from the 
duodenal mucosa. Hyperosmolar solutions and those contain¬ 
ing fat also potently inhibit acid secretion. Several peptides, 
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FIGURE 43.15. Regulation of acid secretion in 
vivo. TRH, thyroid-releasing hormone. 
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including secretin, somatostatin, peptide YY, gastric inhibitory 
peptide, and neurotensin, have been proposed as mediators of 
the intestinal phase effects. 


_ PEPSIN _ 

Q Pepsins are a heterogeneous group of proteolytic enzymes that 
are secreted by the gastric chief cells. Pepsin is derived under 
acidic conditions from pepsinogen by the autocatalytic loss of 
a variable amino-terminal sequence of the parent compound. 
This conversion occurs slowly at pH values of 5.0 to 6.0 and 
occurs rapidly when luminal pH approximates 2.0. Pepsin cat¬ 
alyzes the hydrolysis of a wide variety of peptide bonds that 
contain acidic residues, with a pH optimum for hydrolysis 
between 1.5 and 2.5. Once activated, pepsin is sensitive to 
ambient pH values; it is irreversibly denatured at pH 7.0 or 
greater. 

The most important stimulus for pepsinogen secretion is 
cholinergic stimulation. Acetylcholine and its derivatives stim¬ 
ulate pepsinogen secretion by a mechanism that can be antago¬ 
nized by atropine, indicating a muscarinic receptor. The recep¬ 
tor is an M 1 type. Endogenous cholinergic stimulation through 
the vagal nerve results in the formation of a gastric secretion 
that is rich in pepsin. Although both exogenous histamine and 
gastrin can stimulate pepsin secretion, their actions appear to 
be indirectly due to the concomitant secretion of gastric acid 
rather than to direct stimulation of chief cells. Chief cells have 
also been shown to possess cholecystokinin receptors, and 
cholecystokininlike peptides appear to have a direct stimula¬ 
tory action on chief cells. The oxyntic mucosa contains 
somatostatin cells near chief cells. Pepsinogen secretion in 
response to a variety of stimuli has been demonstrated to be 
inhibited by somatostatin. 

The major physiologic function of pepsin is to initiate pro¬ 
tein digestion. Pepsin is highly active against collagen and may 
be important in the digestion of animal protein. Intragastric 


protein hydrolysis by pepsin is incomplete, and relatively large 
peptides enter the intestine, although amino acids and small 
peptide fragments are released. These products of partial hydro¬ 
lysis are important signals for gastrin and cholecystokinin 
release, which in turn regulate digestive processes. In this way, 
pepsin also contributes to the overall coordination of the diges¬ 
tive process. 


_ INTRINSIC FACTOR _ 

Qt The gastric mucosa is the site of production of intrinsic factor, 
which is necessary for the absorption of cobalamin from the 
ileal mucosa. Total gastrectomy is regularly followed by cobal¬ 
amin malabsorption, as is resection of the proximal stomach 
or atrophic gastritis that involves the oxyntic mucosa. 

Autoradiographic and immunocytochemical techniques 
have confirmed the parietal cell as the site of intrinsic factor syn¬ 
thesis and storage in humans. Intrinsic factor secretion, like acid 
secretion, is stimulated by histamine, acetylcholine, and gastrin. 
Unlike acid production, intrinsic factor secretion peaks rapidly 
after stimulation and then returns to baseline. The amount of 
intrinsic factor secreted usually greatly exceeds the amount 
needed to bind and absorb available dietary cobalamin. 


GASTRIC BICARBONATE 
PRODUCTION 


It is generally agreed that the gastric mucosa secretes HC0 3 ~ in 
addition to acid. The cells responsible for HC0 3 _ production 
are presumed to be the surface mucous cells facing the gastric 
lumen, and HC0 3 ~ transport has been postulated to protect 
against damage from luminal acid. In theory, H + ions diffusing 
from luminal bulk fluids toward the gastric mucosa could be 
neutralized by secreted HC0 3 _ near the surface (Fig. 43.16). 
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FIGURE 43.16. Schematic representation of mucosal 
bicarbonate secretion showing neutralization of luminal 
hydrogen ions immediately above the mucosal surface. 


In this way, nearly neutral pH can be maintained at the 
mucosal surface, even if the total amount of hydrochloride 
secreted greatly exceeds gastric HC0 3 “ production. The occur¬ 
rence of pH gradients at the surface of the gastric mucosa have 
been demonstrated in humans using microelectrodes. Drugs or 
chemicals that inhibit bicarbonate secretion result in acidifica¬ 
tion of the mucosal surface. 

The degree of luminal acidity, reflected by pH, required to 
stimulate bicarbonate secretion is greater in the stomach than 
in the duodenum. Direct exposure of the gastric mucosa to pH 
levels of 2.0 or more increases bicarbonate secretion. In the 
duodenum, exposure of the mucosa to pH 5.0 doubles bicar¬ 
bonate secretion, whereas exposure to pH 2.0 increases alka¬ 
line secretion 10-fold. 

Cholinergic agonists, vagal nerve stimulation, and sham 
feeding have all been shown to increase gastric HC0 3 _ pro¬ 
duction. The effects of cholinergic stimulation can be blocked 
by atropine. In the human stomach, exposure to luminal per¬ 
fusates at pH 2.0 has been associated with increased release of 
prostaglandin E 2 . Prostaglandin E 2 and its synthetic derivatives 
are also potent stimulants of gastric bicarbonate secretion. 
Because mucosal bicarbonate production can be decreased in 
experimental models by indomethacin, endogenous prosta¬ 
glandins are thought to be important in the mucosal alkaline 
response. 


GASTRIC BLOOD FLOW 


Because the gastric mucosa is metabolically highly active, con¬ 
trol of mucosal blood flow is of great physiologic importance. 
In addition, studies have implicated perfusion abnormalities in 
the development of mucosal lesions during periods of stress. 
Mucosal blood flow is regulated by neural, hormonal, and 
locally active influences. 

Postganglionic sympathetic nerve fibers reach the stomach 
in association with its blood supply and richly innervate small 
mucosal arteries. Mucosal capillaries do not receive adrenergic 
innervation. Electrical stimulation of sympathetic nerves sup¬ 
plying the stomach is followed by decreased total gastric blood 
flow, decreased flow in celiac and gastroepiploic vessels, and 
diminished blood flow to the mucosa. Studies in animals 
demonstrate that vasoconstriction of the gastric vascular bed 
is mediated by u-adrenergic receptors and that vasodilation is 
mediated by /3-adrenergic receptors. 

Stimulation of the vagus nerve is followed by a prompt 
increase in blood flow, suggesting a dilatory effect of parasym¬ 
pathetic nerves. The effects of vagal stimulation on mucosal 
blood flow are complicated by accompanying increases in acid 


secretion. Almost all stimuli that increase acid production also 
increase blood flow secondarily. 

A number of gastrointestinal peptide hormones affect gas¬ 
tric blood flow, most because of their ability to increase or 
decrease acid secretion. Thus, gastrin, because it is a potent 
stimulant of acid secretion, also increases mucosal blood flow. 
Cholecystokinin appears to have direct vasodilatory effects on 
the gastric vasculature. Vasopressin has been well demon¬ 
strated to have direct vasoconstrictor activity. 

Nitric oxide modulates basal gastric vascular tone and con¬ 
trols gastric vasodilation and hyperemia. Nitric oxide medi¬ 
ates the hyperemic response that accompanies increases in acid 
secretion, although the molecule has no direct stimulatory role 
in acid production. 

Prostaglandins are important mucosally produced com¬ 
pounds that have clear effects on the gastric vasculature. 
Prostaglandins of the E class have been shown in animals and 
humans to increase gastric blood flow at doses that decrease 
acid secretion. Indomethacin, in doses sufficient to inhibit 
prostaglandin formation, decreases the diameter of submu¬ 
cosal blood vessels and reduces basal blood flow. Complete 
inhibition of cyclooxygenase activity causes an approximate 
50% reduction in resting blood flow. These studies suggest 
that endogenous, locally produced prostaglandins are crucial 
to maintaining basal gastric blood flow in humans and proba¬ 
bly act in concert with endogenous nitric oxide. 


GASTRIC MOTILITY 


Gastric Smooth Muscle 


Consideration of gastric motility requires that the stomach be 
viewed in functional terms as two different regions, the proxi¬ 
mal one third and the distal two thirds. These areas are distinct 
in terms of smooth muscle anatomy, electrical activity, and 
contractile function. The regions do not correspond to the tra¬ 
ditional anatomic divisions of fundus, corpus, and antrum. 

In the proximal stomach, three layers of gastric smooth 
muscle can be distinguished: an outer longitudinal layer, a 
middle circular layer, and an inner oblique layer. In the distal 
two thirds of the stomach, the longitudinal layer is most 
clearly defined, and the inner oblique layer is usually not dis¬ 
tinct. The gastric smooth muscle ends at the pylorus. 

The smooth muscle of the proximal stomach is electrically 
stable, whereas the smooth muscle of the distal stomach 
demonstrates spontaneous, repeated electrical discharges. 
Gastric smooth muscle exhibits myoelectric activity that is 
based on a highly regular pattern called the slow wave. 13 In the 
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stomach, slow waves occur with a frequency of three cycles 
per minute. Slow waves do not, by themselves, lead to gastric 
contractions, but they do set the maximum rate of contrac¬ 
tions at three per minute. Gastric contractions occur when 
action potentials are phase locked with the crest of the slow 
wave. 

Extracellular electrical recording from the serosal surface 
of the stomach also demonstrates the intrinsic electrical activ¬ 
ity of the distal stomach in the form of pacesetter potentials. 
Pacesetter potentials reflect partial depolarization of the gas¬ 
tric smooth muscle cell and are recorded during relatively long 
periods (2 or 3 seconds). Pacesetters originate along the 
greater curvature at a point in the proximal third of the stom¬ 
ach. Pacesetter potentials, discharging at a rate of three times 
per minute in humans, drive cells located distally. Spread of 
the pacesetter potentials is faster along the greater curvature, 
so that a ring of electrical activity reaches the pylorus simulta¬ 
neously along both curvatures. The pacesetter potentials do 
not result in smooth muscle contraction unless an additional 
depolarization is superimposed in the form of an action poten¬ 
tial. When action potentials occur, a ring of smooth muscle 
contraction moves peristaltically along the distal stomach 
toward the pylorus. 

Duodenal slow-wave frequency and maximum rate of pha¬ 
sic contractions are higher than those observed in the stomach. 
The duodenal rate is approximately 12 cycles per minute; the 
contraction rate declines progressively to nine cycles per 
minute in the distal ileum. 

The smooth muscle activity of the proximal stomach is 
fundamentally different from that of the distal stomach. There 
are no pacesetter or action potentials in the proximal stomach. 
As a result, peristalsis does not occur. Proximal gastric con¬ 
traction is tonic and prolonged, and increases in luminal pres¬ 
sure are often sustained for several minutes. 


Coordination of Contraction 


Important vagally mediated reflexes influence intragastric 
pressure, presumably by affecting contractile activity of 
smooth muscle in the proximal stomach. The most important 
reflex is termed receptive relaxation and occurs with ingestion 
of a meal. Increasing gastric volumes are accommodated with 
little increase in intragastric pressure by relaxation of the 
proximal stomach. This receptive relaxation allows the proxi¬ 
mal stomach to act as a storage site for ingested food in the 
immediate postprandial period. Afferent impulses, presumed 
to originate from stretch receptors in the gastric wall, are car¬ 
ried along vagal fibers; efferent vagal discharges are inhibitory. 
Receptive gastric accommodation is lost after either truncal or 
proximal gastric vagotomy. After the meal has been ingested, 
proximal contractile activity increases; alterations in proximal 
gastric tone cause the compressive movement of gastric con¬ 
tent from the fundus to the antrum. 

Food that enters the antrum from the proximal stomach is 
propelled peristaltically toward the pylorus. A number of 
observations indicate that the pylorus closes 2 or 3 seconds 
before the arrival of the antral contraction ring. This coordi¬ 
nate closing of the pylorus allows a small bolus of liquid and 
suspended food particles to pass while retropulsing the main 
mass of gastric contents back into the proximal antrum. The 


churning action that results mixes ingested food particles, gas¬ 
tric acid, and pepsin, and contributes to the grinding function 
of the stomach. Solid food particles do not ordinarily pass the 
pylorus unless they are no larger than 1 mm. 

A consistent finding in humans ingesting a mixed solid- 
liquid meal is that liquids empty more quickly than solids. 
Characteristically, solid food empties only after a lag period, 
whereas liquid emptying begins almost immediately. A tradi¬ 
tional interpretation of these human observations has been 
that the proximal stomach is the dominant force in determin¬ 
ing how quickly a liquid meal empties by the gastroduodenal 
pressure gradient generated by proximal gastric contractions. 
The actions of the proximal stomach in liquid emptying are 
also regulated by the sieving actions of the antropyloric seg¬ 
ment and are modified by the nutrient composition of the 
ingested meal. The distal gastric segment has been postulated 
to control solid emptying through its grinding and peristaltic 
actions. This traditional concept of the two-component stom¬ 
ach is useful in considering observations in patients who have 
undergone gastric operative procedures. Patients who have 
undergone proximal gastric vagotomy exhibit accelerated 
emptying of liquids but have normal solid emptying. Because 
of loss of receptive relaxation, the denervation of the proximal 
stomach is presumed to increase intragastric pressure and 
accelerate liquid emptying while leaving the distal gastric seg¬ 
ment unaffected. Conversely, vagal denervation of the antrum 
interrupts gastric emptying of solids to a greater degree than 
liquids. Although this model of gastric emptying oversimplifies 
the many mechanisms (gastric, pyloric, and intestinal) that 
work in concert to control gastric emptying, it provides a use¬ 
ful framework for considering the effects of gastric surgical 
procedures. 
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CHAPTER 44 GASTRODUODENAL ULCERATION 

MICHAEL W. MULHOLLAND 


KEY POINTS 


Q Mucosal infection with Helicobacter pylori is the factor 
that contributes to ulcer pathogenesis in most patients. 

Q H. pylori virulence factors include vacuolating cytotoxin A 
(VacA) and cytotoxin-associated gene A (CagA). 

Q As a group, patients with duodenal ulcers have an increased 
capacity for gastric acid secretion relative to normal people. 

Q Current treatment of peptic ulceration involves a combina¬ 
tion of an antisecretory drug, usually a proton pump 
inhibitor, with antibiotics. 


EPIDEMIOLOGY 


Peptic ulceration remains a major public health problem 
worldwide. Some 300,000 new cases of peptic ulcer are diag¬ 
nosed in the United States each year, and 4 million people 
receive some form of ulcer treatment. In the United States, 
ulcer mortality and hospitalization rates have fallen since the 
early 1980s, but physicians are now treating a cohort of older 
patients with frequent comorbidity and ulcer disease of greater 
chronicity. Mortality attributed to peptic ulceration remains 
substantial; ulcer disease is listed as a contributing cause of 
death in more than 10,000 cases annually. 

The surgical treatment of peptic ulcer has changed funda¬ 
mentally. New insights into disease pathogenesis, especially 
the realization that gastric infection has a role in most cases of 
peptic ulceration, have been especially exciting. Antibiotics are 
now front-line antiulcer therapy. A number of powerful anti¬ 
secretory drugs have been introduced into clinical practice. 
Medical, endoscopic, and surgical therapies are frequently 
integrated in the care of individual patients. 

No clear racial predilection for the development of duode¬ 
nal ulceration exists, but genetic factors can be important. 
Hyperpepsinogenemia I, with autosomal dominant inheri¬ 
tance, is common in duodenal ulcer, although the relation of 
this trait to the development of ulceration remains obscure. A 
number of rare familial syndromes associated with peptic 
ulceration have been described. 


PATHOPHYSIOLOGY 


The pathogenesis of peptic ulceration is complex and multi¬ 
factorial but increasingly understood. Approximately 85% of 
peptic ulcer cases are caused by Helicobacter pylori , with 
almost all other cases due to use of nonsteroidal anti¬ 
inflammatory drugs (NSAIDs). 1 The development of peptic 
ulceration is often depicted as a balance between chronic 
inflammatory injury, acid-peptic secretion, and mucosal 
defense, with the equilibrium shifted toward disease. Although 
acid-peptic secretion is crucial in the development of ulcers, 
Q usually a defect in mucosal defense induced by bacterial infec¬ 
tion also exists to tip the balance away from health. Mucosal 
infection with H. pylori is the factor that contributes to ulcer 
pathogenesis in most patients. 


Q Hemorrhage is the leading cause of death associated with 
peptic ulcer. Patients with recurrent hemorrhage and 
elderly patients are at greatest risk of death. 

Q For perforation, current therapy includes omental patch 
closure with postoperative anti -H. pylori therapy. Mini¬ 
mally invasive approaches are becoming standard practice. 

Q Major trauma accompanied by shock, sepsis, respiratory 
failure, hemorrhage, or multiorgan injury is often accom¬ 
panied by acute stress gastritis. 


Helicobacter pylori 

The relation between H. pylori infection and ulceration is 
inferential but overwhelmingly strong; a causal relation 
between H. pylori infection and peptic ulceration has not been 
tested directly. Because H. pylori infection is difficult to eradi¬ 
cate with certainty, and because of the potentially serious con¬ 
sequences of infection, the intentional exposure of humans to 
the organism to establish such a relation is not justified. 

Many lines of evidence establish H. pylori as a factor in the 
pathogenesis of duodenal ulceration: 

■ H. pylori is the primary cause of chronic active gastritis, 
characterized by nonerosive inflammation of the gastric 
mucosa. Antral gastritis is nearly always present histo¬ 
logically in patients with duodenal ulcer, and H. pylori 
can be isolated from gastric mucosa in almost all cases. 

■ Gastric metaplasia is extremely common in duodenal 
epithelium surrounding areas of ulceration. H. pylori 
binds only to gastric-type epithelium, regardless of 
location; metaplastic gastric epithelium can become col¬ 
onized by H. pylori from gastric sources. Gastric meta¬ 
plasia of the duodenal bulb is a nonspecific response to 
damage and is the means by which antral gastritis with 
H. pylori is converted to active chronic duodenitis. 

■ Eradication of H. pylori with antimicrobials that have 
no effect on acid secretion leads to ulcer healing rates 
superior to those seen with acid-suppressing agents. 

■ Relapse of duodenal ulcer after antimicrobial therapy is 
preceded by reinfection of the gastric mucosa by H. 
pylori. 

In addition, half of patients evaluated for dyspepsia, but 
without ulceration, have histologic evidence of mucosal bacte¬ 
rial infection. Furthermore, 20% of healthy volunteers harbor 
the bacteria; the incidence of bacterial carriage in the healthy, 
asymptomatic population increases with age. The occurrence 
of peptic ulcers in only a small proportion of people who carry 
the organism suggests that other factors must also act to 
induce ulceration. The ability of H. pylori infection to induce 
alterations in gastric acid secretion is a prerequisite for ulcer 
development in most patients. 

H. pylori is the most common bacterial infection world¬ 
wide. H. pylori infection is usually acquired in childhood and 
lasts lifelong absent specific therapy. Epidemiologic studies 
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suggest that H. pylori infection occurs via person-to-person 
contact, usually among family members. Transmission is 
believed to occur during a bout of gastroenteritis; the highest 
risk is associated with vomiting. 

H. pylori is the only human bacterium to persistently infect 
the stomach. 2 The organism is actually somewhat fragile, being 
killed by exposure to high levels of oxygen and to the low pH 
found in the acidic lumen of the stomach. To avoid the bacteri¬ 
cidal activity of the stomach, the organism has evolved mecha¬ 
nisms to move within the gastric environment, to adhere to gas¬ 
tric mucosa, and to protect itself from the harmful effects of 
acid. Over 300 genes of H. pylori are regulated by acid. 

H. pylori bacteria are spiral shaped with polar flagella. 
Most bacilli are free-swimming within the mucous layer cov¬ 
ering the gastric epithelium. The organisms orient according to 
a pH gradient, moving away from the lower pH of the lumen 
toward the epithelium. The majority of organisms remain 
motile within the mucous layer, but contact promotes adher¬ 
ence to epithelial cells, particularly in the region of intercellu¬ 
lar junctions. The products of more than 30 genes are 
expressed on the outer membrane of the bacterium and func¬ 
tion as adhesins to promote attachment to the gastric cells’ 
surface. The best-characterized adhesin binds to the Lewis 
blood group antigen b. Adhesion triggers the expression of 
other bacterial genes, including bacterial virulence factors. 

All strains of H. pylori cause persistent infection and all 
strains induce gastric inflammation. Yet, only 15% of infected 
individuals develop peptic ulceration and only 1% develop 
gastric adenocarcinoma. Differential expression of bacterial 
virulence factors is presumed to account for these observa¬ 
tions. Two virulence factors are best characterized: vacuolat¬ 
ing cytotoxin A (VacA) and cytotoxin-associated gene A 
(CagA) 3 (Table 44.1). 

VacA is a pore-forming cytotoxin. VacA is expressed in all 
strains of H. pylori but is polymorphic with marked variation 
in two regions. The VacA protein is 88 kD. Upon secretion 
from the bacterium, the protein moves to the host cell mem¬ 
brane, where it forms a ring structure in the shape of a flower. 4 
This ring complex inserts into the membrane of the host cell, 
creating a pore. VacA pores are permeable to anions and small 
neutral molecules, including urea. Pore formation may be a 
mechanism by which the organism obtains nutrients from gas¬ 
tric epithelial cells. 


TABLE 44.1 


HELICOBACTER PYLORI VIRULENCE FACTORS 

Vacuolating cytotoxin A (VacA) 

Forms ring structure in the shape of a flower 
Inserts into gastric cell membrane, forming pore 

Inserts into endosomal membranes, causing cellular 
swelling 

Damages mitochondrial membranes 
Causes leakage of ions and small molecules 
Cytotoxin-associated gene A (CagA) 

Contained within pathogenicity island DNA sequence 
Injected into host cells 
Phosphorylated by cellular oncogenes 
Activates growth factor receptor-like signaling 

Disturbs normal proliferation, adhesion, cytoskeletal 
function 

Disturbs intercellular junctions, causing disruption of 
epithelial permeability 

Elicits inflammatory response 


VacA also inserts into endosomal membranes, leading to 
osmotic swelling. VacA induces gastric cell death through 
apoptosis. This action is thought to occur via pore formation in 
mitochondrial membranes. VacA has been reported to interfere 
with immune T-cell activation and proliferation. This activity 
may inhibit clearance of the organism by immune mechanisms. 

The second major virulence factor in H. pylori is termed 
CagA. The CagA gene is part of a region of DNA that is 
inserted into the genome of more virulent strains of H. pylori , 
termed a pathogenicity island. 5 The genes in this island that 
are adjacent to the CagA gene encode proteins, which function 
as microscopic needles for the transfer of bacterial products 
into host gastric cells. CagA is transferred to host cells through 
this injection mechanism. 

After CagA protein is transferred to host cells, it becomes 
phosphorylated on tyrosine residues by host cell kinases. Phos¬ 
phorylated CagA activates a number of cellular signaling path¬ 
ways involved in cellular polarity, cytoskeletal protein func¬ 
tion, and cellular proliferation and differentiation. As a 
consequence, infected gastric cells change shape and become 
more elongated. Apical junctions between cells become dis¬ 
rupted, gaps develop between epithelial cells, and epithelial 
barrier function is lost. CagA protein also stimulates transcrip¬ 
tion factors involved in regulation of cellular proliferation. Dis¬ 
turbance of cellular function in favor of apoptosis affects 
epithelia restitution and may inhibit ulcer healing. 


Acid-secretory Status 

The formation of duodenal ulcers depends on gastric secre- 
@ tion of acid and pepsin. As a group, patients with duodenal 
ulcers have an increased capacity for gastric acid secretion rel¬ 
ative to normal people (Table 44.2). The maximal acid output 
of normal men is approximately 20 mEq/h in response to 
intravenous histamine stimulation, whereas patients with 
duodenal ulcer secrete an average of approximately 40 mEq/h. 
Considerable overlap exists between these two groups, and 
the values for most people with duodenal ulcer fall within the 
normal range. The increase in acid secretion in some patients 
with duodenal ulcer has been postulated to be due to an 
increase in the mass of parietal cells in the acid-secreting 


TABLE 44.2 

ETIOLOGY | 

PATHOGENESIS OF PEPTIC ULCER 



Helicobacter pylori infection 

ENDOCRINE CONSEQUENCES 

■ Increased basal serum gastrin 

■ Increased gastrin response to a meal 

■ Increased responsiveness to gastrin-releasing peptide 

■ Production of N a -methylhistamine 

■ Decreased density of somatostatin cells 

■ Decreased mucosal somatostatin content 

GASTRIC ACID SECRETION 

■ Increased acid = secretory capacity 

■ Increased basal secretion 

■ Increased pentagastrin-stimulated output 

■ Increased meal response 

■ Abnormal gastric emptying 

MUCOSAL DEFENSE 

■ Decreased duodenal bicarbonate production 

■ Decreased gastric mucosal prostaglandin production 

■ Increased apoptosis of epithelial cells 

■ Disruption of epithelial barrier function 

■ Inhibited epithelial restitution 
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gastric mucosa or to an increased sensitivity to circulating 
gastrin. 

Groups of patients with duodenal ulcer demonstrate a pro¬ 
longed and larger acid-secretory response to a mixed meal than 
do groups of normal subjects. As with histamine-stimulated 
acid output, overlap exists between patients with duodenal 
ulcer and normal subjects. Disturbances in gastric motility can 
exacerbate meal-stimulated acid-secretory abnormalities. 

Patients with duodenal ulcer have accelerated emptying of 
gastric contents, particularly liquids, after a meal, and duode¬ 
nal acidification fails to slow emptying appropriately. In such 
patients, the duodenal mucosa can be exposed to low pH for 
prolonged periods relative to normal subjects. 

Groups of patients with duodenal ulcer also demonstrate 
increased basal secretion of acid. Increased basal secretion can 
be demonstrated by nocturnal collection of gastric secretions. 

Studies indicate that most of these secretory abnormalities 
are a direct consequence of H. pylori infection. Ironically, the 
earliest stages of H. pylori infection are accompanied by a 
marked decrease in gastric acid secretion. Acute antral gastri¬ 
tis is followed by fundal inflammation. Fundal inflammation is 
associated with mucosal production of a number of cytokines, 
including interleukin (IL)-l/3, IL-6, IL-8, and tumor necrosis 
factor-a (TNF-a). IL-1/3 is a potent inhibitor of gastric acid 
secretion. Investigators have postulated that acute reduction in 
gastric acid secretion facilitates further gastric colonization 
with H. pylori. Acute hypochlorhydria resolves despite persis¬ 
tence of H. pylori and is followed by a state of chronically 
increased acid secretion. 

Basal and peak acid outputs are increased in patients with 
duodenal ulcer infected with H. pylori relative to uninfected 
healthy volunteers. With eradication of H. pylori infection, 
basal acid output returns to normal within 4 weeks, and peak 
acid output declines to the normal range by 6 months. Peak 
acid output reflects parietal cell mass; the slow return to nor¬ 
mal levels suggests that H. pylori infection may stimulate 
increases in the parietal cell mass. 

Abnormalities in acid secretion and parietal cell mass 
appear to be due to H. pylori- induced hypergastrinemia. 6 
H. pylori- infected patients have increased basal serum gastrin 
levels, increased gastrin responses to meal stimulation, and an 
augmented gastrin response to intravenous gastrin-releasing 
peptide. Eradication of H. pylori infection causes serum gas¬ 
trin levels to return to baseline. Gastric mucosal inflammatory 
cells and epithelial cells are activated by H. pylori infection to 
release cytokines such as IL-8, interferon-y, and TNF-a. These 
cytokines are stimulants of gastrin release from cultured 
canine gastrin cells. 

H. pylori expresses N a -histamine methyltransferase activ¬ 
ity. This enzyme produces N a -methylhistamine, an abnormal 
analogue of histamine that can act as a gastric acid-secretory 
stimulant. 

The concentration of somatostatin in the antral mucosa 
and the number of somatostatin-producing cells in the 
antrum are diminished in H. pylori- infected patients. Treat¬ 
ment of H. pylori infection is followed by increases in num¬ 
bers of somatostatin cells and in mucosal somatostatin 
messenger RNA levels. These observations suggest that alter¬ 
ations in mucosal somatostatin metabolism may also con¬ 
tribute to the hypergastrinemia seen in H. pylori- infected 
patients by removing the inhibitory effects that somatostatin 
exerts on gastrin release. Somatostatin release is also sup¬ 
pressed by N“-methylhistamine. 


Mucosal Defense against Peptic Injury 

Investigative attention has also focused on the ability of the 
duodenal mucosa to resist the injurious effects of luminal acid 
and pepsin. Because many patients with duodenal ulcer secrete 
normal amounts of acid and pepsin, it is attractive to postulate 


that abnormalities of mucosal defense might result in ulcera¬ 
tion. In addition, several agents that are useful in the treatment 
of peptic ulceration are cytoprotective, which is defined as the 
ability to protect the mucosa from injury at doses lower than 
the threshold dose needed to inhibit acid secretion. The ability 
of cytoprotective agents to heal ulcers has suggested that 
abnormalities in mucosal defense are responsible for some 
instances of ulceration. Most investigative efforts have focused 
on the role of mucosally secreted bicarbonate and on mucosal 
prostaglandin production. 

Gastric surface epithelial cells secrete mucus and bicarbon¬ 
ate, creating a pH gradient within the mucous layer that is 
nearly neutral at the mucous cell surface, even when the lumen 
is highly acidic. Failure of normal bicarbonate secretion locally 
would, in theory, result in exposure of surface epithelial cells 
to the peptic activity of gastric secretions at low pH. Patients 
with duodenal ulcers have been demonstrated to have signifi¬ 
cantly lower basal bicarbonate secretion in the proximal duo¬ 
denum than normal subjects. In addition, in response to a 
physiologically relevant amount of hydrochloric acid instilled 
into the duodenal bulb, stimulated bicarbonate output was 
approximately 40% of the normal response. Abnormalities in 
duodenal bicarbonate secretion normalize after elimination of 
H. pylori in infected patients. These results suggest one mech¬ 
anism by which ulceration could occur, even in patients secret¬ 
ing normal amounts of acid. 

Diminished mucosal prostaglandin production has also 
been proposed to exist in subsets of patients with duodenal 
ulcer. Prostaglandins and prostaglandin analogues have been 
shown to exert cytoprotective effects, to accelerate healing of 
established duodenal ulcers, and to decrease acid secretion. In 
the duodenum, locally produced prostaglandins stimulate 
mucosal bicarbonate secretion. In patients with active duode¬ 
nal ulceration, gastric mucosal production of prostaglandin E 2 
and other prostanoids has been shown to be diminished. An 
increase in prostanoid synthesis within the gastric mucosa 
characterizes ulcer healing. Duodenal bicarbonate responses 
to prostaglandin E 2 are impaired in patients with duodenal 
ulcer. 

Inflammatory responses to H. pylori infection are central 
to the pathogenesis of peptic ulceration. While H. pylori 
infection always induces inflammation, the patterns of 
response are not uniform. Three major patterns have been 
recognized. 7 The most common pattern is a mild to moderate 
inflammation of all regions of the stomach. This form is not 
associated with major alterations in gastric acidity and most 
individuals are asymptomatic and do not develop peptic 
ulceration. Approximately 15% of infected individuals 
develop an antral-predominant form of gastritis. These indi¬ 
viduals exhibit an intense inflammation limited to the antrum 
without involvement of the mucosa of the gastric corpus. 
Gastrin levels are elevated and acid secretion is high. 
Inhibitory control of gastric acid production is impaired in 
this form of gastritis. As a result, duodenal and prepyloric 
ulcers are common. The third form of inflammatory response, 
occurring in 1% of infected individuals, is least common but 
most serious. This form is characterized by corpus-predominant 
gastritis, hypochlorhydria, and gastric atrophy. This form of 
inflammatory response is considered a precursor state for 
gastric cancer. Individuals with the third pattern of inflamma¬ 
tion demonstrate hypergastrinemia, low acid secretion, and 
diminished secretion of pepsinogen. 


Environmental Factors 


Substantial evidence implicates cigarette smoking as an addi¬ 
tive risk factor in the development of duodenal ulcers. Ciga¬ 
rette smoking impairs ulcer healing and increases the recur¬ 
rence of ulcers. Continued smoking attenuates the effectiveness 
of active ulcer therapy. Cigarette smoking increases both the 
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probability that surgery will be required and the risks of oper¬ 
ative therapy. Cessation of smoking is a key element of antiul¬ 
cer therapy. 

NSAIDs have emerged as a significant risk factor for the 
development of acute ulceration. 8 Although acute mucosal 
injury caused by NSAIDs is more common in the stomach than 
in the duodenum, NSAID-induced ulcer complications occur 
with equal frequency in these two sites. NSAIDs produce a 
variety of lesions, ranging from hemorrhage, to superficial 
mucosal erosions, to deeper ulcerations. In the duodenum, it 
appears likely that invasive NSAID-associated ulcers result 
from underlying peptic ulcer diathesis compounded by the 
direct injurious effects of these drugs. 

The ulcerogenic actions of NSAIDs have been attributed to 
their systemic suppression of prostaglandin production. 
Numerous experimental models have demonstrated the ability 
of NSAIDs to injure the gastroduodenal mucosa. Ulcers resem¬ 
bling those caused by NSAIDs can be produced experimentally 
by antibodies to prostaglandins. Conversely, NSAID-associated 
gastric ulcers can be prevented by the coadministration of 
prostaglandin analogues. Ulcers associated with NSAIDs usu¬ 
ally heal rapidly when the drug is withdrawn, corresponding 
to the reversal of antiprostaglandin effects. All available 
NSAIDs appear to pose the hazard of gastroduodenal ulcera¬ 
tion. Clinically important ulceration (of both the stomach and 
duodenum) is estimated by the U.S. Food and Drug Adminis¬ 
tration to occur at a rate of 2% to 4% per patient-year. The 
risks inherent with NS AID use appear to be increased by a his¬ 
tory of H. pylori infection, by cigarette smoking, and by alco¬ 
hol use. The incidence of NSAID-caused ulcer complications is 
highest in older patients, as is the attendant mortality rate. 
Peptic ulcer disease is rare in individuals who are H. pylori 
negative and who are not receiving NS AID medications. 

A role of NSAIDs in upper gastrointestinal (GI) hemor¬ 
rhage is widely recognized. The risk of bleeding is particularly 
acute for peptic ulceration. In three reports, spanning two 
decades, NSAIDs were linked to 50% to 75% of bleeding pep¬ 
tic ulcers, one third of deaths due to hemorrhage, and 30% of 
hospitalizations. 8-10 Use of NSAIDs increases the risk of bleed¬ 
ing from peptic ulcer threefold for those under 65 years of age, 
but by eightfold for individuals over 75 years of age. The odds 
ratio for bleeding is 13 for patients with a prior history of 
bleeding ulcer. 

Because of the risk of gastrointestinal side effects, a selec¬ 
tive class of cyclooxygenase-2 (COX-2) inhibitors was devel¬ 
oped for long-term pain relief and anti-inflammatory therapy. 
Selective COX-2 inhibitors have reduced potential to injure 
the gastrointestinal mucosa relative to standard NSAIDs. 11 
The incidence of upper GI bleeding for celecoxib or rofecoxib 
therapy was reported to be fourfold less than standard 
NSAID therapy. Nonetheless, a definite risk for upper GI 
hemorrhage is still present, and is higher in aged patients. 
Concurrent use of aspirin with COX-2 inhibitors significantly 
undermines the safety advantages of the COX-2 agents, as 
does smoking. An increased incidence of adverse cardiovascu¬ 
lar events caused the withdrawal of rofecoxib and valdecoxib 
from the market. 


DIAGNOSIS 


The cardinal feature of duodenal ulceration is epigastric pain. 
The pain is usually confined to the upper abdomen and is 
described as burning, stabbing, or gnawing. Unless perfora¬ 
tion or penetration into the head of the pancreas has occurred, 
referral of pain is not common. Many patients report pain on 
arising in the morning. Ingestion of food or antacids usually 
provides prompt relief. In uncomplicated cases, abnormal 
physical findings are minimal. The differential diagnosis is 
broad and includes a variety of diseases originating in the 
upper gastrointestinal tract. The most common disorders to be 


distinguished include nonulcerative dyspepsia, gastric neopla¬ 
sia, cholelithiasis and related diseases of the biliary system, 
and both inflammatory and neoplastic disorders of the pan¬ 
creas. In dyspeptic patients, the principal diagnoses that must 
be differentiated definitively are peptic ulceration and gastric 
cancer. 

The evaluation of patients with suspected peptic ulceration 
usually involves endoscopy, the standard against which other 
diagnostic modalities are measured. Endoscopy is employed 
because it permits biopsy of the esophagus, stomach, and duo¬ 
denum. Endoscopy must be recommended with discretion 
because of associated morbidity (approximately 1 per 5,000 
cases) and higher costs. 

Duodenal ulcer is characterized by lesions that are erosive 
to the bowel wall. When viewed endoscopically, the ulcers 
have a typical appearance. The edges are usually sharply 
demarcated and the underlying submucosa is exposed. The 
ulcer base is often clean and smooth, although acute ulcers 
and those with recent hemorrhage can demonstrate eschar or 
adherent exudate. Surrounding mucosal inflammation is 
common. The most frequent site for peptic ulceration is the 
first portion of the duodenum, with the second portion less 
commonly involved. Ulceration of the third or fourth por¬ 
tions of the duodenum is unusual, and occurrence in these 
sites should arouse suspicion of an underlying gastrinoma. 
Ulceration in the pyloric channel or the prepyloric area is 
similar in endoscopic appearance to duodenal ulceration, 
and ulcers in these areas demonstrate other clinical features 
similar to duodenal ulcers. Endoscopic demonstration of a 
duodenal ulcer should prompt mucosal biopsy of the gastric 
antrum to demonstrate the presence of H. pylori and guide 
subsequent therapy. 

The hallmarks of the histologic appearance of duodenal 
ulcers are chronicity and invasiveness. Chronic injury is sug¬ 
gested by surrounding fibrosis; collagen is deposited in the 
submucosa during each round of ulcer relapse and healing. 
The adjacent mucosa often demonstrates evidence of chronic 
injury with infiltration of acute and chronic inflammatory 
cells. Gastric metaplasia, in which the duodenum exhibits his¬ 
tologic features of gastric mucosa, is common in the surround¬ 
ing nonulcerated mucosa. The ulcer can extend for a variable 
distance through the wall of the duodenum, including the full 
thickness of the bowel in cases of perforation. 


DRUG TREATMENT 
OF ULCER DISEASE 


In the absence of active treatment, H. pylori infection is life¬ 
long. Spontaneous healing of infected mucosa is very rare, 
occurring in less than 0.5% per patient-year. Current treat¬ 
ment of peptic ulceration involves a combination of an antise- 
cretory drug, usually a proton pump inhibitor, with antibi¬ 
otics. 12 This therapy is rational for most patients who are 
H. pylori positive and results in a high rate of sustained ulcer 
healing. 

A large number of drug regimens have been described, but 
the most widely used treatment protocols combine a proton 
pump inhibitor, usually omeprazole, with two antibiotics, 
usually clarithromycin and metronidazole or amoxicillin. A 
combination of antibiotics is more effective than one antibi¬ 
otic alone in almost all series. This triple therapy is adminis¬ 
tered for 7 or 14 days. Triple-drug therapy is cost effective 
and associated with a low rate of side effects, low rates of 
antibiotic resistance, and acceptable levels of patient compli¬ 
ance. H. pylori eradication rates of greater than 90% have 
been reported. 

After elimination of H. pylori , ulcer recurrence rates reflect 
the rate of reinfection. In developed countries, reinfection rates 
of less than 10% at 5 years have been reported. Eradication of 
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H. pylori improves quality of life, as measured by symptoms, 
drug prescriptions, physician visits, and days of missed 
employment. To date, antibiotic resistance has been low, 
approximately 5 % worldwide, but it is likely to increase with 
ongoing use of macrolide antibiotics. 


HISTAMINE-RECEPTOR 

ANTAGONISTS 


Histamine, released into the interstitial fluid by cells in the 
fundic mucosa, diffuses to the mucosal parietal cell. Histamine 
stimulates acid production by occupying a membrane-bound 
receptor and activating parietal cell adenylate cyclase. Hista¬ 
mine is released in response to a number of physiologic stim¬ 
uli; blockade of histamine receptors inhibits most forms of 
stimulated acid secretion in humans. Parietal cell histamine 
receptors are classified as H 2 receptors because they are acti¬ 
vated by agonists such as 4-methylhistamine and are selec¬ 
tively blocked by agents such as cimetidine. Some H 2 receptor 
antagonists also possess nongastric actions by binding to 
androgen receptors, by interacting with the hepatic microso¬ 
mal oxidase system, and by crossing the blood-brain barrier. 
All clinically useful gastric histamine receptor antagonists are 
of the H 2 type. 

H 2 -receptor antagonists bind competitively to parietal cell 
H 2 receptors to produce a reversible inhibition of acid secretion. 
An enormous worldwide experience has accumulated with the 
use of H 2 -receptor antagonists. The agents are effective and safe 
when used in the treatment of peptic ulcer. The various com¬ 
pounds have similar efficacy in terms of ulcer healing when used 
in doses that produce similar reductions in acid output. It is 
clear that H 2 -receptor blockers do not affect the underlying 
ulcer diathesis; if H 2 -receptor antagonists are stopped, recurrent 
ulceration occurs in more than half of patients within 1 year. 
The current understanding of the role of H. pylori in ulcer 
pathogenesis has changed the role of H 2 -receptor antagonists 
from primary therapy to that of a substitute for proton pump 
inhibitors in conjunction with antibiotic treatment. 


PROTON PUMP BLOCKERS 


Acid secretion by the gastric parietal cells is due to the active 
transport of hydrogen ions from the parietal cell cytoplasm 
into the secretory canaliculus in exchange for potassium. 
Because this so-called proton pump is tissue specific, being pres¬ 
ent only in gastric mucosa, its blockade would be expected to 
have minimal effects on nongastric functions. Omeprazole is 
representative of a family of compounds that selectively block 
the parietal cell proton pump. 

Omeprazole is a weak base, with a pKa of approximately 4. 
The drug is nonionized and lipid soluble at neutral pH, but it 
becomes ionized and activated at a pH of less than 3. In its 
activated state, omeprazole binds to the membrane-bound H + - 
K + -adenosine triphosphatase (ATPase) of the parietal cell. 
Because the compound is a weak base, omeprazole accumu¬ 
lates selectively within the acidic environment of the parietal 
cell secretory canaliculus; 4 hours after administration, the 
drug is detectable in appreciable quantities only in the gastric 
mucosa. If enough drug is administered to occupy all parietal 
cell-binding sites, anacidity can be produced. Omeprazole, in 
doses from 20 to 30 mg, causes nearly complete inhibition of 
stimulated gastric acid secretion within 6 hours. At 24 hours 
after drug administration, a 60% to 70% reduction in acid 
secretion persists. 

Repeated daily dosing with omeprazole results in increas¬ 
ing inhibitory action on gastric secretion and thus in decreased 
intragastric degradation of the drug. Acid suppression stabi¬ 
lizes after approximately 3 days. Because of tissue accumula¬ 


tion, the secretory actions of omeprazole do not correlate with 
plasma levels. Several studies have demonstrated a significant 
inhibition of peak acid output, marked relief of epigastric 
pain, and decreased use of supplemental antacids during 
omeprazole therapy. Direct comparisons with H 2 -receptor 
antagonists have generally favored omeprazole in terms of 
pain relief and rate of ulcer healing. 


SUCRALFATE 


Sucralfate is the aluminum salt of sulfated sucrose. In the 
acidic environment of the stomach, sucralfate polymerizes, 
becoming viscous and adhering to the gastroduodenal mucosa. 
Coating of the ulcer base by the polymer has been claimed to 
provide a protective barrier, binding bile salts and inhibiting 
the actions of pepsin. Sucralfate also stimulates the production 
of mucus. Sucralfate stimulates increased mucosal prostaglandin 
E 2 production and increases bicarbonate secretion. Sucralfate 
binds epidermal growth factor and may protect the mitogen 
from acid degradation. Sucralfate stimulates epithelial prolif¬ 
eration at the ulcer margin. The drug has almost no buffering 
capacity. Virtually no systemic absorption occurs, and because 
of this property, sucralfate is safe for the treatment of peptic 
ulcer in pregnancy. 


OPERATIVE TREATMENT 
OF ULCER DISEASE 


Surgical Goals 

Operative intervention is reserved for the treatment of compli¬ 
cated ulcer disease. Three complications are most common and 
constitute the indications for peptic ulcer surgery—hemorrhage, 
perforation, and obstruction. 13 The first goal in the surgical 
treatment of the complications of ulcer disease is treatment of 
coexisting anatomic complications, such as pyloric stenosis or 
perforation. The second major goal should be patient safety 
and freedom from undesirable chronic side effects. To achieve 
these goals, the gastric surgeon can direct therapy through 
endoscopic or operative means, the appropriate choice depend¬ 
ing on the clinical circumstances. 


Operative Procedures 

A number of operative procedures have been used to treat pep¬ 
tic ulcer, but with decreasing frequency in the past decade. 
There is currently no indication for surgical treatment of 
uncomplicated ulcer disease. Operative treatment of gastric 
outlet obstruction has decreased by approximately 50%. Most 
surgical patients are now treated emergently for the complica¬ 
tions of bleeding or perforation. 

Three procedures—truncal vagotomy and drainage, truncal 
vagotomy and antrectomy, and proximal gastric vagotomy— 
have been widely used in the past in the operative treatment of 
peptic ulcer disease. With increasing frequency, surgical ther¬ 
apy of peptic ulcer is directed exclusively at correction of the 
immediate problem (e.g., closure of duodenal perforation) 
without gastric denervation. The underlying ulcer diathesis is 
then addressed after surgery by antibiotic therapy directed at 
H. pylori. This approach is applicable to most patients with 
peptic ulcer undergoing emergent operation and predicts a 
rapidly diminishing role for vagotomy in the future. 

Division of both vagal trunks at the esophageal hiatus— 
truncal vagotomy—denervates the acid-producing fundic 
mucosa as well as the remainder of the vagally supplied viscera 
(Fig. 44.1). Because denervation impedes normal pyloric coor¬ 
dination and can result in impairment of gastric emptying, 
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FIGURE 44.1. Truncal vagotomy and proximal gastric vagotomy. A: With truncal vagotomy, both nerve trunks are divided at the level of 
the diaphragmatic hiatus. B: Proximal gastric vagotomy involves division of the vagal fibers that supply the gastric fundus. Branches to the 
antropyloric region of the stomach are not transected, and the hepatic and celiac divisions of the vagus nerves remain intact. 


truncal vagotomy must be combined with a procedure to elim¬ 
inate pyloric sphincteric function. Usually, gastric drainage is 
ensured by performance of a pyloroplasty (Fig. 44.2). 

Truncal vagotomy can also be combined with resection of 
the gastric antrum to effect a further reduction in acid secre¬ 
tion, presumably by removing antral sources of gastrin. The 
limits of antral resection are usually defined by external land¬ 
marks, rather than the histologic transition from fundic to 
antral mucosae. The stomach is divided proximally along a 
line from a point above the incisura angularis to a point along 
the greater curvature midway from the pylorus to the gastroe¬ 
sophageal junction. Restoration of gastrointestinal continuity 
by a gastroduodenostomy is termed a Billroth I reconstruction. 
A Billroth II procedure uses a gastrojejunostomy (Fig. 44.3). 

Proximal gastric vagotomy differs from truncal vagotomy 
in that only the nerve fibers to the acid-secreting fundic 
mucosa are divided (see Fig. 44.1). Vagal nerve fibers to the 
antrum and pylorus are left intact, and the hepatic and celiac 
divisions are not transected. The operation has also been 
called parietal cell vagotomy to emphasize its most important 
functional consequence. 

The role of vagotomy in clinical surgery diminished signifi¬ 
cantly in the 1990s. In 1998, only 7,000 vagotomies were per¬ 
formed in the United States, of more than 41 million operative 
procedures. 14 


Physiologic Consequences of Operation 

Division of efferent vagal fibers directly affects acid secretion 
by reducing cholinergic stimulation of parietal cells. In addi¬ 
tion, vagotomy also diminishes parietal cell responsiveness to 
gastrin and histamine. Basal acid secretion is reduced by 
approximately 80% in the immediate postoperative period. 
Acid secretion increases slightly within months of surgery but 
remains unchanged thereafter. The maximal acid output in 
response to exogenously administered stimulants such as pen- 
tagastrin is reduced by approximately 70% in the early period 
after surgery. After 1 year, pentagastrin-stimulated maximal 
acid output rebounds to 50% of prevagotomy values but 



FIGURE 44.2. Pyloroplasty formation. A: A Heineke-Mikulicz 
pyloroplasty involves a longitudinal incision of the pyloric sphincter 
followed by a transverse closure. ( continued ) 
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FIGURE 44.2. ( Continued ) B: The Finney pyloroplasty is performed as a gastroduodenostomy with division of the pylorus. 
C: The Jaboulay pyloroplasty differs from the Finney procedure in that the pylorus is not transected. 


remains at this level on subsequent testing. Acid secretion due 
to endogenous stimulation by a liquid meal is reduced by 60% 
to 70% relative to normal subjects. 

The inclusion of antrectomy with truncal vagotomy causes 
further reductions in acid secretion. Pentagastrin-stimulated 
maximal acid output is reduced by 85% relative to values 
recorded before surgery. Little rebound in acid secretion 
occurs with the passage of time. 

Truncal vagotomy and proximal gastric vagotomy both 
cause postoperative hypergastrinemia. Fasting gastrin values 
are elevated to approximately twice preoperative levels, and 
the postprandial response is exaggerated. Immediately after 
vagotomy, hypergastrinemia appears to be due to decreased 
luminal acid, with loss of feedback inhibition of gastrin release. 
Loss of vagal inhibitory pathways can also be important. 
Chronic hypergastrinemia, sustained long term in most cases, is 
caused by gastrin cell hyperplasia in addition to loss of 


inhibitory feedback. When antrectomy is added to vagotomy, 
circulating gastrin levels are decreased. Basal gastrin values are 
reduced by approximately half and postprandial gastrin levels 
by two thirds. The major form of circulating hormone after 
antrectomy is gastrin 34, released from the duodenum. 

Operations that involve vagotomy alter gastric emptying. 
Proximal gastric denervation abolishes vagally mediated recep¬ 
tive relaxation. Thus, for any given volume ingested, the intra- 
gastric pressure rise is greater and the gastroduodenal pressure 
gradient higher than in normal subjects. As a result, emptying of 
liquids, which depends critically on the gastroduodenal pressure 
gradient, is accelerated after proximal gastric vagotomy. Because 
nerve fibers to the antrum and pylorus are preserved, the func¬ 
tion of the distal stomach to mix and triturate solid food is pre¬ 
served, and emptying of solids is nearly normal in patients who 
have undergone proximal gastric vagotomy. Truncal vagotomy 
affects the motor activities of both the proximal and distal 
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FIGURE 44.3. Antrectomy involves resection of the distal stomach 
(pink area in inset). Restoration of gastrointestinal continuity may be 
accomplished as a Billroth I gastroduodenostomy (A) or Billroth II 
gastrojejunostomy (B) reconstruction. 


stomach. Solid and liquid emptying rates are usually increased 
when truncal vagotomy is accompanied by pyloroplasty. 

A number of prospective, randomized trials have compared 
the various surgical options in terms of postoperative symp¬ 
toms, including dumping, diarrhea, weight loss, and distur¬ 
bance of lifestyle (Table 44.3). In most comparisons, proximal 
gastric vagotomy has proved superior to other operations in 
these measures. Dumping, a postprandial symptom complex 
of abdominal discomfort, weakness, and vasomotor symp¬ 
toms of sweating and dizziness, occurs in 10% to 15% of 
patients with truncal vagotomy and antrectomy in the early 
postoperative period and is chronically disabling in 1% to 
2%. After truncal vagotomy and pyloroplasty, dumping is 
present initially in 10%, and remains severe in approximately 
1%. Permanent symptoms of dumping are rare after proximal 
gastric vagotomy. The incidence of diarrhea, which is presum¬ 
ably caused by denervation of the pylorus and small bowel 
and by elimination of pyloric function, parallels the incidence 


1 TABLE 44.3 



RESULTS | 

CLINICAL RESULTS OF DUODENAL ULCER SURGERY 


■ PGV 

(%) 

■ TV + P 

(%) 

■ TV + A 

(%) 

Mortality rate 

0 

0.5-1 

1-2 

Acid reduction 

Basal 

80 

70 

85 

Stimulated 

50 

50 

85 

Ulcer recurrence 

10 

12 

1-2 

Gastric emptying 

Liquids 

Accelerated 

Accelerated 

Accelerated 

Solids 

No change 

Accelerated 

Slowed 

Dumping 

Mild 

<5 

10 

10-15 

Disabling 

0 

1 

1-2 

Diarrhea 

Mild 

<5 

25 

20 

Disabling 

0 

2 

1-2 


PGV, proximal gastric vagotomy; TV + P, truncal vagotomy and 
pyloroplasty; TV + A, truncal vagotomy and antrectomy. 


of dumping after truncal vagotomy and antrectomy or pyloro¬ 
plasty. Persistent or disabling diarrhea is present in less than 
1 % of patients after proximal gastric vagotomy. 

Proximal gastric vagotomy has the lowest operative mor¬ 
tality rate. Collected series of proximal gastric vagotomies 
have reported an operative mortality rate of less than 0.05%, 
lower than the reported mortality rate for any other gastric 
procedure for peptic ulcer. Truncal vagotomy and pyloroplasty 
has a reported mortality rate of 0.5% to 0.8%, whereas the 
mortality rate after truncal vagotomy and antrectomy approx¬ 
imates 1.5%. 

Most prospective surgical series were reported in the era 
before the pathogenic role of H. pylori was appreciated. With 
appropriate use of postoperative antimicrobials directed 
against H. pylori , ulcer recurrence rates are currently much 
lower than historical standards. Although recurrence rates 
(without H. pylori treatment) as low as 5% have been 
reported, a more generally accepted figure is 10%. 15 This rate 
is similar to that of reinfection with H. pylori after its success¬ 
ful eradication. The reported ulcer recurrence rates after prox¬ 
imal gastric vagotomy can be adversely affected by the inclu¬ 
sion of prepyloric and pyloric channel ulcers. For reasons that 
are not clear, proximal gastric vagotomy is significantly less 
effective when used to treat ulcers in this position than when 
used for duodenal ulceration. 


Hemorrhage 

Q Hemorrhage is the leading cause of death associated with pep- 
tic ulcer, and the incidence of this complication has not 
changed since the introduction of H 2 -receptor antagonists. 
The lifetime risk of hemorrhage for patients with duodenal 
ulcer who have not had surgery and who do not receive con¬ 
tinuing maintenance drug therapy approximates 15% at 5 
years. 16 Most hemorrhages occur during the initial episode of 
ulceration or during a relapse, and patients who have hemor¬ 
rhaged previously have a higher risk of bleeding again. Contin- 
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ued or recurrent bleeding occurs in 20% to 30% of patients, 
and when this happens, mortality varies between 10% and 
40%. Patients with recurrent hemorrhage and elderly patients 
are at greatest risk of death, and these two groups should be 
resuscitated vigorously, investigated promptly, and treated 
aggressively. 17 

The contemporary risk of mortality from bleeding ulcer 
approximates 10% to 20%. Operative risk is increased in 
patients who have shock at admission, recurrent bleeding, 
delay in operative intervention, or coexisting medical illnesses. 
Surgical delay may lead to recurrent hypovolemia and, subse¬ 
quently, multisystem organ failure. 

Upper gastrointestinal endoscopy is the appropriate initial 
diagnostic test when hemorrhage from duodenal ulceration is 
suspected. Endoscopy can correctly determine the site and 
cause of bleeding in more than 90% of patients. An ulcer 
should be accepted as the bleeding source only if it has one of 
the stigmata of active or recent hemorrhage. Active hemor¬ 
rhage is defined by an arterial jet, active oozing, or oozing 
beneath an adherent clot. The signs of recent hemorrhage 
include an adherent clot without oozing, an adherent slough in 
the ulcer base, or a visible vessel in the ulcer. The ability of 
these endoscopic findings to accurately predict recurrent hem¬ 
orrhage has been extensively validated. Approximately 30% 
of patients who have stigmata of recent hemorrhage experi¬ 
ence rebleeding, and most of the patients who experience 
recurrent hemorrhage require emergency treatment. These 
stigmata are not sufficiently accurate to be used alone as 
indications for surgery. Rather, they serve as a warning that 
aggressive therapy is needed and close follow-up mandatory. 

The occurrence of hypovolemic shock, rebleeding during hos¬ 
pitalization, and a posteroinferior location of the ulcer are 
additional clinical features that have been associated with 
increased risks of recurrent bleeding. The role of gastric acid¬ 
ity as a cause for in-hospital rebleeding appears to be inconse¬ 
quential, and reduction of acid secretion by H 2 -receptor antag¬ 
onists or omeprazole is not sufficient to prevent recurrent 
hemorrhage. 

The ability to visualize bleeding duodenal ulcers endoscop- 
ically has led to development of methods to treat hemorrhage 
endoscopically. There are many different methods of endo¬ 
scopic therapy, but the most established consist of thermal 
coagulation, injection of alcohol, or sclerosants. Thermal 
coagulation can be achieved by bipolar electrocoagulation or 
direct application of heat through a heater probe. 18 Injection 
of epinephrine into the base of the bleeding ulcer is also effec¬ 
tive in control of ulcer hemorrhage. 

Proof of efficacy, in the form of lowered rebleeding rates 
and avoidance of operation, has been convincingly demon¬ 
strated for all of these methods of endoscopic hemostasis. 

The analysis of reports of endoscopic treatment of hemor¬ 
rhage is complicated by the 70% rate of spontaneous, 
although sometimes temporary, cessation of bleeding with¬ 
out intervention. In addition to endoscopic stigmata, hemo- 
dynamic instability, need for continuing transfusion, red o 
stool or hematemesis, age older than 60 years, and serious 
medical comorbidity are clinical features that mandate endo¬ 
scopic therapy. Rebleeding during hospitalization and the 
endoscopic findings of visible vessel, oozing, or bleeding 
associated with an adherent clot are other indications for 
endoscopic hemostasis. Ulcers with clean bases require no 
treatment. Failure of endoscopic hemostasis is usually due to 
inaccessibility because of scarring, to rapid active bleeding 
obscuring the endoscopic view, or to an adherent clot. 
Patients treated endoscopically should be observed closely 
for further hemorrhage. Patients who rebleed within 72 
hours of initial endoscopic control may be successfully 
retreated without increasing the risk of mortality. 19 

The efficacy of endoscopy is dependent on timing. Early 
endoscopy correctly identifies patients at low risk for recurrent 


TABLE 44.4 INDICATIONS/CONTRAINDICATIONS 


SITUATIONS IN WHICH OPERATIVE INTERVENTION 
IS APPROPRIATE 

Massive hemorrhage leading to shock or cardiovascular 
instability 

Prolonged blood loss requiring continuing transfusion 

Recurrent bleeding during medical therapy or after 
endoscopic therapy 

Recurrent hemorrhage requiring hospitalization 


hemorrhage and permits safe avoidance of hospitalization. 
Early endoscopy also benefits high-risk patients by directing 
active hemostatic therapy. Patients treated in this way have 
been demonstrated to have fewer episodes of rebleeding, lower 
rates of operation, and shorter hospitalizations. 

Table 44.4 lists situations in which operative intervention is 
appropriate. The need for emergency surgery significantly 
increases surgical risks; mortality rates are increased approxi¬ 
mately 10-fold. Operative therapy should consist of duodeno- 
tomy with direct ligation of the bleeding vessel in the ulcer 
base. 

Postoperatively, patients should receive antibiotics directed 
against H. pylori. This treatment paradigm is based on the 
observation that peptic ulcer hemorrhage recurs in 20% of 
patients in whom H. pylori is not eradicated, whereas rebleed¬ 
ing is reduced to 3% in patients who receive H. pylori eradi¬ 
cation therapy 20 (Algorithm 44.1). The studies that support 
this practice were not specifically designed to evaluate postop¬ 
erative hemorrhage, but the results are so definitive that they 
support this application (Fig. 44.4). 


Perforation 


The lifetime risk for perforation in patients with duodenal 
ulceration who do not receive therapy approximates 10%. In 
contrast, ulcer perforation is unusual if initial ulcer healing has 
been achieved. 

Perforation of a duodenal ulcer is usually accompanied by 
sudden and severe epigastric pain. The pain, caused by the 



FIGURE 44.4. Probability of freedom from recurrent hemorrhage 
according to posttreatment Helicobacter pylori status. 
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Upper GI bleeding 


Resuscitation 


Early endoscopy 

1 1 


No stigmata of hemorrhage 

1 

Stigmata of hemorrhage 

Clean ulcer base 

Active bleeding, oozing, 

I 

adherent clog, visible vessel 

Biopsy of antral mucosa 

1 

for H. pylori detection 

Endoscopic hemostasis 

1 

Biopsy of antral mucosa 

Outpatient treatment with 

1 

omeprazole and antibiotics 

1 

Cessation of bleeding Recurrent bleeding 


Inability to perform 


Endoscopic therapy 


Hemodynamic instability 


Operative treatment 

Inpatient o 

•bservation Inpatient recovery 

followed by omeprazole followed by 

and antibiotics treatment for H. pylori 

ALGORITHM 44.1 



ALGORITHM 44.1 Treatment of bleeding duodenal ulceration. 


spillage of highly caustic gastric secretions into the peri¬ 
toneum, rapidly reaches peak intensity and remains constant. 
Radiation to the right scapular region is common because of 
right subphrenic collection of gastric contents. Occasionally, 
pain is sensed in the lower abdomen if gastric contents travel 
caudally through the paracolic gutter. Peritoneal irritation is 
usually intense, and most patients avoid movement to minimize 
discomfort. 

Physical examination reveals low-grade fever, diminished 
bowel sounds, and rigidity of the abdominal musculature. 
Usually, upright abdominal radiographs reveal pneumoperi¬ 
toneum, but up to 20% of perforated ulcers do not show free 
intraperitoneal air. Computed tomography of the abdomen is 
very sensitive for demonstrating perforation if pneumoperi¬ 
toneum is not demonstrated but perforation is still suspected. 

Although occasional reports have described the nonopera¬ 
tive treatment of this complication, perforation remains a 
strong indication for surgery in most circumstances. Laparo¬ 
tomy or laparoscopy affords the opportunity to relieve 
intraperitoneal contamination and to close the perforation 
(Fig. 44.5). 

Signs of antecedent duodenal ulceration, in terms of history 
of prior symptoms and anatomic evidence of duodenal scar¬ 
ring, should be sought. A lack of antecedent symptoms is not 
protective. Reports suggest that patients without antecedent 
symptoms are also at risk for recurrent ulceration. By 5 to 
6 years, symptomatic ulcer recurrence in patients with acute 
ulcer perforation is similar to that for patients with chronic 
disease. Before the role of H. pylori was appreciated, simple 
omental closure of duodenal perforation resulting from 
chronic ulceration did not provide satisfactory long-term 
results; up to 80% of patients so treated had recurrent ulcera¬ 
tion, and 10% experienced reperforation if untreated. 
Approximately four fifths of all patients with perforation have 
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FIGURE 44.6. Schematic representation of bal¬ 
loon dilatation of pyloric stenosis. 


H. pylori infestation and therefore are at risk of recurrent 
disease. 

The mortality of emergent ulcer operations is most clearly 
correlated with the following circumstances: preoperative 
shock, coexisting medical illness, and presence of perforation 
for more than 48 hours. 21 

Q Current reports advocate omental patch closure only, often 
laparoscopically, with postoperative anti -H. pylori therapy. 
This approach presumes that most duodenal ulcers are caused 
by H. pylori , that secure closure of the perforation can be 
obtained, and that further surgical therapy will be obviated by 
the effects of medical therapy. Minimally invasive approaches 
are becoming standard practice. 

Two meta-analyses of surgical treatment of perforated peptic 
ulcer have compared open surgical therapy with laparoscopic 
approaches. 22,23 In terms of operative time, there is no clear 
superiority of one approach over the other, but all trials 
reported after 2001 have favored laparoscopic repair. While in- 
hospital analgesic use is less in laparoscopically treated patients, 
the more important variable of hospital length of stay was not 
significantly shorter for these patients. Overall rates of postop¬ 
erative complications were not statistically different between 
the two approaches. A lower rate of wound infection in the 
laparoscopic group approached significance. Return to normal 
daily activities and work favored the laparoscopic group. The 
pooled estimate of mortality favored laparoscopic repair. 


Obstruction 


Gastric outlet obstruction can occur acutely or chronically 
in patients with duodenal ulcer disease. Acute obstruction is 
caused by edema and inflammation associated with ulcers in 
the pyloric channel and the first portion of the duodenum. 
Pyloric obstruction is suggested by recurrent vomiting, 
dehydration, and hypochloremic alkalosis due to loss of gas¬ 
tric secretions. Acute gastric outlet obstruction is treated 
with nasogastric suction, rehydration, and intravenous 
administration of antisecretory agents. In most instances, 
acute obstruction resolves with such supportive measures 
within 72 hours. 

Repeated episodes of ulceration and healing can lead to 
pyloric scarring and a fixed stenosis with chronic gastric outlet 
obstruction. 23 In cases of untreated duodenal ulceration, the 
lifetime risk of chronic pyloric stenosis approximates 10%. 


Upper endoscopy is indicated to confirm the nature of the 
obstruction and to exclude neoplasm. Endoscopic hydrostatic 
balloon dilatation of pyloric stenoses can also be attempted at 
this time (Fig. 44.6). Approximately 85% of pyloric stenoses 
are amenable to balloon dilatation. Only 40% of patients with 
gastric stenoses have sustained improvement by 3 months after 
balloon dilatation. Recurrent stenoses are presumably due to 
residual scarring in the pyloric channel. Thus, although 
pyloric dilatation is occasionally palliative, in most cases oper¬ 
ative correction is required. 

Operative management of gastric outlet obstruction should 
be focused on relief of the anatomic abnormality. Antrectomy 
has been used with success in this circumstance, with low ulcer 
recurrence rates and with satisfactory restoration of gastric 
emptying. 


GASTRIC ULCER 


Benign gastric ulcers are a form of peptic ulcer disease, occur¬ 
ring with one-third the frequency of benign duodenal ulcera¬ 
tion. In the United States, gastric ulcer is somewhat more com¬ 
mon in men than in women and occurs in a patient cohort 
approximately 10 years older than for duodenal ulceration. 


Endoscopic Diagnosis 

Upper gastrointestinal endoscopy is the preferred method for 
diagnosing gastric ulceration. The ulcer base in benign disease 
is commonly smooth and flat and often covered by a gray, 
fibrous exudate. The margin is usually slightly raised, erythe¬ 
matous, and friable. Differentiation of benign and malignant 
gastric ulcers is reliably made only by histologic examination. 
Visual endoscopic differentiation of benign from malignant 
ulcers is not reliable. All gastric ulcers should have multiple 
biopsies taken from the perimeter of the lesion. The addition 
of lesional brushings to biopsy increases diagnostic accuracy 
to approximately 95%. 

Benign gastric ulcers may occur in any location in the stom¬ 
ach, but approximately 60% are located along the lesser cur¬ 
vature proximal to the incisura angularis. Less than 10% of 
benign gastric ulcers are located on the greater curvature. Vir¬ 
tually all gastric ulcers lie within 2 cm of the histologic transi¬ 
tion between fundic and antral mucosa. With increasing age, 
this mucosal transition zone moves proximally along the lesser 
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curvature. Movement of this transition zone is reflected by the 
greater prevalence of proximal ulcers in elderly patients. 

As with benign duodenal ulceration, H. pylori plays a cen¬ 
tral role in the pathogenesis of benign gastric ulcers. 25 Benign 
gastric ulcers associated with H. pylori respond to antibiotic 
therapy at a rate equivalent to that of duodenal ulceration. 
The recurrence rate of ulcerations in these patients after H. 
pylori eradication is equal to the rate of reinfection. 

A strong association of benign gastric ulceration with the 
use of NSAIDs has been recognized. Cigarette smoking is asso¬ 
ciated with development of gastric ulceration, and continued 
smoking impedes medical therapy. Gastric and duodenal 
ulcers have been noted in patients receiving hepatic artery 
chemotherapy in whom improper placement of the catheter 
permits perfusion of gastric and duodenal mucosae. A variety 
of agents, including 5-fluorouracil, cisplatin, doxorubicin, and 
mitomycin C, have been implicated. 


Therapy 

The primary therapy for benign gastric ulceration in most 
patients is antimicrobial treatment of H. pylori infection. The 
treatment protocols are similar to those used for benign duo¬ 
denal ulceration. For many patients, cessation of NSAID ther¬ 
apy is also required. 

Indications for surgical treatment of gastric ulcer include 
hemorrhage, perforation, failure of a recurrent ulcer to 
respond to medical therapy, and inability to exclude malignant 
disease. 

For benign gastric ulcers, the elective operation of choice is 
usually a distal gastrectomy with gastroduodenal (Billroth I) 
anastomosis. The ulcer should be included in the gastrectomy 
specimen. With this approach, operative mortality rates of 2% 
to 3%, with ulcer recurrence rates of less than 5%, have been 
reported. Because benign gastric ulcers are not associated with 
gastric acid hypersecretion, inclusion of vagotomy is not nec¬ 
essary. 

The occurrence of a gastric ulcer near the gastroesophageal 
junction represents a difficult surgical problem. When possi¬ 
ble, the ulcer should be excised. This usually requires a distal 
gastrectomy with an extension along the lesser curvature near 
the esophageal wall and reconstruction with gastrojejunos¬ 
tomy. 

Emergency operations performed for hemorrhage or perfo¬ 
ration require ulcer excision. Distal gastrectomy, performed 
with gastroduodenal reconstruction, is usually the procedure 
of choice. Operative mortality rates average 10% to 20% in 
the presence of hemorrhage or perforation. 


POSTGASTRECTOMY 

SYNDROMES 


A number of syndromes have been described that are associ¬ 
ated with distressing symptoms after gastric operations per¬ 
formed for peptic ulcer or gastric neoplasm. The occurrence of 
severe postoperative symptoms is fortunately low, perhaps 1 % 
to 3% of cases, but the disturbances can be disabling. The two 
most common postgastrectomy syndromes, categorized 
according to predominant manifestation, are dumping and 
alkaline reflux gastritis. 


bowel after vagotomy and either resection or division of the 
pyloric sphincter. Early dumping symptoms occur immediately 
after a meal and include nausea, epigastric discomfort, borbo- 
rygmi, palpitations, and, in extreme cases, dizziness or syn¬ 
cope. Late dumping symptoms follow a meal by 1 to 3 hours 
and can include reactive hypoglycemia in addition to the 
aforementioned symptoms. 

Although a relatively large number of patients experience 
mild dumping symptoms in the early postoperative period, 
minor dietary alterations and the passage of time bring 
improvement in all but approximately 1%. The somatostatin 
analogue octreotide has been reported to improve dumping 
symptoms when 50 to 100 mg is administered subcutaneously 
before a meal. The beneficial effects of somatostatin on the 
vasomotor symptoms of dumping are postulated to be due to 
pressor effects of the compound on splanchnic vessels. In addi¬ 
tion, somatostatin analogues inhibit the release of vasoactive 
peptides from the gut, decrease peak plasma insulin levels, and 
slow intestinal transit, all effects that might be expected to ame¬ 
liorate dumping symptoms. Octreotide administration before 
meal ingestion has been shown to prevent changes in pulse, sys¬ 
tolic blood pressure, and packed red cell volume during early 
dumping and blood glucose levels during late dumping. 


Alkaline Reflux Gastritis 


The term alkaline reflux gastritis should be reserved for 
patients who demonstrate the clinical triad of postprandial 
epigastric pain often associated with nausea and vomiting, evi¬ 
dence of reflux of bile into the stomach, and histologic evidence 
of gastritis. One or more of these findings occur transiently in 
10% to 20% of patients after gastric resection, but they persist 
in only 1% to 2%. 

The differential diagnosis for a patient with postoperative epi¬ 
gastric pain includes recurrent ulceration, biliary and pancreatic 
disease, afferent loop obstruction, and esophagitis in addition 
to alkaline reflux gastritis. Gastric acid analysis shows basal 
hypochlorhydria with little increase with pentagastrin stimula¬ 
tion. Serum gastrin measurements should be determined to 
exclude Zollinger-Ellison syndrome and retained gastric 
antrum. Endoscopic examination is essential to exclude recur¬ 
rent ulcer. 

Endoscopically, the gastric mucosa appears red, friable, 
and edematous. Gastric inflammation is patchy and nonulcer¬ 
ative. Histologic examination shows mucosal and submucosal 
edema and infiltration of acute and chronic inflammatory cells 
into the lamina propria. Glandular atrophy and intestinal 
metaplasia are frequent accompaniments. 

No perfect solution to alkaline reflux gastritis exists. 
Antacids, H 2 -receptor antagonists, bile acid chelators, and 
dietary manipulations have not been demonstrated definitely 
to be beneficial. The only proved treatment for alkaline reflux 
gastritis is operative diversion of intestinal contents from con¬ 
tact with the gastric mucosa. The most common surgical pro¬ 
cedure used for this purpose is a Roux-en-Y gastrojejunos¬ 
tomy with an intestinal limb of 50 to 60 cm constructed to 
prevent reflux of intestinal contents (Fig. 44.7). This procedure 
is effective in eliminating bilious vomiting (nearly 100%), but 
recurrent or persistent pain is reported in up to 30% of 
patients, and up to 20% of patients are troubled with postop¬ 
erative delayed gastric emptying. 


---.- STRESS GASTRITIS 

Dumping 

--- m Major trauma accompanied by shock, sepsis, respiratory fail- 

The term dumping denotes a clinical syndrome with both gas- ure, hemorrhage, or multiorgan injury is often accompanied 

trointestinal and vasomotor symptoms. The precise cause of by acute stress gastritis. 26 Acute stress gastritis is particularly 

dumping is not known but is believed to relate to the prevalent after thermal injury with greater than 35% total 

unmetered entry of ingested food into the proximal small surface area burned. A similar entity is also observed as a 
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FIGURE 44.7. Conversion of Billroth II gastrojejunostomy to Roux-en-Y gastrojejunostomy. The afferent limb is divided (A), 
and intestinal continuity is re-established by anastomosis 50 to 60 cm downstream from the original gastrojejunostomy (B). 


result of central nervous system injury or intracranial hyper¬ 
tension. Multiple superficial ulcerations and erosions are 
noted in the proximal, acid-secreting portion of the stomach, 
with fewer lesions in the antrum and only rare ulcerations in 
the duodenum. 

The most sensitive diagnostic test for stress ulceration is 
endoscopic examination. If patients are examined within 12 
hours of the onset of injury, acute mucosal ulcerations may be 
observed that appear as multiple, shallow areas of erythema 
and friability, often accompanied by focal hemorrhage. The 
lesions are progressive during the first 72 hours after injury. 
When lesions are examined histologically, they are seen to con¬ 
sist of coagulation necrosis of the superficial endothelium with 
infiltration of leukocytes into the lamina propria. Chronic dis¬ 
ease, characterized by fibrosis and scarring, is not observed. 
With resolution of the underlying injury or sepsis, healing is 
accompanied by mucosal restitution and regeneration. 


Clinical observations and a large number of experimental 
studies suggest that mucosal ischemia is the central event 
underlying the development of stress gastritis. In clinical prac¬ 
tice, most patients who contract stress gastritis do so after an 
episode of sepsis, hemorrhage, or cardiac dysfunction accom¬ 
panied by shock. 27 Experimental studies that cause depletion 
of high-energy phosphate compounds such as ATP predispose 
to the development of stress gastritis. Luminal gastric acid 
secretion, although not the sole cause of stress gastritis, 
appears to be a necessary concomitant process. A number of 
experimental observations suggest that a critical concentration 
of luminal acid is required to initiate injury in the setting of 
mucosal ischemia. The fall in mucosal energy supply permits 
proton back-diffusion into the mucosa; the resultant decrease 
in mucosal pH exacerbates ischemic damage. 

Clinical risk factors that predict development of stress gas¬ 
tritis include adult respiratory distress syndrome, multiple 
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long-bone fractures, a major burn over 35% of the body sur¬ 
face, transfusion requirement above 6 units, hepatic dysfunc¬ 
tion, sepsis, hypotension, and oliguric renal failure. Scoring 
systems of critical illness, exemplified by the Acute Physiology 
and Chronic Health Evaluation (APACHE) system, accurately 
predict risk for acute stress gastritis. 

The major complication of stress gastritis is hemorrhage. 
Admission to an intensive care unit is not an independent risk 
factor for bleeding. However, the development of respiratory 
failure or coagulopathy (platelet count less than 50,000/mm 3 , 
international normalized ratio fINRj >1.5, or partial throm¬ 
boplastin time [PTTj greater than two times normal) imparts 
the greatest risk for hemorrhage. 


Diagnosis 

Clinical studies that use bloody nasogastric discharge as a 
sign of stress gastritis probably underestimate its incidence in 
critically ill patients. Conversely, studies based on endoscopy 
overestimate the incidence of clinically important stress 
gastritis. In one endoscopically controlled study, 100% of 
patients with life-threatening injuries had evidence of gastric 
erosions by 24 hours. Severely burned patients have endo¬ 
scopic evidence of gastric erosions in greater than 90% of 
cases, whereas significant upper gastrointestinal hemorrhage 
occurs in between 25% and 50% of patients with burn 
wound infection. 

Barium contrast examinations have no role in the diagnosis 
of stress gastritis and interfere with subsequent endoscopic 
examination. Analysis of gastric contents for titration of acid 
production is not informative. 


Treatment and Prophylaxis 

All critically ill patients are at risk for development of acute 
stress gastritis. Because hemorrhage associated with stress gas¬ 
tritis significantly increases mortality, all such patients should 
be treated prophylactically. 28 

Stress gastritis prophylaxis has focused on control of gas¬ 
tric luminal pH. If intragastric pH can be maintained above 
3.5, effective prophylaxis can be obtained. In one study of seri¬ 
ously ill patients, antacid prophylaxis decreased bleeding from 
25% to 4% of patients. 

A number of prospective studies suggest that administra¬ 
tion of H 2 antagonists are as effective as antacids for prophy¬ 
laxis of stress gastritis. 29 Infusion of an H 2 antagonist at a rate 
that maintains intraluminal gastric pH at greater than 3.5 is 
equally effective, relative to antacids, in terms of prevention of 
bleeding. Continuous-infusion H 2 -receptor antagonist therapy 
appears to be equally effective relative to intermittent dosing 
with H 2 blockers or antacids. Proton pump inhibitors have 
also been shown to be effective as stress ulcer prophylaxis. 

When stress gastritis causes gastrointestinal bleeding, endo¬ 
scopic therapy is used as first-line treatment. Endoscopic 
examination is diagnostic and permits application of electro¬ 
cautery or heater probe hemostasis. 

Only a small minority of patients with acute stress gastritis 
and hemorrhage require operative therapy. The surgical 
approach should control acute bleeding, have a low risk of 
recurrent hemorrhage, and be associated with a low operative 
mortality rate. No procedure meets all of these criteria, and no 
large clinical experience is available to confirm the superiority 
of one procedure over another. Total gastrectomy is associated 
with the lowest risk of recurrent bleeding but has a mortality 


rate of approximately 20%. Procedures such as vagotomy and 
pyloroplasty, vagotomy and antrectomy, and vagotomy and 
subtotal gastrectomy are each associated with high risks of 
recurrent hemorrhage. 
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CHAPTER 45 MORBID OBESITY 


REBECCA P. PETERSEN, CHRISTOPHER J. MYERS, AND ERIC J. DeMARIA 


KEY POINTS 


Q Overweight and obesity can be quantified by body mass 
index (BMI), which is calculated as weight in kilograms 
divided by the square of the height in meters. 

Q Two thirds of the U.S. adult population is considered over¬ 
weight (BMI >25 kg/m 2 ) and half of these are obese (BMI 
>30 kg/m 2 ). 

Q Obesity is associated with numerous comorbidities includ¬ 
ing diabetes and atherosclerosis, respiratory and cardiac 
failure, venous thromboembolic disease, cholelithiasis, 
degenerative joint disease, pseudotumor cerebri, and non¬ 
alcoholic steatohepatitis. 

Q Patients are considered eligible for surgical treatment of 
obesity if they have a BMI greater than or equal to 40 kg/m 2 


without an obesity-related comorbidity or a BMI greater 
than or equal to 35 kg/m 2 with an obesity-related comor¬ 
bidity (e.g., diabetes, respiratory insufficiency, pseudotu¬ 
mor cerebri). 

National Institutes of Health Technology Assessment 
Conference in 1992 concluded that dietary management of 
severe obesity, with or without behavioral modification, 
failed to provide acceptable evidence of long-term efficacy. 

Q Adjustable gastric banding and gastroplasties are restric¬ 
tive procedures that have been performed with either hori¬ 
zontal or vertical placement of the staples. 

Q Gastric bypass combines restriction and malabsorption to 
assist weight loss. 


O 

0 


O 


O 


Obesity and overweight have now reached epidemic propor¬ 
tions, and their associated conditions have serious implica¬ 
tions for global health. Traditionally, categories of obesity and 
overweight have been defined using body mass index (BMI), 
which is calculated as weight in kilograms divided by the square 
of the height in meters. Thresholds to classify overweight, obe¬ 
sity, and morbid obesity have been created based on long-term 
outcome. 

According to this classification, more than two thirds of the 
U.S. adult population is overweight and half of these are obese, 
which has important public health implications because obesity 
is clearly associated with increased morbidity and mortality. 1,2 
In addition, this crisis now involves the developing world, and 
the World Health Organization (WHO) currently estimates 
that 1.7 billion people worldwide are overweight or obese. 3 
Alarmingly, obesity has become increasingly prevalent in the 
pediatric population, and 30% of U.S. children have a BMI 
greater than the 85th percentile for their age. 4 

Severe obesity is associated with a large number of associ¬ 
ated comorbidities, many of which are associated with an 
increased risk of mortality (Table 45.1) and include coronary 
artery disease, hypertension, heart failure, type 2 diabetes mel- 
litus, obesity hypoventilation and sleep apnea syndromes, 
hypercoagulability and venous thromboembolic disease, 
necrotizing panniculitis, diverticulitis, and necrotizing pancre¬ 
atitis. In addition, morbidly obese patients have an increased 
risk of colon, prostate, breast, and uterine carcinoma. 

The 1991 National Institutes of Health (NIH) Consensus 
Panel (Table 45.2) established eligibility criteria for surgical 
management. In general, a BMI greater than or equal to 40 
kg/m 2 without an associated comorbidity and a BMI greater 
than or equal to 35 kg/m 2 with an established comorbidity are 
considered general criteria for consideration of surgical man¬ 
agement of obesity. 


ETIOLOGY 


The causes of morbid obesity are not entirely known but likely 
include a combination of genetic, endocrinologic, behavioral, 


and environmental factors. Multiple studies have identified a 
genetic predisposition to obesity, and several genetic markers 
have been described. In adoption studies, severity of obesity 
was found to be more concordant with the natural than the 
adoptive parents. 5,6 Furthermore, monozygotic twins have 
more similar weights than dizygotic twins, even if they grow 
up in different environments. 7,8 

Gastrointestinal and neuroendocrine peptides are involved 
in weight homeostasis, in conjunction with neural or humoral 
transmitters to the hypothalamic hunger or satiety centers, and 
the psychologically induced oral dependency drive. Ghrelin, a 
potent orexigenic peptide secreted by the stomach, increases in 
response to fasting and decreases postprandially. Ghrelin lev¬ 
els are decreased in obese individuals. 9 The adipocyte hor¬ 
mone leptin stimulates anorexigenic neuropeptides in the 
hypothalamus to inhibit food intake; obese individuals often 
have increased serum levels of leptin and may be resistant to 
leptin effects on food intake and energy expenditure. 10 This is 
supported by studies demonstrating that morbidly obese 
adults have been found to have a lower basal energy expendi¬ 
ture. 11 

The distribution of body fat is an important characteristic, as 
android or central obesity has been associated with significantly 
worse long-term health compared with gynoid or peripheral 
obesity. Anthropomorphic measurements such as the waist-to- 
hip ratio have been used to quantify central obesity; however, 
computed tomography scans have shown that abdominal cir¬ 
cumference is a more accurate measurement of central fat dis¬ 
tribution. 8 The increased metabolic activity of mesenteric fat is 
associated with increased metabolism of amino acids to carbo¬ 
hydrates, leading to hyperglycemia and hyperinsulinemia. 
Hyperinsulinemia gives rise to increased sodium absorption and 
hypertension and insulin resistance. Central abdominal obesity 
has also been associated with dyslipidemia, including low high- 
density lipoprotein (HDL) cholesterol and elevated triglyc¬ 
erides, increased systemic inflammation, and hypercoagulabil¬ 
ity. As these conditions tend to track together, collectively these 
conditions are referred to as the metabolic syndrome. Other 
conditions associated with obesity include increased fatty acid 
and cholesterol turnover with an increased risk of atherosclerosis 
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TABLE 45.1 


MORBIDITY OF OBESITY 

Cardiovascular dysfunction 
Hypertension 
Coronary artery disease 
Heart failure 

Type 2 diabetes mellitus (adult onset or non-insulin dependent) 
Nonalcoholic steatohepatitis 

Respiratory insufficiency of obesity (pickwickian syndrome) 

Obesity hypoventilation syndrome 

Obstructive sleep apnea syndrome 

Increased intra-abdominal pressure 

Stress overflow urinary incontinence 

Gastroesophageal reflux 

Venous disease 

Thrombophlebitis 

Stasis ulcers 

Pulmonary embolism 

Nephrotic syndrome 

Pseudotumor cerebri 

Degenerative osteoarthritis 

Cholelithiasis 

Infectious complications 

Difficulty recognizing peritonitis 

Necrotizing subcutaneous infections 

Wound infections or dehiscence 

Sexual hormone dysfunction 

Polycystic ovary (Stein-Leventhal) syndrome 


and cholelithiasis, polycystic ovary (Stein-Leventhal) syndrome, 
and nonalcoholic steatohepatitis. 7 


CONDITIONS ASSOCIATED 
WITH MORBID OBESITY 


An important consequence of central obesity is increased intra¬ 
abdominal pressure, which contributes to many of the condi¬ 
tions associated with morbid obesity. In addition to the condi¬ 
tions in this section, gastroesophageal reflux, stress or urge 
urinary incontinence, nephrotic syndrome, and incisional and 
inguinal hernias are common problems in obese patients. 12,13 


TABLE 45.2 JNDICATIONS/CONTRAINDICATION 


CRITERIA FOR PATIENT SELECTION FOR BARIATRIC SURGERY 

Body mass index >40 kg/m 2 

Body mass index >35 kg/m 2 with coexisting comorbidities 
Failure of nonsurgical methods of weight reduction 
Psychological stability 
Absence of drug and alcohol abuse 


Respiratory Disorders 
Associated with Obesity 

There are two components of respiratory dysfunction in obe¬ 
sity—obstructive sleep apnea syndrome (OSA) and obesity 
hypoventilation syndrome (OHS)—and collectively these con¬ 
ditions comprise the pickwickian syndrome. Both of these con¬ 
ditions may be present before operation but may be exacer¬ 
bated by a surgical procedure. Following gastric surgery for 
obesity, OSA and OHS can completely resolve. 14 

OSA is a potentially fatal complication of morbid obesity 
and is characterized by frequent daytime somnolence and 
heavy snoring. The frequent episodes of apnea result in inade¬ 
quate stage IV and rapid eye movement (REM) sleep, leading 
to somnolence during the day. Patients with suspected sleep 
apnea syndrome should undergo preoperative polysomnogra¬ 
phy at a sleep center to confirm the diagnosis and to guide 
therapy. During surgical procedures, patients with OSA are at 
great risk for acute upper airway obstruction and respiratory 
arrest at the time of anesthetic induction. In severe cases, it 
may be worthwhile to consider elective tracheostomy prior to 
bariatric surgery. 


Obesity Hypoventilation Syndrome 

OHS is a condition in which an obese patient suffers from 
hypoxemia and hypercapnia when breathing room air while 
awake but resting. 15 As many alveolar units are collapsed at 
end expiration, considerable ventilation/perfusion (V/Q) mis¬ 
match occurs, leading to shunting, hypoxemia, and hypercap¬ 
nia. The condition is not directly associated with the degree of 
obesity, and among patients undergoing gastric bypass 
surgery, no statistically significant difference in weight was 
found between those who had OHS and those who did not. 14 
The diagnosis can be confirmed with spirometry and arterial 
blood gas analysis. 

Chronic pulmonary arterial hypoxemia leads to severe pul¬ 
monary hypertension and subsequent right-sided heart failure, 
manifested by jugular venous distention, tricuspid valve regur¬ 
gitation, right upper quadrant tenderness due to acute hepatic 
engorgement, and massive peripheral edema. 16,17 


Cardiac Dysfunction 

Cardiac dysfunction in the morbidly obese patient is often 
associated with respiratory disorders of obesity. 10 Elevated 
pulmonary pressures are secondary to hypoxemia-induced 
pulmonary arterial vasoconstriction and increased pleural 
pressures transmitted by elevated intra-abdominal pressure 
(IAP). 16,18,19 In obese patients, circulating blood volume, 
plasma volume, and cardiac output increase in proportion to 
body weight, but massively obese patients may occasionally 
present with high-output heart failure, which is likely due to 
the enormous circulatory and metabolic requirements of such 
patients. 20 Significant weight loss has been demonstrated to 
correct pulmonary hypertension as well as left ventricular dys¬ 
function associated with respiratory insufficiency. 16,21 


Venous Thromboembolic Disease 


Morbidly obese individuals are markedly predisposed to 
venous thromboembolic disease, as they tend to be sedentary 
and have a large amount of abdominal weight resting on the 
inferior vena cava and have increased intrapleural pressure, 
which impedes venous return. 17,18 Low levels of antithrombin 
may also increase the tendency toward venous thrombosis. 22 
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Venous stasis ulcers in patients with morbid obesity are 
almost impossible to cure due to elevated venous pressure. In 
addition to standard treatments for stasis ulcers, a critical goal 
in obese patients is weight loss. Significant improvements in 
weight almost invariably lead to healing of the ulcer and are 
probably the result of decreased IAP and venous pressure. 23 


Gallstones 


Approximately one third of morbidly obese patients have 
cholelithiasis. Many have either had a cholecystectomy or had 
gallstones noted during another intra-abdominal operative 
procedure. In addition, rapid weight loss has been associated 
with development of gallstones in 25% to 40% of patients 
who undergo gastric bypass procedures. The risk of cholelithi¬ 
asis in this setting can be reduced to 2% by administering 
ursodeoxycholic acid, 300 mg orally twice daily. 24 

Preoperative evaluation of the gallbladder may be techni¬ 
cally quite difficult in morbidly obese patients because gall¬ 
stones may be missed with transcutaneous ultrasonography. 
Among patients with symptoms of cholelithiasis, intraopera¬ 
tive sonography is a useful procedure to characterize cholelithi¬ 
asis. Consideration should be given to cholecystectomy in a 
patient undergoing gastric operation for obesity. 


Pseudotumor Cerebri 


Pseudotumor cerebri is an unusual complication of morbid 
obesity that is associated with benign intracranial hyperten¬ 
sion, papilledema, blurred vision, headache, and elevated cere¬ 
brospinal fluid pressures. 25 Currently, there is no evidence that 
patients with pseudotumor cerebri are at any additional peri¬ 
operative risk, and cerebrospinal fluid does not have to be 
removed or shunted before anesthesia and major abdominal 
operations. Importantly, successful weight reduction will lead 
to resolution of pseudotumor cerebri. 26,27 


Degenerative Osteoarthritis 

Degenerative osteoarthritis of the knees, hips, and back is a 
common complication of morbid obesity. In addition, podi- 
atric pain is quite common. Weight reduction alone may 
greatly reduce the pain and immobility that afflict these 
patients, although many patients may require total joint 
replacement. Of note, joint replacement in patients who weigh 
more than 250 lb is associated with an unacceptable incidence 
of loosening, highlighting the importance of weight reduction 
prior to aggressive orthopedic interventions in morbidly obese 
patients. 28 Given the significant limitations of conservative 
weight loss programs in patients with severe degenerative joint 
disease, weight reduction by means of a gastric bariatric oper¬ 
ation may be the most sensible initial approach, followed by 
repeat orthopedic evaluation if pain and dysfunction persist. 


MEDICAL MANAGEMENT 
OF MORBID OBESITY 


There are many dietary programs for weight reduction, 
including hospital-supervised programs, psychiatric behav¬ 
ioral modification programs, commercial organizations, com¬ 
mercial diets, protein-sparing fast programs, and medica¬ 
tions. Unfortunately, while many people can lose weight 
successfully through dietary manipulation, only 5% to 10% 
of patients with extreme obesity are able to sustain significant 
^ weight reduction. 29 An NIH Technology Assessment Confer¬ 
ence in 1992 concluded that dietary management of severe 


obesity, with or without behavioral modification, failed to 
provide acceptable evidence of long-term efficacy. 23 Pharma¬ 
cotherapy includes orlistat, a pancreatic lipase inhibitor that 
blocks fat absorption, and sibutramine, which works as an 
appetite suppressant. These agents provide only modest 
weight loss and are inadequate therapy for the morbidly obese 
patient. 24 


SURGICAL MANAGEMENT 
OF MORBID OBESITY 


Eligibility for Obesity Surgery 

The mortality risk for patients undergoing gastric bypass can 
now be assessed by the Obesity Surgery Mortality Risk Score 
(OS-MRS), which is composed of five independent, preopera¬ 
tive clinical variables and predicts 90-day mortality after gas¬ 
tric bypass surgery (Table 45.3). The OS-MRS was derived 
from 2,075 patients undergoing gastric bypass surgery at a sin¬ 
gle institution, and validation of the OS-MRS has been com¬ 
pleted in a multicenter study involving 4,431 patients from 
four institutions. The OS-MRS is a valuable tool that can be 
used to stratify risk and aid in surgical decision making and 
patient discussion in bariatric surgery. 6 

While morbid obesity does impose greater perioperative 
risk, the risk can be markedly reduced by appropriate preoper¬ 
ative and postoperative care. Specifically, these risks include 
wound infection, dehiscence, thrombophlebitis, pulmonary 
embolism, anesthetic calamities, acute postoperative asphyxia 
in patients with OSA, acute respiratory failure, right ventricu¬ 
lar or biventricular cardiac failure, and missed acute catastro¬ 
phes of the abdomen, such as an anastomotic leak (Table 45.4). 


Periprocedure Considerations 

Morbidly obese patients are at significant risk of coronary 
artery disease as a result of the increased prevalence of coro¬ 
nary risk factors including systemic hypertension, dyslipi- 
demia, insulin resistance, and diabetes. Thus, preoperative 


TABLE 45.3 


THE OBESITY SURGERY MORTALITY RISK SCORE 

Body mass index >50 kg/m 2 
Male gender 
Hypertension 

Increased risk of pulmonary embolus: 

Previous thrombosis 
Previous pulmonary embolus 
Inferior vena caval filter 
Right heart failure 
Obesity hypoventilation syndrome 
Age >45 years 


Mortality Assessment 


Score 3 

Mortality Risk 

0-1 

0.2% 

2-3 

1.1% 

4-5 

2.4% 

“The presence 
of 0—5. 

of each variable is equal to 1 point, resulting in a score 
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TABLE 45.4 


COMPLICATIONS OF BARIATRIC OPERATIONS 

Wound infection 
Incisional hernia 
Thrombophlebitis 
Pulmonary embolism 
Acute postoperative asphyxia 
Acute respiratory failure 
Cardiac failure 
Marginal ulcer 
Anastomotic leak 
Death 


electrocardiography should be performed on all obese patients 
30 years of age or older, and abnormal findings worrisome for 
underlying coronary artery disease should be pursued. 

Morbidly obese patients with a history of pulmonary disease 
or a BMI greater than 50 kg/m 2 should have preoperative deter¬ 
minations of blood gas values. If arterial blood gas (ABG) mea¬ 
surement reveals severe hypoxemia (partial pressure of arterial 
oxygen [Pa0 2 ] ^55 mm Hg), severe hypercapnia (partial pres¬ 
sure of arterial carbon dioxide [PaC0 2 ] ^47 mm Hg), or both, 
consideration should be given to right heart catheterization 
prior to surgery. Morbidly obese patients may also have signifi¬ 
cantly elevated pulmonary artery wedge pressure (PAWP), 
which may indicate left ventricular dysfunction. 16 It is highly 
probable that some of the elevated pulmonary artery pressure 
(PAP) and PAWP measurements are caused by the increased IAP 
in the morbidly obese. 18,30 Typically, this is manifested by an 
elevated diaphragm, which in turn increases intrapleural pres¬ 
sure and subsequently PAP and PAWP. Pleural pressure can be 
measured with an esophageal transducer in conjunction with a 
right heart catheter and the transmyocardial pressure can be 
estimated. For this reason, these patients may require a 
markedly elevated PAWP to maintain an adequate cardiac out¬ 
put, and excessive diuresis may lead to hypotension. 

If PAWP is greater than or equal to 18 mm Hg, diuresis 
with intravenous furosemide should be administered before 
elective operation. In some cases, low cardiac output and 
hypotension may follow diuresis. These patients may require 
higher than normal ventricular filling pressures, requiring 
some volume reexpansion. It is important to identify the opti¬ 
mal filling pressures for patients based on relative changes in 
cardiac output in response to either volume challenge or diure¬ 
sis in morbidly obese patients. 

Morbidly obese patients should be placed in the reverse 
Trendelenburg position to maximize diaphragmatic excursion 
and to increase residual lung volume. 31 In a supine position, 
these patients will often complain of air hunger and respiratory 
distress, and breaking of the bed at the waist may exacerbate 
the problem by pushing the abdominal contents into the chest 
by raising the diaphragm and further reducing lung volumes. 

During surgical procedures, patients with OSA are at great 
risk for acute upper airway obstruction and respiratory arrest 
at the time of anesthetic induction. Obese patients with respi¬ 
ratory disorders pose the greatest challenge because they 
often have a short neck with considerable adipose tissue and 
a heavy chest wall, both of which create challenges for suc¬ 
cessful intubation and adequate ventilation. If endotracheal 
intubation proves too difficult, these patients can be well ven¬ 
tilated with a mask. Awake intubation can be performed, with 
or without fiberoptic aids, but is quite unpleasant and rarely 
necessary. 


An oral airway is strongly recommended after muscle 
paralysis due to the redundant tissue of the soft palate. In gen¬ 
eral, it is useful if one anesthetist is responsible for airway 
positioning, including two-handed seal of the mask, and the 
second anesthetist is responsible for adequate ventilation, 
including two-hand compression of the ventilation reservoir 
bag. Intubation should only be attempted after ventilation 
with 100% oxygen for several minutes and attempts at intu¬ 
bation should be limited to no longer than 30 seconds. If the 
patient has severe OSA and continuous positive airway pres¬ 
sure (CPAP) is ineffective or cannot be tolerated, a tra¬ 
cheostomy should be considered. Often, an extra-long tra¬ 
cheostomy tube is necessary due to excess adipose tissue. 

Three high-risk complications of chronic and severe hypox¬ 
emia for OHS patients are polycythemia, pulmonary arterial 
vasoconstriction, and pulmonary hypertension. Polycythemia 
further increases the already significant risk for venous throm¬ 
bosis and pulmonary embolism, and in general if the hemoglo¬ 
bin (Hb) concentration is greater than or equal to 16 g/dL, 
phlebotomy to a concentration of 15 g/dL should be per¬ 
formed to reduce the postoperative risk of venous thrombosis. 
In patients with OHS, oxygen administration is occasionally 
associated with worsening C0 2 retention and hypoventilation, 
potentially prolonging intubation and mechanical ventilation. 
Because pulmonary disease is typically restrictive rather than 
obstructive, obese patients are often easy to ventilate without 
high peak airway pressures. In considering extubation, achiev¬ 
ing normal arterial blood gas values is not necessary; only a 
return to the baseline preoperative values is needed. In patients 
undergoing a major open upper abdominal operation, this can 
be achieved on average 4 days postoperatively when patients 
experience a decrease in incisional pain, particularly with the 
laparoscopic technique. 32 

In the periprocedure setting, obese patients are most at risk 
for thromboembolic events when immobilized in the supine 
position for long periods. Although respiratory function in the 
morbidly obese patient is greatly enhanced with the reverse 
Trendelenburg position, this position decreases venous pres¬ 
sure and predisposes to deep venous thrombus formation. All 
patients should make every attempt to walk during the evening 
after operation and deep venous thrombosis prophylaxis using 
standard or low-molecular-weight heparin should be adminis¬ 
tered subcutaneously 30 minutes before the start of the opera¬ 
tion and for at least 2 days or until the patient is ambulatory. 
Intermittent sequential venous compression boots are also use¬ 
ful to counteract the increased venous stasis and the propen¬ 
sity for clotting. It is important to initiate this treatment before 
induction of anesthesia and throughout the operative proce¬ 
dure. Compression boots are usually part of a standard preop¬ 
erative protocol in gastric procedures for weight control and 
should also be used for both elective and emergency proce¬ 
dures on morbidly obese patients. 

Patients with severe venous stasis disease, manifested by 
pretibial stasis ulcers or bronze edema, are at particularly high 
risk for fatal pulmonary embolism (PE). 23 If mean pulmonary 
arterial pressure is greater than or equal to 40 mm Hg, consid¬ 
eration should be given to prophylactic insertion of an inferior 
vena caval filter because of the high risk of a fatal pulmonary 
embolism in these patients. 33 


Jejunoileal Bypass 

The first popular surgical procedure for morbid obesity was 
the jejunoileal bypass. This operation produced an obligatory 
malabsorption state through bypass of a major portion of the 
absorptive surface of the small intestine. The procedure con¬ 
nected a short length of proximal jejunum (8 to 14 inches) to 
the distal ileum (4 to 12 inches) as an end-to-end or end-to- 
side anastomosis. The end-to-end procedures, which were 
associated with a better weight loss, required decompression 
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of the bypassed small intestine into the colon. The jejunoileal 
bypass was associated with a number of early and late complica¬ 
tions. The most serious postoperative complication was cirrhosis 
due to either protein-calorie malnutrition or absorption of 
degradation products from bacterial overgrowth in the bypassed 
intestine. Other complications include cholelithiasis, urolithiasis, 
metabolic acidosis, chronic diarrhea with electrolyte depletion, 
iron deficiency anemia, and vitamin K deficiency resulting from 
bacterial overgrowth. 24 Randomized prospective studies have 
shown that the gastric bypass operation is associated with a 
comparable weight loss and a significantly lower complication 
rate than jejunoileal bypass. 25 Because of the significant compli¬ 
cation rate, standard jejunoileal bypass should no longer be 
performed. 


Gastric Procedures for Morbid Obesity 

In 1969, investigators reported the results of weight loss after 
division of the stomach into a small upper pouch connected to a 
loop gastroenterostomy. The concept for this procedure was 
based on the observation of weight loss that sometimes fol¬ 
lowed subtotal gastrectomy for duodenal ulcer disease. There 
was initial concern that peptic ulcers would develop in the 
bypassed stomach or duodenum, and although these have 
occurred, the incidence is low. The technique for gastric bypass 
was simplified with the use of stapling instruments. The concept 
of gastroplasty was then proposed as a safer, easier method for 
restricting food intake. In gastroplasty, the stomach is only sta¬ 
pled and not divided, leaving a small opening to permit the nor¬ 
mal passage of food into the distal stomach and duodenum. 
Thus, weight loss can be assisted through pure restrictive gastric 
procedures (gastroplasty or gastric banding) or a combination 
of restriction and malabsorption (gastric bypass, biliopancreatic 
diversion). 


Gastroplasty 

Q Gastroplasties are purely restrictive procedures that have been 
performed with either horizontal or vertical placement of the 
staples. Horizontal gastroplasty usually requires ligation and 
division of the short gastric vessels between the stomach and 
spleen, and it carries the risk of devascularization of the gastric 
pouch or splenic injury. The failure rate (loss of <40% of 
excess weight) of horizontal gastroplasty ranges from 42% to 
71%. 26 The vertical banded gastroplasty is a procedure in 
which a stapled opening is made in the stomach with a circu¬ 
lar stapler 5 cm from the cardioesophageal junction. Two 
applications of a 90-mm stapling device are made between this 
opening and the angle of His, and a 1.5 X 5-cm strip of 
polypropylene mesh is wrapped around the stoma on the lesser 
curvature and sutured to itself but not to the stomach. Erosion 
of the mesh into the stomach has been an unusual complica¬ 
tion of this procedure. Pouch enlargement and stomal dilation 
are less common with the vertical technique, although staple 
line disruption occurs in up to 35% of cases. Some surgeons 
now recommend transecting the stomach to decrease the inci¬ 
dence of this complication. 


Gastric Bypass 

Q Gastric bypass combines restriction and malabsorption to 
assist weight loss. A small (15- to 30-mL) gastric pouch is cre¬ 
ated along the lesser curve with staplers, followed by con¬ 
struction of a gastrojejunostomy (most commonly Roux-en-Y 
configuration) with a 1-cm stoma to drain the pouch. With the 
Roux technique, a 40- to 50-cm jejunal limb provides moder¬ 
ate malabsorption and limits bile reflux (Fig. 45.1). Significantly 
improved weight loss has been achieved in the superobese 



population (BMI >50 kg/m 2 ) with a 150-cm Roux limb (long- 
limb gastric bypass). 27 


Gastroplasty Versus Gastric Bypass 

Roux-en-Y gastric bypass provides significantly improved 
weight loss over vertical banded gastroplasty. Reduction in 
excess body weight at 2 years ranges from 60% to 70% with 
gastric bypass compared with 40% to 50% with vertical banded 
gastroplasty. Gastric bypass carries a higher incidence of stomal 
ulcer, stomal stenosis, vitamin B 12 deficiency, and, in menstruat¬ 
ing women, iron deficiency anemia than does gastroplasty. Gas¬ 
tric bypass is, however, more effective than vertical banded gas¬ 
troplasty in correcting glucose intolerance in patients without 
overt type 2 diabetes mellitus. “Sweet eaters” tend to achieve 
greater weight reduction with gastric bypass, likely from the 
development of dumping syndrome symptoms. 28 

Weight reduction failures nonetheless occur with gastric 
bypass. Although regained weight could be the result of staple 
disruption, pouch expansion, or stomal dilation, these findings 
are not observed in the majority of patients. Approximately 
10% to 15% regain lost weight or fail to achieve an acceptable 
weight loss. The cause for this failure appears to be excessive, 
constant nibbling on foods with high caloric density. 


Partial Biliopancreatic Diversion 

The partial biliopancreatic diversion was developed as both a 
gastric restrictive procedure and a malabsorptive procedure 
that does not have a blind intestinal limb for bacterial over¬ 
growth. 34 In this operation (Fig. 45.2), the quantity of food 
ingested is partially restricted and then passes down the intes¬ 
tine mostly undigested and unabsorbed until it reaches the bile 
and pancreatic juices, 0.5 meter from the ileocecal valve, 
where digestion and absorption take place. Treated patients 
usually pass four to six stools per day, which are foul smelling 
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FIGURE 45.2. Biliopancreatic diversion. A distal gastrectomy is per¬ 
formed, followed by division of the distal small bowel 250 cm proxi¬ 
mal to the ileocecal valve. The proximal bypassed bowel is anasto¬ 
mosed to the ileum 50 cm from the ileocecal valve. 



FIGURE 45.3. Schematic representing laparoscopic adjustable gastric 
banding. The buckle would be oriented medially, and anterior gastro- 
gastric sutures would be placed proximal and distal to the band to pre¬ 
vent gastric herniation. 


nically demanding procedure with a steep learning curve. Five 
or six ports are utilized (Fig. 45.4). A linear cutting stapler is 
used to create a stapled side-to-side jejunojejunostomy after 
measuring a 50-cm Roux limb. This alimentary limb can be 
tunneled through the mesocolon (retrocolic) or allowed to 
pass anterior to the colon and stomach (antecolic). The proxi¬ 
mal lesser curvature 15- to 20-mL gastric pouch is created 
with the linear cutting stapler with care to avoid injury to the 
spleen or esophagus. The gastrojejunostomy is formed with a 
stapled posterior row and a hand-sewn anterior row (Fig. 
45.5). The anastomosis is tested with insufflation via a gastro- 
scope. Drainage and postoperative radiographs to assess for 


and float, reflecting malabsorption of fat. Reduction in excess 
weight approximates 70% to 80%. 

As with the proximal or standard gastric bypass, patients 
with the biliopancreatic diversion are at risk for iron deficiency 
anemia and vitamin B 12 deficiency. In addition, they are at risk 
for protein deficiency, osteoporosis secondary to calcium and 
vitamin D malabsorption, night blindness and skin eruptions 
secondary to vitamin A deficiency, and problems with the 
other fat-soluble vitamins, E and K. 34 Italian patients—the 
operation was developed in Italy—appear to have less malab¬ 
sorption and nutritional deficiencies than U.S. patients, proba¬ 
bly because of a much lower fat content in the Italian diet. The 
duodenal switch operation is a modification of the partial bil¬ 
iopancreatic bypass but still may be associated with malnutri¬ 
tion and fat-soluble vitamin and calcium deficiencies. 35 


Laparoscopic Obesity Surgery 

The adjustable silicone gastric band has been developed to be 
placed laparoscopically. The procedure involves placing the 
band around the proximal stomach to create a 15-mL pouch 
(Fig. 45.3). The amount of restriction is adjusted by injecting 
saline into a subcutaneously implanted port. This procedure 
has become very popular in Europe, where loss of up to 50% 
of excess weight at 2 years has been reported. This device was 
approved by the U.S. Food and Drug Administration in 2001, 
but American trials have yielded varied results. 36,37 Long-term 
studies validating its safety and efficacy are needed. Complica¬ 
tions include band slippage, gastric obstruction, port malfunc¬ 
tion or infection, and band erosion. 

Laparoscopic Roux-en-Y gastric bypass is being performed 
with increasing frequency in the United States. This is a tech- 



FIGURE 45.4. Trocar placement for laparoscopic Roux-en-Y gastric 
bypass. 
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FIGURE 45.5. Laparoscopic proximal Roux-en-Y gastric bypass (retro- 
colic, retrogastric). 



FIGURE 45.6. Potential sites of internal hernia following Roux-en-Y 
gastric bypass: mesocolic defect (A), Petersen defect (B), and jejunoje- 
junal (C). 


gastric bypass offers similar short-term reductions in excess 
body weight when compared with the open technique in ran¬ 
domized prospective trials. 38 


leaks can be performed routinely or selectively according to 
surgeon preference. 

Although the laparoscopic technique is associated with 
increases in operative time, operative cost, and incidence of 
gastrojejunal stricture, advantages include decreased hospital 
length of stay, decreased incidence of wound infection and 
incisional hernia, and reductions in perioperative blood trans¬ 
fusions. Internal hernias may increase in frequency with the 
laparoscopic technique as a result of decreased severity of 
adhesions (Fig. 45.6). In terms of weight loss, laparoscopic 


COMPLICATIONS OF GASTRIC 
SURGERY FOR MORBID OBESITY 

The most feared complication of gastric surgery for morbid 
obesity is gastrointestinal leak (Algorithm 45.1). This occurs 
most commonly at the gastrojejunostomy, although other 
potential sites include the jejunojejunostomy, excluded stom¬ 
ach, and inadvertent enterotomies. Following gastric bypass, 



Surgery for morbid obesity 

Postoperative symptoms of tachycardia, 
tachypnea, fever, anxiety, hiccups, leukocytosis 

Emergent water-soluble contrast radiograph 

1 



1 

Large gastric air bubble 


\ . 

Anastomotic leak 

1 

Dilation of excluded stomach 


r - — 

Not contained 

1 

- 1 . 

Contained 

1 

Urgent percutaneous or operative 


Operative 

I 

Percutaneous drainage, 

gastrostomy 

ALGORITHM 45.1 

re-exploration 

antibiotics, observation 


ALGORITHM 45.1. Management of anastomotic leak after gastric surgery for obesity. 
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the excluded stomach can perforate because of marked dilata¬ 
tion resulting from biliopancreatic limb obstruction. This 
complication is often heralded by frequent hiccups and can be 
diagnosed by noting a large gastric bubble on abdominal radi¬ 
ographs. Impending gastric perforation requires urgent percu¬ 
taneous or operative decompression. In patients undergoing 
revisional gastric surgery for obesity, a gastrostomy tube should 
be inserted prophylactically for decompression. 

Leaks can be extremely difficult to detect in the morbidly 
obese patient. If patients complain of increasing pain in the 
abdomen, back, or shoulder (consistent with irritation of the 
left hemidiaphragm) or of pelvic pressure or hiccups, the clin¬ 
ician must suspect a leak. Tachycardia, tachypnea, fever, anxi¬ 
ety, and leukocytosis are often present, although it is not 
uncommon for a leak to manifest as unexplained persistent 
tachycardia in an asymptomatic patient. This complication 
can often be confirmed with an emergent upper gastrointesti¬ 
nal series using water-soluble contrast. If the study is negative 
but suspicion is high, the patient’s abdomen should be reex¬ 
plored urgently. An attempt to repair the leak should be made, 
and a large sump drain should be placed nearby because the 
repair frequently breaks down. This leads to a controlled fis¬ 
tula, which usually heals with total parenteral nutrition or 
tube feeds via gastrostomy or jejunostomy. Some gastrojejunal 
leaks can be managed nonoperatively in situations where the 
leak is drained (via a drain placed at the time of operation or 
radiographically guided) or contained; in either circumstance, 
Algorithm 45.1 is appropriate only in stable patients without 
signs of systemic toxicity. Factors associated with leak include 
increasing age, revisional surgery, male gender, and sleep 
apnea. 39 

Marginal ulcers develop in approximately 10% of patients 
with gastric bypass even when treated with postoperative acid 
suppression. This complication usually responds to additional 
medical therapy with proton pump inhibitors. Stomal stenosis 
can occur following gastric bypass or vertical banded gastro¬ 
plasty. Outpatient endoscopic dilatation is usually successful 
in patients with gastric bypass, although more than one treat¬ 
ment may be necessary. 

Rapid weight loss following bariatric surgery is associated with 
a high incidence (up to 35%) of gallstone formation and need for 
subsequent cholecystectomy for biliary colic or acute cholecystitis. 
Some surgeons recommend prophylactic cholecystectomy at the 
time of bariatric surgery, whereas others perform cholecystectomy 
only if sonographic evidence of gallstones is identified. Ursodeoxy¬ 
cholic acid (300 mg orally twice daily) administered for 6 months 
following gastric bypass (the period of rapid weight loss) reduces 
the risk of gallstone formation to 2%. 40 Compliance with this 
medication can be difficult secondary to adverse side effects (nau¬ 
sea, diarrhea, and pruritus). 

Nutritional follow-up is mandatory after gastric bypass 
because these patients are at risk for deficiency states and their 
sequelae. Vitamin B 12 , iron, and calcium supplements are often 
necessary along with routine administration of multivitamins. 
A high-protein diet (50 g/d for women and 65 g/d for men) is 
required to avoid protein malnutrition. 

The incidence of perioperative venous thrombosis and 
pulmonary embolism can be reduced with prophylactic sub¬ 
cutaneous heparin, sequential compression boots, and early 
ambulation. Pulmonary embolism nonetheless occurs in 0.9% 
of patients despite these measures; independent risk factors 
include extreme obesity (BMI of 50 kg/m 2 or greater), obesity 
hypoventilation syndrome, and venous stasis. It has been rec¬ 
ommended that prophylactic vena caval filters be placed in 
these high-risk patients at the time of obesity surgery. 

The operative mortality rate after gastric surgery is now 
approximately 0.5% in most series. Independent risk factors 
associated with increased risk of death include gastrointestinal 
leak, pulmonary embolus, hypertension, and preoperative 
weight. 41 


FAILED GASTRIC 
SURGERY FOR OBESITY 


Revision of a failed gastroplasty is often unsuccessful because 
of recurrence of stomal dilation and problems with gastric 
emptying; conversion to gastric bypass provides better results. 
Laparoscopic gastric banding with ineffective weight loss can 
likewise be converted to gastric bypass, but the complication 
rate with this and any revision is higher than for a primary gas¬ 
tric bypass. Revision of a dilated gastrojejunal stoma has not 
been effective, but application of an adjustable band to the 
pouch above the stoma has been suggested as an option for 
this problem. Most patients who fail a gastric bypass do so as 
a result of dietary indiscretion. If a patient has significant 
obesity-related comorbidities that have failed to resolve or 
have returned with weight gain, conversion to long-limb gas¬ 
tric bypass can be performed. This modification can be associ¬ 
ated with steatorrhea, fat-soluble vitamin deficiency, and 
osteoporosis. 


OVERVIEW OF GASTRIC SURGERY 

Gastric procedures for morbid obesity can yield a satisfactory 
weight reduction, with an average loss of two thirds of excess 
weight within 1 to 1.5 years. Weight becomes stable at this level 
in most patients as the reduced caloric intake meets caloric 
expenditure. The patients must be followed carefully to ensure 
adequate protein, vitamin, and other micronutrient levels. 

Numerous comorbidities associated with morbid obesity 
resolve following gastric bypass (Table 45.5). Weight loss 
completely corrects type 2 diabetes mellitus in three fourths of 
cases, hypertension in two thirds of patients, and headaches 
associated with cerebrospinal fluid pressure elevation in 
almost all patients with pseudotumor cerebri. OSA resolves 
with weight loss in approximately 80% of cases. Hypoxemia 
and hypercarbia seen in OHS return toward normal with 
weight reduction. 42 Elevated pulmonary artery and pulmonary 
capillary wedge pressures also improve significantly after 
weight loss with correction of abnormal arterial blood gases. 
The loss of weight usually corrects female sexual hormone 
abnormalities, permits healing of chronic venous stasis ulcers 
associated with venous insufficiency, prevents reflux esophagi¬ 
tis, relieves stress overflow urinary incontinence, and improves 
low back pain as well as joint-related pain. Weight loss can 


ITABLE 45.5 

RESULTSI 

RESOLUTION OF COMORBIDITIES FOLLOWING 

GASTRIC BYPASS 

■ COMORBIDITY 

■ RESOLUTION 
RATE(%) 

Diabetes 

73 

Obstructive sleep apnea (mild/moderate) 

100 

Obstructive sleep apnea (severe) 

75 

Hypertension (high blood pressure) 

56 

Urinary stress incontinence 

91 

Gastroesophageal reflux disease 

90 

Venous stasis ulcers 

94 

Pseudotumor cerebri 

100 

Joint pain 

71 
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permit successful total artificial joint replacement. Patient self- 
image is often markedly improved after gastric surgery for 
obesity. 

Treatment of morbidly obese patients requires a multidisci¬ 
plinary approach including psychologists, nutritionists, and 
experienced physicians and ward personnel. Patients must be 
willing to make a lifelong commitment to behavioral modifi¬ 
cation, regular exercise, and long-term medical follow-up. 
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CHAPTER 46 GASTRIC NEOPLASMS 

REBECCA M. MINTER 


KEY POINTS 


Q The presence of a gastric adenomatous polyp is a marker 
of increased risk for the development of cancer in the 
remaining gastric mucosa, and therefore these patients 
should be enrolled in an appropriate endoscopic surveil¬ 
lance program. 

Q Helicobacter pylori infection is the predominant risk factor 
for gastric carcinogenesis; however, additional cofactors 
also play an important role and likely drive the progression 
from a premalignant condition to adenocarcinoma in most 
individuals. 

Q The symptoms produced by gastric cancer are not specific 
and can mimic those associated with several nonneoplas¬ 


tic gastroduodenal diseases, especially benign gastric 
ulcer. 

Q The extent of gastric resection is determined by the need to 
obtain a resection margin free of microscopic disease, and 
a minimum of 15 nodes are required for adequate nodal 
sampling and staging. 

Q Multimodality treatment should be the standard of care 
for treating locally advanced resectable gastric cancer. 

Q Low-grade gastric MALT lymphomas are usually effec¬ 
tively treated with eradication of H. pylori infection alone. 

Q Almost all (95%-99%) gastrointestinal stromal tumors 
express the KIT antigen. 


Gastric cancer is a relatively common, frequently lethal afflic¬ 
tion and remains a serious and unsolved problem in general 
surgery. The disease often is not recognized until it is at an 
advanced stage. Gastric cancer usually cannot be controlled by 
surgery alone, and surgical cure rates have remained disap¬ 
pointingly low. Increasingly, a multidisciplinary approach is 
being applied to these difficult neoplasms, with some modest 
improvements in outcome finally being observed. Technical 
innovations and basic scientific investigations continue to be 
applied to this disease, and cautious optimism for the future is 
appropriate. 


ADENOCARCINOMA 


Epidemiology 

Starting in 1930, the incidence of gastric cancer declined dra¬ 
matically in the United States (Fig. 46.1). By 1980, the inci¬ 
dence of gastric cancer (10 cases per 100,000 population) was 
approximately one fourth the incidence recorded in 1930. The 
incidence of the disease remained relatively constant in the 
decades from 1980 to 2000. 1 By 1997, reported new cases of 
gastric cancer had declined to 22,000. While this is a small 
number relative to the 150,000 estimated deaths from cancer 
of the lung, 2 gastric cancer remains among the top 10 causes of 
cancer-related deaths for both men and women in the United 
States. In 2008, it is estimated that 21,500 new cases of gastric 
cancer will be diagnosed in the United States—thus the inci¬ 
dence remains fairly stable over the last decade. 3 An increase 
in the proportion of proximal gastric cancers has been 
observed, with young white men being much more likely to 
present with proximal gastric cancers whereas distal cancers 
are more likely to occur in Asian, African American, and His¬ 
panic patients. 4 While the reasons for the decline in the inci¬ 
dence of gastric cancer in the 1930s are not entirely known 
(though some attribute the decreased incidence to the intro¬ 
duction of refrigeration and widespread access to fresh fruits 
and vegetables), we now have a better understanding of the 
factors contributing to its persistence. 


The worldwide incidence and death rates for gastric cancer 
vary markedly. The highest age-adjusted death rate for gastric 
cancer occurs in Japan, where the disease accounts for approx¬ 
imately 50% of cancer-related deaths in men and 40% of can¬ 
cer deaths in women. High incidence rates are also reported in 
South Korea, Chile, Costa Rica, Hungary, Portugal, Singa¬ 
pore, and Romania, a geographically and ethnically diverse 
group. It had been widely assumed that exposure to environ¬ 
mental carcinogens accounted for the increased disease fre¬ 
quency observed in these populations. A high intake of salt 
and nitrite-containing preserved foods and a relative lack of 
fresh fruits and vegetables have been implicated. The supposi¬ 
tion that environmental carcinogens play a role in gastric car¬ 
cinogenesis is supported by studies of immigrant populations; 
migration from an area at high risk to one at low risk is associ¬ 
ated with a decreased probability of developing gastric cancer. 
The predominant risk factor for gastric carcinogenesis is now 
generally regarded as infection with the organism Helicobacter 
pylori. 

Premalignant Lesions. The risk for development of gastric 
cancer is greater in stomachs that harbor polyps. Risk is 
related most closely to polyp histologic type, size, and number. 
Variations in these three factors account for the wide range in 
reported risk associated with gastric polyps. In terms of malig¬ 
nant potential, gastric polyps can be divided into two broad 
categories—hyperplastic polyps and adenomatous polyps. 

Hyperplastic polyps are common, occurring in 0.5% to 1% 
of the general population and accounting for 70% to 80% of all 
gastric polyps. The hyperplastic polyp contains an overgrowth 
of histologically normal-appearing gastric epithelium. Atypia is 
rare. Hyperplastic gastric polyps are considered to have no neo¬ 
plastic potential. Most people with hyperplastic polyps are 
asymptomatic. Dyspepsia and vague epigastric discomfort are 
the most common complaints, although coexistent gastroduo¬ 
denal disease is also frequently identified. Complications are 
unusual, and gastrointestinal hemorrhage occurs in less than 
20% of patients. When hyperplastic polyps are discovered, 
endoscopic removal for histologic examination is indicated and 
is sufficient treatment. Subsequent surveillance is also not neces¬ 
sary given the lack of neoplastic potential in these polyps. 
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FIGURE 46.1. Incidence of gastric cancer deaths in the United States. 


O 


Adenomatous polyps, in contrast, have a distinct risk for 
the development of malignancy. 5 Mucosal atypia is frequent, 
and mitotic figures are more common than in hyperplastic 
polyps. Dysplasia and carcinoma in situ have developed in 
adenomatous polyps observed over time. The risk for the 
development of carcinoma has been estimated at 10% to 20% 
and is greatest for polyps more than 2 cm in diameter. Multi¬ 
ple adenomatous polyps increase the risk of cancer. The pres¬ 
ence of an adenomatous polyp is also a marker indicating an 
increased risk for the development of cancer in the remainder 
of the gastric mucosa. 

Symptoms are similar to those for hyperplastic polyps. 
Endoscopic removal is indicated for pedunculated lesions and is 
sufficient if the polyp is completely removed and shows no evi¬ 
dence of invasive cancer on histologic examination. Operative 
excision is recommended for sessile lesions larger than 2 cm, for 
polyps with biopsy-proved invasive carcinoma, and for polyps 
complicated by pain or bleeding. After removal, endoscopic sur¬ 
veillance of the remaining gastric mucosa is indicated. 


Gastritis. The incidence of both gastric cancer and atrophic 
gastritis increases with age. Chronic gastritis is frequently 
associated with intestinal metaplasia and mucosal dysplasia, and 
these histologic features are often observed in mucosa adjacent 
to gastric cancer. Gastritis is frequently progressive and severe 
in the gastric mucosa of patients with cancer. 

Gastric malignancy seems to be increased in patients with 
chronic gastritis associated with pernicious anemia, although 
the risk appears to have been overstated in the past. This dis¬ 
ease, characterized by fundic mucosal atrophy, loss of parietal 
and chief cells, hypochlorhydria, and hypergastrinemia, is 


present in 3% of people older than 60 years. For people in 
whom pernicious anemia has been active for more than 5 
years, the risk of gastric cancer is twice that of age-matched 
control subjects. Evidence also indicates an increased risk of 
gastric carcinoid development in patients with pernicious ane¬ 
mia. This increased risk warrants aggressive investigation of 
new symptoms in patients with long-standing pernicious ane¬ 
mia, but it is not high enough to justify repeated endoscopic 
surveillance. 

Intestinal metaplasia, the presence of intestinal glands 
within the gastric mucosa, is also commonly associated with 
both gastritis and gastric cancer. The evolution from metapla¬ 
sia to dysplasia to carcinoma to invasive cancer has been 
demonstrated in other organs and in adenocarcinoma arising 
in the gastroesophageal junction. However, no direct evidence 
can be provided for this progression in gastric cancer. 

Q Helicobacter Pylori. As outlined earlier, Helicobacter 
pylori has been unequivocally associated with chronic inflam¬ 
matory conditions in the stomach, and this association has 
stimulated interest in the role of chronic infection by this 
organism in gastric carcinogenesis. Childhood acquisition of 
H. pylori infection is frequent in areas of high gastric cancer 
incidence, and high rates of infection have been identified in 
patients with premalignant lesions and invasive cancer. 

In the United States, seropositivity for H. pylori increases 
the risk for cancer development approximately threefold. 6 
Infection with H. pylori is associated with an increased risk of 
adenocarcinoma of both major histologic types and for tumors 
arising in the body or antrum of the stomach. In contrast, H. 
pylori infection is not a risk factor for cancers of the gastroe¬ 
sophageal junction, which are frequently associated with 
mucosal abnormalities of Barrett esophagus and which seem 
to follow the metaplasia to dysplasia to carcinoma pattern of 
development. 

The presumed mechanism of carcinogenesis related to H. 
pylori infection stems from the known association between 
chronic atrophic gastritis and inflammation, and the subse¬ 
quent development of gastric adenocarcinoma. Despite this 
known association, H. pylori cannot solely account for gastric 
carcinogenesis. For patients chronically infected with H. 
pylori , only about 1% will develop the gastric cancer pheno¬ 
type, which consists of corpus-predominant gastritis, multifo¬ 
cal atrophic gastritis, high gastrin levels, hypochlorhydria/ 
achlorhydria, and low pepsinogen I/II ratio. Most subjects 
infected with H. pylori will develop the simple gastritis pheno¬ 
type that is not associated with any significant clinical out¬ 
come, or the duodenal ulcer phenotype (10%-15% of infected 
subjects), which consists of antral predominant gastritis, high 
gastrin and acid secretion, and actually provides protection 
from developing gastric cancer. 7 There is variable distribution 
of these three phenotypes geographically, with particular 
prevalence of the gastric cancer phenotype in certain parts of 
Asia where gastric cancer is common. 8 Currently worldwide it 
is estimated that approximately 50% to 75% of the mortality 
from gastric cancer is attributable to H. pylori infection. 9 
Other cofactors such as bacterial virulence factors, environ¬ 
mental exposures, and host genetic factors also clearly play an 
important role in the pathogenesis of gastric carcinogenesis 
following infection-related gastritis. 7,10 

Previous Gastric Surgery. Several uncontrolled reports 
have suggested that gastric cancer is more likely to develop in 
people who have undergone previous partial gastrectomy, 
with patients who have undergone a gastrojejunal (Billroth II) 
anastomosis seeming to be at higher risk for carcinogenesis 
than those reconstructed with a gastroduodenal anastomosis 
(Billroth I). 11,12 The so-called gastric remnant cancer is a true 
clinical entity, although the risk for development of this gastric 
neoplasm appears to have been overestimated. Several large, 
prospective studies with long-term follow-up indicate that the 
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relative risk is not increased for up to 15 years after gastric 
resection, likely due to surgical removal of mucosa at risk for 
development of gastric cancer, followed by modest increases in 
cancer risk (three times the control value) observed only after 
25 years. 13-16 

The cellular mechanisms that contribute to the development 
of neoplasia in the remnant stomach are unknown. Decreased 
luminal pH, bacterial overgrowth with increased production of 
N-nitroso carcinogens, and reflux of bile acids into the stomach 
have been postulated to promote cancer development, but 
remain unproved. Vagotomy, often performed in conjunction 
with gastric surgery for benign disease, does not appear to pro¬ 
mote cancer development. A population-based study from 
Sweden of 7,198 vagotomized patients followed for up to 18 
years did not report increased risk. 14 

A recent study explored genetic alterations in gastric rem¬ 
nant cancer and found that the microsatellite instability high 
(MSI-H) phenotype frequency was much higher (43%) in gas¬ 
tric remnant cancers than in sporadic gastric cancers (6%), 
and that this incidence was much higher in patients who had 
undergone a Billroth II anastomosis (67%) as compared to 
those who had undergone a Billroth I anastomosis (11%). 
Additionally, these MSI-H phenotype tumors were signifi¬ 
cantly associated with a lack of expression of hMLHl and 
hMSH2—two important DNA mismatch repair genes. The 
significance of this relationship is not yet clear; however, it is 
postulated that this unfavorable phenotype may account in 
part for the poor prognosis associated with these tumors. 17 
Reported 5-year survival ranges from 7% to 33% for gastric 
remnant cancers, though this poor prognosis is most likely due 
to the fact that these cancers are usually diagnosed at an 
advanced stage when treatment options are limited. 


Clinical Features 

Q The symptoms produced by gastric cancer are not specific and 
unfortunately can closely mimic those associated with a num¬ 
ber of nonneoplastic gastroduodenal diseases, especially 
benign gastric ulcer (Fig. 46.2). In early gastric cancers, epi¬ 
gastric pain is present in over 70% of patients. 18 The pain is 
often constant, nonradiating, and unrelieved by food inges¬ 
tion. In a surprising number of patients, pain can be relieved, 
at least temporarily, by antacids or gastric antisecretory drugs. 
Anorexia, nausea, and weight loss are present in less than 50% 
of patients with early gastric cancers but become increasingly 
common with disease progression. Dysphagia is present in 



pain loss vomiting 

FIGURE 46.2. Clinical symptom frequency in benign gastric ulcer, 
early gastric cancer, and advanced gastric cancer. (Adapted with per¬ 
mission from Meyer WC, Damiano RJ, Postlethwait RW, et al. Ade¬ 
nocarcinoma of the stomach: changing patterns over the past four 
decades. Ann Surg 1987;205:18.) 


ITABLE 46.1 

DIAGNOSIS | 

COMMON SYMPTOMS AND PHYSICAL FINDINGS 

IN GASTRIC CANCER 

■ SYMPTOMS 

■ PHYSICAL FINDINGS 

Weight loss 

Guaiac-positive stool 

Pain 

Cachexia 

Nausea and vomiting 

Abdominal mass 

Anorexia 

Abdominal tenderness 

Dysphagia 

Hepatomegaly 

Melena 

— 


20% of patients with proximal gastric lesions. Overt gastroin¬ 
testinal hemorrhage is present in only 5%. Perforation is rare 

u%). 

In most patients with early gastric cancers, physical exam¬ 
ination is negative. Stool is guaiac positive in one third. 
Abnormal physical findings usually reflect advanced disease 
(Table 46.1). Cachexia, abdominal mass, hepatomegaly, and 
supraclavicular adenopathy usually indicate metastatic dis¬ 
ease. 19 There are no simple laboratory tests specific for gastric 
neoplasms. 


Diagnosis and Screening 

Fiberoptic endoscopy is the most definitive diagnostic method 
when gastric neoplasm is suspected. In the initial stages, gas¬ 
tric cancers can appear polypoid, as flat, plaquelike lesions, or 
as shallow ulcers. Advanced lesions are typically ulcerated. 
The ulcer border can have an irregular, beaded appearance 
because of infiltrating cancer cells, and the base is frequently 
necrotic and shaggy. The ulcer can appear to arise from an 
underlying mass. Although each of these features suggests a 
malignant ulcer, differentiation of benign from malignant gas¬ 
tric ulcers can be made definitively only with gastric biopsy. 
Accuracy of diagnosis can exceed 95% if multiple biopsy spec¬ 
imens are obtained. False-negative results occur in approxi¬ 
mately 10% of patients, usually as the result of sampling error 
or due to the absence of a mucosal abnormality as can occur 
with linitis plastica; false-positive results are rare. Diagnostic 
accuracy can be further enhanced by the addition of direct 
brush cytology and with the use of endoscopic ultrasound 
with fine-needle aspiration biopsy for infiltrative tumors 
involving the wall of the stomach without obvious mucosal 
abnormalities. 

The ability to diagnose gastric adenocarcinoma endoscopi- 
cally has prompted screening programs for populations at high 
risk. Mass screening has been performed in Japan since the 
1960s with the use of fiberoptic endoscopy. The overall yield 
for the Japanese screening program has been 0.12%, 20 and has 
decreased the gastric cancer mortality by two thirds in compli¬ 
ant patients. 9 The proportion of early cancers identified 
(defined as tumors whose growth is confined to the mucosa 
and submucosa regardless of the presence or absence of 
metastatic disease in the perigastric lymph nodes) steadily 
increased during the study period. Currently, greater than 
60% of gastric malignancies detected by this program are 
early cancers, and early detection has translated directly into 
improved survival (Fig. 46.3). The Japanese findings that early 
detection and identification of early gastric cancer can improve 
survival has been confirmed by European investigations, in 
which patients with early gastric cancers have been shown to 
have survival rates equivalent to those of patients with benign 
gastric ulcer 18 (Fig. 46.4). Despite the success of the Japanese 
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FIGURE 46.3. Early cancer survival rate in Japan. 


screening program, mass screening for gastric adenocarcinoma 
has not been advocated in the United States or Canada. With 
incidence rates approximately one fifth of those observed in 
Japan, detection rates are too low to justify such a program 
economically. It will be interesting to observe over time 
whether the Japanese screening program continues to be cost 




FIGURE 46.5. Barium contrast radiograph demonstrating extensive 
involvement of the gastric body by infiltrating adenocarcinoma (linitis 
plastica). The gastric silhouette is narrowed (arrows), and the stomach 
is nondistensible. 


effective given the significant decrease in the rate of chronic H. 
pylori infection in persons now under the age of 30 in Japan 
(25% vs. 60% as compared to their parents). 9 

Barium contrast radiographs have, in the past, been the 
standard method for diagnosing gastric neoplasm. Single¬ 
contrast examinations have a diagnostic accuracy of 80%. 
This diagnostic yield increases to approximately 90% when 
double-contrast (air and barium) techniques are used. Typical 
findings include ulceration, the presence of a gastric mass, 
loss of mucosal detail, and distortion of the gastric silhouette 
(Fig. 46.5). Contrast radiography has been largely supplanted 
by endoscopy because of the ability to obtain biopsy material 
by the latter technique. 

Computed tomography (CT) has been used both as a pri¬ 
mary diagnostic method and to assess for extragastric spread 
of disease. When performed with intraluminal and intra¬ 
venous contrast, CT can reliably demonstrate infiltration of 
the gastric wall by tumor, gastric ulceration, and the presence 
of hepatic metastases (Figs. 46.6 and 46.7). The technique is 
less reliable with regard to invasion of adjacent organs or the 
presence of lymphatic metastases. In most series, involvement 
of adjacent organs has been overestimated by CT scanning 
(false-positive). Conversely, metastases to regional or distant 
lymph nodes have been underestimated (false-negative). One 
review estimated a 40% to 50% accuracy rate in preoperative 
local staging of gastric carcinoma for CT scanning. 21 

Endoscopically directed ultrasound is another useful 
method of preoperative evaluation for local staging and diag¬ 
nosis. Endoscopic ultrasound (EUS) is excellent at delineating 
subepithelial lesions that may be confused with gastric cancer, 
and to guide biopsy of submucosal tumors within the wall of 
the stomach. Investigation of submucosal masses, infiltrative 
gastric disorders, enlarged gastric epithelial folds, and differ¬ 
entiation of gastric lymphoma from gastric adenocarcinoma 
are each aided by endoscopic ultrasound. This technique has the 
ability to assess the depth and pattern of gastric wall penetra¬ 
tion by the tumor as well as relationship to adjacent structures, 
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FIGURE 46.6. Computed tomography scan demonstrating mass 
along lesser curvature of the stomach (black arrow) and associated 
lymph node enlargement (white arrow). 


and has good correlation with intraoperative assessment and 
histologic findings. Perigastric lymph nodes involved with 
tumor are also reliably identified by endoscopic ultrasound, 
and therefore EUS provides the most accurate assessment of 
local stage of disease (TN status), with an accuracy of 
57-83% for staging depth of tumor invasion and 50-78% for 
nodal involvement. 3 Because of a limited depth of tissue pen¬ 
etration, however, endoscopic ultrasound is unable to detect 
hepatic metastases; this inability is its major limitation in pre¬ 
operative staging of patients with gastric cancer. Therefore, 
EUS serves as an adjunct to cross-sectional methods of radio- 
logic imaging and is only indicated as a staging method for 
patients with gastric adenocarcinoma who are potentially 
resectable (e.g. have no evidence of distant metastases on 
cross-sectional imaging). 


Metabolic Imaging 

Metabolic imaging with positive emission tomography (PET) 
using 18 F-fluorodeoxyglucose has been found to be less accu¬ 
rate than cross-sectional imaging and EUS for staging locore- 
gional involvement, but more sensitive for detecting distant 
metastases in patients with gastric cancer. 3 A metanalysis com¬ 
paring PET, ultrasound, CT, and magnetic resonance imaging 
(MRI) found that PET scan was the most sensitive imaging 
modality for detecting hepatic metastases. 22 A separate study 
found that tumors which responded metabolically on PET to 
neoadjuvant chemotherapy correlated highly with histopatho¬ 
logic response and improved patient survival. 23 Therefore, cur¬ 
rent recommendations regarding the use of PET for staging 
gastric cancer are for selective use for patients with locally 
advanced tumors where the metastatic potential is high, and in 
cases where neoadjuvant therapy is being considered. 3 


Pathology 

Gastric adenocarcinoma occurs in two distinct histologic sub- 
types—intestinal and diffuse. These subtypes are characterized 
by differing pathologic and clinical features and by differing 
patterns of metastatic spread. 

In the intestinal form of gastric cancer, the malignant cells 
tend to form glands. The intestinal form of malignancy is more 


FIGURE 46.7. Computed tomography scans of the upper abdomen 
showing extensive thickening of the gastric wall (black arrows) caused 
by infiltrating adenocarcinoma and associated hepatic metastasis 
(white arrow). 


frequently associated with gastric mucosal atrophy, chronic 
atrophic gastritis, intestinal metaplasia, and dysplasia. Gastric 
cancer with the intestinal histologic subtype is more common 
in populations at high risk (e.g., Japan), and it occurs with 
increased frequency in men and older patients. Clinical studies 
suggest that this subtype more frequently demonstrates blood- 
borne metastases. 

The diffuse form of gastric adenocarcinoma does not 
demonstrate gland formation and tends to infiltrate tissues as 
a sheet of loosely adherent cells. Lymphatic invasion is com¬ 
mon. Intraperitoneal metastases are frequent. The diffuse form 
of gastric adenocarcinoma tends to occur in younger patients, 
in women, and in populations with a relatively low incidence 
of gastric cancer (e.g., the United States). The prognosis is less 
favorable for patients with the diffuse histologic subtype. 

Efforts have been made to grade tumors on histologic crite¬ 
ria. Progressively anaplastic carcinomas are assigned higher 
grades. Not surprisingly, histologic grade correlates closely 
with 5-year survival; only 11% of grade IV patients survive 
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5 years, whereas 66% of grade I patients are alive 5 years after 
operation. 

Sporadic gastric adenocarcinomas demonstrate a number 
of chromosomal and genetic abnormalities. Cytometric analy¬ 
sis reveals that gastric tumors with a large fraction of aneu- 
ploid cells (with a greater-than-normal amount of nuclear 
DNA) tend to be more highly infiltrative and have a poorer 
prognosis. Amplifications of both the HER-2 /neu and K -ras 
protooncogenes have been consistently detected in gastric ade¬ 


TABLE 46. 

2 CLASSIFICATION AND STAGING | 

TNM CLASSIFICATION FOR STAGING OF GASTRIC ULCER 

PRIMARY TUMOR 

TX 

Tumor cannot be assessed 

TO 

No evidence of primary tumor 

Tis 

Carcinoma in situ; intraepithelial tumor 
without invasion of the lamina propria 

T1 

Tumor invades lamina propria or submucosa 

T2a 

Tumor invades muscularis propria 

T2b 

Tumor invades subserosa 

T3 

Tumor penetrates serosa without invasion of 
adjacent structures 

T4 

Tumor invades adjacent structures 

REGIONAL LYMPH NODE INVOLVEMENT 

NX 

Regional lymph node(s) cannot be assessed 

NO 

No regional nodal metastasis 

N1 

Metastasis to 1-6 regional lymph nodes 

N2 

Metastasis to 7-15 regional lymph nodes 

N3 

Metastasis in more than 15 regional lymph 
nodes 

DISTANT METASTASIS 

MX 

Distant metastasis cannot be assessed 

MO 

No distant metastasis 

Ml 

Distant metastasis 

Stage Grouping 

Stage 0 

Tis NO M0 

Stage IA 

T1 NO M0 

Stage IB 

T1 N1 M0 


T2 NO M0 

Stage II 

T1 N2 M0 


T2 N1 M0 


T3 NO M0 

Stage IIIA 

T2 N2 M0 

Stage IIIB 

T3 N1 M0 


T4 NO M0 


T3 N2 M0 

Stage IV 

T4 N1 M0 


T1 N3 M0 


T2 N3 M0 


T3 N3 M0 


T4 N2 M0 


T4 N3 M0 


Any T Any N Ml 

Reproduced with permission from Greene FL, Page DL, Fleming ID, 
et al. AJCC Cancer Staging Manual , 6th ed. New York: Springer; 2002. 


nocarcinomas, and in a small percentage of tumors a lack of 
expression of the tumor suppressor gene MKK4 is robustly 
associated with poor survival. 24 The exact mechanisms by 
which these genetic abnormalities contribute to gastric onco¬ 
genesis is currently unclear. Additionally, a number of growth 
factors, including epidermal growth factor, platelet-derived 
growth factor, and transforming growth factor- /3, are over ex¬ 
pressed in gastric carcinoma cells. 25 

In the United States the incidence of proximal gastric can¬ 
cer has been increasing; such that in 2001 the rate of proximal 
cancers, defined as cancers arising in the cardia and fundus, 
exceeded that of distal cancers, defined as cancers arising in 
the antrum and pylorus. Based on this data, collected by the 
National Cancer Database, proximal cancers are more likely 
to occur in young white men and distal cancers are more likely 
to occur in Asian, African American, and Hispanic patients 
within the United States. The proportion of tumors involving 
the proximal stomach has dramatically increased over the past 
decades; in the 1960s, only 16% involved this region, and a 
clear explanation for this rise in proximal disease remains elu¬ 
sive. In 10% of the cases, the stomach is diffusely involved at 
the time of diagnosis. 19 Prognosis is distinctly less favorable 
for tumors arising from the proximal stomach or for those 
with diffuse involvement of the organ relative to distal tumors, 
and these patients are much more likely to undergo neoadju¬ 
vant and adjuvant therapy. 4,26 The need to resect other organs 
in the upper abdomen, in addition to gastric resection, is also 
an unfavorable prognostic factor, 27 and postoperative morbid¬ 
ity increases as more organs are resected in order to achieve 
negative surgical margins. 

The gastric cancer staging format used by the American 
Joint Committee on Cancer is presented in Table 46.2. The 
staging system is oriented toward surgical and pathologic 
examinations but also accurately reflects prognosis (Fig. 46.8). 
A consideration of staging data illustrates the high frequency 
with which lymph node metastases are present at the time of 
diagnosis in the United States, and the severe impact lymphatic 
involvement has on survival. Even early gastric cancers 
(tumors restricted to the mucosa and submucosa) have a 15% 
prevalence of nodal metastasis. 


Curative Treatment 


Surgical resection is the only hope for cure in gastric cancer, 
but an advanced stage of disease at the time of diagnosis pre¬ 
cludes curative resection for most patients. The surgical 
objectives in gastric cancer must, therefore, be two: (a) to 
maximize chances for cure in patients with localized tumor 
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and (b) to provide effective and safe palliation to patients 
with advanced malignancy. Evolution of the surgical 
approach to gastric adenocarcinoma has focused on the fol¬ 
lowing six issues: the ability of preoperative tests to detect 
metastatic disease, the extent of gastric resection needed for 
potentially curable lesions, the extent of perigastric lym- 
phadenectomy, the adequacy of proximal and distal resection 
margins, the role of splenectomy, and the implications of 
involvement of adjacent organs. 

Staging Laparoscopy. The ability of CT scanning to detect 
metastatic disease is limited, especially when tumor deposits 
are small. The surface of the liver, the omentum, and the peri¬ 
toneal surfaces are common sites for gastric cancer metastasis 
that are difficult to evaluate preoperatively by CT scanning. In 
prospective studies, diagnostic laparoscopy has been superior 
to preoperative CT or percutaneous ultrasound in detection of 
peritoneal, hepatic, or lymphatic metastasis. Diagnostic 
laparoscopy can also be combined with laparoscopic ultra¬ 
sound to further increase diagnostic yield. Preoperative endo¬ 
scopic ultrasound and operatively performed laparoscopic 
ultrasound are complementary techniques. When combined, 
100% sensitivity in detecting inoperable cancers has been 
reported. 28 

Accurate staging and detection of incurable lesions is crucial 
because the mean life expectancy of affected patients is only 3 
to 9 months. In 10-25% of patients, laparoscopy will detect 
distant disease that precludes curative resection. 29-31 Relative to 
laparotomy, the shorter hospitalization and reduced operative 
trauma following laparoscopy are obvious benefits to individu¬ 
als with a short life expectancy. Most patients with systemic 
metastasis can be treated without the need for palliative surgi¬ 
cal resection. In one study, no patients deemed incurable by 
laparoscopy required subsequent operation. 32 

In addition to visual inspection of the abdominal organs 
and peritoneal surfaces, some have also advocated for the rou¬ 
tine use of peritoneal cytological analysis at the time of 
laparoscopy to further increase the accuracy of staging prior to 
proceeding with radical surgical resection. A number of retro¬ 
spective studies have identified positive peritoneal cytology as 
an indicator of both early recurrence and poor survival. In a 
recent large series, outcomes for patients with positive peri¬ 
toneal cytology without gross metastatic disease were not sig¬ 
nificantly different than for patients found to have gross 
metastatic disease at the time of laparoscopy, 33 and similar 
findings have been observed in other smaller series. A current 
limitation of this approach is that the overall incidence of pos¬ 
itive peritoneal cytology in the absence of gross disease is low 
(6-15%). To try to improve the sensitivity and specificity of 
this approach, some investigators are exploring the use of 
advanced diagnostic technologies to identify specific tumor 
markers on the cells from the peritoneal lavage fluid rather 
than simply performing cytologic analysis to look for tumor 
cells. 3 Though this staging modality has promise, current rec¬ 
ommendations of the National Comprehensive Cancer Net¬ 
work are that additional clinical studies are needed prior to 
widespread acceptance. 3 

Laparotomy. Epidemiological studies demonstrate in the 
United States that gastric cancer has decreased in incidence 
over the last two decades. Paralleling this decrease in inci¬ 
dence, the frequency of gastric resection for cancer has also 
declined. 34 Using nationwide hospital discharge data, the num¬ 
ber of patients with a diagnosis of gastric cancer decreased 
from 25 cases per 100,000 U. S. adults in 1988 to 20 cases per 
100,000 in 2000 (Fig. 46.9). The decreased rate of hospital¬ 
ization reflected decremental rates of gastric resection, with a 
29% decrease from 5.6 cases per 100,000 adults in 1988 to 
4.0 cases per 100,000 in 2000 (Fig. 46.9). The overall propor¬ 
tion of hospitalized gastric cancer patients undergoing gastric 
resection remained constant at 22%. 



FIGURE 46.9. Incidence of gastric cancer and gastric cancer resection 
in the United States, per 100,000 adults, over the time period 1988 
through 2000. 


Gastric resection for cancer has a relatively high rate of 
postoperative complications and significant operative mortal¬ 
ity. From 1988 to 2000, in-hospital mortality did not signifi¬ 
cantly change, with an overall mortality rate of 7.4% for the 
nationwide group. Complication rates were not uniform, how¬ 
ever, and varied in relation to hospital experience with gastric 
surgery. Low-volume centers had an 8.3% mortality rate, 
medium-volume hospitals had a 7.1% death rate, and high-vol¬ 
ume centers had a 6.5% mortality rate (Fig. 46.10). The safety 
of gastric resection improved progressively from 1988 to 2000 
at high-volume medical centers. A decline in mortality was not 
observed at low- or medium-volume hospitals. Despite no sig¬ 
nificant change in overall complication rates, patients are 
spending less time in the hospital after gastric resection (Fig. 
46.11). Shorter hospital stays likely reflect improved efficiency 
with better use of hospital resources, but may also derive from 
societal efforts to curtail health-care costs. 

Since the mid-1990s, the surgical treatment of gastric can¬ 
cer has continued to evolve, with minimally invasive 
approaches increasingly pursued for early cancers and increas¬ 
ingly radical operations for advanced tumors. Japanese sur¬ 
geons have reported the largest experience with early gastric 
cancer. The Japanese Gastric Cancer Association defines early 



FIGURE 46.10. In-hospital mortality as a function of varying hospi¬ 
tal volume. Low-volume hospitals are defined as performing four or 
fewer resections per year. Medium-volume hospitals are defined as 
performing five to eight resections per year. High-volume hospitals are 
defined as performing nine or more resections per year. 
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FIGURE 46.11. Length of stay after gastric resection by time period 
from 1988 through 2000. 


gastric cancer as tumor in which invasion is restricted to the 
mucosa or submucosa. 35 The presence or absence of lymph 
node metastasis is not considered in this classification. While 
the presence of lymphatic metastasis cannot be correctly 
judged by endoscopic findings, it is critically important in 
prognosis. For tumors confined to the mucosa, lymphatic 
metastasis is present in 1% to 3% of cases; with submucosal 
involvement, the rate of nodal positivity increases to 14% to 
20%. 36,37 

For well-differentiated mucosal tumors of less than 3 cm 
without ulceration, endoscopic mucosal resection has been 
performed. With this approach, postoperative bleeding or per¬ 
foration has been reported in 5%, and in 17% histologic 
examination revealed submucosal invasion that required fur¬ 
ther operative treatment. 38 Reports that suggest underestima¬ 
tion of tumor invasion in 45 % and missed lymphatic metasta¬ 
sis in 9% urge caution before widespread acceptance of this 
technique. 39 

Laparoscopic gastrectomy has also been reported for treat¬ 
ment of gastric malignancy, with advantages of reduced pain, 


shorter hospitalization, and improved quality of life. 40 Studies 
from Japan, Korea, and Italy have demonstrated that distal, 
subtotal, and total gastrectomy with lyphadenectomy are feasi¬ 
ble with acceptable morbidity and mortality. However, the 
majority of patients in these studies had early gastric cancer. 3 A 
multi-center non-randomized study demonstrated acceptable 
oncologic outcomes following laparoscopic gastrectomy for 
early gastric cancers in Japan (99% 5-year disease-free survival 
for Stage I disease and 86% for Stage II disease); 41 however, the 
non-randomized nature of this study precludes declaration of 
equivalency of a laparoscopic approach to open surgery due to 
uncontrolled patient selection bias. A single institution ran¬ 
domized prospective trial for laparoscopic versus open subtotal 
gastrectomy for distal gastric cancer (in patients with both 
early and locally advanced gastric cancer) did report equivalent 
lymph node retrieval (33.4 ±7.4 in the open group versus 
30±14.9 in the laparoscopic group), as well as similar rates of 
peri-operative morbidity and mortality as outlined in Table 
46.3. Five-year overall and disease-free survival were also sim¬ 
ilar for both groups, 55.7% and 54.8% for the laparoscopic 
group versus 58.9% and 57.3% for the open group. 42 However, 
the lack of a multi-center study design precludes generalizabil- 
ity of this data to all centers, and a true multi-center random¬ 
ized prospective trial is still needed to truly define the equiva¬ 
lency or superiority of this approach to open surgery. 

Since the early 1980s, radical operations have been per¬ 
formed for the treatment of gastric cancer, including total gas¬ 
trectomy, extended subtotal gastrectomy with en bloc resection 
of celiac and splenic lymph nodes, splenectomy, and distal 
pancreatectomy. With time, it has become apparent that radi¬ 
cal operations, in general, increase operative morbidity with¬ 
out improving survival. For early lesions (N0-1, M0) of the 
antrum or middle stomach, distal subtotal gastrectomy includ¬ 
ing 80% of the stomach provides satisfactory 5-year survival 
rates without increasing operative morbidity. Proximal gastric 
lesions or larger middle stomach lesions may require total gas¬ 
trectomy or esophagogastrectomy to encompass the tumor 
(Figs. 46.12 and 46.13). For tumors involving the cardia with¬ 
out involvement of the gastroesophageal junction, some have 
advocated proximal gastrectomy. While this operation 
appears to afford equivalent oncologic outcomes compared to 
total gastrectomy, there is a significantly higher incidence of 
anastomotic stricture and severe reflux esophagitis with prox¬ 
imal gastrectomy. 3 Regardless of the extent of gastric resec¬ 
tion, patients with more advanced tumors fare poorly because 
of the increased likelihood of lymphatic and hematogenous 
spread. 


ITABLE 46.3 


COMPLICATIONS | 

PERIOPERATIVE MORTALITY AND MORBIDITY FOR OPEN VERSUS LAPAROSCOPIC 

SUBTOTAL GASTRECTOMY FOR DISTAL GASTRIC CANCER 


■ OPEN GROUP 
[no. (%)] 

■ LAPAROSCOPIC GROUP 
[no. (%)] 

Perioperative mortality 

2 (6.7%) 

1 (3.3%) 

Overall morbidity 

8 (27.6%) 

7(23.3%) 

Duodenal stump leak 

1 (12.5%) 

0 

Edematous pancreatitis 

0 

1 (14.3%) 

Pleural effusion 

3 (37.5%) 

3 (42.8%) 

Bronchopneumonia 

2 (25%) 

1 (14.3%) 

Wound infection 

2 (25%) 

2 (28.6%) 

Reproduced with permission from Huscher CG, Mingoli A, Sgarzini G, et al. Laparoscopic versus open 
subtotal gastrectomy for distal gastric cancer: five-year results of a randomized prospective trial. Ann Surg 
2005;241(2):232-237. 
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FIGURE 46.12. Surgical options for resection of gas¬ 
tric neoplasms. A: Subtotal gastrectomy with gastroje- 
junal reconstruction. B: Total gastrectomy with 
esophagojejunostomy. C: Esophagogastrectomy with 
anastomosis in cervical or thoracic position. 
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FIGURE 46.13. Postoperative radiograph after total gastrectomy with 
esophagojejunal anastomosis, showing esophagus (E) and jejunum (J). 


The extent of gastric resection is determined, in part, by the 
need to obtain a resection margin free of microscopic disease. 
Microscopic involvement of the resection margin by tumor 
cells is associated with poor prognosis. 19 Patients with positive 
surgical margins are at high risk for development of recurrent 
disease, and histologically positive margins are strongly corre¬ 
lated with the development of anastomotic recurrence. In the 
setting of >5 positive nodes, however, margin positivity does 
not impact survival. 43 In contrast to colon cancer, gastric can¬ 
cer frequently demonstrates extensive intramural spread. The 
propensity for intramural metastasis is related, in part, to the 
extensive anastomosing capillary and lymphatic network in 
the wall of the stomach. Retrospective studies suggest that 
when performing a subtotal gastrectomy, a margin of 6 cm 
from the tumor mass proximally and 3-5.9 cm distally is nec¬ 
essary to ensure a low rate of anastomotic recurrence. 44 Efforts 
to achieve even larger margins, however, have not translated 
into improved survival. Regardless of the type of resection or 
length of margins, most surgeons obtain a frozen section eval¬ 
uation of margin prior to proceeding with reconstruction to 
try to improve the probability that an RO resection can be 
achieved. 

Radical gastric operations can be performed with accept¬ 
able morbidity and low mortality rates in the older age groups 
at greatest risk for gastric cancer. Mortality rates for total gas¬ 
trectomy range from 3% to 7%. 45 Nutritional support in the 
immediate postoperative period is an important adjunctive 
measure as patients resume oral intake, 46 and many surgeons 
place a jejunal feeding tube at the time of total gastrectomy to 
ensure that optimal enteral nutrition can be delivered in the 
post-operative period. Surgical reconstructions that interpose 
a small intestinal reservoir between the esophagus and the 
jejunum have been advocated after total gastrectomy, but pro¬ 
vide no clear-cut nutritional benefit. 47-50 

Because gastric cancer metastasizes so frequently to lymph 
nodes, radical extirpation of draining lymph nodes has both 


TABLE 46.4 MANAGEMENT 


LYMPHADENECTOMY RESECTIONS IN THE ORIGINAL 
SYSTEM OF THE JAPANESE RESEARCH SOCIETY 
FOR GASTRIC CANCER 

■ LEVEL ■ DESCRIPTION 


R1 Resection of stomach, omentum, and perigastric 

lymph nodes 

R2 Resection of stomach, omentum, and en bloc 

removal of the superior leaf of the transverse 
mesocolon, the pancreatic capsule, and lymph 
nodes along the branches of the celiac artery and 
in the infraduodenal and supraduodenal areas 

R3 Resection of the above structures plus lymph 

nodes along the aorta and esophagus, along with 
the spleen and the tail of the pancreas, and 
skeletonization of vessels in the porta hepatis 


therapeutic and staging implications. 51 The value of routine 
extended lymphadenectomy beyond the peri-gastric lymph 
nodes in the treatment of gastric adenocarcinoma, however, is 
controversial. The first favorable experience was reported by 
Japanese surgeons and the Japanese Research Society for Gas¬ 
tric Cancer. 52,53 Resections in the original Japanese system are 
shown in Table 46.4, and the current nomenclature used to 
define extent of lymphadectomy is shown in Table 46.5. Only 
retrospective studies of extended perigastric lymphadenec¬ 
tomy have been reported from Japan. Initial reports suggested 
an improvement of approximately 10%, stage for stage, for 
patients with advanced disease treated with R2 or R3 opera¬ 
tions. 52-55 The benefits of extended lymphadenectomy have 
not been confirmed in non-Japanese centers, and several ran¬ 
domized trials have failed to show a survival benefit for extended 
lymphadenectomy when the entire patient population was 
analyzed. 56-60 

The safety of extended lymphadenectomy is disputed. Data 
from a national Japanese registry indicate a contemporary 
mortality of less than 1%. 61 Low mortality risks have been 
reported from multiinstitutional trials conducted in Italy and 
Germany. 60,62 Investigations from the United States, Britain, 
and the Netherlands have been less optimistic, indicating 
increased short-term morbidity and in-hospital mortality. 56,57 


TABLE 46.5 MANAGEMENT 


CURRENT NOMENCLATURE USED TO DESCRIBE THE 
EXTENT OF LYMPHADENECTOMY PERFORMED IN 
CONJUNCTION WITH GASTRECTOMY 


■ LEVEL 

■ DESCRIPTION 

DO 

Any lymph node removal that is less than D1 

D1 

Resection of greater and lesser omenta—which 
includes the perigastric nodes along the right 
and left cardiac regions, lesser and greater 
curves, suprapyloric along the right gastric 
artery, and infrapyloric 

D2 

D1 dissection plus the anterior leaf of the 
transverse mesocolon and all of the nodes 
along the left gastric artery, common hepatic 
artery, celiac artery, splenic hilum, and splenic 
artery 

D3 

D2 dissection plus the para-aortic lymph nodes 


GASTROINTESTINAL 















732 


Part Two: Surgical Practice 


One effect of extended lymphadenectomy appears to be 
“up-staging” of tumors; as more lymph nodes are removed, 
additional micrometastatic disease is discovered, and patients 
are correctly placed in higher-stage categories with worse prog¬ 
noses. 63,64 Reciprocally, some patients who do not undergo 
extended lymphadenectomy will have undetected micrometas- 
tases and, because of progressive disease, will decrease the sur¬ 
vivorship of the staging group to which they are assigned. 

In the United States, greater emphasis has been placed on 
the total number of nodes removed and histologically exam¬ 
ined rather than the location of the nodes (e.g., D1 vs. D2 lym¬ 
phadenectomy). Current recommendations of the American 
Joint Committee on Cancer (AJCC) staging for gastric cancer 
require that a minimum of 15 nodes be evaluated for accurate 
staging. 65 

Histologically positive lymph nodes are frequently present 
in the splenic hilum and along the splenic artery, and routine 
splenectomy has been practiced in some centers. Splenectomy 
has not been demonstrated to improve outcome for similarly 
staged patients. 66,67 Likewise, resection of the tail or body of 
the pancreas has not been demonstrated to improve survival. 
Thus, associated splenectomy or pancreatosplenectomy is only 
beneficial when there is direct extension or bulky adenopathy 
at the splenic hilum. 68 Resection of adjacent organs may be 
required for local control if direct invasion has occurred. In 
this circumstance, operative morbidity is increased and the 
long-term survival rate is approximately 25%. 69 


Palliative Treatment 


When preoperative evaluation demonstrates disseminated dis¬ 
ease, palliation of symptoms becomes a primary consideration. 
Palliation does not usually require surgery. Obstruction and 
bleeding can be managed nonoperatively by the use of endo¬ 
scopic laser fulguration in selected patients. Dysphagia and 
bleeding caused by proximal lesions can also be controlled in 
80% of patients using this modality. Successful application of 
laser treatment requires adequate visualization, and is ham¬ 
pered by circumferential tumor growth that impedes passage 
of the endoscope, by sharp angulation of the esophagogastric 
junction, and by lesions more than 6 cm long. 

In the setting of metastatic gastric cancer, palliative resec¬ 
tion does not improve survival. Nonetheless, resection appears 
to provide superior relief of symptoms, particularly dysphagia, 
as compared with surgical bypass. Bypass of obstructing distal 
gastric cancers without resection provides relief to less than 
half of patients, and mean survival is less than 6 months. For 
proximal obstructing lesions, total gastrectomy with Roux-en-Y 
esophagojejunal reconstruction may be necessary. An opera¬ 
tive mortality rate of less than 5% has been reported, and 
introduction of stapling devices has reduced the rate of anas¬ 
tomotic leaks to less than 5% in several series. Mean survival 
after palliative gastric resection approximates 9 months. For 
symptomatic unresectable gastric adenocarcinoma, radiation 
therapy with or without concomitant chemotherapy can also 
provide significant palliation. 

Q Neoadjuvant and Adjuvant Therapy. Given the largely 
disappointing outcomes in Western countries with radical 
surgery and peri-operative treatment with multiple chemother¬ 
apeutic agents for the management of localized gastric cancer, 
significant interest has been generated for exploring the use of 
chemoradiation as either a neoadjuvant or adjuvant therapy. 
Two trials have recently re-defined standard clinical practice 
for fit patients with resectable locally advanced gastric cancer 
who can tolerate multi-modality therapy. 

The first of these trials was the US Intergroup Trial (SWOG- 
9008/INT0116), initiated in 1991 to evaluate whether the 
addition of 5-fluorouracil (5FU), leukovorin, and external 
beam radiation following gastrectomy would improve survival 


over surgery alone for locally advanced gastric cancer. After a 
median follow-up period of 5 years, disease-free survival and 
overall survival were significantly improved with multi-modal¬ 
ity therapy. Median time to relapse was 30 months in the multi¬ 
modality treatment group versus 19 months in the surgery 
alone group, p < 0.001, and overall survival was 36 months in 
the chemoradiation group versus 27 months in the surgery 
alone group, p = 0.005. 70 The primary criticism of this trial 
was that the extent of lymphadectomy was not standardized, 
and a less than D1 lymph node dissection was performed in 
54% of the patients. Additionally, due to the morbid nature of 
gastrectomy, approximately one third of the patients were 
unable to complete their adjuvant chemoradiation due to peri¬ 
operative complications or treatment associated toxicities; in 
fact three patients died related to complications of the 
chemoradiation therapy. It has been argued that improved radi¬ 
ation techniques and less toxic chemotherapeutic regimens can 
lessen the toxicity of the therapy; the issue of post-operative 
disability and diminished tolerance of adjuvant chemoradia¬ 
tion following gastrectomy remains. 

More recently, the results of the Medical Research Council 
Adjuvant Gastric Infusional Chemotherapy (MAGIC) trial 
were published, which demonstrated a significant survival 
benefit in patients receiving peri-operative (pre- and post¬ 
operative) chemotherapy versus surgery alone for resectable 
gastric cancer, with a five-year survival rate of 36% versus 
23%. 71 Though extent of lymphadenectomy was improved as 
compared to the US Intergroup trial, only 42% of patients com¬ 
pleted all courses of chemotherapy and optimal additional study 
arms were not evaluated—namely the inclusion of a neoadju¬ 
vant chemoradiation treatment arm. Additionally, given the 
results of the Intergroup trial, it would not be considered stan¬ 
dard practice to treat a patient with surgery alone for locally 
advanced gastric cancer and this was the primary comparison 
group. 

Despite the limitations of these studies, the improved sur¬ 
vival observed in both trials makes it clear that a multi-modality 
approach is superior to surgery alone; patients with locally 
advanced resectable gastric cancer are optimally treated in a 
center where a collaborative multi-disciplinary treatment 
approach can be devised and executed (Algorithm 46.1). 


GASTRIC LYMPHOMA 


Clinical Features 


The stomach is the site of more than half of gastrointestinal 
lymphomas and is the most common organ involved in extra- 
nodal lymphomas. Non-Hodgkin’s lymphomas account for 
approximately 5% of malignant gastric tumors; lymphoma 
represents an increasing proportion of gastric neoplasms diag¬ 
nosed currently. Patients are considered to have primary gas¬ 
tric lymphoma if initial symptoms are gastric and the stomach 
is exclusively or predominantly involved with the tumor. 
Patients who do not fulfill these criteria are considered to have 
secondary gastric involvement from systemic lymphoma. 

Gastric lymphoma is distinctly uncommon in children and 
young adults. The peak incidence is in the sixth and seventh 
decades. Symptoms are indistinguishable from those of gastric 
adenocarcinoma. Epigastric pain, weight loss, anorexia, nau¬ 
sea, and vomiting are common. 72 Although gross bleeding is 
uncommon, occult hemorrhage and anemia are observed in 
more than half of patients. Patients rarely have spontaneous 
perforation. 


Diagnosis 

Radiologic findings are similar to those for adenocarcinoma. 
Endoscopic examination has become the diagnostic method of 
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Suspicion of gastroduodenal disease 

Epigastric pain, weight loss, dysphagia 



Upper endoscopy with multiple biopsies 
of gastric ulcer or mass 



Biopsy negative for neoplasm 

1 

Biopsy positive for adenocarcinoma 

1 


Omeprazole and antibiotics 
directed against H. pylori 

Staging CT, EUS, ? PET 

1 



1 

Endoscopic confirmation 
of healing 

1 

Metastatic disease 

1 

1 

Localized disease 

1 



1 1 

Chemotherapy Early gastric cancer 

Palliative care (Tl-2 NO) 

1 

Locally advanced disease 
(T3-4 NO or Tany Nl-3) 

1 


Gastric resection 
with DI 

lymphadenectomy 

1 

Neoadjuvant therapy 
(chemotherapy 
or chemoradiation) 

1 

Gastric resection 
with appropriate 
lymphadenectomy 



Gastric resection 
with appropriate 
lymphadenectomy 

Adjuvant 

chemoradiation 


ALGORITHM 46.1 




ALGORITHM 46.1. Treatment of gastric adenocarcinoma. 


choice. The endoscopic appearance of lesions may be ulcer¬ 
ated, polypoid, or infiltrative. Gastric lymphoma is most com¬ 
monly localized to the middle or distal stomach and unusually 
involves the proximal stomach, in contrast to gastric adeno¬ 
carcinoma. Endoscopic biopsy, combined with endoscopic 
brush cytology and ultrasonography, provides positive diagno¬ 
sis in 90% of cases. Submucosal growth without ulceration of 
the overlying mucosa can occasionally render endoscopic 
biopsy nondiagnostic. Endoscopic ultrasound-guided biopsy is 
useful in this circumstance. 

When gastric lymphoma is first diagnosed by endoscopic 
means, evidence of systemic disease should be sought. CT of 
the chest and abdomen (to detect lymphadenopathy), bone 
marrow biopsy, and biopsy of enlarged peripheral lymph 
nodes are all appropriate. 

Q Mucosa-associated Lymphoma Tissue. The concept 
that low-grade gastric lymphomas have features resembling 
mucosa-associated lymphoid tissue (MALT) is a major 
advance in the understanding of gastric lymphomas. The gas¬ 
tric submucosa does not ordinarily contain lymphoid tissue, 
and the development of lymphoid tissue resembling small 
intestinal Peyer’s patches is believed to occur in response to 
infection with H. pylori. 73 A number of observations support 
a causal relationship between chronic H. pylori infection and 
lymphoma development. H. pylori is present in the stomachs 
of more than half of patients with gastric lymphoma. 74 As with 
gastric adenocarcinoma, geographic regions with a high preva¬ 
lence of H. pylori also have a high incidence of gastric lym¬ 
phoma. Infection with H. pylori has been noted to precede 
development of gastric lymphoma. 75 

After development of gastric lymphoid tissue, low-grade 
lymphoma is postulated to occur as a result of monoclonal B- 
cell proliferation. Initially, B-cell proliferation depends on 


interleukin-2 production by antigenically stimulated nonneo¬ 
plastic T cells. Progressive genetic rearrangements lead to B- 
cell proliferation that is independent of H. pylori —stimulated 
interleukin-2. With cumulative genetic defects, low-grade 
MALT lymphoma progresses to high-grade MALT lymphoma. 

Low-grade MALT lymphomas resemble Peyer’s patches. 
Lymphoma cells invade between follicles and into gastric 
epithelium; invasion of gastric glands forms characteristic lym- 
phoepithelial lesions. Low-grade lesions are often multifocal. 
Low-grade MALT lesions are less likely than high-grade 
tumors to invade transmurally, involve perigastric lymph 
nodes, or invade adjacent organs. 75 Approximately 40% of 
gastric lymphomas are low-grade MALT lymphomas. 76 High- 
grade MALT lymphomas cannot be distinguished histologi¬ 
cally from non-MALT, high-grade B-cell lymphomas. 

The concept that low-grade lymphoma depends on contin¬ 
ued H. pylori antigenic stimulation supports eradication of H. 
pylori with antibiotics as first-line antineoplastic therapy. 
Complete regression of low-grade MALT lymphomas with 
antibiotic treatment has been reported in 70% to 100% of 
cases. 77,78 The median time to complete response averaged 5 
months. 79 Most patients with partial responses were subse¬ 
quently determined also to have foci of high-grade lymphoma. 
Radiation and chemotherapy have been proposed as salvage 
for antibiotic treatment failures. 

Non-MALT Lymphomas. In the past, a multimodality 
treatment program was used in most centers for primary gas¬ 
tric lymphomas, with gastrectomy as the first step in the ther¬ 
apeutic strategy. 80 This approach evolved empirically, and 
prospective data to support it were lacking. Several advantages 
of this approach had been cited: (a) more accurate histologic 
evaluation was possible; (b) in cases with localized tumor, the 
procedure could be curative; and (c) gastrectomy eliminated 
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the risk of life-threatening hemorrhage or perforation which 
may occur with the treatment of tumors involving the full 
thickness of the gastric wall. 81 However, the role of gastrec¬ 
tomy for both staging and treatment of gastric lymphoma has 
diminished significantly; and currently most patients are suc¬ 
cessfully treated with chemotherapy or chemoradiation ther¬ 
apy alone. 

The risk of hemorrhage or perforation which was fre¬ 
quently alluded to in the past as a motive for operative care 
was overstated, and the incidence of perforation in primary 
gastric lymphomas that are treated with cytolytic agents in 
unresected patients approximates only 5%. Endoscopic ultra¬ 
sonography can be used to detect full-thickness involvement of 
the gastric wall, and this information can be used to counsel a 
patient regarding risks of treatment and for decision making 
regarding risk of perforation. 

More than 30% of patients who present with stage II pri¬ 
mary gastric lymphoma who undergo apparently adequate 
surgery and radiation therapy, will develop disease recurrence 
outside of the treatment field. Patients with stage II primary gas¬ 
tric lymphoma should, therefore, be considered to have systemic 
disease and to require systemic therapy in addition to surgery or 


radiation therapy for local management of the primary gastric 
lymphoma. Survival for gastric lymphoma is closely linked to 
stage at diagnosis (Fig. 46.14). A recent prospective, random¬ 
ized study has demonstrated that complication-free survival is 
highest in patients treated with chemotherapy alone consisting 
of cyclophosphamide, vincristine, doxorubicin, and prednisone 
(Fig. 46.15). 82 
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FIGURE 46.15. Actuarial curves of complication-free survival, accord¬ 
ing to stage. 


FIGURE 46.14. Survival rates of gastric lymphoma by 
stage. 


Stage I 
Stage II 
Stage III 
Stage IV 


GASTRIC CARCINOIDS 


Gastric carcinoid tumors were previously considered to be very 
rare tumors; more recent studies have reported that as many as 
10-30% of all carcinoids occur in the stomach and they account 
for at least 1% of all gastric neoplasms. 83 Most patients with 
small gastric carcinoids are asymptomatic and these tumors are 
most commonly diagnosed incidentally. Occasionally, larger 
tumors can present with abdominal pain, bleeding, or symp¬ 
toms related to the secretion of bioactive substances which can 
be produced by the tumor. When viewed endoscopically at an 
early stage, carcinoids are reddish-pink to yellow submucosal 
nodules in the proximal stomach. Endoscopic biopsy is usually 
diagnostic if deep enough to sample submucosal tumor cells. 

Gastric carcinoids arise from enterochromaffin cells which 
mediate the secretion of histamine, which in turn stimulates 
parietal cells to secrete acid. Hypergastrinemia is thought to 
cause enterochromaffin cell hyperplasia, and may lead to the 
development of gastric carcinoids over time. 84 Four types of 
gastric carcinoids have been described. Type I is the most com¬ 
mon, and is associated with chronic atrophic gastritis and per¬ 
nicious anemia. These tumors tend to be slow growing with 
less malignant potential. Type II tumors are described as having 
an intermediate malignant potential and occur in patients with 
Zollinger Ellison syndrome and multiple endocrine neoplasia I. 
Both Type I and Type II gastric carcinoid tumors are associated 
with hypergastrinemia. These tumors tend to be small 
(<1 cm) and are often multi-focal. Type III gastric carcinoids 
tend to be larger, solitary lesions, are associated with normal 
gastrin levels, and behave much more aggressively. 84 Type IV 
are also larger, solitary, aggressive lesions which are associated 
with parietal cell hyperplasia. Histologically, the tumors appear 
as nests of monotonous hyperchromatic cells originating in the 
submucosa or in the basal area of gastric glands. 

A recent review of 1,543 patients with gastric carcinoid identi¬ 
fied from the Surveillance Epidemiology and End Results (SEER) 
database found that the mean tumor size was 1.73 cm, with 12% 
and 7.9% of patients presenting with lymph node metastasis and 
distant metastasis, respectively. 84 Greater depth of tumor invasion 
and the presence of lymph node or distant metastasis adversely 
affected survival. Overall, 5-year survival for Types I and II gastric 
carcinoids is 81% (>95% for Type I lesions), while Type III and 
IV tumors have only a 33% overall 5-year survival. 83 Given the 
potential for invasion by all gastric carcinoids, attempts at curative 
resection with appropriate gastric resection and lymphadenec- 
tomy is indicated in all patients deemed fit for surgery. 


GASTROINTESTINAL STROMAL 
TUMORS OF THE STOMACH 

Gastrointestinal stromal tumors (GIST) were historically misclas- 
sified as leiomyomas, leiomyosarcomas, and leiomyoblastomas 
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due to a mistaken belief that they arose from the smooth mus¬ 
cle in the bowel wall. It is now recognized that GISTs represent 
a distinct mesenchymal tumor type, and arise from the inter¬ 
stitial cells of Cajal, an intestinal pacemaker cell located in and 
around the myenteric plexus in the bowel wall. Additionally, 
95-99% of GISTs also express the CD117 antigen (KIT), and 
express the c-kit receptor, c-kit is the receptor for the KIT lig¬ 
and, also known as cytokine stem cell factor, c-kit is a tyrosine 
kinase that acts as a growth factor or developmental antigen 
receptor; occupation of the receptor acts to stimulate cellular 
proliferation; positive staining for c-kit is diagnostic of a GIST. 

While GISTs can arise anywhere within the gastrointestinal 
tract, approximately 50% of these tumors are found in the 
stomach. With a slight male predominance, GIST most com¬ 
monly are identified in individuals in the fourth to eighth 
decades of life, with a median presentation of approximately 
60 years of age. The majority of these tumors are asympto¬ 
matic, and are most commonly identified incidentally during 
endoscopy performed for other reasons. Endoscopically, they 
typically appear as a submucosal mass. If these tumors become 
large, they may present with symptoms of abdominal pain and 
bleeding. GISTs frequently have prominent extraluminal 
growth patterns, and central necrosis is common as these 
tumors become large and outgrow their blood supply (Fig. 
46.16). If the majority of the growth is extraluminal, endo¬ 
scopic examination may be unrevealing or only demonstrate 
umbilication of the mucosa possibly indicate an underlying 
mass. Endoscopic ultrasound or CT imaging may be helpful for 
diagnosis in these cases. With large tumors, symptoms related 
to mass effects with compression of adjacent structures are 
most common. Additionally, ulceration of the overlying gastric 
mucosa may occur with tumor necrosis, and these patients may 
present with significant and intermittent gastrointestinal 
hemorrhage. 

Determination of whether an isolated primary GIST is 
benign or malignant is difficult, and only the evidence of 
metastatic disease is diagnostic of a malignant tumor. Certain 
morphologic features have been identified as being associated 
with increased risk of local recurrence or distant metastasis. 
Tumor size (>2 cm) and mitotic index (>5-10 mitoses/high 
power field) are the most important prognostic variables, as 
well as site of origin within the gastrointestinal tract; however, 
all GISTs should be viewed as having malignant potential 
with the possible exception of very small tumors measuring 
<1 cm. 85 As compared to other sites of origin, gastric GISTs 
tend to have a more favorable prognosis. 

If GISTs do metastasize, it is by a hematogenous route 
(most commonly to peritoneal surfaces and the liver), there¬ 
fore, associated lymphadenectomy is typically not performed 



FIGURE 46.16. CT scan of GIST of stomach arising from lesser cur¬ 
vature. The arrow indicates central tumor necrosis. The lesion caused 
mucosal erosion with gastrointestinal hemorrhage. 


at the time of gastric resection for GIST. Additionally, unlike 
adenocarcinoma, GISTs do not present with an intramural 
growth pattern and thus gross margins of 1-2 cm are deemed 
adequate for resection of a GIST. Ultimately the goal of resec¬ 
tion is a negative microscopic margin. If the tumor involves 
adjacent structures, then en bloc resection of nonvital struc¬ 
tures should be performed whenever possible. Due to the less 
radical nature of surgery required for appropriate oncologic 
resection of these tumors as compared to adenocarcinoma of 
the stomach, minimally invasive surgical techniques have 
become widely accepted as an appropriate and acceptable 
operative approach for these tumors. 

For patients presenting with metastatic GIST or locally 
advanced disease, the use of neoadjuvant or palliative targeted 
molecular therapy should be considered. Imatinib mesylate 
(Gleevec, Novartis Pharmaceuticals) is a small molecule tyro¬ 
sine kinase inhibitor which targets KIT, and approximately 
80% of patients with metastatic GIST will demonstrate at 
least a partial response to imatinib mesylate therapy. Unfortu¬ 
nately, complete or lasting responses are rare as approximately 
half of the patients who demonstrate initial responses eventu¬ 
ally develop resistance to the drug. 86 Due to these failures, sev¬ 
eral second generation tyrosine kinase inhibitors are currently 
under study for treatment of imatinib-resistant GISTs. The 
role of imatinib mesylate as a neoadjuvant agent prior to sur¬ 
gical resection for locally advanced tumors is being explored in 
clinical trials. 
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SECTION F 

SMALL INTESTINE 

CHAPTER 47 ■ ANATOMY AND PHYSIOLOGY 

OF THE SMALL INTESTINE 

ERIC T. KIMCHI, NIRAJ J. GUSANI, AND JUSSUF T. KAIFI 


KEY POINTS 


^The normal adult anatomy of the small intestine is the 
result of a complex cascade of embryological events, which 
results in 270 degrees of total rotation of the bowel around 
its axis. A failure of these precise steps produces a spec¬ 
trum of anatomical variants that are grouped together as 
malrotation of the intestinal tract. 

Q There is no clear anatomic boundary between the jejunum 
and ileum. The proximal two fifths of the small intestine 
distal to the ligament of Treitz has been arbitrarily defined 
as jejunum and the distal three fifths as ileum. 

^The enteric nervous system contains two major plexuses. 
The first is the myenteric (Auerbach’s) plexus, located 
between the longitudinal and circular muscle layers. 

^The second major plexus of the enteric nervous system is 
the submucosal (Meissner’s) plexus. 

The small intestine is the largest endocrine organ in the 
human body. The secretion of these numerous hormones 
and neurotransmitters is specific to distinct anatomic zones 
within the small intestine. 


QThe coordination of movements of the gastrointestinal 
tract is necessary for the proper digestion of food. Well- 
timed contraction and relaxation patterns are initiated in 
the gastrointestinal nervous system causing coordinated 
electrical activity and muscular movements. 

Q The lumen of the gastrointestinal tract is connected to the 
outside environment and comes in direct contact with 
many potentially pathogenic microorganisms. Conse¬ 
quently, the small intestine has a complex defense 
mechanism to battle against these exposures in different 
ways. 

Q The small intestine reabsorbs nearly 80% of the fluid that 
passes through it. This dynamic process is accomplished 
by a rapid bidirectional movement of fluid in the intestinal 
lumen. This ebb and flow of fluid in the intestinal lumen is 
critical in maintaining normal homeostasis. Minor 
changes in intestinal permeability or rate of flow of the 
intestinal contents can result in net secretion and diarrheal 
states. 


The small intestine’s intrinsic design serves to provide a maxi¬ 
mum amount of surface area for absorption of nutrients, 
water, and electrolytes. Specialized areas provide neurohor- 
monal stimulation to the digestive tract. Its structure and vast 
surface area also provide an important physical barrier to 
potential pathogens, and certain areas are critical in immune 
surveillance. 


GROSS ANATOMY 
AND EMBRYOLOGY 


The small intestine spans from the pylorus to the ileocecal 
valve and includes three distinct regions: the duodenum, the 
jejunum, and the ileum. These areas combined measure, on 
average, approximately 5 meters and comprise nearly 62% of 
the entire length of the alimentary tract. The gastrointestinal 
tract is formed from the endodermal layer of the developing 
embryo. The small intestine is derived from the distal foregut 
(proximal duodenum), the midgut, and the adjacent splanch¬ 
nic mesenchyme. Epithelium and glands develop from the 
embryonic endoderm, while connective tissue, muscle, and 
serosa develop from the mesoderm. During the fifth and sixth 
weeks of development, the duodenal lumen is temporarily 
obliterated due to proliferation of its mucosal lining. During 
the subsequent weeks, luminal vacuolization and degeneration 
of some of the proliferating cells result in recanalization of the 
Q duodenal lumen. From the 4th to the 10th week of develop¬ 
ment, a large portion of the midgut is herniated through the 
umbilicus. This may be due to the rapid growth of the intesti¬ 
nal tract at this time in relation to the abdominal cavity. At 
approximately 8 weeks of gestation, the midgut begins to 


rotate in a counterclockwise manner 90 degrees around the 
axis of the mesenteric vasculature. The extra-abdominal por¬ 
tion of the gut returns to the abdominal cavity approximately 
2 weeks later. Around this time point an additional 180-degree 
rotation occurs. These two rotations provide 270 degrees of 
total rotation and result in the typical anatomy that is found in 
humans. A failure of these precise steps produces a spectrum 
of anatomic variants that are grouped together as malrotation 
of the intestinal tract. 1 


Duodenum 


The duodenum makes up the first portion of the small intestine 
and plays an important role in connecting the foregut organs 
to the midgut. It anatomically begins at the duodenal bulb, 
which is immediately adjacent to the pylorus and terminates at 
the ligament of Treitz, where it joins the jejunum. The duode¬ 
num is approximately 20 to 30 cm in length and is divided into 
four distinct areas. 

The first portion of the duodenum is approximately 5 cm in 
length and is referred to as the bulb or cap. This area is directly 
attached to the pylorus and extends laterally and cephalad. It 
serves as an attachment for the hepatoduodenal ligament and 
traverses over the common bile duct, portal vein, pancreatic 
head, and gastroduodenal artery. The mucosal surface of the 
duodenal bulb is smooth until its junction with the second 
portion of the duodenum, where the concentric Kerckring 
folds begin. This portion of the duodenum is prone to ulcera¬ 
tion, with approximately 90% of duodenal ulcers occurring 
here. Unfortunately, due to its anatomic positioning, these 
ulcers may erode into the gastroduodenal artery, which lies 
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FIGURE 47.1. Arterial blood supply 
to the duodenum. 
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directly posterior to the duodenum, causing potentially life- 
threatening bleeding. 

The second portion of the duodenum (descending duode¬ 
num) extends from the origin of the Kerckring folds to the 
beginning of the transverse duodenum and travels over the 
right renal vasculature, over the medial aspect of Gerota fascia, 
over the inferior vena cava, and to the right of the LI and L2 
vertebra. It is approximately 10 cm in length and 3 to 5 cm in 
diameter. The Kerckring folds (plicae circulares) are concentric 
mucosal folds that are 1 to 2 mm thick and 2 to 4 mm high and 
are separated by 2 to 4 mm of smooth, flat mucosa. This por¬ 
tion of the duodenum serves as an entry point for pancreatic 
and biliary secretions into the gastrointestinal tract. This is typ¬ 
ically through the major papilla (ampulla of Vater), which is a 
valvular structure that arises in the midportion of the descend¬ 
ing duodenum, approximately 7 to 10 cm from the pylorus. 
Through this point the confluence of the common bile duct and 
the main pancreatic duct (duct of Wirsung) join the duodenum. 
The valvular function of the papilla is regulated through the 
muscular sphincter of Oddi. The minor pancreatic duct (duct 
of Santorini) enters through a minor papilla proximal to the 
ampulla of Vater in 50% to 60% of patients and endoscopi- 
cally appears as a 1- to 3-mm polypoid structure. 

The second portion of the duodenum is important surgically 
as it represents the entry of the duodenum into the retroperi- 
toneum. Surgical evaluation of this part of the duodenum 
requires mobilization from its posterior and lateral attach¬ 
ments, described as a Kocher maneuver. This allows for further 
evaluation of the duodenum, pancreatic head, and bile duct. 

The third (transverse) and fourth (ascending) portion of the 
duodenum complete the duodenal sweep. The third portion of 
the duodenum is about 10 cm in length and courses trans¬ 
versely from right to left, crossing the midline anterior to the 
spine, aorta, and inferior vena cava. This portion is closely 
attached to the uncinate process of the pancreas. The superior 
mesenteric artery (SMA) and vein (SMV) course anterior to the 
third portion of the duodenum to provide blood supply to the 
gut. The transition between the third and fourth portion of 
the duodenum is marked by the passage of the SMA in front of 
the duodenum. The SMA forms an acute angle as it originates 
from the aorta. An abnormally narrow angle can result in 
obstruction of the duodenum at this location (SMA syndrome). 
The fourth portion of the duodenum is approximately 5 cm 
long and courses upward and obliquely to reach the ligament 


of Treitz, marking the end of the duodenum and the return of 
the small bowel to the peritoneal cavity. 

Following its embryologic origins, the vascular supply to 
the duodenum arises from branches of the celiac trunk for the 
foregut portion, whereas the distal (midgut origin) duodenum 
is supplied by branches of the SMA (Fig. 47.1). Venous 
drainage includes a series of pancreaticoduodenal veins that 
drain into the SMV-portal vein system. Lymphatic drainage 
follows the vascular supply with drainage to the pancreatico¬ 
duodenal nodes. From here, lymph drains superiorly to the 
hepatic nodes or inferiorly to the superior mesenteric nodes. 


Jejunum and Ileum 

Distal to the ligament of Treitz, the jejunum and ileum form 
the remainder of the small intestine. The boundary between 
the two is arbitrarily determined such that 40% of the 
intraperitoneal small intestine is composed of jejunum and 
60% is composed of ileum. This portion of the bowel is sus¬ 
pended within the peritoneal cavity by a thin, broad-based 
mesentery that is attached to the posterior abdominal wall. 
The jejunum and ileum are freely mobile within the peritoneal 
cavity. The jejunum is the widest portion of the small intestine, 
whose caliber progressively decreases as it approaches the ileo¬ 
cecal valve. The mucosa of the jejunum has a thick lining and 
is characterized by prominent plicae circulares that become 
shorter and less frequent in the ileum. The total length of 
jejunum and ileum varies, but is usually 3 to 7 meters, with an 
average length of 5 meters. The small intestine terminates in 
the right lower quadrant at the ileocecal valve. The ileocecal 
valve exhibits motor characteristics separate from the terminal 
ileum and colon, postulated to prevent reflux of fecal material 
from the colon into the small intestine. 2 

The arterial blood supply of the jejunum and the ileum 
arises from the superior mesenteric artery. The main vascular 
branches form arcades within the mesentery. The vasa recta, 
intestinal arterial branches, enter into the intestinal wall with¬ 
out anastomosing. The vasa recta of the jejunum are straight 
and long, in contrast to the vasa recta of the ileum, which are 
shorter with greater arborization (Fig. 47.2). The venous and 
lymphatic drainage follow the arterial supply. The main 
venous outflow is through the superior mesenteric vein, which, 
along with the splenic vein, becomes the portal vein. 
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FIGURE 47.2. The superior mesenteric artery supplies blood flow 
into the small intestinal arteries (vasa recta), which branch within the 
mesentery. In the jejunum (A), the vasa recta are straight and long, in 
contrast to the vasa recta within the ileum (B), which are shorter with 
greater arborization. 


MICROSCOPIC ANATOMY 


General Considerations 


The wall of the small intestine is composed of four distinct 
layers: mucosa, submucosa, muscle, and serosa. The role of 
the mucosa is absorption and secretion. The luminal mucosal 
surface forms circular folds known as plica circularis or 
valvulae conniventes in all segments of the small intestine 
distal to the first portion of the duodenum. The submucosa 
contains an elaborate network of blood vessels, lymphatics, 
and nerves. The muscular portion of the wall includes outer 
longitudinal and inner circular muscle layers. Between the 
muscle layers lies the myenteric (Auerbach) plexus. The mus¬ 
cular layers are responsible for coordinating peristaltic 
movements. The outermost layer, the serosa, is composed of 
a thin layer of mesothelial cells overlying loose connective 
tissue. The serosa covers only the anterior surface of the 
retroperitoneal segments of small bowel, but it completely 
covers the portions of small bowel that are invested with 
mesentery. 


Mucosa 


The mucosa lines the luminal surface of the small intestine. It 
consists of three layers: epithelial cells, lamina propria, and a 
narrow layer of smooth muscle, the muscularis mucosae. The 
basic structural units of the mucosa are crypts and villi. Villi 
are finger like projections of mucosa 0.5 to 1 mm high extend¬ 
ing into the intestinal lumen that have a columnar epithelial 
surface and a cellular connective tissue core of lamina propria. 
Each villus contains a central lacteal (lymphatic) and a vascu¬ 
lar network consisting of a small artery, vein, and capillaries. 
Ninety percent of the cells of the villi are columnar epithelial 
cells responsible for absorption and secretion. These cells are 
22 to 25 fim high with basally located nuclei. The apices of 
these cells have microvilli, produced by numerous folds in the 
apical membrane, which account for the brush border appear¬ 
ance. Microvilli are approximately 1 fim long and 0.08 fim 
wide. Their surface is coated by glycoproteins rooted in the 
cell membrane. These glycoprotein filaments are referred to as 
the glycocalyx and are essential for digestion and absorption. 3 
The lateral membranes of neighboring enterocytes are con¬ 
nected by tight junctions, an apparent fusion of adjoining 
plasma membranes just below the level of the brush border. 
Movement of ions and water can occur by either a transmem¬ 
brane or a paracellular route through tight junctions, which 
behave as selective pores. 

Between the villi lie the crypts of Lieberkiihn. Stem cells 
within the crypts of Lieberkiihn are the source of the four 
major types of differentiated cells: the absorptive enterocyte, 
goblet cells, enteroendocrine cells, and Paneth cells. Absorptive 
enterocytes differentiate as they migrate from the crypt com¬ 
partment up toward the tip of the intestinal villus. Cells then 
undergo apoptosis and are shed into the intestinal lumen. Most 
of the intestinal lining is renewed over a period of approxi¬ 
mately 5 days. Despite the rapid rate of cellular turnover, 
intestinal epithelial cells exhibit complex patterns of gene 
expression that vary according to their location on the two 
main spatial axes of the gut, the vertical (crypt-villus) and hor¬ 
izontal (proximal to distal) axes. For example, cells destined to 
become enterocytes do not begin to express a variety of genes 
important in digestion and absorption until the cells have 
migrated out of the crypt and up the villus. In addition, many 
epithelial cell genes are selectively expressed in the proximal 
small intestine, whereas other genes are specifically expressed 
only in the ileum. 4 

Several other cell types are present in the mucosa. Mucus- 
secreting goblet cells are present in both the crypts and villi. 
Goblet cells have a narrow base containing the nucleus and a 
wide apical membrane with a large number of granules con¬ 
taining mucin. Mucin is secreted in a combination of merocine 
and apocrine fashion by the goblet cell, functions as a lubri¬ 
cant, and has a cytoprotective function. 5 

Paneth cells are pyramidal cells that reside in the crypt base. 
They contain large eosinophilic secretory granules located at 
their apical surface. It is thought that Paneth cells play a role in 
host defense based on their abundant expression of lysozymes 
and defensins, a family of small peptides that are also found in 
human neutrophils and exhibit microbicidal activity toward 
many different bacterial organisms in vitro. However, exami¬ 
nation of the role of Paneth cells in the small intestine by lin¬ 
eage ablation in transgenic mice revealed no alteration in host 
defense mechanisms; thus, the actual function of Paneth cells 
has yet to be delineated. 6 

Enteroendocrine (also referred to as amine precursor 
uptake and decarboxylation , or APUD) cells may reside in 
either the crypts or the villi, depending on the particular neu¬ 
roendocrine substance they produce. Specific areas of the small 
intestine have higher concentrations of specific neuroen¬ 
docrine substances than other areas. These cells do not contact 
the intestinal lumen, unlike exocrine cells, and their secretory 
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granules are located below the nucleus near the basement 
membrane. This suggests that these cells secrete their contents 
into the circulation rather than into the intestinal lumen. 


Submucosa 


The submucosa is a dense connective tissue layer with a rich 
Q network of blood vessels, nerves, and lymphatics. The submu¬ 
cosa contains the Meissner plexus and is the strongest layer of 
the intestinal wall. Brunner glands are found in the submucosa 
of the duodenum and secrete mucus and bicarbonate into the 
intestinal lumen. These secretions aid in the neutralization of 
the gastric acid load that enters the duodenum. Peyer patches 
are localized collections of lymphoid follicles that are most 
prominent in the submucosa of the ileum. These are typically 
8 to 10 mm in diameter and are most abundant early in life, 
gradually disappearing with age. 


_ PHYSIOLOGY _ 

Q The small intestine plays important physiologic roles in motil¬ 
ity, blood flow, growth, digestion, absorption, immune func¬ 
tion, and endocrine secretion. In fact, the small intestine is the 
largest endocrine organ in the human body. 7 The secretion of 
these numerous hormones and neurotransmitters is specific to 
distinct anatomic zones within the small intestine (Fig. 47.3). 
There is no specific cell mass that produces these hormones, 


FIGURE 47.3. Distribution of peptide hormones in the gas¬ 
trointestinal tract. 


but rather individual cells scattered along the gastrointestinal 
tract. 

Gastrin is a peptide produced in the gastric antrum and in 
the duodenum by the G cells and secreted into the circulation 
in response to gastric distention, vagal stimulation, amino 
acids, and hypercalcemia. Gastrin exists in three functional 
forms (G-34, G-17, G-14). Its release is inhibited by low intra¬ 
luminal pH, somatostatin, secretin, gastric inhibitory peptide 
(GIP), vasoactive intestinal polypeptide (VIP), glucagon, and 
calcitonin. Gastrin binds to cholecystokinin 2 (CCK2)/gastrin 
receptors on enterochromaffin-like (ECL) cells, causing a 
release of histamine, which in turn stimulates the parietal cells 
in a paracrine fashion. Gastrin also causes an increase in the 
gastric blood flow and the release of pepsinogen by the chief 
cells and pancreatic enzymes from the pancreatic centroacinar 
cells. 

CCK is produced in the proximal two thirds of the small 
intestine by the I cells and released into the gut lumen. It has 
four main forms (CCK-58, CCK-39, CCK-33, and CCK-8). It 
shares the final five amino acids adjacent to the C-terminus 
with gastrin, and this accounts for its hormonal activity. Stim¬ 
ulation of I cells by amino or fatty acids causes release of CCK, 
which in turn stimulates contraction and emptying of the gall¬ 
bladder, increases bile flow, causes relaxation of the sphincter 
of Oddi, and stimulates pancreatic enzyme secretion. CCK 
also has trophic effects on the small-intestinal mucosa and 
pancreas. 

Secretin, discovered as the first gastrointestinal hormone in 
1902, is a 27-amino-acid peptide produced by the S cells of the 
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duodenum and jejunum. Secretin is released into the circula¬ 
tion and intestinal lumen in response to low intraluminal pH, 
fatty acids, and bile salts. Water and bicarbonate are secreted 
by the pancreas in response to secretin. Bicarbonate is also 
released from the biliary ductal epithelium and Brunner’s glands 
in response to secretin. In turn, pancreatic enzymes are 
released from the pancreas. The increased pH and the presence 
of pancreatic enzymes aids in the digestion of lipids. The 
increased pH also provides a negative feedback loop to inhibit 
further production of secretin. Secretin produces a paradoxical 
release of gastrin in patients with gastrinomas, but does not 
produce this effect on normal individuals. 

Somatostatin is a peptide hormone consisting of 14 or 28 
amino acids and is produced by D cells in the pancreatic islets, 
gastric antrum, and duodenum. Its primary role is inhibition 
of other gastrointestinal hormones and inhibition of pancre¬ 
atic, biliary, and gastric secretion. In addition, somatostatin 
decreases splanchnic and portal blood flow. Somatostatin is 
stimulated by the presence of fat, proteins, acid, glucose, 
amino acids, and cholecystokinin. Octreotide, a long-acting 
synthetic somatostatin analogue, is used in the treatment of 
variceal bleeding, hormone-secreting neuroendocrine tumors, 
carcinoid syndrome, and enterocutaneous and pancreatic fis¬ 
tulas. 8 

Gastrin-releasing peptide, the mammalian homologue of 
bombesin, is a 27-amino-acid peptide that is produced by the 
small intestine and is released in response to vagal stimulation. 
It is a prostimulatory molecule that causes the release of most 
gastrointestinal hormones, with the exception of secretin. It 
also has a promotility effect and stimulates endothelial prolif¬ 
eration. GIP or glucose-dependent insulinotropic peptide is a 
42-amino-acid peptide produced by the K cells of the duode¬ 
num and jejunum. It is released in response to glucose, fat, 
protein, and adrenergic stimulation. It stimulates secretion of 
insulin and inhibits gastric acid and pepsin production. Type 2 
diabetics are resistant to the effects of GIP. 

Motilin is a 22-amino-acid peptide produced by the 
enteroendocrine cells in the duodenum and jejunum. Release 
of motilin occurs during the interdigestive and fasting periods. 
Release may also be related to alkalinization of the duodenum. 
Motilin’s main function is to stimulate the migrating myoelec¬ 
tric complex. Motilin agonists such as erythromycin are used 
clinically as stimulants of gastrointestinal motility. 

VIP is a 28-amino-acid peptide that is produced by gas¬ 
trointestinal tract neurons. It serves as a neurotransmitter 
stimulating pancreatic exocrine and intestinal secretion. Con¬ 
versely, it has an inhibitory effect on gastric acid secretion. VIP 
is a potent vasodilator and relaxant of smooth muscle. 

Neurotensin is a 13-amino-acid peptide that is produced by 
the N cells primarily in the ileum, but also in the proximal 
small intestine and colon in response to the presence of intra¬ 
luminal fat. It stimulates pancreatic bicarbonate secretion and 
intestinal motility. Neurotensin also serves as a trophic factor 
on the small-intestinal mucosa and inhibits gastric secretion. 

Pancreatic glucagon and enteroglucagon are 29- and 37- 
amino-acid peptides produced by the u-islet cells of the pan¬ 
creas and the L cells of the small intestine, respectively. Pancre¬ 
atic glucagon is released in response to low serum glucose and 
subsequently induces glycogenolysis, lipolysis, gluconeogene- 
sis, and ketogenesis. Enteroglucagon is released in response to 
the presence of a mixed meal and inhibits gastric emptying and 
small-bowel motility. 


Motility 

Q The coordination of movements of the gastrointestinal tract is 
necessary for the proper digestion of food. Well-timed con¬ 
traction and relaxation patterns are initiated in the gastroin¬ 
testinal nervous system causing coordinated electrical activity 
and muscular movements. This may be influenced by both 



FIGURE 47.4. Innervation of the gastrointestinal tract. The neural 
plexuses in the gut represent an independently functioning network, 
the enteric nervous system, which is connected to the central auto¬ 
nomic neural network in the central nervous system by parasympa¬ 
thetic and sympathetic nerves. The enteric nervous system may influence 
the effector system in the gut directly, or indirectly through its actions 
on intermediate cells, which include endocrine cells and cells of the 
immune system. The cell bodies of the primary vagal and primary 
splanchnic afferent neurons are located in the nodose ganglia and dor¬ 
sal root ganglia, respectively; each carries distinct information from 
the gut to the central nervous system. The pitchfork symbols represent 
afferent nerve endings, and the arrows show the direction of neural 
transmission. (Adapted from Goyal RK, Hirano I. Mechanisms of dis¬ 
ease: the enteric nervous system. N Engl J Med 1996;334:1106-1115.) 


internal and external factors. The small intestine has motor 
functions that are distinct from the other parts of the gastroin¬ 
testinal tract. The intrinsic nerves (myenteric or Auerbach 
plexus) provide the basis for coordinating the circular and lon¬ 
gitudinal smooth muscles of the small intestine. Extrinsic sym¬ 
pathetic (epinephrine) stimulation slows motility, while 
parasympathetic (acetylcholine) stimulation increases motility 
(Fig. 47.4). 

The intrinsic electrical activity of the small intestine is 
based on the intestinal smooth muscle normal resting poten¬ 
tial. This normally is -50 to -70 mV and is maintained by 
Na + -K + -ATPase activity. 9 The resting potential varies by 5 to 
15 mV and results in a phasic depolarization, which is referred 
to as slow waves, basic electrical rhythm, or pacemaker poten¬ 
tial. These depolarizations occur at regular intervals of 
approximately 11 to 13 times per minute in the duodenum and 
decrease to 8 to 10 times in the ileum, but do not directly lead 
to muscular contractions. The electrical activity is coupled to 
muscular contraction at the level of gap junctions, which are 
low-resistance cell-to-cell connections. These gap junctions 
become less regular in the midjejunum and in the distal small 
intestine. This causes slowing of the frequency of contractions 
distally, allowing for absorption of more slowly digested 
intestinal contents, including fats and bile salts. 
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FIGURE 47.5. A: Recording of transmembrane potential showing 
slow waves and superimposed spike potentials. B: Extracellular 
recording of electrical activity represented in (A). C: Muscular 
contraction in response to electrical activity in (A). (Adapted from 
Christensen J. The control of gastrointestinal movements: some old 
and new views. N Engl J Med 1971;285:85-98.) 


Spike potentials present a second mode of electrical stimu¬ 
lation of the small intestine, and result in rapid depolarization 
of the membrane potential. Repeated bursts of spike potentials 
cause a short area of contraction. In contrast to the always 
present slow waves, spike potentials occur at discrete time 
intervals. The coordination of a slow wave and a spike poten¬ 
tial leads to the initiation, duration, and frequency of rhythmic 
migratory small-intestinal contractions (Fig. 47.5). 

During the interdigestive period between feeding, the small 
intestine follows a well-defined rhythmic pattern. This pattern 
consists of muscular contractions that migrate from the stom¬ 
ach or duodenum, continue on to the terminal ileum, and are 
regulated by the migrating motor complex (MMC). This pat¬ 
tern can be broken down into four distinct phases. Phase I is a 
period of relative quiescence, phase II is a period of accelerated 
irregular electrical spiking and muscular activity, phase III is a 
series of high-amplitude rapid electrical spikes corresponding 
to rhythmic gut contractions, and phase IV is a period of 
subsiding activity. This process occurs over a period of 90 to 
120 minutes and progresses from the proximal small bowel 
and terminates in the ileum. Once the MMC reaches the termi¬ 
nal ileum, the process starts over again in the proximal small 
bowel. The circular muscles provide segmental contraction 
over a 1-cm length of small intestine. These contractions occur 
approximately 11 to 13 times per minute in the duodenum and 
decrease to 8 to 10 times in the ileum. This creates functional 
compartments where prolonged exposure to the mucosa and 
mixing of the intestinal chyme occur, aiding the process of 
digestion and absorption. The circular muscles are also respon¬ 
sible for the peristaltic waves, which propagate regularly at a 
rate of 1 to 2 cm per second. These regular waves may be inter¬ 
spersed with rushes of contractions followed by periods of no 
motor activity. This rate becomes progressively slower in the 
distal small intestine. These peristaltic movements serve as a 
method of propelling chyme through the length of the small 
intestine. The total transit time from the duodenum to the ter¬ 
minal ileum is approximately 220 minutes (± 53 minutes). 10 
Serum motilin levels have been found to mirror the activity of 
the MMC. Exogenous motilin administration has been found 
to increase MMC activity. 

During and immediately following times of feeding, the 
intestinal movements are not rhythmic, with complexes of 
peristaltic and antiperistaltic contractions. This is thought to 
be a disruption of the MMC from bolus feeding. This seem¬ 
ingly random pattern of movements allows for effective mix¬ 
ing of chyme. Hormonal changes are thought to play a role in 


this process. Physiologic doses of neurotensin, insulin, gastrin, 
and CCK cause an alteration in the MMC similar to bolus 
feeding. Visual and olfactory feeding cues can also cause a dis¬ 
ruption of the MMC. The MMC is more significantly inhib¬ 
ited by fatty meals as opposed to protein or carbohydrate 
meals of similar caloric value. The intrinsic nervous plexus or 
Meissner plexus innervating the submucosa helps to regulate 
mucosal absorption and secretion, but has no control on 
motility. 


Immunology 

Q Principles of Gut Immunology. The lumen of the gas- 
trointestinal tract is connected to the outside environment and 
comes in direct contact with many potentially pathogenic 
microorganisms. Lymphocytes, macrophages, polymorphic 
granulocytes, and other cells that take part in the immune 
response are distributed throughout the whole gut. The com¬ 
mensal microflora have many benefits to the host by support¬ 
ing digestion and keeping the appropriate balance among dif¬ 
ferent microbial species. 11 The immune system is highly 
effective at responding selectively to invading pathogens yet on 
the other hand tolerating a much larger number of harmless 
food antigens and commensal organisms. Many bacteria, 
viruses, and parasites are digested and enter the small intestine 
every day. 12 Consequently, the small intestine needs a complex 
defense mechanism to battle against these exposures in differ¬ 
ent ways. 13 

While the immune system in the small intestine is important 
for host defense, other mechanisms within the small intestine 
also participate in host defense. Proteolytic and lipolytic 
enzymes are produced in high concentrations by extraintestinal 
cells in the pancreas and degrade different pathogenic agents at 
an early phase of digestion. In addition, mucin is produced by 
the enterocytes, which protects them and inhibits bacterial 
growth. Actively increased peristalsis functions to mechanically 
get rid of pathogenic agents and potentially dangerous gut con¬ 
tent. In addition, tight junctions between epithelial cells prevent 
penetration of bacteria in between cells. Potential pathogens 
vary greatly in size, from very small viruses that are nanometers 
in size to parasites such as helminths that are macroscopically 
visible and quite large. To put this into the broader picture of 
evolution, a large range of defense mechanisms is essential for 
survival of each individual. 

The primary cellular barrier in the gut that prevents anti¬ 
gens from encountering the immune system is the single layer 
of gut epithelium. The total surface area of the small intestine 
is 400 m 2 , due not only to intestinal length but also to the for¬ 
mation of millions of villi in the small bowel, which contribute 
significantly to the overall surface area. 14 In the upper small 
intestine, the bulk of antigen exposure comes from the diet, 
whereas in the ileum and colon, the additional antigenic load 
of an abundant and highly complex commensal microflora is 
prevalent. The epithelial cells of the gut mucosa have devel¬ 
oped features that make the intestinal epithelium an active 
immunologic as well as anatomic barrier. For example, these 
nonclassical immune cells express major histocompatibility 
complex (MHC) class I and II molecules, consistent with their 
ability to participate in adaptive immune recognition of path¬ 
ogenic bacteria. Small-intestinal epithelial cells also express 
Toll-like receptors on their apical surface that enables them to 
detect bacterial products and to initiate an innate immune 
response. Antigen-presenting dendritic cells (DCs) also send 
processes between gut epithelial cells without disturbing tight 
junction integrity and sample commensal and pathogenic gut 
bacteria. 15,16 The gut epithelial barrier therefore represents a 
highly flexible structure that limits antigens from entering the 
systemic circulation. 

The gut-associated immune system represents one of the 
largest immunologic compartments in the body. Lymphoid 
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tissue in the gastrointestinal tract is a major part of the whole 
body immune system and consists of both aggregated (lym¬ 
phoid follicles, Peyer patches) and nonaggregated (luminal, 
intraepithelial, and in lamina propria) immune cells. Under 
physiologic circumstances, oral administration of protein anti¬ 
gens induces systemic unresponsiveness when the same antigen 
is given parenterally (a phenomenon known as oral tolerance). 
In animal models, oral tolerance appears to be a specific con¬ 
sequence of the immune environment in the gut, which favors 
the generation of regulatory T cells. 

Nonaggregated and Aggregated Lymphoid Tissue. 

The gut epithelium and its mucous layer form a major barrier 
to trap pathogens, which are then eliminated when the gut 
epithelium is shed and replaced by new cells deriving from 
stem cells in the crypts. Several different cell types face anti¬ 
genic exposure present in the intestinal lumen and include the 
epithelium, neutrophils, lymphocytes, and macrophages. 
These luminal cells represent an initial effector mechanism in 
the first front directed toward an antigenic exposure. In addi¬ 
tion, there are also intraepithelial lymphocytes, which migrate 
and are found between epithelial cells beneath the tight junc¬ 
tions. Local defense depends in part on these T lymphocytes 
that are nestled among gut epithelial cells. These T cells mod¬ 
ulate homeostasis of the gut epithelium through local produc¬ 
tion of cytokines and have cytolytic effects. In fact, the number 
of intraepithelial lymphocytes can increase dramatically in 
response to inflammation or infection. After exposure to anti¬ 
gens, these cells reenter the circulation to initiate a systemic 
immune response. The lamina propria contains nonaggre¬ 
gated, diffusely distributed lymphoid tissue, including differ¬ 
ent types of immune cells (Fig. 47.6). B cells in the lamina pro¬ 
pria undergo cytokine-induced differentiation in the lamina 
propria to become active producers of immunoglobulin A 
(IgA), which is secreted into the gut lumen. T cells in the 


lamina propria may have a different role in a helper-inducer 
function for immunoglobulin production rather than a cytolytic 
function. Mast cells and eosinophils are also present in the lam¬ 
ina propria in small numbers. They exhibit an important role in 
allergic and hypersensitivity reactions as well as defense 
against parasites. Parasites including worms are recognized 
and tagged using monovalent IgE, which is mostly bound to 
host cell surfaces. Actual parasite killing depends on toxic pro¬ 
teins secreted by eosinophils. 

There are also large aggregates of lymphoid tissue found in 
the small intestine. These so-called Peyer patches are localized 
collections of lymphoid follicles that are most prominent and 
macroscopically visible in the submucosa of the ileum. Peyer 
patches are most prominent in children and gradually disap¬ 
pear with age. Along with the nonaggregated immune system, 
the enormous quantity and diversity of antigens present within 
the gut are also processed via Peyer patches in the lamina pro¬ 
pria and the mucosa-associated lymphoid tissue (MALT), 
which in total contains about 70% of the body’s lymphoid 
cells. Another often used term to describe the immune system 
within the small intestine is gut-associated lymphoid tissue 
(GALT). Peyer patches do not have any villi, and so-called 
microfold (M) cells concentrated within the epithelium allow 
the selective uptake of food antigens and microorganisms 
(Fig. 47.7). M cells are specific cells in the intestinal epithelium 
over lymphoid follicles that endocytose antigens. M cells 
transport them into the underlying tissue, where they are taken 
up by local dendritic cells and macrophages. 17 Dendritic cells 
and macrophages that receive antigens from M cells present 
them to T cells in the gut-associated lymphoid tissue, leading 
ultimately to the appearance of IgA-secreting plasma cells in 
the mucosa. B-lymphocyte precursors proliferate in germinal 
centers within the Peyer patches. Dendritic cells below the 
epithelium can also take up luminal antigens by pushing 
pseudopods up between epithelial cells. 


1 . Luminal leukocyte FIGURE 47.6. Small-intestinal villus with associated immuno¬ 

logic cells. 

2. Intraepithelial - 

lymphocyte 
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FIGURE 47.7. Epithelial anatomy in the area of 
Peyer patches. 


Follicle-associated 



Immunoglobulin Secretion. At an early level of exposure 
at the gut epithelium, M cells take up antigen and transport it 
transcellularly using an endocytic mechanism into the underly¬ 
ing lymphoid tissues of Peyer patches. Lymphocyte activation 
ensues, and these activated lymphocytes migrate into afferent 
lymphatics, pass through mesenteric lymph nodes, and enter the 
systemic circulation through the thoracic duct. During this 
process, the lymphocytes mature into B and T lymphoblasts with 
an enriched population of IgA-producing B cells. 18 Passage of 
viable bacteria from the intact gastrointestinal tract to the 
mesenteric lymph node and beyond has been termed bacterial 
translocation , possibly explaining septic complications and mul¬ 
tiple organ failure in peritonitis, burn, and trauma patients. The 
immunogenic integrity of the mucosa is significantly damaged by 
systemic injury of different kinds. A major protective mechanism 
of the intestinal immune system is synthesis and secretion of IgA. 
In the intestine, IgA exists as a dimer that is linked with two 
additional molecules—the J chain—linking two IgA molecules 
and the polymeric immunoglobulin receptor, which transports 
the IgA complex across the cell and allows release of the com¬ 
plex, termed secretory component, into the intestinal lumen. The 
transmembrane immunoglobulin receptor is produced by the 
intestinal epithelial cell. It is thought that the secretory compo¬ 
nent may prevent proteolytic degradation of the IgA molecule 
and may stabilize the structure of the polymeric IgA complex in 
an environment containing numerous proteolytic enzymes and 
bacteria that would otherwise rapidly degrade it. Unlike IgG and 
IgM, IgA does not activate complement and does not promote 
cell-mediated opsonization. The major function of secretory IgA 
in host defense is protection against bacteria, viruses, and lumi¬ 
nal antigens. Secretory IgA inhibits the adherence of bacteria to 
epithelial cells. It is well known that a breast-feeding mother 
transfers secretory IgA to her nursing infant, protecting the 
infant from bacteria and viruses that were originally present in 
the mother’s gastrointestinal tract. 


Digestion and Absorption 

Absorption of Water and Electrolytes. An average per- 
son consumes approximately 1 to 1.5 L of water per day. An 
additional 5 to 10 L is secreted by the gastrointestinal tract: 1 
to 2 L of saliva, 2 to 3 L of gastric secretions, 0.5 L of biliary 
secretions, 1 to 2 L of pancreatic juice, and 1 L of intestinal 
Q secretions. The small intestine reabsorbs nearly 80% of the 
fluid that passes through it. This dynamic process is accom¬ 
plished by a rapid bidirectional movement of fluid in the 


intestinal lumen. This ebb and flow of fluid in the intestinal 
lumen is critical in maintaining normal homeostasis. Minor 
changes in intestinal permeability or rate of flow of the intesti¬ 
nal contents can result in net secretion and diarrheal states. 

The tonicity of the intraluminal contents determines the 
overall net movement of water. In general, after a meal is con¬ 
sumed, the addition of large amounts of saliva, gastric juice, 
and hypotonic chyme enters the proximal small intestine. Acid 
gastric contents are neutralized by the secretion of bicarbon¬ 
ate, creating NaCl and water and decreasing the osmotic pres¬ 
sure. The jejunum is effective at passively reabsorbing water in 
a paracellular fashion due to its relatively large intercellular 
pores. As the chyme travels through the length of the small 
intestine, the intercellular channels become more tightly 
arranged and the movement of water becomes dependent on the 
active transport of solutes into the paracellular spaces. A total 
of 6 to 11 L of water enters the duodenum every day; of this, 
approximately 1 to 1.5 L enters the colon. 

Sodium absorption occurs through several different 
processes. Simple electrogenic absorption, non-electrolyte- 
stimulated absorption, and electroneutral absorption are 
reliant on the Na + - K + -ATPase pump on the basolateral mem¬ 
brane of the cell. This pump utilizes the hydrolysis of ATP to 
provide the necessary energy to move three Na + ions out of the 
cell while transporting two K + ions into the cell against an elec¬ 
trical gradient. This process maintains a negatively charged low 
Na + intracellular environment, allowing for several mecha¬ 
nisms of absorption at the apical membrane. Simple electro¬ 
genic absorption of sodium is the process of an influx of Na + 
ions from the sodium-rich intestinal lumen into the negatively 
charged low-sodium intracellular environment. This process is 
indirectly energy dependent, as it relies on the function of the 
Na + -K + -ATPase pump on the basolateral membrane to main¬ 
tain the low-sodium environment and the negative intracellu¬ 
lar charge. This process can be inhibited by ouabain, a Na + - 
K + -ATPase inhibitor. 19 

Non-electrolyte-stimulated sodium absorption occurs when 
sodium is coupled with an organic solute, such as glucose, 
amino acids, dipeptides, tripeptides, and bile acids. Sodium is 
preferentially transported down its electrochemical gradient, 
which is created by the Na + -K + -ATPase pump on the basolat¬ 
eral membrane of the cell, providing the necessary energy to 
transport the organic solute against its gradient (Fig. 47.8A). 
Electroneutral absorption of sodium chloride occurs through a 
process that couples two neutral ion countertransport mecha¬ 
nisms. Na + is exchanged for H + and Cl - is exchanged for 
HC0 3 _ , resulting in no net change in intracellular charge. This 
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Lumen Cell Interstitium 



FIGURE 47.8. Mechanisms of sodium absorption in 
the small intestine: solute-coupled Na + absorption 
(A) and electroneutral NaCl absorption (B). 


process provides an influx of NaCl in exchange for H + / 
HC0 3 - efflux. This electroneutral transfer of ions allows for 
intracellular pH regulation and for sodium and chloride trans¬ 
port (Fig. 47.8B). 

While the majority of chloride is absorbed by electroneutral 
transfer, chloride is also absorbed by passive diffusion in a 
paracellular fashion. This is due to the slightly positive inter¬ 
stitium when compared to the gut lumen, allowing the nega¬ 
tively charged chloride ions to be absorbed. An additional 
important source of chloride transport involves the reabsorp¬ 
tion of chloride ions contained within gastric hydrochloric 
acid secretions. Chloride is a major determinant of the regula¬ 
tion of fluid secretion into the small intestine and in intestinal 
hydration. 20 

Bicarbonate absorption occurs primarily in the jejunum 
and requires the formation of carbon dioxide in the intestinal 
lumen from HC0 3 - and H + . This creates an increase in the 
partial pressure of carbon dioxide in the intestinal lumen. Car¬ 
bon dioxide subsequently diffuses back into the enterocyte and 
is enzymatically cleaved into H + and HC0 3 - by the action of 
carbonic anhydrase. HC0 3 - diffuses into the interstitium and 
H + is resecreted in exchange for other cations, predominantly 
Na + . In the duodenum and ileum, HC0 3 ~ is secreted in 
exchange for Cl - . This efflux of HC0 3 - provides a mechanism 
to neutralize gastric acid entering into the duodenum. HC0 3 ~ 
secretion in the ileum most likely helps maintain acid-base 
equilibrium, although this process is not well understood. 21 

Approximately 90 mEq/d of potassium is ingested in a nor¬ 
mal diet, of which 90% is absorbed. An equal amount of potas¬ 
sium is excreted in the urine as is absorbed in the intestine, 
allowing maintenance of potassium homeostasis. The majority 
of absorption occurs in the small intestine, mainly through pas¬ 
sive mechanisms. 22 This process is thought to occur through 
intercellular pores or through a H + -K + exchange pathway 
facilitated by the intracellular electrochemical gradient that is 
created predominantly by the basolateral ATPase pump. Intra¬ 
cellular K + then diffuses across the basolateral membrane by a 
K + channel or carrier. 

Mineral Absorption. Mineral absorption is necessary for 
the proper form and function of the human body. These inor¬ 
ganic elements are responsible for approximately 4% to 6% of 
a person’s mass. Calcium accounts for approximately 50% of 
this mass, phosphate provides an additional 25%, and a variety 
of other minerals constitute the remaining 25%. Many of these 
minerals are best absorbed in their ionized forms, which is aided 


by the presence of hydrochloric acid in the gastric lumen. Cal¬ 
cium, phosphate, magnesium, sulfur, sodium, chloride, and 
potassium are considered macrominerals, with daily require¬ 
ments exceeding 100 mg/d. Microminerals (trace minerals) 
include iron, zinc, copper, manganese, iodine, selenium, fluo¬ 
ride, molybdenum, chromium, and cobalt with daily require¬ 
ments of less than 15 mg/d. 

Approximately 1 g of calcium is consumed per day, mainly 
from dairy products. Once in its ionized form, calcium is pri¬ 
marily absorbed in the duodenum, although this process occurs 
throughout the length of the small intestine. When calcium is 
present intraluminally at low levels, it is transported across the 
apical membrane of the enterocyte by carrier-mediated facili¬ 
tated diffusion. Once calcium is in the cytoplasm, it is bound 
to calcium-binding proteins and delivered to the basal mem¬ 
brane. Calcium is then transferred into the interstitium by a 
Ca 2+ -ATPase pump. This process is indirectly regulated by 
parathyroid hormone (PTH). PTH in low-calcium states pro¬ 
motes conversion of vitamin D to its active form, l,25(OH) 2 
vitamin D. This activated form of vitamin D causes an increase 
in the expression of both calcium-binding proteins and Ca 2+ - 
ATPase, causing an increase in the absorption of calcium by 
the small intestine. 23,24 When intraluminal calcium is in excess 
of its capacity to be actively transferred by the apical mem¬ 
brane’s carrier-mediated mechanism, passive paracellular cal¬ 
cium absorption occurs in the distal small intestine. 

Absorbable dietary sources of iron are typically either con¬ 
tained within a protein, such as heme, or as a ferrous Fe 2+ ion. 
Iron-containing proteins are usually from ingested meats, 
whereas ferrous forms are typically present in vegetables, 
grains, and fruits. Vitamin C (ascorbic acid) increases iron 
absorption by reducing the ferric (Fe 3+ ) ion into the more solu¬ 
ble ferrous state. Absorption of iron is facilitated by carrier- 
mediated translocation across the apical membrane of the ente¬ 
rocyte in the duodenum and proximal jejunum. Once in the 
cytoplasm, the ferrous ion is released by enzymatic cleavage. 
Ferrous ions may be stored intracellularly by ferritin or trans¬ 
ported into the circulation by transferrin. The process of iron 
absorption is regulated in the enterocyte by hypoxia-inducible 
factor signaling and iron-regulatory proteins. Systemically, the 
central iron-regulatory hormone is hepatic hepcidin. Hepatic 
hepcidin regulates iron absorption and mobilization from sys¬ 
temic stores by inhibiting ferroportin, a cellular iron exporter. 25 

Carbohydrate Digestion and Absorption. Carbohy¬ 
drates are a staple in many diets and provide a major source of 
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FIGURE 47.9. Digestion and absorption of carbohydrates. 


daily caloric intake. In Western diets 400 g of carbohydrates 
are consumed by the average adult daily, providing 1,600 kcal 
(4 kcal/g of carbohydrate). Carbohydrates are present in three 
main digestible forms: complex starches, disaccharides, and 
simple sugars. Complex starches account for approximately 
60% of daily carbohydrate intake. The most common form is 
amylopectin, which consists of glucose linked in a linear fash¬ 
ion with u(l,4)-glycosidic bonds with branch points consist¬ 
ing of ct(l,6)-glycosidic linkages occurring after approxi¬ 
mately every 20 to 26 glucose moieties. Amylose is a long 
linear grouping of glucose molecules connected with ct(l,4)- 
glycosidic bonds without branch points. Disaccharides, mainly 
sucrose and lactose, are the next most common source of dietary 
carbohydrates, representing nearly a third of daily intake. 
Sucrose disaccharides are composed of glucose-fructose dimers, 
whereas lactose disaccharides consist of glucose-galactose 
dimers. 

The complex starches amylopectin and amylose are digested 
with the aid of salivary and pancreatic amylase. Salivary amy¬ 
lase contributes a small amount to this process as it is inacti¬ 
vated by gastric acid, leaving the remainder of this process to 
be completed by pancreatic amylase. This process yields mal¬ 
tose, which is a glucose dimer with u(l,4)-glycosidic bonds, 
and maltotriose, which is a glucose trimer with ct(l,4)-glycosidic 
bonds. In addition, ct-dextrins are produced with an average of 
six glucose moieties with u(l,4)-glycosidic bonds and side 
branches linked by ct(l,6)-glycosidic bonds. This digestive 
process is usually completed before the carbohydrate bolus 
leaves the duodenum. These small oligosaccharides along with 
ingested disaccharides, typically sucrose and lactose, are then 
further digested by the brush border saccharidases in the 
jejunum. 

The brush border of the small bowel contains specific 
enzymes that through catalytic reactions hydrolyze these oligo- 
and disaccharides into their component monosaccharide moi¬ 
eties, such as glucose, galactose, and fructose. Once broken 
down into their basic subunits, these monosaccharides can be 


transported across the apical cell membrane. A sodium- 
dependent hexose transporter (SGLUT-1) is required for the 
transport of glucose and galactose as they utilize the same car¬ 
rier mechanism. The cotransportation of these monosaccha¬ 
rides with sodium is dependent on the Na + -K + -ATPase pump 
on the basolateral membrane to maintain a sodium gradient 
allowing for this influx. Fructose is transported in a carrier- 
mediated diffusion-dependent manner by GLUT5 and does 
not require sodium as a cotransporter (Fig. 47.9). The move¬ 
ment of monosaccharides into the cellular cytoplasm provides 
an additional gradient by which water is absorbed by the ente- 
rocytes from the intestinal lumen. The monosaccharides are 
then transported across the basolateral membrane by GLUT2. 
This hexose transporter allows for the diffusion of all three 
monosaccharides into the extracellular space and ultimately 
into the portal blood flow. A small portion of these monosac¬ 
charides may be used by the enterocyte, but the majority are 
transported through the cell. 

Nondigestible carbohydrates (dietary fiber) such as cellu¬ 
lose are thought to be an important part of a normal diet even 
though they do not provide dietary calories. Dietary fiber is 
present in grains, vegetables, and pulpy fruits. Dietary fiber 
helps decrease bowel transit time by absorbing water in the 
intestinal lumen. In addition, fiber can absorb organic materi¬ 
als such as lipids and bile salts and inorganic minerals such as 
zinc, calcium, and magnesium. These actions of fiber are 
thought to play a role preventing carcinogenesis and in helping 
to maintain normal serum lipid profiles. Unfortunately, fiber is 
underrepresented in most Western diets. 

Protein Digestion and Absorption. Protein consumption 
is essential to the daily diet. An average adult requires 0.75 g/kg 
of protein per day, although this requirement may be signifi¬ 
cantly increased during childhood, pregnancy, and times of 
significant illness. Protein provides an important caloric 
energy source as well as the essential building blocks for pro¬ 
duction of new proteins. A nearly equal amount of protein is 
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ingested daily from dietary sources (70 to 100 g) as is provided 
by endogenous proteins (50 to 60 g of protein per day) in the 
small intestine from secreted enzymes, desquamated cells, and 
plasma protein leakage. Nearly 90% of this protein load is 
metabolized in a similar fashion to dietary proteins. 

The initial digestion of protein begins with the activation of 
pepsinogen to pepsin in the acid environment of the stomach. 
Pepsin hydrolyzes protein into its component amino acids; 
however, this action only represents a small part of overall 
protein digestion. The majority of protein digestion occurs in 
the small intestine by pancreatic peptidases and proteases. 
Pancreatic enzymes flow into the duodenum, initiating this 
phase of protein digestion. These pancreatic proteases are ini¬ 
tially released as proenzymes (zymogens). These zymogens are 
inactive and require a further catalytic process to occur for 
their activation. This is initiated by the brush border enzyme 
enteropeptidase (enterokinase) in the duodenum. Endopepti- 
dase cleaves trypsinogen into the active enzyme trypsin. 
Trypsin in turn activates the other zymogens into their active 
endopeptidases (trypsin, chymotrypsin, and elastase), which 
hydrolyze internal peptide bonds. Additional protein digestion 
is performed by exopeptidases (carboxypeptidase A and B), 
which are able to cleave amino acids from the C-terminal ends 
of proteins. Seventy percent of the process results in short 
oligopeptides of two to six amino acids and the remaining 
30% produces single amino acids. 

Short oligopeptides are further digested by enzymes in the 
brush border of the small intestine or within the cell cyto¬ 
plasm. Single amino acids, dipeptides, and tripeptides are able 
to diffuse through the apical membrane into the cytoplasm. 
Single amino acids are cotransported into the cytoplasm with 
sodium along an electrochemical gradient. This electrochemi¬ 
cal gradient is maintained by the Na + -K + -ATPase pump on the 
basolateral cell membrane. At least four separate transport 
mechanisms exist for the various electrochemical properties of 
amino acids that are transported (neutral, dibasic, acidic, and 
imino). Peptides greater than three amino acids in length are 
broken down into smaller peptides by enzymes in the brush 
border. The resultant dipeptides and tripeptides are then 
moved into the cytoplasm along with H + by a cotransporter 
PepTl, where they are hydrolyzed by specific peptidases into 
their component amino acids. Transport of amino acids into 
the cytosol provides an osmotic gradient by which water is fur¬ 
ther absorbed from the intestinal lumen. A small portion of the 
processed amino acids is utilized by the enterocyte, and the 
vast majority are shuttled into the portal blood flow via amino 
acid transporters on the basolateral membrane. 

Fat Digestion and Absorption. Forty percent of the aver¬ 
age daily caloric intake (60 to 90 g) in a Western diet is in the 
form of fat. Ninety percent of these ingested fats are triglyc¬ 
erides, while the remainder is composed of cholesterol, phos¬ 
pholipids, and fat-soluble vitamins. The initiation of lipid 
digestion occurs when CCK is stimulated by the presence of 
fatty acids on the duodenal mucosa. CCK in turn stimulates 
pancreatic secretion of lipase and its cofactor colipase. Lipase 
hydrolyzes triglycerides at the 1 and 3 position of the glycerol 
backbone, yielding two fatty acids and a monoglyceride (a 
fatty acid esterified to glycerol). Cholesterol and fat-soluble 
vitamins are hydrolyzed by pancreatic cholesterol esterase and 
phospholipids by phospholipase A 2 . The products of lipolysis 
interact with bile salts to form water-soluble micelles. Mixed 
micelles are 50 to 400 A in diameter and are a combination of 
fatty acids, bile salts, and monoglycerides. The structure of a 
micelle is composed of an inward-facing hydrophobic region 
and a hydrophilic region facing outward toward the aqueous 
environment of the intestinal lumen. Due to the hydrophobic 
core, cholesterol, phospholipids, and fat-soluble vitamins can 
reside within the micelle structure. Micelles are able to interact 
with the mucosal cells and empty their contents into the cyto¬ 
plasm. This occurs by the process of dissolution of the micelles 


into the lipid bilayer of the mucosal cell. Once this is com¬ 
pleted, the components of the micelle are ready to re-form 
with new lipid components to repeat this process. There is no 
energy consumed directly in the transfer of lipids into the cell 
cytoplasm. 

Once in the cytoplasm, long-chain fatty acids and 13- 
monoglycerides are carried by cytosolic fatty acid-binding pro¬ 
teins to the smooth endoplasmic reticulum (SER). In the SER, 
resynthesis of triglycerides occurs. These triglycerides are fur¬ 
ther processed in the Golgi apparatus where a phospholipid 
and an apoprotein coat are added to form a chylomicron. Chy¬ 
lomicrons are 90% triglyceride; the remaining 10% is com¬ 
posed of phospholipid, cholesterol, and protein. These large 
particles are 750 to 6,000 A in diameter. Before exiting the 
Golgi apparatus, the chylomicrons are packaged into secretory 
vesicles. They exit the cell membrane by exocytosis and enter 
the central lacteal of the villus and the intestinal lymphatic sys¬ 
tem. In addition, enterocytes also produce smaller lipoprotein 
particles, very-low-density lipoproteins, which contain a higher 
cholesterol/triglyceride ratio and provide the major route of 
entry for dietary cholesterol into the lymphatic system. 

Short-chain fatty acids contain less than eight carbon atoms 
and are water soluble. This allows these molecules to enter and 
exit the enterocyte by simple diffusion independent of bile 
micelles or chylomicrons. Medium-chain triglycerides consist 
of 6 to 12 carbon atoms and can be absorbed by simple diffu¬ 
sion or through the previously mentioned process of transport 
of long-chain fatty acids via the formation of bile micelles and 
chylomicrons. Both short- and medium-chain fatty acids may 
enter the portal circulation without entering into the lymphat¬ 
ics. The majority of dietary fat is processed and absorbed in 
the duodenum and upper jejunum. 

Absorption of Bile Salts. Approximately 95% of the bile 
salts secreted into the intestine are reabsorbed and returned to 
the liver through the portal circulation. Once in the liver, these 
bile salts are reprocessed and secreted and stored in the gall¬ 
bladder in preparation for the next meal. This process of recy¬ 
cling bile salts is referred to as the enterohepatic circulation. 
This reabsorption occurs by both passive and active means. A 
small amount of bile salts are passively reabsorbed along the 
entire length of the small intestine. The majority of bile salts, 
however, are reabsorbed though an active Na + -dependent 
transport mechanism in the terminal ileum. Bile, which is not 
reabsorbed, passes into the colon where it is deconjugated by 
bacteria. This process increases the solubility of the bile and 
promotes further passive absorption. High concentrations of 
bile salts within the colon inhibit sodium and water reabsorp¬ 
tion, resulting in diarrhea. Patients who have undergone resec¬ 
tion of their ileum may suffer from diarrhea due to this 
process. These patients may be treated with the bile-binding 
resin cholestyramine to help alleviate their symptoms. 

Vitamin Absorption. Fat-soluble vitamins (A, D, E, and K) 
are incorporated into micelles along with fats in order to pass 
into the enterocyte. These vitamins are then processed and 
packaged into chylomicrons so that they can exit into the lym¬ 
phatic system. Water-soluble vitamins are absorbed in the 
jejunum and ileum through a variety of mechanisms. Vitamin 
C (ascorbic acid), biotin, and niacin are transported by Na + - 
dependent mechanisms. Folate, vitamin Bj (thiamine), and vit¬ 
amin B 2 (riboflavin) are absorbed by Na + -independent mecha¬ 
nisms, and vitamin B 6 is absorbed by passive diffusion. 26 

Vitamin B 12 (cobalamin) absorption is dependent on the 
presence of intrinsic factor, a glycoprotein produced by the gas¬ 
tric parietal cells. One molecule of intrinsic factor binds two 
molecules of cobalamin to form a complex that attaches to a 
specific membrane receptor in the terminal ileum. Unbound 
cobalamin cannot be absorbed. Cobalamin becomes unbound 
from its complex in the enterocyte and exits from the cell into 
the portal circulation with the aid of B 12 -binding proteins 
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called transcobalamins. Cobalamin is essential for DNA syn¬ 
thesis, and a deficiency usually presents with megaloblastic 
anemia. Inability to absorb sufficient amounts of cobalamin 
may be due to lack of intrinsic factor after proximal or total 
gastrectomy, autoimmunity to gastric parietal cells or intrinsic 
factor, or atrophic gastritis. In addition, cobalamin-intrinsic 
factor complexes may fail to be absorbed due to distal ileal dis¬ 
ease or resection, and cobalamin deficiency may occur from 
bacterial overgrowth due to bacterial overconsumption of 
cobalamin. 
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CHAPTER 48 ILEUS AND BOWEL OBSTRUCTION 

DAVID I. SOYBEL AND WENDY B. LANDMAN 


KEY POINTS 


Q In simple obstruction the intestinal lumen is partially or 
completely occluded without compromise of intestinal 
blood flow. Simple obstructions may be complete, meaning 
that the lumen is totally occluded, or incomplete, meaning 
that the lumen is narrowed but permitting distal passage of 
some fluid and air. In strangulation obstruction, blood 
flow to the obstructed segment is compromised and tissue 
necrosis and gangrene are imminent. 

^The four key symptoms that are associated with acute 
mechanical bowel obstruction include abdominal pain, 
vomiting, distention, and obstipation. 


Q Peritoneal adhesions account for more than half of small- 
bowel obstruction cases. 

Q Ileus denotes underlying alterations in motility of the gas¬ 
trointestinal tract, leading to functional obstruction. 

Q Postoperative ileus can be differentiated from small-bowel 
obstruction with the use of contrast computed tomography 
and enteroclysis imaging techniques. 

Q Postoperative ileus (POI) is often self-limiting; less frequent 
interventions are required for prolonged POI if proper pre¬ 
cautions have been taken during surgery. 


INTRODUCTION AND 
HISTORICAL PERSPECTIVE 


The purpose of this chapter is to provide an overview of the 
pathophysiology, natural history, diagnosis, and management 
of acute obstruction and ileus of the small and large intestines. 
The development of the modern approach to intestinal obstruc¬ 
tion and ileus paralleled the development of techniques for safe 
abdominal surgery. Chief among these accomplishments were 
the discovery of safe general anesthetics, the popularization of 


aseptic methods in the operating room and in the management 
of wounds, and the development of techniques for intestinal 
resection, intestinal anastomosis, and colostomy. The founda¬ 
tions of the recognition and management of intestinal obstruc¬ 
tion and ileus are attributed to Frederick Treves. 1-3 In 1884, he 
published a detailed discussion of the etiologies (including 
adhesions) and surgical management of mechanical intestinal 
obstruction. 1 2 3 4 5 6 7 8 9 Treves also distinguished mechanical from non¬ 
mechanical (i.e., paralytic) causes of intestinal distention, clas¬ 
sifying the latter causes under the term ileus. From 1880 to 
1925, proximal intestinal decompression was recognized to 
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provide relief from the symptoms of mechanical obstruction or 
ileus. 3 In 1933, Wangensteen and Paine reported the efficacy of 
gastrointestinal intubation in relieving symptoms of intestinal 
distention caused by intestinal obstruction or from the ileus 
that resulted from laparotomy. 4,5 Subsequently, Wangensteen 
and Rea provided experimental evidence that the source of 
gaseous distention in cases of obstruction or ileus was swal¬ 
lowed air. 6 The value of intravenous fluid resuscitation in 
experimental models of intestinal obstruction was recognized 
as early as 1912 7 and became a principle of care of the patients 
with intestinal obstruction in the late 1920s. By 1920, plain 
abdominal radiographs were used in diagnosis of intestinal 
obstruction. 3 Thus, the principles of early diagnosis, rapid 
intravenous fluid resuscitation, gastrointestinal decompression, 
and early operation to avoid intestinal gangrene and peritonitis 
were established well before the advent of antibiotic therapy, 
invasive hemodynamic monitoring, and parenteral nutrition. 8 
These early developments were most important in reducing 
morbidity and mortality of mechanical intestinal obstruction 
and ileus. 9 


MECHANICAL OBSTRUCTION 
OF THE INTESTINES 


Terminology and Classification 

The term mechanical obstruction means that luminal contents 
cannot pass through the gut tube because the lumen is 
blocked. This obstruction is in contrast with neurogenic or 
functional obstruction in which luminal contents are pre¬ 
vented from passing because of disturbances in gut motility 
that prevent coordinated peristalsis from one region of the gut 
to the next. This latter form of obstruction is commonly 
referred to as ileus in the small intestine and pseudo-obstruction 
Q in the large intestine. In simple obstruction the intestinal lumen 
is partially or completely occluded without compromise of 
intestinal blood flow. Simple obstructions may be complete , 
meaning that the lumen is totally occluded (Fig. 48.1), or 
incomplete , meaning that the lumen is narrowed but permit¬ 
ting distal passage of some fluid and air. In strangulation 
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FIGURE 48.1. Schematic illustration of different forms of simple mechanical obstruction. Simple obstruction is most often due to adhesion 
(A), groin hernia (B), or neoplasm (C). The hernia can act as a tourniquet, causing a closed-loop obstruction and strangulation. 
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TABLE 48.1 


CLASSIFICATION OF ADULT MECHANICAL INTESTINAL OBSTRUCTIONS 

■ INTRALUMINAL ■ INTRAMURAL ■ EXTRINSIC 


Congenital (rare in adult) 
Atresia, stricture, or stenosis 
Web 

Intestinal duplication 
Meckel diverticulum 


Foreign bodies 

Barium inspissation (colon) 

Bezoar 

Inspissated feces 

Gallstone ileus 

Meconium (cystic fibrosis) 

Parasites (ascaris, diphyllobothrium) 

Enterolith 

Intussusception 

Polypoid and exophytic lesions 


Inflammatory process 
Crohn disease 
Diverticulitis 
Stricture from ischemia 
Radiation enteritis or stricture 

Medication induced (nonsteroidal 
anti-inflammatory drugs, KCl 
tablets) 

Neoplasms 

Primary intestinal or colon 
(malignant or benign) 

Secondary (metastasis or 
carcinomatosis) 

Trauma (e.g., intramural hematoma) 


Adhesions 

Congenital: Ladd or Meckel bands 
Postoperative 

Postinflammatory (after pelvic 
inflammatory disease) 

Hernias 

Abdominal wall 
Internal 
Volvulus 

External mass effect 
Abscess 

Annular pancreas 
Pancreatic pseudocyst 
Carcinomatosis 
Endometriosis 
Pregnancy 


obstruction, blood flow to the obstructed segment is compro¬ 
mised and tissue necrosis and gangrene are imminent. Stran¬ 
gulation usually implies that the obstruction is complete, but 
some forms of partial obstruction can also be complicated by 
strangulation. 

The various forms of mechanical intestinal obstruction can 
be classified according to different but overlapping schemes. 
Most commonly, obstruction is classified according to etiol¬ 
ogy. As detailed in Table 48.1, distinctions are drawn between 
intraluminal obturators such as foreign bodies or gallstones, 
intramural lesions such as tumors or intussusceptions, and 
extrinsic or extramural lesions such as adhesions. In order to 


highlight the pathophysiology, presentation, and natural his¬ 
tory, however, it is useful to classify obstruction according to 
the location of the obstructing lesion. Proximal or “high” 
obstructions involve the pylorus, duodenum, and proximal 
jejunum. Intermediate levels of obstruction involve the intes¬ 
tine from the midjejunum to the midileum. Distal levels of 
obstruction arise in the distal ileum, ileocecal valve, and prox¬ 
imal colon, whereas the most distant or “low” obstructions 
would arise in regions beyond the transverse colon. As shown 
in Table 48.2, clinical symptoms and signs of obstruction 
(pain, vomiting, abdominal distention, gas pattern on abdom¬ 
inal radiographs) vary with the level of obstruction. 


TABLE 48.2 


SYMPTOMS AND SIGNS OF BOWEL OBSTRUCTION 


■ SYMPTOM/ 
SIGN 

■ PROXIMAL SMALL 
BOWEL (OPEN LOOP) 

■ DISTAL SMALL 

BOWEL (OPEN LOOP) 

■ SMALL BOWEL 
(CLOSED LOOP) 

■ COLON/RECTUM 

Pain 

Intermittent, intense, 
colicky, often relieved 
by vomiting 

Intermittent to constant 

Progressive, intermittent 
to constant, rapidly 
worsens 

Continuous 

Vomiting 

Large volumes, bilious 
and frequent 

Low volume and 
frequency, progressively 
feculent with time 

May be prominent 
(reflex) 

Intermittent, not 
prominent; when 
present, feculent 

Tenderness 

Epigastric or periumbilical; 
quite mild, unless 
strangulation is present 

Diffuse, progressive 

Diffuse, progressive 

Diffuse 

Distention 

Absent 

Moderate to marked 

Often absent 

Marked 

Obstipation 

May not be present 

Present 

May not be present 

Present 

Adapted from Schuffler MD, Sinanan MN. Intestinal obstruction and pseudo-obstruction. In: Sleisenger MH, Fordtran JS, eds. Gastrointestinal 

Disease, 5th ed. Philadelphia, PA: WB Saunders; 1993:898-916. 
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FIGURE 48.2. Schematic illustration of a closed-loop obstruction. 
The small intestine twists around its mesentery, compromising inflow 
and outflow of luminal contents from the loop. Also, the vascular sup¬ 
ply to the loop may be compromised due to the twisting of the mesen¬ 
tery. The risk of strangulation is high. 


It is also important to distinguish between open-loop and 
closed-loop obstructions. An open-loop obstruction occurs 
when intestinal flow is blocked but proximal decompression is 
possible through vomiting. A closed-loop obstruction occurs 
when inflow to the loop of bowel and outflow from the loop 
are both blocked. This obstruction permits gas and secretions 
to accumulate in the loop without a means of decompression, 
proximally or distally. Examples of closed-loop obstructions 
are torsion of a loop of small intestine around an adhesive 
band (Fig. 48.2), incarceration of the bowel in a hernia, volvu¬ 
lus of the cecum or colon, and development of an obstructing 
carcinoma of the colon with a competent ileocecal valve. The 
primary symptoms of a closed-loop obstruction of the small 
intestine are sudden, severe abdominal pain and vomiting, 
whereas symptoms of the large intestine are pain and sudden 
abdominal distention. This pain often occurs before associated 
findings of localized abdominal tenderness or involuntary 
guarding. When physical findings develop, there is a high level 
of suspicion that the viability of the bowel is compromised. 
When bowel obstruction is the most likely diagnosis, “abdom¬ 
inal pain out of proportion to physical findings” represents a 
surgical emergency. 


Pathophysiology of Intestinal Obstruction 

Local Effects of Bowel Obstruction. When a loop of 
bowel becomes obstructed, intestinal gas and fluid accumu¬ 
late. Stasis of luminal content favors bacterial overgrowth, 
alters intestinal fluid transport properties and motility, and 
causes variations in intestinal perfusion and lymph flow. Lumi¬ 
nal contents and volume, bacterial proliferation, and alter¬ 
ations in motility and perfusion work in concert to determine 
the rate at which symptoms and complications develop. Each 
of these factors merits discussion in some detail. 

Intestinal Gas. Approximately 80% of the gas seen on plain 
abdominal radiographs is attributable to swallowed air. 6 


Approximately 70% of the gas in the obstructed gut is inert 
nitrogen. 10 Oxygen accounts for 10% to 12%, C0 2 for 6% to 
9%, hydrogen for 1%, methane for 1%, and hydrogen disul¬ 
fide for 1% to 10%. In the setting of acute pain and anxiety, 
patients with intestinal obstruction may swallow excessive 
amounts of air. Passage of such swallowed air distally is pre¬ 
vented by nasogastric suction. 

Intestinal Flora. An important contribution to normal diges¬ 
tive function comes from its bacterial population. In patients 
with normal gastric acid secretion, the chyme entering the 
duodenum is sterile. The small numbers of bacteria that are 
found in the stomach and proximal intestine are aerobic, 
gram-positive species found in the oropharynx. Distally, in the 
ileum and colon, gram-negative aerobes are present and 
anaerobic organisms predominate. Total bacterial counts in 
normal feces reach 10 11 organisms per gram of fecal matter. 
Control of the bacterial populations depends on intact motor 
activity of the intestines and the interactions of all species pre¬ 
sent. This ecology can be disturbed by antibiotic therapy or by 
surgical reconstructions that result in stasis within intestinal 
segments. Intestinal bacteria serve several functions, including 
metabolism of fecal sterols, releasing the small-chain fatty 
acids that are an important food source for colonocytes; 
metabolism of fecal bile acids, fat-soluble vitamins (e.g., vita¬ 
min K), and vitamin B 12 ; and breakdown of complex carbohy¬ 
drates and organic matter, leading to formation of C0 2 , H 2 , 
and CH 4 gases. 9 Considerable evidence suggests that the nor¬ 
mal flora may contribute to baseline levels of intestinal secre¬ 
tion and, perhaps, normal intestinal motility. Under baseline 
conditions, the small intestines in germ-free animals are fre¬ 
quently dilated, fluid filled, and without peristalsis. 11,12 

In recent years, the role of bacterial toxins in mediating the 
mucosal response to obstruction has received increasing atten¬ 
tion. In germ-free dogs, luminal accumulation of fluid is not 
observed and absorption continues. 12 In addition, it is well rec¬ 
ognized that bacterial endotoxins can stimulate secretion, pos¬ 
sibly via release or potentiation of activity of neuroendocrine 
substances and prostaglandins. 11 Finally, since a substantial 
part of systemic microvascular and hemodynamic responses to 
endotoxemia appears to be attributable to heightened synthe¬ 
sis of nitric oxide, 13,14 it seems likely that mucosal response to 
local inflammation and endotoxin release will also be altered 
by conditions modifying the synthesis or activity of nitric 
oxide. The role of nitric oxide in mucosal fluid and electrolyte 
movements is currently under active investigation. 15,16 

Intestinal Fluid. Classical experimental studies established that 
fluid accumulates intraluminally with open- or closed-loop 
small-intestinal obstruction. 9,17 Factors contributing to the 
accumulation of fluid include intraluminal distention and pres¬ 
sure, release of prosecretory and antiabsorptive hormones and 
paracrine substances, changes in mesenteric circulation, and 
elaboration and luminal release of bacterial toxins. Experi¬ 
mental studies and clinical investigation 18,19 demonstrated that 
elevation of luminal pressures above 20 cm H 2 0 inhibits 
absorption and stimulates secretion of salt and water into the 
lumen proximal to an obstruction. In closed-loop obstruc¬ 
tions, luminal pressures may exceed 50 cm H 2 0 and may 
account for a substantial proportion of luminal fluid accumu¬ 
lation. 20 In simple, open-loop obstructions, distention of the 
lumen by gas rarely leads to luminal pressures higher than 8 to 
12 cm H 2 0. 21 Thus, in open-loop obstructions, the contribu¬ 
tions of high luminal pressures to hypersecretion may not be 
important. 

The release of endocrine/paracrine substances remains rela¬ 
tively uncharacterized in states of mechanical bowel obstruc¬ 
tion. 22,23 Suggestions have been made that vasoactive intestinal 
polypeptide (VIP) may be released from the submucosal and 
myenteric plexuses within the gut wall, promoting epithelial 
secretion and inhibiting absorption. 23 Use of prostaglandin 
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synthesis inhibitors has also implicated excess release of 
prostaglandins. 22 Further work may be expected to focus on 
the role of luminal factors such as irritative bile acids, proin- 
flammatory agents such as endotoxin and platelet-activating 
factor, and messengers such as nitric oxide in coordinating 
responses of mucosal secretory and absorptive functions during 
intestinal obstruction. 

Intestinal Blood Flow. Microvascular responses to intestinal 
obstruction may also play an important role in determining 
the hydrostatic gradients for fluid transfer across the mucosa 
into the lumen. In response to heightened luminal pressure, 
total blood flow to the bowel wall may initially increase. 24 The 
breakdown of epithelial barrier structures and enzymatic 
breakdown of stagnant intestinal contents leads to increased 
osmolarity of luminal contents. In addition to secretory stimu¬ 
lation and absorptive inhibition of the mucosa, the simultane¬ 
ous changes in hydrostatic and osmotic pressures on the blood 
and lumen sides of the mucosa favor flow of extracellular fluid 
into the lumen. Perfusion is then compromised as luminal 
pressures increase, bacteria invade, and inflammation leads to 
edema within the bowel wall. 

Intestinal Motility. Obstruction of the intestinal lumen does 
not simply block distal passage of luminal contents. The accu¬ 
mulation of fluid and gas in the obstructed lumen also elicits 
changes in myoelectrical function of the gut, proximal and 
distal to the obstructed segment. In response to this disten¬ 
tion, the obstructed segment itself may dilate, a process 
known as receptive relaxation. 15 Such changes ensure that, 
despite accumulation of air and fluid, intraluminal pressures 
do not amplify easily to the point of compromising blood 
flow to the intestinal mucosa. At sites proximal and distal to 
the obstruction, changes in myoelectrical activity are time 
dependent. Initially, there may be intense periods of activity 
and peristalsis. Subsequently, myoelectrical activity is dimin¬ 
ished and the interdigestive migrating myoelectrical complex 
pattern is replaced by ineffectual and seemingly disorganized 
clusters of contractions. 26-28 Similar alterations have been 
observed in experimental models of large-bowel obstruction. 
Subsequent patterns of myoelectrical quiescence may corre¬ 
spond to increasing accumulation of fluid and air proximally 
and the attempt to prevent luminal pressures from rising. It is 
likely that many factors contribute to the rate at which these 
changes in myoelectrical activity occur. These factors would 
include neurohumoral milieu, bacterial products, and luminal 
constituents. 

Complications and Systemic Effects 
of Bowel Obstruction 

Closed-loop Obstructions. The complications of closed-loop 
obstructions evolve rapidly. The reasons for this rapid evolu¬ 
tion are best understood by considering the simplest and most 
common form of closed-loop obstruction, appendicitis. When 
a fecalith obstructs the blind-ended appendix, secretion of 
mucus and enhanced peristalsis represent the initial attempt to 
clear the blockage. Intense crampy abdominal pain focused at 
the umbilicus results. Nausea and vomiting are not uncommon 
as a result of luminal obstruction but as a reflexive response to 
hyperperistalsis and stretching of the mesentery. Over the next 
8 to 18 hours, continued secretion of mucus to high intralumi¬ 
nal pressures, stasis, bacterial overgrowth, mucosal disruption, 
and elevation of luminal pressures convert intermittent 
cramps to constant and worsening pain. When luminal pres¬ 
sure exceeds mural venous pressure and then capillary perfu¬ 
sion pressures, inflammatory cells are recruited from surro¬ 
unding peritoneal structures. This sequence of events leads to 
intense inflammation, release of exudate in the area of the 
appendix, and the first localization of pain from the umbilicus 
to the area of peritoneum lying nearest the inflamed appen¬ 


dix. Peritoneal findings (localized tenderness, involuntary 
guarding, rebound or referred tenderness) and fevers appear. 
Subsequently, 20 to 24 hours into the illness, the blood supply 
of the appendix is compromised. Gangrene and perforation 
follow and, if not contained by surrounding structures, free 
perforation leads to a rigid abdomen. Toxins from necrotic 
tissue and bacterial overgrowth are released into the systemic 
circulation and shock ensues. Torsion of a loop of small intes¬ 
tine around an adhesive band or inside a hernia leads to a sim¬ 
ilar pattern of events. As discussed later, torsions of the large 
bowel are usually accompanied by massive distention of the 
loop by air and feces, but the compromise of intestinal wall 
perfusion and evolution into peritonitis, systemic toxicity, and 
shock are similar. 

Open-loop Obstructions. Complications in open-loop obstruc¬ 
tions do not necessarily evolve as rapidly as in closed-loop 
obstructions. Not uncommonly, an open-loop obstruction 
located in the proximal jejunum can be decompressed by the 
patient’s ability to vomit. Proximal obstruction is character¬ 
ized by vomiting and loss of gastric, pancreatic, and biliary 
secretions, with resulting electrolyte disturbances. These 
disturbances include dehydration, metabolic alkalosis, hypo- 
chloremia, hypokalemia, and usually hyponatremia. In con¬ 
trast, obstructions of the distal ileum may lead only to a slowly 
progressing distention of the small intestine, with accommoda¬ 
tion by intestinal myoelectrical function and minor alterations 
in fluid and electrolyte balances. Open-loop obstructions 
located in the midgut are often complicated by events similar to 
those seen in closed-loop obstructions or combinations of 
events seen in high and low obstructions (Table 48.2). Patients 
with distal jejunal obstruction tend to present with a combina¬ 
tion of complications resulting from loss of intestinal contents 
from vomiting, as well as distention and compromise of intesti¬ 
nal wall perfusion. 


Clinical Presentation and 
Differential Diagnosis 

The four key symptoms associated with acute mechanical 
bowel obstruction are abdominal pain, vomiting, distention, 
and obstipation. Colon obstruction is usually accompanied by 
varying levels of pain with massive abdominal distention and 
obstipation. As noted earlier, the signs and symptoms of acute 
but simple small-intestinal obstructions are related to the level 
of the obstruction and the closed- or open-loop nature of the 
obstruction. Other abdominal conditions, such as appendici¬ 
tis, diverticulitis, perforated peptic ulcer, cholecystitis, or 
choledocholithiasis, can usually be distinguished from small- 
bowel obstruction by clinical examination and basic labora¬ 
tory data. It should be emphasized that bowel obstruction can 
complicate any of these abdominal conditions. The presence of 
another abdominal process does not exclude the complication 
of small-bowel obstruction. 

Over the years, numerous attempts have been made to use 
groupings of clinical criteria to establish the diagnosis of com¬ 
plete and irreversible intestinal obstruction, as distinguished 
from partial intestinal obstruction that might improve without 
operative intervention or other abdominal pathology. In recent 
studies, computer-assisted analysis has been used to identify 
such criteria. 29 Key factors in the history and clinical examina¬ 
tion include previous abdominal surgery, quality of pain 
(colic/intermittent vs. steady), abdominal distention, and 
hyperactivity of bowel sounds. Not surprisingly, the use of 
such computer-assisted algorithms confirms that the most 
important clues to the diagnosis of simple obstruction of the 
small intestine are obtained in a complete and careful history 
and physical examination. As discussed later, the role of plain 
abdominal radiographs and other imaging studies is to 
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confirm the clinical diagnosis of simple obstruction. It should 
be emphasized that, in simple obstruction, laboratory studies 
do not play a direct role in diagnosis, but aid in understanding 
the extent of complications such as dehydration, strangula¬ 
tion, and sepsis. 

Strangulation obstruction is accompanied by symptoms and 
signs suggesting peritonitis, large fluid shifts, or systemic toxic¬ 
ity. These symptoms and signs include abdominal tenderness or 
involuntary guarding localizing to the area of the strangulated 
loop of bowel, decreasing urine output, fever, and tachycardia. 
There have been attempts to use common clinical and labora¬ 
tory test criteria to identify the likelihood that the obstruction is 
associated with strangulation. Stewardson et al. 30 observed that 
the risk of strangulation was low in patients with partial (i.e., 
incomplete) or complete small-bowel obstruction if fever, tachy¬ 
cardia, localized abdominal tenderness, or leukocytosis were 
not present. These authors suggested that, in a setting consistent 
with bowel obstruction, any one of these four cardinal signs 
indicated a small risk for strangulation. The presence of any two 
of these signs increased the risk of strangulation so high as to 
warrant immediate surgery. These authorities and others have 
stressed, however, that when complete obstruction is present, no 
satisfactory clinical criteria are available to reliably exclude the 
possibility of strangulation. 30-33 

Different laboratory tests have been advocated for early 
detection of strangulated intestine. Metabolic (i.e., lactic) aci¬ 
dosis and increases in serum amylase, inorganic phosphate, 
hexosaminidase, intestinal fatty acid-binding protein, and 
serum D-lactate levels have all been associated with intestinal 
ischemia. 34,35 Such laboratory abnormalities may be helpful in 
diagnosing established strangulation in a small group of 
patients where the diagnosis of necrotic bowel is not clear. 
However, a noninvasive and rapid test has not yet been devel¬ 
oped that can provide information to suggest that tissue necro¬ 
sis is imminent but not yet established. 


Radiographs and Imaging 

Plain Films. The role of plain abdominal radiographs and 
imaging studies is to confirm the diagnosis of bowel obstruc¬ 
tion, locate the site of obstruction, and gain insight into the 
lesion responsible for the obstruction. On plain radiographs of 
the abdomen, the key findings of small-bowel obstruction reflect 
the accumulation of air and fluid proximal and clearance of 
fluid and air distal to the point of obstruction. Dilated loops of 
small intestine are defined as those greater than 3 cm in diame¬ 
ter. Free air represents perforation of a viscus and mandates 
immediate operation. Such findings include dilated loops of 
small bowel on the flat plate (Fig. 48.3) and multiple air-fluid 
levels located at different levels on the upright film or lateral 
decubitus film (Fig. 48.4). Based on these criteria, plain abdom¬ 
inal radiography is diagnostic in 67% to 80% of patients. 36,37 In 
complete obstruction of the small intestine, the colon loops and 
rectum do not contain air. If there is air in the colon, the 
obstruction may be complete but early, or it may be incomplete. 

In the colon, tight closed-loop obstructions (i.e., volvulus of 
the cecum, transverse colon, or sigmoid colon) are accompa¬ 
nied by distention of the obstructed segment (Fig. 48.5). The 
proximal colon is considered dilated when it reaches 8 to 
10 cm; the sigmoid colon is considered dilated at 4 to 5 cm. In 
contrast, obstruction by carcinoma or diverticulitis presents 
with massive distention of the entire colon from the point of 
obstruction to the ileocecal valve. From this standpoint, any 
large-bowel obstruction may represent a “closed loop” as long 
as the ileocecal valve is competent. Although plain film find¬ 
ings can be used to differentiate obstruction of the small bowel 
from that of the large bowel, they are not accurate for localiz¬ 
ing the specific site of obstruction. 

A number of findings on plain films are highly suggestive 
of the nature of the offending lesion. These findings will be 



FIGURE 48.3. Plain supine abdominal film of a patient with small- 
intestinal obstruction. Note the multiple dilated loops of small intes¬ 
tine (black arrow) in the left upper quadrant, characterized by com¬ 
plete markings of the plicae. Also note absence of air in colon and 
rectum. 


discussed later in relation to specific causes of intestinal 
obstruction. One point needs to be stressed, however, and that 
is the appearance of plain films in the patient with a closed- 
loop obstruction of the small intestine. Such a loop of bowel 
may contain fluid and very little gas. Thus, in a plain film, it 
may not be visible or only barely visible as a minimally dilated 
“sentinel loop” that remains unchanged in position on films 



FIGURE 48.4. Plain upright abdominal film of a patient with small- 
intestinal obstruction. Note the air-fluid levels in the stomach and 
multiple dilated loops of small intestine (black arrows ), and absence of 
air in the colon or rectum. 
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FIGURE 48.5. Plain upright abdominal film of a patient with sigmoid 
volvulus. The dilated centrally located sigmoid loop is seen ( arrow¬ 
heads ). The proximal colon is dilated and gas filled. (T, transverse 
colon; D, descending colon.) 


that are performed in different projections. Because such 
patients generally present early after the onset of symptoms, 
the loops proximal to the closed loop will not have had time to 
fill with air and the remainder of the abdomen may appear gas¬ 
less. In the setting of “abdominal pain out of proportion to 
physical findings,” a “normal” plain film does not exclude a 
closed-loop obstruction. 

Contrast Studies. The diagnosis of bowel obstruction can 
generally be made by considering the clinical history, physical 
examination, laboratory, and plain radiograph findings. Con¬ 
trast studies (i.e., small-bowel follow-through, enteroclysis, 
contrast enema) may provide specific localization of the point 
of obstruction and the nature of the underlying lesion. When 
obstruction of the small intestine is not progressing or resolv¬ 
ing, a small-bowel follow-through may be performed to con¬ 
firm the presence and location of the obstruction. Also, even 
under acute circumstances, diagnosis and management of 
colonic obstructions are generally enhanced by the use of a 
contrast enema. Under some circumstances, however, contrast 
studies are unnecessary and may be contraindicated. For exam¬ 
ple, in the classic setting of abdominal pain, nausea, vomiting, 
and a plain film indicating multiple air-fluid levels in the small 
intestine and colonic collapse, the diagnosis of acute obstruc¬ 
tion can be made clinically. Failure to improve in a short period 
of time will mandate operation and contrast studies are unnec¬ 
essary. When strangulation or perforations are strongly sus¬ 
pected, contrast studies are contraindicated. 

The choice of contrast materials includes water-insoluble 
suspensions of barium and water-soluble agents such as 
Gastrografin or Hypaque. Barium studies provide the clearest 
images, in both small-bowel studies in which the contrast is 
given from above and colon/rectum studies in which the con¬ 
trast is given by enema. If barium leaks into the peritoneum, it 
elicits intense peritonitis. If there is any possibility of bowel 
perforation or gangrene, barium should not be used. Water- 
soluble agents such as sodium amidotrizoate/meglumine ami- 
dotrizoate diatrizoate oral solution (Gastrografin) or diatrizoate 
sodium/diatrizoate meglumine (Hypaque) are hyperosmotic 


and can elicit fluid translocation into the gut. When the obstruc¬ 
tion of the small intestine is incomplete (as discussed later), the 
use of these agents may facilitate resolution. In two random¬ 
ized trials, diagnostic and therapeutic use of water-soluble 
contrast agents such as Gastrografin reduced the need for 
operation by 74%. 38,39 Gastrografin is hyperosmolar and 
causes mobilization of fluid into the bowel lumen and occa¬ 
sionally is therapeutic in cases of incomplete obstruction. 
Assalia et al. 38 divided 99 patients including 107 episodes of 
adhesive partial small-bowel obstruction into two groups: 
conservative management versus administration of 100 mL of 
Gastrografin via nasogastric tube. The group of patients who 
received Gastrografin had their first bowel movement, on aver¬ 
age, in 6 hours versus 23 hours in the control group. Operative 
intervention was required in only 10% of the Gastrografin 
group (six episodes) compared with 21% (10 episodes) in 
the control group. The mean intervals of hospital stay were 
2.2 days and 4.4 days, respectively. The authors suggested that 
orally administered Gastrografin is safe and therapeutic in 
adhesive partial small-bowel obstruction, though further stud¬ 
ies were required to confirm the significance of the reduction in 
need for an operation. 

Computed Tomography and Other Imaging Modalities. 

The potential benefits of computed tomography (CT) scanning 
in diagnosis of bowel obstruction include the following 40-42 : 
first, using dilute barium for luminal contrast, the obstructing 
segment may be localized and characterized as complete or 
incomplete. Second, the nature of the obstructing lesion, espe¬ 
cially if it is malignant, can be established. Third, additional 
abdominal pathology (e.g., metastases, ascites, parenchymal 
liver abnormalities) may be identified. There is also evidence 
that, in special circumstances, CT may improve preoperative 
detection of strangulation. 33,42 CT findings indicating the site 
of obstruction and impending ischemia include beaklike nar¬ 
rowing, mesenteric edema, vascular engorgement, and moder¬ 
ate to severe intestinal wall thickening (>2 mm) (Fig. 48.6). 
In addition, high attenuation of bowel wall on unenhanced 
CT scans, low or reduced attenuation of bowel wall on intra¬ 
venous contrast CT scans, and presence of intramural air 
(pneumatosis) or portal venous gas are CT findings suggestive 
of strangulation. Attenuation reflects increased energy absorp¬ 
tion, scattering, beam divergence, and other causes of energy 
loss. Thus, areas of high attenuation appear darker than areas 
of low attenuation. 

It has also been suggested that real-time abdominal sonogra¬ 
phy could aid in the diagnosis of strangulation obstruction. In 
studies conducted in two different institutions, Ogata et al. 43,44 
demonstrated that the presence of significant amounts of peri¬ 
toneal fluid and of an akinetic and dilated loop of bowel were 
strongly associated with the presence of strangulation. In 
patients who had strangulation but were thought to have sim¬ 
ple obstruction only, these finding helped to make the preop¬ 
erative diagnosis of infarction. 

It should be emphasized that when the clinical picture sug¬ 
gests strangulation, unnecessary imaging studies should not 
delay resuscitation or expeditious movement to the operating 
room. Such studies will not necessarily be helpful when clini¬ 
cal criteria and basic abdominal radiographs have indicated 
the presence of a simple and complete obstruction. By itself, 
this diagnosis mandates urgent exploration and the informa¬ 
tion sought should be weighed against the risk of delay in 
going to the operating room. The message of the literature on 
imaging is not that the clinical picture can be misleading; in 
fact, in most studies evaluating the impact of imaging on diag¬ 
nosis and timing of intervention, clinical diagnosis is seldom 
incorrect—it is highly specific when multiple clinical signs 
(tenderness, peritoneal signs, leukocytosis, profound dehydra¬ 
tion) of strangulation are present. However, such a picture 
represents advanced disease and use of CT scan may detect 
strangulation before such signs are manifest. These findings 






FIGURE 48.6. Axial (A) and coronal (B) images of a 
closed-loop obstruction with strangulated small bowel 
secondary to a volvulus from an adhesive band. Distended 
fluid-filled loops of small bowel (B) in a radial distribution 
converge toward the point of torsion (white arrows). 
There is edema within the mesentery (M). Shown in C is a 
coronal view of vascular engorgement and mesenteric 
edema in a closed-loop obstruction. 


reinforce the dictum that when there are clinical signs of stran¬ 
gulation, surgery should be performed without additional 
imaging studies. In patients with equivocal findings or uncer¬ 
tain clinical diagnosis, CT can be highly useful in confirming 
the diagnosis, localizing the site, and detecting the cause of 
intestinal obstruction and strangulation. 42 


General Considerations in Management 
of the Patient with Bowel Obstruction 

Patients with obstruction of the large bowel present with 
abdominal pain, distention, and obstipation. Vomiting and 
electrolyte imbalances are sometimes prominent, though usu¬ 
ally delayed. Elderly patients, in particular, are prone to dehy¬ 
dration. The presentation of small-bowel obstruction depends 
on level of obstruction, open- or closed-loop nature, and inter¬ 
val since onset of symptoms. Symptoms and signs of pain, 
vomiting, obstipation, and distention are present in variable 
degrees. The overall picture, however, is usually one of a 
patient with abdominal symptoms that are evolving and get¬ 
ting worse. In the settings described previously, the following 
questions must be addressed as expeditiously as possible. 

1. Is the abdominal pain disproportionate to the physical 
findings and laboratory studies? 


2. How rapidly are the symptoms and signs evolving: minutes, 

hours, or less acutely? 

3. Does the patient suffer from dehydration, electrolyte im¬ 
balance, and acid-base disturbance? 

4. Is the obstruction complete or incomplete? 

5. Is there a possibility of strangulation? 

Clinical data and basic laboratory studies will provide reli¬ 
able information to answer the first three questions. Answering 
questions 4 and 5 will often depend on close clinical observa¬ 
tion and reexamination in the first hours or days after presen¬ 
tation. Abdominal radiographs and imaging studies are fre¬ 
quently used to provide additional information to help answer 
these latter questions and to identify the obstructing lesion. 

Summarized in Table 48.3 are thumbnail sketches of differ¬ 
ent, but typical, kinds of patients presenting with symptoms 
and signs consistent with obstruction of the small intestine. 
The principles of diagnosis and management of each of these 
patients begin with clinical information that indicates the like¬ 
lihood of a bowel obstruction. Laboratory studies and plain 
abdominal films are used to confirm the diagnosis of obstruc¬ 
tion and determine the extent of physiologic impairment. The 
patient’s history and clinical course in the first few hours of 
observation are used to determine the likelihood of strangula¬ 
tion. Indications for surgery include rapid evolution of symp¬ 
toms and signs and the diagnosis that the obstruction is com¬ 
plete. Contrast or imaging studies are used only when symptoms 
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ITABLE 48.3 I 

MANAGEMENT OF BOWEL OBSTRUCTION IN THREE HYPOTHETICAL PATIENTS 


■ PATIENT I 
CLOSED-LOOP 
OBSTRUCTION 

■ PATIENT II 

INTESTINAL OBSTRUCTION 
WITH STRANGULATION 

■ PATIENT III 

OPEN-LOOP OBSTRUCTION 

OF THE DISTAL SMALL 

INTESTINE OR CECUM 

Clinical: 

Crampy periumbilical 
pain worsening over 
last 12 h. Two to three 
episodes of emesis. 

No distention, minimal 
flatus 

Diffuse, crampy abdominal pain 
over 2 d with many episodes of 
vomiting. No bowel movements 
or flatus. T 100°F, P 100, 
dehydrated. Mild distention; local 
tenderness lower abdomen 

Progressive abdominal distention over 
previous 2 wk. Mild discomfort. No 
vomiting. Few bowel movements and 
little flatus. Distention prominent, mild 
tenderness, no peritoneal findings 

Lab: 

No leukocytosis, pH, or 
electrolyte disturbances 

WBC 16K. Serum Na + low, K + 
low, Cl" low, pH alkalotic 

WBC normal, serum electrolytes mildly 
decreased 

Radiography: 

Nonspecific gas pattern 
on plain film 

Multiple dilated loops and air-fluid 
levels. No gas in colon 

Multiple dilated small bowel loops and 
air-fluid levels. Some gas and stool in 
proximal colon 

Differential 

Dx: 

Broad: includes 
appendicitis, closed-loop 
SBO, pancreatitis, 
nonsurgical conditions 

Narrow: complete SBO likely, 
strangulation cannot be excluded 

Narrow: distal small bowel or proximal 
colon obstruction likely, possibly 
incomplete 

Initial Rx: 

Admit with q3-4h 
reevaluation by clinical 
exam, WBC. Repeat 
films q8-12h. NG tube if 
vomiting persists. IVFs 

Admit for rapid resuscitation with 
IVFs, IV antibiotics. Urinary 
catheter and NG intubation 
indicated 

Admit for IVFs, NG intubation. 

Hypaque enema followed by barium 
to evaluate colon. CT if malignancy 
suspected 

Indications 
for surgery: 

If pain worsens, local 
tenderness or peritoneal 
signs evolve, WBC rises, 
urine output falls 

Already present. Patient should be 
scheduled and brought to OR after 
adequate resuscitation (dramatic 
improvement with resuscitation 
may permit observation for 4 h) 

Surgery performed when evaluation 
is complete or if clinical course 
deteriorates during evaluation 

CT, computed tomography; Dx, diagnosis; IVF, intravenous fluids; NG, nasogastric; OR, operating room; P, pulse; T, temperature; SBO, small-bowel 
obstruction; WBC, white blood cell. 


are not evolving rapidly and when identification of the under¬ 
lying lesion might alter the operative strategy (see specific 
lesions later). 

The initial management of all patients with suspected bowel 
obstruction includes designating the patient “NPO” and start¬ 
ing intravenous fluids composed of isotonic Ringer or normal 
saline solutions. Restoration of fluid and electrolyte balance is a 
priority, often requiring frequent evaluation of serum elec¬ 
trolytes and pH. In rapidly evolving cases or patients with sig¬ 
nificant dehydration, an indwelling urinary catheter should be 
placed to monitor urine output. Invasive hemodynamic moni¬ 
toring (e.g., a Swan-Ganz catheter) may be necessary to monitor 
the response to fluid resuscitation in patients with underlying 
cardiac, pulmonary, or renal insufficiency. Nasogastric decom¬ 
pression is indicated in most cases. The nasogastric tube, typi¬ 
cally a 16- or 18-French sump tube, serves to prevent distal pas¬ 
sage of swallowed air and minimizes the discomfort of refluxing 
intestinal content. The use of longer tubes has been advocated in 
certain settings, especially for patients with chronic but inter¬ 
mittent obstruction arising from Crohn disease, peritoneal car¬ 
cinomatosis, radiation enteritis, or many previous laparotomies 
for obstruction. The underlying rationale is that advancement 
of the tip of the long tube to the obstructed loop would permit 
more effective decompression, perhaps resulting in relaxation of 
the loop and relief of the obstruction. Although this concept is 
appealing, there is no evidence to suggest a benefit for the use of 
a long tube in such settings. 45,46 

The use of intravenous antibiotics in the initial management 
of bowel obstruction should be discussed as well. Clinically, it 


has been recognized that antibiotics can ameliorate the evolu¬ 
tion of symptoms and signs of strangulation in closed-loop 
obstruction and appendicitis. Studies in humans have demon¬ 
strated that, even in simple obstruction, bacterial counts in suc- 
cus rise from under 10 6 organisms/L to over 10 9 organisms/L 47 
and are not necessarily reduced with short-term administration 
of antibiotics. 48 Moreover, experimental studies indicate that 
bacteria can translocate across the intestinal mucosa, passing 
into lymph channels. 49 Further studies have demonstrated that 
germ-free animals can survive strangulation obstruction longer 
than normal animals and that luminal fluid taken from 
obstructed segments in germ-free animals is much less toxic 
than fluid taken from normal animals. 50,51 

For all these reasons, it is a well-established practice to 
administer antibiotics perioperatively, in order to reduce wound 
infection and abdominal sepsis rates in patients undergoing 
operation to relieve intestinal obstruction, simple or strangu¬ 
lated. Once the decision has been made to proceed with surgery, 
broad-spectrum antibiotics, covering gram-negative aerobes and 
anaerobes, should be given. A second-generation cephalosporin 
or a combination of a first-generation cephalosporin and metro¬ 
nidazole is rational practice for perioperative coverage in both 
simple and strangulation obstruction. Nevertheless, the use of 
antibiotics in patients who have not yet been committed to oper¬ 
ation has not been evaluated systematically. Giving antibiotics to 
patients who are being observed can obscure the underlying 
process and, in the end, delay optimal therapy. 

The decision to perform abdominal exploration to relieve 
intestinal obstruction should be made expeditiously, but not in 
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the absence of critical information or before adequate resusci¬ 
tation. Indications for surgery are outlined in Table 48.3, for 
each of the thumbnail vignettes. It should be emphasized that 
once a diagnosis of complete obstruction is made, simple or 
strangulated, the operation should proceed without undue 
delay. It is reasonable to commit the patient to a period of 
observation when the diagnosis is uncertain (i.e., there is a 
possibility of a nonsurgical diagnosis or that the obstruction is 
not complete). A practical point is that obstruction occurring 
in a patient without a previous history of laparotomy is not 
likely to be caused by peritoneal adhesions. This is known as 
de novo obstruction and, whatever the underlying cause, will 
not usually resolve without operation. 


Specific Types of Bowel Obstruction 

Q Chronic Adhesions. Peritoneal adhesions account for more 
than half of small-bowel obstruction cases. Lower abdominal 
procedures such as appendectomy, hysterectomy, colectomy, 
and abdominoperineal resection are common precursor opera¬ 
tions to adhesive obstruction. Adhesions form after any 
abdominal procedure, however, including cholecystectomy, 
gastrectomy, and abdominal vascular procedures. In long-term 
follow-up, about 5% of patients undergoing laparotomy will 
develop adhesive obstruction; of these, 10% to 30% will suffer 
from additional episodes. 52,53 Up to 80% episodes of small- 
bowel obstruction due to adhesions may resolve nonopera- 
tively. 30,31,38,45 However, an index episode and three recurrences 
indicate a likelihood of over 80% that there will be more recur¬ 
rences. 52 Surgical management of an acute episode appears to 
reduce subsequent recurrence rates from —15% to —6%, 53 but 
no studies have been able to establish whether the immediate 
benefit of laparotomy for any given episode of simple adhesive 
obstruction outweighs the overall benefit of expectant manage¬ 
ment and operation only for serial recurrences. Thus, a previ¬ 
ous history of a laparotomy simply provides a reasonable basis 
for expectant management of patients in whom it is not yet 
possible to diagnose a complete obstruction. Ultimately, 
patients who present with signs and symptoms from bowel 
obstruction are managed according to the CT findings and 
clinical course. 

The pathobiology of adhesion formation has been the sub¬ 
ject of considerable investigation. Histologic examination of 
chronic adhesions reveals foreign body reaction, usually to talc, 
starch, lint, intestinal content, or suture. Talc and starch are 
found less commonly now than previously, because of improve¬ 
ments in techniques of manufacture and sterilization of surgical 
gloves. Mesothelial cells are the presumed origin of tissue plas¬ 
minogen activator (TPA). TPA binds fibrin and plasminogen, 
thereby preventing adhesion formation. In early studies, 
inflammatory cells, including mast cells, 54 were implicated in 
the process that produces adhesions. Recent studies 55,56 have 
emphasized the role of various cytokines in exacerbating or 
inhibiting adhesion formation in different animal models. Bio¬ 
logically active substances that might prove useful in preventing 
postoperative adhesions include transforming growth factor-/3 
(TGF-/3) and vascular endothelial growth factor (VEGF), both 
of which may be targeted for inhibition with less fear of com¬ 
promising the response to bacterial infection. 55,56 

Current strategies to prevent adhesions after a first laparo¬ 
tomy include targeting the fibrinolytic system, which enhances 
rapid healing and appears to minimize formation of peritoneal 
adhesions. 55 Attempts to minimize or prevent adhesion for¬ 
mation have resulted in development of a hyaluronic acid- 
car boxymethylcellulose membrane (Seprafilm, Genzyme, Cam¬ 
bridge, MA). This compound mechanically prevents adhesion 
formation by physically separating adjoining tissues. It is 
absorbed by the body in 7 days and thus is present only during 
the phase of fibrosis, and not as a persistent foreign body. Ran¬ 
domized trials have suggested that this compound prevents, 


minimizes severity, and decreases density and vascularity of adhe¬ 
sions. 55,57 Other trials corroborate decreased severity, density, and 
vascularity of adhesions but not total prevention of adhesions or 
reduction of the incidence of subsequent bowel obstruction. 58 
Seprafilm and similar barriers have been advocated for use in 
patients in whom a second abdominal procedure is planned or 
significant adhesions anticipated (e.g., Hartmann procedure, ileal 
pouch anal anastomosis with protecting ileostomy, pelvic surgery, 
gynecologic procedures, and colon surgery), though it has been 
proposed for all surgeries by the manufacturers. Meta-analyses in 
gynecologic procedures support claims that numbers and density 
of adhesions are reduced, without necessarily improving the inci¬ 
dence of subsequent intestinal obstruction. 

More important than pharmacologic approaches, however, 
are the efforts of the surgeon to pay meticulous attention to 
hemostasis and surgical technique, and to carefully inspect for 
and remove foreign material from the peritoneal cavity. It is 
also possible that the use of monofilament sutures for fascial 
closure and avoidance of closure of the peritoneum as a sepa¬ 
rate layer may lower the formation of adhesions between vis¬ 
cera and the abdominal wall. 59 

Early Postoperative Adhesions. Obstruction in the immedi¬ 
ate period following abdominal surgery is uncommon but may 
occur in up to 1% of patients in the 4 weeks following laparo¬ 
tomy. Adhesions are responsible for approximately 90% of such 
cases and hernias for approximately 7%. 60 Intussusception, 
abscess, or technical errors may be responsible for the remainder 
of cases. 61,62 Most cases occur after surgery of the colon, espe¬ 
cially abdominoperineal resections, or operations in the lower 
abdomen. It is rare for upper abdominal surgery to cause such 
obstructions. A common scenario is that a patient will undergo 
colectomy uneventfully, pass flatus, and have bowel sounds by 
postoperative day 3. On the fourth postoperative day the patient 
suddenly becomes distended and uncomfortable, and stops pass¬ 
ing flatus and stool. Patients with acutely evolving symptoms 
and signs represent complete obstruction and should be man¬ 
aged as such. In this latter setting, the mortality may be as high 
as 15% due to delays in recognition and operative intervention. 
The loss of bowel sounds after a short period of normal or 
hyperactive activity is worrisome for ischemia of the obstructed 
segment. The vast majority of such cases may be treated as par¬ 
tial intestinal obstruction; nasogastric suction and intravenous 
fluids will help resolve symptoms within a few days (Algorithm 
48.1). When the clinical course does not demand earlier inter¬ 
vention, a nonoperative approach may be tried for 10 to 14 days 
and will resolve the obstruction in over 75% of such cases. 60,62,63 

Hernia. Hernias of all types are second only to adhesions as 
the most frequent causes of obstruction in western countries. 
External hernias such as inguinal (Fig. 48.7) or femoral hernias 
may present with the symptoms of obstruction and will not be 
diagnosed unless sought. 64 Femoral hernias are particularly 
prone to incarceration and bowel necrosis due to the small size 
of the hernia inlet. 64 Other hernias such as umbilical, incisional, 
paracolostomy, or lumbar hernias are obvious. Still others such 
as internal hernias are usually diagnosed at laparotomy for 
obstruction. These include obturator hernias, paraduodenal 
hernias (Fig. 48.8), and hernias through the foramen of 
Winslow or mesenteries. When hernia has been identified as the 
cause of the obstruction, the patient is quickly resuscitated, 
given antibiotics, and taken to the operating room. The hernia 
is then reduced and the viability of the bowel assessed. If viable, 
the bowel is left alone; if not, it is resected. The hernia defect is 
then repaired. One important consideration is the Richter her¬ 
nia (Fig. 48.9). 65 In this variant, only a portion of the wall of the 
bowel is incarcerated and thus incarceration and strangulation 
may not be associated with complete obstruction. These most 
frequently occur in association with femoral or inguinal hernias. 
Complete obstruction can occur if more than half of the bowel 
circumference is incarcerated. 
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Abdominal discomfort, distention, obstipation 


Steady pain 
Absent bowel sounds 
X-ray nonspecific 


1 


Colic 

Active bowel sounds 
X-ray, air-fluid levels 


Suspect ileus 


Suspect mechanical 
obstruction 


- 1 —; 

Expectant observation 

Intravenous fluids, nasogastric tube, serial evaluations 


Improvement 

I 

Clamp tube 


Tolerated, passes flatus 
and stool 


Nasogastric tube removed, 
diet advanced 


No change 


Deterioration 


Not 

tolerated 


Continued expectant 
management 

i— 1 —i 


Colic 

White blood cells 
Mass 

Tenderness 


Gradual 

resolution 


No resolution 
after 10 days 


Laparotomy 


ALGORITHM 48.1 


ALGORITHM 48.1. Approach to recognition and management of early postlaparotomy obstruction of the small intestine. (Adapted from Welch 
JP. Bowel Obstruction: Differential Diagnosis and Clinical Management. Philadelphia, PA: WB Saunders; 1989.) 


For external (abdominal wall) hernias, it may be possible to 
perform taxis, that is, the manual reduction of an incarcerated/ 
irreducible hernia. Taxis is usually successful in reduction of an 
irreducible hernia. Occasionally, taxis results in reduction of the 
contents of the hernia sac en mass (still obstructed), reduction of 
strangulated bowel resulting in generalized peritonitis, or reduc¬ 
tion of an obstructed Richter hernia. This is one reason for using 
circumspection in relying on taxis as a mode of treatment for 


incarcerated inguinal, femoral, and incisional hernias. In general, 
taxis should be followed expeditiously by operative repair. 

Gallstone Ileus. As a result of intense inflammation sur¬ 
rounding a gallstone, a fistula may develop between the biliary 
tree and the small or large intestine. Most fistulas develop 
between the gallbladder fundus and duodenum. If the stone is 
greater than 2.5 cm in diameter, it can lodge in the narrowest 



FIGURE 48.7. Computed tomography images of an inguinal hernia. Axial 
(A) and coronal CT scan (B) images showing incarcerated right inguinal 
hernia with air and fluid filled loop of small bowel ( arrowhead ) in the right 
inguinal canal {arrow) causing small bowel obstruction with dilated loops 
of proximal small bowel (B). 











































Chapter 48: Ileus and Bowel Obstruction 


759 




Transverse 

mesocolon 


Inferior 
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FIGURE 48.8. Paraduodenal hernia. A: Plain film of 
closed-loop obstruction with neck of the closed loop in 
the right upper abdomen. B: Computed tomography 
scan showing slippage of the jejunum behind the stom¬ 
ach, with dilatation and obstruction of the duodenum. 
C: Schematic diagram showing relationships of the 
paraduodenal fossa and transverse mesocolon. (Adapted 
from Skandalakis G. Embryology for Surgeons , 2nd 
ed. Baltimore: Williams and Wilkins; 1994:131-149.) 


portion of the terminal ileum, which is just proximal to the ileo¬ 
cecal valve. This complication is rare, accounting for less than 6 
in 1,000 cases of cholelithiasis and no more than 3% of cases of 
intestinal obstruction. Typically, the patient is elderly and pre¬ 
sents with intermittent symptoms over several days, as the stone 


tumbles distally toward the ileum. The classic findings on plain 
radiographs include those of intestinal obstruction, a stone lying 
outside the right upper quadrant, and air in the biliary tree (Fig. 
48.10). Treatment includes removal of the stone and resection 
of the obstructed segment only if there is evidence of tissue 




FIGURE 48.9. Richter hernia. A: Computed tomography scan showing contrast and air in the incarcerated segment within the left groin. 
B: Schematic diagram showing Richter hernia, in which the antimesenteric border (but not the whole wall) of the intestine is incarcerated. 
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FIGURE 48.10. A: Plain radiograph of a patient with gallstone ileus, showing obstructed loops of small intestine (black arrow) in the abdomen 
and a gallstone (white arrow) in the pelvis (gallstone was initially misinterpreted as an EKG lead [black arrow]). B: Computed tomography (CT) 
scan showing a cholecystoduodenal fistula (black arrow) with air in the biliary tree (D, duodenum). C: CT scan showing gallstone (white arrow) 
in the distal ileum and fecalization of luminal content adjacent to the stone. 


necrosis. The risk of a recurrent gallstone ileus is about 5% to 
10%. 66,67 Such recurrences usually occur within 30 days of the 
initial episode and are usually due to stones in the small intestine 
that were missed at the original operation. 

The difficult decisions in management of gallstone ileus 
focus on the fistula. The arguments in favor of disconnecting 
the fistula and removing the gallbladder have been the possibil¬ 
ity of recurrence of gallstone ileus and the risk of cholangitis 
due to reflux of intestinal content into the biliary tree. When 
the latter operation is included, the mortality may be doubled 
as compared to simple removal of the gallstone. It is used selec¬ 
tively in good-risk patients. The long-term incidence of biliary 
tract infections has not been common enough to warrant the 
more aggressive approach at the initial operation. Some 
authors have advocated cholecystectomy at a second opera¬ 
tion, especially if the patient is young and fit. The consensus is 
that cholecystectomy should not be performed at the initial 
operation for gallstone ileus, except in highly selected patients. 
A careful search of the entire intestine should be performed to 
exclude the possibility of additional large stones. 66,67 

Intussusception. About 5% of intussusceptions occur in 
adults. An intussusception occurs when one segment of 
bowel telescopes into an adjacent segment, resulting in 
obstruction and ischemic injury to the intussuscepting seg¬ 
ment (Fig. 48.11), and the obstruction may become com¬ 
plete, particularly if tissue inflammation and necrosis occur. 
Of adult cases, 90% are associated with pathologic 
processes. 68,69 Tumors, benign or malignant, act as the lead 
point of intussusception in more than 65% of adult cases. A 
significant proportion of cases have been reported to occur 


after abdominal surgery for lesions other than neoplasm. In 
cases not associated with neoplasm, Sarr et al. 69 reported 
that approximately 20% were related to the suture line, 
approximately 30% to adhesions, and approximately 60% 
to intestinal tubes. Intussusception related to long tubes can 
occur when the tube is withdrawn, but most frequently 
occurs with the tube in place. Perioperative intussusception 
frequently subsides without intervention. 

Four types of intussusception are recognized: enteric (Fig. 
48.12), ileocolic, ileocecal, and colonic. In the ileocolic form, 
the ileum telescopes into the colon past a fixed ileocecal valve. 
In the ileocecal form, the valve itself may be the lead point of 
the intussusception. Radiographic features of intussusception 
are not specific. Plain films reveal evidence of partial or com¬ 
plete obstruction. Occasionally, a sausage-shaped soft tissue 
density will be seen, outlined by two strips of air. Recently, in 
both pediatric and adult cases, it has been suggested that 
sonography may be useful in diagnosis. Nevertheless, the 
mainstays of diagnosis are contrast studies or CT scan. 
Because of the high incidence of tumors, surgery has generally 
been recommended. Reduction by hydrostatic pressure, which 
is the standard of care in pediatric cases, is not usually 
attempted in adults. Clear indications for operation include 
long length and wide diameter of the intussusception, presence 
of a lead point, or evidence of bowel obstruction. 68 Recent 
studies have called into question the need to operate in all 
cases detected on sensitive imaging studies such as CT scan, 
arguing that a number of these patients can be safely managed 
without operation. 68 However, in the opinion of these authors, 
it is difficult to advise expectant management except in unusual 
circumstances. 
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FIGURE 48.11. Anatomy of intussusception. The intussusceptum is 
the segment of bowel that invaginates into the intussuscipiens. 


Crohn Disease. Indications for surgery in Crohn disease are 
discussed elsewhere in this book. In this disease, obstruction 
occurs under two different sets of circumstances. 70 When the 
disease has flared acutely, the lumen may be narrowed by a 
reversible inflammatory process. The result is an open-loop 


obstruction that may respond first to intravenous hydration 
and nasogastric decompression, and ultimately to therapy 
with corticosteroids or other anti-inflammatory regimens. 
Alternatively, obstruction may occur in the setting of a chronic 
stricture. Such strictures will not respond to conservative mea¬ 
sures and, once diagnosed, operative therapy should not be 
delayed. One important clinical point is that about 7% of 
strictures in the colon, and an uncertain proportion of those in 
the small intestine, are malignant. 70 Extent of resection is thus 
based on intraoperative findings, that is, to margins beyond 
visibly diseased bowel and not necessarily including enlarged 
lymph nodes in the mesentery. If there is suspicion for malig¬ 
nancy, a lymphadenectomy is performed. 

A second clinical point is that Crohn-affected bowel may not 
be dilated proximal to the obstruction but can be complicated 
by a small perforation. Such a microperforation may not be 
large enough to be associated with free air on plain films. The 
patient may thus present with significant abdominal pain and 
tenderness. A CT scan is likely to be the most sensitive imaging 
modality for obtaining evidence that differentiates conditions 
that require immediate surgery (closed-loop obstruction, 
microperforation) from simple obstruction that would other¬ 
wise be observed. In the absence of clinical progression of symp¬ 
toms and signs, however, extended conservative management is 
warranted before the patient is committed to surgery. 

Malignant Obstruction. Obstruction can complicate 
malignancies of the small and large bowel in a number of set¬ 
tings. Studies have documented that 10% to 28% of patients 
with colorectal cancer and 20% to 50% of patients with ovar¬ 
ian cancer will present with a malignant bowel obstruction at 
some point during the course of their disease. 71 Most com¬ 
monly, a primary lesion such as an adenocarcinoma or lym¬ 
phoma will enlarge until the lumen of the intestine is blocked. 
The lesion then presents with symptoms and signs associated 
with the level of obstruction and is managed accordingly. 

A second setting involves a patient who previously has 
undergone surgery for malignancy and now returns with evi¬ 
dence of bowel obstruction. The likelihood that the obstruc¬ 
tion is due to recurrent disease is based on several factors, 



FIGURE 48.12. Axial (A) and coronal CT scan (B) images of an ileo¬ 
colic intussusception secondary to colon carcinoma (M) as a lead 
point. Intussusceptum (long arrows ) and intussuscipiens ( arrowhead ). 
Mesenteric vessels and fat (white arrowhead) accompany the intussus¬ 
ceptum. 
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FIGURE 48.13. Significant palliation can be achieved in a patient 
with obstructing but unresectable malignancy. Enteroenterostomy is 
performed to bypass the obstructing segment. 


including the origin of the primary malignancy, the stage of the 
primary malignancy, and the designation of the original 
surgery as curative or palliative. Gastric and pancreatic carci¬ 
nomas often present with or are subsequently complicated by 
peritoneal carcinomatosis and thus the subsequent obstruction 
is most likely due to malignancy. With respect to colon and rec¬ 
tal carcinomas, as many as 50% of cases presenting with 
obstruction after resection of the primary malignancy may be 
due to adhesions and not recurrent malignancy. 71,72 In addition, 
even if the obstruction is due to now unresectable disease, signif¬ 
icant palliation can be obtained through bypass or enterostomy 
in up to 75% of patients (Fig. 48.13). However, the underlying 
diagnosis of cancer in this patient population mandates careful 
attention be paid to patient selection prior to any surgical inter¬ 
vention and risk factors for poor outcome (Table 48.4, Algo¬ 
rithm 48.2). In patients presenting with gastroduodenal and 
colorectal obstructing lesions who are not candidates for surgical 
bypass or enterostomy, endoscopic management options includ¬ 
ing percutaneous endoscopic gastrostomy tube (PEG) placement 
and self-expanding metallic stent (SEMS) placement are avail¬ 
able (Algorithm 48.2). These options have been associated with 
symptomatic relief in more than 75% of patients. 71 

Management of incurable malignant obstruction may 
require an approach that moves away from classical surgical 
teaching of nothing by mouth, nasogastric tube, intravenous 
fluids, and serial radiographs. 73 Patients with advanced malig¬ 
nant obstruction in the absence of a solitary or correctable 
obstructing lesion are generally managed without surgery 
(Algorithm 48.2). Patients are managed without a nasogastric 


TABLE 48.4 


RISK FACTORS FOR UNFAVORABLE OUTCOME IN 
MALIGNANT OBSTRUCTIONS 

Advanced age (biologic/physiologic) 

Poor performance status 

Advanced stage of primary malignancy (previous treatments, 
availability of anticancer options, life expectancy) 

Malnutrition/cachexia 

Comorbidities 

Absence of psychosocial support 

Ascites (>100 mL associated with poor outcome) 

Single vs. multiple sites of obstruction 

Carcinomatosis (believed to respond poorly to surgical 
intervention) 


tube if possible. They are encouraged to eat as soon as obstruc¬ 
tive symptoms resolve using a low-fiber diet. Antiemetics and 
opioids via continuous subcutaneous infusions are used to 
manage nausea and vomiting and colic, respectively. In addition, 
octreotide, a somatostatin analogue, is used in palliation of 
refractory malignant intestinal obstruction by improving 
intestinal mucosal absorption, improving motility, reducing 
gastrointestinal hormone levels and intestinal secretions, and 
having a direct antineoplastic effect on the obstructing 
tumor. 74 This allows true palliative care outside a hospital set¬ 
ting saving patients the pain, discomfort, and complications of 
hospitalization and unproductive surgery. 73 

Volvulus. The term volvulus indicates that a loop of bowel is 
twisted more than 180 degrees about the axis of its mesentery. 
Volvulus has been reported for the cecum, transverse colon, 
splenic flexure, and sigmoid colon. A special variant of volvu¬ 
lus, complicating a condition known as Cbilaiditi syndrome , 
can occur when redundant loops of the transverse colon slip 
between the liver and diaphragm and then torse. 75 Generally, 
the condition is asymptomatic, but when associated with 
volvulus it must be relieved surgically. 

The most common site for volvulus is the sigmoid colon, 
accounting for 65% of cases. 76 By definition, a volvulus is a 
form of closed-loop obstruction of the colon. Air is always pres¬ 
ent in the colon and rectum, and thus volvulus of any segment of 
the colon is associated with abdominal distention and, usually, 
severe abdominal pain. As shown in Figure 48.5, the most com¬ 
mon radiographic feature is the “bent inner tube” appearance of 
the sigmoid, which is located in the upper abdomen. The pre¬ 
ferred method of management involves endoscopic decompres¬ 
sion. A rigid or flexible proctosigmoidoscope is advanced gently 
into the rectum until a rush of air and feces indicate that the loop 
has been untorsed. A rectal tube is then advanced well into the 
loop as a stent to prevent retorsion. Gangrene of the colon does 
not usually complicate the picture if the patient is seen and 
treated promptly. This conservative approach resolves the volvu¬ 
lus in 85% to 90% of cases and elective resection or fixation of 
the redundant segment can then be planned. Following endo¬ 
scopic decompression, recurrence of the volvulus is higher than 
60%. 77 Thus, an operation to remove the sigmoid should be per¬ 
formed if the patient is fit for surgery. 78 However, a majority of 
these patients are elderly and infirm and approximately 15% 
have a history of psychiatric disorder. As a result, the patient may 
present with peritoneal findings, sepsis, and shock. In this set¬ 
ting, rapid resuscitation followed by urgent resection and 
colostomy is warranted. Other forms of volvulus generally can¬ 
not be detorsed without operation. Fixation of the torsed seg¬ 
ment (e.g., via cecostomy or cecopexy) is generally a less satis¬ 
factory solution than resection of the involved segment and is 
not generally recommended. 76 

Radiation Enteritis. After asymptomatic periods lasting at 
least 10 years, chronic intestinal obstruction can result. Radi¬ 
ation injury elicits an underlying vasculitis and fibrosis that 
lead to chronic, recurring low-grade partial obstruction of the 
small intestine or stricturing and bleeding in the colon and rec¬ 
tum. Operation is indicated for incapacitating symptoms and 
obstruction not resolved by conservative management. 79 
Recurrence of the original tumor as a cause of obstruction 
should be considered and excluded. However, the diffuse 
nature of the injury and pathologic responses can lead to mas¬ 
sive resections that leave the patient with short-bowel syn¬ 
drome. Attempts to suture scarred loops can also result in 
chronic inflammation and formation of interloop abscesses 
and fistulas. The incidence of suture line leak is high. 80 

Role of Laparoscopy in Management of Small-bowel 
Obstruction. Since the advent of laparoscopically assisted 
techniques for general abdominal surgery, a number of investi¬ 
gators have reported the feasibility of laparoscopic approaches 
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PATIENT 


' Good performance status 
» Slowly progressive disease 
' Relatively long life expectancy 
(>60 days) 

I 

SURGICAL BYPASS OR 
ENTEROSTOMY 


I 

• Intermediate performance status 

• Intermediate life expectancy 
(>30 days) 


» Multiple sites of obstruction 
' Small bowel obstruction 
beyond duodenum 


Short length of tumor 
Single site of obstruction in 
pylorus, proximal duodenum, 
or colon/rectum 


PERCUTANEOUS 
ENDOSCOPIC 
GASTROSTOMY (PEG) 
v.s. 

OPEN GASTROSTOMY 


ENDOSCOPIC SELF 
EXPANDING METAL STENTS 
(SEMS) 


• Poor performance status 

• Rapidly progressive disease 

• Very short life expectancy 
(<30 days) 

• Carcinomatosis 

• Malignantascites 

• Multiple levels of obstruction 


MEDICAL PALLIATION OF 
SYMPTOMS 
± 

PEG 


' Continuous pain 

• Opioids 
' Colicky pain 

• Anti-Cholinergics: 

Scopolamine 
• Nausea and vomiting 

• Anti-Cholinergics: 

Scopolamine 

Glycopyrrolate 

• Octreotide 

• Metoclopramide 

• Neuroleptics: 

Haloperidol 

Methotrimeprazine 

Prochlorperazine 

Chlorpromazine 

• Antihistamines 

Cyclizine 


ALGORITHM 48.2 


1 


r 


ALGORITHM 48.2. Algorithm for management of malignant obstruction. (Contributed by William Peranteau, M.D.) 


to small- and large-bowel obstruction. Such approaches have 
been used, with varying degrees of success, to manage obstruc¬ 
tion from a number of different etiologies (Table 48.5). 81-83 
Laparoscopic management of bowel obstruction provides 
many potential benefits including quicker recovery of bowel 
function, shorter hospital stay, and fewer postoperative com¬ 
plications including a decreased incidence of wound infection 
and pneumonia. Additionally, as suggested by both clinical 
and experimental studies in animal models, laparoscopy is 
associated with less postoperative adhesion formation than 
open surgery. 84 Thus, laparoscopic management of bowel 
obstruction may result in a decreased lifetime risk for recur¬ 
rent bowel obstruction. An appealing hypothesis, this long¬ 
term benefit of laparoscopic surgery has not yet been proven 
clinically. 

In adults, the most common etiology for which laparo¬ 
scopic versus open surgical management of bowel obstruction 
has been evaluated is adhesive bowel obstruction. 83,85-94 Stud¬ 
ies of laparoscopic lysis of adhesions for small-bowel obstruc¬ 
tion indicate that it is feasible, with acceptable operative times, 
length of hospital stay, and conversion and complication rates 
(Table 48.6). Studies directly comparing laparoscopic to open 
surgical management of adhesive small-bowel obstruction 
highlight the benefits of the laparoscopic approach as indi¬ 
cated by statistically significant decreases in complication 


1 TABLE 48.5 

FORMS OF INTESTINAL OBSTRUCTION SELECTIVELY 
AMENABLE TO LAPAROSCOPIC MANAGEMENT 

Diaphragmatic (hiatal) hernia 

Gallstone ileus 

Inguinal hernia 

Intussusception 

Incisional hernia 

Adenocarcinoma of colon 

Femoral hernia 

Diverticulitis 

Spigelian hernia 

Colitis (ischemic, radiation) 

Internal hernia 

Volvulus 

Adhesions 

Benign colon tumors 

Crohn disease 

Periappendicular abscess 

Small-bowel tumor 

Carcinomatosis 

Meckel diverticula 

Ogilvie syndrome 

Ingested foreign body 

Bezoar 


Table prepared by William Peranteau, M.D. 
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TABLE 48.6 


OUTCOMES OF LAPAROSCOPIC OPERATIONS FOR OBSTRUCTION OF THE SMALL INTESTINE DUE TO ADHESIONS 


■ REFERENCES 

■ OPERATIVE 
TIME (min) 

■ CONVER¬ 
SION (%) a 

■ BOWEL 
INJURY 

(%) 

■ LOS 

(d) 

■ REOPERA¬ 
TION 

(%) 

■ SUCCESS 
(%) 

■ MORTALITY 

(%) 

Pekmezci et al. 85 

99 

6.7 

6.7 

4 

0 

100 


0 

Levard et al. 83 

NR 

40.9 

8.4 

4 

4.5 

95 


2.2 

Sato et al. 86 

105 

17.6 

17.6 

10.4 

5.8 

88 


0 

Suter et al. 87 

NR 

43 

15.6 

5.9 

9 

NR 


2.4 

Al-Mnlhim 88 

58 

32 

NR 

5 

0 

100 


0 

Chosidow et al. 89 

71.7 

16 

3 

5.03 

NR 

80 


0 

Strickland et al. 90 

68 

32.5 

10 

3.6 

5 

97 


0 

Leon et al. 91 

108 

35 

7.5 

2.9 

17.5 

81 


0 

Bailey et al. 92 

64 

21.5 

NR 

3 

10.8 

NR 


1.8 

Navez et al. 93 

77 

40 

9 

6.6 

2.9 

85.3 


2.9 

Ibrahim et al. 94 

NR 

15 

9.1 

NR 

3 

NR 


3 

Overall 

58-108 

6.7-43 

3-17.6 

2.9-10.4 

0-17.5 

80-100 


0-3 

LOS, length of stay; NR, not recorded. 

^Indications for conversion: unable to visualize obstruction site (22%-49%), bowel necrosis or perforation (19%—23%), neoplasm or suspicion of 
neoplasm (3%-25%), iatrogenic perforation (14%-19%), dense and numerous adhesions (14%-50%), technical difficulties (6%), other (5%). 

Adapted from Nagle A, Ujiki M, Denham W, et al. Laparoscopic adhesiolysis for small bowel obstruction. Am J Surg 2004;187:464-470. 


rates, time to return of bowel function, length of hospital stay, 
and even overall cost (Table 48.7). 

Despite these benefits, laparoscopic management of bowel 
obstruction should be approached with caution and individu¬ 
alized to specific clinical situations. 95 Laparoscopy is discour¬ 
aged when the surgeon is uncomfortable with the technique or 
in patients presenting with peritonitis, hemodynamic instabil¬ 


ity, severe comorbid conditions, or complete and distal 
obstruction, or when contraindications to pneumoperitoneum 
exist. The selective use of laparoscopy is supported in the man¬ 
agement of intussusception by a recent review by the French 
Study Group for Pediatric Laparoscopy, which found a statis¬ 
tically significant risk of conversion to an open procedure in 
patients with peritonitis at presentation, increased length of 


TABLE 48.7 


OUTCOMES, COMPLICATIONS, AND COSTS IN LAPAROSCOPIC MANAGEMENT OF INTESTINAL OBSTRUCTION 

DUE TO ADHESIONS 

■ REFERENCE 

■ CONVER¬ 
SION (%) 


■ COMPLICATION 

(%) 

■ TIME TO 
RBF (d) 

■ LOS 
(DAYS) 

■ OPERATIVE 
TIME (min) 

■ COST 
($) 

Wullstein et al/ 

52* 

Laparo¬ 

scopic 

Intraop: 29 b 

P = 0.156 

3.5 

p = 0.001 

11.3 

p < 0.001 

103 

p > 0.05 

NR 




Postop: 19.2 C 

P = 0.032 







Open 

Intraop: 15^ 

Postop: 40.4 e 

4.4 

18.1 

84 

NR 


Mancini et al/ 

17.2 

Laparo¬ 

19.2 

NR 

6 

NR 

9,412 



scopic 

p = 0.008 


p = 0.0001 


p = 0.0003 



Open 

30.1 

NR 

9 

NR 

11,858 


LOS, length of stay; RBF, return to bowel function. 

^Indications for conversion: need for resection (14.8%), extent of adhesions or problems in view (37%), uncertain viability of small bowel (22.2%), 
small bowel perforation (25.9%). 

^Laparoscopic intraoperative complications: perforation (26.9%), hemorrhage (1.9%). 

"Laparoscopic postoperative complications: pulmonary (1.9%), wound infection (5.8%), anastomotic leak (3.8%). 
d Open intraoperative complications: perforation (13.5%), mesenteric injury (1.9%). 

e Open postoperative complications: pulmonary (3.8%), cardiac (3.8%), deep venous thrombosis (1.9%), death (3.8%), wound infection (11.5%). 
Table prepared by William Peranteau, M.D. 

fWullstein C, Gross E. Laparoscopic compared with conventional treatment of acute adhesive small bowel obstruction. Br J Surg 2003;90: 
1147-1151. 

g Mancini GJ, Petroski GF, et al. Nationwide impact of laparoscopic lysis of adhesions in the management of intestinal obstruction in the US. J Am 
Coll Surg 2008;207:520-526. 
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time between the onset of symptoms and diagnosis (1.6 vs. 3.1 
days), and the presence of a pathologic lead point. 96 Although 
these early retrospective studies are encouraging, prospective 
studies evaluating laparoscopic management of small-bowel 
obstruction are required to definitively document its benefits 
over the traditional open approach. 


ILEUS AND PSEUDO¬ 
OBSTRUCTION 


Ileus 

Q Etiologic Factors. An ileus or eileos (Greek for “twisting”) 
reflects a loss of forward peristalsis and coordination of the 
motility of the different regions of the gastrointestinal tract. A 
functional obstruction results. 97 Clinically, bowel sounds, pas¬ 
sage of flatus, and bowel movements have been used to signal 
the return of bowel function and coordination of peristalsis. 
Liquid contrast and radiolabeled marker studies suggest that 
effective duration of ileus varies in different regions of the ali¬ 
mentary tract. 98,99 A postoperative ileus (POI) may last for 0 to 
24 hours in the small intestine, 24 to 48 hours in the stomach, 
and 48 to 72 hours in the large bowel. 100,101 The type of surgery 
and the wide variety of endpoints used to measure gut recovery 
often decide the duration of ileus. There is no consensus as to 
which one is most clinically meaningful. Duration of ileus is 
therefore primarily dependent on the return of colonic motility 
and its coordination with other regions of the gastrointestinal 
tract. A typical period of ileus is thus self-limited and easily tol¬ 
erated. Factors implicated in ileus (Table 48.6) are outlined in 
the following sections. 

Neurohumoral Peptides. Increases in endogenous opioid release 
and other peptides such as calcitonin gene-related peptide, 
motilin, substance P, VIP, and substance P have all been 
established as inhibitory neurotransmitters in the intrinsic gut Q 
nervous system. Antagonists to VIP, substance P, and inhibitors 
of nitric oxide (NO) synthesis improve postoperative bowel 
motility. 102,103 Calcitonin gene-related peptide inhibits postop¬ 
erative gastric emptying and gastrointestinal transit. 104,105 The 
use of anticholinergic medications delays recovery of an ileus. 106 

One group of neurohumoral substances that are particularly 
important in this regard are the opioids, both synthetic and 
endogenous. Opioids are established neurotransmitters in the 
central and peripheral nervous systems, and it is well established 
that their use delays gastric emptying and promotes nonpropul- 
sive smooth muscle contraction with an increase in intraluminal 
pressure throughout the entire gastrointestinal tract. 107,108 Over 
the years, a series of experimental studies have indicated that 
recovery of ileus is accelerated during administration of specific 
antagonists to k or /jl opioid receptors, 109,110 suggesting that 
endogenous opioid release modulates recovery from ileus. 

Inflammation. A relatively recent series of experimental and 
clinical investigations have focused attention on the role of 
inflammatory cells and mediators of inflammation in the devel¬ 
opment of prolonged ileus. Surgical intervention results in ele¬ 
vated levels of interleukin-6 (IL-6), cyclooxygenase-2 (COX-2), 
and inducible nitric oxide synthetase (iNOS), all mediators of 
inflammation from macrophages. 111,112 In experimental ani¬ 
mals, focal manipulation of the bowel may result in a panenteric 
inflammation and ileus. 112 In experimental animals and human 
subjects, activated macrophages have been found in the muscu- 
laris of the small bowel as early as 3 hours after laparotomy. 113 
Increased COX-2 expression leads to prostaglandin release. 
Jejunal contractility appears to be impaired, an effect blocked in 
COX-2 knockout mice and by the administration of selective 
COX-2 inhibitors. In related studies both in experimental ani¬ 
mals and human subjects, Kalff et al. 113 found that NO synthe¬ 


sis is stimulated in activated macrophages in the muscular layer 
of the small intestine following surgical intervention. More 
recently, degranulation of mast cells has also been implicated in 
the pathogenesis of ileus after laparotomy, 114,115 with mast cell 
destabilizers having been shown to prevent mechanically 
induced intestinal inflammation and dysmotility. 

Inhibitory Neural Reflexes. Noxious spinal afferent signals are 
thought to increase inhibitory sympathetic activity in the gas¬ 
trointestinal tract. 116 Blockade of spinal afferents with epidural 
local anesthetics or with topical capsaicin has been shown to 
accelerate resolution of ileus in experimental studies. 104,105 In 
clinical studies of patients undergoing complex abdominal 
operations through conventional laparotomy incisions, it 
appears that conventional intramuscular injections are less 
likely to be associated with prolonged ileus than strategies uti¬ 
lizing patient-controlled intravenous injection. 117,118 Moreover, 
utilization of epidural analgesia tends to decrease recovery times 
from ileus in this group of patients, 119-121 suggesting that auto¬ 
nomic pathways coursing through the spinal cord may serve as 
control points for ileus. 

Central responses have also been observed as a result of 
laparotomy 116 and have been linked to activation of afferent 
pathways in the vagus nerve and a general response of the 
organism to stress and release of corticotrophin-releasing fac¬ 
tor. 122 Very recently, the efferent pathways in the vagus have 
also been implicated as possible modulators or control points 
for the inflammatory response. A series of experimental stud¬ 
ies 123,124 has suggested that the vagus participates in suppression 
of certain macrophage activities, leading to earlier resolution of 
intestinal ileus. 124 These observations offer the possibility of a 
multidimensional understanding of ileus, both in individuals 
who are recuperating normally and in those who are not and 
have no specific risk factors for protracted ileus (e.g., undrained 
sepsis, overuse of narcotics, spinal cord injury, severe pelvic 
fractures, and retroperitoneal inflammation). 

Diagnosis. It is important to distinguish between a normal 
postoperative ileus and a paralytic ileus. The distinction is pre¬ 
dominantly one of time since operation and based on circum¬ 
stance. Postoperative ileus is less severe, self-limiting (lasts 2 to 
3 days vs. 3 to 5 days), and usually an indicator of colonic dys- 
motility, whereas a paralytic ileus represents inhibition of 
small-bowel activity. A prolonged POI (PPOI) occurs with 
protracted signs or symptoms of abdominal distention, bloat¬ 
ing, diffuse and persistent abdominal pain, nausea, vomiting, 
and an inability to pass flatus or tolerate an oral diet. 

It is also important to distinguish between a PPOI from a 
mechanical small-bowel obstruction (SBO). Clinically, the 
presence of intense colicky pain, feculent emesis, or rapidly 
progressing pain or distention is more suggestive of SBO than 
PPOI. Localized tenderness, fever, tachycardia, and peritoneal 
signs suggest bowel ischemia or perforation, necessitating 
emergent surgical intervention. 10 

A variety of clinical circumstances and laboratory tests may 
also increase suspicion for prolonged ileus and lessen concern for 
mechanical obstruction and associated complications. In addi¬ 
tion to opiates, a number of medications have been associated 
with slow recovery of intestinal motor function (Table 48.8). Iso¬ 
lated metabolic disturbances such as ketoacidosis, hypomag¬ 
nesemia, hypercalcemia, and hypokalemia can prolong ileus. 
Ileus can be caused and perpetuated by systemic inflammatory 
responses to sepsis, abscess, and pancreatitis. 

When the patient’s postoperative ileus has extended beyond 
the expected period, plain films of the abdomen reveal gas in 
segments of both small and large bowel (Fig. 48.14). At this 
point, the patient may begin to experience some discomfort 
and distention, as swallowed air fills loops that do not have 
effective peristalsis. Bowel sounds may be present, if hypoac- 
tive. The differential diagnosis now includes the possibility of 
mechanical obstruction from early postoperative adhesions 
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ITABLE 48.8 1 

FACTORS CONTRIBUTING TO PROLONGED ILEUS 

■ NEUROGENIC 

■ METABOLIC 

■ PHARMACOLOGIC 

■ INFECTIOUS 

Spinal cord lesions or injury 

Hypokalemia 

Uremia 

Anticholinergics 

Opiates 

Systemic sepsis 

Pneumonia 

Retroperitoneal process 
hematoma, tumor 

Ca 2+ , Mg 2+ imbalance 

Autonomic blockers 

Peritonitis 

Ureteral colic 

Hypothyroidism 

Diabetic coma or ketoacidosis 

Antihistamines 

Psychotropics 

Herpes zoster 

Tetanus 


Phenothiazines Bacterial overgrowth (blind loop) 

Haloperidol 

Tricyclic antidepressants 

Clonidine 

Vincristine 


(see earlier). To differentiate early postoperative obstruction 
from ileus, contrast studies or a CT scan is helpful. The latter 
may be useful if other abdominal pathology such as an abscess 
could be contributing to the clinical picture. CT with oral con¬ 
trast has a sensitivity and specificity of 90% to 100% in dis¬ 
tinguishing ileus from a complete postoperative SBO. 125 
However, it is less reliable in distinguishing ileus from a partial 
SBO. 125 If the diagnosis is uncertain after CT, upper gastroin¬ 
testinal contrast studies (enteroclysis) with water-soluble 
radiopaque contrast material (e.g., Gastrografin) are especially 
helpful in distinguishing ileus from partial SBO (which more 
closely mimics ileus than complete SBO) and in identifying the 
severity of partial obstruction. 125 

Q Management. A normal POI is usually self-limiting. Never¬ 
theless, there are a number of interventions that are effective 



FIGURE 48.14. Plain supine abdominal radiograph of a patient with 
ileus. Air-fluid levels are present in the small intestine (thin arrow). 
Gas is seen in the colon {thick arrowhead). These findings are charac¬ 
teristic of, but not specific for, ileus. Surgical drains in the pelvis and 
skin staples (short arrow). 


in reducing the duration of a normal postlaparotomy ileus 
(Table 48.9). Midthoracic epidurals with neuraxial local anes¬ 
thetics have been shown to hasten the return of bowel function 
compared to systemic or epidural opioids. 119-121 Midthoracic 
local anesthetic epidurals block nociceptive afferent signals 
from the surgical site as well as sympathetic efferent outflow; 
this is useful for 48 to 72 hours postoperatively. 

The goals in management in the normal period of postoper¬ 
ative ileus are to prevent uncomfortable distention, vomiting, 
and aspiration. Classic studies 6,10 indicate that flatus and the air 
accumulating during intestinal distention is derived largely 
from swallowing. Under normal circumstances, flatus is passed 
as early as 30 minutes after a “test bolus” of air is administered 
by tube into the stomach. Thus, passage of flatus is used, in reli¬ 
able patients, as the index indicating coordination of all seg¬ 
ments of the gastrointestinal tract and resolution of ileus. 

For many years, the mainstay of therapy was the use of 
nasogastric suction to prevent accumulation of swallowed air 
and secreted fluids in an alimentary tract not yet coordinating 
flow distally. Subsequent studies have demonstrated that the 
putative benefit does not compensate for risks of aspiration 
and discomfort of the tube. Thus, in routine abdominal cases 
such as colectomy, nasogastric tubes are used selectively 126,127 
in patients who are felt to be at risk for complications of ileus, 
based on the surgeon’s judgments about intraoperative find¬ 
ings or manipulations—prolonged handling and packing of 
the bowel, anticipation of intensive use of narcotics or other 
antikinetic agents, presence of sepsis or peritonitis, or exten¬ 
sive blood loss. Otherwise, a nasogastric tube is used for a 
short postoperative period or never placed, with the expecta¬ 
tion that a small percentage of patients will require placement 
for symptoms. 127 In these cases, the patient is allowed nothing 
by mouth or to have sips until there is evidence (by listening for 
bowel sounds or the patient’s report of “rumbles”) that ileus is 
likely resolving. Intravenous fluids are necessary until the 
patient can be advanced to full intake of his or her require¬ 
ments, usually after flatus is passed. 

In addition, correctable conditions such as electrolyte distur¬ 
bances or uremia are investigated and rectified. Mobilization 
has other benefits in reducing morbidity. 128,129 Early feeding is 
thought to stimulate gastrointestinal hormones, secretions and 
motility, and coordinated propulsive activity. In addition, early 
feeding may improve immune function and reduce infectious 
and catabolic complications. 97,130 Despite the use of laxatives 
with prokinetic agents, no controlled trial exists to assess the 
possible beneficial effects of laxatives on postoperative ileus. 97 

One treatment, gum chewing, has attracted attention as a 
simple and inexpensive method of accelerating return of bowel 
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TABLE 48.9 MANAGEMENT 


TREATMENT FOR POSTOPERATIVE ILEUS 


■ TREATMENT 

■ BENEFIT 

■ DRAWBACK 

Nasogastric tube 

■ Possible relief of vomiting and bloating 

■ Does not shorten duration of ileus 

■ May contribute to fever, atelectasis, and 
aspiration 

■ Discomfort 

Early postoperative feeding 

■ Stimulates reflex for propulsive bowel 
motility and enzyme secretion 

■ Stimulates immune system 

■ Reduces postoperative and 
posttraumatic infectious complications 

■ Reduces risk of anastomotic dehiscence, 
wound infection, and pneumonia 

■ Patients may not tolerate feeding 

Opioid antagonists (alvimopan) 

■ Peripheral acting 

■ FDA approved to hasten postoperative 
ileus following partial large- or small- 
bowel resection with primary anastomosis 

■ Possible cardiovascular or neoplastic risk 

■ Currently restricted to in-patient use 
only 

Laparoscopic procedures 

■ Earlier return of bowel function and 
discharge from hospital 

■ Minimal skin incision, minimal 
mechanical bowel manipulation 

■ Not all patients and procedures are 
amenable to laparoscopic approach 

Epidural anesthetics/analgesics 

■ Reduced duration of ileus vs. systemic 
opioid 

■ Increases splanchnic blood flow 

■ Anti-inflammatory 

■ Risks associated with epidural catheter 
placement 

Gum chewing 

■ May shorten duration of ileus 

■ Simple and inexpensive 

■ Limited data 

Laxatives 

■ May shorten duration of ileus 

■ Inexpensive 

■ Limited data on efficacy 

Nonsteroidal anti-inflammatory 
drugs (COX-2 inhibitors ) 

■ Decreases opioid needed for pain 
control 

■ May increase motility by acting as an 
anti-inflammatory 

■ Possible increased risk of postoperative 
bleeding 

■ Other adverse effects 

COX-2, cyclooxygenase-2; FDA, U.S. Food and Drug Administration. 

Adapted from Table 2 in Luckey A, Livingston E, Tache Y. Mechanisms and treatment of postoperative ileus. Arch Surg 2003;138(2):206-214. 

Prepared by Zain Khalpey, M.D. 


function. Mastication stimulates the vagal cholinergic path¬ 
ways that increase gastrointestinal hormone secretion such as 
gastrin, pancreatic polypeptide, and neurotensin, which affect 
gastrointestinal motility. 131,132 Since the initial publication of 
one small and underpowered study, 133 a number of prospective 
randomized trials have been conducted to test the hypothesis 
that gum chewing results in earlier passage of flatus and bowel 
movement in patients undergoing laparoscopic colectomy. 134,135 
No conclusive evidence has been obtained to demonstrate a 
clear benefit of gum chewing, although subgroup analysis sug¬ 
gests some patients may benefit. 135 According to one hypothesis, 
sorbitol and other hexitols, the key gradients of “sugar-free” 
chewing gums, may also play a role in the earlier recovery of 
postoperative ileus. 136 This hypothesis and its putative benefits 
are intriguing. 

Salt and water disturbances in the body also may influence 
return of bowel function following laparotomy. In one initial 
study, patients undergoing colectomy received a restricted peri¬ 
operative fluid resuscitation regimen or a standard, more lib¬ 
eral fluid resuscitation. The “restricted” group had a quicker 
passage of flatus and moved their bowels earlier, leading in part 
to shorter hospital stays. 137 Subsequent studies 138,139 have not 
uniformly suggested that recovery from ileus is faster with tem¬ 
perance in fluid resuscitation, or have indicated that there is a 


benefit from fluid restriction protocols but have not reported 
return of gastrointestinal function as an endpoint. 140 However, 
this benefit, as well as others, may be more clearly observed 
when fluid therapy is directed by physiologic assessments of 
volume status, such as esophageal Doppler monitoring of the 
great vessels and heart chambers. 141,142 

Experimental evidence of pharmacologic interventions 
specifically directed at abnormal surges of neurotransmitters 
or hormones that might prolong ileus has provided a useful 
insight into the pathophysiology of postoperative ileus. Opi¬ 
oid antagonists, somatostatin analogues, sympatholytics, 
injection of local anesthetics into mesenteric nerve roots, and 
nonsteroidal anti-inflammatory agents, such as ketorolac, 
appear to promote faster recovery to normal myoelectric activ¬ 
ity and intestinal transit times. 106,143,144 In contrast, nonspecific 
adrenergic receptor blockers such as propranolol have been 
found to be ineffective. 145 Opioid antagonists such as alvi- 
mopan and methylnaltrexone are peripherally acting opioid 
antagonists and do not cross the blood-brain barrier. 146 In 
many, but not all, studies, alvimopan has been shown to hasten 
postoperative gastrointestinal recovery following bowel surgery 
and abdominal hysterectomy. 146 In one study where an overall 
benefit was not observed, 147 subgroup analysis showed that 
there was a benefit in patients who received patient-controlled, 
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intravenously administered opiate analgesia, suggesting that 
prolonged ileus may be shortened if opiates are being used reg¬ 
ularly to control pain. However, cardiovascular and neoplastic 
risks with the use of alvimopan have precluded its widespread 
use, limiting U.S. Food and Drug Administration approval fol¬ 
lowing partial large- or small-bowel resections with primary 
anastomosis. 146 Additional studies 148 have suggested a benefit 
in fast-track pathways of care and routine use for accelerating 
recovery of ileus following laparotomy may be recommended 
under circumstances in which opiates are used liberally for 
pain control. 

Prokinetic agents such as metoclopramide, cisapride 
(presently not approved by the U.S. Food and Drug Adminis¬ 
tration), and erythromycin have been evaluated for their effi¬ 
cacy in shortening the duration of POI. For ileus following 
upper gastrointestinal procedures (e.g., pancreaticoduodenec¬ 
tomy), such medications may be effective in promoting gastric 
emptying. 112 For general abdominal procedures involving the 
small intestine, colon, and retroperitoneal structures such as 
the aorta, there has been limited success in using such agents to 
shorten recovery times. 113,114 In multiple controlled studies, 
metoclopramide did not have significant impact on the dura¬ 
tion of ileus. 114,118 In other studies, no benefit was observed 
when patients were given erythromycin. 113,119 Promising results 
have been observed with cisapride, which significantly reduced 
the duration of ileus. The results would depend on the route of 
its administration. 120-128 However, this medication is no longer 
approved for use in the United States due to the occurrence of 
potentially fatal arrhythmias. 129 

Along with pharmacologic measures, it should be empha¬ 
sized that, in otherwise routine laparotomy or laparoscopy, 
gentle handling of tissues, meticulous attention to hemosta¬ 
sis, and applications of sound principles of wound manage¬ 
ment are likely to have the greatest impact on optimizing 
recovery from ileus and minimizing the incidence of pro¬ 
longed ileus. Efforts to reduce incision size and time spent 
handling the intestines through the use of laparoscopic 
approaches clearly improve recovery from ileus in some, if 
not all, patients undergoing standardized intra-abdominal 
procedures such as appendectomy 149 and colectomy. 150 Even 
in open procedures, 151 standardization of management and 
effective communication help expedite clinical fast-track 
pathways and facilitate earlier recovery of bowel function 
and discharge from hospital. 97,142,148 Currently effective 
measures to minimize the prolongation of ileus are summa¬ 
rized in Table 48.10. 


TABLE 48.10 MANAGEMENT 


MEASURES TO PREVENT PROLONGATION OF ILEUS 

■ Minimization of trauma to tissues; using proper technique 
in the operating room with gentle handling of bowel 
during surgery 

■ Minimal use of narcotics for analgesia, for any route of 
administration (intravenous, intramuscular, epidural) 

■ Use of opioid antagonists (alvimopan) 

■ Generous use of midthoracic epidural anesthesia with local 
anesthetic use 

■ Use of nonsteroidal anti-inflammatory (cyclooxygenase-2 
inhibitors) agents for analgesia 

■ Early feeding 

■ Correction of any electrolyte or metabolic imbalances 

■ Early recognition of septic complications (e.g., abdominal 
abscess, pneumonia, central line sepsis) that may 
contribute to prolongation beyond the expected period for 
ileus 


Colonic Pseudo-obstruction 
(Ogilvie Syndrome) 

Etiologic Factors. Acute pseudo-obstruction of the colon, 
also known as Ogilvie syndrome , 152 is a paralytic ileus of the 
large bowel, characterized by rapidly progressive abdominal 
distention, often painless. 153 Although the distention of the 
colon is not due to mechanical obstruction, the wall of the 
bowel, particularly that of the cecum, can become sufficiently 
distended so that its blood supply is compromised. Gangrene, 
perforation, peritonitis, and shock can follow. In 95% of the 
cases, there is an underlying disease. 153,154 

Major risk factors for development of Ogilvie syndrome 
include traumatic injury (11%); infections such as pneumonia 
and sepsis (10%); obstetric/gynecologic conditions (10%); 
myocardial infarction and congestive heart failure (10%); 
abdominal and pelvic surgery (9%); neurologic conditions 
such as Parkinson disease, spinal cord injury, multiple sclero¬ 
sis, and Alzheimer disease (9%); orthopedic procedures (7%); 
other medical conditions including metabolic imbalances (e.g., 
hypokalemia, hypocalcemia, hypomagnesemia) (32%); and 
other surgical conditions (12%). 152,154 Evidence suggests that 
Ogilvie syndrome is thought to be related, at least in part, to 
sympathetic nervous overactivity or interference with sacral 
parasympathetic efferents, although there is little direct exper¬ 
imental evidence for this. 153 It is postulated that the distal 
colon becomes atonic on interruption of the S2 to S4 parasym¬ 
pathetic nerve fibers. 

Diagnosis. This syndrome is commonly encountered in 
patients hospitalized over 3 to 7 days, often in men older than 
60 years of age. Primary manifestations include gastrointesti¬ 
nal symptoms such as nausea, vomiting, abdominal pain, con¬ 
stipation, or even diarrhea with great variability. 153,154 
Labored breathing, caused by abdominal distention, is often 
part of the clinical picture. Other than distention, there are no 
characteristic physical or laboratory findings for this syn¬ 
drome. The abdomen resonates with percussion. Sounds from 
the small intestine are present and may not be high pitched, as 
they are in intestinal obstruction. 

Laboratory findings associated with this syndrome may 
include hypokalemia, hypocalcemia, and hypomagnesemia, 
which are implicated as etiologic factors. Leukocytosis, eleva¬ 
tion of the sedimentation rate, or C-reactive protein is also 
present if inflammation is initiated or perforation is impending. 

The diagnosis is usually apparent from plain films. Radi¬ 
ographs of the abdomen may reveal air in the small bowel and 
distention of discrete segments of the colon (i.e., cecum or 
transverse colon often up to the splenic flexure) or the entire 
abdominal colon. Haustral markings disappear with increas¬ 
ing distention. In doubtful cases in which bowel necrosis is not 
a significant worry, a Hypaque contrast enema can establish 
the nonmechanical nature of the dilatation. Alternatively, 
colonoscopy can be diagnostic as well as therapeutic. Features 
suggesting the complication of bowel ischemia may include 
localized tenderness, worsening leukocytosis, metabolic acido¬ 
sis, evidence of sepsis, or a rapidly deteriorating clinical 
course. 

It is important to differentiate this syndrome from toxic 
megacolon and mechanical obstruction before establishing a 
final diagnosis. Mechanical obstruction of the colon, occur¬ 
ring in volvulus or obturator obstructions from cancer or 
diverticular disease, presents with acute pain along with dis¬ 
tention. In contrast, pseudo-obstruction is less often associated 
with acute pain and more likely to present with discomfort due 
to distention. However, lack of pain in postoperative patients 
on opiates or elderly patients cannot exclude mechanical 
obstruction. In plain radiographs, the pathognomonic signs of 
mechanical obstruction such as lack of gas in the distal colon 
or rectum and air-fluid levels in the small intestine can also be 
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ITABLE 48.1 1 

MANAGEMENT! 

TREATMENT FOR PSEUDO-OBSTRUCTION 

■ TREATMENT 

■ BENEFIT 

Nasogastric tube 

■ Prevention of swallowed air 
from passing distally 

Neostigmine 

■ Increase motility through its 
parasympathomimetic 
action 

■ Premedication with 
colonoscopic decom¬ 
pression adding benefits 

Erythromycin 

■ Increases intestinal motility 
through motilin receptors in 
intestinal wall 

Colonoscopic decompression 

■ Prevention of complications 
such as perforation 

Surgical interventions: total 
colectomy, Hartmann 
procedure, percutaneous 
endoscopic cecostomy 

■ Required in case of 

refractory medical therapy 


seen in Ogilvie syndrome. CT scan is currently the standard 
method for identifying colon pseudo-obstruction and exclud¬ 
ing other forms of obstruction. 153 Patients with toxic mega¬ 
colon may manifest typically with symptoms such as fever, 
tachycardia, abdominal tenderness, bloody diarrhea, or other 
manifestations of chronic inflammatory bowel disease along 
with evidence of “thumb printing” on an abdomen x-ray film 
in upright posture. Flexible sigmoidoscopy is contraindicated 
if toxic megacolon is thought to be likely, but it or contrast 
enemas 153 can be useful diagnostically and therapeutically if 
toxic megacolon is thought unlikely. 

Management. Initial management includes resuscitation 
and correction of any underlying metabolic or electrolyte 
imbalances (Table 48.11). A physical examination and serial 
plain abdominal radiographs should be performed to evaluate 
colonic diameter in order to determine which patients may 
need colonoscopic decompression or surgery. If the patient is 
not very uncomfortable and the colonic distention is no 
greater than 12 cm, conservative treatment can be continued 
for 1 to 2 days. It may be helpful to place the patient in a prone 
position or at the knee-chest position with hips held high, 
alternating right and left lateral decubitus position each hour. 
A nasogastric tube is helpful if the patient is vomiting and will 
prevent swallowed air from passing distally. When bowel 
ischemia is suspected, surgery is indicated. If bowel necrosis is 
found, the affected segment is resected and an ileostomy or 
colostomy should be performed. If the bowel is viable, a cecos- 
tomy is placed to vent the colon and prevent distention. 

If, initially, the distention is painless and the patient shows no 
signs of toxicity or bowel ischemia, expectant management is 
successful in about 50% of cases. 153,155 The risk of spontaneous 
perforation is approximately 3%, with attendant mortality of 
50%. In most patients acute colonic pseudo-obstruction usually 
resolves within 3 days. 153,156 If worsening and cecal diameter 
increases beyond 10 to 12 cm or if it persists for more than 48 
hours, intervention is recommended. The duration of disten¬ 
tion may be more important than the absolute size of the cecum 
with respect to spontaneous perforation. Colonoscopy should 
only be performed by experienced endoscopists. Endoscopic 
decompression is successful in 60% to 90% of cases, but the 
condition can recur in up to 40%. This rate of recurrence may 
be decreased by placement of a decompressive tube. Recur¬ 


rence would require repeated colonoscopic decompression in 
approximately 40% of cases after initial successful decompres¬ 
sion. The placement of a decompression with the aid of a 
guidewire at the time of colonoscopy may reduce the need for 
repeated colonoscopic decompression. Rectal tubes are ineffec¬ 
tive as primary modalities in managing distention of the proxi¬ 
mal colon. Such tubes may be useful in promoting passage of 
air and feces after colonoscopy but should not be used as a sub¬ 
stitute for colonoscopic decompression. Percutaneous endo¬ 
scopic left-sided colostomy (PEC), a minimally invasive tech¬ 
nique, can be used to treat pseudo-obstruction provided these 
cases are carefully selected in the hands of a skilled endoscopist 
because of a high failure rate caused by infection. 157 

In anecdotal reports, prokinetic agents such as cisapride 
and erythromycin have been used to treat Ogilvie syndrome 
with some success. Erythromycin acts by binding to motilin 
receptors in the small intestine, causing intestinal smooth mus¬ 
cle contraction and perhaps better coordination with colonic 
motor function. Anecdotal reports have suggested the success 
of erythromycin treatment on either intravenous route for 
3 days or oral route for 10 days. 158,159 However, the relative 
paucity of motilin receptors in colon smooth muscle may 
explain why erythromycin is only anecdotally effective in 
relieving colonic pseudo-obstruction. Successful resolution of 
pseudo-obstruction has been reported with sympatholytic 
agents or spinal sympathetic block. The efficacies of these 
modalities have not been systematically evaluated. 153,160 

Neostigmine, a parasympathomimetic, is used in the treat¬ 
ment of acute colonic pseudo-obstruction. The decompression 
with this drug has been achieved in 80% to 100% with a 
recurrence rate of 5%. 153 Neostigmine may be a viable alter¬ 
native to colonoscopy in pregnant women, provided mechani¬ 
cal obstruction is properly excluded. The administration of a 
polyethylene glycol electrolyte balanced solution after initial 
resolution of colonic dilation may reduce the recurrence rate 
with use of neostigmine. 161 

Neostigmine has expected cardiovascular side effects such as 
bradycardia, hypotension, and dizziness and is excreted via the 
kidneys. The few relative contraindications to its use in treat¬ 
ment of acute colonic pseudo-obstruction are a baseline heart 
rate of less than 60 beats per minute or systolic blood pressure 
of less than 90 mm Hg, active bronchospasm requiring medica¬ 
tion, a history of colon cancer or partial colonic resection, active 
gastrointestinal bleeding, pregnancy, or a serum creatinine con¬ 
centration of greater than 3 mg/dL (265 /rmol/L). Other side 
effects would include mild to moderate crampy abdominal pain, 
excessive salivation, and vomiting. Side effects such as increas¬ 
ing airway secretions and bronchospasm can be reduced by con¬ 
comitant use of glycopyrrolate without reduction of colonic 
response. 162,163 Ponec et al. 164 recommend use of neostigmine 
prior to colonoscopy, based on its easy administration, lower 
expense, and superior results in comparison to colonoscopy. 
Reported rates of response to treatment with neostigmine are 
91% (single administration) and 100% (second administration) 
in a group of 21 randomized patients. 153,164 Colonoscopy is 
associated with morbidity of 3% and mortality of 1%. Further 
studies of this combination therapy are warranted. It should be 
emphasized, however, that patients should undergo immediate 
exploration if they exhibit signs of clinical deterioration or 
bowel perforation (peritoneal signs on physical examination or 
free air on radiographs). 

Surgery is reserved for patients not responding to medical 
and endoscopic management and for patients who develop 
signs of peritonitis or perforation. Percutaneous endoscopic 
cecostomy can also be performed if conservative measures 
fail. 165 Cecostomy tubes are often poorly tolerated because of 
issues related to skin breakdown; in the authors’ opinion, this 
approach is advisable only when more extensive surgical pro¬ 
cedures are considered too risky. Procedures such as total 
colectomy, ileostomy, and Hartmann procedure are taken into 
consideration in case of perforation. 153 
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CHAPTER 49 CROHN DISEASE* 

FABRIZIO MICHELASSI AND SHARON L. STEIN 


KEY POINTS 


Q Crohn disease is a chronic inflammatory disorder of the 
gastrointestinal tract with varied presentations. 

Q Although no cure exists for Crohn disease, symptoms can 
be ameliorated with medical therapy, and surgical inter¬ 
vention is reserved for when medical treatment fails or to 
treat complications of disease. 

Q Understanding medical therapies for Crohn disease is imper¬ 
ative for the appropriate perioperative care of patients. 


Q Indications for surgical intervention in Crohn disease 
include failure of medical management, obstruction, and 
septic complications. 

Q The recurrent nature of Crohn disease requires preserva¬ 
tion of bowel length with each surgical intervention to 
prevent complications of malabsorption and decreased 
intestinal length. 


Crohn disease is a chronic inflammatory disorder of the gas¬ 
trointestinal tract that can affect patients from the mouth to 
the anus. Crohn disease was first described by Dalziel in 1913 1 
but derives its name from Burill Crohn, the first author of the 
now classic paper published in 1932. 2 Although much has 
been discovered regarding the etiology and treatment of Crohn 
disease in recent years, there remains no medical or surgical 


"This chapter has been adapted from the fourth edition of Greenfield’s 
Surgery and the authors are grateful for the contributions of previous 
authors Roger D. Hurst and Alessandro Fichera. 


cure for this disease. Treatment of Crohn disease consists pri¬ 
marily of medical management and modulation of symptoms, 
with surgical involvement when complications or escalations 
of symptoms occur. The course and severity of Crohn disease 
is affected by its location and disease characteristics, and are 
difficult to generalize. Patterns of disease and involved seg¬ 
ments vary from ileocolic disease, the most common surgical 
manifestation, to colon disease, to pan-intestinal tract disease. 
Over 70% of patients will require a surgical intervention at 
some point in their lives and over half of patients will require 
Q multiple surgical interventions. A comprehensive understand¬ 
ing of the disease process and surgical options is imperative for 
appropriate treatment of the disease. 
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EPIDEMIOLOGY 


Current estimates are that 400,000 to 600,000 Americans are 
affected by Crohn disease and four new patients are diagnosed 
with Crohn disease annually per 100,000 people in the United 
States. 3 Traditionally, the United States and Europe have a 
higher prevalence than Asia, South America, or Africa. 
Patients of Ashkenazi Jewish descent have higher rates than 
people from other ethnic groups. Within the United States and 
Europe, there is variation in concentration of cases; Crohn dis¬ 
ease is almost twice as prevalent in northern populations. 4 

A familial predilection for Crohn disease exists; one of five 
patients has a relative with ulcerative colitis or Crohn disease. 
Additionally, the presence of a first-degree relative with 
inflammatory bowel disease increases the risk of developing 
Crohn disease 6- to 10-fold. 5 No direct mendelian pattern of 
inheritance has been discovered. 


ETIOLOGY OF CROHN DISEASE 


The exact etiology of Crohn disease remains unknown. Strong 
associations between Crohn disease and immunologic, genetic, 
bacterial, and epidemiologic factors exist and have been the 
focus of significant research. 

Current theory centers on the altered immune response of 
patients with Crohn disease. Affected patients appear to lack 
the ability to respond appropriately to periodic bacterial pene¬ 
tration from the gastrointestinal lumen to the circulatory 
system. The normal immunologic response is to upregulate 
inflammatory mediators in response to bacterial incursions and 
downregulate these systems when they are no longer needed. 
Patients with Crohn disease lack variable regulation and differ¬ 
entiation, resulting in an uncontrolled inflammatory state and 
chronic changes in the intestinal wall. 6 

Research into the source of this altered inflammatory 
response has focused on the discovery of genomic changes. 7 
The NOD2 gene, located in the pericentromeric region of chro¬ 
mosome 16, is a gene of particular interest. NOD2 appears to 
have a role in bacterial sensing and links to the muramyl dipep¬ 
tide protein present on virtually all bacterial cell walls. Muta¬ 
tions at this locus result in loss of function affecting innate cell 
response to bacteria and may be partly responsible for the 
immunologic changes seen in Crohn disease. 8 

Other theories have focused on infectious sources as the eti¬ 
ology of Crohn disease. Associations with specific infectious 
agents including Mycobacterium paratuberculosis, Helicobacter 
pylori , Escherichia coli, and various viral agents exist. Bacter¬ 
ial and viral markers have been found in surgical specimens. 
However, no single bacterial or viral source has been a consis¬ 
tent finding as the etiology of the disease. 

Epidemiologic factors of disease variance have led to 
hypotheses regarding social and dietary sources of Crohn dis¬ 
ease. It has been hypothesized that colonization of bacteria 
secondary to water sources, food preservation, or dietary 
choices places individuals at increased risk for Crohn disease. 
These theories are supported by epidemiologic factors; antibi¬ 
otics successfully treat symptoms, immigrants match the inci¬ 
dence rates of their adopted geographic locale, and dietary 
modifications improve symptoms. Smokers are at increased 
risk for contracting Crohn disease, and smoking exacerbates 
Crohn disease. No specific component within cigarettes has 
been shown to act as a clear aggravating or inciting factor. 9 


DIAGNOSIS 

Diagnosis is based on a combination of clinical history, physi¬ 
cal examination, and laboratory, endoscopic, and radiographic 
findings, but no definitive test for Crohn disease exists. The 



FIGURE 49.1. Small-bowel follow-through demonstrating stenosis in 
the jejunum of a patient with Crohn disease. Dilation is noted upstream 
of the narrowed segment. 


varied location and pathologic features may complicate diag¬ 
nosis. Approximately 60% of patients have involvement of the 
ileum, with or without cecal disease. Colonic disease presents 
in 15% to 20% of patients. Ten percent of patients have prox¬ 
imal small bowel involvement and 15% of patients have multi¬ 
ple sites of disease throughout the gastrointestinal tract. 10 The 
peak age of diagnosis is between 15 and 25 years of age with a 
second peak between 55 and 65 years. Crohn disease is uncom¬ 
mon prior to the age of 6 years. 


DISEASE PATTERNS 


Crohn disease is categorized by three general disease cate¬ 
gories: inflammatory disease, stricturing disease, and perforat¬ 
ing disease. It is believed that these patterns do not represent 
distinct disease entities but rather a continuum of the disease. 
An inflammatory disease pattern is typically characterized by 
mucosal ulceration and thickening of the bowel wall, resulting 
in narrowing of the intestinal lumen (Fig. 49.1). Symptoms of 
the inflammatory pattern of disease are characteristic of chronic 
obstruction and include weight loss, nausea, abdominal pain, 
bloating, and change in bowel habits. A stricturing disease pat¬ 
tern is characterized by intestinal luminal narrowing, forming 
cicatricial strictures surrounded by fibrotic scar tissue. Unlike 
the inflammatory pattern, stricturing disease is rarely amenable 
to medical management. 

Perforating disease is characterized by the macroscopic or 
microscopic presence of fistulas and abscesses. Perforating dis¬ 
ease typically begins on the mesenteric portion of the intestinal 
lumen and bores through the bowel wall. Tracks may penetrate 
for only a short distance and form blind tracks or sinuses, or 
continue into an adjacent segment of intestine, into an abdomi¬ 
nal organ, or through the abdominal wall. Abscesses may cause 
obstructive symptoms, fevers, abdominal pain, or sepsis. Fistu¬ 
las are often asymptomatic but, depending on the location, can 
result in diarrhea, fecaluria, pneumaturia, or enteric drainage 
through the abdominal wall or the vagina. 


CLINICAL PRESENTATION 


Patients with Crohn disease most frequently present with 
abdominal pain. The location of pain varies by disease location, 
but abdominal pain and anorexia are common regardless of 
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location. Postprandial crampy abdominal pain and bloating are 
characteristic of obstructive disease, while septic complications 
are usually associated with steady pain and localized tenderness. 
Weight loss and fatigue secondary to anemia are frequent com¬ 
plaints. Right lower quadrant pain mimicking appendicitis is a 
frequent presentation of ileocolic disease. Patients with Crohn 
colitis may also present with diarrhea, which may be bloody. 
Increased fecal urgency and incontinence often coexist with col¬ 
orectal disease. Delayed gastric emptying may signify gastroduo¬ 
denal disease. A history of prior appendectomy, irritable bowel 
syndrome, and food allergies is common. A complete history of 
patients with Crohn disease includes questioning for secondary 
symptoms of Crohn disease, such as rashes, mouth ulcers, 
uveitis, liver abnormalities, and musculoskeletal problems. 

Examination of a patient with Crohn disease should assess 
signs of diffuse or localized peritonitis secondary to perfora¬ 
tion, abscess, and toxic megacolon, necessitating prompt sur¬ 
gical intervention. Physical examination should note signs of 
obstruction, such as abdominal distention and abnormal 
bowel sounds. Masses and tenderness are frequent findings. 
Particular attention should be given to prior scars and the 
presence of abdominal or vaginal drainage, which may signify 
enterocutaneous or enterovaginal fistulas. Rectal examination 
should evaluate perianal disease, skin tags, abscesses, fissures, 
scarring or fistulas, and sphincter tone. An atypical location of 
perianal disease, such as lateral fissures, or recurrence of peri¬ 
anal disease should raise a suspicion for Crohn disease and 
warrant further evaluation, even without other intestinal 
symptoms. 

Laboratory testing of patients with Crohn disease may 
reveal metabolic derangement, acute infection, and malnutri¬ 
tion. Electrolyte disturbances and renal insufficiency are 
common in patients with severe diarrhea. An elevated white 
blood cell count, elevated sedimentation rates, and elevated 
C-reactive protein levels are indicators of acute inflammatory 
disease or infection. Patients are often anemic, with decreased 
folate and vitamin B 12 levels secondary to ileal disease and 
malabsorption. Albumin, prealbumin, and transferrin testing 
can demonstrate evidence of malnutrition secondary to acute 
or chronic weight loss. Although no definitive laboratory test¬ 
ing exists for Crohn disease, the presence of perinuclear anti¬ 
neutrophil cytoplasmic antibodies (pANCAs) and absence of 
antisaccharomyces cerevisiae antibodies (ASCAs) may help 
differentiate Crohn disease from indeterminate colitis or ulcer¬ 
ative colitis. 


EXTRAINTESTINAL DISEASE 


Extraintestinal manifestations of Crohn disease occur in up to 
25 % of patients with Crohn disease and are most likely to occur 
in patients with ileal disease. 11 Patients may present with der¬ 
matologic disorders, ocular disease, arthralgias, hepatic dys¬ 
function, and deep venous thrombosis. Some other manifesta¬ 
tions, including peripheral arthritis, episcleritis, aphthous 
ulcers, and erythema nodosum, which generally parallel the 
activity of the intestinal disease, and symptoms often regress 
with successful medical or surgical treatment. Surgical interven¬ 
tion is occasionally advocated when these extraintestinal mani¬ 
festations fail to resolve. Ankylosing spondylitis, uveitis, pyo¬ 
derma gangrenosum, and primary sclerosing cholangitis do not 
correlate with bowel disease activity, and their clinical course is 
not attenuated by surgical resection of intestinal Crohn disease. 


ENDOSCOPY 


The evaluation of Crohn disease should survey the entire gas¬ 
trointestinal tract. Endoscopic evaluation includes upper endo¬ 
scopy for evaluation of gastroduodenal ulcers and colonoscopy 


with ileal intubation to investigate colonic and ileal disease. Find¬ 
ings typical of Crohn disease include ulcerations, cobblestoning, 
and skip lesions. The presence of ileal disease may differentiate 
Crohn disease from ulcerative colitis, though backwash ileitis 
(present in ulcerative colitis) may make differentiating the two 
entities challenging. Rectal sparing or fistulous perianal disease 
may help differentiate Crohn disease from ulcerative colitis. The 
presence of aphthous ulcers, cobblestoning, and strictures are 
highly suggestive of Crohn disease. 


SMALL-BOWEL RADIOGRAPHY 


Small-bowel follow-through and enteroclysis were tradition¬ 
ally used to evaluate the small bowel between the duodenum 
and the terminal ileum. In both these studies, oral contrast is 
ingested and serial radiographic imaging is performed with flu¬ 
oroscopy or still images. Radiographic findings may be distinc¬ 
tive. 12 Mucosal granularity, ulceration, and blunting of normal 
intestinal architecture may be seen. Abnormal spacing of bowel 
loops on enterography is characteristic of mesenteric and 
bowel wall thickening found in Crohn disease. Fistulas may be 
demonstrated between loops of bowel; strictures and skip 
lesions may also be visualized. 


COMPUTED TOMOGRAPHY 


Computed tomography (CT) allows for identification of extra¬ 
luminal pathology, unavailable on traditional small-bowel 
studies. CT can evaluate ureteric obstruction, air within the 
urinary bladder, inflammatory masses, and abscesses. Informa¬ 
tion provided by the CT scan is integral for planning percuta¬ 
neous drainage of abscesses. Recent advancements in the use 
of CT enterography have increased the sensitivity of CT scan 
for intraluminal pathology. Using a multidetector CT scanner 
with oral and intravenous (IV) contrast, CT enterography can 
evaluate the bowel wall for enhancement and the presence or 
absence of strictures and fistulas. The sensitivity and specificity 
of CT enterography still falls behind that of traditional small- 
bowel follow-through and enteroclysis, but are improving 
with increasing experience. 13 


CAPSULE ENDOSCOPY 


Capsule endoscopy is a recent advancement in gastrointestinal 
endoscopy. Patients swallow a small capsule, which transmits 
continuous images to a monitor, which is placed on the patient 
for the duration of the study. This provides direct imaging of the 
small bowel between the ligament of Treitz and ileocecal valve, 
not previously accessible by endoscopy. Patients who undergo 
capsule endoscopy should first be evaluated for the presence of 
strictures and chronic obstruction, as cases of retained capsule 
requiring surgical retrieval have been reported. 


PATHOLOGY 


Pathologic findings of Crohn disease tend to progress from 
small aphthous ulcers to full-thickness inflammation and fistu¬ 
las. Aphthous ulcers are small red spots or depressions in the 
intestine that represent mucosal ulceration over microscopic 
lymphoid aggregates and are the earliest manifestation of 
Crohn disease. 14 As the disease progresses, the ulcers enlarge, 
forming longitudinal ulcerations on the mesenteric aspect of 
the bowel wall. Further disease progression leads to a serpigi¬ 
nous network of thin, linear ulcerations surrounding islands of 
edematous mucosa, producing a classic “cobblestone” appear¬ 
ance. Pseudopolyps, which are actually formed by the paucity 
of normal surrounding mucosa secondary to severe disease, 
may be seen in Crohn disease (Fig. 49.2A). 
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FIGURE 49.2. A: Pseudopolyps and full-thickness ulceration in a 
patient with Crohn disease of the ileum. B: Fat wrapping or “creeping 
fat” is seen extending over the serosal surface of the bowel of a stenotic, 
diseased segment of ileum. Fibrotic changes are noted on the cut surface 
of ileum, extending to all layers of the bowel wall. 


Gross pathologic findings including an inflamed thickened 
mesentery and enlarged regional lymph nodes are found in the 
majority of patients with Crohn disease. Fatty tissue develops 
from the mesentery and extends over the serosal surface of the 
small bowel, resulting in a phenomenon known as “fat wrap¬ 
ping” or “creeping fat” (Fig. 49.2B). Early in the disease pro¬ 
gression the bowel wall is hyperemic and boggy, but as inflam¬ 
mation progresses, fibrotic scarring develops and the bowel 
becomes thickened and leathery. 

The inflammation of Crohn disease eventually extends 
through all layers of the bowel wall. Mucosal ulcerations 
progress and penetrate through the bowel wall, resulting in 
abscesses, fistulas, or sinuses (Fig. 49.3A). Lymphoid aggre¬ 
gates in the submucosa thicken and extend through the muscu- 
laris propria (Fig. 49.3B). Well-developed lymphoid aggregates 
in edematous or fibrotic submucosa or subserosa are virtually 
diagnostic of Crohn disease. Noncaseating granulomas are 
found in up to 50% of surgically resected specimens but are 
rarely seen in specimens obtained endoscopically (Fig. 49.3C). 
Although granulomas are a valuable diagnostic feature of 
Crohn disease, their presence is not pathognomonic and they 
do not imply activity. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of Crohn disease includes a wide 
variety of abdominal pathologies. Infectious, ischemic, inflam¬ 
matory, and functional disorders can all mimic Crohn disease. 

Differentiating Crohn disease from appendicitis is a com¬ 
mon diagnostic dilemma. Young, otherwise healthy patients 
with right lower quadrant pain, mild leukocytosis, and inflam¬ 
mation on CT are common to both diseases. Careful CT evalu¬ 
ation can be suggestive of disease primarily arising from the 
appendix, with appendiceal occlusion, versus inflammation 
arising from the cecum or terminal ileum. Occasionally, the 
diagnosis of Crohn disease is made intraoperatively, when a 



FIGURE 49.3. A: Deep fissure extending through layers of the bowel wall with preservation of surrounding 
villi and crypts. B: Diffuse lymphoid aggregates characteristic of Crohn disease. C: Noncaseating granulomas 
are a valuable diagnostic feature of the disease. 
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normal appendix and inflamed ileum are noted. If the cecum is 
normal, performing an appendectomy may be appropriate to 
prevent future diagnostic dilemmas, but the ileum is not typi¬ 
cally resected in this acute setting unless obstruction is com¬ 
plete or medical therapy has failed. Should the ileum require 
immediate resection, ileocecal resection is suggested. Infectious 
ileal diseases such as Yersinia , tuberculosis, and Salmonella are 
uncommon but can present with similar clinical scenarios. 

Noninfectious colitis, most commonly ulcerative colitis, 
can be confused with Crohn colitis. It is believed that ulcera¬ 
tive colitis and Crohn disease may exist on a spectrum of 
inflammatory bowel disease rather than as distinct disease 
entities. Crohn disease is typically distinguished from ulcera¬ 
tive colitis by endoscopic, anatomic, and pathologic findings. 
Endoscopically, ulcerative colitis tends to start at the rectum 
and progress proximally. Rectal sparing and skip lesions, 
common in Crohn disease, are unusual in ulcerative colitis. 
The presence of perianal and small-intestinal disease is com¬ 
mon in Crohn disease and rare in ulcerative colitis. Backwash 
ileitis, a phenomenon associated with an incompetent ileoce¬ 
cal valve, may confuse the diagnosis, but the presence of 
ulcers, cobblestoning, fistulas, and disease in the proximal 
ileum are highly suggestive of Crohn disease. Pathologic find¬ 
ings of transmural inflammation or granulomas are character¬ 
istic of Crohn disease and rarely found in ulcerative colitis. 

Crohn colitis can be mimicked by other colitides, such as 
infections (Clostridium difficile, Salmonella , cytomegalovirus) 
or ischemic colitis, but endoscopic, bacteriologic, or patho¬ 
logic findings usually differentiate between diseases. Radiation 
or nonsteroidal anti-inflammatory drug (NSAID)-induced col¬ 
itis or enteritis may affect the large or small bowel and can be 
similar in presentation. History and location may help to dif¬ 
ferentiate between etiologies. 


TREATMENT 


Neither medical nor surgical therapy is curative for Crohn dis¬ 
ease. Management of Crohn disease is focused on the relief of 
Q symptoms and prevention of recurrence. As patients with 
Crohn disease often have multiple recurrences and escalation 
of symptoms, avoidance of surgical resection to preserve 
bowel length is an important component in treatment. Med¬ 
ical therapy represents first-line treatment for most symptoms 
of Crohn disease and is based on the severity of symptoms. 
The understanding of medical treatments for patients with 
Crohn disease is imperative for the surgeon, as many medica¬ 
tions affect postoperative physiology and risks for surgical 
complications. 


MEDICAL MANAGEMENT 


The first line of treatment in Crohn disease is symptomatic 
supportive care. Many patients find that a bland, low-fiber diet 
may alleviate the symptoms of bloating and abdominal pain. 
Bowel rest can decrease disease activity, but remission is often 
transient. Antidiarrheal and antimotility agents, such as diphe¬ 
noxylate, loperamide, and diluted tincture of opium, are used 
for chronic diarrhea related to colitis, ileal disease, or prior 
bowel resection. These medications decrease intestinal cramp¬ 
ing and diarrhea by decreasing intestinal motility. In the pres¬ 
ence of severe colitis, these medications are contraindicated as 
they may precipitate toxic megacolon. 

Patients with severe malnutrition may benefit from par¬ 
enteral nutrition. Data extrapolated from the literature on 
cancer patients suggest that 1 week to 10 days of preoperative 
total parenteral nutrition may prevent weight loss, improve 
nitrogen balance, and reduce perioperative complications. 15 
The risks of total parenteral nutrition must be weighed care¬ 
fully against the benefits of nutritional optimization. 


Aminosalicylates or 5-aminosalicylic acid (5-AS A) deriva¬ 
tives are commonly used as first-line treatment for patients 
with mild to moderate Crohn disease of the large and small 
intestine. These medications inhibit proinflammatory media¬ 
tors and are designed to deliver medications to a specific bowel 
segment. Diffusion-dependent medications (Pentasa) target the 
distal small intestine and are effective in patients with diar¬ 
rhea. pH-dependent medications (Asacol) are effective in the 
terminal ileum and ascending colon where the bowel pH 
reaches 6 to 7. Flora-dependent derivatives (Colazal, sul¬ 
fasalazine) rely on colonic flora to break the diazobond and 
work most effectively in the colon. 

Aminosalicylates may be taken orally or rectally and have 
been shown to be effective to prevent relapse after medically 
induced remission or surgical resection. 16 Patients on ASA 
derivatives are not at increased risk of postoperative complica¬ 
tions and may be started early in the postoperative period to 
help decrease recurrence rates and maintain remission. 17 It is 
critical that 5-ASA derivatives not be confused with acetylsal- 
icylic acid (aspirin) or other NSAIDs frequently used in post¬ 
operative patients. NSAIDs have the potential to exacerbate 
disease activity and should be avoided in patients with Crohn 
disease. 18 

Antibiotics have been demonstrated to improve symptoms 
of Crohn disease. They are used to treat intra-abdominal and 
perianal infection and abscesses and to obtain and retain 
remission in inflammatory and fistulizing disease. 19 The mech¬ 
anism of action is theorized to be due to altering indigenous 
luminal bacteria and modifying the aerobic and anaerobic bac¬ 
teria concentrations in the gastrointestinal tract. Fluoro¬ 
quinolones, metronidazole, and rifaximin are used commonly. 

Historically, steroids were the first-line treatment of acute 
flares of Crohn disease and were used for medically refractory 
disease. Recent medical literature has de-emphasized the use of 
steroids in favor of antibiotics and biologic and immunologic 
pharmacotherapies. Multiple studies have demonstrated that 
steroids may be helpful in achieving remission, but only about 
30% of patients will maintain remission without continued 
steroids. 20 Steroids may be administered orally, intravenously, 
or rectally. 

A limitation of steroids is the extensive side effect profile, 
which includes osteonecrosis, diabetes, myopathy, infection, 
and adrenal suppression. Intravenous and oral medications 
with systemic absorption have a high risk of steroid-induced 
side effects. Orally available budesonide and topical enemas 
have decreased systemic absorption and side effects. In gen¬ 
eral, chronic use of doses of 20 mg/d or higher portends a 
worse prognosis, with an increased risk of surgical interven¬ 
tion. 21 

The thiopurines azathioprine (AZA) and 6-mercaptopurine 
(6-MP) are used for treatment of moderate to severe disease 
and have been particularly useful for patients with fistulizing 
disease. Studies have shown 6-mercaptopurine and azathio¬ 
prine to be effective in decreasing recurrence, ameliorating fis- 
tulizing disease, and maintaining remission. 22 The mechanism 
of action is induction of apoptosis and inhibition of ribonu¬ 
cleotide synthesis. Side effects of these agents include bone 
marrow suppression, hepatitis, pancreatitis, and lymphoma, 
which can be severe and limit usage. Approximately 20% of 
patients are intolerant to the medications. These medications 
are not thought to be a major risk factor for patients undergo¬ 
ing surgical intervention. 

Methotrexate has been used in patients to facilitate wean¬ 
ing from steroids, particularly in patients intolerant to 6- 
MP/AZA. Studies in Crohn disease demonstrate an increased 
rate of remission and ability to wean steroids when compared 
to placebo. 23 Side effects include bone marrow suppression, 
pneumonitis, and cirrhosis. Methotrexate is not thought to be 
a particular risk factor for postoperative complications. 

One of the most important recent advances in the medical 
treatment of Crohn disease is the use of biologic agents. Infliximab 
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(Remicade) was the first such agent to be introduced. It is a 
monoclonal antibody directed against tumor necrosis factor-a 
(TNF-a). While infliximab was initially used only in patients with 
severe fistulizing disease, its use has been broadened to patients 
with moderate to severe inflammatory disease, fistulizing disease, 
and medically refractory disease. Practitioners advocate its use in 
patients with severe disease as a first-line “top-down” approach. 
This theory advocates starting patients on traditionally second- 
or third-line drugs to induce a quicker remission. Studies have 
demonstrated increased rates of clinical remission and improve¬ 
ment of fistulizing disease. 24 Similar agents, including adali- 
mumab (TNF antibody), Visilizumab (CD3 antibody), and cer- 
tolizumab (TNF), are increasingly available and approved for use 
in Crohn disease. Significant side effects include rare oppor¬ 
tunistic infections and reports of lymphoma. Patients may 
develop severe anaphylaxis during administration and may 
form antibodies to these medications. Immunosuppressive ther¬ 
apy is also believed to increase the risk of postoperative infec¬ 
tious complications. 


INDICATIONS FOR OPERATION 


The indications for surgical intervention in patients with 
Crohn disease are listed in Table 49.1. 


Failure of Medical Management 

Q Failure of medical management is the most common indication 
for surgical intervention. 25 Failure can occur in a number of 
ways: patients may continue to worsen, despite maximal med¬ 
ical therapy; medical management can fail to induce remission 
or quell signs of acute flare; or side effects of medical treatment 
such as pancreatitis, hepatitis, diabetes, lymphoma, anaphy¬ 
laxis, and psychosis may limit its use. Alternatively, patients 
may be unwilling to start or continue medications secondary to 
the risk of side effects. Each of these reasons may be an indica¬ 
tion for surgical intervention. 


Intestinal Obstruction 


Intestinal obstruction generally occurs secondary to inflamma¬ 
tory or stricturing disease. Partial or complete obstruction is a 
common indication for surgery in patients with Crohn dis¬ 
ease, 10 but acute obstruction is rare. Initial treatment usually 
involves bowel rest, antibiotics, and supportive therapy. Par¬ 
tial small-bowel obstruction related to acute inflammation can 
often be managed with medical therapy. Traditionally steroids 
were used, but recently, new therapies such as infliximab and 
adalimumab have proven useful in inflammatory disease. 
Stricturing disease is less likely to respond to medical treat- 


TABLE 49.1 INDICATIONS 


SURGICAL INDICATIONS IN CROHN DISEASE 

Failure of medical management 

Intestinal obstruction 

Abscess/inflammatory masses 

Fistulas 

Perforation 

Hemorrhage 

Cancer 

Toxic colitis 

Growth retardation 


ment. Patients with Crohn disease may also have obstruction 
secondary to adhesions, or volvulus or herniation secondary 
to prior surgical intervention and should be treated accord¬ 
ingly. 

Short-segment strictures may be considered for endoscopic 
dilation if they are endoscopically accessible in the duodenum, 
ileum, or colon. Endoscopic dilation has been shown to be safe 
and efficacious in several studies 26 and may be performed with 
or without simultaneous local treatment with steroid injec¬ 
tion. 27 If this approach is used, repeated procedures are often 
necessary. 

Failure to resolve, escalation of symptoms, or signs of sep¬ 
sis are indications for surgical treatment. Most cases of obstruc¬ 
tion will eventually require surgical treatment. Obstruction can 
be treated with resection, strictureplasty, or a combination of 
the techniques. 


Abscess and Inflammatory Masses 

Intra-abdominal abscesses and inflammatory masses are fre¬ 
quent indications for surgical intervention. Abscesses result 
from a localized, contained perforation or fistulization of dis¬ 
eased bowel; small abscesses are often contained in inflamma¬ 
tory masses. Often the reactive serositis will facilitate adhe¬ 
sions to normal bowel wall and form an inflammatory mass to 
prevent generalized peritonitis and perforation. Abscesses and 
inflammatory masses may present with an indolent course of 
low-grade fevers, abdominal pain, and leukocytosis. Abdomi¬ 
nal examination may demonstrate a tender mass. 

Most abscesses are amenable to antibiotics and drainage. 
An unstable patient who fails to respond to initial resuscita¬ 
tion and has free perforation or peritonitis should undergo 
immediate surgical intervention. In a stable patient, a CT scan 
can evaluate the abscess size, location, and accessibility to per¬ 
cutaneous drainage (Fig. 49.4). Intramesenteric and intraloop 
abscesses are often inaccessible to drainage. Percutaneous 
drainage improves clinical symptoms 28 and reduces the risk of 
enterocutaneous fistula. 29 However, the source of the abscess is 
typically severely diseased intestine and most patients will 
progress to require surgical intervention. Drainage, antibi¬ 
otics, and parenteral nutrition may reduce inflammation and 
facilitate a more limited intestinal resection. 


Enteric Fistulas 


Fistulization is a common manifestation of Crohn disease and 
results from full-thickness rupture into an adjacent hollow 
organ or through the abdominal wall. Fistulas may occur at 
the site of prior anastomoses; ileocolic resection often fistulizes 
to the duodenum, and colon resections can fistulize to the 
stomach. Crohn disease may form symptomatic fistulas between 
proximal and distal loops of bowel or between the small bowel 
and colon. Enteric fistulas may be found in as many as one 
third of patients with Crohn disease, but constitute an indica¬ 
tion for surgery in only a small minority of patients. Immuno¬ 
logies such as anti-TNF chimeric monoclonal antibody (inflix¬ 
imab) may be used for the medical treatment of fistulous 
disease. 30 

Most fistulas between loops of bowel are asymptomatic 
and are noted incidentally at the time of surgery or on radi¬ 
ographic studies. Up to two thirds of ileosigmoid fistulas are 
not diagnosed prior to surgery, and the surgeon and patient 
should be prepared for this possibility. 31 Occasionally, fistulas 
may be symptomatic and warrant surgical intervention or 
escalation of medical therapy. Most commonly this occurs 
when a large-diameter fistula forms between the ileum and sig¬ 
moid secondary to the proximity of these loops of bowel. The 
large-diameter fistulas may cause shunting of the fecal stream 
and significant diarrhea. Often, the sigmoid is only secondarily 
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FIGURE 49.4. Computed tomogram 
showing an abscess in the right lower 
quadrant of the abdomen resulting 
from Crohn disease of the terminal 
ileum. 




involved and may be separated from the primary loop and 
repaired primarily; in cases with severe inflammation or pri¬ 
mary sigmoid disease, wedge or segmental resection of the sig¬ 
moid colon along with ileal resection should be considered. 


Urinary and Gynecologic Fistulas 

Enterovesical fistulas are encountered in 5% of patients with 
Crohn disease 32 and often in patients with a concomitant 
ileosigmoid fistula. 33 Patients with this complication present 
with pneumaturia, fecaluria, and frequent urinary tract infec¬ 
tions. An abdominopelvic CT scan may demonstrate air 
within the bladder, but direct visualization of the fistula is rare. 
Most surgeons and gastroenterologists agree that patients with 
urinary fistulas warrant surgery to prevent renal damage from 
chronic urinary tract infections. Fistulas most frequently track 
to the dome of the bladder and can be primarily repaired. 

Fistulas may occur to the vagina, the fallopian tube, or the 
uterus. Patients may complain of malodorous, feculent dis¬ 
charge per vagina, causing significant embarrassment and dis¬ 
comfort. Enterovaginal fistulas occur most commonly in 
patients with prior hysterectomy. Surgical treatment of the 
fistula is resection of involved intestine and extirpation of the 
fistulous tract. Associated abscesses should be drained ade¬ 
quately. Enterosalpingeal fistulas are rare and treatment often 
requires resection of the affected area. Fistulas to the uterus 
may be treated with bowel resection and debridement of the 
uterine opening to preserve fertility; in severe cases a hysterec¬ 
tomy may be necessary. 


Enterocutaneous Fistulas 


Enterocutaneous fistulas occur in approximately 4% of 
patients with Crohn disease, 32 typically from direct penetration 
of a sinus through the abdominal wall or rupture of a superfi¬ 
cial abscess. Prior scars are common sites of drainage. Evalua¬ 
tion of the fistulas with radiographic imaging may demonstrate 
the existence of an abscess requiring drainage or an obstruction 
preventing spontaneous healing. The presence of an enterocu¬ 
taneous fistula does not necessarily dictate the need for surgical 
intervention; sepsis must be cleared, abscesses drained, and 
nutritional support supplied if necessary. Enterocutaneous fis¬ 
tulas are often slow to heal, and surgery is ultimately required 
in many cases. The general principles of management include 
resection of diseased segment and debridement of the fistulous 
tract and abdominal wall. 


Perforation 


Free perforation with peritonitis is a rare complication of Crohn 
disease, occurring in 1 % of patients, and is a clear indication for 
urgent operation. 34 Perforation can occur in the large or small 
bowel. Resection of the diseased segment is favored over simple 


suture repair. Depending on patient stability, the duration of 
perforation, and the overall medical condition of the patient, a 
primary anastomosis, diverted anastomosis, or creation of an 
end stoma may be indicated. 


Hemorrhage 

Hemorrhage is an uncommon complication of Crohn disease. 
Massive gastrointestinal hemorrhage occurs more frequently in 
Crohn colitis than in small-bowel disease. Often, hemorrhage 
can be managed with endoscopic or interventional therapies 
and does not require surgical intervention. Hemorrhage in 
small-bowel disease tends to be more indolent, with episodes 
of chronic bleeding that require intermittent transfusion. 32 
Uncontrolled hemorrhage requires localization and resection. 


Cancer and Suspected Cancer 

Patients with Crohn disease are at increased risk for the devel¬ 
opment of adenocarcinoma of the colon and small intestine. 
Current estimates indicate an observed prevalence of 0.3% for 
small-bowel adenocarcinoma and 1.8% for large-intestinal 
adenocarcinoma. Small-intestinal carcinoma should be sus¬ 
pected in patients with a sudden change in disease symptoms 
or acute high-grade obstruction. Nonfunctional bowel 
excluded from the fecal stream seems to be at particular risk 
for malignancy. Therefore, bypass surgery should not be per¬ 
formed for Crohn disease of the small bowel. Any stricture 
treated surgically should be biopsied, if suspicious, prior to 
performing a strictureplasty. 35 Adenocarcinomas in the setting 
of Crohn disease tend to be multifocal and poorly differenti¬ 
ated. Segmental resection is appropriate treatment. 

Screening colonoscopy with random biopsies should be 
performed for patients with long-standing colonic Crohn dis¬ 
ease. It may be difficult to distinguish neoplastic from inflam¬ 
matory strictures, and approximately 7% of colonic strictures 
are malignant. When adenocarcinoma is suspected or histo¬ 
logically proven, surgical treatment is indicated. 36 Unlike 
ulcerative colitis, the recommended treatment for colon cancer 
in the setting of Crohn disease does not clearly favor total 
colectomy over segmental resection. 


Toxic Colitis 


Patients with Crohn disease occasionally develop severe coli¬ 
tis. Severe colitis is defined by Truelove and Witts 37 as dilation 
on radiography (typically defined as transverse colon >5.5 cm 
in diameter), abdominal tenderness, more than 10 bloody 
bowel movements per day, fever, tachycardia, anemia, and ele¬ 
vated sedimentation rate. Failure to respond to medical ther¬ 
apy or progression on medical therapy is accepted as an indi¬ 
cation for therapy. Subtotal colectomy with ileostomy should 
be performed. 
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Growth Retardation 


Normal growth is retarded in up to 25% of children affected 
by Crohn disease. If growth retardation persists despite ade¬ 
quate medical and nutritional therapy, prompt surgical treat¬ 
ment should be carried out before puberty as meaningful 
growth will not occur after epiphyseal closure. Resection of 
the affected segment should be performed to enable a decrease 
of medications and improved physiologic development. 


General Principles of Crohn Surgery 

Abdominal Exploration. Whether approached laparo- 
scopically or with an open technique, initial evaluation of the 
entire abdomen should be performed in all patients with 
Crohn disease. The surgeon should closely examine the small 
bowel from the ligament of Treitz to the ileocecal valve. Areas 
of disease, recognizable by dilation and narrowing (chain of 
lakes), encroachment of mesenteric fat along the serosal sur¬ 
face of the bowel (creeping fat), serosal hyperemia (corkscrew 
vessels), fistulas, and their exact location from the ligament of 
Treitz, should be noted. The total length of small bowel should 
be measured. Bowel downstream to an obstruction must be 
carefully evaluated for stricture; failure to treat downstream 
strictures is one cause of early postoperative recurrence. 

Resection. Small-bowel resection, specifically ileocolic 
resection, is the most common surgical procedure performed 
for Crohn disease. In general, resection should encompass 
grossly abnormal bowel. Resection of additional bowel to 
obtain negative microscopic margins has not been shown to 
decrease the risk of recurrence and microscopically positive 
margins have not been shown to adversely affect long-term 
results. 38 

Division of the mesentery in Crohn disease can be challeng¬ 
ing. The mesentery may be massively thickened and traditional 
transection and ligation techniques may prove inadequate. 
Often it is difficult to fashion vascular pedicles for simple ligation 
and attempts to separate mesentery into segments appropriate 
for clamping may cause inadvertent bleeding. Hematomas in the 
mesentery further complicate ligation and may cause undermin¬ 
ing of the vascular supply to normal intestine. Vessel-sealing 
devices may be problematic secondary to thickened tissue and 
provide inadequate hemostasis. Overlapping clamps on 
either side of the intended line of transection with suture lig¬ 
ation or mattress sutures are a safe method to ensure hemo¬ 
stasis (Fig. 49.5). 

A wide variety of anastomotic techniques following bowel 
resection may be applied. Standard stapling techniques are 
safe on healthy, pliable bowel, but in the case of severely ede¬ 
matous or hypertrophied intestine, a hand-sewn technique 
may provide greater versatility. A recent meta-analysis of tech¬ 
niques demonstrated that end-to-end anastomosis is associ¬ 
ated with an increased anastomotic leak rate when compared 
to other anastomotic techniques, and side-to-side anastomosis 
may provide a decreased anastomotic leak rate, decreased 
postoperative complication rates, and shorter hospital stay. 39 
Regardless of the technique employed, the basic premises of a 
safe anastomosis include ensuring an adequate blood supply, 
tension-free anastomosis, and waterproof anastomotic seal. 
Patients with severe malnutrition, anemia, or fecal contamina¬ 
tion may not be appropriate for primary anastomosis and a 
colostomy, diverting stoma, or end ileostomy may be necessary. 

Strictureplasty. Intestinal strictureplasty is an alternative 
approach to resection that preserves bowel length by surgically 
reconfiguring narrowed segments of bowel to allow passage of 
enteric contents. The presence of active fistulizing disease, 
acute inflammation, and phlegmon are contraindications to 



FIGURE 49.5. Technique for safe suture ligation and division of 
thickened and friable mesentery in a patient with Crohn disease. 
(Adapted from Walsh CJ, Lavery IC. Ileocecectomy. In: Michelassi F, 
Milsom JW, eds. Operative Strategies in Inflammatory Bowel Disease. 
New York: Springer-Verlag; 1999:294-302.) 


strictureplasty. Additionally, very long segments of severe, 
high-grade strictures may not be amenable to current stric¬ 
tureplasty techniques. Most importantly, malignancy in the 
diseased segment is an absolute contraindication to stricture¬ 
plasty. Any candidate intestinal segment should be opened and 
examined for signs of malignancy prior to repair. 

The Heineke-Mikulicz (Fig. 49.6) and the Finney (Fig. 
49.7) strictureplasty are both techniques derived from pyloro¬ 
plasty. The Heineke-Mikulicz is appropriate for diseased seg¬ 
ments 7 cm or less in length. A longitudinal incision is made on 
the antimesenteric border of the bowel and closed in a trans¬ 
verse fashion, increasing the luminal width of the bowel. The 
Finney strictureplasty can be used for diseased segments up to 
15 cm in length. In this technique, the bowel is folded into a U 
shape, and a longitudinal incision is made between mesenteric 
and antimesenteric borders. Sutures are placed on the poste¬ 
rior wall of the enterostomy, beginning at the apex, and con¬ 
tinued the entire length of the enterostomy. Functionally, the 
Finney strictureplasty creates a diverticulum on the lateral 
edge of the bowel, which may cause stagnation of the fecal 
stream and lead to bacterial overgrowth. The Finney stricture¬ 
plasty is used less frequently than the Heineke-Mikulicz stric¬ 
tureplasty. 

More recently, the side-to-side isoperistaltic strictureplasty 
(Fig. 49.8) has been used for diseased segments longer than 15 
to 20 cm in length. In this technique, the mesentery of the dis¬ 
eased segment is divided at its midpoint and the small bowel is 
transected. The proximal loop is staggered in respect to the 
distal loop to allow narrowed segments in one loop to be 
approximated to dilated segments of the second loop of bowel. 
A two-layered hand-sewn closure is created in a side-to-side 
fashion. A multicenter, international study recently demon¬ 
strated the efficacy and safety of this technique. 40 

Strictureplasty has been demonstrated to have similar peri¬ 
operative morbidity and reduction in recurrence rates when 
compared to conventional resections. 41 The most common 
postoperative complication after strictureplasty is hemorrhage 
from diseased newly sewn segments of bowel occurring in up 
to 9% of cases. In most cases, bleeding stops spontaneously 
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FIGURE 49.6. Heineke-Mikulicz strictureplasty. This technique is 
limited to patients with short-segment disease in close proximity. 
(Adapted from Milsom JW. Strictureplasty and mechanical dilation in 
strictured Crohn’s disease. In: Michelassi F, Milsom JW, eds. Opera¬ 
tive Strategies in Inflammatory Bowel Disease. New York: Springer- 
Verlag; 1999:259-267.) 


with observation alone. Occasionally, arteriography has been 
used to infuse localized vasopressin into branches of the supe¬ 
rior mesenteric artery. Rarely is surgical intervention required 
to control postoperative hemorrhage. Sepsis and anastomotic 
dehiscence occur postoperatively in only 2% of strictureplas¬ 
ties. Several small studies seem to demonstrate reduced recur¬ 
rence rates, but no randomized controlled trial has compared 
resection versus strictureplasty. Recent studies suggest normal¬ 
ization of endoscopic and radiographic features in previously 
diseased segments of bowel following strictureplasty; these 
findings suggest a possible restitution of function in diseased 
segments that would have significant implications for preser¬ 
vation of bowel length in patients with Crohn disease. 42 

Minimally Invasive Surgery. Resections of Crohn disease 
throughout the large and small intestine can successfully be 
accomplished laparoscopically. Benefits of laparoscopic surgery 
include reduced length of ileus and decreased postoperative stay 


in several studies. 43,44 Long-term follow-up has not demon¬ 
strated an increased rate of surgical recurrence or intervention 
in patients who underwent laparoscopic resection. A long-term 
follow-up series demonstrated that as many as 50% of patients 
with Crohn disease who had their operation performed laparo¬ 
scopically were able to undergo a second surgery laparoscopi¬ 
cally. 45 Many patients with Crohn disease are young healthy 
patients and the cosmetic advantages of a laparoscopic 
approach can be considerable. 

Laparoscopic surgery for Crohn disease may be challeng¬ 
ing. Thickened mesentery, abscesses, and fistulas may make 
dissection difficult. Conversion rates are typically higher in 
Crohn surgery than other types of laparoscopic bowel surgery, 
with rates of conversion cited between 4.8% and 29.2%. 42 It 
is estimated that surgeons require 10 to 50 cases per year to 
obtain minimum proficiency, and laparoscopic cases for Crohn 
disease are recommended only for experienced laparoscopic 
surgeons. 46 


SPECIFIC SCENARIOS 
OF CROHN DISEASE 

Crohn Disease of the Upper 
Gastrointestinal Tract 

Crohn disease of the duodenum is a relatively rare entity and 
may be stratified into primary and secondary disease. Primary 
duodenal involvement occurs in 4% of patients and is gener¬ 
ally inflammatory in nature, whereas secondary disease is typ¬ 
ically the result of perforating disease from an intestinal seg¬ 
ment following prior surgical resection. 47 Half of all patients 
with duodenal disease have concomitant disease elsewhere 
requiring simultaneous surgical intervention. 48 

Primary disease of the duodenum manifests with symp¬ 
toms due to ulceration and edema, such as heartburn, 
obstruction, and weight loss. Symptoms can initially be man¬ 
aged with anti-inflammatory and antacid medications, but 
90% of patients will eventually require surgical interven¬ 
tion. 49 The optimal surgical strategy depends on the individ¬ 
ual pattern of disease. The Heineke-Mikulicz strictureplasty is 
best employed for disease involving the proximal duodenum, 
while a Finney strictureplasty is better suited for disease 
involving the fourth portion of the duodenum. 50 If the duode¬ 
nal stricture is lengthy or rigid and unyielding, an intestinal 
bypass procedure should be performed. Simple side-to-side 
retrocolic gastrojejunostomy can be performed for obstruct¬ 
ing disease of the duodenum. Improved antiulcer medications 
such as proton pump inhibitors have minimized the need for 
simultaneous vagotomy to prevent marginal ulcers. Vagotomy 


FIGURE 49.7. Finney strictureplasty. (Adapted from 
Hurst RD, Michelassi F. Management of small bowel 
Crohn’s disease. World J Surg 1998;22:359-363.) 
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FIGURE 49.8. Side-to-side isoperi¬ 
staltic strictureplasty. (Adapted from 
Michelassi F. Side-to-side isoperi¬ 
staltic stricturoplasty for multiple 
Crohn’s strictures. Dis Colon Rec¬ 
tum. 1996;39:345-349.) 


has been associated with the occurrence or worsening of diar¬ 
rhea in patients with Crohn disease. 48 Distal duodenal disease 
may be amenable to Roux-en-Y duodenojejunostomy. Both of 
these procedures can be performed using either an open or 
laparoscopic technique with a high rate of success. Surgical 
resection is generally avoided secondary to a high rate of com¬ 
plications. 

Secondary involvement of the second or third portion of 
the duodenum typically occurs from recurrent disease in the 
neoterminal ileum after a prior ileocolic anastomosis. Sec¬ 
ondary disease of the fourth portion of the duodenum or the 
stomach usually occurs from primary disease of the transverse 
colon. Although most fistulas are asymptomatic, shunting of 
enteric contents may cause malabsorption and diarrhea. Surgi¬ 
cal management involves resection of the primary diseased 
intestine. The duodenum or stomach edges may be debrided to 
healthy bowel and repaired primarily. In cases of large defect 
or tension on the repair site, closure with jejunal serosal patch 
or duodenojejunostomy may be necessary. 


Ileal and Small-Intestinal Disease 


Ileal and small-bowel disease is common in Crohn disease. As 
mentioned previously, the bowel should be evaluated for 
abscesses, fistulas, and strictures. Surgical resection is generally 
recommended in short-segment disease; strictureplasty may be 
preferred in focal circumferential strictures, longer diseased 
segments, and patients with prior resections to preserve bowel 
length (Fig. 49.9). Small-bowel disease may be resected using 
either laparoscopic or open techniques. Adhesions and fistulas 
may make the laparoscopic approach quite challenging. 

The small bowel and ileum are common sites for disease 
recurrence. Crohn disease is most likely to recur close to the 


previously resected intestinal segment. The length of small 
bowel involved in recurrent disease generally corresponds to 
the length of bowel originally resected. 51 Diffuse disease, mul¬ 
tiple resections, or symptomatic fistulas can lead to malab- 
sorptive syndromes. Most common is the loss of bile salts 
normally absorbed by the terminal ileum. Bile salts hinder 
absorption in the colon, leading to increased frequency of 
stools and frank diarrhea. Bile salt diarrhea is treated with oral 
cholestyramine, which binds unabsorbed bile acids. More sig¬ 
nificantly, patients with severe disease may be unable to meet 
nutritional needs secondary to rapid transit and decreased 
functional intestinal length, either from disease or resection. 
These patients may require parental nutritional supplementa¬ 
tion on a long- or short-term basis. Fortunately, this occurs 
only when less than 100 cm of bowel remains. A surgeon 
should be aware of this issue and attempt to preserve bowel 
length by minimizing resection and considering strictureplasty, 
where appropriate. 


Crohn Disease of the Colon and Rectum 


Approximately 25% of patients with Crohn disease have iso¬ 
lated colonic involvement, with 5 % of these patients with dis¬ 
ease isolated to the anorectum. 52 Careful examination of the 
anus and rectum is vital, because the procedure of choice for 
treatment of colonic Crohn disease is determined by extent of 
involvement and fecal incontinence. 

Segmental colitis with rectal and anal sparing occurs in up 
to 50% of patients with Crohn colitis. Segmental resection has 
been advocated to spare patients from having a permanent 
colostomy and maintain absorptive length of the colon. 
Although patients may have several years of success with seg¬ 
mental resection or ileal rectal anastomosis, colon disease has 
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FIGURE 49.9. Computed tomogra¬ 
phy (CT) scan demonstrates a long 
segment of disease in the terminal 
ileum. Near-obliteration of the intesti¬ 
nal lumen is demonstrated by minimal 
passage of contrast. The loop of ileum 
in the right pelvis is also severely dis¬ 
eased, with mucosal changes apparent 
on CT scan. 



high recurrence rates even in previously grossly normal colon. 
Long-term recurrence rates are 30% to 70%, and up to 25% of 
patients eventually require a permanent stoma. 53,54 The rates of 
recurrence are similar for total abdominal colectomy with 
ileoanal anastomosis. Although ileal pouch anal anastomosis is 
commonly performed in ulcerative colitis, the recurrent nature 
of Crohn disease renders restorative procedures more risky and 
therefore this procedure is generally not recommended. 

Patients who require emergency colon surgery for toxic 
megacolon or sepsis should undergo subtotal colectomy with 
end ileostomy. Subtotal colectomy defers difficult rectal dissec¬ 
tion in an acutely ill patient and allows for conversion to an 
ileorectal anastomosis at a later date. In addition, patients who 
are acutely ill, malnourished, and immunosuppressed are more 
likely to develop difficult wound infections and pelvic sepsis 
from rectal dissection. 55 Placement of the rectal stump above 
the fascia prevents intrapelvic or intra-abdominal perforation 
and should be performed any time the rectal stump appears to 
carry a high likelihood of dehiscence. 56 

The surgical treatment of Crohn disease of the rectum 
requires proctectomy with creation of a permanent stoma. 
Crohn proctitis often occurs with extensive Crohn colitis 
requiring total proctocolectomy. Care should be taken to pre¬ 
serve pelvic sympathetic and parasympathetic nerves; in benign 
disease the dissection may be undertaken close to the rectal 
wall to limit risk of nerve injury. In the absence of significant 
perianal disease, intersphincteric resection with preservation of 
the external sphincter decreases the risk of a large perineal 
wound and adequately removes diseased mucosa of the rectum 
and anus. If perianal abscesses, complex fistulas, and dense 
scarring are present, a wide perineal excision is required. In 
severe cases, the perineal wound may require closure with gra¬ 
cilis or rectus muscle flaps. 


Crohn Disease of the Anus 


Perianal disease, in the form of abscesses, fistulas, ulcers, stric¬ 
tures, and hypertrophic skin tags, occurs in approximately 
30% of patients with Crohn disease, although rarely in isola¬ 
tion. Crohn disease of the anus tends to be recurrent, complex, 
and progressive in nature. 


Fistulas are abnormal connections between the anus or rec¬ 
tum and the perianal skin. Fistulas may be low lying or involve 
a portion of the internal sphincter muscles. Continence may be 
severely affected. Fistulas may extend to the vagina or urinary 
tract. Patients with abscesses should have surgical drainage 
and treatment with antibiotics including metronidazole and 
ciprofloxacin. Placement of setons, in the form of suture mate¬ 
rial or plastic loops, through the fistulous tract can stent the 
track and prevent formation of abscesses (Fig. 49.10). 

Recent advances in medical therapies such as anti-TNF 
antibody (infliximab) have been shown to be effective in pro¬ 
moting the healing of complex Crohn perianal fistulas. 
Although short-term data show improvement, longer follow¬ 
up shows a low rate of sustained healing, even when combined 
with surgical drainage of abscess. 57 Local injection of immuno¬ 
logies may also be used, especially in the setting of painful skin 
tags and fissures. 

When medical therapy fails to improve symptoms, or in the 
case of fistulizing disease to the vagina, surgical therapy is 
advocated. Fistulotomies, or laying open of the fistulous tract, 
may be used for low-lying fistulas, but the risk of incontinence 
limits its use in Crohn patients at risk for recurrent fistulas. 



Puborectalis 

muscle 

External 

sphincter 

muscle 


Seton 


FIGURE 49.10. Placement of a seton suture through a transsphinc¬ 
teric fistula-in-ano. (Adapted from Gordon PH, Nivatvongs S, eds. 
Principles and Practice of Surgery for the Colon, Rectum, and Anus. 
St. Louis, MO: Quality Medical; 1992:221-265.) 
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Creation of rectal mucosal advancement flaps is appropriate 
when the rectal mucosa is not grossly affected with Crohn dis¬ 
ease. Recent alternative approaches include fibrin-based glue 
and submucosal xenograft plug, with successful closure in up 
to 80% of initial studies. 58 One of the benefits of this tech¬ 
nique is the low risk of incontinence or worsening of symp¬ 
toms after these procedures. 

Ultimately, a temporary stoma to divert the fecal stream 
may be appropriate to facilitate the healing of complex peri¬ 
anal disease such as severe fistulizing disease or rectovaginal 
fistulas or following creation of a rectal advancement flap. Up 
to 30% of patients with perianal disease may require perma¬ 
nent or temporary fecal diversion for treatment of their dis¬ 
ease. Temporary fecal diversion is sometimes employed in con¬ 
junction with rectal advancement flaps to assist in the healing 
of particularly difficult cases. In severe cases of perianal dis¬ 
ease that do not respond to aggressive medical and surgical 
treatment, fecal diversion typically results in significant relief 
of local sepsis and inflammation. Unfortunately, disease activ¬ 
ity typically recurs rapidly in these cases after reestablishment 
of the fecal stream. 


RECURRENCE 


The most common long-term complication following surgery 
for Crohn disease is recurrent disease. Reported recurrence 
rates vary greatly. Endoscopic recurrence, which is often 
asymptomatic, has been reported to vary from 28% to 73% at 
1 year and from 77% to 85% at 3 years after ileal resection. 59 
Symptomatic recurrence occurs in 60% of patients at 5 years 
and 75% to 95% of patients at 20 years. Reports vary, but the 
rate of reoperation to treat recurrent disease is approximately 
20% at 5 years, 33% at 10 years, and 50% at 20 years. 60 

Research has focused on the prevention of recurrence. 
Some evidence indicates that the use of NSAIDs or nicotine 
both promote recurrence of disease. All patients with Crohn 
disease should be strongly advised to refrain from smoking 
cigarettes or taking NSAIDs. 

Patients are often placed on maintenance therapy within 
days or weeks of surgery. The most common maintenance 
therapies recommended are controlled-release 5-ASA (Pen- 
tasa) and 6-MP, but newer regimens include the use of metron¬ 
idazole and infliximab. The degree to which postsurgical 
maintenance therapy lessens the risk for recurrent disease is in 
some cases only marginal. The effects on long-term quality of 
life and the cost-effectiveness of postoperative maintenance 
therapy have not been fully determined. Thus, the decision to 
recommend maintenance therapy must be individualized for 
each patient. 
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CHAPTER 50 SMALL-INTESTINAL NEOPLASMS 

DOUGLAS J. TURNER, AJAY JAIN, AND BARBARA L. BASS 


KEY POINTS 


Q Although the small bowel accounts for 75% of the length and 
90% of the mucosal surface of the gastrointestinal tract, it is 
the site of only 1% to 3% of gastrointestinal malignancies. 

Q As in the colon, small-bowel adenomas may be histologi¬ 
cally classified as tubular, tubulovillous, or villous. Adeno¬ 
mas occur predominantly in the duodenum with the 
majority found in the periampullary region. 

Q Like adenomas, adenocarcinomas have a predilection for 
the duodenum, with a marked decrease in frequency mov¬ 
ing axially along the small bowel. Approximately 80% of 
tumors are located in the duodenum or proximal jejunum. 

^The gastrointestinal tract is the site of 4% to 20% of all 
non-Hodgkin lymphomas, being the most common extra- 


nodal site. The stomach harbors the most lymphomas, fol¬ 
lowed by the small bowel and then the colon. 

Q Carcinoids are indolent malignant neuroendocrine tumors 
that arise from the enterochromaffin cells at the base of the 
crypts of Lieberkiihn. 

Q Gastrointestinal stromal tumors are characterized by 
expression of c-kit and PDGFRu gene mutations. While 
surgical resection is the only curative treatment, adjuvant 
therapy with imatinib and other tyrosine kinase antago¬ 
nists can decrease the risk of relapse in patients after resec¬ 
tion of high-risk tumors. 


Small-bowel tumors, both benign and malignant, are uncom¬ 
mon. Although the small bowel accounts for 75% of the length 
and 90% of the mucosal surface of the gastrointestinal tract, 
less than 5% of primary gastrointestinal malignancies arise 
from the small intestine. 1 Although they are unusual, benign 
small-bowel lesions have been incidentally discovered in 0.2% 
to 0.3% of autopsy specimens, 15 times more than the number 
discovered in surgical specimens, attesting to the frequently 
asymptomatic nature of these neoplasms. 2 Recent data have 
reported an increase in the incidence of small-intestinal tumors, a 
factor at least partly due to improved imaging modalities and 
to an increasing number of immunocompromised patients. 1,3 
Small-intestinal tumors may originate from cells of epithelial 
origin (adenomas, adenocarcinomas, or carcinoids), lymphatic 
tissues (lymphomas), or mesenchymal or neural elements (gas¬ 
trointestinal stromal tumors, leiomyomas, lipomas, heman¬ 
giomas, neuromas, and a wide variety of sarcomas). From 
1975 to 2000, the rates increased by almost 50%. This trend 
reflected increases for adenocarcinomas, malignant carcinoid 
tumors, and lymphomas in men, and for carcinoid tumors and 
lymphomas in women. 4 The small intestine is also a rare site for 
metastasis from other primary tumors. 


EPIDEMIOLOGY 

While the relative incidence rates of small-bowel tumors in the 
United States appear to be increasing, 3 there are clearly geo¬ 
graphic variations in incidence worldwide. Carcinoid tumors 
are virtually nonexistent in Asian populations, yet represent 
about 30% of malignant small-bowel neoplasms in Western 
series. 3,5,6 The proportion of benign small-bowel tumors varies 
from 14% to 52% in various international series, a disparity 
likely explained by failure to detect the typically asymptomatic 
benign lesions. Reported rates of non-Hodgkin lymphoma of 
the small bowel vary from 27% to 72%, a discrepancy due in 
part to inconsistent categorization of lymphomas as primary 
or metastatic tumors, but also due partly to geographic varia¬ 
tion. Given the rarity of small-bowel tumors and the wide vari¬ 
ety of histologies, there are no large case series for any specific 
histologic subtype in the world literature, making comparisons 
difficult and definitive incidence rates difficult to confirm. 7 

Although generalizations regarding these rare tumors can be 
difficult to formulate, certain patterns can be discerned. Small- 
bowel neoplasms are less common in women than in men: a 






Chapter 50: Small-intestinal Neoplasms 


785 


male preponderance (3:2 ratio) is reported for both benign and 
malignant neoplasms. Most patients with small-bowel neo¬ 
plasms present in their sixth to seventh decade of life. Except 
for adenocarcinoma, which has a predilection for the duode¬ 
num, malignant small-bowel tumors are more common in the 
distal small bowel. Approximately 20% of tumors arise in the 
duodenum, 30% in the jejunum, and 50% in the ileum. 8 


PATHOGENESIS 


Several hypotheses have been proposed to explain the low inci¬ 
dence of small-bowel tumors, particularly those derived from 
cells of the intestinal epithelium. These hypotheses postulate 
that small-bowel neoplasms may arise from disruption of nor¬ 
mal small-bowel flora, pH, transit times, or mucosal integrity. 
Although none of these hypotheses have been verified, they are 
plausible given what is known about the pathogenesis of other 
gastrointestinal tumors. The dilute alkaline liquid contents of 
healthy small bowel are potentially less capable of inducing 
direct mechanical mucosal injury and disruption than the 
more solid contents of the colon. The luminal content of the 
healthy small-bowel lumen does not harbor pathogenic bacte¬ 
ria and their potentially toxic metabolites are not present to 
induce the genetic alterations implicated in colon carcinogene¬ 
sis. Rapid transit time through the small-bowel lumen, nor¬ 
mally 30 minutes to 2 hours, may limit mucosal exposure to 
potential carcinogens, whereas the presence of the enzyme 
benzopyrene hydroxylase in the brush border of the small 
intestine may provide protection against mucosal damage by 
detoxifying the carcinogen benzopyrene. The greater concen¬ 
tration and distribution of lymphoid tissue in the intestinal 
epithelium and submucosa and high levels of luminal 
immunoglobulin A may provide an immunologic protective 
mechanism against neoplasia. Some investigators suggest that 
the high rate of metachronous primary malignancies, observed 
in up to 20% of patients, and the frequency of multicentric 
small-bowel malignancies support an alteration in host 
defenses or a breakdown in this immunologic protective 
mechanism as an important etiologic factor. 


CONDITIONS ASSOCIATED 
WITH INCREASED RISK FOR 
SMALL-BOWEL TUMORS 


Although the small bowel develops few tumors, risk factors 
for the development of malignant lesions have been identified. 
As shown in Table 50.1, several conditions carry an increased 
risk of neoplasia. 


Crohn Disease 


Crohn disease is associated with up to a 10- to 12-fold 
increased risk of developing small-bowel adenocarcinoma, 9 
with carcinoma developing in diseased segments of the bowel 
with preexisting dysplasia. Three quarters of these small- 
intestinal cancers arise in the ileum, the area most commonly 
involved with Crohn disease but the segment of small bowel 
least commonly affected by adenocarcinoma in healthy indi¬ 
viduals. The remaining small-intestinal tumors in patients with 
Crohn disease are found in the duodenum and the jejunum, 
following the usual distribution of sporadic carcinoma, which 
tends to develop in the duodenum. Crohn-associated carcino¬ 
mas carry a particularly poor prognosis because the tumors 
are frequently diagnosed at an advanced stage, likely because 
the abdominal symptoms of the tumor are initially attributed 
to the underlying inflammatory bowel disease. 10 


ITABLE 50.1 

ETIOLOGY | 

CONDITIONS ASSOCIATED WITH AN INCREASED RISK 

OF NEOPLASIA 

■ PREEXISTING 

■ POTENTIAL 

CONDITION 

MALIGNANCY 

Adenomatous polyps 

Adenocarcinoma 

Familial adenomatous 
polyposis 

Adenocarcinoma 

Peutz-Jeghers syndrome/ 
hamartomatous polyps 

Adenocarcinoma 

Leiomyomas 

Possible leiomyosarcoma 

Neurofibromatosis 

Leiomyosarcoma, carcinoid, 
adenocarcinoma 

Crohn disease 

Adenocarcinoma 

Celiac sprue 

Lymphoma, adenocarcinoma 

Immunosuppression 

Lymphoma 

Human immunodeficiency 
virus infection 

Lymphoma, Kaposi sarcoma 

Helicobacter pylori infection 

Low-grade lymphoma 
(mucosal-associated 
lymphoid tissue) 

Epstein-Barr virus infection 

Lymphoma 


Familial Adenomatous Polyposis 

Also at risk for the development of adenocarcinoma, primarily 
of the duodenum, are patients with familial adenomatous poly¬ 
posis (FAP). 11 Close to 100% of FAP patients will eventually 
develop adenomatous polyps in the duodenum, and the risk of 
duodenal carcinoma in these patients has been estimated to be 
300-fold over that of the healthy population. 11 Duodenal and 
periampullary adenocarcinomas are the leading cause of cancer 
death in FAP patients who have previously had a colectomy. 
Careful screening with periodic esophagogastroduodenoscopy 
and prompt local resection of adenomas is of paramount 
importance in this patient population. Endoscopic polypec¬ 
tomy is appropriate for small or pedunculated lesions, whereas 
larger villous tumors, which have a greater risk for adenocarci¬ 
noma, particularly in the periampullary region, may require 
pancreaticoduodenectomy for adequate treatment. 


Other Conditions with Increased 
Risk for Small-bowel Malignancy 

Celiac sprue is associated with lymphoma, and to a lesser 
degree adenocarcinoma, occurring in up to 14% of patients. 12 
It is impossible to determine whether patients with celiac dis¬ 
ease will develop cancer, but about 8% to 10% of patients 
with severe small-bowel mucosa biopsy changes develop lym¬ 
phoma, and this figure has remained remarkably constant. 13-15 
Patients who are diagnosed with celiac disease late in life tend 
to have a higher incidence of lymphoma than patients who are 
diagnosed early on. Some have suggested that this discrepancy 
may be attributed to initiation of a protective gluten-free diet 
at a much younger age. 15 It remains unclear, however, whether 
a gluten-free diet decreases the risk of gastrointestinal lym¬ 
phoma. Dietary compliance did not show a decreased risk of 
malignancy in a recent study. 16 

The neurofibromas of von Recklinghausen disease may 
undergo malignant transformation, as may leiomyomas of the 
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small bowel. In Peutz-Jeghers syndrome, hamartomas develop 
throughout the gastrointestinal tract and may carry a risk of 
malignant transformation to adenocarcinoma. 17 Whether 
these malignancies, especially in the duodenum, actually arise 
from preexisting hamartomas has been poorly documented. 
Sporadic benign adenomatous polyps are at risk for malignant 
transformation and should be removed when identified. 

Bile acids and their metabolites may have a possible role in 
the pathogenesis of small-bowel adenocarcinoma. In one study 
of all patients with small-intestinal malignancy, 12% had a 
history of cholecystectomy, and of those with duodenal ade¬ 
nocarcinoma, 25% had prior cholecystectomy, although a 
causative relationship between cholecystectomy and small- 
intestinal adenocarcinoma remains unproven. Within the duo¬ 
denum, the periampullary region is the most frequent site of 
primary carcinoma, although a link between this finding and 
pancreaticobiliary secretions is unexplored. 

Immunosuppression, both iatrogenic following organ trans¬ 
plantation or secondary to disease, places a patient at increased 
risk for small-bowel malignancy, primarily lymphoma and sar¬ 
coma. After solid organ transplantation, patients maintained on 
immunosuppressive regimens have an incidence rate 45 to 100 
times higher than that of nontransplanted persons for non- 
Hodgkin lymphoma (NHL), a condition termed posttransplant 
lymph opr oliferative disorder (PTLD). 18 PTLD accounts for 
30% of all malignancies in cyclosporine-treated patients but 
accounts for only 12% of malignancies in patients without 
cyclosporine in their regimen. PTLD tends to develop rapidly, 
often within 12 months of transplantation in cyclosporine- 
treated patients. The level of immunosuppression appears to 
influence the incidence of PTLD; patients who require high 
degrees of immunosuppression to sustain their graft, such as 
patients with small-bowel, heart, liver, or lung transplants, 
show rates of lymphoma as high as 30%. In contrast, only 5% 
of kidney transplant recipients (who generally require less 
immunosuppression) develop lymphoproliferative tumors. 
Reduction of immunosuppression remains the mainstay of 
treatment of PTLD. This can be challenging since reduction of 
immunosuppression increases the risk of allograft rejection. 
Additional treatment options include systemic chemotherapy or 
rituximab. 19 For localized disease, there may also be a role for 
surgical resection and/or radiation. 20 Human immunodeficiency 
virus (HIV) infection (another form of immunosuppression) is 
also associated with lymphoma. Lymphoma is the second most 
common malignancy, after Kaposi sarcoma, in these patients. As 
life expectancy for patients with HIV infection has lengthened 
with improved antiviral medications, the rates of lymphoma 
have increased such that the risk at 3 years now approaches 
30%. Two thirds of these lymphomas are extranodal and the 
gastrointestinal tract is involved in 10% to 25% of cases. 


CLINICAL PRESENTATION 


There are no pathognomonic signs or symptoms of small- 
bowel tumors. Complaints, if reported, are nonspecific. As 
shown in Table 50.2, the most common symptoms—abdomi¬ 
nal pain, weight loss, anemia, nausea, and vomiting—do not 
suggest specific localization and are usually present in about 
45% of patients. These vague complaints often lead to diag¬ 
nostic delay before the correct diagnosis of small-bowel neo¬ 
plasm is established. Tumor location may influence the time 
required for detection. Smaller lesions often present earlier in 
the ileum, where the lumen is narrower and obstruction more 
likely to develop. As tumors enlarge, symptoms are more likely 
to develop. Of all lesions measuring at least 4 cm, 75% will 
cause symptoms, whereas 92% of malignant lesions of that 
size will be symptomatic. Overall, malignant lesions tend to be 
more symptomatic than benign lesions, eliciting complaints of 
abdominal pain and weight loss. In contrast, benign tumors 
more often present with acute hemorrhage as the primary 


ITABLE 50.2 

DIAGNOSIS | 

CLINICAL PRESENTATION OF PRIMARY 


SMALL-BOWEL TUMORS 


■ SIGNS AND SYMPTOMS 

■ FREQUENCY (%) 


Benign Neoplasms 
Asymptomatic 
Abdominal pain 

Acute gastrointestinal hemorrhage 
Anemia 

Intermittent obstruction 


Malignant Neoplasms 

Asymptomatic 

6-12 

Abdominal pain 

62-83 

Weight loss 

38-55 

Nausea/vomiting 

23-64 

Acute gastrointestinal hemorrhage 

6-31 

Anemia 

12-38 

Abdominal mass 

5-32 


47-60 

24-50 

29-44 

28-58 

12-28 


symptom or are identified as an incidental finding on a radio- 
logic examination or at laparotomy. 

Because of their ill-defined symptoms, both benign and 
malignant small-bowel tumors frequently present late in their 
course. Tumors are often diagnosed at the time of emergency 
surgical exploration for intestinal obstruction, perforation, or 
massive gastrointestinal hemorrhage. Only in hindsight may a 
history of abdominal complaints be elicited. 


DIAGNOSIS 


Diagnosis of a small-bowel neoplasm can be challenging. In 
most series, the average duration of symptoms prior to 
diagnosis ranges from weeks to many months. Diagnosis is 
hindered by the infrequency of these tumors and failure to 
consider small-bowel neoplasm in the differential diagnosis 
for patients with nonspecific abdominal complaints. More 
importantly, diagnosis is delayed because imaging modalities 
available to study the small bowel are limited. Accurate pre¬ 
operative diagnosis is rarely established prior to surgery. 1 

Plain abdominal radiography is rarely helpful unless the 
patient presents with obstructive symptoms. For patients being 
evaluated for gastrointestinal complaints or gastrointestinal 
bleeding, the diagnosis of small-bowel tumor is usually consid¬ 
ered after negative endoscopic evaluation of the foregut and 
colon. The diagnostic workup should then proceed to computed 
tomography (CT) scan of the abdomen. In addition to readily 
identifying bulky mass lesions, imaging allows detection of sub¬ 
tle findings that are highly suggestive of small-bowel tumors. 
Neoplastic disease must be strongly suspected if the small bowel 
wall is thicker than 1.5 cm or if there are discrete mesenteric 
lymph nodes or masses greater than 1.5 cm in diameter. The CT 
scan may reveal a transition zone, demarcating dilated proximal 
bowel from decompressed distal bowel. If associated with 
bowel wall thickening, a tumor is likely, except in patients with 
clinical characteristics more typical of Crohn disease or those 
who carry a known diagnosis of Crohn disease. 

Tumors of the distal small bowel may show CT findings of 
ileocolic or jejunoileal intussusception. Diagnosis of intussus¬ 
ception in adult patients warrants operative intervention with¬ 
out further delay. During intussusception, the small-bowel 
tumor serves as the lead point to pull the small bowel into the 
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distal small bowel or colonic lumen; the mass lesion precludes 
spontaneous reduction. In adults, radiographic attempts to 
reduce an intussusception should not be attempted. Rather, 
prompt surgical exploration and resection of the nonreduced 
intussuscepted bowel segment with mesenteric resection should 
be completed. 

If abdominal CT imaging fails to reveal evidence of a small- 
bowel tumor, one should proceed to the next steps in the diag¬ 
nostic algorithm for small-bowel lesions, which have changed 
in recent years due to the greater availability of two new tech¬ 
nologies to visualize and assess the small-bowel lumen: inter¬ 
ventional methods in endoscopy, endoscopic ultrasound, and 
now video capsule endoscopy (VCE) and double-balloon 
enteroscopy (DBE). Prior to the development of these tech¬ 
nologies, luminal contrast studies were the next diagnostic 
step, and there is a place for these studies where expertise in 
newer technologies remains unavailable. Luminal radiographic 
contrast studies and upper gastrointestinal and small-bowel 
follow-through (UGI and SBFT) remain useful to identify areas 
of partial obstruction and to identify patients in whom VCE 
may be contraindicated due to the presence of strictures that 
would prevent passage of the capsule. However, interpretation 
of subtle findings on UGI and SBFT for the evaluation of possi¬ 
ble small-bowel tumors remains challenging, and diagnostic 
accuracy is only 60% to 70% in most series. 

Endoscopic examination of the duodenum is readily accom¬ 
plished and the diagnostic procedure of choice. Endoscopy also 
offers optimal means for tissue diagnosis with forceps biopsy, 
snare polypectomy, or fine-needle aspiration. Endoscopic 
ultrasound has expanded the diagnostic and therapeutic 
assessment of mucosal and mural lesions of the small bowel, 
and is widely utilized to provide structural characteristics of 
lesions of the duodenum. Accurate staging of depth of 
mucosal-based lesions is enhanced and identification of sub¬ 
mucosal extension can confirm malignancy and dictate a resec¬ 
tional therapeutic approach as opposed to a luminal submu¬ 
cosal excision. Lesions confined to the mucosa but too large 
for snare polypectomy may be removed with endoscopic tech¬ 
niques and devices that allow endoscopic mucosal resection 
(EMR), offering both diagnostic and therapeutic efficacy. 

Given these poor detection rates, some radiologists support 
enteroclysis as the primary study of choice for imaging the small 
bowel distal to the ligament of Treitz. Enteroclysis is a dynamic 
contrast technique that uses a combination of barium and 
methylcellulose infused into the small bowel via a nasoduodenal 
tube to uniformly distend the small bowel without abolishing 
peristalsis. Expertise in this procedure is important for success 
and is rapidly losing favor as a diagnostic test given the newer 
technologies of VCE and DBE. It can be a useful study, however, 
as in one series, enteroclysis identified 90% of cases compared 
to 33% by SBFT in the same cohort of patients. 

In addition to these techniques that attempt to visualize 
intraluminal pathology, other modalities are useful in specific 
situations. Selective visceral angiography may be helpful in the 
diagnosis of patients with acute or chronic gastrointestinal hem¬ 
orrhage. Massive hemorrhage is most common with benign 
smooth muscle tumors and arteriography may provide both 
diagnostic and temporizing therapeutic advantages if selective 
embolization of a bleeding vessel can be achieved. Benign vas¬ 
cular lesions, including hemangioma, are more likely to pre¬ 
sent with occult gastrointestinal blood loss. 


Small-bowel Enteroscopy 

Endoscopic modalities include push enteroscopy, intraopera¬ 
tive enteroscopy, VCE, and DBE. The older modality of Sonde 
pull-through enteroscopy is no longer in clinical use. “Push” 
enteroscopy utilizes a pediatric colonoscope for direct exami¬ 
nation of the mucosa of the proximal small bowel. 21 Biopsy of 
identified lesions can be performed with this instrument, 


although the examination is limited to visualization of only the 
proximal 2 to 3 feet of small bowel. Performed in the endoscopy 
suite with intravenous sedation, the procedure is not well toler¬ 
ated by all patients. 

Intraoperative enteroscopy—a combined procedure includ¬ 
ing an endoscopist who navigates the enteroscope though the 
lumen on the bowel, which is facilitated by manipulation of 
the bowel by a surgeon, using laparoscopic, hand-assist, or 
open approaches—allows full visualization of the small-bowel 
mucosal surface and the opportunity to surgically treat identi¬ 
fied lesions. 

VCE with a wireless video capsule endoscope is being 
employed increasingly in the diagnosis of small-bowel tumors 
with negative CT scan and upper endoscopy. The device is an 
ingestible 11 X 26-mm capsule that the patient swallows; it con¬ 
tains a miniature video camera, light source, battery, and trans¬ 
mitter that sends images (up to 60,000 overall) to a recording 
device worn by the patient. 22,23 The patient simply swallows the 
capsule and subsequently passes the device; no sedation is 
required. VCE is a good test to identify potential small-bowel 
lesions; however, it does not have the capacity for biopsies, nor 
can precise localizations along the bowel be determined. Rela¬ 
tive contraindications to VCE include obstructive symptoms, 
motility disorders, and pacemakers. The major complication is 
capsule retention, which can occur at a stricture; the incidence 
of this in healthy patients is close to 0%; however, it can be as 
high as 10% to 25% in patients with small-bowel tumors. 22 A 
dissolvable test capsule is in development to identify those 
patients in whom the capsule is most likely to be retained. While 
retention of the capsule may not be considered a complication 
in those patients requiring surgery for an identified obstructing 
tumor, it is a much more serious complication in patients who 
would otherwise be managed conservatively, such as those with 
Crohn disease (where retention rates have been reported at 5% 
to 13%). 22 VCE has been useful in the identification of all 
mucosal-based lesions, including neoplasms, of the small bowel. 
The diagnostic rates are lower with submucosal lesions such as 
gastrointestinal stromal tumors. The major limitation of VCE is 
that it can only roughly identify the location of the lesion within 
the length of the small bowel and it does not offer any thera¬ 
peutic impact or ability to sample tissue. 

DBE is an endoscopic procedure that utilizes a therapeutic 
endoscope coupled to a pair of inflatable balloons. Sequential 
inflation and deflation of the balloons allows the endoscope to 
be pulled through the lumen of the small bowel. The entire 
mucosal surface can be visualized in antegrade (per oral) or ret¬ 
rograde (per anus) fashion. The procedure requires deep seda¬ 
tion or general anesthesia and considerable technical expertise 
and experience for successful execution. The major advantage 
of the procedure over the less complex and safer procedure of 
VCE is that tissue diagnosis and therapeutic capacity exists with 
DBE. In a large registry study from Japan, of 1,045 patients 
undergoing DBE, 144 (14%) were found to have small-bowel 
tumors. Biopsy confirmed the diagnosis of tumor type in 85 
patients including gastrointestinal stromal tumors, lymphoma, 
and carcinoid tumors. In 45 patients interventional procedures 
were completed including endoscopic mucosal resection, clip¬ 
ping or coagulation for bleeding, and stent placement. Compli¬ 
cations occurred in 3% of patients, including perforation 
requiring subsequent surgical management. 

Despite these multiple diagnostic modalities, more than 
half of patients with small-bowel neoplasms present with a 
surgical emergency, and more than half of patients with malig¬ 
nant disease have metastatic spread at the time of operation. 


SURGICAL MANAGEMENT 


Surgical approaches have changed as laparoscopic procedures 
for abdominal conditions have been disseminated throughout 
the surgical community. Laparoscopic approaches are suitable 
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for isolated benign and nonbulky tumors. Hand-assist ports 
facilitate these procedures using tactile palpation to identify 
smaller lesions, particularly in obese patients where the tumors 
may not be readily identified. Abdominal wall seeding has not 
been described, although most advocate removal of the tumor 
in a specimen retrieval bag to avoid tissue contact. 

Mesenteric resection is important in tumors characterized 
by lymphatic spread including adenocarcinoma, carcinoid, and 
lymphoma. Open procedures, to ensure adequate wide mesen¬ 
teric resection, may be more appropriate for these tumors. Dur¬ 
ing the surgical procedure, it is essential to carefully examine 
the entire small bowel, because multiple lesions occur in up to 
20% of patients depending on tumor type. Assessment for 
metastatic disease elsewhere in the abdomen including the liver 
is also essential. 


BENIGN TUMORS OF 
THE SMALL INTESTINE 


Accounting for 30% to 50% of primary neoplasms of the small 
bowel, benign tumors are poorly characterized. Half the patients 
with benign tumors are symptom free, even in retrospect, until 
the need for emergency surgery. Up to 60% of benign small- 
bowel tumors will be diagnosed at the time of presentation with 
a surgical emergency including obstruction, massive gastroin¬ 
testinal hemorrhage, or perforation. For patients who do present 
with symptoms necessitating evaluation, vague abdominal pain 
and recurrent gastrointestinal bleeding are the most common. In 
one series, 2 29% of patients with benign lesions presented with 
an acute hemorrhage and 40% in another series, 8 a feature that 
may help differentiate benign from malignant lesions, the latter 
of which bleed less often. Many more lesions are never identified 
because they elicit no symptoms. 

As noted previously, the diagnostic workup is challenging. 
In patients with symptoms, investigations should proceed as 
outlined previously. The sequelae of the neoplasms (obstruc¬ 
tion, hemorrhage, perforation) will dictate the pathway of 
evaluation. 

Regardless of the location, the treatment of benign small- 
bowel tumors is local excision or limited resection. As gross 
appearance in the operating room may not definitively estab¬ 
lish a small-bowel tumor as benign, segmental resection is 
often the most appropriate surgical approach. Endoscopic 
resection or submucosal excision via operative enterotomy 
may be appropriate for small lesions with obvious benign- 
appearing features such as a lipoma or for multiple sympto¬ 
matic lesions as occurs with Peutz-Jeghers syndrome 24 ; however, 
segmental limited resection is usually the most appropriate 
intervention. Intraoperative examination of the small bowel 
with careful palpation, including the possible use of intraopera¬ 
tive enteroscopy for evaluation of suspected abnormalities, is 
essential to rule out synchronous lesions. 


ADENOMAS 


Unique to the duodenum, Brunner gland adenomas are rare 
tumors of the proximal duodenum. 25 Brunner glands are nor¬ 
mally found in the duodenal submucosa and secrete an alka¬ 
line bicarbonate-rich fluid and mucus that aids in the neutral¬ 
ization of gastric acid. The pathogenesis of the glandular 
hyperplasia that is linked to adenoma formation remains 
unknown. Brunner gland adenomas appear to have minimal, if 
any, malignant potential. Once identified, local resection via 
endoscopic means or duodenotomy with submucosal excision 
should be performed to prevent intussusception or biliary 
obstruction as the adenoma grows. 

As in the colon, small-bowel adenomas may be histologi¬ 
cally classified as tubular, tubulovillous, or villous. Adenomas 


occur predominantly in the duodenum with the majority 
found in the periampullary region, but they may also be found 
in the proximal jejunum. Because roughly 25% of these villous 
and tubulovillous adenomas harbor malignancy, it is impor¬ 
tant to identify and resect these tumors when they are identi¬ 
fied. 26 Submucosal resection (SMR) via DBE has been 
described for these smaller lesions. It is the preferred approach 
when technical expertise with these modalities is available. All 
adenomas are associated with potential risk for malignant 
transformation, a risk that presumably increases with size, 
although relative risks of transformation are difficult to deter¬ 
mine given the low number of reported cases. Nonetheless, 
adenomas larger than 2 cm should be considered worrisome 
for malignancy. 

Approximately one third of adenomas in the duodenum 
present with obstructive jaundice or small-bowel obstruction, 
leading to ultrasound and abdominal radiography as the ini¬ 
tial diagnostic studies. Without these physical signs to direct 
the workup, appropriate initial diagnostic studies of the duo¬ 
denum include double-contrast upper gastrointestinal series or 
esophagogastroduodenoscopy, both of which are equally sen¬ 
sitive in most series. Adenomas appear usually as small intra¬ 
luminal filling defects and are frequently pedunculated on a 
stalk (Fig. 50.1). For those few patients subjected to contrast 
series prior to esophagogastroduodenoscopy, the pathogno¬ 
monic finding for villous adenoma is a “soap bubble” or 
“paint brush” sign, in which rounded radiolucent areas are 
intermixed with a meshwork of contrast material. Esopha¬ 
gogastroduodenoscopy should follow a positive upper gas¬ 
trointestinal study incorporating endoscopic ultrasound to 
detect depth of the lesion, potential for invasive disease, and 
lymphadenopathy. Treatment requires either endoscopic exci¬ 
sion or surgical resection for larger invasive lesions. The surgi¬ 
cal choices include transduodenal local excision for small 
lesions, pancreas-sparing duodenectomy for lesions confined 
to the mucosa, or pylorus-preserving pancreaticoduodenectomy 



FIGURE 50.1. A 64-year-old woman with a polypoid lesion in the 
second portion of her duodenum on upper gastrointestinal series, 
found to be a benign adenoma at operation. 
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for larger lesions or periampullary tumors. Duodenal villous 
tumors demonstrate local recurrence rates of 40% at 10 years, 
25% of which are malignant. Based on these retrospective 
data, pancreaticoduodenectomy is recommended as an appro¬ 
priate surgical option for benign lesions in selected patients. As 
mentioned previously, patients with FAP are at particularly 
high risk for developing duodenal polyps with potential for 
malignant transformation. After the colon, the duodenum is 
the second most common site of polyp formation in FAP, and 
duodenal cancer is the second most common cancer after 
colon cancer in FAP patients. FAP patients have a 100- to 300- 
fold greater risk of developing duodenal cancer than the gen¬ 
eral population. 27 Because of this high risk of local recurrence, 
those patients in whom local excision is performed require 
annual surveillance with endoscopy. 28 In FAP patients with 
multiple polyps that cannot be completely excised or in 
patients with dysplastic changes, pancreaticoduodenectomy 
should be offered. 27 


LIPOMAS 


Lipomas are true fatty neoplasms of the small bowel that are 
typically asymptomatic. These tumors are most often found 
incidentally on abdominal CT scans completed for evaluation 
of other clinical conditions. Lipomas are identified as well- 
circumscribed lesions of fat density on CT imaging. Unless 
associated with bleeding or obstruction, small tumors under 
2 cm can be safely observed, while larger lesions or growing 
lesions should be resected to rule out malignant liposarcoma. 
Because these tumors are polypoid, compressible intraluminal 
lesions, they are predisposed to induce intussusception. If 
surgery is performed either for a complication of the lipoma or 
an unrelated condition, local excision is adequate treatment. 


HAMARTOMAS 


Peutz-Jeghers syndrome (PJS) is an autosomal dominant con¬ 
dition characterized by multiple gastrointestinal hamartomas 
and mucocutaneous pigmentation. The polyps arise predomi¬ 
nantly in the jejunum and ileum and often present as an intus¬ 
susception. Although hamartomas rarely if ever undergo malig¬ 
nant transformation, the condition is associated with the 
development of adenocarcinoma. 17 Double-balloon enteroscopy 
and video capsule endoscopy have provided effective screening 
technologies for patients with PJS. Endoscopic mucosal resec¬ 
tion of hamartomas or polyps in patients with PJS via double¬ 
balloon enteroscopy has been described. Surveillance is recom¬ 
mended with endoscopic removal of lesions when they are 
identified. Patients who are diagnosed with PJS are at 
increased risk for developing a number of cancer types, includ¬ 
ing colorectal, gastric, small-bowel, ovarian/testicular, and 
pancreatic cancer. Patients who are diagnosed with this disease 
should undergo genetic counseling and have first-degree rela¬ 
tives screened. Screening for duodenal and small-bowel tumors 
in patients who are positive for the genetic mutation that 
causes PJS can include interval esophagogastroduodenoscopy 
and small-bowel contrast studies beginning in childhood (as 
early as age 8). 24 Although no consensus exists regarding the 
exact screening guidelines for these patients, close follow-up by 
a gastroenterologist is warranted given the high risk for a 
number of malignancies. 


HEMANGIOMAS 


Hemangiomas are rare lesions of the small bowel, developing 
predominantly in the jejunum and ileum. They are congenital 
lesions that grow slowly, typically coming to medical attention 


in the third decade of life because of acute or chronic blood 
loss. Arising from the submucosal vascular plexuses, heman¬ 
giomas are classified as capillary, cavernous, or mixed depend¬ 
ing on what size vessel primarily is affected. They are usually 
solitary lesions and malignant degeneration is exceedingly 
rare. Depending on size, hemangiomas may be locally excised 
or resected with a laparoscopic approach with limited small- 
bowel resection. Efforts to manage hemangiomas with endo¬ 
scopic or operative sclerotherapy or coagulation and operative 
or angiographic interruption of arterial supply have been min¬ 
imally successful. 


MALIGNANT NEOPLASMS 


Malignant neoplasms in the small bowel are either primary or 
metastatic. Primary malignancies include adenocarcinoma, 
gastrointestinal stromal tumors (GISTs), leiomyosarcoma, 
non-Hodgkin lymphoma (NHL), and carcinoid tumors, with 
rare reports of other lesions including liposarcoma, myxoli- 
posarcoma, and lymphangiosarcoma. Metastatic tumors of the 
small bowel have been reported from many primary solid 
tumors, but melanoma and lymphoma are the most common. 
Compared with benign tumors, malignant lesions are more 
likely to present with pain, weight loss, and anorexia. Although 
nonspecific, these findings are more ominous than other symp¬ 
toms shared with benign tumors, such as nausea and vomiting 
and acute or chronic blood loss. As a group, patients with 
malignant small-bowel tumors present at advanced stages and 
have a poor prognosis. High rates of metastatic spread are 
noted on initial surgical operation. 

The diagnosis of small-bowel malignancy should prompt a 
thorough diagnostic evaluation. Second primary malignancies 
are found in 20% to 30% of patients. This association is espe¬ 
cially relevant for carcinoid tumors, where the incidence rate 
of second primaries is as high as 30% to 50%. The second 
primary cancer may arise in any organ, but the most frequent 
second primary sites are the colorectum and breast. 29 


ADENOCARCINOMA 


Epidemiology 

Adenocarcinoma accounts for about 30% of small-bowel 
Q tumors. 1 Like adenomas, sporadic adenocarcinomas have a 
predilection for the duodenum, with a marked decrease in fre¬ 
quency moving axially along the small bowel. 3 Approximately 
80% of tumors are located in the duodenum or proximal 
jejunum. Most studies report a slight male preference. 

There are several risk factors for the development of adeno¬ 
carcinoma. Malignant transformation of villous and tubulovil- 
lous adenomas is likely the most important and occurs pre¬ 
dominantly in the periampullary region of the duodenum. 
Crohn disease increases the risk up to 100-fold and predis¬ 
poses to cancer in the more distal small bowel in regions of 
dysplasia. 


Clinical Presentation 


The presenting symptoms of small-bowel adenocarcinoma 
depend on the location and size of the tumor. Because tumors 
tend to arise in the proximal small bowel and to encompass 
the bowel wall, adenocarcinomas cause obstruction with asso¬ 
ciated anorexia. The majority of tumors cause crampy abdom¬ 
inal pain. Periampullary duodenal adenocarcinomas may 
cause obstructive jaundice or pancreatitis as they grow. In this 
case, the physical complaints and findings help guide the direc¬ 
tion of the diagnostic evaluation. Often, the only complaint is 
vague, persistent abdominal pain. 
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FIGURE 50.2. A 73-year-old woman who presented with gastric out¬ 
let obstruction was found on this small-bowel follow-through study to 
have apple-core lesion of the proximal jejunum. At exploration, she 
was found to have jejunal adenocarcinoma. 


Diagnosis 

If obstruction is present, plain abdominal films may reveal gas¬ 
tric distention or near-complete proximal small-bowel obstruc¬ 
tion. More commonly, however, these films are unrevealing. For 
the jaundiced patient, ultrasound or abdominal CT or magnetic 
resonance cholangiopancreatography may demonstrate the 
duodenal mass and site of biliary obstruction. Esophagogastro- 
duodenoscopy is the diagnostic modality of choice, with diag¬ 
nostic rates of 85% to 90%. 

Of small-bowel adenocarcinomas, 70% are polypoid, 20% 
are ulcerated, and 10% are infiltrative. Comparable to other 
segments of the gastrointestinal tract, adenocarcinomas of the 
jejunum and ileum are usually annular constricting tumors 
seen as apple-core lesions, as demonstrated on luminal con¬ 
trast studies or esophagogastroduodenoscopy (Fig. 50.2). 
Long lesions, especially when ulcerated, may be mistaken for 
lymphomas. On CT scan, adenocarcinomas may attenuate 
heterogenously and have moderate contrast enhancement. 
Again, usually only a short segment of small bowel is involved, 
and occasionally they are associated with an ulcer. Despite the 
array of diagnostic modalities, preoperative diagnosis remains 
infrequent, achieved in only 20% to 50% of cancers. 


rhage may complicate this procedure. Consideration should be 
given to placement of gastrojejunal or gastrostomy tubes in 
patients with carcinomatosis or unresectable disease found at 
the time of surgery for palliative decompression or nutritional 
support and hydration. 


Staging and Prognosis 

The American Joint Committee on Cancer (AJCC) staging sys¬ 
tem for small-bowel adenocarcinoma is similar to those for gas¬ 
tric and colon carcinoma. The staging system applies only to 
adenocarcinoma of the small bowel and not to other malignant 
neoplasms of the small intestine. Carcinoma of the ampulla of 
Vater is also staged separately. As in other gastrointestinal 
malignancies, the tumor classification (T) describes depth of 
invasion, with T1 and T2 both contained within the bowel wall 
and T3 and T4 describing gradations of penetration through the 
wall. Unlike colon cancer, the node classification (N) in small- 
bowel carcinoma is classified only by presence or absence of 
lymph node metastases, and not by numbers of positive nodes. 
Distant metastases are classified (M). The TNM classification 
for small-bowel adenocarcinoma is summarized in Table 50.3. 
As shown, prognosis is grim for patients presenting with stage 
III or IV disease, the most frequent stages at diagnosis. 

Factors that affect long-term survival in small-bowel ade¬ 
nocarcinoma vary slightly by study and tumor location. For 
duodenal tumors, negative resection margins and tumors in 
the first and second portions seem to favorably affect progno¬ 
sis, whereas nodal status and size and differentiation of the 
tumor do not. 30 In contrast, ampullary tumors are associated 
with better prognosis if lymph nodes are not involved and the 
tumor does not infiltrate the pancreas. 26 One study evaluating 
prognostic factors for all small-bowel malignancies, exclusive 
of periampullary lesions, demonstrated poor survival in node¬ 
positive patients regardless of curative resection. Studies exam¬ 
ining cancers of the jejunum and ileum are limited by their 
small sizes; however, a recent study concluded that among the 
factors for survival were positive margins, extramural venous 
spread, positive lymph nodes, and history of Crohn disease. 31 

Chemotherapy (typically 5-fluorouracil [5-FU] alone or in 
combination with other agents such as doxorubicin, cisplatin, 
mitomycin C, cyclophosphamide, and oxaliplatin) is often 
administered to patients with adenocarcinoma of the small 
intestine based on regimens administered for other gastroin¬ 
testinal cancer. Unfortunately, chemotherapy and/or radiation 
therapy has not been shown to confer a survival advantage or 
prolonged disease-free interval. 31 It should be noted, however, 
that no adequate clinical trials have been conducted to delin¬ 
eate the efficacy of adjuvant chemotherapy for adenocarci¬ 
noma of the small intestine, so at the present time it is not pos¬ 
sible to definitively comment on its role in the treatment of 
small-intestinal adenocarcinoma. 32 


NON-HODGKIN LYMPHOMA 


Management 

The only potential cure for adenocarcinoma is complete surgi¬ 
cal resection. At operation, the resectability rate for cure 
approaches 60%. For proximal and midduodenal lesions, pan¬ 
creaticoduodenectomy is necessary to completely resect the 
tumor and lymphatic basin. In the third and fourth portions of 
the duodenum and in the mesenteric small bowel, a segmental 
resection with lymphadenectomy should be performed to 
attempt surgical cure. In patients with metastatic or unre¬ 
sectable disease, palliative procedures to relieve obstruction or 
control hemorrhage should be considered. Segmental resection 
or intestinal bypass is appropriate in some patients. Duodenal 
obstruction may be palliated with endoscopic placement of 
expandable stents, although recurrent obstruction and hemor- 


Q NHL of the gastrointestinal tract represents 4% to 20% of all 
NHLs, with the gastrointestinal tract being the most common 
extranodal site for NHL to occur. In the gastrointestinal tract, 
NHL is most commonly located in the stomach, followed by 
the small bowel and then the colon. Of all gastrointestinal 
NHLs, 25% to 35% of cases occur within the small bowel. The 
distribution pattern is marked by relative sparing of the duode¬ 
num and equal frequency in the jejunum and ileum. 

Many retrospective reviews of small-bowel cancer exclude 
primary NHL from analysis because of the difficulties in differ¬ 
entiating primary small-bowel lymphomas from those that orig¬ 
inated outside of the gastrointestinal tract. Specific criteria must 
be met to establish the diagnosis of primary gastrointestinal 
NHL. In order to definitively make this diagnosis, there must be 
no evidence of lymphoma outside of the gastrointestinal tract. 
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ITABLE 

50.3 


STAGING | 

TNM CLASSIFICATION AND STAGING OF SMALL-BOWEL ADENOCARCINOMA 

■ TNM 

■ CARCINOMA PENETRATION 

■ STAGE 

■ 5-YEAR SURVIVAL 
RATE 

Tx 

Unknown primary 



TO 

No evidence of primary 



Tis 

Carcinoma in situ 

0 


T1 

Tumor invades lamina propria or submucosa 

I 

70% 

T2 

Tumor invades muscularis propria 



T3 

Tumor extends <2 cm into subserosa or 
into nonperitonealized perimuscular tissue 
(mesentery in jejunum or ileum, 
retroperitoneum in duodenum) 

II 

50% 

T4 

Tumor penetrates visceral peritoneum or 
directly invades >2 cm into adjacent 
structures 



Nx 

Regional lymph nodes not assessed 



NO 

No regional lymph node involvement 



N1 

Regional lymph nodes involved 



Mx 

Distant metastases not assessed 

III 

20% 

Mo 

No distant metastases 



Ml 

Distant metastases present 

IV 

10% 


On physical examination, there should be no superficial adenopa¬ 
thy, and chest radiograph (CT or x-ray) should reveal no medi¬ 
astinal adenopathy. Peripheral blood cell counts must be nor¬ 
mal, and there may be no evidence of splenic or hepatic 
involvement. Finally, at laparotomy, disease must be restricted 
to the primary tumor with mesenteric lymph node involvement. 

Multiple histologic variations of lymphoma exist, showing 
significant geographic variability. The majority of primary 
intestinal NHLs are of the B-cell type, with T-cell lymphoma 
comprising only 10% to 25% of cases. Further classifications 
of B-cell and T-cell tumors have been proposed, but none has 
been uniformly adopted. A significant number of gastrointesti¬ 
nal lymphomas appear to be low-grade lymphomas derived 
from mucosal-associated lymphoid tissue. These lymphomas 
arise predominantly in the stomach but also occur in the small 
bowel. In the stomach they are associated with Helicobacter 
pylori infection and may regress with treatment of this infec¬ 
tion. In the small bowel these low-grade lymphomas should be 
resected. T-cell lymphomas tend to have a worse prognosis 
than B-cell tumors. 


Clinical Presentation 


Similar to other small-bowel malignancies, the majority of 
patients with NHL present with abdominal pain that is non¬ 
specific and unlocalized. Malabsorption, obstruction, and evi¬ 
dence of a palpable mass may be present. Although rare, per¬ 
foration is a more common presentation for gastrointestinal 
NHL than for adenocarcinoma, possibly related to a lack of a 
vigorous desmoplastic response in lymphoma. Signs that are 
common in nodal lymphoma, such as adenopathy and 
splenomegaly, are unusual in primary gastrointestinal NHL. 


Diagnosis 

Most small-bowel lymphomas will be demonstrable on CT 
scan, as these lymphomas may grow to be quite large. CT scan 
will demonstrate the mass as well as marked luminal dilata¬ 


tion, bowel wall thickening, and displacement of neighboring 
loops (Figs. 50.3 and 50.4). Short strictures are more sugges¬ 
tive of adenocarcinoma but may occasionally be seen with 
lymphoma. Small-bowel follow-through will reveal multifocal 
lesions in 10% to 25% of patients. To make a tissue diagnosis, 
biopsies must be obtained from the submucosa, as the overly¬ 
ing mucosa often demonstrates no evidence of tumor infiltra¬ 
tion. CT-guided biopsy may be diagnostic, although proximal 
lesions are best diagnosed with endoscopic submucosal biopsy. 


Staging and Prognosis 

Unlike other solid tumors of the gastrointestinal tract, the TNM 
system does not apply to staging of gastrointestinal NHL. 
Rather, staging is based on site involvement, outlined in 
Table 50.4. Like tumors elsewhere in the small bowel, lym¬ 
phomas are typically diagnosed late, with almost half of patients 
presenting as stage III or IV disease. Fewer than 30% of patients 
have surgically resectable tumors. Patients with stage I tumors 
have a40%to60% 5-year survival, whereas those with stage II 
disease have a 20% 5-year survival. The long-term survival for 
patients with stages III and IV disease remains negligible, despite 
the aggressive use of chemoradiation therapy. 


Treatment 


With no randomized series and small numbers of cases at single 
institutions, the optimal treatment of gastrointestinal NHL 
remains controversial. Previously, surgical resection of localized 
gastrointestinal lymphomas followed by systemic chemotherapy 
was considered to be standard first-line therapy. 33-35 The data 
regarding the efficacy of primary surgical therapy with or with¬ 
out adjuvant chemotherapy versus systemic therapy alone are 
limited since gastrointestinal lymphomas are relatively rare. In 
many case series reporting outcomes after surgical resection of 
gastrointestinal lymphoma, the diagnosis of lymphoma was not 
known preoperatively and discovered only after intervention for 
a symptomatic small-bowel lesion. It is not clear, however, 
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FIGURE 50.3. This small-bowel follow-through was performed on a 
71-year-old man with chronic symptoms of partial small-bowel 
obstruction. It demonstrated a persistently dilated small-bowel loop in 
the terminal ileum with a thickened wall. The computed tomography 
scan in Figure 50.4 was obtained. 


whether surgery should be the first line of treatment if a diagno¬ 
sis of lymphoma can be made prior to any operative interven¬ 
tions. Indeed, for most lymphomas, systemic therapy and/or 
radiation has been considered to be standard first-line therapy, 
rather than surgical resection, because lymphoma is recognized 
to have the potential for systemic dissemination. For other gas¬ 
trointestinal lymphomas, such as gastric lymphoma, chemother¬ 
apy and/or radiation is now considered to be the first-line ther¬ 
apy of choice, with surgical interventions being reserved for 
complications such as bleeding, perforation, obstruction, or fail¬ 
ure to respond. Indeed, non-Hodgkin, diffuse B-cell lymphoma 
is the most common type of gastric lymphoma, and it is now 



FIGURE 50.4. The computed tomography scan similarly demon¬ 
strated a thickened ileal loop with dilatation. No adenopathy was 
noted. At surgery, the patient was found to have a primary lymphoma 
of the small bowel. 


1 TABLE 

50.4 STAGING | 

STAGING OF NON-HODGKIN LYMPHOMA OF THE 
GASTROINTESTINAL TRACT 

■ STAGE ■ EXTENT OF DISEASE 

I 

Tumor confined to the gastrointestinal tract, 
either as single primary site or multiple 
noncontiguous lesions 

II 

Tumor extends from primary gastrointestinal 
site, either to lymph nodes or direct invasion. 
Confined to below the diaphragm 

HE 

Tumor penetrates serosa to involve adjacent 
structures 

Hi 

Local nodal involvement 

II2 

Distant nodal involvement 

III 

Evidence of supradiaphragmatic disease 


IV Disseminated disease above and below the 


diaphragm 


routinely treated primarily with anthracycline-based chemother¬ 
apy regimens, in combination with monoclonal-based antibody 
therapies such as rituximab and/or irradiation. 36 The majority of 
small-bowel lymphomas are also large-cell, non-Hodgkin, B- 
cell-type lymphomas. Although they may appear to be localized, 
biologically these tumors tend to be more aggressive and often 
require systemic therapy for definitive management. Increas¬ 
ingly, systemic therapy is considered to be the mainstay for man¬ 
agement of these lesions. Surgical intervention can still be con¬ 
sidered for patients who are refractory to chemotherapy or as 
primary therapy for localized small-bowel lymphoma with 
favorable histology. 37 Decisions regarding the management of 
small-bowel lymphomas that do not require emergent surgical 
management should be made in a multidisciplinary setting with 
input from surgeons, medical oncologists, and pathologists, as 
there is currently no definitive consensus regarding standard 
first-line therapy for small-bowel lymphomas. 3,37-39 


CARCINOID TUMORS 


Carcinoids are indolent malignant neuroendocrine tumors that 
arise from the enterochromaffin cells at the base of the crypts of 
Lieberkiihn. These cells are part of the amine precursor uptake 
and decarboxylation (APUD) system and can secrete peptides 
responsible for the carcinoid syndrome. Although 80% of car¬ 
cinoids arise in the gastrointestinal tract, 10% of primary car¬ 
cinoids occur in the bronchus or lung. Other sites, such as the 
ovaries, testicles, pancreas, and kidney, are far less common. 
Within the gastrointestinal tract, carcinoids are most often 
identified in the appendix, followed by the small bowel, which 
harbors approximately 30% of all gastrointestinal carcinoids. 
Almost half of these arise in the distal 2 feet of ileum. 

A recently published series (the largest to date) evaluated all 
small-bowel malignancies reported to the National Cancer 
Database from 1985 to 2005. Analysis of 67,000 patients with 
small-intestinal tumors revealed that the incidence of small- 
bowel cancer of all histologies has increased, but most of the 
change is a result of a more than fourfold increase in the inci¬ 
dence of carcinoid tumors. In this particular series, carcinoid 
tumors accounted for the majority of small-intestinal cancers, 
surpassing adenocarcinoma of the small intestine. 3 Of all the 
patients evaluated, 25,339 patients (37.4%) had carcinoid 
tumors and 25,053 patients (36.9%) had adenocarcinomas. In 
various series, carcinoid tumors comprise 30% to 35% of 
small-bowel neoplasms, and carcinoids are found slightly 
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more often in men than in women. 3,40 The mean age of pre¬ 
sentation is 60 years. The tumors are frequently asymptomatic; 
in fact, the autopsy rate in one study was over 2,000 times that 
of the annual incidence rate, indicating the potential for long¬ 
standing slow growth. When symptomatic, carcinoids typically 
present with pain or obstructive symptoms. Because these 
tumors are typically slow growing, symptoms may be present 
for 2 to 20 years prior to diagnosis. Ulceration is rare in carci¬ 
noids, so gastrointestinal bleeding is uncommon. Patients pre¬ 
sent with carcinoid syndrome in up to 40% of cases and only 
in the presence of symptoms of carcinoid syndrome is the diag¬ 
nosis consistently made preoperatively. 

There are five histologic patterns that correlate embryolog- 
ically with the location of the tumor. 41 The foregut, or duode¬ 
nal, lesions usually demonstrate a trabecular or ribbon pat¬ 
tern. An insular pattern predominates in the midgut or 
small-bowel lesions, and a mixed pattern is typical of the 
hindgut or colorectal lesions. The least common patterns are 
glandular or tubular and undifferentiated, both of which have a 
much poorer prognosis than the three more common variations. 
The histologic pattern does not affect treatment, but with other 
factors, appears to impact on long-term survival. 



FIGURE 50.6. Resection of ileocolic segment of bowel in the patient 
shown in Figure 50.5 to have an intussusception. Here carcinoid 
tumor can be seen as the lead point for intussusception through the 
ileocecal valve. 


associated with calcifications while the small bowel appears 
fixed and angulated. 


Clinical Presentation and Diagnosis 

The most common presenting symptom for patients with a small- 
bowel carcinoid tumor is abdominal pain. As carcinoids grow, 
the polypoid lesions may serve as a lead point for intussusception. 
Intussusception is characterized by intermittent abdominal symp¬ 
toms and signs of obstruction. Abdominal films often demon¬ 
strate a distal small-bowel obstruction. The CT findings of intus¬ 
susception are distinctive, demonstrating a multilayer ringed 
structure in the ileocolic region (Figs. 50.5 and 50.6). 

Unlike in the appendix where multicentricity is rare, carci¬ 
noids of the small bowel are multiple 30% to 40% of the 
time. 42 In addition, 30% to 50% of small-bowel carcinoids are 
associated with second primary malignancies, most frequently 
of the breast and colon. Gastrointestinal carcinoids have the 
capacity to elicit a marked desmoplastic reaction. The mesen¬ 
tery of the small bowel becomes fibrotic and foreshortened, 
leading to kinking of the bowel or even intestinal ischemia as 
a result of sclerosis of the mesenteric blood vessels. The exact 
mechanism of this fibrosis, which is not only peritumoral but 
also distant in the heart and lungs, is still unknown. 43 This 
finding is readily identified on CT scan 44 and is sometimes 



FIGURE 50.5. A 63-year-old man presented with a short history of 
abdominal pain that he described as similar to his pancreatitis pain. A 
computed tomography scan demonstrated an ileal carcinoid tumor as 
the lead point for an intussusception into the cecum. 


Stage and Prognosis 

Tumor size is proportional to the risk for metastatic spread at 
initial diagnosis and must be considered in directing surgical 
strategies. In comparison to appendiceal carcinoids, which may 
cause appendicitis at a small size prior to lymph node metasta¬ 
sis, small-bowel lesions often remain asymptomatic long 
enough to allow not only lymph node spread but also hepatic 
metastasis. For lesions smaller than 1 cm, there is a 20% to 30% 
incidence of nodal and hepatic spread. Tumors 1 to 2 cm in size 
have nodal spread in 60% to 80% and hepatic disease in 20%. 
The rate of nodal and hepatic metastasis for tumors larger than 
2 cm is greater than 80% and 40% to 50%, respectively. 40 These 
figures must guide the choice of operation. Whereas a small 
lesion less than 1 cm may be adequately treated with local exci¬ 
sion, anything larger must be presumed to be metastatic and a 
wide resection with lymphadenectomy and careful examina¬ 
tion of the liver is necessary. 


Carcinoid Syndrome 

Carcinoid syndrome refers to vasomotor, gastrointestinal, and 
cardiac manifestations induced by systemic circulation of a vari¬ 
ety of peptides elaborated by carcinoid tumors. The amine pre¬ 
cursor uptake and decarboxylation cells of carcinoid tumors 
can produce vasoactive products including serotonin, hista¬ 
mine, kallikrein, bradykinin, and prostaglandins, although the 
specific mediator or mediators of the syndrome remain 
unknown. Carcinoid syndrome is most reliably confirmed by 
finding elevated 24-hour 5-hydroxyindoleacetic acid (5-HIAA) 
urinary excretion, the primary stable metabolite of serotonin. 

Attacks are initiated by stimuli including stress, alcohol, a 
large meal, or sexual intercourse, all of which manipulate the 
liver in some capacity. Flushing is the most common finding 
and affects approximately 80% of syndrome patients. The 
flush varies slightly by the location of the tumor, but in midgut 
carcinoids the flush is usually short-lived, lasting 5 to 10 min¬ 
utes. Classically, the erythematous flush begins on the face and 
spreads to the trunk and limbs. Diarrhea, found in 75% of 
patients, seems to be caused by serotonin release. The diarrhea 
is intermittent, watery, and at times explosive. It may be asso¬ 
ciated with abdominal cramps and the patient may experience 
a certain degree of malabsorption. Cardiac manifestations are 
present in 60% to 70% of patients due to tricuspid and pul¬ 
monary valve fibrosis, possibly secondary to high levels of 5- 
hydroxyindoleacetic acid. As the disease progresses, the fibrotic 
plaque stiffens, leading eventually to right heart failure. 
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Patients with gastrointestinal carcinoid tumors who present 
with carcinoid syndrome have metastatic disease in either the 
liver or retroperitoneum. The liver contains large amounts of 
monoamine oxidase, which deactivates serotonin, the major 
effector hormone. Hence, to develop carcinoid syndrome, a 
patient must either have tumor in a location that does not pri¬ 
marily drain into the portal circulation, such as a bronchial car¬ 
cinoid or retroperitoneal tumor, or have hepatic metastases of a 
magnitude that overwhelms the capacity of monoamine oxidase 
to break down serotonin. The bioactive products from a small 
volume of hepatic metastases may be cleared by the hepatocytes, 
but a larger tumor burden allows release of these products into 
the hepatic veins and the systemic circulation. It follows that 
patients with bronchial and ovarian carcinoids, or abdominal 
disease that has penetrated the retroperitoneum, which drains 
directly into the systemic circulation, can manifest carcinoid syn¬ 
drome from primary disease. Patients with gastrointestinal carci¬ 
noids, which drain into the portal circulation, must have 
metastatic disease prior to the development of the syndrome. 

Management of patients with carcinoid syndrome may be 
approached surgically, radiologically, and medically, and often 
requires a combination of all three modalities. Surgical debulk- 
ing of extensive hepatic disease with segmental resection or abla¬ 
tion or formal hepatic resection for resectable metastases may 
improve symptoms and prolong life. For patients with residual 
abdominal tumor and hepatic metastases, 5- and 10-year sur¬ 
vival rates approached 60%, so although in general the initial 
surgery should involve attempts to debulk as much tumor as 
possible, it must also avoid catastrophic injuries such as those to 
the superior mesenteric vessels that may lead to short-gut syn¬ 
drome. 45 Hepatic artery embolization or radiofrequency abla¬ 
tion may be more appropriate for widespread hepatic metastases 
and in small series have been shown to give marked symptomatic 
relief and durable tumor control. 46-48 Medical therapy relies pri¬ 
marily on the use of a variety of somatostatin analogues 
(octreotide) including short- and long-acting peptides for relief of 
carcinoid syndrome symptoms. Carcinoid tumors express 
somatostatin receptors and the somatostatin analogues inhibit 
vasoactive peptide release from these tumors. Efficacy of treat¬ 
ment can be documented by following excretion of the tumor 
marker 5-hydroxyindoleacetic acid. Palliation of symptoms is 
effective in 90% of patients with octreotide and some studies 
have even demonstrated a tumorostatic or tumor reduction 
effect after the administration of somatostatin, although these 
latter findings have not been consistently observed. Serotonin 
antagonists are useful in the management of gastrointestinal 
symptoms including rapid transit and diarrhea. 

Chemotherapeutic agents for the treatment of metastatic 
carcinoid tumor have been used singly and in combination in 
an effort to halt progression of disease as well as to promote 
tumor regression; however, objective responses to chemother¬ 
apy are limited. Studies testing single-agent chemotherapy (5- 
FU, doxorubicin, actinomycin D, dacarbazine, and strepto- 
zocin) demonstrated no beneficial effect. 483 ’ 49 Combination 
regimens have also been studied in phase II trials including 5- 
FU and streptozocin with or without cyclophosphamide. 
Responses to streptozocin-based combined chemotherapy 
regimens were evident in approximately 8% to 25% of 
patients. 49 Cytotoxic treatment in patients with malignant 
carcinoid tumors. Preliminary reports on the use of novel tar¬ 
geted radiotherapeutic agents have been presented. These are 
synthetic somatostatin analogues that can bind to somato¬ 
statin receptors on carcinoid tumors with high affinity. After 
binding receptors on the tumor, the ligand-receptor complex 
is internalized. These analogues can be conjugated to radioac¬ 
tive surface isotopes, effectively generating a “smart bomb” 
that can theoretically deliver radiation specifically to carcinoid 
cells. In an early-phase study, 1 indium-labeled pentetreotide 
induced a greater tumor regression response compared to 
unlabeled somatostatin analogue. 50 Further investigations are 
ongoing. 


GASTROINTESTINAL 
STROMAL TUMORS 


Although GISTs are the most common nonepithelial cell 
tumors of the small bowel, they are rare tumors of the gas¬ 
trointestinal tract, representing only about 5,000 cases nation¬ 
wide per year. 51 Approximately 25% of GISTs arise in the 
small bowel, with 50% gastric, 15% rectal, and 10% colonic 
in origin. 52 GISTs are diagnosed equally in men and women, 
with a median age at onset of 64 years. Arising from the inter¬ 
stitial cell of Cajal, the pacemaker cells of the gastrointestinal 
tract situated between the intramural neurons and the smooth 
muscle cells, GISTs are characterized by the presence of acti¬ 
vating c-kit mutations, a transmembrane receptor tyrosine 
kinase involved in the regulation of cellular proliferation, 
apoptosis, and differentiation. More than 95% of GISTs 
express kit (CD117) mutations. 51 This molecular marker 
allows for distinction of GISTs from histologically similar mes¬ 
enchymal tumors of the small bowel including leiomyomas, 
leiomyosarcomas, and schwannomas. This molecular feature 
has led to reclassification of up to 70% of small-bowel tumors 
as GISTs that had previously been classified as a variety of 
mesenchymal tumors. Those GISTs that do not express c-kit 
mutations may express a mutation in another tyrosine kinase 
receptor, platelet-derived growth factor receptor-a (PDGFR- 
a). 53 Present in approximately 5% to 7% of GISTs, these acti¬ 
vating mutations also result in abnormal cellular proliferation. 

Like other primary small-bowel tumors, GISTs are charac¬ 
terized by indolent clinical symptoms including vague abdom¬ 
inal pain, weight loss, and occult gastrointestinal bleeding. 
Although acute hemorrhage, perforation, or obstruction may 
lead to an emergency presentation, GISTs may grow to a mas¬ 
sive size prior to surgical presentation. Usually they grow 
insidiously as extraluminal masses from their submucosal ori¬ 
gin in a noninvasive manner, characteristically pushing adja¬ 
cent organs away from the expanding mass. 

Diagnostic strategies are the same as for other tumors of the 
small bowel. Given the propensity of GIST to grow to a large 
size prior to diagnosis, CT scan is most likely to be the initial 
positive test. A characteristic finding is the presence of a large 
space-occupying mass, occasionally with calcification and 
hypervascularity and often with evidence of central necrosis and 
compression of adjacent organs (Fig. 50.7A). Smaller tumors 
are detected with esophagogastroduodenoscopy in the stomach 
and duodenum and with video capsule endoscopy or double¬ 
balloon enteroscopy in the small bowel. 18 F-fluorodeoxyglucose 
( 18 F-FDG) positron emission tomography (PET) testing has also 
been utilized for assessing response to adjuvant therapies but is 
not employed generally for initial staging of the disease. 51 

All GISTs should be considered to be malignant. 54 Malignant 
potential is based on two major criteria, as reported from the 
National Institutes of Health consensus workshop: tumor size 
and mitotic rate (Table 50.5). Biologically aggressive tumors are 
large lesions with a high mitotic index, whereas tumors with 
benign features are small and exhibit a low mitotic index. 
Tumors are thus classified into very-low- to high-risk lesions for 
malignant potential, a classification that has prognostic signifi¬ 
cance. Additional reports have suggested negative factors for 
prognosis including high Ki-67 index and male gender, but these 
parameters have not consistently been predictive. 51 


Treatment 


Surgery is the primary therapeutic option with the goal being 
complete resection. Preoperative biopsy is controversial, and a 
presumed diagnosis of GIST is enough to warrant surgery if 
the disease appears resectable. At operation, wide local exci¬ 
sion of the primary tumor with in continuity resection of 
adherent organs is appropriate to attain curative resection 
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FIGURE 50.7. A: Computed tomography image of a 76-year-old man with abdominal distention demonstrating a complex abdominal mass with 
varying degrees of thickness, central necrosis, and compression of adjacent organs. This was found to be a gastrointestinal stromal tumor with 
markedly increased mitotic activity. B: Intraoperative photograph of the same patient, showing displacement of adjacent organs. 


(Fig. 50.7B). For small and localized lesions, laparoscopic 
resection appears to be safe and effective. Lymph node metas- 
tases are rare, but if bulky mesenteric adenopathy is noted, 
wide mesenteric resection is indicated. 


Molecular Therapeutics and 
Gastrointestinal Stromal Tumor 

Q The discovery of the pathognomonic constitutively activated 
mutations in the tyrosine kinases c-kit and PDGFR-a in GIST 
has stimulated development of therapeutic agents targeting 
these moieties. Activation of c-kit leads to phosphorylation of a 
receptor substrate protein initiating an intracellular phospho¬ 
rylation cascade. This cytoplasmic cascade ultimately leads to 
nuclear activation of transcription events culminating in cell 
proliferation and survival. Imatinib mesylate is a small mole¬ 
cule that occupies the adenosine triphosphate-binding pocket 
of the c-kit kinase domain, blocking phosphorylation of the 
receptor and intracellular signaling. This binding arrests cellu¬ 
lar proliferation and survival signaling. 

Imatinib is now commonly used to manage unresectable or 
metastatic GISTs, or as adjuvant therapy in those at high risk 
for recurrence. The American College of Surgeons Oncology 
Group (ACOSOG) conducted a phase II intergroup trial 


(Z9000) examining adjuvant imatinib (400 mg/d for 12 
months) after complete macroscopic resection in patients with 
high-risk primary GISTs (five or more tumors, tumor size >10 
cm, or intraperitoneal tumor rupture or hemorrhage). One hun¬ 
dred and six patients were treated using imatinib (400 mg/d) for 
1 year. Eighty three percent of the accrued patients were able to 
compete the full year of imatinib therapy. Three-year survival in 
these imatinib-treated patients was 97%, which was concluded 
to be better than historic controls. A separate double-blind, 
phase III ACOSOG trial (Z9001) testing the efficacy of adjuvant 
imatinib preventing GIST recurrence in patients with com¬ 
pletely resected GISTs at least 3 cm in size had to be terminated 
at a median follow-up of 13 to 14 months due to significantly 
better recurrence-free survival in the treatment versus placebo 
group (97% vs. 83%). 55 Imatinib is well tolerated and highly 
effective for patients with metastatic GISTs. Although complete 
regression of tumor is rare, partial regression of disease and 
arrest of progression of disease can be achieved for durable 
intervals with continuous treatment in up to 80% of patients. 51 
Efficacy of treatment can be predicted and followed using 18 F- 
FDG PET scanning; these highly biologically active tumors will 
become metabolically silent with imatinib therapy in those 
patients with responsive tumors. With greater clinical experi¬ 
ence with imatinib, resistant clones have been identified with 
eventual progression of disease. For these patients, a newer 


TABLE 50.5 


MALIGNANT POTENTIAL AND PROGRESS OF GASTROINTESTINAL STROMAL TUMORS 

■ RISK CLASSIFICATION 

■ SIZE 

■ MITOTIC RATE 

■ 10-YEAR SURVIVAL 

High 

Any size 

>10 cm 

>5 mm 

>10/50 HPF 

Any rate 

>5/50 HPF 

30% 

Intermediate 

5-10 cm 

<5 cm 

<5/50 HPF 

6-10/50 HPF 

60% 

Low 

2-5 cm 

<5/50 HPF 

75% 

Very low 

<2 cm 

<5/50 HPF 

80% 

Normal population 

— 

— 

80% 


HPF, high power field. 
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multitarget receptor tyrosine kinase inhibitor, sunitinib, has 
recently been introduced for clinical trials. This inhibitor has a 
broader spectrum of activity than imatinib and has shown early 
promise in patients with progression of disease on imatinib or in 
those relatively few patients who cannot tolerate imatinib. 54 

Use of imatinib in the neoadjuvant setting for unresectable or 
locally aggressive tumors has been reported recently 56 with 
response rates near 75%, 51 and about 25% of unresectable 
lesions are converted to resectable lesions. 56 The efficacy of ima¬ 
tinib in the adjuvant setting for high-risk or partially resected 
tumors is also being evaluated in ongoing trials. 


METASTATIC LESIONS 
TO THE SMALL BOWEL 


The small bowel is the site of metastatic disease from multiple 
other primary sites. Metastatic spread can occur by direct 
invasion, hematogenous spread, or intraperitoneal seeding. 
Direct invasion from a colon or pancreatic cancer represents 
the most common mode of involvement. Hematogenous spread 
arises most frequently from bronchogenic or breast carcinoma or 
malignant melanoma. Peritoneal seeding has been documented 
from primary tumors of the stomach, liver, ovary, appendix, and 
colon. 

A CT scan often demonstrates not only the degree of 
involvement of the small bowel but also the primary tumor. In 
metastatic small-bowel tumors, one may see bowel wall thick¬ 
ening as well as lesions in the mesentery or retroperitoneal fat. 
For small lesions, CT scan may be negative, while video capsule 
endoscopy or double-balloon enteroscopy may reveal a luminal 
mass. Carcinomatosis may be difficult to identify even on body 
CT imaging. 

Optimal management is based on clinical criteria. Palliative 
intestinal resection or bypass to relieve hemorrhage, obstruc¬ 
tion, or pain is indicated except in the most terminal stages of 
disease. Case reports of prolonged survival after intestinal 
resection of solitary metastases have been reported, although 
progression of metastatic disease is more common. 57 

Management of patients with carcinomatosis, regardless of 
tumor origin, remains difficult. Palliative measures to maintain 
intestinal continuity and liberal use of decompressive gastros¬ 
tomy tubes are indicated. 
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CHAPTER 51 ■ PANCREAS ANATOMY AND 

PHYSIOLOGY 

TAYLOR S. RIALL 


KEY POINTS 


O The pancreas is both an endocrine and exocrine organ. 

Q Congenital anomalies of the pancreas largely result from 
failure of rotation or fusion of the ventral and dorsal pan¬ 
creatic buds. 

^The two major components of the exocrine pancreas, the 
acinar cells and the ductular network, constitute 80% to 
90% of the pancreatic mass, whereas the endocrine pan¬ 
creas constitutes only 2% of the pancreatic mass. 

Q The pancreatic islets of Langerhans are composed of four 
major cell types—alpha (A), beta (B), delta (D), and pan¬ 
creatic polypeptide (PP or F) cells, which secrete glucagon, 
insulin, somatostatin, and PP, respectively. 

© B cells constitute 70% of the islet mass. 

Q The different types of islet cells are not evenly distributed 
throughout the pancreas, so resection of different parts of 
the pancreas has differing endocrine effects. 

© Knowledge of the relationship of the pancreas to sur¬ 
rounding structures including the stomach, duodenum, 
distal bile duct, hepatic arterial blood supply, splenic artery 
and vein, celiac axis, superior mesenteric artery and vein, 


portal vein, spleen, adrenal glands, colon, and kidneys is 
critical in preventing injury to these structures during pan¬ 
creatic surgery. 

© Progressive destruction of the afferent sensory fibers occurs 
during recurrent episodes of pancreatitis, which con¬ 
tributes to chronic pain. 

© The location within the pancreas, the pancreatic blood sup¬ 
ply, and lymphatic drainage of the pancreas dictate the oper¬ 
ation performed in patients with pancreatic malignancies. 
Secretin is the major stimulant for pancreatic bicarbonate 
secretion, whereas pancreatic enzyme secretion is regulated 
through hormonal (cholecystokinin) and neural factors. 

0 Somatostatin inhibits nearly all peptide hormones as well 
as gastric, pancreatic, and biliary secretions. 

© Tests of pancreatic exocrine function include the secretin 
test, 24-hour fecal fat determination, dimethadione 
(DMO) test, Lundh test meal, triolein breath test, and 
para-aminobenzoic acid (PABA) test. These tests help dif¬ 
ferentiate steatorrhea due to pancreatic insufficiency from 
other digestive disorders. 


The pancreas is an elongated digestive organ that lies trans¬ 
versely in the retroperitoneum at the level of the second 
© lumbar vertebra. It is a glandular organ that has both 
exocrine and endocrine function. The exocrine pancreas is 
composed of acinar cells and ductal networks that function 
to deliver alkaline solution (pH >8.0) containing over 20 
enzymes and zymogens to the small intestine daily. The pan¬ 
creatic secretions provide the optimal pH for the enzymes 
and zymogens to carry out the major digestive activity of the 
small intestine. 

The endocrine pancreas is composed of islets of Langer¬ 
hans. The islets secrete hormones including insulin, glucagon, 
and somatostatin directly into the bloodstream in endocrine 
fashion. These hormones regulate glucose homeostasis and 
also play a role in the complex regulation of pancreatic secre¬ 
tion and digestion. 

The pancreas is divided anatomically into four parts: the 
pancreatic head, neck, body, and tail (Fig. 51.1). The pancre¬ 
atic head includes the uncinate process, which is an extension 
of the pancreatic head wrapping posterior to the superior 
mesenteric vessels. An understanding of the close relation¬ 
ship of the pancreas to adjacent organs (duodenum, stomach, 
spleen, transverse colon, bile duct, and left adrenal gland) 
and major vessels (celiac axis, superior mesenteric artery, 
superior mesenteric vein, splenic artery and vein, portal vein, 
inferior mesenteric vein, and vena cava) is critical when per¬ 
forming surgical procedures on the pancreas. In addition, 
understanding of the embryology is critical for recognizing 
congenital anomalies, understanding their significance, and 
treating them appropriately. Knowledge of the normal pancre¬ 
atic physiology provides insight into the pathologic processes 


and subsequent treatments that can affect the normal func¬ 
tion of the pancreas. 


EMBRYOLOGY 


Normal Pancreatic Embryology 

During the fifth week of gestation, the pancreas begins form¬ 
ing at the junction of the foregut and midgut. The formation 
begins as two endodermal pancreatic buds, the dorsal bud and 
the ventral bud, which eventually fuse to form the pancreas 
(Fig. 51.2). Both the acinar cells and islet cells differentiate 
from the endodermal cells found in the embryonic buds. The 
endocrine function of the pancreas begins between 10 and 
15 weeks’ gestation, whereas the exocrine function does not 
begin until after birth. 

The dorsal and ventral buds are composed of endoderm 
covered in splanchnic mesoderm. The splanchnic mesoderm 
eventually develops into the dorsal and ventral mesentery. 
The dorsal bud forms first and is larger. It ultimately forms 
much of the head, body, and tail of the pancreas. As the duo¬ 
denum grows and rotates, the ventral bud rotates clockwise 
(Fig. 51.2) and fuses with the dorsal bud, forming the uncinate 
process and inferior head of the pancreas. In the majority of 
cases, the duct in the ventral bud fuses with the duct in the dor¬ 
sal bud to become the main pancreatic duct (duct of Wirsung), 
which drains the majority of the pancreas into the duodenum 
through the major papilla, or ampulla of Vater. The proximal 
duct of the dorsal bud forms the lesser or minor pancreatic duct 
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FIGURE 51.1. Relationship of the pan¬ 
creas to the duodenum and extrahepatic 
biliary system. The head of the pancreas 
lies within the C loop of the duodenum. 
The common bile duct courses through 
the head of the pancreas, emptying 
into the duodenum at the greater duode¬ 
nal papilla (ampulla of Vater). (After 
Woodburne RT. Essentials of Human 
Anatomy. New York: Oxford University 
Press; 1973.) 



(duct of Santorini), which drains into the duodenum through 
the minor papilla superior to the major papilla. 


Surgical Significance of Abnormalities 
during Pancreatic Development 

Q Abnormalities in the rotation and fusion of the pancreas dur- 
ing embryonic development can result in specific congenital 
anomalies that have surgical significance (Table 51.1). Approx¬ 


imately 60% of the time, rotation and fusion occur normally, 
resulting in the classic anatomy seen in Figure 51.3A. The dor¬ 
sal and ventral ducts fuse to form the main pancreatic duct, 
which drains the majority of the pancreas into the ampulla of 
Vater. The lesser duct, formed from the proximal duct of the 
dorsal bud, drains into the duodenum at the minor papilla. 

In 30% of cases, the ventral and dorsal ducts fuse and drain 
normally into the duodenum at the ampulla of Vater. How¬ 
ever, there is atrophy of the accessory or minor duct with a 
blind end and no minor papilla, or drainage into the duode¬ 
num (Fig. 51.3B). As this blind duct still communicates with 


ITABLE 51.1 1 

CONGENITAL DISORDERS RESULTING FROM ABNORMALITIES IN THE ROTATION OR FUSION OF THE 

DEVELOPING PANCREAS 

■ DISORDER 

■ DESCRIPTION 

■ PRESENTATION 

■ TREATMENT 

Pancreas divisum 

The lesser duct drains the entire 
pancreas through minor papilla; 
caused by incomplete fusion of the 
ventral and dorsal pancreatic ducts 
during development 

Often asymptomatic 

Adults: recurrent acute pancreatitis, 
chronic pancreatitis, or chronic 
abdominal pain 

Operative or endoscopic 
sphincteroplasty of the 
minor papilla and 
accessory duct in 
symptomatic patients 

Annular pancreas 

Thin band of pancreatic parenchyma 
surrounding duodenum and causing 
varying degrees of duodenal stenosis; 
caused by abnormal fusion of ventral 
bud to duodenum, leading to 
improper rotation of ventral bud fl 

In utero: polyhydramnios 

Infancy: duodenal obstruction, low 
birth weight, feeding intolerance 

Adults: often asymptomatic and 
found incidentally 

Duodenal bypass 
(duodenoduodenostomy 
or gastrojejunostomy) 

Heterotopic 

pancreas 

Functional pancreatic tissue found in 
locations outside the pancreas including, 
but not limited to, the stomach, 
duodenum, ileum, umbilicus, colon, 
appendix, and gallbladder; usually 
submucosal 

Often an incidental finding 

Can present with ulceration, 
obstruction, intussusception 

Treatment directed at 
presenting symptoms 

fl Ikeda Y, Irving IM. Annular pancreas in a fetus and its three-dimensional reconstruction. J Pediatr Surg 1984;19(2):160- 

-164. 
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FIGURE 51.2. A-D: Schematic drawings of the successive stages in the development of the pancreas from the fifth through the eighth weeks. 
E-G: Diagrammatic transverse sections through the duodenum and the developing pancreas. Growth and rotations ( arrows ) of the duodenum 
bring the ventral pancreatic bud toward the dorsal bud and they subsequently fuse. The bile duct initially attaches to the ventral aspect of the 
duodenum and is carried around to the dorsal aspect as the duodenum rotates. The main pancreatic duct is formed by the union of the distal 
part of the dorsal pancreatic duct and the entire ventral pancreatic duct. (After Moore KL. The Developing Human, 3rd ed. Philadelphia, PA: 
WB Saunders; 1982.) 
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Part Two: Surgical Practice 


FIGURE 51.3. Anatomic configuration 
of the intrapancreatic ductal system. The 
classic anatomy is present in 60% of 
cases, where the accessory duct drains 
into the minor papilla and the main duct 
drains into the ampulla of Vater. The 
accessory pancreatic duct is blind and 
does not drain into the duodenum in 
30% of cases. A lack of communication 
between the two ducts, which occurs in 
10% of cases, is referred to as pancreas 
divisum. When this occurs, the main 
pancreatic duct drains into the duode¬ 
num through the minor papilla. (After 
Silen W. Surgical anatomy of the pan¬ 
creas. Surg Clin North Am 1964;44: 
1253.) 




the main pancreatic duct, this is of little to no clinical signifi¬ 
cance and most often found only at autopsy. 

In 5% to 14% of cases, the fusion of the ventral and 
dorsal pancreatic ducts is incomplete (pancreas divisum, Fig. 
51.3C). 1-3 As a result, the lesser duct drains the majority of the 
pancreas into the duodenum through the minor papilla. Only 
the small remnant duct of the ventral bud drains the uncinate 
process into the duodenum via the ampulla of Vater. Pancreas 
divisum is often asymptomatic. Whether this anomaly is 
causative in producing pancreatitis and abdominal pain is 
unclear. 1,4,5 However, there is evidence that inadequate 
drainage of the pancreas associated with mucosal stenosis of 
the minor papilla is associated with amylase elevations and 
abdominal pain. 1,6,7 Patients can have recurrent episodes of 
acute pancreatitis or chronic pancreatitis with chronic pain, 
most often seen in young females. If no other causes of pan¬ 


creatitis are identified and a patient has abdominal pain, ele¬ 
vated amylase levels, and pancreas divisum, this is considered 
causative and an endoscopic or operative papillotomy of the 
minor papilla and accessory duct is indicated. As most patients 
with pancreas divisum do not develop acute or recurrent pan¬ 
creatitis, it is thought that stenosis at the minor papilla or a 
cystic dilatation of the distal dorsal duct just proximal to the 
papilla may be the additional factors necessary for developing 
pancreatitis in the setting of pancreas divisum. 8 

Annular pancreas is a rare congenital anomaly of the pan¬ 
creas first recognized in 1818. Early autopsy and surgical series 
estimate the incidence to be approximately 3 in 20,000. 9,10 
However, with better imaging modalities such as computed 
tomography (CT), magnetic resonance cholangiopancreatog¬ 
raphy (MRCP), and endoscopy, the incidence is thought to be 
closer to 1 in 1,000. 11-13 People with annular pancreas have a 
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FIGURE 51.4. Annular pancreas. The ring of pancreatic tissue sur¬ 
rounds the duodenum. This ring contains a large duct and may be 
heavily fixed to the duodenal musculature. The duodenum beneath the 
annulus is often stenosed. As a result, dividing the ring of pancreatic 
tissue may not provide relief of duodenal obstruction. There is also the 
danger of creating a pancreatic fistula or duodenal perforation. Duo¬ 
denojejunostomy bypassing the annulus is the procedure of choice for 
duodenal obstruction caused by annular pancreas. (After Gray SW, 
Skandalakis JE. Atlas of Surgical Anatomy for General Surgeons. 
Baltimore, MD: Williams and Wilkins; 1985.) 


thin band of normal pancreatic parenchyma completely sur¬ 
rounding the second portion of the duodenum. This band is in 
continuity with the head of the pancreas and causes variable 
degrees of duodenal compression and stenosis (Fig. 51.4). In 
1910, Lecco postulated that annular pancreas resulted from 
abnormal fusion of the ventral pancreatic bud to the duode¬ 
num, leading to improper rotation of the ventral bud around 
the duodenum. 14 

Annular pancreas represents a spectrum of disease, present¬ 
ing at varying time points from in utero to adulthood. The 
disease differs significantly in adults and children. 13 When 
annular pancreas presents in childhood, it tends to be severe, 
presenting at a median age of 1 day. In children it is more com¬ 
monly associated with other congenital anomalies including 
Down syndrome, cardiac anomalies, and other intestinal 
anomalies. When diagnosed in utero, the most common pre¬ 
sentation is polyhydramnios due to duodenal obstruction. 
Newborns present most commonly with duodenal obstruction 
as evidenced by low birth weight and feeding intolerance. 
Duodenal bypass (duodenoduodenostomy or gastrojejunos¬ 
tomy) is the treatment of choice in children. 

Fifty percent of cases of annular pancreas occur in adults. 
Adults are less likely to have significant obstruction and less 
likely to require surgical intervention. In adults, annular pan¬ 
creas is more commonly associated with pancreas divisum and 
pancreatic neoplasia than in children. 13 This abnormal ring of 
pancreatic tissue may contain a pancreatic duct. Therefore, the 
surgeon must be aware of this anomaly since division of the 
abnormal ring can result in pancreatic fistula or obstruction of 
pancreatic ductal drainage. 

Heterotopic pancreas is pancreatic tissue outside the 
bounds of the normal pancreas without anatomic or vascular 
connections to the pancreas itself. Heterotopic pancreas 
occurs in 0.5% to 14% of autopsy series. The heterotopic pan¬ 
creatic tissue is functional and can occur in a variety of sites 
including the stomach, duodenum, ileum, umbilicus, colon, 
appendix, and gallbladder, and even within a Meckel divertic¬ 
ulum. This tissue is usually submucosal and uniformly con¬ 
tains acini and ducts. Up to one third contain islet cells. Het¬ 
erotopic pancreas is usually an incidental finding, but can 
present with ulceration, obstruction, or intussusception, in 
which case treatment is directed at the presenting symptoms 
and may require resection. In incidental and asymptomatic 
cases, no treatment is required. The pancreas is susceptible to 


the same diseases as normal pancreas and can even undergo 
malignant transformation. 15,16 


STRUCTURE AND HISTOLOGY 

(The pancreas has two major components: the exocrine struc¬ 
ture and the endocrine structure. The exocrine structure of the 
pancreas accounts for 80% to 90% of the pancreatic mass, 
while the endocrine structure accounts for approximately 2% 
of the pancreatic mass. The remainder of the pancreas is com¬ 
posed of extracellular matrix, blood vessels, and major ductal 
structures. The exocrine component secretes the enzymes 
responsible for digestion, and the endocrine component is crit¬ 
ical in glucose homeostasis. 


Exocrine Structure 

The exocrine structure of the pancreas is composed of two 
main components: the acinar cells and the ductal network. The 
acinar cells produce and secrete the enzymes responsible for 
digestion. The acinar cells are pyramidal cells with an apex 
that faces the pancreatic ductal network. Within the apex 
of the cells there are numerous zymogen granules, which con¬ 
tain the digestive enzymes for secretion into the ductal system. 
There are approximately 20 to 40 acinar cells that cluster 
together to form the functional unit called an acinus (Fig. 
51.5A, B). A second cell type in the acinus, the centroacinar 
cell, functions to secrete fluid and electrolytes of the correct 
pH into the pancreatic ductal system. The role of the ductal 
system is to carry the digestive secretions to the duodenum. 
The acinus drains into small intercalated ducts, which join to 
form interlobular ducts that also secrete fluid and electrolytes 
(Fig. 51.5A). These interlobular ducts form secondary ducts 
that drain into the main pancreatic ductal system and eventu¬ 
ally the duodenum at the ampulla of Vater. 


Endocrine Structure 

The pancreatic islet cells are of neural crest origin and part of 
the family of amine precursor uptake and decarboxylation 
(APUD) cells. The most critical role of the pancreatic islet cells 
is the secretion of insulin and glucagon to maintain glucose 
homeostasis, although the islets secrete other hormones with 
varying roles in digestion. Each pancreatic islet is approxi¬ 
mately 40 to 900 mm and contains an average of 3,000 cells. 
Q The islets are composed of four cell types. Alpha (A) cells 
secrete glucagon, beta (B) cells secrete insulin and amylin, 17 
delta (D) cells secrete somatostatin, and F cells secrete pancre¬ 
atic polypeptide. 

Q B cells are located centrally within the islets and constitute 
approximately 70% of the islet cell mass. F cells and A cells are 
located peripherally within the islets and constitute 15% and 
10% of the islet cell mass, respectively. D cells are located 
both centrally and peripherally and constitute 5% of the islet 
^ cell mass. 18 The distribution of endocrine cell types is not uni¬ 
form throughout the pancreas. B and D cells are uniformly dis¬ 
tributed throughout the gland. However, A cells are concen¬ 
trated in the body and tail of the pancreas, and F cells are 
concentrated in the uncinate process. This distribution is 
important clinically, since resection of different parts of the 
pancreas will have varying endocrine effects. 

The islet cells have a rich blood supply with the afferent 
arteriole entering the islet in an area of discontinuity in the 
non-B cells surrounding the periphery. The afferent arteriole 
then breaks into a capillary bed within the islet and then exits 
the islet through an efferent arteriole (Fig. 51.6). The hor¬ 
mones from the islet cells are secreted directly into this rich 
capillary network within the islet. 
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FIGURE 51.5. Histologic anatomy of 
the acinus. A: Low-magnification view 
of a portion of the pancreas. B: High- 
magnification view of a single acinus. 
The acinar cells, containing zymogen 
granules, are pyramidal cells with an 
apex that faces the pancreatic ductal 
network. Twenty to 40 acinar cells clus¬ 
ter together to form the functional unit 
called an acinus. The centroacinar cell, 
also present within the acinus, func¬ 
tions to secrete fluid and electrolytes of 
the correct pH into the pancreatic duc¬ 
tal system. The acinus drains into small 
intercalated ducts, which join to form 
interlobular ducts that also secrete 
fluid and electrolytes. These interlobu¬ 
lar ducts form secondary ducts that 
drain into the main pancreatic ductal. 
(After Krstic RV. Die Gewebes des 
Menschen und der Saugetiere. Berlin, 
Germany: Springer-Verlag; 1978.) 


A 



FIGURE 51.6. Diagram of a typical islet. 
Afferent arterioles enter the islet through 
discontinuities of the mantle of non-B cells 
and break into capillaries, most of which 
traverse the B-cell mass and pass through 
the mantle as efferent vessels. Occasion¬ 
ally, a capillary passes at the interface of the 
B cell and non-B cells and never enters the 
B-cell core. In larger islets, the efferent cap¬ 
illaries coalesce at the edge of the islet and 
pass along the mantle as collecting venules 
before draining into a vein. (After Bonner- 
Weir S, Orci L. New perspectives on the 
microvasculature of the islets of Langer- 
hans in the rat. Diabetes 1982;31:883.) 
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PANCREATIC ANATOMY 


The pancreas lies in the retroperitoneum at the level of the sec¬ 
ond lumbar vertebra. It lies obliquely and transversely from its 
most caudal point at the duodenal C loop on the right to its 
most cranial point in the splenic hilum on the left. The pan¬ 
creas is composed of four anatomic parts: the head (including 
the uncinate process), neck, body, and tail (Fig. 51.1). 


Relationship to Adjacent Structures 

Q The understanding of the pancreatic anatomy in relation to adja- 
cent structures is critical when performing operative procedures 
on the pancreas or surrounding structures including the duode¬ 
num, bile duct, and spleen. The pancreatic head, further subdi¬ 
vided into the head and uncinate process, is embraced by the C 
loop of the duodenum (Fig. 51.1). The pancreatic head is the 
portion of the pancreas extending to the right of the superior 
mesenteric vessels. The uncinate process is a projection from the 
inferior portion of the pancreas head that extends medially to 
the left, posterior to the superior mesenteric vessels. The head of 
the pancreas is attached to the medial aspect of the descending 
duodenum and its horizontal third portion, and the two organs 
share a blood supply. Posterior to the pancreatic head lie the infe¬ 
rior vena cava, right renal artery and vein, and left renal vein. In 
order for these structures to be exposed, the pancreas must be 
mobilized out the retroperitoneum (Kocher maneuver). The bile 
duct runs through the posterior and superior aspect of the pan¬ 
creatic head, joining the pancreatic duct and draining into the 
duodenum medially at the ampulla of Vater. 

The pancreatic neck is the 1.5 to 2.0 cm of pancreatic tis¬ 
sue that overlies the superior mesenteric artery and vein ante¬ 
riorly. These vessels form a vascular groove in the posterior 
aspect of the gland. The anterior surface of the pancreatic 
neck is covered by peritoneum and lies directly posterior to 
the pylorus of the stomach. The splenic vein joins the supe¬ 
rior mesenteric vein posterior to the pancreatic neck forming 
the portal vein, which drains the intestinal blood supply to 
the liver. 

The body of the pancreas continues left from the pancreatic 
neck. The anterior surface of the pancreatic body is covered 
with peritoneum and forms the floor of the omental bursa 
within the lesser sac. The stomach overlies the pancreatic 
body/lesser sac anteriorly. The posterior surface of the pancre¬ 
atic body is not peritonealized and directly contacts the aorta, 
left adrenal gland, left kidney, and left renal artery and vein. 
The body of the pancreas is the portion overlying the second 
lumbar vertebrae. 

The tail of the pancreas begins anterior the left kidney and 
extends superolaterally to the hilum of the spleen. The splenic 
artery and vein run along the posterior surface of the pancreas. 
The tail of the pancreas is in close proximity to the spleen and 
splenic flexure of the colon. 


Pancreatic Ductal Anatomy 

The main pancreatic duct, or duct of Wirsung, begins in the pan¬ 
creatic tail. It most commonly runs within the posterior aspect of 
the pancreatic parenchyma, midway between the superior and 
inferior border of the gland. In the head of the pancreas, the pan¬ 
creatic duct turns inferiorly at the genu of the pancreatic duct 
and joins the common bile duct, draining into the duodenum at 
the ampulla of Vater 7 to 10 cm distal to the pylorus. The com¬ 
mon channel between the common bile duct and main pancre¬ 
atic duct varies in length. At the level of the ampulla of Vater, the 
pancreatic duct is anterior and inferior to the common bile duct. 
There are over 20 secondary branches of the main pancreatic 
duct throughout the pancreas providing drainage of acinar units. 


The main pancreatic duct is 2 to 4 mm in diameter and 
has a ductal pressure of approximately 15 to 30 mm Hg. This 
is higher than the pressure in the common bile duct, 7 to 17 mm 
Hg, thereby preventing reflux of bile into the pancreatic ductal 
system. At the ampulla of Vater, the sphincter of Oddi pre¬ 
vents reflux of duodenal contents into the bile duct and pan¬ 
creatic duct. This sphincter is controlled by a variety of neural 
and hormonal factors that regulate relaxation and constric¬ 
tion. 

The accessory pancreatic duct, or duct of Santorini, is more 
variable than the main pancreatic duct (Fig. 51.3). It typically 
drains the uncinate process and inferior portion of the pancre¬ 
atic head into the duodenum at the minor papilla, proximal to 
the ampulla of Vater. 


Arterial Blood Supply 

The pancreas has a rich blood supply derived from both the 
celiac axis and superior mesenteric artery. The celiac axis arises 
from the abdominal aorta and most commonly gives rise to the 
splenic artery, the left gastric artery, and the common hepatic 
artery (Fig. 51.7A). The splenic artery courses along the poste¬ 
rior surface of the pancreatic body and tail and gives rise to 
more than 10 branches that supply the pancreatic body and 
tail. Three of these branches are named branches. The first is 
the dorsal pancreatic artery, which arises close to the origin of 
the splenic artery and supplies blood to the proximal body. The 
great pancreatic artery arises more distally and supplies the 
midportion of the body. Finally, the caudal pancreatic artery 
arises more distally and supplies the pancreatic tail. Near the 
head of the pancreas, branches arising from the splenic artery 
form collaterals with the inferior pancreaticoduodenal arcades. 

The gastroduodenal artery is the first branch off the com¬ 
mon hepatic artery. Distal to the first portion of the duode¬ 
num, the gastroduodenal artery becomes the superior pancre¬ 
aticoduodenal artery and divides into anterior and posterior 
branches. 

The superior mesenteric artery gives rise to the inferior pan¬ 
creaticoduodenal artery, which also gives rise to anterior and 
posterior branches. The inferior and superior pancreaticoduo¬ 
denal arcades form an extensive collateral network with the 
superior pancreaticoduodenal arcades, supplying both the duo¬ 
denum and head of the pancreas. Anteriorly, these arcades lie in 
the groove between the pancreas and duodenum. Posteriorly, 
they cross the common bile duct. 

Variations or anomalies in the pancreatic and biliary blood 
supply are found in 20% to 30% of people and mainly consist of 
portions of the hepatic arterial blood supply being replaced. In 
these cases, all or part of the hepatic arterial blood supply does not 
arise from the celiac axis. As much of the pancreatic blood supply 
is derived from the hepatic arterial blood supply, these variations 
lead to variations in the pancreatic blood supply. The most com¬ 
mon anomaly is a replaced right hepatic artery arising from the 
superior mesenteric artery (SMA; Fig. 51.7D). This variation is 
seen in approximately 20% of patients. The replaced right 
hepatic artery arises from the proximal SMA in the retropancre- 
atic position and traverses the upper edge of the uncinate process, 
then runs posterolateral to the portal vein. The right hepatic 
artery can also originate from the right gastric artery in 2% of 
cases or from the gastroduodenal artery in 6% of cases. 

Anomalies in the common hepatic artery also exist, with 
the most common being a common hepatic artery originating 
from the SMA instead of the celiac axis (Fig. 51.7C). In this 
case, there is no hepatic arterial pulse medially in the hepato¬ 
duodenal ligament. The replaced common hepatic artery runs 
anterior to the portal vein but posterior to the bile duct and 
gives rise to a gastroduodenal branch, which is also posterior 
to the bile duct. In approximately 10% of cases, the left 
hepatic artery can be aberrant, most commonly arising from 
the left gastric artery instead of the proper hepatic artery. 
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Abdominal aorta 
Common hepatic artery 
Gastroduodenal artery 

Proper hepatic artery 
Right gastroepiploic artery 
Posterosuperior pancreaticoduodenal artery 
Anterosuperior pancreaticoduodenal artery 
Posterior pancreaticoduodenal arcade 
Anterior pancreaticoduodenal arcade 
Duodenum 
Prepancreatic arcade 
Vasa recta 


Celiac trunk 
Left gastric artery 



Left gastroepiploic artery 
Splenic artery 
Spleen 

Caudal pancreatic artery 

Great pancreatic artery 
Dorsal pancreatic artery 


Inferior pancreatic artery 
Superior mesenteric artery 

Upper jejunal arteries 


Posteroinferior pancreaticoduodenal artery 
Anteroinferior pancreaticoduodenal artery 


FIGURE 51.7. A: Arterial supply to 
the pancreas. B: Normal configura¬ 
tion. C: Aberrant common hepatic 
artery. D: Aberrant right hepatic 
artery. E: 1, Common hepatic artery 
looping around the portal vein from 
behind (causing compression of the 
vein); 2, aberrant left hepatic artery 
arising from the left gastric artery. 
(A, After Woodburne RT. Essentials 
of Human Anatomy. New York: 
Oxford University Press; 1973. B-E, 
After Trede M, Carter D Sir. Embry¬ 
ology and Surgical Anatomy of the 
Pancreas. New York: Churchill Liv¬ 
ingstone; 1997.) 
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The arterial blood supply of the ampulla of Vater is from 
three pedicles off the superior and inferior pancreaticoduodenal 
arteries. The posterior pedicle, located at 11 o’clock, arises from 
the superior pancreaticoduodenal artery. The ventral commis¬ 
sural pedicle, located at 1 o’clock, arises from both arcades. 
Finally, the inferior pedicle, located at 6 o’clock, arises from the 
anterior branch of the inferior pancreaticoduodenal artery. 


Venous Drainage 

The venous drainage of the pancreas follows the arterial blood 
supply and is eventually returned to the portal circulation and 
delivered back to the liver. There are four main routes of 


venous drainage in the pancreas. In the pancreatic head, supe¬ 
rior venous arcades drain either directly into the suprapancre- 
atic portal vein or laterally into the retropancreatic portal vein. 
The anterior and inferior branches of the pancreaticoduodenal 
arcades of the pancreatic head drain directly into the infrapan- 
creatic superior mesenteric vein. There are rarely any anterior 
branches from the pancreatic head and neck into the superior 
mesenteric and portal veins. When they do occur, it is most 
commonly at the superior border of the pancreatic neck. The 
body and tail of the pancreas have many venous tributaries that 
drain into the splenic vein, which joins the superior mesenteric 
vein posterior to the pancreatic neck, forming the portal vein. 
The three named tributaries of the splenic vein are the inferior 
pancreatic vein, the caudal pancreatic vein, and the great 
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pancreatic vein. The inferior mesenteric vein does not drain 
the pancreas, but joins the splenic vein posterior the pancreatic 
body. 


Lymphatic Drainage 

Throughout the pancreas there is a rich periacinar network of 
lymphatic vessels that drain to five major nodal groups. 19 The 
first is the superior nodal group along the superior border of 
the pancreas and celiac trunk. These lymph nodes drain the 
superior portion of the pancreatic head. The inferior nodal 
group along the inferior border of the head and body of the 
pancreas drains the inferior pancreatic head and uncinate 
process, eventually draining to the superior mesenteric and para¬ 
aortic lymph nodes. The anterior lymphatics drain to the 
prepyloric and infrapyloric nodes. The posterior lymph nodes 
include the distal common bile duct and ampullary lymphatics 
and drain directly into the para-aortic lymph nodes. Lastly, the 
splenic lymph nodes drain the lymphatics of the pancreatic 
body and tail into the interceliomesenteric lymph nodes. 

The Japanese Pancreas Society has classified the pancreatic 
lymphatic drainage into 18 lymph node stations. 20 The greater 
and lesser curves of the stomach drain into lymph node stations 
1 through 4. The anterior lymphatics described earlier drain 
into lymph node stations 5 and 6. The superior nodal group 
includes lymph node stations 7 through 9 along the left gastric 


artery, common hepatic artery, and celiac axis. The splenic 
lymph node group corresponds to lymph node stations 10 and 
11. The posterior lymph nodes include lymph node stations 12 
(and all subdivisions) and 13, while the inferior nodal group 
includes lymph node stations 14 through 18. This classification 
system is commonly used to describe the extent of nodal dis¬ 
section in pancreatic surgery. 


Innervation 


The innervation to the pancreas is derived from the vagus and 
thoracic splanchnic nerves as well as peptidergic neurons that 
secrete amines and peptides. 21 Parasympathetic and sympathetic 
fibers reach the pancreas by passing along the arteries from the 
celiac axis and superior mesenteric arteries (Fig. 51.8). These 
fibers give rise to periacinar plexuses within the pancreatic 
parenchyma, which send fibers directly to the acinar cell group. 
The pancreatic islets and islet vasculature are similarly inner¬ 
vated. The parasympathetic nerves stimulate both exocrine and 
endocrine secretion, while the sympathetic fibers have a predom¬ 
inantly inhibitory effect (Fig. 51.9). 22 The peptidergic neurons 
secrete hormones including somatostatin, vasoactive intestinal 
peptide (VIP), calcitonin gene-related peptide (CGRP), and 
galanin. While the peptidergic neurons influence exocrine and 
endocrine secretion, their precise physiologic role is unclear. The 
pancreas also has a rich network of afferent sensory fibers. 


Vagus nerves 


Greater splanchnic 
Lesser splanchnic - 
Least splanchnic — 
Celiac ganglia- 


Superior 
mesenteric 
ganglion — 



FIGURE 51.8. Diagram of the autonomic nerve supply 
to the pancreas. The innervation to the pancreas is 
derived from the vagus and thoracic splanchnic nerves. 
Parasympathetic and sympathetic fibers reach the pan¬ 
creas by passing along the arteries from the celiac axis 
and superior mesenteric arteries. (After Skandalakis JE, 
Gray SW, Rowe JS Jr, et al. Anatomical complications of 
pancreatic surgery. Contemp Surg 1979; 15:17.) 
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FIGURE 51.9. Schematic diagram of 
the neurohormonal control of the 
exocrine cells. Visceral receptors line 
the ductule system and carry the sensa¬ 
tion of pain to the spinal cord. Sympa¬ 
thetic fibers first synapse in the celiac 
plexus after traveling through the tho¬ 
racic ganglia and splanchnic nerves. 
Postganglionic fibers then synapse on 
intrapancreatic arterioles. Parasympa¬ 
thetic preganglionic fibers travel through 
the celiac plexus after leaving the vagus 
nerves and course with vessels and ducts 
to synapse on postganglionic fibers near 
acinar cells, islet cells, and smooth mus¬ 
cle cells of major ducts. Stimulation of 
these parasympathetic fibers results in 
an immediate release of pancreatic 
enzymes. Secretin and cholecystokinin 
(CCK) first enter the pancreas through 
the capillary network of the islet cells, 
then enter the separate capillary net¬ 
work of the acinar tissue through the 
insuloacinar portal vessels. Glucagon, 
somatostatin, pancreatic polypeptide, 
and insulin from the islet cells reach the 
acinar tissue immediately after release. 
In this way, the islet cells can influence 
the acinar tissue responses to CCK and 
secretin. (After Tompkins RK, Traverso 
LW. The exocrine cells. In: Keynes WM, 
Keith RG, eds. The Pancreas. New 
York: Appleton-Century-Crofts; 1981.) 


Parasympathetic nerves 


Sympathetic nerves 



SURGICAL SIGNIFICANCE 
OF PANCREATIC ANATOMY 


The proximity of the pancreas to major visceral arteries, veins, 
and other abdominal organs makes the understanding of pan¬ 
creatic anatomy critical for the general and pancreaticobiliary 
surgeon. Knowledge of the anatomy and anatomic variants 
can give clues to the diagnosis of pancreatic disease based on 
signs and symptoms and prevent injury to surrounding struc¬ 
tures in the operating room. 


Presenting Signs and Symptoms 
of Pancreatic Disease 

Pancreatic cancer can occur anywhere in the pancreas, but it 
occurs in the pancreatic head in approximately 75% of 
cases. 23 Patients with cancer in the head of the pancreas often 
present with obstructive jaundice secondary to occlusion of 
the intrapancreatic bile duct. Patients with cancer in the body 
and tail of the pancreas often present with abdominal pain 


and other vague abdominal symptoms as these tumors do not 
obstruct the bile duct and lead to obvious clinical signs. As a 
result, tumors in the pancreatic head are often picked up at an 
earlier stage. In fact, in resected series, nearly 85% of resected 
pancreatic tumors are in the head, neck, or uncinate process of 
the pancreas. 24 Similarly, in benign pancreatic diseases such as 
chronic pancreatitis, disease in the pancreatic head may cause 
benign biliary strictures and jaundice, whereas disease in the 
body and tail more often presents with abdominal pain. 

Patients with cancer in the pancreatic head often have 
invasion of the adjacent duodenum. They may present with or 
develop signs and symptoms of duodenal or gastric outlet 
obstruction. In patients with unresectable disease, late gastric 
outlet obstruction occurs in 10% to 20% of patients requiring 
gastrojejunostomy. A prospective randomized trial demon¬ 
strated that the addition of prophylactic gastrojejunostomy to 
hepaticojej unostomy significantly reduced gastric outlet obstruc¬ 
tion in patients with unresectable disease undergoing open bil¬ 
iary bypass. 25 

Abdominal pain and back pain are common presenting 
symptoms in patients with acute pancreatitis, chronic pancre- 
Q atitis, and pancreatic cancer. The rich afferent sensory fiber 
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network within the pancreas likely contributes to the pain 
associated with pancreatic disease processes including pancre¬ 
atic cancer and chronic pancreatitis. In addition, as pancreatic 
cancer progresses, the nervous plexuses along the celiac axis in 
the retroperitoneum can be invaded by tumor, causing the 
characteristic intractable back pain. Celiac ganglion blockade 
(sympathectomy) or neurolysis using alcohol can provide sig¬ 
nificant pain relief by interrupting these somatic fibers. A 
celiac block can be performed endoscopically, percutaneously, 
or intraoperatively. Endoscopic ultrasound (EUS)- or CT- 
guided celiac plexus neurolysis should be considered first-line 
therapy in patients with pain secondary to unresectable, 
locally advanced pancreatic cancer. 26 In addition, intraopera¬ 
tive celiac blockade has been shown to reduce pain in patients 
with unresectable pancreatic cancer undergoing operative 
bypass procedures for obstructive jaundice and duodenal 
obstruction. 27 The use of celiac plexus blockade as routine 
therapy for pain in chronic pancreatitis is currently not recom¬ 
mended since only 50% of patients experience reduction in 
pain and the beneficial effect lasts only several months. 26 


Resectability and Involvement 
of Adjacent Structures 

Q Resectability of pancreatic cancers depends on two things: the 
presence or absence of distant metastases and the extent of 
local invasion. Liver or lung metastases from hematogenous 
spread, peritoneal carcinomatosis, or lymphatic involvement 
outside of the resection field such as around the celiac axis or 
root of the mesentery is considered unresectable. 

Pancreatic cancers in the head, neck, or uncinate process 
often involve the intrapancreatic bile duct and/or duodenum 
given their close proximity. Assuming no distant metastases, 
pancreatic head cancers are resectable if they do not involve the 
major vascular structures. Involvement of the celiac axis or supe¬ 
rior mesenteric artery precludes surgical resection. In addition, 
occlusion or circumferential involvement of the superior mesen¬ 
teric-portal vein confluence is considered a contraindication to 
surgical resection by most surgeons. However, resection of the 
portal vein-superior mesenteric vein confluence and reconstruc¬ 
tion has been advocated by some groups for select patients with 
locally advanced disease who are good surgical candidates. 28-32 
The results have been mixed, but most studies show that limited 
venous resection and reconstruction is safe and has similar 5- 
year survival when compared to patients not undergoing venous 
resection. However, a recent systematic review of 52 nondupli- 
cated studies suggests that cure is unlikely in patients with major 
vascular involvement. Such patients had high rates of concurrent 
lymph node metastases and low 5-year survival rates following 
pancreatectomy with major venous resection. 33 

Pancreatic head cancer may also involve adjacent organs 
including the hepatic flexure of the colon, the gallbladder, or 
the stomach. If there are no distant metastases, resection of 
these organs en bloc is indicated. 

For cancers in the body and tail without distant metastasis, 
involvement of the splenic artery and/or vein does not preclude 
resection, as these vessels are normally taken during the opera¬ 
tion. However, involvement of the celiac axis or superior mesen¬ 
teric artery precludes resection. Involvement of adjacent organs 
including the left kidney, left adrenal, spleen, and left colon can 
be resected if involved with tumor and there is no distant disease. 


Blood Supply 

Knowledge of the normal pancreatic blood supply is critical in 
order to perform an adequate cancer operation. As the duode¬ 
num and head of the pancreas share a blood supply, it is neces¬ 
sary to remove these organs en bloc when performing an opera¬ 
tion for carcinoma. While the duodenum can be preserved in 


resections performed for benign disease (duodenum-preserving 
pancreatic head resection), this is not the case in patients with 
cancer. Likewise, for cancers in the body and tail of the pancreas, 
it is necessary to resect the spleen and its blood supply since it 
shares a blood supply with the tail of the pancreas. For benign 
diseases of the pancreatic tail, the spleen can be preserved. 


Extent of Lymphatic Resection 

There has been significant debate regarding the extent of 
lymph node dissection necessary in patients undergoing cura¬ 
tive resection for pancreatic cancer. Knowledge of the lymph 
node station numbers used by the Japanese Pancreas Society 
is useful in understanding the difference between standard 
pancreaticoduodenal resection and “extended” or “radical” 
dissection involving a more extensive lymphadenectomy. The 
results of a randomized trial reported in 2005 showed no dif¬ 
ference in survival with standard compared to radical resec¬ 
tion. 34,35 Table 51.2 shows the difference in the extent of 
lymphadenectomy between the standard and radical proce¬ 
dures. The standard procedure includes the bile duct (station 
12b2) and cystic duct lymph nodes (station 12c), the posterior 
(station 13) and anterior (station 17) pancreaticoduodenal 
lymph nodes, the superior mesenteric vein nodes (station 14v), 
and the nodes on the right side of the superior mesenteric 
artery (station 14b). Radical resection adds a distal gastrec¬ 
tomy (stations 3, 4, 5, and 6) and a retroperitoneal dissection 
extending from the right renal hilum to the left lateral border 
of the aorta horizontally with samples of celiac nodes, and 
from the portal vein to below the third portion of the duode¬ 
num vertically (lymph node stations 16al, 16b2, and 9). 


Aberrant Vascular Anatomy 

Awareness of the common anatomic variants in biliary and 
pancreatic arterial supply is necessary to prevent major vascu¬ 
lar injury and damage to the hepatic blood supply during pan- | 
creatic resection. The gastroduodenal artery (GDA) is the 
largest named artery taken during pancreaticoduodenectomy. 

In the normal case, the GDA arises from the common hepatic 
artery (Fig. 51.7A), entering the head of the pancreas anterior 
and medial to the bile duct. In the case of a replaced right 
hepatic artery arising from the superior mesenteric artery, the 
GDA arises from this replaced vessel and enters the pancreas 
posterior to the bile duct. In addition, this replaced right 
hepatic artery courses to the liver lateral to the bile duct 
and can easily be injured during dissection of the pancreatic 
uncinate process off of the superior mesenteric vessels. This 
replaced vessel can often supply the entire right lobe of the liver, 
causing significant hepatic ischemia if injured. In the case of a 
replaced right hepatic artery, there will still be a pulse medially 
in the hepatoduodenal ligament from the left hepatic artery, but 
this will supply only the left lobe of the liver. 

In the case of a replaced common hepatic artery, there will 
be no pulse medially in the hepatoduodenal ligament and the 
entire hepatic blood supply will be from the superior mesen¬ 
teric artery. The replaced vessel will again be posterior and lat¬ 
eral to the bile duct and at risk of injury if not correctly iden¬ 
tified. Given the closer proximity of the replaced vessels to the 
pancreatic head and uncinate process, these vessels may also 
be more prone to direct involvement by tumor. If injured or 
involved with tumor and resected, these often require recon¬ 
struction to restore adequate hepatic blood supply. 


Blunt Pancreatic Injury 

The pancreas lies deep in the retroperitoneum. The pancreatic 
body lies anterior to the second lumbar vertebra. In cases of 
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TABLE 51.2 

JAPANESE LYMPH NODE STATIONS 

■ STATION 




NUMBER 

■ NAME 

■ STANDARD 

■ RADICAL 

3 

Gastric lesser curve 

No" 

Yes 6 

4 

Gastric greater curve 

No" 

Yes 6 

5 

Superior pyloric 

No" 

Yes 

6 

Inferior pyloric 

No" 

Yes 

8 

Common hepatic artery 

No 

No 

9 

Celiac origin 

No 

Yes" 

12 

Hepatoduodenal ligament 



12a2 

Proper hepatic artery near GDA 

No^ 

No 1 * 

12b2 

Bile duct below cystic duct 

Yes" 

Yes" 

12c 

Around cystic duct 

Yes 

Yes 

12p2 

Retro portal vein below cystic duct 

No** 

No** 

13 

Posterior pancreaticoduodenal 

Yes 

Yes 

14 

SMA and SMV nodes 



14a 

Origin of SMA 

No 

No 

14b 

Right side of SMA 

Yes" 

Yes" 

14c 

Anterior SMA at middle colic 

No 

No 

14d 

Left side of SMA at first jejunal branch 

No 

No 

14v 

SMV nodes 

Yes" 

Yes" 

16 

Aortocaval nodes 



16a2 

Celiac to left renal vein 

No 

Yes^ 

16bl 

Left renal vein to IMA 

No 

Yes 

17 

Anterior pancreaticoduodenal 

Yes 

Yes 


GDA, gastroduodenal artery; IMA, inferior mesenteric artery; SMA, superior mesentery artery; 

SMV, superior mesenteric vein. 

"Unless a distal gastrectomy is performed as part of standard resection. 
b Some of these nodes may accompany the distal gastrectomy specimen. 

Sampled only. 

^Not formally resected. 

e Some of these nodes may accompany the pancreaticoduodenectomy specimen. 
fSome of these nodes, cephalad to the left renal vein, but not required to dissect the celiac axis origin. 
Reproduced with permission from Yeo CJ, Cameron JL, Lillemoe KD, et al. Pancreaticoduodenectomy 
with or without distal gastrectomy and extended retroperitoneal lymphadenectomy for periampullary 
adenocarcinoma, part 2: randomized controlled trial evaluating survival, morbidity, and mortality. Ann 
Surg 2002;236:355-368. 


blunt abdominal trauma, specifically deceleration injury, the 
pancreatic body is crushed against the second vertebral body 
and can be transected at this point. In trauma patients with 
elevated amylase and lipase levels, the trauma surgeon should 
be aware of this possibility and obtain cross-sectional pancre¬ 
atic imaging to rule out ductal disruption. In the case of com¬ 
plete ductal disruption, distal pancreatectomy or drainage of 
the pancreas into the intestine may be necessary. 


PANCREATIC PHYSIOLOGY 


Exocrine Function 


The pancreas secretes 1.5 to 3 liters of a colorless, odorless, 
isosmotic, and alkaline solution daily containing over 20 
enzymes and zymogens. The enzymes and zymogens play a 
major role in the digestive activity of the gastrointestinal tract. 


The alkaline solution secreted by the pancreas ranges in pH 
from 7.6 to 9.0. It carries the proteolytic enzymes to the duo¬ 
denum in their inactive state, where it then serves to neutralize 
gastric acid and provides an optimal milieu for the function of 
these enzymes. Pancreatic secretion is regulated via an intimate 
interaction of both hormonal and neural pathways. 

Gastric acid is the primary stimulus for release of secretin, 
which then stimulates the secretion of pancreatic fluid rich in 
water, electrolytes, and bicarbonate. In response to the pres¬ 
ence of long-chain fatty acids, some essential amino acids 
(methionine, valine, phenylalanine, and tryptophan), and gas¬ 
tric acid, the duodenum and jejunum release cholecystokinin 
(CCK). CCK then stimulates enzyme-rich secretion from the 
pancreas. The presence of bile salts in the intestine also stimu¬ 
lates pancreatic secretion, integrating the function of the 
pancreas, biliary tract, and small intestine. Vagal (parasympa¬ 
thetic) afferent and efferent pathways strongly affect pancre¬ 
atic secretion. In fact, the secretion of enzyme-rich fluid is 
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largely dependent on the vagal stimulation, whereas fluid and 
electrolyte secretion are more dependent on the direct hor¬ 
monal effects of secretin and CCK. Parasympathetic stimula¬ 
tion also causes the release of VIP, which also serves to stimu¬ 
late secretin secretion. 36 

Many neuropeptides also influence pancreatic secretion in 
an inhibitory fashion. These include somatostatin, pancreatic 
polypeptide, peptide YY, calcitonin gene-related peptides, 
neuropeptide Y, pancreastatin, enkephalin, glucagon, and 
galanin. While these neuropeptides are known to play a role in 
the regulation of pancreatic secretion, the mechanisms of 
action and the intricate interplay between the neuropeptides 
are not fully understood. 36 


Bicarbonate Secretion 


Bicarbonate is the most physiologically important ion secreted 
by the pancreas. Bicarbonate is formed from carbonic acid by 
the enzyme carbonic anhydrase. The secretion of water and 
electrolytes originates in the centroacinar and intercalated duct 
cells (Fig. 51.5). These cells secrete 20 mmol of bicarbonate per 
liter in the basal state and up to 150 mmol/L in the maximally 
stimulated state. 36 The bicarbonate secreted from the ductal 
cells is primarily derived from the plasma and not from intra¬ 
cellular metabolism. Chloride efflux through the cystic fibrosis 
transmembrane conductance regulator (CFTR) leads to depo¬ 
larization and bicarbonate entry through the sodium bicarbon¬ 
ate cotranporter. 36 As a result, chloride secretion varies inversely 
with bicarbonate secretion, with the sum of these two anions 
balancing the sodium and potassium cations and remaining 
constant and equal to that of the plasma. 

0 Both secretin and VIP stimulate bicarbonate secretion by 
increasing intracellular cyclic adenosine monophosphate, which 
acts on the CFTR. 36 Secretin is released from the duodenal 
mucosa in response to a duodenal lumen pH of less than 3.0 due 
to gastric acid. CCK is a weak direct stimulator of bicarbonate 
secretion, but it acts as a neuromodulator and potentiates the 
stimulatory effects of secretin. Gastrin and acetylcholine are 
also weak stimulators of bicarbonate secretion. 37 Bicarbonate 
secretion is inhibited by atropine (vagal stimulation) and can 
be reduced by 50% after truncal vagotomy. 38 Islet peptides 
including somatostatin, pancreatic polypeptide, glucagon, 
galanin, and pancreastatin are thought to inhibit exocrine 
secretion. 


Enzyme Secretion 

Pancreatic enzymes originate in the acinar cells, which are 
highly compartmentalized. Proteins are synthesized in the 
rough endoplasmic reticulum, processed in the Golgi appara¬ 
tus, then targeted to the appropriate cell compartment (zymo¬ 
gen granules, lysosomes, etc.). The acinar cells secrete enzymes 
that fall into three major enzyme groups: amylolytic enzymes, 
lipolytic enzymes, and proteolytic enzymes. Amylolytic 
enzymes such as amylase hydrolyze starch to oligosaccharides 
and the disaccharide maltose. Lipolytic enzymes such as lipase, 
phospholipase A, and cholesterol esterase function work in 
conjunction with bile salts to digest fats and cholesterol. 
Proteolytic enzymes include endopeptidases (trypsin and chy- 
motrypsin), which act on the internal peptide bonds of 
proteins and polypeptides, and exopeptidases (carboxypepti- 
dases), which act on the free carboxy- and amino-terminal ends 
of proteins. The proteolytic enzymes are secreted as inactive 
precursors. Enterokinase cleaves the lysine-isoleucine bond in 
trypsinogen to create the active enzyme trypsin. Trypsin then 
activates the other proteolytic enzyme precursors. 36 

The enzyme groups are not secreted in a fixed ratio. Dietary 
alterations and stimulation by specific nutrients can result in 


changes in the relative amounts of each enzyme type. When 
enzyme secretion is absent or impaired, malabsorption or 
incomplete digestion occurs, leading to fat and protein loss 
through the gastrointestinal tract. This is seen in patients with 
acute and chronic pancreatitis (who have destruction of the 
exocrine pancreas) and in patients who have undergone surgi¬ 
cal resection of all or part of the pancreas. These patients 
often present with weight loss and steatorrhea. These signs and 
symptoms can be corrected by oral replacement of pancreatic 
enzymes with meals. 

The nervous system initiates pancreatic enzyme secretion. 
This involves extrinsic innervation by the vagus nerve and sub¬ 
sequent innervation by the intrapancreatic cholinergic fibers. 
The neurotransmitters, acetylcholine, and gastrin-releasing 
peptides activate calcium-dependent release of zymogen gran¬ 
ules. 36 CCK is also a predominant regulator of enzyme secre¬ 
tion, doing so through activation of specific membrane-bound 
receptors and calcium-dependent second messenger path¬ 
ways. Secretin and VIP weakly stimulate acinar cell secretion 
independently, but they potentiate the effect of CCK on acinar 
cells. Insulin is required locally and serves in a permissive role 
for secretin and CCK to promote exocrine secretion (Fig. 
51.10). 36 

Through the secretion of the three classes of enzymes, the 
pancreas regulates complete digestion of carbohydrates, fats, 
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FIGURE 51.10. Schematic diagram of the acinar cell, demonstrating 
receptors for exocrine secretagogues and their intracellular bases of 
action. Six distinct classes of receptors are known, with principal 
ligands shown. CCK, cholecystokinin; CRGP, calcitonin gene-related 
peptide; DAG, diacylglycerol; VIP, vasoactive intestinal peptide. 
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and proteins. Autodigestion of the pancreas by these prote¬ 
olytic enzymes is prevented by packaging of proteases in an 
inactive precursor form and by the synthesis of protease 
inhibitors including pancreatic secretory trypsin inhibitor 
(PSTI), serine protease inhibitor kazal type 1 (SPINK1), and 
protease serine 1 (PRSS1). These enzymes are found in the aci¬ 
nar cell and loss of these protective mechanisms can lead to 
activation, autodigestion, and acute pancreatitis. Mutations in 
the SPINK 1 and PRSS1 genes are known to cause one of the 
aggressive familial forms of chronic pancreatitis, leading to 
recurrent episodes of pancreatitis with associated exocrine and 
endocrine insufficiency. 39,40 


Endocrine Function 

Insulin Synthesis, Secretion, and Action. Insulin is a 
56-amino-acid polypeptide with a molecular weight of 6 kD. It 
consists of two polypeptide chains (A and B) joined by two 
disulfide bridges. The amino acid sequence varies among 
species, but the location of the disulfide bridges are highly con¬ 
served and are critical for its biologic activity. Insulin is syn¬ 
thesized by the B cells within the islets of Langerhans. Insulin 
functions to promote glucose transport in all cells except B 
cells, hepatocytes, and central nervous system cells. Insulin 
inhibits glycogenolysis and fatty acid breakdown but stimu¬ 
lates protein synthesis. There is a significant secretory reserve 
of insulin within the pancreas. Destruction or removal of 80% 
of the pancreatic islet cell mass is necessary before endocrine 
dysfunction becomes clinically apparent in the form of type 1 
(insulin-dependent) diabetes. 41 

In response to pancreatic B-cell stimulation, proinsulin 
(precursor peptide to insulin) is synthesized in the endoplasmic 
reticulum and transported to the Golgi. In the Golgi, the 
proinsulin is packaged into granules, where it is cleaved into 
insulin and the residual connecting peptide, C peptide (Fig. 
51.11). The granules are then released directly into the inter- 
vascular space. Defects in the synthesis and cleavage of insulin 
can lead to rare forms of diabetes mellitus such as Wakayama 
syndrome and proinsulin syndrome. 42 

The secretion of insulin is tightly regulated by nutrient, 
neural, and hormonal factors. In response to glucose, the pre¬ 
dominant nutrient regulator, insulin is secreted in two phases. 
The first phase is a short burst of stored insulin that lasts 4 to 
6 minutes. This is followed by a sustained secretion of insulin, 
which requires active synthesis of the hormone within the islet 
cell. The B cell is sensitive to even small changes in glucose 
concentration and is maximally stimulated at concentrations 
of 400 to 500 mg/dL. Insulin is released in an oscillatory or 
pulsatile pattern controlled by an internal pacemaker, which is 
present even in isolated islet cells. 43 Insulin has a short half-life 


of 7 to 10 minutes after secretion, when it is primarily metab¬ 
olized by the liver. Forty percent to 70% of insulin secreted 
into the portal venous system is cleared by hepatocytes on the 
first pass through the liver. Excess insulin is then slowly metab¬ 
olized by the liver, kidneys, and skeletal muscles. Both brain 
cells and red blood cells do not take up insulin. 

Like all hormones, insulin binds to specific cell surface recep¬ 
tors that have been isolated and well characterized. The insulin 
receptor is a 300-kD glycoprotein. Stimulation of the insulin 
receptor is dependent on insulin concentration. Insulin resis¬ 
tance, present in type 2 diabetes, can be the result of decreased 
numbers of receptors or a decreased affinity for insulin. 

Glucose is actively transported across cell membranes 
throughout the body by 55-kD membrane-bound facilitator 
peptides called glucose transporters (Fig. 51.12). There are 
several classes of glucose transporters with varying affinities 
for glucose. The GLUT-2 transporter located on B cells 
has a low affinity for glucose. This results in a low rate of 
transport at physiologic concentrations of glucose but an 
increased rate of transport at higher concentrations, with 
subsequent higher insulin secretion rates. 44 The loss of B-cell 
GLUT-2 transporter can contribute to the development of 
diabetes mellitus. 45 

Orally administered glucose has a greater effect on insulin 
secretion than an equivalent amount of glucose administered 
intravenously. This effect is called the enteroinsular axis and is 
related to the release of enteric hormones in response to glu¬ 
cose that also potentiate insulin secretion. Gastric inhibitory 
polypeptide (GIP) is an important regulator of this effect. 46 
Additional gut peptides and hormones that stimulate insulin 
secretion include glucagon, glucagonlike peptide-1, and CCK, 
while somatostatin, amylin, and pancreastatin inhibit insulin 
secretion. Nutrients including certain amino acids (arginine, 
lysine, and leucine) and free fatty acids also regulate insulin 
secretion. Sulfonylurea compounds, which act independently 
of glucose concentration, also stimulate insulin secretion and 
are used in the treatment of type 2 diabetes, where the primary 
defect is peripheral insulin resistance, not insulin production 
or decreased islet cell mass. 

B cells are also neuronally regulated. Both cholinergic and 
b-sympathetic fibers stimulate insulin secretion, whereas a- 
sympathetic fibers are inhibitory. A loss of pancreatic innerva¬ 
tion in the setting of pancreatic transplantation can therefore 
result in changes in the pattern and quality of insulin secretion. 

Glucagon Synthesis, Secretion, and Action. Glucagon, 
secreted by the islet A, is a single-chain, 29-amino-acid 
polypeptide with a molecular weight of 3.5 kD. Glucagon ele¬ 
vates blood glucose levels through stimulation of glycogenoly¬ 
sis and gluconeogenesis in the hepatocytes. Like epinephrine, 
cortisol, and growth hormone, glucagon is considered a stress 


FIGURE 51.11. Synthesis of insulin. Proinsulin 
is synthesized by the endoplasmic reticulum and 
packaged within the secretory granules of the B 
cell. There it is cleaved into insulin and C-peptide. 
Equimolar amounts of insulin and C-peptide are 
secreted into the bloodstream. 
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FIGURE 51.12. Model of the basic structure of a membrane-bound 
glucose transporter peptide, encoded by the gene divided into 10 exon 
regions. Membrane-spanning /3-helical peptide chains are numbered 
Ml through M12. Mutations of the promoter region of the gene or the 
synthesis of an abnormal form of the protein could result in altered 
transport of glucose. For the B-cell GLUT-2 transporter, this could 
cause reduced sensitivity to glucose. For the muscle and fat cell GLUT-4 
transporter, this could result in decreased peripheral uptake of glucose. 
(After Bell GI, Kayano T, Buse JB, et al. Molecular biology of mam¬ 
malian glucose transporters. Diabetes Care 1990;86:1615.) 


hormone because it increases metabolic fuel in the form of glu¬ 
cose during stress. Secretion of pancreatic glucagon is tightly 
controlled by neural, hormonal, and nutrient factors. Like 
insulin, glucose is the primary regulator, but the two hormones 
respond to glucose in reciprocal fashion. It has a strong sup¬ 
pressive effect on glucagon secretion. The two hormones are 
counterregulatory and function together to tightly control 
blood glucose levels. Excess glucagon can lead to hyper¬ 
glycemia, whereas insufficient glucagon can lead to profound 
hypoglycemia. For this reason, the diabetes resulting from 
total pancreatectomy is very brittle and difficult to control due 
to the lack of endogenous glucagon to balance exogenously 
administered insulin. 

Glucagon secretion is also stimulated by the amino acids 
arginine and alanine. Through paracrine effects within the 
islets, both insulin and somatostatin have a suppressive effect 
on glucagon secretion. The neural regulation of glucagon par¬ 
allels that of insulin, with cholinergic fibers being strongly 
stimulatory, B-sympathetic fibers being weakly stimulatory, 
and A-sympathetic fibers being inhibitory. 


Dysfunctional A-cell secretion of glucagon may play a role 
in the elevation of blood sugar in diabetes. Suppression of 
glucagon with somatostatin has been shown to improve glu¬ 
cose control in type 1 (insulin-dependent) diabetes. 47 


Pancreatic Polypeptide Synthesis, Secretion, and 
Action. PP is a 36-amino-acid polypeptide secreted by the F 
cells of the pancreatic islet. The physiologic role of PP remains 
unclear. It has been shown to inhibit pancreatic exocrine secre¬ 
tion and gallbladder emptying. Cholinergic innervation pre¬ 
dominantly regulates PP secretion. As a result, surgical vago¬ 
tomy ablates the increased PP response normally observed 
after meals. In diabetes and normal aging, PP secretion is 
increased, resulting in increased circulating PP levels. 


Other Peptide Products 

Other peptides are secreted within the pancreatic islet. These 
include neuropeptides such as VIP, galanin, and serotonin, 
which are believed to play a role in the regulation of islet cell 
secretion. Amylin, a 36-amino-acid polypeptide, is secreted by 
the B cells, but not in equimolar amounts to proinsulin. Amylin 
inhibits secretion of insulin and its uptake in the periphery. 
Amylin has been found to be deposited in the pancreas of 
patients with type 2 diabetes and has been implicated in the 
pathogenesis of the disease. Pancreastatin is another peptide 
found in large amounts in the pancreas. It is a derivative of 
chromogranin A, but its physiologic significance is unknown. 


DIAGNOSTIC APPROACH 
TO PATIENTS WITH 
PANCREATIC DISEASE 

Pancreatic Imaging (Studies of 
Pancreatic Structure) 

If pancreatic disease is suspected, the pancreas can be imaged 
by several radiographic modalities including plain abdominal 
radiographs, upper gastrointestinal series, abdominal ultra¬ 
sonography, CT, MRCP, endoscopic retrograde cholangiopan¬ 
creatography (ERCP), and EUS. 


Somatostatin Synthesis, Secretion, and Action. 

Somatostatin is a 14-amino-acid polypeptide that inhibits the 
release of growth hormone. While endogenous somatostatin 
has not proven to directly influence the secretion of other pep¬ 
tide hormones from islet cells, exogenous administration of 
somatostatin has been shown to inhibit the release of insulin, 
glucagon, and pancreatic polypeptide (PP). It has also been 
shown to inhibit gastric, pancreatic, and biliary secretion. 

A synthetic octapeptide that mimics somatostatin phar¬ 
macologically (Octreotide, Novartis, East Hanover, NJ) has 
been developed. It is a more potent inhibitor of growth hor¬ 
mone, glucagon, and insulin secretion than the natural hor¬ 
mone. The potent inhibitory effect of octreotide has been 
used to treat both exocrine and endocrine disorders of the 
pancreas. For example, in hormone-producing islet cell 
tumors that express somatostatin receptors, octreotide can 
effectively suppress the hormonal symptoms associated with 
the disease process. 48 Although still controversial due to 
mixed results, a recent meta-analysis has shown that prophy¬ 
lactic octreotide reduces pancreatic fistula formation follow¬ 
ing elective pancreatic surgery. 49 It has also been shown to 
decrease iatrogenic pancreatic fistula output once a fistula 
has developed. 
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Abdominal Plain Films 


Plain films of the abdomen may be useful in patients with 
acute and chronic pancreatitis. In patients with acute pancre¬ 
atitis, the most common findings on plain film include a gener¬ 
alized ileus with air-fluid levels, a localized ileus or “sentinel 
loop” of jejunum or duodenum in the area of the inflamed 
pancreas, or a cutoff of the colon due to distention of the 
transverse colon. In the setting of acute pancreatic fluid collec¬ 
tions or pseudocysts, you can see an actual mass on plain film 
with displacement of the stomach or duodenum. 50 These find¬ 
ings are not sensitive or specific for acute pancreatitis, but in 
the setting of elevated amylase and lipase and associated 
abdominal symptoms, they can provide support for the diag¬ 
nosis and an indication for more sensitive pancreatic imaging 
studies. 

In the setting of chronic pancreatitis, the most common 
finding on plain film is the presence of calcifications within the 
pancreas. These are most commonly seen at the level of the 
second lumbar vertebra, where the pancreas lies in the retro- 
peritoneum. 


Upper Gastrointestinal Series 

In the setting of a mass or mass effect on plain film, an upper 
gastrointestinal series can demonstrate displacement of the 
stomach or duodenum by a retroperitoneal mass. Displace¬ 
ment or narrowing of the duodenal C loop suggests the 
presence of a pancreatic mass. However, the character of the 
mass (inflammatory, neoplastic, cystic, etc.) cannot be further 
defined on upper gastrointestinal series. 50 For this reason, the 
upper gastrointestinal series has been largely replaced by ultra¬ 
sound and other three-dimensional imaging modalities such as 
CT or MRCP. 


Ultrasonography 

Abdominal ultrasound can be useful in the setting of acute 
pancreatitis, chronic pancreatitis, pancreatic cystic lesions, 
pancreatic pseudocysts, and pancreatic cancer. In acute pan¬ 
creatitis, the abdominal ultrasound may demonstrate gall¬ 
stones, suggesting a potential etiology. In addition, the ultra¬ 
sound can identify an enlarged pancreas, pancreatic edema, 
and peripancreatic fluid collections consistent with the diag¬ 
nosis of acute pancreatitis. Ultrasound can also identify pan¬ 
creatic pseudocysts, cystic lesions, and other pancreatic 
masses. 50 Pancreatic pseudocysts usually appear as a smooth, 
round fluid collection without acoustic shadowing. A pancre¬ 
atic cancer is more likely to distort the underlying pancreatic 
anatomy and appear as a localized, solid lesion on ultra¬ 
sound, also without acoustic shadowing. Cystic neoplasms of 
the pancreas can have both solid and cystic components. They 
can be uniloculated or multiloculated and contain cysts of 
varying size. 

Ultrasound examination can be limited by obesity, overly¬ 
ing bowel gas, and recently performed barium contrast stud¬ 
ies. Small masses or fluid collections can be easily missed. The 
presence of a mass on ultrasound is an indication for more 
extensive workup via CT or MRCP imaging. 


Computed Tomography 

Contrast-enhanced, helical three-dimensional CT is the most 
commonly performed study for the detection and characteri¬ 
zation of pancreatic solid and cystic tumors. It is also useful in 
defining the pancreatic anatomy in the presence of chronic 


pancreatitis and identifying and following the complications 
of acute pancreatitis. CT is very sensitive for identifying pan¬ 
creatic masses as small as 1 cm and can accurately distinguish 
solid from cystic lesions. The density of the lesion on CT can 
provide clues as to the diagnosis. Pancreatic adenocarcinomas 
are usually solid and hypodense, whereas pancreatic neuroen¬ 
docrine tumors are vascular and hyper dense. Both pseudocysts 
and cystic lesions have components with fluid density. 

CT is sensitive for the diagnosis of a malignant pancreatic 
adenocarcinoma. However, it is less sensitive and accurate in 
the diagnosis of cystic lesions. As CT scans are more commonly 
performed for a variety of indications, many cystic lesions are 
found incidentally. CT can be useful in identifying the charac¬ 
teristics associated with malignancy including tumor size 
greater than 3 cm, a dilated main pancreatic duct, and mural 
nodules within the cystic lesion. 51 However, a recent study 
showed that specific diagnosis was correct only 39% of the 
time based on CT findings alone and CT was only 61% accu¬ 
rate in making a benign versus malignant diagnosis. 52 


Endoscopic Ultrasound 

EUS provides higher-resolution images of the pancreatic 
parenchyma and pancreatic duct than transabdominal ultra¬ 
sound. This procedure uses a transducer fixed to an endoscope 
that can be directed to the surface of the pancreas through the 
stomach or duodenum. Pancreatic masses and cystic lesions 
can be aspirated and/or biopsied via EUS, providing a useful 
adjunct to CT in the diagnosis of mucinous cystic lesions and 
malignancies. In addition, EUS can be used to perform celiac 
nerve blocks in the setting of intractable pain in unresectable 
pancreatic cancer. 

EUS can provide cytologic information, information 
about pancreatic ductal anatomy, and information about 
invasion of major vascular structures. While more invasive 
than CT, it can provide useful additional information. In 
addition, it can provide information about pancreatic ductal 
anatomy without invasive pancreatography (ERCP), which 
can cause severe pancreatitis. As with any endoscopic proce¬ 
dure, the risks include perforation of the stomach and/or 
duodenum. 

A list of 11 EUS criteria have been defined for the diagnosis 
of chronic pancreatitis. The ductal criteria include pancreatic 
duct stones, echogenic ductal walls, irregular ductal walls, 
pancreatic duct strictures, visible side branches, and ductal 
dilatation. The parenchyma criteria include echogenic strands, 
echogenic foci, calcifications, lobular contour, and pancreatic 
cysts. Recent studies have determined that three or more EUS 
criteria provide the best balance of sensitivity and specificity 
for histologic pancreatic fibrosis. 53 


Magnetic Resonance 
Cholangiopancreatography 

MRCP using three-dimensional turbo spin-echo techniques 
is now being used more commonly as a noninvasive way to 
image both the bile duct and pancreatic duct. This imaging 
modality can provide excellent images and detect abnormali¬ 
ties of the common bile duct and main pancreatic duct, but it 
is more limited in its ability to detect abnormalities in the sec¬ 
ondary ducts. This noninvasive imaging technique is very use¬ 
ful in high-risk patients and pregnant patients. It is also useful 
in diagnosis, especially in settings where interventions such as 
biopsy or biliary drainage are unnecessary. MRCP can be a 
good modality for defining pancreatic ductal anatomy in 
patients with chronic pancreatitis and pancreatic pseudocysts 
to help plan operative management. 
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Endoscopic Retrograde 
Cholangiopancreatography 

Like MRCP and EUS, ERCP can provide useful information 
about pancreatic ductal anatomy. Pancreatic cancer is charac¬ 
terized by obstruction or stenosis of the pancreatic duct and/or 
common bile duct (double duct sign). In chronic pancreatitis, 
the pancreatic duct may have irregularities including stenosis, 
dilation, sacculation, and ectasia. Pancreatic duct stones may be 
present within the pancreatic duct. Similar ductal changes can 
be observed immediately following acute attacks of pancreatitis. 

As with any endoscopic procedure, perforation of the gas¬ 
trointestinal tract is a potential complication of ERCP. Five to 
20% of patients develop clinical pancreatitis after ERCP and 
25% to 75% have elevated amylase and lipase levels. 50 There 
is no way to prevent post-ERCP pancreatitis; however, high- 
pressure injection of the pancreatic duct is thought to con¬ 
tribute. ERCP is performed less commonly since much of the 
information can now be obtained with CT and/or EUS. How¬ 
ever, ERCP is still useful in the palliation of obstructive jaun¬ 
dice with endostent placement, neither of which can be 
achieved using the other modalities. 


Tests of Pancreatic Exocrine Function 


Several tests are useful in the assessment of pancreatic exocrine 
function. When pancreatic disease is suspected, the measure¬ 
ment of serum amylase and lipase levels serves as a useful 
screening test. As amylase is found in organs other than the 
pancreas (salivary glands, liver, small intestine, kidneys, fal¬ 
lopian tubes), serum amylase levels may be elevated in both 
pancreatic and nonpancreatic diseases (Table 51.3). Assays for 


TABLE 51.3 


PANCREATIC AND NONPANCREATIC CAUSES OF 
HYPERAMYLASEMIA 

Pancreatic Diseases Causing Elevated Amylase Levels 

Acute, uncomplicated pancreatitis 

Pancreatic pseudocyst 

Acute peripancreatic fluid collections 

Pancreatic ascites 

Pancreatic necrosis and/or abscess (infected pancreatic 
necrosis) 

Pancreatic injury/trauma 

Ductal obstruction in pancreatic cancer, pancreatic cystic 
neoplasms, or chronic pancreatitis 

Nonpancreatic Diseases Causing Elevated Amylase Levels 

Perforated duodenal ulcer 

Duodenal ulcer penetrating pancreas 

Small-bowel obstruction 

Ruptured ectopic pregnancy 

Peritonitis 

Salivary gland lesions (mumps, salivary duct stones, 
sialadenitis, iatrogenic ductal obstruction) 

Other cancers (lung, esophagus, breast, ovarian) 

Burns 

Diabetic ketoacidosis 
Renal insufficiency 
Pregnancy 


the isoenzymes of amylase can be performed but are unreliable 
in determining whether the source of amylase is pancreatic or 
nonpancreatic and are not widely used. It has been shown that 
serum lipase is a more accurate biomarker of acute pancreati¬ 
tis than serum amylase, with 19% of patients with acute pan¬ 
creatitis having normal serum amylase levels, but only 3% 
having normal serum lipase levels. 54 Unlike amylase and 
lipase, serum trypsinogen is made only by the pancreas and 
may serve as a better marker for acute pancreatitis. Trypsino¬ 
gen can also be measured in the urine and serves as a specific 
screening test for acute pancreatitis. 55,56 All three markers are 
cleared by the kidneys, so in the setting of acute renal failure, 
all may be falsely elevated. 

In the case of acute pancreatitis, serum amylase and lipase 
levels are usually elevated and peak within 24 hours of the 
onset of symptoms and return to normal within 2 to 4 days if 
the inflammation resolves. In cases of severe necrotizing pan¬ 
creatitis, pancreatic ductal obstruction, and pseudocyst forma¬ 
tion, amylase and lipase levels can remain elevated for much 
longer periods of time. While amylase and lipase levels are ele¬ 
vated in over 85% of patients with acute pancreatitis, their ele¬ 
vation is far less common in chronic pancreatitis, where the 
exocrine function of the pancreas may be impaired. Amylase 
levels may be normal in patients with acute pancreatitis if 
there is a delay in their diagnosis or if their pancreatitis is 
related to hypertriglyceridemia, which can falsely decrease the 
serum amylase levels. 50 

Several tests of pancreatic exocrine function require duodenal 
intubation: the secretin test, the dimethadione test (DMO), and 
the Lundh test. The classic test of pancreatic endocrine function 
is the secretin test. 57 A patient fasts overnight. A double-lumen 
tube is then placed in the duodenum. Basal collections are per¬ 
formed for 20 minutes and analyzed for total volume, bicar¬ 
bonate output, and enzyme secretion. An intravenous bolus 
of 2 units of secretin per kilogram is given and four 20- 
minute collections are performed and analyzed as discussed 
earlier. 

Normal values for the standard secretin stimulation test are 
2.0 mL of pancreatic fluid per kilogram per hour, bicarbonate 
concentration of 80 mmol/L, bicarbonate output of greater 
than 10 mmol/L in 1 hour, and amylase secretion of 6 to 
18 IU/kg. The maximal bicarbonate concentration provides 
the greatest discrimination between normal subjects and 
patients with chronic pancreatitis. 58 The results of the secretin 
stimulation test for different pancreatic disease processes is 
shown in Table 51.4. 

The pancreas is known to metabolize the anticonvulsant 
drug trimethadione to its metabolite, DMO. To test pancreatic 
exocrine function, patients are given 0.45 g of trimethadione 
three times daily for 3 days. A double-lumen tube is placed in 
the duodenum and secretin is given to maximally stimulate 
pancreatic secretion. The duodenal output of DMO correlates 
well with exocrine function. 59 

Likewise, a Lundh test requires duodenal intubation, but 
this test measures pancreatic enzyme secretion directly in 
response to a meal of carbohydrate, fat, and protein. A patient 
fasts overnight, then has a double-lumen duodenal tube 
placed. Basal duodenal fluid collection is performed and 
patients are then given a meal consisting of 18 g of corn oil, 
15 g of casein, and 40 g of glucose in 300 mL of water. Duo¬ 
denal fluid is collected every 30 minutes for 2 hours and ana¬ 
lyzed for trypsin, amylase, and lipase. This test relies on 
endogenous secretin and CCK secretion and may be abnormal 
in diseases involving the intestinal mucosa. 

The triolein breath test is a noninvasive test of exocrine 
insufficiency. 60 Twenty-five grams of 14C-labeled corn oil 
(triglycerides) is given to the patient orally. The metabolite, 
14C carbon dioxide, can be measured in the breath 4 hours 
after administration. Patients with disorders of fat digestion or 
absorption exhale less than 3% of the dose per hour. The test 
can be repeated after pancreatic enzyme replacement. Patients 
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TABLE 51.4 


CHARACTERISTIC RESULTS OF SECRETIN TESTING: VOLUME, BICARBONATE CONCENTRATION, AND ENZYME SECRETION 
CHANGES IN PANCREATIC DISEASE PROCESSES 


■ DISORDER 

■ PATTERN 

■ TOTAL 
VOLUME 

■ MAXIMUM 
BICARBONATE 
SECRETION 

■ ENZYME 
SECRETION 

End-stage pancreatitis 

Total insufficiency 

Decreased 

Decreased 

Decreased 

Advanced pancreatic 
cancer 

Total insufficiency 

Decreased 

Decreased 

Decreased 

Chronic pancreatitis 

Qualitative insufficiency 

Normal 

Decreased 

Normal 

Pancreatic cancer 

Quantitative insufficiency 

Decreased 

Normal 

Normal 

Malnutrition* 

Isolated enzyme deficiency 

Normal 

Normal 

Decreased 

Hemochromatosis, 
Zollinger-Ellison 
syndrome, cirrhosis 

Hypersecretion 

Increased 

Normal 

Normal 

^Sprue, ulcerative colitis, and Crohn disease. 

Adapted from Table 53.3 in “Pancreatic Anatomy and Physiology” chapter in last edition. 

Originally from Dreiling DA, Wolfson P. New insights into pancreatic disease revealed by the secretion test. In: Berk JE, ed. Developments in 

Digestive Diseases, vol 2. Philadelphia, PA: Lea and Febiger; 1979:155. 


with pancreatic insufficiency will achieve a normal rate of 
excretion of 14C carbon dioxide, whereas patients with 
enteric disorders show no improvement. 

N-benzoyl-l-tyrosyl-para-aminobenzoic acid (BT-PABA) 
is cleaved by chymotrypsin to form para-aminobenzoic acid 
(PABA), which is then excreted in the urine. The PABA test 
is performed by administering 1 g of BT-PABA in 300 mL of 
water orally. Urine is then collected for 6 hours. Patients with 
chronic pancreatitis excrete less than 60% of the ingested dose 
of PT-PABA. 

Suspected pancreatic disease can also be confirmed giving 
patients a test meal and measuring serum levels of the islet cell 
hormone pancreatic polypeptide. Basal and meal-stimulated 
levels of serum PP are reduced in severe chronic pancreatitis 
and after extensive pancreatic resection. After an overnight 
fast, a test meal of 20% protein, 40% fat, and 40% carbohy¬ 
drate is ingested. The normal basal range of PP is 100 to 


250 pg/mL. In severe chronic pancreatitis, the basal levels are 
often less than 50 pg/mL. The normal response to a meal is a 
rise in PP levels to 700 to 1,000 pg/mL for 2 to 3 hours after 
the meal. In severe disease, this response is decreased to less 
than 250 pg/mL. PP release depends on intact pancreatic inner¬ 
vation and can also be decreased after truncal vagotomy or 
antrectomy or in the setting of diabetic autonomic neuropathy. 

The fecal fat test measures intraluminal digestion products 
and is used to distinguish between pancreatic dysfunction and 
malabsorption due to enteric disease. Many tests can help dif¬ 
ferentiate the two types of steatorrhea (Table 51.5). Steator¬ 
rhea from pancreatic dysfunction is the result of lipase defi¬ 
ciency and is usually not present until lipase secretion is 
reduced by 90%. Fecal fat content is measured over a 24-hour 
time period. If the fecal fat is elevated to more than 20 g, this 
indicates pancreatic insufficiency, whereas steatorrhea in the 
presence of low levels of fecal fat (<20 g) indicates intestinal 


TABLE 51.5 


DIFFERENTIAL DIAGNOSIS OF INTESTINAL AND PANCREATIC STEATORRHEA 


■ PARAMETER 

■ INTESTINAL 
STEATORRHEA 

■ PANCREATIC 
INSUFFICIENCY 

24-hour fecal fat 

<20 g; soapy consistency 

>20 g; only seepage 

D-xylose 

Abnormal (low) 

Normal 

Secretin test 

Normal 

Abnormal 

Small-bowel series 

Abnormal 

Normal 

Small-bowel biopsy 

Abnormal 

Normal 

PABA test 

Normal 

Abnormal 

PP response to meal 

Normal 

Abnormal 

Vitamin B 12 and folate 

Abnormal (low) 

Normal 

Treatment with pancreatic enzymes 

No change 

Improvement 

PABA, para-aminobenzoic acid; PP, pancreatic polypeptide. 
























Chapter 51: Pancreas Anatomy and Physiology 


817 


dysfunction. A reduction of fecal fat can be used to demon¬ 
strate adequate replacement of pancreatic enzymes in patients 
with endocrine insufficiency. However, this test is time con¬ 
suming and disliked by patients, and pancreatic enzyme 
replacement is often titrated based on symptom relief once the 
diagnosis of pancreatic insufficiency is made. 


Tests of Pancreatic Endocrine Function 


The most widely used test of pancreatic endocrine function is 
the oral glucose tolerance test. This test, used to test for dia¬ 
betes, measures the body’s ability to utilize glucose. The oral 
glucose tolerance test provides an indirect assessment of the 
insulin response to an oral glucose load as it measures the glu¬ 
cose profile and not the actual insulin response. After an 
overnight fast, two basal blood samples are drawn and 
glucose levels are analyzed. Patients are then given an oral 
glucose load of 40 g/m 2 over 10 minutes. Blood samples are 
then drawn every 30 minutes for 2 hours. The fasting glucose 
level should be less than 110 mg/dL. Fasting levels between 
110 and 126 mg/dL are considered borderline diabetes, and 
fasting levels above 126 mg/dL are diagnostic of diabetes. The 
2-hour glucose level should be below 140 mg/dL. Two-hour 
levels between 140 and 200 mg/dL are borderline, and 2-hour 
levels over 200 mg/dL are again diagnostic of diabetes melli- 
tus. The insulin response to oral glucose can be affected by 
enteric factors including hormones involved in the enteroin- 
sular axis (GIP, glucagonlike peptide-1, CCK). The test can 
also be affected by antecedent diet, drug use, exercise, and 
patient age. 

The intravenous glucose tolerance test can be used to elim¬ 
inate the gastrointestinal influences of glucose metabolism 
experienced in the oral test. This test measures the disappear¬ 
ance of plasma glucose after administration of an intravenous 
glucose bolus, which indirectly reflects both the secretion and 
action of insulin. This test is performed in similar fashion to 
the oral glucose tolerance test, except the glucose load is deliv¬ 
ered as an intravenous bolus of 0.5 g/kg over 2 to 5 minutes. 
Blood is then drawn every 10 minutes for an hour. The disap¬ 
pearance of glucose per minute (K value) is calculated. A K 
value of 1.5 or higher is normal. The response to this test 
decreases with age, so the results should be age adjusted. 

The intravenous arginine test and tolbutamide response test 
are used to help in diagnosis of hormone-secreting tumors. 
Arginine is known to stimulate the secretion of islet cell hor¬ 
mones. After an overnight fast, a patient is given a 30-minute 
intravenous infusion of 0.5 g/kg of arginine. Blood samples are 
taken every 10 minutes and radioimmunoassay are performed 
for the hormone in question. This test is most useful for 
glucagon-secreting tumors. Elevations of plasma glucagon lev¬ 
els to over 400 pg/mL are diagnostic for glucagonoma. 

Tolbutamide is a sulfonylurea that stimulates insulin secre¬ 
tion. After the patient fasts overnight, blood samples are drawn 
and the patient is given 1 g of tolbutamide intravenously. Blood 
glucose is monitored for 1 hour and blood samples are drawn 
to determine levels of the hormone of interest. Sustained hypo¬ 
glycemia with hypersecretion of insulin is diagnostic of insuli¬ 
noma. Somatostatin levels more than twice as high as the nor¬ 
mal values of the particular assay used are considered diagnostic 
of somatostatinoma. 

In making the diagnosis of insulinoma, surreptitious exoge¬ 
nous administration of insulin must be ruled out. Both insulin 
and C-peptide levels can be measured in the bloodstream and 
should be present in a 1:1 ratio. Surreptitious administration 
of exogenous insulin can be differentiated from insulinoma by 
the absence of C-peptide in the case of the exogenously admin¬ 
istered insulin. The “gold standard” for diagnosis of insuli¬ 
noma is the 72-hour monitored fast. This test attempts to doc¬ 
ument the Whipple triad of hypoglycemia, neuroglycopenic 
symptoms concurrent with hypoglycemia, and resolution of 


symptoms with administration of glucose. Patients are fasted 
in a monitored setting. All nonessential medications are 
stopped and patients can only drink water; black, decaf¬ 
feinated coffee; and diet sodas. Glucose and insulin levels are 
closely monitored. The criteria for discontinuing the fast 
include serum glucose levels less than 45 mg/dL, and the 
patient must be symptomatic. The 72-hour fast is highly sensi¬ 
tive for insulinoma and a patient rarely finishes this test with¬ 
out an unequivocal diagnosis. 
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CHAPTER 52 ACUTE PANCREATITIS 


JASON S. GOLD AND EDWARD E. WHANG 


KEY POINTS 


O In the United States, more than 75% of cases of acute pan¬ 
creatitis are attributable to either gallstones or alcohol. 

© Approximately 80% of cases of acute pancreatitis are 
mild, are associated with minimal systemic derangements, 
and generally resolve within 5 to 7 days, even with mini¬ 
mal therapy. 

© Severe acute pancreatitis accounts for about 20% of cases 
and is defined as acute pancreatitis associated with one or 
more of the following: pancreatic necrosis, distant organ 
failure, and the development of local complications such as 
hemorrhage, abscess, or pseudocyst. 

© The mortality rate associated with severe acute pancreatitis 
ranges from 10% to 20%, with half of the deaths in the first 
2 weeks as the result of systemic inflammatory response syn¬ 
drome-induced multisystem organ failure and the remaining 
occurring later as the result of pancreatic necrosis/infection. 

© Computed tomography scanning is the most important 
imaging test for acute pancreatitis and is useful in confirm¬ 
ing the diagnosis, assessing disease severity, and detecting 
complications. 


© The most important component of initial management of 
acute pancreatitis is fluid resuscitation. 

© Early endoscopic retrograde cholangiopancreatography 
with sphincterotomy and stone extraction has been shown 
in randomized controlled trials to benefit the subset of 
patients with gallstone pancreatitis who have associated 
obstructive jaundice and/or cholangitis. 

© Infection of pancreatic and peripancreatic necrosis compli¬ 
cates 30% to 70% of cases of acute necrotizing pancreati¬ 
tis and most commonly becomes established during the 
second to third weeks after onset of disease. 

© Infected pancreatic necrosis can be diagnosed by fine-needle 
aspiration and is most effectively treated with mechanical 
debridement. 

€> Treatment options for pancreatic pseudocysts include per¬ 
cutaneous aspiration, percutaneous drainage, internal 
drainage (performed surgically or endoscopically), or resec¬ 
tion; surgical therapy is the best validated procedure and is 
associated with high efficacy and a low recurrence rate. 
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TABLE 52.1 

CLASSIFICATION | 

TERMS USED IN THE CLASSIFICATION OF ACUTE PANCREATITIS 

■ TERM 

■ DEFINITION 

Mild acute 
pancreatitis 

Acute inflammation of the pancreas with 
minimal distant organ dysfunction and an 
uneventful recovery 

Severe acute 
pancreatitis 

Acute pancreatitis associated with 
pancreatic necrosis, distant organ failure, 
and/or the development of local compli¬ 
cations, such as hemorrhage, abscess, or 
pseudocyst 

Acute fluid 
collections 

Fluid collections that occur early in the 
course of acute pancreatitis, are located in 
or near the pancreas, and lack a wall of 
granulation or fibrous tissue 

Pancreatic 

necrosis 

Diffuse or focal areas of nonviable pancreatic 
parenchyma, typically associated with 
peripancreatic fat necrosis 

Pseudocyst 

Collection of pancreatic secretions enclosed 
by a wall of fibrous or granulation tissue 
arising as a consequence of acute pancre¬ 
atitis, chronic pancreatitis, or trauma to the 
pancreas 

Pancreatic 

abscess 

Collection of pus, usually near the pancreas, 
containing little or no pancreatic necrosis; 
arises as a consequence of acute pancreatitis 
or trauma to the pancreas 


Acute pancreatitis is an acute inflammatory process of the pan¬ 
creas with variable involvement of other regional tissues or 
remote organ systems. 1 In the United States, more than 200,000 
patients are hospitalized annually with acute pancreatitis as the 
primary diagnosis. 2 It is the principal cause of approximately 
3,200 deaths per year and a contributing factor in an additional 
4,000 deaths. The direct cost attributable to acute pancreatitis 
exceeds $2 billion per year in the United States. 


CLASSIFICATION 
AND DEFINITIONS 


A useful and widely accepted system for defining and classify¬ 
ing the severity and complications of acute pancreatitis was 


developed during a multidisciplinary symposium held in 
1992. 1 The clinically based definitions reached by consensus 
are shown in Table 52.1. Efforts to refine this classification 
system are currently under way. 3 


PATHOLOGY AND 
PATHOPHYSIOLOGY 


The typical pathologic correlate of mild acute pancreatitis is inter¬ 
stitial (edematous) pancreatitis , in which the pancreatic 
parenchyma is edematous and infiltrated with inflammatory cells. 
Gross architectural features are preserved. In contrast, severe 
acute pancreatitis (SAP) can be associated with necrotizing pan¬ 
creatitis , in which variable amounts of pancreatic parenchyma 
and peripancreatic fat have undergone tissue necrosis, with vas¬ 
cular inflammation and thrombosis being prominent features. 

Studies using experimental models suggest that prototypi¬ 
cal molecular and cellular derangements lead to pancreatic 
injury, regardless of the specific etiology or inciting event that 
triggers an episode of acute pancreatitis. Among the earliest of 
these derangements appears to be abnormal activation of pro¬ 
teolytic enzymes within pancreatic acinar cells. 4 Under normal 
conditions, trypsinogen and other digestive zymogens are 
stored in granules that are segregated from lysosomal enzymes 
(e.g., cathepsin B) and acid. Early in the course of acute pan¬ 
creatitis, cytoplasmic vacuoles containing activated proteolytic 
enzymes appear. How the digestive enzymes are activated, and 
what role these vacuoles play, has been the subject of much 
investigation. In the prevailing model, trypsinogen is believed 
to be activated to yield trypsin either by colocalization with 
the lysosomal hydrolase cathepsin B 5 or through autoactiva¬ 
tion due to a moderately acidic pH. 6 Recently, it has been 
noted that the cytoplasmic vacuoles appearing in the acinar 
cell in experimental acute pancreatitis share expression of pro¬ 
teins with autophagosomes. Autophagosomes are vacuoles 
that degrade cellular components such as organelles in the 
process of autophagy. Highlighting the possible importance of 
autophagy in the development of pancreatitis, mice lacking 
expression of the autophagy-related gene Atg5 in the pancreas 
fail to exhibit prototypical features of acute pancreatitis. 7 

Acinar cell injury induced by active trypsin allows it to be 
released into the pancreatic parenchyma (Fig. 52.1), where it 
activates more trypsin and other digestive enzymes (e.g., chy- 
motrypsin, phospholipase, and elastase). Trypsin can also acti¬ 
vate the complement, kallikrein-kinin, coagulation, and fibri¬ 
nolysis cascades within the pancreatic parenchyma. Activation 
of these enzymes is believed to initiate a vicious cycle in which 



FIGURE 52.1. Schematic diagram 
depicting activation of proteolytic 
enzymes, possibly through colocaliza¬ 
tion of zymogen granules and lyso- 
somes, and subsequent rupture of 
zymogen granules releasing the acti¬ 
vated enzymes into the cytoplasm of 
the pancreatic acinar cell. The activated 
enzymes then undergo disordered baso- 
lateral discharge from the acinar cell 
into the pancreatic parenchyma. 
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activated enzymes cause cellular injury, an event that leads to 
the release of even more destructive enzymes. This cycle can 
overwhelm defense mechanisms that normally serve to limit the 
injurious consequences of premature trypsin activation within 
the pancreas (e.g., pancreatic secretory trypsin inhibitor- 
mediated inhibition of trypsin activity). 

As injury progresses, the pancreatic parenchyma becomes 
infiltrated with macrophages and polymorphonuclear leuko¬ 
cytes, resulting in the release of a broad range of proinflam- 
matory mediators (e.g., tumor necrosis factor; interleukins 1, 
6, and 8; prostaglandins; platelet-activating factor; leuko- 
trienes; and reactive oxygen species). The result of these 
events is pancreatic autodigestion, with injury to the vascular 
endothelium, interstitium, and acinar cells. Increases in vas¬ 
cular permeability lead to interstitial edema. Vasoconstric¬ 
tion, thrombosis, and capillary stasis can lead to ischemic 
(and perhaps ischemia-reperfusion injury) and the develop¬ 
ment of pancreatic necrosis. With severe pancreatic injury, the 
systemic inflammatory response syndrome (SIRS) and distant 
organ failure can occur. The systemic complications are 
believed to be mediated by digestive enzymes and inflamma¬ 
tory mediators released from the injured pancreas. For exam¬ 
ple, activated phospholipase A-induced digestion of lecithin 
(an important component of pulmonary surfactant) may play 
a role in the pathogenesis of acute respiratory distress syn¬ 
drome (ARDS) that occurs in the setting of acute pancreatitis. 
In addition, the circulatory and inflammatory effects induced 
by acute pancreatitis are postulated to impair intestinal 
epithelial barrier function, allowing for the translocation of 
bacteria from the intestinal lumen into the systemic circula¬ 
tion. This phenomenon has been demonstrated to occur in 
animal models and may account for the pathogenesis of pan¬ 
creatic and peripancreatic infection that can complicate 
necrotizing pancreatitis. 



FIGURE 52.2. Illustration of the common channel concept. A gall¬ 
stone lodged at the ampulla of Vater can cause reflux of bile into the 
pancreatic duct. 


_ ETIOLOGY _ 

Q Although many etiologies of acute pancreatitis have been 
described, in the United States, more than 75% of cases are 
attributable to either gallstones or alcohol. 


Gallstones 


Gallstones cause approximately 35% of episodes of acute 
pancreatitis in the United States. In a mechanistic model 
proposed over a century ago, a gallstone lodged at the papilla 
of Vater occludes the ampullary orifice, leading to retrograde 
reflux of bile into the pancreatic duct through a common 
channel shared by the common bile duct and the pancreatic 
duct (Fig. 52.2). Although elements of this model have been 
challenged, the prevailing view is that transient or persistent 
obstruction of the ampullary orifice by a gallstone or edema 
induced by stone passage is the inciting factor in the patho¬ 
genesis of gallstone-induced pancreatitis. Microlithiasis refers 
to aggregates (<5 mm in diameter) of cholesterol monohy¬ 
drate crystals or calcium bilirubinate granules detected as 
“sludge” within the gallbladder on ultrasonography or on 
examination of bile obtained during endoscopic retrograde 
cholangiopancreatography (ERCP). An etiologic role for 
microlithiasis in acute pancreatitis remains unproved; how¬ 
ever, data derived from case-control studies suggest that 
cholecystectomy or endoscopic sphincterotomy can reduce 
the risk of recurrent acute pancreatitis in patients with 
microlithiasis. 


Alcohol 


Ethanol causes approximately 40% of cases of acute pancre¬ 
atitis in the United States. Most patients with alcohol-induced 
acute pancreatitis also have underlying chronic pancreatitis. 
Potential mechanisms by which alcohol induces pancreatitis 
include sphincter of Oddi spasm, obstruction of small pancre¬ 
atic ductules by proteinaceous plugs, alcohol-induced meta¬ 
bolic abnormalities (e.g., hyperlipidemia), and direct toxic 
effects induced by alcohol and its metabolites (e.g., acetalde¬ 
hyde, acetate, and nonesterified fatty acids). 


Other Etiologies 

A wide range of other etiologies of acute pancreatitis have 
been identified (Table 52.2). Ongoing investigations are begin¬ 
ning to reveal specific gene abnormalities (e.g., mutations in 
cationic trypsinogen PRSS1 , pancreatic secretory trypsin 
inhibitor SPINK1 , and the cystic fibrosis transmembrane 
conductance regulator CFTR) that can be associated with pan¬ 
creatitis. Patients for whom no etiology can be identified 
despite thorough evaluation are classified as having idiopathic 
pancreatitis. 


CLINICAL PRESENTATION 


Abdominal pain, nausea, and vomiting are the most prevalent 
symptoms associated with acute pancreatitis. The pain is vis¬ 
ceral in quality, is localized to the epigastrium, often radiates to 
the back, and may be alleviated with the patient leaning for¬ 
ward. Abdominal tenderness is the most prevalent sign of acute 
pancreatitis. Tachycardia and hypotension may result from 
intravascular hypovolemia. Low-grade fevers are common, but 
high-grade fevers are unusual in the absence of intra- or extra- 
pancreatic infection. Jaundice may be evident in the presence of 
cholangitis (e.g., with gallstone-induced pancreatitis and per¬ 
sistent choledocholithiasis) or liver disease (alcohol-induced 
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TABLE 5 2.2 ETIOLOGY 


ETIOLOGY OF ACUTE PANCREATITIS 

Gallstones 

Ethanol 

Iatrogenic causes 
ERCP 

Abdominal and nonabdominal operations 
Cardiopulmonary bypass 
Trauma 

Neoplasms (e.g., pancreatic cancer) 

Pancreas divisum 
Sphincter of Oddi spasm 
Medications 
Toxins 
Parathion 
Scorpion venom 
Hyperlipidemia 
Hypercalcemia 
Infectious agents 

Viruses (e.g., mumps and Coxsackie B viruses, HIV) 

Bacteria (e.g., Salmonella and Shigella species; hemorrhagic 
Escherichia coli) 

Biliary parasites (e.g., Ascaris lumbricoides) 

Genetic causes 

Cationic trypsinogen PRSS1 mutations 

Pancreatic secretory trypsin inhibitor SPINK1 mutations 

Cystic fibrosis transmembrane conductance regulator 
CFTR mutations 

Autoimmune pancreatitis (lymphoplasmacytic sclerosing 
pancreatitis) 

Vasculitis (e.g., systemic lupus erythematosus and 
polyarteritis nodosa) 

Ischemia 

Pregnancy 

ERCP, endoscopic retrograde cholangiopancreatography; HIV, human 
immunodeficiency virus. 


pancreatitis in a patient with cirrhosis). Evidence of retroperi¬ 
toneal hemorrhage may become apparent if blood dissects into 
the subcutaneous tissues of the flanks (Grey-Turner sign), 
umbilicus (Cullen sign), or inguinal region (Fox sign); how¬ 
ever, these findings are unusual. 

Approximately 80% of cases of acute pancreatitis are mild, 
are associated with minimal systemic derangements, and gen¬ 
erally resolve within 5 to 7 days, even with minimal therapy. 
The mortality rate associated with mild acute pancreatitis is 
less than 1%. 

Approximately 20% of cases are classified as severe acute 
pancreatitis (SAP), defined as acute pancreatitis associated 
with one or more of the following: (a) necrosis of greater than 
one third of the pancreas; (b) distant organ failure (indicated 
by systolic blood pressure <90 mm Hg, serum creatinine >2.9 
mg/dL, gastrointestinal blood loss exceeding 500 mL in vol¬ 
ume within a 24-hour period, and/or partial pressure of arter¬ 
ial oxygen [Pa0 2 ] ^60 mm Hg); and/or (c) the development of 
local complications, such as hemorrhage, abscess, or pseudo- 


Qcyst. 1 The mortality rate associated with SAP ranges from 
10% to 20% in contemporary series. 8,9 One half of deaths 
occur within the first 2 weeks after the onset of symptoms; 
these deaths are primarily the result of SIRS-induced multisys¬ 
tem organ failure. Most of the remaining deaths occur 2 to 3 
weeks after presentation and result from complications of pan¬ 
creatic necrosis, especially infection. 


DIAGNOSIS 


The differential diagnosis of acute pancreatitis includes other 
conditions causing acute upper abdominal pain, such as bil¬ 
iary colic and cholecystitis, acute mesenteric ischemia, small- 
bowel obstruction, visceral perforation, and ruptured aortic 
aneurysm. Acute exacerbations of chronic pancreatitis can 
also be associated with clinical features resembling those of 
acute pancreatitis. The diagnosis of acute pancreatitis usually 
can be made by confirming biochemical evidence of pancreatic 
injury. Imaging tests should be used selectively to rule out 
other diagnoses and for the indications discussed later. 


Laboratory Tests 

With pancreatic injury, a variety of digestive enzymes escape 
from acinar cells and enter the systemic circulation. Of these 
enzymes, amylase is the most widely assayed to confirm the 
diagnosis of acute pancreatitis. Amylase levels rise within sev¬ 
eral hours after onset of symptoms and typically remain ele¬ 
vated for 3 to 5 days during uncomplicated episodes of mild 
acute pancreatitis. Because of the short serum half-life of amy¬ 
lase (10 hours), levels can normalize as soon as 24 hours after 
disease onset. The sensitivity of this test depends on what 
threshold value is used to define a positive result (90% sensi¬ 
tivity with a threshold value just above the normal range vs. 
60% sensitivity with a threshold value at three times the upper 
limit of normal). Specificity (which also varies with the thresh¬ 
old values selected) is limited because a wide range of disorders 
can cause elevations in serum amylase concentration. Assays 
that detect increases in the serum concentration of amylase of 
pancreatic origin (P-isoamylase) alone are associated with 
greater specificity. Increased urinary amylase concentrations 
and amylase-to-creatinine clearance ratios occur with acute 
pancreatitis; however, these parameters offer no advantage 
over serum amylase concentrations, except in the evaluation of 
macroamylasemia (in which urinary amylase excretion is not 
increased despite elevations in serum amylase concentration). 

Serum lipase concentrations increase with kinetics similar 
to those of amylase. It has a longer serum half-life than amy¬ 
lase, however, and may be useful for diagnosing acute pancre¬ 
atitis late in the course of an episode (at which time serum 
amylase concentrations may have already normalized). 
Although lipase is more specific than amylase in the diagnosis 
of acute pancreatitis, note that lipase is produced at a range of 
nonpancreatic sites, including the intestine, liver, biliary tract, 
stomach, and tongue. 

The magnitude of the increases in amylase or lipase con¬ 
centrations has no correlation with severity of pancreatitis. In 
general, the magnitude of increases in amylase concentrations 
tends to be greater in patients with gallstone pancreatitis than 
in those with alcohol-induced pancreatitis; however, this find¬ 
ing is unreliable in distinguishing between these two etiologies. 


Imaging Tests 

Findings on plain radiographs associated with acute pancre¬ 
atitis are nonspecific and include ileus that may be general¬ 
ized or localized to a segment of small intestine (“sentinel 
loop”) or transverse colon (“colon cut-off sign”), psoas mus¬ 
cle margins that are obscured by retroperitoneal edema, an 
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FIGURE 52.3. Computed tomography scan of acute interstitial pan¬ 
creatitis. 


FIGURE 52.4. Computed tomography scan of acute necrotizing 
pancreatitis. 



elevated hemidiaphragm, pleural effusions, and basilar 
atelectasis. 

Ultrasonography may reveal a diffusely enlarged, hypo- 
echoic pancreas. However, overlying bowel gas (particularly 
prominent with ileus) limits visualization of the pancreas in a 
large percentage of cases. Although ultrasonography has poor 
sensitivity in the diagnosis of acute pancreatitis, it plays an 
important role in the identification of the etiology of pancre¬ 
atitis (e.g., the detection of gallstones). 

Computed tomography (CT) scanning is the most impor¬ 
tant imaging test in the evaluation of acute pancreatitis. CT 
findings of mild acute pancreatitis include pancreatic enlarge¬ 
ment and edema, effacement of the normal lobulated contour 
of the pancreas, and stranding of peripancreatic fat (Fig. 52.3). 
In addition, dynamic CT scanning performed after the bolus 
administration of intravenous contrast can demonstrate 
regions of pancreas that have poor or no perfusion, as seen 
with pancreatic necrosis (Fig. 52.4). Detection of necrosis 
plays an important role in assessment of disease severity, as 
discussed further later. 

Magnetic resonance imaging (MRI) and magnetic resonance 
cholangiopancreatography (MRCP) are being used with 
increasing frequency in patients with acute pancreatitis. These 
examinations have the potential to offer better definition of 
pancreatic and biliary ductal abnormalities than CT scanning, 
and they are applicable in patients for whom ionizing radiation 
or iodinated intravenous contrast agents used in CT scanning 
are contraindicated. Disadvantages of MRI include high cost, 
limited availability, and the long duration of examinations. 


ASSESSMENT OF 
DISEASE SEVERITY 


Accurate prediction of severity early in the course of disease 
offers potential benefits in that complications can be antici¬ 
pated and detected early through the use of intensive monitor¬ 
ing and frequent clinical assessment, and early and aggressive 
therapies can be instituted to attempt to prevent these compli¬ 
cations. Routine clinical assessment at the time of admission is 
associated with low sensitivities (<50%) in identifying patients 
with SAP. 10 Therefore, alternative methods for assessing disease 
severity based on scoring systems, CT scanning, and serum 
markers have been widely studied. In addition to these meth¬ 


ods, hemoconcentration and obesity have been reported to be 
predictive of severe disease. 11 


Scoring Systems 

The Ranson criteria (Table 52.3) are easily tabulated, and the 
resulting scores are well correlated with morbidity and mor¬ 
tality rates. 12 The presence of three or more of these criteria is 
indicative of SAP. Important limitations of the Ranson criteria 
are that the predictive score cannot be determined prior to 48 
hours following admission and that it can only be used once. 
Furthermore, because these criteria were developed using a 
cohort of patients for whom alcohol was the predominant eti¬ 
ology of pancreatitis, their generalizability may be limited. A 
similar predictive scoring system developed in Glasgow using 
a cohort of patients for whom gallstones were the predomi¬ 
nant etiology of pancreatitis is available. 13 

TABLE 52.3 

STAGING 

RANSON CRITERIA FOR ASSESSING SEVERITY 

OF PANCREATITIS 

AT ADMISSION 


Age 

>55 y 

WBC count 

> 16,000/mm 3 

Glucose 

>200 mg/dL 

LDH 

>350 IU/L 

AST 

>250 IU/L 

WITHIN 48 H 


Hematocrit decrease 

>10 pt 

BUN increase 

>5 mg/dL 

Calcium 

<8 mg/dL 

Pa0 2 

<60 mm Hg 

Base deficit 

>4 mEq/L 

Fluid requirement 

>6 L 


AST, aspartate aminotransferase; BUN, blood urea nitrogen; LDH, 
lactate dehydrogenase; Pa0 2 , partial pressure of arterial oxygen; 
WBC, white blood cell. 
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Acute Physiology and Chronic Health Evaluation 
(APACHE) II scores, which are based on patient age, indices of 
chronic health, and physiologic parameters, can be determined 
at any time after admission, can be updated continuously dur¬ 
ing the course of disease, and may have greater predictive 
power than Ranson scores. 14 However, the complexity of cal¬ 
culating APACHE II (or related APACHE III) scores limits its 
application in routine clinical practice. 


Computed Tomography Scanning 

The diagnostic application of CT scanning was discussed previ¬ 
ously. For assessment of disease severity, dynamic intravenous 
contrast-enhanced CT scanning should be obtained. This tech¬ 
nique is associated with greater than 90% sensitivity in the 
detection of pancreatic necrosis, a finding that is predictive of 
severe disease, and is indicated if clinical deterioration occurs or 
if one of the scoring systems discussed earlier suggests severe dis¬ 
ease (e.g., presence of three or more Ranson criteria or APACHE 
II score >8). Because necrosis takes time to develop, a contrast- 
enhanced CT scan obtained too early in the disease course (e.g., 
at the time of admission) is unlikely to have predictive value. In 
addition, concerns that early administration of iodinated intra¬ 
venous contrast agents used in CT scanning may exacerbate pan¬ 
creatic injury have been raised, although these agents have not 
been shown to cause or exacerbate pancreatitis in humans. 15 


Serum and Urinary Markers 

C-reactive protein (CRP) is an easily assayed marker for which 
serum concentrations are well correlated with disease severity. 
However, CRP levels do not become significantly elevated until 
48 hours after onset of disease; therefore, this marker is not 
useful for early prediction of disease severity. Serum concentra¬ 
tions of neutrophil elastase and interleukin 6 and urinary con¬ 
centrations of TAP (a product of trypsinogen activation) are 
also correlated with disease severity. Because these markers 
become elevated within 24 hours of disease onset, they may be 
relevant to early prediction strategies in the future. Currently, 
however, assays for these markers are not widely available. 


MANAGEMENT 


The goals of management for patients with acute pancreatitis 
are summarized next. 


Correcting Pathophysiologic Derangements 
and Ameliorating Symptoms 

Q The most important component of initial management is fluid 
resuscitation. Third-space fluid losses can be large, with up to 
one third of plasma volume being sequestered. An indwelling 
urinary catheter should be placed, intravascular volume should 
be frequently assessed, and aggressive fluid and electrolyte 
replacement should be ensured. 

Patients with SAP, as well as those for whom initial resusci¬ 
tation fails, are best managed in a dedicated intensive care unit 
(ICU). Central venous monitoring may facilitate fluid manage¬ 
ment. Patients should be closely monitored for development of 
distant organ failure, particularly respiratory, cardiovascular, 
and renal failure, so that supportive management of these con¬ 
ditions (positive-pressure ventilation, administration of vaso¬ 
pressor agents, and hemodialysis, respectively) can be insti¬ 
tuted without delay. 

Abdominal pain is usually ameliorated with intravenous 
narcotics. In the past, morphine was avoided because of con¬ 


cerns that morphine-induced increases in sphincter of Oddi 
pressure might exacerbate an episode of pancreatitis. How¬ 
ever, there is no clinical evidence that morphine can induce or 
exacerbate acute pancreatitis. Other analgesic agents com¬ 
monly used in patients with acute pancreatitis include meperi¬ 
dine and fentanyl. Evacuation of gastric contents using a naso¬ 
gastric tube should be instituted if vomiting is a prominent 
symptom; otherwise, it is unnecessary. 


Minimizing Progression of 
Pancreatic Inflammation and Injury 

Identification of strategies for interrupting the inflammatory 
cascades that induce pancreatic injury and distant organ 
failure is an area of active investigation. Currently, the only 
method used in routine clinical practice is bowel rest (noth¬ 
ing by mouth). The rationale underlying this approach is 
that avoidance of bolus oral nutrient intake may limit stim¬ 
ulation of pancreatic exocrine secretion induced by the pres¬ 
ence of nutrients in the intestine, particularly the duodenum. 

Patients with mild acute pancreatitis generally need no 
nutritional support, as their disease typically resolves within 1 
week. In contrast, patients with SAP usually have a more pro¬ 
longed disease course and should begin to receive nutritional 
support as early as feasible. Although these patients tradition¬ 
ally have been administered total parenteral nutrition (TPN), 
accumulating evidence suggests that enteral nutrition is safe, is 
less costly, and may be associated with a lower complication 
rate than TPN. 16 Administration of enteral nutrition is also 
associated with the theoretical advantage of helping to main¬ 
tain the integrity of the intestinal mucosal barrier, thus poten¬ 
tially limiting or preventing bacterial translocation. Enteral 
nutrients have typically been delivered to the jejunum through 
nasojejunal tubes to avoid stimulating pancreatic exocrine 
secretion; however, randomized controlled trials indicate that 
continuous feedings delivered through nasogastric tubes are 
equally safe and effective. 17 TPN is still required in many 
patients who do not tolerate enteral nutrition due to ileus. 

Clinical trials of agents that inhibit activated pancreatic 
enzymes, inhibit pancreatic secretion, or interrupt the inflamma¬ 
tory cascade have yielded disappointing results. Meta-analyses 
of clinical trials of gabexate mesylate (a proteinase inhibitor), 
somatostatin, and octreotide suggest these agents have limited, if 
any, efficacy in improving outcomes in acute pancreatitis. A 
platelet-activating factor antagonist, lexipafant, showed promise 
in an initial study but not in a subsequent larger trial and is not 
currently recommended. Other adjuncts for which clinical trials 
have failed to demonstrate efficacy in limiting pancreatic injury 
in patients with acute pancreatitis include glucagon, anticholin¬ 
ergics, fresh frozen plasma, and peritoneal lavage. 


Treating the Underlying Cause 

This discussion is particularly relevant to patients with gallstone 
pancreatitis. There is both theoretical and experimental ratio¬ 
nale to believe that removal of gallstones impacted at the 
ampulla of Vater early in the course of an episode of acute gall- 
Q stone pancreatitis might limit disease severity. The efficacy of 
early ERCP to accomplish this goal has been subjected to 
prospective, randomized clinical trials. 18,19 These studies show 
that early ERCP with stone extraction and sphincterotomy ben¬ 
efits the subset of patients with gallstone pancreatitis who have 
obstructive jaundice and/or cholangitis. In the absence of these 
features, early ERCP is associated with high complication rates 
but no apparent benefits and is therefore not recommended. 

There is a 25% incidence of recurrent pancreatitis or other 
gallstone-related complications during the 6-week period fol¬ 
lowing an episode of gallstone pancreatitis in patients who do 
not undergo cholecystectomy. Indeed, there is a substantial 
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incidence of recurrent pancreatitis and gallstone-related com¬ 
plications in patients with biliary pancreatitis whose cholecys¬ 
tectomy is delayed even 2 weeks after hospital discharge. 20 
Therefore, cholecystectomy should be performed during the 
same hospitalization for most patients with mild gallstone 
pancreatitis. In severe biliary pancreatitis, the risk of deferring 
surgery needs to be balanced against the risk of performing 
early surgery in patients who are debilitated and nutritionally 
compromised. Endoscopic sphincterotomy is another option; 
however, the high risk of recurrent gallstone-related complica¬ 
tions and the higher mortality compared to cholecystectomy 
suggest that this strategy should be reserved for patients with 
severe comorbidities precluding safe surgery. 21 

Examples of other measures directed at correcting the 
underlying cause of pancreatitis include cessation of drugs 
known to cause pancreatitis and treatment of hypercalcemia 
or hyperlipidemia. 


Preventing and Treating Complications 

Complications of acute pancreatitis include pancreatic abscesses 
and infected necrosis, acute fluid collections and pseudocysts, 
pancreatic ascites and fistulas, splenic vein thrombosis, and 
arterial pseudoaneurysms (Table 52.4). Infected necrosis and 
pseudocysts are discussed in detail next. 

Q Infected Necrosis. Infection of pancreatic and peripancre- 
atic necrosis complicates 30% to 70% of cases of acute necro¬ 
tizing pancreatitis and most commonly becomes established 
during the second to third weeks after onset of disease. Histor¬ 
ical data suggest that mortality rates associated with untreated 

^infected necrosis approach 100%. The diagnosis of infected 
necrosis is made based on cultures of aspirates of fluid or 
necrotic tissue obtained during CT-guided fine-needle aspira¬ 
tion (FNA) or specimens collected during surgery. The concor¬ 
dance rate between bacteriologic results of FNA and those of 
surgical specimens is greater than 95%. 22 In addition, the visu¬ 
alization of air bubbles within necrotic tissue on CT scans is 
highly suggestive of infection. Because the presence or absence 
of infection has a strong impact on surgical decision making, 
FNA should be obtained in patients with acute necrotizing pan¬ 
creatitis who exhibit clinical features of sepsis or whose clinical 
course deteriorates beyond 1 to 2 weeks after onset of disease. 

If FNA indicates the presence of infected necrosis, surgical 
intervention is indicated. Infected necrosis consists of thick and 
tenacious material that is most effectively treated with mechani¬ 
cal debridement. Traditionally, the abdomen is entered through a 
vertical midline or bilateral subcostal incision. The anterior sur¬ 
face of the pancreas can be exposed by dividing the gastrocolic 
ligament (greater omentum) and entering the lesser sac. If inflam¬ 
matory changes have obliterated the lesser sac, this approach 
may be hazardous. In such cases, an alternative route to the pan- 


TABLE 52.4 COMPLICATIONS 


LOCAL COMPLICATIONS OF ACUTE PANCREATITIS 

Infected necrosis 
Acute fluid collections 
Pancreatic abscesses 
Pancreatic pseudocyst 
Pancreatic ascites 
Enteric or colonic fistula 
Splenic vein thrombosis 
Arterial pseudoaneurysm 
Hemorrhage 


creas is achieved by dividing avascular portions of the transverse 
mesocolon, with care taken to preserve the middle colic vessels. 
Clearly nonviable tissue should be debrided bluntly. Anatomic 
resections should be avoided to minimize potential for removing 
viable pancreatic parenchyma. The debridement field is irrigated 
with several liters of sterile saline, after which large-bore drains 
are placed. Postoperatively, the drains are left in place at least 7 
days and until the effluent becomes clear. If more prolonged 
drainage is necessary because a pancreatic fistula develops, the 
surgically placed drains should be replaced with soft, smaller- 
bore drains to minimize potential for bowel erosion. 

The procedure described previously is known as necrosec¬ 
tomy with closed drainage. In a variant of this procedure, both 
gauze packing and drains are placed at the time of surgery and 
gradually withdrawn postoperatively. Other procedures include 
necrosectomy with open packing and necrosectomy with 
planned , staged relaparotomy in which the initial operation is 
followed by repeat laparotomies, during which gauze packing is 
changed or additional debridement is performed, every 2 days 
until all necrotic tissues have been removed. Another option is 
necrosectomy with continuous lavage in which high-volume 
lavage of the lesser sac is performed, using drains placed at the 
time of surgery, until the effluent becomes clear and the patient’s 
clinical course improves. These latter procedures are resource 
intensive but may be necessary if necrosectomy is performed 
early in the course of disease, before clear demarcation between 
necrotic and viable tissues has occurred. Modern mortality rates 
associated with necrosectomy performed for infected necrosis 
range from 10% to 20%. 8,9 On long-term follow-up, approxi¬ 
mately 25% of survivors develop exocrine insufficiency, and 
30% develop endocrine insufficiency. 

Recently, less invasive approaches to necrosectomy have 
been reported. Percutaneous catheter drainage has been 
attempted. While this technique has become standard for pan¬ 
creatic abscess, complete removal of all necrotic tissues often is 
difficult to achieve with drainage alone. A few centers have 
reported promising results using a video-assisted technique for 
mechanical debridement. This technique, called minimally 
invasive pancreatic necrosectomy, is usually accomplished 
through a retroperitoneal approach via flank incisions. Irriga¬ 
tion is usually continued postoperatively through surgically 
placed drains. 23 In a recently reported randomized controlled 
trial, patients with infected pancreatic necrosis were random¬ 
ized to undergo primary open necrosectomy or a step-up 
approach consisting of percutaneous or endoscopic drainage 
followed, in most cases (65%), by minimally invasive pancre¬ 
atic necrosectomy. Although mortality between the two 
groups did not differ, primary open necrosectomy was associ¬ 
ated with a higher incidence of major complications. 24 Addi¬ 
tional ongoing studies are evaluating the efficacy and safety of 
this and related approaches. 

Although surgical debridement is clearly indicated for 
infected necrosis, its role in sterile necrosis has undergone evo¬ 
lution. In the past, early necrosectomy was recommended for 
patients with necrotizing pancreatitis, even in the absence of 
documented infection. The rationale for this approach was to 
prevent infection from developing and to remove the source of 
toxins and inflammatory mediators. Today, most authors rec¬ 
ommend avoiding surgery in patients without documentation of 
infected necrosis, based on favorable outcomes reported using 
this conservative approach. 8,9 However, there remains a subset 
of patients with sterile necrosis who, despite prolonged 
supportive care, have persistent problems, including pain, 
malaise, and gastric outlet obstruction. If necrosectomy is per¬ 
formed to provide symptomatic palliation, it should be delayed 
until at least 4 weeks after onset of disease, to maximize the 
probability of clear-cut demarcation between viable and nonvi¬ 
able tissues. 

Because of the high morbidity and mortality rates associ¬ 
ated with infected necrosis, there has been much investigation 
into the use of antibiotics as prophylaxis against infection. 







Chapter 52: Acute Pancreatitis 


825 


Initial clinical trials failed to demonstrate a benefit of prophy¬ 
lactic antibiotics; however, these studies were flawed by the 
inclusion of patients with mild disease who were at low risk 
for developing infected necrosis and the use of antibiotics 
with poor penetration into the pancreas. Trials were pub¬ 
lished in the 1990s showing a significant reduction in the inci¬ 
dence of pancreatic infection among patients receiving antibi¬ 
otic prophylaxis, and based on this evidence, the use of 
antibiotic prophylaxis in patients documented to have necro¬ 
tizing pancreatitis has become a widespread practice. Several 
recent trials that failed to show a benefit for prophylactic 
antibiotics have now been published. 25,26 Similarly, recent 
meta-analyses of the available trials have failed to demon¬ 
strate a benefit for patients receiving prophylactic antibi¬ 
otics. 27,28 Disadvantages of using prophylactic antibiotics 
include the risks of fungal superinfection and the selection of 
resistant organisms. Another strategy for prophylaxis against 
infection in patients with acute pancreatitis has been the 
administration of probiotic bacteria to reduce the load of 
pathogenic bacteria in the bowel; however, prospective evalu¬ 
ation has yielded disappointing results. 29 


An algorithm for the general management of acute pancre¬ 
atitis and pancreatic necrosis is shown in Algorithm 52.1. 

Pseudocysts. Acute fluid collections develop in up to 30% 
to 50% of patients with acute pancreatitis. As most resolve 
spontaneously, no specific treatment directed at acute fluid col¬ 
lections is necessary in the absence of evidence that the fluid is 
infected. However, in up to 10% of patients with acute pan¬ 
creatitis, these fluid collections progress to develop a wall of 
fibrous granulation tissue, at which point they are classified as 
pseudocysts. The walls of pseudocysts generally require at 
least 4 weeks from the onset of pancreatitis to develop. 
Pseudocysts are distinguished from true cysts, which have 
epithelium-lined walls. 

Most pseudocysts are asymptomatic; however, they can 
cause upper abdominal pain, gastric outlet obstruction, and 
obstructive jaundice. They also have the potential to rupture, 
to bleed, and to become infected. 

Pseudocysts are usually diagnosed on ultrasonography or CT 
scanning (Fig. 52.5). It is important to distinguish pseudocysts 
from cystic neoplasms of the pancreas, as these lesions can be 
malignant or have malignant potential. These lesions are being 


Determination of disease severity by clinical signs ± CT scan 


Mild acute pancreatitis 


Observation and 
support until 
resolution 


1 


Severe acute 
pancreatitis suspected 

I 

CT scan 


Severe acute pancreatitis 

| 

Admit to ICU 
Intensive monitoring 
Nutritional support 
PAntibiotics 


Signs of infection or 
clinical deterioration 


I 

No necrosis on CT 

I 

Repeat CT 


I- 

Sterile necrosis 

I 

Continue supportive care 


Necrosis on CT 
CT-guided FNA 

I 


r 


Resolution 


- 1 

Failure to improve 


Resolution 


Infected necrosis 


Debridement 


CT = computed tomography, ICU = intensive care unit, FNA = fine needle aspiration 


ALGORITHM 52.1 


ALGORITHM 52.1. Algorithm for the management of acute pancreatitis. 
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FIGURE 52.5. Computed tomography scan of pancreatic pseudocyst. 


diagnosed with increasing frequency due to the routine use of CT 
and MRI scans. Cystic neoplasms of the pancreas can usually be 
differentiated from pseudocysts by the lack of evidence for 
antecedent pancreatitis or pancreatic trauma, or by the appear¬ 
ance on imaging studies. Pseudocysts are typically round and 
unilocular and have a dense wall. Fine-needle aspiration, either 
by an image-guided percutaneous approach or an endoscopic 
ultrasound-guided approach, can be used in cases where it is dif¬ 
ficult to differentiate between pseudocysts and cystic neoplasms. 
Most pseudocysts communicate with the pancreatic duct; hence, 
pseudocysts usually contain fluid with high amylase concentra¬ 
tions. In contrast, most neoplastic cysts do not communicate with 
the pancreatic duct and contain fluid with low amylase concen¬ 
trations. These criteria, however, lack absolute predictive power. 

The management of pseudocysts continues to evolve. In the 
past, surgical drainage of pseudocysts was recommended for 
all pseudocysts (even if asymptomatic) that persisted beyond a 
6-week period of observation. This recommendation was 
based on a widely quoted report that suggested that pseudo¬ 
cysts that persist more than 6 weeks rarely resolve sponta¬ 
neously and are associated with high complication rates. 30 
However, more recent reports suggest that the natural history 
of asymptomatic pseudocysts follows a more benign course, 
with most pseudocysts less than 6 cm in diameter resolving 
spontaneously without complications. 31,32 

Current well-accepted indications for intervention include 
the presence of symptoms attributable to the pseudocyst and 
growth during a period of observation. Whether large (>6 cm 
in diameter), asymptomatic pseudocysts that remain stable in 
size should undergo drainage is controversial. 

0 There are multiple treatment options available for the treat¬ 
ment of pancreatic pseudocysts, including percutaneous aspira¬ 
tion, percutaneous drainage, and internal drainage (performed 
surgically or endoscopically). The optimal indications for these 
procedures are not fully determined, and the various proce¬ 
dures have not been compared in a controlled trial. Surgical 
drainage is the best validated procedure and is associated with 
high efficacy and a low recurrence rate. Percutaneous aspira¬ 
tion alone is associated with high recurrence rates. Patients 
with chronic pancreatitis or pancreatic ductal abnormalities, 
particularly a stricture or a discontinuity of the pancreatic duct 
in the setting of a communication between the pseudocyst and 
the pancreatic duct, have a high rate of failure with percuta¬ 
neous drainage. Percutaneous drainage alone should be 
avoided in these circumstances. 33 Endoscopic cystgastrostomy 


is an option for patients in whom the pseudocyst is intimately 
adherent to the posterior wall of the stomach; however, high 
rates of bleeding-related complications have been reported in 
some series. Avoidance of surgical drainage was achieved in 
just under half of patients through the use of endoscopic and 
percutaneous procedures in one series. Operations performed 
on patients who were initially treated nonoperatively were 
associated with a greater morbidity rate than cases in which 
surgery was the initial pseudocyst intervention. 34 

The most commonly performed surgical procedures used to 
treat pseudocysts include cystgastrostomy, cystoduodenostomy, 
and Roux-en-Y cystjejunostomy. Cystgastrostomy or cystoduo¬ 
denostomy applicable if a portion of the pseudocyst wall is 
adherent to the stomach or duodenum respectively allowing for 
the creation of anastomosis. Otherwise, the cyst wall can be anas¬ 
tomosed to a Roux limb of jejunum. These procedures, which can 
be performed as open or laparoscopic operations, should be 
delayed until pseudocyst wall maturation occurs. Mortality rates 
associated with surgical drainage procedures average less than 
5%, with pseudocyst recurrence rates averaging 10%. 
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CHAPTER 53 CHRONIC PANCREATITIS 


NICHOLAS J. ZYROMSKI AND THOMAS J. HOWARD 


KEY POINTS 


O Habitual alcohol use is responsible for 70% of chronic 
pancreatitis cases in the Western world; however, the pre¬ 
cise pathophysiology of this disease is complex, incom¬ 
pletely understood, and almost certainly multifactorial. 

Q Up to 90% of patients with chronic pancreatitis will expe¬ 
rience pain at some point in their disease process. In con¬ 
trast, 10% of patients will have painless pancreatitis. 

Q Abdominal computed tomography is an excellent first test 
in the diagnosis of chronic pancreatitis; other diagnostic 
modalities include magnetic resonance imaging (MRI), 
endoscopic retrograde pancreatography (ERP), and endo¬ 
scopic ultrasonography (EUS). 

Q Medical treatment of chronic pancreatitis involves absti¬ 
nence from ethanol and tobacco, as well as pancreatic 
enzyme replacement. 


Q Surgical therapy may be required to treat mechanical com¬ 
plications of chronic pancreatitis such as biliary and duo¬ 
denal stricture; however, the most common surgical indica¬ 
tion is for treatment of pain. 

Q Pancreatic anatomic changes in chronic pancreatitis are 
widely heterogeneous; selecting the proper operation for 
individual patients is crucial to obtain excellent out¬ 
comes. 

Q Pancreas-directed operations may involve resection (pancre¬ 
aticoduodenectomy, distal pancreatectomy, Beger operation), 
drainage (lateral pancreaticojejunostomy), or a combination 
of both resection and drainage (Frey operation). 


Chronic pancreatitis (CP) has been defined by the Cambridge 
International Workshop on Pancreatitis as a “continuing 
inflammatory disease of the pancreas typically characterized 
by irreversible morphologic change and typically causing pain 
and/or permanent loss of function” [of the pancreas]. 1 In 
2010, the pathogenesis of CP is poorly understood, and no 
one ideal treatment currently exists. This vexing disease chal¬ 
lenges clinicians and researchers alike; nevertheless, a signifi¬ 
cant number of patients afflicted with CP require medical 
attention. Surgical intervention targets the complications of 
CP; the heterogeneous nature of the disease mandates good 
clinical judgment to match the appropriate operation with the 
pathologic anatomy. In well-selected patients, the appropriate 
operation can provide durable relief of symptoms. 


EPIDEMIOLOGY 


The lack of a simple, consistent definition of CP hinders epidemi¬ 
ologic research. Estimates of CP incidence are widely variable— 
ranging from 1.6/100,000 new cases per year in Switzerland to as 
many as 14/100,000 new cases per year in the Cantabria region 
of Spain. 2,3 In the United States, it has been estimated that the 
incidence and prevalence of CP are 4/100,000 and 13/100,000, 
respectively. 4 With more widespread use of contemporary imag¬ 


ing modalities and a better understanding of underlying genetic 
predisposition to CP, future estimates will likely reveal an 
increased incidence and prevalence of chronic pancreatitis. 


ETIOLOGY AND PATHOGENESIS 

Q The principal cause of CP in the Western world is habitual 
alcohol use (up to 70% of patients). 4 Contemporary investiga¬ 
tion supports the concept that the etiopathology of CP is com¬ 
plex and almost certainly multifactorial. Recognition of the 
fact that alcohol alone seldom causes CP and that only a small 
percentage (5%) of alcohol abusers will ever develop CP, in 
conjunction with the discovery of pancreatitis-associated gene 
mutations, 5 led to the proposal of the TIGAR-O classification 
system (£oxic/metabolic factors; /diopathic, genetic predisposi¬ 
tions; autoimmune, recurrent, and severe acute pancreatitis; 
and obstructive pancreatitis). This system allows organization 
and assessment of individual interacting risk factors and pro¬ 
vides a framework for instituting risk-reduction strategies and 
specific therapy. Individual components of the TIGAR-O system 
are shown in Table 53.1. 

Over the past 50 years, several theories have been proposed 
to explain the development of CP. In 1946, Comfort et al. 6 from 
the Mayo Clinic reported 29 patients with CP, concluding that 
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TABLE 53.1 


CLASSIFICATION OF CHRONIC PANCREATITIS BY THE 
TIGAR-O SYSTEM 


T 

Toxic and metabolic factors 

Alcohol—increasing incidence of CP with duration of 
alcohol use 

Tobacco—etiology unknown 

I 

Idiopathic 

Early onset—mean age 20; pain predominant; 
calcification rare 

Late onset—mean age 56; relatively painless; calcification, 
endocrine, and exocrine insufficiency present 

Minimal change—abdominal pain syndrome; minimal 
pancreatic changes on imaging studies 

Tropical pancreatitis—tropical calcific and fibrocalculous 
pancreatic diabetes 

G 

Genetic predispositions 

PRSS1—cationic trypsinogen cannot be inactivated 

CFTR—cystic fibrosis transmembrane conductance 
regulator mutation; cannot hydrolyze mucus 

SPINK1—inactivates trypsin inhibitor 

A 

Autoimmune 

Lymphoplasmacytic sclerosing pancreatitis; increased 
IgG-4; increased association with other autoimmune 
diseases 

R 

Recurrent and severe acute pancreatitis 

Recurrent bouts of acute pancreatitis lead to chronic 
pancreatitis 

O 

Obstructive 

Stricture in main pancreatic duct leads to upstream (to 
the tail) ductal dilation, acinar atrophy, and chronic 
pancreatitis 

Caused by trauma, sphincter of Oddi dysfunction, 
pancreas divisum, sequelae of acute pancreatitis 

Reproduced with permission from Etemad B, Whitcomb DC. Chronic 
pancreatitis: diagnosis, classification, and new genetic developments. 
Gastroenterology 2001;120(3):682-707. 


the disease was caused by repeated bouts of acute pancreatitis. 
Nearly 20 years later, the consensus conference on CP in Mar¬ 
seille proposed that chronic pancreatic ductal obstruction (with 
proteinaceous and calcium plugs) was the underlying factor pre¬ 
cipitating CP. 7 More recently, a hypothesis was advanced sug¬ 
gesting that toxic metabolites in the form of free oxygen radicals 
lead to increased lipid peroxidation and oxidative stress. 8 Clini¬ 
cal and basic investigations have supported this hypothesis. 
Nearly 50 years after the work of Comfort, their idea was revis¬ 
ited in the form of the necrosis-fibrosis hypothesis. 9 This 
hypothesis suggests that repeated bouts of acute pancreatitis 
lead to focal areas of necrosis, which are eventually replaced by 
fibrotic tissue. The central role of pancreatic stellate cells has 
received significant attention in this regard. 10 

Significant insight into CP pathophysiology has been 
gained from seminal work defining hereditary pancreatitis. In 
1996, Whitcomb et al. 5 discovered a point mutation in the 
cationic trypsinogen gene (PRSS1). This mutation eliminates a 
fail-safe hydrolysis site in the trypsin molecule, subsequently 
rendering the molecule immune to inactivation by autolysis. 
Two other genetic mutations have subsequently been identified 
in patients with idiopathic CP. These genes encode the cystic 
fibrosis transmembrane conductance regulator (CFTR) and 


the pancreatic secretory trypsin inhibitor (SPINK1). 11-13 These 
discoveries provide insight into the molecular mechanisms of 
CP and advance diagnostic possibilities. 


CLINICAL PRESENTATION 


The clinical presentation of patients with CP involves pain, 
malabsorption (exocrine insufficiency), and diabetes mellitus 
(endocrine insufficiency). It is surprising that the interval 
between symptom onset and time of CP diagnosis ranges from 
30 to 60 months. 14 Several factors likely play a role in this 
delay in diagnosis, including (i) unreliability of alcoholic 
patients (the most common etiology of CP); (ii) nonspecificity 
of abdominal pain; (iii) difficulty in diagnosing idiopathic CP; 
and (iv) difficulty in diagnosing the small percentage (7%) of 
patients with painless CP. It is not unusual for morphologic 
changes of CP to exist for some time before symptoms occur. 

The vast majority of patients with CP experience abdominal 
pain. Typical CP pain is described as located in the epigastrium 
and boring through the abdomen to the midback. In some 
cases, the pain is felt to wrap around the right or left flank in a 
bandlike nature. The pain may or may not be exacerbated by 
eating and is often worse at night. 

More than 90% of acinar function must be lost before 
symptoms of malabsorption appear. 15 Steatorrhea (fat malab¬ 
sorption) usually precedes azotorrhea (protein malabsorp¬ 
tion). Patients with steatorrhea complain of loose foul- 
smelling stools that appear greasy and float on the surface of 
the toilet bowl. Fat malabsorption may be accompanied by 
crampy abdominal pain and bloating. Weight loss and protein- 
calorie malnutrition commonly accompany malabsorption. 

Most patients with CP will experience glucose intolerance at 
some point of their disease, and up to 60% will require insulin 
replacement. Endocrine insufficiency is due to a combination of 
decreased insulin production (as disease progresses and islet cell 
volume decreases) as well as a blunted insulin response. Diabetic 
ketoacidosis is rare; it seems that only a small amount of endoge¬ 
nous insulin/glucagon is necessary to prevent brittle diabetes. 


DIAGNOSIS 


The diagnosis of chronic pancreatitis is notoriously difficult in 
the early stages of the disease. The ideal gold standard for diag¬ 
nosis of CP is histologic tissue analysis. Biopsy of the pancreas, 
however, is hazardous and not commonly available. Four princi¬ 
pal modalities are currently used to image the pancreatic duct 
and pancreatic parenchyma: abdominal computed tomography 
(CT), magnetic resonance imaging (MRI), endoscopic retrograde 
pancreatography (ERP), and endoscopic ultrasound (EUS). 


Radiologic Imaging 

Identification of pancreatic calcification either on plain abdom¬ 
inal x-ray or on abdominal CT is pathognomonic for the dis¬ 
ease; in this situation, the diagnosis of CP may be made with 
90% confidence. 4 Abdominal CT is the first noninvasive imag¬ 
ing test of choice in diagnosis and should be performed with a 
specific pancreas protocol—i.e., with water as gastrointestinal 
contrast and scanning both without intravenous contrast (to 
detect calcification) as well as with intravenous contrast in the 
arterial and portal venous phase. This test is widely available, 
easy to interpret, and allows visualization of the entire pan¬ 
creas and surrounding structures (Fig. 53.1). 

Recent advances in MRI technique, including the applica¬ 
tion of secretin-stimulated imaging, have led to increased util¬ 
ity of this noninvasive test, particularly at dedicated pancreatic 
centers. Like CT, MRI allows visualization of the entire pan¬ 
creas and peripancreatic tissues in cross section. In addition, 
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FIGURE 53.1. Abdominal computed tomography scan without con¬ 
trast in a patient with chronic pancreatitis demonstrating marked 
parenchymal calcification. 



FIGURE 53.3. Endoscopic retrograde pancreatogram (ERP) in the 
same patient presented in Figure 53.2. This patient was treated suc¬ 
cessfully by pancreatic duct stenting. 


image reformatting allows performance of magnetic resonance 
cholangiopancreatography (MRCP), which offers a specific 
view of the pancreatic ductal system (Fig. 53.2). Magnetic res¬ 
onance imaging is noninvasive and avoids the use of ionizing 
radiation. However, this test is simply diagnostic and does not 
afford the potential for intervention offered by endoscopic 
imaging tests. 


Endoscopic Imaging 

Historically, ERP has played an important role not only in diag¬ 
nosis but also in treatment of patients with chronic pancreatitis. 
Changes in the pancreatic ducts observed on ERP include dila¬ 
tion and irregularity of side branches in early disease, with sig¬ 
nificant main duct changes (stricturing, irregularity, tortuosity, 
calcification, and cysts) occurring as CP progresses (Fig. 53.3). 
The small but significant potential for complications (bleeding, 
perforation, acute pancreatitis) accompanying ERP must be 
weighed against the potential benefits of diagnosis (in more dif¬ 
ficult cases) and the ability to provide therapeutic intervention. 



FIGURE 53.2. Magnetic resonance cholangiopancreatography (MRCP) 
in a patient with chronic pancreatitis and a narrow main pancreatic duct 
stricture downstream in the head. Note moderate biliary dilatation, 
marked main pancreatic duct dilatation, and dilation of side-branch pan¬ 
creatic ducts in the uncinate process and tail of the gland. 


Tremendous recent advances in the technique and applica¬ 
tion of endoscopic ultrasound have led to its increased use for 
diagnosing CP. Sonographic features of CP include irregularity 
of the pancreatic duct, hyperechoic duct margins, and hypere- 
choic stranding in the pancreatic parenchyma (Fig. 53.4). Data 
are accumulating that attempt to correlate these changes with 
parenchymal histology. 16 Advantages of EUS include its rela¬ 
tive noninvasive nature, the ability to biopsy discrete lesions 
with great precision, and the ability to collect tissue (by fine- 
needle or core-needle biopsy) and pancreatic juice. The major 
disadvantage of EUS is the potential for significant intraob¬ 
server variability. Nevertheless, as further work to standardize 
definitions of sonographic CP evolves, it is likely that EUS will 
play an increasingly important role in the future. 


Functional Tests 


Pancreatic exocrine insufficiency invariably accompanies 
chronic pancreatitis; however, it is not necessarily diagnostic of 
CP. Tests of pancreatic exocrine function are mostly invasive 
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FIGURE 53.4. Endoscopic ultrasound image of a patient with chronic 
pancreatitis. Note hyperechoic pancreatic duct edges and large stone 
(stone) with posterior shadowing in the pancreatic head. Conf, conflu¬ 
ence of superior mesenteric and splenic vein; PD, pancreatic duct; 
genu, genu of pancreatic duct. 
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TABLE 53.2 


COMPLICATIONS OF CHRONIC PANCREATITIS 


Pain 

90% 

Pseudocyst 

25%-30% 

Biliary stricture 

10%-15% 

Mesenteric venous thrombosis 

Co 

\C 

o'- 

1 

o 

-o 

O'- 

Duodenal stricture 

4%-5% 

Pseudoaneurysm 

2%-3% 

Pancreatic adenocarcinoma 

2%-4%* 

Extrapancreatic malignancy 

10%-15% 

a Risk of pancreatic cancer is 2% after 10 years and 4% after 20 years 
with chronic pancreatitis; Lowenfels AB, Maisonneuve P, Cavallini G, 
et al. Pancreatitis and the risk of pancreatic cancer. International 
Pancreatitis Study Group. N Engl J Med 1993;328(20):1433-1437. 


(i.e., collecting pancreatic juice by ERP before and after 
secretin stimulation), and are performed only at a few major 
pancreatic centers. In addition, results of these tests have been 
difficult to compare between centers. In general, pancreatic 
function tests have a limited role in diagnosing CP. 


COMPLICATIONS 


A wide variety of symptomatic and anatomic complications 
accompany the progression of CP. Of these complications, 
pain, pseudocyst, and biliary stricture are the most common 
(Table 53.2). 


Pain 


More than 90% of patients with CP have symptoms of abdom¬ 
inal pain at some point during the course of their disease. The 
mechanisms responsible for CP pain are incompletely under¬ 
stood but likely involve multiple factors including acute and 
chronic inflammation of pancreatic nerves as well as increased 
pancreatic ductal and interstitial pressure. 17 


Exocrine/Endocrine Insufficiency 

Virtually all patients with CP demonstrate impaired exocrine 
function. This exocrine insufficiency is generally mild in the early 
course of the disease process. Patients with moderate to severe 
exocrine insufficiency should be treated by pancreatic enzyme 
replacement. Glucose intolerance appears later in the course of 
the disease (usually after 8-10 years). Patients with CP should 
undergo regular screening for endocrine insufficiency. 


Pseudocyst 

The true incidence of pseudocyst complicating CP is difficult to 
accurately identify, but likely ranges from 25% to 30%. 18,19 
Pseudocysts by definition arise after disruption of main or side- 
branch ducts and may be solitary or multiple. Treatment of 
pseudocysts is informed by defining the underlying pancreatic 
ductal anatomy. It is worth mention that the classic teaching 
that all pseudocysts greater than 5 to 6 mm in size should be 
treated is no longer accepted by most pancreatic surgeons. 
Currently, indications for treating pseudocysts are related 
strictly to symptoms. 20 


Pseudoaneurysm 

Pseudoaneurysms of the visceral arterial tree are generally seen 
in patients with concomitant pseudocysts. Interventional radi¬ 
ologic treatment (i.e., transarterial coiling) is successful in 
arresting hemorrhage in almost 100% of cases. 


Biliary Stricture 

Chronic inflammation and scarring in the pancreatic head leads 
to stricture of the intrapancreatic bile duct in up to 50% of 
patients. Many of these strictures are mild (in fact, clinical jaun¬ 
dice is generally preceded by asymptomatic elevation of alkaline 
phosphatase); however, between 10% and 15% of patients with 
CP will develop symptomatic jaundice requiring treatment. 


Duodenal Obstruction 


Pancreatic head inflammatory changes and/or compression by 
pseudocysts lead to duodenal obstruction in 4% to 5% of 
patients with CP. 


Mesenteric Venous Thrombosis 


The true incidence of splenic vein thrombosis in the setting of 
CP is unknown but may occur in as many as 5% to 10% of 
patients. Splenic vein thrombosis leads to left-sided (sinistral) 
portal hypertension, and clinically significant upper gastroin¬ 
testinal hemorrhage from gastric varices may ensue. Most con¬ 
temporary pancreatic surgeons reserve treatment of splenic 
vein thrombosis (i.e., splenectomy) for patients who have suf¬ 
fered a significant bleeding episode; prophylactic splenectomy 
has fallen out of favor. 21 Similarly, it is difficult to estimate the 
incidence of superior mesenteric vein and extrahepatic portal 
vein thrombosis in CP. Collateral veinous formation (cav¬ 
ernous transformation) in this setting significantly complicates 
operations targeting the pancreatic head. 


Cancer 


The specter of pancreatic cancer looms large in all patients 
with CP. Lowenfels et al. 22 showed the incidence of pancreatic 
cancer to be 1.8% after 10 years with CP and 4% after 20 
years. Chronic inflammatory changes and fibrosis of the pan¬ 
creatic parenchyma make the diagnosis of pancreatic cancer 
quite difficult in the setting of CP. It is notable that CP patients 
have a significantly elevated risk of developing extrapancreatic 
malignancy (10%-15%), primarily in the upper and lower air¬ 
way and gastrointestinal tract. 


THERAPY 


Pain is the main symptom in CP, and although concomitant 
treatment of the physiologic derangements that occur in these 
patients such as diabetes mellitus (endocrine insufficiency) and 
steatorrhea (exocrine insufficiency) are important factors in 
improving an individual’s overall quality of life, pain control 
remains the central focus for most patients. Due to the poorly 
understood nature of pain in patients with chronic pancreati¬ 
tis and the lack of high-quality controlled clinical trials in 
treatment, no established standards of care exist. To fill this 
void, the American Gastroenterological Association developed 
an algorithm for treatment guidelines progressing from less- 
invasive to more-invasive therapies. 23 The first step in manage¬ 
ment of patients with CP should be targeted at lifestyle 
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changes, specifically the avoidance of alcohol and tobacco. 
Total abstinence of alcohol can result in pain relief in up to 
50% of patients, albeit mainly those with mild to moderate 
disease. 24 Miyake et al. 25 demonstrated pain relief in 60% of 
those patients who discontinued or reduced alcohol intake, 
whereas in the group of patients who continued drinking, 
spontaneous pain relief was only 26%. Similarly, cigarette 
smoking is associated with a higher risk of developing chronic 
pancreatitis and increases the likelihood of developing pancre¬ 
atic calcifications, a structural change that may influence the 
yearly number of painful relapses. 26,27 Tobacco cessation in 
patients with established chronic pancreatitis reduces the risk 
of developing pancreatic calcifications. 28 

Treating patients with supplemental pancreatic enzymes has 
been hypothesized to work by stimulating receptors in the prox¬ 
imal small intestine to trigger a negative-feedback loop that sup¬ 
presses baseline pancreatic enzyme secretion, decreasing ductal 
pressures and thereby decreasing pain. Several studies have been 
published with widely varying enzyme preparations, dosages, and 
outcome measurements. To date, the exact efficacy of this fre¬ 
quently used treatment modality remains unclear. 29,30 

If lifestyle modifications and medical treatment including 
pancreatic enzyme supplementation and the judicious use of 
narcotic and nonnarcotic analgesics fail to control symptoms, 
more invasive endoscopic and percutaneous techniques should 
be considered. The role of endoscopic therapy for pain in 
patients with CP involves sphincterotomy, lithotripsy, and pan¬ 
creatic duct stenting. 31 While some of these interventions have 
shown significant promise, these results are largely confined to 
small cohorts of patients in specialized centers and have focused 
specifically on short-term outcome measurements. Celiac plexus 
blockade with a steroid (triamcinolone) plus an anesthetic agent 
(bupivacaine) or complete neurolysis (absolute alcohol) has 
been used both percutaneously and via endoscopic ultrasound 
(EUS) as a method of blocking the transmission of pain impulses 
from the celiac plexus to the central nervous system in patients 
with pancreatic cancer and CP. 32 While it appears that EUS is 
more efficacious than percutaneous methods due presumably to 
better visualization of the celiac plexus leading to a more tar¬ 
geted injection of neurolytic agent, these techniques require fur¬ 
ther evaluation in well-designed clinical trials. 33 


SURGERY FOR 
COMPLICATIONS OF CP 


Biliary Obstruction 

This local complication of CP results from either fibrotic stric- 
turing of the distal common bile duct as it traverses the head of 
the pancreas or through compression of the intrapancreatic bil¬ 
iary segment by the inflammatory enlargement and microcystic 
disease in the pancreatic head. It is reported to occur in approx¬ 
imately 6% (3%—32%) of hospitalized patients with CP and is 
found in 35% (15%—60%) of patients undergoing surgical 
intervention for CP. 34 Significant biliary obstruction is com¬ 
monly defined as an elevated alkaline phosphatase greater than 
two times the upper limit of normal values in the laboratory 
used associated with radiographic evidence of biliary dilatation. 
Although it is tempting to manage these fibrotic biliary stric¬ 
tures initially with endoscopic therapy, the long-term success 
rates with this modality are disappointing. 35 Self-expanding 
metal stents have been used in a highly selected population of 13 
patients unable to undergo operative bypass, with good results 
reported after a mean of 50 months. 36 Choledochoduodenos- 
tomy or hepaticojej unostomy Roux-en-Y are the operations of 
choice to simply relieve the biliary tract obstruction, 34 although 
most surgeons would employ a pancreatic head resection as 
described below to treat both the inflammatory pancreatic head 
mass as well as the concomitant biliary tract obstruction. 


Duodenal Obstruction 


Obstruction of the duodenum due to CP is either acute or 
chronic. Acute obstruction is usually transient and related to 
the severe inflammatory process occurring in the pancreas and 
retroperitoneum during an acute attack and as such, has the 
potential to resolve once the pancreatic inflammation subsides. 
Chronic duodenal obstruction occurs from repeated inflam¬ 
matory insults resulting in cicatricial stenosis and fibrosis of 
the duodenum. These structural alterations will not resolve 
when the pancreatic inflammation subsides. Although chronic 
duodenal obstruction is a rare complication, occurring in 
1.2% (0.5%-13%) of hospitalized patients with CP, it can be 
found in up to 13% (2%—36%) of patients requiring surgical 
intervention. 34 Similar to biliary obstruction, its specific treat¬ 
ment is a gastrojejunostomy, although most surgeons would 
relieve this obstruction using a pancreatic head resection. 


Pancreatic PseudocystsXPseudoaneurysms 

Complicated pseudocysts that frequently occur in patients with 
CP are commonly associated with an underlying pancreatic 
duct abnormality, and their surgical treatment should take 
these facts into account. 18 Patients with pseudocysts and CP 
should not be treated by cyst drainage solely, as is often the case 
in patients with a pseudocyst following a bout of acute pancre¬ 
atitis, because the underlying anatomic and morphologic 
abnormalities are left untreated, leading to a high incidence of 
recurrence. 19 Patients with CP frequently require some form of 
pancreatic duct drainage, and at times, a parenchymal resec¬ 
tion to treat the underlying anatomic abnormality that con¬ 
tributed to the formation of the pancreatic pseudocyst. 

Less common complications occur as a consequence of fibrotic 
stricturing of adjacent organs including the biliary tract (elevated 
alkaline phosphatase, transaminases, and a dilated common bile 
duct) or duodenum (early satiety, weight loss, inability to eat); 
most of these complications can be addressed by the judicious 
application of one of the aforementioned operative procedures. 

Pseudoaneurysms that occur as a consequence of severe 
inflammation and in patients with chronic pancreatitis are 
commonly related to a pseudocyst. Their presentation is that 
of bleeding, either into an established pseudocyst causing an 
increase in abdominal pain, or rarely through the ampulla of 
Vater (hemosuccus pancreaticus) or freely into the abdominal 
cavity (hemoperitoneum). Mesenteric angiography can detect 
the source of bleeding from the splenic, gastroduodenal, supe¬ 
rior and inferior pancreaticoduodenal arteries in 94% of 
cases. 37 Angiographic embolization for control is generally the 
treatment of choice. Following control of hemorrhage and sta¬ 
bilization of the patient’s clinical course, formal pancreatic 
resection of the involved pancreas may be carried out. 


Incapacitating Abdominal Pain 

Failure of both medical management and minimally invasive 
measures of pain control require careful counseling with the 
patient regarding the options for continued management. 
Some evidence exists that spontaneous pain relief occurs dur¬ 
ing the clinical course of the disease with progressive glandu¬ 
lar destruction resulting in endocrine and exocrine insuffi¬ 
ciency, although this may take up to 15 years from diagnosis. 38 
The duration of pain, however, remains woefully unpre¬ 
dictable, limiting the enthusiasm for “watchful waiting.” 39 
Recently, two randomized controlled trials (RCT) in patients 
with chronic pancreatitis were published, which demonstrated 
a relative equivalence between surgical and endoscopic ther¬ 
apy in short-term pain relief, with surgery having a significant 
advantage in durability of pain reduction. 40,41 Given these 
findings, perhaps surgical therapy should not be viewed as the 
last resort in patients with painful chronic pancreatitis. 
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FIGURE 53.5. Surgical treatment options in Surgical Treatment Options in 

patients with chronic pancreatitis based on pan- Chronic Pancreatitis 

creatic ductal morphology. 



Q Operations for patients with chronic pancreatitis can be 
divided into four basic types: resection, drainage, combined 
resection and drainage, and denervation. Due to the morpho¬ 
logic heterogeneity of the disease in different patients, choosing 
the correct operation for any individual patients with chronic 
pancreatitis comes from interpreting the results of published 
clinical experience when applied to different anatomic and mor¬ 
phologic subsets. Dominant anatomic abnormalities found in 
patients with chronic pancreatitis can be broken down into three 
groups, either large duct, small duct, or minimal change variants 
based on the anatomic configuration of their main pancreatic 
duct (Fig. 53.5). Large duct variants have a cross-sectional diam¬ 
eter of their main pancreatic duct of 7 mm whereas small duct 
variants have a main pancreatic duct diameter of less than this. 42 
Minimal change pancreatitis describes a group of patients who 
have symptoms of the disease but few or no anatomic changes in 



FIGURE 53.6. Gastrointestinal reconstruction after pylorus-preserving 
pancreaticoduodenectomy. 


their gland or duct to confirm this. 43 In the small duct variant of 
chronic pancreatitis, there are three specific subgroups: large 
pancreatic head, small pancreatic head, and obstructive pancre¬ 
atitis. The precise measurements of a large, hypertrophic pancre¬ 
atic head have not been specifically defined, but enlargement is 
generally considered to be greater than 3 cm when measured in 
AP diameter on cross-sectional imaging. 44 Obstructive pancre¬ 
atitis occurs in the setting of a physiologically significant stricture 
of the main pancreatic duct with upstream (toward the spleen) 
changes of pancreatic duct dilatation, blunted side branches, and 
parenchymal inflammation. 45 

For some anatomic subsets, several different operations may be 
successfully applied. An example is in patients with small duct, 
enlarged head chronic pancreatitis where either pancreaticoduo¬ 
denectomy or the Beger or Frey-type duodenal preserving pancre¬ 
atic head resection can be successfully used depending on the spe¬ 
cific patient characteristics and surgeon preferences. The following 
paragraphs provide a brief description of the operations currently 
available to treat patients with chronic pancreatitis. 



FIGURE 53.7. Operative photograph demonstrating the “cored-out” 
pancreatic head and uncinate process in a patient undergoing the 
Beger operation. The patient’s head is to the right, the asterisk is at the 
junction of the second and third portion of the duodenum; the line 
parallels the superior mesenteric vein/portal vein path. 
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Resection Operations. Pancreaticoduodenectomy (PD), 
either the classic or pylorus-preserving variant, is the tradi¬ 
tional resection operation used in patients with chronic pancre¬ 
atitis. 46 It removes the head of the pancreas, duodenum, and 
distal common bile duct, a region of the pancreas that has been 
regarded as the “pacemaker” of the disease (Fig. 53.6). This 
operation is generally applied to small duct variants and has 
the flexibility to be used in both large and small head subtypes. 

The Beger operation, termed one of the duodenal-pre- 
serving pancreatic head resection (DPPHR) procedures, 
involves transecting the pancreatic neck followed by a 
subtotal resection of the pancreatic head, removing diseased 


tissue in the head and uncinate process (Fig. 53.7) while pre¬ 
serving the normal relationship and function of the duode¬ 
num and distal common bile duct. 47 This operation is 
applied to patients with small duct chronic pancreatitis and 
a large, hypertrophic pancreatic head. It has also been selec¬ 
tively used with good overall results in patients with small 
duct chronic pancreatitis and normal pancreatic heads (pan¬ 
creas divisum). 48 

Distal pancreatectomy removes pancreatic parenchyma to 
the left of the confluence of the splenic vein with the portal vein 
(body and tail of the pancreas). This operation is used very 
selectively in patients with obstructive chronic pancreatitis. 45,49 
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FIGURE 53.9. Operative photograph of the Frey operation: longitu¬ 
dinal pancreaticojejunostomy with “coring-out” of the pancreatic 
head. The patient’s head is at the 12 o’clock position; the asterisk is on 
the junction of the second and third portion of the duodenum. 


TABLE 53.3 


RESULTS OF PANCREATIC HEAD RESECTION IN PATIENTS 
WITH CHRONIC PANCREATITIS; COMPARISON OF DPPHR 
VS. PD FOR PATIENTS WITH CHRONIC PANCREATITIS 


■ MEASURED VARIABLE 

■ DPPHR ■ PD 

Pain relief 

= 

Overall morbidity 

= 

Endocrine insufficiency 

= 

Operative time 

+ + + 

Hospital stay 

+ 

Quality of life 

+ + 

Reproduced with permission from Diener MK, Rahbari NN, Fischer 

L, et al. Duodenum-preserving pancreatic head resection versus 
pancreaticoduodenectomy for surgical treatment of chronic pancreatitis: 
a systematic review and meta-analysis. Ann Surg 2008;247:950-960. 


TABLE 53.4 ! 

RESULTS OF PATIENTS UNDERGOING FREY OPERATION VS. BEGER OPERATION 

■ MEASURED 

VARIABLE 

■ FREY OPERATION 
(N= 36) 

■ BEGER OPERATION 
(N= 38) 

Quality of life 

58.35 (0-100) 

66.7 (0-100) 

Pain score 

11.25 (0-99.75) 

11.25 (0-75) 

Exocrine insufficiency 

78% 

88% 

Endocrine insufficiency 

60% 

56% 

Late mortality 

32% (8/25) 

31% (8/26) 


Median follow-up 102 months (72-144). 

Reproduced with permission from Strate T, Taherpour Z, Bloechle C, et al. Long-term follow-up of a 
randomized trial comparing the Beger and Frey procedures for patients suffering from chronic pancreatitis. 
Ann Surg 2005;241:591-598. 


TABLE 53.5 


RESULTS OF PATIENTS SUBJECTED TO LONGITUDINAL PANCREATICOJEJUNOSTOMY FOR CHRONIC PANCREATITIS 



■ NO. 

■ COMPLETE OR 

■ MORTALITY 

■ MEAN F/U 

■ REFERENCE 

PATIENTS 

PARTIAL PAIN RELIEF (%) 

(%) 

(mos) 

Greenlee et al. 53 

86 

80 

3 

95 

Adloff et al. 59 

105 

93 

2 

65 

Adams et al. 60 

85 

55 

0 

76 

Sielezneff et al. 61 

57 

84 

0 

65 

Sakorafas et al. 62 

120 

81 

0 

96 

Mean results 

453 

72 

1 

79 
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TABLE 53.6 


RESULTS OF PATIENTS UNDERGOING THORASCOPIC SPLANCHNICECTOMY FOR 
CHRONIC PANCREATITIS 


■ REFERENCE 

■ NO. 
PATIENTS 

■ MEAN F/U 
(mos) 

■ COMPLETE 

OR PARTIAL 

PAIN RELIEF (%) 

Moodley et al. 63 

17 

12 

94 

Ihse et al. 64 

21 

43 

50 

Buscher et al. 65 

44 

36 

46 

Howard et al. 55 

55 

32 

35 

Hammond et al. 66 

20 

15 

60 

Mean results 

157 

30 

50 


A high-grade pancreatic duct stricture in the body or tail of the 
pancreas with upstream (toward the spleen) side-branch 
changes and evidence of pancreatic inflammation is the key to 
diagnosis. Care should be taken to evaluate these strictures for 
the possibility of pancreatic cancer. 

Extended distal pancreatectomy (95% pancreatectomy) 
was advanced in the 1970s and 1980s as a better option for 
patients with CP. 50 Careful follow-up of these patients showed 
poor long-term outcomes, particularly with regard to brittle 
diabetes, and this operation has been abandoned. 51 It is worth¬ 
while to note that experience gained performing 95% pancre¬ 
atectomy led to the development of the Frey duodenal preserv¬ 
ing pancreatic head resection described later. 

Total pancreatectomy with or without islet cell transplan¬ 
tation removes the entire pancreas and is currently limited in 
its applicability to patients with chronic pancreatitis outside of 
clinical trials using salvage procedures for the pancreatic islets 
with isolation and reinfusion as an islet cell transplant, or for 
patients with no other therapeutic options. 52 It is used opti¬ 
mally in patients with small duct or minimal change chronic 
pancreatitis who have not undergone prior resection or 
drainage procedures. 

Drainage Operation. The Partington-Rochelle modifica¬ 
tion of the Puestow procedure, a longitudinal pancreaticoje- 
j unostomy is the classic operation used to treat patients with 
large duct pancreatitis by decompressing the entire length of 
the pancreatic duct (head to tail) into a defunctionalized 
(Roux-en-Y) limb of jejunum (Fig. 53.8). 53 

Combined Resection and Drainage. The Frey operation is 
the other procedure termed as a duodenal-preserving pancreatic 
head resection (DPPHR), but in contrast to the Beger operation, 
the pancreatic neck is not transected. The surgeon identifies the 
pancreatic duct in the neck of the pancreas and then opens the duct 
longitudinally by following it down into the pancreatic head and 
out to the tail. In the pancreatic head, the surgeon then cores out 
pancreatic tissue from the pancreatic duct outward until just a thin 
rim of tissue remains around the head of the pancreas contiguous 
with the duodenum. A defunctionalized limb of jejunum (Roux-en- 
Y) is then anastomosed side to side to the pancreatic duct in the 
body and tail and to the remaining rim of pancreatic tissue in the 
head to effect complete drainage of the entire gland (Fig. 53.9). 
This operation is perhaps the most versatile as it can be applied to 
patients with either small or large duct chronic pancreatitis as well 
as patients with either large or normal pancreatic head size. 54 

Denervation operations. Bilateral thoracoscopic splanch- 
nicectomy is a minimally invasive approach to splanchnic de¬ 
nervation used to treat pain in patients with chronic pancreati¬ 


tis. 55 Candidates are generally patients with no other surgical 
targets (i.e., minimal change pancreatitis) who have been 
shown to have a splanchnic mediated pain pathway based on 
their response to a differential epidural anesthetic. 


Clinical Results following 
Operation in Patients with CP 

In measuring the results of surgery in patients with chronic 
pancreatitis, long-term success is typically defined by a thor¬ 
ough clinical follow-up of at least 5 years’ duration. 56 When 
restricting data to long-term outcome measures, the results for 
pancreatic head resections (DPPHR and PD) are as shown in 
Table 53.3. In a recent meta-analysis, DPPHRs have been 
shown to be equivalent in outcome to pancreaticoduodenec¬ 
tomy (PD) in the measured variables of pain relief, overall mor¬ 
bidity, and incidence of postoperative endocrine insufficiency. 57 
In this same analysis, DPPHRs were judged to be superior to 
PD in terms of operative time, postoperative hospital stay, and 
overall quality of life measures. 

In a comparison of the two most common DPPHRs, the 
Beger operation and the Frey operation, no significant differ¬ 
ences were found in a controlled randomized clinical trial when 
patients were followed for more than 8 years (Table 53.4). 58 

Outcomes of patients with chronic pancreatitis treated by 
longitudinal/lateral pancreaticojejunostomy (drainage opera¬ 
tion) are shown in Table 53.5. After a mean follow-up of 79 
months, 72% of patients experienced either complete or par¬ 
tial pain relief following operation with a mean perioperative 
mortality rate in this group of patients of only 1%. 

A surgical denervation procedure as exemplified by bilat¬ 
eral thoracoscopic splanchnicectomy is a minimally invasive 
treatment of chronic pancreatitis with low perioperative mor¬ 
bidity and mortality rates. Based on currently available data, 
complete or partial pain relief is achieved in only 50% of 
patients during long-term clinical follow-up (Table 53.6). 


CONCLUSION 


Various operations are available to treat the heterogeneous 
complications of chronic pancreatitis. Surgeons who accept 
care of these challenging patients must be well versed in sev¬ 
eral therapeutic strategies, and committed to following these 
patients closely for the long term to ensure optimal clinical 
outcomes. Future advances in the therapy of chronic pancre¬ 
atitis will be predicated on obtaining a better understanding of 
the underlying pathophysiology. 
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CHAPTER 54 ■ NEOPLASMS OF THE 

EXOCRINE PANCREAS 

ATTILA NAKEEB AND KEITH D. LILLEMOE 


KEY POINTS 


O There is increasing evidence that ductal pancreatic cancer 
arises from precursor lesions referred to as pancreatic 
intraepithelial neoplasia (PanIN) with progression from 
proliferative lesions without nuclear abnormality to carci¬ 
noma in situ, known as PanIN-3. 

Q Intraductal papillary mucinous neoplasms (IPMNs) are 
intraductal mucin-producing tumors that range from 
benign adenomas to invasive carcinoma and should be 
considered for resection. 

Q Spiral computed tomography scan is the preferred nonin- 
vasive imaging test for the diagnosis and staging of pancre¬ 
atic cancer demonstrating the primary lesion and its rela¬ 
tionship to adjacent visceral vessels as well as metastatic 
disease to the liver and peritoneum. 

Q Perioperative mortality rates following pancreaticoduo¬ 
denectomy have fallen to the range of 2% to 5%, although 


perioperative complications occur in approximately 40% 
of patients. 

Q The survival rate after pancreaticoduodenectomy for pan¬ 
creatic cancer is approximately 20%, with factors influ¬ 
encing survival including tumor size, margin status, and 
node status. 

Q Although some controversy exists, most data support the 
role for adjuvant therapy, either chemotherapy or chemora- 
diation, for patients following resection of pancreatic 
cancer. 

Q Surgical palliation of patients with pancreatic cancer 
located in the head found to be unresectable at laparotomy 
includes biliary bypass, gastrojejunostomy, and chemical 
splanchnicectomy to palliate the symptoms of jaundice, 
duodenal obstruction, and pain, respectively. 


In the United States, it is estimated that nearly 42,470 new 
cases of pancreas cancer will be diagnosed, with almost 
35,240 people dying of the disease in 2009. Pancreatic cancer 
is the fourth leading cause of cancer death in this country. 1 
Currently, only 15% to 20% of patients diagnosed with pan¬ 
creatic adenocarcinoma are candidates for pancreatic resec¬ 
tion. Five-year survival averages 15% to 20% for patients 
with resected disease and only 3% for all stages combined. 2 
The nonspecific symptoms associated with early pancreatic 
cancer, the inaccessibility of the pancreas to examination, the 
aggressiveness of the tumors, and the technical difficulties 
associated with pancreatic surgery make pancreatic cancer one 
of the most challenging diseases treated by general surgeons. 
In recent years, significant advances have been made in our 
understanding of the pathogenesis and clinical management of 
pancreatic cancer. This chapter will review the epidemiology 
and risk factors associated with pancreatic cancer, discuss 
recent developments in the field of molecular genetics, and 
provide an update on the current clinical management of pan¬ 
creatic cancer. 


EPIDEMIOLOGY AND 
RISK FACTORS 


In the United States, approximately 11 new cases of pancreatic 
cancer are diagnosed per 100,000 population annually. 1 
Although the incidence rate of pancreatic cancer has been rela¬ 
tively stable during the last two decades, it has increased nearly 
threefold since the beginning of the last century (Fig. 54.1). It 
has been argued that the apparent increase in the incidence of 
pancreatic cancer may represent a misclassification of pancre¬ 
atic cancer as other types of upper gastrointestinal cancer, 
particularly gastric cancer, in the past. However, several analy¬ 
ses indicate that a portion of the threefold increase in the 


incidence of pancreatic cancer has been real. The risk for the 
development of pancreatic cancer is related to age, race, sex, 
tobacco use, diet, and specific genetic syndromes (Table 54.1). 
The incidence increases with advancing age. More than 80% 
of cases occur in persons between the ages of 60 and 80 years, 
and pancreatic cancer is rare in people younger than 40 years. 
The incidence and mortality rates for pancreatic cancer in 
African Americans of both sexes are higher than those in 
whites. The gender differences in pancreatic cancer have been 
equalizing during recent years. Pancreatic cancer is still more 
common in men than in women, but the incidence and mor¬ 
tality rates have increased in women, while they have stabi¬ 
lized or slightly decreased in men. 1 

Environmental and dietary factors have also been impli¬ 
cated as risk factors for the development of pancreatic cancer. 
The most consistently observed environmental risk for the 
development of pancreatic cancer is cigarette smoking. It has 
been estimated that cigarette smoking can increase the risk for 
pancreatic cancer between one and a half and five times. The 
mechanism is unknown, but carcinogens in cigarette smoke 
have been shown to produce pancreatic cancers in laboratory 
animals. In addition, autopsy studies have documented hyper¬ 
plastic changes in pancreatic ductal cells with atypical nuclear 
patterns in smokers. Alcohol consumption does not seem to be 
a risk factor for pancreatic cancer despite conflicting past 
reports. Recent studies suggest that past studies linking pan¬ 
creatic cancer to alcohol use may have been confounded by 
tobacco use. Similarly, coffee consumption and exposure to 
ionizing radiation have been shown not to be associated with 
an increased pancreatic cancer risk. 

Several epidemiologic investigations have suggested that 
diet may play an important role in the development of pancre¬ 
atic cancer. An apparent association has been noted between 
pancreatic cancer and an increased consumption of total calo¬ 
ries, carbohydrate, cholesterol, meat, salt, dehydrated food, 
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FIGURE 54.1. U. S. age-adjusted death rates 
for pancreatic carcinoma. 


Age-Adjusted Mortality for Pancreatic Cancer 



fried food, refined sugar, soy beans, and nitrosamines. The 
risks are unproven for the ingestion of fat, /3-carotene, and cof¬ 
fee. A protective effect has been reported for dietary fiber, vit¬ 
amin C, fruits, and vegetables. 3 

In addition to well-defined genetic syndromes, a number of 
common conditions have been thought to be etiologic factors in 
the development of pancreatic cancer. An apparent association 
between diabetes and pancreatic cancer has been suggested. 
Approximately 80% of patients diagnosed with pancreatic can¬ 
cer have impaired glucose metabolism, impaired glucose toler¬ 
ance, or diabetes mellitus. It is unclear if alterations in glucose 
tolerance/metabolism are a causative factor for pancreatic can¬ 
cer or represent reaction to an enlarging malignancy in the pan¬ 
creas. Among patients with newly diagnosed diabetes, 0.85% 
went on to be diagnosed with pancreatic cancer within 3 years. 4 


Type 2 diabetes of at least 5 years’ duration has been shown to 
increase the risk of pancreas cancer twofold. 

The risk of pancreatic cancer has been shown to increase as 
body mass index increases. Examination of data from the 
Nurses’ Health Study and the Health Professionals’ follow-up 
study show a 1.72 relative risk (95% confidence interval [Cl], 
1.19-2.48) of pancreatic cancer in patients with a body mass 
index (BMI) greater than 30 kg/m 2 as compared to individuals 
with a BMI less than 23 kg/m 2 . 5 

Chronic pancreatitis of any cause has been associated with 
a 25-year cumulative risk for the development of pancreatic 
cancer of approximately 4%. Other conditions for which a 
possible association with pancreatic cancer has been demon¬ 
strated include thyroid and other benign endocrine tumors, 
cystic fibrosis, and pernicious anemia. 


ITABLE 54.1 || 

RISK FACTORS FOR PANCREATIC CANCER 


■ INCREASED RISK 

■ POSSIBLE 
RISK 

■ UNPROVED 
RISK 

Demographic factors 

Advancing age 

Male sex 

Black race 

Geography 

Socioeconomic 

status 

Migrant status 

Host factors 

Hereditary nonpolyposis 
colorectal cancer 

Familial breast cancer 

Peutz-Jeghers syndrome 
Ataxia-telangiectasia 

Familial atypical multiple 
mole melanoma 

Hereditary pancreatitis 


Peptic ulcer 
surgery 

Environmental factors 

Tobacco 

Diet 

Occupation 

Alcohol 

Coffee 

Radiation 


Modified from Gold EB, Goldin SB. Epidemiology of and risk factors for pancreatic cancer. Surg Oncol 
Clin North Am 1998;7:67. 
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TABLE 54.2 


GENETIC SYNDROMES ASSOCIATED WITH HEREDITARY PANCREATIC CANCER 


■ SYNDROME 

■ MODE OF 
INHERITANCE 

■ GENE 

■ FOLD INCREASE 
IN RISK 

■ MANIFESTATION OF 

PANCREATIC CANCER 

Peutz-Jeghers 

AD 

STKll 

140X 

Hamartomatous polyps of the gastrointestinal 
tract; mucocutaneous melanin macules 

Hereditary 

pancreatitis 

AD 

PRSSl 

60X 

Recurrent episodes of severe pancreatitis 
starting at a young age 

Familial 

pancreatic cancer 

Unknown 

Unknown 

18X 

At least one pair of first-degree relatives with 
pancreatic cancer 

FAMMM 

AD 

pl6 

20X 

Multiple nevi, atypical nevi, melanomas 

Familial breast 
cancer 2 

AD 

BRCA2 

10X 

Breast, ovarian, and pancreatic cancer 

HNPCC 

AD 

MSH2 

HLHl 

Unknown 

Colonic, endometrial, and gastric cancers; 
mutator phenotype 

AD, autosomal dominant; FAMMM, familial atypical multiple mole melanoma; HNPCC, hereditary nonpolyposis colorectal cancer. 


Most cases of pancreatic cancer have no obvious predispos¬ 
ing factors. However, it is believed that between 5% and 10% 
of pancreatic cancers arise because of a familial predisposition. 
Six genetic syndromes have been associated with an increased 
risk for the development of pancreatic cancer (Table 54.2). 
These include hereditary nonpolyposis colon cancer, familial 
breast cancer associated with the BRCA2 mutation, Peutz- 
Jeghers syndrome, ataxia-telangiectasia syndrome, familial 
atypical multiple mole melanoma syndrome, and hereditary 
pancreatitis. 


MOLECULAR GENETICS 


Tremendous advances have been made in understanding the 
molecular genetics of pancreatic cancer in recent years. In 
general, the genes involved in the pathogenesis of pancreatic 
cancer can be divided into three categories: tumor-suppressor 
genes, oncogenes, and DNA mismatch-repair genes (Table 
54.3). 

Tumor-suppressor genes normally function to control cellu¬ 
lar proliferation. When these genes are inactivated by genetic 
events such as mutation, deletion, chromosome rearrange¬ 
ments, or mitotic recombination, their function as growth sup¬ 
pressors can be lost, and abnormal growth regulation is the 
result. The tumor-suppressor genes p53, pl6, DPC4 , and 
BRCA2 are frequently inactivated in sporadic adenocarci¬ 
noma of the pancreas. The function of p53 appears to be inac¬ 
tivated in up to 75% of all pancreatic cancers. The p53 gene 
product is a DNA-binding protein that acts as both a cell cycle 
checkpoint and an inducer of apoptosis. Inactivation of the 
p53 gene in pancreatic cancer leads to the loss of two impor¬ 
tant controls of cell growth: regulation of cellular proliferation 
and induction of cell death. The pi 6 gene encodes a protein 
that binds cyclin to cyclin D-Cdk4 complexes. When the pi 6 
gene product binds to these complexes, it inhibits the phos¬ 
phorylation of a number of growth and regulatory proteins. 
Inactivation of pi 6 leads to the loss of an important cell cycle 
checkpoint and therefore relatively unchecked proliferation. 
DPC4 is a tumor-suppressor gene that has been identified on 
chromosome 18q. This chromosome has been shown to be 
missing in nearly 90% of pancreatic cancers. The DPC4 gene 
is inactive in almost 50% of pancreatic carcinomas. The muta¬ 
tion appears to be a homozygous deletion in 30% of pancre¬ 


atic cancers and a point mutation in another 20% of tumors. 
DPC4 mutations are more specific than p53 or pi 6 mutations 
for pancreatic cancer. The function of BRCA2 has not been 
established, but the gene product appears to be a tumor sup¬ 
pressor participating in DNA damage repair. Mutations in 
BRCA2 have been linked to hereditary breast and ovarian can¬ 
cers. Recent studies also suggest a significantly increased risk 
of pancreatic cancer development in patients with germline 
BRCA2 mutations. 

Oncogenes are derived from normal cellular genes called 
proto-oncogenes. When overexpressed or activated by mutation, 
oncogenes encode proteins with transforming properties. Acti¬ 
vating point mutations in the K -ras oncogene is the most com¬ 
mon genetic alteration in pancreatic cancer. Point mutations in 


TABLE 54.3 


GENETIC ALTERATIONS IN PANCREATIC 
ADENOCARCINOMAS 



■ CHROMOSOME 

■ FREQUENCY 

■ GENE 

LOCUS 

(%) 

ONCOGENES 



K -ras 

12 

90 

TUMOR-SUPPRESSOR GENES 


pl6 

9p 

95 

p53 

17p 

50-75 

DPC4 

18q 

55 

BRCA2 

13q 

7 

LKB1 

17p 

4 

MKK4 

19p 

5 

ALK4 

12q 

2 

Genome maintenance 

2P, 3P 


4 genes bMSH2, 
hMLHl 



Reproduced with permission from Hruban RH. Pancreatic cancer: 
from genes to patient care. J Gastrointest Surg 2001;5:583. 
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codons 12, 13, or 61 of the K-ras oncogene impair the intrin¬ 
sic guanosine triphosphatase activity of its gene product; the 
result is a protein that is constitutively active in signal trans¬ 
duction. Mutations of K -ras have been found in 80% to 100% 
of pancreatic cancers and therefore may prove useful in the 
development of a molecular screening test for pancreatic 
cancer. 

Mismatch-repair genes function to ensure the accuracy of 
DNA replication, and when these genes are mutated, errors in 
DNA replication are not repaired. The human mismatch-repair 
genes are bMSH2, hMLHl, hPMSl, hPMS2, bMSH6/GTBP , 
and bMSH3. The enzymes encoded by these genes repair single 
base-pair changes and small insertions and deletions that occur 
during DNA replication. Approximately 4% of pancreatic can¬ 
cers can be characterized by disorders of DNA mismatch-repair 
genes. 6 


PATHOLOGY 


Tumors of the exocrine pancreas can be classified based on 
their cell of origin (Table 54.4). The most common neoplasms 
of the exocrine pancreas are ductal adenocarcinomas. Approx¬ 
imately 65% of pancreatic ductal cancers arise in the head, 
neck, or uncinate process of the pancreas; 15% originate in the 
body or the tail of the gland; and 20% diffusely involve the 
whole gland. 


Solid Epithelial Tumors 

Ductal Adenocarcinomas. Ductal adenocarcinomas account 
for more than 75% of all nonendocrine pancreatic cancers. 
Grossly, they are white-yellow, poorly defined, hard masses that 
often obstruct the distal common bile duct or main pancreatic 


TABLE 54.4 CLASSIFICATION 


HISTOLOGIC CLASSIFICATION OF 645 CASES OF PRIMARY 
NONENDOCRINE CANCER OF THE PANCREAS 


■ CLASSIFICATION ■ NUMBER 


Duct cell origin 

572 (89%) 

Duct cell adenocarcinoma 

494 

Giant cell carcinoma 

28 

Adenosquamous carcinoma 

20 

Microadenocarcinoma 

16 

Mucinous carcinoma 

9 

Mucinous cystadenocarcinoma 

5 

Acinar cell origin 

8 (1%) 

Acinar cell carcinoma 

7 

Cystadenoma 

1 

Uncertain histogenesis 

61 (9%) 

Pancreaticoblastoma 

1 

Papillary and cystic neoplasm 

1 

Mixed type—duct and islet cells 

1 

Unclassified 

58 

Connective tissue origin 

4 (1%) 


Reproduced with permission from Bell RH. Neoplasms of the 
exocrine pancreas. In: Greenfield LJ, Mulholland MW, Oldham KT, 
eds. Surgery: Scientific Principles and Practice, 2nd ed. Philadelphia: 
Lippincott-Raven; 1997:901. 



FIGURE 54.2. Microscopic appearance of ductal adenocarcinoma of 
the head of the pancreas demonstrating glands from an adenocarci¬ 
noma embedded in a fibrous matrix. 


duct. They are often associated with a desmoplastic reaction 
that causes fibrosis and chronic pancreatitis. Microscopically, 
they contain infiltrating glands of varying size and shape sur¬ 
rounded by dense, reactive fibrous tissue (Fig. 54.2). The 
epithelial cells sometimes form papillae and cribriform struc¬ 
tures, and they frequently contain mucin. The nuclei of the 
cells can show marked pleomorphism, hyperchromasia, loss of 
polarity, and prominent nucleoli. 

Ductal adenocarcinomas tend to infiltrate into vascular, 
lymphatic, and perineural spaces. At the time of resection, 
most ductal carcinomas have already metastasized to regional 
lymph nodes. In addition to the lymph nodes, pancreatic duc¬ 
tal adenocarcinomas frequently metastasize to the liver (80%), 
peritoneum (60%), lungs and pleurae (50% to 70%), and 
adrenal glands (25%). They also can directly invade the duo¬ 
denum, stomach, transverse mesocolon, colon, spleen, and 
adrenal glands. 

The histologic examination of a pancreas resected for can¬ 
cer frequently reveals the presence of precursor lesions in the 
pancreatic ducts and ductules adjacent to the cancers. 7 This 
suggests that much like colon cancer, which arises from benign 
adenomas, pancreatic cancer may also demonstrate progres¬ 
sion to malignant from benign precursor lesions. These pre¬ 
cursor lesions are referred to as pancreatic intraepithelial neo¬ 
plasia (PanIN). Briefly, PanIN-lA and PanIN-lB are 
proliferative lesions without remarkable nuclear abnormality 
that have a flat and papillary architecture, respectively. PanlN- 
3 is associated with severe architectural and cytonuclear abnor¬ 
malities, but invasion through the basement membrane is 
absent. The older term for PanIN-3 includes carcinoma in situ 
(CIS). PanIN-2 is an intermediate category between PanIN-1 
and PanIN-3 and is associated with a moderate degree of 
architectural and cytonuclear abnormality. 8 Several lines of 
evidence suggest that PanINs are precursors of infiltrating pan¬ 
creatic cancer: PanINs are often found in association with duc¬ 
tal adenocarcinomas, three-dimensional mapping techniques 
have demonstrated a stepwise transformation from mild dys¬ 
plasia to severe dysplasia in pancreatic duct lesions, and 
PanINs demonstrate some of the same genetic changes seen in 
infiltrating adenocarcinomas, most notably activating point 
mutations in codon 12 of K -ras and mutations in the pi 6 and 
p53 tumor-suppressor genes. 

Adenosquamous Carcinomas. Adenosquamous carci¬ 
noma is a rare variant of ductal adenocarcinoma that shows 
both glandular and squamous differentiation. This variant 
appears to be more common in patients who have undergone 
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previous chemoradiation therapy. The biologic behavior of 
adenosquamous carcinoma appears to be similar to that of 
ductal adenocarcinoma, with similar rates of perineural inva¬ 
sion, lymph node metastases, and dissemination. 

Acinar Cell Carcinomas. Acinar cell carcinomas account 
for only 1% of pancreatic exocrine tumors. Acinar tumors are 
typically smooth, fleshy, lobulated, hemorrhagic, or necrotic. 
Histologically, they form acini, and the cells display an 
eosinophilic, granular cytoplasm. Immunohistochemical stain¬ 
ing demonstrates expression of trypsin, lipase, chymotrypsin, 
or amylase. These tumors are more common in males, with a 
male-to-female predominance of approximately 3:1. The age 
of diagnosis is usually in the fifth to seventh decades. These 
tumors tend to be larger than ductal adenocarcinomas, often 
being larger than 10 cm. Although data are limited, it appears 
that patients with acinar cell carcinoma have a slightly better 
prognosis than patients with ductal carcinoma. 9 Therefore, 
surgical resection is the treatment of choice. 

Giant Cell Carcinomas. Giant cell carcinomas account for 
fewer than 1% of nonendocrine pancreatic cancers. They tend 
to be large, with average diameters greater than 15 cm. Micro¬ 
scopically, they contain large, uninucleated or multinucleated 
tumor cells, many of which are pleomorphic. The nuclei con¬ 
tain prominent nucleoli and numerous mitotic figures. Giant 
cell carcinomas are associated with a poorer prognosis than 
ductal adenocarcinomas. There is a variant of giant cell carci¬ 
noma termed giant cell carcinoma with osteoclastlike giant 
cells. These lesions tend to be well circumscribed with non¬ 
pleomorphic giant cells and are less aggressive than standard 
giant cell carcinomas. 

Pancreatoblastoma. Pancreatoblastomas occur primarily 
in children ages 1 to 15 years. Pancreatoblastomas contain 
both epithelial and mesenchymal elements. The epithelial com¬ 
ponent appears to arise from acinar cells. The tumors are 
typically larger than 10 cm and often contain areas of degen¬ 
eration and hemorrhage. The prognosis appears to be more 
favorable than that for typical ductal adenocarcinoma if the 
tumor can be resected. 


Cystic Epithelial Tumors 

Cystic neoplasms also arise from the exocrine pancreas. Cystic 
neoplasms are less common than ductal adenocarcinomas, 
tend to occur in women, and are evenly distributed throughout 
the gland. Many pancreatic and peripancreatic cysts are actu¬ 
ally benign inflammatory pseudocysts. It is important to iden¬ 
tify cystic neoplasms because their management is very differ¬ 
ent from that of nonneoplastic cysts. With advancements in 
imaging technology, cystic lesions of the pancreas are being 
detected with increased frequency. As many as 1 % of individ¬ 
uals undergoing cross-sectional abdominal imaging are found 
to have pancreatic cysts. Although many of these lesions are 
small and asymptomatic, they can have malignant potential. 
Therefore, the management of these patients is complex, and 
knowledge of pancreatic cyst natural history and predictors of 
neoplasia are important. 

Serous Cystic Neoplasms. Serous cysts are epithelial 
neoplasms composed of uniform cuboidal glycogen-rich cells 
that usually form numerous small cysts containing serous 
fluid. Serous cystadenomas or microcystic adenomas are 
more common in women than in men (2:1 preponderance). 
These tumors can vary from a few centimeters to more than 
10 cm in size. Twenty-five percent to 30% of patients are 
asymptomatic; however, most patients present with symp¬ 
toms such as abdominal or epigastric pain, dyspepsia, nau¬ 
sea, or vomiting. Serous cystadenomas can be located any¬ 


where in the pancreas—head, body, or tail—and usually do 
not communicate with the pancreatic ducts. Plain computed 
tomography (CT) shows a honeycomb pattern of microlacu¬ 
nae, with thin septa separating different segments. Serous 
cystic neoplasms can have a sunburst pattern of central calci¬ 
fication, which is seen in 10% to 30% of cases. Grossly, they 
appear as spongy, well-circumscribed, multiloculated cysts. 
Microscopically, they consist of a layer of simple cuboidal 
cells separated by dense fibrous bands. Most serous cystic 
neoplasms are benign, although malignant behavior has been 
reported rarely (i.e., metastases to the liver or peripancreatic 
lymph nodes). Symptomatic cysts or cysts that cannot be 
differentiated from other potentially malignant cysts should 
undergo surgical excision. Recently, it has been suggested that 
cysts greater than 4 cm in size should also be resected since 
they demonstrate a significant increased growth rate com¬ 
pared to smaller cysts. 10 

Mucinous Cystic Neoplasms. Mucinous cystic neo¬ 
plasms (MCNs) are neoplasms composed of mucin-producing 
epithelial cells associated with an ovarian type of stroma. 
These cysts usually do not communicate with the larger pan¬ 
creatic ducts. MCNs are relatively uncommon but account for 
almost 30% of all cystic neoplasms. The mean age at diagno- I 
sis is between 40 and 50 years. MCNs are more common in 
women, with a female-to-male ratio of 9:1. Most patients with 
MCNs present with vague abdominal symptoms that include 
epigastric pain or a sense of abdominal fullness. The majority 
(70% to 90%) of MCNs arise in the body or tail of the pan¬ 
creas, and only a minority (10% to 30%) involve the head of 
the gland. Microscopically, the cysts are lined by tall, colum¬ 
nar, mucin-producing epithelium. These columnar cells have 
basal nuclei and abundant intracytoplasmic apical mucin and 
can form flat sheets or papillae. The walls of the cysts contain 
a very distinctive “ovarian-type” stroma. This stroma is com¬ 
posed of densely packed spindle cells with sparse cytoplasm 
and uniform elongated nuclei. All MCNs are considered to be 
premalignant lesions and should be completely resected to pre¬ 
vent progression to malignancy. 

Invasive mucinous cystadenocarcinomas are MCNs associ¬ 
ated with an invasive carcinoma, whereas noninvasive muci¬ 
nous neoplasms can be categorized into mucinous cystic 
neoplasms with low-grade dysplasia (adenoma), mucinous 
cystic neoplasms with moderate dysplasia (borderline), and 
mucinous cystic neoplasms with high-grade dysplasia (carci¬ 
noma in situ) based on the degree of architectural and cyto¬ 
logic atypia of the epithelial cells. Approximately one third of 
all MCNs are associated with invasive carcinoma. Patients 
with mucinous cystadenocarcinomas tend to be 5 to 10 years 
older than patients with benign MCNs. The extent of invasive 
and in situ carcinomas in MCNs can be very focal. Therefore, 
a benign diagnosis cannot be established on biopsy alone and 
the lesions should be completely resected. The prognosis for 
patients with resected benign or borderline tumors is excellent. 
Patients with mucinous cystadenocarcinoma tend to do better 
than patients with ductal adenocarcinoma, with a 5-year sur¬ 
vival of approximately 50%. 

Intraductal Papillary-Mucinous Neoplasms. Intraduc¬ 
tal papillary-mucinous neoplasms (IPMNs) are intraductal 
mucin-producing neoplasms with tall, columnar, mucin- 
containing epithelium with or without papillary projections. 
These neoplasms extensively involve the main pancreatic 
ducts and/or major side branches. In addition, IPMNs lack 
the ovarian stroma characteristic of MCNs. Similar to the 
well-defined adenoma-carcinoma sequence in pancreatic duc¬ 
tal adenocarcinoma (PanIN to invasive ductal carcinoma), 
IPMNs seem to follow a similar pattern progressing from 
IPMN adenoma, to borderline IPMN with dysplasia, to IPMN 
with CIS, and eventually to invasive carcinoma. Microscopi¬ 
cally, they consist of papillary projections lined by columnar 
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ITABLE 54.5 


DIAGNOSIS | 

COMPARISON BETWEEN MUCINOUS CYSTIC NEOPLASM (MCN) AND INTRADUCTAL 
PAPILLARY MUCINOUS NEOPLASM (IPMN) 


■ MCN 

■ IPMN 

Age (y) 

40-50 

60-80 

Gender 

More common in females 

More common in males 

Focation 

Body/tail 

Head 

Communicates with pancreatic duct 

No 

Yes 

Mucin at ampulla 

No 

Yes 

Ovarianlike stroma 

Yes 

No 


mucin-secreting cells. They show varying degrees of cellular 
atypia. The mean age of patients with invasive carcinoma is 
approximately 5 years older than patients with noninvasive 
IPMNs, suggesting an approximate 5-year lag period for pro¬ 
gression to malignancy. 

IPMNs are subclassified as main- and branch-duct types 
and as a mixed type that contains elements of both. Main- 
duct IPMN is characterized by involvement of the duct of 
Wirsung, which is dilated to more than 1 cm in diameter. 
Branch-duct IPMN originates in the side branches of the pan¬ 
creatic ductal system and appears as a multilobular cystic 
lesion communicating with a nondilated main pancreatic 
duct. Typically, branch-duct IPMN occurs in the uncinate 
process or head of the gland, but it can also be seen in the 
neck and distal pancreas. If the main duct is dilated with syn¬ 
chronous involvement of the branch ducts, it is described as a 
mixed IPMN. 

IPMNs are usually found in individuals in their 60s to 80s. 
Some patients may experience symptoms that include abdom¬ 
inal pain, steatorrhea, weight loss, jaundice, diabetes, and 
chronic pancreatitis. A substantial number of these lesions are 
also detected as incidental findings on cross-sectional imaging 
studies performed for other indications. IPMNs appear to be 
more common in the head, neck, and uncinate process of the 
pancreas but can be found diffusely throughout the whole 
gland. CT scans will typically reveal a cystic mass in the head 
of the pancreas that appears to communicate with the pancre¬ 
atic ductal system. On endoscopy, mucin can be seen oozing 
from the ampulla of Vater. Endoscopic retrograde cholan¬ 
giopancreatography (ERCP) can be used to confirm that the 
cysts communicate with the pancreatic ducts. 

MCNs are the main entity to consider in the differential 
diagnosis of IPMNs (Table 54.5). Two morphologic features 
distinguish IPMNs from MCNs: IPMNs communicate with 
ducts, while mucinous cysts do not; IPMNs also lack an ovar¬ 
ian stroma that is present in mucinous cysts. In addition, 
mucinous cysts are usually seen in the tail of the pancreas and 
occur in middle-aged women, whereas IPMNs are found in 
the head of the pancreas and occur in older individuals of 
either sex. 

As noted, IPMNs represent a continuum of disease from 
benign to malignant. In a large series of resected IPMNs from 
the Johns Hopkins Hospital, 11 the prognosis for the benign 
forms of the disease appears to be significantly better than 
for invasive IPMNs with 1-, 2-, and 5-year actuarial survivals 
of 97%, 94%, and 77%, respectively. Although invasive 
IPMNs are associated with disease progression and death, 
the prognosis remains markedly better than for invasive duc¬ 
tal carcinoma of the pancreas with survivals of 72%, 58%, 
and 43% at 1, 2, and 5 years, respectively. It is unclear 
whether this fact is due to earlier presentation or differences 
in tumor biology. 


International consensus guidelines for the management of 
IPMNs have been developed. 12 The guidelines suggest that 
patients with a main-duct component to their IPMN (i.e., 
main and mixed types) should be optimally managed with 
surgical resection since at least 60% of these lesions have evi¬ 
dence of malignancy (either carcinoma in situ or invasive 
cancer) in the resected specimen. The management of branch- 
type IPMNs, however, remains controversial. The guidelines 
suggest that branch-type IPMNs less than 3 cm can be safely 
observed if they are asymptomatic and have no concerning 
radiographic or cytopathologic evidence of malignancy 
(mural nodules or abnormal cytology of cyst fluid). The 
guidelines further suggest a management strategy for branch- 
type IPMNs based on size. For lesions less than 1 cm in size, 
management entails serial cross-sectional imaging. For lesions 
1 to 3 cm, management entails cross-sectional imaging, endo¬ 
scopic ultrasound, and cytology. In patients with lesions 1 to 
3 cm in size, surgical management is considered for symptoms 
or concerning radiographic (e.g., mural nodules, main-duct 
dilation) or cytopathologic evidence of malignancy. For lesions 
greater than 3 cm, surgical management is recommended even 
in the absence of other concerning features of malignancy. 
Again, the decision to resect must be individualized based on a 
variety of considerations. These include patient age, patient 
compliance for a surveillance program, and the quality of a 
surveillance program, which can vary according to available 
resources. 

The goal of surgical therapy for IPMNs should be a com¬ 
plete surgical resection yielding negative margins for all inva¬ 
sive and noninvasive disease. Unlike those patients with 
completely resected noninvasive MCNs (who are routinely 
cured), patients with completely resected noninvasive IPMNs 
should undergo careful follow-up and surveillance for the 
development of recurrent disease. Furthermore, patients with 
resected invasive IPMNs should also undergo careful follow¬ 
up and surveillance as they, too, remain at risk for the devel¬ 
opment of recurrent disease. 

Solid Pseudopapillary Tumor. Solid pseudopapillary 
tumors (SPTs), also termed solid and cystic tumors, papillary 
cystic tumors, Hamoudi tumors, and Frantz tumor, occur pri¬ 
marily in women in their third to fourth decade of life. Grossly, 
the masses range from 5 to 15 cm in diameter. The tumors 
show solid, cystic, and papillary components. Although most 
patients are cured after resection, metastases have been re¬ 
ported in a small number of cases. 


CLINICOPATHOLOGIC STAGING 


Accurate pathologic staging of pancreatic cancer is impor¬ 
tant for providing prognostic information to patients and for 
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TABLE 54. 

6 



STAGING 

AMERICAN JOINT COMMITTEE ON CANCER STAGING OF PANCREATIC CANCER 

■ STAGE 

■ T 

■ N 

■ M 

■ 5-Y SURVIVAL (%) 

IA 

Tl 

NO 

MO 

20-30 

IB 

T2 

NO 

MO 

20-30 

IIA 

T3 

NO 

MO 

10-25 

IIB 

Tl, T2, T3 

Nl 

MO 

10-15 

III 

T4 

Any N 

MO 

0-5 

IV 

Any T 

Any N 

Ml 

— 

TUMOR (T) 


TX: Primary tumor cannot be assessed 
TO: No evidence of primary tumor 
Tis: Carcinoma in situ 

Tl: Tumor limited to the pancreas, 2 cm or less in greatest dimension 
T2: Tumor limited to the pancreas, more than 2 cm in greatest dimension 

T3: Tumor extends beyond the pancreas but without involvement of the celiac axis or the 
superior mesenteric artery 

T4: Tumor involves the celiac axis or the superior mesenteric artery (unresectable primary 
tumor) 

REGIONAL LYMPH NODES (N) 

NX: Regional lymph nodes cannot be assessed 
NO: No regional lymph node metastasis 
Nl: Regional lymph node metastasis 
DISTANT METASTASIS (M) 

MX: Distant metastasis cannot be assessed 
MO: No distant metastasis 
Ml: Distant metastasis 

Adapted from American Joint Committee on Cancer. Exocrine pancreas. In: AJCC Cancer Staging Manual, 
6th ed. New York: Springer; 2002:157. 


comparing the results of various therapeutic trials. The Amer¬ 
ican Joint Committee on Cancer (AJCC) staging for pancreatic 
cancer is shown in Table 54.6. This system, based on the TNM 
classification, takes into account the extent of the primary 
tumor (T), the presence or absence of regional lymph node 
involvement (N), and the presence or absence of distant 
metastatic disease (M). 


DIAGNOSIS 


Clinical Presentation 


Many of the difficulties associated with the management of 
pancreatic cancer result from our inability to make the diag¬ 
nosis at an early stage. The early symptoms of pancreatic can¬ 
cer include anorexia, weight loss, abdominal discomfort, and 
nausea. Unfortunately, the nonspecific nature of these symp¬ 
toms often leads to a delay in the diagnosis. Specific symptoms 
usually develop only after invasion or obstruction of nearby 
structures has occurred. Most pancreatic cancers arise in the 
head of the pancreas, and obstruction of the intrapancreatic 
portion of the common bile duct leads to progressive jaundice, 
acholic stools, darkening of the urine, and pruritus. Pain is a 
common symptom of pancreatic cancer. The pain usually 
starts as vague upper abdominal or back pain that is often 
ignored by the patient or attributed to some other cause. It is 
usually worse in the supine position and is often relieved by 


leaning forward. Pain may be caused by invasion of the tumor 
into the splanchnic plexus and retroperitoneum and by 
obstruction of the pancreatic duct. Other digestive symptoms 
are also common in pancreatic cancer (Table 54.7). 

Occasionally, pancreatic cancer may be discovered in an 
unusual manner. The onset of diabetes may be the first clinical 
feature in 10% to 15% of patients. An episode of acute pan¬ 
creatitis may also be the initial presentation of pancreatic can¬ 
cer if the tumor partially obstructs the pancreatic duct. It is 
important to consider a pancreatic cancer in patients present¬ 
ing with acute pancreatitis, especially those without an obvi¬ 
ous cause for their pancreatitis (alcohol or gallstones). 

The most common physical finding at the initial presenta¬ 
tion is jaundice (Table 54.8). Hepatomegaly and a palpable 
gallbladder may be present in some patients. In cases of 
advanced disease, cachexia, muscle wasting, or a nodular liver, 
consistent with metastatic disease, may be evident. Other 
physical findings in patients with disseminated cancer include 
left supraclavicular adenopathy (Virchow node), periumbilical 
adenopathy (Sister Mary Joseph node), and pelvic drop metas- 
tases (Blumer shelf). Ascites can be present in 15% of patients. 


Laboratory Studies 

In patients with cancer of the head of the pancreas, laboratory 
studies usually reveal a significant increase in serum total 
bilirubin, alkaline phosphatase, and y-glutamyl transferase, 
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ITABLE 54.7 

DIAGNOSIS | 

SYMPTOMS OF PANCREATIC CANCER 

■ SYMPTOM 

■ PATIENTS (%) 

HEAD 

Weight loss 

92 

Jaundice 

82 

Pain 

72 

Anorexia 

64 

Dark urine 

63 

Light stools 

62 

Nausea 

45 

Vomiting 

37 

Weakness 

35 

Pruritus 

24 

Diarrhea 

18 

Melena 

12 

Constipation 

11 

Fever 

11 

Hematemesis 

8 

BODY AND TAIL 

Weight loss 

100 

Pain 

87 

Weakness 

43 

Nausea 

43 

Vomiting 

37 

Anorexia 

33 

Constipation 

27 

Hematemesis 

17 

Melena 

17 

Jaundice 

7 

Fever 

7 

Diarrhea 

3 


ITABLE 54.8 

DIAGNOSIS | 

SIGNS OF PANCREATIC CANCER 

■ SIGN 

■ PATIENTS (%) 

HEAD 

Jaundice 

87 

Palpable liver 

83 

Palpable gallbladder 

29 

Tenderness 

26 

Ascites 

14 

Abdominal mass 

13 

BODY AND TAIL 

Palpable liver 

33 

Tenderness 

27 

Abdominal mass 

23 

Ascites 

20 

Jaundice 

13 

Diarrhea 

3 


indicating bile duct obstruction. The transaminases can also be 
elevated but usually not to the same extent as the alkaline 
phosphatase. In patients with localized cancer of the body and 
tail of the pancreas, laboratory values are frequently normal 
early in the course. Patients with pancreatic cancer may also 
demonstrate a normochromic anemia and hypoalbuminemia 
secondary to the nutritional consequences of the disease. In 
patients with jaundice, the prothrombin time can be abnormally 
prolonged. This usually is an indication of biliary obstruction, 
which prevents bile from entering the gastrointestinal tract and 
leads to malabsorption of fat-soluble vitamins and decreased 
hepatic production of vitamin K-dependent clotting factors. 
The prothrombin time can usually be normalized by the 
administration of parenteral vitamin K. Serum amylase and 
lipase levels are usually normal in patients with pancreatic 
cancer. 

A wide variety of serum tumor markers have been pro¬ 
posed for use in the diagnosis and follow-up of patients with 
pancreatic cancer. The most extensively studied of these is CA 
19-9, a Lewis blood group-related mucin glycoprotein. 
Approximately 5 % of the population lacks the Lewis gene and 
therefore cannot produce CA 19-9. When a normal upper 
limit of 37 U/mL is used, the accuracy of the CA 19-9 level in 
identifying patients with pancreatic adenocarcinoma is only 
about 80%. When a higher cutoff value of more than 90 U/mL 
is used, the accuracy improves to 85%, and increasing the cut¬ 
off value to 200 U/mL increases the accuracy to 95%. 13 The 
combined use of CA 19-9 and ultrasonography, CT, or ERCP 
can improve the accuracy of the individual tests, so that the 
combined accuracy approaches 100% for the diagnosis of 
pancreatic cancer. Levels of CA 19-9 have also been correlated 
with prognosis and tumor recurrence. In general, higher CA 
19-9 values before surgery indicate an increased size of the 
primary tumor and increased rate of unresectability. In addi¬ 
tion, the CA 19-9 level has been used to monitor the results of 
neoadjuvant and adjuvant chemoradiation therapy in patients. 
Increasing CA 19-9 levels usually indicate recurrence or pro¬ 
gression of disease, whereas stable or declining levels indicate 
a stable tumor burden, absence of recurrence on imaging stud¬ 
ies, and an improved prognosis. 


Radiologic Investigations 


o 


Radiologic imaging plays a crucial role in the diagnosis, staging, 
and follow-up of patients with pancreatic cancer. In addition to 
identifying the primary tumor, the goals of imaging include the 
assessment of local and regional invasion, evaluation of lymph 
nodes and vascular structures, identification of distant metasta¬ 
tic disease, and determination of tumor resectability. Ultra¬ 
sonography, CT, and magnetic resonance imaging (MRI) are all 
useful noninvasive tests in the patient suspected of having a pan¬ 
creatic cancer. 

Transabdominal ultrasonography is operator dependent 
but can demonstrate dilated intrahepatic and extrahepatic bile 
ducts, liver metastases, pancreatic masses, ascites, and enlarged 
peripancreatic lymph nodes. Pancreatic cancer typically 
appears as a hypoechoic mass on ultrasonography. Ultra¬ 
sonography will reveal a pancreatic mass in 60% to 70% of 
patients with cancer. Because helical CT is just as sensitive as 
ultrasonography and provides more complete information 
about surrounding structures and the local and distant extent 
of the disease, transabdominal ultrasonography has been 
largely replaced by CT. 

Helical or spiral CT is currently the preferred noninvasive 
imaging test for the diagnosis of pancreatic cancer. Pancreatic 
cancer usually appears as an area of pancreatic enlargement 
with a localized hypodense lesion (Fig. 54.3). For pancreatic 
lesions, a dual-phase intravenous contrast study is ideal. Thin 
cuts are obtained through the pancreas and liver during both an 
arterial phase and portal venous phase after the administration 
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FIGURE 54.3. Computed tomogram of the abdomen of a patient with adenocarcinoma of the pancreas. A: The obstructed and dilated common 
bile duct (light arrow) and pancreatic duct (dark arrow) can be seen. In the adjacent cross section (B), a large mass is present in the head of the 
pancreas (arrow). 


of intravenous contrast. In addition to determining the pri¬ 
mary tumor size, CT is used to evaluate invasion into local 
structures or metastatic disease. 

In general, MRI offers no significant advantages over CT 
because of a low signal-to-noise ratio, motion artifacts, lack of 
bowel opacification, and low spatial resolution. MRI can be 
considered an alternative preoperative staging exam in 
patients with allergies to iodinated contrast agents and in 
patients with renal insufficiency. On MRI, a typical pancreatic 
adenocarcinoma appears hypointense on Tl-weighted, 
unenhanced images, and has a variable appearance on T2- 
weighted sequences. The T2 signal of the tumor is often 
dependent on the amount of desmoplastic response associated 



FIGURE 54.4. Endoscopic retrograde cholangiopancreatography in a 
patient with adenocarcinoma of the pancreas demonstrates a stricture 
of both the distal common bile duct and the pancreatic duct (arrow). 


with the tumor. On dynamic imaging following a gadolinium 
contrast injection, an adenocarcinoma enhances relatively 
less than the background pancreatic parenchyma in the early 
phase and then reveals progressive enhancement in the sub¬ 
sequent phases. Magnetic resonance imaging with magnetic 
resonance cholangiopancreatography (MRCP) is currently 
indicated for noninvasive diagnostic imaging to evaluate the 
biliary and pancreatic ducts and may be the optimal method 
to survey patients with IPMN and the pancreatic remnant 
after surgery. 

Traditionally, the next step in the evaluation of the jaun¬ 
diced patient has been cholangiography, either by the endo- | 
scopic or by the percutaneous route. If the endoscopic 
approach is used, the duodenum and ampulla can be visualized 
and biopsy specimens obtained if necessary. In addition, ERCP 
allows for direct imaging of the pancreatic duct. The sensitivity 
of ERCP for the diagnosis of pancreatic cancer approaches 
90%. The finding of a long, irregular stricture in an otherwise 
normal pancreatic duct is highly suggestive of a pancreatic 
cancer (Fig. 54.4). Often, the pancreatic duct will be 
obstructed with no distal filling. Although ERCP is reliable in 
confirming the presence of a clinically suspected pancreatic 
cancer, it should not be used routinely. Diagnostic ERCP 
should be reserved for patients with presumed pancreatic can¬ 
cer and obstructive jaundice in whom no mass is demonstrated 
on CT, symptomatic but nonjaundiced patients without an 
obvious pancreatic mass, and patients with chronic pancreati¬ 
tis who develop jaundice. 


PREOPERATIVE STAGING 


The goal of preoperative staging of pancreatic cancer is to 
determine the feasibility of surgery and the optimal treatment 
for each individual patient. In many cases, dynamic CT with 
oral and intravenous contrast may provide all the information 
necessary. With objective, specific anatomy-based CT criteria, 
patients with pancreatic cancer can be stratified into three dis¬ 
tinct groups: (a) metastatic, defined by CT evidence of distant 
metastatic spread to the liver, peritoneum, or lung; (b) locally 
advanced, which is defined by CT evidence of arterial 
encroachment of the celiac axis or superior mesenteric artery 
or venous involvement or occlusion of the superior mesenteric 
or portal veins; and (c) potentially resectable, which is defined 
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FIGURE 54.5. Endoscopic ultrasonogram of a 2.2-cm mass in the 
head of the pancreas. The transducer tip is located in the duodenum. 
The dilated common bile duct and gallbladder (GB) can be seen at the 
top of the image. The pancreatic duct (PD) is also dilated. The mass 
involves the portal vein (PV). 


as no CT evidence of extrapancreatic disease, a patent superior 
mesenteric vein (SMV)-portal vein confluence, and no evi¬ 
dence of direct tumor extension to the celiac axis or superior 
mesenteric artery. Up to 85% of potentially resectable patients 
can be resected, whereas only 20% of patients with locally 
advanced pancreatic cancer can be successfully resected. 14 For 
tumors of the head, neck, or uncinate process of the pancreas, 
occlusion of the SMV or portal vein along with the presence of 
periportal collateral vessels is a sign of unresectability and typ¬ 
ically precludes resection for cure. In contrast, for tumors of 
the body and tail of the pancreas, occlusion of the splenic vein 
with perigastric collaterals does not always preclude resection 
and should not be considered a sign of unresectability. 

Endoscopic ultrasonography (EUS) is a minimally invasive 
technique in which a high-frequency ultrasonographic probe is 
placed into the stomach and duodenum endoscopically and 
the pancreas is imaged. Tumors appear as hypoechoic areas in 
the pancreatic substance (Fig. 54.5). The strengths of EUS 
techniques for pancreatic cancer are the clarification of small 
lesions (<2 cm) when CT findings are questionable or nega¬ 
tive, detection of malignant lymphadenopathy, detection of 
vascular involvement, and the ability to perform EUS-guided 
fine-needle aspiration (FNA) for definitive diagnosis and stag¬ 
ing. EUS is not effective in assessing metastatic disease to the 
liver. In patients for whom a tissue diagnosis is required (poor 
operative candidates or undergoing neoadjuvant therapy), 
EUS-guided FNA has been used to acquire tissue samples for 
cytologic analysis. This approach may avoid the risks of tumor 
seeding from percutaneous biopsy. The accuracy of EUS with¬ 
out FNA averages 85% for determining T-stage and 70% for 
determining N-stage disease. The combination of EUS and 
FNA has a sensitivity of 93% and a specificity of 100% for T- 
stage and an accuracy of 88% for N-stage disease. 15 At the 
time of diagnosis, only 10% of patients have tumors confined 
to the pancreas, 40% have locally advanced disease, and more 
than 50% have distant spread. 

Percutaneous FNA of pancreatic masses is helpful in 
selected patients. The technique is safe and generally reliable 
but is of limited use in patients in whom surgical exploration 
for attempted resection or palliation is planned. The reasons 


for not using FNA or percutaneous biopsy in potentially 
resectable lesions are twofold. First, even after repeated sam¬ 
pling, a negative result does not exclude malignancy; in fact, it 
is the smaller and likely more curable tumors that are likely to 
be missed by the needle. The second concern is the potential 
for seeding of the tumor, either along the needle tract or with 
intraperitoneal spread. Percutaneous biopsy is primarily indi¬ 
cated in patients with unresectable cancers based on preopera¬ 
tive staging to direct palliative chemoradiation therapy or in 
patients with cancer in the head of the pancreas for whom 
neoadjuvant protocols are being considered. Currently, how¬ 
ever, EUS is the preferred technique when possible in either 
situation. 


STAGING LAPAROSCOPY 


The use of diagnostic laparoscopy in pancreatic cancer 
remains controversial. Proponents believe that laparoscopy 
can identify a substantial number of unresectable patients with 
advanced disease and, therefore, should be uniformly applied 
to all patients with potentially resectable tumors. 16 On the 
other hand, opponents believe that the inherent cost of such a 
practice far outweighs the benefit to the small number of 
patients in whom diagnostic laparoscopy is useful. The liver 
and peritoneum are the most common sites of distant spread 
of pancreatic carcinoma. Once distant metastases have devel¬ 
oped, survival is so limited that a conservative approach is 
usually indicated. Liver metastases larger than 1 cm in diame¬ 
ter can usually be detected by CT, but approximately 30% of 
these metastases are smaller and therefore may not be rou¬ 
tinely detected. Moreover, peritoneal and omental metastases 
are usually only 1 to 2 mm in size and frequently can be 
detected only by direct visualization. With the recent improve¬ 
ments in CT imaging, the rate of unsuspected positive peri¬ 
toneal findings approaches 10% to 15% for all patients. The 
percentage, however, varies with tumor location. Patients pre¬ 
senting with obstructive jaundice secondary to tumors in the 
head of the pancreas typically have only a 15% to 20% inci¬ 
dence of unexpected intraperitoneal metastasis after routine 
staging studies. In contrast, unexpected peritoneal metastasis 
is found in up to 50% of patients with cancer of the body and 
tail of the pancreas. 17 

Selective use of staging laparoscopy should be considered 
for patients at high risk of occult metastatic disease (Table 54.9). 
The information gained from preoperative staging provides 
the basis for planning therapy for each individual patient. If 


TABLE 54.9 DIAGNOSIS 


SIGNS OF HIGH RISK OF OCCULT METASTATIC DISEASE 

Large primary tumors 

Lesions in the neck, body, or tail of the pancreas 

Equivocal radiographic findings suggestive of occult distant 
metastatic disease 

Low-volume ascites 

CT findings indicating possible carcinomatosis 

Small hypodense regions in the hepatic parenchyma that 
suggest hepatic metastases that are not amenable to 
percutaneous biopsy 

Subtle clinical and laboratory findings suggesting more 
advanced disease (e.g., marked hypoalbuminemia and/or 
weight loss, significant increases in CA19-9 level, and 
relatively severe pain requiring narcotic analgesia) 


CT, computed tomography. 
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ALGORITHM 54.1 


ALGORITHM 54.1. Diagnosis and management of pancreatic cancer. (After Tsiotis GG, Sarr MG. Diagnosis and clinical staging of pancreatic 
cancer. In: Howard JM, Idezuki Y, Ihse I, et al., eds. Surgical Disease of the Pancreas, 3rd ed. Baltimore: Williams & Wilkins; 1998:510.) 


the results of preoperative staging with CT/MRI and laparoscopy 
show localized disease, resectability rates may approach 90% 
for tumors in the head of the pancreas. A decision tree for the 
clinical staging of suspected pancreatic cancer is shown in 
Algorithm 54.1. 


RESECTION OF PANCREATIC 
CARCINOMA 

Carcinoma of the Head, Neck, 
or Uncinate Process 

In 1912, Kaush 18 reported the first successful resection of the 
duodenum and a portion of the pancreas for an ampullary 
cancer. In 1935, Whipple et al. 19 described a technique for rad¬ 
ical excision of a periampullary carcinoma. The operation was 
originally performed in two stages. A cholecystogastrostomy 
to decompress the obstructed biliary tree and a gastrojejunos¬ 
tomy to relieve gastric outlet obstruction comprised the first 
stage. The second stage was performed several weeks later 
when the jaundice had resolved and the nutritional status had 
improved. During the second stage, an en bloc resection of the 
second portion of the duodenum and head of the pancreas was 
performed without reestablishing pancreatic-enteric continu¬ 
ity. Although earlier contributions had been made, the report 
by Whipple et al. began the modern-day approach to the treat¬ 
ment of pancreatic carcinoma. 

Since Whipple’s original description, pancreaticoduodenal 
resection has undergone numerous modifications and technical 
refinements. Unfortunately, during most of the first 50 years 
when the procedure was performed, the reported morbidity 
and mortality rates were unacceptably high, and long-term 
survival rates were disappointing. During the late 1960s and 
1970s, the high operative morbidity and mortality and poor 


long-term survival rates led some surgeons to suggest that the 
Whipple procedure be abandoned. However, during the last 
two decades, a number of reports have documented improved 
operative results and long-term survival rates for patients with 
periampullary tumors following the Whipple procedure, so 
that a resurgence in its popularity has occurred. 

The operative management of pancreatic cancer consists of 
two phases: first, assessing tumor resectability and then, if the 
tumor is resectable, completing a pancreaticoduodenectomy 
and restoring gastrointestinal continuity. After the abdomen 
has been opened through an upper midline or bilateral sub¬ 
costal incision, a careful search for tumor outside the limits of 
a pancreaticoduodenal resection should be carried out. The 
liver, omentum, and peritoneal surfaces are inspected and pal¬ 
pated, and suspect lesions are sampled and specimens submit¬ 
ted for frozen section analysis. Next, regional lymph nodes are 
evaluated for tumor involvement. The presence of tumor in the 
periaortic lymph nodes of the celiac axis indicates that the tumor 
is beyond the limits of normal resection. However, the pres¬ 
ence of tumor-bearing lymph nodes that normally would be 
incorporated within the resection specimen do not constitute a 
contraindication to resection. 

Once distant metastases have been excluded, the primary 
tumor is assessed in regard to resectability. Local factors that 
preclude pancreaticoduodenal resection include retroperi¬ 
toneal extension of the tumor to involve the inferior vena cava 
or aorta or direct involvement or encasement of the superior 
mesenteric artery, hepatic artery, and celiac axis. Involvement 
of the SMV or portal vein can be managed with venous resec¬ 
tion and reconstruction in select cases. The technical aspects of 
determining local resectability begin with a Kocher maneuver 
and mobilization of the duodenum and head of the pancreas 
from the underlying inferior vena cava and aorta. Once the 
duodenum and head of the pancreas are mobilized sufficiently, 
the surgeon’s hand can be placed under the duodenum and 
head of the pancreas to palpate the relationship of the tumor 
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mass to the superior mesenteric artery. Inability of the surgeon 
to identify a plane of normal tissue between the mass and the 
arterial pulsation indicates direct tumor involvement of the 
superior mesenteric artery, and the possibility of complete 
tumor resection is eliminated. 

The final step to determine resectability involves dissection 
of the superior mesenteric and portal veins to rule out tumor 
invasion. Identification of the portal vein can be simplified 
greatly if the common hepatic duct is divided and reflected 
early in the dissection. Once the hepatic duct has been divided, 
the posteriorly located portal vein can be identified easily. 
After the anterior surface of the portal vein is dissected posterior 
to the neck of the pancreas, the next step is to identify the SMV 
and dissect its anterior surface. This is done most easily by 
extending the Kocher maneuver past the second portion of the 
duodenum to include the third and fourth portions of the duo¬ 
denum. During this extensive kocherization, the first structure 
that one encounters anterior to the third portion of the duode¬ 
num is the SMV. The anterior surface of the vein then can be 
cleaned rapidly and dissected under direct vision by retracting 
the neck of the pancreas anteriorly. The dissection is continued 
until it connects to the portal vein dissection from above. 

Most experienced pancreatic surgeons, at this point, pro¬ 
ceed with a pancreaticoduodenectomy without obtaining a tis¬ 
sue diagnosis. The clinical presentation, results of preoperative 
CT and cholangiography, and operative findings of a palpable 
mass in the head of the pancreas surpass the ability of an intra¬ 
operative biopsy to define the diagnosis of malignancy. 

Having excluded regional and distant metastases and 
demonstrated no tumor involvement in major vascular struc¬ 
tures, the surgeon can proceed with pancreaticoduodenectomy 
with a high degree of certainty that the tumor is resectable. In 
the pylorus-preserving modification of pancreaticoduodenec¬ 
tomy, the duodenum is first mobilized and divided approxi¬ 
mately 2 cm distal to the pylorus. If a classic Whipple procedure 
is to be performed, the stomach is divided to include approxi¬ 
mately 40% to 50% of the stomach with the resected specimen. 
The gastroduodenal artery is exposed, ligated, and divided near 
its origin at the common hepatic artery. It is always important to 
confirm, before ligation, that the structure to be ligated is indeed 
the gastroduodenal artery and not a replaced right hepatic 
artery. Next, the neck of the pancreas is divided, with care taken 
to avoid injury to the underlying superior mesenteric and portal 
veins. The portal and superior mesenteric veins are then dis¬ 
sected from the uncinate process and head of the pancreas. At 
this point, the fourth portion of the duodenum and the proximal 
jejunum are mobilized, with the proximal jejunum divided 
approximately 10 cm distal to the ligament of Treitz. The prox¬ 
imal jejunum and fourth portion of the duodenum are passed 
under the superior mesenteric vessels to the right, and the unci¬ 
nate process is dissected from the superior mesenteric artery. 
The course of the superior mesenteric artery should be clearly 
identified to avoid injury to this structure. At this point, the 
specimen consisting of the gallbladder and common bile duct; 
the head, neck, and uncinate process of the pancreas; the entire 
duodenum; and the proximal jejunum (and the distal stomach 
for a traditional Whipple procedure) is freed completely and 
removed from the operative field (Fig. 54.6). 

There are a number of techniques for restoring gastroin¬ 
testinal continuity after a pancreaticoduodenal resection. Our 
preferred technique is to bring the end of the divided jejunum 
through the transverse mesocolon in a retrocolic fashion and 
perform an end-to-side pancreaticojej unostomy. The anasto¬ 
mosis is begun by placing a series of interrupted 3-0 silk 
sutures between the side of the jejunum and the posterior cap¬ 
sule of the end of the pancreas. A small enterotomy is then 
made in the jejunum to match the size of the pancreatic duct 
and an inner layer of interrupted 5-0 absorbable monofila¬ 
ment sutures is used to create a duct-to-mucosa anastomosis. 
A short segment of a pediatric feeding tube may be placed 
across the anastomosis to be used as a temporary indwelling 


stent. The anastomosis is completed with an outer layer of 3-0 
silk sutures placed between the anterior pancreatic capsule and 
the jejunum. An alternative to this duct-to-mucosa technique 
is to create an enterotomy approximately the same size as the 
pancreatic neck and to complete a running anastomosis circum¬ 
ferentially around the entire gland. This technique then allows 
invagination of the neck 1 to 2 cm into the lumen of the bowel 
by the outer anterior layer of the anastomosis. The biliary- 
enteric anastomosis is performed 10 cm distal to the pancre¬ 
aticojej unostomy. An end-to-side hepaticojejunostomy is per¬ 
formed with a single interrupted layer of 4-0 absorbable 
synthetic suture material. No T-tube or stent is generally nec¬ 
essary. Approximately 15 cm distal to the biliary-enteric anas¬ 
tomosis, an end-to-side duodenojejunostomy is performed with 
an inner continuous layer of 3-0 absorbable synthetic suture 
material and an outer interrupted layer of 3-0 silk. Alterna¬ 
tively, some experienced pancreatic surgeons perform the 
duodenal-jejunal anastomosis further distally in an antecolic 
position, feeling that this technique decreases the incidence of 
early postoperative delayed gastric emptying. The final recon¬ 
struction is shown in Figure 54.6C. 

Extent of Resection. Several technical aspects of pancreati¬ 
coduodenectomy remain controversial: (a) whether or not a 
radical lymph node dissection is necessary, (b) whether a 
pylorus-preserving or classic pancreaticoduodenectomy should 
be performed, and (c) whether or not there is a role for laparo¬ 
scopic pancreatic resections. 

Several nonrandomized retrospective studies have advo¬ 
cated adding a radical (extended) retroperitoneal lymph node 
dissection to pancreaticoduodenectomy in an attempt to 
improve survival. However, results from four randomized 
prospective trials 20-23 (Table 54.10) have shown extended 
lymph node dissections not to be beneficial. The prospective 
trial performed by Pedrazzoli et al. 20 suggested a survival 
advantage to extended retroperitoneal lymph node dissection 
in patients with positive lymph nodes. Eighty-one patients 
with pancreatic adenocarcinoma were randomized to either 
standard or radical lymphadenectomy over 3 years at six dif¬ 
ferent institutions. While the two groups were similar with 
respect to preoperative parameters, operative morbidity, and 
overall survival, a subgroup analysis of the 48 patients with 
positive lymph nodes showed a statistically significant survival 
advantage for patients undergoing the extended lymph node 
dissection. However, the largest prospective randomized trial 
from the Johns Hopkins Hospital failed to demonstrate a sur¬ 
vival advantage for a radical resection as compared with a 
classic pancreaticoduodenectomy. 21 Two hundred and ninety- 
four patients undergoing resection for periampullary adeno¬ 
carcinoma were randomized between a standard resection 
(pylorus-preserving pancreaticoduodenectomy with en bloc 
resection of the anterior and posterior pancreaticoduodenal 
lymph nodes, lower hepatoduodenal lymph nodes, and nodes 
along the right lateral aspect of the superior artery and vein) 
and a radical resection (standard resection plus distal gastrec¬ 
tomy and retroperitoneal lymph node dissection extending 
from the right renal hilum to the left lateral border of the aorta 
and from the portal vein to the inferior mesenteric artery). The 
groups did not differ with respect to age, gender, site of pri¬ 
mary tumor, lymph node status, or margin status. There were 
no significant differences in 1-, 3-, or 5-year and median survival 
when comparing the standard and radical groups (Fig. 54.7). 
However, the radical group had a higher overall morbidity 
(43% vs. 29%) with significantly higher rates of delayed gas¬ 
tric emptying and pancreatic fistula in addition to a longer 
postoperative hospital stay. 

In 1978, Traverso and Longmire 24 popularized the pylorus¬ 
preserving modification of the Whipple procedure. Preserving 
antral and pyloric function, the pylorus-preserving Whipple 
procedure reduces the incidence of troublesome postgastrec¬ 
tomy symptoms. A number of studies have documented that 
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FIGURE 54.6. Pancreaticoduodenectomy. A: The tissue to be resected 
in a standard pancreaticoduodenectomy. B: Reconstruction after a stan¬ 
dard pancreaticoduodenectomy. C: Reconstruction after the pylorus¬ 
sparing variation. 


TABLE 54.10 TREATMENT 


RANDOMIZED PROSPECTIVE TRIALS OF STANDARD VERSUS EXTENDED LYMPH ADEN ECTOMY FOR PANCREATIC CANCER 

■ OP ■ MORBIDITY ■ MORTALITY ■ 3-Y SURVIVAL 

■ AUTHOR ■ YEAR ■ PROCEDURE ■ n TIME (h) (%) (%) (%) 


Pedrazzoli et al. 20 

1998 

Standard 

40 

6.2 

35 

5 

12 



Extended 

41 

6.6 

45 

5 

6 

Yeo et al. 21 

2002 

Standard 

146 

5.9 

29 

4 

36 



Extended 

148 

6.4 

43 

2 

38 

Nimura et al. 22 

2004 

Standard 

51 

7.0 

12 

0 

29 



Extended 

50 

9.0 

20 

2 

17 

Farnell et al. 23 

2005 

Standard 

34 

6.2 

35 

0 

41 



Extended 

31 

7.6 

45 

2.6 

25 
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FIGURE 54.7. Actuarial survival for standard versus 1.0 

radical pancreaticoduodenectomy. (Reproduced with per¬ 
mission from Yeo CJ, Cameron JL, Lillemoe KD, et al. 0.9 
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gastrointestinal function is better preserved in the pylorus¬ 
sparing modification than in the traditional operation. In addi¬ 
tion, compared with the classic Whipple operation, the 
pylorus-preserving procedure is less time-consuming and tech¬ 
nically easier to perform. Concerns exist in the use of the 
pylorus-preserving Whipple procedure for the management of 
periampullary tumors because of the possibility of compromis¬ 
ing the already small proximal surgical margin of resection. 
This question has been addressed by a number of authors, and 
no difference appears to be found in survival among those 
patients treated with the pylorus-sparing Whipple procedure and 
those managed by the traditional Whipple resection. 25-27 There¬ 
fore, many pancreatic surgeons favor pylorus-preserving pancre¬ 
aticoduodenectomy because it shortens the operative time, retains 
the entire stomach as a reservoir, and has a similar survival rate as 
compared with the classic pancreaticoduodenectomy. 

In recent years significant advances have been made in the 
application of minimally invasive techniques to the manage¬ 
ment of both benign and malignant pancreatic disorders. Ini¬ 
tially, laparoscopic pancreatic surgery was limited to diagnos¬ 
tic staging in patients with pancreatic cancer prior to resection. 
More recently minimally invasive techniques have been used 
to manage benign and malignant lesions of the pancreas. 
While laparoscopic distal pancreatic resections are being per¬ 
formed with increasing frequency, 28 the role of laparoscopic 
pancreaticoduodenectomy (PD) remains controversial. 
Laparoscopic PD is a technically demanding procedure due to 
the retroperitoneal location of the pancreas, its intimate asso¬ 
ciation with surrounding gastrointestinal and major vascular 
structures, and the need for three separate anastomoses to 
complete the reconstruction. In addition, it is unclear whether 
an adequate cancer operation can be performed with respect 
to lymph node harvest and margin status in patients with 
malignancy. Currently, laparoscopic PD is only performed in a 
handful of specialized centers. The procedures are performed 
as either pure laparoscopic, hand assisted or as laparoscopic- 
assisted procedures with the resection being performed laparo- 
scopically and the reconstruction being completed via a 
“mini” laparotomy or through a hand port. 

Palanivelu et al. 29 describe 42 patients who successfully 
underwent laparoscopic PD for ampullary carcinoma (n = 
24), pancreatic cystadenocarcinoma (n = 4), pancreatic ade¬ 
nocarcinoma (n = 9), distal cholangiocarcinoma (n = 3), and 
chronic pancreatitis (n = 2). All of the procedures were able to 
be completed with a totally laparoscopic technique and there 
were no conversions to open. There was one perioperative 
mortality (2.4%) and the complication rate was 31%. The oper¬ 
ative time averaged 370 minutes and the postoperative length 
of stay was 10.1 days. All patients underwent an R0 resection 


and the mean number of lymph nodes removed in the speci¬ 
men was 13 (range, 8 to 21). These results are comparable to 
those of open pancreaticoduodenectomy. The authors empha¬ 
size the importance of patient selection in attempting laparo¬ 
scopic PD. They recommend limiting the procedure to other¬ 
wise healthy, nonobese patients with early ampullary or distal 
bile duct cancers or patients with small (<2 cm) pancreatic 
cancers with minimal inflammatory changes in the pancreas 
and no evidence of superior mesenteric vein/portal vein 
involvement by preoperative imaging. In addition, they state 
that it should be attempted only after obtaining considerable 
experience in laparoscopic pancreatic surgery and not simply 
advanced laparoscopic surgery. 


Carcinoma of the Body and Tail 

The surgical management of adenocarcinoma of the body and 
tail of the pancreas is much more limited than that of the head 
of the pancreas because of the extent of the disease usually pres¬ 
ent at the time of symptomatic presentation. Most patients are 
unable to undergo resection, based on findings of major vascu¬ 
lar involvement on CT or peritoneal or liver metastases on 
laparoscopy. If an attempt at open exploration for possible cure 
is undertaken, the exploration should be started with a search 
for evidence of either metastatic disease to the liver or peri¬ 
toneal implants. If this is not the case, the lesser sac is opened, 
and the SMV is identified as it passes under the neck of the pan¬ 
creas. If this vessel is normal, and if the splenic vein does not 
appear to be obstructed preoperatively, a distal pancreatectomy 
with splenectomy is performed. The spleen is mobilized, as is 
the distal pancreas, and an en bloc resection of the structure, 
including the mass, is obtained. The resection should be 
extended as proximally as possible, with the transected pan¬ 
creas simply oversewn. The tumor bed should be marked with 
the placement of clips for postoperative radiation therapy. If, as 
in most cases, the tumor cannot be resected, a tissue biopsy 
should be performed, in addition to a chemical splanchnicec- 
tomy with alcohol for pain management. In some cases, a pro¬ 
phylactic gastrojejunostomy may be indicated because of the 
potential for obstruction by tumor at the ligament of Treitz. 


Postoperative Results 

Q During the 1960s and 1970s, many centers reported operative 
mortality following pancreaticoduodenectomy in the range of 
20% to 40%, with postoperative morbidity rates as high as 
40% to 60%. During the last two decades, a dramatic decline 
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TABLE 54.11 COMPLICATIONS 


COMPLICATIONS AFTER PANCREATICODUODENECTOMY 

COMMON 

Delayed gastric emptying 
Pancreatic fistula 
Intra-abdominal abscess 
Hemorrhage 
Wound infection 
Metabolic 
Diabetes 

Pancreatic exocrine insufficiency 
UNCOMMON 
Fistula 
Biliary 
Duodenal 
Gastric 
Organ failure 
Cardiac 
Hepatic 
Pulmonary 
Renal 

Pancreatitis 
Marginal ulceration 


From Yeo CJ, Cameron JL. Pancreatic cancer. Cun Probl Surg 1999; 
36:61, with permission. 


in operative morbidity and mortality following pancreatico¬ 
duodenectomy has been reported at a number of centers, with 
operative mortality rates in the range of 2% to 5 %. 30-32 The 
reasons behind this decline appear to be the following: (a) 
fewer, more experienced surgeons are performing the opera¬ 
tion on a more frequent basis; (b) preoperative and postopera¬ 
tive care has improved; (c) anesthetic management has 
improved; and (d) large numbers of patients are being treated 
at high-volume centers. 33 

Although the operative mortality rates for pancreatic can¬ 
cer have been reduced significantly, the complication rates 
approach 40% (Table 54.11). Pancreatic fistula remains the 
most frequent serious complication following pancreaticoduo¬ 
denectomy, with an incidence ranging from 5 % to 15 %. In the 
past, the development of pancreatic fistula after pancreatico¬ 
duodenectomy was associated with mortality rates of 10% to 
40%. Although the incidence of pancreatic fistula following 
pancreaticoduodenectomy remains stable, the overall associ¬ 
ated mortality rate has diminished owing to improved man¬ 
agement. Important supportive measures include careful main¬ 
tenance of fluid and electrolyte balance, parenteral nutrition, 
and controlling the pancreatic leak with percutaneous or intra¬ 
operative drainage. 


Long-term Survival 

Historically, 5-year survival rates for patients undergoing resec¬ 
tion for adenocarcinoma of the head of the pancreas were 
reported to be in the range of 5%. However, recent studies have 
suggested an improved survival for patients following pancre- 
Q aticoduodenectomy. In 2006, Winter et al. 34 reported on 1,175 
patients with cancer of the pancreas managed by resection. The 


actuarial 5-year survival for these patients was 18%, with a 
median survival of 18 months (Fig. 54.8). In this study, fac¬ 
tors found to be important predictors of survival included 
tumor diameter (<3 cm), negative resection margin status, 
well/moderate tumor differentiation, and postoperative 
chemoradiation treatment. Patients who underwent resection 
with negative margins had a median survival of 20 months 
and a 5-year survival of 21%, whereas those with positive 
margins fared significantly worse, with a median survival of 
14 months and a 5-year survival of 12%. The outcome was 
particularly favorable in the subgroup of patients with small 
tumors (<3 cm) who underwent margin-negative, node-nega¬ 
tive resections; the median survival was 44 months and the 
5-year survival was 43%. 


ADJUVANT AND 
NEOADJUVANT THERAPY 

At present, the general consensus of most surgeons treating 
patients with pancreatic carcinoma is that any future improve¬ 
ment in survival for this disease will involve improvements in 
adjuvant therapy. Despite advances in surgery and periopera¬ 
tive care that have resulted in markedly reduced postoperative 
mortality after pancreaticoduodenectomy, the median survival 
for pancreatic cancer patients has changed minimally over the 
past two decades. Even with optimal surgical management, 5- 
year survival averages 15% to 20% for resectable disease and 
3% for all stages combined. Approximately 85% of patients 
with resected pancreatic cancer will ultimately have a recur¬ 
rence and die of their disease. This suggests that in most cases 
pancreatic cancer is a systemic disease at the time of diagnosis, 
making surgical resection alone inadequate therapy. The 
results of the most important randomized prospective trials of 
adjuvant therapy for pancreatic cancer are summarized in 
Table 54.12. 

In 1985, the Gastrointestinal Tumor Study Group 
(GITSG) reported encouraging results from a prospective ran¬ 
domized trial to evaluate the efficacy of adjuvant radiation 
and chemotherapy following curative resection for adenocar¬ 
cinoma of the head of the pancreas. 35 Forty-three patients 
were randomized to either adjuvant therapy with radiation 
and 5-fluorouracil (5-FU) or no adjuvant therapy. The median 
survival for the 21 patients who received adjuvant therapy 
was 20 months, and three (14%) survived 5 years or longer. 
For the 22 patients who received no adjuvant therapy, the 
median survival was 11 months, and only one patient (4.5%) 
survived 5 years. 

The randomized trial conducted by the European Organi¬ 
zation for Research and Treatment of Cancer (EORTC) 36 
sought to recapitulate the results of the GITSG study in 114 
patients with pancreatic head lesions (observation, n = 54; 
adjuvant treatment, n = 60). However, chemotherapy (5-FU) 
given during radiation was given as a continuous infusion 
(rather than via bolus) during each radiation sequence, 
depending on toxicity, for up to 5 days. No chemotherapy was 
given postchemoradiation. Fifty-six percent of patients 
received the intended chemotherapy dose during radiation. 
Patients in the chemoradiation arm had a median survival of 
17.1 months versus 12.6 months in the observation arm (p = 
0.099); 2- and 5-year overall survivals were 37% and 20%, 
respectively, for the experimental arm and 23% and 10%, 
respectively, for the control arm. 

The European Study Group for Pancreatic Cancer (ESPAC-1) 
trial published in 2004 analyzed 289 patients recruited from 53 
hospitals in a 2 X 2 factorial design. 37 The four study groups 
included (a) surgery only (n = 69); (2) chemotherapy only (n = 
73) consisting of 5-FU, 425 mg/m 2 , and leucovorin, 20 mg/m 2 , 
given daily for 5 days every 4 weeks for six cycles of treatment; 
(c) radiation therapy and 5-FU given (n = 75) according to the 
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FIGURE 54.8. Survival of patients with pancreaticoduodenectomy based on tumor size (A), lymph node status (B), margin status (C), histologic 
grade (D), and historical context (E). (Reproduced with permission from Winter JM, Cameron JL, Campbell KA, et al. 1,423 pancreaticoduo¬ 
denectomies for pancreatic cancer: a single-institution experience. J Gastrointest Surgery 2006;10:1199-1210.) 
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TABLE 54.12 


TREATMENT 


RANDOMIZED PROSPECTIVE TRIALS OF ADJUVANT THERAPY FOR PANCREATIC CANCER 


■ STUDY 

■ TREATMENT 

ARM 

■ MEDIAN 

SURVIVAL (mo) 

■ 2-Y OVERALL 
SURVIVAL (%) 

■ 5-Y OVERALL 
SURVIVAL (%) 

GITSG 35 

Surg 

11 

18 

0 


Surg, XRT, 5-FU 

18 

43 

19 

EORTC 36 

Surg 

13 

23 

10 


Surg, XRT, 5-FU 

17 

37 

20 

ESPAC-1 37 

Surg 

17 

— 

11 


Surg, 5-FU 

20 

40 

21 


Surg, XRT, 5-FU 

16 

29 

10 

RTOG 38 

Surg, XRT, 5-FU 

17 

21 (3 y) 

— 


Surg, XRT, Gemcitabine 

19 

31 (3 y) 

— 

CONKO 39 

Surg 

20 

42 

12 


Surg, Gemcitabine 

22 

48 

23 


5-FU, 5-fluorouracil; EORTC, European Organization for Research and Treatment of Cancer; ESPAC, European Study Group for Pancreatic Cancer; 
GITSG, Gastrointestinal Tumor Study Group; Surg, surgical; ROTC, Radiation Therapy Oncology Group; XRT, radiation therapy. 


original GITSG method; and (d) both treatments {n = 73, 
chemoradiation followed by chemotherapy). The major study 
conclusions were the 5-year overall survival comparisons 
between patients who received chemotherapy versus those who 
did not (21% vs. 8%, p = 0.009) and those who received radi¬ 
ation therapy versus those who did not (10% vs. 20%, p = 
0.05). The authors concluded that adjuvant chemotherapy had 
a beneficial effect in resected pancreas cancer, whereas 
chemoradiation had a deleterious effect. A quality-of-life ques¬ 
tionnaire showed no difference between those who received 
chemotherapy and those who did not and those who received 
chemoradiation and those who did not. Thus, the survival 
benefit of adjuvant chemoradiation for pancreatic cancer 
patients remains unclear, and the optimal regimen has yet to be 
determined. 

The Radiation Therapy Oncology Group (RTOG) 9704 trial, 
presented in abstract form in 2006, 38 contained 442 eligible 
patients who received adjuvant chemoradiation (5,040 cGy) 
given as continuous fractions with radiosensitizing doses of 5- 
FU. The comparisons were with the addition of either three 
cycles of 5-FU (one prechemoradiation, two postchemoradiation 
for 12 weeks) or four cycles of gemcitabine (one prechemoradia¬ 
tion, three postpostchemoradiation). Although the study showed 
no overall difference in aggregate survival, when pancreatic head 


lesions only were considered (eliminating study results from 
resected lesions in the pancreatic body or tail), both median sur¬ 
vival (16.7 vs. 18.8 months) and overall survival at 3 years (21% 
vs. 31%) favored the gemcitabine arm (p = 0.047). The study 
concluded that the addition of adjuvant gemcitabine to postop¬ 
erative 5-FU chemoradiation was superior to the addition of 
5-FU. 

The CONKO-1 trial, 39 conducted in Germany and Austria, 
represented a randomization of 368 patients following R0 or R1 
resection to either observation or an experimental arm of gem¬ 
citabine. After a median follow-up time of 53 months, the 
median disease-free survival was 13.9 months in the gemcitabine 
arm versus 6.9 months in the observation arm (p <0.001). There 
was no difference in overall survival for the gemcitabine arm 
versus the control group—median survival was 22 versus 20 
months. Although survival was not different, the authors con¬ 
cluded that postoperative gemcitabine significantly delayed 
the development of recurrent disease after complete resection 
of pancreatic cancer compared with observation alone and, 
thus, was supported as adjuvant therapy in resectable pancre¬ 
atic cancer. 

At present, many centers are utilizing preoperative 
neoadjuvant chemoradiation for the treatment of pancreatic 
cancer (Table 54.13). Neoadjuvant therapy offers several 


TABLE 54.13 TREATMENT 


SELECTED NEOADJUVANT TRIALS FOR POTENTIALLY RESECTABLE PANCREATIC CANCER 


■ AUTHOR 

■ YEAR 

■ n 

■ REGIMEN 

■ RESECTED 

<%) 

■ MEDIAN 
SURVIVAL (mo) 

Spitz et al. 40 

1997 

91 

XRT, 5-FU 

45 

19 

Hoffman et al. 41 

1998 

53 

XRT, 5-FU, Mitomycin C 

45 

16 

Pisters et al. 42 

2002 

37 

XRT, Paclitaxel 

54 

19 

Wolff et al. 43 

2002 

86 

XRT, Gemcitabine 

73 

36 

Talamonti et al. 44 

2006 

20 

XRT, Gemcitabine 

85 

26 

5-FU, 5-fluorouracil; XRT, radiation therapy. 
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potential benefits, including (a) delivery of treatment to well- 
oxygenated tissue, which enhances efficacy of chemoradia- 
tion; (b) downstaging, which can enhance ability to achieve a 
negative margin resection and thereby reduce local recur¬ 
rence; and (c) avoidance of surgery in patients with rapidly 
progressive disease. Neoadjuvant therapy can be completed 
without increasing the subsequent morbidity and mortality 
of surgical resection. The group from the M.D. Anderson 
Cancer Center has reported on the multimodality treatment 
of 142 consecutive patients with localized adenocarcinoma 
of the pancreatic head. 40 A subset of 41 patients treated by 
preoperative chemoradiation and pancreaticoduodenectomy 
were compared with 19 patients receiving pancreaticoduo¬ 
denectomy and postoperative adjuvant chemoradiation. 
Surgery was not delayed for any patient who received preop¬ 
erative chemoradiation because of chemoradiation toxicity, 
but 24% of the eligible patients did not receive their intended 
postoperative chemoradiation because of delayed recovery 
following pancreaticoduodenectomy. The patients treated 
with rapid fractionation were reported to have a signifi¬ 
cantly shorter duration of treatment (median, 62.5 days) 
than patients who received postoperative chemoradiation 
(median, 98.5 days). In early follow-up, no patient who 
received preoperative chemoradiation experienced a local 
recurrence, and peritoneal recurrence developed in only 
10% of these patients. Local or regional recurrence devel¬ 
oped in 21% of patients who received postoperative 
chemoradiation. The overall survival curves were similar for 
both cohorts. 

Wolff et al. 43 examined 86 patients treated with weekly 
gemcitabine at a dose of 400 mg/m 2 and 30 Gy of radiation. 
Sixty-one patients ultimately underwent resection (71%). The 
median survival in the resected patients was 36 months, 
which is significantly longer than those seen in regimens using 
5-FU or paclitaxel as the radiation sensitizer. Analysis of the 
specimens revealed two pathologic complete responses and 
more than 50% nonviable tumor cells in 36 (59%). A gemc- 
itabine-based regimen was also used in a multi-institutional 
study of 20 patients reported by Talamonti et al. 44 This group 
used full-dose gemcitabine and limited-field radiation to 36 
Gy (2.4 Gy/fraction). The authors described 14 patients as 
resectable and six as borderline resectable. Ultimately, all 
patients were explored and 17 resected (85%), again repre¬ 
senting a very high rate of resectability. A single pathologic 
complete response was observed and, in 24% of tumors, 
greater than 90% of the tumor cells were felt to be nonviable. 
Also notable was the low incidence, 6%, of margin positivity 
in this trial. The median survival in the resected patients was 
26 months. Based on the results of these initial trials, gem- 
citabine-based neoadjuvant regimens remain of considerable 
interest. 


PALLIATION 


^ Unfortunately, it has been the experience nationwide that 
only a minority of patients with carcinoma of the pancreas 
can undergo resection for possible cure at the time diagnosis 
is made. Therefore, the optimal palliation of symptoms to 
maximize quality of life is of primary importance in most 
patients with pancreatic cancer. Both operative and nonoper¬ 
ative options are available for the palliation of pancreatic 
cancer. 


Jaundice 

Obstructive jaundice is present in most patients who have 
pancreatic cancer. If left untreated, it can result in progressive 
liver dysfunction, hepatic failure, and early death. In addi¬ 


tion, the pruritus associated with obstructive jaundice can be 
debilitating and usually does not respond to medication. 
When patients undergo exploration for possible cure and are 
found to have unresectable disease, a biliary bypass should 
be performed. 

Traditionally, surgeons have performed either choledocho- 
jejunostomy or cholecystojejunostomy for the relief of malig¬ 
nant biliary obstruction. Both procedures are effective in 
relieving jaundice, but it appears that the rate of recurrent 
jaundice after cholecystojejunostomy is approximately 10%. 
Therefore, our preference for the palliation of obstructive 
jaundice is a hepaticojejunostomy or choledochojejunostomy 
reconstructed with a Roux-en-Y limb of jejunum. The surgical 
palliation of jaundice can be accomplished safely, with a mor¬ 
tality rate of less than 3% and an overall morbidity rate of 
30% to 40%. 45 In recent years, nonoperative palliation has 
become available as an option for managing patients who are 
deemed unresectable by preoperative staging. Plastic or metal 
stents can be placed across the biliary obstruction by either an 
endoscopic or a percutaneous technique. For pancreatic can¬ 
cer, the endoscopic approach is usually preferred. The overall 
morbidity rate for endoscopic stenting ranges up to 35%, but 
the rate of major procedure-related morbidity is less than 
10%. Early complications include cholangitis, pancreatitis, 
and bile duct or duodenal perforation. The major late compli¬ 
cations of stent placement are cholecystitis, duodenal perfora¬ 
tion, and stent migration. Stent occlusion can result in 
episodes of cholangitis and recurrent jaundice. For most 
patients, an exchange of stents is required every 3 to 6 months. 
The newer metal stents appear to remain patent for longer 
periods. 

Nonoperative palliation appears to be associated with 
lower complication rates, lower procedure-related mortality 
rates, and shorter initial periods of hospitalization in compar¬ 
ison with surgical palliation. However, the rate of recurrent 
jaundice is higher. No advantage with respect to long-term sur¬ 
vival has been noted for either approach. Therefore, nonoper¬ 
ative palliation should be offered to patients with advanced 
disease or poor performance status. Surgical palliation should 
be considered for patients with an anticipated life expectancy 
of at least 6 months. 


Duodenal Obstruction 


At the time that pancreatic cancer is diagnosed, approximately 
one third of patients have symptoms of nausea or vomiting. 
Although true mechanical obstruction of the duodenum seen 
by radiologic or endoscopic examination is much less fre¬ 
quent, duodenal obstruction develops in almost 20% of 
patients before they die as the disease progresses. 46 Duodenal 
obstruction can be caused in the C-loop by cancers of the head 
or at the ligament of Treitz by cancers of the body and tail. In 
patients with evidence of duodenal obstruction or impending 
obstruction, a gastrojejunostomy is indicated for palliation. 
This is typically performed as a retrocolic, isoperistaltic loop 
gastrojejunostomy with a loop of jejunum 20 to 30 cm distal 
to the ligament of Treitz. 

In patients with unresectable pancreatic cancer who do 
not have symptoms of gastric outlet obstruction, whether or 
not to perform a prophylactic gastric bypass at the time of 
biliary bypass is a matter of debate. Surgeons who do not 
perform a prophylactic bypass feel that it needlessly 
increases the postoperative length of stay and can be associ¬ 
ated with delayed gastric emptying and increased morbidity 
and mortality. However, data from a prospective random¬ 
ized trial of prophylactic gastrojejunostomy in patients with 
unresectable cancer do not support this view. 47 In this study, 
44 patients were randomized to a gastrojejunostomy, and 
43 did not undergo gastric bypass. No mortality occurred in 
either group. No difference was observed in either the 
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TABLE 54.14 MANAGEMENT 


PROSPECTIVE RANDOMIZED TRIAL OF PROPHYLACTIC GASTROJEJUNOSTOMY IN PATIENTS WITH UNRESECTABLE 
PERIAMPULLARY CANCER 


■ PATIENTS 

■ MORBIDITY 

■ MORTALITY 

■ POSTOPERATIVE 
LENGTH OF 

■ LATE GASTRIC 
OUTLET 

(no.) 

(%) 

(%) 

STAY (d) 

OBSTRUCTION (%) 

Gastrojejunostomy 44 

32 

0 

8.5 

0 

No gastrojejunostomy 43 

33 

0 

8.0 

19 


Adapted from Lillemoe KD, Cameron JL, Hardacre JM, et al. Is prophylactic gastrojejunostomy indicated for unresectable periampullary cancer? 
Ann Surg 1999;230:322-330. 


complication rate or the postoperative length of stay (Table 
54.14). However, late duodenal obstruction developed in 
19% of the patients who did not undergo bypass. A recent 
multicenter prospective randomized controlled trial has con¬ 
firmed these results. 48 Therefore, we believe that a prophy¬ 
lactic gastrojejunostomy should be performed in patients 
undergoing surgical palliation for unresectable pancreatic 
carcinoma. 


Pain 


Tumor-associated pain can be incapacitating in patients with 
unresectable pancreatic cancer. The postulated causes of 
tumor-associated pain are many and include tumor infiltration 
into the celiac plexus, increased parenchymal pressure caused 
by pancreatic duct obstruction, pancreatic inflammation, gall¬ 
bladder distention resulting from biliary obstruction, and gas¬ 
troduodenal obstruction. The management of pain in patients 
dying of carcinoma of the pancreas is one of the most impor¬ 
tant aspects of their care. The appropriate use of oral agents 
can be successful in most patients. Patients with significant 
pain should receive their medication on a regular schedule and 
not an “as needed” basis. The use of long-acting morphine 
derivative compounds appears to be best suited for such treat¬ 
ment. Percutaneous neurolytic block of the celiac axis, per¬ 
formed under either fluoroscopic or CT guidance, is also suc¬ 
cessful in the majority of patients at eliminating pain. Patients 
with unresectable cancer at the time of surgical exploration 
should receive a chemical splanchnicectomy, with 20 mL of 
50% alcohol injected on either side of the aorta at the level of 
the celiac axis. 49 


Summary 

The decision to perform nonoperative versus surgical palliation 
for pancreatic cancer is influenced by a number of factors, 
including the patient’s symptoms, overall health status, pre¬ 
dicted procedure-related morbidity and mortality, and pro¬ 
jected survival. Surgical palliation can be completed with 
acceptable perioperative morbidity and mortality and postop¬ 
erative length of stay. The avoidance of late complications of 
recurrent jaundice, duodenal obstruction, and disabling pain 
would strengthen the argument in favor of surgical palliation in 
those patients expected to survive 6 months or more. Nonop¬ 
erative methods of palliation should be considered for patients 
in whom preoperative staging suggests distant metastatic dis¬ 
ease or a locally unresectable tumor, patients who are not can¬ 
didates for operative intervention, and those not expected to 
survive more than 3 months. 


Radiation and Chemotherapy for 
Unresectable Pancreatic Carcinoma 

Specific antitumor therapies in patients with advanced pancre- i 
atic carcinoma have been studied for years, with limited suc¬ 
cess. Trials evaluating the use of chemotherapy and radiation 
therapy both alone and in combination have shown a mar¬ 
ginal improvement in survival, often with relatively high toxi¬ 
city rates and some negative impact on quality of life. Recently 
gemcitabine, a deoxycytidine analogue capable of inhibiting 
DNA replication and repair, has become increasingly popular. 
When gemcitabine was compared with bolus 5-FU in a ran¬ 
domized phase III trial, it was shown to confer a significant 
survival benefit in advanced pancreatic cancer, increasing 
median survival from 4.4 months to 5.7 months and increas¬ 
ing 1-year survival from 2% to 18%, respectively. 50 A key end¬ 
point in this study was “clinical benefit response,” based on 
reducing pain, improving performance status, and inducing 
weight gain, which was attained in 24% of patients receiving 
gemcitabine compared with 5% for those receiving 5-FU. In 
patients with metastatic pancreatic cancer that had progressed 
with 5-FU and then been treated with gemcitabine, the median 
survival (in 63 of 74 patients enrolled) was 3.9 months. 51 Sev¬ 
enteen patients (27%) attained a clinical benefit response with 
a median duration of 14 weeks. Gemcitabine is generally well 
tolerated with a low incidence of significant toxicity and there¬ 
fore seems to be a reasonable choice for palliative therapy. 

In addition to gemcitabine, other agents are currently being 
studied for a role in the palliation of patients with pancreatic 
adenocarcinoma. Examples of such agents are paclitaxel (Taxol), 
matrix metalloproteinase inhibitors (e.g., marimastat, perillyl 
alcohol), and inhibitors of angiogenesis, such as TNP-470. The 
results of such studies are eagerly awaited. 
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CHAPTER 55 ■ NEOPLASMS OF THE ENDOCRINE 

PANCREAS 

EUGENE P. KENNEDY, JONATHAN R. BRODY, AND CHARLES J. YEO 


KEY POINTS 


Q Pancreatic endocrine neoplasms (PENs) originate from 
multipotential stem cells in pancreatic ductules. There¬ 
fore, use of the older terms islet cell tumor and islet cell 
carcinoma is now discouraged, in favor of the terms pan¬ 
creatic endocrine neoplasms or pancreatic endocrine 
tumors. 

Q PENs are best classified according to the size and the 
mitotic rate of the tumor into one of three categories: pan¬ 
creatic endocrine microadenomas, well-differentiated pan¬ 
creatic endocrine neoplasms, and poorly differentiated or 
high-grade endocrine carcinomas. 

Q The World Health Organization classification divides well- 
differentiated PENs into well-differentiated endocrine 
tumors and well-differentiated endocrine carcinomas 
based on local invasion beyond the pancreas or metastatic 
spread to lymph nodes and/or distant locations, which 
results in classification as carcinoma. 

Q The best initial imaging technique for a pancreatic 
endocrine neoplasm is a high-quality multidetector com¬ 
puted tomography scan. 


Q Endoscopic ultrasonography is particularly useful in local¬ 
izing tumors in patients with gastrinoma and insulinoma. 

Q Insulinomas may present with either neuroglycopenic 
symptoms (confusion, seizure, obtundation, coma) or 
hypoglycemic-induced symptoms (palpitations, diaphore¬ 
sis, tachycardia). 

Q Ninety percent of insulinomas are solitary, 90% are spo¬ 
radic, and 90% are benign with location evenly distributed 
throughout the pancreas. 

Q Seventy-five percent of gastrinomas are sporadic (25% are 
associated with multiple endocrine neoplasia type 1 syn¬ 
drome), and all should be considered to be of malignant 
potential. 

Q Most gastrinomas are located in the gastrinoma triangle 
and may be intrapancreatic, within the wall of the duode¬ 
num, or in a peripancreatic lymph node, and in most cases 
local resection (enucleation) may be adequate therapy. 

© Glucagonomas usually present with a characteristic severe 
dermatitis (termed necrolytic migratory erythema) and are 
typically large and bulky and often with metastatic disease. 


Pancreatic endocrine neoplasms (PENs) are rare tumors that 
account for 1% to 2% of pancreatic neoplasms. 1 First 
described by Nicholls in 1902 as a tumor arising from pancre¬ 
atic islet cells, these “islet cell adenomas” were long thought to 
Q arise from the islets of Langerhans. 2 Recent investigations 
have revealed that PENs more likely originate from multipo¬ 
tential stem cells in pancreatic ductules. 3,4 This non-islet cell 
origin has been further demonstrated in tumors arising in 
patients with multiple endocrine neoplasia type l. 5 Therefore, 
use of the older terms islet cell tumor and islet cell carcinoma 
is now discouraged, in favor of the terms pancreatic endocrine 
neoplasms or pancreatic endocrine tumors , 6,7 

Overall, PENs are best classified according to the size and 
the mitotic rate of the tumor (Table 55.1). This system places 
PENs into one of three categories: pancreatic endocrine 
microadenomas, well-differentiated pancreatic endocrine neo¬ 
plasms, and poorly differentiated or high-grade endocrine car¬ 
cinomas. Additionally, they can be classified by the presence 
(i.e., functional tumors) or absence (i.e., nonfunctional 
tumors) of a syndrome due to hormone production. The pro¬ 
duction of certain hormones and the resulting syndromes lead 
to well-described clinical syndromes, which are detailed later 
in this chapter. 

PENs less than 0.5 cm in diameter are classified as pancre¬ 
atic endocrine microadenomas. Oncologically, they are con¬ 
sidered to be benign lesions. Their prevalence is estimated to 
be as high as 10% of the population in autopsy series. 8,9 Most 
pancreatic endocrine microadenomas are noted as incidental 
findings in pancreata resected for other indications and, by 
definition, produce no neoplastic syndromes (i.e., are nonfunc¬ 
tional). Functional PENs less than 0.5 cm are classified with 
well-differentiated pancreatic endocrine neoplasms. 


PENs measuring greater than 0.5 cm in diameter and hav¬ 
ing a low mitotic rate of less than 10 mitoses per 10 high- 
power fields are referred to as well-differentiated pancreatic 
endocrine neoplasms. This group comprises the large majority 
of clinically relevant PENs. They are uncommon, with an esti¬ 
mated incidence of approximately 1 out of 100,000 peo¬ 
ple. 10,11 Although rare in children, cases have been described at 
all ages, and the peak incidence occurs between the ages of 40 
and 60 years. 6 Overall distribution is equal between men and 
women with some differences in ratio among different func¬ 
tional types. 

No well-established staging system exists for PENs. 12 Mul¬ 
tiple studies have been performed attempting to establish prog¬ 
nostic characteristics such as size, mitotic count, vascular and 
perineural invasion, nuclear polymorphisms, and Ki-67 label- 
Qing index. 13-16 The most recent World Health Organization 
(WHO) classification divides well-differentiated PENs into 
well-differentiated endocrine tumors and well-differentiated 
endocrine carcinomas based on their clinical behavior. 1 Any 
local invasion beyond the pancreas or metastatic spread to 
lymph nodes or distant locations results in classification as car¬ 
cinoma. The WHO well-differentiated endocrine tumors are 
further subclassified as having predicted benign behavior or 
uncertain behavior. This subdivision (benign vs. uncertain) is 
based on size (<2 cm or >2 cm), mitotic count (less than two 
or two or more mitotic figures per 10 high-power fields), Ki-67 
labeling index (<2% or >2%), and absence or presence of per¬ 
ineural and vascular invasion (Table 55.2). 

Well-differentiated PENs can also be classified as functional 
or nonfunctional based on the presence or absence of an asso¬ 
ciated clinically recognizable syndrome (Table 55.3). These 
syndromes are the result of the secretion of biologically active 
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TABLE 55.1 GLASSIFICATION 


CLASSIFICATION OF PANCREATIC ENDOCRINE NEOPLASMS 


■ NEOPLASM 

■ SIZE 

■ MITOTIC RATE 

■ CLINICAL BEHAVIOR 

Pancreatic endocrine microadenomas 

<0.5 cm 

<2 per 10 HPF 

Benign 

Well-differentiated pancreatic endocrine neoplasms 

>0.5 cm 

<10 per 10 HPF 

Indeterminate 

High-grade endocrine carcinomas 

Any 

>10 per 10 HPF 

Malignant 

HPF, high-power fields. 


hormones by the tumors and are confirmed by measurable ele¬ 
vations of the hormones in the blood. The most common func¬ 
tional PENs include insulinomas, gastrinomas, vasoactive 
intestinal polypeptide-omas (VIPomas), glucagonomas, and 
somatostatinomas. The incidence of these lesions ranges from 
1 per 1 million for insulinomas to 1 per 40 million for somato¬ 
statinomas. 17 Even less common PENs secreting calci¬ 
tonin, 18,19 parathyroid hormone-related protein, 20 growth 
hormone-releasing factor, and adrenocorticotropic hormone 21 
have been reported. Nonfunctional PENs are classified as such 
due to their lack of an associated clinical syndrome. Some of 
the tumors in this group do secrete elevated amounts of hor¬ 
mones, including chromogranin A, which can be detected in 
either the serum or surgical specimens using immunohisto- 
chemistry. 22 These secreted hormones either produce no clini¬ 
cal syndromes, as is seen with tumors that secrete pancreatic 
polypeptide, 23 or secrete hormones in subclinical amounts or 
inactive forms. Traditionally, functional PENs were reported 
to comprise the majority of PENs. As methods of detecting 
these lesions and patterns of presentation have evolved, due 
primarily to the widespread use of high-quality cross-sectional 
imaging, nonfunctional PENs now comprise more than half of 
surgically resected cases. 13,24 

The least common group of PENs is the poorly differenti¬ 
ated or high-grade endocrine carcinomas. These are aggressive 
tumors characterized by their high mitotic count (>10 mitotic 
figures per 10 high-powered fields). 25 These tumors primarily 
occur in adults and have a male predominance. Some have 
been reported to be functional, producing varied clinical syn¬ 
dromes (commonly gastrinoma, VIPoma, glucagonoma, and, 
less frequently, insulinoma). Prognosis is often poor, with the 
clinical course varying from a rapid decline to a more indolent, 
prolonged survival. 


MOLECULAR GENETICS 


The majority of PENs are sporadic. Some of them, however, 
occur as part of inherited familial syndromes such as multiple 
endocrine neoplasia type 1 (MEN-1), von Hippel-Lindau 
(VHL) syndrome, neurofibromatosis (NF-1), and tuberous 
sclerosis (TSC) (Table 55.4). Recent technical advances in 


molecular biology have provided new insights into the genesis 
of PENs and possible reasons why certain tumors behave more 
aggressively than others. Further, recent studies analyzing the 
gross chromosomal changes found in PENs provide hope for 
markers for early diagnosis of this disease. 


Familial Syndromes 

Significant progress has been made in the genetic understand¬ 
ing of the MEN-1 syndrome in relation to PENs. 26 Chromoso¬ 
mal linkage studies have localized the genetic defect to the 
llql3 locus, and studies of DNA markers have localized the 
MEN-1 gene between PYGM and D11S97. The gene contains 
10 exons that code for a 610-amino-acid protein called menin, 
whose function is unknown, although it is classically labeled 
as a tumor suppressor gene. Some studies provide a possible 
explanation for loss of this gene in neuroendocrine tumors. 27 
The menin protein is expressed in diverse tissues and is highly 
conserved evolutionarily. Menin is predominately a nuclear 
protein, which binds to JunD and may repress JunD-mediated 
transcription. Studies in patients with MEN-1 have shown 
allelic deletions at chromosome llql3 in nearly 100% of 
parathyroid tumors, 85% of nongastrinoma islet cell tumors, 
and up to 40% of gastrinomas. In patients with sporadic 
tumors (without MEN-1), llql3 deletions are seen in about 
25%, 20%, and almost 50% of parathyroid tumors, nongas¬ 
trinoma PENs, and gastrinomas, respectively. Recently it has 
been shown that a comprehensive genetic testing program for 
patients at risk for MEN-1 can identify patients harboring a 
MEN-1 mutation almost 10 years before the development of 
clinical signs or symptoms of disease. 28 Since MEN-1 loss has 
been detected in both the sporadic and the familial forms of 
PENs, the menin pathway is most likely involved in the patho¬ 
genesis of this disease. 27 

Less frequently than MEN-1, PENs may be associated with 
VHL syndrome. VHL syndrome is another autosomal dominant 
inheritance disease that includes many clinical disorders, 29 in¬ 
cluding retinal hemangioblastomas, cerebellar and medullary 
hemangioblastomas, and PENs. PENs are found in a small per¬ 
centage of patients with VHL syndrome. A mutation in the VHL 
gene, a tumor suppressor located on chromosome 3p25-26, 


TABLE 55.2 CLASSIFICATION 


WHO CLASSIFICATION OF WELL-DIFFERENTIATED PANCREATIC ENDOCRINE TUMORS 


■ CLINICAL BEHAVIOR 

■ SIZE 

■ MITOTIC COUNT 

■ Ki-67 INDEX 

■ PERINEURAL AND 
VASCULAR INVASION 

Benign 

<2 cm 

<2 per 10 HPF 

<2% 

Absent 

Uncertain 

>2 cm 

>2 per 10 HPF 

>2% 

Present 

HPF, high-power fields; WHO, World Health Organization. 
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1 TABLE 55.3 



GLASSIFICATION | 

CLASSIFICATION OF FUNCTIONAL PANCREATIC ENDOCRINE TUMORS 

■ TUMOR (SYNDROME) 

■ CLINICAL FEATURES 

■ EXTRAPANCREATIC 
LOCATION 

■ MALIGNANCY 
RATE 

Insulinoma 

Hypoglycemia 

Anabolic state 

Rare 

10% 

Gastrinoma (Zollinger-Ellison) 

Peptic ulcer 

Diarrhea 

Frequent 

50% 

VIPoma (Verner-Morrison; 

WDHA; pancreatic cholera) 

Watery diarrhea 

Hypokalemia 

Achlorhydria/acidosis 

10% 

Most 

Glucagonoma 

Hyperglycemia 

Catabolic state 

Dermatitis 

Rare 

Most 

Somatostatinoma 

Hyperglycemia 

Steatorrhea 

Gallstones 

Rare 

Most 

WDHA, watery diarrhea, hypokalemia, and either achlorhydria or acidosis. 


which regulates hypoxia-induced cell proliferation, is responsi¬ 
ble. Although germline mutations with loss of heterozygosity 
(LOH) are associated with this disease, it has been proposed that 
other tumor suppressors most likely cooperate with VHL in 
order to form PENs. 

NF-1 (von Recklinghausen disease) is an autosomal domi¬ 
nant disorder that produces a well-described clinical syndrome 
characterized by cafe-au-lait spots and neurofibromas. These 
patients may develop pancreatic somatostatinomas. The NF-1 
gene is a tumor suppressor gene located on 17qll.2 that 
encodes for neurofibromin, a regulator of the mammalian tar¬ 
get of rapamycin (mTOR) pathway. Loss of NF-1 results in 
mTOR activation and tumor development. 30 


Sporadic Pancreatic Endocrine Neoplasms 

The genetic landscape of sporadic PENs has been explored. Up 
to half of malignant pancreatic endocrine tumors have been 
found to have clonal chromosomal abnormalities, 31 whereas, 
unlike with pancreatic ductal adenocarcinoma, k-ras oncogene 
mutations are absent in most of these tumors. 32 Gastrinoma 
has been shown to be associated with amplification of the 
HER2/neu proto-oncogene, 33 and a high level of expression of 


mRNA for the a subunit of G s protein has been demonstrated 
in insulinoma. 34 MAGE1, a protein identified in a number of 
neoplastic cell types including testicular germ cell cancer, 
breast cancer, and melanoma, was found to be present in 86% 
of primary PENs as well as in lymph node metastases. 

Additional recent discoveries have furthered our under¬ 
standing of this diverse group of tumors. For instance, hyper- 
methylation of hMLHl in PENs leads to microsatellite insta¬ 
bility and is associated with an improved prognosis. 35 
However, the most promising and breakthrough work comes 
from two studies looking at genome-wide alterations in 
PENs. 36,37 Nagano et al. 37 found allelic imbalances by utilizing 
high-density single-nucleotide polymorphism (SNP) arrays. In 
short, they found that tumors with high allelic imbalances 
(more than four chromosomal aberrations) had a larger tumor 
size compared to PENs with minimal chromosomal abreac¬ 
tions (p = 0.03). The authors do point to the limitations in the 
number of tumors (15 patients) analyzed in the study and note 
the gross heterogeneity found in their samples. 

Another intriguing study was performed by Jonker et al., 36 
which correlated the following molecular markers with clini¬ 
cal outcomes of PENs (stratifying insulinomas and noninsuli- 
nomas): Ki67, CK19, specific chromosomal alterations, gross 
chromosomal instability (CIN), and tumor size. 36 The authors 


TABLE 55.4 ETIOLOGY 


FAMILIAL GENETIC SYNDROMES ASSOCIATED WITH PANCREATIC ENDOCRINE 
NEOPLASMS (PENs) 


■ SYNDROME 

■ CHROMOSOMAL 
LOCATION 

■ GENE PRODUCT 

■ PEN TYPE 

MEN-1 

llql3 

Menin 

Gastrinoma 

Nonfunctional 

VHL syndrome 

3p25-26 

VHL gene 

Various 

NF-1 

17qll.2 

Neurofibromin 

Somatostatinomas 

MEN-1, multiple endocrine neoplasia 1; NF, neurofibromatosis; VHL, von Hippel-Lindau. 
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found a strong correlation between CIN, specific chromoso¬ 
mal alterations, and metastatic disease and poor tumor-free 
survival in insulinomas and noninsulinomas. The authors also 
note that CK19 is a strong indicator of tumor-specific death in 
all PENs. 36 Other epigenetic studies have correlated altered 
methylation patterns in well-characterized tumor suppressor 
genes (e.g., APC, E-cadherin, pi6) with tumor staging. 38 Fur¬ 
ther, Chan et al. assessed differences between methylation pat¬ 
terns in a similar set of genes between carcinoid and pancreatic 
endocrine tumors. This study found distinct differences 
between these uncommon tumor types. 39 

In summary, PENs are most likely difficult to characterize 
molecularly (and clinically) due to molecular and thus cellular 
heterogeneity within the tumor. Ongoing efforts to search for 
candidate genes that lay the foundation for CIN in these 
tumors will aid in unraveling the molecular etiology of this dis¬ 
ease. It was suggested in one study that FANCD2 is a good 
candidate gene since it resides in a chromosomal region of loss 
for PENs (chromosome 3p25). 36,40 However, it should be 
noted that loss of FANCD2 has been shown previously to be 
lethal (i.e., counterproductive) to cancer cells. 41 Further stud¬ 
ies are needed to explore the connection between the FANCD2 
gene and PENs. Currently, using modern techniques such as 
comparative genomic hybridization (CGH) along with tumor 
sizing and markers such as CK19 may provide clinically rele¬ 
vant information. 


PRESENTATION AND 
EVALUATION 


There are three primary ways by which patients with PENs 
come to clinical attention: the incidental discovery of a mass in 
the pancreas during cross-sectional imaging, symptoms sec¬ 
ondary to the mass effect of a lesion in the pancreas (i.e., 
obstructive jaundice or pain), and, as a consequence of the 
symptoms of, a syndrome associated with a functional PEN. As 


mentioned previously, incidentally detected nonfunctional 
PENs currently comprise the majority of clinically relevant 
tumors. They are typically hypervascular on imaging studies 
such as computed tomography (CT) or magnetic resonance 
imaging (MRI). In the absence of any clinical syndrome, these 
lesions can be managed as any other incidental pancreatic 
lesion. Typically, the size of a PEN at discovery guides decision 
making between three standard options: serial observation, 
endoscopic ultrasound-guided biopsy, or definitive surgical 
resection. Size greater than 2 cm is a standard stratification mea¬ 
sure, with lesions larger than this usually managed in a more 
aggressive fashion. If a nonfunctional PEN is suspected, baseline 
serum levels of chromogranin A and pancreatic polypeptide can 
be useful diagnostic markers prior to surgical resection. 

PENs presenting due to mass effect on surrounding struc¬ 
tures resulting in jaundice, pain, or gastric outlet obstruction 
are uncommon. These lesions should be addressed as any 
other symptomatic pancreatic lesion with definitive surgical 
resection if clinically appropriate. 

Patients presenting with symptoms from a functional PEN 
can be a diagnostic challenge. Three general principles apply 
to the diagnosis and treatment of patients with suspected func¬ 
tional neoplasms of the endocrine pancreas. One must first 
recognize the abnormal physiology or characteristic syn¬ 
drome. Patients are often misdiagnosed or have their symp¬ 
toms disregarded for years before an accurate diagnosis is 
reached. Characteristic clinical syndromes are well described 
for insulinoma, gastrinoma, VIPoma, and glucagonoma. The 
somatostatinoma syndrome is nonspecific, much more difficult 
to recognize, and exceedingly rare. Second is the detection of 
hormone elevations in the serum by radioimmunoassay. Such 
assays are readily available for measuring insulin, gastrin, 
vasoactive intestinal peptide (VIP), and glucagon. Assays for 
somatostatin, pancreatic polypeptide (PP), prostaglandins, 
and other hormonal markers are less commonly available but 
can be obtained from certain laboratories. The third step 
involves localizing and staging the tumor in preparation for 
possible operative intervention (Algorithm 55.1). 


Pancreatic Endocrine Neoplasms 


Functional 


Abdominal pain, 
peptic ulcer, 
diarrhea 


Gastrinoma 


Hypoglycemic 

symptoms 


Diarrhea, 

hypokalemia 


Rash 


Suspected 

Insulinoma VIPoma Glucagonoma 

Appropriate serum hormone assay 


Imaging-CT scan, endoscopic ultrasound 


I- 

Localized, resectable 

I 

Enucleation, 

pancreaticoduodenectomy, 
distal pancreatectomy 


ALGORITHM 55.1 


Nonfunctional 


Incidental finding 
Pain, jaundice 


Spiral CT scan 

H— 

Localized 

Resection 

Pancreaticoduodenectomy, 
distal pancreatectomy, other 


Metastatic 

Chemotherapy 


Metastatic, operable Metastatic, inoperable 

I I 

Debulking, Octreotide, 

liver resection chemotherapy 


I 


ALGORITHM 55.1. Diagnosis and management of pancreatic endocrine neoplasms. 
































Chapter 55: Neoplasms of the Endocrine Pancreas 


861 



FIGURE 55.1. Computed tomography with oral and intravenous 
contrast in a patient with biochemical evidence of insulinoma. The 
neoplasm {arrow) is seen as a contrast-enhancing structure, 3 cm in 
diameter, in the tail of the pancreas posterior to the stomach (S). (From 
Yeo CJ. Islet cell tumors of the pancreas. In: Niederhuber JE, ed. Cur¬ 
rent Therapy in Oncology. St. Louis, MO: Mosby; 1993:272, with 
permission.) 



FIGURE 55.2. Octreotide scan (anterior view) in a patient with a 
large endocrine tumor in the tail of the pancreas (large dark mass, 
upper right) and several hepatic metastases (upper left quadrant). A 
small amount of the tracer is seen in the bladder (lower midline). 


LOCALIZATION AND STAGING 


Computed Tomography 

Q The initial imaging technique used to localize a PEN and stage 
the disease is high-quality multidetector three-dimensional 
CT. 42 The accuracy of CT in detecting primary pancreatic 
endocrine neoplasms ranges from 64% to 82% and depends 
largely on the size of the tumor. 43,44 PENs are typically hyper- 
dense on arterial phases of imaging. Lesions that are obvious 
during the early arterial phase can become isodense on later 
phases of imaging. Therefore, a multiphase approach is typi¬ 
cally recommended. 45,46 CT is useful in assessing size and loca¬ 
tion of the primary tumor, proximity to visceral vessels, peri- 
pancreatic lymph node involvement, and the presence or 
absence of liver metastases (Fig. 55.1). 


tered intravenously to patients in whom a PEN is suspected. 
Because neuroendocrine tumors often express large numbers of 
somatostatin receptors on their cell surfaces (Fig. 55.2), the 
tracer preferentially identifies tumors. The overall sensitivity of 
SRS has been reported to range from 74% to near 100% 
depending on the functional type of PEN. 55 There is a signifi¬ 
cant false-negative rate, indicating that negative SRS findings in 
patients with pancreatic endocrine neoplasms should be viewed 
with caution. Nonfunctional tumors and insulinomas seem to I 
be localized less frequently by SRS, while SRS performs well for 
gastrinoma, VIPoma, and glucagonoma. In addition, SRS 
appears to play a role in the evaluation of patients with 
metastatic pancreatic endocrine tumors, especially in identify¬ 
ing extrahepatic tumor spread. In a study by Frilling et ah, 54 
54% of patients with liver metastases had extrahepatic tumor 
spread detected by SRS that was not detected by alternate 
imaging techniques. 


Magnetic Resonance Imaging 

MRI is increasingly used in the detection of PENs, particularly 
small lesions. They are especially well visualized on Tl- and 
T2-weighted images with fat suppression. MRI has the advan¬ 
tage of increased soft tissue contrast without the administra¬ 
tion of intravenous contrast when compared to CT. 42 PENs 
characteristically have high signal intensity on T2-weighted 
images. 47 On dynamic contrast-enhanced Tl-weighted images, 
the tumors show the same typical enhancement pattern as on 
CT scan. The sensitivity of MRI has been reported to be 
between 74% and 100%. 43,44 


Somatostatin Receptor Scintigraphy 
(Octreoscan) 

Somatostatin receptor scintigraphy (SRS) also plays an impor¬ 
tant role in imaging patients with pancreatic endocrine 
tumors. 48-54 In this technique, the octapeptide analogue of 
somatostatin (Octreotide) labeled with indium-111 is adminis- 


Endoscopic Ultrasound 

^Endoscopic ultrasonography (EUS) has also shown utility in 
localizing pancreatic endocrine neoplasms. 56-60 Rosch et al. 59 
were able to localize 32 of 39 tumors (82%) correctly with 
EUS after CT had failed to locate the tumor (Fig. 55.3). In 
their experience, EUS was more sensitive than the combination 
of CT and visceral angiography. A more recent study by Proye 
et al. 61 evaluated preoperative EUS and SRS in 41 patients 
with insulinoma and gastrinoma. The sensitivity and positive 
predictive value of EUS were 77% and 94%, respectively, for 
pancreatic tumors; 40% and 100%, respectively, for duodenal 
gastrinomas; and 58% and 78%, respectively, for metastatic 
lymph nodes. These results indicate that EUS is best at detect¬ 
ing lesions in the head of the pancreas. It is less successful at 
evaluating the distal pancreas and the duodenal wall. Addi¬ 
tionally, the procedure is operator dependent. 62 These results 
have been duplicated by others and have led some to suggest 
that EUS should serve as the initial localization procedure in 
patients with insulinoma and gastrinoma. Of note, the draw¬ 
back to EUS is that it does not evaluate accurately for hepatic 
metastatic disease; rather, it is more sensitive than CT for 
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FIGURE 55.3. Endoscopic ultrasonographic image from a patient 
with an insulinoma ( arrows) in the body of the pancreas. SV, splenic 
vein. (From Rosch T, Lightdale CJ, Botet JF, et al. Focalization of pan¬ 
creatic endocrine tumors by endoscopic ultrasonography. N Engl J 
Med 1992;326:1721, with permission.) 


imaging the duodenal wall, pancreatic parenchyma, and peri- 
pancreatic lymph nodes. 



FIGURE 55.4. Schematic depiction of data from percutaneous trans- 
hepatic portal venous sampling (PTPVS) in a patient with an insuli¬ 
noma. Insulin levels are given in microunits per milliliter. These data 
localize the neoplasm to the head of the pancreas. (Adapted from Nor¬ 
ton JA, Sigel B, Baker AR, et al. Focalization of an occult insulinoma 
by intraoperative ultrasonography. Surgery 1985;97:381.) 


and immediately after each injection. The arterial supply to the 
occult tumor can then be deduced based on which selective 
secretogogue injection is followed by a large increase in hepatic 
vein hormone concentration (Fig. 55.5). This technique, partic¬ 
ularly when combined with intraoperative ultrasonography, 
results in a sensitivity of greater than 90%, essentially obviat¬ 
ing the need for blind resection in unlocalized insulinomas. 63,74 


Intraoperative Ultrasound 

historically, the primary methods of localizing PENs intraop- 
eratively have been visualization and palpation. With the 
advent of laparoscopic exploration for PENs, intraoperative 
ultrasound has been substituted for palpation. Results have 
been promising, with sensitivities reported between 75% and 
90%. 63,64 


Venous Sampling 

Percutaneous transhepatic portal venous sampling (PTPVS) 
and arterial stimulation with venous sampling (ASVS) are two 
techniques that are used exclusively for the diagnosis and local¬ 
ization of PENs. In a small number of cases, CT, MRI, SRS, 
and EUS are unsuccessful at localizing a pancreatic endocrine 
neoplasm. When insulinoma or gastrinoma are suspected, 
PTPVS may help in localizing the occult neoplasm. 65-69 The 
technique involves placing a catheter percutaneously through 
the liver into the portal vein and then sequentially sampling for 
hormone levels in the splenic vein, superior mesenteric vein, 
and portal vein, thereby regionalizing the location of hormone 
production (Fig. 55.4). The overall accuracy of this test ranges 
from 70% to greater than 95% depending on the number of 
samples obtained, the persistence of autonomous hormone 
production by the tumor, and the careful handling and assaying 
of all samples. ASVS involves the selective visceral arterial 
injection of secretin or calcium with concurrent hepatic venous 
sampling for either gastrin or insulin. 70,71 Gastrinoma cells are 
known to respond to secretin by releasing gastrin, 72,73 and 
insulinoma cells are known to respond to calcium by releasing 
insulin. The provocative secretogogue is serially injected 
through an arterial catheter into at least three sites—the 
splenic, gastroduodenal, and inferior pancreaticoduodenal 
arteries. Samples are drawn from a hepatic vein catheter before 
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FIGURE 55.5. Graphic depiction of the results of arterial stimulation 
with venous sampling (ASVS) in a patient with gastrinoma. The rise in 
hepatic vein gastrin concentration (gastrin gradient) is plotted on the y- 
axis, and basal values are plotted on the x-axis: 1, 100% rise; 2, 200% 
rise; and so forth. A rise in the hepatic vein gastrin concentration 
observed after the injection of secretin into the superior mesenteric 
artery (SMA) and gastroduodenal artery (GDA) localizes the neoplasm 
to the head of the pancreas or duodenum. SPF, splenic artery. (Adapted 
from Thom AK, Norton JA, Doppman JF, et al. Prospective study of 
the use of intra-arterial secretin injection and portal venous sampling to 
localize duodenal gastrinomas. Surgery 1992;112:1002.) 
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Additionally, AS VS can differentiate the 5% of patients with 
nesidioblastosis from those with insulinoma. 75 


SURGICAL EXPLORATION 


At the time of surgical exploration for PEN, a complete evalu¬ 
ation of the pancreas and peripancreatic regions is performed. 
The body and tail of the pancreas are exposed by dividing the 
gastrocolic ligament. This portion of the pancreas can be par¬ 
tially elevated out of the retroperitoneum by dividing the infe¬ 
rior retroperitoneal attachments to the gland. After the second 
portion of the duodenum has been elevated out of the 
retroperitoneum by means of the Kocher maneuver, the pan¬ 
creatic head and uncinate process are palpated bimanually. 
The liver is carefully assessed for evidence of metastatic dis¬ 
ease. Potential extrapancreatic sites of tumor are evaluated in 
all cases, with particular attention paid to the duodenum, 
splenic hilum, small intestine and its mesentery, peripancreatic 
lymph nodes, and reproductive tract in women. The goals of 
surgical therapy for pancreatic endocrine neoplasms include 
controlling the symptoms of hormone excess, safely resecting 
maximal tumor mass, and preserving maximal pancreatic 
parenchyma. Management strategies, including preoperative, 
intraoperative, and postoperative considerations, vary for the 
different types of endocrine neoplasms of the pancreas. 


INSULINOMA 


Insulinoma is the most common functional neoplasm of the 
endocrine pancreas (Table 55.5). The insulinoma syndrome is 
associated with the following features, known as Whipple’s 
triad 76 : 

1. Symptoms of hypoglycemia during fasting 

2. Documentation of hypoglycemia, with a serum glucose 
level below 50 mg/dL 

3. Relief of hypoglycemic symptoms following administration 
of exogenous glucose 

Autonomous insulin secretion in insulinomas leads to spon¬ 
taneous hypoglycemia, with symptoms that can be classified into 
two groups (see Table 55.5). Neuroglycopenic symptoms include 
confusion, seizure, obtundation, personality change, and coma. 
Hypoglycemia-induced symptoms, related to a surge in cate¬ 
cholamine levels, include palpitations, trembling, diaphoresis, 
and tachycardia. In most cases, patients consume carbohydrate- 
rich meals and snacks to relieve or prevent these symptoms. 

Whipple’s triad is not specific for insulinoma. The differen¬ 
tial diagnosis of adult hypoglycemia is extensive and includes 
the following: reactive hypoglycemia, functional hypoglycemia 


1 TABLE 55.5 

DIAGNOSIS | 

INSULINOMA 

■ PARAMETER 

■ DESCRIPTION 

Symptoms 

Neuroglycopenia causes confusion, 
personality change, coma 

Catecholamine surge causes 
trembling, diaphoresis, tachycardia 

Anabolic state: weight gain 

Diagnostic tests 

Monitored fast 

Insulin-to-glucose ratio 

Anatomic localization 

Evenly distributed throughout 
pancreas 


associated with gastrectomy or gastroenterostomy, nonpancre- 
atic tumors, pleural mesothelioma, sarcoma, adrenal carci¬ 
noma, hepatocellular carcinoma, carcinoid, hypopituitarism, 
chronic adrenal insufficiency, extensive hepatic insufficiency, 
and surreptitious self-administration of insulin or ingestion of 
oral hypoglycemic agents. 

A common error made in evaluating a patient with sus¬ 
pected insulinoma is to begin with an oral glucose tolerance 
test. Instead, insulinoma is most reliably diagnosed by means 
of a monitored fast. During a monitored fast, blood is sampled 
for glucose and insulin determinations every 4 to 6 hours and 
when symptoms appear. Hypoglycemic symptoms typically 
occur when glucose levels are below 50 mg/dL, with concur¬ 
rent serum insulin levels often exceeding 25 microunits/mL. 
Additional support for the diagnosis of insulinoma comes 
from the calculation of the insulin-to-glucose ratio at different 
times during the monitored fast. Normal persons have insulin- 
to-glucose ratios below 0.3, whereas patients with insulinoma 
typically demonstrate insulin-to-glucose ratios above 0.4 after 
a prolonged fast. Other measurable /3-cell products synthe¬ 
sized in excess in patients with insulinoma include C peptide 
and proinsulin. Elevated levels of both are typically found in 
the peripheral blood of patients with insulinoma. 

The possibility of the surreptitious administration of | 
insulin or oral hypoglycemic agents should be considered in all 
patients with suspected insulinoma. Levels of C peptide and 
proinsulin are not elevated in patients who self-administer 
insulin. Additionally, patients self-administering either bovine 
or porcine insulin may demonstrate anti-insulin antibodies in 
circulating blood. The ingestion of oral hypoglycemic agents, 
such as sulfonylureas, can be assessed by means of standard 
toxicologic screening. 

Insulinomas are evenly distributed throughout the pancreas, 
with one third found in the head and uncinate process, one 
third in the body, and one third in the tail of the gland. 77 Less 
than 3% are located outside the pancreas, with these lesions 
Q located in the peripancreatic area. 78 Ninety percent are found 
to be benign solitary adenomas amenable to surgical cure. 
Ninety percent of insulinomas are sporadic, with approxi- | 
mately 10% being associated with the MEN-1 syndrome. In 
patients with MEN-1, the possibility of multiple insulinomas 
must be considered, and recurrence rates are higher. In approx¬ 
imately 10% of patients, insulinoma is metastatic to the peri¬ 
pancreatic lymph nodes or liver, making the diagnosis of malig¬ 
nant insulinoma. 

After the diagnosis of insulinoma has been confirmed bio¬ 
chemically, the appropriate localization and staging studies 
described earlier are performed (typically CT and EUS). Once 
the lesion has been localized, 79 patients undergo surgical explo¬ 
ration, where the pancreas is assessed not only by operative 
palpation but also by intraoperative ultrasonography. This 
allows for confirmation of preoperative localization and evalu¬ 
ates for the presence or absence of multiple primary tumors. 
Small, benign tumors that are not close to the main pancreatic 
duct can be removed by enucleation 80 (Fig. 55.6), regardless of 
their location in the gland. Larger tumors in the neck or proxi¬ 
mal body may be resected via central pancreatectomy. 81-83 In 
the body and tail of the pancreas, insulinomas more than 2 cm 
in diameter and those close to the pancreatic duct are most 
commonly removed via distal pancreatectomy. Large lesions in 
the head or uncinate process of the gland may not be amenable 
to local resection and may occasionally require pancreatico¬ 
duodenectomy for complete excision. 84,85 Increasingly, experi¬ 
enced surgeons are utilizing a laparoscopic approach to these 
tumors. Both laparoscopic pancreatectomy and enucleation are 
now performed on a routine basis with excellent results. 86-90 

In rare instances, preoperative localization studies and 
intraoperative ultrasound fail to identify the tumor. Intraoper¬ 
ative biopsy of the pancreatic tail may help make the diagnosis 
of nesidioblastosis as the cause of hyperinsulism. Some authors 
have recommended a “blind” distal pancreatic resection to the 
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FIGURE 55.6. The technique for enucleating a benign pancre¬ 
atic endocrine neoplasm with scissors (A) or electrocautery (B). 
C: After enucleation, the site of excision is drained. (Adapted 
from Cameron JL. Atlas of Surgery. Vol 1. Philadelphia, PA: BC 
Decker/Mosby; 1990:441.) 


level of the superior mesenteric vein (60% to 70% pancreatec¬ 
tomy), in the hope of excising an unidentified insulinoma in the 
body and tail. Others have suggested blind pancreaticoduo¬ 
denectomy, because the thickness of the gland in this region 
makes it more likely to harbor an occult neoplasm. The favored 
approach at the current time is to defer any blind resection, 
close the patient without pancreatectomy, and perform postop¬ 
erative selective arterial calcium stimulation with hepatic 
venous insulin sampling to allow for specific tumor localization 
and directed surgical excision at a second operation. 91 

Approximately 10% of insulinomas are malignant, pre¬ 
senting with lymph node or liver metastases. In the presence of 
hepatic metastases, resection of the primary tumor and acces¬ 
sible metastases should be considered if it can be performed 
safely. 92-94 Such tumor debulking can be helpful in reducing 
hypoglycemic symptoms and improving long-term survival. In 
patients with unresectable disease, medications such as dia- 
zoxide and octreotide can be used to reduce insulin secretion 
from the tumor, minimizing hypoglycemia. One promising 
new treatment is everolimus, an oral rapamycin analogue that 
inhibits mammalian target of rapamycin (mTOR). In a pilot 
study of patients with refractory hypoglycemia due to metasta¬ 
tic insulinoma, everolimus resulted in improved glycemic con¬ 
trol. 95 Dietary manipulations, including judicious spacing of 
carbohydrate-rich meals and the consumption of nighttime 
snacks, can also reduce the number of hypoglycemic episodes. 
Multiple chemotherapeutic regimens have been used including 
streptozocin, dacarbazine, doxorubicin, and 5-fluorouracil. 96-98 
Combination chemotherapy has yielded the highest response 
rates but has not been shown to be curative. 


GASTRINOMA (ZOLLINGER- 
ELLISONSYNDROME) 

In 1955, Zollinger and Ellison described two patients with 
severe peptic ulcer disease and pancreatic endocrine tumors 
and postulated that an ulcerogenic agent originated from the 


pancreatic tumor. 99-101 It has been estimated that approxi¬ 
mately 1 in 1,000 patients with primary duodenal ulcer disease 
and 2 in 100 patients with recurrent ulcer after ulcer surgery 
Q harbor gastrinomas. 102 Seventy-five percent of gastrinomas 
occur sporadically, and 25% are associated with the MEN-1 
syndrome. Historically, the majority of gastrinomas were 
found to be malignant, with metastatic disease present at the 
time of initial workup. With increased awareness and screen¬ 
ing for hypergastrinemia, the diagnosis of gastrinoma is made 
earlier and a higher percentage of patients present with benign 
and potentially curable neoplasms. 103 

The clinical symptoms of patients with gastrinoma are a 
direct result of increased levels of circulating gastrin (Table 
55.6). Abdominal pain and peptic ulceration of the upper gas¬ 
trointestinal (UGI) tract are seen in up to 90% of patients. 
Diarrhea is seen in 50% of patients, with 10% having diarrhea 
as their only symptom. Esophageal symptoms or endoscopic 
abnormalities resulting from gastroesophageal reflux are seen 
in up to half of patients. The diagnosis of gastrinoma should 


1 TABLE 55.6 

DIAGNOSIS! 

GASTRINOMA 


■ PARAMETER 

■ DESCRIPTION 

Symptoms 

Peptic ulcer disease 

Diarrhea 

Esophagitis 

Diagnostic tests 

Serum gastrin measurement 

Gastric acid analysis (or pH testing) 
Secretin stimulation test 

Anatomic localization 

Duodenum and head of pancreas 
(gastrinoma triangle) 
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TABLE 55.7 DIAGNOSIS 


DISEASE STATES ASSOCIATED WITH HYPERGASTRIN EMI A 

Nonulcerogenic causes (normal to low gastric acid secretion) 
Atrophic gastritis 
Pernicious anemia 
Previous vagotomy 
Renal failure 
Short-gut syndrome 

Ulcerogenic causes (excess gastric acid secretion) 

Antral G-cell hyperplasia or hyperfunction 
Gastric outlet obstruction 
Retained excluded gastric antrum 
Zollinger-Ellison syndrome 


be suspected in several clinical settings, including the initial 
diagnosis of peptic ulcer disease, recurrent ulcer after medical 
or surgical therapy, postbulbar ulcer, family history of ulcer 
disease, ulcer with diarrhea, prolonged undiagnosed diarrhea, 
MEN-1 kindred, nongastrinoma pancreatic endocrine tumors 
(high association of secondary hormone elevations), and 
prominent gastric rugal folds on UGI examination. Serum gas¬ 
trin levels should be obtained in all of these settings. 

In most patients with gastrinoma, the fasting serum gastrin 
level is greater than 200 pg/mL. Gastrin levels greater than 
1,000 pg/mL in the setting of hyperacidity and ulcer disease are 
virtually pathognomonic for gastrinoma. Because hypergas- 
trinemia can occur in other pathophysiologic states (Table 55.7), 
fasting hypergastrinemia alone is not sufficient for the diagno¬ 
sis of gastrinoma. Gastric acid analysis (or at least gastric pH 
testing) is critical in differentiating between ulcerogenic (high 
levels of acid) and nonulcerogenic (low levels of acid) causes of 
hypergastrinemia. To obtain an accurate gastric acid analysis, 
patients must not be taking antisecretory medications includ¬ 
ing histamine (H 2 )-receptor antagonists or proton pump 
inhibitors (PPIs). The diagnosis of gastrinoma is supported by 
a basal acid output above 15 mEq/h in nonoperated patients, 
a basal acid output exceeding 5 mEq/h in patients with previ¬ 
ous vagotomy or ulcer operations, or a ratio of basal acid out¬ 
put to maximal acid output exceeding 0.6. 

After documenting that hypergastrinemia and excessive 
acid secretion exist, provocative testing with secretin should be 
performed to differentiate between gastrinoma, antral G-cell 
hyperplasia or hyperfunction, and the other causes of ulcero¬ 
genic hypergastrinemia. This is achieved with a secretin stimu¬ 
lation test (Fig. 55.7). A baseline gastrin level is drawn. The 
patient is then stimulated with 2 units per kilogram of secretin 
as an intravenous bolus and subsequent gastrin samples are 
collected at 5-minute intervals for 30 minutes. An increase in 
the gastrin level by more than 200 pg/mL above the basal level 
supports the diagnosis of gastrinoma. 

After the biochemical diagnosis of gastrinoma has been 
made, the gastric acid hypersecretion should be pharmacolog¬ 
ically controlled. The PPIs are now considered the drugs of 
choice for doing so. 104,105 The dose is adjusted to achieve a 
nonacidic pH during the hour immediately before the next 
dose of the drug. Typically, PPI doses needed for acid control 
exceed usual dosing levels. After the initiation of antisecretory 
therapy, all patients should undergo imaging studies to localize 
the primary tumor and to assess for metastatic disease. 

If localization studies reveal unresectable hepatic metastases, 
the patient should undergo percutaneous or laparoscopic- 
directed liver biopsy to obtain a definitive histologic diagnosis. 
These patients should be maintained on long-term PPI therapy. 
Virtually all patients can be rendered achlorhydric with an 
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FIGURE 55.7. Results of intravenous secretin stimulation tests in 
patients with atrophic gastritis ( triangles ), gastric outlet obstruction 
{squares), and gastrinoma {circles). A positive test result, consistent 
with the presence of gastrinoma, is indicated by an increase over basal 
serum gastrin levels of at least 200 pg/mL. (Adapted from Wolfe MM, 
Jensen RT. Zollinger-Ellison syndrome: current concepts in diagnosis 
and management. N Engl J Med 1987;317:1200.) 


appropriate dose of PPIs. Patients noncompliant with antise¬ 
cretory therapy who experience complications related to their 
ulcer diathesis may require removal of the end organ (total 
gastrectomy) if tumor resection is not possible. However, total 
gastrectomy, once the operation of choice for gastrinoma, is 
now only rarely used. 

If unresectable disease is not identified by staging studies, 
patients should be offered surgical exploration with curative 
intent. On exploration, the entire abdomen should be assessed 
for areas of extrapancreatic and extraduodenal gastrinoma. 

^Most gastrinomas are found in the gastrinoma triangle 77,106 
(Fig. 55.8), the area to the right of the superior mesenteric ves¬ 
sels, in the head of the pancreas or in the duodenal wall. Both 
intraoperative ultrasound and intraoperative upper endoscopy 
may be helpful in tumor localization. Transillumination of the 
duodenum may help identify small duodenal gastrinomas. 107,108 
Well-encapsulated tumors less than 2 cm in size and distant 
from the pancreatic duct can be enucleated. Those situated deep 



FIGURE 55.8. Most gastrinomas are found within the gastrinoma tri¬ 
angle. (Adapted from Stabile BE, Morrow DJ, Passaro E. The gastri¬ 
noma triangle: operative implications. Am J Surg 1984;147:26.) 
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in the parenchyma may require partial resection by pancreatico¬ 
duodenectomy or distal pancreatectomy. If no pancreatic tumor 
is identified, a longitudinal duodenotomy should be performed 
at the level of the second portion of the duodenum in search of 
duodenal microgastrinomas. 109,110 Small gastrinomas in the 
duodenal wall can be locally resected with primary closure of 
the duodenal defect. The routine use of duodenotomy increases 
the short- and long-term cure rates in patients with sporadic 
gastrinoma, because such a duodenotomy allows detection of 
more duodenal gastrinomas. 111 Duodenotomy did not impact 
the occurrence of hepatic metastases or disease-related mortal¬ 
ity. In a small percentage of patients, gastrinoma is found only 
in peripancreatic lymph nodes, with these lymph nodes harbor¬ 
ing the apparent primary tumor. Resection of these apparent 
lymph node primary gastrinomas has been associated with 
long-term eugastrinemia and biochemical cure in up to half of 
cases. 112 A review from the National Institutes of Health identi¬ 
fied likely primary lymph node gastrinomas in 26 of 176 gastri¬ 
noma patients (14.7%), with 69% being eugastrinemic at a 
mean of 10 years after resection. 113 

Occasionally, preoperative localization studies may identify 
the tumor in the gastrinoma triangle, but at the time of explo¬ 
ration, the tumor is not demonstrable. Several surgical options 
are available at this point. First, a parietal cell vagotomy has 
been proposed as a way to reduce antisecretory drug dose 
requirements in patients on high-dose antisecretory drug ther¬ 
apy but without prior life-threatening complications. 114 How¬ 
ever, this approach leaves behind potentially resectable gastri¬ 
noma and has lost favor as an option. A second option is total 
gastrectomy; however, the availability of PPIs has drastically 
reduced the need to perform this operation for gastrinoma. It 
may have a limited role in patients whose tumors cannot be 
localized, if they cannot or will not take their PPIs. Like pari¬ 
etal cell vagotomy, this leaves tumor behind. A third, contro¬ 
versial option in patients with localization to the gastrinoma 
triangle is blind pancreaticoduodenectomy. Some argue this 
should include distal gastrectomy, as duodenal gastrinomas 
may arise close to the pylorus and be left behind during a 
pylorus-preserving resection. 

Patients with sporadic gastrinomas tend to fare better fol¬ 
lowing resection than those with MEN-1. In a series of 151 
patients reported by Norton et al., 115 123 had sporadic gastri¬ 
noma and 28 had MEN-l-associated gastrinoma. Of those 
with sporadic gastrinoma, 34% were free of disease 10 years 
following resection. None of the MEN-1 patients were free of 
disease at 10 years. A more recent review of 195 patients from 
the same institution demonstrated clear superiority of surgical 
intervention over other treatment strategies. 116 The rate of 
disease-related death was increased 23-fold in the group of 
patients treated without surgery. These data provide com¬ 
pelling evidence that patients with sporadic gastrinoma benefit 
from surgical exploration and complete tumor resection. 

The management of gastrinoma in MEN-1 is not as clear. 
The surgical treatment of hypercalcemia caused by parathyroid 
hyperplasia should precede any surgery for hypergastrinemia in 
patients with MEN-1. In these patients, gastrin-secreting 
tumors are often multicentric and associated with lymph node 
metastases. Although some groups have favored exploration 
only when MEN-1 gastrinoma tumors exceed 3 cm, it seems 
that earlier intervention may be warranted. 117,118 Unfortu¬ 
nately, more data from an appropriate clinical trial are needed 
to better define the timing of surgery for MEN-1 gastrinoma. 

In the 1950s and 1960s, most gastrinomas were diagnosed 
late in the course of the disease, when the tumor burden was 
already significant. At that time, effective medical therapy did 
not exist, nor did sophisticated radiographic localization and 
staging techniques. Patients often suffered multiple ulcer com¬ 
plications, required total gastrectomy to control the ulcer 
diathesis, and typically succumbed to continued tumor growth 
following gastrectomy. Recent reviews of patients with surgi¬ 
cally treated gastrinoma provide room for optimism. 119-122 


Currently, up to 35% of patients who undergo resection with 
curative intent have been rendered eugastrinemic at follow-up. 
Cure rates approach 60% to 70% when the extent of disease 
allows a complete resection. 

Most patients with incurable metastatic disease eventually 
die of tumor growth and dissemination. Multiple modalities 
have been used to treat such patients. Chemotherapy including 
streptozocin, 5-fluorouracil, and doxorubicin provides response 
rates of less than 50%. 123 Hormonal therapy with octreotide 
may relieve symptoms, reduce hypergastrinemia, and diminish 
hyperchlorhydria. 124,125 In patients with hepatic metastases, 
aggressive resection for debulking, 126-129 hepatic transplanta¬ 
tion, 130 hepatic artery embolization, and interferon therapy 
have all been used, with variable results. 


VIPOMA (VERNER-MORRISON 
SYNDROME) 

Synonyms for VIPoma include WDHA syndrome (watery diar¬ 
rhea, hypokalemia, and either achlorhydria or acidosis) and 
pancreatic cholera syndrome (Table 55.8). Verner and Morri¬ 
son 131 characterized this secretory diarrheal syndrome in a 1958 
report. Patients characteristically present with intermittent, 
severe, watery diarrhea averaging up to 5 L/d. Hypokalemia 
results from fecal loss of large amounts of potassium. Low serum 
potassium levels lead to lethargy, muscle weakness, and nausea. 
A metabolic acidosis may be present, due to loss of bicarbonate 
in the diarrhea. Half of the patients may have hyperglycemia or 
hypercalcemia, and cutaneous flushing can be observed in a 
minority. The diagnosis of VIPoma is made after other common 
causes of diarrhea have been excluded (Table 55.9) 132 and an ele¬ 
vated serum VIP level is documented. 

VIP secretion can be episodic, so repeated fasting levels 
should be measured if there is a strong clinical suspicion. Pre¬ 
operative tumor localization is critical, because 10% of 
patients may have extrapancreatic tumors located in the 
retroperitoneum or chest. Most tumors are located in the dis¬ 
tal pancreas where they are amenable to resection via distal 
pancreatectomy (Fig. 55.9). In most cases, hepatic metastases 
accompany the primary tumor. Therapies directed at debulk¬ 
ing these metastases such as resection or ablative strategies are 
appropriate. 

Surgical excision is appropriate in nearly all patients with 
Verner-Morrison syndrome. Prior to surgery, fluid and elec¬ 
trolyte imbalances must be corrected. Octreotide can serve as 
a treatment adjunct, reducing the levels of circulating VIP, 


ITABLE 55.8 

DIAGNOSIS | 

VIPOMA 

■ PARAMETER 

■ DESCRIPTION 

Symptoms 

Watery diarrhea 

Weakness 

Lethargy 

Nausea 

Diagnostic tests 

Hypokalemia 

Achlorhydria 

Metabolic acidosis 

Serum VIP levels elevated 

Anatomic localization 

Most in body and tail of 
pancreas, with liver metastases 

VIP, vasoactive intestinal peptide. 
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TABLE 55.9 

DIAGNOSIS | 

DIFFERENTIAL DIAGNOSIS OF VERNER-MORRISON 
SYNDROME 

■ ENTITY 

■ WORKUP 

Villous adenoma 

Lower GI endoscopy 

Laxative abuse 

Stool examination for 
phenolphthalein 

Celiac disease 

Fecal fat measurement 

D-xylose tolerance test 

Small bowel biopsy 

Parasitic and 
infectious diseases 

Stool culture 

Ovum and parasite analysis 
Clostridium difficile toxin assay 

Inflammatory 
bowel disease 

Lower GI endoscopy 

Upper GI and small bowel series 

Carcinoid syndrome 

Urinary 5'-HIAA 

Upper GI and small bowel series 
Abdominal CT 

Serum serotonin measurement 

Gastrinoma 

Serum gastrin measurement 

Gastric acid analysis 

Secretin stimulation test 

CT, computed tomography; GI, gastrointestinal; 5'-HIAA, 
5'-hydroxyindoleacetic acid. 


ITABLE 55.10 

DIAGNOSIS | 

GLUCAGONOMA 

■ PARAMETER 

■ DESCRIPTION 

Symptoms 

Dermatitis manifested as 
necrolytic migratory erythema 

Stomatitis 

Catabolic state: weight loss 

Diagnostic tests 

Hyperglycemia 

Hypoproteinemia 

Serum glucagon measurement 

Serum amino acid profile 

Anatomic localization 

Most in body and tail of 
pancreas, with liver metastases 


with a resultant decrease in the volume of diarrhea. Octreotide 
is also useful for symptom control in the setting of unre- 
sectable disease. Chemotherapy specific for this disease has not 
been well studied. 


_ GLUCAGONOMA _ 

0 The most common findings in the glucagonoma syndrome are 
severe dermatitis, mild diabetes, stomatitis, anemia, and weight 
loss (Table 55.10). The dermatitis manifests as a characteristic 
skin rash termed necrolytic migratory erythema. This rash 



FIGURE 55.9. Several computed tomographic images from a patient with a primary vasoactive intestinal polypeptide-oma (VIPoma) in the tail 
of the pancreas. The tumor is nearly spherical. Its location is posterior to the stomach and adjacent to the spleen. 


PANCREAS/LIVER 


























I 868 


Part Two: Surgical Practice 


via pancreaticoduodenectomy) and careful debulking of hepatic 
metastases are indicated. 



FIGURE 55.10. Computed tomography with oral and intravenous 
contrast in a patient with a glucagonoma. The large tumor appears to be 
posterior to the stomach and to the right of the aorta from the viewer’s 
perspective. 


exhibits cyclic migrations, and it has been theorized that the 
hypoaminoacidemia accompanying glucagonoma is the cause. 

The diagnosis of glucagonoma is suggested by the clinical 
presentation and biopsy of the skin lesions but is secured by 
the documentation of high fasting levels of serum glucagon. 
Most glucagonomas are located in the body and tail of the 
gland. These tumors are typically large and bulky, and surgical 
resection requires distal pancreatectomy (Fig. 55.10). Metas¬ 
tases are found in most patients and safe debulking of these 
should be considered. 133 As in patients with VIPoma and 
insulinoma, octreotide can be useful in controlling the signs 
and symptoms (hyperglycemia and dermatitis) associated with 
incurable glucagonoma. 


SOMATOSTATINOMA 


The somatostatinoma syndrome is the least common of the 
five generally accepted functional pancreatic endocrine neo¬ 
plasia syndromes, occurring in less than 1 in 40 million peo¬ 
ple. The clinical features are nonspecific including steatorrhea, 
diabetes, hypochlorhydria, and cholelithiasis (Table 55.11). 
Fasting plasma somatostatin levels of greater than 100 pg/mL 
can be used to confirm the diagnosis. 

Most somatostatinomas are located in the pancreatic head 
or periampullary region. 134 Tumors are of variable size and are 
often easily localized. Metastatic disease may be present at the 
time of diagnosis. Safe resection of the primary tumor (often 


ITABLE 55.1 1 

DIAGNOSIS | 

SOMATOSTATINOMA 

■ PARAMETER 

■ DESCRIPTION 

Symptoms 

Steatorrhea 

Right upper quadrant pain 

Diagnostic tests 

Hyperglycemia 

Hypochlorhydria 

Gallstones 

Serum somatostatin level 

Anatomic localization 

Most in head or uncinate process 
of pancreas; often periampullary 


NONFUNCTIONAL ISLET 
CELL TUMORS 


Currently, the majority of patients with neoplasms of the 
endocrine pancreas have no defined clinical syndrome and no 
elevated hormone levels. One hormone that may be elevated in 
these patients is pancreatic polypeptide, but this is not associ¬ 
ated with a clinical syndrome. Another elevated serum marker 
may be chromogranin A. A study by Mutch et al. 135 deter¬ 
mined a relationship between fasting plasma PP levels in 
patients with MEN-1 and the presence of radiographically 
detectable pancreatic endocrine tumor. A PP level that is more 
than three times the age-specific normal value is 95% sensitive 
and 88% specific for an islet cell tumor that can be imaged. 
Patients with nonfunctional endocrine tumors typically pre¬ 
sent with abdominal pain, weight loss, and jaundice, caused 
by the space-occupying nature of the mass in the pancreas. 
Overall, nonfunctional tumors tend to grow more slowly and 
have a much more indolent course and a better survival rate 
than pancreatic ductal adenocarcinoma. Even patients with 
locally advanced disease have a median survival in excess of 5 
years. 136,137 Patients with resectable disease should undergo 
resection for potential cure via pancreaticoduodenectomy or 
distal pancreatectomy, depending on tumor location. 


METASTATIC PANCREATIC 
ENDOCRINE TUMORS 


At least one third of patients with malignant PENs present with 
synchronous liver metastases at the time of diagnosis. 138 A sub¬ 
set of these patients remain asymptomatic and experience pro¬ 
longed survival even without aggressive therapy. 96 However, 
overall 5-year survival with liver metastases is less than 
50%. 139 PENs are one of the few tumors for which a survival 
advantage for surgical debulking has been shown. 127,138,140-142 
In those selected patients where safe surgical resection of 
greater than 90% of the tumor burden can be achieved, 5-year 
survival rates of 60% to 75% have been reported. 

Those with unresectable disease have shown partial 
responses to chemotherapy. In 1992, the results of a trial con¬ 
ducted by the Eastern Cooperative Oncology Group (ECOG) 
were published. 96 In this study, 105 patients with advanced 
nonfunctional endocrine tumors were randomly assigned to 
one of three groups. The lowest response rate (30%) was seen 
in patients receiving chlorozotocin alone, an intermediate 
response rate (45%) was seen in patients receiving the combi¬ 
nation of streptozotocin plus 5-fluorouracil, and the highest 
response rate (69%) was noted in patients receiving streptozo¬ 
tocin plus doxorubicin. The last regimen also showed signifi¬ 
cant survival advantage in comparison with the other two 
treatments. More recent attempts to replicate these results 
have been disappointing. 143 

Somatostatin analogues are another approach to treating 
metastatic PENs. Results are more favorable in tumors that 
have high-affinity receptors (gastrinomas, VIPomas, glucagono¬ 
mas, and some nonfunctional tumors) as compared to insuli¬ 
nomas. Symptomatic improvement occurs in 60% to 90% of 
patients. However, an objective tumor response is seen in only 
5% to 15% of patients, with stabilization of disease in 50% or 
more of patients. 144-146 

Multiple investigational agents have been tried in the setting 
of advanced metastatic PEN. One promising agent is sunitinib 
malate (Sutent, Pfizer Inc.), an oral multikinase inhibitor 
approved for the treatment of advanced renal cell carcinoma 
and refractory gastrointestinal stromal tumors. Interim analysis 
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of a phase III trial showed significant benefit in the group tak¬ 
ing sunitinib and the trial was halted early. 147 
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SECTION H 

[ HEPATOBILIARY AND PORTAL VENOUS SYSTEM 

CHAPTER 56 ■ HEPATOBILIARY ANATOMY 

RICHARD D. SCHULICK 


KEY POINTS 


Q The most widely accepted nomenclature for liver anatomy 
is based on Couinaud’s description of eight anatomic seg¬ 
ments of the liver. 

Q There are three major hepatic veins, with most patients hav¬ 
ing a right hepatic vein that joins the right anterior wall of the 
inferior vena cava (IVC) and a middle and left hepatic vein 
that converge into a common trunk before joining the IVC. 

Q Classic hepatic arterial anatomy exists in only approxi¬ 
mately 50% of patients, with a replaced or accessory right 
hepatic artery arising from the superior mesenteric artery 
and a replaced or accessory left hepatic artery arising from 
the left gastric artery being the most common variants. 

Q Callot’s triangle is bounded by the common hepatic duct 
on the left, the cystic duct inferiorly, and the cystic artery 
superiorly. 

Q The blood supply of the common bile duct is segmental in 
nature and consists of branches from the cystic, hepatic, 
and gastroduodenal arteries, which meet to form collateral 
vessels that run in the 3 o’clock and 9 o’clock positions. 


Q Multiphase computerized tomography magnetic resonance 
imaging with intravenous contrast are commonly used to 
characterize hepatic lesions. 

Q Magnetic resonance cholangiopancreatography is often 
used to view biliary anatomy as it involves no contrast 
agent and optimally can provide images that rival formal 
cholangiography. 

Q Intraoperative ultrasonography is used routinely to assess 
the anatomy of the hepatic pedicles (portal vein, hepatic 
artery, bile duct) and hepatic veins and to identify and 
characterize hepatic lesions within the parenchyma and 
their relationships within the eight anatomic segments. 

Q The portal pedicles are invested with the Glisson capsule 
and have a very echogenic covering to them on ultrasound 
in contrast to hepatic vein branches. 

© The steps involved in major hepatectomy include optimal 
exposure, vascular inflow control, vascular outflow con¬ 
trol, and parenchymal transection. 


A precise knowledge of the anatomy of the liver and biliary 
tract and their relationship to associated blood vessels is essen¬ 
tial for the performance of hepatobiliary surgery. Every sur¬ 
geon caring for a patient with a hepatobiliary problem should 
have a thorough understanding of the general anatomy and an 
absolute understanding of each individual patient’s anatomy, 
because variations are common. 


TOPOGRAPHIC ANATOMY 


The normal adult liver is a large, wedge-shaped organ that 
occupies much of the right upper quadrant of the abdomen. 
Most of the liver bulk lays to the right of the midline where it 
molds to the undersurface of the right diaphragm, and where 
the lower border coincides with the right costal margin. The liver 
extends as a wedge to the left of the midline between the ante¬ 
rior surface of the stomach and the left dome of the diaphragm. 
The anterior surface of the liver is invested by visceral peri¬ 
toneum that extends to the anterior abdominal wall in the mid¬ 
line from the ligamentum teres, or round ligament (the obliter¬ 
ated umbilical vessels), and by an obliquely oriented fusion of 
peritoneum known as the falciform ligament. Posteriorly, the 
investing peritoneum is contiguous with the peritoneum of the 
diaphragm and covers the liver, except for a bare area bounded 
by the right and left triangular ligaments (Fig. 56.1). The Glis¬ 
son capsule is a thin, fibrous covering that envelops the liver 
deep to the peritoneum, sending fibrous septa into the hepatic 
parenchyma investing the portal structures. 

Ordinarily, the liver can be separated from adjacent organs 
and structures by simply moving it or dividing loose areolar tis¬ 
sue (Fig. 56.2). Neoplastic or inflammatory conditions may 
obliterate these planes. Superiorly and anteriorly, the diaphragm 


or abdominal wall and liver may jointly be involved in a patho¬ 
logic process. Posteriorly, the right adrenal gland or upper pole 
of the right kidney may involve or be involved by the liver. 
Inferiorly, the gallbladder, colon, duodenum, or periportal lym¬ 
phatics may be involved. Cancers of the stomach or gastroe¬ 
sophageal junction may involve the left liver or vice versa. 


MORPHOLOGIC AND 
FUNCTIONAL ANATOMY 


The description and definition of the anatomic divisions of the 
liver have been revised and written about numerous times in 
the past 100 years. 1-8 At present, there is still confusion 
between the various hepatic anatomic nomenclatures in the 
English and French literature. Based only on morphologic cri¬ 
teria and surface anatomy, the liver can be divided into right 
and left halves by forming a plane through the gallbladder 
fossa (Cantlie line) and inferior vena cava (IVC) (Fig. 56.3). As 
will be shown later, this plane approximates the true division 
between the right and left halves using the more strict defini¬ 
tion of a plane through the middle hepatic vein and IVC, but 
the middle hepatic vein is not obvious based solely on mor¬ 
phology and without ultrasound. Further subdivisions of the 
right half of the liver into a right anterior sector and a right 
posterior sector are not possible based only on surface 
anatomy. The left half of the liver can be further subdivided 
into a left medial section and left lateral section based on the 
umbilical fissure and falciform ligament. The caudate (tail¬ 
shaped) process of the liver is identified as lying posterior to 
the gastrohepatic ligament and emanating from a process of 
liver situated posterior to the main portal pedicle and anterior 
to the IVC. 
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Part Two: Surgical Practice 


FIGURE 56.1. Posterior view of the liver, showing the 
level of peritoneal reflections. 



FIGURE 56.2. Posterior view of the liver, showing 
organs that produce impressions on its inferior surface. 
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FIGURE 56.3. Anatomic division of 
the liver into right and left halves by 
a plane extending from the gallblad¬ 
der fossa posteriorly to the inferior 
vena cava. 
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FIGURE 56.4. Functional divisions of the liver and liver segments according to Couinaud’s nomenclature. 


O 


The most widely accepted nomenclature is based on Couin¬ 
aud’s description of the discrete anatomic segments of the liver 
(Fig. 56.4). 6 The eight segments of a liver can be determined 
using surface anatomy and location of the three main hepatic 
veins, the portal pedicle bifurcation into right and left, and the 
umbilical fissure and falciform ligament. As described, the right 
and left halves of the liver are delineated by a plane through the 
middle hepatic vein and IVC. Segments II, III, and IV lie to the 
left of this plane and form the left half of the liver. Segments V, 
VI, VII, and VIII lie to the right of this plane and form the right 
half of the liver. Segment I, or the caudate process, is morpho¬ 
logically distinct from the two halves of the liver and emanates 
from a process of liver lying posterior to the portal pedicle and 
anterior to the IVC. Whereas the right and left halves of the liver 
derive blood supply from the corresponding right and left por¬ 
tal veins and hepatic arteries, segment I derives blood supply 
from both. Additionally, the right half of the liver has venous 
drainage primarily through the right and middle hepatic veins, 
and the left half of the liver primarily through the left and mid¬ 
dle hepatic veins. Segment I, however, drains directly via small 
branches into the IVC. The left liver and especially the right liver 
usually have small accessory hepatic venous branches draining 
directly into the inferior vena cava. Occasionally on the right, 
the accessory branch is significant in size. 

The right half of the liver can be further subdivided using a 
plane through the right hepatic vein and the IVC. Liver ante¬ 
rior to this plane forms the right anterior sector, and liver pos¬ 
terior to this plane forms the right posterior sector. The right 
anterior sector of the liver is composed of segment V (inferior 
to the portal bifurcation) and segment VIII (superior to the 
portal bifurcation). The right posterior sector of the liver is 
composed of segment VI (inferior to the portal bifurcation) 
and segment VII (superior to the portal bifurcation). 

The left half of the liver can be further subdivided using a 
plane through the umbilical fissure and falciform ligament. 
Liver medial to this plane forms the left medial section of the 
liver or segment IV, and liver lateral to this plane forms the left 
lateral section of the liver. The left medial section of the liver is 
sometimes divided into two halves, with IVa closer to the infe¬ 
rior vena cava and IVb farther. The left lateral section of the 
liver is further subdivided into segment II (which is superior) 
and segment III (which is inferior). 


right anterior wall of the IVC and a middle and left hepatic 
vein that converge into a common trunk about 1 cm from the 
IVC that enters the left anterior wall of the IVC (Fig. 56.5). In 
some patients, the three main hepatic veins join the IVC via 
three distinct trunks. These hepatic veins usually lie within the 
hepatic parenchyma. Usually, a definable extraparenchymal 
segment of the hepatic veins, especially the right, can be dis¬ 
sected out before it empties into the IVC, which makes outflow 
control safer and easier. Usually, multiple accessory right 
hepatic veins empty from the right half of the liver directly into 
the IVC as it courses posterior to the liver (Fig. 56.6). On occa¬ 
sion, these accessory right hepatic veins are sizable and may 
even support venous outflow should the native right hepatic 
vein need to be taken. Additionally, sometimes an umbilical 
vein can be appreciated running to the falciform ligament 
between the middle and left hepatic veins and emptying into 
the terminal portion of the left hepatic vein. 


Portal Veins 


The superior mesenteric and splenic veins join posterior to the 
neck of the pancreas to form the main portal vein. It receives 
pyloric and coronary vein branches as it courses cephalad and 
obliquely to the right to form the most posterior structure 
within the hepatoduodenal ligament (portal triad). In the hilus 
of the liver, the main portal vein bifurcates into a short oblique 
right portal vein and a longer, more transverse, and more super¬ 
ficial left portal vein (Fig. 56.7). These branches then enter the 
parenchyma and become invested along with the other compo¬ 
nents of the portal triad by extensions of the Glisson capsule. 
Both the right and left portal veins give off small branches to 
dually supply segment I. The right portal vein usually enters the 
hepatic parenchyma immediately and is quick to divide into a 
right anterior portal vein supplying segments V and VIII and a 
right posterior portal vein supplying segments VI and VII. The 
left portal vein may remain near the surface of the left half of the 
liver in the hilar plate for a significant distance as it courses to 
the umbilical fissure to give off medial branches to segment IV 
and lateral branches to segments II and III. 


Hepatic Arteries 


Hepatic Veins 

Q Three major hepatic veins carry blood from the liver to the 
IVC. Most patients have a right hepatic vein that joins the 


There is much variability in the hepatic arterial supply to the 
liver. The most common anatomy is a common hepatic artery 
that arises from the celiac trunk and courses near the superior 
border of the neck of the pancreas. After the origins of the 
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FIGURE 56.5. Three major hepatic veins drain the 
liver. The caudate segment of the liver usually drains 
directly into the inferior vena cava. 


Middle 


Right 



FIGURE 56.6. Retraction of right 
liver medially exposes small venous 
tributaries that drain the right liver 
directly into the retrohepatic vena 
cava. Several branches are ligated. 
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FIGURE 56.8. Variations in hepatic arterial anatomy. 


gastroduodenal, supraduodenal, and right gastric arteries, the 
proper hepatic artery courses in the left anterior aspect of the 
hepatoduodenal ligament in front of the portal vein and to 
the left of the common hepatic duct. The proper hepatic artery 
usually bifurcates into right and left hepatic arteries outside 
the liver. The anatomy of the hepatic artery is variable and 
should be familiar to surgeons operating in this area (Fig. 56.8). 
Approximately 45% of people have variant hepatic arterial 
anatomy. 9 The right hepatic artery usually courses posterior to 
the common hepatic duct but anterior to the right portal vein 
to supply the right liver. The left hepatic artery usually remains 
extrahepatic until near the base of the umbilical fissure, where 
it enters the liver to give off branches to segments II, III, and 
IV. Small branches from near the bifurcation of the proper 
hepatic artery also supply segment I. A middle hepatic artery 
branch may arise from either the right or left hepatic arteries 
Q after bifurcation. Although this anatomy is described as nor¬ 
mal, it is found only in approximately 50% to 60% of 
patients. A replaced or accessory right hepatic artery may arise 
off of the superior mesenteric artery near its origin and course 


posteriorly or through the head of the pancreas to lie along the 
right posterior border of the hepatoduodenal ligament. A 
replaced or accessory left hepatic artery may arise off of the left 
gastric artery and course transversely toward the base of the 
umbilical fissure in the lesser omentum. In general, within the 
hepatic parenchyma, the hepatic arterial branches course 
closely with bile duct branches and fairly closely with portal 
venous branches, but not always, and anatomic variations 
should be suspected. The descriptions and frequency of hepatic 
arterial variants have been well characterized by Michels. 9 


Intrahepatic Biliary Tree 

The right and left livers are respectively drained by the right 
and left hepatic ducts, whereas the caudate (segment I) is 
drained by several small ducts joining the bifurcation and the 
first several centimeters of both hepatic ducts. The intrahepatic 
ducts are tributaries of the corresponding hepatic ducts, which 
penetrate the liver invaginating the Glisson capsule at the 
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FIGURE 56.9. Intrahepatic divisions of the bile ducts and hepatic 
arteries. 


hilus. Bile ducts are usually located above the corresponding 
portal branches, whereas hepatic arterial branches run inferi- 
orly to the veins. The left hepatic duct directly drains the bile 
ducts to segments II, III, and IV, which constitute the left liver. 
The right hepatic duct drains the bile ducts from segments V, 


VI, VII, and VIII, which constitute the right liver. Usually, the 
bile ducts from segments V and VIII join to first form the ante¬ 
rior sectoral duct and the bile ducts from segments VI and VII 
join to first form the posterior sectoral duct prior to forming 
the right hepatic duct (Fig. 56.9). 


Gallbladder 


The gallbladder is a reservoir for bile located on the undersur¬ 
face of the liver at the confluence of the right and left halves of 
the liver. It is separated from the hepatic parenchyma by a cys¬ 
tic plate, which is constituted of connective tissue applied to 
the Glisson capsule. The gallbladder may be deeply imbedded 
into the liver or occasionally presents on a mesenteric attach¬ 
ment, but usually lays in a gallbladder fossa. The gallbladder 
varies in size and consists of a fundus, a body, and an 
infundibulum. The tip of the fundus usually reaches the free 
edge of the liver and is closely applied to the cystic plate. The 
infundibulum of the gallbladder makes an angle with the body 
and may obscure the common hepatic duct, constituting a dan¬ 
ger point during cholecystectomy. The cystic duct arises from the 
infundibulum of the gallbladder and extends to join the common 
hepatic duct. The lumen measures between 1 and 3 mm in diam¬ 
eter, and its length varies depending on the type of union with the 
Q common hepatic duct (Fig. 56.10). Callot’s triangle is bounded 
by the common hepatic duct on the left, the cystic duct inferiorly, 
and the cystic artery superiorly. Arterial blood reaches the 
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FIGURE 56.10. Variations in the junction of the cystic duct and common hepatic duct. 
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FIGURE 56.11. Variations of the cystic 
artery. 
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gallbladder via the cystic artery, which usually originates from 
the right hepatic artery. Several known variations in the origin 
and course of the cystic artery are illustrated in Figure 56.11. The 
venous drainage of the gallbladder is directly into the liver 
parenchyma or into the common bile duct plexus. 


Common Bile Duct 


The cystic and common hepatic ducts join to form the common 
bile duct. The common bile duct is approximately 8 to 10 cm 
in length and 0.4 to 0.8 cm in diameter. The common bile duct 
can be divided into three anatomic segments: supraduodenal, 
retroduodenal, and intrapancreatic (Fig. 56.12). The supraduo¬ 
denal segment resides in the hepatoduodenal ligament lateral to 
the hepatic artery and anterior to the portal vein (Fig. 56.13). 
The course of the retroduodenal segment is posterior to the first 
portion of the duodenum, anterior to the inferior vena cava, 
and lateral to the portal vein. The pancreatic portion of the 
duct lies within a tunnel or groove on the posterior aspect of 
the pancreas. The common bile duct then enters the medial 
wall of the duodenum, courses tangentially through the sub¬ 
mucosal layer for 1 to 2 cm, and terminates in the major papilla 
in the second portion of the duodenum (Fig. 56.12). The distal 
portion of the duct is encircled by smooth muscle that forms 
the sphincter of Oddi. The common bile duct usually joins the 
pancreatic duct to form a common channel before entering the 
duodenum at the ampulla of Vater. Some patients will have an 
accessory pancreatic duct emptying into the duodenum. 

The blood supply of the common bile duct is segmental in 
nature and consists of branches from the cystic, hepatic, and 
gastroduodenal arteries. These meet to form collateral vessels 
that run in the 3 and 9 o’clock positions. The venous drainage 
forms a plexus on the anterior surface of the common bile 


duct that enters the portal system. The lymphatic drainage 
follows the course of the hepatic artery to the celiac nodes. 


LIVER IMAGING 


Computed Tomography 

Computed tomography (CT) is widely available and quick and 
has become the main modality to initiate the assessment of 
hepatic processes. It also has the advantage of being able to 
quickly assess other organs within the abdominal cavity and 
chest. With the introduction of multidetector spiral CT, the reso¬ 
lution of hepatic lesions is quite good. This scanning technique 
allows total hepatic imaging in arterial, portal venous, and 
delayed phases after a rapid intravenous contrast bolus during a 
single breath hold by the patient (Fig. 56.14). In addition, three- 
dimensional reconstructions can be obtained to construct hepatic 
arteriograms that approach the quality of invasive angiography. 


Magnetic Resonance Imaging 

© Magnetic resonance imaging (MRI) of the liver with gadolinium 
as a contrast agent is commonly used to help further characterize 
hepatic lesions. Resolution of some lesions may be slightly 
better with MRI. Additionally, certain lesions, such as heman¬ 
giomas and cysts, can easily be identified based on MRI char¬ 
acteristics when the CT characteristics are indeterminate (Fig. 
56.15). The disadvantages of MRI are its increased cost, 
increased amount of time to perform, inability to quickly 
screen other organs and body cavities within the same session, 
and wide variability in quality from one imaging center to 
another. 
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FIGURE 56.12. Anatomy of the extra- 
hepatic biliary tree and pancreatic duct. 
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Magnetic resonance cholangiopancreatography (MRCP) is 
becoming more widely used to noninvasively view biliary 
anatomy (Fig. 56.16). The scans are heavily T2 weighted, 
which maximizes the signal from the biliary tree. No injection 
of contrast agent is needed, and under optimal conditions the 
resulting imaging can rival that of formal cholangiography. 
Three-dimensional reconstructions can be performed to view 
the biliary tree from multiple angles and can be helpful in dis¬ 
tinguishing between stones, strictures, and neoplasms. 


Ultrasonography 

Hepatic ultrasonography can be applied transcutaneously or 
intraoperatively via open surgery and laparoscopic surgery. It 
can be useful in identifying lesions within the hepatic 
parenchyma, to describe the consistency (i.e., fatty or cir¬ 
rhotic) and identify dilatation of the biliary tree and any 
abnormalities or stones within the gallbladder. In hepatobil¬ 
iary surgical centers, intraoperative ultrasonography is used 
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FIGURE 56.13. Relationship of structures within the hepatoduodenal ligament. 



















































881 


Chapter 56: Hepatobiliary Anatomy 



FIGURE 56.14. Portal venous phase of computed tomography (CT) 
scan from a patient with a history of colorectal cancer and three 
lesions in the liver. Lesion 1 in segment VIII is irregular and rim 
enhancing and was a colorectal cancer metastasis. Lesion 2 straddling 
segments IV and VIII has smooth borders, is not rim enhancing, and 
was found to be a cyst. Lesion 3 straddling segments IV and III across 
the umbilical fissure is irregular and rim enhancing and was a colorec¬ 
tal cancer metastasis. 


O pedicle. The portal pedicles are invested with the Glisson 
capsule and have a very echogenic covering to them in contrast 
to hepatic vein branches. The main right portal pedicle is fol¬ 
lowed toward the right where it gives off an anterior and pos¬ 
terior branch (Fig. 56.17A). The right anterior branch gives off 
separate pedicles to segment V (caudad) and to segment VIII 
(cephalad). The right posterior branch gives off separate pedi¬ 
cles to segment VI (caudad) and to segment VII (cephalad). 
The main left pedicle is usually much longer and courses intact 
to the base of the umbilical fissure before branching into vari¬ 
ous segmental pedicles (Fig. 56.17B). At the base of the umbil¬ 
ical fissure, the main left pedicle courses anteriorly toward the 
round ligament and gives off a pedicle to segment IV medially 
and pedicles to segments II and III laterally. Next, if the falci¬ 
form ligament has been divided, the hepatic veins can easily be 
visualized using intraoperative ultrasonography (Fig. 56.17C). 
As described previously, usually a larger right hepatic vein can 
be delineated and smaller left and middle hepatic veins joining 
into a common trunk before emptying into the IVC are seen. 
Commonly, an umbilical hepatic vein branch can be identified 
coursing between the middle and left hepatic veins and run¬ 
ning under the falciform ligament. Not uncommonly, signifi¬ 
cant accessory right hepatic veins can be seen emptying from 
the posterior surface of the right liver directly into the IVC as 
it courses posterior to the liver. The identification of these 
accessory right hepatic veins is potentially important for both 
vascular control and preservation of outflow from the liver (in 
occasional cases where outflow of the remnant right liver can 
be supported by a very large accessory vein). Lastly, the 
hepatic parenchyma is systematically scanned to identify 
lesions within the liver (Fig. 56.17D). It is sometimes useful to 
adjust the ultrasound settings on a known lesion defined pre- 
operatively to maximize the echogenicity in the hopes of iden¬ 
tifying other occult lesions not identified preoperatively. 


Positron Emission Tomography 

Positron emission tomography (PET), especially when com¬ 
bined with CT (PET-CT), has become a valuable tool in help¬ 
ing to select patients who will most benefit from aggressive 
liver resection. This technique is based on the increased metab¬ 
olism of glucose in neoplastic tissues. A glucose analogue, flu- 
orodeoxyglucose, that is tagged with fluorine 18 is injected 
intravenously before scanning and is retained preferentially in 
metabolically active tumors over normal tissue. Sometimes 
PET scans will identify areas of occult disease within the liver, 
but more importantly, they can identify areas of extrahepatic 
occult disease previously unsuspected. When combined with a 
CT scanner within the same machine and the ability to fuse 
images, the areas of increased activity can be more precisely 
anatomically identified (Fig. 56.18). 


routinely to assess the anatomy of the pedicles (portal vein, 
hepatic artery, bile duct), the hepatic veins, and the hepatic 
parenchyma. It is useful both to further identify and charac¬ 
terize lesions within the hepatic parenchyma and to delineate 
their relationships within the eight anatomic segments of the 
liver. Additionally, it is often helpful to delineate proximity of 
lesions to major vascular structures and to survey for abnor¬ 
mal anatomy in planning a resection. 

With ablational therapies more commonly employed, ultra¬ 
sound has become indispensable in directing the use of 
radiofrequency ablation. This ablational therapy can be per¬ 
formed percutaneously, laparoscopically, and during open 
surgery. 

Typically, intraoperative assessment of the liver involves 
examining the portal pedicles. The main portal pedicle is 
identified within the hepatoduodenal ligament. It is followed 
superiorly to the portal bifurcation into the main right and 


Correlation of Computed Tomographic 
Images with Segmental Anatomy 

Preoperative CT remains the primary imaging modality used by 
most surgeons before hepatic resection. Figure 56.14 is provided 
to help correlate CT images to the segmental anatomy defined 
previously. The segments of the liver are defined using identifi¬ 
able structures on the CT (Fig. 56.19). 


PREOPERATIVE EVALUATION 
OF HEPATIC RESERVE 

Whenever a surgical resection is planned, an important con¬ 
sideration is whether the remnant liver will be sufficient to 
regenerate and sustain the patient long term. In patients with 
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FIGURE 56.15. A, B: Tl-weighted magnetic resonance imaging (MRI) with gadolinium from the same patient as in Figure 58.14 with history of 
colorectal cancer and three lesions in the liver. Lesion 1 in segment VIII is irregular and rim enhancing and was a colorectal cancer metastasis. 
Lesion 2 straddling segments IV and VIII has smooth borders, is not rim enhancing, and was found to be a cyst. Lesion 3 straddling segments IV 
and III across the umbilical fissure is irregular, rim enhancing, and was a colorectal cancer metastasis. C, D: T2-weighted MRI from same patient 
with history of colorectal cancer and three lesions in liver. Lesion 1 in segment VIII is irregular and mildly bright and was a colorectal cancer 
metastasis. Lesion 2 straddling segments IV and VIII has smooth borders, is very bright, and was found to be a cyst. Lesion 3 straddling segments 
IV and III across the umbilical fissure is mildly bright and was a colorectal cancer metastasis. Colorectal metastases and many tumors are mildly 
bright on T2-weighted MRI, whereas cysts and hemangiomas are typically very bright. 


relatively normal hepatic parenchyma (without active hepati¬ 
tis, cirrhosis, or metabolic defects), up to 75% of the hepatic 
volume can be resected with good recovery as long as the rem¬ 
nant liver has adequate portal venous and hepatic arterial 
inflow, adequate hepatic venous outflow, and adequate biliary 
drainage. Many groups around the world have used various 
strategies to predict hepatic reserve (Tables 56.1 and 56.2). 
None of these tests or strategies has been demonstrated to 
clearly better predict outcome than another. Many centers in 
the United States rely simply on the Child-Pugh score and the 
prediction of adequate liver remnant volume after resection. In 
select circumstances, it may be of benefit to perform portal 
vein embolization to the right or left half (rare) of the liver in 
the hopes of obtaining compensatory hypertrophy of the other 
side before resection. This is especially useful when the pre¬ 
dicted liver remnant after resection is small or if the patient has 
an underlying hepatic dysfunction that may not allow the rem¬ 
nant to fully regenerate and sustain the patient long term. To 
gain maximal growth of the left lateral section of the liver, 
some centers will also embolize the portal vein branches to 
segment IV in addition the main right portal vein. The disad¬ 
vantages of portal vein embolization include the need to wait 


3 to 4 weeks before resection to allow the compensatory 
hypertrophy to occur and, for more central lesions, the need to 
commit to taking out one or the other side with an extended 
hepatectomy without the benefit of intraoperative evaluation. 


TABLE 56.1 


STRATEGIES TO PREDICT HEPATIC RESERVE 

■ Child-Pugh score (Table 56.2) to assess synthetic ability 
(albumin, prothrombin time, and ascites), bile cojugation 
and excretory function (total bilirubin), and metabolic 
function (changes in mental status from ammonia retention) 

■ Clearance of galactose or organic anionic dyes, such as 
indocyanine green 

■ Tests of microsomal function such as caffeine clearance, 
lidocaine clearance, or aminopyrine breath tests 

■ Volumetric measurements of the liver and prediction of 
liver remnant after resection based on three-dimensional 
reconstructions from computed tomography and magnetic 
resonance imaging 
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FIGURE 56.16. Magnetic resonance cholangiopancreatography 
(MRCP) of a patient after cholecystectomy with mild dilation of com¬ 
mon hepatic duct (CHD). The pancreatic duct (PD) is also visible. 



1 TABLE 56.2 




CHILD-PUGH CLASSIFICATION 

■ 1 POINT 

■ 2 POINTS 

■ 3 POINTS 

Bilirubin (mg/dL) 

<2 

2-3 

>3 

Albumin (g/dL) 

>3.5 

2.8-3.5 

<2.8 

Ascites 

Absent 

Moderate 

Severe 

Encephalopathy 

Absent 

Moderate 

Severe 

Prothrombin time 

Seconds 

<4 

4-6 

>6 

prolonged 

INR 

<1.7 

1.7-2.3 

>2.3 


INR, international normalized ratio. 

A: 5-6 points; B: 7-9 points; C: 10-15 points. 



FIGURE 56.17. A, B: Intraoperative ultrasound images of liver demonstrating right hepatic pedicle (RHP), right anterior sector pedicle (RASP), 
right posterior sector pedicle (RPSP), left hepatic pedicle (LHP), segment II pedicle (SUP), segment IV pedicle (SIVP), segment I (SI), and inferior 
vena cava (IVC). C, D: Intraoperative ultrasound images of liver demonstrating inferior vena cava (IVC), right hepatic vein (RHV), middle hepatic 
vein (MHV), left hepatic vein (LHV), segment I (SI), and a metastatic gastrointestinal stromal tumor lesion straddling segments IV and V of the liver. 
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FIGURE 56.18. Positron emission tomog¬ 
raphy and computed tomography (PET- 
CT) scan images of patient in Figure 
56.17B and C with solitary gastrointestinal 
stromal tumor metastasis straddling seg¬ 
ments IV and V. Noncontrast CT images 
(left). PET images (center). Fusion images 
(right). 
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ONCOLOGIC CONSIDERATIONS 
IN HEPATIC RESECTION 


The decision of when and whether to operate is often just as 
important as the technical details of successfully removing a 
liver lesion(s) identified in a patient. It is very important to con¬ 
sider the likely diagnosis in making the decision of whether to 
operate. For example, a solitary liver lesion presenting in an 
elderly patient with a rising carcinoembryonic antigen (CEA) 
and a recent history of a resected colon cancer should be 
treated differently from a young woman with a solitary lesion 
with radiologic characteristics of a focal nodular hyperplasia 
lesion. It is important to consider the biology of the tumor 
within the patient. For example, a patient who re-presents with 
a solitary hepatic colorectal cancer metastasis 4 years after 
resection of the primary tumor will more likely benefit from 
hepatic resection than another patient who presents with eight 
synchronous lesions in the liver at the time of diagnosis of the 
primary tumor. It is important to consider whether the goal of 
resection is curative or palliative. For example, patients with 
neuroendocrine tumor metastases of the liver may be debulked 
of hepatic metastases, but they are rarely totally eradicated of 
disease. If the tumor is functional and difficult to control med¬ 
ically, then there may be a benefit to debulking. Even if the 
tumor is not functional, some evidence indicates that surgical 
debulking of liver metastases in carefully selected patients may 
benefit long-term survival. It is important to exclude other dis¬ 
tant extrahepatic disease with a reasonable number of preoper¬ 
ative tests. For example, before performing hepatic resection 
for colorectal cancer metastases, it is often helpful to obtain a 
PET scan to exclude extrahepatic metastases. This will allow 
better selection of patients most likely to benefit from hepatic 
resection and will allow patients with previously unsuspected 
systemic disease to get systemic therapy sooner. 

The comorbid status of the patient is also important. 
Extended hepatic resections with or without biliary recon¬ 
struction can exert a toll on even very fit patients. It is impor¬ 
tant to identify patients who may have difficulties with hepatic 
regeneration (e.g., those with a history of hepatitis, cirrhosis, 
or metabolic disorders). Patients with suspected cardiopul¬ 
monary disease should undergo appropriate preoperative eval¬ 
uation and treatment before hepatic resection. Lastly, other 
effective treatments and the optimal sequence of treatments 
should be considered. For example, in the treatment of hepa¬ 
tocellular carcinoma the possibilities include liver transplanta¬ 
tion, liver resection, liver ablation (radiofrequency, cryother¬ 
apy, or ethanol), embolization, and systemic chemotherapies. 
A patient with very poor hepatic reserve because of chronic 
liver disease and a single small hepatocellular carcinoma may 
be best treated with liver transplantation, whereas a patient 
with normal liver parenchyma and a resectable lesion may be 
best treated with liver resection. Additionally, some patients 
may best be treated with ablative techniques, especially if they 
have very small lesions that are easily approached percuta- 
neously. Some patients are treated with a combination of these 
modalities. For example, some centers will first treat patients 
with chemoembolization before liver transplantation or resec¬ 
tion for hepatocellular carcinoma depending on the waiting 
time for a liver graft or to test the biology of the disease. 


INTRAOPERATIVE ASSESSMENT 


Incisions for hepatic resections usually involve a right sub¬ 
costal incision. Significant exposure can be obtained with a tri¬ 
furcated incision as shown in Figure 56.20. In the majority of 
cases, however, all that is needed is an extended right subcostal 
incision with a vertical extension to the base of the xiphoid. 
The xiphoid can be resected for better exposure. For bulky 
lesions on the left or if the left half of the liver extends signifi¬ 



cantly to the left upper quadrant, a left subcostal component 
can be added. In rare circumstances, especially for lesions high 
on the dome, an intercostal extension or even median ster¬ 
notomy may improve exposure. This is especially true for 
lesions involving the hepatic vein and IVC confluences. 

Several versions of self-retaining costal margin retractors or 
ringed retractors are available that provide good access to the 
subdiaphragmatic surface. For complete intraoperative ultra¬ 
sonography and for major resections, complete mobilization of 
the involved side of the liver is required. The round ligament is 
divided and the falciform ligament divided. The right and/or left 
triangular ligaments are then divided to expose the bare areas of 
the liver. During exposure of the bare areas of the liver, care 
should be taken to avoid entering the right or left chest through 
the ligamentous portions of the diaphragm because this will 
cause excessive bellowing of the diaphragm and poor exposure 
until a chest tube is placed on that side or the hemithorax is 
“bubbled out” to remove the air and the diaphragm repaired. 
Additionally, the right and left phrenic veins are very superficial 
on the hemidiaphragms and can be injured. The right colon can 
be mobilized out of the field by dividing Gerota fascia over the 
right kidney and pulling the hepatic flexure inferiorly. To com¬ 
pletely assess the caudate lobe, the overlying lesser omentum 
should be divided. Care should be taken to avoid inadvertently 
dividing a replaced or accessory left hepatic artery running in 
this space. After mobilization, a thorough bimanual examina¬ 
tion should be performed and intraoperative ultrasonography 
used as previously described. 

The porta hepatis is often dissected to identify the main 
bifurcations of the hepatic artery, bile duct, and portal vein. 
This allows individual ligation of the branches of these struc¬ 
tures supplying one side of the liver while preserving the 
branches to the other side. Ligation of the hepatic artery and 
portal vein to one side also allows the liver parenchyma to 
demarcate a line of resection between the right and left liver. 
Greater exposure of the superior aspect of the hepatic hilum 
and exposure of a high or intraparenchymal bifurcation of a 
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FIGURE 56.21. Lowering the hilar plate. A: The inferior border of 
segment IV overlies the hepatic duct confluence. B: Division of the 
connective tissue investment allows elevation of segment IV, which 
results in a “lower” hilar plate and surgical exposure to the hepatic 
duct confluence. (From Blumgart LH, ed. Surgery of the Liver and Bil¬ 
iary Tract. New York: Churchill Livingstone; 1994, with permission.) 


portal triad structure may be aided by exposing the hilar plate 
(Fig. 56.21) and dividing the Glisson capsule at the most 
inferior border of segment IV. Inflow control to the liver can 
also be obtained by pedicle ligations in which small hepato- 
tomies are made around the main right pedicle, main left pedi¬ 
cle, right anterior pedicle, or right posterior pedicle after iden¬ 
tification with ultrasound (Fig. 56.22). 10 The pedicle of interest 
can be dissected out bluntly with a right angle or by palpation. 
The pedicle can then be clamped to confirm that it does indeed 
supply the area of liver of interest (i.e., right half, left half, right 
anterior section, or right posterior section). Once confirmed, 
the pedicle can be divided. Alternatively, the inflow pedicles can 
be divided as they are encountered while transecting hepatic 
parenchyma. With this technique, hemorrhage can be mini¬ 
mized by intermittent portal inflow occlusion, which is accom¬ 
plished by gently clamping the main portal triad within the 
hepatoduodenal ligament (“Pringle maneuver”). 

Outflow control of the hepatic veins can be obtained before 
or after hepatic transection and should be decided on a case- 
by-case basis. When there is a significant extraparenchymal 
component to the hepatic vein(s), often it is easier to divide the 
hepatic vein(s) early and before parenchymal transection (but 
after inflow control) (Fig. 56.23). When the extraparenchymal 
component to the hepatic vein(s) is very short or absent and 
when the tumor margin is not near the junction of the hepatic 


vein(s) and IVC, it may be easier and safer to divide the hepatic 
vein(s) within the hepatic parenchyma after most of the 
parenchymal transection has been performed. The use of 
endoscopic vascular stapling devices has made the ligation of 
hepatic veins, whether extra- or intraparenchymally, much 
quicker and safer 10 (Fig. 56.24). It is often useful to keep the 
central venous pressure (CVP) of the patient low (<5 mm Fig) 
until after parenchymal transection as this will decrease bleed¬ 
ing from the IVC and hepatic vein branches. 11 


MAJOR HEPATECTOMIES 

To develop a uniform nomenclature understood by all, the 
American and International Fiepato-Pancreato-Biliary Associ¬ 
ations (AFiPBA and IHPBA) have adopted the Brisbane 2000 
terminology of hepatic anatomy and resections. Right hepatec- 
tomy or right hemihepatectomy involves the resection of seg¬ 
ments V through VIII. Left hepatectomy or hemihepatectomy 
involves the resection of segments II through IV. Either of these 
resections may or may not include resection of segment I, 
which should be stated. Extended right hepatectomy involves 
the resection of segments IV through VIII. Extended left hepa¬ 
tectomy involves the resection of segments II through V plus 
VIII. Again, either of these extended resections may or may 
not include resection of segment I, which should be stipulated. 

Right anterior sectorectomy includes segments V and VIII. 
Right posterior sectorectomy includes segments VI and VII. 
Left medial sectionectomy removes segment IV. Left lateral 
sectionectomy includes segments II and III. A segmentectomy 
involves the resection of a single segment and a bisegmentec- 
tomy involves the resection of two contiguous segments. 

The steps involved in each of these major hepatectomies 
include optimal exposure of the liver, vascular inflow control, 
vascular outflow control, and parenchymal transection. Vascular 
inflow control can be obtained by directly ligating the main right 
or left branches of the hepatic artery and portal vein in the hilum 
or by intermittent 10- to 20-minute intervals of a Pringle maneu¬ 
ver with 3 minutes in between to reestablish blood flow (or 
both). It is the author’s preference to encircle the hepatoduodenal 
ligament twice with a quarter-inch Penrose drain that is tight¬ 
ened and clamped for a Pringle maneuver. Pedicle ligation can 
also be performed, as described previously, or the pedicles can be 
controlled as they are encountered during parenchymal transec¬ 
tion. It is the author’s preference to obtain vascular inflow by li¬ 
gating the appropriate vessels in the hilum or by pedicle ligations 
and to supplement this with intermittent Pringle maneuvers, as 
necessary, during parenchymal transection. Often the Pringle 
maneuver is not required, but if bleeding from inflow vessels 
becomes significant, then it should be performed. Vascular out¬ 
flow to the right or left liver can be obtained by exposing and li¬ 
gating the hepatic veins, as previously described, or by ligating the 
vessels intraparenchymally during transection of the liver tissue. 
Parenchymal transection can be performed using a multitude of 
techniques including finger fracture, using a Kelly clamp to frac¬ 
ture, Cavitron Ultrasonic Surgical Aspirator (CUSA), harmonic 


FIGURE 56.22. Hepatotomies to access pedicles for 
ligation: right hepatectomy, 1 and 2; left hepatectomy, 
3 and 5; right anterior sectorectomy, 2 and 4; and right 
posterior sectorectomy, 1 and 4. (From Fong Y, Blum¬ 
gart LH. Useful stapling techniques in liver surgery. J 
Am Coll Surg 1997;185:93-100, with permission.) 


Segment V 


Segment VI 



Segment I 
















Chapter 56: Hepatobiliary Anatomy 


887 



FIGURE 56.23. Caudal retraction of the left 
hepatic lobe with division of middle and left 
hepatic veins during left hepatic lobectomy. 
Often, the division of the middle and left hepatic 
veins is intraparenchymal. 


scalpel, stapling devices, electrocautery devices with or without 
saline perfusion, high-pressure water jets, and radiofrequency 
planar arrays. The superiority of any one of these techniques has 
not been established, and all are used. With these techniques, 
individual blood vessels and bile ducts are cauterized, clipped, or 
sutured in rapid succession as they are encountered. Constant 
reevaluation of the direction of transection is important both to 
not injure vital structures to the remnant liver and to maintain a 
negative margin. After parenchymal transection and removal of 
the specimen, the raw surface of the liver is carefully inspected 
for bleeding and bile leakage, which can then be controlled by 
suture ligation and the use of argon beam coagulation. The 
author’s preference is to selectively use closed suction drains near 
resected liver surfaces to monitor and drain unrecognized post¬ 
operative bile leaks. Some centers have decreased the use of 
closed suction drains in favor of radiologic intervention when 
necessary, because they often clog or do not actually drain the 
fluid collections that form. 



FIGURE 56.24. A vascular endoscopic stapling device is used to 
divide the right hepatic vein after the right side of the liver has been 
mobilized. (From Fong Y, Blumgart LH. Useful stapling techniques in 
liver surgery. J Am Coll Surg 1997;185:93-100, with permission.) 


SEGMENTAL RESECTIONS 


To maximize functional reserve, (multi)segmental or subseg- 
mental (or nonanatomic) hepatectomies can be performed. For 
example, left lateral sectionectomy (segments II and III), 
central hepatectomy to remove the right anterior section 
(segments V and VIII) and left medial section (segment IV), 
right posterior sectionectomy (segments VI and VII), or cau¬ 
date resection (segment I) are examples in which one, two, or 
three contiguous segments are removed to eradicate tumors 
within those regions of the liver. These resections are often 
done with intermittent Pringle maneuvers until the specific 
pedicles supplying these areas are controlled. 
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CHAPTER 57 ■ HEPATIC INFECTION AND ACUTE 

HEPATIC FAILURE 


ARUNA SUBRAMANIAN, AHMET GURAKAR, ANDREW KLEIN, AND ANDREW CAMERON 


KEY POINTS 


Q Gram-negative anaerobes account for two thirds of the 
cases of pyogenic liver abscesses, with anaerobes isolated 
in 30% of cases. 

Q First-line treatment of hepatic amebic abscesses is oral 
metronidazole, with percutaneous drainage considered if 
there is a poor response to therapy or when superinfection 
is suspected. 

Q The treatment of choice for hydatid cysts is surgical resec¬ 
tion of the intact cyst, often preceded by injection of ethyl 
chloride, 95% ethanol, or 20% sterile saline solution. 
Surgery should occur after antiparasitic medication has 
begun. 


Q Viral hepatitis, especially hepatitis B and C, represents a 
principal cause of chronic liver disease, cirrhosis, and 
hepatocellular carcinoma in the United States and world¬ 
wide. 

Q Liver transplantation is the treatment of choice for patients 
with liver failure resulting from viral hepatitis, although 
recurrence of viral infection in the allograft is universal 
with hepatitis C virus. 

About one third of patients with acute liver failure will 
die without liver transplant, usually secondary to cerebral 
edema and sepsis, with 25 % of patients surviving with med¬ 
ical treatment and 40% undergoing transplantation. 


PYOGENIC LIVER ABSCESS 


Liver abscesses are broadly categorized as either pyogenic (of 
bacterial origin) or amebic (caused by Entamoeba histolytica). 
Pyogenic liver abscesses are infrequent, with an estimated inci¬ 
dence of 2.3 per 100,000 population, and a peak incidence in 
the fifth and sixth decades of life. 1 However, they are poten¬ 
tially lethal and outcomes correlate directly with prompt diag¬ 
nosis and rapid intervention. 

Over the past century, the pathogenesis of liver abscesses 
has changed. A classic study by Ochsner in the 1930s, prior to 
the introduction of antibiotics, reported that appendicitis and 
other intra-abdominal infections were the most frequent cause 
of pyogenic liver abscess. The route of infection was attribut¬ 
able to the portal vein in 43% of instances, whereas the biliary 
tree was the source of infection in only 14% of cases. Over the 
past 20 years, invasive procedures involving the liver, biliary 
tree, and pancreas have resulted in an increased incidence of 
pyogenic liver abscesses. Currently, cholangitis is the major 
cause of pyogenic liver abscess, due to obstruction from biliary 
malignancies and stone disease. The use of stents to treat both 
malignant and nonmalignant strictures is also a contributing 
factor. The portal vein serves as the conduit for infection from 
intraperitoneal sources in a minority of cases, and appendicitis 
has been replaced as the most frequent intraperitoneal source 
by infections associated with diverticulitis, perforated cancers, 
perforated ulcers, and inflammatory bowel disease. Hepatic 
abscesses that occur following liver transplantation should 
raise concern for the presence of hepatic artery thrombosis 
(Fig. 57.1). Direct extension from a contiguous source of infec¬ 
tion can occur with cholecystitis, subphrenic abscess, or per¬ 
inephric abscess. Fewer than 5% of pyogenic liver abscesses 
are due to trauma, and 20% to 40% are considered crypto¬ 
genic. Most pyogenic abscesses are solitary and polymicrobial 
and involve the right lobe of the liver. Abscesses in liver metas- 
tases usually result from superinfection of a central area of 
necrosis. Hepatic abscesses may be further complicated by 
rupture into the peritoneum or retroperitoneum, pleuropul- 
monary fistulas, rupture into the pericardial cavity, rupture 
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into the gastrointestinal tract, and involvement of surrounding 
blood vessels. 2-4 

Individuals over 50 years of age, males, liver transplant 
patients, diabetics, and those with malignancies are at highest 
risk for pyogenic liver abscesses. Fever is the most frequent 
presenting symptom, often without other localizing signs and 
symptoms. Right upper quadrant pain, chills, anorexia, weight 
loss, malaise, jaundice, and weakness are usually present. 
Hepatomegaly is less frequent than in amebic abscesses. 1,2,4 

Laboratory studies show leukocytosis in approximately 
70% of patients. Elevated serum bilirubin, elevated alkaline 
phosphatase, elevated transaminases, or low albumin levels 
are observed in approximately 50% of all cases. 2,3 

Chest radiographs are abnormal in half of patients with 
pyogenic liver abscesses, reflecting an underlying inflamma¬ 
tory process. The most frequent findings include a right pleural 
effusion, elevation of the right hemidiaphragm, and atelectasis 
of the base of the right lung. Gas within the abscess may be 
seen in 10% to 20% of patients. Ultrasound evaluation is 
diagnostic in over 90% of cases. Advantages are that it is 
rapid, is radiation-free, can differentiate solid from cystic 
structures, is easy to perform, and can guide percutaneous 
drainage. Disadvantages are that it is operator dependent and 
has a degree of resolution inferior to that of other imaging 
techniques. Computed tomography (CT) scanning is probably 
the most reliable diagnostic modality. In contrast-enhanced 
CT imaging, small abscesses appear as hypoattenuated areas 
with faint rim enhancement and surrounding edema that dis¬ 
tinguishes them from hepatic cysts. Magnetic resonance imag¬ 
ing (MRI) is frequently used but somewhat limited by its cost. 
T2-weighted images show slightly increased signal intensity 
associated with perilesional edema. Cholangiography (percu¬ 
taneous or endoscopic) can define the anatomy of both the bil¬ 
iary tree and the hepatic abscess in about two thirds of cases. 
It is associated, however, with potential septic flares despite the 
administration of antibiotics due to disturbance of the bacter¬ 
ial flora. 2,5,6 

Gram-negative aerobes are encountered in two thirds of 
patients. Among these pathogens, Escherichia coli , Klebsiella 
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FIGURE 57.1. Computed tomogram of a pyogenic hepatic abscess in 
a liver transplant recipient with occlusion of the hepatic artery. 


pneumoniae , and Proteus species are the ones most frequently 
isolated. These bacteria are frequently accompanied by entero¬ 
cocci in abscesses arising from a biliary source; anaerobes 
accompany the gram-negative aerobes when there is a colonic 
or pelvic source. Anaerobes (such as Bacteroides fragilis) are 
found in 30% of cases. Streptococci, including aerobic and 
anaerobic forms, are present in approximately one third of 
patients. Approximately 60% of patients have concordant 
results of blood and abscess cultures, and blood cultures 
should be obtained prior to antibiotic administration. Broad- 
spectrum antibiotics aimed at gram-negative aerobes, strepto¬ 
cocci, and anaerobes are indicated until bacterial sensitivities 
have been clearly identified. A frequently used antibiotic com¬ 
bination is ampicillin, an aminoglycoside, and metronidazole. 
The ampicillin and aminoglycoside can be replaced with a 
third-generation cephalosporin (e.g., ceftriaxone) in patients 
at risk for renal toxicity, and those with /3-lactam intolerance 
can be treated with a fluoroquinolone plus metronidazole. In 
instances of mixed pyogenic and fungal abscesses, antifungal 
agents should be considered early. Overall, the duration of the 
treatment should be based on clinical response, toxicity of the 
regimen, and characteristics of the abscesses. Intravenous 
antibiotics are usually administered for 14 days, followed by 
oral agents for a total of 6 weeks. 2,3,7-9 

In the past, surgical drainage was the treatment of choice. 
Currently, percutaneous drainage is considered the standard 
therapy. Its use, however, may be limited or contraindicated 
by the presence of ascites, multiple abscesses, a transpleural 
drainage route, large size of the abscess, and the presence of 
an intra-abdominal source requiring an open approach. 
Unless appropriate therapy is started as soon as the diagnosis 
is made, death is the usual outcome. Reported mortality 
ranges from 2.5% to over 30% and is highest in patients 
with multiple abscesses, with non -K. pneumoniae 
pathogens, with mixed bacterial and fungal abscesses, with 
respiratory symptoms, and with abscesses 5 cm or greater in 
diameter. 2,3,7,10,11 


AMEBIC LIVER ABSCESS 


Amebic liver abscesses are caused by E. histolytica, a non- 
flagellated pseudopod-forming protozoan. Amebiasis is 


most prevalent in tropical and subtropical regions with poor san¬ 
itation, and it is estimated that 40 million to 50 million people 
are infected annually worldwide. In the United States, the high¬ 
est incidence of infection is encountered in immigrants from and 
travelers to endemic areas. Most infection is asymptomatic, but 
amebic dysentery, amebic liver abscesses, and, rarely, pulmonary, 
cardiac, or brain involvement can occur. Hepatic abscesses occur 
in only 3% to 7% of individuals with amebiasis. The peak inci¬ 
dence of amebic abscesses is observed in patients in their third or 
fourth decade of life. Men are affected 7 to 10 times more fre¬ 
quently than women, and corticosteroid use is a risk factor for 
invasive amebiasis. 2,12 

Fecal-oral transmission is the most frequent route of infec¬ 
tion. Ingested cysts, containing four nuclei, pass unaltered 
through the stomach and reach the intestine. Once in the intes¬ 
tine, the cyst wall is degraded by trypsin and eight tropho¬ 
zoites are released. These infective forms multiply in the 
colonic lumen, especially in the cecum. While living within the 
colonic lumen, £. histolytica may become tissue invasive. Inva¬ 
sion may range from superficial mucosal ulceration to perfora¬ 
tion. Amebic trophozoites that enter the mesenteric veins or 
lymphatics reach other organs. The portal vein is the route via 
which they reach the liver, the most frequent site of extrain- 
testinal involvement. Amebic trophozoites cause obstruction of 
venules, thrombosis and infarction of the corresponding areas 
of hepatic parenchyma, and eventually abscesses (Fig. 57.2). In 
the distal colon they become cystic, undergo two consecutive 
divisions, are excreted in the feces as tetranucleate cysts, and 
remain viable for 8 to 30 days after being shed. Cysts are sus¬ 
ceptible to acetic acid, iodine, chlorine, and temperatures 
greater than 68°C. 2,6,12 

Liver abscesses range in size from several millimeters to 
gigantic masses (Fig. 57.3). Differential diagnosis is with pyo¬ 
genic abscess and malignancies. Abscesses are encountered 
more frequently in the right lobe and tend to be single lesions. 
Amebic abscesses show slight inflammation on the periphery, 
and many times contain a dark hemorrhagic fluid known as 
“anchovy paste” (Fig. 57.4). Patients most frequently present 
with fever and right upper quadrant abdominal pain. Other 
findings include hepatomegaly, weight loss, diarrhea, chills, 
and afternoon and night sweats. Jaundice is less frequent than 
in pyogenic abscesses. Abscesses have been classified into acute 



FIGURE 57.2. Amebic abscess of the liver. A photomicrograph of the 
margin of an amebic abscess shows fibroblastic proliferation surround¬ 
ing the cavity and amebic trophozoites in the lumen. (Reproduced with 
permission from Rubin E, Farber JL. Pathology, 3rd ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 1999.) 
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FIGURE 57.3. Sonogram (A) and computed tomogram (B) in a patient with multiple amebic abscesses (arrows). 


or chronic and benign or aggressive. The most feared com¬ 
plication is rupture into surrounding tissues or spaces. Bac¬ 
terial superinfection of initially amebic abscesses may 

occur . 1 ’ 2 ’ 4 ’ 6 ’!!- 14 

Most patients with amebic abscesses have elevated white 
blood cell counts with no eosinophilia. Serum alkaline phos¬ 
phatase is elevated in approximately 75% of cases. Hypoalbu- 
minemia may be seen, and serum bilirubin and transaminase 
levels are slightly elevated. E. histolytica is not found in fecal 
specimens of most patients with hepatic abscesses. Antibodies 
in serum are encountered in 92% to 99% of patients with 
amebic liver abscesses and are detectable 7 to 10 days after the 
appearance of symptoms. Indirect hemagglutination and 
enzyme-linked immunosorbent assay (ELISA) have reported 
sensitivities of 99% and 97.9% and specificities of 99.8% and 
94.8%, respectively. Other available diagnostic tests include 
indirect immunofluorescence, latex agglutination, complement 
fixation, gel diffusion, and counterimmunoelectrophoresis. 

Gel diffusion and counterimmunoelectrophoresis remain posi- Q 
tive for only 6 to 12 months after infection and are used to dis¬ 
tinguish current from previous infection. 2,12,15 



FIGURE 57.4. Amebic abscesses of the liver. The cut surface of the liver 
shows multiple abscesses containing “anchovy paste” material. (Repro¬ 
duced with permission from Rubin E, Farber JL. Pathology , 3rd ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 1999.) 


Chest radiographs are abnormal in the majority of patients 
with amebic hepatic abscesses. Findings include elevation of 
the right hemidiaphragm, right pleural effusion, atelectasis in 
the region of the base of the right lung, and a right pleural 
effusion. CT scanning is probably the imaging technique of 
choice, given the detailed information it provides. An enhancing 
wall and surrounding edema are usually observed in contrast- 
enhanced CT scans. Ultrasonography is very useful as well, 
but its accuracy is associated with the skills of the operator, 
is influenced by physiologic changes such as hepatic steatosis, 
and has a resolution inferior to that of CT scans. Amebic 
abscesses usually lack wall echoes by ultrasound. MRI shows 
homogeneous low signal intensity on Tl- and high signal 
intensity on T2-weighted images. Technetium Tc99m nuclear 
scanning displays a photopenic area. Gallium scanning shows 
amebic abscesses as cold spots, because they do not contain 
leukocytes, which may aid in differentiating them from pyo¬ 
genic abscesses. 2,6,12 

Treatment of hepatic amebic abscesses is based on amebici- 
dal drugs. Metronidazole is the drug of choice. Standard dosing 
is 750 mg orally three times daily or 500 mg intravenously every 
6 hours for 7 to 10 days, with oral administration being the pre¬ 
ferred route. Metronidazole has been shown to effectively treat 
both intestinal and extraintestinal sites. In patients who are 
slow to respond to therapy or with relapsed disease, a pro¬ 
longed course of metronidazole may be considered, or a 
nitroimidazole with a longer half-life (e.g., tinidazole) can be 
given at a dose of 2 g for 3 days. Following therapy for invasive 
amebiasis, a luminal agent must be given, such as paromomycin 
for 10 days or iodoquinol for 20 days. Amebic liver abscesses 
can almost always be treated with medical therapy alone. Per¬ 
cutaneous drainage is considered in cases of poor response to 
antiamebic agents, when superinfection is suspected, or when 
there is a risk of rupture. Open surgical drainage is almost never 
required and is recommended only in severe, complicated 


ECHINOCOCCUS 
(HYDATID DISEASE) 

Hydatid disease, caused by Echinococcus granulosus, 
E. multilocularis , and E. vogeli , is endemic in the Mediter¬ 
ranean basin and other regions with sheep-rearing 
economies but rare in the United States. E. granulosus is the 
species that most frequently results in liver involvement. 
Dogs are the definitive host, although the disease is endemic 
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FIGURE 57.5. A partly opened hepatic hydatid cyst. Brood capsule 
and daughter cysts are visible in the cavity. (Reproduced with permis¬ 
sion from Kean BH, Sun T, Ellsworth RM. Color Atlas/Text of Oph¬ 
thalmic Parasitology. New York: Igaku-Shoin; 1991:188.) 


in sheep and cattle farming regions. The life cycle of the 
organism is complete when the definitive host ingests 
infected viscera, and scoleces released in the intestine 
develop into adult worms. Humans are intermediate hosts 
and acquire echinococcal eggs by either ingestion of conta¬ 
minated foods or contact with infected animals. The egg is 
digested in the duodenum and yields an embryo (oncos¬ 
pheres). Embryos invade the intestinal wall and reach the 
liver via the portal vessels. Although many embryos are 
destroyed in the liver, those that survive lodged in capillaries 
develop into hydatid cysts. The most frequent site of hydatid 
cysts is the liver (50% to 77% of cases), followed by the 
lungs (10% to 40% of cases). 6,16-18 

E. granulosus and E. vogeli cause liver cysts, while E. mul- 
tilocularis is associated with tumorlike lesions or alveolar dis¬ 
ease. Liver involvement may lead to venous obstruction, por¬ 
tal hypertension, sepsis, and cholangitis. Hydatid cysts are 
fluid filled and round and contain three layers of host tissue: 
an outer 2- to 4-mm-thick fibrous pericyst composed of com¬ 
pressed and fibrotic liver tissue, a 2-mm-thick middle anuclear 
hyaline layer or ectocyst , and an internal germinal layer or 
endocyst derived from the parasite. As the cyst matures, 
invagination of the germinal layer leads to development of 
daughter cysts in the periphery (Fig. 57.5). Calcifications may 
be observed in both viable and nonviable cysts. 6,17,18 

Cysts have an annual growth rate of 1 to 3 cm in diame¬ 
ter. Symptoms are caused by enlarging cysts that lead to 
abdominal pain (the most common presenting symptom), bil¬ 
iary obstruction, jaundice, and, rarely, portal hypertension. 
The only typical clinical finding of hepatic hydatid cyst is a 
palpable hepatic mass. Involvement of the biliary tree is seen 
in 12% to 80% of cases. Biliary findings may occur either as 
a result of communication between the pericyst and the bil¬ 
iary ducts or due to rupture of the cyst into the biliary tract. 
Fistulous communication of the cyst and bile ducts may be 
associated with secondary bacterial infection of the cyst, 
cholangitis, or biliary obstruction. Bacterial contamination 
occurs in 10% to 35% of cases. Occasionally, cysts sponta¬ 
neously rupture into the peritoneal cavity and cause abdomi¬ 
nal pain and anaphylaxis. Multiple intra-abdominal cysts 
may develop as a result of intraperitoneal leakage. Hepatic 
hydatid cysts may perforate the diaphragm and lead to 


empyema, pulmonary cysts, biliary-bronchial fistulas, or 
pericardial collections. 19 

Routine laboratory tests in patients with hydatid cysts may 
be normal or nonspecifically abnormal (e.g., showing features 
of obstructive jaundice). Eosinophilia is frequently present. 
Serologic screening tests (e.g., indirect hemagglutination, latex 
agglutination, ELISA) based on crude antigens are associated 
with high rates of false-positive and false-negative results. 
However, ELISA detection of specific antigens and immune 
complexes of the cyst has a much higher sensitivity, while 
ELISA and radioallergosorbent test (RAST) can also detect 
specific IgE antibodies. Antigen 5 (arc-5) and antigen B8 are 
the parasitic antigens of major diagnostic value. Confirmatory 
arc-5 immunoelectrophoresis has a reported positive rate of 
over 90%. Purified fractions enriched in antigens 5 and B8 and 
glycoproteins from hydatid fluid are reported to have sensitiv¬ 
ity and specificity rates of 95% and 100%, respectively. Serol¬ 
ogy is less likely to be positive when the cyst is calcified or 
nonviable. 6,16 

Hydatid cysts have a typical appearance on imaging studies. 
Furthermore, imaging studies are useful in detecting associated 
complications. Ultrasound images may show daughter cysts, 
peripheral calcifications, or the so-called water lily sign of 
curved bands of delaminated endocyst. On CT scans, hydatid 
cysts are usually seen as hypoattenuating lesions. Daughter 
cysts are visualized in approximately 75% of cases and calcifi¬ 
cations within the surrounding cyst wall in 50% of cases. MRI 
is the technique that best demonstrates pericyst, matrix or 
“hydatid sand” (free scoleces), and daughter cysts. The fibrous 
and calcified pericyst appears as a hypointense ring on both Tl- 
and T2-weighted images. The hydatid matrix is hyperintense 
on T2-weighted images and hypointense on T1-weighted 
images. Daughter cysts are hypointense on both Tl- and T2- 
weighted images. Endoscopic retrograde cholangiopancreatog¬ 
raphy (ERCP) is especially useful in cases involving the bile 
ducts. 6,16 

Open surgical resection is classically the treatment of 
choice in cases of symptomatic or complicated hepatic cysts 
(Fig. 57.6). The goals of surgery are to remove the cyst intact 
(without spillage of the internal contents) and to obliterate 
the cyst cavity; surgical resection lowers the rate of recur¬ 
rence. Alternative methods have been developed, however. 
One of them is to aspirate the cyst contents after the opera¬ 
tive field has been protected to prevent any potential conta¬ 
mination should spillage of the cyst contents occur. In cases 
in which the aspirate is clear, ethyl alcohol or 20% sterile 



FIGURE 57.6. The external surface of the liver of a patient with 
echinococcosis before operation. (Reproduced with permission from 
Sun T. Parasitic Disorders: Pathology, Diagnosis, and Management, 
2nd ed. Baltimore, MD: Lippincott Williams & Wilkins; 1999.) 
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saline solution is injected to kill remaining scoleces. The cyst 
contents and pericystic wall are subsequently removed. In 
cases in which the aspirate is bilious and a communication 
with the biliary tree is suspected, the cyst is resected without 
injecting alcohol to prevent sclerosing cholangitis. Laparo¬ 
scopic resections have also been reported. A percutaneous 
technique referred to as PAIR (puncture, aspiration, injec¬ 
tion, reaspiration) simultaneously with albendazole therapy 
has been employed successfully and found to have several 
advantages over surgical resection. In this modality, after 
ultrasound-guided percutaneous puncture and aspiration of 
the hydatid cyst, 20% sodium chloride solution or 95% 
ethanol is injected into the cavity and subsequently reaspi¬ 
rated. Therapy with albendazole and/or mebendazole is not 
usually a curative approach by itself but should precede and 
follow the resection whenever possible. Recent studies report 
postoperative morbidity and mortality rates of 3% to 24% 
and 0% to 4%, respectively. Recurrence rates after surgery 
or invasive procedures range from 0% to 15% and are usu¬ 
ally associated with residual vesicles or spillage of hydatid 
cyst contents. 16-23 


SCHISTOSOMA 


Schistosomiasis constitutes a health risk for inhabitants of 
endemic regions as well as for visitors to these sites. Schistosoma 
mansoni, S. japonicum, and S. hematobium are the species of 
this trematode fluke that most frequently infect humans. Liver 
disease, although encountered with all species, is especially 
severe with S. mansoni, S. japonicum, and S. mekongi. Endemic 
areas where these trematodes are encountered are also frequently 
associated with a high prevalence of hepatitis B and C. The life 
cycle of Schistosoma species alternates between sexual reproduc¬ 
tion in humans and asexual multiplication in water snails. Cer- 
cariae enter the human host by penetrating the skin. An irritating 
maculopapular rash that lasts for several days is one of the early 
manifestations. Schistosomes live in the intestinal lumen. Eggs 
reach the liver via the portal circulation and cause an inflamma¬ 
tory reaction. 17 ’ 18 ’ 24 

Infection is characterized by the presence of inflammatory 
granulomata surrounding schistosomal eggs. Acute schistoso¬ 
miasis is seen most frequently in nonimmune visitors to 
endemic areas. Inflammatory hepatic schistosomiasis causes 
hepatomegaly and severe splenomegaly, usually in children 
and adolescents. With very intense egg infestation, it can lead 
to widespread granulomatous necrosis of the liver and even 
death. In contrast, chronic schistosomiasis is seen in young 
and middle-aged adults. It is usually asymptomatic until 
variceal hemorrhage occurs as a result of presinusoidal portal 
hypertension. These patients exhibit hepatosplenomegaly, no 
ascites, and relatively normal hepatic synthetic function. 
Hepatomegaly involves mainly the left lobe. Severe decom¬ 
pensation tends to be observed in cases where schistosomal 
infections and viral hepatitis coexist. Hepatocellular carci¬ 
noma, colon cancer, and follicular lymphoma of the spleen 
have been reported in association with hepatic schistosomia- 

§ j s 6,17,18,25,26 

Active infection is usually diagnosed by the presence of 
schistosomal eggs in the stool (Kato-Katz smears), epidemio¬ 
logic data, and biochemical or serologic findings. Laboratory 
features include eosinophilia, hypoalbuminemia, hypergam¬ 
maglobulinemia, and elevated serum alkaline phosphatase. 
Serum transaminase levels are usually normal. ELISA serum 
antibody tests are highly sensitive but may not correlate with 
activity of the infection. Histologically, heavy infection can 
lead to prominent granulomata formation, normal liver archi¬ 
tecture, and severe portal fibrosis (Symmers pipestem fibrosis). 
In mild infections small white granulomata, each with a schis¬ 
tosomal egg at its center, are observed throughout the liver 
(Fig. 57.7). The hepatic parenchyma is darker than usual as a 



FIGURE 57.7. Hepatic schistosomiasis. A hepatic granuloma sur¬ 
rounds a degenerating egg of Schistosoma mansoni. (Reproduced with 
permission from Rubin E, Farber JL. Pathology, 3rd ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 1999.) 


result of regurgitated heme-derived pigments from the schisto¬ 
some g U t. 6 ’ 17 ’ 18 ’ 26 

Imaging studies are not useful in the diagnosis of acute 
infection. Ultrasound examination in chronic S. mansoni 
infection shows echogenic thickening of the wall of the portal 
vein and its branches, in a bull’s-eye pattern. Hypertrophy of 
the left hepatic lobe, splenomegaly, and engorged venous col¬ 
laterals are also observed. On noncontrast CT scan the fibrosis 
around the portal vein branches presents as low-attenuation 
rings throughout the liver. Administration of intravenous con¬ 
trast material leads to marked enhancement of the lesions. 
The periportal bands appear isointense on magnetic reso¬ 
nance T1-weighted images and hyperintense on T2-weighted 
images. 6 

The preferred treatment of schistosomiasis is administra¬ 
tion of praziquantel, though this is ineffective in early infec¬ 
tion. The reported cure efficacy is approximately 90%. It is 
essential that patients with chronic schistosomiasis undergo 
evaluation and treatment of esophageal varices. 17,18 


VIRAL HEPATITIDES 


Viral hepatitis represents a principal cause of chronic liver dis¬ 
ease, cirrhosis, and hepatocellular carcinoma. Infection is pan¬ 
demic in the United States and worldwide, representing one of 
the significant global public health problems of our time. 
Hepatitis C virus (HCV) has become the most common indi¬ 
cation for liver transplant in the United States and recurrent 
HCV disease after transplant is a major unmet challenge in the 
field. Liver transplant for hepatitis B, in distinction, has shown 
greatly improved results in recent years due to improved phar¬ 
macologic treatment options. 

The pathophysiology of liver injury is largely host response 
to noncytopathic virus. Table 57.1 summarizes the characteris¬ 
tics of the five viruses most commonly associated with clinical 
hepatitis, their modes of transmission, and the consequences of 
infection. 

Hepatitis G virus (HGV) does not appear to be injurious to 
the liver and will not be considered further. Other viral infec¬ 
tions can produce acute hepatitis in a fraction of patients (e.g., 
Epstein-Barr virus, cytomegalovirus, herpes simplex virus, and 
varicella virus). In some cases the hepatitis caused by these 
viruses generally associated with more systemic illness may be 
severe, and in fact liver involvement may be the dominant 
component of the infected patient’s illness. 
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TABLE 57.1 


CLASSIFICATION OF VIRAL HEPATITIS 


■ THE VIRAL HEPATITIDES 


■ VIRUS 

■ HEP A 
PICORNAVIRUS 
(RNA) 

■ HEP B 

HEPADNAVIRUS 

(DNA) 

■ HEP C 
FLAVIVIRUS 
(RNA) 

■ HEP D 

VIROID 

(RNA) 

■ HEPE 
CALICIVIRUS 
(RNA) 

Transmission 

Fecal-oral 

Parenteral 

Parenteral 

Parenteral 

Fecal-oral 

Acute disease 

Common 

Common 

Uncommon 

Common 

Yes 

Evolution to 
chronic disease 

Never 

Infrequent in adults 

Frequent 

(70%) 

Yes 

Described in 
organ transplant 
recipients 

New cases/year 
# Infected (U.S.) 

Worldwide 

180,000 

180,000 

1,250,000 

350,000,000 

40,000 

4,000,000 

170,000,000 

Unknown, found 
in approximately 

5% of cases of 

HBV infection 

300 

Unknown, 

uncommon 

Treatment 

None 

Lamivudine 

Adefovir 

Entecavir 

Interferon + 
Ribavirin 

Treatment of HBV 

Mainly sanitary 
preventative 

Prophylaxis 

Vaccine and Ig 

Vaccine and Ig 

None 

Vaccinate against 
HBV 

In development 

Fulminant failure 

Rare 

Yes 

Never 

With HBV, as 
coinfection or 
superinfection 

Especially in 
pregnant women 


HBV, hepatitis B virus; Hep, hepatitis; Ig, immunoglobulin. 


HEPATITIS A VIRUS 


Molecular Structure 

Hepatitis A virus (HAV) was identified in 1973. 27 HAV 
belongs to the Picornaviridae family, genus Hepatovirus. Four 
distinct genotypes have been identified, though no clinical dif¬ 
ference between them has been appreciated and all four geno¬ 
types belong to a single serotype. 28 HAV is a single-stranded 
RNA virus. It is 27 nm in diameter and nonenveloped. The 
viral genome is 7,474 nucleotides in length and is divided into 
5' and 3' untranslated regions and a single long open reading 
frame that encodes a 2,227-amino-acid polypeptide. Upon 
processing this peptide yields four structural and seven non- 
structural proteins. 


Epidemiology/Risk Factors for Transmission 

Hepatitis A disease has been long known (epidemic jaundice , 
catarrhal jaundice , campaign jaundice) and continues to occur 
worldwide. The incidence in the United States has declined with 
effective vaccination but remains around 1.2 per 100,000. 29 

The major mode of transmission is fecal-oral spread and is 
more common in lower socioeconomic areas where sanitation is 
poor. Common risk factors in the United States are international 
travel, especially to Mexico or Central/South America; house¬ 
hold contact with another infected with HAV; homosexual 
activity in men; foodborne or waterborne outbreaks; children in 
daycare centers; and injection drug use. Humans are the only 
host for HAV infection, and the only organ injured is the liver. 

Community outbreaks due to contaminated food have been 
described. 30,31 Contaminated shellfish and green onions have 


been implicated in several outbreaks, as have frozen straw¬ 
berries. 


Clinical Features 


Hepatitis A infection almost universally results in an acute 
self-limited illness and can produce either icteric or anicteric 
syndromes (Fig. 57.8). The incubation period is 28 days. The 
anicteric prodrome lasts from 2 days to 3 weeks and typically 
consists of fatigue, malaise, nausea, vomiting, anorexia, fever, 
and right upper quadrant pain; the diagnosis of hepatitis may 
be missed when it does not progress to jaundice. In cases 
where jaundice becomes manifest, it persists for 1 to 6 weeks. 
Transaminase levels are usually above 1,000 IU/mL and serum 
bilirubin (>10 mg/dL) and alkaline phosphatase values are 
elevated as well. Serum IgM antibodies are detected in 95 % of 
patients and are the “gold standard” of diagnosis. IgG anti¬ 
bodies become elevated as jaundice subsides and may persist 
for years. 

HAV infection leads to fulminant liver failure in 0.01% to 
0.35% of cases of acute hepatitis A. This rare event mostly 
occurs in patients with underlying liver disease, especially 
hepatitis C and less commonly hepatitis B or alcoholic liver 
disease. The risk of fulminant failure is also higher in people 
over 40 years of age, intravenous drug users, homosexual men, 
and inhabitants of endemic areas. 32 


Treatment 


Most patients with HAV infection recover with supportive 
care (approximately 20% require hospitalization in large out¬ 
breaks). Hygiene should be a top priority to prevent spread of 
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FIGURE 57.8. Clinical course of hepatitis A infection. 


the virus, because fecal shedding of the virus occurs prior to 
the onset of symptoms and jaundice. Spontaneous survival in 
cases of acute liver failure may be as high as 50%. Liver trans¬ 
plantation is indicated in cases in which recovery is unlikely. 
Recurrence of HAV infection in the allograft may occasionally 
be encountered. This has led some to recommend administra¬ 
tion of immunoglobulin in such instances. 32,33 

A formalin-inactivated HAV vaccine was found to be safe 
and to induce an immune response in almost all recipients 
after two doses. Vaccination as recommended by the Advisory 
Committee on Immunization Practices of the Centers for Dis¬ 
ease Control and Prevention (CDC) includes children 2 years 
of age or older in states or counties with high rates of infection 
(20 or more cases per 100,000 population from 1987 to 1997) 
as well as high-risk persons 2 years of age or older. Immune 
globulin, administered intramuscularly at a dose of 0.02 
mL/kg of body weight within the first 14 days after exposure, 
prevents disease in more than 85% of cases. Close contacts of 
patients with recent onset of the illness, people exposed to con¬ 
taminated foods, and selected travelers to endemic areas bene¬ 
fit the most. 34 


HEPATITIS B VIRUS 


Molecular Structure 


Hepatitis B virus (HBV) is a DNA virus that belongs to the 
hepadnavirus family. It is the smallest DNA virus with the 
ability to infect humans. HBV virions are 40 to 42 nm in diam¬ 
eter, with a double shell and an outer lipoprotein envelope. 
The viral nucleocapsid, or core, contains a 3.2-kb partially 
duplex DNA and a polymerase. Replication resembles that of 
retroviruses, in which the viral DNA polymerase acts as a 
reverse transcriptase. The HBV polymerase lacks proofreading 
activity. This finding is associated with an estimated frequency 
of 10 5 to 10 6 mutations per nucleotide per year and the resul¬ 
tant development of mutant forms of the virus. 35-37 


Epidemiology/Risk Factors for Transmission 

It is estimated that 350 million people are infected with HBV 
worldwide. Transmission is usually via nonsterile needles, 
intimate contacts, and blood transfusions. Infection by verti¬ 
cal transmission from mother to child is a serious problem in 


the developing world. There are no known animal reservoirs 
or evidence that insects are involved in transmission of the 
disease. 

The hepatitis B virus replicates mainly in hepatocytes but is 
not itself cytotoxic. Hepatocyte injury is due to the resultant 
host immune response. 


Clinical Features 


The incubation period in cases of acute infection is approxi¬ 
mately 8 weeks. The presence of serum hepatitis B surface anti¬ 
gen (HBsAg) may precede the clinical onset of jaundice. Acute 
infection is associated with serum HBV DNA, HBV DNA poly¬ 
merase, hepatitis B early antigen (HBeAg), and liver HBV DNA 
and hepatitis B core antigen (HBeAg). HBeAg is a useful 
marker of viral replication, except in individuals infected with 
mutant viruses where it may be undetectable despite active 
viral replication (Fig. 57.9). In such circumstances, serum HBV 
DNA is detected by hybridization techniques. Serum anti-HBc 
IgM becomes detectable with the onset of jaundice. In most 
individuals, when HBV does not develop into chronic hepatitis, 
anti-HBc IgM becomes undetectable beyond 6 months. On 
occasion, however, it may persist for years after the acute infec¬ 
tion or may recur as an amnestic phenomenon in reactivating 
chronic hepatitis B, thus limiting its usefulness as a marker of 
acute hepatitis B infection. 

Although HBV accounts for 40% of cases of acute liver 
failure in developing countries, it is estimated that the inci¬ 
dence in the United States is approximately 10%. Hepatitis B 
becomes fulminant in approximately 1% of acute cases. 
Women, elderly individuals, and those who sustain superinfec¬ 
tion with another virus (such as HCV) seem to be at greater 
risk. Furthermore, the risk of acute liver failure is directly pro¬ 
portional to the antibody titers to HBeAg and HBsAg. Some 
cases of acute liver failure may be due to reactivation of HBV 
in patients with chronic infection. In cases of reactivation, 
reappearance of HBc IgM antibodies (Abs) aids in the diagno¬ 
sis. Spontaneous survival after HBV acute liver failure ranges 
from 15% to 36%. 38,39 

Most patients with acute HBV infection in the Western world 
(low carrier rates) recover completely. Approximately 25% of 
adult cases in the Western world develop clinical jaundice but do 



FIGURE 57.9. Clinical course of acute hepatitis B infection. 
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Cirrhosis 



FIGURE 57.10. Clinical course of chronic hepatitis B. A: A benign chronic carrier has continued production of hepatitis B sur¬ 
face antigen but there is an absence of serum markers of viral replication. B: A pattern of continuing liver injury and serum 
markers of active viral replication. 


not become HBV carriers. They usually retain HBcAb and 
HBsAb markers with no detectable HBsAg or HBV DNA. 
Approximately 10% of Western adults with acute HBV infec¬ 
tion become chronic carriers, as determined by the presence of 
HBsAg in serum for more than 6 months (Fig. 57.10). Most 
HBV carriers have a benign state, with HBV DNA sequences 
integrating into their native genome. Histologically, these indi¬ 
viduals show hepatocytes with ground-glass appearance 
resulting from cytoplasmic accumulation of HBsAg proteins. 
Portal triad inflammation may or may not be present. The 
remainder of HBV carriers develop ongoing liver injury and 
usually have detectable HBeAg or HBV DNA and have free 
episomal HBV sequences in addition to the ones integrated 
into their native genomes. Histologically, there is evidence of 
active inflammation. 

In Western Europe and North America, the overall inci¬ 
dence of chronic infection is less than 1%. It is estimated that 
there are 1 million deaths each year as a result of cirrhosis 
and hepatocellular carcinoma associated with chronic hepati¬ 
tis B worldwide. Cirrhosis develops in 10% to 30% of indi¬ 
viduals with evidence of active viral replication within 5 years 
and is especially high in patients infected early in life, with per¬ 
sistent seropositivity for HBeAg or with increased serum alanine 
aminotransferase (ALT) levels after HBeAg seroconversion. 
Although imperfect, twice-a-year screening with hepatic ultra¬ 
sound and/or a-fetoprotein levels to detect early hepato¬ 
cellular cancers is recommended for chronically infected 
patients. 36,37,40 


Treatment 


Primary prevention by means of vaccination constitutes the 
best treatment approach for HBV infection. Individuals at 
high risk include health care workers, visitors to highly 
endemic areas, sexual contacts of chronic carriers or acutely 
infected people, and household contacts of those at high risk 
of infection (intravenous drug users, hemophiliacs, patients 
with thalassemia). The hepatitis B vaccine is given as a series of 
three intramuscular doses and has an almost 100% efficacy 
among immunocompetent persons with antibody levels of at 
least 10 mlU/mL. Since the World Health Organization in 
1991 called for all children to receive the vaccine, 116 coun¬ 
tries have adopted it as a routine immunization. Hepatitis B 


immune globulin has a reported efficacy of 85% to 95% in the 
prevention of newborn infections and approximately 75% in 
cases of needle sticks or sexual infections in people exposed to 
the virus with no previous HBV immunity. It should be admin¬ 
istered as soon as possible after exposure (for perinatal cases 
within 24 hours after birth, for needle sticks within 7 days, 
and for sexual exposures within 14 days) together with the 
first dose of the hepatitis B vaccine series. Additional doses of 
the vaccine should follow according to the regular schedule. 
Testing for HBsAg is warranted in pregnant women to reduce 
the risk of vertical transmission. 35 

Therapy is usually directed at HBeAg-positive cases that 
have an increased risk of cirrhosis and hepatocellular carci¬ 
noma. It seems that HBeAg-negative patients with viremias 
of greater than 10 5 molecules per milliliter and liver dysfunc¬ 
tion may also benefit from antiviral therapy. At present, 
antiviral therapy is not offered to asymptomatic HBeAg-neg¬ 
ative chronic carriers with viral loads under 10 5 molecules 
per milliliter and normal alanine aminotransferase values. 
Therapeutic success in HBeAg-positive cases is determined 
by seroconversion to HBeAb and reduction of viral loads. 
Cure of infection as determined by loss of HBsAg and absent 
viremia by polymerase chain reaction (PCR) analysis is 
achieved in only 1% to 5% of cases. Patients with chronic 
hepatitis B and cirrhosis or advanced fibrosis showed a 
reduction in the incidence of hepatic decompensation and the 
risk of hepatocellular carcinoma after continuous treatment 
with lamivudine. 36,40 

Interferon alfa (5 million to 10 million units subcuta¬ 
neously three times per week, for at least 3 months) used to 
constitute the main therapy in cases of HBV, achieving a suc¬ 
cessful response in approximately 30% of cases. However, its 
multiple side effects (fever, myalgias, bone marrow suppres¬ 
sion, and depression, among others) made it difficult to tol¬ 
erate. Furthermore, the potential for overt liver failure made 
it a risky treatment in people with advanced liver disease. 
Lamivudine is an orally effective antiviral agent that compet¬ 
itively inhibits the viral DNA polymerase. Its administration 
is associated with a more rapid seroconversion to HBeAg- 
positive status, a more rapid loss of HBeAg, improved 
aminotransferase levels, and a 3- to 4-log reduction in circu¬ 
lating levels of HBV DNA in the first 3 months of therapy. It 
is also associated with improved liver histologic findings in 
cases of chronic hepatitis. Lamivudine tends to be tolerated 
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well. Its major limitation is development of drug resistance. 
Adefovir is an orally effective nucleotide analogue approved 
by the U.S. Food and Drug Administration (FDA) for the 
treatment of HBV infection. It has shown promising results 
by inhibiting replication of lamivudine-resistant HBV 
mutants. 41 

Entecavir (Baraclude) is an orally administered cyclopentyl 
guanosine analogue that has been approved for treatment of 
chronic HBV infection. Large multinational trials have com¬ 
pared entecavir to lamivudine and found superiority for ente¬ 
cavir in terms of HBeAg seroconversion, decrease in serum 
HBV DNA, normalization of serum ALT, and histologic 
improvement. 42 Entecavir has been shown to be effective in 
lamivudine-resistant patients as well. Telbivudine (Tyzeka) is 
the unmodified /3-L-enantiomer of thymidine. It is approved 
for patients with chronic HBV and has also been shown to be 
superior to Lamivudine in suppressing HBV DNA, but other 
clinical benefit was less obvious. 43 Additionally, telbivudine 
was not effective in patients who developed breakthrough 
infection while on lamivudine. 

Liver transplantation is the treatment of choice in patients 
with hepatic failure. Recurrence of viral infection in the allo¬ 
graft can be as high as 80% in HBeAg-positive cases where no 
postoperative prophylaxis is administered. The combination 
of lamivudine and hepatitis B immune globulin posttransplan¬ 
tation reduced the reinfection rate to approximately 10%, and 
increased the 5-year HBV-free survival rate to approximately 
80%. 36 Other posttransplant pharmacologic regimens are now 
being examined. 


HEPATITIS C VIRUS 


Molecular Structure 


Hepatitis C virus (HCV) is a lipid-enveloped, 9.4-kb, single- 
stranded RNA virus of the family Flaviviridae, genus 
Hepacivirus. Six genotypes have been identified, which differ 
from one another by as much as 30% at the sequence level. 44 
Quasispecies within genotypes demonstrate further genetic 
heterogeneity and reflect the high rate of mutation seen in viral 
replication. Over 70% of U.S. cases are due to genotype 1 
virus. 


Epidemiology/Risk Factors for Transmission 

There are 4 million people infected with HCV in the United 
States, or approximately 1% of the population. Additionally, 
there are 170 million infected worldwide. The most commonly 
identified factors responsible for infection are exposure to 
blood or blood products prior to 1992 and intravenous drug 
use. Other less common risk factors include occupational 
exposure, nosocomial spread, sexual contacts, tattooing, and 
vertical transmission, each of which is a relatively inefficient 
and uncommon means of viral transmission. 


Clinical Features 


The usual incubation period is 5 to 10 weeks. Most acutely 
infected patients are asymptomatic and therefore the infection 
goes unappreciated. Initial laboratory findings after infection 
include hepatitis characterized by elevated ALT levels (500 to 
1,000 IU/mL) and high HCV RNA titers (Fig. 57.11). HCV is 
thought to be cleared spontaneously in 20% of individuals fol¬ 
lowing primary infection. Hepatitis C infection by itself is 
almost never associated with acute liver failure. Liver damage 
in the setting of chronic infection is due to host immune 
response rather than to viral hepatotoxicity. Ongoing chronic 
hepatic injury leads to progressive fibrosis and cirrhosis, in 



Months Years 

After exposure 

FIGURE 57.11. Clinical course in acute hepatitis C. 


most cases undetected until the appearance of overt liver fail¬ 
ure decades after the initial infection (Fig. 57.12). The inci¬ 
dence of hepatic decompensation (variceal hemorrhage, 
ascites, jaundice, encephalopathy) in the setting of cirrhosis is 
approximately 5% per year. Hepatitis C cirrhosis is strongly 
associated with the development of hepatocellular carcinoma. 
Extrahepatic manifestations of hepatitis C include membra- 
noproliferative glomerulonephritis, cryoglobulinemia, dia¬ 
betes, porphyria cutanea tarda, lichen planus, vitiligo, and 
non-Hodgkin lymphoma. 45 

The diagnosis of hepatitis C is based on serologic demon¬ 
stration of HCV RNA and/or antibodies. HCV RNA can be 
detected weeks earlier than antibodies, which are not observed 
until approximately 18 weeks after the initial illness. 


Treatment 


Therapy is indicated in cases of chronic hepatitis C with ele¬ 
vated serum aminotransferase concentrations and chronic 
hepatitis on liver biopsy. The current treatment of chronic 
hepatitis C is via a combination of pegylated interferon alfa 
and ribavirin. Pegylation of interferon alfa optimizes its 
pharmacodynamics and pharmacokinetics by providing sus¬ 
tained concentrations after single weekly injections. Its prin¬ 
cipal mechanism of action seems to be the immune clearance 
of infected cells, perhaps via mobilization of endogenous 
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FIGURE 57.12. Clinical course in chronic hepatitis C. 
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microRNAs that participate in interference with HCV 
replication. 46 Ribavirin is a synthetic guanosine analogue 
that prevents relapses during and after therapy in patients 
who exhibit an initial response. Approximately 80% of 
patients with genotype 2 or 3 infection and 50% of patients 
with genotype 1 infection show sustained virologic response 
with therapy. Male sex, race, advanced age, chronic infec¬ 
tion, fibrosis, and high body mass index are associated with 
diminished rates of sustained virologic response. Transplan¬ 
tation is the treatment of choice in terminal cases of hepatitis 
C where hepatic recovery is not expected and HCV cirrhosis 
has become the most common indication for orthotopic liver 
transplantation (OLT). Transplantation ameliorates the 
sequelae of portal hypertension and cancer risk associated 
with a cirrhotic liver, but viral reinfection after OLT is imme¬ 
diate and universal. Furthermore, HCV disease progression 
to graft cirrhosis is accelerated after transplant as opposed to 
the rate seen in native livers. 47 


HEPATITIS D VIRUS 

Molecular Structure 


The hepatitis D virus (HDV), or delta agent, is an incomplete 
RNA virus that requires the concomitant presence of HBV for 
viral assembly and propagation. The only enzymatic activity 
of HDV is a ribozyme that autocleaves the circular RNA and 
makes it linear. The HDV genome is a 1,680-nucleotide, 
single-stranded circular RNA. 48 Eight genotypes have been 
proposed. 49 A single HDV antigen is encoded, it is a structural 
component of the virion, and a lipoprotein envelope is pro¬ 
vided by HBV. 


Epidemiology/Risk Factors for 
Transmission 


It is estimated that HDV is found in approximately 5% of 
HBV carriers. Due to its dependence on HBV, HDV always 
occurs in association with HBV infection. Transmission is sim¬ 
ilar to that of HBV, via parenteral or sexual exposure to blood 
or body fluids. HDV hepatitis occurs only in HBsAg-positive 
patients. 



FIGURE 57.13. Synchronous infection with hepatitis B virus and 
hepatitis D virus. 



FIGURE 57.14. Superinfection of chronic hepatitis B carrier with 
hepatitis D. 


Clinical Features 


Acute infection is diagnosed by the presence of anti-HDV IgM. 
Anti-HBc IgM distinguishes coinfection from superinfection 
(Figs. 57.13 and 57.14). The diagnosis in patients with chronic 
liver disease is made by the presence of HBsAg and antibodies 
against HDV in the serum and confirmed by the presence of 
HDV antigen in the liver or HDV RNA in the serum (Fig. 57.15). 
Acute liver failure is seen with both coinfection (HDV and HBV 
simultaneously infect the host) and superinfection (HDV infects 
a host already infected with HBV). Superinfection seems to be 
associated with a higher mortality rate. Chronic HDV and HBV 
infection may coexist. Cirrhosis is observed in at least two thirds I 
of patients and occurs at a younger age than in patients infected 
with HBV alone. 50,51 


Treatment 


Treatment and prevention of HDV are associated with that of 
hepatitis B, with which it always coexists. Vaccination with 
the hepatitis B vaccine is contributing to the decline in the 
incidence of HDV. u-Interferon (IFN) is the only currently 
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FIGURE 57.15. Clinical course of chronic hepatitis D infection. 
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available treatment for chronic HDV. Response rates correlate 
directly with dosage, and relapses are frequent after dose reduc¬ 
tion. Sustained responses associated with clearance of HBsAg, 
improvement of liver histologic appearance, and conversion to 
HBsAb are unusual and relapses common. Treatment is com¬ 
plicated by the side effects of IFN, which include depression, 
weight loss, myalgias, fatigue, flulike symptoms, and liver 
decompensation, among others. Pegylated IFN could be a 
potentially useful long-term therapy. IFN in combination with 
ribavirin for chronic cases has not been found to be superior to 
IFN monotherapy. Liver transplantation is the only option in 
cases of end-stage liver disease. Allograft reinfection rates with 
long-term administration of hyperimmune serum against 
HBsAg seem to be lower for HDV than for HBV. 50,51 Several 
studies have shown that patients transplanted for HDV-related 
disease have better outcomes than those who undergo OLT for 
HBV alone. 52 The presence of HDV appears to be protective, 
possibly via suppression of HBV replication. HDV may inhibit 
HCV replication as well and mitigate HCV recurrence after 
OLT in a similar fashion. 


HEPATITIS E VIRUS 


Molecular Structure 


Hepatitis E virus (HEV) is a nonenveloped single-stranded 
RNA virus. It is 30 nm in diameter and is most similar to 
other viruses of the Caliciviridae family. There are three 
large open reading frames, the first of which is 1,693 codons 
and codes for nonstructural proteins. The second is 660 
codons and encodes structural proteins. The third is smaller 
and of undetermined function. There are thought to be four 
genotypes. 53 


Epidemiology/Risk Factors 
for Transmission 

Hepatitis E is enterically transmitted (waterborne hepatitis or 
enterically transmitted non-A, non-B hepatitis ) and is epidemi- 
ologically similar to HAV. Infection has been prominently 
observed in Asia, Africa, the Middle East, and Central Amer¬ 
ica. In addition, vertical transmission from mother to child has 
been documented and can be a source of perinatal morbidity 
and mortality. 


Clinical Features 


HEV generally causes a self-limited acute infection, although 
chronic infection has been described in organ transplant recip¬ 
ients. The incubation period usually lasts 3 to 8 weeks, and 
most individuals recover without chronic findings after a tran¬ 
sient cholestatic jaundice (Fig. 57.16). However, young adults 
and women in late stages of pregnancy may develop fulminant 
cases of hepatitis E. Mortality from HEV is 0.5% to 4% in the 
general population but up to 20% in pregnant women. 54-56 
Diagnosis is aided by amplification of serum and fecal viral 
genomes during the acute phase. The presence of anti-HEV 
IgM or follow-up demonstration of IgG may be required. 


Treatment 


There is currently no specific treatment for HEV infection, 
although vaccines against HEV are in development and appear 
to be highly effective. Improving sanitation and purifying or 
boiling water can reduce the incidence of this disease. 


CYTOMEGALOVIRUS 


Cytomegalovirus (CMV) is a member of the /3-Herpesviridae 
family. It is usually associated with mild hepatitis but may 
occasionally cause acute liver failure. Transmission can be 
intrauterine; perinatal or postnatal; through intimate contact 
of infected fluids such as blood, saliva, or urine; or through 
transplanted organs. Infection is lifelong due to latency of the 
virus and can be detected in up to 70% of individuals in U.S. 
urban cities. Organ injury can occur as a result of primary 
infection or reactivation of a latent infection. In the neonatal 
period, severe cases of congenital infection are usually general¬ 
ized and can be fatal. In immunocompetent adults, liver dys¬ 
function tends to be found in association with CMV mononu¬ 
cleosis. In immunosuppressed adults, infection leads to liver 
dysfunction with jaundice and at times liver failure. Acalcu- 
lous gangrenous cholecystitis may also be encountered. 32,57,58 

Shell vial assay is a more sensitive and rapid method than 
conventional human fibroblast culture of saliva, urine, bron- 
choalveolar lavage fluid, or blood to detect infection. Cur¬ 
rently, the use of CMV antigenemia assays and detection of 
CMV by PCR amplification from serum has greatly increased 
the rapidity and ease of diagnosis. Detection of IgM is helpful 


FIGURE 57.16. Clinical course of chronic hepatitis E 
infection. (Reproduced with permission from Expert 
Reviews in Molecular Medicine: (99)00129—5 h.htm; 
6 December 1999.) 
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only in neonatal infection; serology is not useful as a diagnos¬ 
tic tool in adults. Liver biopsy is of importance to establish the 
diagnosis of hepatitis. Microscopic examination shows inflam¬ 
mation and injury ranging from fatty changes to necrosis to 
fibrosis. Giant multinucleated cells and large nuclear inclusions 
can be encountered in hepatocytes and bile duct epithelial 
cells. 32,57,58 

Several drugs are available for the systemic treatment of 
CMV, including ganciclovir, valganciclovir, foscarnet, and cid- 
ofovir; anti-CMV hyper-immune globulin is sometimes used 
as an adjunctive therapeutic modality. 41 


EPSTEIN-BARR VIRUS 


Epstein-Barr virus (EBV) is a DNA virus and member of the 
Herpesviridae family. Infection persists for life due to latency 
of the virus, and is usually transmitted in the course of close 
personal or intimate contact via oral secretions. Some degree 
of liver involvement is encountered in almost all cases of EBV 
mononucleosis. It is usually mild, with no major clinical man¬ 
ifestations, and resolves spontaneously. The presence of jaun¬ 
dice may reflect either more severe hepatitis or an associated 
hemolytic anemia. Occasional cases of fatal acute liver failure 
have been reported in both immunocompromised and im¬ 
munocompetent patients. Leukocytosis is usually present, with 
lymphocytosis and monocytosis. The monospot test is sensi¬ 
tive but not specific. Diagnosis is by detection of nucleic acids 
with in situ hybridization, Southern blot analysis, and PCR of 
involved organ biopsies. Detection of IgG and IgM antibodies 
improves sensitivity and specificity. No antiviral agent has so 
far proved effective in EBV hepatitis. Liver transplantation has 
been reported in life-threatening situations. 41,57,59,60 


HERPES SIMPLEX VIRUS 


The prevalence of antibodies to herpes simplex virus 1 (HSV-1) 
in the populations of industrialized nations is 80% in lower 
socioeconomic strata (SES) and 50% in higher SES; prevalence 
of antibodies to herpes simplex virus 2 (HSV-2) is approxi¬ 
mately 20%. Fulminant hepatitis is a rare complication of 
HSV infection, but those at risk include neonates and 
immunocompromised, malnourished, and pregnant adults. 
Fulminant hepatitis is usually associated with multiorgan 
involvement and carries a high (>80%) mortality rate. Clini¬ 
cal features include fever, anorexia with nausea, abdominal 
pain, leucopenia, and coagulopathy. Liver biopsy is of prime 
importance to establish the diagnosis, especially in pregnant 
women. Microscopic examination shows diffuse eosinophilic 
intranuclear inclusion bodies, multinucleated cells, widespread 
necrosis, and slight inflammation. Cowdry A-type intranuclear 
inclusions are typical. Confirmation is by means of HSV DNA 
detection by PCR. Approved antivirals include acyclovir, fam¬ 
ciclovir, and valacyclovir. Treatment with intravenous acy¬ 
clovir should be started prior to confirmation of the etiology, 
given that progression of the disease is extremely rapid and 
lethal. Liver transplantation can be considered even in selected 
cases of disseminated disease. 41,57,58 


VARICELLA ZOSTER VIRUS 


Herpesvirus varicellae (also called varicella zoster virus [VZVj) 
is usually associated with mild hepatitis but may occasionally 
cause acute liver failure. Up to one fourth of children with 
varicella (chickenpox) may exhibit temporary mild biochemi¬ 
cal liver abnormalities. Reye syndrome may be encountered 
during the convalescence period, especially in those who 
receive aspirin. In such cases, mortality can be as high as 30%. 
Fulminant fatal hepatic failure is uncommon, but generally 


affects immunocompromised patients. Confirmation of the 
diagnosis can be achieved by isolation of the virus from 
involved tissues. Varicella zoster immune globulin therapy 
should be considered after exposure to the virus by immuno¬ 
compromised or pregnant patients who lack immunity to VZV. 
Current therapies for VZV infection in immunocompetent and 
immunocompromised hosts include acyclovir, valacyclovir, 
and famciclovir. CDC guidelines should be followed for infec¬ 
tion control. 32,41,57 


ACUTE LIVER FAILURE 


Definition 


Acute liver failure (ALF) is an uncommon but serious condi- 
Q tion, with approximately 2,000 to 2,300 cases per year in the 
United States, 61 which carries a high mortality rate of 60% to 
80%. 62 It is characterized by rapid deterioration of liver func¬ 
tion as well as coexistence of hepatic encephalopathy in a pre¬ 
viously healthy individual without a known hepatopathy. Cur¬ 
rently, emergency liver transplantation is the only therapeutic 
option available, and the King’s College Criteria are widely 
accepted as the standard of guidance. ALF is responsible for 
about 6% of all liver-related deaths, and approximately 6% of 
adult liver transplant recipients undergo transplantation with 
this indication. 63 

The most widely accepted definition includes an interna¬ 
tional normalized ratio (INR) greater than or equal to 1.5 and 
any degree of mental alteration (encephalopathy) in a patient 
without preexisting cirrhosis and with an illness of less than 
26 weeks’ duration. 64 Patients with Wilson disease, vertically 
acquired hepatitis B, or autoimmune hepatitis can be con¬ 
sidered to have ALF if the disease process has started within 
26 weeks. Although the literature suggests hyperacute (<7 days) 
and subacute (>21 days but <26 weeks) forms, they do not 
have prognostic significance except with hyperacute failure, 
which may carry a better prognosis since it is mostly due to 
acetaminophen toxicity. 66 


Diagnosis 

A high index of suspicion is vital in early recognition of the 
disease process. Patients with evidence of moderate to severe 
degrees of hepatitis and any degree of encephalopathy with or 
without coexistence of coagulopathy as evidenced by an INR 
greater than or equal to 1.5 require hospitalization, since that 
process may progress to death rapidly. 65 Likewise, early trans¬ 
fer to an intensive care unit (ICU) setting in a liver transplant 
center is important (especially before approaching grade III or 
IV encephalopathy), since worsening encephalopathy can 
potentially hamper transportation efforts because of concern 
over increased intracranial pressure. 

Detailed history taking from accompanying persons, includ¬ 
ing medications/herbal supplements taken and recent social 
history, is essential. Stigmata of chronic liver disease need to be 
assayed during the physical examination, although jaundice 
might be a late manifestation of the disease process. The initial 
laboratory testing shown in Table 57.2 is recommended. 65 

Transjugular liver biopsy can be considered as part of the 
initial workup to rule out neoplastic infiltration or HSV/her- 
pes zoster virus (HZV) hepatitis, 66 although its routine appli¬ 
cation is still considered controversial. 


Etiology 

It is important to elicit the etiology of ALF in an effort to 
administer the appropriate antidotes and to better anticipate 
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idiosyncratic reaction, while isoniazid, valproate, and amio- 
darone mainly cause metabolic idiosyncratic reactions. 


TABLE 57.2 


MANAGEMENT IN ACUTE LIVER FAILURE: INITIAL 
LABORATORY EVALUATIONS 

Serum chemistries 

Sodium, potassium, chloride, bicarbonate, calcium, magnesium, 
phosphate, glucose, BUN, creatinine, amylase, lipase 

Hepatic panel 

AST, ALT, alkaline phosphatase, total bilirubin, albumin 

Prothrombin time/INR 
Complete blood count 
Arterial blood gas, lactate, ammonia 
Toxicology screen 
Viral hepatitis serologies 

Anti-HAV IgM, Hep B surface Ag, Anti-HBV core IgM, 
anti-HCV, anti-HEV IgM (if indicated) 

Anti-VZV IgM, Anti-HSV IgM 
Autoimmune markers 

ANA, ASMA, IgG levels, SPEP 
Pregnancy test 

Serum ceruloplasmin level and 24-h urine copper collection 

(if Wilson disease is suspected) 


Ag, antigen; ALT, alanine aminotransferase; ANA, antinuclear 
antibody; ASMA, anti-smooth muscle antibody; AST, aspartate 
aminotransferase; BUN, blood urea nitrogen; HAV, hepatitis A virus; 
HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus; 
HSV, herpes simplex virus; IgM, immunoglobulin M; INR, 
international normalized ratio; SPEP, serum protein electrophoresis; 
VZV, varicella zoster virus. 


prognosis and hence the need for liver transplantation. 67 Etiol¬ 
ogy seems to have some geographic variances. In the United 
States, the etiology is reported to be acetaminophen overdose 
in 46% of cases, followed by indeterminate causes (14%), 
drug related (11%), HBV (7%), autoimmune hepatitis (5%), 
and Wilson disease (2%). 68 In the United Kingdom, aceta¬ 
minophen toxicity is reported to be as high as 60.9%, 69 
whereas in France, the reported etiologies are viral infection 
with hepatitis A and B (31%), acetaminophen toxicity (20%), 
other drug overdose (18%), and unknown (17%). 66 

Viral Hepatitis. In those with HAV, ALF occurs in up to 
0.4% of cases; age over 40 years and preexisting liver disease 
represent a higher risk. In those with HBV, ALF occurs in up to 
1.2% of cases. ALF may occur due to acute hepatitis or reacti¬ 
vation of a chronic carrier state. HDV coinfection and HEV 
should be suspected in endemic areas. VZV, HSV, and CMV 
are other rare viral causes. 67 

Drug-induced Liver Injury. Intrinsic hepatotoxins are usu¬ 
ally dose dependent, while idiosyncratic responses are unpre¬ 
dictable and are not dose dependent. Acetaminophen is a good 
example of the dose-dependent form, generally greater than 10 g/d 
but sometimes reported to be as low as in the 3 to 4 g/d range. 
Glutathione becomes depleted with excess free NAPQI (a toxic 
byproduct of acetaminophen) reacting with hepatocytes, caus¬ 
ing the liver injury. 67 In the presence of poor nutritional state 
or alcoholism, glutathione levels are chronically depleted, fur¬ 
ther contributing to acetaminophen toxicity. Stevens-Johnson 
syndrome, caused by phenytoin, amoxicillin-clavulanate, 
carbamazepine, and halothane, is a form of hypersensitivity 


Other. Acute Budd-Chiari syndrome, veno-occlusive disease 
due to medications and herbs, and malignancies involving the 
liver (i.e., lymphoma, angiosarcoma) are less common causes 
of ALF. 65 Acute fatty liver of pregnancy (AFLP) and HELLP 
(hemolysis, elevated liver enzymes, low platelets) are impor¬ 
tant diagnoses to be considered among pregnant women pre¬ 
senting with manifestations of ALF. AFLP occurs during the 
third trimester due to deficiencies in long-chain 3-hydroxyacyl- 
CoA dehydrogenase in both the mother and the fetus with 
rapid deposition of triglycerides and free fatty acids into 
hepatocytes. HELLP also occurs during the third trimester or 
immediately postpartum. Autoimmune hepatitis (AIH) can 
present acutely with absence of autoimmune markers, where 
the diagnosis is made by exclusion and transjugular liver 
biopsy. In the fulminant form of Wilson disease, chelator 
treatment is ineffective and diagnosis is usually based on 
familial history of liver disease in a young adult with 
Coombs-negative hemolysis and low serum alkaline phos¬ 
phatase or uric acid levels. Kayser-Fleischer rings are present 
in 50% of patients. 64 Diagnosis is usually confirmed by 
hepatic copper content greater than 250 /ng/g in patients 
homozygous for Wilson disease, and the rate of urinary excre¬ 
tion may exceed 100 ^g/24 h. 70 Heat stroke, mushroom 
ingestion, EBV, and parvovirus B19 may be considered as rare 
causes of ALF. 66 


Clinical Features, Management, 
and Treatment 

Acute liver injury in the absence of hepatic encephalopathy is 
a reversible entity, unless an underlying chronic liver disease is 
present. Altered mental status accompanied by jaundice and 
elevated serum aminotransferases and prothrombin time 
(PT)/INR is the hallmark of the presentation. Rapid loss of 
liver mass can lead to multiorgan system failure and eventual 
death. 65 Liver transplantation needs to be considered and 
accomplished prior to reaching this moribund state. There¬ 
fore, early transfer to a liver transplant center ICU setting has 
paramount importance due to this time-limited window of 
opportunity for high-acuity ALF patients. 71 Encephalopathy 
may be accompanied by myopathy and neuropathy, loss of 
vascular tone with hypotension, cardiac dysfunction, acute 
lung injury, gastrointestinal bleeding, pancreatitis, acute renal 
failure, and/or disseminated intravascular coagulation and 
cholestasis. 71 Intracranial hypertension is recognized in 50% 
to 70% of patients in stage 4 coma. Therefore, neurocritical 
care, with ability to rapidly respond to hemodynamic changes, 
becomes an important issue in management. Other precepts 
are maintenance of normoxia, euglycemia, control of seizures, 
therapeutic hypothermia, osmotic therapy, and judicious 
hyperventilation. 71 

Initial management includes identification and treatment of 
infection, titration of intravascular volume expansion, and 
selection of fluids to minimize cerebral edema. Hypertonic 
saline may be considered to maintain serum sodium in the 
mildly hypernatremic range. Norepinephrine is the vasopressor 
of choice and early initiation of renal replacement therapy is 
important for tight control of intravascular volume. Mild reduc¬ 
tion in blood C0 2 tension can also restore cerebral vasoreactiv- 
ity and autoregulation. 71 

Advanced cerebral edema is associated with hyperventila¬ 
tion, hypertension, papillary abnormalities, decerebrate pos¬ 
turing, and ultimately uncal herniation and death. Arterial 
ammonia levels greater than 200 jig/dL may be correlated 
with herniation. 65 Although well-powered controlled trials 

















Chapter 57: Hepatic Infection and Acute Hepatic Failure 


901 


are still needed to determine the role of intracranial pressure 
monitoring, 72 management should aim to keep the cerebral 
perfusion pressure (mean arterial pressure — intracranial 
pressure) over 50 mm Hg and the intracranial pressure 
below 25 mm Hg. Sustained pressures greater than these val¬ 
ues for longer than 2 hours usually signifies irreversible brain 
damage. 65 Mannitol intravenous bolus doses of 0.5 to 1 g/kg 
are effective in decreasing cerebral edema by maintaining 
osmotic diuresis and can be repeated provided serum osmo- 
larity does not exceed 320 mosm/L. 64 Profound coagulopa¬ 
thy (INR >7) and/or planned invasive procedures warrant 
correction of coagulopathy with fresh frozen plasma (FFP) 
in combination with recombinant activated factor VII 
(rFVIIa). 64 


Liver Transplantation 

Establishing the cause of ALF is an important determinant of 
outcomes following liver transplantation, with the best results 
achieved for Wilson disease and the worst seen with idiosyn¬ 
cratic drug reactions. Overall, survival rates following trans¬ 
plantation at 1 year are 7% to 15% below those obtained for 
elective transplants in patients with chronic liver disease but 
are similar to survival of chronic liver disease patients going to 
liver transplantation from an ICU setting. 73 

Patients who are at high risk of death should be identified 
early in the course of ALF and listed and transplanted in a 
timely fashion. Therefore, it is also crucial to identify patients 
who are too sick to benefit from liver transplantation. Relative 
contraindications for liver transplantation can be summarized 
as (a) sustained cerebral hypoperfusion detected as cerebral 
perfusion pressure less than 40 mm Hg for longer than 2 
hours, (b) arterial vasodilatation requiring more than 1 fxg/kg 
per minute norepinephrine infusion, and (c) acute respiratory 
distress syndrome requiring fraction of inspired oxygen (Fi0 2 ) 
at 60% and positive end-expiratory pressure (PEEP) at greater 
than 12 cm H 2 0. 71 


1 TABLE 57.3 

STAGING 1 

KING'S COLLEGE CRITERIA OF POOR 
PROGNOSTIC INDICATORS 



Acetaminophen-induced ALF: 

Arterial pH <7.3 irrespective of coma grade 
OR all of the following: 

INR >6.5, creatinine >3.4 mg/dL (300 ^tmol/L), grade III/IV 
encephalopathy 

Non-acetaminophen-induced ALF: 

INR >6.5 

OR any three of the following: 

Age <10 or >40, drug toxicity or undetermined etiology, 
jaundice >7 days before encephalopathy, INR >3.5, bilirubin 
>17 mg/dL (300 ^tmol/L) 

ALF, acute liver failure; INR, international normalized ratio. 


Liver Support Systems 

Various biologic and charcoal-based sorbent systems have 
been tested to date with no demonstrable clinical impact. Total 
plasma exchange has been studied retrospectively, in an 
attempt to stabilize the ALL patient until a liver graft is identi¬ 
fied or self-regeneration occurs. 63 Sorbent systems have shown 
transient detoxification with no long-term benefit at the 
expense of worsening coagulopathy. Porcine cell-based and 
hepatoblastoma-derived extracorporeal systems, the Molecular 
Adsorbents Recirculating System (MARS), 74 and the Prometheus 
System 75 are available only for clinical trials and their future in 
the management of acute liver failure currently remains 
unclear. 64 


Meets 

Definition 


Etiology 


Managment 


Outcomes 


1 rapid deterioration of liver function tests with encephalopathy 
1 no previous liver disease (liver bx may help) 


1 acetominophen tox most common, then acute viral Hep (B and A, not C) 
1 Less Common: drug reaction, Autoimmune Hepatitis, Wilson’s 


1 Early transfer to Liver Transplant Center 
1 Treat infection, restrict IVL, ICP monitoring controversial 
1 Ultimately must decide: continude observation vs OLT 


1 25-50% survival without OLT (depends on etiology/severity) 

1 60-75% survival with OLT: lower outcomes than with other indications 


ALGORITHM 57.1 


ALGORITHM 57.1. 
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Differential 

• pyogenic (bacterial origin) vs amebic 

Diagnosis 

• most are solitary and in the right lobe 


• Symptoms: fever +/- RUQ pain, jaundice 

Workup - 

• Labs: elevated WBC, Bili, and LFTs 

• US: 90% diagnostic, facilitates aspiration 


• CT: most commonly used and reliable 


• 66% are gram negative: E Coil, Klebs, Proteus, 30% have anaerobes: B, frag 

Etiology 

• Most are now due to cholangitis from obstruction/stenting: malignancy or stones 


• also: diverticulitis, IBD, appendicitis 


• Percutaneous drainage 

Treatment 

• Broad specrum abx with gram-/anearobic coverage 


• 2 weeks IV + 4 more weeks PO for total of 6 wks abx 


ALGORITHM 57.2 


ALGORITHM 57.2. 


Prognosis 

Accurate prognosis in ALF is important to avoid unnecessary 
liver transplantation, and the traditionally accepted King’s 
College Criteria are most commonly used for this purpose 
(Table 57.3). Of note is that the Model for End-Stage Liver 
Disease (MELD) system cannot be applied in ALF. 64 

ALF due to acetaminophen overdose, hepatitis A, shock 
liver, or pregnancy-related disease showed a 50% or more 
transplant-free survival, while most other etiologies have 
shown less than 25% transplant-free survival. 64 Other pro¬ 
posed but not widely accepted poor prognostic criteria have 
been a-fetoprotein levels, ratio of factor VIII and V, liver his¬ 
tology, and serum phosphate levels. 

Recipients who underwent liver transplantation for drug- 
induced ALF in the United States from 1987 to 2006 were ret¬ 
rospectively studied, and the most common drug groups were 
identified as acetaminophen, antituberculosis medications, 
antiepileptics, and other nontuberculosis antibiotics. Patients 
age 7 years or younger with antiepileptic toxicity had the high¬ 
est risk of death following liver transplantation compared to 
all other groups. Being on life support and elevated serum cre¬ 
atinine were identified as other predictors of poor survival 
after liver transplantation. 76 


References 


1. Kaplan GG, Gregson DB, Laupland KB. Population-based study of the 
epidemiology of and the risk factors for pyogenic liver abscess. Clin Gas¬ 
troenterol Hepatol 2004;2:1032-1038. 

2. Webb TH, Lillemoe KD, Pitt HA. Liver abscess. Hosp Phys 1989;25:46-59. 

3. Rahimian J, Wilson T, Oram V, et al. Pyogenic liver abscess: recent trends 
in etiology and mortality. Clin Infect Dis 2004;39:1654-1659. 

4. Yang DM, Kim HN, Kang JH, et al. Complications of pyogenic hepatic 
abscess: computed tomography and clinical features. J Comput Assist 
Tomogr 2004;28:311-317. 

5. Hanbidge AE, Buckler PM, O’Malley ME, et al. From the RSNA refresher 
courses: imaging evaluation for acute pain in the right upper quadrant. 
Radiographics 2004;24:1117-1135. 

6. Mortele KJ, Segatto E, Ros PR. The infected liver: radiologic-pathologic 
correlation. Radiographics 2004;24:937-955. 


7. Zibari GB, Maguire S, Aultman DF, et al. Pyogenic liver abscess. Surg 
Infect (Larchmt) 2000;1:15-21. 

8. Lipsett PA, Huang CJ, Lillemoe KD, et al. Fungal hepatic abscesses: char¬ 
acterization and management. J Gastrointest Surg 1997;1:78-84. 

9. Sharara Al, Rockey DC. Pyogenic liver abscess. Curr Treat Options Gas¬ 
troenterol 2002;5:437-442. 

10. Tan YM, Chung AY, Chow PK, et al. An appraisal of surgical and percu¬ 
taneous drainage for pyogenic liver abscesses larger than 5 cm. Ann Surg 
2005;241:485-490. 

11. Yang CC, Yen CH, Ho MW, et al. Comparison of pyogenic liver abscess 
caused by non-Klebsiella pneumoniae and Klebsiella pneumoniae. J Micro¬ 
biol Immunol Infect 2004;37:176-184. 

12. Wells CD, Arguedas M. Amebic liver abscess. South Med J 2004;97: 
673-682. 

13. Lucey MR. Hepatic infection and acute hepatic failure. In: Greenfield LJ, 
Mulholland ML, Oldham KT, et al., eds. Surgery: Scientific Principles 
and Practice, 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2001;943-957. 

14. Lodhi S, Sarwari AR, Muzammil M, et al. Features distinguishing amoebic 
from pyogenic liver abscess: a review of 577 adult cases. Trop Med Int 
Health 2004;9:718-723. 

15. Ahsan T, Jehangir MU, Mahmood T, et al. Amoebic versus pyogenic liver 
abscess. J Pak Med Assoc 2002;52:497-501. 

16. Sayek I, Tirnaksiz MB, Dogan R. Cystic hydatid disease: current trends in 
diagnosis and management. Surg Today 2004;34:987-996. 

17. DiazGranados CA, Duffus WA, Albrecht H. Parasitic diseases of the liver. 
In: Zakim D, Boyer TD, eds. Hepatology. A Textbook of Liver Disease, 
4th ed. Philadelphia, PA: WB Saunders; 2003:1073-1107. 

18. Dunn MA. Parasitic diseases. In: Shiff ER, Sorrell MF, Maddrey WC, eds. 
Schiffs Diseases of the Liver, 8th ed. Philadelphia, PA: Lippincott Williams 
& Wilkins; 1999:1533-1548. 

19. Kjossev KT, Losanoff JE. Classification of hydatid liver cysts. J Gastroen¬ 
terol Hepatol 2005;20:352-359. 

20. Bastid C, Ayela P, Sahel J. Percutaneous treatment of a complex hydatid 
cyst of the liver under sonographic control. Report of the first case. Gas¬ 
troenterol Clin Biol 2005;29:191-192. 

21. Chautems R, Buhler LH, Gold B, et al. Surgical management and long¬ 
term outcome of complicated liver hydatid cysts caused by Echinococcus 
granulosus. Surgery 2005;137:312-316. 

22. Gollackner B, Langle F, Auer H, et al. Radical surgical therapy of abdom¬ 
inal cystic hydatid disease: factors of recurrence. World J Surg 2000;24: 
717-721. 

23. Smego RA Jr, Sebanego P. Treatment options for hepatic cystic echinococ¬ 
cosis. Int J Infect Dis 2005;9:69-76. 

24. Godyn JJ, Siderits R, Hazra A. Schistosoma mansoni in colon and liver. 
Arch Pathol Lab Med 2005;129:544-545. 

25. Qiu DC, Hubbard AE, Zhong B, et al. A matched, case-control study of 
the association between Schistosoma japonicum and liver and colon can¬ 
cers, in rural China. Ann Trop Med Parasitol 2005;99:47-52. 

26. El-Zayadi AR. Curse of schistosomiasis on Egyptian liver. World J Gas¬ 
troenterol 2004;10:1079-1081. 
























Chapter 57: Hepatic Infection and Acute Hepatic Failure 


903 


27. Feinstone SM, Kapikian AZ, Purceli RH. Hepatitis A: detection by 
immune electron microscopy of a virus like antigen associated with acute 
illness. Science 1973;182:1026. 

28. Lemon SM, Jansen RW, Brown EA. Genetic, antigenic and biological dif¬ 
ferences between strains of hepatitis A virus. Vaccine 1992;10(suppl 1): 
S40. 

29. Wasley A, Samandari T, Bell BR Incidence of hepatitis A in the United 
States in the era of vaccination. JAMA 2005;294:194. 

30. Dentinger CM, Bower WA, Nainan OV, et al. An outbreak of hepatitis A 
associated with green onions. J Infect Dis 2001;183:1273. 

31. Wheeler C, Vogt TM, Armstrong GL, et al. An outbreak of hepatitis A 
associated with green onions. N Engl J Med 2005;353:890. 

32. Sanyal AJ, Stravitz RT. Acute liver failure. In: Zakim D, Boyer TD, eds. 
Hepatology. A Textbook of Liver Disease, 4th ed. Philadelphia, PA: WB 
Saunders; 2003:445-496. 

33. Gane E, Sallie R, Saleh M, et al. Clinical recurrence of hepatitis A follow¬ 
ing liver transplantation for acute liver failure. J Med Virol 1995;45: 
35-39. 

34. Craig AS, Schaffner W. Prevention of hepatitis A with the hepatitis A vac¬ 
cine. N Engl J Med 2004;350:476-481. 

35. Poland GA, Jacobson RM. Clinical practice: prevention of hepatitis B with 
the hepatitis B vaccine. N Engl J Med 2004;351:2832-2838. 

36. Ganem D, Prince AM. Hepatitis B virus infection-natural history and clin¬ 
ical consequences. N Engl J Med 2004;350:1118-1129. 

37. Wands JR. Prevention of hepatocellular carcinoma. N Engl J Med 2004; 
351:1567-1570. 

38. Schiodt FV, Atillasoy E, Shakil AO, et al. Etiology and outcome for 295 
patients with acute liver failure in the United States. Liver Transpl Surg 
1999;5:29-34. 

39. Lee WM. Hepatitis B virus infection. N Engl J Med 1997;337: 
1733-1745. 

40. Liaw YF, Sung JJ, Chow WC, et al., for the Cirrhosis Asian Lamivudine 
Multicentre Study Group. Lamivudine for patients with chronic 
hepatitis B and advanced liver disease. N Engl J Med 2004;351: 
1521-1531. 

41. Hewlett G, Hallenberger S, Rubsamen-Waigmann H. Antivirals against 
DNA viruses (hepatitis B and the herpes viruses). Curr Opin Pharmacol 
2004;4:453-464. 

42. Chang TT, Gish RG, de Man R, et al. A comparison of entecavir and 
lamivudine for HBeAg-positive chronic hepatitis B. N Engl J Med 2006; 
354:1001. 

43. Lai CL, Gane E, Liaw YF, et al. Telbivudine versus lamivudine in patients 
with chronic hepatitis B. N Engl J Med 2007;357:2576. 

44. Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J Med 2001; 
345(l):41-52. 

45. El-Serag HB, Hampel H, Yeh C, et al. Extrahepatic manifestations of 
hepatitis C among United States male veterans. Hepatology 2002;36: 
1439-1445. 

46. Pedersen IM, Cheng G, Wieland S, et al. Interferon modulation of cellular 
microRNAs as an antiviral mechanism. Nature 2007;449(7164):919- 
922. 

47. Cameron AM, Ghobrial RM, Hiatt JR, et al. Effect of nonviral factors on 
hepatitis C recurrence after liver transplantation. Ann Surg 2006;244(4): 
563-571. 

48. Bichko V, Netter HJ, Wu TT, et al. Pathogenesis associated with replica¬ 
tion of hepatitis delta virus. Infect Agents Dis 1994;3:94. 

49. Le Gal F, Gault E, Ripault MP, et al. Eighth major clade for hepatitis delta 
virus. Emerg Infect Dis 2006; 12:1447. 

50. Niro GA, Rosina F, Rizzetto M. Treatment of hepatitis D. J Viral Hep at 
2005;12:2-9. 

51. Kaymakoglu S, Karaca C, Demir K, et al. Alpha interferon and ribavirin 
combination therapy of chronic hepatitis D. Antimicrob Agents Chemother 
2005;49:1135-1138. 


52. Samuel D, Muller R, Alexander G, et al. Liver transplantation in European 
patients with the hepatitis B surface antigen. N Engl J Med 1993;329: 
1842. 

53. Lu L, Li C, Hagedorn CH. Phylogenetic analysis of global hepatitis E virus 
sequences: genetic diversity, subtypes and zoonosis. Rev Med Virol 2006; 
16:5. 

54. Enterically transmitted non-A, non-B hepatitis-East Africa. MMWR Morb 
Mortal Wkly Rep 1987;36:241. 

55. Khuroo MS, Teli MR, Skidmore S, et al. Incidence and severity of viral 
hepatitis in pregnancy. Am J Med 1981;70:252. 

56. Asher LV, Innis BL, Shrestha MP, et al. Virus-like particles in the liver of a 
patient with fulminant hepatitis and antibody to hepatitis E virus. J Med 
Virol 1990;31:229. 

57. Yousfi MM, Douglas DD, Rakela J. Other hepatitis viruses. In: Zakim D, 
Boyer TD, eds. Hepatology. A Textbook of Liver Disease, 4th ed. Philadel¬ 
phia, PA: WB Saunders; 2003:1063-1072. 

58. Schiff GM. Hepatitis caused by other viruses. In: Shiff ER, Sorrell MF, 
Maddrey WC, eds. Schiff s Diseases of the Liver, 8th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 1999:869-877. 

59. Hinedi TB, Koff RS. Cholestatic hepatitis induced by Epstein-Barr virus 
infection in an adult. Dig Dis Sci 2003;48:539-541. 

60. Feranchak AP, Tyson RW, Narkewicz MR, et al. Fulminant Epstein-Barr 
viral hepatitis: orthotopic liver transplantation and review of the literature. 
Liver Transpl Surg 1998;4:469-476. 

61. Hoofnagle JH, Carithers RL Jr, Shapiro C, et al, Fulminant hepatic failure: 
summary of a workshop. Hepatology 1995;21:240-252. 

62. Mas A, Rodes J. Fulminant hepatic failure. Lancet 1997;349:1081-1085. 

63. Akdogan M, Camci C, Gurakar A, et al. The effect of total plasma 
exchange on fulminant hepatic failure. J Clin Apheresis 2006;21: 
96-99. 

64. Poison J, Lee WM. AASLD position paper: the management of acute liver 
failure. Hepatology 2005;41(5):1179-1197. 

65. Larson AM. Acute liver failure. Dis Mon 2008;54:457-485. 

66. Ichai P, Samuel D. Etiology and prognosis of fulminant hepatitis in adults. 
Liver Transpl 2008;14:S67-S79. 

67. Sanyal AJ, Stravitz RT. Acute liver failure. In: Boyer TD, Wright TL, 
Manns MP, eds. Zakim and Boyer’s Hepatology: A Textbook of Liver Dis¬ 
ease, 5th ed. Philadelphia, PA: Saunders Elsevier; 2006:383-415. 

68. Lee WM, Squires RH Jr, Nyberg SL, et al. Acute liver failure: summary of 
a workshop. Hepatology 2008;47:1401-1415. 

69. Williams R, Wendon J. Indications for orthotopic liver transplantation in 
fulminant liver failure. Hepatology 1994;20:S5-S10. 

70. Schilsky ML, Tavill AS. Wilson disease. In: Schiff ER, Sorrell MF, Maddrey 
WC, eds. Schiffs Diseases of the Liver, 9th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2003:1169-1186. 

71. Kramer DJ, Canabal JM, Arasi LC. Application of intensive care medicine 
principles in the management of the acute liver failure patient. Liver 
Transpl 2008;14:S85-S89. 

72. Raschke RA, Curry S, Rempe S, et al. Results of a protocol for the man¬ 
agement of patients with fulminant liver failure. Crit Care Med 2008; 
36(8):2244-2213. 

73. O’Grady JG. Postoperative issues and outcome for acute liver failure. 
Liver Transpl 2008;14:S97-S101. 

74. Heeman U, Treichel U, Loock J, et al. Stange albumin dialysis in cirrhosis 
with superimposed acute liver injury. J Hepatology 2002;36(4 Pt 1): 
949-958. 

75. Rifai K, Ernst T, Kretschmer U, et al. Prometheus (R)-a new extracorpo¬ 
real system for the treatment of liver failure. J Hepatol 2003;39(6): 
984-990. 

76. Mindikoglu AL, Magder LS, Regev A. Outcome of liver transplantation for 
drug induced acute liver failure in the United Stares: analysis of the United 
Network for Organ Sharing database. Hepatology 2008;48(4)(suppl): 
A351. 


PANCREAS/LIVER 





CHAPTER 58 CIRRHOSIS AND PORTAL 

HYPERTENSION 

MICHAEL R. MARVIN AND JEAN C. EMOND 


KEY POINTS 


Q Although the causes of cirrhosis and the morphologic and 
histologic changes seen in the liver overlap significantly, 
oxidative stress leading to chronic injury and inflammation 
appears to be a common theme. 

Q The key mediator in alcohol-induced liver disease is 
acetaldehyde, which produces numerous deleterious effects 
on the liver. 

Q Nonalcoholic fatty liver disease or nonalcoholic steatohep- 
atitis (NASH) is characterized by infiltration of the liver 
with fat and is associated with obesity, hyperlipidemia, and 
non-insulin-dependent diabetes. 

Q Viral hepatitis is the most common cause of cirrhosis 
worldwide, accounting for at least 50% of cases. 

Q Budd-Chiari syndrome is a rare disease caused by mechan¬ 
ical obstruction of the hepatic veins owing to obstructing 
webs or membranes (most commonly in Asia and Africa) 
or thrombosis secondary to hypercoagulable states and 
neoplasms (most commonly in the West). 

Q Hepatorenal syndrome is a complication of cirrhosis, usu¬ 
ally associated with ascites, characterized by progressive 
renal failure in the absence of intrinsic renal disease. 

Q Hepatic encephalopathy is a neuropsychiatric syndrome 
that occurs in the setting of hepatic disease and is charac¬ 
terized by variable alterations in mental status ranging 
from deficits detectable only by detailed psychometric tests 
to confusion, lethargy, and ultimately coma. 


Q Portal hypertension is defined as a portal pressure above 
the normal range of 5 to 8 mm Hg and can be secondary to 
cirrhosis (hepatic), portal vein thrombosis (presinusoidal), 
or hepatic venous obstruction (postsinusoidal). 

Q The Child-Turcotte-Pugh score is a scoring scale that incor¬ 
porates clinical and laboratory data as a means to assess the 
functional status of the liver, estimate hepatic reserve, and 
predict morbidity and mortality of liver disease. The Model 
for End-stage Liver Disease (MELD) score is a highly reli¬ 
able prognostic marker for cirrhosis, is calculated from 
standard laboratory tests, and has replaced the Child- 
Turcotte-Pugh score in liver transplant candidate stratifica¬ 
tion. 

€> The use of the transjugular intrahepatic portosystemic 
shunt (TIPS) has become first-line therapy for refractory or 
recurrent bleeding esophageal varices, with 6-month and 
1-year patency rates and prevention of rebleeding in 92% 
and 82% of patients, respectively. 

0 Although the surgical interventions for treatment of bleed¬ 
ing varices are divided into three main types—liver trans¬ 
plantation, shunt procedures, and devascularization proce¬ 
dures—the only definitive procedure in patients with 
cirrhosis is orthotopic liver transplant. 

Spontaneous bacterial peritonitis is a potentially lethal com¬ 
plication of unknown etiology associated with portal hyper¬ 
tension with ascites that occurs in up to 10% of patients. 


CIRRHOSIS 


Background and Definition 

Cirrhosis is the end result of multiple, varied, repeated or 
chronic pathologic insults to the liver with subsequent repair 
that cause a derangement in the hepatic architecture; the pri¬ 
mary histologic features are marked fibrosis, destruction of 
vascular and biliary elements, regeneration, and nodule for¬ 
mation (Fig. 58.1). In addition to progressive failure of hepatic 
function, portal hypertension is the most prominent clinical 
manifestation associated with cirrhosis, but it is possible to 
have portal hypertension in the absence of cirrhosis. The con¬ 
tinuum of cirrhosis to liver cancer and its devastating clinical 
consequences requires us to consider hepatocellular carcinoma 
as a central complication of cirrhosis. 


Pathophysiology 

Cirrhosis is caused by a wide range of pathologic entities, includ¬ 
ing the viral hepatitides, alcohol, metabolic disorders, drug toxi¬ 
city, and biliary obstruction, among others (Table 58.1). Trig¬ 
gered by the underlying cause, the liver is exposed to a broad 
range of pathologic injuries leading to hepatocyte death and 
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the gradual loss of architectural integrity made permanent by 
the development of fibrosis. The capacity of the liver to regen¬ 
erate is a distinct feature of the liver metaphorically repre¬ 
sented in the Promethean myth, and the liver is able to absorb 
injury without structural alteration. However, the capacity of 
the liver to regenerate is finite, and understanding the deviation 
from successful regeneration with restoration of hepatocyte 
mass and normal architecture to the path leading to fibrogene- 
sis and cirrhosis remains a central question in liver biology. 1 
Significant progress in our understanding of the evolution of 
liver fibrosis, which ends with cirrhosis, has been gained in 
recent years. 

The pathway from the injuring agent to fibrosis is of grow¬ 
ing interest, and the central role of oxidative stress in many 
forms of liver injury has received growing attention. Alco¬ 
holic liver disease has long been known to be associated with 
consequences of oxidative stress in the liver with failure of 
homeostatic mechanisms. 2 Obesity and metabolic syndrome, 
a major health problem in the United States, may produce 
hepatic injury and may potentiate the effects of viral injury. 3,4 
In addition to direct oxidative stress, hepatocyte injury is 
mediated by a variety of mechanisms including proinflamma- 
tory cytokines 1 and failure of reparative or modulatory 
pathways. 5 

The failure of protective or reparatory mechanisms is also 
widely studied. 6 Over time, fibrosis is the inexorable consequence 
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TABLE 5 8.1 CLASSIFICATION 


CLASSIFICATION OF CIRRHOSIS 

Alcohol 
Viral hepatitis 
Biliary obstruction 
Primary 
Secondary 

Veno-occlusive disease 
Hemochromatosis 
Wilson disease 
Autoimmune 
Syphilis 

Drugs and toxins 
a r Antitrypsin deficiency 
Cystic fibrosis 
Glycogen storage disease 
Other metabolic diseases 
Sarcoidosis 
Copper 

Small-bowel bypass 
Idiopathic 


FIGURE 58.1. Evolution of cirrhosis. Fibrosis develops in nonregen- 
erative necrotic areas, producing scars. The pattern of nodularity and 
scars reflects the type of response to injury (e.g., uniform vs. nonuni¬ 
form necrosis) and the extent of injury. 


of injury and the primary cell implicated in the formation of 
fibrosis is the hepatocyte stellate cell (HSC), located in the 
perisinusoidal space of Disse (Fig. 58.2). 7 In the normal liver, 
these cells are quiescent and are primarily responsible for the 
storage of vitamin A. 8 Injured hepatocytes release soluble fac¬ 
tors that activate HSCs, as evidenced by cellular enlargement 
and proliferation, an increase in rough endoplasmic reticulum, 


Bile duct 
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Hepatic 

arteriole 


Hepatocytes 

Stellate cell 
Central vein 


Kupffer cell 
Sinusoidal 
endothelial 
cells 


FIGURE 58.2. Matrix and cellular alter¬ 
ations in hepatic fibrosis. A: In normal 
liver, a modest amount of low-density 
matrix is present in the subendothelial 
space of Disse. B: In the fibrotic liver, the 
accumulation of fibril-forming matrix in 
this region leads to “capillarization” of 
the sinusoid and functional changes in all 
neighboring cell types. (From Friedman 
SF, Arthur MJP, Millward-Sadler GH. 
Cirrhosis and hepatic fibrosis. In: Wright 
R, et al., eds. Liver and Biliary Disease, 
3rd ed. Fondon: Bailliere Tindall, 1992: 
822-881, with permission.) 
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loss of vitamin A droplets, expression of actin filaments, and 
increased expression of “fibril-forming” collagen types I, III, 
and V. 9 They also express components of the extracellular 
matrix, including heparan sulfate, dermatan, chondroitin sul¬ 
fate, 10 laminin, 11 and fibronectin. 12 Macrophages within the 
liver (Kupffer cells) secrete transforming growth factor-/! 1 
(TGF-/31), which appears to be critical for the activation of 
HSCs. 13,14 Both TGF-/3 and platelet-derived growth factor 
(PDGF) have been shown to enhance proliferation and fibro- 
genesis in animal models, 14-16 with TGF-/3 being the primary 
stimulator of collagen synthesis and fibrosis. Further evidence 
implicating TGF-/3 in the production of hepatic fibrosis is the 
observation that levels of TGF-/3 are reduced by therapy with 
interferon-u in patients who are positive for hepatitis C. This 
reduction has been correlated with a regression of hepatic 
fibrosis. 17 As a result of the activation of stellate cells and a 
subsequent enhancement in collagen and extracellular matrix 
synthesis, the space of Disse becomes thickened, so that “cap- 
illarization” develops and the normal fenestrated architecture 
of the sinusoidal endothelium is lost. 18 Obliteration of sinu¬ 
soidal fenestrations may be the essential component of fibrosis- 
induced hepatocellular dysfunction in cirrhosis, preventing the 
normal flow of nutrients to hepatocytes and increasing vascular 
resistance. 19 In addition, production of endothelin-1, a potent 
vasoconstrictor, by endothelial or stellate cells can cause con¬ 
traction of the myofilaments within the stellate cell, influencing 
blood flow to injured areas and contributing to portal hyper¬ 
tension. 20 Initially, fibrosis may be reversible if the inciting agents 
are removed. With sustained injury, the process of fibrosis 
becomes irreversible and leads to cirrhosis. Growing attention 
has been given to approaches that might disconnect hepatic 
injury from the inexorable path of fibrosis. 21 


Classification Systems 

Morphology. In 1977, the World Health Organization 
divided cirrhosis into three categories based on the morpho¬ 
logic characteristics of hepatic nodules (Fig. 58.3). 22 

Micronodular Pattern. Nodules are almost always less than 
3 mm in diameter, are relatively uniform in size, are regularly 


distributed throughout the liver, and rarely contain portal 
tracts or efferent veins. Micronodular livers are usually of nor¬ 
mal size or are mildly enlarged, and the fibrous septa vary in 
thickness. These changes reflect relatively early disease and are 
characteristic of a wide range of disease processes, including 
alcoholism, biliary obstruction, venous outflow obstruction, 
hemochromatosis, and Indian childhood cirrhosis. 

Macronodular Pattern. In this category, nodules vary consid¬ 
erably in size and are larger than 3 mm in diameter, with some 
nodules measuring several centimeters. Portal structures and 
efferent veins are present but display architectural distortion. 
These livers are usually coarsely scarred with variably thick 
and thin septa and may be either normal or reduced in size. 
Two separate subcategories are recognized based on the nature 
of the fibrous septa. In the first one, characteristic of “post¬ 
hepatitis” pathology and found in Wilson disease, fine, some¬ 
times incomplete septa link portal tracts; these are difficult to 
see on gross inspection of the liver. The second is characteris¬ 
tic of “postnecrotic” disease, commonly found in patients with 
viral hepatitis, and is characterized by coarse, thick septa that 
are readily apparent on gross examination. Because of the 
relatively large size of the nodules relative to the size of biopsy 
specimens, diagnosis by biopsy may be difficult in macronodu¬ 
lar cirrhosis. 

Mixed Pattern. This description is applied to livers in which 
both micronodules and macronodules are present in approxi¬ 
mately equal proportions. 

Etiology. Another commonly used method for classifying 
cirrhosis is by etiology. The causes of cirrhosis and the mor¬ 
phologic and histologic characteristics of the liver, however, 
overlap significantly. Oxidative stress leading to chronic injury 
and inflammation appears to be a common theme of these dis¬ 
orders, which leads to both scar formation and an increased 
risk of liver cancer. 

Alcohol. The relationship between alcohol and liver disease 
has been well established. In 1849, Rokitansky, referring to 
the association of alcohol intake and liver disease, coined the 
term Laennec cirrhosis. 13 More than 50% of alcoholics with 



FIGURE 58.3. A: Small, shrunken liver and a fairly regular pattern of nodularity. This appearance is rather typical of end-stage cirrhosis, 
regardless of the cause. B: Photomicrograph of cirrhotic liver tissue, showing irregular nodules of regenerating hepatocytes surrounded by 
scar. Trichrome stain. (From Stal P, Broome U, Scheynius A, et al. Kupffer cell iron overload induces intercellular adhesion molecule-1 
expression on hepatocytes in genetic hemochromatosis. Hepatology 1995;21:1308-1316.) 
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FIGURE 58.4. Alcoholic hepatitis. Mallory bodies ( arrows) are evi¬ 
dent within the swollen, clear cytoplasm of several hepatocytes. This 
hyaline material is chemotactic for leukocytes, many of which are seen 
within the field. Hematoxylin and eosin (H&E) stain X 470. 


cirrhosis and two thirds of patients with alcoholic hepatitis 
and cirrhosis die within 4 years of diagnosis. 24 Cirrhosis, how¬ 
ever, develops in only 10% to 30% of heavy drinkers. 25 The 
reasons why cirrhosis develops in some alcoholics but not in 
others are not clear and may depend on a variety of factors, 
such as genetic predisposition, nutritional effects, concomitant 
drug use, and viral infection. 

Alcoholic liver disease usually begins with a transition of 
normal architecture to fatty liver and alcoholic hepatitis, indi¬ 
cated histologically by the presence of megamitochondria, 
Mallory bodies (eosinophilic accumulations of intermediate 
filaments with cytokeratin proteins), inflammation and necro¬ 
sis, and ultimately fibrosis (Fig. 58.4). Classically, the mor¬ 
phology of alcoholic cirrhosis is a micronodular pattern. 

Although alcohol may directly activate stellate cells to pro¬ 
duce collagen independently of inflammation and necrosis, 26 
the key mediator in alcohol-induced liver disease is acetalde¬ 
hyde, the product of alcohol metabolism by the enzyme alco¬ 
hol dehydrogenase. Acetaldehyde (ADH) produces numerous 
deleterious effects on the liver, including the following: direct 
activation of stellate cells 27 ; inhibition of DNA repair 28 ; deple¬ 
tion of glutathione, which impairs mitochondrial function and 
the ability to handle free radical production; damage to micro¬ 
tubules, which causes protein and water sequestration 25 ; and 
formation of reduced nicotinamide adenine dinucleotide 
(NADH), which opposes gluconeogenesis and inhibits fatty 
acid oxidation, so that steatosis and hyperlipidemia develop. 25 
ADH is most active in the perivenular/centrilobular zone 3 of 
the hepatic lobule; as a result, relatively high concentrations of 
acetaldehyde are found in this area of the liver. In addition, 
zone 3 is hypoxic because of its distance from portal venous 
and hepatic arterial inflow. These two factors are presumably 
responsible for the characteristic initial perivenular location of 
alcohol-induced liver disease. 

Other effects of ADH include induction of lipid peroxida¬ 
tion with subsequent loss of integrity of cell membranes, 
which causes the characteristic “ballooning degeneration” of 
alcohol-induced liver disease. Necrosis and inflammation in 
the perivenular region activate the stellate cells in the space of 
Disse, so that fibrosis develops. With continued ingestion of 
alcohol and hepatic injury, expansion of the areas of fibrosis 
toward the periportal regions leads to bridging fibrosis and 
ultimately cirrhosis. 

Nonalcoholic Fatty Liver Disease/Nonalcoholic Steatohep- 
atitis. As noted earlier, this entity has become a major 


health problem in the United States and adds even further to 

Q the litany of health consequences of obesity. Nonalcoholic 
steatohepatitis (NASH), as this disease was previously 
called, is only one stage in the nonalcoholic fatty liver dis¬ 
ease (NAFLD) process. 29 It is characterized by infiltration of 
the liver with fat, with or without inflammation (hepatitis), 
that shares pathologic features of alcohol-induced liver 
injury but occurs in patients who do not abuse alcohol. 
NAFLD is associated with obesity, hyperlipidemia, and 
non-insulin-dependent diabetes. 30 Most patients who are 
diagnosed with cryptogenic cirrhosis have NAFLD, 31 which 
is the most common cause of abnormal liver test results in 
the United States. 32 In addition to liver injury and cirrhosis, 
NAFLD is a major risk factor for primary liver cancer (hepa¬ 
tocellular carcinoma [HCC]) and, in addition to hepatitis 
virus infection, accounts for the rapid rise in the incidence of 
HCC. 33 More broadly considered, recent reports have iden¬ 
tified obesity as a major risk factor for cancer deaths with a 
4.5-fold increase of the relative risk for liver cancer in obese 
subjects. 34 

Q Hepatitis. Viral hepatitis is the most common cause of cirrhosis 
worldwide, accounting for at least 50% of cases. Hepatitis A, B, 
C, D, and E have all been proved to cause acute hepatitis, char¬ 
acterized histologically by lymphocytic parenchymal and portal 
inflammation, focal necrosis, ballooning degeneration, cholesta¬ 
sis, Kupffer cell and macrophage hypertrophy and hyperplasia, 
and lobular disarray. Only hepatitis B, C, and D have been 
shown to progress to chronic hepatitis, defined by persistent 
liver cell necrosis and inflammation lasting longer than 6 
months. Chronic infection with hepatitis B virus (HBV) devel¬ 
ops in fewer than 5% of patients who experience acute HBV 
infection. The development of cirrhosis in approximately 10% 
to 20% of chronically infected persons produces an overall rate 
of cirrhosis of approximately 1%. Hepatitis B remains a major 
public health problem in Asian countries and Africa, with up to 
10% of the population showing evidence of chronic infection. 
The widespread use of antiviral medications effective against 
hepatitis B effectively controls progression of the disease in most 
patients. 35 In addition, public health strategies with systematic 
vaccination of newborns should substantially decrease the inci¬ 
dence of new infections. In contrast, hepatitis C poses a much 
higher risk of chronic infection, and therapeutic strategies erad¬ 
icate viral replication in a minority of patients. Of patients with 
hepatitis C virus (HCV), 90% become chronically infected, and 
chronic hepatitis develops in 60% of these. Of these patients 
with chronic hepatitis, 30% progress to cirrhosis, 23 so that the 
incidence of cirrhosis in patients initially infected with hepatitis 
C is approximately 10%. 

Treatment of HCV hepatitis with interferon-u can com¬ 
pletely eradicate infection in a small portion of patients (15% 
to 30%). 36 In patients who respond to interferon therapy, pro¬ 
gression to cirrhosis is eliminated and it is generally thought 
that hepatocellular carcinoma does not develop. In patients 
who do not respond to interferon therapy, cirrhosis develops 
in approximately 40%, and hepatocellular carcinoma devel¬ 
ops in 16% of these. 37 Combination therapy with interferon 
and ribavirin has improved response rates, producing sus¬ 
tained remissions in 30% to 40% of patients. 38 Recently, pegy- 
lation of interferon has resulted in new drug formulations 
that have allowed for once-weekly drug administration and 
improved sustained response rates to greater than 50%. 39 It 
should be noted that hepatitis C occurs naturally in multiple 
genotypes, of which types 2 and 3 respond well to treatment 
with sustained viral suppression in 70% to 80% of patients. 39 
Most recently, trials of antiviral agents aimed at blocking 
replication have demonstrated marked reduction of HCV 
RNA, though the effect is not sustained. 40 

Hepatitis D virus (HDV) is an RNA virus that requires the 
presence of HBV to be pathogenic. Superinfection of HBV- 
positive patients with HDV leads to a more rapid clinical 
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ITABLE 58.2 

ETIOLOGY | 

CAUSES OF CHOLESTASIS 


Extrahepatic 

Vanishing bile duct syndrome 

Common bile duct stones 

Allograft rejection 

Cancers 

Graft versus host disease 

Pancreas 

Alagille syndrome 

Ampulla of Vater 

Idiopathic adult ductopenia 

Bile duct 

Primary sclerosing cholangitis 

Cysts 

Hodgkin disease 

Pancreatic 

Cystic fibrosis 

Choledochal 

Hepatocellular Cholestasis 

Infections 

Genetic 

Parasites 

u-Antitrypsin deficiency 

Acquired immunodeficiency syndrome 

Benign recurrent intrahepatic cholestasis 

Chronic pancreatitis 

Byler syndrome 

Bile duct strictures 

Cholestasis of pregnancy 

Benign 

Abnormal bile acid synthesis 

Ischemic 

Porphyrias 

Hodgkin disease 

Acquired 

Biliary atresia 

Viral hepatitis 

Intrahepatic 

Drugs 

Primary biliary cirrhosis 

Alcoholic hepatitis 

Space-occupying lesions 

Bacterial infections 

Primary or metastatic hepatic tumors 

Total parenteral nutrition 

Lymphoma 

Renal carcinoma 

Amyloidosis 

Hodgkin disease 

Postoperative cholestasis 


course, with progression to cirrhosis in 70% to 80% of 
patients. 41 

Among patients with compensated cirrhosis of viral origin, 
hepatocellular carcinoma developed in approximately 20% 
with HCV, 9% with HBV, and 41% with both HBV and 
HCV. 23 The progressive increase in hepatitis-infected individu¬ 
als in the United States precedes an epidemic in HCC, which 
has been well documented and is expected to peak over the 
coming decade. 42 

Cholestasis. Cholestasis, defined as a decrease or absence of 
bile flow into the duodenum, may be caused by intrahepatic or 
extrahepatic biliary obstruction or defects in the ability of 
hepatocytes to excrete bile. Causes of cholestasis are presented 
in Table 58.2. Prolonged biliary obstruction leads to prolifera¬ 
tion of bile ducts, formation of bile lakes caused by disruption 
of bile ducts, fibrosis, and ultimately secondary biliary cirrho¬ 
sis as a result of the direct toxic effects of bile salts on hepato¬ 
biliary elements. 

Immune or Inflammatory Cirrhosis. Although cholestasis is a 
generically toxic insult to the liver that can cause cirrhosis, sev¬ 
eral diseases that are characterized by cholestasis seem to be 
caused by underlying immune or inflammatory disorders affect¬ 
ing either small (primary biliary cirrhosis [PBC]) or large (pri¬ 
mary sclerosing cholangitis [PSC]) bile ducts. Primary biliary 
cirrhosis is a chronic, slowly progressive disease that most com¬ 
monly affects middle-aged women; it is characterized by portal 
inflammation, destruction of intrahepatic bile ducts, and pro¬ 
gression to cirrhosis. Approximately 95% of patients are 
women, and 95% of these women express antimitochondrial 
antibodies in serum. 43 The autoimmune inflammatory process 


damages both the bile ducts and, eventually, the hepatocytes as 
a result of leakage of bile acids into surrounding parenchyma. 44 
Patients present with fatigue, jaundice, and pruritus, but as 
many as 50% to 60% of patients may be asymptomatic. 45 PBC 
progresses in the majority of patients; median survival times are 
approximately 10 to 15 years in asymptomatic patients and 7 
years in symptomatic patients. 46,47 Poor prognostic factors 
include hyperbilirubinemia, advanced age, hepatosplenomegaly, 
and symptomatic disease. Treatment options include cholestyra¬ 
mine, colchicine, and methotrexate for pruritus and fatigue, and 
ursodiol for slowing progression of the disease and delaying the 
need for transplant. 47,48 Liver transplantation is ultimately 
required as the definitive treatment in most patients, and the 
parameters for liver transplantation and its timing are relatively 
predictable and have been well studied. 49 

Primary sclerosing cholangitis is a chronic, progressive 
cholestatic liver disease of unknown cause characterized by 
diffuse segmental intrahepatic or extrahepatic biliary ductular 
strictures with associated fibrosis and inflammation. The dis¬ 
ease has no cure and often leads to secondary biliary cirrhosis, 
portal hypertension, hepatic failure, and cholangiocarcinoma 
if hepatic transplantation is not performed. PSC is strongly 
associated with inflammatory bowel diseases, most commonly 
ulcerative colitis, and probably shares an underlying distur¬ 
bance related to disturbed mucosal immunity of the gastroin¬ 
testinal tract. 50 Approximately 70% of patients with PSC also 
have ulcerative colitis. 50 Conversely, approximately 5% of 
patients with ulcerative colitis have PSC, though subtler forms 
of the disease may be present but clinically asymptomatic. PSC 
is thought to be autoimmune in nature; elevated levels of 
autoantibodies and an increased expression of human leuko¬ 
cyte antigen (HLA) class II molecules on biliary epithelial cells 






Chapter 58: Cirrhosis and Portal Hypertension 


909 


have been observed. 51,52 Approximately two thirds of patients 
are male and younger than 45 years of age at the time of diag¬ 
nosis. 53,54 Patients with PSC may be completely asymptomatic 
(up to 50%) or have signs of advanced disease at the time of 
diagnosis. 55 Commonly, the diagnosis is made in sympto¬ 
matic patients after endoscopic retrograde cholangiopan¬ 
creatography (ERCP) has been performed to evaluate ele¬ 
vated liver enzymes, including alkaline phosphatase and 
y-glutamyltransferase. Symptomatic patients have a waxing 
and waning course and may present with complaints of 
fatigue (75%), pruritus (25% to 70%), jaundice (30% to 
69%), abdominal pain (16% to 37%), and weight loss (10% 
to 34%). 50 Complications secondary to progression to cir¬ 
rhosis are less common and include ascites, variceal bleeding, 
and acute cholangitis. 

The diagnosis of PSC is suggested by a history of inflam¬ 
matory bowel disease in the setting of elevated liver enzymes 
and is established by cholangiography. The disease process 
may range from a single dominant stricture to, more com¬ 
monly, diffuse multifocal sclerosis of the intrahepatic and 
extrahepatic bile ducts. Pathologically, bile ductular prolifera¬ 
tion, periductal fibrosis and inflammation, ductopenia, and, 
less commonly, obliterative fibrous cholangitis may be present. 
PSC may be considered a premalignant condition. Like ulcera¬ 
tive colitis, PSC confers a significant risk of malignant trans¬ 
formation of the biliary mucosa, which is one of the consider¬ 
ations in considering patients for transplantation. 56 Natural 
history studies suggest that cholangiocarcinoma occurs in up 
to one third of patients, although the risk increases with the 
duration of disease and the degree of cholestasis. 57 Screening 
for premalignant changes with ERCP and cytologic examina¬ 
tion and serum testing of CA19-9 have been helpful, though 
both have limited specificity and sensitivity. Recently, it has 
been proposed that newer analysis methods of biliary material 
obtained at screening ERCP, including fluorescence in situ 
hybridization (FISH), may be used for chromosomal abnor¬ 
malities associated with cancer with an increase in the sensi¬ 
tivity. 58 Transplantation should be performed before cancer 
develops and, generally, the discovery of cancer has been con¬ 
sidered an absolute contraindication to transplantation 
because of poor outcomes. Highly selected patients with local¬ 
ized tumors may be transplanted with an acceptable survival 
rate with intensive preoperative therapy including radiation 
and chemotherapy, as proposed by Shaw and implemented on 
a larger scale by the Mayo group. 59 

Metabolic and Genetic Disorders. Some of these diseases are 
listed in Table 58.1. A description of all the metabolic disor¬ 
ders causing liver disease is beyond the scope of this chapter. 

In hemochromatosis of the liver, an inborn error of metab¬ 
olism causes an increased absorption of iron from the gas¬ 
trointestinal tract. The pathophysiology of iron-induced hepa- 
totoxicity is related to lipid peroxidation induced by iron in 
periportal regions of the liver. Activation of stellate cells by 
cytokines released from Kupffer cells that have phagocytosed 
necrotic hepatocytes injured by iron toxicity is also contribu¬ 
tory. 60 Over time, the reaction progresses to bridging fibrosis 
and eventually to a mixed micronodular-macronodular cir¬ 
rhosis. Treatment includes reduction of iron intake, repeated 
phlebotomy, and orthotopic liver transplantation. 61 

Wilson disease is an autosomal, recessively inherited dis¬ 
ease caused by a deficiency in hepatocyte transport of copper 
into the bile. The disease is characterized biochemically by low 
serum ceruloplasmin levels and clinically by corneal pigmenta¬ 
tion (Kayser-Fleischer rings), neuropsychiatric disease, and 
hepatic cirrhosis. 62 As copper accumulates in the liver, peri¬ 
portal inflammation develops that leads to piecemeal and 
lobular necrosis, bridging fibrosis, and a mixed micronodular- 
macronodular cirrhosis. Treatment options include chelating 
agents, such as penicillamine, trientine, zinc salts, and ortho¬ 
topic liver transplantation. 


Venous Outflow Obstruction. Cirrhosis may also result from 
obstruction of the hepatic veins. Causes include chronic right¬ 
sided heart failure as a result of severe tricuspid regurgitation, 
constrictive pericarditis, and the Budd-Chiari syndrome. 

Hepatic dysfunction secondary to passive vascular conges¬ 
tion in the setting of right-sided heart failure and increased 
right-sided heart pressures is caused by the transmission of 
increased pressure to the hepatic venous system. This increased 
pressure leads to sinusoidal congestion, perivenular atrophy, 
hemorrhagic necrosis, and distortion and enlargement of sinu¬ 
soidal fenestrations. 63 Increased pressure also causes perisinu- 
soidal edema that eventually exceeds the clearance capabilities 
of hepatic lymphatics, so that ascites develops. 64 Grossly, the 
liver is described as having a “nutmeg” appearance in which 
areas of hemorrhage are interspersed with relatively normal 
yellowish parenchyma. 64 Histologically, perivenular fibrosis 
progresses to bridging fibrosis that spares the portal regions. 
Portal sparing is characteristic of “cardiac cirrhosis.” In addi¬ 
tion to causing ascites, chronic vascular congestion can lead to 
fibrosis in the space of Disse, which compromises nutrient 
delivery and contributes to portal hypertension and zone 3 
hepatocellular injury. 65 

Budd-Chiari syndrome is a rare disease caused by mechan¬ 
ical obstruction of the hepatic veins (Table 58.3). Obstruction 
may occur at the level of the terminal hepatic veins, the major 
hepatic veins, or the vena cava and may be caused by obstruct¬ 
ing webs or membranes (most commonly in Africa and Asia) 
or thrombosis secondary to hypercoagulable states and neo¬ 
plasms (most commonly in the West). 

The range of presentations is wide; some patients are com¬ 
pletely asymptomatic, whereas acute hepatic failure or cirrho¬ 
sis develops in others. 66 These variations in symptoms are 
related to the degree and rate of progression of hepatic out¬ 
flow obstruction. Patients classically present with abdominal 
pain, hepatomegaly, and ascites. The diagnosis can be made by 


TABLE 5 8.3 ETIOLOGY 


ETIOLOGIC FACTORS IN BUDD-CHIARI SYNDROME 

Idiopathic 

Hematologic disorders 
Polycythemia vera 

Paroxysmal nocturnal hemoglobinuria 
Myeloproliferative disorders 
Antithrombin III deficiency 
Circulating lupus anticoagulants 
Oral contraceptives 
Pregnancy and postpartum 
Tumors 

Hepatocellular carcinoma 
Renal cell carcinoma 
Adrenal carcinoma 

Leiomyosarcoma of the inferior vena cava 
Vena caval webs 
Infections 

Amebic abscess 
Aspergillosis 
Hydatid cyst 
Phlebitis 
Trauma 

Veno-occlusive disease 
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DIAGNOSIS 


esophagus, and the presence of splenomegaly detected by CT 
orMRI. 


TABLE 58.4 


PHYSICAL FINDINGS IN CIRRHOSIS 

■ PHYSICAL FINDINGS 

■ INCIDENCE (%) 

Palpable liver 

96 

Jaundice 

68 

Ascites 

66 

Spider angiomas 

49 

Dilated abdominal wall veins 

47 

Palpable spleen 

46 

Testicular atrophy 

45 

Palmar erythema 

24 

Noninfectious fever 

22 

Hepatic coma 

18 

Gynecomastia 

15 

Dupuytren contractures 

5 


duplex Doppler ultrasonography, which has a sensitivity of 
85% to 95%. 67 Computed tomography (CT) and magnetic 
resonance imaging (MRI) offer optimal characterization of 
intrahepatic vascular anatomy and are currently used for the 
planning of complex interventions. 68 


Diagnosis 

Although cirrhosis can be asymptomatic for decades, signifi¬ 
cant information can be obtained by performing a thorough 
history and physical examination. A history of alcohol abuse, 
hepatitis, toxin or drug exposure, upper gastrointestinal bleed¬ 
ing, enlarging hemorrhoids, infections, and alteration in men¬ 
tal status suggest the possibility of liver disease. Physical 
findings associated with cirrhosis are listed in Table 58.4. In 
addition to these findings, fetor hepaticus, purpura and bruis¬ 
ing, decreased body hair, and white nails are common. 

Laboratory tests of liver function are indicated if liver dis¬ 
ease is suggested by the history and physical examination. 
Although levels of bilirubin, aspartate aminotransferase, ala¬ 
nine aminotransferase, and alkaline phosphatase are elevated 
in hepatic disease, the increases are not specific for liver 
pathology, and levels may be normal even in the setting of sig¬ 
nificant disease. A very common finding in patients with cir¬ 
rhosis is thrombocytopenia, caused by hypersplenism and por¬ 
tal hypertension. The platelet growth factor thrombopoietin, 
which is produced by the liver, has been shown to be decreased 
in patients with cirrhosis, and this deficit may contribute to the 
thrombocytopenia associated with hepatic disease. 69 

The definitive diagnosis of cirrhosis usually requires biopsy, 
either percutaneous or operative, or gross inspection during 
laparoscopy or laparotomy. Noninvasive methods to diagnose 
cirrhosis include ultrasonography, CT, and MRI, which gener¬ 
ally reveal an atrophic, nodular liver and an enlarged spleen. 
More recent work suggests that subtle changes in the hepatic 
veins may be early markers of cirrhosis. 68 Ultrasonographic cri¬ 
teria for cirrhosis include the demonstration of multiple nodu¬ 
lar irregularities on the ventral liver surface that are clearly sep¬ 
arate from the anterior abdominal wall. Parenchymal texture is 
altered in the setting of fibrosis, though this feature can be sub¬ 
tle. When these criteria are used, ultrasonography has been 
shown to have a sensitivity, specificity, and accuracy of approx¬ 
imately 90% in the diagnosis of cirrhosis. 70 Indirect evidence of 
cirrhosis includes endoscopically discovered varices of the 


Manifestations 

Renal. Renal complications in cirrhosis are intrinsic to func- 
tional dysregulation of vascular tone throughout the body. 71 
Several elements come into play and renal dysfunction is char¬ 
acterized by avid sodium retention despite normovolemia or 
hypervolemia, dilutional hyponatremia secondary to free 
water overload, ascites, and ultimately renal failure and the 
hepatorenal syndrome (HRS). The paradoxical arterial vaso¬ 
constriction of the renal arterial bed in the face of global fluid 
overload is critical to the pathophysiology of HRS. 72 Among 
the complications of cirrhosis, HRS confers the highest risk of 
mortality. 73 Although HRS is the most dramatic renal compli¬ 
cation of liver failure, renal dysfunction in patients with 
advanced liver disease is generally multifactorial. 72 Renal 
insufficiency may develop in a patient with cirrhosis as a direct 
consequence of the underlying condition (i.e., primary biliary 
cirrhosis, amyloidosis), as a consequence of excessive diuretic 
use in the treatment of ascites and fluid overload, or as a sec¬ 
ondary reaction to the release of cytokines or hormones by the 
liver that alter renal function. 

Much progress has been made in the understanding of the 
pathophysiology of HRS focusing on the dysregulation of 
arterial tone in the end stages of liver disease. Empiric obser¬ 
vations that support a functional or “secondary effect” theory 
include the lack of anatomic renal abnormalities in patients 
with cirrhosis-related renal dysfunction, the normal function 
of previously dysfunctional kidneys transplanted into other¬ 
wise healthy recipients, and resolution of renal abnormalities 
after successful hepatic transplantation. Recent clinical studies 
have defined the critical role of optimizing colloid balance in 
the patient with cirrhosis 74 and the exploration of regulators 
of renal blood flow such as terlipressin in counteracting the 
deranged vascular tone. 75 

Sodium Retention. Patients with cirrhosis who do not have 
ascites have relatively normal sodium handling capabilities. 
Patients in whom ascites develops have a marked inability to 
excrete sodium. Because of this deficit, sodium intake in excess 
of renal excretion contributes to fluid overload. Three poten¬ 
tial mechanisms have been invoked to explain the cause of 
sodium retention and the development of ascites in cirrhotic 
patients. The first is the “underfill” theory, whereby portal 
hypertension causes an increase in pressure in the splanchnic 
circulation. Ascites occurs when hepatic lymph production 
exceeds lymphatic return, with subsequent contraction of the 
blood volume and renal sodium retention. The second is the 
“overflow” theory, which suggests that the primary defect is 
inherent to the kidney. Abnormal renal retention of sodium 
leads to concomitant water retention, expansion of plasma vol¬ 
ume, and subsequently edema and ascites. 76 The third explana¬ 
tion is the “arterial vasodilation hypothesis,” which suggests 
that the responsible defect lies within the vascular system, with 
arterial hypotension as the primary event. Arterial vasodilation 
in the splanchnic circulation leads to relative peripheral hypo¬ 
volemia and activation of the renin-angiotensin-aldosterone 
and sympathetic nervous systems. The effects, in turn, are a 
release of antidiuretic hormone (arginine vasopressin), 
enhancement of sodium and water conservation, an increase in 
effective circulating volume, and edema and ascites. 77,78 Most 
evidence supports the latter hypothesis. 

The cause of the splanchnic vasodilation is unclear. Some 
evidence suggests that nitric oxide may be the key mediator. 
Elevations in portal venous nitric oxide have been reported in 
both animal and human studies, 79,80 and inhibitors of nitric 
oxide production have been shown to reduce the activity of 
vasoconstrictor systems and enhance renal hemodynamics. 79 
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TABLE 58.5 



DIAGNOSIS | 

DIFFERENTIAL DIAGNOSIS OF ACUTE AZOTEMIA IN PATIENTS WITH LIVER DISEASE 


■ PRERENAL 
AZOTEMIA 

■ HEPATORENAL 
SYNDROME 

■ ACUTE RENAL 
FAILURE 

Urinary sodium 

<10 mEq/L 

<10 mEq/L 

>30 mEq/L 

Urine/plasma creatinine 
ratio 

>30:1 

>30:1 

<20:1 

Urine osmolality 

100 mOsm, or 
more than plasma 
osmolality 

100 mOsm, or more 
than plasma osmolality 

Equal to plasma 
osmolality 

Urine sediment 

Normal 

Normal 

Casts: cellular 
debris 


The exact role of nitric oxide activity in the pathophysiology 
of renal disease in cirrhosis remains to be determined. 

Water Retention. Patients with cirrhosis and ascites may have 
a marked inability to handle free water. An increased produc¬ 
tion of antidiuretic hormone, decreased delivery of fluid to the 
diluting segments of the nephron, and reduced renal produc¬ 
tion of prostaglandins all may contribute. 76 Retention of water 
leads to dilutional hyponatremia (serum sodium 130 mEq/L), 
which can cause nausea, vomiting, lethargy, and seizures. 81 

^ Hepatorenal Syndrome. Hepatorenal syndrome is a complica¬ 
tion of cirrhosis, most often with ascites, characterized by pro¬ 
gressive renal failure in the absence of intrinsic renal disease. 
This syndrome occurs in 10% of hospitalized patients with cir¬ 
rhosis and ascites. 82 Manifestations of the disease include 
progressive oliguria, with urine outputs of 400 to 800 mL/d, a 
rising serum creatinine level, increased cardiac output, and 
decreased arterial pressure. The disease process is highly vari¬ 
able and is associated with marked renal cortical vasoconstric¬ 
tion induced by activity of the renin-angiotensin-aldosterone 
and sympathetic nervous systems. In addition, the powerful 
endothelium-derived vasoconstrictor endothelin-1, combined 
with decreased renal production of vasodilator prostaglandins, 
may play a role. 

Hepatorenal syndrome may develop as a result of infection, 
use of nonsteroidal anti-inflammatory drugs, variceal hemor¬ 
rhage, or excessive diuretic use in patients who were previ¬ 
ously well compensated. The differentiation of hepatorenal 
syndrome from acute renal failure is possible by the laboratory 
evaluation of urine and serum samples. Hepatorenal syn¬ 
drome, however, is virtually indistinguishable by laboratory 
testing from prerenal azotemia. Both prerenal azotemia and 
hepatorenal syndrome are characterized by extremely low 
sodium concentrations in the urine, high urine osmolality, high 
urine-to-plasma ratios of creatinine, and normal urinary sedi¬ 
ment (Table 58.5). Criteria for the diagnosis of hepatorenal 
syndrome are listed in Table 58.6. 

The treatment of ascites in patients with cirrhosis requires 
sodium and water restriction in addition to the use of diuret¬ 
ics. Excessive use of these treatment modalities may lead to 
increases in serum creatinine that can be difficult to distinguish 
from those of hepatorenal syndrome. A failure to respond to 
cessation of diuretics and fluid challenge suggests hepatorenal 
syndrome. If liver transplantation cannot be performed, 
patients with hepatorenal syndrome usually die within months 
of the development of severe disease, defined as a serum crea¬ 
tinine level above 2 mg/dL. 73 Recent studies, however, have 
shown improvement in renal function in patients with hepa¬ 
torenal syndrome after treatment with vasopressors and 
albumin. 


Pulmonary. Many pathologic processes in patients with cir¬ 
rhosis affect pulmonary function. Some reflect an underlying 
condition that causes both hepatic and pulmonary disease (i.e., 
cystic fibrosis, aq-antitrypsin deficiency); others are primary 
pulmonary processes, such as interstitial lung disease, primary 
pulmonary hypertension (portopulmonary hypertension), and 
obstructive airway disease. Three main pulmonary manifesta¬ 
tions of cirrhosis are discussed here; one is related to increased 
intra-abdominal pressure secondary to ascites, one is caused 
by intrapulmonary shunting and is known as the hepatopul- 
monary syndrome, and the last is portopulmonary hyperten¬ 
sion. 

The presence of copious ascitic fluid can lead to pulmonary 
dysfunction by compromising diaphragmatic excursion sec¬ 
ondary to increases in intra-abdominal and intrapleural pres¬ 
sures. Ascites may also induce large pleural effusions because of 
the presence of lymphatic transdiaphragmatic communications 
between the abdomen and thorax. 83 Effusions can compress the 


TABLE 58.6 DIAGNOSIS 


DIAGNOSTIC CRITERIA FOR HEPATORENAL SYNDROME 0 

Major Criteria 

1. Low glomerular filtration rate, as indicated by serum 
creatinine >1.5 mg/dL or 24-hour creatinine clearance 
40 mL/min 

2. Absence of shock, ongoing bacterial infection, fluid losses, 
and current treatment with nephrotoxic drugs 

3. No sustained improvement in renal function (decrease in 
serum creatinine to <1.5 mg/dL or increase in creatinine 
clearance to 340 mL/min) following diuretic withdrawal 
and expansion of plasma volume with 1.5 L of a plasma 
expander 

4. Proteinuria <500 mg/d and no ultrasonographic evidence 
of obstructive uropathy or parenchymal renal disease 

Additional Criteria 

1. Urine volume <500 mL/d 

2. Urine sodium <10 mEq/L 

3. Urine osmolality greater than plasma osmolality 

4. Urine red blood cells <50 per high-power field 

5. Serum sodium concentration <130 mEq/L 


fl All major criteria must be present for the diagnosis of hepatorenal 
syndrome. Additional criteria are not necessary for the diagnosis but 
provide supportive evidence. 

From Arroyo V, Gines P, Gerbes A, et al. Definition and diagnostic 
criteria of refractory ascites and hepatorenal syndrome in cirrhosis. 
Hepatology 1996;23:164. 
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pulmonary parenchyma and impair gas exchange, so that venti¬ 
lation-perfusion mismatch and hypoxemia develop. Patients 
present with worsening pulmonary symptoms in the setting of 
increasing abdominal girth. Pulmonary function testing reveals 
decreases in functional residual capacity and total lung capac¬ 
ity. 84 Marked improvement in pulmonary function results from 
large-volume paracentesis. 85 This intervention decreases the 
work of breathing and relieves symptoms. With control of 
ascites, even in the presence of pleural effusions, no other inter¬ 
ventions may be necessary. 

Hepatopulmonary syndrome occurs in patients with mild 
to severe hepatic disease and in approximately 10% to 50% of 
patients with hepatic dysfunction. 86,87 The criteria for diagno¬ 
sis include hepatic dysfunction; an oxygen tension below 70 
mm Hg or a diffusion gradient above 20 mm Hg, or both; and 
the presence of pulmonary vascular dilation in patients with 
structurally normal lungs. 88 Other manifestations include 
platypnea (increased shortness of breath with movement from 
a supine to an erect position) and orthodeoxia (decreased oxy¬ 
gen tension on moving from a supine to an erect position). 
These two positional deficits in pulmonary function are related 
to the increased number of dilated capillaries in the basal areas 
of the lung; flow is increased in these vessels while the subject 
is standing, so that shunting is increased. Physical findings 
include clubbing and cyanosis of the nail beds and spider nevi. 

Although the underlying cause of hypoxemia in these 
patients is right-to-left intrapulmonary shunting, ventilation- 
perfusion mismatch and impaired hypoxic vasoconstriction 
also play a role. Patients usually present with dyspnea and 
worsening hypoxemia without evidence of a primary pul¬ 
monary process. Initial diagnostic tools include pulse oximetry 
and arterial blood gas analysis. When significant hypoxemia 
is found, pulmonary function testing is useful to rule out 
obstructive or restrictive airway disease. A definitive diagnosis 
can be obtained by the use of contrast-enhanced echocardiog¬ 
raphy (bubble study), spiral CT, or angiography, which will 
confirm the presence of a shunt. 89 The only effective therapy 
for this disease is orthotopic liver transplantation. 

Portopulmonary hypertension is defined as a mean pul¬ 
monary arterial pressure of greater than 25 mm Hg in the set¬ 
ting of liver disease. It is a relatively rare (<10%) complication 
of cirrhosis that, when severe, carries a substantial risk of mor¬ 
tality and is a relative contraindication to liver transplanta¬ 
tion. 90,91 Screening of patients with cirrhosis by Doppler 
echocardiography will reveal evidence of elevated right heart 
pressures, which need to be confirmed by right heart catheter¬ 
ization. Although the high flow state of cirrhosis can elevate 
right-sided pressures, fixed obstruction of the pulmonary 
microcirculation is highly lethal and is not likely to improve 
with liver transplantation. The exact pathophysiology behind 
portopulmonary hypertension is not known, but portal hyper¬ 
tension is a necessary component of the disease process. The 
hyperdynamic state in portal hypertension may be the main 
contributory factor. Treatment with prolonged intravenous 
infusion of prostaglandins has been shown to be effective in 
improving pulmonary hemodynamics but does not prolong 
survival. 91 

Hepatic Encephalopathy 

Q Etiology. Hepatic encephalopathy is a neuropsychiatric syn¬ 
drome that occurs in the setting of hepatic disease. It is charac¬ 
terized by variable alterations in mental status, ranging from 
deficits detectable only by detailed psychometric tests to confu¬ 
sion, lethargy, and ultimately frank coma. The disease may pre¬ 
sent in association with acute hepatic failure, as a consequence 
of progression of chronic liver disease, or after the creation of a 
surgical portosystemic shunt. Usually, a precipitating cause, 
such as an acute variceal hemorrhage or infection, can be found. 

The causative agent in hepatic encephalopathy has been 
the subject of much debate. Most evidence implicates 


ammonia in the development of this condition. Ammonia is 
produced during the bacterial digestion of proteins in the 
gut, is absorbed into the portal circulation, and usually 
undergoes extensive degradation in the liver. 92 Most 
researchers believe that encephalopathy is caused by prod¬ 
ucts, such as ammonia, derived from the gastrointestinal 
tract that are usually metabolized by the liver. These agents 
reach the peripheral circulation as a result of poor hepatic 
metabolism or through portosystemic shunts that may be 
physiologic or the result of surgical procedures. In patients 
with cirrhosis, in addition to the accumulation of ammonia 
in the blood, the permeability of the brain to ammonia 
appears to be increased. 93 Other suggested etiologic agents 
for hepatic encephalopathy include y-aminobutyric acid, 
endogenous benzodiazepines, 94 branched-chain amino acids 
(e.g., tryptophan), 95 neurotoxic short-chain fatty acids, mer- 
captans, phenols, 96 and endogenous opiates. 97 

The following observations suggest that ammonia is the 
key mediator in hepatic encephalopathy: (a) ammonia levels 
are increased in 80% to 90% of patients with the condition, 98 
(b) factors that precipitate hepatic encephalopathy cause 
increases in ammonia levels, and (c) treatments that relieve 
hepatic encephalopathy lower ammonia levels. 99 Arguments 
against this hypothesis include the following: (a) levels of 
ammonia correlate poorly with the severity of hepatic 
encephalopathy, (b) high ammonia levels alone do not cause 
encephalopathy, (c) administration of ammonia to patients 
with cirrhosis but not hepatic encephalopathy does not cause 
encephalopathy, and (d) treatments that reduce ammonia lev¬ 
els also reduce the levels of other putative toxins." 

Clinical Features. A wide range of neurologic symptoms may 
occur in patients with hepatic dysfunction. Subtle deficits may 
include changes in personality, memory loss, alterations in sleep 
patterns, and minor decreases in intellectual function. Defects 
may be detectable only by detailed psychometric testing. If no 
known underlying liver disease is suspected, establishing the 
cause of an alteration in mental status may be difficult. 

With progression of disease, asterixis, a rapid repetitive 
flexion-extension of the wrist that occurs in response to 
sustained extension of the forearm and fingers, may occur. In 
addition, stigmata of liver disease are usually evident, includ¬ 
ing fetor hepaticus and spider angiomas. The combination of 
asterixis, elevated ammonia levels, and altered mental status in 
a patient with known liver disease strongly suggests the diag¬ 
nosis. Electroencephalographic changes are nonspecific and 
may occur in patients with a variety of other conditions. 

Factors that commonly precipitate hepatic encephalopathy 
include impaired renal function, variceal hemorrhage, consti¬ 
pation, infection, excessive dietary protein, and drugs, espe¬ 
cially benzodiazepines and barbiturates. 

Treatment. Treatment options for hepatic encephalopathy 
include correction of the precipitating factors, alterations in 
diet, bowel cleansing, medications that reduce ammonia pro¬ 
duction and neutralize its effects, and medications to treat pos¬ 
sible neurotransmitter and nutrient deficiencies. 

A search for precipitating factors is imperative and includes 
cultures of urine, sputum, and ascitic fluid; determination of 
electrolyte abnormalities; screening for viral infection; assess¬ 
ment of overall volume status; drug history; and endoscopy 
(Table 58.7). 

Therapy begins with a trial of volume expansion via intra¬ 
venous hydration to relieve azotemia and reduce concentra¬ 
tions of toxic substances by dilution. The mainstays of treat¬ 
ment are directed at the removal of nitrogenous compounds 
from the gut. Most ammonia is produced within the small and 
large bowel by bacterial metabolism of dietary and endoge¬ 
nous protein. Orally administered cathartics and enemas are 
the best methods to achieve bowel cleansing, and these are 
combined with marked dietary restriction of protein. 100 
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TABLE 5 8.7 TREATMENT 


TREATMENT OF HEPATIC ENCEPHALOPATHY 

Identify precipitating factors 

Disordered carbohydrate metabolism 

Narcotics 

Infection 

Hypotension 

Hypoxia 

Excess exogenous protein 
Gastrointestinal bleeding 
Electrolyte abnormalities 
Alkalosis 

Supportive therapy 

Eliminate dietary nitrogen 

Purge gastrointestinal tract to remove blood and other 
nitrogenous compounds 

Nonabsorbable antibiotics (neomycin or metronidazole) 
Lactulose or lactitol 
Dopamine receptor agonists 
L-Dopa and bromocriptine^ 

Branched-chain amino acid^ 

Temporary liver support 
Orthotopic liver transplantation 


Arousal effect in selected patients may be secondary to enhanced 
renal function. 

Tiigh cost and equivocal benefits of intravenous amino acid mixtures 
make it difficult to justify routine use. 


The cathartic of choice is lactulose, a nonabsorbable disac¬ 
charide that reaches the distal ileum and colon essentially 
unmetabolized. Many theories regarding the mechanism of 
action of lactulose have been proposed. Initially, the presumed 
mechanism of action was that on reaching the colon, lactulose 
is metabolized by colonic bacteria to acidic products that 
lower the pH of the colon. Lowering the pH inhibits the 
growth of ammonia- and urea-producing bacteria and pro¬ 
motes the growth of Lactobacillus, a bacterium with little pro¬ 
teolytic activity. 101 The validity of this theory has been ques¬ 
tioned. It appears now that lactulose alters the metabolism of 
intestinal bacteria by providing carbohydrate, which enhances 
the bacterial uptake of ammonia. 102 Combined with the 
osmotic diarrhea caused by the cathartic activities of lactulose, 
this effect leads to an increased excretion of ammonia. 

The dosage of lactulose, 45 to 90 g/d, is administered 
orally, divided into three or four doses. The dosage can be 
adjusted to produce two or three soft stools daily. Hourly 
doses of 30 to 45 mL can be used to induce more rapid 
improvement during the initial phase of therapy. Symptoms 
usually abate within 24 hours, but more than 48 hours may be 
required. Doses can be adjusted if side effects such as flatu¬ 
lence, diarrhea, and electrolyte abnormalities occur. 

Nonabsorbable antibiotics have also been used to decrease 
the number and concentration of ammonia-forming bacteria in 
the gut. Most experience has accrued for neomycin and metro¬ 
nidazole. These antibiotics are active against gram-negative 
anaerobes such as Bacteroides, which are considered to be a 
major source of ammonia production. 103,104 The dosage of 
neomycin, 2 to 8 g/d, is divided into four doses and is contin¬ 
ued for 4 to 10 days. Multiple double-blinded, randomized tri¬ 
als have determined the efficacy of antibiotics alone or in com¬ 


bination with lactulose. For acute hepatic encephalopathy, 
studies have shown that neomycin for 4 days is equally as effec¬ 
tive as lactulose, 105 and metronidazole for 7 days is as effective 
as neomycin. 106 In addition, for chronic hepatic encephalopa¬ 
thy, neomycin for 10 days was equal to lactulose. 101 Although 
only small amounts (1% to 3%) of neomycin are absorbed, a 
risk for nephrotoxicity and ototoxicity still exists. 107 Rifax- 
imin, a macrolide antibiotic not approved for use in the United 
States, has similar efficacy when compared with lactulose and 
neomycin. 108 


PORTAL HYPERTENSION 

Q Portal hypertension is defined as a portal vein pressure above 
the normal range of 5 to 8 mm Hg. Portal hypertension may 
also be defined by the hepatic vein-portal vein pressure gradi¬ 
ent, which is greater than 5 mm Hg in portal hypertensive 
states. 109 Pressures in the portal venous system are usually 
measured indirectly via the wedged hepatic venous pressure. 
The technique is similar to that used to determine pulmonary 
capillary wedge pressure by pulmonary arterial (Swan-Ganz) 
catheterization. 


Anatomy 

The venous anatomy of the portal system is relatively con¬ 
stant, with the “usual” anatomy present in 98% of the popu¬ 
lation (Fig. 58.5). The portal vein is formed by the confluence 
of the superior mesenteric and splenic veins behind the neck of 
the pancreas. The inferior mesenteric vein most often joins the 
splenic vein before the portal vein is formed, but approxi¬ 
mately one third of the time the inferior mesenteric vein joins 
the superior mesenteric vein. The superior mesenteric vein may 
not be present, and the portal vein may be formed by multiple 
small branches from the mesenteric system that join the splenic 
vein. 

Many branches of the portal venous system are affected | 
when portal pressure rises. As pressure increases, blood flow 
decreases and the pressure in the portal system is transmitted 
to its branches. This transmission of pressure through 
branches of the portal system is beneficial in that it decreases 
overall portal pressure. It also is responsible for many of the 
complications of portal hypertension, however, because of the 
resulting dilation of venous tributaries. 

The coronary or left gastric vein becomes highly significant 
in portal hypertension, by diverting portal blood to the veins 
of the lesser curve of the stomach and the esophagus, leading 
to the formation of varices. Other important collaterals 
include the inferior mesenteric vein, which connects with its 
rectal branches, which, when distended, form hemorrhoids; 
the umbilical vein in the ligamentum teres of the falciform lig¬ 
ament, which joins the left portal vein and causes abdominal 
wall veins around the paraumbilical plexus to dilate (caput 
medusae); the short gastric veins, branches of the splenic vein, 
which communicate with gastric veins and contribute to gas¬ 
tric varices; and the retroperitoneal veins of Retzius, which 
communicate with the gastrointestinal veins through the bare 
areas of the liver where no peritoneal layer separates the 
abdominal viscera from the retroperitoneum. The retroperi¬ 
toneal collaterals can also form large splenorenal shunts that 
may decompress the portal system but are associated with 
severe encephalopathy. 


Physiology 

As in any vascular bed, portal hypertension is the product of 
blood flow and resistance. In nearly all cases, portal hyperten¬ 
sion is caused by increased resistance to portal blood flow 
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FIGURE 58.5. Potential venous collaterals that develop with portal hypertension. The veins of Sappey drain portal blood through the bare 
areas of the diaphragm and through paraumbilical vein collaterals to the umbilicus. The veins of Retzius form in the retroperitoneum and 
shunt portal blood from the bowel and other organs to the vena cava. 


secondary to cirrhosis, portal vein thrombosis, or hepatic 
venous obstruction, though in rare instances, an arterioportal 
fistula may cause flow-related hypertension. Normally, the 
liver offers little resistance to portal flow because of the porous 
nature of the hepatic sinusoids and the capacity of the organ to 
expand. Moreover, the liver has no intrinsic control over por¬ 
tal blood flow; it is merely a passive recipient of splanchnic 
flow, the primary regulation of which occurs at the level of the 
splanchnic arterioles. 110 As discussed earlier, the deposition of 
collagen in the space of Disse (capillarization), in addition to 
the contractile properties of stellate cells, causes an increased 
resistance to portal blood flow in cirrhosis. In addition, vari¬ 
ous cytokines and hormones contribute to elevated portal 
pressures by inducing splanchnic vasodilation and an increase 
in splanchnic flow. 

The increased blood flow through collateral vessels and 
subsequently increased venous return cause the characteristic 
hemodynamic features of portal hypertension, which include 
an increase in cardiac output and total blood volume and a 
decrease in systemic vascular resistance. 111 Arteriovenous 
shunts within the liver, stomach, and small intestine contribute 
to the augmented venous return and decreased peripheral vas¬ 
cular resistance. Early in the course of portal hypertension, 
blood pressure may be normal, but with progression of dis¬ 
ease, blood pressure usually falls. 112 

The portal venous concentration of nitric oxide, a potent 
vasodilator, has been shown to be elevated in patients with cir¬ 
rhosis and portal hypertension. 113 In addition to nitric oxide, 


many other vasodilators are elevated in portal hypertension, 
including prostacyclin, endotoxin, and glucagon. 114 


Etiology 

Many pathologic processes can cause portal hypertension 
(Table 58.8). These are usually classified as prehepatic, 
hepatic, or posthepatic (presinusoidal, sinusoidal, or postsinu- 
soidal) conditions. As noted above, in prehepatic and posthep¬ 
atic conditions, portal hypertension in the result of mechanical 
venous obstruction at the level of the portal or hepatic veins, 
respectively, whereas cirrhosis is the main cause of hepatic 
portal hypertension. 

Budd-Chiari Syndrome and Veno-occlusive Disease. 

The Budd-Chiari syndrome is caused by hepatic venous 
obstruction. The name of the syndrome is derived from two 
investigators, the first of whom (Budd) 115 described the classic 
presentation of abdominal pain, ascites, and hepatomegaly, 
and the second of whom (Chiari) 116 described the pathologic 
characteristics of the liver. The obstruction may occur at the 
level of the inferior vena cava, the hepatic veins, or the central 
veins within the liver itself and may be the result of congenital 
webs (most common in Africa and Asia), acute or chronic 
thrombosis (most common in the West), and malignancy. With 
occlusion of the hepatic veins, pressure increases in the central 
veins. As a result, centrilobular congestion, necrosis, and, with 
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TABLE 5 8.8 ETIOLOGY 


COMMON CAUSES OF PORTAL HYPERTENSION 

Disorders That Primarily Increase Resistance to Flow 

Prehepatic 

Congenital atresia 

Extrinsic compression 

Schistosomiasis 

Portal, superior mesenteric, or splenic vein thrombosis 
Hepatic 

Chronic-Cirrhotic 

Hepatitis B, C 

a r Antitrypsin deficiency 

Cryptogenic 

Cystic fibrosis 

Hemochromatosis 

Nutritional (alcoholic) 

Wilson disease 
Chronic-Noncirrhotic 
Congenital hepatic fibrosis 
Focal regenerative hyperplasia 
Hepatic veno-occlusive disease 
Idiopathic 

Metastatic carcinoma 
Sarcoidosis 

Toxin and drug injuries 
Acute Disease 
Acute fatty liver 
Alcoholic hepatitis 
Fulminant hepatic failure 
Posthepatic 
Budd-Chiari syndrome 
Chronic heart failure 
Constrictive pericarditis 
Vena cava webs 

Disorders That Primarily Increase Flow 
Hepatocellular carcinoma 

Mesenteric arteriosclerotic or aneurysmal vascular disease 

Osier-Weber-Rendu syndrome 

Splenomegaly 

chronic disease, fibrosis and cirrhosis with portal hypertension 
develop. 

In the West, the most common causes of this syndrome are 
hypercoagulable states associated with polycythemia vera, 
myeloproliferative disorders, paroxysmal nocturnal hemoglo¬ 
binuria, and defects in the coagulation cascade, as in condi¬ 
tions associated with high estrogen levels (e.g., pregnancy, use 
of birth control pills). 117,118 Neoplasms may cause hepatic 
venous obstruction by direct invasion and occlusion of the ves¬ 
sels, or by establishment of a prothrombotic milieu secondary 
to the malignancy itself. In the East, the major causes of 
obstruction of the vena cava and hepatic veins are membra¬ 
nous webs that directly occlude the vessels. The etiology of 
vena cava webs is unknown. 

Veno-occlusive disease is characterized by obliterative 
endophlebitis of the intrahepatic veins (see Table 58.3). Causes 


of veno-occlusive disease include medications, toxins, and 
pyrrolizidine alkaloids. 

Budd-Chiari syndrome may present with acute, subacute, 
or chronic symptoms and is often misdiagnosed. This is unfor¬ 
tunate, because early treatment will prevent the development 
of hepatic fibrosis, which can lead to end-stage liver disease. 
Nearly 50% of patients have had symptoms for more than 3 
months. 119,120 Acute symptoms include hepatomegaly, right 
upper quadrant abdominal pain, nausea, vomiting, and ascites. 
In the chronic form of the disease, patients may present with 
the sequelae of cirrhosis and portal hypertension, including 
variceal bleeding, ascites, spontaneous bacterial peritonitis, 
fatigue, and encephalopathy. In the chronic form, the entire 
liver atrophies except for the caudate lobe, which may hyper¬ 
trophy because its hepatic vein(s) enters the vena cava sepa¬ 
rately, so that venous outflow is not impeded. 67 The hypertro¬ 
phy of the caudate lobe creates a longitudinal narrowing of the 
retrohepatic vena cava, which is surrounded by parenchyma, 
leading to secondary obstruction of the caval flow in the 
abdomen. 

The diagnosis is most often made by ultrasonographic eval¬ 
uation of the liver and its vasculature, which has a sensitivity 
of 85% to 95%. 117 Duplex scanning may reveal the location 
of the obstruction and characterize the flow within the vena 
cava and hepatic, portal, mesenteric, and splenic veins. Cross- 
sectional imaging using contrast-enhanced CT or MRI is help¬ 
ful in defining the entire abdominal venous circulation and 
assessing the status of the liver and its individual lobes, which 
is essential in planning therapy. Traditionally, the “gold 
standard” for the diagnosis has been angiography, which pro¬ 
vides detailed information on the location and degree of 
obstruction. 

The management of patients with this syndrome has tradi¬ 
tionally been surgical intervention. Fiver biopsies are usually 
performed preoperatively. The response rates to medical ther¬ 
apy, which does not relieve the obstruction to portal outflow, 
are poor, and survival rates without surgical intervention are 
approximately 10%. Antithrombotic agents may be used in 
the rare patient who presents early with acute venous occlu¬ 
sion. Although major surgery has been favored in the past, 
including meso-atrial shunting 121,122 and even liver transplan¬ 
tation, 123 minimally invasive approaches are now preferred. 124 
The mainstay of therapy is mechanical decompression with a 
side-to-side portosystemic shunt, optimally achieved with a 
percutaneous portocaval shunt. After shunt placement, the 
pressure on the vena cava by the caudate lobe is gradually 
relieved, leading to restoration of liver function. 

A more direct solution, which is necessary in the face of 
complete caval obstruction, is the creation of a mesoatrial 
shunt, which was described by Cameron and Maddrey. 121 This 
radical procedure has been largely supplanted by percutaneous 
portocaval shunting (transjugular intrahepatic portosystemic 
shunt [TIPS]). The rates of postprocedural encephalopathy are 
usually not increased in patients with Budd-Chiari syndrome, 
because they have anatomically healthy livers that recover 
fully if decompression is achieved early prior to the establish¬ 
ment of cirrhosis. In patients with end-stage liver disease, liver 
transplantation may be performed. 123 The 5-year survival rate 
for patients with good hepatic function before the shunt pro¬ 
cedure is approximately 60%, with a 34% to 88% survival for 
patients after liver transplantation. 125 Postoperatively, patients 
are treated with long-term anticoagulation to prevent recur¬ 
rent thrombosis. 

As noted, minimally invasive treatment using TIPS may be 
first-line therapy, and it has supplanted surgical shunting in 
our practice. 126,127 Case reports and small series have sug¬ 
gested efficacy for this technique, 128 and a recent larger study 
has indicated 1- and 5-year survival rates of 93% and 74%, 
respectively. 129 Many patients develop shunt occlusion, how¬ 
ever, and further angiographic manipulation and long-term 
anticoagulation are required to maintain patency. 
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Portal Vein Thrombosis. Portal vein thrombosis is com¬ 
monly associated with advanced cirrhosis, and may be the 
ominous portent of a hepatocellular carcinoma. Spontaneous 
portal vein thrombosis in the absence of cirrhosis is the cause 
of portal hypertension in fewer than 10% of adult patients but 
is the most common cause in children. 130 In contrast to 
patients with cirrhosis-induced portal hypertension, these 
patients have normal liver function and are not as susceptible 
to the development of complications, such as encephalopathy. 
Causes of portal vein thrombosis include umbilical vein infec¬ 
tion (the most common cause in children), coagulopathies 
(protein C and antithrombin III deficiency), hepatic malig¬ 
nancy, myeloproliferative disorders, inflammatory bowel dis¬ 
ease, pancreatitis, trauma, and previous splenorenal shunt. 131 
Most cases in adults are idiopathic. 

The diagnosis can be made by sonography, which reveals 
an echogenic lesion in the lumen of the portal vein and an 
absence of portal venous flow on duplex examination. 132 With 
time, cavernous transformation of the portal vein may occur, 
in which channels develop within the clotted portal vein. 130 
CT and MRI are also useful in establishing the diagnosis. 
Often, the initial manifestation of portal vein thrombosis is 
variceal bleeding in a noncirrhotic patient with normal liver 
function. Splenomegaly is another common finding. 

The initial therapeutic option for the control of hemor¬ 
rhage caused by portal vein thrombosis is esophageal variceal 
ligation. If unsuccessful, the distal splenorenal shunt has been 
the traditional surgical treatment for patients with isolated 
portal vein thrombosis. In patients whose intrahepatic portal 
vein is patent (most commonly children), however, a shunt cre¬ 
ated by placing an internal jugular vein graft between the supe¬ 
rior mesenteric vein and the patent left portal vein within the 
parenchyma of the liver (Rex shunt) may be the optimal ther¬ 
apeutic procedure for reestablishing physiologic portal flow. 133 
This is the most elegant solution for portal obstruction 
because the portal pressure is reduced by restoring blood flow 
to the liver, preventing chronic hepatic atrophy and dysfunc¬ 
tion, which can occur in a patient with long-standing portal 
decompression. In fact, in our practice, the Rex shunt is the 


first-line treatment and we reserve splenorenal shunting for 
patients who have no remnant intrahepatic portal system to 
receive the shunted blood. 

Splenic Vein Thrombosis. Splenic vein thrombosis is most 
often caused by disorders of the pancreas, including acute and 
chronic pancreatitis, trauma, pancreatic malignancy, and 
pseudocysts. This association is related to the location of the 
splenic vein behind and close to the pancreas. Other causes 
include retroperitoneal masses, abscesses, and inflammatory 
bowel disease; the remaining cases are idiopathic. Gastric 
varices are present in approximately 80% of patients, and 
esophageal varices in 30% to 40%. 134 Isolated “sinistral” or 
left-sided portal hypertension occurs in the setting of normal 
liver function, and patients are readily cured with splenectomy, 
although observation for asymptomatic patients is acceptable. 
The main indication for splenectomy is variceal hemorrhage. 


Complications of Portal Hypertension 

The most important complications of portal hypertension are 
gastrointestinal bleeding secondary to esophageal and gastric 
varices, ascites, and hepatic encephalopathy. The mortality 
risk associated with portal hypertension is primarily related to 
the functional status of the cirrhotic liver. Child introduced a 
scoring system of liver function for the purposes of assessing 
prognosis after portosystemic shunt surgery in patients with 
cirrhosis, which has been subsequently modified several times 
Qto the Cbild-Turcotte-Pugb (CTP) score (Table 58.9). These 
indices incorporate clinical and laboratory data as a means 
to assess the functional status of the liver, estimate hepatic 
reserve, and predict morbidity and mortality. They had been 
adopted by the United Network for Organ Sharing (UNOS) as 
a tool for stratifying pretransplant mortality risk for patients 
on the waiting list for liver transplantation. 135 Over the last 
decade, the use of these criteria in transplant have been 
replaced by the Model for End-stage Liver Disease (MELD) 


ITABLE 58.9 



CLASSIFICATION 

CHILD-TURCOTTE CRITERIA FOR HEPATIC FUNCTIONAL RESERVE 

■ CRITERION 

■ CLASS A 

■ CLASS B 

■ CLASS C 

Encephalopathy 

None 

Minimal 

Advanced 

Ascites 

None 

Easily controlled 

Poorly controlled 

Bilirubin (mg/dL) 

<2 

2-3 

>3 

Albumin (g/gL) 

>3.5 

3-3.5 

<3 

Nutrition 

Excellent 

Good 

Poor, “wasting” 

Child-Turcotte-Pugh Grading of Severity of Liver Disease 


Score 

1 

2 

3 

Encephalopathy 

None 

1 or 2 

3 or 4 

Ascites 

None 

Mild 

Moderate 

Bilirubin (mg/dL) 

1-2 

2.1-3 

>3.1 

Albumin (g/dL) 

>3.5 

2.8-3.5 

<2.7 

Prothrombin time (s) 

1-4 

4.1-6 

>6.1 

or INR 

<1.7 

1.7-2.3 

>2.3 

Grade A, 5-6; grade B, 7-9; 
grade C, 10-15 




INR, international normalized ratio. 


From Wantz GE, Payne MA. Experience with portacaval shunt for portal hypertension. N Engl J Med 
1961;265:721, with permission. 
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score, which uses serum bilirubin, creatinine, and the interna¬ 
tional normalized ratio (INR) to produce a surprisingly robust 
prediction of 90-day mortality for patients with cirrhosis on 
the transplant list. 136 Though the CTP score produces a more 
complete assessment of the patient, its use of subjective clinical 
elements in the score made it unreliable as a verifiable element 
in assessment compliance with center behavior in national 
organ transplant policy. 137,138 

While the MELD score was initially developed for the prog¬ 
nosis of patients after TIPS, the CTP score has had long-standing 
use as a reliable predictor of mortality risk for shunt surgery 
and, by extension, mortality risk of patients with cirrhosis 
undergoing other types of abdominal surgery. 139,140 Patients 
with normal function, termed “Child A,” have adequate hepatic 
reserve and survival rates similar to those of noncirrhotic 
patients, whereas Child C patients have mortality rates in excess 
of 50% and may not tolerate any intervention short of hepatic 
transplantation. 

Varices. One of the most life-threatening complications of 
portal hypertension is bleeding from esophageal varices. 
Esophageal varices are dilated veins found most commonly in 
the distal 5 cm of the esophagus. In the normal esophagus, a 
venous plexus is located in the submucosa; it becomes more 
superficially located to the lamina propria in the distal esoph¬ 
agus. 141-143 This more superficial location in the distal esopha¬ 
gus is consistent with the known increased occurrence of 
bleeding varices in that location. In addition, 10% to 15% of 
patients with esophageal varices have gastric varices. 

The pressure in the portal system is an important determi¬ 
nant of the likelihood for varices to develop. As noted earlier, 
portal pressure may be estimated from the hepatic vein wedge 
pressure, and the gradient between the wedge pressure and the 
free hepatic vein pressure is an indirect measure of the resis¬ 
tance across the liver. In general, varices do not develop in per¬ 
sons with hepatic vein-portal vein gradients below 12 mm Hg. 
Pressure gradients above 12 mm Hg are invariably present in 
patients with varices, but this pressure does not necessarily 
produce varices in all patients. Other, undetermined factors 
must play a role. The prevalence of varices in patients with cir¬ 
rhosis varies from 25% to 70%, depending on the severity of 
their liver disease. 

In approximately 10% of all patients presenting with acute 
upper gastrointestinal bleeding, esophageal varices are the 
cause of bleeding. Rates of bleeding from varices vary among 
studies. In a study of the natural history of varices in which 
patients were prospectively followed for 6 years, esophageal 
varices developed in approximately 8% of patients with cir¬ 
rhosis each year during the first 2 years of observation; the per¬ 
centage increased to 30% by 6 years. Of the patients who had 
small varices detected at initial endoscopy, large varices devel¬ 
oped in 25%. 144 Other studies show an incidence of varices of 
up to 90% for patients with cirrhosis. 145,146 Once varices are 
present, bleeding occurs in 25% to 35% of cases, with the 
highest risk occurring within the first year after diagnosis. 146,147 
Of patients who survive an episode of bleeding, 30% experi¬ 
ence rebleeding within 6 weeks, and 70% at 1 year. 147,148 The 
correlation between severity of varices and derangement of 
hepatic function is inconstant, so mortality rates from bleeding 
varices range from 5% to 50%, with rates of 5%, less than 
25%, and more than 50% for Child A, B, and C patients, 
respectively. 148 

The propensity for varices to bleed has been extensively 
studied. When combined with clinical data such as the pres¬ 
ence of active alcohol consumption, certain endoscopic char¬ 
acteristics of varices have been correlated with initial episodes 
of bleeding (Table 58.10). These factors include variceal size, 
Child-Pugh class, and the presence of red wale markings (lon¬ 
gitudinal dilated venules that resemble whip marks). 146 Direct 
and indirect measurements of portal pressure have been used 


TABLE 58.10 


ENDOSCOPIC SIGNS THAT CORRELATE WITH RISK FOR 
VARICEAL RUPTURE 

Basic Color 
White varices 
Blue varices 
Signs 

Red color sign 
Red wale marking 
Cherry-red spot 
Hematocystic spot 
Diffuse redness 
Form 
Linear 
Tortuous 
Large 

Adapted from Japanese Research Society for Portal Hypertension. 


to predict the likelihood of bleeding, with hemorrhage occur¬ 
ring only in patients with portal-hepatic venous gradients 
above 12 mm Hg. 149,150 

Prevention of Initial Variceal Bleeding. Because of the severe 
consequences of variceal bleeding, methods to prevent first 
(primary prophylaxis) and recurrent (secondary prophylaxis) 
episodes of bleeding have been developed. These include 
control of the underlying cause of cirrhosis (i.e., alcohol con¬ 
sumption) and pharmacologic and surgical interventions to 
lower portal pressure. The next section discusses methods of 
primary prophylaxis to prevent initial episodes of bleeding 
(Table 58.11). 

Beta Blockade. Use of nonspecific /3-adrenergic blockade has 
been studied extensively in randomized controlled trials of the 
primary prophylaxis of variceal bleeding. The mechanism of 
action of these drugs (propranolol, nadolol) involves effects of 
both /^-adrenergic and /3 2 -adrenergic blockade, including 
decreased cardiac output and increased splanchnic arteriolar 
vasoconstriction as a result of the loss of opposing /3 2 -adrenergic 
dilation. 150,151 The combined effects decrease portal blood flow 
and subsequently portal pressure. 

These drugs are effective in portal hypertension associated 
with prehepatic, intrahepatic, and posthepatic conditions, 152 
regardless of whether ascites is present. 153 Not all patients 
respond to therapy, however. Two meta-analyses have evalu¬ 
ated seven randomized controlled trials comparing propranolol 
or nadolol with placebo in the prevention of initial variceal 
bleeding. Both analyses concluded that beta blockade is signif¬ 
icantly correlated with a reduced incidence of bleeding. 154,155 A 
reduction of 40% was noted overall after all trial results were 
combined, with bleeding developing in approximately 16% 
of treated and 27% of untreated patients. The goal of therapy 
is to reduce the hepatic vein-portal vein gradient to below 
12 mm Hg or to more than 20% below baseline. 156 

In addition to reducing the number of first episodes of 
bleeding, beta blockade therapy has been shown to reduce 
mortality in most clinical trials. 157 However, the differences 
were significant in only one study. A meta-analysis of these 
studies concluded that mortality from bleeding is reduced in 
patients with large varices. 
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ITABLE 58.1 1 

TREATMENT | 

PREVENTION/TREATMENT OPTIONS FOR VARICEAL BLEEDING 

■ DRUG 

■ DOSE 

Propranolol 

10-20 mg bid titrated weekly to maximum of 160 mg bid 

Nadolol 

20 mg orally qd, titrated to reduction of HR by 

20%-25%, absolute HR of 55-60, symptoms 

Isosorbide-5-mononitrate 

20 mg orally tid 

Vasopressin with nitroglycerin 

0.4 U/min to maximum of 1.0 U/min, titrated to maintain 
SBP at approximately 100 mm Hg 

Octreotide 

50-mg bolus, followed by 50 mg/h for 5 d or until 
definitive treatment 

HR, heart rate; SBP, systolic blood pressure. 

Adapted from Rikkers LF. Variceal hemorrhage: surgical therapy. Gastroenterol Clin North Am 1993; 
22(4):821-842. 


Nitrates. Organic nitrates such as isosorbide-5-mononitrate, a 
vasodilator, have been used to reduce portal pressures. The 
possible mechanisms of action may include the following: (a) 
reflex splanchnic vasoconstriction secondary to peripheral ven- 
odilation and venous pooling; (b) decreased collateral resis¬ 
tance by arterial vasodilation; and (c) decreased intrahepatic 
resistance, possibly as a result of inhibition of stellate cell con¬ 
tractility. 158 These agents may be used alone in patients with 
contraindications to beta-blocker therapy, such as chronic 
obstructive pulmonary disease and congestive heart failure, or 
in combination with beta blockade in patients who do not have 
contraindications but respond inadequately to beta-blocker 
therapy alone. Studies have indicated an enhanced reduction of 
portal pressure and a decreased incidence of bleeding in 
patients who receive combination therapy. 159 In the only study 
that compared combination therapy with beta-blocker therapy 
alone, approximately 8% of patients treated with the com¬ 
bined regimen experienced bleeding, compared with 18% of 
patients treated with beta-blocker therapy alone. 160 Thus, com¬ 
bination therapy may become the mainstay for prevention of 
bleeding in cirrhotic patients with varices. 

Surgical Intervention. In the 1950s and 1960s, surgeons cre¬ 
ated prophylactic portosystemic shunts in an attempt to pre¬ 
vent variceal bleeding. These procedures were studied in a 
randomized controlled fashion and, although effective in pre¬ 
venting variceal bleeding, they caused an increased incidence 
of hepatic failure and encephalopathy and had no effect on 
overall survival. 160,161 These results provided clinical support 
for the notion that portal diversion accelerated the decline of 
liver function in patients with cirrhosis and they are no longer 
performed for this indication. 

Endoscopic Sclerotherapy and Variceal Ligation. In the past, 
prophylactic sclerotherapy to prevent variceal bleeding was an 
accepted practice. An increased mortality in alcoholic patients 
treated with sclerotherapy, however, has been seen. Technical 
challenges of endoscopic sclerotherapy (ES) and esophageal and 
pulmonary complications have led to abandonment of ES for the 
primary prevention of variceal bleeding. Initial investigations of 
the effectiveness of endoscopic variceal ligation (EVL) as a 
method of primary prophylaxis to prevent initial bleeding in 
high-risk patients with esophageal varices reported mixed 
results. 162,163 In one study, no statistically significant differences 
in the incidence of initial bleeding and mortality were found in a 
comparison of patients after variceal ligation with controls, 164 
though subgroup analysis revealed a significant decrease in the 
incidence of initial bleeding for Child-Pugh class B patients. 163 


Furthermore, there seems to be a significant prognostic diver¬ 
gence related to variceal size. As data have accumulated, consen¬ 
sus recommendations regarding prophylaxis have emerged as 
presented in recent practice guidelines from the American Asso¬ 
ciation for the Study of Liver Diseases (AASLD). Briefly summa¬ 
rized, patients with cirrhosis with small, low-risk varices should 
be managed with beta-blocker prophylaxis. Variceal ligation 
may be most appropriately indicated in primary prophylaxis in 
patients who do not tolerate beta-blocker therapy. Patients with 
high-risk varices need to be managed with pharmacologic pro¬ 
tection supplemented by EVL, and the specific protocol of 
variceal obliteration is proposed in the guidelines. 164 

Treatment of Esophageal Variceal Bleeding 

Initial Management. Initial management of the patient with 
acute variceal bleeding includes the following: (a) establish¬ 
ment and maintenance of an airway; (b) hemodynamic moni¬ 
toring; (c) placement of large-bore intravenous lines; (d) full 
laboratory investigation, including measurement of hemoglo¬ 
bin and hematocrit, coagulation profile, liver function tests, 
measurement of electrolytes, and assessment of renal function; 
(e) administration of blood products as needed, including 
packed red cells, platelets, and fresh frozen plasma; and (f) 
intensive care unit monitoring. 

Pharmacologic Therapy. Administration of vasoactive med¬ 
ications can be commenced almost immediately after patient 
presentation if the history and physical findings suggest 
variceal bleeding. This practice decreases the rate of bleeding 
and enhances the endoscopic ability to visualize the site(s) of 
bleeding. 

Vasopressin (antidiuretic hormone) has potent splanchnic 
vasoconstrictive properties that decrease portal venous and 
collateral flow and reduce portal pressure. In randomized 
prospective trials, as well as in a meta-analysis, continuous 
intravenous administration of vasopressin has proved to 
reduce variceal bleeding, an observation initially made in 
1962. 165-167 When vasopressin was compared with placebo, 
bleeding stopped in an average of 52% of patients who 
received vasopressin and 18% of patients who received 
placebo. Rates of rebleeding as high as 45% were noted, how¬ 
ever. Because of coronary vasoconstrictive effects, vasopressin 
is often used in combination with a vasodilator, such as nitro¬ 
glycerin. The combination provides protection from adverse 
cardiac events and increases the effectiveness of vasopressin by 
decreasing intrahepatic and collateral resistance. 168 A meta¬ 
analysis of three randomized controlled trials confirmed the 











FIGURE 58.6. Techniques of intravariceal (A) and paravariceal (B) injection of esophageal varices. 


increased effectiveness of vasopressin and nitroglycerin in 
comparison with vasopressin alone. 169 Somatostatin and 
octreotide, its longer-acting eight-amino-acid derivative, have 
been used extensively for the treatment of variceal bleeding. 
These agents decrease splanchnic blood flow indirectly by 
reducing the levels of other factors, such as glucagon, vasoac¬ 
tive intestinal peptide, and substance P, rather than by direct 
vasoconstriction. 170 The effects of somatostatin are limited 
to the splanchnic circulation, so that side effects are mini¬ 
mized. 171 A somatostatin and octreotide combination has 
proved to be as effective as vasopressin, sclerotherapy, and 
balloon tamponade in multiple studies. 172-174 Because of the 
lack of complications related to somatostatin therapy, 
octreotide is the initial drug of choice for the treatment of acute 
variceal hemorrhage. 

Endoscopic Interventions. Esophageal variceal ligation has 
become the principal approach to the initial control and ongo¬ 
ing treatment of variceal bleeding; it is performed at the bed¬ 
side in acute bleeding and has replaced variceal sclerosis in 
recent years. The technique of sclerotherapy (Fig. 58.6) entails 
performing upper gastrointestinal endoscopy with a flexible 
endoscope, visualizing the varices, and injecting 1 to 5 mL of 
sclerosing agent into or in close proximity to each varix. Scle¬ 
rosing agents include sodium morrhuate, ethanolamine, poli- 
docanol, and sodium tetradecyl sulfate. Total injection volume 
is 20 to 30 mL. The injections are begun at the distal esopha¬ 
gus and are continued circumferentially and proximally until 
all clinically relevant varices have been injected. Complica¬ 
tions of sclerotherapy occur in 10% to 30% of patients and 
include fever, retrosternal chest pain (most common), dyspha¬ 
gia, and, more significantly, perforation with mediastinitis, 
bleeding from sclerosant-induced ulcers, esophageal stenosis, 
and sepsis. Overall, the treatment-related mortality rate is less 
than 2%. In the approximately 1% of patients in whom per¬ 
foration occurs, the mortality rate may be as high as 50%. 
Success rates for initial control of variceal bleeding by 
endoscopy range from 60% to 90%, but more than one 
session is required to stop bleeding completely in up to 95% of 
cases. 175,176 

The technique of ligation (Fig. 58.7) includes placing an 
endoscope over a sheath (which allows multiple insertions and 
removal of the endoscope), suctioning of a varix into the 
lumen of a plastic channel, and then placing a rubber band 
around the tissue. The procedure is similar to the ligation of 


hemorrhoids. The tissue then sloughs in 1 to 3 days, leaving a 
shallow ulcer. Up to six bands can be placed at each session. 
Newer endoscopes allow for the placement of multiple bands 
without removal of the endoscope. The placement of bands 
follows the same pattern as in sclerotherapy. 

Success rates for variceal ligation range from 80% to 
100%, in comparison with 77% to 94% for sclerotherapy, in 
controlled trials. 177 A meta-analysis that examined these data 
and compared the results of seven randomized controlled trials 
indicated an equal or better success rate for variceal ligation 
than for sclerotherapy in eliminating esophageal variceal 
bleeding, with fewer complications. When patients who 
underwent ligation therapy were compared with patients who 
underwent sclerotherapy, a reduction of approximately 50% 
in the incidence of rebleeding (50% vs. 25%) and death from 
bleeding (17% vs. 10%) and a reduction of 30% in overall 


FIGURE 58.7. Endoscopic ligation of esophageal varices. The device 
used for ligation is based on the standard Barron-type ligator for the 
treatment of anal hemorrhoids. The esophageal varix is drawn up into 
the ligating device with suction (A), and the base of the varix is ligated 
with an O-ring (B). Up to six varices can be treated at a single session. 
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FIGURE 58.8. The Sengstaken-Blakemore tube is used to tamponade 
acutely bleeding gastroesophageal varices. The tube has three 
lumina—one to aspirate the stomach, another to inflate the gastric bal¬ 
loon, and a third to inflate the esophageal balloon. Patients treated 
with balloon tamponade should be in an intensive care unit, and endo¬ 
tracheal tubes should be placed in almost all to prevent aspiration. 


mortality (32% vs. 24%) were noted in the ligation group. 178 
In addition, the incidence of esophageal stricture, bleeding 
from treatment-related ulceration, and the number of treat¬ 
ment sessions were decreased with ligation. In patients with 
profuse bleeding, the type of endoscope used for variceal liga¬ 
tion may make visualization of the bleeding varices difficult. 
Some investigators choose to perform sclerotherapy in these 
patients and use variceal ligation once bleeding is somewhat 
controlled. 

Balloon Tamponade. The vast majority of patients (75% to 
90%) with bleeding esophageal varices respond to endoscopic 
or pharmacologic therapy. For patients who fail these inter¬ 
ventions, balloon tamponade (Fig. 58.8) is an alternative ther¬ 
apy with a high success rate in controlling bleeding. It entails 
the placement of a specialized nasogastric tube with two bal¬ 
loons that can be inflated separately and to different pressures 
to apply direct compression to the gastroesophageal junction 
and the esophagus. Once the mainstay in the initial manage¬ 
ment of variceal bleeding, use of these tubes is becoming a lost 
art, most suitable for initial stabilization of patients in a facil¬ 
ity with limited availability of endoscopic or radiologic sup¬ 
port. Because these tubes are difficult to use, and may cause 
fatal complications with esophageal injury, it remains impor¬ 
tant for surgeons and gastroenterologists with responsibility 
for managing gastrointestinal bleeding to understand princi¬ 
ples for safe use. The most commonly used tubes are the 
Sengstaken-Blakemore tube and the Minnesota tube. The for¬ 
mer consists of a gastric balloon and an esophageal balloon 
with a sump port for gastric suctioning. The latter tube has an 
additional port above the esophageal balloon for the aspiration 
of saliva and other material from the esophagus and pharynx. 

Placement of these tubes begins with the establishment of a 
safe airway by endotracheal intubation. The tube is then 


passed through the nose and into the stomach. Radiographic 
confirmation that the tip of the tube is in the stomach is 
required before balloon inflation to prevent inadvertent intrae- 
sophageal inflation of the gastric balloon and resultant perfo¬ 
ration. The gastric balloon is inflated with 200 mL of air and 
firmly pulled backward against the gastroesophageal junction 
to tamponade any proximal gastric bleeding. The esophageal 
balloon is then inflated to a pressure of 30 to 40 mm Hg, and 
the tube is secured to the patient by means of a face mask or 
helmet to ensure adequate stability of the tube and prevent 
inadvertent removal. 

Because of the possible complications of balloon tampon¬ 
ade (e.g., aspiration, esophageal and gastric perforation, 
necrosis), which occur in 10% to 20% of patients, its use is 
restricted to approximately 24 hours. Success rates for cessa¬ 
tion of bleeding are 70% to 80%, but more than half of all 
patients rebleed when the balloons are deflated. Although this 
method is highly effective in the initial control of bleeding, 
with an efficacy similar to that of pharmacologic agents, 
because of its transient effects it can be used only as a tempo¬ 
rizing measure in anticipation of a more definitive procedure 
(e.g., TIPS, placement of a surgical shunt, or transplantation) 
and is used only after endoscopic and pharmacologic therapies 
have failed. 

Transjugular Intrahepatic Porto systemic Shunt. In the 10% to 
20% of patients who continue to bleed or who have early 
rebleeding, a shunt procedure (to bypass the high-pressure 
hepatic vascular bed) may be indicated. The mortality rate asso¬ 
ciated with failure to control bleeding can be as high as 90%, 
and surgically created shunts in this setting are associated with 
a high morbidity and mortality rate. 

The transjugular intrahepatic portosystemic shunt (Fig. 
58.9) has become first-line treatment for bleeding esophageal 
varices when the aforementioned attempts fail. 179 After ultra¬ 
sonographic confirmation of patency of the portal vein, the 
procedure is performed in the interventional radiology suite, 
where a wire-guided stent (8 to 12 mm in diameter) is placed 
percutaneously into the jugular vein. The wire is then guided 
through the superior vena cava, right atrium, and inferior vena 
cava into a hepatic vein, after which the catheter traverses the 
hepatic parenchyma and joins the hepatic vein to a portal vein. 
This connection effectively creates a side-to-side portacaval 
shunt. Success rates in the cessation of variceal bleeding are as 
high as 90% to 100%, with an incidence of recurrent bleeding 
of approximately 10%. 180,181 

As discussed earlier, the ideal portosystemic shunt lowers 
the pressure in the portal system without critically reducing 
liver perfusion, which may cause hepatic dysfunction and may 
accelerate the progression of cirrhosis. It is possible to readily 
measure the portal pressure during TIPS, and many authors 
have proposed these measurements as a guide to optimal man¬ 
agement of the TIPS to balance control of bleeding with 
hepatic perfusion. To control bleeding, the therapeutic goal is 
to reduce the hepatic-portal venous pressure gradient to below 
12 mm Hg. TIPS reduces the portosystemic pressure gradient to 
a mean of approximately 9 to 15 mm Hg (average, 10 mm Hg) 
or to 40% to 62% below baseline. 182-184 A recent study has 
indicated that a residual portal gradient less than 5 mm Hg is 
associated with a deleterious impact on hepatic flow. 185 Earlier 
studies documented high mortality (40% to 60% at 6 to 7 weeks) 
despite the relative noninvasiveness of the procedure, reflect¬ 
ing the gravity of the clinical condition of most patients requir¬ 
ing this intervention. One potential cause of the high mortality 
is a delay in instituting TIPS until multiple unsuccessful 
attempts at sclerotherapy or banding have been made. Since 
well-validated instruments predict the survival of patients after 
TIPS, the procedure should be used with caution in patients 
with high MELD scores, though TIPS has been used success¬ 
fully to bridge patients to transplantation. 186,187 The use of 
TIPS in massive variceal bleeding in a patient with a high 
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FIGURE 58.9. Schematic representation of the steps used to create a 
transjugular intrahepatic portosystemic shunt. (From Zemel G, 
Katzen BT, Becker GJ, et al. Percutaneous transjugular portosystemic 
shunt. JAMA 1991;266:390, with permission.) 


MELD score who has contraindications to liver transplant 
should be regarded as a palliative intervention. 

As with all portosystemic shunts, a significant complication 
of TIPS is the development of hepatic encephalopathy. After 
placement of a TIPS, the incidence of hepatic encephalopathy 
rises from 10% before treatment to 25%, 188 and the incidence 
of progression to accelerated liver failure is approximately 3% 
to 5%. 

Although in early series stenoses or occlusion of the stent 
developed in up to 50% to 60% of patients in the first year, 
long-term patency can be maintained by ongoing surveillance 


of the shunt with redilatation, as needed. Shunt stenosis is 
managed angiographically with thrombolytic therapy, dila¬ 
tion, or replacement of the stent. The newest shunts are lined 
with polytetrafluoroethylene (PTFE) and have a much higher 
patency than the original permeable Wallstents. 189 Patients are 
usually followed at 3-month intervals by ultrasonography to 
0 assess the patency of the shunt. At 6 months of follow-up, 
92% of patients had had no episodes of rebleeding, and 82% 
were free of hemorrhage at 1 year. It is safe to assert that the 
TIPS is now the standard procedure used to halt bleeding in 
patients who fail medical therapy. The ability to effectively 
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FIGURE 58.10. End-to-side portacaval shunt, also referred to as an 
Eck fistula. The portal vein is divided, the hepatic limb of the portal 
vein is ligated, and the splanchnic end of the portal vein is anastomosed 
end to side to the vena cava. All portal blood is necessarily diverted into 
the vena cava, and the hepatic limb of the portal vein cannot serve as 
an outflow tract. 



FIGURE 58.11. Side-to-side portacaval shunt. An anastomosis is 
made between the side of the portal vein and the side of the inferior 
vena cava. With a shunt of standard diameter, almost all splanchnic 
blood is diverted around the liver into the low-pressure vena cava. The 
hepatic limb of the portal vein serves as an outflow tract from the liver 
toward the low-pressure vena cava. 


decompress the portal circulation without open surgery in 
these critically ill patients has transformed clinical hepatology. 
Patients become medically stable and can be evaluated for 
transplantation electively. Patients with reversible liver disease 
(e.g., abstinent alcoholics) may recover fully without further 
intervention because the TIPS will slowly close as the liver 
heals. 

Surgical Decompression 

Background. Surgeons have been performing shunt proce¬ 
dures since the 1800s. The first was an end-to-side portacaval 
shunt with ligation of the distal portal vein, performed by 
Nicolai Eck (Eck fistula) in dogs. In 1945, Whipple and 
Blakemore at the Columbia-Presbyterian Medical Center in 
New York performed this shunt for the first time for the indi¬ 
cation of variceal bleeding. 190 This group was also responsible 
for the development of the tube for the tamponade of bleeding 
esophageal varices, which adopted the name of Blakemore, as 
discussed previously. 

Surgical interventions for the treatment of bleeding varices 
are divided into three main types: (a) liver transplantation, (b) 
shunt procedures, and (c) devascularization procedures. The 
only definitive procedure for the treatment of portal hyperten¬ 
sion caused by cirrhosis is orthotopic liver transplantation, 
and the success of this option during the past two decades has 
revolutionized the treatment of portal hypertension and its 
complications in patients with end-stage liver disease. How¬ 
ever, for the treatment of portal hypertension in patients with¬ 
out cirrhosis or in those whose liver function does not warrant 


a transplant (e.g., patients with portal vein thrombosis), 
decompressive surgically created shunts or devascularization 
procedures may be performed. 

Shunts. Portosystemic shunts created operatively can be 
divided into three categories: (a) totally diverting shunts, (b) 
partially diverting shunts, and (c) selective shunts. Total shunts 
are created by completely bypassing the flow of blood away 
from the liver by joining the portal vein to the vena cava. 
Examples include the end-to-side portacaval shunt (Eck fis¬ 
tula) (Fig. 58.10) and the large-diameter (> 10 mm) side-to- 
side portacaval (Fig. 58.11), mesocaval, and central splenore¬ 
nal shunts. Because the pressure in the portal vein is much 
higher than that in the vena cava (or the renal vein), large side- 
to-side shunts divert all blood flow through the path of least 
resistance, so that flow in the portal vein is reversed, creating 
“hepatofugal” flow, out of the liver and decreasing total 
hepatic perfusion. One of the causes of ascites in patients with 
portal hypertension is high pressure at the level of the hepatic 
sinusoids with protein-rich fluid leaking directly out of the 
swollen liver. The main difference between end-to-side and 
side-to-side shunts is that maintenance of high pressure with 
end-to-side shunts may worsen ascites, whereas side-to-side 
procedures effectively relieve this problem by reducing sinu¬ 
soidal pressure. Complete portal blood flow diversion lowers 
portal pressure and is highly effective in the treatment of 
bleeding esophageal varices but, as noted earlier, may acceler¬ 
ate hepatic decompensation. 

The main complications of totally diverting shunts are a 
worsening of liver function and hepatic encephalopathy as a 
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FIGURE 58.12. Interposition mesocaval shunt. A plastic prosthesis or 
an autogenous internal jugular vein is used for the shunt. One end is 
anastomosed to the inferior vena cava, and the other end is anasto¬ 
mosed to the trunk of the superior mesenteric vein. The shunt curves 
around the lower edge of the third portion of the duodenum and is 
sometimes called a C-shunt. 


result of decreased flow through the liver and loss of hepa- 
totropic factors from the mesenteric venous system. Another 
disadvantage of portocaval shunts is that the porta hepatis 
must be dissected, so that future surgical procedures in the 
area (e.g., liver transplantation) are more difficult. 

Partially diverting shunts allow for the maintenance of 
hepatopetal flow while decompressing the high pressures in 
the portal system. The original shunts were larger than 10 mm 
in diameter and were able to create a gradient between the 
portal vein and vena cava that maintained some prograde 
hepatic flow. All these shunts, however, dilated over time and 
became complete shunts in that the portal vein-to-inferior 
vena cava pressure gradient disappeared. The small-diameter 
(8-mm) side-to-side mesocaval (Fig. 58.12) and portacaval 
(Sarfeh) (Fig. 58.13) shunts are performed with an interposi¬ 
tion graft made of either expanded PTFE or Dacron. A signif¬ 
icant component of the Sarfeh procedure is ligation of the 
coronary (left gastric), gastroepiploic, and other collateral 
veins. Bleeding from varices resolves in more than 90% of 
patients. 191,192 This smaller-diameter shunt has a higher resis¬ 
tance than the larger shunt, is synthetic and therefore does not 
dilate, can maintain hepatic perfusion, and is associated with a 
lower incidence of hepatic encephalopathy. With these shunts, 
portal pressure gradients can be reduced to the critical 12 mm 
Hg while hepatopetal flow is maintained in up to 80% to 90% 
of patients. In addition, the maintenance of mesenteric pres¬ 
sure at or relatively close to normal levels may prevent the 
hyperammonemia associated with total shunts. One relatively 
common complication is graft thrombosis, which occurs in up 


to 16% of patients. 192 Shunt thrombosis can usually be treated 
angiographically. Dissection at the porta hepatis leads to the 
formation of adhesions, which may compromise later liver 
transplantation. 

Selective shunts are designed to create two separate drainage 
systems within the portal venous network. A high pressure is 
maintained within the mesenteric system and a low pressure is 
created in the esophagogastric system by shunting blood from 
the latter into the systemic circulation without decompressing 
the mesenteric network. The most traditional and most favored 
selective shunt is the distal splenorenal shunt (Fig. 58.14). 193 
The distal splenorenal shunt selectively decompresses the 
gastroesophageal venous system through an anastomosis 
between the distal end of the splenic vein and the side of the 
renal vein. Decompression occurs through the short gastric 
veins, which are in continuity with the splenic vein. In addition, 
as in the small side-to-side shunts described earlier, collateral 
veins must be ligated. 

Advantages to this procedure are the following: (a) control 
of bleeding is excellent in more than 90% of patients, (b) no 
dissection of the porta hepatis is required, (c) hepatopetal flow 
is maintained, and (d) the incidence of encephalopathy (5% to 
24%) and the risk of progressive liver failure is lower. 194 Expe¬ 
rience with this shunt has revealed that most patients have 
hepatopetal flow, with 84% of alcoholic and 90% of nonalco¬ 
holic patients having prograde flow at 4 years after surgery. 195 
Some loss of prograde portal flow does occur as a result of 
either portal vein thrombosis (approximately 10% of patients) 
or increased flow through collaterals located along the pan¬ 
creas. This latter mechanism can be prevented by complete dis¬ 
section of the splenic vein from the posterior aspect of the pan¬ 
creas (splenopancreatic disconnection), 196 but this additional 
technique adds to the complexity of the operative procedure 
and to the incidence of complications. 

The distal splenorenal shunt is relatively contraindicated 
in patients with significant ascites. Because no portal venous 
decompression occurs, ascites may increase after a distal 
splenorenal shunt is created. In addition, ligation of collateral 
vessels and lymphatics during the procedure contributes to I 
increased portal pressures and subsequent increase in ascites. 
Patients with small splenic veins (<8 mm) have a relatively 
high incidence of shunt thrombosis. 

Several trials comparing side-to-side total shunts with the 
distal splenorenal shunt found that they are equally effective 
(>90%) in stopping variceal hemorrhage. 197 The incidence of 
hepatic encephalopathy is lower after the distal splenorenal 
shunt, with rates of 36% and 15% for the total and selective 
shunts, respectively. Rates of rebleeding were similar and 
ranged from zero to 30%, with no survival advantage for either 
procedure. 

Investigators have also used the side-to-side nonselective 
total shunt for the emergency treatment of bleeding varices. 
Bleeding stopped in more than 90% of patients with medical 
therapy alone, although bleeding often restarted shortly there¬ 
after. Bleeding stopped in all patients after surgery, and 99% 
of patients were completely free of episodes of rebleeding. The 
5-year survival was approximately 80%, with the majority of 
deaths occurring during the first year after surgery as a result 
of progressive hepatic failure. Hepatic encephalopathy requir¬ 
ing recurrent intervention, including dietary restriction and 
lactulose or neomycin therapy, occurred in 8% of patients. 
These data support an aggressive, systematic approach to car¬ 
ing for these patients before, during, and after surgery, though 
most of these patients had alcoholic liver disease, which recov¬ 
ers rapidly with withdrawal of the alcohol. 

Devascularization Procedures. Devascularization procedures 
are nonshunting techniques in which the venous drainage of 
the stomach and esophagus is disconnected from the liver and 
intestinal vessels. These procedures are relatively less technically 
demanding than shunting procedures and can be performed in 


PANCREAS/LIVER 
















924 


Part Two: Surgical Practice 


FIGURE 58.13. Small-diameter interposition portacaval 
Sarfeh shunt. A vascular prosthesis measuring 8 to 10 mm 
in diameter is interposed between the side of the vena 
cava and the side of the portal vein. The goal is to reduce 
portal pressure partially and thereby prevent variceal 
hemorrhage but still maintain sufficient pressure to per¬ 
mit the prograde flow of portal blood to the liver. This 
procedure is simpler to perform than that for the Warren 
shunt and theoretically avoids the problem of diversion of 
an increasing proportion of portal blood away from the 
liver over time, as occurs with the Warren shunt. 



FIGURE 58.14. Distal splenorenal 
Warren shunt. The splenic vein is divided 
near its junction with the superior 
mesenteric vein. The distal end of the 
splenic vein is anastomosed to the renal 
vein. Varices are selectively decom¬ 
pressed through the stomach and short 
gastric veins into the splenic vein and 
then into the vena cava through the 
renal vein. Portal hypertension is main¬ 
tained in the portal and superior 
mesenteric veins to provide enough 
pressure to drive portal blood through 
the diseased liver. 
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FIGURE 58.15. Transection and reanastomo¬ 
sis of the distal esophagus with the stapling 
device to control variceal hemorrhage. A: A sta¬ 
pling device is inserted through a small gastro- 
tomy incision. B: When the device is fired, the 
esophagus is simultaneously transected and 
reanastomosed with staples. C: If the device 
fires correctly, a complete ring of esophageal tis¬ 
sue is excised. 



patients with extensive portal thromboses that preclude other 
options. They do not interfere with hepatopetal blood flow 
and therefore do not increase the incidence of hepatic 
encephalopathy. 

The procedures range in complexity from simple esophageal 
transection and reanastomosis with an end-to-end anastomosis 
(EEA) stapler combined with ligation of the coronary vein (Fig. 
58.15) to the Sugiura procedure (Fig. 58.16). The Sugiura 
procedure requires both abdominal and thoracic incisions, 
through which a splenectomy, devascularization of the proxi¬ 
mal stomach and esophagus, transection of the esophagus with 
reanastomosis, and ligation of all gastroesophageal collaterals 
are performed. 198 The latter procedure can also be performed 
via a single abdominal incision. 199 Bleeding recurs in fewer than 


5% of patients in Japan, but rates of rebleeding range from 
10% to 54% in other countries. 200 Operative mortality rates 
range from 10% to 35% and outcomes are certainly related to 
the severity of liver disease. In our practice, these procedures 
are not used in patients with liver disease, but exclusively in 
patients with diffuse portomesenteric thrombosis, in whom 
decompressive shunts cannot be made. 

Hepatic Transplantation. Liver transplantation is the defini¬ 
tive therapy for portal hypertension and cirrhosis and the com¬ 
plications thereof, but is indicated for the overall management 
of end-stage liver disease and has no role in the control of 
acute variceal bleeding. When successful, transplantation 
treats both the underlying disease and any acute complication. 
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FIGURE 58.16. Sugiura esophageal 
transection and devascularization oper¬ 
ation. 
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Algorithm for the Treatment of Variceal Bleeding. Treatment 
recommendations assume the following: (a) adequate exper¬ 
tise in all aspects of caring for cirrhotic patients, including 
expert endoscopy and interventional radiology; (b) the avail¬ 
ability of trained surgeons capable of performing the indicated 
surgical procedures; and (c) the availability of hepatic trans¬ 
plantation or transfer to a center where it is available (Algo¬ 
rithm 58.1). 

Resuscitation and Primary Control. At presentation, patients 
should immediately undergo resuscitation and hemodynamic 
monitoring, followed by establishment of the diagnosis of 
variceal bleeding. A pharmacologic agent should be com¬ 
menced immediately in the emergency department, consisting 
of octreotide or beta blockade, or both. Second-tier agents 
include vasopressin and nitroglycerin. Upper gastrointestinal 
endoscopy should be performed expeditiously in the appropri¬ 
ate setting to attempt variceal ligation. Sclerotherapy is a sec¬ 


ond choice. Rapid triage is imperative, and repeated attempts 
at endoscopic therapy in the setting of continued bleeding may 
lead to worsening of the patient’s overall status and increased 
morbidity and mortality. For the majority of patients (75% to 
90%), these interventions will be effective in controlling the 
hemorrhage. If rebleeding occurs, another attempt at endo¬ 
scopic therapy is warranted while preparations are made for 
decompressive therapy in the event of treatment failure. In the 
relatively small number of patients in whom primary control is 
not achieved, balloon tamponade is usually the next imme¬ 
diate procedure of choice to stop the hemorrhage, albeit 
temporarily. 

Definitive Control. The failure of primary measures mandates 
definitive interventions, which include TIPS, surgical shunts, 
or devascularization procedures with urgent evaluation for 
liver transplantation candidacy in patients not previously 
known to the transplant team. These methods introduce 
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ALGORITHM 58.1. Suggested treatment options, in order of preference, for patients who fail medical management for variceal bleeding. 
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permanent mechanical alterations that may adversely affect 
liver function and are of varying practical utility in the emer¬ 
gency setting. Proper decision making requires primary strati¬ 
fication based on hepatic function and secondary stratification 
according to treatment setting (emergent vs. elective). It is crit¬ 
ical that the issue of eligibility for hepatic transplantation be 
addressed before these interventions are undertaken because 
portal decompression can provoke hepatic failure. In patients 
who are not transplant candidates, the development of post¬ 
operative hepatic failure is a lethal event, and this must be dis¬ 
cussed in detail with patients before intervention. 

The question of which of the various types of surgical pro¬ 
cedures should be used for emergency variceal bleeding has 
been studied in multiple trials. The number of publications on 
a given topic is not necessarily correlated with the general 
applicability of a specific surgical intervention and may reflect 
the referral pattern or hospital system in which the studies 
were performed. As in all complex operative procedures, the 
technical ability of an individual surgeon to perform a given 
procedure is crucial to its success and is correlated with com¬ 
plications. The following recommendations are based on the 
assumption that well-trained surgeons are performing these 
procedures. 

Patients with well-compensated liver function (Child A) 
rarely fail to respond to pharmacologic and endoscopic ther¬ 
apy. Patients who continue to bleed should undergo TIPS, 
particularly if they are potential transplant candidates. TIPS 
does not disturb surgical anatomy and avoids the technical 
difficulty associated with transplantation in patients with pre¬ 
vious shunts of any type. The rare patients with anticipated 
long-term survival without a transplant may be candidates for 
a distal splenorenal shunt. Excellent results have also been 
reported in this setting with small-diameter portacaval H-graft 
shunts. The arguments for the H-graft are that it is technically 
easier to perform and provides excellent control of bleeding. 
In addition, it is associated with high rates of long-term main¬ 
tenance of prograde portal flow and patency and low rates of 
hepatic encephalopathy and mortality. Similar arguments can 
be made for the small-diameter mesocaval H-graft shunts. 
Mesocaval shunts have the added advantage of eliminating 
the need for portal dissection and subsequent adhesion for¬ 
mation. 

In the hemodynamically unstable Child A cirrhotic patient, 
TIPS is the procedure of choice. If this is not an option, a non- 
selective side-to-side portacaval or mesocaval shunt can be 
performed for immediate control of bleeding, though this 
approach has been used only once in the last decade in hun¬ 
dreds of bleeding patients in our center. For patients who are 
noncompliant or live far from tertiary care medical centers 
capable of performing and maintaining the TIPS, a simple 
operation such as the side-to-side shunt, which requires com¬ 
paratively little follow-up, may be more appropriate. 

Child B patients with cirrhosis with high-risk varices who 
have failed endoscopic treatment are best treated with TIPS. If 
TIPS is technically impossible, a shunt may be considered for 
patients with contraindications to liver transplantation. 

For Child C patients with cirrhosis with refractory bleed¬ 
ing, the options are much more limited. These patients should 
undergo TIPS, with the expectation that liver function will dete¬ 
riorate and hepatic encephalopathy may worsen unless urgent 
transplant can be performed. In nontransplant candidates who 
fail nonoperative therapy and continue to bleed, TIPS may be 
lifesaving in the short term, but many patients will die of pro¬ 
gressive liver failure. 

Currently, the only indication for devascularization proce¬ 
dures is the presence of extensive thrombosis in the portal ves¬ 
sels, which precludes the use of a shunt. 

In conclusion, open surgical intervention short of liver 
transplantation for patients with cirrhosis and portal hyper¬ 
tension is becoming a rarity. With the advent of TIPS, the indi¬ 
cations for surgically created shunts are dwindling. Although 


some studies have shown an increased need for reintervention 
in patients who have undergone TIPS for variceal bleeding, the 
overwhelming efficacy and safety of TIPS has essentially set¬ 
tled the issue and today, even in large liver centers, open por¬ 
tal decompressive procedures are rarely performed. 

Prevention of Recurrent Variceal Bleeding. The risk for 
rebleeding in untreated patients with a history of prior variceal 
bleeding ranges from 47% to 70%, with an associated mortal¬ 
ity rate of 20% to 70%. The risk factors for subsequent bleed¬ 
ing from esophageal varices are the same as those for initial 
bleeding and include continued alcohol abuse, size of varices, 
Child class, and the presence of red markings on endoscopic 
evaluation. 

Multiple randomized trials, 189 including a meta-analysis, 
have shown a reduction in rebleeding rates with the use of 
beta-blocker therapy in comparison with placebo. Mortality 
rates were reduced in most of those trials. All patients without 
a contraindication to beta-blocker therapy should be treated 
with one of these agents. In addition, combination therapy 
with beta blockade and nitrates reduces rates of rebleeding in 
comparison with either agent alone. 201 

As indicated in the section on treatment of bleeding varices, 
endoscopic variceal ligation has surpassed sclerotherapy in 
stopping bleeding. Moreover, in preventing rebleeding, variceal 
ligation has proved to be at least as effective as sclerotherapy, 
with fewer complications, and has become the endoscopic 
intervention of choice. 

Almost 10 randomized trials have been performed to com¬ 
pare endoscopic intervention with TIPS. 202,203 The vast major¬ 
ity of data support the use of TIPS, which is associated with sig¬ 
nificantly decreased rates of rebleeding (approximately 25% 
less) and no increase in mortality. Because the incidence of sig¬ 
nificant encephalopathy is doubled, however, TIPS should be 
reserved for patients who fail other means of therapy. 

In the older literature, many randomized trials have com¬ 
pared endoscopic sclerotherapy with elective shunt surgery to 
prevent recurrent bleeding from esophageal varices, but the 
importance of this comparison is now nearly irrelevant. The | 
majority used the distal splenorenal shunt. Rates of rebleeding 
varied from 3% to 17% for shunts and from 35% to 60% for 
sclerotherapy, with no difference in overall survival. For good- 
risk patients without medically intractable ascites, the distal 
splenorenal shunt appears to be a better option to prevent 
recurrent variceal bleeding than repetitive sclerotherapy. TIPS 
is readily chosen in the face of recurrent bleeding in the setting 
of failed endoscopic therapy. 

Gastropathy and Gastric Varices. Approximately 10% of 
patients with esophageal varices also have gastric varices. 
Conversely, about 90% of patients with gastric varices have 
esophageal varices. 204 Bleeding from gastric varices occurs in 
approximately 25% of affected patients, is usually more severe 
than bleeding from esophageal varices, and is poorly con¬ 
trolled by sclerotherapy. Rebleeding occurs in up to 30% of 
patients after an initial bleed. 205 The same pharmacologic 
interventions used for esophageal varices are used to treat gas¬ 
tric varices. Balloon tamponade may also be used. TIPS is the 
primary therapy for controlling gastric varices with the distal 
splenorenal shunt for the rare patient who cannot receive 
TIPS. 

Portal hypertensive gastropathy is a condition character¬ 
ized by dilation of the venules and capillaries of the gastric 
mucosa without associated inflammation. The major compli¬ 
cation of gastropathy is bleeding; gastropathy accounts for 
4% to 38% of all episodes of acute bleeding in patients with 
cirrhosis. 206 TIPS may provide therapeutic decompression in 
this setting as well. 

Ascites. One of the most important consequences of hepatic 
dysfunction in cirrhosis and portal hypertension is ascites. 
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ITABLE 58.12 

DIAGNOSIS | 

DIFFERENTIAL DIAGNOSIS OF ASCITES 



Portal Hypertension 

Cirrhosis and other intrahepatic diseases 
Hepatic congestion 


Congestive heart failure 
Constrictive pericarditis 
Inferior vena cava obstruction 
Budd-Chiari syndrome 
Portal vein occlusion 
Hypoalbuminemia 
Nephrotic syndrome 
Protein-losing enteropathy 
Malnutrition 
Miscellaneous Disorders 
Myxedema 

Ovarian disease (Meigs syndrome, struma ovarii) 

Peritoneal carcinomatosis 
End-stage renal disease 
Chylous ascites 
Bile ascites 
Urine ascites 

From Sleisenger MH, Fordran JS. Gastrointestinal Disease: 
Pathophysiology, Diagnosis and Management , 4th ed. Philadelphia, 
PA: WB Saunders; 1989:433. 


This development portends a significant worsening of the 
patient’s condition, with markedly decreased survival rates. 
Ascites is defined as the accumulation of free fluid within the 
abdominal cavity (normally <150 mL). Causes of ascites are 
listed in Table 58.12. In cirrhosis, the fluid is derived from a 
combination of hepatic (high in protein) and splanchnic (low 
in protein) lymph that cannot be absorbed as a result of the 
increased hydrostatic pressures within the liver and splanchnic 
systems secondary to cirrhosis and capillarization of the space 
of Disse. 207 Because of the loss of sinusoidal fenestrations and 
a subsequent decrease in their permeability, splanchnic lymph 
is more abundant than hepatic lymph in patients with advanc¬ 
ing cirrhosis, so that the protein content of ascitic fluid is rela¬ 
tively low. 208 The main underlying pathophysiology in the 
development of ascites is renal sodium retention and associ¬ 
ated water retention, which lead to fluid overload. Peripheral 
vasodilation and lower pressures are thought to be secondary 
to the dilator effects of nitric oxide, glucagon, and prostaglandins 
on nascent arteriovenous shunts present throughout the splanch¬ 
nic vascular system, as well as in muscle, skin, and brain. The 
severity of liver disease is not uniformly correlated with the pres¬ 
ence or absence of ascites. 

Clinical and Laboratory Features. Ascites may be present in 
patients with cirrhosis who have no other overt signs or 
symptoms. Patients may present with subtle signs of weight 
gain and an inability to fit into clothes. Physical examination 
reveals shifting dullness to percussion (1.5 L of ascitic fluid), 
fluid waves (10 L), and bulging flanks. 209 With progression of 
disease and massive ascites, respiratory status may be com¬ 
promised secondary to increased intra-abdominal pressure 
and pleural effusions, which are often present and usually 


located on the right side. The progression may be slow or 
more rapid after an inciting event, such as a variceal bleed or 
infection. 

Stigmata of poor liver function include peripheral muscle 
wasting, palmar erythema, spider angiomas, peripheral 
edema, a palpable liver, and caput medusae (dilated periumbil¬ 
ical veins). With progressive ascites and increased abdominal 
pressure, umbilical and inguinal hernias often develop and 
may be difficult to manage. Abdominal distention may be 
caused by gastrointestinal gas rather than ascites. Gas can be 
differentiated from fluid by eliciting hyperresonance to percus¬ 
sion, secondary to gas, as opposed to dullness with fluid. The 
most widely used test for the diagnosis of ascites is ultra¬ 
sonography, which can also be helpful in determining the best 
location for therapeutic and diagnostic paracentesis. 

Diagnostic Paracentesis. The differential diagnosis of ascites is 
presented in Table 58.12. Determination of the character of 
the ascitic fluid is helpful in establishing the diagnosis. Para¬ 
centesis may be performed in the midline, midway between the 
umbilicus and the pubic symphysis. The fluid from patients 
with cirrhosis is usually straw-colored and clear; measure¬ 
ments of protein (usually <2 g/dL), quantitative cell counts, 
and microbiologic culture and determination of pH, amylase, 
glucose, and albumin levels should be obtained. The serum-to- 
ascitic fluid albumin gradient (SAG) is calculated by subtract¬ 
ing the albumin concentration in ascites from the level found 
in serum. This gradient is helpful in determining the cause of 
ascites; high values (>1.1 g/dL) are generally associated with 
portal hypertension, whereas lower levels may be associated 
with other disorders, including malignancy. 210 

Treatment. Initial therapy is usually directed at control of 
renal sodium and water retention, with bed rest and dietary 
manipulation. The upright position exacerbates sodium reten¬ 
tion as a result of venous pooling and relative hypovolemia. Up 
to 15% of patients respond to this therapy alone with a natri- 
uresis. A low-sodium diet is a critical part of the management 
of patients with cirrhosis (1 to 2 g of sodium per day or 45 to 
90 mEq/d). A major problem with a strict low-sodium diet is 
lack of palatability and poor compliance. Fluid restriction is 
also an essential component of therapy in patients in whom 
hyponatremia develops (sodium concentration <125 mEq/L), 
with only 1,000 to 1,500 mL of fluid allowed each day. 

For the 85% to 95% of patients who do not respond to bed 
rest and fluid and salt restriction, the mainstay of treatment is 
diuresis (Table 58.13). The loop diuretic furosemide and the 
potassium-sparing diuretic spironolactone are the two most 
widely used agents, and they can be combined to minimize side 
effects and maximize effectiveness. A diuresis of approxi¬ 
mately 500 mL/d is the goal for patients with mild ascites and 
of up to 1 to 2 L/d for patients with both ascites and periph¬ 
eral edema. More than 90% of patients respond to the combi¬ 
nation of dietary manipulation and diuretics. 209,211 

Complications of the use of spironolactone include painful 
breast enlargement in males, hyperkalemia, and metabolic 
acidosis. Complications of the more potent furosemide 
include prerenal azotemia, which occurs in approximately 
20% of patients as a result of excessive diuresis and hypo¬ 
volemia. 209 Additional complications include hyponatremia 
and encephalopathy. 

Large-volume paracentesis (removal of 4 to 6 L of ascitic 
fluid per day) and total paracentesis are techniques that can be 
used for patients with large amounts of fluid who are experi¬ 
encing symptoms and are not responding to the aforemen¬ 
tioned therapeutic endeavors. Patients requiring paracentesis 
usually have severe underlying liver disease and a 1-year sur¬ 
vival rate of 25%. 212 The technique of paracentesis involves 
placing a catheter into the abdominal cavity, either in the 
lower midline or in one of the lower quadrants. Care is taken 
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TABLE 5 8.13 TREATMENT 


TREATMENT OF ASCITES 

Bed rest 

Sodium restriction 

1-2 g/d (45-90 mEq/d) 

Fluid restriction 
1-1.5 L/d 
Diuretics 

Spironolactone 
50 mg PO q8h 
Maximum of 100 mg q6h 
Furosemide 
40-370 mg/d 
Antibiotics 
Cefotaxime 
2 g IV ql2h 
Ofloxacin 
400 mg PO ql2h 
Prophylaxis 
Norfloxacin 

400 mg/d while hospitalized 
Ciprofloxacin 

750 mg PO weekly 
Norfloxacin 

400 mg/d for 6 mo 
Trimethoprim/sulfamethoxazole 

One double-strength tablet five times a week 


to enter lateral to the rectus muscle and avoid the inferior epi¬ 
gastric artery. More than 30 F of fluid can be removed by 
means of total paracentesis, with 6 to 10 g of albumin infused 
for each liter of ascitic fluid removed. 209,211,212 The albumin 
commonly is administered in the form of 25% albumin (12.5 g/ 
50 mF). Controversy exists regarding the need for albumin 
replacement therapy in patients undergoing total paracentesis 
and repetitive large-volume paracentesis. Patients who have 
less than 5 F of ascitic fluid removed do not require albumin 
replacement. 213 

The efficacy of paracentesis in the treatment of tense ascites 
has been studied extensively. Repetitive large-volume paracen¬ 
tesis has been shown to be as effective as diuretics in the treat¬ 
ment of moderate to severe ascites, with fewer systemic com¬ 
plications. A decreased length of hospital stay with no increase 
in the incidence of spontaneous bacterial peritonitis has been 
noted. 214 Paracentesis has become the therapy of choice for 
severe ascites. 

Peritoneovenous shunts are surgically placed tubes that 
connect the peritoneal cavity with the superior vena cava via 
the internal jugular vein (Fig. 58.17). The two main types are 
the FeVeen shunt and the Denver shunt, both of which have a 
one-way valve that allows unidirectional movement of ascitic 
fluid from the peritoneal cavity into the systemic circulation. 
Although these shunts are effective in decreasing the volume of 
ascitic fluid, a significant number of major complications have 
been noted, including disseminated intravascular coagulation, 
heart failure, and sepsis, 212,215 and associated mortality rates 
are high (approximately 20%). 216 The shunt is occluded in 



FIGURE 58.17. FeVeen peritoneovenous shunt used for routing ascitic 
fluid into the systemic circulation. The shunt consists of fenestrated tub¬ 
ing for insertion into the peritoneal cavity, a one-way valve, and a length 
of venous tubing for insertion into the superior vena cava. 


approximately 50% of patients at 1 year, and no improvement 
in survival is noted. 212 The use of these shunts has drastically 
decreased with the development of the TIPS procedure. In 
addition to the use of TIPS, the placement of peritoneovenous 
shunts is now done percutaneously, further increasing the 
safety of these procedures. 

Surgically created portosystemic shunts have been used in 
the past for the treatment of ascites. Because of high morbid¬ 
ity and mortality rates, an increase in encephalopathy and 
progression to liver failure, and the addition of the TIPS pro¬ 
cedure to treatment options, surgically created shunts are 
now used infrequently for this indication alone. As discussed 
earlier, the TIPS is a total nonselective shunt that decom¬ 
presses the portal system and reduces pressure at the hepatic 
sinusoids, thereby eliminating the drive for the production of 
ascitic fluid. In a study evaluating the use of TIPS for the 
treatment of medically refractory ascites, the ascites resolved 
completely in almost 75% of patients, and a partial response 
was noted in an additional 20%. 217 In addition, renal func¬ 
tion improved during the 6 months of follow-up. TIPS in this 
group of patients, however, was associated with an increase 
in the number of cases of encephalopathy. Although survival 
appears to be unaffected by a TIPS procedure when com¬ 
pared with large-volume paracentesis, TIPS may simplify the 
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TABLE 58.14 


BACTERIOLOGY OF SPONTANEOUS BACTERIAL PERITONITIS 


■ ORGANISMS 

■ PERCENTAGE OF TOTAL 

Escherichia coli 

40 

Pneumococci 

15 

Streptococci 

14 

Klebsiella 

7 

Pseudomonas 

3 

Proteus 

3 

Staphylococci 

3 

Anaerobes 

5 

Other 

20 

Multiple isolates 

10 

Adapted from Targan S, Chow A, Gluze L. Role of anaerobic bacteria 
in spontaneous peritonitis of cirrhosis. Am J Med 1977;62:397. 


management of the patient while on the transplant waiting 
list. 

Spontaneous bacterial peritonitis is a potentially lethal 
complication of portal hypertension with ascites that occurs 
in up to 10% of patients. The cause of spontaneous bacterial 
peritonitis is unknown. Antecedent gastrointestinal hemor¬ 
rhage is common, and spontaneous bacterial peritonitis in 
this setting may be related to bacterial translocation from the 
gut. Deficits in immune function, both systemically and 
within the abdomen, including depressed 218 reticuloendothe¬ 
lial function, 219-221 low ascitic protein concentration, and 
deficient ascitic opsonic activity, may play a role. Patients 
often present with abdominal pain and fever, but 10% to 
20% of cases are discovered on routine paracentesis. 222-224 In 
addition, patients may present with other signs not clearly 
related to spontaneous bacterial peritonitis, including wors¬ 
ening encephalopathy and deteriorating renal function. The 
diagnosis is easily made by examination of the ascitic fluid 
obtained by paracentesis. An elevated number of white blood 
cells (>250/mm 1 2 3 4 5 6 7 8 9 ) is diagnostic. The vast majority of cases 
of spontaneous bacterial peritonitis are caused by a single 
organism, most commonly gram-negative enteric bacteria. 
Hematogenous spread may lead to infection with Streptococ¬ 
cus pneumoniae (Table 58.14). If more than one organism is 
present, the diagnosis of spontaneous bacterial peritonitis 
must be questioned, and a search for intra-abdominal disease 
(secondary peritonitis), such as a perforated viscus or diverti¬ 
culitis, should be performed. 

The treatment of spontaneous bacterial peritonitis con¬ 
sists of supportive care and broad-spectrum antibiotics, most 
commonly cefotaxime, a third-generation cephalosporin. 
Protein replacement has been shown to significantly reduce 
mortality in patients with spontaneous bacterial peritonitis 
and is complementary to other interventions as established in 
the landmark publication from Barcelona. 225 Other antibi¬ 
otics with proved efficacy include ofloxacin, a quinolone. 
This antibiotic has potent activity against gram-negative 
organisms and reaches high levels in ascitic fluid. For patients 
who are clinically stable and able to take oral medications, 
this is the drug of choice. Cure can be achieved in 75% to 
90% of cases, but mortality rates are high, ranging from 
20% to 40%. 226,227 The poor prognosis associated with 
spontaneous bacterial peritonitis warrants consideration of 
liver transplantation. 


Prophylactic oral or intravenous antibiotics are indicated 
for two distinct groups of patients with cirrhosis with ascites: 
(a) those with gastrointestinal hemorrhage and (b) those with 
low protein counts in the ascitic fluid (<10 to 15 g/L). 228 The 
antibiotics used in patients with hemorrhage are neomycin, 
colistin, and nystatin in combination, and ofloxacin alone. 
These antibiotics reduce the incidence of spontaneous bacter¬ 
ial peritonitis from approximately 15% to 20% to 3% to 9% 
and cause few side effects. 229-231 A meta-analysis evaluating 
the use of prophylactic antibiotics in patients with gastroin¬ 
testinal hemorrhage confirmed the utility of prophylaxis, with 
an approximately 30% decrease in the incidence of infection, 
a 20% decrease in the incidence of spontaneous bacterial peri¬ 
tonitis and bacteremia, and a 10% improvement in overall 
survival. 232 In patients with low protein levels in the ascitic 
fluid, multiple regimens have proved effective in reducing the 
incidence of spontaneous bacterial peritonitis, from approxi¬ 
mately 20% to less than 5%. 232-234 

Hernias and Ascites. Hernias of the anterior abdominal 
wall occur in up to 20% of patients with cirrhosis. The causes 
include increased intra-abdominal pressure and nutritional 
deficits, with muscular wasting and thinning of the fascia. If 
the hernias are left untreated, complications include incarcera¬ 
tion, rupture, strangulation, and leakage. Patients with hernias 
and decompensated cirrhosis need to be evaluated for liver 
transplantation. In patients with stable liver function, hernias 
should be treated electively, with preoperative paracentesis to 
decrease intra-abdominal pressure. No increase in complica¬ 
tion rates was noted in a study comparing the outcome of 
umbilical hernia repair in patients with and without ascites. A 
longer hospital stay and a significantly higher recurrence rate 
(73% vs. 14%) was noted, however, in the group of patients 
with ascites. 235-237 We favor the use of abdominal drains to 
remove the ascites until the incision is healed, thereby prevent¬ 
ing ascites from leaking through the wound. Meticulous fluid 
management is essential during the postoperative period to 
prevent early reaccumulation of ascites. 

In patients with severe ascites, TIPS should be performed 
before hernia repair to ensure a good result. Emergency repair 
of hernias complicated by skin breakdown with ascites leak or 
incarceration or strangulation are managed in a similar fash¬ 
ion with preoperative large-volume paracentesis, and aggres¬ 
sive control of ascites postoperatively. 
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CHAPTER 59 ■ HEPATIC NEOPLASMS 


CHRISTOPHER J. SONNENDAY, THEODORE H. WELLING, AND SHAWN J. PELLETIER 


KEY POINTS 


Q Evaluation of hepatic reserve, facilitated by assessment of the 
Child-Turcotte-Pugh classification and computed tomogra¬ 
phy volumetry, is essential to minimize the risk of postopera¬ 
tive liver failure following hepatectomy, particularly in 
patients with chronic liver disease and hepatic steatosis. 

Q Surgical therapy of benign hepatic neoplasms should be 
confined to symptomatic patients and those patients with 
risk of malignant transformation (e.g., biliary cystadenoma, 
hepatic adenoma). 

Q Treatment for hepatocellular cancer may include diverse 
modalities (resection, ablation, transplantation, systemic 
therapy), selected based on stage of disease and severity of 
underlying liver disease. 

Q Liver transplantation for early-stage hepatocellular cancer 
can provide excellent patient survival, with long-term out¬ 
comes similar to patients undergoing liver transplantation 
for other indications. 

Q Hepatic resection of colorectal metastases may be associ¬ 
ated with 25% to 58% 5-year survival in appropriately 
selected patients. Patients most likely to benefit from metas- 
tasectomy include patients with small, solitary metastases 
and a prolonged disease-free interval since treatment of the 
primary tumor. 


^The number of hepatic neoplasms amenable to surgical 
therapy appears to be increasing in incidence, associated 
with increased diagnosis due to improved cross-sectional 
imaging, rising incidence of diseases (viral hepatitis, nonal¬ 
coholic fatty liver disease) associated with primary hepatic 
malignancies, and extension of surgical therapy to more 
patients with metastatic disease to the liver. 

Q Portal vein embolization (PVE) prior to hepatic resection is an 
effective adjunct to increase the size of the future liver rem¬ 
nant, allowing expansion of major hepatectomy to patients 
with underlying liver disease. Failure to respond to PVE is a 
poor prognostic sign and contraindication to resection. 

Q Laparoscopic liver resection has been demonstrated to be 
feasible and safe in properly selected patients, allowing 
extension of minimally invasive approaches to major hepa¬ 
tectomy and even living donor hepatectomy in highly 
experienced hands. 

Q Advanced hepatobiliary techniques such as total vascular 
exclusion and hypothermic perfusion can be performed 
in select patients and experienced centers, allowing resec¬ 
tion of tumors involving the inferior vena cava and/or 
hepatic veins with outcomes similar to other major hepa- 
tectomies. 


The management of hepatic neoplasms is an increasingly com¬ 
plex and multidisciplinary area of medicine and surgery. 
Major hepatic resection, though an accepted therapy for 
appropriate indications, may carry significant risk of morbid¬ 
ity and mortality, especially in the setting of chronic liver dis¬ 
ease. Increasingly, hepatic surgery is being performed by sur¬ 
geons with subspecialty hepatobiliary and oncology training. 
Nevertheless, liver masses are commonly encountered by the 
general surgeon and proper management requires adherence 
to several key principles reviewed in the following text. 

The surgical treatment of hepatic neoplasms was made pos¬ 
sible by the evolution of understanding of hepatic physiology 
and anatomy over the past century. No person deserves more 
credit for the expansion of liver surgery than the French sur¬ 
geon Claude Couinaud (Fig. 59.1). 1 He performed exhaustive 
anatomic studies of the segmental anatomy of the liver, facili¬ 
tated by the examination of thousands of cadaver livers 
treated by injection of the common bile duct, hepatic artery, 
and portal and hepatic veins with polyvinyl acetate. Subse¬ 
quent dissolution of the liver parenchyma with dilute acid left 
remarkable casts of the vascular and biliary anatomy of the 
liver. He subsequently translated his findings in the context of 
surgical procedures, identifying surface landmarks to segmen¬ 
tal structures, describing the critical planes of the Glissonian 
sheaths, and identifying important anatomic variants that 
influenced the feasibility of resection procedures (Fig. 59.2). 2,3 
His published studies and observations, originally appearing 
in 1954 and continuing until his death in 2008, are required 
reading for surgeons who desire to understand surgical 
anatomy of the liver. 


DIAGNOSIS 


Hepatic neoplasms may present in a protean manner, ranging 
from incidental lesions found at the time of imaging for other 
indications, to profound hepatic dysfunction in patients with 
advanced liver disease and malignancy, to symptoms such as 
pain or jaundice influenced by tumor size and location. Regard¬ 
less of the presentation, the initial diagnostic steps in the evalu¬ 
ation of a patient with a liver mass include assessment of hepatic 
synthetic function, precise anatomic review, and understanding 
of the oncologic context of the lesion(s) in question. These prin¬ 
ciples will be repeated throughout the following text, and guide 
decision making regarding the most appropriate therapy for a 
given neoplasm. 


History, Physical Examination, 
and Laboratory Evaluation 

Assessment of the patient with a new diagnosis of a hepatic 
mass or neoplasm should begin with consideration of any 
underlying chronic liver disease. By far, the most important risk 
factor for primary hepatic malignancies is chronic liver disease 
of any cause. Viral hepatitis remains the most common cause of 
chronic liver disease and cirrhosis worldwide, and we are in the 
midst of the peak of the hepatitis C epidemic in the United 
States. Importantly, many carriers of chronic hepatitis B and C 
infection remain unaware of their disease. The World Health 
Organization estimates that more than 500 million people 
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FIGURE 59.1. Claude Couinaud working with his collection of “liver 
casts” at the school of medicine in Paris, 1988. (Reprinted with per¬ 
mission from Francis Sutherland, MD, FSCRC.) 


worldwide are infected with either hepatitis C (180 million) or 
hepatitis B (350 million). 4 Assessment of a patient with a new 
liver mass should include viral serologic testing, even when risk 
factors for infection may not be obvious. Nonalcoholic fatty 
liver disease (NAFLD) is likely to be the next epidemic cause of 
chronic liver disease in the developed world, 5 and it appears that 
primary liver cancer will remain an important potential conse¬ 


quence of this disease as it is with other chronic hepatitides. 
Cholestatic liver disease, particularly primary sclerosing cholan¬ 
gitis (PSC), is a primary risk factor for cholangiocarcinoma, and 
the distinction between benign and malignant strictures can be 
especially troubling in the advanced stages of PSC. 

A careful history about past liver disease and current symp¬ 
toms is critical. Symptoms of chronic liver disease may be sub¬ 
tle in initial stages of the disease (fatigue, weight loss, muscle 
wasting), but may even be difficult to discern in more advanced 
cases (splenomegaly, bleeding diatheses, mild jaundice). Clearly, 
any symptoms of decompensated cirrhosis or portal hyperten¬ 
sion should be cause for pause in the evaluation of a patient 
with a liver tumor. Encephalopathy, ascites, variceal hemor¬ 
rhage, and progressive cholestasis are ominous signs that may 
pose prohibitive risk for hepatic resection or other procedures. 
Physical examination should also focus on eliciting signs of 
chronic liver disease such as skin changes, ecchymoses, 
splenomegaly, anasarca, or ascites. In patients with malignant 
disease, careful assessment for evidence of extrahepatic disease 
should be performed, with attention paid to lymphadenopathy, 
pleural effusions, or other mass lesions. 

In addition to appropriate tumor markers when indicated, 
laboratory evaluation should include appraisal of hepatic syn¬ 
thetic function. A comprehensive metabolic panel to include 
measurement of bilirubin, albumin, and transaminases is impor¬ 
tant. Attention should be paid to renal function, which can be 
compromised with advanced liver disease and carries an espe¬ 
cially poor prognostic value. A complete blood count is neces¬ 
sary, with special attention paid to the platelet count. Thrombo¬ 
cytopenia can be indicative of advanced hypersplenism and 
portal hypertension, which may translate to increased risk for 
hepatic resection and other procedures. Measurements of coag¬ 
ulation parameters, especially prothrombin time (PT) and the 
associated international normalized ratio (INR), are also sensi¬ 
tive indicators of hepatic synthetic function. 


Evaluation of Hepatic Reserve 

In patients with documented chronic liver disease, a more 
refined evaluation of hepatic synthetic function and reserve is 
necessary. In addition, a careful consideration of underlying 


FIGURE 59.2. Couinaud’s segmental ana¬ 
tomy of the liver. Segments II, III, and IV 
make up the left lobe and segments V, VI, 
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FIGURE 59.3. Perioperative complications and mortality among 
1,803 patients undergoing hepatic resection at the Memorial Sloan 
Kettering Cancer Center (1991-2001), stratified by the number of 
hepatic segments resected. (Redrawn from Jarnagin WR, Gonen M, 
Fong Y, et al. Improvement in perioperative outcome after hepatic 
resection. Ann Surg 2002;236[4]:402.) 


liver function should be performed in patients undergoing 
major hepatectomy (resection of three or more Couinaud seg¬ 
ments), even in the absence of overt chronic liver disease, as the 
risk of perioperative morbidity and mortality rises substantially 
for such procedures (Fig. 59.3). 6 While multiple modalities and 
strategies may be employed to evaluate hepatic reserve prior to 
liver resection, a reasonable algorithm is included in Algorithm 
59.1 and reviewed here. 

A number of clinical classification methods to assess under¬ 
lying chronic liver disease have been developed, with the Child- 
Turcotte-Pugh (CTP) classification recognized universally 
(Table 59.1). 7 Consensus exists that CTP class C patients should 
not undergo hepatic resection due to excessive perioperative 
morbidity and mortality, and CTP class B patients should only 
be considered for minor hepatic resections (resection of two or 
fewer Couinaud segments). 8,9 The evaluation of CTP class A 
patients for hepatic resection is more difficult, as these patients 
can vary substantially in their risk of perioperative mortality 
and postoperative liver failure. 

In recent years, the Model for End-Stage Liver Disease 
(MELD) score has been shown to accurately predict mortality 
among patients undergoing transjugular intrahepatic portosys¬ 
temic shunt (TIPS) procedures, 10 and is currently used in liver 
transplant allocation due to its accuracy in predicting transplant 
waitlist mortality. 11 Recently, investigators have advocated that 
MELD can be used to predict nontransplant surgical outcomes, 
particularly among cirrhotics undergoing hepatic resection. 12,13 
Among a population of CTP class A patients with hepatocellu¬ 
lar carcinoma (HCC), perioperative mortality for patients with 
a MELD score greater than 9 was 29%, whereas there were no 
perioperative deaths among patients with a MELD score under 
9. 12 However, a large multi-institutional study of Veteran’s 
Affairs patients utilizing National Surgical Quality Improve¬ 
ment Project (NSQIP) data refuted the value of the MELD in 
risk stratification prior to hepatic resection, with CTP score and 
American Society of Anesthesiologists (ASA) class proving to be 
better predictors of perioperative complications and 30-day 
mortality. 14 

Assessment of cirrhotic patients for evidence of significant 
portal hypertension is believed by most hepatobiliary surgeons 
to be a critical step in risk stratification for hepatic resection. 
Patients with clinical signs of portal hypertension, such as a 
history of variceal hemorrhage, esophageal or gastric varices 



ITABLE 59.1 



CLASSIFICATION | 

CHILD-TURCOTTE-PUGH (CTP) CLASSIFICATION OF CHRONIC LIVER DISEASE 



■ POINTS 


■ CLINICAL CRITERIA 

1 

2 

3 

Albumin (g/dL) 

>3.5 

2.8-3.5 

<2.8 

Bilirubin (mg/dL) 

<2.0 

2.0-3.0 

>3.0 

Prothrombin time 

Seconds 

<4 

4-6 

>6 

International normalized 
ratio (INR) 

<1.7 

1.7-2.3 

>2.3 

Ascites 

None 

Moderate (or suppressed by 
medication, not requiring 
regular paracentesis) 

Severe (tense ascites, refractory to 
medication, or requiring regular 
paracentesis) 

Encephalopathy 

None 

Grade I—II (or suppressed by 
medication) 

Grade III—IV (or refractory to 
medication) 

CTP class A 

5-6 points 



CTP class B 

7-9 points 



CTP class C 

10-15 points 
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Assessment of patient requiring hepatic 
resection: 

• History 

• Laboratory evaluation 

• +/- Liver biopsy 


Normal liver 


CT volumetry 


Future liver remnant >30% 

I 


Cirrhosis 
Hepatic Steatosis 

I 


Child-Turcotte-Pugh 
Class B or C 


Yes 


No 


Portal vein embolization 


Future liver remnant >30% 

L 


Yes No 


Resection 


Yes 


No Resection 


Child-Turcotte-Pugh 
Class A 


Portal hypertension: 

• History of variceal bleed 

• Platelets < 100,000 

• Gross ascites 


1 


No 

CT volumetry 

Future liver remnant >50% 

I_ I _| 

No Yes 

Portal vein embolization 


Future liver remnant >50% 

I 


No 


Yes 


Resection 


1 


ALGORITHM 59.1 


r 


ALGORITHM 59.1. Proposed algorithm for evaluation of hepatic reserve in the patient being considered for hepatic resection. (Adapted from 
Clavien PA, Petrowsky H, DeOliveria ML, et al. Strategies for safer liver surgery and partial liver transplantation. New Engl J Med 
2007;356:1553.) 


on upper endoscopy, visible upper abdominal varices on cross- 
sectional imaging, or grossly apparent ascites, are not consid¬ 
ered viable candidates for hepatic resection. Some centers have 
advocated direct measurement of the hepatic venous pressure 
gradient by percutaneous venous access with hepatic manom¬ 
etry, 15 ’ 16 although other surgeons have disputed the necessity 
of this study given the accuracy of clinical signs of portal 
hypertension and the relative invasiveness of the manometry 
procedure. 9 Thrombocytopenia is another critical clinical indi¬ 
cator of surgical risk with hepatic resection, reflecting the 
hypersplenism of advanced cirrhosis and portal hyperten¬ 
sion. 17 A platelet count under 100,000 is considered a con¬ 
traindication to major hepatectomy. 


A number of quantitative liver function tests have been 
investigated to assess hepatic reserve prior to hepatic resection, 
including indocyanine green (ICG) clearance, 18 galactose elimi¬ 
nation capacity, 19 and technetium-99m galactosyl human 
serum albumin scan, 20 among others. The ICG clearance study 
is the most commonly used internationally, though it is not 
commonly used or available in the United States. ICG retention 
at 15 minutes (ICGR-15) is believed to be the most accurate 
predictor of postoperative outcome among CTP class A 
patients, though this value may be affected by such factors as 
hepatic blood flow. Advocates of this method of risk stratifica¬ 
tion believe that an ICGR-15 under 14% is associated with 
acceptable outcomes following major hepatectomy, while an 
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ICGR-15 greater than 20% is a contraindication to such a 
resection. 21,22 Patients with an intermediate ICGR-15 of 14% 
to 20% must be considered selectively, with careful attention 
to remnant liver volume. 8,9 

Considerable attention has been paid in recent years to 
evaluation of remnant liver volume as a method to stratify risk 
of postoperative liver failure, and this method is the most com¬ 
mon method of evaluating hepatic reserve among hepatobil¬ 
iary centers in the United States. 23 This assessment relies on the 
use of computed tomography (CT) volumetry, produced by 
manual or automated serial measurement of cross-sectional 
liver volumes produced from a rapid-sequence, thin-section 
helical CT scan. The volume of the liver segments to be pre¬ 
served following resection is then divided by the total esti¬ 
mated liver volume, producing a percentage of future liver 
remnant volume. In patients with normal liver parenchyma 
and function, a future liver remnant volume of 25% to 30% is 
considered adequate, especially if two contiguous Couinaud 
segments are preserved. In patients with chronic liver disease, 
cirrhosis, or documented hepatic steatosis, a future liver rem¬ 
nant volume of 40% to 50% is desired. In such patients, pre¬ 
operative portal vein embolization, as discussed later in this 
chapter, should be considered if the liver remnant volume will 
not be adequate. Particular consideration should be given to 
patients undergoing major hepatectomy with no overt liver 
disease but prior exposure to prolonged chemotherapy, as this 
may be associated with the development of hepatic steatosis 
and adverse postoperative outcomes. 24 Compromise of hepatic 
venous return should be considered as equivalent to leaving a 
smaller liver remnant. For example, in the case of an extended 
right hepatectomy that leaves most of segment 4 intact but sac¬ 
rifices the drainage of the middle hepatic vein, estimated future 
liver remnant volumes might be more accurate if they ignored 
the contribution of most of segment 4. Sacrifice of segmental 
vascular inflow, though collateralized in the liver parenchyma 
to some degree, should also be considered when determining 
the volume of future liver remnant. 


Radiographic Evaluation and 
Imaging Techniques 

Liver imaging is a rapidly evolving field, and the proliferation 
of new technologies affords the surgeon multiple modalities 
and techniques for defining the anatomy of a hepatic neo¬ 
plasm. Familiarity with the technology available within one’s 
community or hospital, as well as a close alliance with experi¬ 
enced radiologists, will aid in the selection of the imaging tech¬ 
nique that best informs treatment decisions. While a compre¬ 
hensive discussion of liver imaging techniques is beyond the 
scope of this text, some important principles about each of the 
primary modalities should be considered. 

Ultrasound. Transcutaneous ultrasound is often the most 
accessible and least invasive diagnostic study available for 
evaluation of hepatic anatomy, and these characteristics make 
it particularly applicable to screening of high-risk populations 
for HCC. 25-27 Ultrasound is often the initial diagnostic modality 
in the evaluation of symptomatic liver masses, and is typically 
followed by dedicated cross-sectional imaging. In addition, 
ultrasound has important applications as a guide to percuta¬ 
neous biopsy of liver lesions and to assist in the performance 
of percutaneous ablation or injection techniques. 

As ultrasound may be limited in its ability to precisely evalu¬ 
ate the relationship of hepatic lesions to key vascular structures, 
most surgeons are more comfortable planning resection based 
on cross-sectional imaging. Nevertheless, ultrasound can be 
particularly useful in assessing specific lesions and may aid in 
narrowing a radiographic differential diagnosis. Cystic lesions 
in particular are well imaged by ultrasound, and characteristic 


lack of internal echoes and posterior acoustic enhancement 
(through-transmission) may be adequate to distinguish a simple 
cyst from other lesions that require more careful evaluation. Use 
of Doppler color imaging may also add to the exam, but is often 
not definitive in defining specific pathology. For example, clini¬ 
cians may propose to use ultrasound with Doppler to identify 
the vascularity of a hemangioma. However, the Doppler signal 
in these lesions is often subtle as the flow in the tortuous vessels 
that make up these lesions is of low velocity. Metastatic lesions 
can often have a similar flow signal, thus making ultrasound 
with Doppler inadequate to diagnose hemangiomas definitively. 
Nevertheless, liver ultrasound in experienced hands can offer 
useful information about liver lesions and associated anatomy 
and can guide subsequent diagnostic testing. 

Computed Tomography. CT is the dominant cross-sectional 
imaging technique in the developed world, and is often the 
source for initial recognition of incidental hepatic neoplasms, as 
well as an important diagnostic tool for hepatic lesions when 
ordered for cause (such as investigation of a finding on screening 
exam, or a follow-up exam in a patient with a known malig¬ 
nancy). While a dedicated liver CT can be the definitive study for 
much liver pathology, the quality of hepatic imaging varies sig¬ 
nificantly by technique and timing of contrast administration. A I 
standard single-phase intravenous contrast CT may provide 
excellent images of hepatic lesions, but can underestimate the 
burden of disease based on slice thickness and the lack of a true 
arterial and delayed phase images. Numerous examples of stan¬ 
dard CT techniques missing subtle lesions that could affect treat¬ 
ment decisions may be cited, especially in the case of metastatic 
disease or HCC in patients with chronic liver disease where mul- 
tifocality is common. For that reason, careful attention must be 
paid to the ordering of dedicated liver imaging, and communica¬ 
tion to radiology of the indication for imaging is essential. 

As is true of magnetic resonance imaging (MRI), attention 
is often particularly paid to the behavior of identified lesions 
throughout the distinct contrast phases of a liver CT: arterial, 
portal venous, and systemic (hepatic) venous. Definitive diag¬ 
nostic criteria for HCC may be achieved, as discussed later, | 
avoiding the need for biopsy in the majority of patients. 

Magnetic Resonance Imaging. MRI has become the 
definitive imaging study for liver tumors in many centers, 
demonstrating increased sensitivity and specificity to CT in 
comparison studies. Furthermore, the addition of magnetic res¬ 
onance cholangiopancreatography (MRCP) to liver tumor 
studies in appropriate patients (e.g., cholangiocarcinoma) 
offers distinct advantage over the cross-sectional images of CT. 
Like CT, liver MRI is highly dependent on technique, with the 
difference between a critical and useless study often defined by 
timing of contrast administration, synchronization of imaging 
series with patient breath holding and movement, and proper 
reconstruction of distinct imaging series. Again, institutional 
experience and expertise often determine which cross-sectional 
imaging study is appropriate for treatment planning. 

Positron Emission Tomography. Positron emission tomog¬ 
raphy (PET) may be a powerful adjunct to other liver imaging 
techniques in appropriately selected patients. PET is often best 
reserved for defining the nature of small indeterminate lesions, 
identifying multifocal disease, and characterizing liver metas- 
tases in the context of the presence or absence of extrahepatic 
disease. Given the strong background of glucose metabolism in 
the liver, more subtle lesions such as HCC, which may closely 
resemble normal liver parenchyma on a cellular level, are poorly 
identified on PET. In the case of metastatic colorectal cancer, 
PET has become established as an important addition to cross- 
sectional imaging in defining the extent of metastatic disease 
and aiding in treatment planning. PET, particularly when per¬ 
formed in combination with synchronized CT imaging, has been 
shown to alter treatment decisions by aiding in the detection of 
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subtle hepatic metastases not well visualized on standard cross- 
sectional imaging studies and by adding sensitivity in the detec¬ 
tion of extrahepatic metastases. 28,29 


BENIGN HEPATIC NEOPLASMS 


Cystic Lesions 

The increased use of cross-sectional imaging has led to a 
marked increase in the diagnosis of incidental hepatic masses 
and lesions. The distinction between solid and cystic lesions is 
important, as the vast majority of cystic lesions of the liver are 
benign in behavior. The majority of incidentally discovered cys¬ 
tic lesions of the liver are simple or congenital cysts, lesions that 
have no malignant potential and rarely become symptomatic. 
In some cases, a large or dominant simple cyst may become 
symptomatic as it stretches the adjacent liver capsule or com¬ 
presses adjacent organs. These lesions are ideal for laparo¬ 
scopic resection or marsupialization, a procedure that can be 
performed safely with excellent results and negligible recur¬ 
rence in experienced hands (Fig. 59.4). 30 In the case of patients 
with polycystic liver disease (PCLD), an autosomal dominant 
disease with variable penetrance and presentation, a minority 
of patients will develop disabling cystic hepatomegaly. In these 
patients, a variety of percutaneous 31,32 and surgical meth¬ 
ods 33,34 have been attempted to alleviate symptoms, with liver 
transplantation 35,36 reserved for select few patients with refrac¬ 
tory symptoms and/or associated superinfection or hepatic dys¬ 
function. Surgical resection and marsupialization of dominant 
cysts in PCLD can have reasonable results in well-selected 
patients, though the risk of complications and recurrence is 
higher than in similar patients with simple hepatic cysts. 37 

The majority of cystic lesions are asymptomatic, and treat¬ 
ment is only indicated for lesions where there is concern for 
malignancy, or malignant potential. While a variety of primary 
and secondary hepatic neoplasms can have cystic components 
or degeneration, biliary cystadenomas are the most important 



FIGURE 59.4. Contrast-enhanced computed tomography of a large 
bilobed simple hepatic cyst in a 73-year-old female who presented with 
an abdominal mass and early satiety. The patient underwent laparo¬ 
scopic resection of the anterior cyst wall with complete resolution of 
symptoms. Pathology of the cyst wall was consistent with a simple cyst. 


primary cystic neoplasms of the liver, accounting for approxi¬ 
mately 5% of all cystic lesions of the liver. 38 These neoplasms 
arise from the biliary epithelium, typically present in middle- 
aged women, and can vary markedly in size. Cystadenomas 
have a propensity toward local recurrence and malignant 
degeneration to cystadenocarcinoma. 39,40 The diagnosis of 
cystadenoma can be made radiographically in select circum¬ 
stances, as classic lesions will demonstrate internal septae with 
papillary projections. 41 Intratumoral hemorrhage or fine calci¬ 
fications may be present. Contrast enhancement on CT or 
MRI can suggest the presence of cystadenocarcinoma, though 
the definitive distinction between cystadenoma and cystadeno¬ 
carcinoma without a surgical specimen is typically not possible. 
Cyst fluid analysis by percutaneous aspiration may aid in the 
diagnosis of cystadenoma versus simple cyst, as elevated fluid 
CA 19-9 and carcinoembryonic antigen (CEA) levels may be 
present in cystadenoma, but again cannot reliably distinguish 
benign from malignant disease. 42 For this reason, surgical resec¬ 
tion is recommended in all cases where biliary cystadenoma is 
suspected or cannot be definitively excluded. 


Solid Lesions 


Solid mass lesions of the liver deserve more careful considera¬ 
tion in regards to surgical therapy and follow-up imaging. Ded¬ 
icated liver MRI or CT can make the definitive diagnosis of a 
benign solid lesion, obviating the need for serial imaging in 
asymptomatic patients. While there are many benign solid 
lesions of the liver, the vast majority of clinical decision making 
for benign hepatic lesions relates to the proper distinction 
between hemangioma, hepatic adenoma, and focal nodular 
hyperplasia (FNH). Each of these lesions will be discussed here. 

Fiemangioma. Hemangiomata of the liver, like their relatives 
in other anatomic locations, are congenital tumors of disorga¬ 
nized vasculature with intervening fibrous tissue of variable 
quantities. The tumors are composed of multiple intertwined 
vessels, the size of capillaries, but may contain larger vascular 
channels with cavernous transformation. The vast majority are 
small in size (approximately 80% will be <4 cm), 43 though 
enormous lesions (> 10 to 20 cm) may be encountered. Approx¬ 
imately 10% to 20% of persons with hepatic hemangioma will 
have multiple lesions. 43,44 

Hemangiomata represent the most common benign neo¬ 
plasm of the liver, at least in clinical practice (subcentimeter bil¬ 
iary hamartomas are likely more prevalent). Autopsy studies 
suggest that hemangiomata are present in 4% to 20% of indi¬ 
viduals. 45,46 Most hemangiomata are identified in individuals 
ages 40 to 60, though this age at presentation will likely fall 
with the increased use of abdominal ultrasound and cross- 
sectional imaging for other indications in younger patients. 
Hemangiomata, like other benign hepatic neoplasms, appear to 
be more common in women, with a female-to-male ratio of at 
least 2:1. 43 The use of female sex hormones for oral contracep¬ 
tion or hormone replacement therapy is associated with a slight 
increase in hemangioma size at presentation, and appears to be 
more likely associated with a solitary hemangioma rather than 
multiple lesions. 44 In addition, ongoing sex hormone exposure 
appears to be associated with an increased incidence of enlarge¬ 
ment in some women with hepatic hemangioma. 

The majority of hepatic hemangiomata present as asympto¬ 
matic, incidental findings found on imaging studies performed 
for other indications. These lesions are also commonly identi¬ 
fied incidentally at the time of operative exploration for another 
diagnosis. While there are reports of spontaneous or traumatic 
hemangioma rupture in exceptional cases (—30 cases in the sur¬ 
gical literature), there are no clear risk factors to predict this 
extremely rare occurrence. 47 Thus, the vast majority of hepatic 
hemangiomata can be left undisturbed, with surgical therapy 
reserved for the symptomatic hemangioma. Surgical dogma has 
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FIGURE 59.5. Magnetic resonance imaging of a hepatic hemangioma, demonstrating hypointensity on unenhanced 
images (upper left ) and peripheral nodular enhancement with centripetal progression of enhancement on contrast- 
enhanced images (upper right, lower left, lower right). No treatment was recommended for this asymptomatic inciden¬ 
tally discovered lesion. 


suggested that hemangiomata over 10 cm in size should be con¬ 
sidered for excision, though again there are no clear data to sup¬ 
port this practice in asymptomatic lesions. Radiographic fol¬ 
low-up of larger asymptomatic hemangiomata is also probably 
unnecessary, as size at presentation does not appear to predict 
any risk for growth. 44 The only potentially effective intervention 
for asymptomatic hemangiomata in appropriate female patients 
would be to recommend cessation of hormonal therapy. 

Accurate radiographic diagnosis of a hepatic hemangioma is 
essential, as establishment of this diagnosis requires no addi¬ 
tional intervention or test in almost all patients. MRI is now 
considered the most sensitive and specific imaging modality for 
hemangioma. Hemangiomata have a homogeneous high signal 
on T2-weighted images and demonstrate a pathognomonic 
pattern of initial peripheral, nodular enhancement following 
intravenous gadolinium administration with progressive infill¬ 
ing of the lesion on delayed sequences (Fig. 59.5). 48,49 Contrast- 
enhanced CT demonstrates a similar pattern of peripheral to 
central filling on delayed images. Ultrasound of hepatic heman¬ 
gioma typically reveals a well-defined lobular lesion with 
increased echogenicity, though these characteristics may be less 
reliable in larger lesions. Historically, tagged red blood cell 
studies have been used to confirm the diagnosis of heman¬ 
gioma, but this study is not necessary when the preferred high- 
quality MRI or CT is available. Biopsy, though not absolutely 
contraindicated when hemangioma is in the differential diag¬ 
nosis, 50 should not be necessary with appropriate imaging. 

Symptomatic hemangiomata of the liver may present with 
abdominal pain, evidence of intratumoral or intraperitoneal 
rupture, or Kasabach-Merritt syndrome (thrombocytopenia 
and consumptive coagulopathy associated with a massive cav¬ 
ernous hemangioma). 51 Symptomatic lesions tend to be large 


(>10 cm) and located on the periphery of the liver with stretch¬ 
ing of the liver capsule that some surgeons believe accounts for 
the pain associated with these lesions. Care should be taken not 
to blame a small hemangioma for nonspecific abdominal pain; 
longitudinal studies seem to suggest that hemangioma under 
5 cm are rarely, if ever, symptomatic 43 Intratumoral hemorrhage 
noted on CT or MRI may also be associated with pain in some 
patients, and is a generally accepted indication for surgical 
excision. Significant ongoing hemorrhage is extremely rare, but 
case reports seem to indicate that an initial approach of hemo¬ 
dynamic stabilization, transcatheter intra-arterial embolization, 
and subsequent surgical excision is the preferred approach 
when resources are available. 52 

Elective surgical treatment of a symptomatic hemangioma 
may be accomplished by either enucleation or formal hepatic 
resection. Enucleation is often surprisingly simple to accom¬ 
plish, as most large symptomatic lesions are exophytic to some 
degree and a pseudocapsular plane can be developed effi¬ 
ciently. Incision into the Glisson capsule adjacent to the 
hemangioma allows identification of the proper plane, which 
is truly distinct from the hepatic parenchyma. Progression 
along the pseudocapsule of the lesion may be accomplished 
with hydrodissection, an ultrasonic dissector, or blunt dissec¬ 
tion. Multiple small feeding vessels appear to be far more com¬ 
mon than a single large inflow vessel, and these vessels may be 
methodically controlled with ligatures, bipolar cautery, or 
other surgical energy devices. Inflow occlusion with a Pringle 
maneuver may be helpful to decompress an exceptionally large 
hemangioma, but is often not necessary with an enucleation 
procedure. A formal anatomic or nonanatomic hepatectomy 
may be accomplished in cases where enucleation is more diffi¬ 
cult, such as the rare symptomatic intraparenchymal lesion. 
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Techniques of hepatectomy described later in this chapter, 
including liberal use of intraoperative ultrasound, would 
apply. Excellent outcomes should be the standard in the surgi¬ 
cal therapy of patients with hemangiomata. 53 Symptomatic 
lesions in poor surgical candidates can be treated effectively 
with focal external beam radiation or embolization. 

Hepatic Adenoma. Hepatocellular adenomas are rare 
benign tumors of the liver, with an estimated prevalence of 
approximately 1% on postmortem exams. 45 The incidence of 
adenoma has appeared to increase notably with the more com¬ 
mon use of oral contraceptives, an association made by the 
famed hepatobiliary pathologist Gerald Klatskin and others in 
the late 1970s. 54 There appears to be a directly proportional 
relationship between oral contraceptive exposure and adenoma 
risk, with a fivefold increase in incidence among women on oral 
contraceptives for more than 5 years. 55 Adenomas have also 
been associated with anabolic steroid use and glycogen storage 
disease, but may occur sporadically. Hepatic adenomatosis, 
originally defined as greater than 10 hepatic adenomas, appears 
to be a distinct entity from hepatic adenoma with different 
implications for treatment. 56 Germline mutations in hepatocyte 
nuclear factor la may be associated with a subset of cases, with 
other genetic defects suspected in other forms of the disease. 57 

Adenomas are well-circumscribed lesions that contain 
sheets of hepatocytes without intervening biliary ductules or 
portal tracts. The hepatocytes are laden with glycogen and 
lipid, which contributes to their imaging characteristics. Ade¬ 
nomas are well vascularized, fed by the hepatic arterial tree. 
Adenomas may vary widely in size, but most historical series 
seem to indicate a median size of 4 to 8 cm. 58 ' 61 Unlike the 
other more common benign hepatic lesions of hemangioma 
and FNH, adenoma appears to have a low but consistent risk 
of either rupture or malignant degeneration (Fig. 59.6). Thus, 
surgical resection is typically recommended in otherwise 
appropriate candidates. In small lesions (<4 to 5 cm) in women 
on oral contraception, some experts have recommended with¬ 
drawal of oral contraception with subsequent imaging at 6 to 
12 months to document regression. 62,63 Tumors with regression 
in size may be observed if hormonal therapy can be avoided 



FIGURE 59.6. Magnetic resonance imaging of a hepatic adenoma 
consuming much of segments II and III, with intratumoral hemor¬ 
rhage. This image, taken in the arterial phase following gadolinium 
administration, shows marked tumor enhancement, with the hemor¬ 
rhagic component of the mass appearing hypointense to the tumor and 
surrounding liver. The patient was a healthy 25-year-old female on 
oral contraceptive pills who presented with acute epigastric pain. The 
lesion was resected with a laparoscopic left lateral segmentectomy. 


definitely. More recently, other surgeons have argued that the 
safety of hepatic resection, and the increasing use of minimally 
invasive hepatectomy, has lessened the risks and burdens of 
liver surgery such that all adenomas, and other lesions with any 
diagnostic uncertainty, should be resected. 64 While the risk of 
any hepatic surgical procedure should not be overly minimized, 
a strategy of surgical excision should be the default pathway in 
most patients with a diagnosis of hepatic adenoma. 

With surgical excision the preferred approach for hepato¬ 
cellular adenoma, the establishment of an accurate diagnosis 
for these lesions remains paramount. MRI provides the most 
definitive imaging study in the majority of patients. Adenomas 
are well-defined lesions with isointense or hyperintense 
(depending on the fat content of the lesion) features on Tl- 
and T2-weighted images. With gadolinium administration, 
adenomas typically enhance markedly in a uniform manner on 
the arterial phase and disappear (become isointense) on the 
portal phase of imaging. CT imaging characteristics are simi¬ 
lar, with a bright enhancement on the arterial phase of contrast 
administration. On ultrasound exam, adenomas are well cir¬ 
cumscribed but have few other specific features to allow dis¬ 
tinction from other hepatic neoplasms. 

The distinction between adenoma and FNH can be difficult 
even with optimal cross-sectional imaging if the characteristic 
central scar and feeding artery of FNH are not visualized. 
Unfortunately, biopsy can sometimes be unreliable in this 
same diagnostic dilemma. 65 A 99m-technitium sulfur colloid 
scan can be considered in such cases, as an adenoma will not 
take up the radionuclide tracer due to the absence of Kupffer 
cells, while an FNH will typically demonstrate uptake. The 
failure to establish a definitive diagnosis of FNH is considered 
an indication for resection due to the risks associated with an 
undiagnosed adenoma. Patients with significant contraindica¬ 
tions to surgical therapy should have oral contraception with¬ 
drawn and be enrolled in an annual surveillance program. 

Focal Nodular Hyperplasia. FNH is often cited as the sec¬ 
ond most common benign neoplasm of the liver, after heman¬ 
gioma. Clinical and autopsy series estimate that FNH occurs in 
4% to 8% of individuals, with a strong predilection for women 
ages 20 to 50. 45,66-68 However, recent evidence suggests that 
calling FNH a neoplasm is perhaps a misnomer. Wanless et al. 
first suggested that FNH is a hyperplastic response of normal 
hepatic parenchyma to localized areas of increased arterial per¬ 
fusion, facilitated by the existence of small arteriovenous mal¬ 
formations. 69 To that end, FNH is known to be associated with 
vascular diseases associated with arterial hyperperfusion of the 
liver, including hereditary hemorrhagic telangiectasia or con¬ 
genital absence of the portal vein. 69-73 

FNH appears as a firm mass that is often slightly lighter in 
color than the surrounding hepatic parenchyma. Importantly, 
it lacks a true capsule, a characteristic that distinguishes FNH 
from adenoma or hemangioma. FNHs are usually located in 
the periphery of the liver, in a subcapsular position, and may 
be quite pedunculated. Histologically, the lesions consist of 
normal hepatic elements but the hepatocytes are not organized 
in normal cords around the sinusoids. Proliferating bile duc¬ 
tules may be present, but do not connect to the biliary tree 
proper. 68 Fibrous septae of various degrees of organization 
and maturity may be present, as well as areas of necrosis. 
These features account for the central stellate scar that may be 
seen radiographically in a large proportion of these lesions. 74 

The majority of FNHs are asymptomatic, found incidentally 
with abdominal imaging for other indications, or at laparo¬ 
tomy. Peripheral or pedunculated lesions that grow to signifi¬ 
cant size (5 to 10 cm) may be associated with abdominal pain or 
fullness in rare cases. Unlike adenoma, the risk of rupture and 
hemorrhage is extremely rare, though a handful of cases have 
been reported in the medical literature. 75 FNH is also not a pre- 
malignant lesion; thus, treatment should be reserved for patients 
with persistent symptoms not explained by another problem. 
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FIGURE 59.7. Gadolinium-enhanced magnetic resonance imaging of 
the liver, revealing a mass consistent with focal nodular hyperplasia. 
Note the bright contrast enhancement on the arterial phase, with 
prominent central scar that appears hypointense on this early phase of 
imaging. 


Diagnosis of FNH can be established radiographically with 
current modalities. On unenhanced CT, FNH may be well 
defined with mass effect on adjacent vascular structures. The 
lesions are typically isoattenuated with normal liver and may 
have the characteristic hypoattenuated central scar. With con¬ 
trast in the arterial phase, FNHs enhance brightly and become 
again isoattenuated to adjacent parenchyma in the portal 
phase. Small feeding vessels may be seen on the periphery of 
these lesions in the arterial phase. The central scar may enhance 
on delayed phases. 

Similar enhancement patterns may be seen on a liver mass 
protocol MRI with gadolinium administration. FNHs appear 
typically isointense on T1-weighted sequences, and T2-weighted 
images will often reveal hyperintensity of the central scar. The 
entire lesion will enhance brightly and uniformly following 
gadolinium administration in the arterial phase, while the central 
scar will become hyperintense on delayed phases (Fig. 59.7). The 
intense and homogenous arterial enhancement of FNH helps dis¬ 
tinguish the lesion from other hepatic masses that enhance in the 
arterial phase and become isointense in more delayed phases 
(e.g., HCC). 74 

Because of the typical indolent nature of FNH, its lack of 
malignant potential, and the characteristic radiographic fea¬ 
tures, the role of the surgeon in the management of this lesion 
is most often reduced to offering important reassurance to 
patients with incidental diagnoses. Indications for surgical 
resection should be limited to the rare patient with overt symp¬ 
toms and the occasional case where the lack of classic imaging 
characteristics makes establishing a clear benign diagnosis dif¬ 
ficult. 76 In the latter case, biopsy may also be confounding, as 
the normal cellular elements in FNH can make definitive diag¬ 
nosis difficult, particularly if the fibrous scar elements are not 
sampled in the biopsy specimen. 


PRIMARY HEPATIC 
MALIGNANCIES 


Hepatocellular Carcinoma 

HCC is the most common primary hepatic malignancy and is 
one of the most prevalent solid malignancies worldwide. 77 In 
the United States, its incidence is increasing the second fastest 


of any other tumors, believed to be related primarily to the 
hepatitis C (HCV) epidemic. 78 Risk factors for HCC include 
all problems causing chronic hepatitis or cirrhosis. HCV ranks 
the highest in risk, with a 3.7% to 7.1% annual incidence of 
HCC, and hepatitis B infection comes in at a close second, 
with a 2.2% to 4.3% annual incidence of the malignancy. 79 
Other risk factors include alcohol, cirrhosis of any cause, afla- 
toxin, androgenic hormones, hemochromatosis, a t -antitrypsin 
deficiency, glycogen storage diseases, hypercitrullinemia, por¬ 
phyrias, hereditary tyrosinemia, Wilson disease, and any 
hepatic toxin exposure. Its incidence is certainly higher in 
areas of Asia and Africa where viral hepatitis or aflatoxin 
exposure is more endemic. 

Screening for HCC has been examined in numerous trials, 
primarily focusing on the role of serum a-fetoprotein (AFP) 
determination and hepatic ultrasound. 25-27 While some con¬ 
troversy still exists about the frequency of screening and rel¬ 
ative cutoff values for AFP, the American Association for the 
Study of Liver Disease (AASLD) has made guidelines regard¬ 
ing the use of these screening techniques based on the best 
existing evidence. 80 The AASLD currently recommends serial 
hepatic ultrasound and serum AFP every 6 to 12 months in 
at-risk populations (e.g., any patient with cirrhosis). How¬ 
ever, a recent Chinese study evaluating primarily hepatitis B 
patients showed that the use of ultrasound and AFP could 
lower HCC-related mortality by 37%. 81 When a diagnosis of 
HCC is suspected, a contrast-enhanced three-phase MRI is 
more preferred than a CT in that there is an improved sensi¬ 
tivity and specificity of approximately 75% and 76%, 
respectively, compared to 61% and 66%, respectively, for 
CT.s 2 - 84 Th e characteristic features of HCC on MRI or CT 
include arterial enhancement with early washout of contrast 
on the delayed phases of the scan (Fig. 59.8). These enhance¬ 
ment characteristics increase the specificity of the scan to 
greater than 95%. 85 Biopsy is reserved for cases in which the 
diagnosis is still in doubt following adequate imaging or in 
cases where it is thought to change management based on 
clinical suspicion. 

Q Once the diagnosis of HCC is established, the choice of 
therapy must be individualized to each patient and based on 
tumor burden, degree of underlying liver disease, patient per¬ 
formance status, and the overall possibility of side effects or 
complications balanced with acceptable results. The therapeu¬ 
tic goals must also be individualized to either palliative or 
curative. Overall survival represents the best standard by 
which to judge most therapies as this measure incorporates 
much of the aforementioned patient-related factors. There¬ 
fore, the Barcelona Clinic Liver Cancer (BCLC) staging system 
(Algorithm 59.2) is considered the most current method to 
adequately stratify patients for specific therapies and has now 
been independently validated as superior to other staging sys¬ 
tems used in the past. 86,87 

Resection is the treatment of choice for patients without 
liver disease; however, consideration of resection for cirrhotic 
patients requires greater scrutiny. Selection of patients for 
resection is critical and dependent on the following factors: 
degree of fibrosis, future liver remnant, patient performance 
status, tumor characteristics, and whether patients are simi¬ 
larly benefited by other therapies such as transplantation or 
radiofrequency ablation (RFA). In the best selected patients, 
survival rates at 5 years can vary from 38% to 70%, primarily 
depending on tumor stage. 88-90 Indeed, Child class B patients 
can have 5-year survival rates following resection of 20% to 
50%, which approaches the survival rates of ablative therapies 
for tumors of similar size. 91-93 The perioperative mortality rate 
following resection for HCC is on the order of 4.0% to 4.7%, 
higher than mortality rates for benign disease or colorectal 
metastases, 94,95 reflecting the burden of chronic liver disease 
among patients with HCC. 96 Aside from liver disease burden, 
the presence of tumor vascular invasion is the single most 
important predictor of outcome following resection, decreasing 
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FIGURE 59.8. Magnetic resonance imaging of hepatocellular carcinoma, demonstrating characteristic enhancement on arterial phase imaging 
(left panel ) with washout of contrast on delayed-phase imaging (right panel). 


5-year survival from 41% to 57% to 15% to 34%. 90,97 
Whether tumor size or tumor number is independently associ¬ 
ated with worse outcomes is more controversial, as both of 
these factors are thought to have higher associations with vas¬ 
cular invasion as well. 97 In concordance, patients with very 


large HCCs, without vascular invasion or associated liver dis¬ 
ease, can experience 5-year survival rates of 54% to 57.7% 
following resection. 98,99 Currently, there is no known benefit 
for adjuvant therapy following resection for HCC other than 
therapies aimed at treating the presence of viral hepatitis for 
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acceptable candidates. 100 Therefore, this represents an area of 
ongoing research, especially as newer medications arrive. 101 

Liver transplantation is a useful consideration for patients 
not otherwise candidates for liver resection due to cirrhosis 
and with early-stage HCC as defined by Mazzaferro et al. 102 
The staging definition set by these authors, now referred to as 
the Milan criteria, is defined as the absence of macrovascular 
invasion and a single tumor less than or equal to 5.0 cm or two 
to three tumors with none being greater than 3.0 cm. In the 
original study, patients experienced a 74% 4-year survival fol¬ 
lowing liver transplantation. This survival rose to 85% when 
pathology on explant matched the preoperative imaging findings. 
Efforts to expand liver transplantation to patients with greater 
tumor burdens have met with mixed results and therefore more 
study is required before expanding this therapy to patients with 
greater stages of disease. 103,104 However, downstaging patients 
just above Milan stage before transplantation with the use of 
RFA or transarterial chemoembolization (TACE) is gaining 
popularity, with a 2-year survival rate of 81% following trans¬ 
plantation for patients successfully downstaged. 105 Patients 
meeting the Milan criteria who are otherwise acceptable candi¬ 
dates for liver transplantation are generally awarded MELD 
exception points so as to minimize waitlist dropouts due to 
progression of tumor disease. 

Several locoregional therapies have been developed for the 
treatment of HCC and include RFA, TACE, microwave ablation, 
percutaneous ethanol ablation, 106 cryotherapy, radiotherapy, 
and yttrium-90 microspheres. Of the ablative therapies, RFA has 
proven to be superior, with less recurrence and fewer treatment 
sessions required. 107 RFA appears to be most beneficial for 
tumors less than 4.0 cm in size having a survival rate of 74% at 
4 years and efficacy increasing for even smaller tumors. 108,109 
Interestingly, a randomized controlled trial evaluating RFA ver¬ 
sus resection for tumors less than 2.0 cm in size showed equiva¬ 
lent 4-year survival of 64% and 67.9%, respectively, and overall 
a decreased complication rate with RFA. 110 However, more trials 
are clearly needed to evaluate outcomes for small HCCs. 

TACE is a very useful therapy for patients not eligible for 
other regional therapies as it has been proven in several random¬ 
ized trials to provide a significant survival advantage, increasing 
median survival from 16 to 20 months in a meta-analysis of 
these trials, and with one large study showing a median survival 
of 34 months. 111 TACE is performed using angiographic tech¬ 
niques followed by selective embolization of the hepatic arterial 
supply to the tumor often with the addition of doxorubicin and 
cisplatin. 112,113 Relative contraindications to TACE include the 
presence of portal vein thrombosis or cirrhosis with many Child 
class B and all of Child class C patients being poor candidates 
due to risk of hepatic decompensation. Therefore, the best 
results are for patients with BCLC intermediate stage. 80,111 

Experience is accumulating with yttrium-90 microspheres, 
introduced transarterially, with a large single center demon¬ 
strating a median survival of 12 months in treated patients with 
BCLC intermediate and advanced stage. 114 External beam 
radiotherapy has also been used with one study showing a 75% 
tumor control rate at 2 years for large tumors not amenable to 
other treatments. 115 Both of these therapies hold promise but 
will require further study. 

The only known systemic medical therapy for HCC with 
proven efficacy is sorafenib, a multikinase inhibitor with activ¬ 
ity against the vascular endothelial growth factor (VEGF) 
receptor 2, platelet-derived growth factor (PDGF) receptor, c- 
kit receptor, and kinases in the b-Raf/Ras/mitogen-activated 
protein kinase kinase (MAPKK) pathway. Sorafenib was stud¬ 
ied in the phase III, placebo-controlled Sorafenib HCC Assess¬ 
ment Randomized Protocol (SHARP) trial. 101 HCC patients 
not eligible for other therapies showed an increase in median 
survival with sorafenib therapy to 10.7 months when com¬ 
pared to placebo (7.9 months). Many other agents and com¬ 
pounds have been studied that have unfortunately shown no 
effect in randomized clinical trials. Other directed molecular 


therapies that are currently under clinical trial include beva- 
cizumab (VEGF inhibitor), erlotinib (endothelial growth fac¬ 
tor [EGFj receptor inhibitor), sunitinib (multikinase inhibitor), 
and gefitinib (EGF receptor inhibitor). 116 


Intrahepatic Cholangiocarcinoma 

Intrahepatic cholangiocarcinoma (CCA) is the second most 
common primary hepatic malignancy. Unlike extrahepatic 
cholangiocarcinoma, its development is thought to derive from 
a common hepatic progenitor cell that may also give rise to 
HCC. 117 Indeed, some CCAs are characterized as a “mixed” 
histology with components of HCC and more classic CCA. 
Chronic liver disease or cirrhosis of varying etiologies is the only 
known risk factor for CCA, though many patients have no risk 
factors. 118 The prognosis of CCA compared to HCC is clearly 
worse following therapy. Patients are more likely to present 
with an advanced stage of disease such as intrahepatic metas- 
tases or lymph node metastasis, both of which portend a very 
poor prognosis following surgical resection. 119,120 Three-phase 
MRI and CT are the diagnostic modalities of choice, with 
biopsy being much more necessary as these lesions often appear 
hypointense on contrast-enhanced studies with no other clear 
primary gastrointestinal malignancies being noted. PET scan¬ 
ning is often helpful in contrast to extrahepatic CCA in evaluat¬ 
ing for extrahepatic or intrahepatic metastases. 121,122 Surgical 
resection is the only known effective therapy. Results are gener¬ 
ally poorer than resection for most other hepatic malignancies 
as 5-year survival ranges from 25% to 43% for patients with an 
R0 resection and no lymph node involvement, depending on the 
presence of vascular invasion (25% to 31%) or intrahepatic 
metastases/satellite nodules (9.9% to 40%). 119,120 The survival 
rate drops off dramatically for patients with positive lymph 
nodes, down to a 0% to 4% 5-year survival. Adjuvant therapy 
using radiation therapy or chemotherapy has shown no demon¬ 
strable benefit at the present time for this disease. 


METASTATIC HEPATIC 
MALIGNANCIES 


The management of metastatic disease confined to the liver is 
a rapidly evolving clinical challenge, particularly for metasta¬ 
tic colorectal cancer. As local and systemic therapies improve 
for various malignancies with a tendency to metastasize to the 
liver, the role of liver-directed therapy can in turn change con¬ 
siderably. In general terms, hepatic metastasectomy is best per¬ 
formed in two clinical scenarios: 

1. Isolated hepatic metastasis in select patients with estab¬ 
lished locoregional control of their primary disease and 
good overall oncologic prognostic indicators (such as long 
disease-free interval, solitary or few hepatic lesions, and 
response to systemic therapy). Metastatic colorectal cancer 
is the most common example of this type of disease. 

2. Hepatic metastasis in cancers where additional treatment 
options for metastatic disease are limited, disease may fol¬ 
low a protracted and indolent course, and patient perfor¬ 
mance status is favorable. Metastatic neuroendocrine can¬ 
cer is an example of this category of disease, though many 
cancer types may meet this definition in select cases. 

Given this framework, hepatic resection for poor-prognosis 
cancers with synchronous or metachronous metastatic lesions 
may subject patients to notable surgical risk without offering 
the benefit of improved survival. Examples of cancers for 
which hepatic metastasectomy has had such a limited role 
include gastric, pancreatic, lung, and breast. As hepatic metas¬ 
tases are typically asymptomatic, palliative hepatic resection is 
rarely, if ever, indicated. 
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Given the extensive collective surgical experience that has 
been gathered in the treatment of metastatic colorectal cancer, 
much of the rest of this section will be dedicated to the discus¬ 
sion of that disease, though the oncologic principles could be 
applied to select patients with other malignancies. 


Metastatic Colorectal Cancer 


More than 145,000 Americans will be diagnosed with colorec¬ 
tal cancer annually, and up to 50% of patients will develop 
hepatic metastases at some time during their disease course. 123 
Several important trends appear to have increased the number 
of patients with metastatic colorectal cancer to the liver who 
are eligible for surgical therapy: improved colonoscopy screen¬ 
ing programs have increased the number of patients presenting 
with early-stage disease, posttreatment surveillance programs 
have identified developing metastatic disease earlier and more 
efficiently, and systemic chemotherapy has improved notably 
for colorectal cancer, extending the survival of patients with 
advanced disease such that more aggressive surgical treatment 
of metastatic disease has become more appropriate. 

Diagnosis. There are multiple imaging modalities that can 
play a role in the diagnosis and treatment planning for hepatic 
metastases from colorectal cancer. 124 Diagnosis of metastatic 
colorectal cancer is typically made by abdominal CT scan, per¬ 


formed either at the time of diagnosis or on surveillance imag¬ 
ing following treatment of a primary lesion. Hepatic metastases 
are slightly more common among patients with primary lesions 
in the rectum, and are clearly associated with regional lymph 
node disease. On standard single-phase intravenous contrast 
CT, hepatic metastases are typically more peripherally located 
low-attenuation lesions. Larger lesions may have central areas 
of necrosis or cystic degeneration. CT performed in three con¬ 
trast phases (arterial, portal venous, systemic venous) may 
more sensitively identify subcentimeter lesions that are more 
difficult to identify in contrast to normal adjacent liver 
parenchyma. Hepatic metastases are often fed by the hepatic 
artery, and thus may enhance slightly on arterial phase, but 
remain less vascular than normal hepatic parenchyma. The 
lesions are of low attenuation in the portal phase. Mucin- 
containing lesions may have subtle calcifications. Contrast- 
enhanced liver MRI may offer additional sensitivity for small 
lesions and can be helpful in defining the extent of metastatic 
disease in patients with multiple small-volume lesions. Metas¬ 
tases typically have low signal intensity on T1-weighted images 
and high signal intensity on T2-weighted sequences. Contrast 
enhancement on MRI will give a similar appearance to metas¬ 
tases as with CT, with low signal intensity on unenhanced, arte¬ 
rial, and portal phases. PET has been advocated as an impor¬ 
tant study in the diagnosis of colorectal hepatic metastases and 
can play an important role in the evaluation for extrahepatic 
disease that may affect treatment decisions (Fig. 59.9). PET has 



FIGURE 59.9. Positron emission tomography scan confirming hypermetabolic activity of lesions identified on corresponding computed tomog¬ 
raphy scans. Black arrows indicate hepatic metastases, and white arrows demonstrate portal and para-aortic lymph node metastases. 







Chapter 59: Hepatic Neoplasms 


947 


been demonstrated to change treatment decisions in up to 24% 
of cases when interpreted by experienced users. 28 

In patients with known colorectal cancer, the development 
of new hepatic lesions with characteristic imaging findings is 
sufficient for diagnosis without biopsy. Biopsy may be helpful 
in patients without previous comparison imaging or equivocal 
lesions, or in patients with synchronous metastases without a 
tissue diagnosis. The tumor marker CEA may aid in the diag¬ 
nosis of metastatic disease, but should be interpreted cau¬ 
tiously as 20% to 40% of patients with metastatic disease may 
have normal or minimally elevated serum CEA levels. 125,126 


Treatment. Significant clinical experience in the surgical 
treatment of hepatic metastases from colorectal cancer has 
demonstrated the efficacy of hepatic resection (Algorithm 
59.3). Multiple published series from high-volume centers 
have demonstrated 25% to 58% 5-year survival in select 
patients with surgically treated colorectal cancer metastatic to 
the liver (Table 59.2). 95,127-137 Review of national Medicare 
data reveals 25% 5-year survival for patients treated with 
hepatic resection for colorectal metastases, an impressive 
durable survival for elderly patients treated at centers of vari¬ 
able experience. 138 Recent analysis of Surveillance, Epidemiology, 
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TABLE 59.2 TREATMENT 


SURGICAL AND ONCOLOGIC OUTCOMES OF HEPATIC RESECTION FOR METASTATIC COLORECTAL CANCER 


■ STUDY 

Mn 

■ 30-D 

MORTALITY 

■ 5-Y OVERALL 
SURVIVAL 

■ MEDIAN OVERALL 
SURVIVAL 

Rosen et al., 1992 127 

280 

2% 

25% 

34 mo 

Scheele et al., 1995 128 

434 

4.4% 

34% 

39 mo 

Fong et al., 1999 130 

1,001 

2.8% 

37% 

42 mo 

Minagawa et al., 2000 131 

254 

0% 

38% 

37 mo 

Choti et al., 2002 132 

226 

0.9% 

40% 

46 mo 

Abdalla et al., 2004 133 

190 

NR 

58% 

60 mo 

Fernandez et al., 2004 134 

100 

1% 

58% 

# 

Pawlik et al., 2005 95 

557 

0.9% 

58% 

74 mo 

Wei et al., 2006 135 

395 

1.7% 

47% 

68 mo 

Shah et al., 2007 136 

841 

3.5% 

43% 

48 mo 

Rees et al., 2008 137 

929 

1.3% 

36% 

42 mo 

NR, not reported. 

#, Median survival not reached; median follow-up 31 months. 


and End-Results (SEER)-Medicare data yielded similar good 
survival statistics in an unselected national population, reveal¬ 
ing 33% 5-year survival with 30-day perioperative mortality 
of 4.3%. 139 Over the last two decades, the perioperative mor¬ 
tality associated with hepatic resection has fallen significantly, 
with less than 2% 30-day perioperative mortality regularly 
reported by high-volume centers, 95,132,134,135 allowing the 
expansion of this therapy to more patients. The challenge to 
surgeons is to identify those patients most likely to benefit 
from hepatic resection, a population that is expanding with 
the influence of modern multidrug chemotherapy regimens. 
Considerable effort has been made to develop scoring systems 
that allow selection of patients most appropriate for hepatic 
resection. 130,140 ' 142 The clinical risk score (CRS) originally 
described by Fong et al. 130 and subsequently validated in inde¬ 
pendent patient populations, 143,144 is the most widely used of 
these proposed prognostic indices. The presence of any of the 
following risk factors had a negative, and additive, effect on 
survival in patients with hepatic metastases from colorectal 
cancer: (a) node-positive primary tumor, (b) disease-free inter¬ 
val less than 12 months, (c) multiple liver metastases, (d) 
largest hepatic metastasis greater than 5 cm, and (e) serum 


CEA level greater than 200 ng/mL. Patients with none of these 
risk factors may expect a 5-year survival of 60%, while there 
appear to be few long-term survivors among patients with all 
five risk factors (Table 59.3). 

Synchronous Hepatic Metastases. The management of 
synchronous metastatic lesions has been a point of controversy 
in general surgery for decades. However, the improved safety of 
hepatic resection in recent years has made this a viable treat¬ 
ment strategy in appropriately selected patients. 153 Advantages 
of a single procedure include a single laparotomy and anesthetic 
experience, and earlier completion of surgical therapy such that 
adjuvant therapy can be initiated more quickly. A recent retro¬ 
spective review from three high-volume centers suggests that 
simultaneous resection of the primary and hepatic disease, 
followed by adjuvant chemotherapy, provided improved sur¬ 
vival when compared to staged resections with intervening 
chemotherapy. 154 Historically, patients thought to be appropri¬ 
ate for a combined procedure included patients who require a 
standard colectomy (e.g., right or left hemicolectomy). However, 
recent data demonstrate that patients requiring pelvic proce¬ 
dures for rectal tumors can undergo simultaneous hepatectomy 


TABLE 59.3 TREATMENT 


OVERALL SURVIVAL FOLLOWING RESECTION OF COLORECTAL HEPATIC METASTASES 
BY CLINICAL RISK SCORE (CRS) 

■ OVERALL SURVIVAL 

- ■ MEDIAN 


CRS 

1 Y 

2 Y 

3 Y 

4 Y 

5 Y 

SURVIVAL (mo) 

0 

93 

79 

72 

60 

60 

74 

1 

91 

76 

66 

54 

44 

51 

2 

89 

73 

60 

51 

40 

47 

3 

86 

67 

42 

25 

20 

33 

4 

70 

45 

38 

29 

25 

20 

5 

71 

45 

27 

14 

14 

22 


Adopted from Fong Y, Fortner J, Sun RL, et al. Clinical score for predicting recurrence after hepatic 
resection for metastatic colorectal cancer: analysis of 1,001 consecutive cases. Ann Surg 1999;230:309-318; 
discussion 318-321. 
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with acceptable outcomes. 153,155 In contrast, the extent of the 
hepatectomy required can affect postoperative outcomes. 
Major hepatectomy (e.g., resection of at least three Couinaud 
segments) may best be handled in a staged fashion due to 
increased perioperative morbidity in patients undergoing simul¬ 
taneous colorectal procedures. 153 Additional patient factors 
such as body habitus and comorbid disease should also influ¬ 
ence surgical decision making in these cases. 


facilitated a 19% RO resection rate without perioperative mor¬ 
tality. 163 Median survival among patients undergoing RO resec¬ 
tion was 30 months versus 14 months in patients who were 
unable to undergo an attempt at surgical therapy due to lack of 
tumor regression. While further prospective study is required to 
optimize chemotherapy regimens and patient selection, it is clear 
that select patients with unresectable hepatic metastases from 
colorectal cancer can be treated with curative surgical intent. 


Metachronous Hepatic Metastases. In metachronous 
metastatic disease, the appropriateness of hepatic resection may 
be dictated by patient comorbidity and prognostic indices such 
as the CRS. 130 The presence or absence of extrahepatic disease 
or local recurrence should be established with the use of cross- 
sectional imaging, PET, and colonoscopy. Presence of extrahep¬ 
atic disease should influence treatment of hepatic metastases, as 
described later. In patients with good prognostic indicators (sin¬ 
gle small lesions, long disease-free interval), hepatic resection is 
most appropriate, followed by adjuvant chemotherapy. Patients 
with unresectable disease, or other poor prognostic indicators, 
should be considered for systemic chemotherapy, followed by 
restaging and consideration for surgical therapy. 

Oligometastases. One particularly challenging group of 
patients with metastatic colorectal cancer include those with 
multiple hepatic metastases. If the patient otherwise has good 
risk factors and all the disease can be resected to a negative 
microscopic margin (RO), primary surgical therapy may be 
appropriate. Combination of radiofrequency ablation and resec¬ 
tion in select patients may also be considered, though retrospec¬ 
tive studies do appear to suggest that resection is superior to RFA 
when possible. 133,156,157 Patients with oligometastases appear to 
be most appropriate for treatment with systemic chemotherapy 
prior to an attempt at surgical resection, similar to the principles 
that may be applied to patients with unresectable hepatic metas¬ 
tases as discussed later. 158-161 This strategy provides several 
advantages, including the ability to observe the biology of the 
patient’s cancer. Patients with progression of intrahepatic dis¬ 
ease, or appearance of extrahepatic metastases, will exclude 
themselves from what is likely to be futile surgical therapy. 159 
Response to chemotherapy appears to be an important prognos¬ 
tic factor for survival following hepatectomy. 162 Additional 
advantages of preoperative chemotherapy include the ability to 
downsize metastatic lesions, making RO resections more likely. 

Strategies to Expand Application of Hepatic Metasta- 
sectomy. As outcomes following metastasectomy for colorec¬ 
tal cancer have improved, strategies to expand the application 
of hepatic metastasectomy for colorectal cancer have continued 
to evolve. This evolution has been assisted by the improved effi¬ 
cacy of modern multidrug chemotherapy regimens, providing 
disease regression and stabilization that has facilitated progres¬ 
sive surgical approaches. 

Unresectable Hepatic Metastases. In the case of patients 
with initially unresectable disease, either due to vascular involve¬ 
ment or the volume of liver parenchyma involved, neoadjuvant 
chemotherapy followed by reassessment of resectability has 
become common in experienced centers. Adam et al. reported a 
12.5% resection rate among unresectable patients completing a 
multidrug regimen consisting typically of 5-fluorouracil/leucov- 
orin and oxaliplatin (FOLFOX). 160 Despite the aggressive use of 
adjuvant surgical strategies including portal vein embolization 
(PVE), concomitant ablative procedures, and staged resections in 
30% of patients, perioperative mortality was less than 1% with 
33% 5-year survival, statistics that compare favorably to reported 
outcomes in more standard hepatic resection as described in Table 
59.1. In a recent report by an Italian oncology cooperative, 
patients with unresectable hepatic colorectal metastases were 
treated with an aggressive regimen combining 5-fluorouracil/ 
leucovorin, irinotecan, and oxaliplatin (FOFFOXIRI), which 


Staged Hepatic Resection. In cases where the degree of 
hepatic parenchyma involved by metastatic colorectal cancer 
precludes a single definitive resection, staged hepatectomy can 
be performed with acceptable outcomes. This strategy takes 
advantage of the regenerative response of the liver following 
surgical resection, increasing the size of the liver remnant such 
that a second definitive procedure can be performed. A recent 
French report describes a strategy of initial systemic chemother- 
apy (typically FOFFOX), followed by the first hepatectomy, 
intervening chemotherapy delayed 3 to 4 weeks to allow initia¬ 
tion of liver regeneration, restaging, and second hepatectomy in 
patients where imaging suggests the possibility of an RO resec¬ 
tion. 164 Of the 59 patients initially treated, 41 (69%) completed 
the second hepatectomy, while the remainder developed pro¬ 
gressive disease. Three deaths occurred due to liver failure fol¬ 
lowing the second hepatectomy, though survivors of the two- 
stage approach achieved 42% 5-year survival. Smaller series 
have reported similar results, demonstrating the feasibility of 
this approach by experienced hepatobiliary surgeons. 165,166 

Repeat Hepatic Resection. Patients with isolated hepatic 
recurrence following hepatectomy for metastatic colorectal can¬ 
cer may be eligible for repeat resection in select cases. These pro¬ 
cedures are typically more technically demanding, but published 
series suggest perioperative outcomes equivalent to primary 
hepatic resection. 167-169 Oncologic outcomes, while inferior to 
primary hepatic resection, are acceptable, with 5-year survival 
rates of 26% to 35%. 168,169 For these reasons, decisions about 
resection of recurrent hepatic disease should be made according 
to similar criteria as primary hepatic resection. 

Treatment of Extrahepatic Metastatic Disease. Extra¬ 
hepatic disease has traditionally been a contraindication to 
hepatic resection for metastatic colorectal cancer, and likely 
should remain so in the majority of patients. However, select 
patients with stable extrahepatic disease in addition to hepatic 
metastases may be appropriate for surgical therapy. Elias et al. 
reported a 29% 5-year survival among patients who under¬ 
went simultaneous resection of hepatic metastases and extra¬ 
hepatic disease. 170 While published series have not been large 
enough to determine the prognostic significance of individual 
extrahepatic sites of disease, it appears that peritoneal metas¬ 
tases and multiple lesions portend worse survival. By far the 
greatest experience with extrahepatic metastasectomy for col¬ 
orectal cancer exists for pulmonary resection, which can pro¬ 
duce survival rates similar to hepatic metastasectomy in select 
patients. 171-173 Similarly, perihepatic regional lymph node dis¬ 
ease that stabilizes or regresses during chemotherapy can be 
resected at the time of hepatic resection with acceptable overall 
survival. 174 Fymphadenectomy for metastatic disease should be 
confined to the hepatic pedicle, as celiac and periaortic 
retroperitoneal metastatic lymph node disease appears to be 
associated with poor long-term survival. 


SURGICAL TREATMENT 
OF HEPATIC NEOPLASMS 


Hepatic Resection 

Recent years have seen the expansion in the number of hepatic 
resections performed for multiple indications, a trend that is 
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associated with increased diagnosis of hepatic lesions due to 
better imaging, improved outcomes of patients with primary 
or secondary hepatic malignancies and an associated increase 
in the willingness to be aggressive surgically, and enhanced 
safety of these operations due to the evolution of advanced 
hepatobiliary techniques and perioperative management. Nev¬ 
ertheless, hepatic resection remains an operation associated 
with significant perioperative risk, and thus an increasing 
majority of these procedures are being performed by surgeons 
with advanced hepatobiliary and/or surgical oncology train¬ 
ing. Recent reports from national administrative data suggest 
that overall mortality following hepatic resection is higher 
than that reported from high-volume experienced centers, 
emphasizing the impact of specialized care following this 
major operation. 96,175 ’ 176 

Success in the operating room is created by careful preop¬ 
erative planning. In addition to a standard medical evaluation, 
attention should be paid to factors that could make hepatec- 
tomy more complicated. Patients with significant hyper¬ 
volemia (either due to renal or cardiac disease) or right heart 
failure with elevated central venous pressure (CVP) can pose 
particular challenges in liver surgery, as minimizing CVP has 
become a standard technique in liver surgery and is associated 
with decreased blood loss and improved outcomes. 177,178 Previ¬ 
ous abdominal surgery can make hepatic procedures more com¬ 
plicated, and should be planned for accordingly. Most impor¬ 
tantly, assessment for underlying liver dysfunction is essential as 
previously discussed. 

Portal Vein Embolization. Assessment of each liver resec¬ 
tion patient for adequate hepatic reserve is critical to achieving 
good patient outcomes, as reviewed earlier and outlined in 
Q Algorithm 59.1. For the patient without an adequate predicted 
future liver remnant, PVE can be a necessary adjunct to 
expanding hepatic resection while avoiding postoperative liver 
failure. PVE takes advantage of the contralateral hypertrophy 
and ipsilateral atrophy that takes place in response to selective 
portal vein occlusion. Originally described in 1990, this tech¬ 
nique has become a common procedure in high-volume hepa¬ 
tobiliary centers. 179 Portal vein ligation can be performed in an 
open or laparoscopic technique and can be used in staged 
hepatectomy procedures to induce hypertrophy prior to the 
second hepatectomy, but is most commonly performed via a 
percutaneous transhepatic approach. This allows access to 
lobar and segmental branches without manipulation of the 
portal supply to the future liver remnant. Repeat imaging is 
typically performed 3 to 4 weeks following embolization, with 
repeat liver volume estimates. Failure to respond to PVE por¬ 
tends a poor outcome following resection and should be con¬ 
sidered a contraindication to proceeding with surgical therapy. 
Most centers will aim to operate on patients with an appropri¬ 
ate response at 21 to 30 days following PVE, capitalizing on 
the peak hypertrophic response at this time period. Published 
series report low rates of complications following PVE, with 
successful hypertrophy in the majority of patients. 180-182 

Operative Technique. Perioperative management of the 
hepatic resection patient can have a profound influence on 
outcomes. A dedicated anesthesia team, with experience in 
advanced hepatobiliary procedures, can be associated with 
improved patient outcomes. Establishment of large-bore 
venous access is essential, and arterial line placement for sys¬ 
temic blood pressure monitoring is also advised. Central 
venous access, which has been advocated both for large- 
volume resuscitation and for CVP monitoring, can be helpful 
in the most complex cases, but is probably not necessary in 
limited resection cases. Use of large-bore peripheral intra¬ 
venous catheters (14 or 16 gauge) and conservative volume 
resuscitation can achieve similar goals. 

In the case of open hepatectomy, incision choice is critical 
to exposure and efficiency. Left-sided hepatic lesions can be 


approached from an upper midline incision, but typically a 
right subcostal incision is preferred. A right subcostal incision 
with midline extension is a very versatile incision, allowing 
exposure to the suprahepatic vena cava, making a bilateral sub¬ 
costal or Chevron incision necessary only for cases with diffi¬ 
cult exposure due to body habitus or large tumors. In unusual 
cases with involvement of the suprahepatic vena cava or 
diaphragm, a median sternotomy or right thoracotomy exten¬ 
sion may be necessary. 183 An appropriate retractor system, with 
bariatric blades for larger patients, can make a difficult case 
much easier. 

As with all oncologic operations, the hepatectomy should 
begin with a thorough exploration of the abdomen, looking 
for extrahepatic disease that could change management of 
known intrahepatic disease. The liver should then be carefully 
inspected and palpated, with attention paid to any evidence of 
occult chronic liver disease or additional liver masses. Limited 
mobilization of the liver is then advisable prior to proceeding 
with the intraoperative ultrasound examination, as the exam is 
facilitated by mobilizing the liver such that the ultrasound 
probe has complete access to the hepatic parenchyma. How¬ 
ever, if not necessary, leaving the ligamentous attachments of 
the future liver remnant intact can prevent torsion or com¬ 
pression of a small remnant. For example, in the case of a right 
trisegmentectomy, efforts should be made to preserve the left 
triangular ligament to keep the left lateral segment suspended 
in its typical anatomic relationship. In cases where it is neces¬ 
sary to take down such ligaments to facilitate exposure and 
mobility of the liver, the ligament can be reconstructed prior to 
abdominal closure. 

Intraoperative ultrasound (IOUS) remains an irreplaceable 
tool in the surgical management of hepatic neoplasms, and has 
been shown to have increased sensitivity when compared to pre¬ 
operative imaging. 184 Experienced hepatobiliary surgeons 
include the IOUS exam as a standard element of their operative 
exploration, typically following gross inspection and palpation 
of the abdomen and initial mobilization of the liver and place¬ 
ment of retractors. A careful IOUS should follow a reproducible 
and consistent three-step sequence, beginning with definition of 
the Couinaud segments based on the portal and hepatic venous 
anatomy. Attention is paid to important anatomic variants and 
anomalies, such as early or late division of the right portal pedi¬ 
cle or large accessory hepatic veins. The second phase of the 
IOUS exam should be a methodical scan through the entire liver 
parenchyma, with identification and measurement of all lesions. 
This is a critical step especially in operations where preoperative 
imaging identifies one dominant lesion; routine and thorough 
examination of the entire liver parenchyma is a crucial insur¬ 
ance against missing smaller synchronous lesions, which may be 
easily missed when distracted by a large known lesion. The 
whole liver scan should proceed in the same direction every 
time, typically in a cephalad to caudad position, moving slowly 
from the right to the left. Filling the upper abdomen with saline 
and removing any sponges from the field will prevent distracting 
echoes that can cause one to miss small peripherally based 
lesions. The final step in a comprehensive IOUS exam is plan¬ 
ning of intended resection (or ablation), with note taken of the 
important critical vasculature to be included or avoided in a seg¬ 
mental resection. Mapping of the hepatic veins, for example, 
can be critical to avoid compromising venous drainage to the 
remnant liver in an extended resection. 

The careful hepatobiliary surgeon will return to IOUS 
throughout the resection, ensuring that the resection margin is 
adequate and important vasculature is preserved. Caution 
often calls for temporary clamping of major portal branches, 
with subsequent Doppler IOUS confirmation of the intact flow 
to the liver remnant. A completion IOUS with Doppler to 
again demonstrate preserved inflow and outflow to the rem¬ 
nant liver should also be documented. 

Once the plan of resection is confirmed by IOUS, the dissec¬ 
tion phase is entered. The portion of the liver to be resected 
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FIGURE 59.10. Identification of the extrahepatic structures during 
portal dissection. A indicates the right main portal triad; B indicates 
the left main portal triad, with its longer extrahepatic segment. (Copy¬ 
right © 2003, the University of Texas M.D. Anderson Cancer Center.) 


should be mobilized completely, freed from diaphragmatic 
attachments with division of the hepatic suspensory ligaments. 
The portal structures should be isolated by opening the pars 
flaccida (gastrohepatic ligament) and passing a finger through 
the foramen of Winslow such that the porta can be encircled 
with a tape. This maneuver facilitates quick access to the porta 


when necessary, and can facilitate episodic inflow occlusion. 
The amount of portal dissection necessary is then determined by 
the extent of hepatectomy planned (Fig. 59.10). A peripheral 
nonanatomic or segmental resection will not require much addi¬ 
tional portal dissection. A formal or extended lobectomy may 
be approached with a formal portal dissection and pedicle con¬ 
trol prior to parenchymal transection. Techniques of intrahep- 
atic and extrahepatic pedicle control have been advocated by 
surgeons, depending on the tumor location and behavior. 185-187 
Extrahepatic ligation of the portal vein and hepatic artery on 
the side of the lobectomy is typically best for lesions close to the 
portal plate, and can be accomplished safely. Alternatively, dis¬ 
section of the portal structures to allow segmental inflow occlu¬ 
sion with subsequent division of the inflow vessels in the 
parenchyma is a method to provide definitive vascular control 
without depriving the liver remnant of inflow during parenchy¬ 
mal transection (i.e., a selective Pringle maneuver). The only 
hazard of extrahepatic pedicle control or division is the risk of 
injuring portal structures to the remnant liver, especially the bil¬ 
iary drainage. For example, when performing a right hepatic 
lobectomy, care should be taken to divide the right hepatic duct 
at or above the level of the portal plate, as the left hepatic duct 
may have a high insertion that can be compromised when the 
right duct is ligated near the bifurcation. 

Control of the hepatic veins is most commonly performed 
within the liver as the final step of parenchymal transection, 
but vascular staplers have provided an efficient way to control 
hepatic veins at their origin with even a small window of extra¬ 
hepatic vein at the level of the caval insertion (Fig. 59.11). This 
is easiest for the right hepatic vein, but with caution and expe¬ 
rience, the middle and left hepatic veins can be divided sepa¬ 
rately as well. Care should be taken not to narrow the vena 



FIGURE 59.11. Exposure of the right hepatic vein for use of an endovascular stapler to ligate and divide the right hepatic vein. The liver 
is retracted medially and anteriorly after mobilization. (Copyright © 2003, the University of Texas M.D. Anderson Cancer Center.) 


PANCREAS/LIVER 
























952 


Part Two: Surgical Practice 



FIGURE 59.12. Parenchymal transection is carried out along the plane identified after vascular isolation. Parenchymal division can be 
performed by a number of different techniques, including coagulation dissecting devices or ultrasonic dissection. Large crossing ducts 
and vessels can be ligated with suture or clips, whereas smaller vessels are often readily coagulated with a variety of electrosurgical tech¬ 
niques. (Copyright © 2003, the University of Texas M.D. Anderson Cancer Center.) 


cava or the hepatic veins that are being preserved during place¬ 
ment of a stapler or vascular clamp. 

Parenchymal transection (Fig. 59.12) may be performed 
using multiple techniques (reviewed and discussed by 
Clavien 188 ), and the experienced surgeon can perform an effi¬ 
cient transection with minimal blood loss using the method with 
which he or she is the most proficient. The traditional clamp 
and crush technique, with control of small vessels using electro¬ 
cautery, ligatures, and/or surgical clips, is relatively easy to per¬ 
form and is likely the most efficient and cost-effective method 
for peripheral wedge resections in patients with normal liver 
parenchyma. Use of an ultrasonic or water-jet dissector is 
thought by many surgeons to provide the most precise plane of 
dissection, and can be essential for defining the anatomy and 
preserving critical structures with lesions located near the portal 
plate or hepatic veins. The harmonic scalpel or various bipolar 
cautery devices can control all but the largest parenchymal ves¬ 
sels, and may be used to speed up the transection phase. The use 
of vascular or gastrointestinal anastomosis (GIA) staplers has 
also become commonplace. These devices are best utilized in 
controlling major parenchymal branches such as the portal 
pedicle and hepatic veins, but some surgeons will divide the 
entire parenchyma with staplers once the line of transection is 
established and an appropriate margin is confirmed. 189,190 One 
should note that the stapling devices work best when the liver 
capsule is not included, thus allowing the staples to compress 
and control the parenchymal vessels without getting caught on 
the capsule. Scoring the liver with electrocautery or the har¬ 
monic scalpel along the entire transection plane prior to firing 
the stapler will prevent this problem. 

The role of inflow occlusion (Pringle maneuver) during 
parenchymal transection has been studied extensively and 
should be utilized to limit excessive blood loss when appropri¬ 
ate. While some surgeons use this technique routinely, others 
try to limit any potential ischemic injury to the liver remnant, 


preferring selective pedicle isolation and ligation. When inflow 
occlusion is utilized, it appears that intermittent periods of 
clamping followed by periods of reperfusion can limit the 
ischemic injury to the liver remnant. 191 The use of ischemic pre¬ 
conditioning, which has demonstrated value in animal mod¬ 
els 192 and some evidence of antiapoptotic effects in humans, 193 
has not been shown in prospective studies to be clinically supe¬ 
rior to intermittent portal clamping alone. 194,195 

Once the parenchymal transection is completed, achieving 
final hemostasis is critical. Significant bleeding vessels should be 
controlled with nonabsorbable fine sutures or clips. The argon 
beam coagulator is effective for small vessels and raw surfaces. 
Application of additional hemostatic agents such as fibrin- and 
thrombin-based agents can also assist in achieving a dry opera¬ 
tive field. Care should be taken to identify occult biliary leaks 
from the parenchymal surface, which should be controlled with 
fine sutures when identified. Leaving a surgical drain after a 
hepatectomy is a controversial practice 196 and appears to be only 
partially successful in allowing diagnosis and adequate drainage 
of a postoperative biliary leak. Selective use of drains for cases 
with concomitant biliary reconstruction and/or difficult perihilar 
dissection is probably a reasonable strategy. 

Laparoscopic Liver Resection. The past decade has seen 
the rapid expansion of laparoscopic liver surgery, a technique 
that was first described in the early 1990s. Recent published 
series have documented that laparoscopic hepatic resection has 
similar benefits to other minimally invasive procedures when 
compared to open techniques, including less postoperative 
pain, earlier return to activity, and shorter length of stay. 198-201 

Selection of patients appropriate for a laparoscopic 
approach to hepatic resection is critical, and should be per¬ 
formed with honest consideration of surgeon experience. Lim¬ 
ited wedge resections and left lateral segmentectomies (segments 
II and III) are becoming standard laparoscopic procedures, with 
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a limited role for open hepatic resection in patients with these 
lesions. Major liver resections (lobectomy, trisegmentectomy, 
central hepatectomy, and resection of the posterior segments VI 
and VII) are complex laparoscopic procedures that should not 
be approached laparoscopically by surgeons without significant 
laparoscopic liver surgery experience. While tumors located 
near the hilum of the liver or with involvement of the vena cava 
and hepatic vein orifices have been addressed laparoscopically 
in highly experienced centers, these procedures should generally 
not be considered candidates for a minimally invasive approach. 
As technology and surgical experience evolves, it is likely that 
the majority of hepatic resection procedures will gradually 
become minimally invasive procedures, though this evolution 
should occur only with assurance of patient safety and onco¬ 
logic outcomes equivalent to open techniques. 

Evolution of Laparoscopic Hepatic Resection. Histori¬ 
cally, laparoscopy was only used in liver surgery for the staging 
of tumors, biopsy of the liver, and treatment of simple cysts. In 
1994, Croce et al. performed hepatic wedge resections in four 
patients utilizing argon beam coagulation. 202 One of these four 
patients developed cardiac arrest due to a gas embolism, hin¬ 
dering the enthusiasm for this technique. Six succesful laparo¬ 
scopic liver resections were reported in 1995 by Rau et al. 203 
The first anatomic liver resection was a left lateral segmentec- 
tomy performed by Azagra et al. in 1996. 204 Kaneko et al. also 
reported laparoscopic left lateral segment resection during the 
same time period. 205 Other attempts by groups with extensive 
open liver resection were less successful, with conversion rates 
to open resection in 6 of 11 patients (55%), suggesting a steep 
learning curve with this technique. 206 Other early reports sug¬ 
gested a lower incidence of postoperative liver failure with 
laparoscopic approach (8% vs. 36%) along with improved 3- 
year survival (89% vs. 55%). While these findings were likely 
biased by patient selection, they did provide groundwork for the 
development of minimally invasive liver surgery. 207,208 

Since that time, large studies have demonstrated the feasi¬ 
bility of laparoscopic hepatic resection and successful out¬ 
comes. 209-211 In a comprehensive review of the literature, 75% 
of laparoscopic liver resections reported were performed 
totally laparoscopically and 17% were hand assisted. Conver¬ 
sion from laparoscopic to open occurred in 4% of patients. 
While wedge resections or segmentectomies were most com¬ 
mon, formal right or left hepatectomies accounted for 16% of 
all cases reported. 211 However, prospective studies comparing 
a minimally invasive to an open approach have not been per¬ 
formed and will be difficult to plan because of the technically 
demanding nature of this technique, which is selectively per¬ 
formed at specialized centers. 

Limitations of Laparoscopic Liver Surgery. The perfor¬ 
mance of laparoscopic liver surgery requires experience and 
expertise in both open complex liver surgery and advanced 
laparoscopy. Minimally invasive surgery on the liver faces 
unique challenges including retraction and mobilization of a 
relatively large and heavy organ, limiting hemorrhage while 
performing parenchymal transection, and identifying intrahep- 
atic anatomy or pathology without anatomic markers on the 
surface of the liver. Methods must be immediately available to 
control hemorrhage, including the ability for laparoscopic 
suturing, stapling techniques, inflow occlusion, the use of 
hand-assisted laparoscopy, or the conversion to open surgery. 
In addition, techniques to limit the risk of air embolism under 
pneumoperitoneum should be utilized. Central lesions and 
bulky tumors that compromise laparoscopic working space 
may be difficult to resect laparoscopically. 

The laparoscopic resection of liver malignancies remains con¬ 
troversial, and arguments for and against are similar to those of 
other gastrointestinal malignancies. 212,213 These arguments 
include concern for potential tumor cell exfoliation as well as 
port site metastases. In addition, concern for obtaining an inad¬ 


equate margin has also been expressed. In a retrospective study 
that included 11 European centers, it was noted that almost 
one out of three patients did not meet a goal of a 1-cm margin 
on the specimen. 214 A more recent study has suggested that 
similar margins, recurrence rates, and long-term survival can 
be achieved in patients with malignant tumors using a laparo¬ 
scopic approach when compared to open surgery. 

These limitations and the constraints inherent in the uti¬ 
lization of evolving surgical devices should lead to the cautious 
adoption of laparoscopic liver resection, with laparoscopic 
major hepatectomy only performed by experienced surgeons. 
However, consensus appears to exist in the surgical commu¬ 
nity that laparoscopic approaches to liver surgery can produce 
equivalent outcomes to open hepatic surgery with appropriate 
patient selection and meticulous surgical technique. 215,216 

Hepatic Resection with Vascular Isolation, Resection, 
and/or Reconstruction. Improved outcomes with hepatic 
resection, advances with anesthetic and critical care management 
of the hepatectomy patient, and the increasing influence of hepa¬ 
tobiliary surgeons with liver transplant experience have all con¬ 
tributed to the extension of hepatic resection to include treatment 
of malignancies that were previously considered either impossi¬ 
ble or unsafe to resect. This includes hepatic tumors involving 
the vena cava and/or hepatic vein orifices, neoplasms associated 
with the portal vein or its major branches, and retrohepatic neo¬ 
plasms involving or displacing the hepatic vasculature such as 
retroperitoneal sarcomas. Select expert hepatobiliary centers 
have demonstrated that patients with tumors in these unfortu¬ 
nate locations can be offered resection as long as such proce¬ 
dures adhere to the principles of patient selection, evaluation of 
hepatic reserve, and comprehensive oncologic care that are 
applied to patients with more typical hepatic neoplasms. 

Initial forays into isolation of the hepatic inflow and outflow 
to facilitate the resection of centrally based and/or large hepatic 
tumors were first described in the 1960s, 217 and the technique of 
TVE should be familiar to all surgeons performing major hepa¬ 
tectomy (Fig. 59.13). 218 Bismuth et al. described the largest 



FIGURE 59.13. The technique of total vascular exclusion (TVE) can 
facilitate the safe resection of a large and centrally based tumor, par¬ 
ticularly when the vena cava or hepatic veins are involved. 
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initial series utilizing this technique, demonstrating no increased 
rate of complications beyond major hepatectomy without 
TVE. 218 Increasing comfort with this technique has led some 
surgeons to suggest its use for all major hepatic resection proce¬ 
dures, though recent systematic reviews of the available pub¬ 
lished studies showed no benefit of routine TVE over intermit¬ 
tent hepatic inflow occlusion. 219,220 Nevertheless, TVE can be a 
lifesaving procedure in cases of massive hepatic hemorrhage, and 
may be necessary to allow the resection of tumors that involve or 
efface the vena cava or hepatic veins. 

Recognition of the potential deleterious effects of the period 
of warm ischemia associated with TVE, which may be particu¬ 
larly injurious to steatotic or fibrotic livers, 197 led to interest in 
providing hypothermic perfusion of the liver during extended 
periods of TVE required for vascular resection and reconstruc¬ 
tion. Azoulay et al. described the use of in situ hypothermic per¬ 
fusion, demonstrating favorable results with no mortality in 20 
patients. 221 The authors recommended consideration of hypother¬ 
mic perfusion, either using in situ or ex vivo techniques, when 
TVE of more than 60 minutes would be required. Subsequent 
reports using this technique have described reconstruction of por¬ 
tal venous inflow to remnant liver segments, 222,223 resection and 
reconstruction of the vena cava and hepatic venous drainage for 
hepatic neoplasms, 224 and temporary total hepatectomy to facil¬ 
itate resection and reconstruction of the vena cava for retroperi¬ 
toneal tumors. 225 While these procedures should be reserved for 
only experienced hepatobiliary surgeons, it is clear that they can 
be considered safe in select patients. 


Liver Transplantation 

Total hepatectomy and replacement with a liver allograft has 
been considered as a treatment for hepatic tumors since the 
earliest days of liver transplantation. 226 Recognition of the 
profound impact that immunosuppression can have on tumor 
recurrence led to the conclusion that hepatic malignancy is a 
contraindication to liver transplantation. Experience with 
select tumors in rare circumstances, such as hepatoblastoma in 
children 227 and the recent international experience with liver 
transplantation for early-stage HCC, 102 has led to cautious 
optimism about the use of liver transplantation for malig¬ 
nancy. Currently, only HCC meeting Milan criteria in a patient 
with cirrhosis is considered a standard indication for liver 
transplantation (Table 59.4). Patients with other rare primary 
liver tumors such as angiosarcoma and epithelioid heman¬ 
gioendothelioma can be considered for transplantation when 
resection is not an option. There is ongoing study about the 


role of liver transplantation in the treatment of hilar cholan- 
giocarcinoma 228 and metastatic neuroendocrine tumors iso¬ 
lated to the liver. 229 To date, there is little evidence to support 
extension of liver transplantation to other more common 
hepatic malignancies, such as metastatic colorectal cancer. 


Ablation of Liver Tumors 


Ablative techniques have evolved extensively over the past few 
decades, extending surgical therapies to small tumors in 
patients not appropriate for surgical resection. Many of these 
techniques can increasingly be performed percutaneously, but 
surgical approaches remain important in patients where tran¬ 
scutaneous approaches are not possible or when ablation is 
combined with resection in the case of multiple hepatic tumors. 
Available ablation techniques include cryotherapy, microwave 
coagulation therapy, and laser-induced hyperthermic ablation. 
By far the greatest international experience exists with RFA. 

RFA involves the application of a high-frequency alternat¬ 
ing current from the tip of an electrode to the tissue surround¬ 
ing that electrode. As the ions within the tissue move in 
response to this current, frictional heat is generated. As the 
temperature in the tissue increases above 60°C, cells begin to 
die, ultimately leading to coagulative necrosis. 230 Generally, 
ultrasound is used to guide the placement of the needle and 
ensure a complete therapeutic field. Once placed, RF energy is 
then applied across the needle electrode using an established 
protocol specific for the instrument (Figs. 59.14 and 59.15). 231 
Smaller tumors can often be treated with one application, 
whereas larger tumors (>2.5 cm) will require more than one 
deployment of the electrode to ensure complete destruction of 
the lesion. Overlapping zones of coagulative necrosis are a key 
element in the use of RF ablative techniques requiring more 
than one deployment. To mimic a surgical margin of 
resectability, the electrode array is positioned so as to obtain a 
field of thermal necrosis including, when possible, a 1-cm 
perimeter of normal hepatic parenchyma surrounding each 
ablated lesion. After RF ablation, CT scans demonstrate cystic 
areas ideally larger than the original tumors. These ablation 
zones decrease in size over time. 

Candidates for RF ablation of hepatic tumors are generally 
patients who do not meet criteria for resection of their disease 
but do not have evidence of extrahepatic disease. 231,232 In 
selected cases, patients with tumors that are usually associated 
with disseminated, systemic metastatic disease (e.g., breast or 
renal cell carcinoma) may be considered for RF ablation if they 
have received a prolonged period of effective chemotherapy 


TABLE 59.4 TREATMENT 


OUTCOMES FOLLOWING LIVER TRANSPLANTATION FOR HEPATOCELLULAR CARCINOMA USING MILAN AND 
EXPANDED THERAPY 


■ NUMBER OF PATIENTS ■ 1-Y SURVIVAL ■ 5-Y SURVIVAL 


■ STUDY 

■ TOTAL 

■ MILAN 

■ EXPANDED 

■ MILAN 

■ EXPANDED 

■ MILAN 

■ EXPANDED 

Yao et al., 2002 145 

70 

46 

24 

91 

71 

72 

57 

Fernandez et al., 2003 146 

53 

33 

20 

82 

75 

68 

54 

Ravaioli et al., 2004 147 

63 

55 

8 

90 

76 

78 

38 

Leung et al., 2004 148 

144 

74 

14 

86 

— 

51 

— 

Todo et al., 2004 149 

316 

138 

171 

81 

75 

78 

60 

Decaens et al., 2006 150 

479 

279 

188 

80 

78 

60 

46 

Onaca et al., 2007 103 

1,206 

631 

575 

85 

67 

62 

43 

Duffy et al., 2007 151 

467 

173 

294 

91 

88 

79 

64 


Adopted in part from Hoti E, Adam R. Liver transplantation for primary and metastatic liver cancers. Transpl Int 2008;21:1109. 
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FIGURE 59.14. Technique for radiofrequency ablation. Using ultrasound guidance, the probe is inserted into a lesion and the array is 
opened so that it encompasses the entire lesion. 




FIGURE 59.15. Technique for larger lesions. Overlapping ablations are performed so that the entire lesion, along with a margin of 
normal tissue, is submitted to the ablative current. 
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and have evidence of metastases isolated to the liver. This 
group of patients is small, and only a few will derive long-term 
benefit from aggressive liver-directed interventions. 233 As a 
result, RF ablation should be used only in patients with no pre¬ 
operative or intraoperative evidence of extrahepatic disease 
and only for tumors with a reasonable probability of metas¬ 
tases restricted to the liver. Because some patients with metasta¬ 
tic neuroendocrine tumors can live for years with their disease, 
the only exception to this rule is in patients with functional 
endocrine syndromes from these types of tumors, minimal 
extrahepatic disease, and treatable liver metastases. In addition 
to treating multiple bilobar tumors that are unresectable 
because of distribution, RF ablation can also be used to address 
tumors in areas of anatomic constraint, such as a tumor juxta¬ 
posed to the confluence of the hepatic veins and inferior vena 
cava. The only area precluding RF ablation is the hilar plate 
because, although the portal vein and hepatic arteries tolerate 
heat, the bile ducts traveling with them do not and biliary fis¬ 
tulas or strictures are potential complications of thermal injury. 

Radiofrequency ablation can be approached percutaneously 
with the assistance of ultrasound or CT guidance. A percuta¬ 
neous approach does offer some advantages including being 
less invasive and in some cases not requiring general anesthesia. 
Elias et al. have reported that up to 16% of patients with extra¬ 
hepatic disease may not be identified and up to 30% of addi¬ 
tional liver lesions may be missed. 234 In addition, radiofre¬ 
quency ablation can be performed during open resection. With 
a laparoscopic approach, however, the benefits of minimally 
invasive surgery are realized along with the advantages of 
direct inspection and visualization of the liver and the opportu¬ 
nity to perform intraoperative ultrasound. With the assistance 
of laparoscopy, most lesions are accessible. Lesions near other 
structures, such as the colon or stomach, can be retracted and 
radiofrequency ablation can be performed safely without 
injury to surrounding organs. In addition, when near major 
vascular structures, vascular inflow occlusion can also be used 
to prevent a heat-sink effect. Disadvantages of the laparoscopic 
radiofrequency ablation approach include the requirement for 
general anesthesia and difficulty if extensive prior abdominal 
surgery has been performed. RFA can be combined with resec¬ 
tion in select patients, allowing extension of surgical therapy to 
patients who otherwise would not have disease amenable to 
treatment of all visible tumor. 133,156 


SUMMARY 


The effective treatment of the patient with a hepatic neoplasm 
requires a comprehensive understanding of the diverse clinical 
presentations, pathology, and treatment options for benign and 
malignant liver tumors. A careful assessment of the patient’s 
hepatic reserve, the precise anatomic details of the tumor loca¬ 
tion, and the oncologic context are necessary to choose the most 
effective course of therapy. Advances in surgical technique, peri¬ 
operative management, and adjunctive therapies have extended 
the indications for hepatic resection for benign and malignant 
disease. Surgical therapy (resection, transplantation, ablation) 
remains the primary and most effective treatment for hepatic 
neoplasms, and excellent clinical outcomes should be expected 
in experienced hands even for these formidable procedures. 
Ongoing work is needed to appropriately extend surgical thera¬ 
pies to patients with advanced hepatic neoplasms, and to con¬ 
tinue to develop adjuvant therapies that aid operative treat¬ 
ments in achieving improved patient outcomes. 
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CHAPTER 60 CALCULOUS BILIARY DISEASE 


HENRY A. PITT, STEVEN A. AHRENDT, AND ATTILA NAKEEB 


KEY POINTS 


Q Gallstones are classified by their cholesterol content as 
either cholesterol (70% to 80%) or pigment (20% to 30%), 
with pigment stones further classified as black or brown. 

Q Biliary sludge refers to a mixture of cholesterol crystals, 
calcium bilirubinate granules, and a mucin gel matrix and 
is thought to serve as the nidus for gallstone growth. 

Q The pathogenesis of cholesterol gallstones is clearly multi¬ 
factorial but essentially involves four factors: (a) cholesterol 
supersaturation in bile, (b) crystal nucleation, (c) gallblad¬ 
der dysmotility, and (d) gallbladder absorption/secretion. 

Q Prophylactic cholecystectomy is generally not indicated in 
patients with asymptomatic gallstones, because studies 
show that only 20% to 30% will become symptomatic 
within 20 years and only 1% to 2% will develop serious 
complications per year. 

Q Elective laparoscopic cholecystectomy is associated with a 
mortality rate of less than 0.3% and an overall complica¬ 
tion rate of 10%, with less than 5% of patients requiring 
conversion to an open procedure. 

Q Randomized trials have shown that early laparoscopic 
cholecystectomy performed for acute cholecystitis can 


result in a lower morbidity rate, shorter hospital stay, and 
quicker return to work than delayed cholecystectomy. 

Q Chronic acalculous cholecystitis is associated with typi¬ 
cal symptoms of biliary colic without evidence of gall¬ 
stones and is diagnosed by cholescintigraphy with an 
ejection fraction of less than 35% in response to chole- 
cystokinin. 

Q Acute cholangitis results from the combination of signifi¬ 
cant bacterial concentration in bile and increased biliary 
pressure associated with biliary obstruction. 

^The strongest clinical indications for the presence of a 
common bile duct stone include a history of cholangitis, 
common bile duct stones identified on ultrasound, and 
jaundice; a patient with any one of these indicators has 
at least a 10 times increased risk of common bile duct 
stones. 

€> Endoscopic cholangiography is the “gold standard” for 
the diagnosis of common bile duct stones, being successful 
in 90% to 95% of patients although associated with com¬ 
plications of cholangitis or pancreatitis in up to 5% of 
patients. 


Calculous biliary disease is a major health care problem in 
developed countries as well as in many underdeveloped coun¬ 
tries. In the United States, approximately 12% of the popula¬ 
tion or more than 30,000 Americans have gallstones. Cur¬ 
rently more than 750,000 cholecystectomies are performed 
annually in the United States, and the cost of caring for these 
patients is estimated to be between $7 million and $10 million 
per year. 1 To properly manage these patients, surgeons should 
understand biliary physiology and gallstone pathogenesis, 
incidence, risk factors, and natural history as reviewed in the 
following discussion. In addition, this chapter reviews the 
diagnostic options, clinical manifestations, management 
options, and expected outcomes for calculous biliary disease. 


BILIARY PHYSIOLOGY 


Bile Flow 


The bile ducts, gallbladder, and sphincter of Oddi act in con¬ 
cert to modify, store, and regulate the flow of bile. Approxi¬ 
mately 600 to 750 mL of bile is produced daily. During its pas¬ 
sage through the bile ductules, canalicular bile is modified by 
the absorption and secretion of electrolytes and water. The 
gastrointestinal hormone secretin increases bile flow primarily 
by increasing the active secretion of chloride-rich fluid by the 
bile ducts. Bile ductular secretion is also stimulated by other 
hormones such as cholecystokinin and gastrin. The bile duct 
epithelium is also capable of water and electrolyte absorption, 
which may be of primary importance in the storage of bile dur¬ 
ing fasting in patients who have previously undergone chole¬ 
cystectomy. The main functions of the gallbladder are to con¬ 
centrate and store hepatic bile during the fasting state and 
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deliver bile into the duodenum in response to a meal. The 
usual capacity of the human gallbladder is approximately 40 
to 50 mL. Only a small fraction of the 600 to 750 mL of bile 
produced each day would be stored were it not for its remark¬ 
able absorptive capacity. The gallbladder mucosa has the 
greatest absorptive capacity per unit of any structure in the 
body. 


Bile Composition 

Bile is usually concentrated 5- to 10-fold by the absorption of 
water and electrolytes, leading to a marked change in bile com¬ 
position (Table 60.1). Active sodium chloride transport by the 
gallbladder epithelium is the driving force for the concentration 
of bile. 2 Water is passively absorbed in response to the osmotic 
force generated by solute absorption. The concentration of bile 
may affect the solubilities of two important components of 
gallstones, cholesterol and calcium. Although the gallbladder 
mucosa does absorb calcium, this process is not nearly as effi¬ 
cient as the absorption of sodium or water, leading to a greater 
relative increase in calcium concentration. As the gallbladder 
bile becomes concentrated, several changes occur in the capac¬ 
ity of bile to solubilize cholesterol. The solubility in the micel¬ 
lar fraction is increased, but the stability of phospholipid- 
cholesterol vesicles is greatly decreased. Because cholesterol 
crystal precipitation occurs preferentially by vesicular rather 
than micellar mechanisms, the net effect of concentrating bile is 
an increased tendency to form cholesterol crystals. 

Bile facilitates the intestinal absorption of lipids and fat- 
soluble vitamins and represents the route of excretion for cer¬ 
tain organic solids such as bilirubin and cholesterol. The major 
organic solutes in bile are bilirubin, bile salts, phospholipids, 
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ITABLE 60.1 

COMPOSITION OF HEPATIC AND GALLBLADDER BILE 

■ CHARACTERISTIC 

■ HEPATIC 

■ GALLBLADDER 

Sodium (mEq/L) 

160 

270 

Potassium (mEq/L) 

5 

10 

Chloride (mEq/L) 

90 

15 

Bicarbonate (mEq/L) 

45 

10 

Calcium (mEq/L) 

4 

25 

Magnesium (mEq/L) 

2 

— 

Bilirubin (mEq/L) 

1.5 

15 

Protein (mEq/L) 

150 

— 

Bile acids (mEq/L) 

50 

150 

Phospholipids (mEq/L) 

8 

40 

Cholesterol (mEq/L) 

4 

18 

Total solids (mEq/L) 

— 

125 

pH 

7.8 

7.2 


and cholesterol. Bilirubin is the breakdown product of spent 
red blood cells and is conjugated with glucuronic acid prior to 
being excreted. Bile salts solubilize lipids and facilitate their 
absorption. Phospholipids are synthesized in the liver in con¬ 
junction with bile salt synthesis. The final major solute of bile 
is cholesterol, which is also produced primarily by the liver 
with little contribution from dietary sources. Cholesterol is 
highly nonpolar and insoluble in water and thus in bile as well. 


Gallbladder Function 


As a result of active absorption, the gallbladder stores concen¬ 
trated bile that reenters the distal bile duct and is secreted into 
the duodenum in response to a meal. In addition to absorption 
and concentration, the gallbladder’s mucosa actively secretes 
glycoproteins and hydrogen ions. Secretion of mucous glyco¬ 
proteins occurs primarily from the glands of the gallbladder 
neck and cystic duct. The resultant mucin gel is believed to 
constitute an important part of the unstirred layer (diffusion- 
resistant barrier) that separates the gallbladder cell membrane 
from the luminal bile. This mucous barrier may be very impor¬ 
tant in protecting the gallbladder epithelium from the strong 
detergent effect of the highly concentrated bile salts found in 
the gallbladder. However, considerable evidence also suggests 
that mucin glycoproteins play a role as a pronucleating agent 
for cholesterol crystallization. The transport of hydrogen ions 
by the gallbladder epithelium leads to a decrease in bile pH 
through a sodium-exchange mechanism. Acidification of bile 
in the gallbladder promotes calcium solubility, thereby pre¬ 
venting its precipitation as calcium salts. The gallbladder’s 
normal acidification process lowers the pH of entering hepatic 
bile from 7.5 to 7.8 down to 7.1 to 7.3. 2 


Biliary Motility 

Gallbladder. Gallbladder filling is facilitated by tonic con¬ 
traction of the ampullary sphincter, which maintains a con¬ 
stant pressure in the common bile duct (CBD) (10 to 15 mm 
Hg). However, the gallbladder does not simply fill passively 
and continuously during fasting. Rather, periods of filling are 
punctuated by brief periods of partial emptying (10% to 15% 
of its volume) of concentrated gallbladder bile. Emptying peri¬ 
ods are coordinated with each passage through the duodenum 


of phase III of the migrating myoelectric complex (MMC). 
This process is mediated, at least in part, by the hormone 
motilin. Following a meal, the release of stored bile from the 
gallbladder requires a coordinated motor response of gallblad¬ 
der contraction and sphincter of Oddi relaxation. One of the 
main stimuli to gallbladder emptying is the hormone cholecys- 
tokinin, which is released from the duodenal mucosa in 
response to a meal. When stimulated by eating, the gallbladder 
empties 50% to 70% of its contents within 30 to 40 minutes. 
Gallbladder refilling then occurs gradually over the next 60 to 
90 minutes. Many other hormonal and neural pathways are 
also necessary for the coordinated action of the gallbladder 
and sphincter of Oddi. Defects in gallbladder motility, which 
increase the residence time of bile in the gallbladder, play a 
central role in the pathogenesis of gallstones. 3 


Sphincter of Oddi 

The human sphincter of Oddi is a complex structure that is func¬ 
tionally independent from the duodenal musculature. Endo¬ 
scopic manometric studies have demonstrated that the human 
sphincter of Oddi creates a high-pressure zone between the bile 
duct and the duodenum. The sphincter regulates the flow of bile 
and pancreatic juice into the duodenum and also prevents the 
regurgitation of duodenal contents into the biliary tract. These 
functions are achieved by keeping pressure within the bile and 
pancreatic ducts higher than duodenal pressure. The sphincter 
of Oddi also has very high-pressure phasic contractions, which 
may play a role in preventing the regurgitation of duodenal con¬ 
tents into the biliary tract. 

Both neural and hormonal factors influence the sphincter of 
Oddi. In humans, sphincter of Oddi pressure and phasic wave 
activity diminish in response to cholecystokinin. Thus, sphinc¬ 
ter pressure relaxes after a meal, allowing the passive flow of 
bile into the duodenum. During fasting, high-pressure phasic 
contractions of the sphincter of Oddi persist through all 
phases of the MMC. However, recent animal studies suggest 
that sphincter of Oddi phasic waves do vary to some degree in 
concert with the MMC. Thus, sphincter of Oddi activity is 
undoubtedly coordinated with the partial gallbladder empty¬ 
ing and increases in bile flow that occur during phase III of the 
MMC. This activity may be a preventative mechanism against 
the accumulation of biliary crystals during fasting. 4 

Neurally mediated reflexes link the sphincter of Oddi with 
the gallbladder and stomach to coordinate the flow of bile and 
pancreatic juice into the duodenum. The cholecystosphincter 
of Oddi reflex allows the human sphincter to relax as the gall¬ 
bladder contracts. Similarly, antral distention causes both gall¬ 
bladder contraction and sphincter relaxation. 


GALLSTONE PATHOGENESIS 


Gallstone Types 

Gallstones represent a failure to maintain certain biliary 
solutes, primarily cholesterol, and calcium salts in a solubi¬ 
lized state. Gallstones are classified by their cholesterol content 
as either cholesterol or pigment stones. Pigment stones are fur¬ 
ther classified as either black or brown (Fig. 60.1). Pure cho¬ 
lesterol gallstones are uncommon (10%), with most choles¬ 
terol stones containing calcium salts in their center, or nidus. 
In most American populations, 70% to 80% of gallstones are 
cholesterol, and black pigment stones account for most of the 
remaining 20% to 30%. 

An important biliary precipitate in gallstone pathogenesis is 
biliary “sludge,” which refers to a mixture of cholesterol crys¬ 
tals, calcium bilirubinate granules, and a mucin gel matrix. Bil¬ 
iary sludge has been observed clinically in prolonged fasting 
states or with the use of long-term total parenteral nutrition 
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(TPN). Both of these conditions are also associated with gall¬ 
stone formation. The finding of macromolecular complexes of 
mucin and bilirubin, similar to biliary sludge in the central 
core of most cholesterol gallstones, suggests that sludge may 
serve as the nidus for gallstone growth. 

Q Cholesterol Gallstones. The pathogenesis of cholesterol 
gallstones is clearly multifactorial but essentially involves four 
factors: (a) cholesterol supersaturation in bile, (b) crystal 
nucleation, (c) gallbladder dysmotility, and (d) gallbladder 
absorption/secretion. For many years, gallstones were thought 
to result primarily from a defect in the hepatic secretion of bil¬ 
iary lipids. More recently, it has become increasingly clear that 
gallbladder mucosal and motor function also play key roles in 
gallstone formation. 

Biliary Lipids. The key to maintaining cholesterol in solution 
is the formation of both micelles, a bile salt-phospholipid- 
cholesterol complex, and cholesterol-phospholipid vesicles 
(Fig. 60.2). Present theory suggests that in states of excess cho¬ 
lesterol production, these large vesicles may also exceed their 
capability to transport cholesterol, and crystal precipitation 
may occur. Cholesterol solubility depends on the relative con¬ 
centration of cholesterol, bile salts, and phospholipid. By plot¬ 
ting the percentages of each component on triangular coordi¬ 
nates, the micellar zone in which cholesterol is completely 
soluble can be demonstrated (Fig. 60.3). In the area above the 
curve, bile is supersaturated with cholesterol, and precipitation 
of cholesterol crystals can occur. 

Cholesterol Crystallization. Cholesterol supersaturation is 
present in many normal humans without gallstones. As bile is 
concentrated in the gallbladder, a net transfer of phospholipids 


and cholesterol from vesicles to micelles occurs. The phospho¬ 
lipids are transferred more efficiently than cholesterol, leading 
to cholesterol enrichment of the remaining vesicles. These 
cholesterol-rich vesicles aggregate to form large multilamellar 
liquid vesicles that then precipitate cholesterol monohydrate 
crystals. Several pronucleating factors including mucin glyco¬ 
proteins, immunoglobulins, and transferrin accelerate the pre¬ 
cipitation of cholesterol in bile. 



FIGURE 60.2. Phases of cholesterol in bile. 
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found in the bile ducts, especially in Asian populations. Brown 
stones often contain more cholesterol and calcium palmitate 
than black stones and occur as primary common duct stones in 
Western patients with disorders of biliary motility and associ¬ 
ated bacterial infection. In these settings, bacteria-producing 
slime and bacteria containing the enzyme glucuronidase cause 
enzymatic hydrolysis of soluble conjugated bilirubin glu- 
curonide to form free bilirubin, which then precipitates with 
calcium. 


GALLSTONE INCIDENCE 
AND RISK FACTORS 


Incidence 


FIGURE 60.3. Equilibrium phase diagram for bile salt-lecithin- 
cholesterol-water at a concentration of 10% solids, 90% water. The 
monomeric phase is not depicted as a phase because it exists at the 
same concentration throughout. The one-phase zone contains only 
micelles. Several other zones exist, but only the two on the left above 
the one-phase zone apply to human gallbladder bile, and both contain 
cholesterol monohydrate crystals at equilibrium. 


Gallbladder Motility. For gallstones to cause clinical symp¬ 
toms, they must obtain a size sufficient to produce mechanical 
injury to the gallbladder or obstruction of the biliary tree. 
Growth of stones may occur in two ways: (a) progressive 
enlargement of individual crystals or stones by deposition of 
additional insoluble precipitate at the bile-stone interface, or 
(b) fusion of individual crystals or stones to form a larger con¬ 
glomerate. In addition, defects in gallbladder motility increase 
the residence time of bile in the gallbladder, thereby playing a 
role in stone formation. Gallstone formation occurs in clinical 
states with gallbladder stasis, as seen with prolonged fasting, 
with the use of long-term parenteral nutrition, after vagotomy, 
in diabetic patients, and in patients with somatostatin-produc¬ 
ing tumors or in those receiving long-term somatostatin therapy. 

Gallbladder Absorption/Secretion. As noted previously, the 
gallbladder is a very effective absorptive organ, and a normal 
function of the gallbladder is to concentrate and acidify bile. 
For many years, three factors have been thought to be key in 
cholesterol gallstone pathogenesis: cholesterol supersatura¬ 
tion, cholesterol crystallization, and biliary motility. However, 
a fourth factor, gallbladder absorption/secretion, also may be 
key to gallstone formation. Alterations in sodium, chloride, 
bicarbonate, and water absorption may alter the milieu for 
cholesterol saturation and crystal formation as well as for 
calcium precipitation. 2 

Pigment Gallstones 

Black Pigment Stones. With the recognition that calcium salts 
are present in most, if not all, cholesterol gallstones, renewed 
interest has developed in the events leading to the precipitation 
of calcium with the anions, bilirubin, carbonate, phosphate, or 
palmitate. Precipitation of these anions as insoluble calcium 
salts serves as a nidus for cholesterol stone formation. Further¬ 
more, calcium bilirubinate and calcium palmitate also form 
major components of pigment gallstones. Pigment gallstones 
are classified as either black or brown pigment stones. Black 
pigment stones are typically tarry and frequently are associated 
with hemolytic conditions or cirrhosis. In hemolytic states, the 
bilirubin load and concentration of unconjugated bilirubin 
increase. These stones are usually not associated with infected 
bile and are located almost exclusively in the gallbladder. 

Brown Pigment Stones. In contrast to black pigment stones, 
brown pigment stones are earthy in texture and are typically 


Cholesterol gallstones account for 70% to 80% of all stones in 
Western industrialized countries. Their prevalence increases 
with patient age. Stones are uncommon in patients younger 
than age 20 years, but a sharp increase is noted, especially in 
women, with each decade to approximately age 70 years (Fig. 
60.4). Approximately 20% of women and 10% of men have 
stones by age 60 years. Collectively, approximately 12% of 
Americans or 36 million men and women harbor gallstones. In 
certain populations, such as Native Americans, the incidence is 
extremely high, especially in women. In Chileans and Boli¬ 
vians of Indian ancestry, gallstones are also very common, and 
they are associated with a high incidence of gallbladder cancer. 
In fact, gallbladder cancer is the most common gastrointestinal 
cancer in these countries. In the United States, the prevalence 
of stones is highest in Mexican American women (26%), and 
the prevalence in white women (17%) is higher than in black 
women (14%). 5 


Risk Factors 


Gallstones are more common in women, especially those who 
have had multiple pregnancies, are taking birth control pills, 
are obese, are undergoing rapid weight loss, or have elevated 
serum triglyceride levels. Diet plays an important role in cho¬ 
lesterol supersaturation. Cholesterol gallstones do not form in 
vegetarians. Cholesterol gallstones are common in populations 
consuming a Western diet, which is relatively high in overall 
calories as well as animal fats and carbohydrates. The inci¬ 
dence of cholesterol gallstones rises in a population as it shifts 



FIGURE 60.4. Influence of age and gender on gallstone incidence. 
(After the National Health and Nutrition Examination and Survey III 
[1988-1994]. The National Center for Health Statistics, Division of 
Health Examination Studies, Centers for Disease Control and Preven¬ 
tion, October 1996.) 


PANCREAS/LIVER 



































964 


Part Two: Surgical Practice 


ITABLE 60.2 1 

NATURAL HISTORY OF GALLSTONES 

■ DEGREE OF SYMPTOMS 

■ SYMPTOMS 

REQUIRING 

CHOLECYSTECTOMY 

■ COMPLICATIONS OF 
GALLSTONES 

Asymptomatic 

1%-2%/y 

1%-2%/y 

Mild symptoms 

6%-8%/y 

1%-3%/y 

Symptomatic 

5%-30%/y 

7%/y 


to a higher consumption of dietary fat. Diabetic patients also 
have an increased incidence of gallstones, which may be caused, 
in part, by alterations in gallbladder motor function and/or 
absorption/secretion. Gallstones also are known to occur more 
frequently in certain families. However, the genetic factors 
underlying this phenomenon have not been elucidated. Never¬ 
theless, current data suggest that approximately 30% of the risk 
for gallstone formation is hereditary whereas 70% is environ¬ 
mental, with diet being the primary environmental factor. 6 

As mentioned previously, prolonged fasting, TPN, ileal 
resection, vagotomy, hemolytic states, and cirrhosis are addi¬ 
tional risk factors, and many of these factors lead to black pig¬ 
ment stone formation. Finally, bile duct stasis, as occurs with 
biliary strictures, congenital cysts, chronic pancreatitis, scle¬ 
rosing cholangitis, and perivaterian duodenal diverticula, is 
the primary risk factor for brown pigment stone formation. 


NATURAL HISTORY 
OF GALLSTONES 


An understanding of the natural history of gallstone disease is 
necessary for the appropriate management of patients with 
cholelithiasis. The presence or absence of symptoms remains 
the most important factor in the determination of the natural 
history of gallstones. Gallstone disease can be considered as a 
spectrum of clinical entities that includes asymptomatic gall¬ 
stones, symptomatic gallstones, and complicated gallstone dis¬ 
ease. The complications of gallstone disease include (a) acute 
cholecystitis, (b) choledocholithiasis with or without cholangi¬ 
tis, (c) gallstone pancreatitis, (d) gallstone ileus, and (e) gall¬ 
bladder carcinoma. 


Asymptomatic Gallstones 

Asymptomatic gallstones are often discovered at the time of 
laparotomy or during abdominal imaging for nonbiliary dis¬ 


ease. The vast majority of patients with gallstones are asymp¬ 
tomatic. The stones remain in the gallbladder and do not 
obstruct the cystic duct. As a result, the gallbladder fills and 
empties normally, and the gallstones remain silent. Over time, 
asymptomatic gallstones can progress to symptomatic disease. 
Symptomatic gallstones usually present with what is termed 
biliary colic , right upper quadrant or epigastric abdominal 
pain that typically develops postprandially and may be associ¬ 
ated with nausea and vomiting. The pain results from the 
impaction of a gallstone at the neck of the gallbladder or cys- 
Qtic duct. Studies that have followed asymptomatic patients 
have shown that 20% to 30% of patients become sympto¬ 
matic within 20 years. 7,8 Approximately 1% to 2% of asymp¬ 
tomatic individuals with gallstones per year develop serious 
symptoms or complications related to their gallstones (Table 
60.2). The longer stones remain silent, the less likely symp¬ 
toms are to develop. In addition, almost all patients will 
develop symptomatic disease before developing one of the 
complications of gallstones. Therefore, prophylactic cholecys¬ 
tectomy is not generally indicated in patients with asympto¬ 
matic gallstones. 

In select groups of patients, however, prophylactic chole¬ 
cystectomy should be considered (Table 60.3). Children with 
gallstones almost always develop symptoms and should be 
considered for early cholecystectomy. In patients with sickle 
cell disease, cholecystitis can precipitate a crisis with substan¬ 
tial operative risks. Therefore, these patients are best treated 
with elective cholecystectomy. A nonfunctioning gallbladder 
usually indicates advanced disease with more than 25% of 
these patients developing symptoms that require cholecystec¬ 
tomy. Large gallstones (>2.5 cm) are more frequently associ¬ 
ated with acute cholecystitis and gallbladder carcinoma, and 
prophylactic cholecystectomy may also be indicated in these 
patients. In the past, the presence of a porcelain gallbladder 
(calcified gallbladder wall) was thought to be associated with 
a 25% risk of malignant transformation, and prophylactic 
cholecystectomy has been recommended. More recent data 
suggest that the true risk may be less than 5%, 9,10 but is still 
high enough to justify cholecystectomy. Patients with a long 


TABLE 60.3 INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR PROPHYLACTIC CHOLECYSTECTOMY 

Pediatric gallstones 
Congenital hemolytic anemia 
Gallstones >2.5 cm in diameter 
Calcified (porcelain) gallbladder 
Bariatric surgery 

Incidental gallstones found during intra-abdominal surgery 
Long common channel of bile and pancreatic ducts 
No access to medical care 
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common channel between the bile and pancreatic ducts also 
are at significant risk for gallbladder cancer and should 
undergo prophylactic cholecystectomy. 

In obese patients in whom gallstones have already devel¬ 
oped and who undergo bariatric surgery, cholecystectomy may 
be indicated because in a large number of these patients symp¬ 
toms develop that are difficult to distinguish from symptoms 
caused by complications of their primary operation. More¬ 
over, in 36% of patients who require gastric bypass operations 
for morbid obesity who did not have gallstones previously, 
gallstones developed within 6 months of their operation dur¬ 
ing the period of rapid weight loss. 11 Even more remarkable is 
that symptoms develop in 40% of these patients and 28% 
require cholecystectomy during the first year after operation. 
Prophylactic cholecystectomy adds minimal morbidity and 
mortality risks to most bariatric operations and is clearly indi¬ 
cated in patients with gallstones. Finally, acute cholecystitis is 
a potentially life-threatening condition in immunosuppressed 
patients. For this reason, prophylactic cholecystectomy has 
been recommended prior to major organ transplantation. 

Prophylactic cholecystectomy is not indicated in patients 
with diabetes and asymptomatic gallstones. Although diabetic 
patients have an increased risk of surgery with emergent chole¬ 
cystectomy, recent studies have shown that they also have an 
increased risk with elective cholecystectomy. This increased 
risk is related to comorbid conditions, not to the diabetes 
itself. Furthermore, no evidence suggests that asymptomatic 
diabetics are at increased risk to develop complications of gall¬ 
stone disease. 


Symptomatic Gallstones 

Patients with mild symptoms (intermittent biliary colic) are at 
higher risk for developing gallstone-related complications or 
requiring cholecystectomy than asymptomatic patients who have 
gallstones. Approximately 1% to 3% of mildly symptomatic 
patients per year will develop gallstone-related complications, 
and at least 6% to 8% per year will require a cholecystectomy to 
manage their gallbladder symptoms. The diagnosis of sympto¬ 
matic gallstones requires the presence of characteristic symptoms 
and the documentation of gallstones on diagnostic imaging. 

The primary symptom associated with chronic cholecystitis 
or symptomatic cholelithiasis is pain. This pain is often 
referred to as biliary colic , a term that is inaccurate and sug¬ 
gests that the pain related to gallstones is intermittent and 
spasmodic like other colicky pain. In fact, obstruction of the 
cystic duct results in a progressive increase in tension in the 
gallbladder wall, leading to constant pain in the majority of 
patients. The pain is usually located in the right upper quad¬ 
rant and/or epigastrium and frequently radiates to the back 
and right scapula. The intensity of the pain is often severe 
enough that patients often seek immediate medical attention 
with the first episode. Classically, the pain of biliary colic 
occurs following fatty meals, although this situation does not 
occur in most cases. An association with meals is present in 
only 50% of patients, and in these patients, the pain often 
develops more than 1 hour after eating. In the remaining 
patients, the pain is not temporally related to meals and often 
begins at nighttime, waking the patient from sleep. 

The duration of pain is typically 1 to 5 hours. The attacks 
rarely persist for more than 24 hours and are rarely shorter 
than 1 hour. Pain lasting beyond 24 hours suggests that acute 
inflammation or cholecystitis is present. The attacks are often 
discrete and severe enough that the patient can accurately 
recall and number them. The episodes of biliary colic are usu¬ 
ally less frequent than one episode per week. Other symptoms 
such as nausea and vomiting often accompany each episode 
(60% to 70% of cases). Bloating and belching are also present 
in 50% of patients. Fever and jaundice occur much less fre¬ 
quently with simple biliary colic. 


Atypical pain is common. Sometimes the pain is continuous 
rather than episodic. The pain may be located predominantly 
in the back or the left upper or right lower quadrant. Not all 
attacks are necessarily severe, and some patients do not relate 
their pain to meals or time of day. The less typical the pain, the 
more carefully the clinician should search for another cause, 
even in the presence of stones—causes such as renal colic, pep¬ 
tic ulcer disease, hiatal hernia, abdominal wall hernia, liver 
tumors, and disease of the small and large intestine. Treatment 
of atypical biliary colic is appropriate when other causes of 
pain have been eliminated. 


Complicated Gallstones 

Acute cholecystitis occurs in approximately 10% to 20% of 
patients with symptomatic gallstones and results from occlusion 
of the cystic duct by one or more gallstones. Obstruction of the 
cystic duct incites an inflammatory response in the gallbladder 
and can lead to significant complications, including gangrene, 
empyema, emphysematous cholecystitis, perforation, or chole- 
cystenteric fistula. Historically, choledocholithiasis (CBD 
stones) was present in 8% to 15% of patients with symptomatic 
gallstones. However, with the advent of laparoscopic cholecys- I 
tectomy, the median age for cholecystectomy and the incidence 
of choledocholithiasis have reduced. The incidence of CBD 
stones varies with age and is less than 5% in younger patients 
and more than 20% in older patients with gallstones. CBD 
stones typically develop in the gallbladder and subsequently 
enter the CBD via the cystic duct. CBD stones may cause sec¬ 
ondary biliary cirrhosis, cholangitis, and pancreatitis. 


DIAGNOSTIC IMAGING 


Abdominal Plain Films 


In general, abdominal plain films have a low yield in diagnos¬ 
ing biliary tract problems. Plain films are most useful in diag- I 
nosing other causes of acute abdominal pain such as a perfo¬ 
rated viscus or a bowel obstruction. Only approximately 15% 
of gallstones contain sufficient calcium to appear radiopaque 
on a plain radiography. Rarely, abdominal films may show a 
calcified gallbladder wall or pneumobilia that may aid in the 
diagnosis of biliary disease. 


Ultrasound 


Transabdominal ultrasound is the radiologic procedure of 
choice for identifying gallstones and bile duct dilation. Ultra¬ 
sound is noninvasive, inexpensive, and widely available. 
Patients should receive nothing by mouth for several hours 
prior to performing an ultrasound examination so that the 
gallbladder is fully distended. Gallstones create echoes that are 
reflected back to the ultrasound probe. The ultrasound waves 
cannot penetrate the stones; therefore, acoustic shadowing is 
seen posterior to the stones (Fig. 60.5). In addition, gallstones 
that are free-floating in the gallbladder will move to a depen¬ 
dent position when the patient is repositioned during scan¬ 
ning. When these two features are present, the accuracy of 
ultrasound at diagnosing gallstones approaches 100%. Echoes 
without shadows may be caused by gallbladder polyps. 

Several features lower the diagnostic accuracy of ultra¬ 
sound in detecting gallstones. Small gallstones may not 
demonstrate an acoustic shadow. Furthermore, a lack of fluid 
(bile) around the gallstones (stone impacted in cystic duct, 
gallbladder filled with gallstones) also impairs their detection. 
In addition, an ileus with increased abdominal gas as occurs 
with acute cholecystitis may hamper gallbladder visualization. 
Overall, the false-negative rate for ultrasound in detecting 
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FIGURE 60.5. Abdominal ultrasound of gallbladder with multiple 
echogenic gallstones. 


gallstones is approximately 5% but may increase to 15% with 
acute cholecystitis. 

Ultrasound also can demonstrate dilatation of the intrahep- 
atic or proximal extrahepatic bile ducts with at least an 80% 
accuracy rate. 12 The normal extrahepatic bile duct diameter is 
less than 10 mm, and normal intrahepatic duct diameter is less 
than 4 mm. Dilated ducts may signify the presence of stones in 
the CBD. 


Cholescintigraphy 

Cholescintigraphy provides a noninvasive evaluation of the 
liver, gallbladder, bile duct, and duodenum with both anatomic 
and functional information. 99m Technetium-labeled iminodi¬ 
acetic acid derivatives (hepatic 2,6-dimethyl-iminodiacetic 
acid [HIDA], diisopropyl-acetanilidoiminodiacetic acid, P- 
isopropylacetanilido-imidodiacetic acid) are injected intra¬ 
venously, rapidly extracted from the blood, and excreted into 
the bile. These radionuclide scans provide functional informa¬ 
tion about the liver’s ability to excrete radiolabeled substances 
into a nonobstructed biliary tree. Uptake by the liver, gallblad¬ 
der, CBD, and duodenum should all be present after 1 hour. 
Slow uptake of the tracer by the liver suggests hepatic 
parenchymal disease. Filling of the gallbladder and CBD with 
delayed or absent filling of the intestine suggests an obstruc¬ 
tion at the ampulla. 

The primary use of cholescintigraphy is in the diagnosis of 
acute cholecystitis. Although used less frequently for this indi¬ 
cation because of the availability and accuracy of ultrasound, 
cholescintigraphy demonstrates the presence of cystic duct 
obstruction, which is invariably present in acute cholecystitis. 
Nonvisualization of the gallbladder 1 hour after the injection 
of the radioisotope with filling of the CBD and duodenum is 
consistent with total or partial cystic duct obstruction and 
acute cholecystitis. The sensitivity and specificity of cho¬ 
lescintigraphy for diagnosing acute cholecystitis are each 
about 95%. False-positive results are increased in the setting 
of gallbladder stasis as in critically ill patients or in patients on 
parenteral nutrition. 


Computed Tomography/Magnetic 
Resonance Imaging 

Abdominal computed tomography (CT) is less sensitive in 
diagnosing gallstones than ultrasound. Calcified gallstones are 
visualized in approximately 50% of patients. The role of CT 


scanning is primarily limited to the diagnosis of complications 
of gallstone disease such as acute cholecystitis (gallbladder 
wall thickening, pericholecystic fluid), choledocholithiasis 
(intrahepatic and extrahepatic bile duct dilation), pancreatitis 
(pancreatic edema and inflammation), and gallbladder cancer. 
Magnetic resonance imaging also has been shown to be highly 
sensitive in the diagnosis of both gallstones and common duct 
stones when T2-weighted images are obtained. 


TREATMENT 


Nonoperative Therapy 

The nonsurgical options for the treatment of gallstone disease 
include oral dissolution therapy with the bile acids, such as 
ursodeoxycholic acid; contact dissolution therapy with 
organic solvents (methyl tert-butyl ether); and extracorporeal 
shock wave biliary lithotripsy. These treatments are rarely 
used today. Oral dissolution therapy is indicated in sympto¬ 
matic patients with cholesterol gallstones and a functioning 
gallbladder. Oral bile acids are only effective in the dissolution 
of cholesterol gallstones and, therefore, are not indicated if 
stones are radiopaque or if calcifications can be detected on 
CT scan. In carefully selected series, complete stone dissolu¬ 
tion can be achieved in 40% of patients; however, the recur¬ 
rence rate is 50% within 5 years if therapy is stopped. Contact 
dissolution with organic solvents requires cannulation of the 
gallbladder with direct infusion of the agent into the gallblad¬ 
der. Again, only cholesterol gallstones are amenable to contact 
dissolution, and the recurrence rate is similar to that of oral 
dissolution therapy. Extracorporeal shock wave lithotripsy 
was originally thought to be a promising nonoperative alter¬ 
native for the management of symptomatic gallstones. Extra¬ 
corporeal shock wave lithotripsy is a reasonable therapy for 
patients with single stones 0.5 to 2 cm in diameter, which have 
a lower recurrence rate of about 20%. Again, only a small per¬ 
centage of patients with stones fit these criteria. Moreover, 
extracorporeal shock wave biliary lithotripsy has never been 
approved for gallstone dissolution by the U.S. Food and Drug 
Administration. Finally, the widespread application of laparo¬ 
scopic cholecystectomy has greatly limited the role of all non¬ 
operative techniques to a very select group of patients. 


Operative Therapy 

The operative management of gallstones has been the standard 
of care over the past 140 years. Cholecystectomy is the most 
common gastrointestinal operation performed in the United 
States. Since the introduction of laparoscopic cholecystectomy, 
the number of cholecystectomies performed in the United 
States has increased from approximately 500,000 per year to 
750,000 per year. John Stough Bobb of Indianapolis is cred¬ 
ited with performing the first operation on the biliary tract. In 
1867, Bobb explored a 32-year-old woman with a large 
abdominal mass and discovered a massive gallbladder hydrops. 
A cholecystotomy was made, the gallstones removed, and the 
gallbladder sutured closed. Fifteen years later, in 1882, Carl 
Langenbuch of Berlin is credited with performing the first 
cholecystectomy in a 43-year-old man with a 16-year history 
of biliary colic. In the late 1980s, German and French surgeons 
described the first laparoscopic cholecystectomies. Currently, 
more than 90% of cholecystectomies in the United States are 
performed laparoscopically. 

Laparoscopic Cholecystectomy. Symptomatic cholelithi¬ 
asis is the main indication for laparoscopic cholecystectomy. As 
experience with advanced laparoscopy has increased, however, 
many surgeons will attempt a laparoscopic cholecystectomy in 
situations of complicated gallstone disease. Contraindications 
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to laparoscopic cholecystectomy include the inability of the 
patient to withstand a general anesthetic, severe bleeding dis¬ 
orders, and end-stage liver disease. In addition, patients with 
severe chronic obstructive pulmonary disease or congestive 
heart failure may not tolerate the pneumoperitoneum required 
for performing laparoscopic surgery. The technical difficulty 
of laparoscopic cholecystectomy is increased in several clinical 
settings. Laparoscopic cholecystectomy can be performed 
safely in acute cholecystitis albeit with a higher conversion rate 
and operative time than in the elective setting. Morbid obesity, 
once thought to be a relative contraindication to the laparo¬ 
scopic approach, is not associated with a higher conversion 
rate. Longer trocars and instruments and an increase in intra¬ 
abdominal pressure may be helpful in these patients. Prior 
upper abdominal surgery may increase the difficulty of or pre¬ 
clude laparoscopic cholecystectomy. Elective laparoscopic 
cholecystectomy also has been completed safely in patients 
with well-compensated cirrhosis (Child’s class A and B), 
although difficulty retracting the firm liver and increased 
bleeding from collaterals have been noted. 

Patients undergoing laparoscopic cholecystectomy are pre¬ 
pared and draped in a similar fashion to open cholecystectomy. 
Conversion to an open operation is necessary in up to 3% of 
patients undergoing elective cholecystectomy and up to 25 % of 
patients undergoing laparoscopic cholecystectomy for acute 
cholecystitis. A Foley catheter and orogastric tube are inserted 
to avoid inadvertent injury and improve exposure. Either an 
open or closed technique can be used to establish a pneu¬ 
moperitoneum. With the open technique, a small incision is 
made at the umbilicus, and a blunt cannula (Hasson cannula) is 
inserted into the peritoneal cavity and anchored to the fascia. 
In the closed technique a Veress needle is inserted into the peri¬ 
toneal cavity through a supraumbilical incision and used for 
insufflation. An 11-mm trocar is inserted through the supraum- 
bilical incision once a pneumoperitoneum is established. A 30- 
degree laparoscope is then inserted through the umbilical port, 
and an examination of the peritoneal cavity is performed. An 
11-mm operating port is placed subxiphoid, and two addi¬ 
tional 5-mm trocars are positioned subcostally in the right 
upper quadrant in the midclavicular and anterior axillary lines. 
Single port cholecystectomy is currently under development 
and may become the procedure of choice in the future. 

The two 5-mm ports are used for grasping the gallbladder 
and exposing the gallbladder and cystic duct (Fig. 60.6). The 



FIGURE 60.6. Trocar placement for laparoscopic cholecystectomy. 
The laparoscope is placed through a 10-mm port just above the 
umbilicus. Additional ports are placed in the epigastrium, subcostally 
in the midclavicular, and near the anterior axillary lines. 




FIGURE 60.7. Incorrect (A) and correct (B) methods of retracting the 
gallbladder. Incorrect retraction brings the cystic and common ducts 
into alignment and makes them appear as one. 


medial 5-mm cannula is used to grasp the gallbladder 
infundibulum and retract it laterally to further expose the tri¬ 
angle of Calot. Traction on the fundus should be upward 
toward the patient’s head, and traction on the Hartmann 
pouch laterally to the right. This combination “disaligns” the 
common duct and cystic duct so that they appear as distinct 
structures. Incorrect traction aligns the ducts so that they 
appear as a continuous structure and as a consequence the 
chance of biliary injury is increased (Fig. 60.7). The junction 
of the gallbladder and cystic duct is identified by stripping the 
peritoneum off the gallbladder neck and removing any tissue 
surrounding the gallbladder neck and proximal cystic duct. 
This dissection is continued until the triangle of Calot is 
cleared of all fatty and lymphatic tissue and the gallbladder 
infundibulum is elevated off of the liver bed (Fig. 60.8). Visu¬ 
alization of this “critical view” is important in preventing 
injury to the bile ducts. At this point two structures (cystic 
artery and cystic duct) should be seen entering the gallbladder. 
Performance of a cholangiogram may be a factor in avoiding 



FIGURE 60.8. The “critical view” of safety. The triangle of Calot is 
dissected free of all tissue except for the cystic duct and artery, and the 
base of the liver bed is exposed. When this view is achieved, the two 
structures entering the gallbladder can only be the cystic duct and 
artery. Visualization of the common bile duct is not necessary. (After 
Strasberg SM, Herd M, Soper NJ. An analysis of the problem of bil¬ 
iary injury during laparoscopic cholecystectomy. J Am Coll Surg 
1995;180:101.) 
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FIGURE 60.9. A: The peritoneum overlying the cystic duct-gallbladder junction is opened with blunt dissection. B: The cystic duct is isolated. 
C: The cystic duct is clipped proximal and distal and divided with the hook scissors. D: The cystic artery is dissected, clipped, and divided. E: The 
gallbladder is dissected from the liver by scoring the serosa with electrocautery. 


biliary injury. 13 Once the cystic duct is identified, an intraoper¬ 
ative cholangiogram may be performed by placing a ligating 
clip proximally on the cystic duct, incising the anterior surface 
of the duct, and passing a cholangiogram catheter into the cys¬ 
tic duct. Once the cholangiogram is completed, two clips are 
placed distally on the cystic duct, which is then divided (Fig. 
60.9). Alternatively, the CBD may be evaluated for stones 


using laparoscopic ultrasound. The sensitivity of laparoscopic 
ultrasound for detecting CBD stones is comparable to intraop¬ 
erative cholangiography (80% to 96% vs. 75% to 99%). 

The next step is the division of the cystic artery. The artery 
is usually encountered running parallel to and behind the cys¬ 
tic duct. Once identified and isolated, clips are placed proxi¬ 
mally and distally, and the artery is divided. The peritoneum 
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overlying the gallbladder is placed on tension using the two 
grasping forceps, the peritoneum and adventitia between the 
gallbladder and liver are divided with the cautery, and the gall¬ 
bladder is dissected out of the gallbladder fossa (Fig. 60.9). 
Prior to removing the gallbladder from the liver, the operative 
field is carefully searched for hemostasis and adequate place¬ 
ment of the cystic duct and artery clips is confirmed. The gall¬ 
bladder is then dissected off the liver and is usually removed 
through the umbilical port. The fascial defect and skin incision 
may need to be enlarged to remove the gallbladder and con¬ 
tained gallstones. If the gallbladder has been entered during 
the dissection or if it is acutely inflamed or gangrenous, the 
gallbladder should be placed in a plastic specimen retrieval bag 
prior to removing it from the peritoneal cavity. 14,15 

Elective laparoscopic cholecystectomy can be safely per¬ 
formed as an outpatient procedure. 16 Among patients selected 
for outpatient management, 77% to 97% of patients can be 
successfully discharged the same day. Factors contributing to 
overnight admission include uncontrolled pain, nausea and 
vomiting, operative duration greater than 60 minutes, and 
cases completed late in the day. 

Routine operative cholangiography has been advocated to 
avoid ductal injury. However, opinion on the subject is sharply 
divided. Biliary injuries occur less frequently in the hands of 
surgeons who perform operative cholangiography routinely. 
However, in about 50% of ductal injuries, a cholangiogram 
fails to prevent the injury although abnormal anatomy is pre¬ 
sent (i.e., cholangiograms are often incorrectly interpreted). 
The indications for intraoperative cholangiography, when it is 
performed selectively, are known choledocholithiasis, a his¬ 
tory of jaundice, a history of pancreatitis, a large cystic duct 
and small gallstones, any abnormality in preoperative liver 
function tests, and dilated biliary ducts on preoperative sonog¬ 
raphy. Provided these indications are carefully followed, selec¬ 
tive cholangiography may be as effective in detecting clinically 
relevant stones as routine cholangiography. 

Serious complications of laparoscopic cholecystectomy are 
rare, the mortality rate being less than 0.3%. As cholecystec¬ 
tomy rates have risen, however, the total number of deaths has 
not decreased. 17 The single greatest problem in laparoscopic 
cholecystectomy is biliary injury. The incidence of major bile 
duct injury following laparoscopic cholecystectomy is between 
0.3% and 0.6%; but if all bile leaks are considered, the injury 
rate in these reports ranges from 0.6% to 1.5%, which is three 
to four times the injury rate at open surgery. 18 Major vascular 
injuries to the hepatic arteries, especially the right hepatic 
artery, may occur in association with biliary injuries and some¬ 
times lead to intraoperative blood loss. Isolated vascular 
injuries to hepatic vessels are rare. Although the increase in 
cholecystectomy rates means that the total number of deaths 
from cholecystectomy has not decreased, an individual 
patient’s risk for death is smaller. 

Spillage of stones into the peritoneal cavity during laparo¬ 
scopic cholecystectomy occurs in 10% or more of cases. Leav¬ 
ing stones in the peritoneal cavity may not be innocuous. 19 
Intra-abdominal abscess, subcutaneous abscess, and later dis¬ 
charge of stones through the abdominal wall or through the 
lung and trachea have all been described. Every attempt 
should be made to remove spilled stones by picking and irri¬ 
gating them out. Clearance is usually quite successful with the 
use of retractors to lift the liver and the 30-degree laparoscope, 
which allows the depths of the recess between liver and kidney 
to be visualized. Laparoscopic ultrasonography may be useful 
to detect stones. Large stones or massive spills should be 
cleaned up by laparotomy if necessary. If concern exists that 
stones have been left behind, the patient should be informed. 

As in open cholecystectomy, a gallbladder containing an 
unsuspected cancer is excised 1 to 3 times per 1,000 laparo¬ 
scopic cholecystectomies. Therefore, a good practice is to open 
the gallbladder and inspect it and obtain frozen sections if a 
suspect lesion is observed. If cancer is suspected, the gallblad¬ 


der should be extracted in an impermeable bag. If a cancer is 
discovered, further surgery may be indicated. 

Open Cholecystectomy. Open cholecystectomy can be 
performed through either an upper midline or right subcostal 
(Kocher) incision. Identification and division of the cystic duct 
and artery initially limit bleeding from the gallbladder for the 
remainder of the dissection. With lateral traction on the gall¬ 
bladder neck, the peritoneum overlying the triangle of Calot is 
incised, and the cystic duct is identified and ligated distally. A 
cholangiogram is performed at this time if indicated. The cys¬ 
tic duct is then ligated proximally and divided. Similarly, the 
cystic artery is ligated and divided after carefully tracing it 
onto the gallbladder. If the anatomy cannot be clearly identi¬ 
fied, the gallbladder should be dissected from the fundus 
downward toward the gallbladder neck, making the ductal 
and vascular anatomy easier to identify. The gallbladder is dis¬ 
sected out of the gallbladder bed by incising the overlying peri¬ 
toneum with cautery. 


CLINICAL MANIFESTATIONS 


Chronic Calculous Cholecystitis 

Pathogenesis. The term chronic cholecystitis implies an 
ongoing or recurrent inflammatory process involving the gall¬ 
bladder. In most patients (more than 90%), gallstones are the 
causative factor and lead to recurrent episodes of cystic duct 
obstruction manifest as biliary pain or colic. Over time, these 
recurrent attacks can lead to scarring and a nonfunctioning 
gallbladder. Histopathologically, chronic cholecystitis is char¬ 
acterized by an increase in subepithelial and subserosal fibro¬ 
sis and a mononuclear cell infiltrate. 

Clinical Presentation. The primary symptom associated 
with chronic cholecystitis or symptomatic cholelithiasis is 
pain, often labeled biliary colic. The pain is usually located in 
the right upper quadrant and/or epigastrium and frequently 
radiates to the right upper back, to the right scapula, or 
between the scapulae (as noted in the previous discussion of 
symptomatic gallstones). Other symptoms such as nausea and 
vomiting often accompany each episode (60% to 70% of 
cases). The physical examination is usually completely normal 
in patients with chronic cholecystitis, particularly if they are 
pain-free. During an episode of biliary colic, mild right upper 
quadrant tenderness may be present. Laboratory values such 
as serum bilirubin, transaminases, and alkaline phosphatase 
usually are normal in patients with uncomplicated gallstones. 

Diagnosis. The diagnosis of chronic calculous cholecystitis 
requires two findings: abdominal pain consistent with biliary 
colic and the presence of gallstones. The presence of symptoms 
(usually pain) attributable to the gallbladder is necessary to 
consider any treatment for gallstones. Patients without symp¬ 
toms (approximately two thirds of patients with gallstones) 
develop symptoms at a low rate and complications of gall¬ 
stones at an even lower rate (as noted in the previous discus¬ 
sion of natural history). In most cases treatment is not neces¬ 
sary in these asymptomatic patients. Ultrasound is sensitive 
(95% to 98%) for documenting the presence of gallstones and 
also provides additional anatomic information, including the 
presence of polyps, the diameter of the CBD, and any hepatic 
parenchymal abnormalities. Gallstones are occasionally iden¬ 
tified on abdominal radiographs (15%) or CT scans (50%) 
because gallstones contain enough calcium to be visualized. 

The treatment of choice for patients with 
symptomatic gallstones is elective laparoscopic cholecystec¬ 
tomy. The mortality of laparoscopic cholecystectomy is less 
than 0.3%, with cardiovascular complications being the most 
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frequent cause of death. The most significant complication fol¬ 
lowing laparoscopic cholecystectomy is injury to the biliary 
tract. Overall, complications occur in fewer than 10% of 
patients. Conversion to an open cholecystectomy is necessary 
in less than 3% of patients undergoing laparoscopic cholecys¬ 
tectomy for chronic cholecystitis. Conversion rates are 
increased in elderly, obese, and male patients. 

The long-term results of laparoscopic cholecystectomy in 
appropriately selected patients with chronic cholecystitis are 
excellent. More than 90% of patients with typical biliary pain 
and gallstones are symptom-free following cholecystectomy. 
For patients with atypical symptoms or painless dyspepsia 
(fatty food intolerance, flatulence, belching, or bloating), the 
percentage of patients experiencing relief of symptoms 
decreases. 


Acute Calculous Cholecystitis 

Pathophysiology. Acute cholecystitis is the most common 
complication of gallstones, occurring in 15% to 20% of 
patients with symptomatic disease. As in biliary colic, acute 
cholecystitis results from a stone impaction at the gallbladder- 
cystic duct junction (Fig. 60.10). The extent of inflammation 
and the progression of acute cholecystitis are related to the 
duration and degree of obstruction. In the most severe cases 
(5% to 18%), this process can lead to ischemia and necrosis of 
the gallbladder wall. More frequently, the gallstone is dis¬ 
lodged, and the inflammation gradually resolves. Acute chole¬ 
cystitis is primarily an inflammation and not an infectious 
process, with bacterial infection appearing as a secondary 
event. Approximately 50% of patients with acute cholecystitis 
will have positive bile cultures, with Escherichia coli being the 
most common organism. 

Clinical Presentation. Patients with acute cholecystitis 
typically present with right upper quadrant pain that is similar 
to that of biliary colic. In acute cholecystitis, however, the pain 
is usually unremitting, may last several days, and is often asso¬ 
ciated with nausea, emesis, anorexia, and fever. On physical 
examination, patients with acute cholecystitis usually have a 
low-grade fever and exhibit localized right upper quadrant 
tenderness and guarding, which distinguish the episode from 
simple biliary colic. The presence of Murphy’s sign, an inspi¬ 
ratory arrest during deep palpation of the right upper quad¬ 
rant, is the classic physical finding of acute cholecystitis. A pal¬ 
pable right upper quadrant mass is appreciated in one third of 


patients and usually represents omentum that has migrated to 
the area around the gallbladder in response to the inflamma¬ 
tion. Severe jaundice is rare, but mild jaundice may be pres¬ 
ent—up to 6 mg/dL. Severe jaundice suggests the presence of 
CBD stones, cholangitis, or obstruction of the common 
hepatic duct by severe pericholecystic inflammation resulting 
from impaction of a large stone in the Hartmann pouch, which 
mechanically obstructs the bile duct (Mirizzi syndrome). Acute 
cholecystitis may coexist with choledocholithiasis or its com¬ 
plications (acute cholangitis and gallstone pancreatitis). The 
coexistence of two of these conditions often explains an 
unusual or atypical clinical presentation. 

Laboratory evaluation can show a mild leukocytosis (white 
blood cell count [WBC] 12,000 to 15,000 cells/mm 3 ). How¬ 
ever, many patients have a normal WBC count. A white cell 
count greater than 20,000 should suggest further complica¬ 
tions of cholecystitis, such as gangrene, perforation, or cholan¬ 
gitis. Mild elevations in serum bilirubin (<4 mg/dL), alkaline 
phosphatase, the transaminases, and amylase may also be seen 
with acute cholecystitis. 

Diagnosis. Ultrasound is the most useful radiologic exami¬ 
nation in the patient with suspected cholecystitis. First, in the 
patient without known gallstones, ultrasound is a sensitive test 
for establishing the presence or absence of gallstones. Addi¬ 
tional findings suggestive of acute cholecystitis include thick¬ 
ening of the gallbladder wall (>4 mm) and pericholecystic 
fluid. Focal tenderness directly over the gallbladder (sono¬ 
graphic Murphy’s sign) also is suggestive of acute cholecystitis. 
Ultrasound has a sensitivity and specificity of 85% and 95%, 
respectively, for diagnosing acute cholecystitis. 

Radionuclide scanning is used less frequently for the diag¬ 
nosis of acute cholecystitis but may provide additional infor¬ 
mation in the atypical case. Nonfilling of the gallbladder with 
the radiotracer "T c-HIDA indicates an obstructed cystic duct, 
and in the right clinical setting is highly sensitive (95%) and 
specific (95%) for acute cholecystitis. Computed tomography 
(Fig. 60.11) occasionally is performed in evaluating the patient 
with abdominal pain and acute illness. CT may demonstrate 
evidence of acute cholecystitis, including gallbladder wall 
thickening, pericholecystic fluid and edema, gallstones, and air 
in the gallbladder or gallbladder wall (emphysematous chole¬ 
cystitis), although it is less sensitive for these conditions than 
ultrasonography. 

Management. Once the diagnosis of acute cholecystitis is 
made, the patient should be given nothing by mouth, and 


FIGURE 60.10. Pathophysiology of acute cholecystitis. 
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FIGURE 60.11. Computed tomography of a patient with acute chole¬ 
cystitis showing gallbladder wall thickening and pericholecystic fluid. 



FIGURE 60.12. Schematic demonstration of the technique of percu¬ 
taneous placement of a pigtail catheter into the gallbladder. 


intravenous hydration should begin. A nasogastric tube is 
placed if persistent nausea and vomiting or abdominal disten¬ 
tion are present. In almost all cases, broad-spectrum antibi¬ 
otics, such as a broad-spectrum penicillin, should be started 
and maintained into the immediate postoperative period. Par¬ 
enteral analgesia also should be administered. Unfortunately, 
narcotics increase biliary pressure, whereas nonsteroidal anal¬ 
gesics, which inhibit prostaglandin synthesis, reduce gallblad¬ 
der mucin production and, therefore, reduce pressure and 
pain. 

The treatment of choice for acute cholecystitis is cholecys¬ 
tectomy. Open cholecystectomy had been the standard treat¬ 
ment for acute cholecystitis for many years. Initially, acute 
cholecystitis was felt to be a contraindication to laparoscopic 
cholecystectomy. As experience has increased, however, 
laparoscopic cholecystectomy clearly can be performed 
O safely in the setting of acute cholecystitis. In prospective ran¬ 
domized trials, the morbidity rate, length of hospital stay, 
and time to return to work all have been lower in patients 
undergoing laparoscopic cholecystectomy than open chole¬ 
cystectomy. 20 However, the conversion rate in the setting of 
acute cholecystitis (10% to 25%) is higher than with chronic 
cholecystitis. 

The timing of cholecystectomy for acute cholecystitis has 
been studied for several decades. In the distant past, delayed 


cholecystectomy was preferred in the setting of acute cholecys¬ 
titis. Patients were initially managed nonoperatively and dis¬ 
charged home after their symptoms resolved. Elective chole¬ 
cystectomy was then performed 6 weeks later after the acute 
inflammation had resolved. Several prospective randomized 
trials have shown that early laparoscopic cholecystectomy 
(within 3 days of symptom onset) can be accomplished with a 
similar morbidity and mortality rate as delayed cholecystec¬ 
tomy. Representative results are documented in Table 60.4. 21,22 
No significant differences were observed in the conversion rate 
to open cholecystectomy among patients undergoing early 
cholecystectomy versus those managed with delayed surgery. 
Hospital stay, and therefore cost, however, were significantly 
reduced in the trials in the early laparoscopic cholecystectomy 
group. In addition, approximately 20% of patients in the 
delayed surgery arms failed initial medical therapy and 
required operation during the initial admission or before the 
end of the planned cooling-off period. 

Laparoscopic cholecystectomy should be performed within 
24 to 72 hours of diagnosis. Early conversion to an open pro¬ 
cedure should be considered if dissection is difficult or clear 
progress cannot be made by the laparoscopic technique. In cer¬ 
tain high-risk patients whose medical conditions preclude 
cholecystectomy, a cholecystostomy can be performed for 
acute cholecystitis. Although previously performed operatively 
and under local anesthesia, percutaneous drainage techniques 
can usually be accomplished (Fig. 60.12). In most cases, 


TABLE 60.4 RESULTS 


RANDOMIZED PROSPECTIVE TRIALS OF EARLY VERSUS DELAYED LAPAROSCOPIC 
CHOLECYSTECTOMY FOR ACUTE CHOLECYSTITIS 


■ QUEEN MARY ■ PRINCE OF WALES 

HOSPITAL 20 HOSPITAL 21 



■ EARLY 

■ LATE 

■ EARLY 

■ LATE 

Number of patients 

45 

41 

53 

46 

Operative time 

135 min 

105 min 

123 min 

106 min 

Conversion 

11% 

23% 

21% 

24% 

Morbidity 

13% 

29% 

21% 

24% 

Total LOS 

6 d 

11 d 

7.6 d 

11.6 d 

Recurrent symptoms 

— 

36% 

— 

17% 


LOS, length of stay. 
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prompt improvement is seen after gallbladder drainage and 
appropriate antibiotics. These patients must be observed 
closely, however, and if improvement does not occur within 24 
hours, laparotomy is indicated. Failure to improve after percu¬ 
taneous cholecystostomy is usually caused by gangrene of the 
gallbladder or perforation. After the acute episode resolves, 
the patient can undergo either cholecystectomy or percuta¬ 
neous stone extraction and removal of the cholecystostomy 
tube. The latter is an option in elderly or debilitated patients 
for whom a general anesthetic is contraindicated. 23 

Complications of Acute Cholecystitis. Several compli¬ 
cations of acute cholecystitis are recognized in clinical prac¬ 
tice. These complications include empyema of the gallbladder, 
emphysematous cholecystitis, perforation, and cholecysten- 
teric fistula. All of these complications can be associated with 
significant morbidity and mortality and, therefore, require 
prompt surgical intervention. 

Empyema. Gallbladder empyema represents an advanced stage 
of cholecystitis with bacterial invasion of the gallbladder and 
actual pus in the lumen. Patients present with severe right upper 
quadrant pain, high-grade fever, rigors, and significant leukocy¬ 
tosis. Sepsis including cardiovascular collapse may be seen. 
Treatment consists of broad-spectrum antibiotics, including 
anaerobic coverage, and emergent cholecystectomy or cholecys¬ 
tostomy; however, cholecystostomy may not be adequate to 
relieve sepsis in patients with empyema of the gallbladder. 

Emphysematous Cholecystitis. Emphysematous cholecystitis 
develops more commonly in males and patients with diabetes 
mellitus. Severe right upper quadrant pain and generalized 
sepsis are frequently present. Abdominal films or CT scans 
may demonstrate air within the gallbladder wall or lumen. 
Prompt antibiotic therapy to cover the common biliary 
pathogens including E. coli, Enterococcus, Klebsiella , and 
Clostridia species and emergency cholecystectomy are appro¬ 
priate treatments. 

Gangrene/Perforation. Gangrene of the gallbladder occurs 
when the wall becomes ischemic and leads to perforation. 
Gallbladder perforation can be categorized as being either 


localized or free. The incidence of perforation in acute chole¬ 
cystitis is approximately 10%. Localized perforation generally 
results in the formation of a pericholecystic abscess as the 
omentum walls off the perforation and limits it to the right 
upper quadrant. Free perforation is less frequent (1% of cases) 
and occurs if the omentum is unable to wall off the inflamma¬ 
tory process. Free perforation results in the spilling of bile into 
the peritoneal cavity and a generalized peritonitis. Perforation 
should be suspected if the patient’s clinical course deteriorates. 
Evidence for perforation includes an increase in pain and ten¬ 
derness, fever and chills, elevation in white blood cell count, 
and hypotension. These patients require aggressive fluid resus¬ 
citation, antibiotics, and emergent operative exploration. 
Cholecystostomy usually will not be adequate therapy for 
patients with gangrene or perforation of the gallbladder. 

Cholecystenteric Fistula. In 1% to 2% of patients with acute 
cholecystitis, the gallbladder will perforate into an adjacent 
hollow viscus. The duodenum (79%) and the hepatic flexure 
of the colon (17%) are the most common sites. Generally, after 
the fistula forms, the episode of acute cholecystitis resolves as 
the gallbladder spontaneously decompresses. If a large gall¬ 
stone passes from the gallbladder into the small intestine, a 
mechanical bowel obstruction may result, which is termed 
gallstone ileus. Gallstone ileus occurs in 10% to 15% of 
patients with a cholecystenteric fistula. Patients with gallstone 
ileus present with signs and symptoms of intestinal obstruction— 
nausea, vomiting, and abdominal pain. The pain may be 
episodic and recurrent as the impacted stone temporarily 
impacts in the gut lumen and then dislodges and moves distally 
(tumbling obstruction). A history of gallstone-related symp¬ 
toms (right upper quadrant pain) may only be present in 50% 
of these patients. Abdominal films will demonstrate small- 
bowel distention and air-fluid levels and may give additional 
clues to the source of the obstruction (pneumobilia or a calci¬ 
fied gallstone distant from the gallbladder). The site of 
obstruction is most frequently in the narrowest part of the 
small intestine (ileum) or large intestine (sigmoid colon). 

The initial management of gallstone ileus includes relieving 
the obstruction. Most frequently, this goal can be achieved by 
removing the gallstone through an enterotomy (Fig. 60.13). 
Additional gallstones should be sought as recurrent obstruction 




FIGURE 60.13. A: Abdominal plain film demonstrating small-bowel 
obstruction secondary to gallstone ileus. Arrows show a gallstone in 
the right lower quadrant and air in the biliary tree. B: Operative pho¬ 
tograph demonstrating removal of a large gallstone from the ileum. 




Chapter 60: Calculous Biliary Disease 


973 


has been reported in up to 10% of patients with gallstone 
ileus. Takedown of the biliary-enteric fistula and cholecystec¬ 
tomy may be warranted as recurrent cholecystitis and cholan¬ 
gitis are common in patients with a biliary-enteric fistula, and 
gallbladder cancer has been reported in 15% of these patients. 
However, in patients with a significant inflammatory process 
in the right upper quadrant or who are too unstable to with¬ 
stand a prolonged operative procedure, the fistula can be 
addressed at a second laparotomy. 


Acute Acalculous Cholecystitis 

Acute acalculous cholecystitis accounts for 5 % to 10% of all 
patients with acute cholecystitis. The disease often has a more 
fulminant course than acute calculous cholecystitis and fre¬ 
quently progresses to gangrene, empyema, or perforation. 
Acute acalculous cholecystitis usually occurs in the critically ill 
patient following trauma, burns, long-term parenteral nutri¬ 
tion, and major nonbiliary operations such as abdominal 
aneurysm repair and cardiopulmonary bypass. The etiology of 
acute acalculous cholecystitis remains unclear, although gall¬ 
bladder stasis and ischemia have been most often implicated as 
causative factors. Stasis is common in critically ill patients not 
being fed enterally and may lead to colonization of the gall¬ 
bladder with bacteria. Visceral ischemia also is a common 
denominator in patients with acute acalculous cholecystitis 
and may explain the high incidence of gallbladder gangrene. 
Decreased arteriolar and capillary filling is present in acute 
acalculous cholecystitis in contrast to the dilation of these ves¬ 
sels observed in acute calculous cholecystitis. 

The symptoms and signs of acute acalculous cholecystitis 
are similar to acute calculous cholecystitis with right upper 
quadrant pain and tenderness, fever, and leukocytosis most 
frequently present. CT scan and ultrasound findings are simi¬ 
lar to calculous cholecystitis and include gallbladder wall 
thickening and pericholecystic fluid in the absence of gall¬ 
stones. Cholescintigraphy demonstrates absent gallbladder fill¬ 
ing in acute acalculous cholecystitis; however, the false-positive 
rate (absent gallbladder filling without acute acalculous chole¬ 
cystitis) may be as high as 40%. 

Emergency cholecystectomy is the appropriate treatment 
once the diagnosis is established or the suspicion is high. The 
incidence of gangrene, perforation, and empyema exceeds 
50%; therefore, cholecystectomy rather than cholecystostomy 
is usually required in this setting. The mortality rate for acute 
acalculous cholecystitis remains high (40%) in large part 
because of the concomitant illnesses in patients who develop 
this disease. 


Chronic Acalculous Cholecystitis 

Q A subgroup of patients presenting with typical symptoms of 
biliary colic (postprandial right upper quadrant pain, fatty 
food intolerance, and nausea) do not have any evidence of 
gallstones on ultrasound examination. Further investigations 
have usually been performed in these patients to exclude any 
other pathology. This workup often includes an abdominal CT 
scan, esophagogastroduodenoscopy, or even an endoscopic 
retrograde cholangiogram. In these patients, the diagnosis of 
biliary dyskinesia or chronic acalculous cholecystitis should be 
considered. The cholecystokinin-Tc-HIDA scan has been use¬ 
ful in identifying patients with this disorder. Cholecystokinin 
(CCK) is infused intravenously after the gallbladder has filled 
with the "Tc-labeled radionuclide. Twenty minutes after the 
administration of CCK, a gallbladder ejection fraction is cal¬ 
culated. An ejection fraction less than 35% at 20 minutes is 
considered abnormal. 

Patients with symptoms of biliary colic and an abnormal 
gallbladder ejection fraction should be managed with a laparo¬ 


scopic cholecystectomy. Between 85% and 94% of patients 
with a low gallbladder ejection fraction and symptoms of bil¬ 
iary colic will be asymptomatic or improved by cholecystec¬ 
tomy. Most of these patients have histopathologic evidence of 
chronic cholecystitis. Over the past 15 years, the percentage of 
patients undergoing cholecystectomy for acalculous cholecys¬ 
titis in the United States has increased from less than 5% to 
more than 20% of patients having their gallbladder removed. 
This change parallels the obesity epidemic and may be due to 
abnormal gallbladder emptying as well as absorption/secretion 
due to fat within the gallbladder wall (cholecystosteatosis). 24 


Sphincter of Oddi Dysfunction 

Sphincter of Oddi dysfunction may be caused by either a struc¬ 
tural or functional abnormality involving the sphincter. Fibro¬ 
sis of the sphincter from gallstone migration, operative or 
endoscopic trauma, pancreatitis, or other nonspecific inflam¬ 
matory processes can lead to elevated sphincter pressures. Ele¬ 
vated sphincter pressures also may present in the absence of a 
structural abnormality, and these cases of sphincter of Oddi 
dyskinesia or spasm are often associated with more diffuse . 
abnormalities of gastrointestinal motility. 25 

Sphincter of Oddi dysfunction should be suspected in 
patients with typical episodic biliary-type pain without an 
obvious organic cause. Approximately 1 % of patients under¬ 
going cholecystectomy are estimated to have sphincter of Oddi 
dysfunction. Numerous diagnostic tests have been used to 
diagnose sphincter of Oddi dysfunction, but none are sensitive 
or specific. Elevated serum amylase or transaminases may be 
present in patients with sphincter of Oddi dysfunction. Ultra¬ 
sound evidence of sphincter of Oddi dysfunction includes a 
dilated (>12 mm) CBD, an increase in CBD diameter in 
response to cholecystokinin, or an increase in pancreatic duct 
diameter in response to secretin. Delayed emptying of contrast 
from the CBD after endoscopic retrograde cholangiopancre¬ 
atography (ERCP) also is indicative of abnormal sphincter 
function. Endoscopic manometry also has been used to evalu¬ 
ate the sphincter of Oddi, and an elevated basal sphincter pres¬ 
sure (>40 mm Hg) has been correlated with successful 
response to sphincter ablation. 

Both endoscopic sphincterotomy and transduodenal sphinc¬ 
teroplasty with transampullary septotomy have been used to 
manage patients with sphincter of Oddi dysfunction. Results 
of both treatments are similar and are more dependent on the 
presence of objective signs of sphincter dysfunction than on 
the procedure performed. The endoscopic approach avoids a 
laparotomy and can be performed safely in expert hands if a 
temporary pancreatic stent is employed to reduce the risk of 
pancreatitis when a pancreatic duct sphincterotomy is per¬ 
formed. The surgical approach (transduodenal sphinctero¬ 
plasty with transampullary septotomy) has the potential 
advantage that mucosa-to-mucosa apposition can be achieved, 
minimizing the risk of scarring and restenosis. When objective 
evidence of sphincter dysfunction is present (elevated transam¬ 
inases, delayed biliary emptying, dilated CBD, elevated basal 
sphincter pressure), 60% to 80% of patients will be pain-free 
or improved following sphincterotomy or sphincteroplasty. 25 


Acute Cholangitis 

Acute cholangitis is a bacterial infection of the biliary ductal 
system, which varies in severity from mild and self-limited to 
severe and life threatening. The clinical triad of fever, jaundice, 
and pain associated with cholangitis was first described in 
1877 by Charcot. He postulated that stagnant bile associated 
with obstructive biliary pathology was a significant factor in 
the pathogenesis of this disease. 
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FIGURE 60.14. Cholangitis is caused by the combination of biliary 
obstruction and bactibilia. Bacteria then reflux into the hepatic veins 
and perihepatic lymphatics, resulting in systemic bacteremia. 


Q Pathophysiology. Clinical cholangitis results from a combi¬ 
nation of two factors: significant bacterial concentrations in 
the bile and biliary obstruction. Although cultures of the gall¬ 
bladder and bile ducts are usually sterile, in the presence of 
CBD stones or other obstructing pathology the incidence of 
positive bile duct cultures increases. The most common organ¬ 
isms recovered from the bile in patients with cholangitis 
include E. coli, Klebsiella pneumonia , the enterococci, and 
Bacteroides fragilis. 26 Nevertheless, even in the presence of 
high biliary bacterial concentrations, clinical cholangitis and 
bacteremia do not develop unless obstruction causes elevated 
intraductal pressures. 

Normal biliary pressures range from 7 to 14 cm H 2 0. In 
the presence of bactibilia and normal biliary pressures, 
hepatic vein blood and perihepatic lymph are sterile. In cases 
of partial or complete biliary obstruction, however, intrabil- 
iary pressures rise to 18 to 29 cm H 2 0, and organisms rapidly 
appear in both the blood and lymph. The fever and chills 
associated with cholangitis are the result of systemic bac¬ 
teremia caused by cholangiovenous and cholangiolymphatic 
reflux (Fig. 60.14). 

Etiology. The most common causes of biliary obstruction are 
choledocholithiasis, benign strictures, biliary enteric anasto¬ 
motic strictures, and cholangiocarcinoma or periampullary 
cancer. Prior to 1980, choledocholithiasis was the cause of 
approximately 80% of the reported cases of cholangitis. In 
recent years, malignant strictures have become a frequent cause 
of cholangitis, particularly at tertiary referral centers. Endo¬ 
scopic cholangiography, percutaneous transhepatic cholan¬ 
giography, and stent placement via either the endoscopic or 
percutaneous route are all known to cause bacteremia. These 
procedures are frequently performed in patients with unre- 
sectable malignant obstruction. 

Clinical Presentation. Cholangitis may present with a wide 
spectrum of disease. Patients may have a self-limited illness 
and never seek attention. At the other end of the spectrum, 
patients with toxic cholangitis present with a severe illness, 
including jaundice, fever, abdominal pain, mental obtunda¬ 
tion, and hypotension (Reynolds’ pentad). Fever is the most 
common presenting symptom and is often accompanied by 
chills. Jaundice is a frequent physical finding but may be 
absent, especially in patients with an indwelling endopros¬ 


thesis or biliary stent. Pain is also commonly present but is 
often mild. Severe pain or marked tenderness should prompt 
consideration of an alternate diagnosis such as acute chole¬ 
cystitis. Up to 33% of East Asian patients with choledo¬ 
cholithiasis present with toxic cholangitis characterized by 
septic shock. 27 

Diagnosis. Although cholangitis is a clinical diagnosis, labo¬ 
ratory tests can support evidence of biliary obstruction. 
Leukocytosis, hyperbilirubinemia, and elevations of alkaline 
phosphatase and transaminases all are common in patients 
with cholangitis. Radiologic studies also are helpful in con¬ 
firming the diagnosis. CT, ultrasound, and magnetic resonance 
image scanning can provide noninvasive evidence of biliary 
ductal dilation, pancreatic masses, and occasionally CBD 
stones. Cholangiography usually is required prior to or as part 
of therapy. Both endoscopic and percutaneous transhepatic 
cholangiography are associated with a 4% to 7% incidence of 
cholangitis, and systemic antibiotics should be administered 
prior to these procedures. 

Management. The initial treatment of the patient with 
cholangitis includes antibiotics. Some patients are only mildly 
ill and can be managed as outpatients with oral antibiotics. 
Patients with toxic cholangitis may require intensive care unit 
monitoring and vasopressors to support blood pressure. Most 
patients will require intravenous fluids and antibiotics. The 
antibacterial regimen should cover the common pathogens iso¬ 
lated from the biliary tract or be based on current or prior bile 
cultures. 28 

Most patients with cholangitis respond to antibiotic 
therapy alone with clinical improvement; however, emer¬ 
gency biliary decompression may be necessary in the 15% 
of patients who do not respond to antibiotics within 12 to 
24 hours or in patients with toxic cholangitis. Biliary 
decompression may be performed endoscopically or via the 
percutaneous transhepatic route. The selection of which 
procedure to perform should be based on the level and 
nature of the biliary obstruction. In patients with a proxi¬ 
mal perihilar obstruction or a biliary-enteric anastomotic 
stricture, percutaneous drainage may be the preferred route 
of decompression. Choledocholithiasis and cholangitis asso¬ 
ciated with periampullary malignancies are best approached 
endoscopically. Endoscopic biliary drainage may include 
endoscopic sphincterotomy and stone extraction or simply 
placement of an endoscopic biliary stent in the hemody- 
namically unstable patient. In experienced hands, successful 
endoscopic CBD stone clearance can be achieved in more 
than 90% of patients. 27 In settings in which either endo¬ 
scopic or percutaneous biliary drainage is not possible, CBD 
exploration and placement of a T-tube remains a lifesaving 
procedure for seriously ill patients with toxic cholangitis. 
However, the mortality for patients treated surgically is con¬ 
siderably higher than for patients successfully managed 
endoscopically. 

Overall, the mortality rate associated with an episode of 
cholangitis due to CBD stones is approximately 2% but is 
higher in patients with toxic cholangitis (5%). Renal failure, 
hepatic abscess, and malignancy are all associated with higher 
morbidity and mortality. The success of the initial antibiotic 
therapy and biliary drainage is significantly lower in patients 
with malignant biliary obstruction, and these patients fre¬ 
quently require changes in antibiotic therapy and repeat bil¬ 
iary manipulations to adequately decompress the biliary 
tract. 28 Hepatic abscesses are frequently observed in patients 
with biliary pathology and should be considered in patients 
who do not respond to therapy. Patients with cholangitis due 
to CBD stones should undergo interval laparoscopic cholecys¬ 
tectomy within 6 to 12 weeks because the incidence of recur¬ 
rent biliary symptoms is significantly higher if the gallbladder 
is left in situ (6% vs. 25%). 27 
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Classification and Etiology 

CBD stones can be classified as either primary or secondary. 
Primary duct stones develop de novo within the bile ducts, 
whereas secondary stones develop in the gallbladder and sub¬ 
sequently fall into the CBD. In the United States more than 
85% of all bile duct stones are secondary. Primary duct stones 
typically occur in patients with benign biliary strictures, scle¬ 
rosing cholangitis, choledochal cyst disease, or sphincter of 
Oddi dysfunction. These conditions are associated with bile 
stasis, which promotes the overgrowth of bacteria in bile with 
subsequent deconjugation of bilirubin and the breakdown of 
biliary lipids, resulting in the formation of brown pigment 
stones. Secondary bile duct stones have a composition similar 
to gallbladder stones. Approximately 75% are cholesterol 
stones, and 25% are black pigment stones. The classification 
of CBD stones into primary or secondary is of therapeutic 
importance because primary stones require removal of the 
stones and a drainage procedure (choledochoenterostomy or 
sphincteroplasty), whereas secondary stones can be treated by 
removal of the stones and cholecystectomy. 


Clinical Presentation 


Common duct stones are often asymptomatic and only discov¬ 
ered during cholangiography at the time of cholecystectomy. 
CBD stones are present in 8% to 15% of patients with symp¬ 
tomatic gallstones. The incidence varies with age and is less 
than 5% in younger patients and more than 20% in older 
patients with gallstones. Patients with symptomatic choledo- 
cholithiasis will present with biliary colic, extrahepatic biliary 
obstruction, cholangitis, or pancreatitis. Clinical features sus¬ 
picious for biliary obstruction caused by CBD stones include 
biliary colic, jaundice, lightening of the stools, and darkening 
of the urine. Typically, the pain and jaundice associated with 
CBD stones are more intermittent and transient than when the 
biliary obstruction is caused by a malignancy. In addition, 
fever and chills may be present in patients with choledo- 
cholithiasis and cholangitis. Gallstone pancreatitis can develop 
from the obstruction of the ampulla of Vater by common duct 
stones. CBD stones are responsible for up to 50% of all cases 
of pancreatitis. Most patients with gallstone pancreatitis expe¬ 
rience a mild self-limited attack from which they recover 


within a few days; however, some patients will progress to 
develop severe pancreatitis with peripancreatic necrosis, infec¬ 
tion, or pseudocyst formation. 


Predictors of Common Bile Duct Stones 


No single clinical variable is completely accurate in predicting 
the presence of choledocholithiasis. Therefore, the results of a 
detailed history and physical examination, laboratory evalua¬ 
tions, and diagnostic imaging tests must be taken together 
when assessing the likelihood that a patient has CBD stones. 
Serum liver function tests (bilirubin, alkaline phosphatase, and 
transaminases) can be useful in predicting common duct 
stones. If any one value of the liver profile is elevated, the risk 
for CBD stones approaches 20%. With two elevated values the 
risk increases to nearly 40%, and with three or more elevated 
values the risk for CBD stones is nearly 50%. However, 
between 5% and 7% of patients with no liver function abnor¬ 
malities have CBD stones identified by cholangiography at the 
Q time of cholecystectomy. A recent meta-analysis has shown the 
presence of cholangitis, CBD stones identified on ultrasound, 
and jaundice to be the strongest indicators of CBD stones. 29 A 
patient with any one of these indicators has at least 10 times 
the risk of having CBD stones compared with a patient with¬ 
out the risk factor (Table 60.5). 


Diagnostic Studies 

Ultrasonography. Ultrasound (US) is very sensitive for the 
diagnosis of gallstones within the gallbladder. Unfortunately, 
the sensitivity of US for the detection of CBD stones is only 
15% to 30%. Ultrasound can identify CBD dilation, which 
can suggest choledocholithiasis. If the extrahepatic bile duct 
diameter is less than 3 mm, CBD stones are exceedingly rare, 
whereas a diameter greater than 10 mm in a jaundiced patient 
predicts CBD stones in more than 90% of cases. Ultrasound 
successfully identifies the presence of CBD stones in only 70% 
of patients because the distal end of the bile duct is frequently 
obscured by duodenal or colonic gas. 

Magnetic Resonance Imaging. Magnetic resonance cholan¬ 
giopancreatography (MRCP) is another noninvasive means of 
imaging the biliary tract (Fig. 60.15). Several studies have 
shown that MRCP can diagnose CBD stones with a sensitivity 


TABLE 60.5 DIAGNOSIS 


PREDICTIVE VALUES OF PREOPERATIVE INDICATORS OF COMMON BILE DUCT STONES 


■ INDICATOR 

■ POSITIVE 
LIKELIHOOD 
RATIO 

■ NEGATIVE 
LIKELIHOOD 
RATIO 

■ SENSITIVITY 

■ SPECIFICITY 

Cholangitis 

18.3 

0.93 

0.11 

0.99 

Common bile duct stones on ultrasound 

13.6 

0.70 

0.38 

1.00 

Preoperative jaundice 

10.1 

0.69 

0.36 

0.97 

Elevated bilirubin 

4.8 

0.77 

0.69 

0.88 

Elevated alkaline phosphatase 

2.6 

0.65 

0.57 

0.86 

Pancreatitis 

2.1 

0.96 

0.10 

0.95 

Cholecystitis 

1.6 

0.94 

0.50 

0.76 

Amylase 

1.5 

0.99 

0.11 

0.95 

Adapted from Abboud BA, Malet PF, Berlin JA, et al. Predictors of common 
Endosc 1996;44:450. 

bile duct stones prior to cholecystectomy: a meta- 

■analysis. Gastrointest 
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FIGURE 60.15. Magnetic resonance cholangiogram showing com¬ 
mon bile duct stones {arrows). 


of 90%, a specificity of 100%, and an overall diagnostic accu¬ 
racy of 97%. The main advantage of MRCP is that it allows for 
the direct imaging of the biliary tract without the need for con¬ 
trast or an invasive procedure. Disadvantages include its rela¬ 
tively high cost and lack of therapeutic capacity. Magnetic res¬ 
onance cholangiography has been used to screen patients at 
low and moderate risk of having common duct stones prior to 
endoscopic cholangiography. A normal magnetic resonance 
cholangiogram can avoid the need for an invasive endoscopic 
cholangiogram. MRCP has become more popular as costs have 
reduced and surgeons have become more skilled with laparo¬ 
scopic techniques for managing CBD stones. 

Endoscopic Ultrasound. Endoscopic ultrasound (EUS) is 
a semi-invasive test that can be performed with a very low rate 
of complications (<0.1%). 30 The sensitivity and specificity for 
the diagnosis of CBD stones by EUS ranges from 92% to 
100% and 95% to 100%, respectively. The negative predictive 
value for EUS is more than 97%. 31 Therefore, when EUS is 



FIGURE 60.16. Endoscopic retrograde cholangiogram showing com¬ 
mon bile duct stones. 


negative for common duct stones, ERCP or intraoperative 
cholangiography can be avoided. 

Preoperative Cholangiography. Endoscopic cholangiog¬ 
raphy is the “gold standard” for the diagnosis of CBD stones. 
Both endoscopic retrograde cholangiography (ERC) and per¬ 
cutaneous transhepatic cholangiography (PTC) techniques can 
be used to directly visualize the biliary tree. A comparison of 
endoscopic retrograde cholangiography and percutaneous 
transhepatic cholangiography techniques is noted in Table 60.6. 
Endoscopic cholangiography (Fig. 60.16) has the advantage of 
providing a therapeutic option at the time CBD stones are 
identified and is therefore the preferred approach for patients 
with suspected CBD stones. Skilled endoscopists can success¬ 
fully cannulate the CBD in approximately 90% to 95% of 


ITABLE 60.6 


treatment! 

COMPARISON OF PERCUTANEOUS TRANSHEPATIC CHOLANGIOGRAPHY AND 
ENDOSCOPIC RETROGRADE CHOLANGIOGRAPHY 

■ CRITERION 

■ TRANSHEPATIC 
CHOLANGIOGRAPHY 

■ ENDOSCOPIC 
CHOLANGIOGRAPHY 

Success rate 

>90% with dilated ducts, 
70% with nondilated ducts 

80%-90% with either dilated or 
nondilated ducts 

Identification of cause 
of obstruction 

VO 

o 

vO 

cN 

1 

O 

O 

\C 

75%-90% 

Complications 

5% (range, 3%-10%) 

5% (range, 2 %-7%) 

Mortality 

0.2%-0.9% 

0.1%-0.2% 

Expense 

Less 

More 

Skill required 

Less 

More 

Patient selection 

Proximal lesions, altered 
gastroduodenal anatomy, 
failed endoscopic 
cholangiography 

Distal lesions, pancreatic pathology, 
coagulopathy, ascites, failed 
transhepatic cholangiography 
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patients. Complications of diagnostic cholangiography include 
pancreatitis and cholangitis and occur in up to 5% of patients. 
ERC may be unsuccessful in patients with previous gastric 
surgery (Billroth II reconstruction), periampullary diverticula, 
or tortuous biliary ducts. Percutaneous transhepatic cholan¬ 
giography may be used to image the bile ducts if ERC is unsuc¬ 
cessful. 

Intraoperative Cholangiography. Intraoperative cholan¬ 
giography (IOC) also can be successfully accomplished in 
more than 95% of cases. The cholangiogram should be care¬ 
fully evaluated for filling defects within the ducts, presence of 
contrast in the duodenum, and the intrahepatic biliary 
anatomy. Debate continues over the need to perform routine 
intraoperative cholangiography at the time of cholecystec¬ 
tomy. Advocates of routine IOC argue that asymptomatic 
CBD stones can be identified and biliary injuries prevented by 
performing routine IOC. Critics of this approach suggest that 
the incidence of retained stones is no greater when cholan¬ 
giography is performed selectively based on clinical and labo¬ 
ratory criteria. The indications for performing cholangiogra¬ 
phy during cholecystectomy include (a) a dilated CBD, (b) a 
wide cystic duct, (c) palpable CBD stones, (d) elevated serum 
liver function tests or bilirubin, and (e) a history of pancreati¬ 
tis. If these criteria are strictly followed, approximately 30% 
of patients will require IOC at the time of cholecystectomy. 
IOC can identify the size, number, and location of CBD stones 
in addition to defining biliary anatomy. This information is 
critical in choosing the most appropriate treatment for CBD 
stones. 

Intraoperative ultrasonography. Intraoperative ultra¬ 
sonography also can be used to identify CBD stones at the time 
of cholecystectomy. In experienced hands, intraoperative 
ultrasonography has been shown to be comparable to intraop¬ 


erative cholangiography for the diagnosis of CBD stones. 
Laparoscopic ultrasonography is performed with a high fre¬ 
quency (7.5- to 10-MHz) probe, and the bile duct is imaged in 
the transverse and longitudinal planes. The distal bile duct can 
be visualized in more than 95% of cases. 

The choice of radiologic studies used to evaluate a patient 
with suspected choledocholithiasis should be based on the 
probability of this diagnosis. Patients at highest risk for chole- 
docholithiasis should undergo endoscopic cholangiography. 
Patients at intermediate risk may be screened with magnetic 
resonance cholangiography or endoscopic ultrasound and 
proceed to laparoscopic cholecystectomy if no stones are iden¬ 
tified. Those patients at low risk of harboring common duct 
stones may be evaluated with intraoperative cholangiography 
at the time of laparoscopic cholecystectomy with laparoscopic 
CBD exploration or postoperative endoscopic stone extraction 
reserved for the few patients with a positive study. 32 


Management 

Currently, several options are available to the surgeon for the 
treatment of CBD stones. In choosing the most appropriate 
approach for an individual patient, factors such as the local 
endoscopic expertise, the surgeon’s laparoscopic skill, and the 
patient’s clinical condition must be considered. A potential 
approach to the management of CBD stones is shown in Algo¬ 
rithm 60.1. 

(J) Endoscopic. ERC with endoscopic sphincterotomy permits 
CBD stones to be removed without the need for conventional 
surgery. Stones can be successfully removed from the CBD in 
85% to 95% of cases. The endoscopic approach is particularly 
useful for patients prior to cholecystectomy in whom a high 
suspicion exists for CBD calculi, particularly if laparoscopic 
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ALGORITHM 60.1. Algorithm for the management of common bile duct stones. 
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CBD exploration is not available. Endoscopic clearance of 
stones from the CBD precholecystectomy can avoid the need 
for an open operation. Furthermore, if endoscopic stone 
extraction is not possible because of multiple gallstones, intra- 
hepatic stones, large gallstones, impacted stones, duodenal 
diverticula, prior gastrectomy, or bile duct stricture, this infor¬ 
mation is known before cholecystectomy, and an open CBD 
exploration or drainage procedure can be performed. After 
sphincterotomy, most stones smaller than 1 cm in diameter 
pass spontaneously. A balloon catheter or stone basket also can 
be used to retrieve stones if needed. If endoscopic clearance is 
incomplete, an endoscopic stent can be placed into the CBD to 
maintain drainage and prevent cholangitis. 

Endoscopic sphincterotomy and stone extraction is well 
tolerated in most patients. Complications occur in 5% to 8% 
of patients and include cholangitis, pancreatitis, perforation, 
and bleeding. The overall mortality rate is 0.2% to 0.5%. 
Complete clearance of all common duct stones is achieved 
endoscopically in 71% to 75% of patients at the first proce¬ 
dure and in 84% to 95% of patients after multiple endoscopic 
procedures. 33 

Preoperative ERC plus endoscopic sphincterotomy is the 
preferred management option for CBD stones in several condi¬ 
tions. In the setting of acute suppurative cholangitis, morbidity 
and mortality are significantly decreased if preoperative biliary 
decompression and stone removal are accomplished before 
cholecystectomy. Patients with severe gallstone pancreatitis or 
a significant deterioration of their clinical condition also have 
been shown to benefit from early ERC and stone clearance. 
Cholecystectomy can then be performed after the pancreatitis 
has resolved. In patients with a dilated CBD (>8 mm) on 
ultrasound and jaundice, an ERC also should be performed to 
rule out a malignancy or biliary stricture that would alter the 
surgical management. In patients with a high operative risk, 
ERC plus endoscopic sphincterotomy can be performed to 
remove CBD stones and the gallbladder left in place. 

Following endoscopic sphincterotomy and stone extrac¬ 
tion, patients with a stone-filled gallbladder remain at high 
risk of developing future biliary symptoms. A prospective ran¬ 
domized trial demonstrated a significantly greater incidence of 
recurrent biliary symptoms among patients managed with a 
wait-and-see approach versus laparoscopic cholecystectomy 
(47% vs. 2%, p <0.0001) following endoscopic stone extrac¬ 


tion. A large percentage (37%) of patients managed expec¬ 
tantly later required cholecystectomy. 34 

Laparoscopic. Laparoscopic exploration of the CBD for 
choledocholithiasis enables appropriate patients to undergo 
complete management of their calculous biliary tract disease 
with one invasive procedure. This approach is the most cost 
effective and should become the preferred option as surgeons’ 
laparoscopic skills improve. 35 The laparoscopic approach is 
ideal for patients with CBD stones identified during intraoper¬ 
ative cholangiography or ultrasound or in patients with sus¬ 
pected choledocholithiasis managed at centers where laparo¬ 
scopic CBD exploration is routinely performed. Intraoperative 
cholangiography is accomplished via the cystic duct prior to 
duct exploration. 

The two approaches for laparoscopic bile duct exploration 
are laparoscopic transcystic common bile duct exploration 
(LTCBDE) or laparoscopic choledochotomy (Table 60.7). The 
indications for transcystic duct exploration are filling defects 
noted on cholangiography (CBD stones), stones less than 9 mm 
in diameter, stones below the cystic duct entrance to the bile 
duct, and fewer than six stones. Contraindications to LTCBDE 
are a small friable cystic duct, more than eight stones in the 
CBD, common hepatic duct stones, and stones larger than 1 cm. 
Laparoscopic choledochotomy can be performed if LTCBDE 
fails or is contraindicated, if stones are present above the cystic 
duct, or when multiple stones are present. The only contraindi¬ 
cation to laparoscopic choledochotomy is a small common duct 
(<6 mm) that might be narrowed during its closure. 

Laparoscopic Transcystic Common Bile Duct Exploration. 
The technique of LTCBDE involves the blunt dissection of the 
cystic duct down to its junction with the CBD. A cystic ductot- 
omy is then made and a guide wire inserted into the bile duct. 
A cholangiocatheter can then be advanced over the guide wire 
into the bile duct and saline irrigated through the catheter in 
an attempt to flush small stones out of the bile duct. If the 
stones in the CBD are larger than the lumen of the cystic duct, 
the cystic duct can be dilated with a balloon catheter. Stone 
retrieval baskets can be inserted over the guide wire and 
stones extracted under fluoroscopic guidance (Fig. 60.17). 
Flexible choledochoscopy via the cystic duct also can be per¬ 
formed and stones extracted under direct vision. Success rates 


TABLE 60.7 TREATMENT 


FACTORS IN LAPAROSCOPIC TRANSCYSTIC COMMON BILE DUCT EXPLORATION VERSUS 
LAPAROSCOPIC CHOLEDOCHOTOMY 



■ TRANSCYSTIC 

■ CHOLEDOCHOTOMY 

Stone characteristics 

Number 

Size 

Location 

<8 

>9 mm 

Distal to cystic duct 

Any 

Any 

Entire duct 

Bile duct size 

Any 

>6 mm 

Drain 

Optional cystic duct tube 

T-tube 

Contraindications 

Friable cystic duct 
Intrahepatic stones 

Multiple large stones 

Small-diameter duct 

Inability to suture laparoscopically 

Advantages 

No T-tube 

Short hospital stay 

T-tube for postoperative access 

Adapted from Phillips EH, Korman JE. Laparoscopic management of common bile duct stones. In: 

Cameron JL, ed. Current Surgical Therapy, 6th ed. St. Louis, MO: Mosby; 1998. 
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greater than 95% have been reported for bile duct clearance 
using choledochoscopy. To document stone clearance, a com¬ 
pletion cholangiogram should be performed. A cystic duct 
drainage tube can be left in place if findings on the cholan¬ 
giogram are equivocal. This tube can be used postoperatively 
for cholangiography and radiographic treatment of retained 
stones if necessary. 

Laparoscopic Choledochotomy. Laparoscopic choledochotomy 
is another excellent approach to CBD stones when the CBD 
diameter is 6 mm or greater. The anterior wall of the CBD is 
bluntly dissected and a longitudinal choledochotomy made in 
the anterior wall below the cystic duct. The choledochotomy 
should be made as long as the diameter of the largest stone. 
Two stay sutures can be placed in the common duct and used 
to tent up the anterior wall to facilitate the incision. A larger 
choledochoscope (3.3 mm, 2.4-mm working channel) can then 
be placed into the bile duct and stones extracted with baskets 
or balloon catheters. The choledochotomy is then closed over 
a T-tube with a 4-0 absorbable suture. 

Advantages of laparoscopic choledochotomy over 
LTCBDE include the ability to remove larger stones (>1 cm), 
to remove stones from the proximal hepatic ducts, to remove 
multiple stones, and to use biliary lithotripsy to fragment 
impacted stones. The disadvantages of laparoscopic choledo¬ 
chotomy are that it requires a T-tube and considerable laparo¬ 
scopic suturing skill to close the choledochotomy. 

Clearance of all CBD stones is achieved in 75% to 95% of 
patients with laparoscopic CBD exploration. 35 The morbidity 
and mortality of laparoscopic CBD exploration are similar to 
laparoscopic cholecystectomy alone. In a prospective random¬ 
ized trial comparing laparoscopic CBD exploration at the time 
of laparoscopic cholecystectomy with postoperative endo¬ 
scopic stone extraction following laparoscopic cholecystec¬ 
tomy, the complication rate and retained stone rate were simi¬ 
lar between the two groups. The median hospital stay was 
significantly shorter for patients managed with the single inva¬ 
sive procedure (1 day vs. 3.5 days). 

Open Common Bile Duct Exploration. Open CBD explo¬ 
ration is performed much less frequently with the increased 
use of endoscopic, percutaneous, and laparoscopic techniques 
to remove CBD stones. Occasionally, when these methods fail, 
are not available, or are not possible because of prior surgery, 
or when open operation is otherwise required, open CBD 


exploration becomes necessary. The technique will be 
described briefly because open CBD exploration is not com¬ 
monly performed in the era of laparoscopic cholecystectomy. 
The first step is to perform a full Kocher maneuver mobilizing 
the duodenum so that a hand can be placed behind the head of 
the pancreas and the distal CBD palpated. Any impacted 
stones may be milked more proximally. The supraduodenal 
bile duct is then exposed and two stay sutures placed in the 
CBD just below the cystic duct. The anterior wall of the bile 
duct is then elevated with the stay sutures and a longitudinal 
choledochotomy made. The bile duct then can be explored for 
stones. Rigid instruments should not be used to extract stones 
because they can injure the delicate ductal epithelium. A soft 
rubber irrigating catheter can be used to gently flush out any 
stones or debris. Balloon-tipped catheters then can be passed 
proximally and distally into the ducts to retrieve stones. Ade¬ 
quate clearance of the duct should be confirmed visually with 
flexible choledochoscopy. Remaining stones can be removed 
by irrigation or the use of instruments such as stone forceps, 
wire baskets, or balloon catheters. A T-tube should be placed 
in the bile duct and the choledochotomy closed with 4-0 
absorbable suture. Completion cholangiography is performed 
before closing the abdomen to rule out the presence of retained 
stones or a bile leak around the T-tube. Postoperatively, a T- 
tube cholangiogram is performed 3 to 7 days after the explo¬ 
ration. If the cholangiogram is normal, the tube can be 
clamped and the tube pulled 3 to 6 weeks later. If retained 
stones are detected, the tract is allowed to mature, and percu¬ 
taneous extraction can be performed by a radiologist in 4 to 6 
weeks. Open CBD exploration can be accomplished with 
almost no mortality in patients younger than age 60 years but 
can have a mortality of up to 4% in septic patients. 

Drainage Procedures. Patients with an impacted stone at 
the ampulla that cannot be removed with a CBD exploration 
or with multiple stones in a nondilated duct may require a 
transduodenal sphincteroplasty. A sphincteroplasty also is 
indicated in the presence of an ampullary stenosis or a chole- 
dochocele. The first step in a sphincteroplasty is to perform a 
Kocher maneuver. A small longitudinal duodenotomy is made 
over the ampulla and two stay sutures placed on each side of 
the ampulla to elevate it. A small incision is made at the 11- 
o’clock position in the sphincter taking care to avoid the pan¬ 
creatic duct, which is usually found at the 5-o’clock position. 
The sphincterotomy is extended through the sphincter 
(approximately 1.5 cm) and the impacted stone removed. The 
bile duct and duodenal mucosa are then reapproximated 
with interrupted 4-0 absorbable sutures. The duodenotomy 
should be closed transversely to prevent narrowing of the 
lumen. 

Patients with grossly dilated bile ducts (>2 cm), multiple 
stones (>5), intrahepatic stones, primary duct stones, or a 
distal biliary stricture should be considered for a biliary 
drainage procedure. The two options are a choledochoduo- 
denostomy or a Roux-en-Y choledochojejunostomy. The 
choledochoduodenostomy can be performed in either a side- 
to-side or an end-to-side fashion. Advantages of a choledo¬ 
choduodenostomy are that it can be performed rapidly, it 
requires only one anastomosis, and the bile duct still can be 
accessed endoscopically. However, a side-to-side anastomosis 
leaves the distal CBD in continuity and can lead to the “sump 
syndrome.” In this situation, food debris from the duodenum 
can enter the distal limb of the duct and obstruct the anasto¬ 
mosis or the pancreatic duct orifice, leading to cholangitis or 
pancreatitis. Roux-en-Y hepaticojejunostomy or choledocho¬ 
jej unostomy also is an excellent option for biliary drainage. 
This operation is performed by dividing the hepatic or com¬ 
mon duct and doing an end-to-end anastomosis to a 60-cm 
Roux limb. Development of the sump syndrome is not a con¬ 
cern because a hepaticojej unostomy or choledochojejunos- 
tomy is completely diverting. 
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1 TABLE 60.8 

RESULTSI 

SUMMARY OF TREATMENT AND OUTCOMES FOR 
INTRAHEPATIC STONE DISEASE AT THE JOHNS 

HOPKINS HOSPITAL 

Patient, n 

54 

Percutaneous treatment only 

26% of patients 

Surgical treatment 

74% of patients 

Postoperative percutaneous treatment 

33% of patients 

Mean follow-up 

60 mo 

Successful stone clearance 

94% of patients 

Symptom-free state 

87% of patients 

Recurrent stones or stricture 

20% of patients 

Adapted with permission from Pitt HA, Venbrux AC, Coleman JA, 
et al. Intrahepatic stones: the transhepatic team approach. Ann Surg 
1994;219:527. 


Intrahepatic Stones 


Intrahepatic stones are relatively uncommon in Western coun¬ 
tries. These stones are more prevalent in Asia and represent a 
difficult management problem. Intrahepatic stones are primar¬ 
ily brown pigment stones. They typically occur in association 
with diseases characterized by prolonged partial bile duct 
obstruction, such as sclerosing cholangitis, benign and malig¬ 
nant biliary strictures, choledochal cysts, and biliary parasites. 

Cholangiography, either endoscopic or percutaneous, is the 
most valuable technique in the evaluation of patients with 
intrahepatic stones. The transhepatic percutaneous approach 
is preferable in most patients because it allows for direct access 
to the intrahepatic bile ducts for therapeutic interventions. 
Transhepatic biliary drainage catheters can be inserted and 
gradually upsized to a 16- to 20-French size. The tract is then 
allowed to mature for 5 to 6 weeks, and stones are removed by 
using steerable stone retrieval baskets under fluoroscopic guid¬ 
ance, or with percutaneous choledochoscopy. 

Although some patients with intrahepatic stone disease can 
be managed nonoperatively, many patients will require surgical 
intervention. A Roux-en-Y hepaticojejunostomy is usually con¬ 
structed and intraoperative choledochoscopy used to clear the 
bile ducts of stones. Large-bore transhepatic stents can be 
placed intraoperatively to provide access to the biliary tree for 
percutaneous stone extraction or the treatment of strictures 
postoperatively. Using this approach, a stone clearance rate of 
greater than 90% can be expected (Table 60.8). 36 Another 
option for management of intrahepatic stones is the creation of 
a hepaticocutaneous jejunostomy. This technique involves cre¬ 
ating a Roux-en-Y hepaticojej unostomy with a longer than 
usual Roux limb and extending the Roux limb beyond the anas¬ 
tomosis up to the anterior abdominal wall. The limb is then 
marked with metal wire or clips, which allows percutaneous 
access to the biliary system if needed. If the intrahepatic stone 
disease is isolated to a single lobe or segment of liver and is asso¬ 
ciated with significant intrahepatic biliary strictures or atrophy, 
a hepatic resection may be indicated to treat the stone disease. 
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CHAPTER 61 ■ BILIARY INJURIES AND 

STRICTURES AND SCLEROSING 
CHOLANGITIS 

KEITH D. LILLEMOE 


KEY POINTS 


Q Most bile duct injuries or strictures currently occur in asso¬ 
ciation with laparoscopic cholecystectomy, with an overall 
incidence of 0.3% to 0.7%. 

Q Recognition of a bile duct injury during laparoscopic 
cholecystectomy is uncommon (<30% of cases), but if rec¬ 
ognized, repair as either an end-to-end duct-to-duct anas¬ 
tomosis in very selected cases or hepaticojej unostomy 
should be performed. 

Q Cholangiography, usually performed by a percutaneous 
transhepatic route, should be performed in all cases to 
define the proximal biliary anatomy needed for reconstruc¬ 
tion and to allow placement of biliary catheters to control 
the ongoing bile leak. 

Q Patients with biliary injuries most commonly present in the 
early postoperative course, usually with bile leakage. 
Despite recognition of an ongoing bile leak, urgent return 
to the operating room should be avoided. 

Q The repair of a bile duct injury recognized in the postoperative 
period requires a hepaticojej unostomy in almost all cases and 
should be performed with transanastomotic biliary stents. 


Q A successful result following repair of a bile duct injury can 
be expected in 80% to 90% of patients. Return to a nor¬ 
mal quality of life is also expected. In the modern era, 
death associated with either bile duct injury or the opera¬ 
tive repair is uncommon, occurring in less than 2% of 
patients. 

Q Percutaneous or balloon dilatation of biliary strictures can 
lead to successful outcomes in selective patients, although 
the long-term results generally favor surgical recon¬ 
struction. 

Q Primary sclerosing cholangitis is an autoimmune disease 
characterized by intrahepatic and extrahepatic inflamma¬ 
tory strictures of the bile ducts. Patients are at risk for the 
development of cholangiocarcinoma and/or end-stage liver 
disease. There is no known specific effective medical ther¬ 
apy for primary sclerosing cholangitis. Primary sclerosing 
cholangitis has become one of the most common indica¬ 
tions for liver transplantation. 

Q Bile duct strictures associated with alcoholic chronic pan¬ 
creatitis are best managed by biliary bypass. 


Biliary injuries and strictures are among the most difficult 
challenges that a surgeon faces. Although numerous techno¬ 
logic developments have facilitated diagnosis and manage¬ 
ment, bile duct injuries and strictures remain a significant clin¬ 
ical problem. If they go unrecognized or are managed 
improperly, life-threatening early complications such as sepsis 
and multisystem organ failure or late implications of biliary 
cirrhosis, portal hypertension, and cholangitis can develop. To 
avoid these complications, virtually every patient with a bile 
duct stricture should undergo evaluation and treatment with 
the goal of relieving the obstruction to bile flow and its associ¬ 
ated hepatic injury. Finally, the occurrence of a major bile duct 
injury during an elective cholecystectomy remains one of the 
most common indications for charges of medical practice in 
the United States. 

Benign bile duct strictures can have numerous causes (Table 
61.1). Most biliary strictures occur after primary operations 
on the gallbladder or biliary tree. With the introduction of 
laparoscopic cholecystectomy, bile duct injuries and associated 
strictures have been seen with increased frequency. Operative 
injury to the bile ducts can also occur during nonbiliary oper¬ 
ations on the gallbladder or biliary tree or as a result of exter¬ 
nal penetrating or blunt abdominal trauma. Inflammatory 
conditions and fibrosis caused by chronic pancreatitis, gall¬ 
stones in the gallbladder or the bile duct, stenosis of the 
sphincter of Oddi, or biliary tract infections can also cause 
benign bile duct strictures. Finally, primary sclerosing cholan¬ 
gitis, a rare disease of unknown cause, can result in multiple 
strictures of the intrahepatic and extrahepatic bile ducts. This 


chapter focuses primarily on postoperative bile duct strictures 
and primary sclerosing cholangitis. 


POSTOPERATIVE BILE 
DUCT STRICTURES 


Pathogenesis 

Most benign bile duct strictures result from operations in or 
near the right upper quadrant. More than 80% of strictures 
occur after injury to the bile ducts during cholecystectomy. 
The exact incidence of bile duct injury is unknown because 
many cases may go unreported in the literature. Data suggest 
that the incidence of bile duct injury during open cholecystec¬ 
tomy is 1 in 500 to 1,000 cases. The incidence of bile duct 
injury during laparoscopic cholecystectomy is clearly higher. 
Although a wide range in the incidence of injury can be found 
in reported series, the most accurate data most likely come 
from surveys encompassing thousands of patients. These 
reports reflect the results from a large number of surgeons in 
both community and teaching hospitals. The results of such 
series suggest an incidence of bile duct injury during laparo¬ 
scopic cholecystectomy ranging from 0.3% to 0.7%. 1 Further¬ 
more, the incidence of bile duct injury associated with laparo¬ 
scopic cholecystectomy does not appear to have diminished in 
more recent surveys, suggesting that the previously observed 
increase is not simply the result of a learning curve associated 


981 


PANCREAS/LIVER 



















982 


Part Two: Surgical Practice 


TABLE 61.1 ETIOLOGY 


CAUSES OF BENIGN BILE DUCT STRICTURES 

POSTOPERATIVE STRICTURES 

Injury at Primary Biliary Operations 

■ Laparoscopic cholecystectomy 

■ Open cholecystectomy 

■ Common bile duct exploration 

Injury at Other Operative Procedures 

■ Gastrectomy 

■ Hepatic resection 

■ Portacaval shunt 

Stricture of a biliary-enteric anastomosis 
Blunt or penetrating trauma 

STRICTURES CAUSED BY INFLAMMATORY 
CONDITIONS 

Chronic pancreatitis 
Cholelithiasis and choledocholithiasis 
Primary sclerosing cholangitis 
Stenosis of the sphincter of Oddi 
Duodenal ulcer 
Crohn disease 
Viral infections 
Toxic drugs 


with the laparoscopic technique. Finally, due to the high fre¬ 
quency of laparoscopic cholecystectomy, it is estimated that 
one in every two or three surgeons will create a bile duct injury 
during his or her career. 

A number of factors are associated with bile duct injury dur¬ 
ing either open or laparoscopic cholecystectomy, including 
acute or chronic inflammation, inadequate exposure, patient 
obesity, and failure to identify structures before clamping, lig¬ 
ating, or dividing them. More specific causes of bile duct injury 
also exist. Bleeding from the cystic or hepatic arteries can lead 
to bile duct injury during attempts to gain hemostasis. The gen¬ 
erous application of Ligaclips at either open or laparoscopic 
cholecystectomy to hilar areas not well visualized can result in 
placing a clip on or across a bile duct, with resultant injury 
(Fig. 61.1). Failure to recognize congenital anatomic anomalies 
of the bile ducts, such as insertion of the right hepatic duct into 
the cystic duct or a long common wall between the cystic duct 
and the common bile duct, can also lead to injury (Fig. 61.2). 

A number of technical factors are associated with laparo¬ 
scopic cholecystectomy that can also increase the risk of bile 
duct injury compared with the open procedure. These factors 
include the use of an end-viewing laparoscope, which alters 
the surgeon’s perspective of the operative field. Excessive 
cephalad retraction of the gallbladder fundus can cause the 
cystic duct and common bile duct to become aligned in the 
same plane. This distortion often results in the classic laparo¬ 
scopic injury, in which the common bile duct is mistaken for 
the cystic duct and clipped and divided (Fig. 61.3). 2 The role of 
intraoperative cholangiography (IOC) in preventing bile duct 
injury during laparoscopic cholecystectomy is controversial. 
Individual series have failed to demonstrate that either per¬ 
forming routine or selective IOC affects the incidence of bile 
duct injury. However, a retrospective nationwide cohort analy¬ 
sis of Medicare patients undergoing laparoscopic cholecystec¬ 
tomy between 1992 and 1999 demonstrated that common bile 
duct injury occurred in 0.39% of patients in which IOC was 
performed versus 0.58% in patients not undergoing IOC 
(unadjusted relative risk, 1.49; 95% confidence interval 



FIGURE 61.1. Percutaneous transhepatic cholangiogram in a patient 
with a bile duct stricture secondary to iatrogenic injury during chole¬ 
cystectomy. Numerous surgical clips can be seen in the area of the 
stricture. (Reproduced with permission from Lillemoe KD, Pitt HA, 
Cameron JL. Postoperative bile duct strictures. Surg Clin North Am 
1990;70:1356.) 



FIGURE 61.2. Operative cholangiogram demonstrating a right lobe 
segmental bile duct entering the cystic duct [arrow). Division of the 
cystic duct proximal to this insertion can result in a bile leak or 
obstruction of bile flow from a significant segment of the liver. 
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FIGURE 61.3. Classic laparoscopic bile duct injury. The common bile 
duct is mistaken for the cystic duct and transected. A variable extent 
of the extrahepatic biliary tree is resected with the gallbladder. The 
right hepatic artery, in background, is also often injured. (Adapted 
from Branum G, Schmidt C, Baillie J, et al. Management of major bil¬ 
iary complications after laparoscopic cholecystectomy. Ann Surg 
1993;217:532.) 


1.42-1.57). 3 Furthermore, the proper interpretation of IOC 
can minimize the extent of injury. Nevertheless, only 27% of 
surgeons in the United States perform IOC routinely. 4 Finally, 
ample evidence exists to support the conclusion that the expe¬ 
rience of the surgeon in performing laparoscopic cholecystec¬ 
tomy can be correlated with the risk of bile duct injury. 

In recent years there has been a growing understanding of 
surgeon cognitive factors associated with bile duct injury dur¬ 
ing laparoscopic cholecystectomy. An analysis examining 252 
biliary injuries during laparoscopic cholecystectomy using 
human error factor and cognitive science techniques found that 
97% of injuries were caused by visual-perceptual illusion or 
inadequate visualization. 5 Further work from the same group 
has determined a major explanation for the surgeon’s frequent 
inability to recognize bile duct injury. These bile duct injuries 
appear to be associated with confirmation bias, which is a 
propensity to seek cues to confirm a belief and to discount cues 
that might discount the belief. Although cognitive factors are 
important for the understanding of the psychological issues 
associated with bile duct injuries, surgeons must continue to 
have the appropriate corrective mechanisms in place to mini¬ 
mize the chance of these injuries, including knowledge of 
anatomy, typical mechanisms of injury, and an appropriate 
level of suspicion and logic. An example of such a corrective 
mechanism is the operative technique of laparoscopic cholecys¬ 
tectomy, which defines the “critical view of safety,” which helps 
prevent misidentification and injury of the major bile ducts. 6 

The importance of ischemia of the bile duct in the forma¬ 
tion of postoperative strictures has been emphasized. Injury to 
the hepatic artery at the time of biliary injury during laparo¬ 
scopic cholecystectomy has been recognized at an increased 
incidence, as high as 50%, when investigated at the time of 
presentation. 7 The presence of an arterial injury, however, does 
not appear to affect either early or late outcomes. A more clin¬ 
ically important cause of ischemia can be unnecessary dissec¬ 
tion around the bile duct during cholecystectomy or bile duct 
anastomosis, which can divide or injure the major arteries of 
the bile duct that run in the 3-o’clock and 9-o’clock positions. 

Another important factor contributing to the formation of 
biliary strictures is the intense connective tissue response with 


fibrosis and scarring that can occur after bile duct injury. Exper¬ 
imental studies of bile duct ligation in a canine model have 
demonstrated immediate and sustained elevation of bile duct 
pressure and progressive increase in bile duct diameter. Histo¬ 
logic changes at 1 month after ligation have shown that the bile 
duct wall is thickened, with a reduction of mucosal folds and 
loss of surface microvilli, associated with a well-defined epithe¬ 
lial degeneration. Biochemical analysis of connective tissue 
response to ligation showed that collagen synthesis and pro- 
lene hydroxylase activity is increased within 2 weeks in the 
obstructed bile duct and is sustained throughout the period of 
observation. Finally, a marked local inflammatory response 
can develop in the adjacent tissue in association with bile leak¬ 
age, which occurs with many bile duct injuries. This inflam¬ 
mation can be further intensified in the face of infection. This 
inflammation results in fibrosis and scarring in the periductal 
tissue, further contributing to stricture formation. These fac¬ 
tors can be of major importance in bile duct injuries during 
laparoscopic cholecystectomy, which are frequently associated 
with bile leaks. 

After cholecystectomy and common bile duct exploration, 
the two most common operations associated with bile duct 
injury are gastrectomy and hepatic resection. The most com¬ 
mon situation resulting in bile duct injury during gastrectomy I 
involves dissection of the pyloric region and the first portion of 
the duodenum in the face of inflammation from peptic ulcer 
disease. The injury occurs during mobilization of the duode¬ 
num either for creation of a Billroth I gastroduodenostomy or 
for closure of the duodenal stump. Biliary injury during liver 
resection is most likely to occur during dissection of the hepatic 
hilum. 

In addition to iatrogenic bile duct injury occurring during 
cholecystectomy or other operations, bile duct strictures can 
also occur at biliary anastomoses. Such strictures can occur at 
a biliary-enteric anastomosis performed for reconstruction 
after resection for benign or malignant disease of the pancre- 
aticobiliary system, or after end-to-end bile duct anastomosis 
performed for hepatic transplantation or for repair of trau¬ 
matic injury. Ischemia of the anastomosis caused by excessive 
skeletonization of the duct in preparation for the anastomosis 
is an important factor in many such strictures. 

Unfortunately, the recurrence of bile duct strictures after an 
initial attempt at repair is not uncommon and can also account 
for a number of anastomotic strictures. 8,9 A number of other fac¬ 
tors have been evaluated in patients who have a recurrent bile 
duct stricture, including the location of the stricture, the length 
of follow-up, the influence of previous operations, the type of 
operation performed, the type of sutures used, and the use and 
duration of postoperative stenting. 8 Previous attempts at 
repair, performance of a procedure other than choledochoje- 
junostomy or hepaticojejunostomy, and stricture location 
higher in the biliary tree appear to be associated with a higher 
incidence of recurrent stricture. Finally, long-term follow-up 
of a bile duct anastomosis is important because strictures can 
develop years after the original anastomosis. 


Clinical Presentation 


Most patients with biliary injuries present early after their ini¬ 
tial operation (Algorithm 61.1). After open cholecystectomy, 
only approximately 10% of postoperative strictures are actu¬ 
ally suspected within the first week, but nearly 70% are diag¬ 
nosed within the first 6 months, and more than 80% are diag¬ 
nosed within 1 year of surgery. In series reporting bile duct 
injuries during laparoscopic cholecystectomy, the injury is usu¬ 
ally recognized either during the procedure (25% to 30%) or, 
more commonly, in the early postoperative period. 

Patients suspected of having a postoperative bile duct injury 
within days to weeks of initial operation usually present in one 
of two ways. One presentation is the progressive elevation of 
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Laparoscopic Cholecystectomy 


Major Bile Duct Injury 


Recognized at time of 

Recognized in the early 

laparoscopic cholecystectomy (30%) 

r _ 1 _. 

postoperative period 

i i 

Primary Repair Transfer to 

CT scan 

Hepatobiliary Center 

1--1 

(drain collections) 

1 1 

End-to-End Hepaticojej unostomy 

1 1 

Repair (Preferred in most settings) 

Percutaneous Transhepatic 


cholangiography with biliary 


drainage 


Define anatomy/control bile 


Leak 


4-6 weeks 


Definitive repair 


hepatico j ej unostomy 

ALGORITHM 61.1 



ALGORITHM 61.1. Algorithm for diagnosis and management of bile duct injury associated with laparoscopic cholecystectomy. 


liver function test results, particularly total bilirubin and alka¬ 
line phosphatase levels. These changes can often be seen as 
early as the second or third postoperative day. The second 
mode of early presentation is with leakage of bile from the 
injured bile duct. This presentation appears to occur most 
often in patients presenting with bile duct injuries after laparo¬ 
scopic cholecystectomy. Bilious drainage from operatively 
placed drains or through the wound after cholecystectomy is 
abnormal and represents some form of biliary injury. In 
patients without drains (including patients in whom the drains 
have been removed), the bile can leak freely into the peritoneal 
cavity or it can loculate as a collection. Free accumulation of 
bile into the peritoneal cavity results in either biliary ascites or 
bile peritonitis. Similarly, a loculated bile collection can result 
in sterile biloma (Fig. 61.4) or in an infected subhepatic or sub- 
diaphragmatic abscess. 

Patients with postoperative bile duct strictures who present 
months to years after the initial operation frequently have evi¬ 
dence of cholangitis. The episodes of cholangitis are often mild 
and respond to antibiotic therapy. Repetitive episodes usually 
occur before the definitive diagnosis. Less commonly, patients 
may present with painless jaundice and no evidence of sepsis. 
Finally, patients with markedly delayed diagnoses may present 
with advanced biliary cirrhosis and its complications. 


Laboratory Investigation 

Liver function tests usually show evidence of cholestasis. In 
patients with bile leakage, the bilirubin can be normal or min¬ 
imally elevated because of absorption from the peritoneal cav¬ 
ity. When elevated, serum bilirubin usually ranges from 2 to 6 
mg/dL, unless secondary biliary cirrhosis has developed. 
Serum alkaline phosphatase is usually elevated. Serum amino¬ 
transferase levels can be normal or minimally elevated except 
during episodes of cholangitis. If advanced liver disease exists, 
hepatic synthetic function can be impaired, with lowered 
serum albumin and a prolongation of prothrombin time. 


Serum electrolytes and complete blood count are typically nor¬ 
mal unless there is associated biliary sepsis. 


Radiologic Examination 

The imaging techniques of abdominal ultrasound and com¬ 
puted tomography (CT) play an important initial role in the 
evaluation of patients with benign postoperative biliary stric¬ 
tures. In patients who present in the early postoperative period 
with evidence of a bile leak or biliary sepsis, these studies are 
useful to rule out the presence of intra-abdominal collections 



FIGURE 61.4. Large bile duct collection (biloma; arrow) occurring 
after bile duct injury. (Reproduced with permission from Lillemoe KD, 
Pitt HA, Cameron JL. Post-operative bile duct strictures. Surg Clin 
North Am 1990;70:1362.) 
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that might require drainage (Fig. 61.4). CT and ultrasound are 
also important in the initial evaluation of the patient present¬ 
ing with a bile duct stricture months to years after initial oper¬ 
ation. Both studies can confirm biliary obstruction by demon¬ 
strating a dilated biliary tree. CT is especially useful in 
identifying the level of obstruction of the extrahepatic bile 
duct. 

In patients suspected of having early postoperative bile duct 
injury, a radionucleotide biliary scan can confirm bile leakage. 
In patients with postoperative external bile fistula, injection of 
water-soluble contrast media through the drainage tract (sinog¬ 
raphy) can often define the site of leakage and the anatomy of 
the biliary tree. 

The “gold standard” for evaluation of patients with bile 
duct strictures is cholangiography. Percutaneous transhepatic 
cholangiography (PTC) is usually more valuable than endo¬ 
scopic retrograde cholangiography (ERC) in patients with 
major bile duct injuries following laparoscopic cholecystec¬ 
tomy. PTC is more useful in that it defines the anatomy of the 
proximal biliary tree that is to be used in the surgical recon¬ 
struction (Fig. 61.5). Furthermore, PTC can be followed by 
placement of percutaneous transhepatic catheters, which can 
be useful in decompressing the biliary system either to treat or 
prevent cholangitis and to control an ongoing bile leak. These 
catheters can also be of assistance in surgical reconstruction 
and provide access to the biliary tree for nonoperative dila¬ 
tion. ERC is less useful than PTC in major bile duct transec- 
tions during laparoscopic cholecystectomy because the dis¬ 
continuity of the extrahepatic bile duct usually prevents 
adequate filling of the proximal biliary tree (Fig. 61.6). Often, 
ERC can demonstrate a normal-sized distal bile duct up to the 
site of the stricture without visualization of the proximal bil¬ 
iary system (Fig. 61.7). This finding is frequently the case in 
patients with injury during laparoscopic cholecystectomy, 


when the distal bile duct is often clipped and divided. The devel¬ 
opment of magnetic resonance cholangiopancreatography has 
provided a noninvasive technique that provides excellent delin¬ 
eation of the biliary anatomy. The quality of these images has 
led some surgeons to advocate this technique as the initial step 
in the evaluation of patients with suspected bile duct injuries 
and may eliminate the need for a diagnostic ERC in many 
patients. 


Preoperative Management 

The preoperative management of a patient with a postopera¬ 
tive bile duct stricture depends primarily on the timing of the 
presentation. Patients presenting in the early postoperative 
period can be septic with either cholangitis or intra-abdominal 
bile collections. Sepsis must be controlled first with broad- 
spectrum parenteral antibiotics, percutaneous biliary drainage, 
and percutaneous or operative drainage of biliary leaks. Once 
sepsis is controlled, there is no hurry in proceeding with surgi¬ 
cal reconstruction of the bile duct stricture. The combination of 
proximal biliary decompression and external drainage allows 
most biliary fistulas to be controlled or even to close. The patient 
can then be discharged home to allow several weeks to elapse 
for resolution of the inflammation in the periportal region and 
recovery of overall health. 

The management of a suspected bile duct injury after 
laparoscopic cholecystectomy presenting with a bile leak 
deserves special mention. Often, when bile leakage is sus¬ 
pected, the surgeon believes that urgent surgical exploration is 
necessary. Unfortunately, at laparotomy, the marked inflamma¬ 
tion associated with bile spillage and the small decompressed 
biliary tree that appears retracted high into the porta hepatis 
make recognition of the injury and repair virtually impossible. 



FIGURE 61.5. A: Percutaneous transhepatic cholangiogram demonstrating bile duct stricture at hepatic duct bifurcation with proxi¬ 
mal duct dilatation. B: Percutaneous transhepatic cholangiogram demonstrating stricture (arrow) at a hepaticojejunostomy anasto¬ 
mosis. BD, bile duct; int, intestine. 
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FIGURE 61.6. A: Endoscopic retrograde cholangiogram showing a relatively normal biliary tree in a patient with a postoperative bile collection 
(see Fig. 61.5). B: Percutaneous transhepatic cholangiogram of same patient, showing entire right hepatic posterior lobe segment obstructed as 
the result of ligation of the segmental duct. The patient had an unrecognized anatomic variant similar to that shown in Figure 61.2. 


In such cases, every attempt should be made to define the bil¬ 
iary anatomy by preoperative cholangiography and to control 
the bile leak with percutaneous biliary drainage. In many cases, 
early operative intervention is not required because the bile col¬ 
lections or ascites can either be drained percutaneously or sim¬ 
ply is absorbed from the peritoneal cavity. Delayed reconstruc¬ 
tion, aided by percutaneous biliary catheters, then allows 
optimal surgical results. 10 


FIGURE 61.7. Endoscopic retrograde pancreaticocholangiogram 
showing filling of a normal pancreatic duct (PD). The common bile 
duct (CBD), however, does not fill beyond the large clip that appears 
to be placed across the duct. (Reproduced with permission from Lille- 
moe KD, Pitt HA, Cameron JL. Postoperative bile duct strictures. Surg 
Clin North Am 1990;70:1363.) 


In patients who present with a biliary stricture remote from 
the initial operation, symptoms of cholangitis can necessitate 
urgent cholangiography and biliary decompression. Biliary 
drainage is best accomplished by the transhepatic method, 
although successful endoscopic stent placement can also be 
accomplished. Parenteral antibiotics and biliary drainage 
should be continued until sepsis is controlled. In patients who 
present with jaundice but without cholangitis, cholangiogra¬ 
phy should be performed to define the anatomy. Preoperative 
biliary decompression in patients without cholangitis has not 
been demonstrated to improve outcome. 


Surgical Management 

The goal of operative management of bile duct stricture is the 
establishment of bile flow into the proximal gastrointestinal 
tract in a manner that prevents cholangitis, sludge or stone for¬ 
mation, restricture, and biliary cirrhosis. This goal is best 
accomplished with a tension-free anastomosis between healthy 
tissues. A number of surgical alternatives exist for primary 
repair of bile duct strictures, including end-to-end repair, 
Roux-en-Y hepaticojej unostomy or choledochojej unostomy, 
choledochoduodenostomy, and mucosal grafting. The choice 
of repair depends on a number of factors, including the extent 
and location of the strictures, the experience of the surgeon, 
and the timing of the repair. 

Immediate Repair of Intraoperative Bile Duct Injury. 

In many cases, initial proper management of bile duct injury 
recognized at the time of cholecystectomy can avoid the devel¬ 
opment of a bile duct stricture. Unfortunately, recognition of a 
bile duct injury is uncommon during either open or laparo¬ 
scopic cholecystectomy. If bile leakage is observed or atypical 
anatomy is encountered during laparoscopic cholecystectomy, 
early conversion to an open technique and prompt cholan¬ 
giography are imperative. If a segmental or accessory duct less 
than 3 mm has been injured and cholangiography demon¬ 
strates segmental or subsegmental drainage of the injured duc¬ 
tal system, simple ligation of the injured duct is adequate. If 
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the injured duct is 4 mm or larger, however, it is likely to drain 
multiple hepatic segments or the entire right or left lobe and 
thus requires operative repair. 

If the injury involves the common hepatic duct or the com¬ 
mon bile duct, repair should also be carried out at the time of 
injury. The aims of any repair should be to maintain ductal 
length and not to sacrifice tissue as well as to effect a repair that 
will not result in postoperative bile leakage. To accomplish these 
goals, all repairs at the time of initial operation should involve 
some sort of external drainage. If the injured segment of the bile 
duct is short (<1 cm) and the two ends can be opposed without 
tension, an end-to-end anastomosis can be performed with 
placement of a T-tube through a separate choledochotomy 


either above or below the anastomosis (Fig. 61.8A). Generous 
mobilization of the duodenum out of the retroperitoneum 
(Kocher maneuver) can be useful to help approximate the 
injured ends of the bile duct. An end-to-end repair, however, 
should be avoided if the ductal injury is near the hepatic duct 
bifurcation. 

For proximal injuries or if the injured segment of the bile 
duct is greater than 1 cm in length, an end-to-end bile duct 
anastomosis should be avoided because of the excessive tension 
that usually exists in these situations. In these circumstances, 
the distal bile duct should be oversewn, and the proximal bile 
duct should be debrided of injured tissue and anastomosed in 
an end-to-side fashion to a Roux-en-Y jejunal limb. The use of 



FIGURE 61.8. All biliary anastomoses performed for 
the reconstruction of acute bile duct injury should have 
external drainage. A: If the injured segment of bile duct 
is short (<1 cm) and the two ends can be opposed with¬ 
out tension, an end-to-end anastomosis can be per¬ 
formed with placement of a T-tube through a separate 
choledochotomy either above or below the anastomo¬ 
sis. The T-tube should not be brought out directly 
through the anastomosis. B: With more proximal 
injuries or if the segment of injured bile duct is greater 
than 1 cm, an end-to-end bile duct anastomosis should 
be avoided and a Roux-en-Y hepaticojejunostomy 
should be constructed. A transanastomotic stent can be 
placed retrograde through the transected duct and 
exited to the hepatic parenchyma to allow postopera¬ 
tive external drainage. (Adapted from Cameron JL. 
Resection of benign bile duct stricture with reconstruc¬ 
tion utilizing Silastic transhepatic biliary stents and 
hepaticojejunostomy. In: Atlas of Surgery, vol 1. 
Ontario: BC Decker; 1990;47.) 
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a Roux-en-Y jejunal limb is preferable to anastomosis to the 
duodenum because, in the latter case, an anastomotic leak 
results in a duodenal fistula. A transanastomotic Silastic stent 
can be placed retrograde through the transected duct and exit¬ 
ing the hepatic parenchyma (Fig. 61.8B) to allow for postoper¬ 
ative external drainage. 

Unfortunately, most bile duct injuries during laparoscopic 
cholecystectomy occur in the hands of surgeons who are not 
experienced in performing complex biliary reconstruction. In 
such settings, the surgeon should consider not repairing the 
injury and not risk further worsening the situation. The biliary 
tree should be drained via a retrograde catheter to facilitate 
cholangiography, but the bile duct should not be ligated. The 
subhepatic space should be well drained to control the biliary 
leak. Prompt transfer to a tertiary hepatobiliary center should 
then be made. 

The long-term results of immediate repair of common bile 
duct injuries are uncertain. Most injuries occur away from 
major centers, and therefore even the successes are unlikely to 
be reported in the literature. In a Swedish report, early primary 
repair with end-to-end anastomosis resulted in good outcomes 
in only 22% of patients. Anastomotic leak requiring reopera¬ 
tion occurred in 32% of patients, and late stricture occurred in 
another 37% of patients. In patients undergoing immediate 
repair with a biliary-enteric anastomosis, good results were 
seen in 54% of patients, with strictures occurring in only 12% 
of patients. Similar poor late results were observed in another 
series in which 29 of 36 patients with primary end-to-end 
repair had postoperative strictures within 4 years. 

Elective Repair of Bile Duct Injuries and Established 
Strictures. Several principles are associated with successful 
repair of a biliary injury or stricture: exposure of healthy prox¬ 
imal bile ducts that provide drainage of the entire liver; prepa¬ 
ration of a suitable segment of intestine that can be brought to 
the area of the stricture without tension, most frequently a 
Roux-en-Y jejunal limb; and creation of a direct biliary-enteric 
mucosal-to-mucosal anastomosis. A number of alternatives for 
elective repair of bile duct strictures exist. The choice of proce¬ 
dure is dictated by the location of the stricture, the history of 
previous unsuccessful attempts at repair, and the surgeon’s per¬ 
sonal preference. Simple excision of a bile duct stricture and 
end-to-end bile duct anastomosis or repair of the damaged duct 
can rarely be accomplished because of the invariable loss of 


duct length as a result of fibrosis associated with the injury. 
Similarly, anastomosis of the proximal bile duct to the duode¬ 
num as a choledochoduodenostomy is not suitable for most 
postcholecystectomy strictures because an adequate length of 
bile duct for creating a tension-free anastomosis to the duode- 
Q num usually cannot be obtained. Thus, in almost all cases, 
hepaticojejunostomy constructed to a Roux-en-Y limb of 
jejunum is the preferred procedure. 

Many surgeons believe that a transanastomotic stent is help¬ 
ful in almost all cases. In the early postoperative period, a stent 
is used to decompress the biliary tree and provide access for 
cholangiography. If the injury involves the common bile duct or 
the common hepatic duct at least 2 cm distal to the hepatic duct 
bifurcation, and adequate proximal bile duct mucosa can be 
defined, the use of long-term biliary stents is not necessary. In 
these situations, the preoperatively placed percutaneous trans- 
hepatic catheter or operatively placed T-tube is used to decom¬ 
press the biliary-enteric anastomosis for 4 to 6 weeks after 
surgery. When adequate proximal bile duct is not available for 
a good mucosa-to-mucosa anastomosis, long-term stenting of 
the biliary-enteric anastomosis with a Silastic transhepatic stent 
is recommended. For strictures involving the hepatic duct 
bifurcation, both the right and left main hepatic ducts should 
be individually stented. 

An operative technique for biliary reconstruction with trans¬ 
hepatic stents using the preoperatively placed percutaneous 
transhepatic catheters begins with dissection of the porta 
hepatis, which usually involves separating adhesions of the 
duodenum and hepatic flexure of the colon to the Glisson cap¬ 
sule and gallbladder fossa. 11 Identification of the proximal bil¬ 
iary segment can be difficult and can be aided by the presence 
of the transhepatic biliary catheter. This is particularly true for 
bile duct transections that will retract high into the porta. If a 
primary duct stricture exists, the bile duct is then divided at the 
lowest extent of the stricture and dissected proximally. A seg¬ 
ment of the strictured duct should be resected and submitted 
for pathologic examination. The distal duct is then oversewn, 
and the bile duct proximal to the stricture is carefully dissected 
circumferentially in a cephalad direction for a distance not to 
exceed 5 mm. Excessive dissection should be avoided to pre¬ 
vent vascular compromise of this segment of duct, which will 
be used for the anastomosis. After mobilization and division of 
the bile duct, the biliary catheters protrude through the proxi¬ 
mal end (Fig. 61.9A). A radiologic guide wire is then placed 



FIGURE 61.9. Technique of biliary reconstruction. A: A Silastic stent is sutured to the preoperatively placed transhepatic catheter, which pro¬ 
trudes through the transected hepatic duct and through the catheter tract in the hepatic parenchyma. B: A Roux-en-Y jejunal loop is then anas¬ 
tomosed to the hepatic duct and (C) the Silastic stent is placed through the anastomosis. ( continued) 
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Hepaticojejunostomy 



FIGURE 61.9. ( Continued ) D: A completed Roux-en-Y hepaticojejunostomy with a transanastomotic stent. (Adapted from Cameron JL. 
Resection of benign bile duct stricture with reconstruction utilizing silastic transhepatic biliary stents and hepaticojejunostomy. In: Atlas of 
Surgery, vol 1. Ontario: BC Decker; 1990:45, 55, 57.) 


through these catheters. The preoperatively placed catheter 
can then be exchanged over the wire for a properly sized Silas¬ 
tic stent. These stents are 70 cm long and range from 12 
French to 22 French. Multiple side holes are present along 
40% of the length of the stent. These side holes are left to 
reside within the intrahepatic biliary tree and the portion of 
the Roux-en-Y jejunal limb used for the biliary anastomosis. 
The end of the stent without the side holes exits through the 
hepatic parenchyma and is brought out through a stab wound 
in the upper anterior abdomen. After stent placement, a Roux- 
en-Y jejunal limb is prepared, and the anastomosis is then per¬ 
formed as an end-to-side hepaticojejunostomy (Fig. 61.9B-D). 

An alternative technique has been described for manage¬ 
ment of bile duct strictures involving the bifurcation and one 
or both of the hepatic ducts in which a side-to-side anastomo¬ 
sis of the left hepatic duct to the Roux-en-Y limb is con¬ 
structed. A long opening along the anterior surface of the left 
hepatic duct is anastomosed to the side of the Roux-en-Y limb. 
Because it is possible to dissect the anterior surface of the left 
hepatic duct high up into the hepatic parenchyma, this proce¬ 
dure permits anastomosis to normal mucosa, even though there 
can be fibrosis and stricture at the bifurcation of the ducts and 
in the distal portion of the hepatic duct. This technique can 
avoid the need for postoperative stenting. 


Surgical Outcome 

Morbidity and Mortality. Repairs of bile duct strictures are 
performed primarily in major medical centers by experienced 
surgeons, yet these operations are still associated with signifi¬ 
cant morbidity and mortality. In 1982, a review of 38 series 
published since 1900 that included more than 7,643 procedures 
performed on 5,586 patients reported an overall operative mor¬ 
tality rate of 8.3%. 12 More recently the incidence of operative 
mortality has decreased markedly with improved technology 
and a multidisciplinary approach as well as improved surgical 
experience. A recent series of 200 consecutive patients managed 
at the Johns Hopkins Hospital reported three deaths in patients 
who did not undergo an attempt at repair who were referred 
with sepsis secondary to an uncontrolled biliary leak, for a 


mortality rate of 1.5%. Definitive surgical reconstruction was 
performed in 175 patients with a perioperative mortality of 
only 1.7%. 13 In this series the timing of repair, the mode of pre¬ 
sentation, previous attempts of repair, and the level of injury 
did not influence outcome. Chronic liver disease can be an 
important factor for operative mortality and morbidity with 
advanced biliary cirrhosis and portal hypertension leading to 
mortality rates approaching 30%. Fortunately in the modern 
era, such advanced disease is uncommon. In most series post¬ 
operative morbidity rates are in the range of 20% to 40%. In 
the recent Hopkins series, complications occurred in 41% of 
patients. Most of the complications were minor and could be 
managed with either interventional radiology techniques or 
conservative management. No patient required reoperation for 
postoperative complications. The median length of stay in this 
series was 8 days. 

Long-term Results. Historically, excellent long-term results 
were achieved in 70% to 90% of patients who underwent 
repair of bile duct strictures (Table 61.2). The definition of sat¬ 
isfactory results in most series requires that patients have no 
symptoms, jaundice, or cholangitis. Length of follow-up is 
important in analyzing final results because recurrent stric¬ 
tures can occur up to 20 years after the initial procedure (Fig. 
61.10). 8,9 Approximately two thirds of restrictures are evident 
within 2 years, and 90% are seen within 7 years. The percent¬ 
age of patients with good results is inversely related to the 
number of previous repairs. Other factors that favor a good 
outcome include young age at the time of stricture repair, use 
of a Roux-en-Y biliary-enteric anastomosis, absence of infec¬ 
tion and hepatic fibrosis, and use of transhepatic stents. 

As illustrated earlier, in the era before laparoscopic chole¬ 
cystectomy, excellent long-term results were obtainable in ter¬ 
tiary care centers specializing in the management of these 
problems. Questions had arisen as to whether the excellent 
results of bile duct strictures after open cholecystectomy could 
be directly transferred to patients sustaining laparoscopic bile 
duct injuries. Some researchers had suggested that the mecha¬ 
nism of bile duct injury during laparoscopic cholecystectomy, 
the complex nature of many of these injuries, and the frequent 
association of significant inflammation and fibrosis secondary 
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ITABLE 61.2 



RESULTS | 

RESULTS OF SURGICAL MANAGEMENT OF BILE DUCT STRICTURES 

■ INVESTIGATORS 

■ PATIENTS 

■ SUCCESS (%) 

■ FOLLOW-UP (mo) 

Pitt et al., 1982 8 

66 

86 

60 

Pelligrini et al., 1984 9 

60 

78 

102 

Genest, 1986 

105 

82 

60 

Innes, 1988 

22 

95 

72 

Pain, 1988 

163 

72 

133 

Pitt et al., 1989 27 

25 

88 

57 

David et al., 1993 28 

35 

83 

50 

Lillemoe et al., 2000 15 

142 

91 

58 

Walsh et al., 2007 17 

144 

89 

67 


to sustained, unrecognized bile leakage might result in poor 
long-term results. Furthermore, the high percentage of these 
patients who have undergone unsuccessful operations, often 
performed by the primary laparoscopic surgeon, might also lead 
to a poor long-term outcome. Evidence for the latter hypothesis 
was provided by a review of the records of 85 patients who 
underwent a total of 112 biliary repairs. 14 Four factors deter¬ 
mined the success or failure of treatment in this series. These 
factors included performance of preoperative cholangiography, 
the choice of surgical repair, details of the operative repair, and 
experience of the surgeon performing the repair. The impor¬ 
tance of preoperative delineation of anatomy was clear, in that 
96% of procedures in which cholangiograms were not 
obtained before repair were unsuccessful, and 69% of repairs 
were not successful when the cholangiographic data were 
incomplete. When cholangiographic data were complete, the 
initial repair was successful in 84% of patients. The type of 
repair was also of significance in influencing outcome. A pri¬ 
mary end-to-end ductal repair over a T-tube was unsuccessful 
in all patients in whom a complete transection of the bile duct 
had taken place, whereas 63% of Roux-en-Y hepaticojejunos- 
tomies were successful. Attempts at repair by the primary sur¬ 
geon were successful only in 17% of cases, and in no case was 
a secondary repair by the primary surgeon successful. In those 
cases in which the first repair was performed by a tertiary care 
biliary surgeon, a 94% success rate was obtained. 

The outcome of management of 142 patients with major 
bile duct injuries treated during the 1990s has been reported. 15 
Laparoscopic cholecystectomy was the initial operation in 
75% of these patients, and 41% had undergone a previous 
attempt or attempts at surgical repair before referral. In this 


series with a median follow-up of 58 months (range, 11 to 119 
months), a successful outcome was obtained in 91% of 
patients. In this series the level of injury, clinical presentation, 
history of prior repair, and length of biliary stenting did not 
influence outcome. Comparable results have been reported 
from other high-volume hepatobiliary centers. 16,17 These 
results suggest that surgical reconstruction of major bile duct 
injuries after laparoscopic cholecystectomy can still result in 
excellent long-term results. 

Despite the overall success of biliary reconstruction, there is 
a small subset of patients with major bile duct injuries in 
whom standard repair techniques appear to be inadequate. 
Factors such as delay in diagnosis, complex injuries above the 
hepatic confluence, associated vascular injuries, and liver atro¬ 
phy can all negatively affect the outcomes of standard recon¬ 
struction. In this select population excellent results have been 
observed with major hepatectomy. 18 Finally, in rare cases with 
failure of all standard surgical techniques of reconstruction 
with resultant end-stage liver disease, liver transplantation 
may offer the opportunity for survival. 19 

Although large series from tertiary referral centers have 
reported excellent long-term results, the overall impact of bile 
duct injuries on society is significant in terms of health care 
costs, disability, and even mortality. In an analysis of patients 
undergoing laparoscopic cholecystectomy from the U.S. 
Medicare database, Flum et al. demonstrated that the adjusted 
hazard ratio for death during the follow-up period was signif¬ 
icantly higher (2.79, 95% confidence level 2.71-2.88) for 
patients with a bile duct injury than in those patients without 
a bile duct injury. 20 The hazard increased with advancing age 
and comorbidities and decreased with the experience of the 


FIGURE 61.10. The cumulative percentage of recurrent stric¬ 
tures with respect to the time from the initial repair until the 
next repair. (Adapted from Pitt HA, Miyamoto T, Parapatis 
SK, et al. Factors influencing outcome in patients with postop¬ 
erative biliary strictures. Am J Surg 1982;144:14.) 
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repairing surgeon. The adjusted hazard of death during follow-up 
was 11 % greater if the repairing surgeon was the same as the 
injuring surgeon. These data certainly further support the 
referral of most patients with bile duct injuries to centers with 
greater experience in the management of the injuries. 

Finally, although the overall success of the surgical manage¬ 
ment of laparoscopic bile duct injuries associated with laparo¬ 
scopic cholecystectomy is excellent, there is an impression that 
patients may have an impaired quality of life even after suc¬ 
cessful repair of their bile duct injury. Quality-of-life assess¬ 
ments after laparoscopic cholecystectomy bile duct injury have 
been addressed in several recent reports. 21,22 These results have 
generally reported either comparable or mildly diminished 
quality of life compared with matched controls. Interestingly, 
in one study, patients who reported pursuing a law suit follow¬ 
ing their injury had significantly worse quality-of-life scores in 
all domains when compared to those who did not entertain 
legal action. 21 


Nonoperative Management 

Operative management of bile duct strictures is technically diffi¬ 
cult and continues to be associated with significant postoperative 
morbidity and mortality. Moreover, in all series, recurrent stric¬ 
tures develop in a proportion of patients. These factors, in addi¬ 
tion to technical advances in the fields of therapeutic radiology 
and endoscopy, have led to the development of nonoperative 
techniques for management of bile duct strictures. The optimal 
method for management using these techniques is dependent on 
the presence and anatomy of biliary-enteric continuity. 

Percutaneous Balloon Dilation. The management of 
benign bile duct strictures using the percutaneous transhepatic 
route is indicated primarily in patients with a failed prior bil¬ 
iary enteric anastomosis to a jejunal limb. The procedure in 
many cases can be performed with a combination of local anes¬ 
thesia and intravenous sedation. In this technique, access to the 
proximal biliary tree is gained and the stricture is traversed 
with a guide wire under fluoroscopic guidance. At this point, 
the stricture is dilated using angioplasty-type balloon catheters, 
chosen on the basis of the location of the stricture and the 
diameter of the normal duct (Fig. 61.11). After the procedure, 
a transhepatic stent is left in place across the stricture to allow 
access to the biliary tree for follow-up cholangiography, repeat 
dilation, and maintenance of a lumen during the healing 
process. In most series, numerous dilations are required. 

The results from a number of series have been encouraging 
(Table 61.3). In a multicenter review of bile duct strictures 
treated in the open cholecystectomy era, 3-year follow-up 
showed a 67% patency rate for anastomotic and a 76% 
patency rate for iatrogenic primary bile duct strictures, yield¬ 
ing an overall 70% success rate. 23 A report of 51 patients with 
bile duct strictures after laparoscopic cholecystectomy man¬ 
aged with percutaneous dilation showed a success rate of 58% 
with a mean follow-up of 76 months. 24 

Complications of balloon dilation are frequent. Cholangi¬ 
tis, hemobilia, and bile leaks can occur in up to 20% of 
patients. Bleeding, usually from the hepatic parenchyma, has 
been reported, with transfusions often necessary. Sepsis due to 
cholangitis can occur despite antibiotic prophylaxis. Sepsis 
and significant bleeding seldom occur in patients dilated by a 
T-tube tract, suggesting that much of the morbidity is the 
result of traversing the hepatic parenchyma by the large percu- 
taneously placed catheters. 


Endoscopic Balloon Dilation 

Endoscopic balloon dilation is technically possible only in 
patients with primary bile duct strictures or with strictures at 


a prior primary end-to-end repair or choledochoduodenal 
anastomosis. This technique begins with ERC and endoscopic 
sphincterotomy. The stricture is traversed retrograde with an 
atraumatic guide wire, and sequential balloon dilation is used. 
Reevaluation with cholangiography is performed every 3 to 6 
months. Redilation is performed as necessary. In most cases, 
an endoprosthesis is left in place after dilation for at least 12 
months. 

The reported experience with endoscopic dilation of benign 
bile duct strictures is shown in Table 61.4. The largest experi¬ 
ence comes from the group in The Netherlands who recently 
reported their experience in 110 patients. 25 The mean number 
of stents placed was two, the mean duration of stenting was 11 
months, and stent-related complications occurred in 33% of 
patients with one death. Twenty percent of patients were even¬ 
tually referred for surgery. The overall reported success rate 
was 74% with a mean follow-up of 7.6 years. A similar expe¬ 
rience was reported in the United States. 26 In this series, 18 of 
25 strictures were postoperative. Strictures were located at the 
cystic duct junction in 17 patients and in the distal bile duct in 
the remaining eight patients. Of 25 patients, 22 (88%) had sig¬ 
nificant clinical benefit from the therapy. Only two complica¬ 
tions occurred in this series—one case each of pancreatitis and 
cholangitis. 


Comparative Data 

Comparison of results of nonoperative dilation with those of 
surgery have been difficult. Few centers have significant expe¬ 
rience with both operative and nonoperative management. 
Furthermore, the definition of a successful procedure, the 
reporting of complications, and the length of follow-up have 
not been consistent in the literature. There are no prospective 
randomized studies to compare these techniques; however, 
two retrospective comparative studies exist. In the first study, 
a retrospective review of the results at the Johns Hopkins Hos¬ 
pital between 1979 and 1987 compared percutaneous balloon 
dilation and surgery in 43 patients with benign postoperative 
bile duct strictures. 27 Twenty-five patients underwent surgical 
repair with Roux-en-Y hepaticojejunostomy with postopera¬ 
tive transhepatic stenting for a mean of 13 ± 1.3 months. 
Twenty patients had percutaneous balloon dilation, a mean of 
3.9 times, and were stented transhepatically for a mean of 13.3 
± 2 months. Three patients were managed with both surgery 
and balloon dilation. The two groups were similar with 
respect to multiple parameters that might have influenced out¬ 
come, including age, sex, associated medical problems, and 
presentation with either obstructive jaundice or biliary fistulas. 
No patients died after any of the procedures. Procedure- 
related morbidity occurred in 20% of surgical patients and in 
35% of the patients undergoing balloon dilation. For both 
groups, a successful outcome was defined as no evidence of 
cholangitis or jaundice requiring another procedure more than 
12 months from the onset of treatment. A failed treatment was 
defined as the need for crossover to the other treatment modal¬ 
ity, either operation or dilation, or late death from liver failure, 
biliary sepsis, or portal hypertension. A successful repair was 
achieved in 89% of the surgical patients and in only 52% of 
the balloon dilation patients (Fig. 61.12). The overall late mor¬ 
tality rate in this series was 10%. One late death occurred in 
the surgical group, whereas three late deaths followed balloon 
dilation (4% vs. 15%, respectively). No deaths, however, were 
attributed to liver failure, biliary sepsis, or portal hypertension 
associated with the bile duct stricture. 

To define further the relative benefits of the two proce¬ 
dures, total hospital stay and total procedural costs were 
determined. As expected, initial hospitalization was longer for 
surgery than for balloon dilation. When rehospitalization for 
further dilation, complications, or recurrences was considered, 
total hospital stay did not differ significantly between the two 
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1 TABLE 61.3 



RESULTS 1 

RESULTS OF TRANSHEPATIC BALLOON DILATION OF BILE DUCT STRICTURES 

■ INVESTIGATORS ■ PATIENTS ■ SUCCESS (%) ■ FOLLOW-UP (mo) 

Mueller et al., 1986 23 

61 

70 

36 

Williams, 1987 

64 

78 

28 

Moore, 1987 

18 

83 

33 

Pitt et al., 1989 27 

20 

55 

59 

Citron et al., 1991 

28 

93 

38 

Misra et al., 2004 24 

51 

58 

76 


FIGURE 61.11. A: Transhepatic cholan- 
giogram demonstrating stricture {arrow) 
at a previous choledochojejunostomy. 
B: Progressive dilation of the strictured 
anastomosis with an angioplasty balloon 
catheter. C: Postdilation stenting of the 
anastomotic stricture for prolonged 
periods. D: Subsequent cholangiogram 
demonstrating resolution of the anasto¬ 
motic stricture. (Reproduced with per¬ 
mission from Pitt HA, Kaufman SL, 
Coleman J, et al. Benign postoperative 
biliary strictures: operate or dilate? Ann 
Surg 1989;210:417.) 
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TABLE 61.4 



RESULTS | 

RESULTS OF ENDOSCOPIC BALLOON DILATATION OF BILE DUCT STRICTURES 

■ INVESTIGATORS 

■ PATIENTS 

■ SUCCESS (%) 

■ FOLLOW-UP (mo) 

Foutsch, 1985 

9 

55 

6 

Geenen et al., 1989 26 

25 

88 

48 

David et al., 1993 28 

46 

83 

48 

De Reuver et al., 20 07 25 

110 

74 

91 


groups. Cost data paralleled hospitalization data and did not 
Q differ significantly between the groups. Thus, the authors con¬ 
cluded that until properly designed, randomized, prospective, 
controlled trials can be performed, surgical repair for benign 
postoperative strictures appears to be associated with fewer 
problems and a greater success rate. 

In the second comparative study, the group from The 
Netherlands compared endoscopic versus surgical treatment of 
benign bile duct strictures. 28 Thirty-five patients were treated 
surgically, and 66 were treated by endoscopic stenting. Patient 
characteristics, initial injury, previous repairs, and the level of 
obstruction were comparable in both groups. Surgical therapy 
consisted of Roux-en-Y hepaticojejunostomy, and endoscopic 
therapy consisted of placement of an endoprosthesis with tri¬ 
monthly elective exchange for 1 year. Successful stent placement 
was accomplished in 94% of patients managed endoscopically. 
Six of the 66 endoscopic patients, however, underwent surgical 
reconstruction either for failed stent placement or for other rea¬ 
sons. Early complications occurred more frequently in the sur¬ 
gically treated group (26% vs. 8%; p <0.03). However, the 
only procedure-related death occurred in a patient in whom 
severe pancreatitis developed after endoscopic stent placement. 
Late complications, which included primarily episodes of 
cholangitis, occurred only in the endoscopic group (27%). The 
overall complication rates, therefore, were similar at 26% for 
surgical patients and 35% for endoscopic patients. The mean 
follow-up and definition of success were similar to those in the 
aforementioned study. After surgery, excellent results were 
observed in 83% of patients, with a recurrent stricture develop¬ 
ing in six patients at a mean of 40 months after the initial oper¬ 
ation. After endoscopic stenting, excellent results were observed 
in 72% of patients, with restricture developing in 18% of 
patients at a mean of 3 months after stent removal. The 



FIGURE 61.12. Actuarial success rates over 72 months for surgery 
(89%) and balloon dilation (52%). The difference is statistically sig¬ 
nificant (p < 0.01). (Adapted from Pitt HA, Kaufman SL, Coleman J, 
et al. Benign postoperative biliary strictures: operate or dilate? Ann 
Surg 1989;210:417.) 


investigators concluded that endoscopic stenting should be con¬ 
sidered for the initial attempt at definitive management in suit¬ 
able patients in the hope of avoiding reoperation. 


PRIMARY SCLEROSING 
CHOLANGITIS 


Primary sclerosing cholangitis is an idiopathic disease charac¬ 
terized by intrahepatic and extrahepatic inflammatory stric¬ 
tures of the bile ducts that cannot be attributed to other specific 
causes. The cause of primary sclerosing cholangitis is 
unknown. Many experts consider primary sclerosing cholangi¬ 
tis to be an autoimmune reaction because it is associated with 
other autoimmune diseases, such as ulcerative colitis, retroperi¬ 
toneal fibrosis, and Riedel thyroiditis (Table 61.5). It is likely 
that a number of causes, including viral or bacterial infections, 
toxic drug reactions, and congenital anomalies, can all result in 
the same end-stage injury that is recognized as primary scleros¬ 
ing cholangitis. 

The usual clinical presentation of patients with primary 
sclerosing cholangitis involves intermittent jaundice, which 
begins insidiously in the fourth or fifth decade of life. Right 
upper quadrant pain, pruritus, fever, weight loss, and fatigue 
can also occur. The disease is characterized by cyclic remis¬ 
sions and exacerbations. Despite the nomenclature, acute 


TABLE 61.5 


DISEASES ASSOCIATED WITH PRIMARY SCLEROSING 
CHOLANGITIS 


■ DISEASE 

■ FREQUENCY 

<%) 

Ulcerative colitis 

40-60 

Pancreatitis 

12-25 

Diabetes mellitus 

5-10 

Retroperitoneal fibrosis 

Rare 

Riedel thyroiditis 

Rare 

Crohn disease 

Rare 

Histiocytosis X 

Rare 

Sicca complex 

Rare 

Rheumatoid arthritis 

Rare 

Hypertrophic osteoarthropathy 

Rare 

Sarcoidosis 

Rare 

Angioimmunoblastic lymphadenopathy 

Rare 

Acquired immunodeficiency syndrome 

Rare 
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FIGURE 61.13. A: Cholangiogram of a patient with primary sclerosing cholangitis. Multiple irregular strictures and dilatation (bead¬ 
ing) of intrahepatic bile ducts can be seen. B: Endoscopic retrograde cholangiogram showing extensive involvement of extrahepatic 
bile duct (BD) with primary sclerosing cholangitis. (B reproduced with permission from Lillemoe KD, Pitt HA, Cameron JL. Primary 
sclerosing cholangitis. Surg Clin North Am 1990;70:1390.) 


cholangitis is uncommon without previous biliary manipulation 
or surgery. The diagnosis is suggested by clinical presentation 
associated with cholestatic liver function test abnormalities. The 
levels of bilirubin often fluctuate with respect to the remissions 
and exacerbations of the disease and the extent of hepatic 
injury. Alkaline phosphatase is usually elevated out of propor¬ 
tion to the serum bilirubin, and is a more persistent finding. The 
diagnosis, however, usually is confirmed by cholangiography, 
which reveals multiple dilatations and strictures (beading) of the 
intrahepatic and extrahepatic bile ducts (Fig. 61.13). Magnetic 
resonance cholangiopancreatography (MRCP) has become the 
preferred procedure as it is noninvasive. ERC, however, remains 
an important tool for both diagnostic and therapeutic proce¬ 
dures. An important distinction must be made as cholangiocar- 
cinoma must be considered in the differential diagnosis of a 
dominant stricture. Furthermore, cholangiocarcinoma may 
develop after presentation in up to 30% of patients with pri¬ 
mary sclerosing cholangitis. Therefore, endoscopic brushings 
and biopsies are frequently required. The disease should be fol¬ 
lowed closely by cholangiography and liver biopsy to provide 
appropriate management before the development of biliary 
cirrhosis. 

No known specific medical therapy is effective for primary 
sclerosing cholangitis. The most encouraging results, from a 
prospective, randomized, placebo-controlled trial, suggest that 
ursodeoxycholic acid significantly improves serum liver func¬ 
tion tests and liver histologic appearance. Unfortunately, there 
were no significant differences in clinical outcome between the 
two groups at up to 6 years of follow-up. 29 Nonoperative dila¬ 
tion therapy by the endoscopic route has been used for domi¬ 
nant strictures with favorable results. 30 

An aggressive surgical approach is advocated for selected 
symptomatic patients with primary sclerosing cholangitis 
because of the lack of effective medical therapy. One surgical 


approach, in patients with a dominant stricture at the hepatic 
duct bifurcation, uses resection of the bifurcation and long¬ 
term transhepatic stenting with Silastic stents. This mode of 
therapy was recently reported in 77 patients with resection of 
the hepatic duct bifurcation, with hepatic lobectomy per¬ 
formed in another four patients. 31 The perioperative complica¬ 
tion rate was 39% and 30-day mortality was 3.9%. Bilirubin 
improved and 57% of patients had no primary sclerosing 
cholangitis-related readmissions. At median follow-up of 10.5 
years, the 5- and 10-year survival rates were 76.4% and 
52.7%, respectively. Cholangiocarcinoma did not develop in 
any patients and only seven required liver transplant. Over the 
same period, liver transplant was performed in 49 patients 
with cirrhosis with a 10-year survival of 57%. 

The role of biliary surgery in primary sclerosing cholangi¬ 
tis, however, has decreased considerably with the growing suc¬ 
cess of liver transplantation. Primary sclerosing cholangitis has 
become one of the most common indications for liver trans¬ 
plantation in the United States, with 5-year actuarial survival 
and graft survival rates of 85% and 72%, respectively. 32 Liver 
transplantation should be considered before the disease is too 
advanced. The development of a poor quality of life as a result 
of disabling fatigue, intractable pruritus, severe muscle wast¬ 
ing, and chronic or recurrent bacterial cholangitis or persistent 
elevations in serum bilirubin are primary indications for refer¬ 
ral for liver transplantation. 

Preoperative recognition of cholangiocarcinoma is extremely 
important in this population in that the development of this com¬ 
plication significantly worsens the result after liver transplanta¬ 
tion. The presence of known malignancy results in patients being 
refused transplantation. The microscopic identification of intra¬ 
hepatic cholangiocarcinoma in the absence of lymph node 
involvement, often demonstrated in the explanted liver specimen, 
however, does not usually portend a poor prognosis. 
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FIGURE 61.14. Actuarial survival rates among 31 noncirrhotic 
patients with primary sclerosing cholangitis who underwent 
resection of the hepatic bifurcation and long-term transhepatic 
stenting. (Reproduced with permission from Lillemoe KD, Pitt 
HA, Cameron JL. Primary sclerosing cholangitis. Surg Clin North 
Am 1990;70:1397.) 


Patients with primary sclerosing cholangitis have a signifi¬ 
cantly higher rate of development of nonanastomotic biliary 
strictures after liver transplantation, with histologic features 
on posttransplantation biopsy consistent with recurrence of 
the disease. Other causes of stricture, such as hepatic artery 
thrombosis, preservation-related ischemia, cytomegalovirus 
infection, and chronic ductopenic rejection, can cause similar 
lesions. Recurrent primary sclerosing cholangitis usually does 
not have an aggressive course. 

Resection of the hepatic duct bifurcation and long-term 
transanastomotic stenting in selected patients can preclude or 
delay the need for hepatic transplantation. Moreover, this 
operation does not eliminate or influence the results of hepatic 
transplantation. Resection of the hepatic bifurcation and long¬ 
term transhepatic stenting can be recommended for selected 
patients with primary sclerosing cholangitis with severe stric¬ 
tures at or distal to the hepatic duct bifurcation but without 
established biliary cirrhosis. In patients with biliary cirrhosis, 
hepatic transplantation is recommended. 


BILE DUCT STRICTURES 
SECONDARY TO CHRONIC 
PANCREATITIS 


Chronic pancreatitis is an uncommon cause of benign bile duct 
strictures, resulting in less than 10% of such cases. Transient 
partial obstruction of the distal common bile duct caused by 
inflammation and edema frequently occurs in patients with 
acute pancreatitis. With chronic pancreatitis, however, the clin¬ 
ical problem is distal bile duct obstruction caused by inflamma¬ 
tion and parenchymal fibrosis of the gland. These strictures clas¬ 
sically involve the entire intrapancreatic segment of the 
common bile duct and are associated with dilatation of the 
entire proximal biliary tree (Fig. 61.14). In most cases, the cause 
of the chronic pancreatitis is alcoholism. Often, advanced dis¬ 
ease is present in that the incidence of pancreatic calcification, 
diabetes, and malabsorption is increased at the time of presen¬ 
tation with jaundice compared with patients with chronic pan¬ 
creatitis without jaundice. Common bile duct strictures have 
been reported to occur in 3% to 29% of patients with chronic 
alcoholic pancreatitis. In a review of a number of clinical series, 
the overall incidence of common bile duct strictures in patients 
with chronic pancreatitis was 5.7%. 33 The exact incidence of 
common bile duct strictures is not known, however, because 
cholangiography is not routinely performed in patients with 
chronic pancreatitis. 

The clinical presentation of patients with common bile duct 
strictures secondary to chronic pancreatitis is variable. Some 
patients have no symptoms, with the diagnosis of bile duct 
strictures suggested only by abnormal liver function test 
results. The serum alkaline phosphatase appears to be the 
most sensitive laboratory finding and is elevated in more than 
80% of patients. Abdominal pain with or without jaundice is 


another common presentation. In some cases, the abdominal 
pain can be difficult to distinguish from the pain associated 
with chronic pancreatitis. Failure to recognize and address a 
bile duct stricture, however, can lead to ultimate failure of 
operative procedures performed for chronic pain in patients 
with chronic pancreatitis. Finally, the development of jaundice 
in patients with chronic pancreatitis must be differentiated 
from underlying periampullary malignancy. 

The definitive evaluation of patients with a bile duct stric¬ 
ture caused by chronic pancreatitis is cholangiography. Either 
MRCP or endoscopic retrograde cholangiopancreatography 
(ERCP) is the preferred diagnostic procedure as they both can 
demonstrate both biliary and pancreatic ductal anatomy, 
which is essential in optimal surgical management of chronic 
pancreatitis. ERCP with stenting allows decompression of the 
obstructed biliary tree if necessary for cholangitis or severe 
jaundice. A long (usually 2- to 4-cm), smooth, gradual taper¬ 
ing of the common bile duct is most compatible with a benign 
stricture due to chronic pancreatitis (Fig. 61.15). 

The indications for surgical management of common bile 
duct strictures due to chronic pancreatitis are clear in patients 



FIGURE 61.15. Cholangiogram of a patient with a long distal com¬ 
mon bile duct stricture {arrow) caused by chronic pancreatitis. 
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with significant pain, jaundice, or cholangitis. Controversy 
exists, however, concerning the necessity of biliary decompres¬ 
sion in patients with an asymptomatic elevation of serum 
^ alkaline phosphatase. In general, biliary bypass is indicated 
because changes from obstructive biliary cirrhosis have been 
observed in liver biopsy specimens obtained from patients 
with long-standing, functionally significant biliary obstruction 
due to chronic pancreatitis. 34,35 

Choledochoduodenostomy and Roux-en-Y choledochoje- 
junostomy are acceptable methods of biliary bypass in patients 
with bile duct strictures caused by chronic pancreatitis. Chole¬ 
dochoduodenostomy is preferred by many surgeons because it 
does not divert bile from the duodenum, is technically easier to 
perform, and leaves the jejunum intact for any associated pro¬ 
cedures required for decompression of an obstructed gastroin¬ 
testinal tract or pancreatic duct. Finally, in patients in whom 
periampullary malignancy cannot be completely ruled out by 
the clinical course or imaging studies, or in patients with sig¬ 
nificant chronic pain thought secondary to proximal pancre¬ 
atic duct disease, pancreaticoduodenectomy offers an excellent 
treatment option. The results of surgical management of distal 
bile duct structures due to chronic pancreatitis are usually 
excellent, with a low rate of perioperative complications and 
excellent long-term results. 

Transduodenal sphincteroplasty is not recommended for the 
management of common bile duct strictures caused by chronic 
pancreatitis because the stricture is too long to be managed 
adequately by this technique. Similarly, endoscopic sphinctero¬ 
tomy has no role in the management of biliary obstruction due 
to chronic pancreatitis. Limited experience has been reported 
with balloon dilation of distal bile duct strictures secondary to 
pancreatitis, with little long-term follow-up. 

Over the last decade another variant of chronic pancreati¬ 
tis has been recognized as a cause of distal bile duct stric¬ 
ture—autoimmune pancreatitis. 36 This process is character¬ 
ized by a lymphoplasmacytic infiltrate and is associated with 
secretion of large amounts of immunoglobulin (Ig) 4. The 
condition can mimic pancreatic cancer and is diagnosed by 
characteristic imaging studies and elevation of serum Ig4 lev¬ 
els. Treatment is with corticosteroids with surgical resection 
or bypass reserved for unresponsive cases or when a diagnos¬ 
tic dilemma remains. 


MISCELLANEOUS CAUSES 
OF BILE DUCT STRICTURES 


Benign strictures of the bile duct can result from the chronic 
inflammation associated with gallstones in either the gallblad¬ 
der or common bile duct. This cause of bile duct strictures is 
uncommon and is a rare complication of gallstone disease. Bile 
duct strictures caused by cholelithiasis are usually associated 
with a narrowing at the level of the common hepatic duct 
caused by a stone impacted in the infundibulum of the gall¬ 
bladder. The narrowing can be caused by two means. First, 
simple compression can occur from a large stone lying adja¬ 
cent to the common hepatic duct. Second, chronic or acute 
inflammation arising from the gallbladder or cystic duct can 
extend to the contiguous bile duct, resulting in stricture for¬ 
mation. The biliary obstruction associated with either of these 
conditions is known as Mirizzi syndrome. 

The clinical presentation of a bile duct stricture caused by 
cholelithiasis is often associated with acute cholecystitis and 
hyperbilirubinemia. In some long-standing cases, these find¬ 
ings exist in the face of chronic gallbladder symptoms. If 
hyperbilirubinemia is present and urgent cholecystectomy is 
not indicated, ERCP or PTC can help to delineate the preoper¬ 
ative biliary anatomy. Most cases that are associated with 
acute cholecystitis, however, are recognized at the time of 
cholecystectomy and operative cholangiography. When the 


duct compression is associated with acute inflammation, the 
common hepatic duct almost always returns to normal after 
the offending stone has been removed by cholecystectomy and 
the inflammatory process has resolved. Care must be taken 
during the dissection to avoid creation of a defect in the com¬ 
mon hepatic duct. Rarely, after the acute episode has resolved, 
a well-established stricture presents months to years after the 
acute episode. In such cases, management by Roux-en-Y 
hepaticojejunostomy is appropriate. 

Strictures due to choledocholithiasis are also rare. The pre¬ 
sumed mechanism is erosion of the epithelium of the distal duct, 
creating inflammation with subsequent fibrosis and stricture. 
Because of the anatomic tapering of the common bile duct, 
nearly all stones are entrapped in the intrapancreatic portion of 
the duct and are often difficult to remove by the supraduodenal 
route. 

Excessive intraoperative manipulation at the time of bile 
duct exploration with forceps, scoops, and catheters can often 
create additional trauma to an already friable distal duct. After 
the stone has been removed, the distal bile duct should be gen¬ 
tly sized with a soft rubber catheter to be sure that no stricture 
exists. If a stricture persists after stone removal, it may not be 
recognized until the time of postoperative T-tube cholangiog¬ 
raphy. If recognized in the postoperative period, time should 
be allowed for resolution of inflammation before considering 
stricture repair. If a distal bile duct stricture does persist, a 
biliary-enteric anastomosis with either Roux-en-Y choledo- 
chojejunostomy or a choledochoduodenostomy is indicated. If 
the proximal duct is adequately dilated (>2 cm in diameter) to 
allow a large choledochoduodenal anastomosis, this procedure 
is usually preferable because of its technical ease and excellent 
results. 

Stenosis of the sphincter of Oddi, or papillitis, is a benign 
intrinsic obstruction of the outlet of the common bile duct, usu¬ 
ally associated with inflammation, fibrosis, or muscular hyper¬ 
trophy. Sphincter stenosis can result in any of three clinical con¬ 
ditions: (a) common bile duct obstruction due to fibrotic 
stenosis of the papilla, (b) recurrent pancreatitis, or (c) recur¬ 
rent right upper quadrant pain without jaundice or pancreati¬ 
tis. The pathogenesis of the inflammation of sphincter stenosis 
is unclear. In many cases, it is thought to result from the trauma 
of the passage of multiple small stones from the common duct 
through the ampulla. This trauma results in inflammation, 
scarring, and stricture formation. Many patients with papillary 
stenosis have no gallstones. Other potential mechanisms 
include primary sphincter motility disorders and congenital 
anomalies. The clinical presentation is usually either jaundice 
or cholangitis. In some cases, an impacted common bile duct 
stone may be present. The diagnosis can be supported with 
either PTC or ERC. This condition can be managed by sphinc¬ 
terotomy performed either endoscopically or operatively. If a 
cholecystectomy was performed previously, endoscopic papil¬ 
lotomy is the initial procedure of choice. 

Cholangiohepatitis is an unusual infection of the biliary tree 
frequently associated with Clonorcbis sinensis and other para¬ 
sites. These infections are most commonly seen in natives of 
Asia. Most patients present with recurrent episodes of cholan¬ 
gitis. Cholangiography can demonstrate multiple strictures of 
both the intrahepatic and extrahepatic biliary tree, with the bile 
ducts filled with sludge and stones (Fig. 61.16). Surgical man¬ 
agement consists of cholecystectomy and improved biliary 
drainage with either Roux-en-Y choledochojejunostomy or 
choledochoduodenostomy. Access to the biliary tree for post¬ 
operative management of intrahepatic stones or sludge should 
be maintained with either transhepatic biliary stents or a chole¬ 
dochojej unocutaneous or subcutaneous fistula. No specific 
medical management is available for this condition. 

Finally, rare causes of benign intrahepatic and extrahepatic 
bile duct strictures have been reported secondary to intrahep¬ 
atic arterial infusion of 5-fluorouracil used in the treatment of 
hepatic metastases of colorectal carcinoma. The clinical picture 
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FIGURE 61.16. Cholangiogram of a patient with cholangiohepatitis 
with diffuse bile duct dilatation. The biliary tree is filled with sludge 
(SI) and stones. 


closely resembles primary sclerosing cholangitis but usually can 
be managed by simple discontinuation of infusion and, in some 
cases, percutaneous transhepatic drainage. Surgery should be 
reserved for patients with persistent evidence of biliary obstruc¬ 
tion. A similar cholangiographic appearance has been reported 
in patients with acquired immunodeficiency syndrome. The 
pathogenesis of this injury is believed to be viral and related to 
cytomegalovirus infection. No experience in the surgical man¬ 
agement of this condition has been reported. 
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CHAPTER 62 BILIARY NEOPLASMS 


SHARON WEBER, BRETT YAMANE, AND YUMAN FONG 


KEY POINTS 


Q Surgery remains the only curative option for biliary malig¬ 
nancies. 

Q Gallbladder cancer is a rare malignancy with a dismal out¬ 
look because of its insidious onset, propensity for local 
invasion, and rapid disease progression. 

Q The association of gallstones with carcinoma is probably 
related to chronic inflammation. 

Q Patients with choledochal cysts have an increased risk of 
carcinoma developing anywhere in the biliary tree, but the 
incidence is highest in the gallbladder. 


Q The only curative option in patients with gallbladder can¬ 
cer is complete surgical resection. 

Q Nonoperative palliative biliary decompression can be accom¬ 
plished with percutaneous or endoscopic stenting, depending 
on the level of obstruction. 

Q To date, no chemotherapeutic regimen has consistently 
shown activity against cholangiocarcinoma. 


Tumors arising in the gallbladder and biliary tree are often 
asymptomatic until late in the course of the disease. Conse¬ 
quently, these tumors commonly present in an advanced, 
) often unresectable, stage. Surgery remains the only curative 
option for biliary malignancies. Resection of biliary neo¬ 
plasms, however, often requires radical resections and com¬ 
plex biliary reconstructions that have only recently become 
safe in routine practice. Surgery also offers effective palliation 
for these cancers, including biliary bypasses for jaundiced 
patients with unresectable tumors. Both the late diagnosis and 
the complex operative techniques required for potentially 
curative resection contribute to the challenge of these cases. In 
addition, there are no proven effective options for adjuvant 
treatment. This chapter reviews the incidence, diagnosis, and 
therapy of these malignancies as well as the outcome of 
treatment. 


GALLBLADDER CARCINOMA 

I Gallbladder cancer is a rare malignancy with a dismal outlook 
because of its insidious onset, propensity for local invasion, 
and rapid disease progression. Overall, most series report a 5- 
year survival of less than 5 %. The extent of surgical resection 
remains ill defined because of the rarity of this lesion and its 
poor prognosis. 


Incidence 


Only 6,000 to 7,000 new cases of gallbladder cancer are diag¬ 
nosed nationally each year. 1 Attesting to the rarity of this 
lesion, after routine screening of abdominal ultrasounds in 
asymptomatic patients in Japan, only 19/194,767 (0.01%) 
were found to have gallbladder cancer. 2 This tumor occurs 
more frequently in women (female-to-male ratio = 3:1), and 
peak incidence is in the seventh decade. 1 There is an increased 
risk of gallbladder cancer in Native American populations of 
the United States and Mexico. 3 The increased risk of gallblad¬ 
der cancer with cholelithiasis is well established; 70% to 90% 
of all patients with carcinoma also have gallstones. However, 
less than 0.5% of patients with gallstones are found to have 
gallbladder cancer. 3 After elective cholecystectomy for gall¬ 
stones, gallbladder cancer is found incidentally in 1% of 


Q patients. 4 The association of gallstones with carcinoma is prob¬ 
ably related to chronic inflammation. Larger stones (>3 cm) 
are associated with a 10-fold increased risk of cancer. 5 

The association of gallbladder cancer with gallstone disease 
has led some investigators to question whether all patients 
with gallstones should undergo cholecystectomy. The argu¬ 
ment against this approach is that the use of cholecystectomy 
only for symptomatic patients, thus leaving the gallbladder in 
place in patients with asymptomatic gallstones, has not led to 
an increase in the prevalence of gallbladder cancer over time. 
Also, epidemiologic studies have found that the 20-year risk of 
developing cancer in patients with gallstones is less than 0.5% 
for the overall population and 1.5% for high-risk groups. 3 
Thus, routine cholecystectomy for asymptomatic gallstones 
because of concern for gallbladder cancer does not appear to 
be warranted. 

In the past, the finding of a calcified gallbladder wall, called 
“porcelain gallbladder” (Fig. 62.1), was associated with a high 
risk of cancer, in some series ranging from 25% to 60%. 6 
Thus, the recommendation was for all patients with porcelain 
gallbladder to undergo open cholecystectomy, even if asymp¬ 
tomatic. Recent series evaluating this issue, however, suggest 
that the risk of gallbladder cancer in patients with porcelain 
gallbladder has likely been greatly overestimated. 7,8 In fact, 
although patients with limited areas of calcification of the wall 
may have a higher incidence of gallbladder cancer (7%), 
patients with diffuse calcification of the gallbladder wall, the 
classic presentation for porcelain gallbladder, do not appear to 
have an increased risk of gallbladder cancer. 7,8 

Q Patients with choledochal cysts have an increased risk of 
carcinoma developing anywhere in the biliary tree, but the 
incidence is highest in the gallbladder. This risk increases 

Q with age. Therefore, complete surgical resection is recom¬ 
mended for all patients with choledochal cysts at the time of 
diagnosis. 


Pathology and Staging 

More than 80% of gallbladder cancers are adenocarcinomas; 
there are several histologic subtypes, including papillary, 
nodular, and tubular. Papillary tumors, which grow predomi¬ 
nately into the gallbladder lumen, have an improved prognosis 
compared with the other subtypes. 9 Poor prognostic signs in 
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FIGURE 62.1. Unresectable gallbladder cancer demonstrating pallia¬ 
tive transhepatic percutaneous stent placed to relieve jaundice. Porce¬ 
lain gallbladder is present {arrows). 


gallbladder cancer include grade 9,10 and vascular invasion. 9 
The most important prognostic sign may be lymph node sta¬ 
tus, 11 although 5-year survivors with nodal involvement have 
been documented. 12 Less than 5% of cases are squamous cell 
carcinomas, with the remaining 10% being anaplastic lesions. 

Gallbladder cancer spreads via the lymphatic and venous 
drainage. Because of drainage of the cholecystic veins directly 
into the adjacent liver, these tumors often involve hepatic 
parenchyma, most often portions of segments IV and V. Lym¬ 
phatic spread is first to the cystic duct (Calot) node, then to 
pericholedochal and hilar nodes, and finally to peripancreatic, 
duodenal, periportal, celiac, and superior mesenteric artery 
nodes. Nodal disease in the porta hepatis often causes com¬ 
mon bile duct obstruction and resultant jaundice, which is the 
first clinical symptom in 30% of patients. Jaundice may also 
be caused by tumors arising in the infundibulum, which may 
spread directly to the cystic duct and common hepatic duct. 
Although peritoneal metastases are frequent, distant extraperi- 
toneal metastases are not. 

Limited information exists regarding the genetic changes in 
gallbladder cancer. The most widely reported gene abnormali¬ 
ties associated with gallbladder cancer include p53, 13 Ki¬ 
ras, 13,14 and CDKN2 (9p21) mutations. 14,15 The finding that 
patients with an anomalous pancreaticobiliary junction have a 
greater frequency of K-ras mutations has led investigators to 
believe that reflux of pancreatic enzymes into the biliary tree 
may contribute to the development of cancer. 14 Because of our 
limited knowledge of the sequence of molecular changes, there 
are no known detectors of early disease or of risk assessment. 
Clearly, this is an area that needs improvement, particularly in 
endemic areas. 

The American Joint Committee on Cancer’s (AJCC) seventh 
edition of its tumor, node, metastasis (TNM) staging system 
(Table 62.1) reflects prognostic characteristics of tumor depth, 
regional nodal disease, and distant spread. The gallbladder 


differs histologically from the rest of the gastrointestinal tract 
in that it lacks a muscularis mucosa and submucosa. The gall¬ 
bladder wall is composed of (a) a single layer of columnar 
cells, the mucosa, and lamina propria; (b) a fibromuscular 
layer; (c) a perimuscular, subserosal layer containing lymphat¬ 
ics and neurovascular structures; and (d) a serosal surface, 
except where the gallbladder is embedded in the liver. 16 
Because lymphatics are present in the subserosal layer only, 
tumors invading less than the full thickness of the muscular 
layer have minimal risk of nodal spread. Thus, disease invad¬ 
ing into, but not through, the muscular layer of the gallbladder 
is stage IB disease, whereas invasion into the perimuscular 
connective tissue is stage II. Stage III disease includes tumors 
that have perforated the serosa or have directly invaded the 
liver or other surrounding structures, which are clearly more 
advanced but still potentially resectable. Lymph node metasta¬ 
sis is now classified as stage IIIB. In line with other pancreati¬ 
cobiliary malignancies, the stage III grouping refers to locally 
advanced disease and stage IV indicates metastatic disease. 


Clinical Findings and Diagnosis 

Most patients are found to have gallbladder cancer during 
workup or treatment of cholelithiasis or choledocholithiasis. 
In patients with symptoms, abdominal pain consistent with 
biliary colic or acute cholecystitis is most common. Patients 
also present with jaundice, weight loss, anorexia, or an increase 
in abdominal girth secondary to ascites. Physical findings 
include right upper quadrant tenderness or a palpable mass, 
hepatomegaly, and ascites. Laboratory investigation, if abnor¬ 
mal, is most often consistent with biliary obstruction. Because 
of its nonspecific presentation and the lack of reliable screening 
tests, gallbladder cancer is not diagnosed preoperatively in 
more than half the cases. 

Imaging evaluation often reveals a thickened gallbladder 
wall or a mass within or replacing the gallbladder on ultra¬ 
sound examination. Because polyps and carcinoma can have 
an echogenicity similar to the gallbladder wall, these lesions 
are often difficult to distinguish. This is even more difficult 
when inflammation is present from gallstones. At times, ultra¬ 
sound can visualize invasion of the liver, adjacent adenopathy, 
and a dilated biliary tree. The ability of ultrasound to differen¬ 
tiate benign from neoplastic disease is enhanced using endo¬ 
scopic ultrasound, and may be more specific than computed 
tomography (CT) or magnetic resonance imaging (MRI). 17,18 

A dynamic contrast-enhanced CT scan may identify a gall¬ 
bladder mass or invasion into the liver parenchyma or adja¬ 
cent organs. The classic finding in a patient with gallbladder 
cancer is asymmetric thickening of the gallbladder wall. The 
sensitivity and specificity of contrast-enhanced CT in diagnos¬ 
ing neoplastic lesions is close to 90%. 6 Staging of gallbladder 
carcinoma using CT, however, is limited by poor sensitivity in 
identifying nodal spread. 19 

In patients who are jaundiced, direct cholangiography may 
be useful to delineate the extent of biliary involvement as well 
as to palliate symptoms of biliary obstruction. A mid-bile duct 
obstruction not caused by gallstones is gallbladder cancer until 
proved otherwise (Fig. 62.2). More recently, with improve¬ 
ments in MRI technology, magnetic resonance cholangiopan¬ 
creatography (MRCP) has evolved into a single, noninvasive 
imaging modality that allows complete assessment of biliary, 
vascular, hepatic parenchymal, and nodal involvement, as well 
as involvement of adjacent organs (Fig. 62.3). 20-22 


Surgery 

It is clear that the only curative option in patients with gall¬ 
bladder cancer is complete surgical resection. It is essential for 
optimal patient care that patients with gallbladder cancer be 
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TABLE 62.1 STAGING 


AMERICAN JOINT COMMITTEE ON CANCER 7TH EDITION STAGING SYSTEM FOR 
GALLBLADDER CARCINOMA 


■ STAGE ■ TUMOR ■ NODES ■ METASTASIS 


0 

Tis 

NO 

MO 

I 

T1 

NO 

MO 

II 

T2 

NO 

MO 

IIIA 

T3 

NO 

MO 

IIIB 

Tl-3 

N1 

MO 

IVA 

T4 

NO-1 

MO 

IVB 

Any T 

N2 

MO 


Any T 

Any N 

Ml 


DEFINITION OF TNM 

Primary tumor (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor invades lamina propria or muscular layer 

Tla Tumor invades lamina propria 

Tib Tumor invades muscular layer 

T2 Tumor invades perimuscular connective tissue; no extension beyond serosa or into 

liver 

T3 Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver 

and/or one other adjacent organ or structure, such as the stomach, duodenum, 
colon, pancreas, omentum, or extrahepatic bile ducts 

T4 Tumor invades main portal vein or hepatic artery or invades two or more 

extrahepatic organs or structures 

Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastases 

N1 Nodes confined to the hepatic hilus (including nodes along the common bile duct, 

hepatic artery, portal vein, and cystic duct 

N2 Metastases to celiac, periduodenal, peripancreatic, and/or superior mesenteric 

artery lymph nodes 

Distant metastasis (M) 

MO No distant metastasis 

Ml Distant metastasis 


recognized before laparoscopic cholecystectomy is performed, 
because of the risk of port site seeding and bile spillage, with 
its potential for subsequent carcinomatosis. 23 

Role of Staging Laparoscopy. Because a large percentage 
of patients with gallbladder cancer are found to have occult, 
unresectable disease at the time of surgical exploration, several 
authors have investigated the use of initial staging laparoscopy 
for this disease. 24-27 Because gallbladder cancer has such a 
propensity to spread intra-abdominally, this tumor is ideal for 
detection of intra-abdominal metastases with laparoscopy. 
This is demonstrated by the fact that up to 50% of patients 
are found to have unresectable disease at the time of 
laparoscopy. 24,28 Patients who are found to have unresectable 
disease at laparoscopy can begin other forms of systemic ther¬ 
apy earlier and may undergo the procedure as an outpatient. 
Particularly because patients with unresectable disease have a 
median survival of only 6 months, the impact on quality of 


life, including decreased length of stay in the hospital, cannot 
be overemphasized. 

Cholecystectomy with or without Partial Hepatectomy. 

Gallbladder cancer, if not completely surgically removed, results 
in rapid local progression and death. In a collected review of 
5,836 patients with gallbladder cancer, the overall mean survival 
was between 2 and 5 months, whereas the 5-year survival was 
4%. 3 The 5-year survival of patients undergoing resection with 
curative intent was 17%. Of the 2,115 patients with unre¬ 
sectable disease, only a single survivor was found at 5 years. 3 
Although surgical resection represents the treatment of choice 
and the only potentially curative therapy available, resection is 
possible in only 25 % of patients at presentation because of the 
advanced nature of the disease. 3 

There is little doubt that the results of treatment, as well as 
the scope of operation, are related to depth of tumor penetra¬ 
tion (Table 62.2). For tumors limited to the muscular layer of 
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FIGURE 62.2. Endoscopic retrograde cholangiopancreatogram 
obtained from a patient with gallbladder cancer. Mid-bile duct 
obstruction {arrow) is caused by direct extension of tumor to the cys¬ 
tic and common hepatic duct. 


the gallbladder (Tl), there is near-universal agreement that 
simple cholecystectomy is adequate. 12,29-31 Tl tumors have not 
yet invaded the subserosal layer, which contains lymphatics, 
and therefore lymphadenectomy is not required. Attesting to 
the fact that early gallbladder carcinoma is completely curable, 
simple cholecystectomy has resulted in 90% to 100% survival 



FIGURE 62.3. T r weighted magnetic resonance imaging scan of a 
patient with gallbladder cancer {small arrows ) with extension into the 
duodenum and the hepatic flexure of colon {large arrows ). 


when early cancer is an incidental finding after elective chole¬ 
cystectomy. 12,32 

Difficulty can arise at the time of surgery in evaluating poly¬ 
poid lesions of the gallbladder as either benign or early gallblad¬ 
der cancer. Although it appears that frozen section diagnosis is 
fairly reliable in distinguishing whether lesions are malignant or 
benign (95% accurate), the accuracy in correctly assessing depth 
of invasion is only 70%. 33 Thus, it may be difficult at the time of 
surgery to determine the extent of resection. Because of this, pur¬ 
suing a more aggressive resection if the depth of invasion is in 
doubt is important for adequate tumor clearance. 32 

The extent of surgical resection for T2 or greater tumors is 
controversial, with recommendations ranging from simple 
cholecystectomy to radical excision, including hepatectomy. 
For advanced local disease, some groups have advocated radical 


RESULTS 


TABLE 62.2 


FIVE-YEAR SURVIVAL AFTER RESECTION FOR GALLBLADDER CANCER 



■ Tl OR T2 TUMORS 

■ T3 OR T4 TUMORS 

■ AUTHOR 

■ SIMPLE CHOLE¬ 
CYSTECTOMY 

(%) 

■ RADICAL CHOLE¬ 
CYSTECTOMY 

OR SEGMENTAL 
RESECTION (%) 

■ SIMPLE CHOLE¬ 
CYSTECTOMY 
(%) 

■ RADICAL CHOLE¬ 
CYSTECTOMY 

OR SEGMENTAL 
RESECTION (%) 

Wanebo et al., 1982 37 

33 

— 

3 

13 

Ouchi et al., 1987 29 

57 

100 

0 

23 

Nakamura et al., 1989 34 

— 

100 

— 

15 

Donohue et al., 1990 30 

— 

— 

0 

29 

Shirai et al., 1992 12 

— 

72 

— 

37 

Fong et al., 2000 35 

— 

58 (T2) 

— 

25 

Wakai et al., 2001 121 

10CF (10-year 
survival, Tib only) 

75 a (10-year 
survival, Tib only) 

— 

— 

Kai et al., 20 07 38 

25 

60 (T2) 

— 

— 

Jensen et al., 2009 39 

29 

42 

— 

— 

a No significant difference. 
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ITABLE 62.3 



RESULTS | 

RESULTS AFTER RADICAL RESECTION FOR GALLBLADDER CANCER 


■ NUMBER 

■ MORTALITY 

■ 5-YEAR 

■ AUTHOR 

RESECTED 

(%) 

SURVIVAL (%) 

Nakamura et al., 1989 34 

15 

0 

25 

Donohue et al., 1990 30 

42 

2 

33 

Ogura et al., 1991 31 

1,686 

5 

51 

Shirai et al., 1992 12 

40 

0 

65 

Bartlett et al., 1996 11 

Fong et al., 2000 35 

102 

4 

58 

Taner et al., 2004 36 

131 

2 

13 

Kai et al., 2007 37 

90 

2 

40 

Jensen et al., 2009 38 

443 

— 

42 


resections, including hepatectomy and pancreatectomy. Whereas 
it is clear that major hepatic resection can be performed safely 
with a mortality less than 5% (Table 62.3) 11,12 ’ 30-32 ’ 34 it has not 
been universally accepted that more aggressive resections 
improve survival. To understand the rationale for extensive 
resections, it is also important to understand the pattern of 
spread of gallbladder cancer. Direct extension to the adjacent 
liver parenchyma often occurs first, followed by adjacent organ 
involvement, including duodenum, colon, and stomach (Fig. 
62.2). Lymphatic spread of gallbladder cancer is routine, often 
involving nodes in the porta hepatis, peripancreatic region, 
celiac axis, and the aortocaval nodal basins. 

Because the gallbladder is not surrounded by serosa where it 
is attached to the liver in the gallbladder fossa, even T2 tumors 
(full-thickness invasion of the muscular layer into the perimus- 
cular connective tissue, no extension beyond serosa or into 
liver) can invade the normal plane of dissection in the gallblad¬ 
der fossa during simple cholecystectomy. Therefore, T2 tumors 
cannot be completely removed with cholecystectomy alone, 
and a radical cholecystectomy, with resection of a 1- to 2-cm 
rim of normal liver around the gallbladder fossa, is the minimal 
resection that is required. Many authors, however, have found 
that segmental resection of segments IVb and V of the liver, 
which abut the gallbladder fossa, results in a more anatomi¬ 
cally controlled dissection with less blood loss. 35 An additional 
part of the definitive surgical treatment is regional lym- 
phadenectomy, because about half the patients with T2 tumors 
are found to have nodal spread after resection. 11 Dissection of 
lymph nodes should include all tissue from the bifurcation of 
the hepatic ducts to the distal common bile duct. Proponents of 
this approach advocate liver resection on the basis that it is the 
only way to obtain an adequate margin on the hepatic side of 
the gallbladder and resection of the regional nodes allows the 
best chance for complete tumor clearance. For all of these rea¬ 
sons, simple cholecystectomy is inadequate for T2 or greater 
tumors. When larger anatomic hepatic resections have been 
performed in patients with T2 tumors, it has increased the 5- 
year survival from 25% to 40% after simple cholecystectomy 
to 70% to 100% after radical resection. 11 ’ 29-31 ’ 36-40 

For T3 and T4 lesions, there is a high likelihood of intraperi- 
toneal and hematogenous spread and significant morbidity from 
the radical procedures that are often necessary for excision of 
local disease. Recent series, however, support an aggressive 
approach to resection of these large tumors, particularly if no 
indication of nodal involvement is found (Table 62.3). For T3 
and resectable T4 tumors, a minimal resection includes seg¬ 
ments 4b and 5, and in many cases an extended right hepatec¬ 
tomy (segments IV, V, VI, VII, and VIII) may be necessary to 
obtain complete resection. With aggressive resection, long-term 


survival can be achieved even for patients with these more 
advanced tumors. 11,12 ’ 30 ’ 31 ’ 34 ’ 41 

Surgical exploration should be performed for all patients 
without medical contraindications. If a T1 tumor is suspected, a 
cholecystectomy and biopsy of regional nodes should be per¬ 
formed after thorough examination of the abdominal cavity for 
any signs of tumor dissemination. The pathology and depth of 
penetration should be confirmed by frozen section, and the pro¬ 
cedure terminated if a T1 tumor with negative margins is con¬ 
firmed. For T2 lesions, either a radical cholecystectomy (wedge 
resection of the hepatic bed) or a segment IVb and V resection 
with lymphadenectomy should be performed. 11 For T3 lesions, 
a segment IVb and V resection or extended right hepatectomy is 
performed. Finally, for T4 lesions, a more radical excision of the 
liver, such as extended right hepatectomy, usually must be per¬ 
formed for adequate tumor clearance. 

Tumor location may be important in determining the extent 
of resection. If the tumor arises in the gallbladder infundibu¬ 
lum, the common bile duct is often involved with tumor, either 
by direct extension or external invasion of the hepatoduodenal 
ligament. In this case, an extended liver resection and removal 
of a portion of the common bile duct (CBD) should be per¬ 
formed. Reconstruction is then performed by Roux-en-Y 
hepaticojej unostomy. Tumor arising in the fundus of the gall¬ 
bladder, however, can be treated with limited hepatic resection 
without excision of the CBD. To clear the lymph nodes in the 
porta hepatis, complete lymphadenectomy should be per¬ 
formed, skeletonizing the CBD, hepatic artery, and portal vein. 

Incidentally or Laparoscopically Discovered Gall¬ 
bladder Cancer. Gallbladder cancer is often discovered dur¬ 
ing pathologic examination after cholecystectomy for pre¬ 
sumed benign gallstone disease. Because of the popularization 
of laparoscopic cholecystectomy in the past decade, an 
increasing number of patients with gallbladder cancer are 
found incidentally. Patients with T2 or greater tumors and no 
signs of distant disease should be offered radical resection to 
eradicate all disease. Even if grossly normal, excision of 
laparoscopic port sites should also be performed because of 
the well-documented history of port-site seeding. 23,36 ’ 42 ’ 43 

Patients presenting with gallbladder cancers after a recent 
cholecystectomy pose additional technical challenges. Often 
postoperative inflammation occurs in the right upper quadrant 
that hinders distinction of tumor from normal tissue. Bile 
spillage at the time of the initial operation may result in carci¬ 
nomatosis. 44 Determination of ductal or nodal involvement by 
tumor is always difficult at the time of reoperation. In addition, 
postoperative fibrosis often encases the right hepatic artery, 
which crosses behind the bile duct in most patients. Because of 
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this, during a second operation for incidentally discovered gall¬ 
bladder cancer, an extended right hepatectomy along with exci¬ 
sion of the extrahepatic biliary tree and portal lymphadenec- 
tomy is often necessary. This resection allows adequate 
exposure for lymphadenectomy and greater confidence of a 
negative margin on the bile duct, and also permits biliary 
reconstruction to only one side of the liver. The disadvantage is 
that a large portion of normal liver parenchyma is sacrificed, 
and consequently, transient postoperative liver dysfunction is 
common. Although it may be more difficult to curatively resect 
disease in patients with incidentally discovered gallbladder can¬ 
cer after laparoscopic cholecystectomy, there is no difference in 
overall survival between patients with incidentally discovered 
gallbladder cancer who are submitted to curative resection and 
those patients who undergo initial curative resection. 35 

When a patient presents with T1 gallbladder cancer discov¬ 
ered after simple cholecystectomy, the pathology should be 
reviewed to determine if the entire gallbladder has been 
removed and if the cystic duct margin is clear of tumor. If the 
cystic duct margin is positive, the patient requires bile duct 
excision. If all margins are negative, no further therapy is war¬ 
ranted. If the tumor is proved to be T2 or greater, the patient 
should undergo reexcision to attempt complete resection if the 
extent of disease evaluation is negative. Patients with a known 
or suspected early gallbladder carcinoma should not undergo 
laparoscopic cholecystectomy. Rather, open exploration and 
cholecystectomy should be performed. 


Adjuvant Therapy 

Adjuvant therapy for gallbladder cancer remains a controver¬ 
sial and unproved consideration. Very few randomized trials 
have been conducted, and those that have are limited because of 
the number of patients included. Given the relative rarity of 
these malignancies in the United States, large-scale, randomized 
trials are feasible only in the context of a multi-institutional or 
cooperative group setting. 

One recent prospective, randomized phase III trial of adju¬ 
vant chemotherapy with 5-fluorouracil and mitomycin C ver¬ 
sus surgery alone for patients with pancreaticobiliary malig¬ 
nancies having resection found that in the subset of patients 
with gallbladder cancer (n = 112), the 5-year survival rate was 
significantly better in the adjuvant group (26%) versus the 
control group (14%). 46 Similarly, the 5-year disease-free sur¬ 
vival rate was 20.3% versus 11.6%, clearly favoring the adju- 
vantly treated group. This trial suggests that adjuvant 
chemotherapy may offer benefit for patients with resected 
gallbladder cancer; however, replication in a larger-scale set¬ 
ting is required before definitive conclusions can be drawn. 


Prognosis 

The 5-year survival rate for all patients with gallbladder can¬ 
cer is less than 5% in most series, with a median survival of 6 
months. This is primarily because most patients present with 
unresectable disease. Of those patients undergoing resection, 
survival is dependent on depth of penetration and nodal sta¬ 
tus. Nearly 100% survival is reported after simple cholecys¬ 
tectomy for T1 disease, whereas patients with T2 and T3 
tumors without nodal disease have a 5-year survival greater 
than 50%. 11,12,34,36 Node positivity is an ominous finding, with 
few series reporting 5-year survivors. 


Follow-up after Resection 
for Gallbladder Cancer 

The most common sites of recurrence after resection of gall¬ 
bladder cancer include carcinomatosis, intrahepatic metastases, 


or nodal recurrence in the retroperitoneum. Jaundice is a com¬ 
mon sign, but patients with recurrence may also present with 
ascites caused by carcinomatosis. For most tumors, local 
recurrence is found synchronously with diffuse intra-abdominal 
spread. Therefore, surgical treatment of recurrence has little 
potential for cure. If recurrent disease is found after resection, 
prognosis is exceedingly poor, with death occurring sec¬ 
ondary to biliary sepsis or liver failure within months of 
diagnosis. 

The main goal of follow-up after resection of gallbladder 
cancer is to provide palliation for symptomatic recurrences. 
The main symptoms associated with recurrence requiring pal¬ 
liation are pruritus or cholangitis associated with jaundice, or 
bowel obstruction associated with carcinomatosis. Additional 
goals of follow-up are to detect benign complications of sur¬ 
gical treatment such as biliary stricture. When jaundice or 
cholangitis is the presenting symptom of possible recurrence, 
a nonsurgical palliative approach using percutaneous trans- 
hepatic cholangiogram (PTC) and stenting is usually favored 
unless a benign postsurgical stricture is suspected. Because of 
the rapid growth of tumor in patients with recurrence, the 
hospitalization and recovery time from a surgical bypass is 
usually not justified for recurrences resulting in biliary 
obstruction. 

The routine follow-up of a patient after resection of gall¬ 
bladder cancer includes office visits every 3 months with phys¬ 
ical examination and measurement of liver function tests. 
Although CA19-9 may be elevated in patients with gallbladder 
cancer, the sensitivity and specificity are poor 47 and, thus, 
should not be used for screening patients for recurrence. 
Because an asymptomatic recurrence of gallbladder cancer has 
only limited treatment options, overaggressive use of imaging 
studies is not warranted. Therefore, the use of imaging studies 
should be individualized. 


Issues for the Future 


Clearly, improving our ability to recognize early gallbladder 
cancer in high-risk geographic areas would have an important 
impact on outcome in these patients. This will likely require 
improvements in understanding the sequential molecular 
changes associated with gallbladder cancer. Other improve¬ 
ments in screening programs in high-risk areas, which could 
result in prophylactic cholecystectomy, would likely be 
beneficial. 48 


BILE DUCT CARCINOMA 


One of the most technically difficult surgical resections occurs 
in patients with bile duct tumors arising in the hepatic hilus, 
named Klatskin tumors, or hilar cholangiocarcinoma. Bile 
duct cancers can arise at other sites, including within the liver 
(intrahepatic cholangiocarcinoma) and below the biliary bifur¬ 
cation but above the pancreas (mid-bile duct cholangiocarci¬ 
noma). Distal cholangiocarcinoma involves that portion of the 
bile duct within the pancreas, which requires pancreaticoduo¬ 
denectomy. The location of the tumor affects prognosis as well 
as the potential for curative resection. 

Resection of biliary neoplasms, particularly hilar cholangio¬ 
carcinoma, often requires radical resections and complex bil¬ 
iary reconstructions that have only recently become safe in rou¬ 
tine practice. Surgery may also offer effective palliation for 
these cancers by providing biliary bypass for jaundiced patients 
with unresectable tumors. Because disease is often diagnosed 
late in the course and because complex operative techniques 
are required for potentially curative resection, these tumors 
represent one of the greatest challenges for definitive treatment. 
Adding to this is that there are no proved effective options for 
adjuvant treatment. 
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Incidence 


The overall incidence of hilar cholangiocarcinoma in the 
United States is 1.0/100,000 per year, although other geo¬ 
graphic regions such as Israel and Japan have higher rates. 49 
The incidence of intrahepatic cholangiocarcinoma in the 
United States is approximately 0.7/100,000 with a similar 
mortality. During the last 30 years, it appears that both the 
incidence and mortality in the United States are increasing. 50 
Most recently, population studies have noted that there has 
been a trend toward a relative increased incidence of intrahep¬ 
atic cholangiocarcinoma (ICC) compared to extrahepatic 
cholangiocarcinoma (ECC). 1,51,52 Using the Surveillance, Epi¬ 
demiology and End Results-Medicare databases, Welzel et al. 51 
noted HCV infection, chronic nonalcoholic liver disease and 
obesity, and smoking being associated only with ICC and not 
ECC, possibly explaining the divergent trends in incidence. 
Cholangiocarcinomas arise slightly more often in males, 9 
with a male-to-female ratio of 1.3:1 and an average age of 50 
to 70 years. 

Known risk factors for this disease include primary scleros¬ 
ing cholangitis, ulcerative colitis, choledochal cysts, and bil¬ 
iary tract infection, either with Clonorchis or in chronic 
typhoid carriers. 53 Treating patients with cholangiocarcinoma 
arising from one of these underlying conditions is challeng¬ 
ing. 54 Some industrial chemicals (e.g., nitrosamines, dioxin, 
asbestos, and polychlorinated biphenyls) have also been impli¬ 
cated in the pathogenesis of cholangiocarcinoma. 49 Although 
there has been some suggestion of an increased risk of cholan¬ 
giocarcinoma arising after transduodenal sphincteroplasty, 55 it 
is difficult to determine if this is caused by the surgical inter¬ 
vention or the underlying disease leading to sphincteroplasty. 


Pathology and Staging 

Similar to gallbladder cancer, bile duct tumors tend to invade 
locally. More than 95% of these tumors are adenocarcinomas. 
They are morphologically described as nodular, which is the 
most common, scirrhous, diffusely infiltrating, or papillary. 
Histologic subtypes include acinar, ductular, trabecular, alveo¬ 
lar, and papillary. Papillary tumors appear to have an improved 
outcome. Much less common types of bile duct tumors include 
cystadenocarcinomas, hemangioendotheliomas, and mucoepi¬ 
dermoid carcinomas. Perineural invasion is clearly a poor 
prognostic sign. 56 

In patients with intrahepatic cholangiocarcinoma, negative 
prognostic signs include vascular invasion, multiple tumors, 
positive margin, large size, and lymph node metastases. 57 These 
tumors can be either sclerotic, masslike lesions, or cystic lesions. 

Historically, cholangiocarcinomas have been classified 
according to their location in the upper (60%), middle 
(15%-20%), or lower third (15%-20%) of the bile duct. 
Middle-third lesions arise between the cystic duct and the 
superior border of the duodenum. Lower-third lesions are 
found below the superior border of the duodenum but above 
the ampulla. The problem with this classification is that the 
anatomic landmarks are somewhat arbitrary and not clinically 
useful. Most mid-bile duct malignant obstructions are caused 
by gallbladder cancer. Even when it is truly a mid-bile duct 
cholangiocarcinoma, very few of these tumors are amenable to 
treatment by local excision of the bile duct. A more useful clas¬ 
sification is to divide these lesions into upper-half or lower-half 
tumors, based on the location of the cystic duct as it enters the 
common duct (in the case of normal anatomy). The usefulness 
of this classification scheme is that it allows the surgeon to 
delineate whether a hepatic or pancreatic resection will be 
required for clearance of tumor. The AJCC TNM staging sys¬ 
tem (seventh edition) for bile duct cancers is described in 
Tables 62.4A and B. 


Other staging systems have been created that attempt to 
incorporate clinically important indicators of resectability for 
hilar cholangiocarcinoma that are defined preoperatively, 
including hepatic lobe atrophy or portal vein involvement. 58 
With the increasing acceptance of major hepatic resection for 
these tumors, this preoperative staging system attempts to 
define whether there is ipsilateral involvement alone, because 
tumors with bilateral extension past the primary biliary radi¬ 
cles are not resectable. 


Clinical Findings and Diagnosis 

The vast majority of patients with cholangiocarcinoma present 
with painless jaundice, though mild right upper quadrant 
pain, pruritus, anorexia, malaise, and weight loss may also be 
reported. Cholangitis is the presenting symptom in 10% to 
30% of patients. Some patients have cancer discovered on 
evaluation for otherwise asymptomatic elevations of alkaline 
phosphatase and gamma-glutamyl transferase. 

Patients with intrahepatic cholangiocarcinoma are usually 
asymptomatic. Many patients are found to have a liver tumor 
present on cross-sectional imaging obtained for other reasons. 
Many of these patients will present to the surgeon with a 
biopsy showing adenocarcinoma without a known primary 
tumor. The standard evaluation in these patients should 
include tumor markers to rule out an elevated carcinoembry- 
onic antigen (CEA) or a-fetoprotein (AFP); upper and lower 
endoscopy to evaluate for a gastrointestinal source; CT scan to 
assess for a primary tumor in the gastrointestinal tract or pan¬ 
creas; and, in women, a mammogram. If no site of primary 
disease is found, in most patients, the diagnosis is intrahepatic 
cholangiocarcinoma. 

Various imaging tests are available to assess patients with 
hilar cholangiocarcinoma. Abdominal ultrasound is noninva- 
sive, easily available, and inexpensive, and thus is commonly 
used as a first imaging modality. It can establish the level of bil¬ 
iary obstruction and rule out cholelithiasis or choledocholithi- 
asis as the etiology. CT scans frequently reveal dilated intra¬ 
hepatic biliary ducts with a normal, collapsed gallbladder, 
and, depending on the level of the tumor, a nondilated or par¬ 
tially dilated extrahepatic biliary tree (Fig. 62.4). In addition, 
the presence of hilar adenopathy can be assessed. Portal vein 
patency can be determined with ultrasound or helical CT. In 
addition, signs of hepatic lobar atrophy should be sought, 
because this is associated with a high incidence of ipsilateral 
portal vein involvement by tumor. MRCP offers the potential 
of evaluating parenchymal, vascular, biliary, and nodal 
involvement with a single noninvasive examination. 20-22 Fre¬ 
quently, it is possible to visualize the tumor itself with MRI 
(Figs. 62.5 and 62.6). 

In most centers, direct cholangiography is used to evaluate 
the extent of biliary involvement and provide palliation for 
jaundice. Endoscopic retrograde cholangiopancreatography 
(ERCP) has little role to play in high biliary obstruction 
because opacification of the proximal biliary tree is difficult. 
ERCP, however, can be effectively used to image more distal 
lesions. At the time cholangiography is performed, some 
authors advocate the routine preoperative placement of biliary 
drainage catheters to aid in intraoperative identification of the 
bile ducts. 59,60 Others have found a higher incidence of infec¬ 
tious complications 61 and mortality, 62 and a longer hospital 
stay, 63 after preoperative placement of biliary drainage 
catheters. The difficulty in making the decision regarding 
preoperative stenting is that many patients are severely symp¬ 
tomatic because of jaundice and pruritus and require pallia¬ 
tion, thus if the operation is delayed, many patients require 
palliation. 

In many cases, it is difficult to obtain pathologic confirma¬ 
tion of cholangiocarcinoma except in very advanced cases, 
even with the use of biliary brushings and cytology obtained at 
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TABLE 62.4A STAGING 


AMERICAN JOINT COMMITTEE ON CANCER, 6TH EDITION, STAGING SYSTEM FOR 
PERIHILAR BILE DUCT CARCINOMA 

■ STAGE ■ TUMOR ■ NODES ■ METASTASIS 


0 

Tis 

NO 

MO 

I 

T1 

NO 

MO 

II 

T2a—b 

NO 

MO 

IIIA 

T3 

NO 

MO 

IIIB 

Tl-3 

N1 

MO 

IVA 

T4 

NO-1 

MO 

IVB 

Any T 

Nl-2 

MO 


Any T 

Any N 

Ml 


Definition of TNM 
Primary tumor (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor confined to bile duct, with extension up to the muscle layer or fibrous tissue 

T2a Tumor invades beyond the wall of the bile duct to surroundng adipose tissue 

T2b Tumor invades adjacent hepatic parenchyma 

T3 Tumor invades unilateral branches of the portal vein or hepatic artery 

T4 Tumor invades main portal vein or its branches bilaterally; or the common hepatic 

arter; or the second-order biliary radicals bilaterally; or unilateral second-order 
biliary radicals with contralateral portal vein or hepatic artery involvement. 

Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Regional lymph node metastasis (including nodes along the cystic duct, common 

bile duct, hepatic artery and portal vein) 

N2 Metastasis to periaortic pericaval, superior mesentary artery, and/or celiac artery 

lymph nodes 

Distant metastasis (M) 

MO No distant metastasis (no pathologic MO; use clinical M to complete stage group) 

Ml Distant metastasis 



FIGURE 62.4. Computed tomography scan in a patient with hilar cholangiocarcinoma, demonstrating dilated intrahepatic ducts in the right lobe 
but inability to directly visualize tumor. 
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TABLE 62.4B 



STAGING 1 

AMERICAN JOINT COMMITTEE ON CANCER, 6TH EDITION, STAGING SYSTEM 

FOR DISTAL BILE DUCT CARCINOMA 

■ STAGE 

■ TUMOR 

■ NODES 

■ METASTASIS 

0 

Tis 

NO 

MO 

I 

T1 

NO 

MO 

II 

T2a-b 

NO 

MO 

IIIA 

T3 

NO 

MO 

IIIB 

Tl-3 

N1 

MO 

IVA 

T4 

NO-1 

MO 

IVB 

Any T 

Nl-2 

MO 


Any T 

Any N 

Ml 


DEFINITION OF TNM 
Primary tumor (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor confined to bile duct, with extension up to the muscle layer or fibrous tissue 

T2 Tumor invades beyond the wall of the bile duct 

T3 Tumor invades gallbladder, pancreas, duodenum, or other adjacent organs without 

involvement of the celiac axis or the superior mesenteric artery 

T4 Tumor involves the celiac axis or the superior mesteteric artery 

Regional lymph nodes (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Regional lymph node metastasis (including nodes along the cystic duct, common 

bile duct, hepatic artery and portal vein) 

N2 Metastasis to periaortic pericaval, superior mesentary artery, and/or celiac artery 

lymph nodes 

Distant metastasis (M) 

MO No distant metastasis (no pathologic MO; use clinical M to complete stage group) 

Ml Distant metastasis 



FIGURE 62.5. Coronal (A) and axial (B) magnetic resonance imaging in a patient with hilar cholangiocarcinoma. Dilated intrahepatic ducts are 
present with a soft tissue density consistent with tumor (arrows). 
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FIGURE 62.6. Coronal (A) magnetic resonance imaging and magnetic resonance cholangiopancreatography (B) in a patient with hilar cholan- 
giocarcinoma, demonstrating dilated intrahepatic ducts narrowing at the area of obstruction. 


the time of direct cholangiography. In most cases, patients are 
offered surgical therapy based on clinical suspicion and radi¬ 
ographic appearance. In patients with intrahepatic cholangio- 
carcinoma, cross-sectional imaging with CT scan is usually 
sufficient. Tumors may be masslike or may have cystic areas. 


Surgery 

Proximal Cholangiocarcinomas. Untreated, most patients 
with bile duct cancers die within a year of diagnosis. 63,64 Sur¬ 
gical excision is the treatment of choice, with no other poten¬ 
tially curative therapy. The immediate causes of death are 
most commonly hepatic failure or cholangitis related to tumor 
growth and inadequate drainage of the biliary tree. 65 There¬ 
fore, the objectives of management for patients with cholan- 
giocarcinoma include both complete removal of tumor and 
adequate biliary drainage. It has become clear over the last 
three decades that curative treatment for patients with tumors 
involving the upper half of the bile duct depends on aggressive 
excision that often requires a major liver resection. Until as 
recently as one decade ago, treatment of hilar cholangiocarci¬ 
nomas was associated with mortality as high as 30%. 66-70 
Recently, major improvements in the safety of these operations 
has been demonstrated, and resection of hilar tumors now 
results in mortality of less than 10%, even when liver resec¬ 
tions are required. 66,67,69,71 

Assessment of Resectability and Surgical Procedure. 

Surgical exploration is often the only means of assessing 
resectability. Because of the potential morbidity of a laparo¬ 
tomy that has no therapeutic benefit, staging laparoscopy has 
been advocated to save patients from unnecessary laparotomy. 
In patients with hilar cholangiocarcinoma, up to 25% will 
benefit from staging laparoscopy because of detection of 
occult extrahepatic disease. 24,28 Laparoscopy is a very sensitive 
means to detect peritoneal metastases or additional intrahep¬ 
atic disease through the use of laparoscopic ultrasound but is 
less sensitive in detecting nodal metastases or locally invasive 
tumors. 24 

Hilar cholangiocarcinoma is considered unresectable 
because of both local factors and metastatic spread. Clearly, 
patients with disease outside the liver, including most commonly 
peritoneal and intrahepatic metastases, are not amenable to 
curative resection. Local factors that make these tumors unre¬ 
sectable include invasion of the main portal vein or both the 


right and left portal vein and hepatic arteries and tumor 
extension into second-order biliary radicals of both right 
and left hepatic lobes. By contrast, tumors extending into 
second- or third-order biliary radicles on one side of the liver 
without vascular involvement can be resected with curative 
outcome. 

The goals of surgical management for cholangiocarcinomas 
are both eradication of tumor and establishment of adequate 
biliary drainage. Tumors of the biliary confluence are particu¬ 
larly difficult to treat because symptoms often appear late in 
the course of disease when the lesion has already involved 
adjacent structures including the portal vein or adjacent 
hepatic parenchyma. Complete resection, therefore, requires 
biliary and hepatic resection and often major vascular recon¬ 
struction. It is not surprising, therefore, that in the past the 
surgical therapy for proximal biliary malignancies consisted 
mainly of biliary-enteric bypass as palliation for jaundice and 
cholangitis. The therapeutic approach to hilar cholangiocarci¬ 
noma was largely nihilistic, because of difficulty in delineating 
the extent of disease and the technical challenge of complete 
resection for such lesions. 

Over the last decade, surgical approaches have become 
more aggressive, as demonstrated by the increasing number of 
hepatic resections that have been performed for bile duct can¬ 
cers. 66-70 Recent improvements in ultrasound, CT, MRI, and 
angiography have greatly facilitated preoperative diagnoses 
and staging of cholangiocarcinoma. This has allowed improved 
patient selection and surgical planning. The location and local 
extension of tumor dictates the extent of resection, with most 
lesions requiring an extended right or left hepatectomy for com¬ 
plete excision. Caudate resection is often required because of 
direct extension into caudate biliary radicles or parenchyma. 58,69,70 
CBD excision and portal lymphadenectomy are also essential 
for tumor clearance. 

Liver Transplantation for Hilar CCA and the Mayo 
Protocol. Orthotopic liver transplantation (OLT) was 
thought to hold promise for patients with hilar CC, because of 
its ability to achieve adequate margins by complete hepatec¬ 
tomy. Unfortunately, when used as a single treatment modal¬ 
ity, results have been poor. Three- and 5-year survival rates 
have been reported at 25% to 30%. 73-75 Because of this poor 
outcome, the Mayo Clinic developed a protocol combining 
neoadjuvant therapy with liver transplant, based on a strategy 
initially developed by the University of Nebraska. This protocol 
uses high-dose neoadjuvant 5-fluorouracil and brachytherapy 
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ITABLE 62.5 






RESULTS | 

RESULTS AFTER RESECTION FOR HILAR CHOLANGIOCARCINOMA 

■ AUTHOR 

■ N 

■ PERCENT 
RESECTED 

■ POSTOPERATIVE 
MORTAFITY (%) 

■ 5-YEAR 
SURVIVAF (%) 

■ SURVIVAF (MONTHS) 

■ MEAN ■ MEDIAN 

Cameron et al., 1990 59 

96 

55 

2 

8 


18 

Hadjis et al., 1990 70 

131 

21 

7 

12 

25 


Altaee et al., 1991 66 

70 

21 


19 


12 

Baer et al., 1993 67 

48 

44 

4 

23 

34 


McMasters et al., 1997 123 

91 

44 

0 

26 


22 

Klempnauer et al., 1997 124 

151 


10 

28 


24 

Nagino et al., 1999 125 

173 

80 

10 

26 



Nakeeb et al., 2002 126 

72 

57 


34 



Jarnagin et al., 2001 127 

225 

71 

10 

27 


35 

Rea et al., 2004 72 

46 


9 

26 


28 

Jang et al, 2005 128 

48 


0 

48 



Konstadoulakis et al., 2008 129 

73 

81 

7 

35 



Yubin et al., 2008 130 

115 

100 

2 

22 


40 


followed by liver transplantation. 72,76 Inclusion criteria 
include: (i) locally advanced unresectable disease with either 
positive intraluminal brush cytology, positive intraluminal 
biopsy, or CA19-9 >100 in the setting of a radiographic 
malignant stricture; (ii) primary sclerosing cholangitis with 
resectable disease, and; (iii) absence of medical contraindica¬ 
tions for OLT. Since 2003, biliary aneuploidy as demon¬ 
strated by digital image analysis (DIA) 77 and fluorescent in 
situ hybridization have been considered equivalent to cytol¬ 
ogy. 78 Exclusion criteria include: (i) extrahepatic disease 
including regional lymph node involvement; (ii) uncontrolled 
infection; (iii) prior attempt at resection; (iv) prior treatment 
with radiation or chemotherapy; and (v) previous malignancy 
within 5 years. In this protocol, patients receive external 
beam radiotherapy to a target dose of 4,500 cGy with con¬ 
comitant fluorouracil (5-FU). Following this, transcatheter 
iridium-192 brachytherapy with a target dose of 2,000 to 
3,000 cGy is administered. Thereafter, patients receive oral 
capecitabine as tolerated until transplantation. It is important 
that, prior to transplantation, patients undergo a staging 
laparotomy, at which time biopsy of perihilar lymph nodes as 
well as any lymph nodes or nodules suspicious for tumor is 
performed. Only patients with negative staging operations 
remain eligible for transplantation. 72 

Thus, patients eligible for OFT under this protocol have 
locally advanced tumors but no pathologic nodal disease. Fur¬ 
thermore, the prolonged course of neoadjuvant therapy, stag¬ 
ing laparotomy, and time on the OFT waiting list provides an 
opportunity to exclude patients demonstrating disease pro¬ 
gression. This highly rigorous selection bias in favor of 
patients with biologically favorable disease is reflected in the 
early outcomes published from the Mayo group. In a recent 
review of 71 patients enrolled in this transplant protocol, only 
38 underwent transplantation (38%). These patients were 
compared to 26 patients (of 54 explored, 48%) who under¬ 
went successful resection. When compared to those undergo¬ 
ing resection (some with node-positive disease), patients 
undergoing transplantation were younger (p <0.001) and 
more likely to have inflammatory bowel disease (p <0.03) and 
PSC (p <0.001). It is important that only 58% of patients had 
histologically proven cancer. 

In these highly disparate groups, 5-year survival was 82% 
after transplantation (38 patients) compared to 21% after 


resection of 26 patients (p = 0.022). 72 There were also fewer 
recurrences in the transplant patients (13% vs. 27%), and 
recurrences became apparent later after transplantation than 
after resection (mean 40 months vs. 21 months). Direct com¬ 
parisons are difficult with this study given the differences 
between groups. At present, OFT cannot be considered a stan¬ 
dard form of therapy for hilar cholangiocarcinoma for 
patients with resectable disease, but it does offer a potential 
option for patients with underlying PSC or those with unre¬ 
sectable tumors who fit the rigorous inclusion and exclusion 
criteria of the protocol. 

Prognosis after Resection. Results of major studies on 
resection of hilar cholangiocarcinoma are summarized in Table 
62.5. In patients amenable to curative resection, the median 
survival is 35 months with a 5-year survival rate of 10% to 
30%. 61,68,69,72-80 Surgical resection provides both improved sur¬ 
vival and improved quality of life. 79,80 The greatest risk factors 
for recurrence include the presence of positive margins 79,81 and 
node-positive tumors. 82 

Prognosis after Resection for Intrahepatic or Distal 
Cholangiocarcinoma. In patients with intrahepatic cholan¬ 
giocarcinoma, expected 3-year survival rates as high as 60% 
have been reported, 24,83 with 5-year survival rates of 30% to 
45%. 84 Patients with unresectable disease have a median sur¬ 
vival of 12 months. 85,86 Thus, completely resected intrahepatic 
cholangiocarcinoma appears to have an improved prognosis 
over proximal (hilar) cholangiocarcinoma. 

Most patients with distal cholangiocarcinomas are defini¬ 
tively managed with pancreaticoduodenectomy (Whipple pro¬ 
cedure) to obtain adequate clearance of tumor, because of the 
intrapancreatic location of the distal CBD. Patients with cholan¬ 
giocarcinomas arising in the distal bile duct have both an 
increased resectability rate and improved prognosis over those 
with hilar cholangiocarcinomas. 71 Patients with resectable distal 
bile duct cancer have a 5-year survival rate of 30% to 50%, 84,87 
with a decreased survival if nodes are involved with tumor. 87 

Surgical Treatment of Unresectable Cholangiocarci¬ 
noma. For patients with unresectable hilar cholangiocarcino¬ 
mas, significant improvement in quality of life can occur with 
surgical bypass. Palliative bypass can be performed in several 
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FIGURE 62.7. Surgical approach to segment III duct. A: The bridge of tissue present at the base of the liver is divided. B: The 
ligamentum teres is held superiorly to expose the tissue overlying the segment III duct. C: The segment III duct is exposed. 
D: The duct is opened in preparation for anastomosis with a Roux-en-Y jejunal limb. (Courtesy of Dr. L. H. Blumgart.) 


ways. A partial excision of the left lateral segment and biliary- 
enteric anastomosis to the left hepatic duct (Longmire proce¬ 
dure) was used commonly in the past, but more recently surgi¬ 
cal techniques have become less complicated and do not require 
hepatic parenchymal transection. One technique involves biliary 
decompression through the left duct, approached through the 
round ligament, a segment III bypass (Fig. 62.7). Opening the 
bridge of tissue just beneath the ligamentum teres allows access 
to the duct. In this position, a long anastomosis can be per¬ 
formed from the segment III duct to a jejunal limb because of 
the horizontal course of the duct in this location. Although less 
commonly used, the right hepatic duct can be approached at 
the base of the gallbladder fossa. This is technically more diffi¬ 
cult and results in a higher rate of late bypass failure. 88 

Nonoperative palliative biliary decompression can be 
accomplished with percutaneous or endoscopic stenting, 
depending on the level of obstruction. Proximal lesions are usu¬ 
ally approached percutaneously with placement of expandable 
stents or drainage catheters (Fig. 62.8). Internal stents result in 
fewer electrolyte abnormalities and improvement in patient 
comfort, although morbidity and mortality occurs in up to 30% 
of patients and stent occlusion is common. 89-91 There is a signif¬ 
icant risk of cholangitis with external and internal drainage, 
occurring in more than 90% of patients with metallic expand¬ 
able internal stents in one series. 90 Bleeding and bile leaks are 
also frequent complications. More recent techniques (e.g., pho¬ 


todynamic therapy) have been used to palliate patients with bil¬ 
iary obstruction and may hold some promise for the future. 92 

Because patients with unresectable disease have a short 
median survival, those whose disease is clearly unresectable on 
preoperative imaging should undergo percutaneous internal or 
external drainage. In patients who undergo exploratory 
surgery and whose disease is found to be unresectable, surgical 
bypass offers fewer episodes of cholangitis, with an improved 
quality of life. In some series, surgical bypass for patients with 
unresectable disease is the only biliary drainage procedure ever 
required by the patient. 

In patients with unresectable distal cholangiocarcinomas, 
palliation can be achieved with surgical bypass, percutaneous 
biliary drains, or ERCP-placed stents. The simplest and most 
effective way to relieve jaundice is usually with an ERCP stent. 
Although surgical bypass offers improved patency and fewer 
episodes of cholangitis, the morbidity of the procedure is not 
warranted in patients with these aggressive tumors. 


INTRAHEPATIC 

CHOLANGIOCARCINOMA 


Patients with intrahepatic cholangiocarcinoma typically pre¬ 
sent with single liver lesions. The procedure of choice is 
anatomically based hepatic resection. Because these tumors 
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FIGURE 62.8. A: Percutaneous transhepatic cholan- 
giogram in a patient with hilar cholangiocarcinoma, 
demonstrating biliary obstruction at the confluence. The 
patient has previously had placement of internal/external 
stents for biliary drainage. B: Film demonstrates appear¬ 
ance of wall stents after deployment into the left and 
right biliary ducts. C: After stenting, the cholangiogram 
demonstrates adequate biliary drainage, with contrast 
filling the duodenum. 



are frequently asymptomatic, there are fewer issues with pal¬ 
liative management. 


Adjuvant Therapy 

Q To date, no chemotherapeutic regimen has consistently shown 
activity against cholangiocarcinoma. Many of the issues that 
pertain to chemotherapy trials in gallbladder cancer are 
directly relevant to the interpretation of trials for cholangio- 
carcinomas. Studies performed to date have typically been 
small, single-institution trials, including patients with both 
gallbladder and bile duct cancers. 93 


Although 5-fluorouracil (5-FU)-based chemotherapy is 
often offered to patients with unresectable disease, the likeli¬ 
hood of response is less than 10%. Capecitabine as a single 
agent may have some modest activity in cholangiocarcino- 
mas. 94 When capecitabine was used in combination with gem- 
citabine in a recent prospective study, 95 overall survival was 14 
months. Gemcitabine and cisplatin combination therapy has 
also been tested in phase II studies of patients with advanced 
biliary tract carcinoma. 47,96,97 Results of these studies demon¬ 
strated response rates of 27% to 34.5%, and overall survival 
of 9.7 to 11 months. The use of mitomycin C and doxorubicin 
(Adriamycin), in combination with 5-FU, has resulted in com¬ 
bined response rates of less than 30%, with higher toxicity 
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than 5-FU alone. 98 There is no proved role for adjuvant 
chemotherapy in the treatment of cholangiocarcinoma; how¬ 
ever, there are recent data to suggest no difference in overall 
survival (36% vs. 42%, p = 0.6) and locoregional recurrence 
(38% vs. 37%, p = 0.13) between patients undergoing RO 
resections compared with patients with high locoregional recur¬ 
rence risk who received adjuvant chemoradiation therapy. 99 

In cases of unresectable cholangiocarcinoma, the use of 
external beam radiation therapy has been explored. 100-103 To 
date, no study has clearly demonstrated efficacy for this 
modality. Anecdotal reports of long-term survivors after exter¬ 
nal beam radiotherapy show that some individuals may bene¬ 
fit from such treatment, but this must be weighed against the 
potential complications (e.g., duodenal or bile duct stenosis 
and duodenitis). The most encouraging results involve use of 
intraoperative 101,104 or interstitial radiation. 90,102 ’ 105 Our cur¬ 
rent practice is to use combined interstitial radiation and 
external beam radiation in unresectable cases after palliative 
bypass. In patients whose disease is resected, adjuvant radio¬ 
therapy has not been shown to increase quality of life or sur¬ 
vival. 106 


Follow-up after Resection 
of Cholangiocarcinoma 

The most likely site of recurrence after resection of a hilar 
cholangiocarcinoma is locally within the bile duct, regional 
lymph nodes, or liver. Therapy for recurrence is palliative. Sur¬ 
gical reexcision is usually impossible because of the challeng¬ 
ing anatomic location and the radical procedures that are 
required for resection of the primary tumor. Therefore, the 
goal of follow-up is diagnosis of symptomatic recurrences to 
direct palliative therapy and diagnosis of benign complications 
of surgical treatment (e.g., biliary strictures). The main symp¬ 
toms of recurrence that demand palliation are pruritus or 
cholangitis associated with jaundice. For biliary drainage to 
relieve jaundice or cholangitis, either surgical drainage 90 or 
drainage by PTC can be effective. 107 Endoscopic drainage has 
little role in the relief of jaundice in patients who have had 
Roux-en-Y biliary reconstruction. For limited recurrences, 
intraluminal brachytherapy 108 or external beam radiotherapy 109 
may improve palliation and, potentially, survival. 

Routine follow-up consists of office visits every 3 months 
with physical examination and measurement of liver function 
tests. Although a rising alkaline phosphatase level is a good 
indicator of evolving biliary obstruction, patients recovering 
from liver resection and biliary obstruction can have persistent 
elevations of alkaline phosphatase. Up to 10% of patients with 
biliary surgical reconstruction, however, may develop a benign 
anastomotic stricture. Most patients with recurrence or a 
benign stricture will present with jaundice or cholangitis. 
Because there is a low likelihood of effective therapy for recur¬ 
rences, the routine use of tumor markers is not recommended, 
although a fair percentage of biliary malignancies will express 
CEA or CA 19-9. The routine use of imaging studies to follow 
patients with cholangiocarcinoma after resection should be lim¬ 
ited for the same reasons. When patients become symptomatic 
with jaundice, an abdominal ultrasound should be obtained. 
Other imaging will usually be dictated by the sonographic 
findings. 


Issues for the Future 


The only known curative therapy for intrahepatic and extra- 
hepatic bile duct cancers is surgery. No proven role is seen for 
adjuvant chemotherapy alone or adjuvant combined chemora¬ 
diation, although further studies are needed to fully define the 
role of these therapies. Continued assessment of new drugs, 
novel radiosensitizers, and biologic agents is warranted. A 


better understanding of the molecular pathogenesis and genet¬ 
ics of bile duct cancers may lead to new therapeutic and ulti¬ 
mately preventive strategies for high-risk populations. 


BENIGN GALLBLADDER 
NEOPLASMS 


Incidence 


Benign tumors of the biliary tract are rare, but have been 
reported more frequently as imaging modalities (e.g., ultra¬ 
sound and CT scan) have come into widespread and frequent 
use. In patients undergoing cholecystectomy, the reported inci¬ 
dence of benign gallbladder tumors is less than 3%. 


Pathology 

Polyps and Pseudotumors. Benign gallbladder tumors are 
most frequently polyps or polypoid lesions. The incidence of 
polyps in asymptomatic patients is about 5%. 2 Cholesterol 
polyps (cholesterolosis), accounting for half of all gallbladder 
polypoid lesions, 110 result from epithelium-covered, cholesterol¬ 
laden macrophages in the lamina propria. These lesions are 
likely a result of an error in cholesterol metabolism. They 
extend from the mucosa on a narrow stalk, grossly appearing 
as yellow spots on the mucosal surface. Nearly all are multiple, 
and most are less than 10 mm in size. 6,110,111 When a polyp is 
pedunculated, it is benign in most cases; alternatively, sessile 
“polyps” are more often malignant (Fig. 62.9)d 11 Inflamma¬ 
tory polyps result from chronic inflammation and extend by a 
narrow vascularized stalk into the gallbladder lumen. None of 
these lesions are considered premalignant, although isolated 
cases of cholesterolosis associated with in situ carcinoma have 
been reported. 112 

Adenomas. Gallbladder adenomas are found infrequently. 
They may be tubular or papillary, both arising from the epithe¬ 
lial layer of the gallbladder. Multiple papillary adenomas, or 
papillomas, are called papillomatosis. A direct association 
between benign adenoma, adenoma containing carcinoma in 
situ, and invasive carcinoma has been demonstrated; thus 



FIGURE 62.9. T 2 -weighted magnetic resonance imaging scan show¬ 
ing a sessile polyp within the gallbladder [arrow) that was malignant 
on histologic examination. 
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these lesions are considered premalignant. 113 Malignant trans¬ 
formation, however, has only rarely been reported, primarily 
from large adenomas. In one series, all benign adenomas were 
less than 12 mm in diameter, whereas the adenomas with can¬ 
cerous foci were greater than 12 mm. 114 

Adenomyomatosis. Adenomyomatosis of the gallbladder 
is characterized by localized or diffuse hyperplastic extensions 
of the mucosa into, and often beyond, a hypertrophied gall¬ 
bladder muscular layer. Hyperplasia occurs at outpouchings of 
the mucosa of the gallbladder through the wall (Rokitansky- 
Aschoff sinuses) and through the crypts of Luschka. This can 
result in focal thickening of the gallbladder wall, resembling 
gallbladder adenocarcinoma. The etiology is unknown. This 
lesion may be premalignant, because cases of adenocarcinoma 
arising in or near adenomyomatosis have been reported, 114,115 
but this relationship is unclear. 

Other Benign Gallbladder Tumors. Other benign 
lesions include tumors arising from the tissue of the gallblad¬ 
der wall, such as leiomyomas, lipomas, hemangiomas, granu¬ 
lar cell tumors, and heterotopic tissue, including gastric, pan¬ 
creatic, or intestinal epithelium. 


Clinical Findings 

Patients with benign gallbladder tumors typically present with 
symptoms consistent with choledocholithiasis, including right 
upper quadrant pain, fatty food intolerance, and nausea. Many 
benign gallbladder lesions are also discovered incidentally after 
elective cholecystectomy. Therefore, symptoms caused by 
benign lesions are difficult to separate from those caused by 
gallstones. Most lesions, however, are asymptomatic and are 
discovered incidentally during imaging for other abdominal 
conditions. 


Diagnosis 

Diagnosis of benign gallbladder polyps is usually made when 
an ultrasound study is obtained to evaluate a patient for symp¬ 
toms consistent with gallstones. On ultrasound, a filling defect 
that does not change with position is likely a polyp or carci¬ 
noma and not a gallstone. Cholesterol polyps are typically 
small, submucosal, multiple, and hyperechoic on ultrasound 
because of their high cholesterol content. Other than this typ¬ 
ical appearance and the fact that malignant polyps are usually 
more than 1 cm in size, 6,110,111 it is difficult to differentiate 
benign from malignant polyps. 

Both intravenous contrast-enhanced and unenhanced CT 
may be important in distinguishing benign from malignant 
polyps. In a recent series examining 31 polypoid lesions of the 
gallbladder, contrast-enhanced CT detected all of the lesions. 
Benign polyps were not visualized with unenhanced CT, unlike 
neoplastic tumors, thus improving the ability to distinguish these 
lesions when both enhanced and unenhanced CT scans were 
obtained. 6 Endoscopic ultrasound has also been used to image 
these lesions, and may be more accurate than transabdominal 
ultrasound in differentiating benign from malignant tumors. 17 


Treatment 


Large polyps, greater than 10 mm, have the greatest malignant 
potential. 6,110,111 Without evidence of invasion or metastatic 
disease, however, no radiologic test can reliably differentiate 
benign from malignant lesions. Therefore, if large (>1 cm) 
polyps are present, even in asymptomatic patients without 
stones, cholecystectomy is warranted. 108 Smaller pedunculated 
lesions with the gross characteristics of a benign cholesterol 


polyp may be observed and resected only if symptomatic. 
Although these lesions have routinely been followed with 
ultrasound, a recent prospective study suggested that polyps 
smaller than 1 cm do not progress to carcinoma. 116 Cholecys¬ 
tectomy, however, is still considered the standard of care if 
there is any increase in size. 


BENIGN BILE DUCT NEOPLASMS 


Incidence 


Benign bile duct tumors, at times clinically resembling hilar 
cholangiocarcinoma, are less common, occurring in less than 
1% of patients. 1 


Pathology 

Attesting to the rarity of these lesions, only two cases of benign 
extrahepatic bile duct disease occurred in 4,200 biliary tract 
operations in one institution. 117 The most common benign 
tumors of the extrahepatic biliary tree arise from the glandular 
epithelium lining the ducts; about two thirds of benign tumors 
are polyps, adenomatous papilloma, or bile duct adenomas. 
Most are found in the periampullary region, but they can be 
distributed throughout the entire biliary tree (Fig. 62.10). 
Multiple papillomas also have been reported throughout the 
intrahepatic and extrahepatic biliary tree, termed multiple bil¬ 
iary papillomatosis. Although local recurrence and progres¬ 
sion to death from obstructive jaundice and cholangitis occur 
frequently in these rare cases, these tumors have little, if any, 
malignant potential. Other benign tumors (e.g., cystadenoma, 
granular cell myoblastoma, leiomyoma, and heterotopic tis¬ 
sue) have also been reported. 

One condition that deserves consideration is the case of 
“malignant masquerade,” an inflammatory, fibrotic lesion clin¬ 
ically resembling hilar cholangiocarcinoma, but pathologically 
consisting only of extensive fibrosis and inflammatory cells 
without evidence of dysplasia or preneoplastic change. 118-120 In 
patients being considered for palliative treatment alone with 
presumed hilar cholangiocarcinoma, it is essential to obtain a 
tissue diagnosis. It is inappropriate to treat benign lesions by 



FIGURE 62.10. Distribution of papillomas and adenomas of the bil¬ 
iary tree. The ampulla and common bile duct are the most frequent 
sites. 
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percutaneous stenting because of the excellent outcome after 
resection of these lesions. 


Clinical Findings 

Biliary obstruction, with resultant jaundice or cholangitis, is 
frequently the presenting symptom in patients with benign bile 
duct tumors. Symptoms may also include epigastric pain or 
nausea. Because these tumors are indolent, symptoms may be 
intermittent or gradually progressive. 


Diagnosis 

Because of the presence of jaundice, benign bile duct tumors 
are usually initially evaluated with ultrasound. Many patients 
then undergo ERCP or PTC and CT scan. A diagnosis of 
malignant masquerade should be suspected in patients with 
mass lesions that resemble hilar cholangiocarcinomas, but 
without lobar atrophy or portal vein involvement. 


Treatment 


Resection and reconstruction are performed to relieve jaundice 
and cholangitis. The preferred reconstruction is a Roux-en-Y 
choledochojejunostomy to decrease the risk of postoperative 
biliary stricture or recurrent cholangitis. 
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SECTION I 

COLON, RECTUM, AND ANUS 

CHAPTER 63 COLONIC AND RECTAL ANATOMY 

AND PHYSIOLOGY 

ELIZABETH C. WICK 


KEY POINTS 


^The mesorectum is invested by the fascia propria of the 
rectum. 

Q The ileocolic branch of the superior mesenteric artery sup¬ 
plies the right colon and part of the transverse colon. 

Q The inferior mesenteric artery supplies part of the trans¬ 
verse colon, sigmoid colon, and rectum. 

Q The inguinal lymph nodes drain the lymphatics from the 
anal canal below the dentate line. 

Q The colon has 10 13 bacteria, which promote mucosal immu¬ 
nity, help digest complex nutrients, and protect against 
pathogenic organisms. 


Q Alterations in the colonic flora have been associated with 
inflammatory bowel disease and colorectal cancer. 

Q Constipation is one of the most common conditions 
treated by physicians, but only rarely is it due to colonic 
inertia. 

Q During postoperative ileus, the stomach recovers after 1 to 

2 days, the small bowel after 1 day, and the colon after 

3 days. 

Q Thoracic epidural use after colorectal surgery can shorten 
postoperative ileus. 


EMBRYOLOGY OF THE 
COLON AND RECTUM 


The primitive gut is derived from endoderm and begins to 
form during the third to fourth weeks of gestation. It is divided 
into three segments: foregut, midgut, and hindgut. The midgut 
gives rise to the small intestine distal to the ampulla of Vater, 
the cecum and appendix, the ascending colon, and the right 
half to two thirds of the transverse colon, all of which receive 
blood supply from the superior mesenteric artery. During the 
sixth gestational week, the midgut herniates from the abdom¬ 
inal cavity into the extraembryonic coelom, undergoes a 270- 
degree counterclockwise rotation around the superior mesen¬ 
teric artery, and then returns to the abdominal cavity at 10 
weeks’ gestation. The hindgut gives rise to the distal one third 
of the transverse colon, descending and sigmoid colon, rectum, 
and upper portion of the anal canal, all of which receive blood 
from the inferior mesenteric artery. The terminal end of the 
hindgut is the endoderm-lined pouch termed the cloaca. Dur¬ 
ing development, the cloaca is partitioned by the urorectal sep¬ 
tum into the rectum and upper anal canal and urogenital sinus. 
Ultimately, the distal anal canal arises from canalization of the 
ectoderm. The pectineal or dentate line marks the junction 
between tissue derived from endoderm and ectoderm in the 
anal canal. 


ANATOMY OF THE COLON 
AND RECTUM 


On average, the colon is 150 cm long. Characteristics unique 
to the colon are (a) taeniae coli, (b) haustra, and (c) appen¬ 
dices epiploicae. There are three taeniae (anterior, posterior 
medial, and posterior lateral), which are condensations of 
the outer longitudinal muscle layer in the colon. The taeniae 
originate at the base of the appendix, course along the 


length of the colon, and then converge at the rectosigmoid 
junction. The haustra are pockets of colon wall, between the 
taeniae, that result from the fact that the length of the tae¬ 
niae is one sixth of the colon length. 1 The epiploicae appen¬ 
dices are fat appendages seen on the colonic serosa. The 
colon consists of five layers: mucosa, submucosa, circular 
muscle layer, longitudinal muscle layer, and serosa (Fig. 
63.1). Microscopically, the colonic mucosa is a columnar 
epithelium marked by crypts and goblet cells. Unlike the 
small intestine, the columnar epithelium of the colon and 
rectum does not have villi. 

The colon begins in the right lower quadrant with the 
cecum. The cecum extends approximately 6 to 8 cm below the 
ileocecal valve (where the terminal ileum enters the posterome¬ 
dial aspect of the cecum) (Fig. 63.2). The cecum is the widest 
portion of the colon (7.5 to 8.5 cm in diameter) and has the 
thinnest wall. The appendix originates from the lowest portion 
of the cecum and can be readily identified by following the con¬ 
verging taeniae. In 85% to 95% of people, the appendix lies 
posteromedial to the cecum, in line with the terminal ileum, but 
the position can vary, with the most frequent variants being 
retrocecal, pelvic, and retroileal. 2 During colonoscopy, visual¬ 
ization of the appendiceal orifice is one of the landmarks 
required in a complete colonic exam. From the cecum, the right 
colon ascends to the hepatic flexure (approximately 15 cm). 
The hepatic flexure is anterior to the inferior pole of the right 
kidney and overlies the second portion of the duodenum. The 
hepatic flexure is marked by medial, anterior, and downward 
angulation of the colon. When the right colon is mobilized dur¬ 
ing a colectomy, care must be taken to avoid injury to the under¬ 
lying duodenum. Only the anterior surface of the right colon is 
invested with peritoneum; laterally, the white line of Toldt 
marks the extent of the peritoneal covering and serves as an 
important landmark during surgical mobilization of the colon. 

The transverse colon stretches from the hepatic flexure to 
the splenic flexure and is the longest segment of colon 
(between 30 and 60 cm). The transverse colon is suspended 
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by the transverse mesocolon and is completely intraperi- 
toneal. It is the most mobile portion of the colon. The 
greater omentum descends from the greater curve of the 
stomach in front of the transverse colon and then ascends to 
attach to the transverse colon on its anterosuperior edge. 
The splenic flexure is situated high in the left upper quad¬ 
rant, more cephalad than the hepatic flexure. The flexure lies 
anterior to the mid-left kidney and abuts the lower pole of 
the spleen. There are attachments from the colon to the 
diaphragm and spleen (phrenocolic and splenocolic liga¬ 
ments) and these must be carefully divided during mobiliza¬ 
tion of the splenic flexure to avoid splenic injury. The 
descending colon is approximately 25 cm long and courses 
from the splenic flexure to its junction with the sigmoid 
colon at the pelvic brim. It lies anterior to the left kidney 


and, like the right colon, the anterior, lateral, and medial 
portions of the descending colon are covered by peritoneum. 

The sigmoid colon extends from the pelvic brim to the 
sacral promontory, where it continues as the rectum and gen¬ 
erally measures 30 to 40 cm in length. The rectosigmoid junc¬ 
tion is marked by the convergence of the colonic taenia. The 
sigmoid colon is extremely mobile and has a generous mesen¬ 
tery that extends along the pelvic brim from the iliac fossa 
across the sacroiliac joint to the second or third sacral seg¬ 
ment. Because of its mobile mesentery, the sigmoid colon can 
twist and cause an obstruction, termed sigmoid volvulus. The 
left ureter runs in the intersigmoid fossa. When the sigmoid 
colon is being mobilized, the left ureter should be identified to 
avoid inadvertent injury. Preoperative placement of urinary 
stents can be useful for locating the ureter intraoperatively in 
complex, reoperative pelvic surgery. 

The rectum, which is 12 to 15 cm long, begins at the level 
of the sacral promontory and extends to the anorectal ring. 
The rectum proceeds posterior and caudal along the curva¬ 
ture of the sacrum and coccyx, passing through the levator 
ani muscles, at which point it turns abruptly caudal and pos¬ 
terior, becoming the anal canal. Anterior to the rectum are 
the uterine cervix and posterior vaginal wall in women, and 
the bladder and prostate in men. Posteriorly, the rectum 
occupies the sacral concavity where the median sacral ves¬ 
sels, presacral veins, and sacral nerves run, all of which are 
invested in the presacral fascia. The rectum is marked by 
three curves that correspond to the valves of Houston. The 
valves are only visible from the lumen and separate the 
lower third, middle third, and upper third of the rectum, 
important landmarks when the location of a rectal abnor¬ 
mality is established endoscopically (the lower rectal valve is 
at 7 to 8 cm from the anal verge, middle rectal valve at 9 to 
11 cm, and upper rectal valve at 12 to 13 cm). 3 The anterior 
and lateral surfaces of the upper third of the rectum are 
intraperitoneal, whereas only the anterior surface of the 
middle third of the rectum is intraperitoneal in location. The 
lower third of the rectum is entirely extraperitoneal. The 
mesorectum is the term used to describe the areolar tissue 
surrounding the rectum that contains nerves, lymphatics, 
and terminal branches of the superior hemorrhoidal branch 
Q of the inferior mesenteric artery. Although it invests the rec¬ 
tum circumferentially, the mesorectum is most prominent 
posterior to the rectum. It is invested by the fascia propria of 


FIGURE 63.2. General anatomic compo¬ 
nents of the colon. 
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FIGURE 63.3. Fascial relationships of the pelvis. 
(Reproduced with permission from Fascial relation¬ 
ships of the pelvis. In: Corman ML, ed. Colon & Rectal 
Surgery, 5th ed. Philadelphia, PA: Lippincott Williams 
& Wilkins; 2004:8, Fig. 1-6.) 


the rectum, a continuation of the parietal endopelvic fascia 
(Fig. 63.3). A total mesorectal excision entails removal of 
the entire rectum without violating the fascia propria of the 
rectum. This is accomplished by mobilizing the rectum using 
the plane between the fascia propria of the rectum and the 
presacral fascia. 

The surgical anal canal begins at the anorectal ring or leva¬ 
tor ani muscles and extends to the anal verge. It measures 2 to 
4 cm and is usually longer in men than in women. The internal 
anal sphincter (continuation of the outer longitudinal muscle 
of the rectal wall) and the external anal sphincter (continua¬ 
tion of the puborectalis muscle) encircle the anal canal and 
control fecal continence. The dentate line marks the transition 
between the columnar epithelium of the intestine and the squa¬ 
mous epithelium of the anal canal. 


Arterial Blood Supply 

The superior mesenteric artery arises from the aorta, runs 
posterior to the pancreas, and passes anterior to the third 
Q portion of the duodenum (Fig. 63.4). In addition to supply¬ 
ing the small bowel through jejunal and ileal branches, the 
superior mesenteric artery gives rise to the ileocolic, right 
colic, and middle colic branches that supply the cecum, 
ascending colon, and proximal transverse colon. The right 
colic arterial anatomy is particularly variable and can be 
absent or arise from the ileocolic or the superior mesenteric 
artery. The middle colic artery has a right and left branch 
that supply the hepatic flexure and the right portion of the 
transverse colon, while the left branch supplies the left por- 
Q tion of the transverse colon. The inferior mesenteric artery 
arises from the anterior surface of the aorta, typically 3 to 4 
cm above the aortic bifurcation, and supplies the distal 
transverse colon, descending colon, sigmoid colon, and 
upper rectum. The inferior mesenteric artery gives rise to the 
left colic artery and sigmoidal branches, then continues in 
the sigmoid mesentery, and after crossing the left iliac ves¬ 
sels, is renamed the superior hemorrhoidal artery. The supe¬ 


rior hemorrhoidal artery descends behind the rectum and 
splits into right and left branches in the mesorectum. The 
middle and inferior hemorrhoidal arteries arise from the 
hypogastric arteries and supply the distal two thirds of the 
rectum. The presence of the middle rectal artery, in particu¬ 
lar, can be variable. A series of arterial arcades along the 
mesenteric border of the entire colon, known as the mar¬ 
ginal artery of Drummond, connect the superior mesenteric 
and inferior mesenteric arterial systems. The marginal artery 
may be attenuated or absent at the distal transverse 
colon/splenic flexure, the delineation between the midgut 
and hindgut, and thus ischemic colitis most commonly 
affects this region. 


Venous Drainage 

The veins that drain the large intestine bear the same termi¬ 
nology and follow a course similar to that of their corre¬ 
sponding arteries (Fig. 63.5). The veins from the right colon 
and transverse colon, along with the veins draining the small 
intestine, drain into the superior mesenteric vein. The supe¬ 
rior mesenteric vein runs slightly anterior to and to the right 
of the superior mesenteric artery. The superior mesenteric 
vein courses beneath the neck of the pancreas, where it joins 
with the splenic vein to form the portal vein. The inferior 
mesenteric vein drains blood from the left colon, sigmoid 
colon, rectum, and superior anal canal. The inferior mesen¬ 
teric vein ascends over the psoas muscle in a retroperitoneal 
plane. The vein courses under the body of the pancreas to 
drain into the splenic vein. During an anterior resection of the 
rectum, division of the inferior mesenteric vein at the inferior 
border of the pancreas can provide additional mobility of the 
left colon to facilitate a coloanal anastomosis. The superior 
and middle hemorrhoidal veins drain blood from the rectum 
into the portal system via the inferior mesenteric vein. The 
inferior hemorrhoidal veins drain blood from the lower rec¬ 
tum and anal canal into the systemic venous circulation via 
the internal iliac veins. In the setting of portal hypertension, 
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FIGURE 63.5. Venous drainage of the colon by the portal vein. 
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the superior, middle, and inferior hemorrhoidal veins interact 
to shunt venous blood from the portal system into the sys¬ 
temic circulation. 


Lymphatic Drainage 

Lymphatic drainage generally follows the arterial blood supply 
Q of the colon and rectum. In the anal canal, lesions above the 
dentate line drain into the inferior mesenteric lymph nodes. 
Lesions below the dentate line drain into the internal iliac 
lymph nodes, but can also drain into the inferior mesenteric 
lymph nodes. 


Neural Components 

The colon possesses extrinsic and intrinsic (enteric) neuronal 
systems. The extrinsic system consists of sympathetic and 
parasympathetic nerves that inhibit or stimulate colonic peri¬ 
stalsis, respectively. The sympathetic innervation to the right 
colon originates from the lower thoracic segments of the spinal 
cord and travels in the thoracic splanchnic nerves to the celiac 
and superior mesenteric plexuses. Postganglionic fibers emerge 
from here and course along the superior mesenteric artery and 
its branches to the right side of the colon. The parasympathetic 
nerves originate from the right vagus nerve and travel along 
with the sympathetic nerves to the right side of the colon. The 
left side of the colon and the rectum receive sympathetic fibers 
that arise from LI through L3 segments of the spinal cord. The 
parasympathetic supply to the left side of the colon and the 
rectum comes from S2 through S4 spinal cord segments. 

The intrinsic, or enteric, nervous system consists of two 
groups of plexuses that are identified by their location within 
the colon wall. This system can function independently of the 
central nervous system and controls motility and exocrine 
and endocrine functions of the gut, and is involved in intesti¬ 
nal immune regulation and inflammatory responses. The 
Meissner plexus is located in the submucosa between the 
muscularis mucosae and the circular muscle of the muscu- 
laris propria and is important in secretory control. The 
myenteric plexus, also known as the Auerbach plexus , is 
located between the inner circular muscle and outer longitu¬ 
dinal muscle layers of the colon and primarily controls 
intestinal motility. 4 


PHYSIOLOGY 


Absorption 

The colon absorbs water, sodium, and chloride and secretes 
potassium and bicarbonate. The physiologic control of colonic 
water and electrolyte transport requires careful integration of 
neural, endocrine, and paracrine components. Although 
colonic epithelium does not actively absorb glucose or amino 
acids as the small-intestinal epithelium does, the colon does 
absorb short-chain fatty acids and vitamins that are produced 
by bacterial breakdown of nonabsorbed sugars and amino 
acids. These short-chain fatty acids, which include acetate, 
butyrate, and propionate, are absorbed in a concentration- 
dependent fashion. They are a major energy substrate for 
colonic epithelial cells and represent the major fecal anions. 5 

Approximately 1,500 mL of ileal effluent reaches the cecum 
in a 24-hour period, 90% of which is reabsorbed in the colon; 
100 to 150 mL of water remains in stool. The colon has a 
tremendous capacity that allows it to absorb as much as 5 to 6 
L of water within a 24-hour period. When colonic capacity is 
exceeded, diarrhea results. 6 Normally formed feces consist of 


70% water and 30% solid material. Almost half of the solid 
material is made up of bacteria and the other half is composed 
of undigested food material and desquamated epithelium. 
Water absorption in the colon is a passive process that depends 
primarily on the osmotic gradient established by the active 
transport of sodium across the colonic epithelium. The compo¬ 
sition of ileal effluent and luminal flow rates also play an impor¬ 
tant role in water absorption. Upsetting the balance of these 
three factors results in diarrhea. The absorptive capacity is not 
the same throughout each segment of the colon. Salt and water 
absorption is greatest in the right colon. Patients undergoing a 
right hemicolectomy should therefore be counseled preopera- 
tively that they may experience loose bowel movements in the 
early postoperative period. Patients should also be reassured 
that this will resolve with time as the remaining colon adapts. 

Sodium absorption by the colonic epithelium is an active 
cellular transport process similar to that seen in small-intesti¬ 
nal and renal epithelial cells. 7 Initially, sodium absorption 
involves the passive movement of sodium across the apical 
membrane into the mucosal cell down an electrochemical gra¬ 
dient. To maintain an adequate electrochemical gradient, 
intracellular sodium is removed from the cell into the intersti¬ 
tial space in exchange for potassium. This is an energy-depen- 
dent process that is controlled by Na + -K + -adenosine triphos¬ 
phatase (ATPase). Mineralocorticoids (predominantly 
aldosterone) and glucocorticoids accelerate sodium absorption 
and potassium excretion in the colon by increasing Na + -K + - 
ATPase activity. 8 Potassium movement into the colonic lumen 
is primarily a passive process that depends on the electro¬ 
chemical gradient generated by the active transport of sodium 
across colonic epithelial cells. Chloride absorption in the colon 
is generally thought to be an energy-independent process that 
is associated with reciprocal exchange for bicarbonate at the 
luminal border of the mucosal cell. 9 


Colonic Flora 


The bacterial flora of the colon is established soon after birth 
and depends in large part on dietary and environmental fac- 
^ tors. The colon is populated by approximately 10 13 commen¬ 
sal bacteria. 10 The vast majority of the normal colonic flora 
consists of anaerobic bacteria, with Bacteroides species being 
most prevalent, particularly B. fragilis. 11 Aerobic colonic 
bacteria are mainly coliforms and enterococci, with 
Escherichia coli being the most predominant coliform. The 
colonic flora is important for (a) digestion and absorption of 
complex macromolecules, (b) protecting the colon against 
invasion by noncommensal bacteria, and (c) development of 
mucosal immunity. Fermentation of carbohydrates generates 
short-chain fatty acids, including butyrate, which is the pri¬ 
mary nutrient for the colonic mucosa. Colonic bacteria also 
produce certain vitamins, such as vitamin K and B 12 , which 
are absorbed by the host. The enterohepatic circulation of 
bilirubin and bile acids depends on bacterial enzymes pro¬ 
duced by fecal flora. The degradation of bile pigments by 
colonic bacteria gives stool its characteristic brown color. 
Colonic bacteria also play an important role in preventing 
infection by controlling the growth of potentially pathogenic 
bacteria such as Clostridium difficile. 

Host and colonic flora have a mutualistic relationship; how¬ 
ever, disturbances of this coexistence can lead to human disease. 12 
3 Dysregulation of the flora has been implicated in the pathogene¬ 
sis of inflammatory bowel disease and, to a lesser extent, colorec¬ 
tal cancer. In animal studies, mice with certain immune deficien¬ 
cies that make them prone to colitis fail to develop colitis when 
raised under germ-free conditions. Analysis of the microbiota of 
patients with inflammatory bowel disease revealed markedly dif¬ 
ferent flora compositions in ulcerative colitis, Crohn disease, and 
healthy control patients. Similarly, certain genetically altered mice 
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with a propensity to develop colorectal cancer fail to develop 
tumors in germ-free conditions. Although studies of human flora 
and colorectal cancer are limited, preliminary studies have raised 
interest in modulating the colonic flora as a way to treat and/or 
prevent colitis and other diseases of the colon. 


Colonic Motility 

Motor activity varies greatly throughout the colon. There are 
two patterns of colonic motility: segmental contractions, 
which are single or clustered contractions, and propagated 
activity, which is either high-amplitude propagated contrac¬ 
tions (HAPCs) or low-amplitude propagated contractions 
(LAPCs). Segmental contractions are intermittent contractions 
of the longitudinal and circular muscles that result in the seg¬ 
mented appearance of the colon. 13 These contractions propel 
luminal contents in a back-and-forth pattern over short dis¬ 
tances, slowing aboral transit and allowing for water reab¬ 
sorption. 14 Propagated activity consists of strong, propulsive 
contractions of the smooth muscle that involve a long segment 
of colon. 15 The LAPCs move luminal contents forward at a 
rate of 0.5 to 1.0 cm/s and typically last for 20 to 30 seconds. 13 
HAPCs occur three to four times per day, primarily after 
awakening, exercise, and after meals. 

The orderly progression of colonic luminal contents from 
cecum to anus requires the coordination of smooth muscle 
contractions. Calcium-dependent cyclic depolarization and 
repolarization of the colonic smooth muscle cell membrane 
generates a basic electrical pattern of slow-wave activity. This 
activity allows each smooth muscle cell to control its own con¬ 
traction and to couple with adjacent smooth muscle cells. 16 
The extrinsic (autonomic) and intrinsic (enteric) neuronal sys¬ 
tems also interact to influence colonic motility. 


Defecation 


As the fecal mass enters the rectum, the internal anal sphinc¬ 
ter relaxes while the external anal sphincter contracts to 
maintain continence. Distention of the rectum in this setting is 
the primary stimulus for defecation to begin. At this point, the 
urge to defecate may be suppressed by conscious contraction 
of the external anal sphincter. Receptive relaxation of the rec¬ 
tal ampulla accommodates the fecal mass and the urge to 
defecate passes unless the volume of feces is extremely large 
or the sphincter mechanism is impaired. If the subject volun¬ 
tarily accedes to the urge to defecate, a Valsalva maneuver 
occurs, which increases the intra-abdominal pressure to over¬ 
come the resistance of the external anal sphincter. Relaxation 
of the pelvic muscles causes the pelvic floor to descend and the 
anorectal angle to straighten. Conscious inhibition of the 
external anal sphincter then allows passage of the feces. On 
completion, the pelvic floor returns to its resting position and 
the anal sphincter muscles return to their resting activity, clos¬ 
ing the anal canal. Under normal circumstances, this process 
occurs once every 24 hours; however, the interval between 
bowel movements may vary between 8 and 12 hours and 2 to 
3 days in normal subjects. The frequency of defecation is 
influenced by multiple environmental and dietary factors. 


DISORDERS OF COLONIC 
MOTILITY 


Constipation 

Constipation is common and may affect up to 15% of peo¬ 
ple, but only a portion of affected individuals seek medical 


ITABLE 63.1 

DIAGNOSIS | 

ROME III CRITERIA FOR THE DIAGNOSIS 
OF CONSTIPATION 



Two or more of the following: 

Straining in >25% of bowel movements 

Incomplete evacuation of the rectum in >25% of bowel 
movements 

Hard stool consistency in >25% of bowel movements 
Three or fewer bowel movements weekly 
Manual maneuvers in >25% of bowel movements 

Sensation of anorectal obstruction in >25% of bowel 
movements 

Do not meet the criteria for irritable bowel syndrome 
Loose stools rarely present without the use of laxatives 


From Longstreth GF, Thompson WG, Chey WD, et al. Functional 
bowel disorders. Gastroenterology 2006;130(5):1480-1491. 


help. 17 Colorectal surgeons, gastroenterologists, gynecolo¬ 
gists, and family medicine physicians are frequently called 
upon to treat constipation. 18 To evaluate constipation, the 
clinician must ask focused questions about bowel function. 
Constipation can mean infrequent bowel movements, strain¬ 
ing, or hard stools. The Rome criteria were developed to 
help standardize the diagnosis (Table 63.1). Constipation 
can be caused by lifestyle choices, side effects of medications 
taken for other reasons, medical conditions, structural 
abnormalities of the colon, pelvic floor dysfunction, and 
colonic inertia (Table 63.2). Evaluation of the constipated 
patients includes a thorough history, a physical examination 
including a rectal exam, and evaluation for sources of pelvic 
floor dysfunction such as rectocele. Colonoscopy may be 
necessary to eliminate a structural bowel obstruction as the 
cause of constipation. 

After eliminating medication-related or metabolic causes 
of constipation and in the absence of systemic symptoms, it 
may be practical to initiate medical therapy before proceed¬ 
ing with radiologic testing for rare conditions such as colonic 
dysmotility or pelvic floor dysfunction. The goal of first-line 
medical therapy is to increase stool bulk and physical activ¬ 
ity. Fiber intake should be increased to 20 to 30 g/d. To 
achieve this recommended daily amount, fiber supplementa¬ 
tion with either psyllium or methylcellulose is frequently 
required. At least eight glasses of water should be ingested 
daily. Fiber and water intake increases stool bulk, and bulky 
bowel movements stimulate colonic motility. If fiber, water, 
and exercise do not relieve constipation, then laxatives 
should be added to the regimen. Laxatives can be divided 
into different categories by mechanism of action (Table 
63.3). Osmotic laxatives are usually the first-line treatment 
for severe constipation. Long-term use of laxatives, which 
irritate the colon, should be avoided, however, because they 
can actually impair colon function. Melanosis coli, a dark 
discoloration of the colonic mucosa seen on colonoscopy, is a 
sign of frequent laxative use. 

Some patients whose constipation does not respond to 
standard medical therapy will be found to have slow-transit 
constipation or pelvic floor dysfunction, both of which require 
radiologic studies for diagnosis. The most common technique 
for evaluating colonic transit is a Sitz marker study (Fig. 63.6). 
To complete this test, all laxatives must be stopped 48 hours 
before the study. On day 0, a set number of radiopaque markers 
are ingested; an abdominal radiograph is obtained on day 1 to 
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ITABLE 63.2 

ETIOLOGY ■ 

■ TABLE 63.3 

TREATMENT | 

CAUSES OF CONSTIPATION 


LAXATIVES 



LIFESTYLE 
Inadequate fluid intake 
Inadequate fiber intake 
Inactivity 
Laxative abuse 


MEDICATIONS 

Anticholinergics 
Antidepressants 
Antihypertensive medications 
Iron 

Narcotics 


MEDICAL CONDITIONS 

Spinal cord dysfunction 
Multiple sclerosis 
Diabetes mellitus 
Hypothyroidism 
Uremia 

Hypercalcemia 
Electrolyte abnormality 
Depression 
Anorexia 
Sexual abuse 


COLON ABNORMALITY 

Cancer 

Crohn disease 
Chagas disease 
Irradiation 


PELVIC FLOOR DYSFUNCTION 

Nonrelaxing puborectalis 
Anal stenosis 
Rectocele 


From Longstreth GF, Thompson WG, Chey WD, et al. Functional 
bowel disorders. Gastroenterology 2006;130(5):1480-1491. 


document that the markers were ingested, and again on day 
5 to determine if the markers have been expelled. Normally, 
on day 5, more than 80% of the markers should be evacuated. 
If more than 20% of the markers remain and they are either 
clustered in the right colon or evenly distributed throughout 
the colon, the patient has slow-transit constipation. Outlet 
obstruction is suggested by clustering of the markers in the sig¬ 
moid or rectum. Outlet dysfunction can be further evaluated 
with defecography, a fluoroscopic study of defecation. Slow- 
transit constipation is best treated with surgery, and 
obstructed defecation with biofeedback therapy. 


Postoperative Ileus 


Postoperative ileus is transient impairment of bowel func¬ 
tion after an operation. It is most common in patients after 


Bulking Agents (Soluble Fiber) 
Psyllium (Konsyl, Metamucil) 
Methylcellulose (Citrucel) 

Calcium polycarbophil (FiberCon) 


Colonic Stimulants/Irritants 
Senna (Senokot and Peri-Colace) 
Cascara 

Bisacodyl (Dulcolax) 


Stool Softeners 
Mineral oil 

Docusate sodium (Colace) 


Osmotic Laxatives 
Lactulose 

Polyethylene glycol (MiraLAX) 

Sodium phosphate (Fleets Phosphosoda) 
Magnesium hydroxide (milk of magnesia) 



FIGURE 63.6. Sitz marker study demonstrating colonic inertia. 
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intra-abdominal surgical procedures, particularly colonic 
operations. Clinically, postoperative ileus is manifested by 
abdominal distention and delayed passage of flatus and, less 
Q frequently, by nausea and vomiting. After an abdominal 
operation, the colon usually takes 3 to 5 days to recover, 
whereas the stomach and small bowel resume normal motor 
function more rapidly (1 to 2 days and 1 day, respectively). 19 
In a recent multicenter study, the average length of hospital 
stay after bowel resection was 6.6 days, with 11.5% of 
patients requiring a nasogastric tube for ileus. 20 Postopera¬ 
tive ileus is multifactorial. Surgical and anesthetic technique, 
narcotic use, inactivity, and postoperative infectious compli¬ 
cations all have been implicated in prolonged ileus. Bowel 
manipulation has also been suggested to contribute to the 
development of ileus. 21 The observation that postoperative 
ileus is shorter after minimally invasive surgery adds cre¬ 
dence to this theory. 22 Use of the anesthetic agent halothane, 
as well as opioid analgesics, can prolong postoperative 
ileus. 19 After surgery, systemically administered morphine, 
in addition to binding to /jl opioid receptors in the central 
nervous system and promoting analgesia, binds to periph¬ 
eral fji opioid receptors in the colon and causes nonpropul- 
sive electrical activity that can prolong ileus. 23 

Postoperative ileus lengthens hospital stays, and thereby 
hospital costs. The burgeoning cost of health care has 
renewed the interest in medications to prevent or shorten 
postoperative ileus. Research has focused on new pain man¬ 
agement strategies that minimize systemic narcotics, and 
Q pharmacologic agents to promote intestinal motility. One of 
the most promising strategies is the use of a thoracic 
epidural for postoperative analgesia. The thoracic epidural 
block promotes parasympathetic activity by blunting sym¬ 
pathetic stimulation of the gut. The greatest benefit is seen 
with epidural infusions of local anesthetic (lidocaine or 
bupivacaine), as compared to narcotics. 19 Other benefits of 
using thoracic epidurals in the postoperative period are 
increased mental acuity and better pain control, both of 
which promote early mobility, particularly in elderly 
patients. 24 Currently, alvimopan, an oral medication that 
blocks the /jl opioid receptors in the gastrointestinal tract, is 
the most studied antidote for ileus. A phase III multicenter 
study of patients who had a bowel resection or hysterectomy 
found that alvimopan (12 mg before surgery, then twice a 
day until discharge) decreased hospital stay by 18 hours as 
compared to placebo. 25 With an improved understanding of 
the molecular basis of intestinal motility, we can expect new, 
targeted medications for decreasing postoperative ileus in 
the future. 


Irritable Bowel Syndrome 

Irritable bowel syndrome is defined as abdominal pain that is 
not associated with an anatomic abnormality and may or may 
not be associated with alterations in bowel habits. The causes 
of this disorder are uncertain. Emotional stress and psychiatric 
illness have been implicated in the pathogenesis of the disorder 
and may exacerbate symptoms. 26 Physiologic abnormalities 
have also been demonstrated, as has abnormal colonic motil¬ 
ity in response to an ingested meal. 27 Altered myoelectric activ¬ 
ity and abnormal gut hormone secretion have also been cited 
as potential causes. 

Because no one, clear cause of irritable bowel syndrome 
has been demonstrated, no specific treatment regimen has 
been defined for this disorder. Most patients have asympto¬ 
matic periods interrupted by intervals of symptoms. The 
approach to treatment begins with an evaluation of the fac¬ 
tors associated with irritable bowel syndrome. Diagnosis 
and treatment of an underlying psychiatric problem may 
resolve the patient’s symptoms. A detailed dietary history 


should also be taken, and factors that contribute to consti¬ 
pation or diarrhea should be adjusted appropriately. If these 
management strategies are not successful, gradually intro¬ 
ducing anticholinergic medications may be helpful. Anti¬ 
cholinergic agents can reduce the rate of myoelectric activity 
and decrease tonic contractions in the colon, thereby reliev¬ 
ing the cramping and bloating that many patients experi¬ 
ence. Low doses of tricyclic antidepressants, including 
imipramine, amitriptyline, and nortriptyline, often decrease 
or eliminate abdominal symptoms. Constipation is known 
to be one major side effect of these agents, which may be 
helpful in patients with irritable bowel syndrome and under¬ 
lying diarrhea, but a problem in patients with preexisting 
constipation. The myriad treatment options described for 
irritable bowel syndrome underscores the poor understand¬ 
ing of this clinical entity. 


Colonic Pseudo-obstruction 


Colonic pseudo-obstruction, also known as Ogilvie syndrome , 
is massive dilation of the colon without an actual mechanical 
obstruction. In 1948, Ogilvie described two patients with 
colonic pseudo-obstruction from malignant infiltration of the 
celiac plexus that he postulated led to sympathetic inhibition. 28 
In the intestine, stimulation of the sympathetic nervous system 
decreases intestinal motility, whereas activation of the parasym¬ 
pathetic nervous system promotes contractility. Colonic 
pseudo-obstruction results from an imbalance in the autonomic 
nervous system of the gastrointestinal tract. Various metabolic 
conditions, pharmacologic agents, and traumatic factors can 
alter the balance of the intestinal autonomic nervous system and 
have been associated with colonic pseudo-obstruction. 29 The 
most frequent presenting symptoms are abdominal pain and 
nausea and vomiting. On physical examination, the abdomen is 
distended and tympanic and may be mildly tender when pal¬ 
pated. Marked colonic distention present on an abdominal 
radiograph is the hallmark of the condition (Fig. 63.7). Fever 
and leukocytosis are rare and should raise the concern for per¬ 
foration. 30 First-line management of colonic pseudo-obstruction 
is conservative and consists of nasogastric decompression, ces¬ 
sation of oral feedings, correction of fluid and electrolyte imbal¬ 
ances, and avoidance of narcotics and anticholinergics. If 
abdominal radiographs do not show gas throughout the colon, 
an abdominal computed tomography scan or a Gastrografin 
enema should be considered to rule out a mechanical obstruc¬ 
tion. With conservative measures, colonic pseudo-obstruction 
resolves in more than 75% of cases. When the pseudo-obstruc¬ 
tion persists for more than 6 days and/or the diameter of the 
cecum on abdominal radiograph is greater than 12 cm, the risk 
for cecal perforation increases. 30,31 

Colonic pseudo-obstruction is most commonly seen in 
elderly patients who may have other significant medical con¬ 
ditions, so when free perforation occurs, it can be associated 
with significant morbidity and mortality (up to 40% in one 
study 32 ). In patients whose pseudo-obstruction is not 
responding to conservative therapy but who have no signs of 
peritonitis, 2.5 mg of neostigmine given intravenously over 
2 to 3 minutes has been found to decompress the colon 
promptly in nearly all patients. 33,34 Neostigmine is a 
reversible acetylcholinesterase inhibitor that stimulates the 
intestinal parasympathetic receptors, promoting colonic 
motility. 35 In a randomized controlled study, the pseudo¬ 
obstruction resolved promptly in 10 of 11 patients. 33 If 
neostigmine fails to decompress the colon, another alterna¬ 
tive is decompressive colonoscopy. In one series, 69% of 
patients had resolution of their pseudo-obstruction after 
colonoscopy to remove air. 35 Surgery is reserved for patients 
with obvious peritoneal signs or whose pseudo-obstruction 
has not improved after all forms of nonsurgical therapy. In 






Chapter 63: Colonic and Rectal Anatomy and Physiology 


1025 



FIGURE 63.7. Pseudo-obstruction of the colon (Ogilvie syndrome). 


such patients, when the possibility of cecal perforation is 
high, a cecostomy can be considered. 
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CHAPTER 64 ■ GASTROINTESTINAL MOTILITY 

DISORDERS 

SANDRA A. TAN AND GEORGE A. SAROSI Jr. 


KEY POINTS 


Q Ileus is defined as impairment in the aboral passage of 
intestinal contents secondary to a failure of normal intesti¬ 
nal motility in the absence of an obstructing lesion. Ileus is 
the most common gastrointestinal motility disorder encoun¬ 
tered by surgeons. 

Q Irritable bowel syndrome is a chronic gastrointestinal ill¬ 
ness characterized by frequent unexplained abdominal 
pain associated with bloating and disturbance in normal 
bowel function. 

Q Normal esophageal peristalsis interrupted by simultaneous 
contractions is the hallmark of diffuse esophageal spasm. 
Diabetic gastroparesis may affect 50% of diabetic patients. 

Q Dumping syndrome is a clinically defined spectrum of 
symptoms observed after gastric surgery thought to be a 


consequence of accelerated gastric emptying following 
vagotomy and bypass or destruction of the pylorus. 

Q The most common presenting symptom of gallbladder 
dyskinesia is abdominal pain in the absence of gallstones 
or other structural cause of right upper quadrant pain. 

Q The diagnosis of colonic inertia is established in a chroni¬ 
cally constipated patient with markedly prolonged colonic 
transit time in the absence of anorectal dysfunction. 

Q Acute colonic pseudo-obstruction is a clinical syndrome 
characterized by massive dilation of the colon in the 
absence of mechanical obstruction. The syndrome gener¬ 
ally develops in ill patients hospitalized initially for other 
significant medical problems. 


Orderly progression of a swallowed food bolus from the 
mouth though the entire digestive system and expulsion of the 
residual material remaining after digestion is the normal func¬ 
tion of gastrointestinal motility. Loss of normal gastrointesti¬ 
nal motor activity causes failure of major gastrointestinal 
functions, including absorption of nutrients and fluid and 
secretion of waste products. Although many acute surgical dis¬ 
eases result in secondary failure of gastrointestinal motor func¬ 
tion, the majority of diseases causing primary gastrointestinal 
motor dysfunction are not surgically treated. Because many 
primary motility disorders can present in a similar fashion to 
common surgical diseases, and a few primary motility disor¬ 
ders are surgically treated diseases, surgeons must be familiar 
with gastrointestinal motility disorders. This chapter provides 
a broad overview of gastrointestinal motility disorders with a 
focus on the pathophysiology of motility disturbances. 


DISORDERS AFFECTING THE 
ENTIRE DIGESTIVE TRACT 


Ileus 

^ Ileus is defined as impairment in the aboral passage of intesti- 
nal contents secondary to a failure of normal intestinal motil¬ 
ity in the absence of an obstructing lesion. Ileus is the most 
common gastrointestinal motility disorder encountered by sur¬ 
geons. Broadly defined, there are two major categories of ileus: 
postoperative ileus and ileus related to metabolic abnormali¬ 
ties, drugs, inflammation, or ischemia (Table 64.1). The most 
common etiology of ileus is the postsurgical state, as some 
component of postoperative ileus is associated with essentially 
all major intra-abdominal procedures and many nonabdomi¬ 
nal surgical procedures. 1 

Although the pathophysiology of ileus remains incom¬ 
pletely understood, in recent years the basic mechanisms of 


postoperative ileus have been elucidated. In the immediate 
postoperative period, all three functional segments of the gas¬ 
trointestinal tract, the stomach, small intestine, and colon, dis¬ 
play impaired motility characterized by disorganized electrical 
activity and a lack of coordinated propulsion. 2 Although all 
segments of the gastrointestinal tract are affected by ileus in 
the postoperative period, the duration of the dysmotility varies 
by segment. Small bowel motility normalizes first, often within 
a few hours. 3 Gastric motility usually returns to normal within 
24 to 48 hours, but colonic motility takes 2 to 5 days to nor¬ 
malize, and it is this functional segment that contributes most 
to the clinical effects of postoperative ileus. 4,5 

The pathophysiologic mechanisms underlying postopera¬ 
tive ileus are multifactorial. Three major contributing factors 
are spinal and local sympathetic reflexes, local and systemic 
inflammatory mediators, and exogenous factors including opi¬ 
oid analgesics and electrolyte disturbances. The role of spinal 
and sympathetic reflexes in ileus has been investigated in ani¬ 
mal models, in which interventions such as spinal cord tran¬ 
section or pharmacologic neuronal depletion have been shown 
to decrease the duration of postoperative ileus. 6 These animal 
observations have been confirmed in human studies, which 
demonstrate that interruption of gastrointestinal tract spinal 
reflexes with epidural local anesthetics significantly reduces 
the duration of postoperative ileus. 7 Multiple neurotransmit¬ 
ters intrinsic to the enteric nervous system may play a role in 
regulating gastrointestinal motility in the postoperative 
period. Nitric oxide, vasoactive intestinal polypeptide (VIP), 
and substance P reduce intestinal motility and have been 
linked to postoperative ileus in animal studies. 8,9 In contrast, 
both motilin and ghrelin promote motility during the resolu¬ 
tion of postoperative ileus in both humans and animals. 10,11 

Local inflammation and systemic inflammatory mediators 
play an important role in postoperative ileus. Animal studies 
have demonstrated that surgical manipulation results in the 
accumulation of inflammatory cells in the muscular layer of 
the small intestine and that the degree of inflammation 
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TABLE 64.1 ETIOLOGY 


CAUSES OF ILEUS 

Abdominal surgery 
Electrolyte abnormalities 
Drugs 

Intra-abdominal inflammation 
Retroperitoneal trauma or inflammation 


correlates with the degree of manipulation. In elegant animal 
studies, investigators have demonstrated that this infiltrate 
results in muscular dysfunction and jejunal dysmotility and 
that the inhibition of leukocyte infiltration reduces ileus. 12 The 
correlation between intestinal inflammatory cell infiltration 
and the degree of bowel manipulation may help explain the 
reduction in postoperative ileus observed with laparoscopic 
surgical approaches. Elevated serum levels of inflammatory 
cytokines such as interleukin-1 (IL-1) and IL-6 are seen in the 
postoperative period and may also be associated with 
decreased gastrointestinal function. 13 

Opioid analgesics are the mainstay of postoperative pain 
control and have a powerful influence on gastrointestinal 
motility through actions on peripheral opioid receptors found 
throughout the gastrointestinal tract. 14 Opioid analgesics have 
been shown to directly inhibit gastric, small bowel, and 
colonic motility, and limited narcotic use reduces postopera¬ 
tive colonic dysmotility in humans. 15,16 Electrolyte abnormali¬ 
ties are common in patients dependent on intravenous fluids 
for hydration, and one study has linked hypokalemia with 
prolonged postoperative ileus and demonstrated resolution of 
ileus with potassium therapy. 17 

Preventing ileus or reducing its duration has enormous 
potential to reduce health care expenditures and improve 
patient comfort in the perioperative period. Although no sin¬ 
gle treatment exists that can eliminate postoperative ileus, 
there are several interventions that may shorten the duration 
of this motility disorder. The two most effective interventions 
are thoracic epidural analgesia with local anesthetics and min¬ 
imally invasive surgical approaches. Six of eight randomized 
trials comparing the effects of epidural analgesia to systemic 
opiates on postoperative ileus demonstrate a statistically sig¬ 
nificant reduction in the duration of ileus with epidural anal¬ 
gesia, with a typical effect size of 1 to 2 fewer days of ileus. 7 
This effect is observed with epidural local anesthetics but not 
with epidural narcotics. Laparoscopic surgery appears to 
reduce the duration of postoperative ileus by reducing the 
amount of bowel manipulation and intraperitoneal inflamma¬ 
tory response. Four of six randomized trials comparing 
laparoscopic with open colectomy have shown a significant 
decrease in postoperative ileus with a typical effect size of 
24 hours. 7 

Multiple pharmacologic interventions have been studied 
including promotility agents such as metoclopramide, ery¬ 
thromycin, and cisapride; adrenergic blockade; parasympath¬ 
omimetic agents; and opiate antagonists. Of these agents, only 
cisapride, which is no longer available in the United States, 
and the peripheral opiate antagonist alvimopan (Entereg) have 
been shown to reduce the duration of postoperative ileus. 18 
Nonpharmacologic measures that show promise in reducing 
postoperative ileus include early enteral feeding, sham feeding, 
and gum chewing. These interventions have not been proven 
to have benefit in large randomized trials; however, meta¬ 
analysis of small trials suggests that gum chewing can reduce 
the duration of postoperative ileus after open colectomy by 1 
day. 19 Standard interventions such as early ambulation and 
nasogastric decompression have no effect or prolong postoper¬ 


ative ileus when careful studies are performed, despite being 
considered standard of care. 20 Multimodality therapy, combin¬ 
ing several interventions, shows promise in reducing postopera¬ 
tive ileus, but systematic studies have not yet been performed. 


Irritable Bowel Syndrome 

Irritable bowel syndrome (IBS) is a chronic gastrointestinal ill- 
Q ness characterized by frequent unexplained abdominal pain 
associated with bloating and disturbance in normal bowel 
function. Although in the strictest sense not a gastrointestinal 
motility disorder, IBS is associated with many of the symptoms 
of gastrointestinal motility disorders, and patients with IBS 
have alterations in gastrointestinal motor function. IBS is a 
common disorder with an estimated prevalence of 12% in 
adults in the United States. The peak incidence of the disease is 
in the second through fifth decades of life, and it is rare in 
patients older than age 50 years. There is a 2:1 female-to-male 
predominance. 21 The combination of abdominal pain in asso¬ 
ciation with constipation, diarrhea, or alternating constipation 
and diarrhea that does not fit the pattern of a conventional 
gastrointestinal disorder should lead to consideration of the 
diagnosis of IBS. No single test can diagnose IBS; rather, the 
condition is diagnosed by the presence of specific symptoms 
known as the Rome III criteria (Table 64.2) in the absence of 
other organic diseases. 22 

IBS is characterized by abnormal patterns of small bowel 
and colon electrical activity known as discrete clusters of con- 
tractionsP Rather than representing a true gastrointestinal 
motility disorder, these patterns are thought to be an exagger¬ 
ation of the normal intestinal stress response. 24 Patients with 
IBS also have increased visceral sensitivity to bowel distention, 
and are more likely to perceive this distention as a noxious 
stimulus than normal controls. 25 This combination of height¬ 
ened sensitivity associated with an exaggerated intestinal 
motility response to stress is thought to explain the symptoms 
of IBS. The cause of the heightened sensitivity to visceral stim¬ 
ulation is not clear, but inflammation triggered by infection, 
the postoperative state, or perhaps food allergies may play a 
role. 26 

The treatment of IBS is directed at symptomatic control. 
Importantly for surgeons, patients with IBS appear to have 
higher rates of common surgical procedures such as cholecys¬ 
tectomy, hysterectomy, and appendectomy than patients with¬ 
out the diagnosis of IBS. 27 The reasons for this observation are 
not clear. Three possible explanations include the overlap of 
IBS symptoms with the symptoms of surgically treated diseases, 
increased health-seeking behavior in IBS patients, and the abil¬ 
ity of postsurgical inflammation to create visceral sensitization. 


TABLE 64.2 DIAGNOSIS 


ROME III DIAGNOSTIC CRITERIA FOR IRRITABLE 
BOWEL SYNDROME 

Recurrent abdominal pain or discomfort at least 3 d per 
month in the last 3 mo associated with two or more of the 
following: 

Improvement with defecation 

Onset is associated with a change in stool frequency 
Onset is associated with a change in stool appearance 

The criteria must be fulfilled for the last 3 mo with symptom 
onset at least 6 mo prior to diagnosis 

Adapted from Longstreth GF, Thompson WG, Chey WD, et al. 
Functional bowel disorders. Gastroenterology 2006;130:1480-1491. 
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For these reasons, rigorous attention to surgical indications in 
patients with IBS symptoms is critical. 

Dietary modification and teaching patients to more effec¬ 
tively manage stressful life events that trigger symptoms are 
the usual starting points of therapy. Psychotherapy, including 
cognitive-behavioral therapy, has been shown to be beneficial. 
Management of constipation with fiber therapy and diarrhea 
with antidiarrheal agents is helpful. Antispasmodic agents may 
reduce pain symptoms, although they do not appear to affect 
motility disturbances. 21 Tricyclic antidepressants appear to 
control motility disturbances in selected patients. This effect is 
independent from antidepressant actions, as serotonin reup¬ 
take inhibitors have not been shown to be effective. 28 Two 
serotonin axis agents, the serotonin-3 receptor antagonist 
alosetron and the serotonin-4 agonist tegaserod, have been 
shown to be beneficial in diarrhea-predominant and constipa¬ 
tion-predominant IBS, respectively. 29,30 


DISORDERS AFFECTING 
SPECIFIC ORGANS 


Esophagus 

Achalasia. The term achalasia is derived from the ancient 
Greek cbalasis , or relaxation; thus acbalasis , failure to relax. 
This word describes the characteristic motility disorder of 
achalasia: failure of the lower esophageal sphincter (LES) to 
relax. 31 Hypermotility of the body of the esophagus is usually 
the initial response to the functional obstruction of the LES, 
eventually resulting in hypomotility and aperistalsis. When the 
esophageal body becomes aperistaltic, the viscus becomes a 
large pouch in which food remains for days with minimal tran¬ 
sit to the stomach. Achalasia is a rare disorder, with an inci¬ 
dence in the Western world of 0.5 to 1.1 per 100,000. 32 Acha¬ 
lasia can occur at any age, and both sexes are equally affected. 
Symptoms are the hallmarks of the disease; dysphagia is the 
predominant symptom, with dysphagia for solid food present 
in more than 50% of patients and dysphagia for liquids pres¬ 
ent in two thirds of cases. The combination of dysphagia to 
both liquids and solids is more suggestive of functional disease 
rather than anatomic obstruction such as a stricture or tumor. 
The symptoms of dysphagia typically plateau over time, as 
patients learn to alleviate symptoms and improve esophageal 
function with postural maneuvers or other strategies that 
increase intraesophageal pressure and promote esophageal 
emptying. 

Approximately 50% of achalasia patients complain of chest 
pain. The relationship of pain to esophageal function is unclear 
as improvement of esophageal emptying does not necessarily 
ameliorate pain. Regurgitation occurs in 76% of patients and is 
associated with aspiration of esophageal contents and pul¬ 
monary complications in 10%. Heartburn symptoms are noted 
in roughly 50% of patients. Weight loss usually occurs late in 
the course of achalasia. The clinical presentation of achalasia is 
often subtle in early-stage disease but may be dramatic in the 
decompensated phases of the disease. 33 

A barium swallow study is an appropriate initial test in a 
patient with suspected achalasia. Abnormal or absent clearance 
of the barium bolus is seen, particularly in the recumbent posi¬ 
tion. In achalasia, relaxation of the LES fails to occur with 
swallowing, causing radiographic findings resembling a “bird’s 
beak.” In the late phases of the disease, a dilated esophagus is 
commonly present. An epiphrenic diverticulum proximal to the 
LES can be seen in this disease. Its size may vary, and its pres¬ 
ence may make diagnostic tests difficult. Esophageal manome¬ 
try reveals failure of the LES to completely relax in more than 
85% of patients with achalasia, often associated with aperi¬ 
stalsis of the esophageal body, and is used as an important 
confirmatory test in the diagnosis of achalasia. 33 Recent work 


suggests that high-resolution esophageal manometry may be 
an even more sensitive test for achalasia than traditional 
manometry. 34 

The etiology of primary achalasia is not understood; sev¬ 
eral mechanisms have been postulated including immunologic, 
infectious, and genetic causes. 35 Dysfunction of inhibitory neu¬ 
rons containing nitric oxide and VIP innervating the LES and 
proximal portion of the stomach is postulated to be the major 
mechanism underlying the motor dysfunction of achalasia. 
Neural degeneration with resultant denervation of the smooth 
muscle segment of the esophagus has been demonstrated in 
patients with achalasia. 36 An autoimmune or inflammatory 
mechanism is suggested by the presence of T lymphocytes infil¬ 
trating degenerating nervous fibers. 37 Recent work demon¬ 
strates that the lymphocytes infiltrating the LES in achalasia 
patients are enriched for cytotoxic lymphocytes and that a 
larger than expected proportion of these lymphocytes target 
herpes simplex virus (HSV) antigens, suggesting that achalasia 
may be an autoimmune response to HSV-1 antigens. 38 Patients 
with achalasia exhibit exaggerated LES contractions in 
response to acetylcholine and cholecystokinin (CCK), a classic 
deinnervation response, suggesting that lack of inhibitory neu¬ 
rons is the primary defect. 39 Loss of regulatory inhibition of 
the sphincter tone results in failure of the LES to relax. Failure 
of the LES to relax and high resting LES pressure create a func¬ 
tional esophageal obstruction. Over time, this obstruction 
results in failure of the muscles of the esophageal body with 
esophageal dilation and aperistalsis. Muscle from the LES in 
patients with achalasia does not relax compared to muscle 
from normal individuals. 40 

Restoration of normal motility in the damaged esophagus 
is not possible and normal peristalsis and LES relaxation are 
not achievable with any therapeutic modality. All treatment 
options are targeted at reducing pressure across the LES, which 
will facilitate esophageal transit by gravity. Reduction of pres¬ 
sure across the LES can be achieved by surgical myotomy, 
pneumatic dilation, or pharmacologic agents; the choice of 
treatment depends on the patient’s comorbid medical conditions. 
Because surgical myotomy is the most effective method to pro¬ 
vide long-term pressure reduction across the LES, this treat¬ 
ment modality should be offered to patients who are good 
surgical candidates. 41 Anterior esophageal myotomy is carried 
out across the esophageal sphincter and should be extended a 
few centimeters along the anterior gastric wall. Because 
myotomy destroys the LES in the setting of hypomotility of the 
esophageal body, inadequate esophageal acid clearance is a 
potential source of uncontrolled gastroesophageal reflux. 
Whether an antireflux procedure should be combined with 
esophageal myotomy remains controversial. 42 Myotomy and 
fundoplication (Dor, Toupet, or loose Nissen techniques) is usu¬ 
ally done laparoscopically through the abdomen. Residual gas¬ 
troesophageal reflux has been reported in 10% to 40% of 
patients treated in this way and overall results are satisfactory in 
80% to 100% of the patients. 

The most effective nonsurgical treatment of achalasia is 
pneumatic dilation. The goal of this treatment is to “rupture” 
the LES. This result is obtained with inflation of a balloon 
across the LES tearing the muscle fibers of the sphincter. The 
balloons have different sizes (3.0, 3.5, and 4.0 cm), and clini¬ 
cal response is directly proportional to the size of the balloon 
used for dilation. The procedure can be done on an outpatient 
basis with minimum discomfort to the patient. With pneu¬ 
matic dilation, 1-year treatment success rates of greater than 
80% are reported, but by 10 years the rate of dysphagia con¬ 
trol falls to 61%. Up to 64% of patients require multiple dila¬ 
tions to achieve long-term symptom control. 41 Esophageal 
perforation is the main complication, with an incidence of 
about 2%. 

Muscle relaxants such as calcium channel blockers or sub¬ 
lingual isosorbide dinitrate can be used before meals or to 
relieve symptoms. The efficacy of these medications is variable 
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Pt with Achalasia 


Low surgical risk 

I 


Younger Pt or 
poor compliance 


Laparoscopic 
Heller Myotomy 


Compliant Pt 
good F/U 


Balloon dilation 


High surgical risk 


1. Smooth muscle relaxants 

2. Botulinum toxin 


If unsuccessful 
consider 


ALGORITHM 64.1 


ALGORITHM 64.1. A proposed approach to the patient with achalasia. Pt, patient; F/U, follow-up. (Adapted from Richter JE. Oesophageal 
motility disorders. Lancet 2001;358:823-828.) 


and usually decreases with prolonged use. 43 Injection of botu- 
linum toxin into the LES is a relatively new nonsurgical 
approach for the treatment of achalasia. Botulinum toxin 
inhibits the release of acetylcholine from nerve terminals, coun¬ 
teracting the effect of loss of the inhibitory neurotransmitters. 
This treatment has an initial reported efficacy rate of about 80% 
to 85%. Unfortunately, symptom recurrence occurs in more 
than 50% of patients within 6 months. 44 Receptor regeneration 
has been postulated as the main cause of failure after botulinum 
toxin injection. Some authors reported that myotomy can be 
more difficult and less effective after botulinum toxin injection. 45 
Patient selection is extremely important when considering this 
type of treatment for achalasia (Algorithm 64.1). Patients with 
vigorous achalasia and older patients have been reported to 
have a prolonged response. 

Improvement of symptoms is clinically used to evaluate the 
efficacy of pneumatic dilation or surgical myotomy. Symptom 
scores are not necessarily correlated with improvement in 
esophageal emptying; one third of patients have poor esophageal 
emptying despite symptomatic improvement. 46 Long-term 
patient follow-up has shown that good esophageal emptying is 
associated with better long-term results. Manometric or radio- 
logic studies may help to define objective improvement in 
esophageal body motility and transit through the manipulated 
LES. 

@ Diffuse Esophageal Spasm. Normal esophageal peristalsis 
interrupted by simultaneous contractions is the hallmark of dif¬ 
fuse esophageal spasm. Roughly 3% to 5% of patients assessed 
for esophageal motility disorders have diffuse esophageal spasm. 
Diffuse esophageal spasm can affect patients at any age but is 
more common in those older than 50 years. The typical symp¬ 
toms of diffuse esophageal spasm are chest pain and dysphagia. 
The chest pain of diffuse esophageal spasm is similar to cardiac 
angina and may respond to nitrites; however, this symptom is 
usually not related to exertion and is often associated with 
meals. Intermittent, nonprogressive dysphagia to liquids and 
solids that can be precipitated by rapid eating, extreme food 
temperatures, heartburn, and stress is also commonly noted 
with diffuse esophageal spasm. An association of diffuse 
esophageal spasm with IBS, urinary disturbances, and sexual 
dysfunction has been reported. 47 Manometry is the diagnostic 
test of choice for the diagnosis of diffuse esophageal spasm. The 
manometric findings are consistent, intermittent simultaneous 


contractions mixed with normal peristalsis and the presence of 
simultaneous contractions after 20% or more of wet swallows. 47 
Newer work using combined manometry and intraluminal 
impedance monitoring (Mil) shows that patients with diffuse 
esophageal spasm appear to segregate into two groups, those 
with effective peristalsis and those without effective peristalsis. 
Although there are limited data, using Mil may play a role in 
selecting patients with diffuse esophageal spasm who may 
respond to surgical therapy 48 

The pathophysiology of diffuse esophageal spasm is 
unclear, but neural dysfunction has been suggested. Patients 
with diffuse esophageal spasm are more sensitive to hormonal 
and cholinergic stimulations, which cause esophageal contrac¬ 
tions. Defects in inhibitory neural circuits have been impli¬ 
cated with a possible decrease in nitric oxide synthesis. 49 Gas¬ 
troesophageal reflux and stress can produce diffuse esophageal 
spasm, and some patients with diffuse esophageal spasm 
develop achalasia, suggesting that dysfunction of inhibitory 
motor circuits may be a common pathogenetic mechanism to 
both disorders. 

Diffuse esophageal spasm is a nonprogressive disorder, and 
treatment is predominately directed at symptomatic control. 
Because there are many nonesophageal causes of chest pain, 
and the relationship between esophageal dysmotility and chest 
pain can be difficult to confirm, it is critical to exclude these 
problems before embarking on a course of therapy for dys- 
motility-induced chest pain. Unrecognized gastroesophageal 
reflux disease (GERD) can be an important cause of esophageal 
spasm, so initial therapy should consist of a trial of proton 
pump inhibitors. If empiric GERD therapy does not improve 
symptoms, direct treatment of the esophageal motor disorder 
should be undertaken. 48 Two pharmacologic approaches have 
been utilized, smooth muscle relaxants such as nitrates and 
calcium channel blockers, and chronic pain control with anti¬ 
depressant medication. No randomized trials support the use 
of nitrates, although uncontrolled studies suggest they help 
with chest pain symptoms. Three small, randomized trials of 
calcium channel blockers have shown that despite significant 
manometric changes, calcium channel blockers were no more 
effective than placebo in reducing chest pain. 50 Both tricyclic 
antidepressants and trazodone have shown benefits in symp¬ 
tom relief without improvements in manometric findings in 
randomized controlled trials. 51 Despite these disappointing 
results, long-term follow-up of pharmacologically treated 
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patients suggests that most patients improve with reassurance. 
For patients with refractory symptoms, nonrandomized case 
series suggest that thoracoscopic and/or laparoscopic 
esophageal myotomy can result in good long-term symptom 
control when performed by experienced esophageal sur¬ 
geons. 52 

Esophageal Hypermotility. High-pressure contractions in 
the esophageal body have been described as “nutcracker esoph¬ 
agus.” High resting pressure in the LES is labeled as hyperten¬ 
sive LES. These entities have been grouped as a syndrome of 
spastic esophagus or esophageal hypermotility. Other causes of 
high-pressure contractions (e.g., gastroesophageal reflux) must 
be excluded prior to the diagnosis of esophageal hypermotility. 
The main symptom is chest pain, which is typically retrosternal 
and may radiate to the back. Dysphagia is an associated symp¬ 
tom in 50% of patients. Esophageal manometry is the most use¬ 
ful diagnostic test, with more than 40% of patients meeting 
manometric criteria. Manometry is characterized by mean distal 
esophageal peristaltic amplitude more than 180 mm Hg or 
mean distal duration greater than 6 seconds. 53 Treatment 
options are the same as those for diffuse esophageal spasm, 
although limited evidence suggests that surgery results in higher 
failure rates than in diffuse esophageal spasm. Response to 
treatment is not always predictable. 

Esophageal Hypomotility. Low-amplitude peristaltic con¬ 
tractions, simultaneous contractions, or failed contractions in 
the distal esophagus have been grouped as hypocontracting 
esophagus or as ineffective esophageal motility. Peristaltic waves 
with amplitude of less than 30 mm Hg do not provide effective 
esophageal transport and clearance. Two major groups of 
patients with esophageal hypomotility exist, those with hypo¬ 
motility secondary to systemic diseases and those with idiopathic 
hypomotility. Connective tissue disorders are the most common 
causes of ineffective esophageal motility, including scleroderma, 
rheumatoid arthritis, and systemic lupus erythematosus. Up to 
80% of patients with scleroderma have esophageal motility dis¬ 
orders, likely secondary to diffuse vasculitis. 54 In the esophagus 
and gastroesophageal junction, vasculitis affects both smooth 
muscles and innervation, resulting in low-amplitude peristalsis 
of the distal esophagus and LES pressures below 10 mm Hg. 
Other causes of ineffective esophageal motility include auto¬ 
nomic neuropathy, amyloidosis, myxedema, multiple sclerosis, 
and alcoholism. 

Gastroesophageal reflux is present in most patients with 
ineffective esophageal motility. Acid damage in the distal 
esophagus may contribute to dysmotility, and diminished 
esophageal acid clearance is responsible for increased acid 
exposure with ineffective esophageal motility. 55 The close rela¬ 
tionship between esophageal hypomotility and GERD is 
emphasized by the fact that patients with esophageal hypo¬ 
motility typically present with reflux symptoms rather than 
dysphagia. 

Many patients with reflux disease have similar manometric 
findings to patients with primary or secondary esophageal 
hypomotility. Whether gastroesophageal reflux is the cause or 
the result of these abnormal manometric findings is a subject 
of debate. Some patients with esophageal hypomotility in the 
setting of GERD obtain marked improvement in esophageal 
contractility with antireflux surgery. 56 There is currently no 
specific treatment available to improve esophageal contractil¬ 
ity, and symptomatic control of the gastroesophageal reflux is 
the only option for these patients. 


Stomach 

Diabetic Gastroparesis. Diabetic autonomic neuropathy 
is one of the major complications of diabetes mellitus and is 
most common in patients with long-term diabetes, poor 


glycemic control, and peripheral neuropathy. Autonomic neu¬ 
ropathy may affect the entire gastrointestinal tract, producing 
constipation, abdominal pain, nausea, vomiting, dysphagia, 
diarrhea, and fecal incontinence. Diabetic gastroparesis may 
affect 50% of diabetic patients, although symptomatic gas¬ 
troparesis is less common. Symptoms of diabetic gastropare¬ 
sis include nausea, vomiting, and early satiety. In addition, 
impaired gastric motility predisposes to bezoar formation 
that can result in a vicious cycle of worsened gastric motility 
and early satiety. Delayed gastric emptying secondary to dia¬ 
betic gastroparesis can make glucose homeostasis challeng¬ 
ing, with resultant diabetic ketoacidosis or hypoglycemia. 
The diagnosis is usually suspected in a patient with symptoms 
of nausea, vomiting, and early satiety in the setting of diabetes. 
An upper endoscopy should be performed in all patients sus¬ 
pected of diabetic gastroparesis to exclude other organic 
causes of their symptoms. A nuclear medicine gastric emptying 
study is the “gold standard” diagnostic test for gastroparesis 
and can also be used in follow-up to assess response to 
treatment. 

The pathophysiology of diabetic gastroparesis is compli¬ 
cated, incompletely understood, and multifactorial. Vagal 
nerve dysfunction can cause multiple changes in the normal 
physiology of gastric emptying. Vagal dysfunction can result in 
abnormal receptive relaxation of the stomach, decreased gas¬ 
tric antral contractility with failure of the antral pump, and pro¬ 
longed contraction of the pylorus resulting in pylorospasm. 57 
Neuropathy of the gastric enteric nervous system can exacer¬ 
bate vagal dysfunction and may contribute to gastric myoelec¬ 
tric dysrrythamia. 58 Hyperglycemia itself can disrupt normal 
gastric motility and delay gastric emptying. 59 

There is no single, specific treatment for diabetic gastro¬ 
paresis. Aggressive glycemic control may prevent progressive 
neuropathy. Prokinetic agents such as metoclopramide and 
domperidone and dopamine antagonists promote gastric tone 
and improve gastric emptying. In addition, these drugs act as 
central nervous system-mediated antiemetic agents, reducing 
symptoms of nausea. The motilin agonist erythromycin has also 
been shown to be effective in patients with diabetic gastropare¬ 
sis. 60 Erythromycin use has been limited by long-term tachyphy¬ 
laxis. Pancreatic transplantation, by restoring glycemic control, 
has been reported to improve gastric motility as documented by 
gastric-emptying studies. Gastric electrical pacing using gastric 
pacemaker leads placed directly on the stomach has shown 
promise, but remains experimental. 61 

Postsurgical Gastroparesis. Postsurgical gastroparesis is a 
syndrome characterized by gastric hypomotility in the absence 
of mechanical obstruction. The incidence of this disorder has 
been estimated at 2% to 3% after partial gastrectomy and 
vagotomy. 62 Postsurgical gastroparesis appears to occur more 
commonly after operations for gastric outlet obstruction and 
in diabetic patients. Patients with postsurgical gastroparesis 
develop symptoms of abdominal pain, postprandial nausea, 
vomiting, and weight loss months after gastric resection. The 
diagnosis is one of exclusion, and careful evaluation with 
endoscopy and barium studies is required to exclude mechan¬ 
ical gastric outlet obstruction. A solid-phase gastric emptying 
study is necessary and is the only abnormal test in 45% of 
patients with this motility disorder. 63 

The pathogenic mechanism of this syndrome is related to 
loss of vagal innervation of the stomach, coupled with loss of 
antral pump function after antrectomy. Underlying gastric 
motor dysfunction in diabetic patients may also contribute to 
postsurgical gastroparesis. Treatment of postsurgical gastro¬ 
paresis consists of prokinetic agents such as metoclopramide 
and erythromycin or revisional gastric surgery. Most authors 
recommend a 6- to 12-month trial of medical therapy prior to 
revisional surgery. Success rates of medical therapy have been 
disappointing, with response rates in the 20% to 30% range. 63 
Surgical therapy is directed at eliminating the gastric reservoir 
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with a near-completion gastrectomy and Roux-en-Y gastroje¬ 
junostomy. In selected patient series, symptomatic success 
rates of 70% to 80% have been reported. 64 

Q Dumping Syndrome. Dumping syndrome is a clinically 
defined spectrum of symptoms observed after gastric surgery 
thought to be a consequence of accelerated gastric emptying 
following vagotomy and bypass or destruction of the pylorus. 
Symptoms occur after the ingestion of food; they are absent in 
the fasting state. The incidence of dumping syndrome after 
gastric surgery is variable and depends on the operation per¬ 
formed. Overall, about 10% of patients will have clinically 
significant symptoms. 65 A diagnosis of dumping is made on 
clinical grounds and hinges on the presence of typical symp¬ 
toms in a postoperative patient. Dumping occurs in the post¬ 
prandial period and is classified into two forms. Early dump¬ 
ing occurs within 30 to 60 minutes of eating and typically 
presents with both gastrointestinal and vasomotor symptoms. 
Late dumping occurs 2 to 3 hours after eating and usually pre¬ 
sents with only vasomotor symptoms. Gastrointestinal symp¬ 
toms include postprandial fullness, crampy abdominal pain, 
nausea, vomiting, and explosive diarrhea. Vasomotor symp¬ 
toms include diaphoresis, weakness, dizziness, flushing, palpi¬ 
tations, and an intense urge to lie down. In patients with severe 
dumping symptoms, weight loss and food fear may also be 
present. 

Radioisotopic gastric emptying studies demonstrate rapid 
gastric emptying. Investigators have suggested a simple 
provocative test to confirm the diagnosis of dumping. After 
ingestion of 50 g of oral glucose, a heart rate rise of greater than 
10 beats per minute in the first hour is a sensitive predictor of 
early dumping. 66 Late dumping is confirmed with this test by 
documenting typical vasomotor symptoms in the postchallenge 
period. 

The pathophysiologies of early and late dumping are differ¬ 
ent. In early dumping, rapid delivery of hyperosmolar chyme 
into the small intestine secondary to rapid gastric emptying 
results in several maladaptive responses. The presence of 
hyperosmolar proximal small intestinal contents leads to fluid 
shifts into the intestinal lumen, causing intestinal distention 
and precipitating gastrointestinal symptoms. Rapid delivery of 
glucose to the proximal small bowel leads to both peripheral 
and splanchnic vasodilatation and blood pooling, which 
results in the vasomotor symptoms of early dumping. In addi¬ 
tion, gastrointestinal hormone release is enhanced in patients 
with early dumping including secretion of enteroglucagon, 
VIP, peptide YY, pancreatic polypeptide, glucagonlike peptide 
1 (GLP-1), and neurotensin. 67,68 Rapid delivery of glucose to 
the small bowel followed by rapid glucose absorption causes 
late dumping symptoms by producing an exaggerated serum 
insulin release. Exaggerated insulin secretion, combined with 
rapid gastric emptying, results in an excess insulin state 2 to 
3 hours after eating with subsequent hypoglycemia and vasomo¬ 
tor symptoms. The cause of the excess insulin secretion is 
unclear, but the enteric hormone GLP-1 may play a role in late 
dumping. 69 

Most cases of dumping syndrome fade with time. 70 The ini¬ 
tial mainstay therapy for dumping syndrome is dietary modifi¬ 
cation, which will effectively control dumping symptoms in 
most patients. An antidumping diet consists of (a) frequent 
small meals, ideally six or more per day; (b) a diet low in sim¬ 
ple sugars with a moderate amount of fat and high in compli¬ 
cated carbohydrates, protein, and fiber; and (c) dry meals with 
liquid ingestion delayed at least 30 minutes after solid intake. 
Dietary fiber supplementation has been shown to help with 
late dumping. Acarbose, a competitive inhibitor of carbohy¬ 
drate absorption, has also been shown to improve late dump¬ 
ing, although long-term use can cause malabsorption. 68 In 
patients with severe dumping, or those whose symptoms fail to 
respond to dietary modification, the next step should be the 
use of octreotide, the long-acting somatostatin analogue. 


Octreotide acts to delay intestinal transit time, cause splanch¬ 
nic vasoconstriction, and suppress the release of a variety of 
enteral hormones including insulin. 65 Lor patients with debili¬ 
tating dumping symptoms that are refractory to dietary modi¬ 
fication and octreotide, remedial surgery may be considered. A 
cautious approach is appropriate, as most cases of dumping 
will improve with time and no remedial operation has a 100% 
success rate. Reconstruction of the pylorus and conversion to 
Roux-en-Y gastrojejunostomy have both been used success¬ 
fully to correct intractable dumping. 70 


Gallbladder and Biliary Tract 

Gallbladder Dyskinesia. The term biliary dyskinesia indi- 
cates a poorly characterized motility disorder of the gallblad¬ 
der and the sphincter of Oddi. Gallbladder dyskinesia has 
been recognized as a cause of biliary symptoms, and may be a 
manifestation of generalized dysmotility of the gastrointestinal 
tract. 71 The most common presenting symptom of gallbladder 
dyskinesia is abdominal pain in the absence of gallstones or 
other structural cause of right upper quadrant pain. The 
prevalence of biliary pain without gallstones has been esti¬ 
mated to be 6% to 21% with a 3:1 female-to-male predomi¬ 
nance. The diagnosis of gallbladder dyskinesia is usually made 
by CCK cholescintigraphy obtained after an ultrasound negative 
for gallstones. During CCK cholescintigraphy, a gallbladder 
ejection fraction less than 35% is considered diagnostic of the 
disorder. 

Defects in the function and distribution of CCK receptors 
on cells within the gallbladder wall with resultant abnormal 
responses to endogenous CCK have been implicated as causes 
of this disorder. In addition to an intrinsic motility disorder, 
inflammation and anatomic abnormalities have also been 
reported. Inflammatory bowel disease is associated with 
abnormal gallbladder contractility and patients with slow- 
transit constipation have been reported to have decreased gall¬ 
bladder ejection fraction. 72,73 

There is no effective medical therapy for this disorder. 
Laparoscopic cholecystectomy is the major treatment option 
for patients with gallbladder dyskinesia, with symptomatic 
improvement noted in 70% to 90% of selected patients. It is 
unclear if preoperative CCK cholescintigraphy results predict 
surgical results, although one study suggested that a gallblad¬ 
der ejection fraction of less than 14% was associated with a 
higher likelihood of complete symptom relief. 74 Because of the 
frequent association of gallbladder dyskinesia with other 
motility disorders of the gastrointestinal tract, symptoms 
related to gastrointestinal dysmotility may not be relieved; 
nausea and vomiting are less likely to be relieved than post¬ 
prandial abdominal pain. Although 81% of the patients with 
gallstones become asymptomatic after laparoscopic cholecys¬ 
tectomy, only 47% of patients with gallbladder dyskinesia are 
asymptomatic postoperatively. 75 

sphincter of Oddi Dysfunction. Sphincter of Oddi dys¬ 
function describes a clinical syndrome arising from abnormali¬ 
ties of sphincter of Oddi contractility. The disorder can be 
caused by fibrosis and stenosis or by functional obstruction of 
the pancreaticobiliary junction. Ductal hypertension, hypersen¬ 
sitivity of the papilla, and possible ischemia from spastic con¬ 
traction have been postulated as causes of pain, pancreatitis, 
and liver enzyme abnormalities. 76 The disorder can occur at any 
age and affects women more frequently than men. Although 
classically diagnosed in patients after cholecystectomy, this dis¬ 
order can occur in patients with an intact biliary tree. Abdomi¬ 
nal pain, usually in the epigastrium or right upper quadrant, is 
the most common symptom. The pain is often associated with 
oral intake and use of narcotics and does not respond to acid- 
reducing or prokinetic medical therapy. Jaundice and fever are 
uncommon. There are no characteristic findings on physical 
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TABLE 64.3 DIAGNOSIS 


ROME III CRITERIA FOR SPHINCTER OF ODDI DYSFUNCTION 

Epigastric or right upper quadrant pain and all of the following: 
Pain last for >30 min 

Recurrent symptoms occurring at different intervals 
The pain builds up to a steady level 

Pain requires medical attention and affects daily activities 
No evidence of structural abnormalities 

The pain is not relieved by bowel movements, postural 
change, or antacids 

Supportive criteria 

The pain may be associated with nausea and vomiting or 
back pain or awaken the patient from sleep 

Adapted from Behar J, Corazziari E, Guelrud M, et al. Functional 
gallbladder and sphincter of Oddi dysfunction. Gastroenterology 
2006;130:1498-1509. 


TABLE 64.4 CLASSIFICATION 


MILWAUKEE CLASSIFICATION: SYMPTOMS 


■ BILIARY 


TYPE 

■ DESCRIPTION 

I 

Patient with biliary-type pain; abnormal AST, 
ALT, or alkaline phosphatase (two times 
normal) on two or more occasions; and 
dilated CBD more than 8 mm diameter at US 

II 

Patient with biliary-type of pain but only one 
of two of the above criteria 

III 

Biliary-type pain only 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; 

US, right upper quadrant ultrasound; CBD, common bile duct. 

Adapted from Behar J, Corazziari E, Guelrud M, et al. Functional 
gallbladder and sphincter of Oddi dysfunction. Gastroenterology 

2006;130:1498- 

-1509. 


examination aside from nonspecific abdominal tenderness. 
Because of the absence of a classic symptom or finding, patients 
with the diagnosis of sphincter of Oddi dysfunction are some¬ 
times difficult to distinguish from patients with other organic or 
dysmotility disorders. Rome III criteria for the diagnosis of 
sphincter of Oddi dysfunction are listed in Table 64.3. 77 

Initial diagnostic tests include complete blood count, liver 
function tests, and determination of serum amylase and lipase. 
Imaging studies should begin with ultrasonography to assess 
for stones and bile duct diameter. All of these tests are most sen¬ 
sitive when performed during active symptoms. Endoscopic 
retrograde pancreatography (ERCP) is conventionally used to 
exclude other pathologies that may cause symptoms similar to 
sphincter of Oddi dysfunction, although with the increased 
availability and accuracy of magnetic resonance cholangiopan¬ 
creatography (MRCP), this test should be used before ERCP 
because it is noninvasive and carries a lower risk of complica¬ 
tions. Sphincter of Oddi manometry is considered the “gold 
standard” for the diagnosis of sphincter of Oddi dysfunction 
and is the only method available to measure the activity of the 
sphincter directly. Manometry is usually performed during 
ERCP with selective cannulation of the pancreatic duct and bil¬ 
iary duct. Although a variety of noninvasive tests have been 
proposed to evaluate the possible diagnosis of sphincter of 
Oddi dysfunction, noninvasive testing cannot be recommended 
for general clinical use due to low sensitivity and specificity. 78 
Invasive testing with ERCP and manometry has a high compli¬ 
cation rate and is indicated only if definitive therapy is planned 
in the presence of abnormal results. Because of the difficulty in 


establishing the diagnosis of sphincter of Oddi dysfunction and 
predicting the response to therapy, the Milwaukee classification 
system was developed in an effort to correlate symptoms and 
diagnostic tests with abnormal manometric findings and pre¬ 
dict the response to sphincterotomy (Tables 64.4 and 64.5). 
Abnormal liver tests in biliary type II disease may predict symp¬ 
tomatic response to endoscopic sphincterotomy. 79 

The aim of therapy for sphincter of Oddi dysfunction is to 
decrease the resistance to the flow of bile and pancreatic juice. 
Medical therapy is based on the use of smooth muscle relax- 
ants. Nifedipine has been shown to reduce pain in sphincter of 
Oddi dysfunction in 75% of the patients in the short term. 80 
Long-term outcomes have not been reported. Despite the lack 
of long-term data, medical approaches should be considered 
when patients are not severely symptomatic (class II and III 
sphincter of Oddi dysfunction). Reduction of resistance at the 
sphincter of Oddi via endoscopic means by stenting or sphinc¬ 
terotomy is the mainstay of therapy for sphincter of Oddi 
dysfunction. 81 According to the Milwaukee classification, 
manometry may predict the outcome from sphincter ablation 
in patients with biliary-type pain. The use of stents in sphinc¬ 
ter of Oddi dysfunction is controversial, with a reported high 
incidence of pancreatitis (38%). Stenting may predict outcome 
from sphincterotomy when stenting provides resolution of 
pain for at least 12 weeks. Currently, endoscopic sphinctero¬ 
plasty is standard therapy for sphincter of Oddi dysfunction, 
with clinical improvement reported in 55% to 95% of cases. 82 
The role of sphincter ablation is evolving; complication rates 
remain higher than in patients with ductal stones. Surgical 


TABLE 64.5 CLASSIFICATION 


MILWAUKEE CLASSIFICATION: BILIARY SYMPTOMS AND RESPONSE TO TREATMENT 


■ PATIENT 
CHARACTERISTICS 

■ ABNORMAL 
MANOMETRY (%) 

■ SPHINCTEROTOMY EFFICACY 

IF MANOMETRY 

■ INDICATION FOR 
MANOMETRY: PRIOR 

TO SPHINCTEROTOMY 

■ NORMAL (%) 

■ ABNORMAL (%) 

Biliary I 

75-95 

90-95 

90-95 

Unnecessary 

Biliary II 

55-65 

35 

85 

Highly recommended 

Biliary III 

25-60 

<10 

55-65 

Mandatory 

Adapted from Sherman S, Lehman GA. Sphincter of Oddi dysfunction: diagnosis and treatment. J Pancreas 2001;2:382-400. 
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approaches such as transduodenal sphincteroplasty with pan¬ 
creatic septoplasty have been largely replaced by endoscopic 
therapy. Patient selection is paramount considering the high 
complication rate for endoscopic therapy. 82 Evolving mano- 
metric techniques are improving our understanding of sphincter 
of Oddi dysfunction. Patients with abnormal sphincter of 
Oddi manometry, without gastroparesis or a history of long¬ 
term narcotic use, appear to have the best response to endo¬ 
scopic therapy. 


Small Intestine 

Chronic Intestinal Pseudo-obstruction. Chronic intesti- 
nal pseudo-obstruction is a clinical syndrome caused by ineffec¬ 
tive intestinal propulsion and characterized by signs and symp¬ 
toms of intestinal obstruction in the absence of mechanical 
cause. 83 The disorder is a rare clinical syndrome, caused by a 
variety of pathogenic mechanisms. Although sophisticated clin- 
icopathologic classification systems exist for chronic intestinal 
pseudo-obstruction, important etiologies include visceral 
myopathies, visceral neuropathies, systemic disorders involving 
smooth muscle such as systemic sclerosis, developmental abnor¬ 
malities of the myenteric plexus, and systemic neurodegenera- 
tive disorders. 84 Although small intestinal dysmotility is the 
prominent finding in most cases, the syndrome can involve all 
portions of the gastrointestinal tract from esophagus to colon. 

Patients with intestinal pseudo-obstruction present with 
variable amounts of abdominal pain, distention, and vomiting. 
The vomitus often consists of partially digested food and can be 
feculent in character. Patients with small bowel involvement can 
develop bacterial overgrowth and may have symptoms of diar¬ 
rhea and steatorrhea. In patients with significant colonic dys¬ 
motility, constipation symptoms may predominate. A family 
history of similar problems may be present in up to one third of 
cases, and many patients have a history of abdominal surgery. 

On physical examination, patients may exhibit wasting 
with marked abdominal distention and visible bowel loops 
against the abdominal wall. Although tenderness is often pres¬ 
ent, peritonitis is unusual. In most ways it will be impossible to 
distinguish chronic intestinal pseudo-obstruction from true 
mechanical bowel obstruction, except for the chronic nature 
of symptoms and a history of prior episodes with waxing and 
waning severity. It is imperative for surgeons evaluating 
patients with chronic intestinal pseudo-obstruction to avoid 
mistaking this syndrome for mechanical bowel obstruction, 
because once a patient with chronic intestinal pseudo-obstruc¬ 
tion has undergone abdominal surgery, the potential exists for 
both pseudo-obstruction and adhesive bowel obstruction to 
coexist. The best way to confirm a suspected diagnosis of 
chronic intestinal pseudo-obstruction is through barium con¬ 
trast studies of the entire gastrointestinal tract. The identifica¬ 
tion of multiple sites of abnormality on such studies in the 
absence of a clear mechanical transition point is most consis¬ 
tent with the diagnosis. The finding of a single area of dilation 
isolated to the small intestine should raise suspicion of 
mechanical small bowel obstruction. 

There is no definitive treatment for this motility disorder; 
no pharmacologic therapy or surgical procedure will correct 
the underlying motility disorder. Therapy is therefore directed 
at palliating symptoms and ensuring that patients receive ade¬ 
quate nutrition. A variety of promotility agents have been 
used. Metoclopramide and domperidone have not been found 
to be effective. 84 Erythromycin has shown benefit in some 
patients for up to 1 year, but tachyphylaxis appears to limit its 
long-term value. 85 Cisapride, although no longer available in 
the United States, improves symptoms in the majority of 
patients in noncontrolled trials. 86 Low-dose (50 fig) octreotide 
may be of benefit in patients with systemic sclerosis, but has 
not been shown to be useful in other patients with chronic 
intestinal pseudo-obstruction. 85 


In patients with suspected pseudo-obstruction, avoiding oper¬ 
ation is critical because a nontherapeutic operation for bowel 
obstruction will predispose the patient to adhesive mechanical 
bowel obstruction in the future. In patients with confirmed 
chronic intestinal pseudo-obstruction, surgical therapy can be 
important in palliating specific symptoms of the syndrome such 
as bloating and malnutrition, or in managing failures of medical 
management. For patients with localized dysfunctional bowel, 
bypass or segmental resection of the involved bowel can result in 
satisfactory long-term results. 87 In patients with diffuse intestinal 
involvement, venting enterostomy and intravenous access for 
long-term parenteral nutrition may represent the only surgical 
options. Small intestinal transplant has been reported in small 
series with good functional results. 88 

Acquired Jejunoileal Diverticular Disease. Acquired 
jejunoileal diverticulosis appears to occur as a consequence of 
a small bowel motility disorder. This rare finding has a preva¬ 
lence of between 0.1% and 2.3%, depending on whether 
autopsy or radiologic data are used. 89,90 These lesions are usu¬ 
ally found in patients in the seventh decade of life. There is no 
apparent sex predilection. These acquired lesions are pseudo- 
diverticula whose wall includes only the mucosal and submu¬ 
cosal layers of the bowel. They are found on the mesenteric 
surface of the bowel and commonly lie within the mesentery. 
Eighty percent of patients have the diverticula localized to the 
jejunum; in 15% of patients, lesions are found in the ileum, 
and 5% have diverticula distributed throughout the small 
intestine. Eighty percent of patients, particularly those with 
jejunal diverticula, have multiple lesions. 91 

It has been postulated that these acquired lesions are caused 
by a motility disturbance of the involved intestine. Poorly 
coordinated neuromuscular function with ineffective peristal¬ 
sis and resultant high intraluminal pressures cause protrusion 
of the mucosa through the muscular layers of the bowel wall 
at the point that the vasa recta enter the bowel wall. Abnor¬ 
malities of both intestinal smooth muscle and the myenteric 
plexus found in patients with jejunoileal diverticulosis support 
this hypothesis. 92 Mild variants of the same disorders may lead 
to the development of acquired small bowel diverticulosis. 
Pseudodiverticula are found in the colon and duodenum in 
40% to 50% of patients with jejunoileal diverticulosis, sup¬ 
porting the role of a diffuse intestinal motility disorder in 
pathogenesis. 

The role of surgical therapy in this motility disorder lies in 
the management of complications and in palliating symptoms 
secondary to the diverticula. The majority of patients (50% to 
60%) have asymptomatic diverticula noted on radiologic study 
or found incidentally at laparotomy. 90 Because these patients are 
likely to remain symptom-free, there is no indication for resec¬ 
tion in these instances. Twenty to forty percent of patients will 
present with a nonspecific constellation of chronic abdominal 
complaints including pain, postprandial bloating, diarrhea, 
malabsorption, and vitamin B 12 deficiency. 91 In these patients, 
symptoms are related to bacterial overgrowth and malabsorp¬ 
tion. Most of these patients respond to a regimen of a high- 
protein, low-residue diet coupled with vitamin B 12 supplementa¬ 
tion and intermittent broad-spectrum antibiotic treatment. 
Only when this approach fails should resection be contem¬ 
plated. Ten to fifteen percent of patients will present with acute 
complications, either bleeding, diverticulitis, or perforation, 
requiring urgent surgical intervention. 93 In emergent cases, 
resection of the involved segment of small bowel with anasto¬ 
mosis is the best surgical approach. 


Colon 

Colonic Inertia. Constipation is a common complaint, 
affecting up to 20% of the population. 94 Although the over¬ 
whelming majority of cases of constipation do not require 
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surgical attention, one disorder, idiopathic slow-transit consti¬ 
pation, is a motility disorder amenable to surgical therapy. Idio¬ 
pathic slow-transit constipation or colonic inertia (Cl) is caused 
by a variety of pathogenic mechanisms including abnormalities 
of myenteric plexus formation, disorders of extrinsic enervation 
of the colon, and disorders of colonic neuromuscular transmis¬ 
sion. From a diagnostic and therapeutic standpoint, these disor¬ 
ders may be considered a single syndrome. 95 

The diagnosis of colonic inertia is established in a chroni¬ 
cally constipated patient with markedly prolonged colonic 
transit time in the absence of anorectal dysfunction. Patients 
typically present with complaints of needing regular assistance 
with bowel movement or of having one bowel movement every 
7 days. The normal transit time through the colon can be 
assessed either with radiopaque markers or by scintigraphic 
studies. The radiopaque marker study involves the ingestion of 
a capsule containing 20 or 24 markers. Abdominal radiographs 
are then taken and analyzed after both 72 and 120 hours of 
ingestion. Cl is defined as retention of at least 20% of the 
markers in the colon on the fifth day after ingestion. Pancolonic 
inertia becomes noted if the markers become diffusely scattered 
throughout the colon. 96 Scintigraphic colonic transit studies are 
less widely available, but require only 24 hours to obtain accu¬ 
rate segmental transit times. 97 Prior to the diagnosis of Cl, tests 


must be conducted to exclude causes originating from underly¬ 
ing endocrine and/or metabolic diseases. Colonoscopy should 
be performed to exclude the possibility of a neoplasm. 

After establishing a diagnosis of slow colonic transit, 
anorectal function must be assessed, as disorders of anorectal 
function will slow colonic transit. Fluoroscopic defecography 
and anorectal manometry are used to exclude rectocele or rec¬ 
tal intussusception, which is often associated with obstructed 
defecation. A digital rectal exam can also be a valuable tool to 
aid a clinician in this diagnosis. Normal findings on these eval¬ 
uations are required to establish a diagnosis of idiopathic 
slow-transit constipation. 96,98 

The initial management of chronic constipation is medical, 
including behavior modification, dietary changes, fiber supple¬ 
mentation (25 g/d), and increased fluid intake to 1.5 to 2 liters 
daily. The use of psyllium and lactulose has been shown to 
improve symptoms. 99 Other oral agents, such as senna and 
milk of magnesia, do help, but the improvement is marginal 
and outcomes are not statistically significant. 100 The use of low- 
volume polyethylene glycol electrolyte solution administration 
does improve clinical outcomes. 101 For some patients, biofeed¬ 
back has helped with pelvic floor dyssynergia-type constipa¬ 
tion. 102 An overview of the management of chronic constipa¬ 
tion is illustrated in Algorithm 64.2. 


History and physical exam 
Anoscopy 

Proctosigmoidoscopy 


Routine serum chemistry and 
thyroid function tests 


Colonoscopy and/or 
Barium enema 


Conservative managements 

1. Dietary modifications 

2. Fiber supplementation 

3. Exercise 

4. Cathartics and enemas 

Failed 


Sitz Marker study 

Abnormal 

Defecogram 


Small bowel follow through 
Normal 

Total colectomy with 
ileorectal anastomosis for 
surgical candidate 


To exclude obvious obstruction and fissure 


To exclude endocrine and metabolic causes 


To exclude 

1. Neoplasm 

2. Rectal 
intussusception 

3. Rectocele 

4. Rectal prolapse 

5. Anal stenosis 


Improve 


Normal 


Pelvic outlet 
obstruction 


Slow transit 


ALGORITHM 64.2 


Continue conservative 
management 


Psychological 

consideration 


Anal manometry and biopsy 
to exclude 

1. Hirschsprung’s 
disease 

2. Paradoxical 
puborectalis 
contraction 


Consider gastric pacemaker 


ALGORITHM 64.2. Management of chronic constipation. 
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ITABLE 64.6 I 

SURGICAL OPTIONS FOR CHRONIC CONSTIPATION 

■ SURGICAL OPTION 

■ COMMENTS 

Total abdominal colectomy (TAC) with 
ileorectal (IR) anastomosis 

Preferred procedure with over 90% success rate 

Subtotal colectomy with ileosigmoid 
anastomosis 

Predisposes to persistent constipation with over 
50% conversion to TAC with IR anastomosis 

Subtotal colectomy with cecorectal 
anastomosis 

Preserves the ileocecal valve during surgery but 
can have complications of cecal dilation 


In the few patients with intractable constipation found to 
have isolated colonic inertia, total abdominal colectomy with 
ileorectal anastomosis results in excellent functional outcomes 
in 90% of patients. Although subtotal colectomy with ileosig- 
moid anastomosis and subtotal colectomy with cecorectal 
anastomosis are available, the results are inferior and often 
require conversion to total colectomy with ileorectal anasto¬ 
mosis. 96 The key to good results with surgical therapy for con¬ 
stipation is careful preoperative evaluation of colonic function 
(Table 64.6). In series without complete evaluation, satisfac¬ 
tory outcomes occur in only 67% of patients. 98 

Acute Colonic Pseudo-obstruction (Ogilvie Syndrome). 

Q Acute colonic pseudo-obstruction is a clinical syndrome char¬ 
acterized by massive dilation of the colon in the absence of 
mechanical obstruction. The disorder is characterized by the 
loss of effective colonic peristalsis and subsequent distention 
of the proximal colon. This syndrome generally develops in ill 
patients, hospitalized initially for other significant medical 
problems, and is also observed in surgical patients after a vari¬ 
ety of nongastrointestinal operations. 103 If left untreated, mas¬ 
sive colonic dilation can result in ischemia of the right colon 
and cecum with associated perforation. The overall mortality 
rate of acute colonic pseudo-obstruction is quite variable, 
ranging between 0% and 32%, and appears to depend on the 
underlying cause of the pseudo-obstruction. 104 With the devel¬ 
opment of ischemia and perforation, mortality rises to 30% to 
50%. 

The pathophysiology of acute colonic pseudo-obstruction 
remains unclear. A current hypothesis invokes an imbalance in 
neural input to the colon distal to the splenic flexure with an 
excess of sympathetic stimulation and a paucity of parasym¬ 
pathetic input, resulting in a spastic contraction of the distal 
colon and functional obstruction. 105 Multiple independent cir¬ 
cumstantial lines of evidence support this hypothesis, includ¬ 
ing the finding of colonic dilation in only the right and trans¬ 
verse colon in the majority of cases, the observation that 
epidural anesthesia improves the condition in a majority of 
cases, and the effective use of parasympathomimetic agents to 
treat the syndrome. The role of inhibitory neurotransmitters 
such as nitric oxide in the pathogenesis of acute colonic 
pseudo-obstruction has been suggested in vitro, but not yet 
confirmed in human studies. 

Acute colonic pseudo-obstruction should be suspected in a 
hospitalized patient who develops marked abdominal disten¬ 
tion over a period of 1 to 2 days. Obstipation is seen in the 
majority of patients, but up to 40% of cases will present with 
diarrhea or passage of flatus. Abdominal discomfort is present 
in the majority of patients, and tenderness on physical exami¬ 
nation raises the concern for bowel ischemia. 103 

Plain films of the abdomen, with the finding of proximal 
dilation of the colon associated with a decompressed distal 
colon with some gas in the rectosigmoid region, are highly sug¬ 
gestive of acute colonic pseudo-obstruction. The diagnostic 
challenge initially is to exclude mechanical colonic obstruction, 


and early performance of a water-soluble contrast enema is 
critical if mechanical obstruction cannot be ruled out on clini¬ 
cal grounds. The diameter of the cecum on plain film is impor¬ 
tant in directing the therapeutic approach to acute colonic 
pseudo-obstruction. Both animal studies and large retrospec¬ 
tive human series suggest that the risk of cecal ischemia and 
perforation exists with cecal diameters greater than 12 cm and 
rises dramatically with cecal diameters greater than 14 cm. 103 

For patients with a cecal diameter less than 10 cm, an ini¬ 
tial trial of conservative therapy is indicated. Conservative 
therapy includes correction of electrolyte disorders, avoidance 
of narcotic and anticholinergic agents, hydration, mobiliza¬ 
tion, tap-water enemas, and placement of a nasogastric 
tube. 106 During this course of conservative therapy patients 
should receive frequent abdominal evaluation and serial 
abdominal radiographs to assess cecal diameter. Several small 
cases series suggest that resolution rates of acute colonic 
pseudo-obstruction approximating 90% can be achieved with 
a conservative regimen. Roughly 70% of the cases that resolve 
with conservative therapy do so within 2 days, suggesting 
that a 48-hour trial in stable patients is warranted. 107 How¬ 
ever, postponing colon decompression beyond 4 days increases 
the mortality rate in patients with acute colonic pseudo¬ 
obstruction. 103 

Patients who fail conservative therapy for more than 48 
hours should be considered for active intervention with the 
first-line treatment consisting of intravenous administration of 
the cholinesterase inhibitor neostigmine. More than five non- 
controlled trials and one randomized controlled trial have 
shown that intravenous neostigmine at a dose of 2 to 2.5 mg 
given over 3 to 5 minutes results in immediate colonic decom¬ 
pression in 80% to 90% of patients, and sustained colon 
decompression is achieved in more than 60%. 105,108 Because 
symptomatic bradycardia is a serious side effect of neostig¬ 
mine, all patients being treated with the drug require cardiac 
monitoring. Neostigmine is contraindicated in patients with 
significant bradycardia. In patients with a contraindication to 
neostigmine and for those who fail to respond to the drug, 
decompressive colonoscopy is the next line of therapy. 
Colonoscopy to the cecum with evacuation of the contents of 
the proximal colon and placement of a long tube for decom¬ 
pression results in resolution of acute colonic pseudo-obstruction 
in 70% to 80% of cases. Roughly 40% of cases require multi¬ 
ple colonscopies. 109 

Colonoscopy in this setting is associated with a 2% to 3% 
perforation rate, and the case fatality rate of acute colonic 
pseudo-obstruction in patients requiring colonoscopy is up to 
30%. 110 In patients who develop findings suggestive of colonic 
ischemia or those who fail colonoscopic decompression, surgical 
therapy with either resection or a stoma is necessary, although 
it is associated with a 30% to 50% mortality rate. 103 Laparo¬ 
scopic approaches have been reported for stoma creation and 
may avoid laparotomy in an elderly or frail patient. An algo¬ 
rithm for the management of Ogilvie syndrome is presented in 
Algorithm 64.3. 
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Part Two: Surgical Practice 


History and physical exam 
Presentation: no flatus or stool 
Gradual abdominal distension 
Abdomen tender to palpation 

Management 

1. NG decompression _ 

2. Withhold narcotics 

3. Correct electrolytes abnormalities 

Yes Abdominal x-ray imaging 

Pneumoperitoneum ? 

| No 

Cecal diameter measurement 

-1 

Diameter <10 cm 
Continue conservative 
management 


Perforation 
Peritonitis 
No improvement 


Surgery 

ALGORITHM 64.3 


ALGORITHM 64.3. Treatment of Ogilvie syndrome. NG, nasogastric. 


Diameter >10 cm 

1. Neostigmine 

2. Decompression with 
flexible fiberoptic 
colonoscope 
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CHAPTER 65 ■ ACUTE GASTROINTESTINAL 

HEMORRHAGE 

LAWRENCE T. KIM AND RICHARD H. TURNAGE 


KEY POINTS 


© Eighty percent of patients with an acute gastrointestinal 
hemorrhage will be bleeding from the esophagus, stomach, 
or duodenum. 

©The most common cause of acute upper gastrointestinal 
hemorrhage is peptic ulcer disease, whereas the most com¬ 
mon cause of lower gastrointestinal hemorrhage is a 
colonic diverticulum. 

© The use of nonsteroidal anti-inflammatory drugs, aspirin, 
and/or Coumadin is an important risk factor for acute gas- 
trointestinal hemorrhage. 

©Approximately 80% of patients suffering an acute gas¬ 
trointestinal hemorrhage will stop bleeding spontaneously; 
those who do not or those who rebleed are at particularly 
high risk to suffer an in-hospital complication, require 
operative control of their hemorrhage, or die. 


© Esophagastroduodenoscopy (EGD) is an important early 
diagnostic test in patients suspected to have an acute upper 
gastrointestinal bleed. 

© Endoscopic therapy, such as thermal coagulation, is effec¬ 
tive in controlling bleeding in as many as 90% of patients 
with bleeding gastric or duodenal ulcers. 

© The operative management of patients with bleeding pep¬ 
tic ulcers is used for those patients in whom endoscopic 
means are unsuccessful. 

© Endoscopic techniques (e.g., sclerotherapy or banding) will 
effectively stop acute variceal bleeding in as many as 90% 
of cases). 

© Localization of the site of bleeding is a crucial step in the 
successful operative management of patients with lower 
gastrointestinal hemorrhage. 


© Acute gastrointestinal (GI) hemorrhage is categorized as upper 
or lower depending on the location of the bleeding relative to 
the ligament of Treitz. Upper GI (UGI) hemorrhage (i.e., bleed¬ 
ing from the esophagus, stomach, or duodenum) accounts for 
about 80% of cases of acute GI blood loss, with most of the 
remainder coming from the colon. The small intestine is the 
site of hemorrhage in about 1% to 5% of cases. 1,2 The inci¬ 
dence of UGI bleeding is estimated to be about 37 to 150 
episodes per 100,000 individuals depending on the population 
sampled, 3-5 whereas the incidence of lower GI (LGI) bleeding 
is about 20 cases per 100,000 individuals. 6 Overall, GI hem¬ 
orrhage accounts for roughly 300,000 hospitalizations and 
30,000 deaths annually in the United States. 7 

The differential diagnosis of overt UGI and LGI hemorrhage 
and the relative frequency of the most common causes of GI 


bleeding are shown in Tables 65.1 and 65.2 and Figure 65.1A, B, 
respectively. The most common causes of acute UGI hemorrhage 
are peptic ulcer disease (31% to 58%), gastritis and mucosal ero¬ 
sions (9% to 30%), and gastroesophageal varices (3% to 
23%), 1,3,8 whereas diverticulosis (24% to 47%), colitis (6% to 
26%), neoplasms (9% to 17%), and angiodysplasia (2% 
to 12%) account for most instances of LGI hemorrhage. 1,6,9-12 


PATIENT CHARACTERISTICS 


Patients who suffer significant GI hemorrhage are more com¬ 
monly older and male than are those individuals without GI 
bleeding. Furthermore, these individuals are more likely to use 
alcohol, tobacco, aspirin, nonsteroidal anti-inflammatory drugs 
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FIGURE 65.1. A: The relative frequency of the most common 
causes of upper gastrointestinal (UGI) hemorrhage in the 
United States. These data represent the percentage of patients 
with each of these causes of UGI hemorrhage for 482 patients 
in a survey of the members of the American College of Gas¬ 
troenterology published by Peura et al. in 1997. 1 These data 
are very similar to that reported by Vreeburg in a multi- 
institutional study of 951 patients sustaining a UGI hemor¬ 
rhage in the hospitals in and surrounding Amsterdam. 3 B: The 
relative frequency of the most common causes of lower gas¬ 
trointestinal hemorrhage. These data, reported by Lingen- 
felser and Ell, 6 are the percentage of patients with each of these 
causes of lower GI hemorrhage in 912 patients collected in five 
studies from Europe, the Orient, and the United States. 1,9-12 


Undefined 

Miscellaneous 

causes 

Rectal lesions 

Angiodysplasia 

Neoplasm 

B 


Diverticulosis 


Colitis 



TABLE 65.1 


DIFFERENTIAL DIAGNOSIS OF ACUTE UPPER GASTROINTESTINAL HEMORRHAGE BY ANATOMIC SITE 


Esophagus 

Duodenum 

Esophagitis 

Peptic ulcer disease 

Reflux 

Duodenal ulcer 

Infectious (fungal, viral) 

Arteriovenous malformation 

Esophageal varices 

Neoplasms 

Neoplasms 

Duodenal adenocarcinoma 

Stomach 

Pancreatic adenocarcinoma 

Peptic ulcer disease 

Carcinoid tumors 

Gastric ulcer 

Dieulafoy ulcers 

Gastroesophageal varices 

Aortoduodenal fistula 

Portal gastropathy 

Diverticula 

Gastric antral vascular ectasia (“watermelon stomach”) 

Hepatopancreatic-biliary 

Dieulafoy ulcer 

Hemobilia 

Arteriovenous malformation 

Neoplasms 

Gastrointestinal stromal tumors (leiomyoma, 
leiomyosarcoma) 

Lymphoma 

Adenocarcinoma 

Carcinoid tumors 

Mallory-Weiss tear 

Stress gastritis 

Pancreatitis-induced pseudoaneurysm 
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TABLE 65.2 


TABLE 65.3 


DIFFERENTIAL DIAGNOSIS OF ACUTE LOWER CHARACTERISTICS OF INDIVIDUALS AT AN INCREASED RISK 

GASTROINTESTINAL HEMORRHAGE BY ANATOMIC SITE OF DEVELOPING ACUTE GASTROINTESTINAL BLEEDING 


Small Intestine 

NSAID-induced ulcers 
Diverticula 

Meckel diverticula 
Pseudodiverticula 
Neoplasms 
Lymphoma 

GI stromal tumors (leiomyoma, leiomyosarcoma) 
Adenocarcinoma 
Carcinoid tumor 
Inflammation 
Crohn disease 
Radiation enteritis 
Ischemic enteritis 
Infectious enteritis 
Arteriovenous malformations 
Aortoenteric fistula 
Colon and Rectum 
Diverticulosis 
Colitis 

Crohn disease 
Ulcerative colitis 
Radiation colitis 
Infectious colitis 
Ischemic colitis 
Neoplasms 

Adenocarcinoma 

GI stromal tumors (leiomyoma, leiomyosarcoma) 
Lymphoma 
Carcinoid tumors 
Arteriovenous malformation 
Iatrogenic 

Polypectomy sites 
Benign rectal diseases 
Hemorrhoids 
Rectal ulcers 

GI, gastrointestinal; NS AID, nonsteroidal anti-inflammatory drug. 

(NSAIDs), and anticoagulants. 1,13 Predictors of risk for acute GI 
bleeding are shown in Table 65.3. Both upper and lower GI hem¬ 
orrhage are more common in elderly than in younger individu¬ 
als, with the average age being approximately 60 to 70 years. 1,3 

Coexisting chronic illnesses are common in patients suffering 
either an upper or lower GI hemorrhage. Various studies have 
suggested a correlation between GI bleeding and correlates of 
poor health such as the use of multiple medications, reduced lev¬ 
els of physical activity, and inability to complete basic self-care 
tasks. 13,14 Cardiovascular disease, 13 hepatic disease, and renal 
disease 15 are particular risk factors for acute GI bleeding. The 
presence of these chronic illnesses, as well as chronic obstructive 
pulmonary disease and cirrhosis, also greatly increases the risk of 
rebleeding after endoscopic control. 16 Tobacco is also associated 
with higher rates of significant GI hemorrhage. A prospective 
cohort study of 5,888 men and women found that the multi vari- 


Increased age 
Male sex 

Unmarried (vs. married) 

Perceived fair or poor health status 
Cardiovascular disease 
Diabetes mellitus 
Renal disease 

Difficulty with activities of daily living 
Low level of physical activity 
Increased numbers of medications 
Oral anticoagulant use 


From Kaplan RC, Heckbert SR, Koepsell TD, et al. Risk factors 
for hospitalized gastrointestinal bleeding among older persons. 
Cardiovascular Health Study Investigators. J Am Geriatr Soc 2001; 
49(2):126—133. 


ate-adjusted hazard ratio for subjects who smoked more than 
half a pack per day was 2.14 (95% confidence interval [Clj = 
1.22, 3.75) for upper GI bleeding. 13 

Certain medications increase the risk of GI hemorrhage. 

@ Many studies have related the use of NSAIDs and aspirin to 
significant GI bleeding. The risk is particularly elevated for UGI 
bleeding, but NSAIDs increase the risk of LGI hemorrhage as 
well. In Vreeburg’s review of 951 patients with UGI hemor¬ 
rhage, 41% used NSAIDs or aspirin. 3 Van Leerdam reported 
that more than half of the patients bleeding from ulcers were 
actively taking NSAIDs or aminosalicylic acid (ASA). 17 
Mellemkjaer et al. found that the observed to expected ratio of 
UGI hemorrhage in a cohort of 156,138 users of NSAIDs was 
4.1 (95% Cl = 3.8, 4.5). 18 Other medications known to 
increase the risk of GI hemorrhage include spironolactone 19 
and the selective serotonin reuptake inhibitors (SSRIs). 20,21 

The use of anticoagulants is also an important risk factor 
for acute GI bleeding. Coumadin is a particularly common 
cause. Kaplan et al. found that the age- and sex-adjusted haz¬ 
ard ratio for GI bleeding in patients taking oral anticoagulants 
was 2.59 (95% Cl = 1.71, 3.93). 13 Vreeburg et al. reported 
that 17% of their patients with UGI hemorrhage were taking 
Coumadin and the international normal ratio (INR) was 
greater than 4 in more than half of these patients. 3 Because 
Coumadin metabolism can be affected by so many interfering 
substances, inadvertent Coumadin toxicity is a common prob¬ 
lem, often presenting with GI hemorrhage. The use of 
antiplatelet agents such as clopidogrel and ticlopidine can also 
lead to GI hemorrhage. 


CLINICAL PRESENTATION 


Usually patients with overt GI bleeding present to the hospital 
after observing the passage of blood from the GI tract as 
hematemesis, melena, or hematochezia. Hematemesis is the 
vomiting of blood. Melena is a black, tarry stool resulting 
from the degradation of blood by enteric bacteria. It may 
occur with the loss of as little as 50 to 200 mL of blood. 22,23 
Bleeding from the small intestine or right colon may also 
appear black if it has remained in the GI tract for more than 
12 to 14 hours. 24 Hematochezia is the passage of bright red 
blood from the rectum and is usually indicative of a lower 
GI source, although massive UGI hemorrhage may also 
cause hematochezia. Patients with acute GI bleeding may 
present with the hemodynamic consequences of hemorrhage 
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including light-headedness, dizziness, orthostatic syncope or near 
syncope, shortness of breath, and palpitations from tachycardia. 

The medical history and physical examination provide 
important clues of the etiology of the patient’s hemorrhage and 
the potential risk to the patient’s life. The occurrence of melena 
after several days of worsening epigastric or upper abdominal 
pain suggests peptic ulcer disease, whereas hematemesis or 
melena following vomiting or retching strongly suggests a 
Mallory-Weiss tear. Massive, painless upper GI hemorrhage in 
a patient with cirrhosis suggests bleeding from gastroe¬ 
sophageal varices, although other etiologies including peptic 
ulcer disease or a Mallory-Weiss tear must also be considered. 
The medical history should elicit the presence of risk factors 
for GI hemorrhage alluded to in the previous paragraphs and 
listed in Table 65.3. 

A systematic physical examination will document the mag¬ 
nitude of bleeding and the patient’s ability to compensate for 
the blood loss. Massive hemorrhage is associated with signs 
and symptoms of hypovolemic shock, including cool, clammy, 
mottled skin, tachycardia, tachypnea, flat jugular veins, olig¬ 
uria, and perhaps hypotension. These responses may be 
altered by advanced age, concomitant medical problems, and 
particular medications. Physical examination should also doc¬ 
ument evidence of cirrhosis and portal hypertension (i.e., 
ascites, spider angiomas, hepatosplenomegaly, palmar ery¬ 
thema, and large hemorrhoidal veins). A rectal examination 
may demonstrate bright red blood or melena. 


PROGNOSTIC FACTORS 

Q Most patients (about 80%) suffering GI hemorrhage will stop 
bleeding spontaneously; those who don’t, or those who rebleed, 
are at particularly high risk to suffer an in-hospital complica¬ 
tion, require operative control of their hemorrhage, or die. Sev¬ 


eral classification systems have been developed to separate low- 
risk from high-risk patients with acute upper and lower GI hem¬ 
orrhage. These systems have also been used to stratify those 
patients who may be safely managed as outpatients from those 
requiring in-hospital care. 25 The BLEED classification system 
addresses both upper and lower GI hemorrhage and consists of 
the following parameters: ongoing bleeding, low systolic blood 
pressure, elevated prothrombin time, erratic mental status, and 
unstable comorbid disease. Patients with at least one BLEED 
criterion are more likely to suffer in-hospital complications 
from UGI bleeding (31% vs. 4%) or lower GI bleeding (38% vs. 
12%) than are patients who lack these criteria. 26 

Prognostic systems for UGI hemorrhage have been more 
widely adopted than those for LGI hemorrhage. One widely 
used system is the Rockall score for assessing the risk of death 
and rebleeding in patients with UGI hemorrhage (Table 65.4). 
Using this model, Rockall et al. found that rebleeding occurred 
in less than 5% of patients and mortality was very low (0% to 
0.2%) in patients with scores of 0 to 2. In contrast, one fourth 
to nearly one half of patients with a Rockall score of 5 to 8 + 
rebled; the mortality rates for these patients were 11% to 41%. 
In this study, rebleeding significantly affected the likelihood of 
death, particularly for patients with intermediate scores of 3 or 
4 and 5 to 7 in which there was a three- to fivefold increase in 
mortality rates. 27 

The Rockall classification has been widely accepted as 
accurate and, importantly, has been externally validated. 28-31 
However, the full classification scheme requires endoscopic 
assessment. An alternative scoring system based on clear and 
readily available clinical indices has been proposed, called the 
Glasgow-Blatchford bleeding score (GBS, Table 65.5). This 
scoring system has been subjected to a multi-institutional trial 
and found to be more accurate than the Rockall system. 32 
These authors suggested that patients with a score of 0 can be 
safely managed as outpatients. 


TABLE 65.4 


ROCKALL RISK SCORING SYSTEM AND RATES OF REBLEEDING AND MORTALITY 


■ SCORE 

Variable 

0 

1 

2 


3 

Age 

<60 y 

60-79 y 

>80 y 



Shock 

“No shock” 

“Tachycardia” 

“Hypotension” 




Systolic blood pressure 
>100 

Systolic blood pressure 
>100 

Systolic blood pressure 
<100 




Heart rate <100 

Heart rate >100 




Comorbidity 

None 

None 

Cardiac failure 


Renal failure 




Ischemic heart disease 


Liver failure 




Any major comorbidity 


Disseminated 

malignancy 

Diagnosis 

Mallory-Weiss tear 

No lesion identified 

All other diagnosis 

Malignancy of the upper 
gastrointestinal tract 




No stigmata of recent 
hemorrhage 





Major stigmata of 
recent hemorrhage 

None or dark spot only 


Blood in upper 
gastrointestinal tract 






Adherent clot 

Visible or spurting vessel 



Score 

0 1 2 

3 4 

5 6 

7 

8 + 

Percent mortality 

0 0 0.2 

2.9 5.3 

10.8 17.3 

27 

41 

From Rockall TA, Logan RF, Devlin HB, et al. Risk assessment after acute upper gastrointestinal haemorrhage [see comments]. Gut 1996;38(3): 
316-321. 
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ITABLE 65.5 I 

GLASGOW-BLATCHFORD BLEEDING SCORE (GBS) 


■ SCORE VALUE 


■ SCORE VALUE 

Blood Urea (mmol/L) 


Systolic Blood Pressure (mm Hg) 


<6.5 

0 

100-109 

1 

6.5-7.9 

2 

90-99 

2 

8.0-9.9 

3 

<90 

3 

10.0-25.0 

4 

Other Markers 


>25.0 

6 

Pulse <100 

0 

Hemoglobin for Men (g/L) 


Pulse >100/min 

1 

>130 

0 

Presentation with melena 

1 

120-129 

1 

Presentation with syncope 

2 

100-119 

3 

Hepatic disease"* 

2 

<100 

6 

Cardiac failure^ 7 

2 

Hemoglobin for Women (g/L) 

>120 

0 

Absence of melena, syncope, hepatic disease, 0 

or cardiac disease 

100-119 

1 



<100 

6 



"Known history, or clinical and laboratory evidence, of chronic or acute liver disease. 

^Known history, or clinical and echocardiographic evidence, of cardiac failure. 

Adapted from Stanley AJ, Ashley D, Dalton HR, et al. Outpatient management of patients with low-risk upper-gastrointestinal haemorrhage: 
multicentre validation and prospective evaluation. Lancet 2009;373(9657):42-47. 


INITIAL EVALUATION 
AND RESUSCITATION 


Upon presentation, patients with GI bleeding should have 
placement of two large-bore intravenous lines in peripheral 
veins and intravascular volume resuscitation begun with an 
isotonic saline solution. Most patients stop bleeding sponta¬ 
neously, and crystalloid volume resuscitation is all that is 
required. Blood should be drawn for type and cross match, 
complete blood count with platelet count, electrolyte determi¬ 
nation, liver function tests, and coagulation profiles. It is 
important to emphasize that on presentation, the hematocrit 
or hemoglobin level may not accurately reflect the magnitude 
of acute blood loss. Estimates of the severity of hemorrhage 
must be based on clinical parameters. 

The massively bleeding patient should receive packed red 
blood cells to restore intravascular volume and oxygen-carrying 
capacity. The decision to transfuse blood or blood products 
depends on the individual needs of the patient and the cause of 
the bleeding. The risks of the blood products (i.e., infection and 
allergic reactions) must be weighed against the risks of withhold¬ 
ing transfusion (i.e., anemia, decreased oxygen-carrying capacity, 
coagulopathy). In general, blood products are used early in the 
management of patients with limited cardiac and pulmonary 
reserve who are unable to withstand or compensate for an acute 
reduction in their systemic oxygen delivery and those with 
lesions that are at particularly high risk for continued or recur¬ 
rent hemorrhage (e.g., gastroesophageal varices). 

Careful hemodynamic monitoring of these potentially crit¬ 
ically ill patients is vital to successful management. Patients 
who are actively bleeding and those who have recently sus¬ 
tained significant hemorrhage should be admitted to an inten¬ 
sive care unit for close monitoring of hemodynamic parame¬ 
ters and evidence of continued or recurring hemorrhage. The 
presence of significant underlying illnesses, such as cardiac, 
renal, hepatic, or pulmonary insufficiency, may necessitate 
invasive cardiac monitoring with cardiac and arterial 
catheters. The information gained from these devices allows 


cardiac performance to be optimized during intravascular vol¬ 
ume replacement. Central venous catheterization should be 
performed only after initial volume resuscitation through 
peripheral sites. The placement of a urinary catheter and fre¬ 
quent monitoring of heart rate, blood pressure, gastric aspi¬ 
rate, urine output, and mental status are the minimum neces¬ 
sary to monitor patients who have suffered GI hemorrhage. 
The importance of prompt, adequate resuscitation and diligent 
observation cannot be overemphasized as the cornerstone for 
managing these potentially mortally ill patients. 


DIAGNOSTIC APPROACH 


After the restoration of circulating blood volume, the next step 
is to identify the source of bleeding so definitive therapy may be 
instituted. If the patient presents with hematemesis, localiza¬ 
tion of the bleeding to the esophagus, stomach, or duodenum is 
^ relatively straightforward and esophagogastroduodenoscopy 
(EGD) should be performed promptly to identify the source of 
bleeding. When blood or coffee-ground guaiac-positive mater¬ 
ial is present in the gastric aspirate, EGD should be utilized to 
define the site of bleeding. Bright red blood per rectum strongly 
suggests a lower GI source of bleeding unless the patient is 
hemodynamically unstable, in which case the hemorrhage may 
originate from a source proximal to the ligament of Treitz. A 
generalized approach for evaluating patients with acute upper 
and lower GI hemorrhage is presented in Algorithm 65.1. 


Gastric Aspiration 

In the absence of hematemesis, aspiration of gastric fluid after 
the placement of a nasogastric tube has been used to distinguish 
between an upper and lower GI source of bleeding. Two studies 
with more than 700 patients found that the presence of blood in 
the gastric aspirate was a good indicator of a UGI source; how¬ 
ever, its absence was unreliable in predicting the presence or 
absence of a UGI source. 33,34 In one study of 220 patients with 
a UGI source of bleeding, the sensitivity, specificity, and accuracy 
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Gastrointestinal hemorrhage 

l 

Nasogastric tube 


1 

Nonbilious, 

1 

Bloody fluid 

Bilious, 

nonbloody fluid 


nonbloody fluid 

Possible UGI 

source 

1 

UGI source 

-1- 

UGI endoscopy 

1 

Probably LGI source 

r 

Diagnostic 

“1 

Nondiagnostic 

1 


Appropriate 

1--1 


treatment 

Massive hemorrhage No source identified 

l l 

Selective visceral RBC scan, 

angiography repeat UGI endoscopy 

ALGORITHM 65.1 



ALGORITHM 65.1. Diagnostic steps in the evaluation of gastrointestinal hemorrhage. 


of the nasogastric aspirate were 42% (95% Cl = 32, 51), 91% 
(95% Cl = 83, 95), and 66% (95% Cl = 59, 72), respectively. 34 
Despite the potential for inaccuracy, all patients with acute GI 
hemorrhage should have a nasogastric tube placed as the initial 
diagnostic modality since it is inexpensive and safe. While a 
clear aspirate does not rule out an upper GI source of bleeding, 
aspiration of blood confirms it. 


Endoscopy 

Esophagogastroduodenoscopy. EGD will identify the site 
of bleeding in about 95% of cases of UGI bleeding and is the 
initial diagnostic study for patients suspected of bleeding from 
the esophagus, stomach, or duodenum. 35,36 The sensitivity of the 
procedure is significantly enhanced when performed within the 
first 24 hours of presentation. 3 A systematic review of the liter¬ 
ature found that early endoscopy (i.e., performed within 24 
hours of admission) was associated with a decreased transfu¬ 
sion requirement and decreased length of stay. 37 A prospective 
randomized trial found that early endoscopy allowed the triag¬ 
ing of 46% of patients to outpatient care without any adverse 
effects. 38 Previous consensus guidelines and several cohort 
studies have related various endoscopic stigmata of recent or 
active hemorrhage to a heightened risk of rebleeding or contin¬ 
ued bleeding. 39-45 Laine and Peterson 39 analyzed data from 37 
prospective trials in which patients with bleeding ulcers did not 
receive endoscopic therapy; they found that the rate of further 
bleeding was less than 5 % for those patients with a clean ulcer 
base and increased to 10% for patients with a flat red spot, 
22% for those with an adherent clot, 43% for those with a 
nonbleeding visible vessel, and 55% for those with active 
bleeding. Endoscopic features predictive of persistent or recur¬ 
rent bleeding and mortality are shown in Tables 65.6 through 
65.8. In addition to these ulcer-specific factors, endoscopy 
allows identification of lesions with a high risk of continued 
hemorrhage and mortality (i.e., gastroesophageal varices) and 
those with a low risk of continued bleeding, such as a Mallory- 
Weiss tear. The efficacy of endoscopy-based modalities to con¬ 
trol UGI hemorrhage is discussed in subsequent sections. 


Colonoscopy. Although the efficacy of colonoscopy in 
determining the cause of occult GI bleeding is undisputed, its 
role in the evaluation of patients with acute lower GI bleeding 
is less well agreed upon. The procedure is best suited for 
patients who are actively bleeding at the time of the study, but 
not massively bleeding. Colonic gavage with a polyethylene 
glycol solution will clear the lumen of clot and stool, providing 
adequate visualization of the mucosa. Others have reported 
good visualization of the mucosa even in the absence of mechan¬ 
ical bowel preparation. 46 

A meta-analysis examined the role of colonoscopy as the pri¬ 
mary diagnostic modality for patients with acute lower GI bleed¬ 
ing and found that 69% (range, 48% to 90%) of urgent colono¬ 
scopies identified a source or a presumptive source of bleeding. 47 
Even in the setting of unprepped bowel, urgent colonoscopy has 
been shown to identify bleeding colon and distal ileal lesions in 
82 of 85 patients (97%). 46 Stigmata of recent hemorrhage for 
lower GI bleeding are similar to those of UGI lesions and include 
an actively bleeding site, a nonbleeding visible vessel, and an 
adherent clot; these findings have been associated with continued 
hemorrhage and the need for urgent colectomy. 9,48 Jensen et al. 
reported that 25% to 50% of patients with any of these three 
factors continued to bleed, or rebled, and required urgent colec¬ 
tomy 49 Others have found colonoscopy to be less accurate in the 
diagnosis of lower GI bleeding. For example, Al Qahtani et al. 
reported a series of 136 patients in which colonoscopy identified 
only 45% of the sources of lower GI bleeding. 50 

Enteroscopy. For those patients who present with hema- 
tochezia in whom the initial EGD and colonoscopy is nondi¬ 
agnostic, repeating these studies before evaluating the small 
intestine is warranted given the very small frequency in which 
the bleeding originates from the small intestine (1%). Repeat¬ 
ing the EGD and colonoscopy when the patient is better resus¬ 
citated will often detect lesions such as ulcers or vascular 
ectasias that were obscured by blood at the initial endoscopy 
or the vasoconstriction of the GI mucosa that accompanies 
hemorrhagic shock. 

Endoscopy of the small bowel with an enteroscope or a pedi¬ 
atric colonoscope will allow inspection of the proximal 60 cm of 
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TABLE 65.6 

PREDICTORS OF PERSISTENT OR RECURRENT BLEEDING IN PATIENTS WITH NONVARICEAL 
UPPER GASTROINTESTINAL HEMORRHAGE 

■ RANGE OF ODDS RATIOS 
FOR INCREASED RISK 

Clinical Factors 

Age >65 y 

1.3 

Age >70 y 

2.30 

Shock (systolic blood pressure <100 mm Hg) 

1.2-3.65 

Health status (ASA class 1 vs. 2-5) 

1.94-7.63 

Comorbid illness 

1.6-7.63 

Erratic mental status 

3.21 (95% Cl: 1.53, 6.74) 

Ongoing bleeding 

3.14 (95% Cl: 2.40-4.12) 

Laboratory Factors 

Initial hemoglobin <10 g/dL or hematocrit <0.30 

0.8-2.99 

Coagulopathy (prolonged partial thromboplastin time) 

1.96 (95% Cl: 1.46, 2.64) 

Presentation of Bleeding 

Melena 

1.6 (95% Cl: 1.1, 2.4) 

Red blood on rectal examination 

3.76 (95% Cl: 2.26, 6.26) 

Blood in gastric aspirate or stomach 

1.1-11.5 

Hematemesis 

1.2-5.7 

Endoscopic Factors 

Active bleeding on endoscopy 

2.5-6.48 

Endoscopic high-risk stigmata 

1.91-4.81 

Clot 

1.72-1.9 

Ulcer size >2 cm 

2.29-3.54 

Diagnosis of gastric or duodenal ulcer 

Ulcer location 

2.7 (95% Cl: 1.2, 4.9) 

High on lesser curvature 

2.79 

Superior wall 

13.9 

Posterior wall 

9.2 

ASA, American Society of Anesthesiologists. 

From Barkun A, Bardou M, Marshall JK, Nonvariceal Upper GI Bleeding Consensus Conference Group. 
Consensus recommendations for managing patients with nonvariceal upper gastrointestinal bleeding [see 
comment]. Ann Intern Med 2003;139(10):843-857. 


the jejunum 51 and the use of a long video-enteroscope may allow 
visualization of 100 to 150 cm of intestine beyond the ligament 
of Treitz. 52 Jensen et al., in an experience with more than 200 
patients with obscure sources of GI bleeding, reported success in 
identifying the etiology in 79% of instances using enteroscopy. 53 
In their experience, vascular ectasias and postbulbar ulcers were 
the most common causes of obscure GI bleeding. 

Intraoperative enteroscopy using a combination of push 
enteroscopes per os and per rectum or via enterotomy can 
allow examination of the entire small bowel. While the endos¬ 
copist manipulates the scope, the surgeon manually advances 
the bowel over the endoscope. After the bowel is telescoped 
onto the endoscope, it is slowly withdrawn while the endos¬ 
copist examines the mucosal lumen and the surgeon watches 
the transilluminated bowel wall. While this technique can be 
effective, it is limited by its invasive nature. 54 

Double-balloon Enteroscopy. This technique utilizes a 
long enteroscope and a long overtube. Both the overtube and 
the enteroscope have balloons at the end. When the balloon of 
the enteroscope is inflated, it “grabs” the mucosal surface and 
allows advancement of the overtube, whose balloon is deflated. 
The overtube balloon is then inflated while the enteroscope 


balloon is deflated. The enteroscope is then advanced while the 
inflated overtube balloon grips the mucosa. Using these alter¬ 
nate inflation-deflation cycles, long-distance advancement of 
the enteroscope has been achieved. 2 In one U.S. multicenter 
study, the average distance achieved was 360 cm with a diag¬ 
nosis made in 43% of cases. 55 In some cases lesions may be 
seen that are missed by other techniques. 56 

Wireless Capsule Endoscopy. Imaging of the small intes¬ 
tine is also now possible with a wireless capsule endoscope con¬ 
sisting of a battery, light source, imaging-capturing system, and 
transmitter. This capsule endoscope is 11 X 30 mm and is 
moved solely by peristalsis. This system captures and sends up 
to two images per second for about 8 hours to an ultra-high- 
frequency band radiotelemetry unit worn by the patient. The 
location of the capsule is suggested by the strength of the signal. 
Several studies have shown high diagnostic yields using this 
technique and found it to be superior to push enteroscopy in 
patients with obscure GI bleeding (reviewed in reference 2). 
One difficulty with this technique is the very large amount of 
data to be reviewed. For an 8-hour study, 57,600 images are 
generated. Even at high frame rates, manual review of the 
images is difficult and time consuming at best. Software is 
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TABLE 65.7 


PREDICTORS OF MORTALITY IN PATIENTS WITH NONVARICEAL UPPER 
GASTROINTESTINAL HEMORRHAGE 



■ RANGE OF ODDS RATIOS 
FOR INCREASED RISK 

Clinical Factors 

Age 60-69 y 

3.5 (95% Cl: 1.5, 4.7) 

Age >70 y 

4.5-12.7 

Age >80 y 

5.7 (95% Cl: 2.9, 10.2) 

Shock (systolic blood pressure <100 mm Hg) 

1.18-6.4 

Health status (ASA class 1 vs. 2-5) 

2.6-9.52 

Comorbid illness 

1.19-12.1 

Continued or rebleeding 

5.29-76.23 

Sepsis 

5.4 (95% Cl: 1.5, 19.6) 

Presentation of bleeding 

Red blood on rectal examination 

2.95 (95% Cl: 1.29, 6.76) 

Blood in gastric aspirate or stomach 

0.43-18.9 

Hematemesis 

2.0 (95% Cl: 1.1, 3.5) 

Onset of bleeding while hospitalized for other causes 

2.77 (95% Cl: 1.64, 4.66) 

Laboratory Factors 

Elevated blood urea nitrogen level 

5.5-18 

Elevated serum creatinine level 

14.8 (95% Cl: 2.6, 83.5) 

Elevated serum aminotransferase levels 

4.2-20.2 

ASA, American Society of Anesthesiologists. 

From Barkun A, Bardou M, Marshall JK, Nonvariceal Upper GI Bleeding Consensus Conference Group. 

Consensus recommendations for managing patients with nonvariceal upper gastrointestinal bleeding [see 

comment]. Ann Intern Med 2003;139(10):843-857. 



available to limit the examiner’s review time, but its accuracy is 
not currently known. 


Selective Visceral Arteriography 

Selective visceral arteriography is primarily useful in patients 
with upper or lower GI bleeding in whom endoscopy cannot 
be performed or has been unsuccessful in determining the site 
of ongoing rapid hemorrhage. Successful angiographic identi¬ 
fication of the source of bleeding occurs in 27% to 86% of 
instances and depends primarily on the presence of active arte¬ 
rial bleeding at the time of the study 50,57,58 (Fig. 65.2). The 
extravasation of contrast may be detected if the patient is 
bleeding at rates greater than 0.5 to 1 mL/min 59 ; this correlates 


TABLE 65.8 


FORREST CLASSIFICATION OF ENDOSCOPIC APPEARANCE 
OF BLEEDING ULCERS 


la 

lb 

Spurting bleeding 

Nonspurting, active bleeding 

Ha 

Visible vessel 

lib 

Nonbleeding ulcer with overlying clot 

lie 

Ulcer with hematin-covered (black) base 

III 

Clean ulcer base 

From Laporte JR, Ibanez L, Vidal X, et al. Upper gastrointestinal 

bleeding associated with the use of NSAIDs: newer versus older 

agents. Drug Safety 2004;27(6):411-420. 


clinically with the requirement for continuous volume infusion 
to maintain hemodynamic stability. Pennoyer et al., however, 
were unable to identify any clinical parameter (including 
tachycardia, number of transfusions, or orthostatic hypoten¬ 
sion) that could increase the diagnostic yield of selective 
angiography, including scintigraphy demonstrating ongoing 

/ 

m 

FIGURE 65.2. Selective celiac arteriography with injection into the 
common hepatic artery in a patient bleeding from a duodenal divertic¬ 
ulum. Extravasation of contrast from a branch of the gastroduodenal 
artery can be seen (arrow). 
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bleeding. 60 Several groups have used heparin, vasodilators, or 
thrombolytics to improve the diagnostic yield of arteriography 
in patients with nondiagnostic studies. Mernagh et al. found 
that the administration of heparin intravenously for 24 hours 
increased the diagnostic yield of visceral angiography from 
33% (6 of 18) to 67% (12 of 18). 61 Others have found that the 
intra-arterial infusion of a vasodilator, heparin, and/or uroki¬ 
nase (a thrombolytic) failed to identify the source of bleeding 
in five of seven patients. 62 It should be noted that these 
provocative techniques are not commonly employed. 

One major advantage of visceral arteriography is its thera¬ 
peutic potential. Transcatheter embolization of bleeding ves¬ 
sels was first reported in the early 1970s. 63,64 Modern instru¬ 
ments allow superselective catheterization of terminal vessels, 
leading to satisfactory embolization with less risk for ischemic 
complications. Further discussion of therapeutic use can be 
found later. 


Abdominal Scintigraphy 

Abdominal scintigraphy with 99m technetium (Tc)-labeled red 
blood cells (RBCs) lacks the spatial resolution and diagnostic 
precision of angiography and endoscopy; however, it is of 
most value in detecting intermittently bleeding lesions or those 
with very low rates of hemorrhage, such as vascular malfor¬ 
mations. Abdominal scintigraphy utilizing 99m Tc-RBCs has 
been shown to detect bleeding rates as low as 0.04 to 0.1 mL/ 
min. 65,66 In a review of seven retrospective studies with nearly 
400 patients, the median diagnostic accuracy of scintigraphy 
was 82% (range, 52% to 95%); in this review, 99m Tc-RBCs 
were incorrect in 5% to 48% of instances (median 18%). 58 
Suzman et al. summarized 20 retrospective studies containing 
804 positive studies and reported a false-positive rate of 
19%. 67 Precise localization of the site of bleeding may be com¬ 
plicated by the rapid distribution of isotope throughout the 
intestine by peristalsis or by accumulation in the right colon. 
More recent techniques of cine-scintigraphy may improve the 
diagnostic accuracy 68 (Fig 65.3). One area where radionuclide 


scanning has a clear role is in the diagnosis of Meckel divertic¬ 
ulum. "Tc-pertechnate is secreted by ectopic gastric mucosa 
in Meckel diverticula. 69 This study should be considered early 
in the evaluation of young individuals with lower GI bleeding. 


Computed Tomography Scanning 

Computed tomography (CT) scanning has been used to detect 
GI bleeding using a variety of specialized techniques. 70-73 Usu¬ 
ally these techniques have been applied in cases of obscure 
bleeding where standard techniques such as endoscopy have 
failed. In general, however, these have not been sufficiently 
sensitive for the fine mucosal imaging necessary in evaluating 
GI hemorrhage. Research continues, however, using newer 
multidetector CT scanning combined with oral and intra¬ 
venous contrast. 74-77 In the future, this may become a more 
available and useful technique. 


COMMON CAUSES OF 
GASTROINTESTINAL 
HEMORRHAGE AND 
TREATMENT 


Upper Gastrointestinal Hemorrhage 

Peptic Ulcer Disease. Peptic ulcer disease is the most com- 
mon cause of acute upper GI hemorrhage, accounting for 
nearly 40% of cases in most series, although this proportion 
may be decreasing. 78 About 15% to 20% of patients with pep¬ 
tic ulcer disease experience bleeding during the course of their 
disease, and as many as 20% of these patients will have bleed¬ 
ing as the initial manifestation. Hemorrhage is the principal 
cause of death from peptic ulcer disease and has replaced 
intractable pain as the most frequent indication for surgery. 
Complications of peptic ulcer disease occur more commonly in 
older patients who often have medical problems that pro¬ 
foundly influence their risk of morbidity and mortality. 


FIGURE 65.3. Cine- 99m Tc erythrocyte scintigraphy 
showing extravasation of isotope in the right colon. 
Only a small portion of the image set is shown. 
Arrows point to accumulation of isotope in the right 
colon. Bleeding was due to delayed hemorrhage fol¬ 
lowing endoscopic polypectomy. 
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Duodenal ulcers occur slightly more frequently than gas¬ 
tric ulcers. Penetration of the ulcer through the posterior 
wall of the duodenal bulb is associated with erosion into the 
gastroduodenal artery or one of its branches, resulting in 
brisk hemorrhage. Patients may present with hematemesis of 
bright red blood and clots or with melena alone. Between 
80% and 90% of patients stop bleeding spontaneously during 
the initial stages of therapy with volume resuscitation and 
gastric lavage. 

In general, patients with gastric ulcers tend to be older and 
have coexisting medical problems that increase morbidity and 
mortality compared with duodenal ulcers. Bleeding may occur 
from any site in the stomach, although ulcers located at the 
incisura are most common. At this site, involvement of the 
branches of the left gastric artery may result in brisk, if not tor¬ 
rential, hemorrhage. The clinical presentation of patients 
bleeding from gastric ulcers is similar to that of duodenal Q 
ulcers, with hematemesis, melena, and hematochezia. 

An important risk factor for the development of GI hemor¬ 
rhage and gastroduodenal ulcer formation is the use of 
NSAIDs. NSAID use has been associated with a continuum of 
mucosal injury ranging from small acute mucosal hemor¬ 
rhages to large chronic ulcers. It has been estimated that 10% 
to 15% of regular NSAID users have chronic gastric ulcers. 79 
Symptoms correlate poorly with the degree of mucosal injury 
since as many as 20% of ulcers penetrating the muscularis are 
asymptomatic. 80 Case-control and cohort studies have sug¬ 
gested that NSAIDs are associated with a relative risk of GI 
hemorrhage and ulceration ranging from about 2 to 9.1. 81 
Ketorolac, in particular, has been associated with a high risk of 
GI bleeding (relative risk approaches 25 ). 82,83 The risk of 
NSAID-associated complications is highest in patients with a 
history of upper GI bleeding, the elderly, or those patients tak¬ 
ing oral anticoagulants 84 or corticosteroids. Patients with a 
prior history of peptic ulcer disease also appear to be at 
increased risk of NSAID-associated GI hemorrhage and tend 
to have a significantly worse outcome when compared to indi¬ 
viduals not using NSAIDs. 85,86 

The tremendous frequency with which NSAIDs are used by 
the elderly underscores the magnitude of this problem. Indi¬ 
viduals with a history of NSAID-induced hemorrhage may 
benefit from the prostaglandin Ej analogue, misoprostol, 
which has been shown to prevent NSAID-induced gastric ero¬ 
sions and ulcers. 87 Histamine (H 2 )-receptor blockers (raniti¬ 
dine and cimetidine) are effective in preventing NSAID- 
induced duodenal ulcers, but appear to have little effect on the 
occurrence of gastric lesions. 80,88,89 Proton pump inhibitors 
(PPIs) have also been shown to be protective in patients on 
NSAIDs, with greater efficacy than H 2 blockers. 90 NSAIDs are 
also associated with lower GI bleeding, including lesions not 
generally considered related to NSAID use, such as diverticu- 
losis. 91-93 Selective cyclooxygenase-2 (COX-2) inhibitors have 
been marketed as being safer than nonselective NSAIDs, 
although some of these have now been withdrawn from the 
U.S. market for other safety concerns. It appears that these 
selective inhibitors cause fewer upper GI problems overall 
than traditional NSAIDs, the main benefit being fewer uncom¬ 
plicated ulcers. But there is no decrease in complicated events, 
including clinically significant bleeding episodes. 94 Selective 
COX-2 inhibitors do not appear to result in an improvement 
in lower GI bleeding events. 95 

Medical Treatment. Once bleeding from the upper GI tract is 
confirmed, treatment with a PPI should be initiated. Acute use 
of a PPI has been shown in several studies to decrease rebleed¬ 
ing. 43,96-99 Although the Scottish Intercollegiate Guidelines 
Network (SIGN) recommended withholding PPI therapy until 
after endoscopy, 100,101 in our opinion the balance of evidence 
would suggest no harm and perhaps a benefit from early PPI 
use. An 80-mg intravenous bolus of omeprazole or pantopra- 
zole followed by an infusion at 8 mg/h produces the most 
reliable acid suppression. 102 All patients should be tested for 


Helicobacter pylori infection and treated if found. Treatment 
of the infection significantly reduces the recurrence of hemor¬ 
rhage when compared to no treatment or chronic antisecretory 
treatment alone. 103,104 Interestingly, H. pylori infection may be 
less common in patients with bleeding ulcers than in those with 
nonbleeding ulcers. 105 

Endoscopic Treatment. The endoscopic appearance of a 
bleeding ulcer has important prognostic and therefore thera¬ 
peutic implications, as alluded to in Tables 65.6 and 65.7. A 
modification of the system employed by Forrest et al. 106 is 
shown in Table 65.8. In this system category I findings are 
indicative of active bleeding, while category II findings provide 
evidence of recent hemorrhage. In general, only actively bleed¬ 
ing ulcers (i.e., Forrest category I lesions) are treated endo- 
scopically. 

A variety of endoscopic techniques are available to arrest 
hemorrhage from bleeding ulcers. The precise method of treat¬ 
ment is less important than the correct selection of patients and 
the experience of the endoscopist. Mechanical ligation of bleed¬ 
ing vessels can be achieved with endoscopic ligation (banding) 
or endoscopic clipping or Endoloop ligation. 107-109 Heater 
probes and monopolar and bipolar electrocoagulation probes 
also can effectively control upper GI hemorrhage. Monopolar 
probes apply high-frequency electrical current to the tissue, 
resulting in localized heating to 100°C and sealing of the bleed¬ 
ing vessel by coagulation necrosis of the surrounding tissue and 
vessel wall. Multipolar electrocoagulation (BICAP) probes con¬ 
sist of three equally spaced pairs of bipolar microelectrodes. 
This orientation of electrodes allows coagulation of tissue from 
tangential approaches and eliminates some of the disadvantages 
of the monopolar probe, such as the unpredictable depth of 
thermal injury, adherence of tissue, and clot dislodgement. 
Direct thermal coagulation of a bleeding point can also be pro¬ 
duced by applying a heater probe, consisting of an aluminum tip 
coated with Teflon. The tip is rapidly heated to 250°C by an 
inner coil. The tip can be irrigated with a water jet to prevent 
accumulation of debris and clot. Heat conducted from the 
probe produces tissue coagulation to a depth of 1 to 5 mm. 

Injection of epinephrine to induce vasoconstriction has 
been used successfully to control acutely bleeding ulcers, par¬ 
ticularly as an adjunct to electrocautery or mechanical hemo¬ 
stasis with clips. A meta-analysis of 15 studies concluded that 
injection alone was inferior to either clips alone or clips plus 
injection. 110 This study showed no difference between clips 
and thermocoagulation. 

The injection of sclerosants has been well described as a 
method of treating esophageal varices and has recently been 
popular for controlling nonvariceal bleeding. Sodium morrhu- 
ate and ethanolamine oleate are most commonly used to treat 
esophageal varices, whereas ethanol and polidocanol are most 
commonly used for nonvariceal sites. These agents act by 
thrombosing bleeding vessels and causing necrosis and subse¬ 
quent fibrosis of surrounding tissue. Clinical experience with 
sclerosants has been similar to that obtained with electrocoag¬ 
ulation. In one large multicenter study of 332 actively bleeding 
patients or patients with stigmata of recent hemorrhage who 
underwent injection of 98% alcohol around the lesions, less 
than 1% continued to bleed, 6% rebled, and only 3% required 
emergency operative intervention. 111 

A meta-analysis of 25 randomized trials of endoscopic ther¬ 
apy for bleeding ulcers concluded that endoscopic treatment 
methods have a beneficial effect on survival by reducing the 
rate of recurrent hemorrhage. This analysis suggested that 
endoscopic therapy results in a relative reduction of 69% in 
recurrent bleeding, 62% in emergent surgery, and 30% in 
mortality rate, with the greatest benefit seen in actively bleed¬ 
ing ulcers and ulcers with nonbleeding visible vessels. 112 The 
effectiveness of early aggressive endoscopic diagnosis and treat¬ 
ment is further supported by a report of 562 patients bleeding 
from a variety of causes, of whom only 2.5% required emer¬ 
gency operations to control hemorrhage. 113 
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Q Operative Treatment. The successful use of endoscopic thera¬ 
pies has relegated operative procedures to a rescue role for 
those cases in which endoscopy is unsuccessful in arresting 
hemorrhage. Numerous studies have attempted to identify 
those patients at greatest risk of continued or recurrent bleed¬ 
ing. Of the many factors examined, those associated with the 
highest risk of rebleeding included patients in hypovolemic 
shock during the initial endoscopy, ulcers greater than 2 cm in 
diameter, and endoscopic stigmata of recent or ongoing hem¬ 
orrhage (Forrest type I and II lesions). 114 Many studies have 
demonstrated the ability of endoscopy to identify those 
patients at greatest risk of rebleeding. In one review, the pres¬ 
ence of active bleeding was associated with a 90% to 100% 
chance of continued or recurrent hemorrhage. A nonbleeding 
visible vessel had a 40% to 50% chance, adherent clot 20% to 
30%, oozing without visible vessel 10%, flat spot 5% to 10%, 
and clean-based ulcer 1% to 2%. 115 Even in those patients 
who rebleed following initial endoscopic therapy, two thirds 
may be successfully retreated endoscopically, thus avoiding 
operative intervention. 79 Factors that must be considered in 
decisions regarding the timing of operative intervention 
include the magnitude of the initial (or recurrent) hemorrhage, 
the physiologic ability of the patient to withstand continued or 
recurrent hemorrhage, and the likelihood of recurrent or con¬ 
tinued hemorrhage. It is generally accepted that elderly 
patients and those with significant concurrent medical prob¬ 
lems should undergo operative intervention earlier during the 
course of the hemorrhage since these individuals will poorly 
tolerate continued bleeding, recurrent hypotension, and repeated 
transfusions. 

The type of operation depends on the pathology encoun¬ 
tered. For bleeding gastric ulcers, the operation of choice 
depends on the patient’s condition and location of the ulcer. For 
favorably located ulcers, excision of the ulcer with closure of 
the gastrotomy will suffice. If the ulcer is unfavorably located, 
for example, near the gastroesophageal junction, simple under¬ 
sewing of the bleeding ulcer may adequately control bleed¬ 
ing. 116 If a gastric ulcer is left in situ, follow-up endoscopy is 
necessary 4 to 8 weeks later to either confirm healing or obtain 
tissue to rule out malignancy. Extensive gastric resections such 
as antrectomy or subtotal or total gastrectomy are generally 
not performed in these unstable patients. 

For patients bleeding from duodenal ulcers, truncal vagot¬ 
omy, pyloroplasty, and oversewing of the bleeding vessel is the 
most widely used operation. Direct ligation of the bleeding 
vessel through the duodenotomy should incorporate the 
gastroduodenal artery proximal and distal to the ulcer as well 
as the transverse pancreatic artery. 

Angiographic Embolization. Relatively little has been written 
about the use of transcatheter embolization for peptic ulcer 
disease. In general, angiographic embolization is used after 
failure of endoscopic treatment in patients who cannot or will 
not undergo surgery. One recent large review (including 
nonulcer upper GI indications) showed a high technical suc¬ 
cess rate (i.e., localization of bleeding and deployment of the 
embolic agent) but a clinical success rate of only 51%. 117 Sig¬ 
nificant ischemic complications can occur also. While this 
technique has utility in select patients, it should not be consid¬ 
ered a routine treatment option for bleeding peptic ulcers. 


Stress Gastritis 


Although studies in the 1960s and 1970s demonstrated acute 
erosions of the gastric mucosa in as many as 60% to 100% of 
critically ill patients, the incidence has markedly decreased 
over the past four decades. Factors postulated to have been 
important in this phenomenon include (a) the widespread use 
of prophylactic gastric alkalinization, (b) improvements in the 
ability to detect and treat sepsis, (c) improvements in the abil¬ 


ity to monitor and correct hemodynamic instability, and (d) 
the ability to provide adequate nutritional support of critically 
ill patients. 

In general, stress gastritis is characterized by the appear¬ 
ance of multiple superficial gastric ulcerations within 12 to 
14 hours of an acute injury. These lesions, initially localized to 
the fundus and body of the stomach, later involve the entire 
gastric surface. Patients at greatest risk include those with sep¬ 
sis, major burns, or severe trauma. Critically ill patients with a 
coagulopathy and respiratory insufficiency appear to be at 
highest risk of developing stress gastritis. 118,119 In this setting, 
the disease appears to represent the gastric component of the 
multiorgan failure syndrome. 

The pathogenesis of this disease is discussed in detail in 
Chapter 44. The primary defect is in the protective processes 
that maintain the integrity of the gastric mucosal barrier. 
Although some gastric acid secretion is required for the devel¬ 
opment of stress gastritis, it is clear that the hypersecretion of 
acid is not the cause of mucosal injury. Altered gastric mucosal 
blood flow and impaired clearance of hydrogen ions from the 
mucosa appear to be of particular importance. Stress gastritis 
should be differentiated from the deep, often solitary ulcera¬ 
tions occurring in patients with severe central nervous system 
lesions (Cushing ulcers). Generally, hemorrhage is the only 
symptom that patients with stress gastritis experience. Overt 
bleeding is often heralded by the appearance of flecks of blood 
in the gastric aspirate. The superficial nature of the lesions 
makes perforation unlikely. 

Prophylactic therapy is directed toward preventing hemor¬ 
rhage, primarily by neutralizing gastric acid, augmenting 
mucosal defenses, and removing or preventing physiologic 
stress. Antacids, H 2 -receptor antagonists, and sucralfate have 
all been used successfully to prevent stress gastritis. Alkalin- 
ization of the gastric contents is associated with oral and fecal 
flora colonization of the stomach and has raised concerns 
about an increased risk of nosocomial pneumonia. This con¬ 
cern has prompted the use of sucralfate as a preferred prophy¬ 
lactic agent instead of antacids or cimetidine. 120 However, a 
prospective, randomized trial of 1,200 critically ill patients 
receiving either ranitidine or sucralfate for stress ulcer prophy¬ 
laxis found that those patients receiving ranitidine had a lower 
bleeding rate (1.7%) than the sucralfate group (3.8%). There 
was no difference in mortality or incidence of ventilator- 
assisted pneumonia. 121 

The success of these prophylactic measures has led to a 
dearth of recent experience in managing patients bleeding from 
stress gastritis. Based on early reports, attention to blood 
replacement, intravascular volume restoration, and correction of 
coagulation defects are associated with the cessation of hemor¬ 
rhage in nearly 80% of cases and as such are the principal means 
of initial treatment. A variety of nonoperative techniques have 
been employed with variable success in arresting hemorrhage 
from stress gastritis including endoscopic and embolization tech¬ 
niques and the selective catheterization of the left gastric artery 
with continuous infusion of vasopressin. 122 

Based on these same early experiences, very few patients 
bleeding from erosive gastritis require operative intervention 
to arrest hemorrhage. A variety of surgical treatment options 
have been reported including vagotomy and pyloroplasty with 
oversewing of bleeding sites, vagotomy and hemigastrectomy, 
total gastrectomy, and gastric devascularization. The dilemma 
facing the surgeon is that these critically ill patients poorly tol¬ 
erate extensive procedures, yet lesser operations often fail to 
control hemorrhage. Regardless of the operation performed, 
mortality risk depends on the underlying illness, particularly in 
the presence of multiple organ failure. Mortality rates between 
30% and 60% are commonly quoted, with as many as one 
fourth of the deaths resulting from continued hemorrhage. 
Rebleeding rates ranging from 25% to 61% have been 
reported. The combination of vagotomy, hemigastrectomy, 
and oversewing of bleeding points has been touted as more 




Chapter 65: Acute Gastrointestinal Hemorrhage 


1049 


successful in these patients; however, rebleeding rates of 11 % 
to 44% and operative mortality rates ranging from 33% to 
63% have been associated with this procedure. 123 More exten¬ 
sive operations, such as near-total gastrectomy or total gas¬ 
trectomy, are associated with significant mortality, although 
they successfully stop hemorrhage. 


Gastroesophageal Varices 

Cirrhosis is a leading cause of death in the United States and 
variceal hemorrhage is a common mode of death for these 
patients. About 30% of people with cirrhosis develop gastroe¬ 
sophageal varices, and of these individuals, about 30% bleed as 
a result, usually within 1 to 2 years of diagnosis. Gastroe¬ 
sophageal varices are a significant cause of UGI hemorrhage, 
accounting for about 20% of such cases. Patients with bleeding 
gastroesophageal varices tend to have much higher rebleeding 
rates, transfusion requirements, lengths of hospitalization, and 
risk of death than do patients bleeding from nonvariceal 
causes. 113 ’ 124 ’ 125 

Although the basic tenets of resuscitation for massive 
variceal hemorrhage are similar to those for any cause of mas¬ 
sive bleeding, intravenous volume resuscitation should be par¬ 
ticularly judicious. The hyperaldosteronemic state of cirrhosis 
promotes sodium and water retention with aggravation of 
ascites and peripheral edema. Accurate blood replacement is 
imperative since overtransfusion may worsen portal hyperten¬ 
sion and exacerbate hemorrhage. Invasive cardiac monitoring 
with Swan-Ganz catheterization may be particularly useful for 
guiding volume replacement. Coagulation deficits should be 
aggressively corrected by administering fresh frozen plasma. 
Thrombocytopenia, secondary to hypersplenism or dilution, 
should be treated promptly with pooled platelet transfusions. 
Sedatives are best avoided or used sparingly because cirrhosis 
impairs the liver’s ability to metabolize many of these drugs. 
Adequate prophylaxis for delirium tremens should be admin¬ 
istered to alcoholics. 

As with other sources of upper GI hemorrhage, early 
endoscopy is imperative for successful diagnosis and therapy. 
The identification of varices alone is not adequate to incrimi¬ 
nate them as the source of the hemorrhage since up to half of 
patients with cirrhosis bleed from a source other than varices. 
Furthermore, endoscopy may identify factors associated with 
a heightened risk of variceal hemorrhage such as the size and 
number of varices and the presence of red, blue, or other colored 
spots on the varix. The presence of gastric and duodenal 
varices and portal hypertensive changes in the gastric mucosa 
(portal gastropathy) will influence therapeutic decisions and 
prognosis. 

Although vasopressin has commonly been used in the man¬ 
agement of variceal hemorrhage, recent reports suggest the 
superiority of somatostatin or its synthetic analogue, octreotide. 
It is thought that octreotide causes splanchnic arteriolar vaso¬ 
constriction and reduces variceal and azygous vein flow with 
limited direct effects on portal pressure. 126 Meta-analyses have 
shown that the infusion of somatostatin is more effective and 
safer than vasopressin in the pharmacologic control of variceal 
hemorrhage. 127,128 Other studies have shown that somatostatin 
or octreotide can improve the results of sclerotherapy or endo¬ 
scopic variceal ligation. 129-131 In addition to the enhanced effi¬ 
cacy in controlling hemorrhage, the use of octreotide eliminates 
the cardiac risks of vasopressin infusion (i.e., coronary artery 
vasoconstriction, myocardial ischemia, and infarction). 
Although neither somatostatin nor vasopressin plus nitroglyc¬ 
erin definitively treats the bleeding esophageal varices, these 
modalities may provide initial control of hemorrhage, reducing 
transfusion requirements and providing time for resuscitation 
before definitive treatment. 

Another temporizing method used for massively bleeding 
patients is balloon tamponade using a Sengstaken-Blakemore 


tube or a Minnesota tube. These devices consist of a gastric 
tube with esophageal and gastric balloons. In the case of a Min¬ 
nesota tube, a proximal esophageal lumen allows for the aspi¬ 
ration of swallowed secretions. Inflation of the gastric (and, if 
required, esophageal) balloons tamponade the bleeding varices, 
controlling hemorrhage in more than 80% of cases. Hemor¬ 
rhage recurs in 25% to 50% of patients upon deflation of the 
balloons, thus limiting this technique to a temporizing role. 132 
The greatest value of these tubes is for arresting massive hem¬ 
orrhage that has been unresponsive to other measures, allow¬ 
ing time for resuscitation and angiographic definition of the 
portal system before definitive treatment. 

When used inappropriately, these tubes can be associated 
with significant morbidity and mortality. Complications occur 
in 4% to 9% of patients, with the most frequent being aspira¬ 
tion pneumonitis. Measures to prevent pulmonary complica¬ 
tions include endotracheal intubation before tube insertion and 
the placement of an esophageal tube to remove swallowed 
salivary secretions. Other significant complications include 
esophageal rupture or necrosis and airway occlusion during the 
attempted removal of an incompletely deflated gastric balloon. 

Endoscopic sclerotherapy, endoscopic clipping, and endo¬ 
scopic variceal ligation (banding) have become the most widely 
used modalities for the initial definitive control of bleeding 
esophageal varices. Several studies have confirmed that these 
Q techniques arrest acute variceal hemorrhage in 90% to 95% of 
patients. In general, a patient bleeding from esophageal varices 
should undergo urgent sclerotherapy or banding of the varices 
at the time of the first emergency endoscopy. A single treatment 
controls variceal bleeding in more than 70% of patients, and a 
second treatment increases the rate of control to 90% to 95%. 
Continued or recurrent hemorrhage after endoscopic treatment 
requires temporary control with balloon tamponade and 
somatostatin, usually followed by emergency portal decompres¬ 
sion either with transjugular intrahepatic portosystemic shunt¬ 
ing (TIPS) or with surgery. 133 ’ 134 Following an initial episode of 
variceal hemorrhage, several options are available for the pre¬ 
vention of further hemorrhage. These options and the operative 
management of bleeding esophageal varices is discussed in 
detail in Chapter 58. 


Mallory-Weiss Tears 

The Mallory-Weiss syndrome is acute UGI hemorrhage that 
occurs after retching or vomiting due to a mucosal tear in the 
gastric cardia. Mallory and Weiss postulated that violent emesis 
against an unrelaxed cardia was the mechanism of injury. They 
were able to produce similar mucosal tears in cadavers by forc¬ 
ing gastric contents against an occluded gastroesophageal junc¬ 
tion. 135 The typical patient who develops the syndrome is an 
alcoholic who begins to retch and vomit after an alcohol binge, 
although this syndrome may also be found in nonalcoholics with 
bouts of emesis. Initially, the vomitus consists of gastric contents 
without blood and subsequently the patient develops hemateme- 
sis and/or melena. Overall, these lesions occur in 5% to 10% of 
patients who present with upper GI bleeding. 113 ’ 124 ’ 125 

The initial management of these patients is similar to that 
of patients bleeding from other sources of upper GI hemor¬ 
rhage and includes volume resuscitation, gastric lavage, and 
decompression. Most patients with Mallory-Weiss tears stop 
bleeding spontaneously, either before treatment or after these 
early measures. Once bleeding has stopped, rebleeding is rare. 

In patients who continue to bleed despite these maneuvers, 
nonoperative and operative therapeutic options are available. 
Nonoperative management, consisting of endoscopic electro¬ 
coagulation, banding, or injection therapy, has been success¬ 
fully applied to these lesions. 136 In cases not amenable to endo¬ 
scopic therapy, operative management consists of oversewing 
the laceration through an anterior longitudinal gastrotomy in 
the middle third of the stomach. 
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LOWER GASTROINTESTINAL 
HEMORRHAGE 


Although the passage of maroon or bright red blood per rec¬ 
tum may occur in the presence of a massive upper GI hemor¬ 
rhage, this finding most commonly indicates a source distal to 
the ligament of Treitz. The absence of blood in bilious naso¬ 
gastric lavage fluid further supports a distal location of hem¬ 
orrhage. Although numerous potential causes of lower GI 
hemorrhage are possible (see Table 65.2), colonic diverticulosis 
and colitis are by far the most common. Small-bowel sources 
and other colonic pathology such as colon cancer are relatively 
unusual causes of acute GI hemorrhage. 


Diagnostic Approach 

The most important question to answer when presented with 
Q a patient with lower GI hemorrhage is not, “What is bleed¬ 
ing?” but rather, “Where is the bleeding?” The common 
causes of colonic hemorrhage are mucosal in nature, not pal¬ 
pable, and not visible from the serosal surface of the bowel. 
Therefore, it is imperative that the surgeon make every effort 
to localize the source of bleeding preoperatively since it is usu¬ 
ally impossible to locate the bleeding source intraoperatively. 
Tagged RBC scanning and/or angiography should be obtained 
as early as possible after presentation. 

After determination that the source is likely from a lower 
GI source, it is important to first exclude anorectal causes of 
hemorrhage, such as hemorrhoidal bleeding, by inspection and 
anoscopy. The authors’ approach is then to obtain a tagged 
RBC scan as soon as practical, or in occasional cases of mas¬ 
sive hemorrhage, to proceed directly to angiography. If the 
tagged RBC scan localizes a bleeding site, then one may con¬ 
tinue supportive care to determine if bleeding will stop spon¬ 
taneously as it will in the majority of cases. If bleeding contin¬ 
ues, then the patient may proceed to either surgical excision of 
the bleeding site or angiography with embolization. If the 
tagged RBC scan does not demonstrate bleeding, then it is 
probable that bleeding has stopped. One may then proceed to 
colonoscopy after adequate mechanical bowel preparation. In 
the authors’ experience, colonoscopy in an actively bleeding 
patient with an unprepped colon is seldom satisfactory. If the 
bleeding is rapid enough to warrant emergency surgery, bleed¬ 
ing can usually be demonstrated by one of these modalities. It 
should be the very rare patient who will need to proceed to 
surgery for lower GI hemorrhage with failed preoperative 
localization. In these cases a careful search for small-bowel 
bleeding sources, possibly including intraoperative small-bowel 
endoscopy, should be performed. If this still does not demon¬ 
strate a source and the blood appears confined to the colon, a 
total abdominal colectomy should be performed. However, the 
surgeon should be aware of a significant failure rate even after 
this radical surgery. 


Colonic Diverticulosis 


In Western society, the prevalence of colonic diverticula 
increases with age such that about 60% of people in their sev¬ 
enth decade of life are affected and the incidence increases 
roughly 1% per year. Only about 20% of patients with diver¬ 
ticulosis have symptoms attributable to these lesions and less 
than 5 % experience hemorrhage. 137 Hemorrhage from diver¬ 
ticular disease is most often massive, associated with hema- 
tochezia and varying degrees of hemorrhagic shock. Classi¬ 
cally, patients present with a sudden occurrence of mild lower 
abdominal discomfort, rectal urgency, and the subsequent pas¬ 
sage of a large maroon or melanic stool. Because the colon can 


contain large volumes of blood, neither the volume nor the fre¬ 
quency of bloody stools is a reliable guide to the rate of hem¬ 
orrhage. Despite the massive nature of hemorrhage, most 
patients with diverticular disease stop bleeding spontaneously. 
In one series, 76% of patients initially stopped bleeding spon¬ 
taneously, though 38% of these rebled. Of those who rebled, 
less than one fourth required surgery. 138 

Bleeding associated with diverticular disease comes from a 
perforated vasa recta located at the neck or apex of a divertic¬ 
ulum. The vasa recta penetrates the colonic wall from the 
serosa to the submucosa through obliquely oriented connec¬ 
tive tissue septa. Protrusion of colonic mucosa through this 
connective tissue plane causes apposition of the diverticulum 
and the vasa recta (Fig. 65.4). Ulceration of the mucosa within 
the neck of the diverticulum and disruption of the arterial wall 
produces hemorrhage into the lumen of the bowel. Although 
diverticular disease is more prevalent in the left colon, right¬ 
sided lesions account for half or more episodes of bleed¬ 
ing. 138,13 ^ 

The massive nature of the bleeding caused by colonic diver¬ 
ticula limits the diagnostic usefulness of colonoscopy. Rarely is 
a bleeding vessel seen within a diverticulum, and the presence 
of blood or clot within a diverticulum is of no diagnostic ben¬ 
efit. Selective mesenteric arteriography may demonstrate the 
luminal extravasation of contrast; however, in one study of 
patients bleeding from diverticulosis, angiographic localiza¬ 
tion was effective in less than 20% of patients. 140 Failure to 
visualize a bleeding point is usually due to cessation of active 
bleeding at the time of angiography. 

Given the relatively low risk of recurrent hemorrhage, 
patients who stop bleeding should be treated expectantly. 
About 10% of patients bleeding from colonic diverticula con¬ 
tinue to bleed and ultimately require operative intervention. 
Embolization of bleeding vessels in the colon has been reported 
to be safe and effective in the majority of patients; however, 
there is a definite risk of ischemic complications. 141-144 The 
rapid nature of the hemorrhage and the difficulty in defining 
the site of bleeding through the endoscope have largely 
thwarted endoscopic attempts at control of diverticular hem¬ 
orrhage. 



FIGURE 65.4. Colonoscopic view of a colonic diverticulum. A vasa 
rectum is seen entering the diverticulum and forming one of the walls. 
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Patients who continue to bleed from diverticular disease 
should undergo resection of the colon segment that contains 
the site of bleeding. Even after successful localization of a 
bleeding source, the least extensive operation that can usually 
be contemplated is a hemicolectomy or wide segmental colec¬ 
tomy. Tagged red blood cell scanning, while sensitive, cannot 
pinpoint a bleeding site with great accuracy. Although angiog¬ 
raphy usually gives more precise localization, correlation 
between the vascular pattern and the anatomic location is suf¬ 
ficiently imprecise to warrant at least a segmental resection. 
Lastly, measurement with colonoscopy is notoriously mislead¬ 
ing, with even experienced endoscopists making erroneous 
estimations about the precise site of a lesion. 

Although a subtotal colectomy for nonlocalized ongoing 
colonic hemorrhage may occasionally be necessary, it should 
be performed only after exhaustive attempts to localize the site 
of bleeding. Subtotal colectomy is associated with greater peri¬ 
operative morbidity rates than segmental resection and post¬ 
operative diarrhea may present a significant problem to elderly 
patients. However, if the patient continues to bleed massively 
from the colon and all attempts at preoperative and intraoper¬ 
ative localization are unsuccessful, subtotal colectomy with 
ileoproctostomy may be required. 


Colonic Angiodysplasia 

Sometimes called vascular ectasias or arteriovenous malforma¬ 
tions, these lesions are believed to arise from the age-related 
degeneration of previously normal intestinal submucosal veins 
and overlying mucosal capillaries. Angiodysplasia is located 
most frequently in the cecum and ascending colon, although it 
may be found more distally in 20% to 30% of cases. Multiple 
lesions may be present in as many as 40% to 75% of cases. 145 
Microscopically, angiodysplasia consists of dilated, thin- 
walled vessels that appear to be ectatic veins and venules local¬ 
ized within the submucosa. A dilated submucosal vein is often 
found and occasionally an enlarged artery. Angiodysplasia is 
generally thought to be an acquired lesion associated with 
aging, but the exact etiology is unknown. 

The prevalence of colonic angiodysplasia in the general 
population appears to be less than 1%. 146 These lesions may 
present with hematochezia, melena, occult blood loss, or iron 
deficiency anemia. Bleeding lesions are most commonly found 
in the right colon. As compared to diverticular bleeding, 
episodes of hemorrhage from vascular ectasias are usually less 
severe and are somewhat more likely to recur. After the initial 
episode of hemorrhage, the majority of patients will stop 
bleeding spontaneously. 147 

Vascular ectasias may be diagnosed by either colonoscopy 
or by selective mesenteric angiography. Colonoscopy has been 
reported to have a sensitivity of 80% in demonstrating vascu¬ 
lar ectasias. 148 However, colonoscopic diagnosis of these 
lesions in actively bleeding patients may be confounded by the 
presence of other incidental lesions including traumatic and 
suction artifacts produced during the examination. In addi¬ 
tion, after significant bleeding and hypovolemia, the shunting 
of blood flow away from the intestinal mucosa may obscure 
these lesions in inadequately resuscitated patients. Colonoscopy 
can be used effectively to treat vascular ectasias, either by coag¬ 
ulation or possibly injection of sclerosants. 149,150 

Selective mesenteric angiography may also demonstrate 
these lesions and complement colonoscopy, particularly in 
patients who are massively bleeding or in whom colonoscopy 
was unrevealing or incomplete. Characteristic angiographic 
findings include a densely opacified and slowly emptying, 
dilated, tortuous vein (found in 90% of patients); a vascular 
tuft (seen in 66% to 75% of patients); and an early-filling vein 
(usually a segmental vein in the cecum or right colon, although 
at times, it may be the ileocolic vein). 


The natural history of these lesions was revealed by the clin¬ 
ical course of 101 patients with colonic vascular ectasias. 148 Of 
the 15 asymptomatic individuals without a history of bleeding, 
none bled during a period of follow-up to 68 months (mean, 23 
months). For 31 patients with overt bleeding or anemia who 
were treated only with blood transfusion, the rebleeding rate at 
1 and 3 years was 26% and 46%, respectively. This study sug¬ 
gests that the risk of bleeding for incidentally discovered 
lesions is minimal, whereas the risk of recurrent hemorrhage 
for most symptomatic patients is substantial and may increase 
with time. 

Medical treatment of vascular ectasias has been used, 
although there is currently no proven effective medical ther¬ 
apy. Hormone treatment using high-dose estrogens and prog¬ 
esterone has been used since the 1950s, but convincing proof 
of efficacy is lacking. Indeed, most evidence would suggest no 
antibleeding effect of hormonal treatment. 151 More recently, 
the antiangiogenic drug thalidomide has been suggested as a 
treatment option. 152,153 

Patients bleeding from colonic vascular ectasias can be 
treated endoscopically. Nonrandomized investigations with 
vascular ectasias managed with monopolar electrocoagula¬ 
tion, endoscopic injection sclerotherapy, contact probes, and 
lasers have been published with good results. All methods 
appear to be effective for treating bleeding vascular ectasias 
and all are associated with procedure-related morbidity rates 
of 2% to 10%. Perforation has been reported in all of these 
experiences with rates of 2% to 3%. 

Patients bleeding from vascular ectasias in whom endo¬ 
scopic hemostatic methods are unsuccessful or unavailable can 
be treated with resection of the colon following preoperative 
localization of the bleeding site. For the usual patient bleeding 
from a vascular ectasia in the cecum or ascending colon, a 
right colectomy with ileotransverse colostomy is the treatment 
of choice. The value of preoperative localization of the bleed¬ 
ing site cannot be overstated, and every effort should be made 
to determine the site of hemorrhage prior to laparotomy. 


Ischemic Colitis 


Ischemic colitis is a common cause of lower gastrointestinal 
hemorrhage, especially in the elderly. Bleeding is a common 
presenting manifestation of ischemic colitis, occurring in 
approximately one half to three fourths of patients, but it is 
usually not massive. 154,155 Although ischemic colitis may occur 
with occlusion of a major artery (such as ligation of the infe¬ 
rior mesenteric artery during abdominal aortic aneurysm 
repair), in most cases it results from impaired local microvas- 
cular perfusion of the colonic wall. It occurs most commonly 
in the elderly, who often have significant medical comorbidi¬ 
ties. Renal failure requiring hemodialysis, hypertension, car¬ 
diovascular disease, vasoactive medications, and a variety of 
other risk factors have been associated with the disease. 156 In 
many cases a specific initiating event cannot be identified. Any 
segment of the colon may be involved. Profound ischemia may 
lead to full-thickness necrosis, peritonitis, and perforation. 
Lesser degrees of ischemia may result in vague abdominal 
pain, diarrhea, and mild to moderate bleeding. Life-threatening 
hemorrhage is uncommon. 

Ischemic colitis can be diagnosed with colonoscopy, in which 
case the mucosa may vary from edematous to hemorrhagic and 
necrotic in appearance. Angiography is usually not helpful in 
these cases, as it rarely demonstrates major vessel occlusion. 155 
Most patients will recover uneventfully with supportive care 
alone. When operative management is required, it is often 
necessitated by peritonitis or other signs of full-thickness necro¬ 
sis. In these critically ill patients the mortality rate is relatively 
high due to the critical nature of these patients’ preexisting 
comorbid conditions. 
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UNUSUAL CAUSES OF 
ACUTE GASTROINTESTINAL 
HEMORRHAGE 


As outlined in Tables 65.1 and 65.2, a wide variety of other 
pathologic processes may present with acute GI hemorrhage. 
Although these lesions generally comprise a relatively small 
percentage of the total number of cases of overt GI hemor¬ 
rhage, they can present vexing problems to the clinician faced 
with a bleeding patient in whom the usual etiologies have 
been excluded. There are a number of case reports in the lit¬ 
erature of extremely rare causes of GI bleeding that will not 
be discussed here. The following lesions occur commonly 
enough that a clinician is likely to encounter them in his or 
her practice. 


Dieulafoy Vascular Malformation 

Dieulafoy vascular malformation is an unusual cause of recur¬ 
rent hematemesis, in which bleeding originates from an unusu¬ 
ally large (1- to 3-mm-diameter) artery running through the gas¬ 
tric submucosa for variable distances. Erosion of the gastric 
mucosa overlying the vessel results in necrosis of the arterial 
wall and brisk hemorrhage. The size of the mucosal defect is 
usually small (2 to 5 mm) and without evidence of chronic 
inflammation. These lesions may rarely occur in other anatomic 
locations such as the colon. 157-159 

Painless hematemesis and melena are typical. Recurrent 
bleeding with spontaneous cessation is also common. In a col¬ 
lective review of 101 cases, the mean age of the patients was 
52 years, and the lesion occurred twice as frequently in men as 
women. There was no significant association with alcohol 
abuse or antecedent symptoms. 160 

The diagnosis is most frequently made endoscopically by 
demonstrating arterial bleeding from a pinpoint mucosal defect. 
Occasionally, a small arterial vessel may be seen protruding 
from the gastric mucosa. Characteristically, the lesions are 
located within 6 cm of the esophagogastric junction along the 
lesser curvature, although they may occur in other sites as well. 

Most patients can be managed endoscopically by injection 
of epinephrine, sclerotherapy, banding, clipping, or coagula¬ 
tion. 161-163 A subset of patients will require retreatment or 
surgical excision for control of hemorrhage. After cessation of 
hemorrhage, few patients rebleed from these lesions, even 
when treated only by endoscopic methods. 164 


Gastric Antral Vascular Ectasia 


Sometimes abbreviated as GAVE syndrome, this entity is also 
known as “watermelon stomach” because of its characteristic 
endoscopic appearance. Longitudinal erosions are seen in the 
antrum radiating from the pylorus. It usually causes chronic 
blood loss and not acute hemorrhage. The etiology is not 
known, but there is a prominent association with connective 
tissue disorders. It can usually be treated by endoscopic argon 
coagulation but occasionally antrectomy is necessary. 165 


Angiodysplasia of the Stomach 
and Small Intestine 

Angiodysplastic lesions may occur throughout the GI tract. 
Similar to colonic lesions, they appear as minute, flat, or 
slightly raised red lesions with round or stellate shapes. The 
margins are characteristically sharp with a pale mucosal halo 
surrounding the lesion. The lesions are frequently multiple and 
are found most commonly in the stomach and duodenum, 


although esophageal and small-intestinal involvement has also 
been described. 

In general, these lesions may be diagnosed by endoscopy, 
although their minute size and sessile nature may complicate 
their detection. The lesions may be readily mistaken for sub¬ 
mucosal hemorrhage associated with acute gastritis or trauma 
artifact from a nasogastric tube or the endoscope. These 
lesions may be demonstrated arteriographically since they 
have many of the features described for colonic vascular 
ectasia. 

Endoscopic injection of sclerosants, electrocoagulation, 
and laser photocoagulation have all been used to treat gastro¬ 
duodenal angiodysplasia with good results. The multiplicity of 
lesions often necessitates several courses of therapy to elimi¬ 
nate recurring hemorrhage. Surgical resection of the gastric or 
intestinal wall containing the lesion and oversewing of the 
bleeding lesion have been reported to successfully control 
hemorrhage. 


Aortoenteric Fistula 


Although communication between the aorta and the intestine 
may occur as a result of aneurysmal disease or infectious aor¬ 
titis (primary aortoenteric fistula ), most of those encountered 
currently are due to the erosion of an aortic vascular prosthe¬ 
sis through the wall of the distal duodenum (secondary aor¬ 
toenteric fistula). The incidence of aortoenteric fistula follow¬ 
ing aortic reconstructive surgery is about 1%, with most of 
these fistulas arising from the proximal graft anastomosis. Sec¬ 
ondary aortoenteric fistulas are believed to develop after pro¬ 
longed contact of a prosthetic graft with a fixed segment of 
intestine. Ultimately, erosion of the graft through the bowel 
wall results in a low-grade infection around the graft; involve¬ 
ment of the infection with the suture line leads to dehiscence of 
the anastomosis and massive hemorrhage. 

The interval between aortic reconstructive surgery and the 
onset of GI hemorrhage may range from a few days to many 
years; the median interval is about 3 years. 166 Most patients 
have an initial episode of GI bleeding (i.e., herald bleed) that is 
followed in hours, days, or weeks by catastrophic hemorrhage. 
Patients may also complain of back or abdominal pain and less 
commonly have fever or signs of sepsis from infection of the 
graft. 

The diagnosis of an aortoenteric fistula must be considered 
in any patient with an aortic prosthesis or an abdominal aor¬ 
tic aneurysm who presents with GI hemorrhage. Endoscopy 
should be urgently performed following resuscitation to dis¬ 
close evidence of an aortoenteric fistula or another cause of 
bleeding (e.g., peptic ulcer disease with stigmata of recent 
hemorrhage). If endoscopy fails to demonstrate an aortoen¬ 
teric fistula or another convincing source of bleeding and the 
patient is not massively bleeding, computed tomography may 
be helpful in detecting perigraft infection or other evidence of 
an aortoenteric fistula. In patients who are actively bleeding, 
exploratory laparotomy with exposure of the proximal graft 
should be undertaken. Identification of an aortoenteric fistula 
or erosion requires resection of the graft with extra-anatomic 
bypass and repair of the duodenal wall. The operative man¬ 
agement of aortoduodenal fistulas is considered in greater 
detail in Chapter 88. 


Meckel Diverticulum 


Bleeding from a Meckel diverticulum is a common cause of 
lower GI hemorrhage in children but is rare in older adults. 
Meckel diverticula are present in approximately 2% of the 
population. The lifetime risk of a complication from a Meckel 
diverticulum is about 4%. 167 About 25% of patients with 
symptomatic Meckel diverticula present with hemorrhage. 168 
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In a series of 17 patients who bled from Meckel diverticula, 11 
experienced frank hemorrhage, while six had chronic occult 
blood loss. The incidence of GI hemorrhage is greatest in the 
first decade of life and steadily decreases from that point. In 
one series, no patient older than 40 years of age, and only one 
patient older than 31 years, bled from a Meckel diverticu¬ 
lum, 168 although it has been reported in the very elderly. 169 The 
pathogenesis of this bleeding involves the occurrence of 
ectopic gastric mucosa with peptic ulceration of adjacent 
bowel wall. Although these lesions may be demonstrated by 
enteroclysis, abdominal scintigraphy following the intra¬ 
venous injection of "technetium-pertechnetate demonstrates 
the ectopic gastric mucosa within the diverticulum, suggesting 
the correct diagnosis. Treatment consists of resecting the diver¬ 
ticulum with a cuff of adjacent bowel. Diverticulectomy alone 
will be associated with persistence of the ulcer and the possi¬ 
bility of recurrent hemorrhage. 


Small-Intestinal Diverticulum 


Diverticular disease of the small intestine is another uncom¬ 
mon cause of either upper GI hemorrhage (duodenal) or lower 
GI hemorrhage (jejunoileal diverticula). 170 The pathogenesis is 
similar to that of colonic diverticula with erosion of a vasa 
recta through the diverticular wall and the acute onset of mas¬ 
sive hemorrhage. Depending on the location of the diverticu¬ 
lum, patients may present with either hematemesis, melena, or 
hematochezia. Hemorrhage from this source can be a vexing 
diagnostic problem because jejunoileal lesions are beyond the 
reach of the gastroscope and bleeding from duodenal divertic¬ 
ula may be difficult to discern. Mesenteric angiography or intra¬ 
operative enteroscopy may localize the site of hemorrhage in 
actively bleeding patients. Segmental resection of the involved 
intestine is the treatment of choice. 


Hemorrhage Following 
Endoscopic Procedures 

Significant hemorrhage can occur following endoscopic 
biopsy, sphincterotomy, and other traumatic procedures. For¬ 
tunately, these complications are uncommon. Colonoscopy 
may rarely cause clinically significant bleeding (0.1% to 
0.2%). 171 Biopsy of lesions increases the risk up to 10-fold. 
Usually this is minor and self-limited and may occur up to 12 
days after the procedure. 172 The bleeding site can be confirmed 
by tagged red cell scanning, arteriography, or colonoscopy. 
Arteriography and colonoscopy can be used therapeutically as 
described previously. Endoscopically placed bands such as 
those used for esophageal varices have also been reported to 
be successful in arresting hemorrhage. 90 Surgical treatment is 
rarely required. 

Hemorrhage following endoscopic biliary sphincterotomy 
occurs in approximately 2% of patients. 173-175 Mild immediate 
bleeding is common and is usually self-limited. Late hemor¬ 
rhage usually occurs within 48 hours of the procedure but can 
occur many days after sphincterotomy. 176 More severe hemor¬ 
rhage can usually be controlled by epinephrine injection, 176,177 
making the need for operative treatment uncommon. 
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CHAPTER 66 ULCERATIVE COLITIS 

EMILY FINLAYSON 


KEY POINTS 


Q Ulcerative colitis is a disease largely limited to the mucosa 
and submucosa of the colorectum. This process is continu¬ 
ous, beginning at the rectum, and extending proximally for 
variable distances. 

Q The acute indications for surgical intervention are bleed¬ 
ing, fulminant disease, and toxic megacolon. Failure of 
medical management, dysplasia, and cancer are indications 
for elective surgery. 


Q The intestinal manifestations of ulcerative colitis are cured 
by removal of the colon and rectum. 

Q Current surgical options include proctocolectomy with end 
ileostomy and proctocolectomy with ileal pouch-anal 
anastomosis. 

Q Although operative and late complications after ileal 
pouch-anal reconstruction are not uncommon, patient sat¬ 
isfaction and quality-of-life scores after surgery are high. 


Ulcerative colitis is an idiopathic inflammatory bowel disease 
(IBD) that affects the mucosa of the colon and rectum. The dis¬ 
ease presents with equal frequency in males and females, with 
onset predominantly in the second to fourth decades. Diarrhea 
and gastrointestinal bleeding are the hallmark clinical features. 
Medical treatment temporarily improves symptoms and allows 
periods of remission. However, 10% to 35% of patients with 
chronic ulcerative colitis will eventually require surgical inter¬ 
vention for medically refractory symptoms or complications of 
the disease. 1,2 


EPIDEMIOLOGY 


In North America, the incidence of ulcerative colitis is approx¬ 
imately 2.2 to 14.3 cases per 100,000 person-years. 3-6 Rates of 
disease are highest in northern Europe, the United Kingdom, 
and North America. The incidence of disease appears to be ris¬ 
ing in Asia, Africa, and South America. 7 Although ulcerative 
colitis typically begins in the teen years or early adulthood, a 
second and perhaps a third peak of incidence are noted. Sec¬ 
ondary peaks of disease activity occur in the 40- to 60-year age 
range, with a smaller third peak after the age of 70 years. Some 
studies reveal gender-related differences in late-onset disease, 
with men more likely than women to be diagnosed later in 
life. 8 


Etiology and Risk Factors 
for Ulcerative Colitis 

Despite more than five decades of investigation, the underlying 
biologic mechanisms of the disease process are poorly under¬ 
stood. Many risk factors have been examined without conclusive 
results. Although diet, oral contraceptive use, breast-feeding, 
measles infection/vaccination, and other infections have all 
been implicated, the evidence connecting these factors to 
ulcerative colitis is weak. Other risk factors, however, have 
been shown more convincingly to have an association with the 
disease. 

Cigarette Smoking. For more than 20 years, a decreased 
incidence of ulcerative colitis has been noted in individuals 
who smoke. 9 In 1989, meta-analytical studies revealed that 
smokers were 40% as likely as nonsmokers to develop ulcera¬ 
tive colitis. 10 In addition, primary sclerosing cholangitis and 
pouchitis are both decreased in those who smoke, suggesting a 
systemic protective effect. 11,12 The mechanisms underlying this 
protective effect are unclear. Former smokers also appear to be 
at increased risk of developing ulcerative colitis. 13 Smoking 
has been associated with a less severe disease course of ulcera¬ 
tive colitis. Active smokers are half as likely to be hospitalized 
as nonsmokers. Former smokers are 50% more likely to be 
hospitalized and twice as likely as current smokers or those 
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who have never smoked to require colectomy. 14 One French 
study revealed that patients with ulcerative colitis who ceased 
smoking had more active disease, more hospitalizations, and 
greater need for immunosuppressants that those who contin¬ 
ued to smoke. 15 

Appendectomy. Large meta-analyses reveal a protective 
effect of nearly 70% of appendectomy for the development of 
ulcerative colitis. 16 Population-based studies in the Netherlands, 
Sweden, 17 and Denmark 18,19 have documented varying rates of 
development of chronic ulcerative colitis among patients who 
have undergone appendectomy. In the Dutch study, the cohorts 
were followed for 5 million person-years and observed for a 
subsequent diagnosis of ulcerative colitis. Patients who had 
undergone appendectomy had only three-quarters the incidence 
of ulcerative colitis compared with controls. The Danish study, 
however, revealed only a 13% decreased likelihood for the 
development of ulcerative colitis. 

Like smoking, appendectomy may also influence the course 
of ulcerative colitis. Results from two studies from Japan and 
Australia suggest this possibility. In the Japanese study, patients 
who developed ulcerative colitis after appendectomy were less 
likely to develop recurrent symptoms than colitis patients with 
an intact appendix. 20 In the Australian study, ulcerative colitis 
patients who had undergone appendectomy prior to the diag¬ 
nosis were significantly less likely to subsequently require 
colectomy. 21 

Genetics. Inflammatory bowel disease has been shown to 
cluster within families, implicating genetics in determining sus¬ 
ceptibility. Twin studies reveal a concordance rate of 10% in 
monozygotic twins and 3% in dizygotic twins. 22 Population- 
based studies report that 5% to 10% of those affected have a 
positive family history. 23 Population-based studies have 
demonstrated a 10-fold increased risk for developing ulcera¬ 
tive colitis among relatives of patients with the disease. 24 

Genome-wide scans have been used to type genetic markers 
in families containing more than one member with ulcerative 
colitis and to identify shared chromosomal regions. These 
genetic linkage studies have revealed that the IBD2 locus 
(12ql3) may be associated with ulcerative colitis. Unfortu¬ 
nately, several important genes in this region, including the /37 
integrin family and signal transducer and activator of tran¬ 
scription 6, have not been found to correlate with this dis¬ 
ease. 25 The most intensively studied region has been the chro¬ 
mosome 6 region (IBD3), especially regions associated with 
major histocompatibility complex class II genes. Meta-analysis 
combining results from 29 studies reveal positive associations 
to DR2, DR9, and DRB1*0103. 26 

Although there is mounting evidence that genetic factors 
play a role in the development of ulcerative colitis, their major 
role is likely one of making the individual genetically suscepti¬ 
ble to other inciting events. Recent evidence suggests that IBD 
results when the interaction of gut microorganisms, the host 
epithelium, and the host immune system create an environ¬ 
ment of dysregulated immunity. 27 The molecular pathways of 
these interactions, however, are still debated. 


PATHOLOGY 


Macroscopic Appearance 

^ Ulcerative colitis is a disease largely limited to the mucosa and 
submucosa of the colon and rectum. The rectum is nearly 
always involved, and the disease generally presents in a con¬ 
tinuous fashion from this point proximally. The proximal 
extent of disease and the severity vary. When the entire colon 
is involved, termed pancolitis , a phenomenon called back¬ 
wash ileitis may occur, characterized by a dilated, mildly 



FIGURE 66.1. Pseudopolyps (colonoscopic photo). (Courtesy of 
Peter Higgins, MD, University of Michigan, Ann Arbor, MI.) 


inflamed terminal ileum. The typical presentation may be less 
clear if a patient develops toxic megacolon initially. In this 
case, the colon may be diffusely thickened, gangrenous, and 
perforated. The resultant full-thickness disease may appear 
similar to Crohn colitis, both macroscopically and micro¬ 
scopically. 

Gross inspection of the colon reveals confluence of numer¬ 
ous ulcers with areas of heaped up, regenerating mucosa, 
called pseudopolyps (Fig. 66.1). This process is continuous, 
beginning at the rectum, and extending proximally for vari¬ 
able distances. Superficial fissures, consisting of linear coales¬ 
cence of ulcerating lesions, are seen. In contrast to Crohn dis¬ 
ease, ulcerative colitis is not transmural, and therefore tends to 
lack features of thickening and fibrosis. The loss of the mucosa 
eventually leads to the loss of the normally visualized endo¬ 
scopic vascular pattern (Fig. 66.2). 


Microscopic Appearance 

Early in the inflammatory process, the disease involves acute 
inflammatory cells, predominantly neutrophils, infiltrating into 
the crypts of Lieberkiihn at the base of the mucosa to form crypt 
abscesses (Fig. 66.3). As the process continues, crypt abscesses 
coalesce, and superficial desquamation of overlying epithelium 
leads to the formation of ulcers. Cryptitis undermines the adja¬ 
cent mucosa, which becomes edematous. If this inflammation is 
severe, the muscularis propria may undergo myocytolysis, 
resulting in hyperemia and wall thinning during severe attacks. 
Granulation tissue is formed as the ulcerated areas heal, which 
extends to, but rarely through, the submucosa. 


CLINICAL FEATURES/COURSE 


Ulcerative colitis is typically characterized by bloody diarrhea. 
The majority of patients present with a mild attack of pre¬ 
dominantly distal disease (80%), while a minority of patients 
(20%) develop pancolitis. 28 In 10% to 20% of patients, an ini¬ 
tial attack will rapidly progress to fulminant colitis, character¬ 
ized by frequent, bloody bowel movements; fever; and abdom¬ 
inal tenderness. 

The signs and symptoms correlate with the severity, duration, 
and location of disease. Patients with proctitis most often present 
with urgency, frequency, tenesmus, and bloody, mucoid diar¬ 
rhea. The abdominal examination is usually unremarkable. On 
proctoscopy, the rectal mucosa appears inflamed and friable. 
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FIGURE 66.2. A: Loss of normal vascular pattern 
(colonoscopic photo). B: Contact bleeding. C: Granu¬ 
larity. D: Ulceration and friability. E: Colonic stricture. 
(Reproduced with permission from Corman ML. 
Colon and Rectal Surgery, 5th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2005.) 




In patients with pancolitis, anemia, fatigue, and anorexia 
may be present. These patients may exhibit weight loss due to 
decreased oral intake during attacks, increased metabolism, 
and protein loss during chronic or recurrent episodes. Patients 
with chronic colitis have loss of mucosal folds and haustra. 



FIGURE 66.3. Histograph of crypt abscess. (Courtesy of Henry 
Appelman, University of Michigan, Ann Arbor, MI.) 


The walls of the colon undergo fibrosis and shortening, lead¬ 
ing to a “lead pipe” appearance on contrast radiography (Fig. 
66.4). With the loss of functional mucosa, the colon may be 
unable to absorb fluid, leading to diarrhea. 

Extraintestinal manifestations involve dermatologic, ocu¬ 
lar, articular, and hepatic tissues (Table 66.1). These manifes¬ 
tations complicate 25% to 30% of cases. 29 With treatment, 
dermatologic and ocular manifestations may resolve. Unfortu¬ 
nately, hepatic and articular manifestations do not resolve, 
and primary sclerosing cholangitis may require liver trans¬ 
plantation for management. 

Of dermatologic manifestations, erythema nodosum and 
pyoderma gangrenosum are the most common. Erythema 
nodosum, found in approximately 9% of patients with ulcera¬ 
tive colitis, 30 is a rash consisting of tender, symmetric, raised ery¬ 
thematous papules, predominantly found on the extensor sur¬ 
faces of the arms and legs (Fig. 66.5A). Skin disease commonly 
parallels the activity, but not the severity or extent of bowel dis¬ 
ease. Occasionally, the appearance of erythema nodosum pre¬ 
cedes the diagnosis of IBD. The uncommon condition of pyo¬ 
derma gangrenosum is associated with IBD in 50% of cases. 31 
Pyoderma gangrenosum begins as an erythematous plaque, 
papule, or bleb, usually in the pretibial region, but may progress 
to an ulcerated, necrotizing, tender wound with ill-defined, pur¬ 
ple-red margins (Fig. 66.5B). In both diseases, treatment of the 
underlying bowel disease process is key to management. 
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FIGURE 66.4. Lead-pipe colon radiograph. (Reproduced with per¬ 
mission from Corman ML. Colon and Rectal Surgery, 5th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2005, color plate.) 


The ocular manifestations of ulcerative colitis are com¬ 
monly episcleritis, and less commonly, but more seriously, iri¬ 
tis and uveitis. Episcleritis is characterized by the development 
of eye redness without visual disturbance, whereas scleritis 
and iritis/uveitis may be associated with blindness if left 
untreated. Episcleritis is associated with pain or tenderness to 
palpation, but is not associated with loss of vision, photopho¬ 
bia, or loss of a normal pupillary response to light. Episcleritis 
may be confused with conjunctivitis; however, the latter is not 
associated with discomfort. Scleritis is a more severe ocular 
disorder, which may result in impaired vision. Scleritis differs 


TABLE 66.1 DIAGNOSIS 


EXTRAINTESTINAL MANIFESTATIONS OF ULCERATIVE COLITIS 

DERMATOLOGIC 

Pyoderma gangrenosum 

Erythema nodosum 

Clubbing 

OCULAR 

Iritis 

Uveitis 

Scleritis 

RHEUMATOLOGIC 

Ankylosing spondylitis 

Sacroiliitis 

Peripheral arthritis 

HEPATOBILIARY 

Sclerosing cholangitis 

Fatty liver 

Cirrhosis 

VASCULAR 

Thromboembolism 

Coagulopathy 


from episcleritis in that with episcleritis the sclera remain 
white, as opposed to pink in scleritis. Scleritis may lead to reti¬ 
nal detachment or optic nerve swelling. 32 Uveitis and iritis are 
often associated with joint and skin extraintestinal manifesta¬ 
tions. The inflammation includes the iris, ciliary body, and, 
posteriorly, the vitreous, choroids, or retina. These complica¬ 
tions are characterized by the acute onset of painful eyes, 
blurred vision, and headache, and may herald the diagnosis of 
ulcerative colitis. Slit-lamp examination establishes the diag¬ 
nosis. Treatment of uveitis typically involves cycloplegics and 
topical steroids, but may require systemic steroids and 
immunosuppression. 

The musculoskeletal manifestations of ulcerative colitis are 
the most common extraintestinal complications. 33 The arthritic 



FIGURE 66.5. A: Erythema nodosum. B: Pyoderma gangrenosum. (A reproduced with permission from Goodheart HP. A Photoguide of Common 
Skin Disorders: Diagnosis and Management. Baltimore, MD: Lippincott Williams & Wilkins; 1999.) 
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component is believed to be associated with loss of intestinal 
integrity associated with colitis, and the release of bacteria, 
lipopolysaccharide, and cytokines. A generalized inflammatory 
response is manifested as arthritic discomfort. Acute synovitis 
may occur in up to 20% of patients, reported as sudden joint 
pain with effusion and tenderness, usually associated with 
increased disease activity. 33 Medical therapy targeted at 
improving mucosal integrity or altering bacterial flora relieves 
symptoms. 

Ankylosing spondylitis occurs in a small percentage of 
patients with ulcerative colitis (3% to 5%), with the highest- 
risk patients possessing the human leukocyte antigen (HLA) 
B27 haplotype. 33 Unfortunately, sacroiliitis/spondylitis does 
not bear a relationship to clinically active bowel disease and 
thus may progress unnoticed. On examination, these patients 
have tenderness of the sacroiliac joint and loss of truncal 
motion and, later, will have decreased chest expansion with 
cervical fusion. In longstanding disease, pain may dissipate as 
the spinal ligaments or joints ossify. Neither medical nor 
surgical therapy has an effect on these manifestations, and thus 
treatment is geared toward slowing disability and minimizing 
deformity. 

Asymptomatic abnormalities of hepatic enzymes are the 
most common manifestation of hepatobiliary disturbances in 
ulcerative colitis. At least 50% of patients have fatty infiltra¬ 
tion of the liver, with cirrhosis present in 3% to 5%. 34 
Although fatty liver may reverse with treatment of primary 
disease, cirrhosis will not. 

The most severe extraintestinal manifestation of ulcerative 
colitis is primary sclerosing cholangitis (PSC). This chronic 
cholestatic syndrome is characterized by fibrosing obliteration of 
the bile ducts. Best diagnosed by endoscopic retrograde cholan¬ 
giopancreatography or magnetic resonance cholangiopancre¬ 
atography, primary sclerosing cholangitis demonstrates beadlike 
extrahepatic and intrahepatic bile ducts. Epidemiologic studies 
have shown that nearly 70% of patients with primary scleros¬ 
ing cholangitis have ulcerative colitis, whereas the incidence of 
primary sclerosing cholangitis in patients with ulcerative coli¬ 
tis is only 2% to 7%. 35,36 In patients with ulcerative colitis, the 
relative risk of development of cholangiocarcinoma also is 31 
times greater than in PSC patients without ulcerative colitis. 37 
In general, primary sclerosing cholangitis is a chronic, pro¬ 
gressive disease with the rate of progression being variable. 
Current medical treatment involves the use of ursodeoxycholic 
acid and endoscopic dilation of the bile duct strictures until 
liver failure necessitates transplantation. Currently, the only 
known curative treatment for primary sclerosing cholangitis is 
orthotopic liver transplantation. Whether the addition of 
immunosuppression to maintain the transplanted organ ame¬ 
liorates colitic symptoms and affects the advent of colonic 
malignant degeneration is not clear. 38,39 


DIAGNOSIS 


The diagnosis of ulcerative colitis requires a combination of 
history and endoscopic/radiologic findings. Diarrhea, often 
with blood or mucus, is a dominant symptom. Urgency of 
bowel movements may be disabling, with tenesmus due to an 
inflamed rectum. If the disease is more severe, associated sys¬ 
temic symptoms, including fever, arthritis, skin manifestations, 
and weight loss, may ensue. On a chronic basis, the disease 
causes fatigue and malaise. 

At first presentation, the disease must be differentiated 
from infectious causes. Stool cultures should be obtained to 
rule out common infectious colonic pathogens, such as 
Campylobacter ; Salmonella, Shigella , pathogenic Escherichia 
coli , Clostridium difficile , Giardia , and cytomegalovirus. 

Colonoscopy with ileal intubation or flexible sigmoid¬ 
oscopy should be the next invasive test. Biopsies of abnormal 
and quiescent areas are of key importance, with the locations 


of the biopsies carefully documented. Because the rectum is 
involved in 90% to 95% of cases with ulcerative colitis, flexi¬ 
ble sigmoidoscopy may establish the initial diagnosis. In early 
cases, findings include a granular texture, resembling small 
bowel, and mucosal friability. With moderately active disease, 
spontaneous hemorrhage occurs, whereas in severe cases, the 
mucosa is ulcerated with copious bleeding and a purulent exu¬ 
date. Over time, the mucosa regenerates, with multiple areas 
of raised granulation tissue and mucosa (pseudopolyps). 

Examination at initial presentation of accompanying symp¬ 
toms and histologic examination of biopsies may help to dif¬ 
ferentiate ulcerative colitis from Crohn disease (Table 66.2). 
Distinguishing features include the clinical presentation, which 
for Crohn disease may include cramping abdominal pain, sug¬ 
gestive of small-bowel involvement. At colonoscopy, the pres¬ 
ence of discontinuous disease or “skip areas” suggests Crohn 
disease, and, if possible, ileal intubation with biopsies should 
be performed. Edema of the interhaustral septa with thicken¬ 
ing and blunting suggests ulcerative colitis. In both diseases, 
grossly normal-appearing mucosa should also be biopsied, as 
histopathologic abnormalities are frequently present that may 
assist in establishing the diagnosis. If severe acute inflamma¬ 
tion exists, a limited flexible sigmoidoscopy may be all that is 
necessary to initiate treatment, as a more aggressive examina¬ 
tion may result in colonic perforation. 

Radiologic examination is helpful to determine the extent of 
disease and to distinguish ulcerative colitis from Crohn disease. 
In patients presenting with fulminant colitis, a dilated transverse 
colon, with a diameter of 5 to 7 cm, is often visible on plain film. 
Mild cases of ulcerative colitis may be seen on air contrast bar¬ 
ium enema with spiculation and collar button ulcers. When con¬ 
trast studies are used to visualize longstanding ulcerative colitis, 
the loss of haustra with a flat mucosa and narrowed caliber 
(lead-pipe colon; see Fig. 66.4) may be seen. Additionally, in 
Crohn disease, the small bowel is often involved and should be 
investigated with a small bowel follow-through, video-capsule 
endoscopy, or computed tomography enterography. 

Expression of antibodies may help differentiate the two dis¬ 
ease processes. The expression of perinuclear antineutrophil 
cytoplasmic antibodies versus antibodies to the cell wall of 
mannan polysaccharide (anti -Saccharomyces cerevisiae anti¬ 
bodies [ASCAs]) segregates the diseases in that antineutrophil 
cytoplasmic antibodies correlate with ulcerative colitis, 
whereas ASCA is a marker for Crohn disease. Unfortunately, 
neither antibody is sensitive enough to serve as a sole screening 
test because up to 64% of patients with Crohn disease have 
ASCAs. 40 Nevertheless, these antibodies are part of the 
Prometheus IBD First Step panel, which helps to determine 
whether a patient may have IBD and which type of disease may 
be present. 

The presentation of ulcerative colitis and Crohn disease may 
overlap sufficiently in the initial presentation that discrimina¬ 
tion between the two entities is not possible. In the 8% to 10% 
of cases in which this occurs, the colitis is labeled “indetermi¬ 
nate. ” Because the natural history and surgical management of 
these two diseases is different, diagnosis is paramount. Prior to 
restorative proctocolectomy, every attempt should be made to 
exclude the diagnosis of Crohn disease. Several studies, how¬ 
ever, have found similar functional results among patients with 
ulcerative colitis and those with indeterminate colitis after ileal 
pouch-anal anastomosis. 41 


MEDICAL MANAGEMENT 


Aminosalicylic Acid Compounds 

Aminosalicylates are the primary medical treatment modality 
for mild to moderate ulcerative colitis, used to both induce 
remission and prevent relapse. Sulfasalazine, composed of 
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ITABLE 66.2 


DIAGNOSIS | 

CLINICOPATHOLOGIC FEATURES OF ULCERATIVE COLITIS VERSUS CROHN DISEASE 

■ MANIFESTATION 

■ ULCERATIVE COLITIS 

■ CROHN DISEASE 

Transmural inflammation 

Seldom 

Common 

Granulomas 

Seldom 

>50% 

Fissuring 

Rare 

Common 

Fibrosis 

Rare 

Common 

Submucosal inflammation 

Rare 

Common 

Crypt abscesses 

Common 

Uncommon 

Small-bowel involvement 

Rare (backwash ileitis) 

Common 

Anatomic location 

Continuous 

Skip 

Rectal involvement 

Common 

May be spared 

Bleeding 

Common 

Absent 

Fistulas 

Rare 

Common 

Perianal disease 

Rare 

Common 

Ulcers 

Rare 

Common 

Surrounding mucosa 

Pseudopolyps 

Relatively normal 

Cobblestoning of mucosa 

None 

Longstanding disease 

Mucosal friability 

Common 

Uncommon 

Vascular pattern 

Absent 

Normal 

Fat wrapping 

Rare 

Common 


5-aminosalicylic acid (ASA) linked to sulfapyridine by a diazo¬ 
bond, was the first compound in this family to be identified. The 
active component is 5-ASA, and formulations have been created 
to release the active moiety at different pH levels. Mesalamine 
(Asacol) is released at pH greater than 7; for Pentasa, controlled 
release begins in the duodenum. Rowasa is released at pH 
greater than 6, thus facilitating distal ileal and colonic exposure. 
The former is most effective in treating patients with proximal 
small bowel disease, whereas Rowasa is the preferred medica¬ 
tion for ileocolonic disease. Rowasa may be delivered as sup¬ 
positories or enemas to treat distal colonic disease. Colonic bac¬ 
teria contain azo-reductase enzymes that are able to split 
sulfasalazine to liberate 5-ASA in the colon, where it is believed 
to act topically. 


Steroids 


Corticosteroids continue to play a major role in the induction 
of remission in patients with moderate to severe ulcerative col¬ 
itis or for patients who have failed aminosalicylate treatment. 
The use of corticosteroids is designed to control symptoms and 
achieve remission, not to maintain long-term remission. 
Steroid therapy is followed by a taper to minimize the medical 
complications of long-term steroid use. In severe cases, pred¬ 
nisone, 40 to 60 mg/d, is used to induce remission. If a hospi¬ 
talized patient exhibits acute worsening of symptoms (e.g., 
escalating bloody diarrhea), intravenous steroids, in a dose 
equivalent to 300 mg of hydrocortisone or 60 mg of methyl- 
prednisolone, should be administered. 

Budesonide is often effective and has the advantage of pro¬ 
ducing fewer systemic effects. Budesonide is believed to have 
greater potency due to high affinity for the glucocorticoid 
receptor and low systemic bioavailability due to extensive 
first-pass hepatic metabolism. 42 Budesonide capsules delay the 
release of the active component until the ileum and ascending 
colon, where the pH is greater than 5.5. 


Immunomodulators 


The purine antimetabolites, azathioprine and its metabolite, 6- 
mercaptopurine, may also be used to achieve steroid-sparing 
remission. These agents are used to facilitate a remission 
induced by cyclosporine. These agents act via inhibition of 
purine biosynthesis, nucleotide interconversions, DNA and 
RNA synthesis, and chromosomal replication. 43 A prolonged 
interval of 3 to 6 months may be necessary for these agents to 
demonstrate their full suppressive potential. Approximately 
60% of patients achieve long-term remission with these 
agents. 44 Measurement of the activity of thiopurine methyl- 
transferase, as well as 6-thioguanine levels, allows for dose 
adjustment. Toxicides induced by this family of drugs include 
bone marrow suppression, especially leukopenia, which is dose 
dependent. Additionally, liver toxicity and allergic reactions, 
manifested as a combination of fever, rash, myalgias, or arthral¬ 
gias, may limit utilization. Pancreatitis occurs as another mani¬ 
festation of hypersensitivity in 2% of patients. 45 

Cyclosporine therapy for refractory colitis is effective in 
40% of patients who have failed steroids alone. 46,47 
Cyclosporine is a lipophilic peptide with inhibitory effects on 
both the cellular and humoral immune systems. Cyclosporine 
down-regulates the cellular immune response by blocking the 
production of interleukin (IL)-2 by T-helper lymphocytes. Mol- 
ecularly, cyclosporine binds to cyclophilin, and this complex 
binds to and inhibits calcineurin, a cytoplasmic phosphatase 
enzyme involved in the activation of T cells. 48 Cyclosporine 
also indirectly inhibits B-cell function by interfering with the 
production of activation factors and interferon-y by T-helper 
cells. 49 

The dose of cyclosporine recommended to induce remis¬ 
sion is 4 mg/kg per day. Patients with hypocholesterolemia, 
hypokalemia, or hypomagnesemia must have a reduced dose 
of 2 mg/kg to avoid the risk of seizures. Long-term therapy 
is avoided because of the associated side effects of hyperten¬ 
sion, renal insufficiency, paresthesias, and seizures. After 
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induction of remission with cyclosporine, patients may be 
transitioned to either salicylates or to an antimetabolite, 
such as azathioprine, or 6-mercaptopurine. However, long¬ 
term follow-up in these patients fails to demonstrate a 
decreased incidence of colectomy, with 60% to 80% of these 
patients requiring operation within 1 year. 50 This delay, 
however, may allow an elective operation instead of an 
emergency procedure. 

Another calcineurin inhibitor, tacrolimus, a member of the 
macrolide antibiotic family, may be useful adjunctive therapy for 
steroid-refractory ulcerative colitis. Tacrolimus has improved 
absorption compared to cyclosporine. The fact that tacrolimus is 
a member of the macrolide antibiotic family accounts for its 
additional promotility effect. 51 


Biologic Agents 

Anti-Tumor Necrosis Factor. Recently, anti-tumor necro- 
sis factor (TNF) therapy (infliximab) has been approved for 
treatment of severe, refractory ulcerative colitis. In a large, mul¬ 
ticenter randomized trial, patients with moderate to severe ulcer¬ 
ative colitis who received infliximab therapy were more likely 
than controls to be in clinical remission at 54 weeks (45% vs. 
20%). 52 There appears to be no significant difference in response 
rates between patients who received 5-mg/kg and 10-mg/kg 
dosing regimens. 

Treatment Algorithms. With many effective agents available 
to treat ulcerative colitis, there are several options for induction 
and maintenance of remission. Treatment strategy algorithms 
have been developed by consensus panels based on up-to-date 
information on medical therapies 53 (Algorithm 66.1). Patients 
with mild ulcerative colitis generally begin therapy with oral 
aminosalicylates. Progression to moderate disease is generally 
treated with a steroid taper. Patients who become steroid 
dependent should be started on biologic or immunomodulator 
therapy. Options for patients unresponsive to steroid therapy 
and with severe disease include treatment with cyclosporine, 
infliximab, or surgical resection. 


TABLE 66.3 INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR URGENT SURGERY IN 
ULCERATIVE COLITIS 

Acute severe colitis (70%) 

Toxic colonic dilatation (20%) 

Perforation (< 10%) 

Hemorrhage (<5%) 

Adapted from Nicholls RJ. Review article: ulcerative colitis—surgical 
indications and treatment. Aliment Pharmacol They 2002;16(suppl 4): 
25-28. 


INDICATIONS FOR 
SURGICAL INTERVENTION 

Q The acute indications for surgical intervention are fulminant 
disease, toxic megacolon, and hemorrhage (Table 66.3). Fail¬ 
ure of medical management, dysplasia, and cancer are indica¬ 
tions for elective surgery. 


Surgical Emergencies 

Acute, severe (fulminant) colitis is the most common indica¬ 
tion for acute surgical intervention. Severe colitis is defined as 
the passage of more than six bloody stools per day with a tem¬ 
perature higher than 37.5°C, tachycardia, hemoglobin less 
than 75% of normal, and an increased sedimentation rate. 
Affected patients are hospitalized, resuscitated, and placed on 
intravenous steroids. Fulminant or severe colitis may be pre¬ 
cipitated by superimposed infectious colitis and the latter diag¬ 
nosis should be ruled out in all patients presenting with severe 
colitis. Fever, defecation more than 8 to 10 times per 24-hour 
period, frequent bloody movements, hypoalbuminemia, and 
abdominal tenderness are findings concerning for failure of 


UC 


Mild 


Moderate 


Prednisone 


Oral ± topical 
mesalamine/ 
sulfasalazine 


FAIL 2-4 weeks 


Severe 

I 

Admit + 
i.v. steroids 
3-5 days 

I 

IFX 0,2,6 

scheduled therapy or 
ciclosporin ± azathioprine * 

I 

Surgery 


ALGORITHM 66.1 


ALGORITHM 66.1. Treatment paradigm for remission induction in ulcerative colitis. (Reproduced with permission from Panaccione R, Rut- 
geers P, Sandborn WJ, et al. Review article: treatment algorithms to maximize remission and minimize corticosteroid dependence in patients with 
inflammatory bowel disease. Aliment Pharmacol Ther 2008;28:647-688.) 
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medical management. Barium enema, narcotics, anticholiner¬ 
gic drugs, and antidiarrheal agents should be avoided because 
these agents may precipitate toxic megacolon. Patients who 
show no signs of improvement in the first 48 to 96 hours or 
have an incomplete response after 7 days of medical treatment 
are likely to fail medical therapy. 54 

Toxic megacolon is the most feared presentation of ulcera¬ 
tive colitis and is characterized by severe systemic signs of ill¬ 
ness—fever, abdominal pain and tenderness, tachycardia, 
leukocytosis—and dilation of the colon (greater than 6 cm 
transverse colon on abdominal radiograph). Perforation may 
be present without radiologic evidence in 25% of patients. 
With either toxic megacolon or severe colitis, perforation is a 
possible sequela that has historically been associated with a 
high mortality rate. Recent advances in medical and surgical 
intervention, however, have decreased mortality rates to less 
than 3%. 55 

Hemorrhage is an unusual indication for surgery in ulcera¬ 
tive colitis. Most often, bleeding is controlled with medical 
treatment of the disease. Even with distal disease, total abdom¬ 
inal colectomy is often sufficient to arrest hemorrhage as the 
fecal stream is diverted. Rectal stump bleeding can be con¬ 
trolled with systemic or topical steroids. In severe cases, hemo¬ 
stasis can be achieved with intrarectal tamponade with 
epinephrine-soaked gauze. Proctectomy should be a last resort 
as it complicates later surgical reconstruction. 

Emergency Procedures for Ulcerative Colitis. Total 
abdominal colectomy with end ileostomy is the most common 
and safest procedure for patients who require emergency inter¬ 
vention for ulcerative colitis. This procedure is rapid, removes 
the greatest source of the patient’s symptoms, and allows with¬ 
drawal of steroids postoperatively. The rectum is preserved to 
minimize the extent of surgery in a systemically ill patient and 
to facilitate future pelvic procedures (i.e., the creation of a 
pelvic reservoir). However, this approach may mandate a sec¬ 
ond procedure (completion proctectomy or pouch formation) 
and perhaps a third procedure (ileostomy closure). Formerly, 
blowhole colostomy and ileostomy had been advocated for 
management of toxic megacolon, in which a dilated, edema¬ 
tous, thin-walled colon might lead to intraoperative spillage 
with subsequent septic complications. With improved medical 
management and earlier surgical intervention, fewer patients 
have advanced disease and perforation at the time of surgery, 
and therefore this procedure is rarely used. 

There are several strategies for securing the rectal stump 
after subtotal colectomy to prevent “rectal stump blowout.” 
The rectal stump may be managed by either suturing or sta¬ 
pling the proximal end. If the stump is very friable, it may be 
left with enough sigmoid to create a mucous fistula to the ante¬ 
rior abdominal wall. If the end will not reach the skin, it may 
be brought through the fascia and sutured in the subcutaneous 
space. A third option is to place a large catheter intra-anally to 
stent the sphincters open, facilitating dependent drainage. 


Elective Surgery for Ulcerative Colitis 

The most common indication for elective proctocolectomy is 
intractability. These patients often have longstanding colitis 
and have failed aggressive outpatient medical regimens with 
significant side effects due to medications. 

While biopsy-proven cancer is an absolute indication for 
proctocolectomy, management of dysplasia is more controver¬ 
sial. In patients with high-grade dysplasia or a dysplasia- 
associated lesion or mass (DALM), the risk of synchronous 
cancer is over 40% and surgical resection is warranted. 56 
Management of low-grade dysplasia is not as straightforward. 
Small prospective studies have found a wide range of rates of 
progression to high-grade dysplasia or cancer, with some stud¬ 
ies failing to document an increased risk for cancer. 57,58 A 


meta-analysis, however, that included over 500 patients found 
a ninefold increase in the risk of developing cancer. 59 One 
potential source of confusion is in the histologic diagnosis of 
dysplasia. Even among experts, there is interobserver variabil¬ 
ity as high as 60% in the classification of dysplasia. 60 

Cancer prophylaxis is sometimes a motive for elective 
colectomy. Most investigators believe that oncogenesis is 
related to the severity and duration of disease. Although the 
risk is low during the first 8 to 10 years of ulcerative colitis, 
cancer incidence increases at a rate of 1% to 2% per year fol¬ 
lowing this interval. 61-63 Malignancy may be present in up to 
18% of patients with an intact colon having sustained 30 
years of disease, 64 and reflects an increase in relative risk of 
2.6- to 5.4-fold relative to the general population. Cancers 
develop in the flat mucosa, not in inflammatory regions. Sur¬ 
veillance colonoscopy is essential. Notably, at the first 
colonoscopy for surveillance, approximately 10% of patients 
will already have dysplasia, 56 with a rate of 3% for the develop¬ 
ment of dysplasia at subsequent follow-up colonoscopy if the 
first colonoscopy is unrevealing. 65 Current recommendations 
for surveillance colonoscopy include a minimum of 18 biopsies 
to have a 95% sensitivity to detect any type of dysplasia, and 
most studies recommend four biopsies from at least nine sites, 
with at least four sites in the rectosigmoid. 66 

Procedure Options for Elective Surgery. The advan¬ 
tages, disadvantages, indications, and contraindications for 
elective surgical options for ulcerative colitis are summarized 
in Table 66.4. 

Q Total Proctocolectomy with End Ileostomy. For years, 
total proctocolectomy with end ileostomy was the operative 
“gold standard” for ulcerative colitis. This procedure is one of 
the earliest for ulcerative colitis, and is still considered the 
standard against which other procedures must be compared. 
This operation has several advantages. With removal of the 
entire colon and rectum, cancer risk is eliminated. With an end 
ileostomy, patients do not experience the urgency and fre¬ 
quency associated with ileoanal pouch. It remains the opera¬ 
tion of choice for patients with sphincter dysfunction. An 
intersphincteric perineal dissection results in a smaller perineal 
wound than that traditionally created for an abdominoper¬ 
ineal dissection and results in better wound healing rates. 
Stoma-related complications such as hernia, stenosis, and skin 
excoriation, however, are not uncommon. 

Colectomy with Ileorectal Anastomosis. In this proce¬ 
dure, the entire abdominal colon is removed, and the ileum is 
anastomosed to the rectum at approximately the level of the 
sacral promontory. The postoperative leak rate is very low, 
around 2%, 67 and the procedure is technically easy to perform 
with either a hand-sewn or stapled anastomosis. The proce¬ 
dure spares the anus. Bowel movements are more numerous 
and looser than before the operation, but with the addition of 
bulking agents or antidiarrheal agents, the number of move¬ 
ments may be minimized. The morbidity associated with a 
pelvic dissection is avoided. 

Unfortunately, for most patients with ulcerative colitis, this 
procedure is not an optimal long-term solution because the dis¬ 
ease always involves the rectum and the possibility of neoplas¬ 
tic degeneration mandates surveillance. Indeed, the incidence 
of carcinoma in the rectal stump at 20 years is approximately 
5% to 17%. 68 At least 10% of patients require subsequent 
proctectomy for refractory proctitis, and another 10% require 
proctectomy for poor function. This procedure is a compro¬ 
mise for patients with minimal rectal disease who want inter¬ 
mediate-term preservation of parasympathetic nerve function 
with continence. 

Kock Pouch. The Kock pouch is designed to create a reservoir 
formed from the ileum with a valve that prevents spontaneous 
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ITABLE 66.4 


INDICATIONS/CONTRAINDICATIONS 1 

ADVANTAGES/DISADVANTAGES AND INDICATIONS/CONTRAINDICATIONS FOR ELECTIVE SURGICAL OPTIONS 

FOR ULCERATIVE COLITIS 

■ PROCEDURE 

■ ADVANTAGE 

■ DISADVANTAGE 

■ CONTRAINDICATIONS 

Total proctocolectomy/ 
ileostomy 

Single operation 

Permanent ileostomy 


Kock pouch 

Continent abdominal 
reconstruction 

Often requires multiple 
surgical revisions 

Crohn disease 

Total abdominal colectomy/ 
ileorectal anastomosis 

Single operation, 
preserves native 
continence 

May require subsequent 
proctectomy for inflammation 
or cancer 

Active proctitis 

Total proctocolectomy/ileal 
pouch-anal anastomosis 

Removes nearly all 
disease with continent 
reconstruction 

Risk of anastomotic leak, 
cuffitis, pouchitis, frequent 
bowel movements/leakage; 
risk of malignant degeneration 
in pouch and rectal cuff 

Crohn disease, incontinence, 
distal rectal cancer 


emptying. A catheter is inserted through the valve into the reser¬ 
voir, allowing ileal contents to be emptied by the patient. This 
construction is created so that motivated patients who did not 
wish to maintain a permanent, spontaneously emptying 
ileostomy would be able to intubate the pouch. The nipple valve 
forms the major source for either a successful or an unsuccess¬ 
ful pouch. The pouch is created from two to three limbs of 
ileum to form a reservoir, whereas the valve is formed by a por¬ 
tion of the efferent limb intussuscepted into the pouch. This 
procedure is now rarely performed because of the greater than 
50% need for revision due to valve failure and incompetence, 
technical difficulties with intubation, and fistula formation and 
because of the advent of the restorative proctocolectomy. 

Restorative Proctocolectomy. Parks et al. 69 and Utsonomiya 
et al. 70 independently reported the development of a technique 
that adapted Kock’s ileal pouch and, instead of connecting the 
pouch to the abdominal wall, anastomosed it to the anus. This 
type of reconstruction avoids a permanent ileostomy, and the 
route of evacuation is sustained. This technique is now com¬ 
monly referred to as the ileal pouch-anal anastomosis, restora¬ 
tive proctocolectomy, or pelvic pouch. 71 

This procedure has increased in utilization over the past 25 
years and is now the most commonly used operation in the 
elective management of ulcerative colitis. 72 Contraindications 
include Crohn disease, fulminant colitis, low rectal neoplasia, 
and incontinence. Relative contraindications include obesity 
because a thick mesentery will preclude mobilization of the 
bowel into the distal pelvis. A patient with an android-shaped 
pelvis or a tall patient may have a similar limitation in pouch 
creation. 

The restorative proctocolectomy is usually performed in 
two stages: (a) total or completion proctocolectomy, pouch 
formation and pouch-anal anastomosis, and diverting loop 
ileostomy, and (b) closure of loop ileostomy. The procedure 
may be performed with laparoscopic assistance. The colon and 
rectum are resected and the distal rectum is divided, leaving a 
short rectal cuff. The small bowel mesentery is then mobilized, 
and an estimate that a created pouch will reach into the anas¬ 
tomosis is made by grasping the most dependent portion of the 
pouch and measuring that it will reach 3 to 6 cm beyond the 
bony symphysis pubis. 

If the pouch does not reach the rectal cuff, a number of 
maneuvers may increase length. The small-bowel mesentery 
may be mobilized to the third part of the duodenum. Peritoneal 
windows may be made over the vessels releasing tension to the 
apical portion of the pouch. These windows may be repeated 
on both sides of the mesentery. Transillumination will identify 


vascular arcades that must be preserved, but will also identify 
vessels that may be ligated to increased length. Application of a 
vessel clamp with either palpation or Doppler confirmation of 
adequate blood flow prior to ligation is recommended. 

Multiple pouch constructions have been described. 
Although initially the S- and W-pouches were favored for their 
increased reservoir capacity and longer length, the J-pouch is 
now the most popular construction, probably due to the ease 
of construction, fit into the pelvis, reservoir capacity, and easy 
emptying. The J-pouch is constructed by stapling two 15- to 
20-cm limbs of ileum together, via an enterotomy created at 
the apex of the J-pouch (Fig. 66.6A). To complete the common 
wall, another firing of the GIA stapler is necessary, with the 
distal pouch accordioned onto the forks of the stapler. Other 
constructions include the S-pouch and W-pouch (Fig. 66.6B,C). 
An ileoanal anastomosis may be performed by double stapling 
or, following mucosectomy, via a hand-sewn anastomosis. Sta¬ 
pling preserves the anal transition zone, and this preservation 
seems to enhance function by retaining neorectal sensation 
and continence. 73 However, this approach does retain a small 
area of rectum that has the potential for the development of 
neoplasia, and therefore some investigators have favored 
mucosectomy. To facilitate mucosectomy, the perineal opera¬ 
tor uses a retractor to expose the dentate line. Dilute epi¬ 
nephrine is injected submucosally to raise the mucosa and to 
prevent bleeding. A needle-tip cautery is helpful to precisely 
excise the mucosa for a length of several centimeters. The 
pouch is then lowered into the pelvis and pulled down 
endoanally for a hand-sewn anastomosis with absorbable 
sutures. 


Postoperative Complications 

The most common early postoperative complications are 
small-bowel obstruction and sepsis. Small-bowel obstruction 
complicates 11% to 26% of ileal pouch procedures. 74,75 Cre¬ 
ation of a loop ileostomy increases this risk significantly. 76 
Analysis of a series of 1,005 patients revealed that 25% of 
patients had small-bowel obstruction, with two thirds of the 
patients having the temporary loop ileostomy as the cause. 77 
Of this 25%, 7.5% had early obstructions and 18% had later 
obstructions. Overall, of the 254 patients with a small-bowel 
obstruction, 28% required reoperation. The most common 
site of obstruction was at the ileostomy, 78 which has led some 
surgeons to perform the procedure without ileostomy. Others 
have implemented the use of Seprafilm (Genzyme Corpora¬ 
tion, Cambridge, MA; modified sodium hyaluronic acid and 
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FIGURE 66.6. Ileal pouch construction. A: An electrocautery is 
used to create an enterotomy at the apex of the 15-cm loop of ter¬ 
minal ileum. B: The forks of an intestinal anastomosing stapler are 
pressed into the intestinal limbs, and the instrument is fired. C: This 
is repeated once or twice while the limbs are telescoped onto the 
stapler, until a 15-cm side-to-side anastomosis is completed. D: The 
apical enterotomy is closed with a simple pursestring stitch. E: The 
stapled construction of the J-pouch. (E reproduced with permission 
from Corman ML. Colon and Rectal Surgery , 5th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 2005:1418.) 
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carboxymethylcellulose), which has been found in a random¬ 
ized prospective trial to decrease adhesions by 50%, although 
there is no evidence to date that this leads to a reduced inci¬ 
dence of small-bowel obstruction. 79 Causes of small-bowel 
obstruction include adhesions, internal hernia, stenosis, and 
volvulus around the ileostomy. Though many of the patients 
resolve the obstruction nonoperatively, approximately one 
quarter require operative intervention. 80 

The second most common early complication is sepsis, 
either in the form of pelvic abscess or leak. Sepsis complicates 
3% to 37% of cases. 74,77,81-83 As in all bowel anastomoses, the 
abscess may be a manifestation of a leak. Leakage of the pouch 
or the pouch-anal anastomosis occurs in 2% to 15% of 
cases. 77,84,85 This serious complication may be revealed radio- 
logically, clinically as an abscess, or as a fistula either to 
another intra-abdominal structure or to the perineum or 
vagina. The rate of leakage following the ileoanal pouch proce¬ 
dure is higher in patients with ulcerative colitis than in patients 
with familial adenomatous polyposis. 84 The most common 
location for the leak is at the pouch-anal anastomosis. The 
most commonly cited factor associated with leak is high-dose 
steroid use in the preoperative period (ingestion of >40 mg of 
daily prednisone). Some surgeons perform routine pouch pro¬ 
cedures without a defunctioning ileostomy in patients who are 
not on high-dose steroids. 86 

A loop ileostomy does not prevent leakage at the 
pouch-anal anastomosis, but it may decrease the morbidity 
associated with the leak. If a leak occurs, it may be adequately 
managed with diversion and drainage while allowing time for 
healing. However, the most common cause of eventual pouch 
excision is an anastomotic leak, usually due to poor long-term 
functional results. In one series, 58 patients required pouch 
excision: 39% due to a leak from the ileoanal anastomosis and 
12% due to leak from the pouch. Others have reported an 
association of leak with pouch failure in up to 24% of patients 
requiring pouch excision. 87 

Fistula is another manifestation of anastomotic leak, which 
may develop from the pouch or ileoanal anastomosis and 
extend to another organ, such as the perineum or vagina. Fis¬ 
tula may occur in the early postoperative period, but may also 
present months or years later. Pouch fistulas occur with a fre¬ 
quency of 2.8% to 12%. 74,77,78,83,86 Fistulas are complex to 
manage, and regardless of whether a local or abdominal tech¬ 
nique is used, only half of attempted repairs will be success¬ 
ful. 88 Contributing factors include pouch ischemia, anasto¬ 
motic leak, vaginal inclusion in the anastomotic suture line, 
cryptoglandular infection, and Crohn disease. Abscess 
drainage, prolonged diversion with loop ileostomy, antibiotics, 
and local therapy may lead to fistula closure. Variable success 
has been noted with seton placement, fibrin glue instillation, 
Surgisis plug placement, ileoanal flaps, and vaginal flaps. 88 


Long-term Sequelae 

A summary of the long-term sequelae after ileal pouch-anal 
anastomosis is listed in Table 66.5. 

Pouchitis. Pouchitis is a nonspecific inflammation in the 
pouch associated with increased stool frequency, urgency, 
incontinence, bleeding, crampy abdominal pain, malaise, and 
a low-grade fever. This condition is unique to patients with an 
ileal pouch and is increased in patients who undergo a pouch 
procedure for inflammatory bowel disease. 89 Pouchitis occurs 
in 30% to 50% of these patients. 90 The cumulative probability 
of suffering a second episode of pouchitis after an initial attack 
within 2 years of a restorative proctocolectomy is 64%. After 
a single episode, however, only 15% experience chronic symp¬ 
toms. 91 On pouchoscopy, the mucosa is inflamed and friable 
with ulceration and discharge. Mucosal biopsies with histo¬ 
logic analysis must confirm the diagnosis. 


TABLE 66.5 COMPLICATIONS 


LATE COMPLICATIONS AFTER ILEAL POUCH-ANAL 
ANASTOMOSIS 

Pouchitis (30%—50%) 91 

Small-bowel obstruction (11 %—26% ) 75,74 

Cuffitis (5%—14% ) 97,98 

Pouch failure (5%-10%) 87,97,101,102 

Fistula (3%-12%) 74,77,78,83,86 

Sexual dysfunction—male and female (5%—20%) 104,105 
Cancer—cuff or pouch (rare) 99,100 


The cause of pouchitis is unknown. In most of those 
affected, no etiology is documented. Pouchitis may be due to 
bacterial stasis, with toxins causing ulceration of the mucosa, 
or due to ischemia, leading to the production of free radicals. 
The syndrome is associated with pancolitis and extraintestinal 
manifestations, including primary sclerosing cholangitis. For¬ 
tunately, initial treatment with antimicrobial agents, including 
metronidazole or a fluoroquinolone, leads to remission in the 
majority of cases. In refractory cases, a 5-ASA compound is 
added. Newer data suggest that probiotics may be beneficial in 
preventing pouchitis and in maintaining remission. 92,93 
Chronic or disabling pouchitis leads to pouch excision in up to 
12% of those affected. 94 

Anastomotic Stricture. A small degree of narrowing is often 
present at the ileoanal anastomosis, particularly after a period 
of fecal diversion, and is not problematic. This occurs in 7% to 
15% of cases. 74,77,95 This narrowing may be associated with dis¬ 
use and usually resolves with gentle dilation prior to ileostomy 
closure. In some cases, however, a stricture may be the result of 
a healed leak, tension, ischemia, fistula formation, or cuffitis. 
Anastomotic strictures have also been implicated in the devel¬ 
opment of pouchitis. Persistent anastomotic stricture is an inde¬ 
pendent predictor of eventual pouch failure. 96 In severe cases, 
pouch revision may be necessary as strictures adversely affect 
pouch emptying. 

Cuffitis. After stapled ileal pouch-anal anastomosis, a small 
remnant of the anal transition zone is left in the rectal cuff. 
This area is at risk for the development of symptomatic inflam¬ 
mation or “cuffitis.” These patients may present with symp¬ 
toms similar to those of pouchitis, including diarrhea, abdom¬ 
inal pain, urgency, perianal pain, and bloody movements. 97 
These patients may be treated effectively with topical 5-ASA 
or steroid suppositories. 98 

Cancer. Reports of cancer in patients having undergone 
restorative proctocolectomy have been rare. Both the retained 
cuff of rectum and the pouch are at risk. 99 The residual rectum 
has been documented to develop cancer. These cases have 
occurred in patients in whom a mucosectomy was performed 
as well as in patients in whom a mucosectomy was not per¬ 
formed. 100 Because it is difficult to eradicate all mucosal cells 
even with a meticulous dissection, the risk of cancer is not elim¬ 
inated with mucosectomy. Patients at increased risk are those 
who had either dysplasia or cancer in the original proctocolec¬ 
tomy specimen. Additionally, patients with primary sclerosing 
cholangitis are at increased risk for cancer development. There¬ 
fore, continued screening of patients, particularly those with 
prolonged disease duration, dysplasia or cancer in the excised 
specimen, and primary sclerosing cholangitis, is essential. 

Pouch Failure. A pouch failure rate of 5% to 10% has been 
reported at most high-volume centers. Risk factors for pouch 
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failure include (a) patient and disease factors—comorbidity, 
Crohn disease, and prior anal pathology; (b) operative 
factors—hand-sewn anastomosis, tension on the ileoanal 
anastomosis, and use of an ileostomy; and (c) postoperative 
factors—anastomotic separation, pelvic sepsis, and fis¬ 
tula. 87 ’ 97,101 ’ 102 Although the development of Crohn disease in 
the ileoanal pouch has often been implicated in pouch failure, 
treatment with infliximab can result in acceptable pouch func¬ 
tion in up to 67% of patients. 103 

Sexual Dysfunction. Patients undergoing proctectomy are 
at risk for injury to the parasympathetic nerve trunks. The 
morbidity from this injury includes difficulty with bladder 
emptying, and in men, impotence and retrograde ejaculation. 
These symptoms may be transient or permanent and are 
reported to occur in 1% to 20% of patients. 104,105 

Women may also suffer from dyspareunia (7% to 30%) 
and leakage during intercourse (2%). 104,105 There is increasing 
evidence that fertility following restorative proctocolectomy is 
substantially reduced, likely secondary to pelvic adhesions. 106 
A 2006 meta-analysis study found a threefold increase in infer¬ 
tility among women who had undergone ileal pouch-anal 
anastomosis compared to women with colitis who were man¬ 
aged medically. 106 

Quality of Life. Quality of life incorporates physical and 
functional outcomes as well as psychosocial factors that con¬ 
tribute to the well-being of patients. Most patients who have 
had an operative procedure to manage their disease have high 
Q satisfaction scores. Although pelvic pouch patients may expe¬ 
rience operative complications and have imperfect functional 
results (i.e., frequent bowel movements and seepage of stool), 
95% of patients report satisfaction with postoperative out¬ 
comes. 107-110 
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CHAPTER 67 ■ COLONIC POLYPS AND 

POLYPOSIS SYNDROMES 

C. RICHARD BOLAND AND ROBERT S. BRESALIER 


KEY POINTS 


Q Colorectal neoplasia develops through multistep carcino¬ 
genesis that involves the gradual accumulation of genetic 
and epigenetic alterations in the genome. This process usu¬ 
ally requires the presence of some form of genomic or 
epigenetic instability, and neoplasms may require several 
decades to evolve from their earliest stages to fully advanced 
disease. 

Q Colorectal carcinoma usually evolves gradually from col¬ 
orectal adenomas in clinically identifiable stages; removal 
of adenomas reduces the incidence of colorectal carci¬ 
noma. 


Q Genetic and familial factors play an important role in the 
genesis of both the sporadic (common) and syndromic 
forms of colorectal neoplasia, such as familial adenoma¬ 
tous polyposis and Lynch syndrome. 

Q The genetic basis of familial adenomatous polyposis and 
hereditary nonpolyposis colorectal cancer (called Lynch 
syndrome) have been identified, which facilitates the early 
identification and diagnosis of affected individuals. 

wide range of clinical heterogeneity is present in the 
familial colorectal cancer syndromes, and attenuated forms 
of familial adenomatous polyposis and Lynch syndrome 
can be subtle and a challenge to the clinician. 


COLORECTAL POLYPS 


The gastrointestinal tract accounts for more neoplastic disease 
than any other organ system in the body. In North America, 
neoplasms of the colon and rectum have attracted the greatest 
interest because of their relatively high incidence, and because 
appropriate intervention can dramatically modify the morbid¬ 
ity and mortality associated with them. The adenoma is the 
most common precursor of colorectal cancer, and early 
removal of adenomatous polyps can interrupt the natural his¬ 
tory of the disease and prevent death. 

Colorectal cancers can develop through one of at least three 
molecular pathways, and each variety appears to have some 
unique clinical and pathologic features. The adenoma-carci¬ 
noma sequence is virtually canonical at this time and describes 
the common pathway taken by neoplasms that have “chromo¬ 
somal instability.” It has subsequently been proposed that 
“serrated” polyps may be precursors of colon cancers with the 
microsatellite instability (MSI) phenotype. These polyps are a 
pathologic hybrid, showing features of both hyperplastic and 
adenomatous polyps. It is becoming increasingly important to 
understand the clinical behavior of colorectal neoplasms in the 
context of the genetic and molecular bases of these lesions. 


Classification of Colorectal Polyps 

The term polyp (from the Greek polypous , “morbid excres¬ 
cence”) refers to a macroscopic protrusion of the colonic 
mucosa into the bowel lumen. This can result from abnormal 
growth of the mucosa or from a submucosal process that 
causes the mucosa to protrude into the lumen. Mucosal polyps 
can be sessile , protruding directly from the colonic wall, or 
pedunculated , extending from the mucosa through a fibrovas- 
cular stalk. 

Mucosal polyps in the colon can be categorized as neoplas¬ 
tic , with malignant potential, and nonneoplastic , with no 
malignant potential (Table 67.1). Neoplastic polyps include 
benign adenomatous polyps that may evolve to carcinoma, 


adenomatous polyps that contain foci of intramucosal carci¬ 
noma (carcinoma in situ), and adenomatous polyps in which 
carcinoma has penetrated the muscularis mucosae (invasive 
carcinoma). A serrated polyp contains adenomatous features 
admixed with features of a hyperplastic polyp. A serrated 
polyp appears to originate in a manner unique from typical 
adenomas, but is also a premalignant lesion. Sometimes a 
polyp is found in which carcinoma has completely obliterated 
the adenomatous tissue from which it arose (polypoid carci¬ 
noma). 

Nonneoplastic mucosal polyps include hyperplastic polyps, 
juvenile polyps, Peutz-Jeghers hamartomas, and a variety of 
inflammatory polyps, including those associated with inflam¬ 
matory bowel disease. Any submucosal lesion can expand to 
push the mucosa into the bowel lumen and thus appear as a 
polypoid lesion. Examples include lipomas, leiomyomas, coli¬ 
tis cystica profunda, pneumatosis cystoides intestinalis, lym¬ 
phoid aggregates, primary or secondary lymphomas, carcinoid 
tumors, and other metastatic neoplasms. 

Neoplastic Mucosal Polyps. Most colorectal cancers arise 
in preexisting adenomatous polyps. Neoplastic mucosal epithe¬ 
lium evolves through a series of progressive, cumulative molec¬ 
ular and cellular steps that lead to altered proliferation, cellular 
accumulation, and glandular disarray. In some instances, the 
polyp also achieves the ability to invade and metastasize 
through the adenoma-to-carcinoma sequence. 

Several lines of evidence support the assumption that col¬ 
orectal adenocarcinomas arise from adenomatous polyps. The 
descriptive epidemiology of colonic adenomas parallels that of 
carcinomas, but the benign lesions occur earlier. Adenomas are 
rare in geographic regions with a low prevalence of colon can¬ 
cer, and the distribution of adenomas in the colon parallels 
that of carcinomas. Adenomas often occur in anatomic prox¬ 
imity to colon cancers, and cancer risk is proportional to the 
number of adenomas present synchronously or metachro- 
nously in a patient. Cancer is often present in polyps removed 
endoscopically or surgically, and the risk for cancer is propor¬ 
tional to the degree of dysplasia or atypia in the polyp. 
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TABLE 67.1 CLASSIFICATION 


CLASSIFICATION OF COLORECTAL POLYPS 

MUCOSAL POLYPS 

Neoplastic 

Benign 

Adenomatous polyps 
Tubular adenoma 
Tubulovillous adenoma 
Villous adenoma 
Serrated polyp 
Malignant 

Carcinoma in situ 
Invasive carcinoma 
Polypoid carcinoma 
Nonneoplastic 

Hyperplastic polyps 
Juvenile polyps 
Peutz-Jeghers polyps 
Inflammatory polyps 
Normal epithelium 
SUBMUCOSAL POLYPS 
Lipomas 
Leiomyomas 
Colitis cystica profunda 
Pneumatosis cystoides intestinalis 
Lymphoid aggregates 
Lymphoma (primary or secondary) 

Carcinoids 

Metastatic neoplasms 

Conversely, histologically evident residual adenomatous tissue 
may be found surrounding carcinomas. Most important, 
results from several studies indicate that the systematic removal 
of adenomatous polyps during screening proctosigmoidoscopy 
or surveillance colonoscopy decreases the risk for the develop¬ 
ment of colorectal cancers and death from this disease. 


Pathogenesis 

Molecular Biology. Genetic changes that lead to the devel- 
opment of adenomas (and carcinomas) can be loosely orga¬ 
nized into three major classes: alterations in proto-oncogenes, 
loss of tumor-suppressor gene activity, and abnormalities of 
genes involved in DNA repair (Fig. 67.1). Several different 
mechanisms are involved in altering these genes. Typically, 
oncogenes become overactive by mutation, rearrangement, or 
amplification. Tumor-suppressor genes become inactivated by 
mutation or deletion or silenced through promoter methyla- 
tion. Tumor-suppressor genes require inactivation of both 
Q copies of alleles, making this process more complex. It is now 
clear, however, that the development of adenoma and carci¬ 
noma is always associated with the progressive accumulation 
of genetic changes, and this process is termed multistep car¬ 
cinogenesis. 1 

In familial adenomatous polyposis (FAP), Lynch syndrome 
(previously called hereditary nonpolyposis colorectal cancer 
[HNPCCj), and other familial syndromes, the first genetic alter¬ 
ation is inherited in the germline. Environmental factors are 


then required for the additional genetic mutations that lead to 
malignant transformation. The clinical phenotype for the inher¬ 
ited predispositions to gastrointestinal cancer is initially normal; 
such individuals might be thought of as having an exceptional 
susceptibility to environmental stress. The germline mutation 
provides the first “hit,” which greatly increases the likelihood of 
neoplasia and the likelihood that the disease will occur at a 
Q young age. 2 FAP and Lynch syndrome account for about 4% of 
all colorectal cancers, but it is estimated that as many as 30% of 
colorectal cancers occur in the context of a positive family 
history. 

“Sporadic” polyps and cancers are associated with multi¬ 
ple somatic mutations, all of which are caused by sponta¬ 
neous decay of DNA, exogenous insults, or are accidents that 
occur during the replication of DNA. Adenomas and cancers 
that develop arise through genomic instability, a process 
that increases the likelihood that epithelial cells will acquire 
the number of mutations needed to attain a neoplastic state. 3 
Destabilization of the genome is a prerequisite to carcinogene¬ 
sis. This most commonly involves chromosomal instability, 
which is manifested as widespread chromosomal deletions, 
duplications, and rearrangements that produce aneuploidy. 
Alternatively, increased rates of mutations, often in tandemly 
repeated DNA sequences known as microsatellites (microsatel¬ 
lite instability) or a form of epigenetic instability called the 
CpG island methylator phenotype (CIMP), in which genes are 
inappropriately silenced by promoter methylation, 4 are mech¬ 
anisms that can lead to progressive multistep carcinogenesis. 
Genomic (or epigenetic) instability generates a large number of 
random alterations, which are largely deleterious, and leads to 
the demise of the affected cell. However, occasional genetic 
alterations enhance growth and survival, and the successive 
accumulation of those changes will eventually facilitate the 
evolution of the neoplastic cell. 

Cellular proto-oncogenes are a group of evolutionarily con¬ 
served genes that play a role in signal transduction and the 
normal regulation of cell growth. They function by being 
turned on when growth is stimulated and then turned off when 
sufficient growth has been achieved. Inappropriate activation 
of these genes, usually through mutation or rearrangement of 
the promoter sequences, leads to abnormal transmission of 
growth regulatory signals, which produce excessive cellular 
proliferation. Mutations of the K -ras oncogene, for example, 
can be found in about half of sporadic colorectal neoplasms, 
and this accelerates the growth potential of the early adenoma. 
Only 9% of small adenomas have K-ras mutations, whereas 
58% of adenomas greater than 1 cm have a mutated K-ras 
gene. K-ras mutations are more common in pedunculated than 
flat adenomas. However, by themselves, K-ras mutations are 
not sufficient either for the neoplastic phenotype or for tumor 
progression. A combination of altered growth signals is 
required for an epithelial cell to achieve autonomous growth. 
The excessive growth then increases the likelihood that addi¬ 
tional genetic alterations will occur. 

The tumor-suppressor gene APC on chromosome 5q is 
critical to the evolution of the colorectal adenoma. Allelic 
losses of chromosome 5q occur early during carcinogenesis in 
the colon, and may be the initial step in the evolution of 
colorectal neoplasia. 5 A combination of mutation of one 
allele and loss of the other allele of APC (usually by partial 
chromosomal deletion or promoter methylation) commonly 
occurs in colorectal adenomas. APC acts as the “gatekeeper” 
of colonic epithelial proliferation, and inactivation of this 
gene will lead to net cellular proliferation and initiation of 
neoplasia in the colon. 6 The protein produced by the APC 
gene plays a central role in regulating the intracellular con¬ 
centrations of the transcription factor, /3- catenin. /3-Catenin is 
highly expressed in cells at the base of the colonic crypt, where 
it stimulates proliferation. 7 As the cell commits to terminal dif¬ 
ferentiation, the APC gene is expressed, which downregulates 
/3-catenin by phosphorylation, targeting it for degradation. 
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FIGURE 67.1. Proposed sequence of molecular genetic events in the evolution of colon cancer. Carcinomas arise from an accumulation of events 
whose sequence has been defined for two of the carcinogenesis pathways. As illustrated here, tumors progress through the adenoma-to-carcinoma 
sequence along pathways marked by chromosomal instability (CIN) or microsatellite instability (MSI). At least one more pathway, characterized 
by promoter methylation of tumor-suppressor genes, serrated polyps, and cancers with variable degrees of microsatellite instability, is incom¬ 
pletely understood, and not shown here. ACF, aberrant crypt focus; TGF, transforming growth factor. (After Grady WM. Genomic instability 
and colon cancer. Cancer Metastasis Rev 2004;23:11.) 


Other genetic changes occur later in the adenoma-to- 
carcinoma sequence. Stepwise tumor progression is associated, 
in more than 75% of cases, with loss of one or more tumor- 
suppressor genes located on chromosome 18q. Several candi¬ 
date genes are present in this location, and loss of chromosome 
18 in the tumor is associated with a poor prognosis. Loss of 
the SMAD 4 gene on 18q probably contributes the most to the 
progressively aggressive nature of neoplasms that advance 
through the pathway of chromosomal instability. Deletions of 
chromosome 17p involve the p53 tumor-suppressor gene, and 
the p53 protein normally prevents cells with damaged DNA 
from progressing from the G1 to the S phase in the cell cycle. 
Inactivation of the p53 gene mediates the conversion from 
adenoma to carcinoma. 8 

Alterations in genes that mediate DNA mismatch repair 
during replication cause Lynch syndrome, which historically 
was called HNPCC. 9 The genes responsible for Lynch syn¬ 
drome are MSH2 , MLH1, MSH6 , and PMS2. In the hereditary 
disease, germline mutations inactivate one copy of the gene, 
and the other allele is inactivated by one of several “somatic” 
events that occurs locally in an individual colonic epithelial 
cell. This creates an inability to repair DNA mismatches and 
results in a diffuse mutational signature in the tumor called 
microsatellite instability, or MSI. This defect leads to the muta¬ 
tional inactivation of several key genes important for maintain¬ 
ing normal cellular behavior. The transforming growth factor- 
(3 receptor II (TGF-/3RII), for example, is mutated in 85% of 
MSI colorectal cancers. This inactivates the receptor, renders 
the cell unresponsive to TGF-/3, and permits it to escape normal 
growth regulation. The MSI multistep carcinogenesis pathway 
to tumor development is seen in about 15% of all colorectal 
cancers, 10 and progression from adenoma to carcinoma occurs 


in a shorter time period than occurs the chromosomal instabil¬ 
ity pathway seen in most colorectal cancers, which is thought 
to require a period of at least 10 to 20 years. MSI colorectal 
neoplasms appear to account for two clinical observations. 
First, the MSI pathway may account for the occurrence of can¬ 
cers 1 or 2 years after a negative colonoscopic examination. 
Second, it may account for the relatively small number of ade¬ 
nomatous polyps found with MSI, since they may evolve into 
cancer in a shorter timeframe than usually occurs. 


Histopathology and Malignant Potential 

Adenomatous polyps are characterized according to their phys¬ 
ical features, size, glandular structure, and degree of dysplasia, 
which all have important implications for clinical management. 
Polyps may be sessile, with a broad-based attachment to the 
colonic wall, or pedunculated, attached to the colonic wall by 
way of a fibrovascular stalk (Fig. 67.2). Whether a polyp is ses¬ 
sile or pedunculated typically determines whether the endos¬ 
copist can remove the polyp completely by snare polypectomy. 
Diminutive polyps that measure 5 mm or less in diameter are 
not likely to contain high-grade dysplasia or invasive carci¬ 
noma. Malignant potential increases with polyp size in all his¬ 
tologic groups of adenoma. 

Adenomas are classified histologically according to their 
glandular structure. Aberrant (dysplastic) crypts and microade¬ 
nomas may be the earliest lesions detected in the flat mucosa of 
patients at risk. These enlarge and progress to macroscopic 
adenomatous polyps. Tubular adenomas are characterized by a 
complex network of branching adenomatous glands, whereas 
villous adenomas contain fronds or folds of mucosa that have 
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FIGURE 67.2. Mucosal polyps of the colon may be sessile, protrud¬ 
ing directly from the colonic wall, or pedunculated, extending from 
the mucosa through a fibrovascular stalk. A: Large sessile polyp seen 
at colonoscopy. The polyp has a broad-based attachment to the 
mucosa. B: Pedunculated polyp seen at colonoscopy. The polyp is 
attached to the mucosa through a distinct stalk. C: Low-power pho¬ 
tomicrograph of a pedunculated polyp (a tubular adenoma) cut in 
cross section to demonstrate its fibrovascular stalk (S). 


overgrown their underlying stroma and project toward the 
colonic lumen (Fig. 67.3). Often, both histologic types coexist 
in a mixed tubulovillous adenoma. 

All adenomas, by definition, consist of dysplastic mucosa. 
The term dysplasia refers to abnormalities in crypt architec¬ 
ture (such as irregular branching or crowded “back-to-back” 
glands) and cytologic detail (enlarged, pleomorphic, and 
hyperchromatic nuclei with multiple mitoses and pseudo¬ 
stratification; Fig. 67.4). Dysplasia may be mild, moderate, 
or severe, depending on the degree to which these character¬ 
istics are present. Severe, or high-grade, dysplasia represents 
carcinoma in situ when the basement membrane is intact. 
Extension into the lamina propria denotes intramucosal 
carcinoma. Invasion into the muscularis mucosae defines 
invasive carcinoma and the malignant polyp. The degree of 
dysplasia usually correlates with polyp size and the extent of 
villous architecture. Occasionally, nonmalignant adenoma¬ 
tous mucosa can be displaced below the muscularis mucosae, 
probably due to trauma associated with colonic motility. 


This must be distinguished from malignant invasion and is 
termed pseudoinvasion. 

Even though nearly all adenocarcinomas of the colon and 
rectum arise in adenomatous polyps, not all polyps evolve into 
carcinoma; in fact, most do not. The malignant potential of 
adenomatous polyps is related to polyp size and the histologic 
characteristics. Large polyps and those with predominantly 
villous architecture are more likely to contain coincident carci¬ 
noma (Fig. 67.5). These features are interdependent, however, 
because large polyps are more likely to be villous and dysplas¬ 
tic. Adenomas that measure 0.5 cm or less are most often 
tubular adenomas and rarely contain severe dysplasia or carci¬ 
noma (<0.5% in autopsy series). Likewise, only 1% to 2% of 
adenomatous polyps smaller than 1 cm contain carcinoma, 
but autopsy studies suggest that as many as 40% of adenomas 
greater than 2 cm contain cancer. Data derived from the exam¬ 
ination of colonoscopic polypectomy specimens indicate simi¬ 
lar trends but suggest a lower incidence of cancer-containing 
polyps. 
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Epidemiology 

Prevalence. The descriptive epidemiology of adenomatous 
polyps of the colon and rectum parallels that of colorectal carci¬ 
noma with relation to geographic distribution, age, prevalence, 
and genetic susceptibility. Like colorectal cancer, adenomas are 
common in Western countries such as the United States, but their 
prevalence traditionally has been low in parts of Asia, South 
America, and sub-Saharan Africa. Epidemiologic patterns for 



FIGURE 67.4. Moderate dysplasia. Dysplastic mucosa is character¬ 
ized by crowded, irregular glands and cells with enlarged, hyperchro- 
matic nuclei of varied size and shape that do not line up uniformly on 
the basement membrane (pseudopalisading). Adenomas are composed 
of dysplastic mucosa in which the degree of atypia may vary. These 
changes precede the development of invasive carcinoma. 



FIGURE 67.3. Histology of adenomatous polyps. A: Tubular adeno¬ 
mas are characterized by a complex network of branching adenomatous 
glands (see also C). B: Villous adenomas consist of glands that extend 
straight down from the surface to the base as fingerlike projections; this 
pattern may be suggested by the gross appearance of these polyps. 
C: Tubulovillous adenoma. 


both adenomas and carcinomas are shifting with the acquisition 
of a “Western” lifestyle in many areas. Estimates of adenoma 
prevalence in the United States vary depending on the mode of 
data collection. Data from older studies were collected from 
autopsies and sometimes grouped all polyps together, whereas 
more recent studies have examined adenoma prevalence in the 
context of endoscopic screening. Studies using colonoscopy sug¬ 
gest an adenoma prevalence in patients without symptoms 
who are older than 50 years that ranges between 20% and 40%. 



FIGURE 67.5. The relation of adenoma size and histology to malig¬ 
nant potential based on an analysis of 7,000 endoscopically removed 
polyps. The incidence of polyp-associated carcinoma determined from 
examination of polypectomy specimens is lower than that derived 
from early autopsy studies. (Data derived from Shinya H, Wolff WI. 
Morphology, anatomic distribution, and cancer potential of colonic 
polyps. Ann Surg 1979;1990:675.) 
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Prevalence rates from autopsy studies are 50% higher. Based on 
autopsy studies, one half to two thirds of people older than 
65 years have colonic adenomas. Adenoma prevalence increases 
with age in all populations. Age-associated prevalence rates sug¬ 
gest that adenomas precede carcinomas in a given population by 
at least 5 to 10 years; it may be much longer, as polyps do not 
produce symptoms and, unlike cancers, dating the onset can 
only be estimated. Advancing age also correlates with multiplic¬ 
ity of polyps, polyp size, and higher degrees of dysplasia. In addi¬ 
tion, 30% to 50% of patients with one adenoma have a syn¬ 
chronous adenoma elsewhere in the colon. 11 

Heredity. Heredity plays a role not only in FAP and Lynch 
syndrome but also in the development of sporadic adenomas. 
Sporadic (nonsyndromic) adenomatous polyps and colon can¬ 
cers represent more than 95% of colorectal neoplasms. Clini¬ 
cal studies, including case-control and prospective analyses, 
indicate a two- to threefold increased risk for colon cancer 
among first-degree relatives of patients with a history of 
colonic adenoma or carcinoma. 12 The relative risk increases 
when there are more affected relatives and when adenomas 
and carcinomas occur in young relatives. 13 The impact of fam¬ 
ily history becomes prognostically insignificant in patients 
whose polyps are discovered after age 60. In most families, it 
is not possible to separate the impact of commonly shared 
genes from the impact of shared environmental exposures. 

Anatomic Distribution. Autopsy series and colonoscopic 
examination of patients who do not have symptoms suggest 
that although adenomas are uniformly distributed throughout 
the colon, the distribution of clinically important larger ade¬ 
nomas is more similar to that of carcinomas, with a left-sided 
predominance. 

Natural History. Adenomas are common in people older 
than 50 years, and although most carcinomas arise in adeno¬ 
matous polyps, relatively few adenomas progress to carcinoma. 
Little precise information is available on what percentage of 
adenomas evolve to carcinomas. In Norway, an example of a 
high-risk Western population, it has been estimated that col¬ 
orectal adenomas are present in 29% of the population older 
than 35 years. The conversion rate from adenoma to carci¬ 
noma in this group (based on cancer incidence from multiple 
tumor registries) has been calculated to be 0.25% per year. In 
other words, the risk that a colorectal cancer will develop in a 
polyp-bearing person within 10 years is 2.5%. The annual 
conversion rates to invasive cancer for people with adenomas 
larger than 1 cm, villous components, and severe dysplasia 
have been estimated to be 3%, 17%, and 37%, respectively, 
based on these inferences. Data from a national colonoscopy 
database in Germany suggested that the annual transition 
rates from advanced adenoma (adenomas >1 cm, tubulovil- 
lous or villous adenomas, adenomas with high-grade dysplasia) 
to cancer is comparable among women and men, but strongly 
increases with age. 14 Projected annual transition rates from 
advanced adenoma to cancer increased from 2.6% in age group 
55 to 59 years to 5.1% in age group 80 and older among men, 
for example. These estimated rates in older age groups are in line 
with previous estimates derived from small case series but are 
considerably lower for younger age groups. 

Both longitudinal follow-up of a small number of people 
with unresected adenomas and studies of age distribution pro¬ 
vide indirect evidence that the evolution from adenoma to car¬ 
cinoma takes at least 5 to 10 years. Age prevalence data from 
the National Polyp Study, for example, suggest that it may 
take as long as 5 to 10 years for normal-appearing mucosa to 
develop into a macroscopically visible adenomatous polyp, 
and an additional 3 to 5 years for invasive carcinoma to 
develop, in most instances. Case-control studies also support 
that the development of adenomas in the colon and the evolu¬ 
tion to carcinoma occur slowly. Several studies have estimated 


that a significant protective effect of screening sigmoidoscopy 
may last at least 10 years. 15 

Associated Disease States. A number of clinical situations 
have been associated with a greater than average risk for ade¬ 
noma development, but the evidence in most cases is tenuous. 
Although adenomas and carcinomas develop frequently in 
patients who have undergone urinary diversion by way of 
ureterosigmoidoscopy, this is largely of historical interest. 
Nonetheless, patients who have undergone this procedure 
require periodic colonoscopic surveillance for adenoma and 
carcinoma development. An increased prevalence of colonic 
adenomas and carcinomas has been reported in patients with 
acromegaly, and patients with elevated gastrin levels have been 
reported to be at risk for neoplasia. Alleged associations 
between colorectal adenomas and a history of prior cholecys¬ 
tectomy, atherosclerosis, acrochordons (skin tags), and hyper¬ 
plastic polyps remain unproven. 


Clinical Features 


Adenomatous polyps of the colon and rectum are highly preva¬ 
lent in Western societies, but most patients with colonic adeno¬ 
mas do not have symptoms directly referable to these lesions. 
Overt bleeding manifesting as hematochezia may occur with 
larger polyps, which may be evident when the polyps are 
located distally in the rectum. Adenomas typically lose less than 
1 mL of blood daily unless they are 2 cm or larger in size. 
Although colorectal polyps are the most common lesions 
detected in patients without symptoms undergoing colonoscopy 
because of the presence of fecal occult blood, the polyps are 
probably not responsible for the bleeding. Very large colonic 
polyps may be associated with obstructive symptoms, such 
as lower abdominal cramping or alterations in bowel habits, 
but this is unusual. Secretory diarrhea with accompanying 
hypokalemia and hypochlorhydria has been associated with 
very large villous adenomas of the distal colon and rectum. This 
is a rare syndrome, and the search for secretagogues such as 
vasoactive intestinal polypeptide or prostaglandins in patients 
with polyps and diarrhea is infrequently productive. 


Adenomas Associated with Lynch 
Syndrome and Its Variants 

Lynch syndrome is a disease of autosomal dominant inheri¬ 
tance in which cancers arise in discrete adenomas, but polypo¬ 
sis (i.e., dozens or hundreds of polyps) does not occur. Initial 
case findings used the Amsterdam criteria, but these are not 
required to make the diagnosis of Lynch syndrome. The 
Amsterdam criteria identify families who have at least three rel¬ 
atives with colorectal cancer, one of whom is a first-degree rel¬ 
ative of the other two; colorectal cancer must involve at least 
two generations; and at least one cancer case must occur before 
50 years of age. Broader definitions of Lynch syndrome take 
into account the occurrence of extracolonic tumors and smaller 
kindreds. 16 Currently, the diagnosis of Lynch syndrome is 
made by finding a germline mutation in the DNA mismatch 
repair gene, not by clinical criteria. Adenomas and carcinomas 
in Lynch syndrome arise at an early age (adenomas may occur 
in patients in their 20s and 30s, with a mean age for carcinoma 
development of 40 to 45 years) and the polyps are often prox¬ 
imal in location and multiple. Women with Lynch syndrome 
are prone to cancers of the female genital tract (endometrium 
and ovary) in addition to colorectal neoplasms. The frequency 
of Lynch syndrome in the general population is difficult to 
determine, but Lynch syndrome accounts for about 3% to 4% 
of all colorectal cancer cases; this suggests that Lynch syn¬ 
drome may occur in about 2 to 5 per 1,000 of the population. 
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Turcot syndrome is a term of historical significance, in 
which there is a concurrence of primary brain tumors and mul¬ 
tiple colorectal adenomas or cancer in young people. With the 
advent of accurate genetic characterization, these families may 
be categorized as either FAP or Lynch syndrome, as brain 
tumors are an occasional complication of both diseases. 17 


Diagnosis 

Most colorectal adenomas are asymptomatic and often are 
detected in the setting of an evaluation for unrelated colonic 
symptoms or occult blood in the stool. Similarly, adenomatous 
polyps frequently are detected when patients without symp¬ 
toms are screened for colorectal neoplasia. Nevertheless, data 
strongly suggest that the detection and removal of adenoma¬ 
tous polyps are important in reducing colorectal cancer- 
related mortality. 

In 2008, a joint guideline on screening and surveillance for 
early detection of colorectal cancer and adenomatous polyps 
was issued by the American Cancer Society (ACS), the U.S. 
Multi-Society Task Force on Colorectal Cancer (USMTF), and 
the American College of Radiology (ACR). 18 This update of 
previous guidelines is notable in that it grouped screening tests 
into those that primarily detect cancer (annual fecal occult 
blood tests [FOBTs] including those that are guaiac based or 
immunochemical, and stool DNA tests, interval not specified) 
and those that can detect early cancer and adenomatous 
polyps (flexible sigmoidoscopy every 5 years, colonoscopy 
every 10 years, double-contrast barium enema every 5 years, 
or computed tomography [CT] colonography every 5 years). 
In November 2008, the U.S. Preventative Services Task Force 
(USPSTF) also issued updated guidelines (Table 67.2). 19 Based 
on a targeted evidence-based review and a decision analytic 
modeling analysis, the USPSTF recommended screening of 
average-risk individuals age 50 to 75 years with high-sensitiv¬ 
ity FOBTs annually, sigmoidoscopy every 5 years plus FOBTs 
every 3 years, or colonoscopy every 10 years. Notably, the 
USPSTF indicated that while the benefits of screening out¬ 
weigh the potential harms for 50- to 75-year-olds, the 
likelihood that detection and early intervention will yield a 


mortality benefit declines after age 75 because of the long 
average time between adenoma development and cancer diag¬ 
nosis. Routine screening was therefore not recommended for 
adults age 76 to 85 years, and screening was not recommended 
at all in adults older than 85 years of age. These guidelines also 
indicated that for all populations there is insufficient evidence 
to assess the benefits and harms of screening with CT colonog¬ 
raphy or fecal DNA testing. 

Fecal Occult Blood Tests. Screening studies from both 
Europe and the United States indicate that a polyp is detected 
in about 30% of patients without symptoms who are 50 years 
of age or older and undergo colonoscopy for follow-up of a 
positive fecal occult blood test result. Blood loss from polyps 
is related to polyp size, and positive fecal occult blood test 
results are related to polyp size and proximity to the rectum. In 
one study in which rehydrated Hemoccult slides were used 
(rehydration results in greater sensitivity but also increases the 
number of false-positive findings), only 15% of polyps smaller 
than 1 cm were associated with a positive Hemoccult test 
result, whereas 80% of polyps larger than 2 cm were associ¬ 
ated with a positive result. In another study, standard testing 
with Hemoccult cards detected 17% of adenomas smaller than 
1 cm and 42% of adenomas larger than 1 cm. A prospective 
randomized study of fecal occult blood tests in which rehy¬ 
drated Hemoccult cards were used indicated that annual test¬ 
ing reduces colorectal cancer-related deaths by 33% through 
18 years of follow-up. 20 This study, in addition to two Euro¬ 
pean trials, has also demonstrated a 15% to 21% reduction in 
colon cancer-related death from biennial fecal occult blood 
testing. 21 Thus, unless one rigorously performs the fecal occult 
blood test on an annual basis, the reduction in colorectal can¬ 
cer mortality will be disappointing. 

Methods that may decrease the false-positive FOBT rates 
while maintaining or increasing sensitivity currently are being 
refined and compared for efficiency with Hemoccult-type slide 
tests. Fecal immunochemical tests (FITs) are designed to detect 
human globin and are not affected by diet or drugs. Strategies 
that use an immunochemical-based FOBT have been shown to 
be cost-effective when used for colorectal cancer screening in 
Asia. Quantitative immunochemical FOBT has been shown to 


ITABLE 67.2 


CLASSIFICATION | 

GUIDELINES FOR SCREENING AVERAGE-RISK INDIVIDUALS FOR COLORECTAL CANCER 

■ SCREENING TOOL 

■ U.S. PREVENTIVE SERVICES 

TASK FORCE* 

■ AMERICAN CANCER SOCIETY, U.S. 
MULTI-SOCIETY TASK FORCE, 
AMERICAN COLLEGE OF 
RADIOLOGY JOINT GUIDELINES^ 

High-sensitivity FOBT (guaiac based 
or immunochemical) 

Recommended annually as an option 

Recommended annually as an option 

Flexible sigmoidoscopy + high- 
sensitivity FOBT q3y 

Recommended q5y as an option 

Recommended q5y as an option 

Colonoscopy 

Recommended qlOy as an option 

Recommended qlOy as an option 

Double-contrast barium enema 

Not recommended as an option 

Recommended q5y 

Computed tomography colonography 

Not recommended as an option 

Recommended q5y 

Stool DNA testing 

Not recommended 

Recommended (interval uncertain) 

FOBT, fecal occult blood test. 

*U.S. Preventive Services Task Force. Screening for colorectal cancer: US Preventative Services Task Force recommendation statement. Ann Int Med 
2008;149:627-637. The U.S. Preventative Services Task Force recommends screening for adults age 50 to 75 years. Screening for adults age 76 to 85 
is not routinely recommended, and for adults older than 85 years screening is not recommended. 

^Levin B, Lieberman DA, McFarland B, et al. Screening and surveillance for the early detection of colorectal cancer and adenomatous polyps 2008: a 
joint guideline from the American Cancer Society, the US Multi-Society Task Force on Colorectal Cancer, and the American College of Radiology. 

CA Cancer J Clin 2008;58:130-160. Testing options are divided into those that detect adenomatous polyps and cancer (flexible sigmoidoscopy, 
colonoscopy, double-contrast barium enema, computed tomography colonography) and those that primarily detect cancer (FOBT, stool DNA testing). 
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have good sensitivity and specificity for detection of clinically 
significant neoplasia in recent studies of asymptomatic and 
symptomatic individuals, but test performance in prospective 
screening programs has been less well studied. Fecal immuno¬ 
chemical tests have, however, been included in recent screening 
guidelines (see earlier). 

Results from the National Polyp Study strongly indicate 
that the removal of index polyps detected by fecal occult blood 
testing and other methods, together with subsequent colono¬ 
scopic surveillance, results in a very substantial reduction in 
colorectal cancer mortality; in fact, the reduction may be as 
high as 76% to 90% (see later). 22 

Sigmoidoscopy. The benefit of sigmoidoscopy in interrupt¬ 
ing the adenoma-to-carcinoma sequence is suggested by a 
number of studies. Investigators compared the use of rigid sig¬ 
moidoscopy in 261 members of the Kaiser Permanente Med¬ 
ical Care Program who died of cancer of the rectum or distal 
colon versus that in 868 matched controls. 15 Only 8.8% of 
those with cancer had undergone screening sigmoidoscopy, 
compared with 24.2% of controls. The impact of sigmoid¬ 
oscopy was limited to the development of fatal colon cancer 
within reach of the sigmoidoscope and was long-standing (at 
least 10 years). Other investigators determined the long-term 
risk of colorectal cancer development after rigid sigmoid¬ 
oscopy and polypectomy in 1,618 patients with rectosigmoid 
adenomas. The overall risk for subsequent rectal cancer in 
these patients was similar to that in the general population, 
but subject analysis revealed that risk depended on histologic 
type, size, and number of adenomas removed. 23 The 60-cm 
flexible sigmoidoscope has supplanted the rigid scope because 
it causes less discomfort to the patient, visualizes 2.5 times 
more surface area, and detects two to three times more adeno¬ 
mas. Flexible sigmoidoscopy can be mastered by paramedical 
personnel and has been successfully used in screening pro¬ 
grams by nurse practitioners. Randomized controlled trials 
are now under way to measure the effect of screening with 
flexible sigmoidoscopy on colorectal cancer mortality. The 
Prostate, Lung, Colon, and Ovarian Cancer Screening Trial 
(PLCO) has enrolled 155,000 individuals in a recent prospec¬ 
tive randomized trial that compares flexible sigmoidoscopy to 
a usual-care control group. Follow-up is planned through 
2015 with cancer-related mortality as the major endpoint. 
Recent joint guidelines from the American Cancer Society, the 
U.S. Multi-Society Task Force on Colorectal Cancer, and the 
American College of Radiology include flexible sigmoid¬ 
oscopy every 5 years as a screening option, while the USPSTF 
guidelines include flexible sigmoidoscopy every 5 years in 
conjunction with high-sensitivity FOBT every 3 years. 

Colonoscopy, Barium Enema, Computed Tomography 
Colonography, and Stool DNA Testing. Colonoscopy 
may well be the most effective tool for screening for colorectal 
neoplasia (and especially adenomas), but data from prospective 
randomized trials are lacking. The National Polyp Study of 
polypectomy and surveillance strongly suggested a reduction in 
colorectal cancer mortality as a result of removing adenomatous 
polyps compared to historic reference populations. A Canadian 
population-based study compared the risk of developing col¬ 
orectal cancer after a negative colonoscopy in all Ontario resi¬ 
dents with a history of a complete negative colonoscopy with 
controls consisting of the Ontario population without a history 
of colonoscopy. 24 In the negative colonoscopy cohort, the rela¬ 
tive risk of distal colorectal cancer was significantly lower than 
the control group in each of the 14 years of follow-up, while the 
relative risk for proximal colorectal cancer was significantly 
lower mainly during the last 7 years of follow-up. A second 
Canadian case-control study demonstrated that complete 
colonoscopy was also associated with fewer deaths from left¬ 
sided colorectal cancer, but not from right-sided cancer. These 
findings are of interest in light of arguments that colonoscopy is 


preferable to sigmoidoscopy, because there may be a substantial 
incidence of proximal colonic cancers and advanced adenomas 
beyond the reach of the sigmoidoscope. Some of these individu¬ 
als may not have distal findings on sigmoidoscopy that would 
trigger a subsequent colonoscopy. Two trials 25,26 suggested that 
approximately 50% of individuals with advanced proximal 
neoplasms (adenoma >1 cm; adenoma with villous features or 
dysplasia; cancer) have no distal neoplasms. Fewer than 2% of 
those who did not have distal neoplasms, however, had an 
advanced proximal lesion. A decision analysis commissioned by 
the USPSTF supports colonoscopy every 10 years as a screening 
option measured in life-years gained, and the joint guidelines 
authored by the ACS, USMTF, and ACR suggest colonoscopy 
as a means of preventing colorectal cancer through adenoma 
detection and removal. 

High-contrast endoscopy using dye or stain solutions com¬ 
bined with colonoscopy (chromoendoscopy) or high-resolu¬ 
tion optical methods (e.g., narrow-band imaging, laser confo- 
cal endoscopy) has been suggested as a means of identifying 
lesions in high-risk groups or as an adjunct to colonoscopy 
where flat lesions (so-called “flat adenomas”) are suspected. 
Recent evidence suggests that flat or depressed neoplasms are 
more common than previously appreciated and carry a high 
relative risk of containing in situ or invasive carcinoma. 27 

Air-contrast barium enema (ACBE) has been included as an 
option in a variety of screening guidelines. No studies, how¬ 
ever, have directly addressed the effectiveness of barium enema 
for colon cancer screening, and especially for detection of ade¬ 
nomas. Several studies have indicated that the sensitivity of 
ACBE is less than that of colonoscopy, especially for detecting 
lesions less than 1 cm. A recent population-based study sug¬ 
gested that if a cancer is present, there is approximately a one 
in five chance that it will be missed by ACBE. 

CT colonography, or “virtual” colonoscopy, involves the 
use of helical CT to generate high-resolution images of the 
abdomen and pelvis. CT colonography has the potential 
advantage of being a rapid and safe method of providing full 
structural evaluation of the entire colon. Two trials provide 
evidence that CT colonography may be a valid alternative for 
primary colon cancer screening. The National CT Colonogra¬ 
phy Trial 28 directed by the American College of Radiology 
Imaging Network (ACRIN) was a multicenter study that 
employed CT colonography and same-day colonoscopy using 
a standard matching protocol in 2,600 asymptomatic individ¬ 
uals. Per patient sensitivity of CT colonography for adenomas 
greater than 10 mm was 90% with a negative predictive value 
of 99%. A second trial 29 compared CT colonography and 
optical colonoscopy in parallel screening cohorts and demon¬ 
strated similar rates of detection of advanced neoplasia in both 
groups. Several key issues need to be addressed as the use of 
CT colonography becomes more widespread, principal among 
which is determination of the acceptable size cut-off of a lesion 
detected by CT colonography that will necessitate a follow-up 
colonoscopy. 

A great deal of knowledge has been accumulated recently 
about genetic alterations that occur during colon carcinogene¬ 
sis (discussed earlier). A molecular approach to colorectal can¬ 
cer screening is therefore attractive since it targets biologic 
changes that are fundamental to the neoplastic process. Fecal 
DNA testing relies on the detection of genetic alterations in 
DNA shed into the stool from neoplastic lesions. While small 
studies utilizing specimens from patients with known lesions 
have been promising, larger prospective trials using fecal DNA 
marker panels have been, to date, disappointing, especially in 
detecting adenomas. A recently published study 30 compared 
stool DNA and FOBT for detection of “screen-relevant neo¬ 
plasia” (curable stage cancer, high-grade dysplasia, or adeno¬ 
mas >1 cm). This blinded, multicenter, cross-sectional study 
used two different methodologies for detecting alterations in 
stool DNA, a 23-marker panel and a new test targeting three 
broadly informative markers (point mutations on K-ras, a 
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FIGURE 67.6. Endoscopic snare polypectomy. A: A small colonic 
polyp. B: The polypectomy snare is placed around the polyp. C: The 
snare is closed around the base of the polyp, and the head of the polyp 
is gently pulled away from the wall and into the lumen. Current is 
applied to cut the stalk and cauterize the site. D: The site after com¬ 
pletion of polypectomy. 


scanned mutation cluster region of APC, and methylated 
vimentin). While the multipanel test provided no improvement 
over FOBT (Hemoccult Sensa) for detection of screen-relevant 
neoplasms, the newer test showed promise by detecting signif¬ 
icantly more neoplasms than FOBT. 


Management of Adenomas 

Index Polypectomy. Once detected, adenomas should be 
completely removed, preferably by endoscopic snare polypec¬ 
tomy (Fig. 67.6). Polypectomy is relatively safe and easily per¬ 
formed when adenomas are small or pedunculated but is more 
difficult when polyps are large or sessile. Potential complica¬ 
tions include bleeding and perforation of the polypectomy site. 
Large sessile villous adenomas (>2 cm) have a great potential 
for malignant degeneration. If such lesions cannot be com¬ 
pletely removed by snare polypectomy, and when there is 
uncertainty about the polypectomy margin in the case of 
pathologically advanced lesions, segmental surgical resection 
may be necessary. Diminutive polyps, on the other hand, carry 
little malignant potential. If they are too small for snare 
polypectomy, ablation with a hot biopsy forceps is a reason¬ 
able approach. Because 30% to 50% of patients with one ade¬ 
noma have a synchronous adenoma elsewhere in the colon, the 
entire colon should be “cleared” by colonoscopy in polyp¬ 
bearing patients. 

Follow-Up. Much of our current practice has come from 
information gained through the National Polyp Study (NPS), 
first organized in 1978. Additional metachronous adenomas 
are likely to develop in patients who have had adenomas 
removed. Colonoscopic surveillance studies have provided 
estimates of the frequency and time course of recurrence in 
these patients. Data from the NPS suggested a recurrence rate 
of 32% to 42% by 3 years after index polypectomy. A 
prospective colonoscopic analysis also demonstrated a cumu¬ 


lative recurrence rate at 3 years of 42%. Most adenomas 
detected at this 3-year interval were small tubular adenomas. 
Age above 60 years, multiple adenomas at index polypectomy, 
and large size of the index adenoma predicted polyp recur¬ 
rence in the NPS, but only multiplicity predicted recurrence of 
polyps with advanced pathologic features (i.e., >1 cm, high- 
grade dysplasia, or invasive cancer) at follow-up. The 3-year 
recurrence rate in patients with a known history of adenoma 
(42%) was higher than the incidence rate of adenoma appear¬ 
ance de novo during this period in patients who had no ade¬ 
nomas detected on index colonoscopy (16%). 22 

The high recurrence rate of adenomas after index polypec¬ 
tomy supports the use of postpolypectomy surveillance in 
patients with known histories of adenoma. Colonoscopy is the 
preferred means of follow-up in these patients. Air-contrast 
barium enemas are inadequate for surveillance exams; they 
will miss a substantial number of large lesions and most small 
polyps. Barium enema will likely be supplanted by the use of 
CT colonography, as discussed earlier. Colonoscopy is the 
most accurate means of evaluating the colonic mucosa, and 
most importantly, allows biopsy and removal of polyps. 

Data from the NPS indicate that colonoscopy need not be 
repeated at intervals shorter than 3 years in patients whose 
index polyp demonstrates no evidence of high-grade dysplasia 
or carcinoma. Although patients undergoing postpolypectomy 
surveillance at both 1 and 3 years after index polypectomy had 
a greater number of polyps detected in this study than did 
those undergoing colonoscopy at 3 years only, the percentage 
of patients whose adenomas had advanced pathologic features 
was similarly low in both groups (3.3%). Subsequent studies 
have confirmed the low incidence of recurrent advanced ade¬ 
nomas 3 to 5 years after polypectomy. One recent study exam¬ 
ined the relative risk for advanced neoplasia within 5.5 years 
of a baseline colonoscopy. 31 There was a strong association 
between the results of baseline screening colonoscopy and the 
rate of serious incident lesions during surveillance. This study 
confirmed that patients with one or two small tubular adeno¬ 
mas represent a low-risk group compared with other patients 
with colorectal neoplasia. 

Table 67.3 lists the 2008 ACS/USMTF/ACR guidelines for 
screening, surveillance, and early detection of colorectal ade¬ 
nomas and cancer for individuals at increased risk or at high 
risk of disease. These guidelines suggest that those whose 
index lesion consists of one or two small tubular adenomas 
with low-grade dysplasia should have a follow-up colonoscopy 
5 to 10 years after the initial polypectomy. The precise timing 
within this interval should be based on clinical factors (prior 
findings, family history, patient and physician preferences). In 
those with a large (>1 cm) adenoma, multiple (3 to 10) adeno¬ 
mas, or adenomas with high-grade dysplasia or villous change, 
colonoscopy should be repeated within 3 years after the initial 
polypectomy. Although the risk for recurrence of advanced 
adenomas at this follow-up interval is greater in patients with 
high-risk adenomas than those with low-risk adenomas, the 
incremental risk is small. 32 If the exam is normal or shows 
only one or two small tubular adenomas with low-grade dys¬ 
plasia, then the interval for the subsequent exam should be 
5 years. Patients with more than 10 adenomas on a single 
examination should have a follow-up colonoscopy less than 
3 years after the initial polypectomy and the presence of an 
underlying familial syndrome should be considered. Patients 
with sessile adenomas that are removed piecemeal should 
have follow-up colonoscopy in 2 to 6 months to verify com¬ 
plete removal. 


Management of Malignant Polyps 

Endoscopic polypectomy is adequate treatment for an adeno¬ 
matous polyp containing cancer if it can be demonstrated that 
the cancer is confined to the head of the polyp (i.e., carcinoma 
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TABLE 67.3 


GUIDELINES FOR THE SURVEILLANCE OF ADENOMAS IN PEOPLE AT INCREASED OR HIGH RISK FOR COLORECTAL CANCER 



■ AGE TO BEGIN 



■ RISK CATEGORY 

SURVEILLANCE 

■ RECOMMENDATION 

■ COMMENT 

Increased Risk: Patients with History of Adenomas at Prior Colonoscopy 


Patients with one or two small tubular 

5-10 y after initial 

Colonoscopy 

Precise timing based on clinical 

adenomas with low-grade dysplasia 

polypectomy 


factors, patient and physician 
preferences 

Patients with 3-10 adenomas or one 

3 y after initial 

Colonoscopy 

If follow-up exam is normal 

adenoma >1 cm or any adenoma with 

polypectomy 


or shows one or two small 

villous features or high-grade dysplasia 


tubular adenomas, subsequent 
exam at 5 y 


Patients with >10 adenomas on a single 

<3 y after initial 

Colonoscopy 

Consider familial CRC 

examination 

polypectomy 


syndrome 

Patients with sessile adenomas that are 

2-6 mo to verify 

Colonoscopy 

Surveillance individualized 

removed piecemeal 

complete removal 


based on endoscopist’s 
judgment 

Increased Risk: Patients with Family History 



CRC or adenomatous polyps in a first- 

Age 40 or 10 y before 

Colonoscopy 

Every 5 y 

degree relative before age 60 years or in 

the youngest case in 



two or more first-degree relatives at 
any age 

the immediate family 



Either CRC or adenomatous polyps in a 

Age 40 y 

Screening options at 

Screening should begin at an 

first-degree relative age >60 y or in two 


intervals recommended 

earlier age, but individuals 

second-degree relatives with CRC 


for average-risk 

may be screened with any 



individuals 

recommended form of testing 

High Risk 

Genetic diagnosis of FAP or suspected 

Age 10-12 y 

Annual FSIG to 

If the genetic test is positive, 

FAP without genetic testing evidence 


determine if the 

colectomy should be 



individual is expressing 
the genetic abnormality 
and counseling to 
consider genetic testing 

planned 

Genetic or clinical diagnosis of Lynch 

Age 20-25 y or 10 y 

Colonoscopy every 1-2 y 

Genetic testing for Lynch 

syndrome, or individuals at increased 

before the youngest 

and counseling to 

syndrome should be offered to 

risk of Lynch syndrome 

case in the immediate 

consider genetic testing 

first-degree relatives of persons 


family 

for inherited DNA 

with a known gene mutation. 



MMR 

It should also be offered when 
the family mutation is not 
known but one of the first 
three of the modified Bethesda 
criteria is present. 

CRC, colorectal cancer; FAP, familial adenomatous polyposis; FSIG, flexible sigmoidoscopy; MMR, mismatch repair. Derived from Levin B, 

Lieberman DA, McFarland B, et al. Screening and surveillance for the early detection of colorectal cancer and adenomatous polyps 2008: a joint 

guideline from the American Cancer Society, the Multi-Society Task Force on 

colorectal cancer and the American College of Radiology. CA Cancer 

/ Clin 2008;58:130-160. 





in situ or intramucosal carcinoma; Fig. 67.7). The adequacy of 
simple polypectomy has been controversial in cases in which 
malignant cells have invaded the polyp stalk (Fig. 67.8), but 
most studies indicate that polypectomy is adequate treatment 
provided that a margin of more than 2 mm is present, the can¬ 
cer is not poorly differentiated, and no vascular or lymphatic 
invasion is noted. The presence of cancer at or near the margin 
is significantly associated with an adverse outcome, even in the 
absence of other unfavorable parameters. On the other hand, 
in the absence of unfavorable histology and with a negative 
margin, the incidence of residual cancer is low (<1%). These 
criteria are more difficult to assess in sessile polyps. If an ade¬ 
quate margin cannot be demonstrated or negative histologic 
parameters are present, surgery is recommended to treat the 
possibility of regional lymph node metastases. 


Primary Prevention of Adenoma Recurrence 

Primary prevention relates to the ability to identify genetic, 
environmental, and biologic factors that cause cancer, and to 
alter their effects. Laboratory, clinical, and epidemiologic evi¬ 
dence suggests that the regular use of nonsteroidal anti¬ 
inflammatory drugs (NSAIDs), including aspirin, is associated 
with a decreased risk for the development of colorectal cancer. 
Four recently published trials have demonstrated a reduction 
in adenoma recurrence in chemoprevention trials involving 
aspirin. 33,34 Given biologic plausibility, preclinical in vitro and 
animal data, and data on adenoma regression in patients with 
FAP, three large randomized trials, which in total studied over 
6,000 patients, were undertaken to examine the effect of 
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Carcinoma in situ 
Invasive carcinoma 



Pendunculated 

adenoma 


connective tissue 


FIGURE 67.7. Diagram representation of cancer-con¬ 
taining polyps. Pedunculated adenoma is described on 
the left and a sessile adenoma on the right. In carcinoma 
in situ, malignant cells are confined to the mucosa. These 
lesions are adequately treated by endoscopic polypec¬ 
tomy. Polypectomy is adequate treatment for invasive 
carcinoma only if the margin is sufficient (2 mm), the car¬ 
cinoma is not poorly differentiated, and no evidence of 
venous or lymphatic invasion is found. (After Haggitt 
RC, Glotzbach RE, Soffen EE, et al. Prognostic factors in 
colorectal carcinomas arising in adenomas: implications 
for lesions removed by endoscopic polypectomy. Gas¬ 
troenterology 1985;89:32-8.) 


cyclooxygenase-2 (COX-2 (-selective inhibitors on new ade¬ 
noma formation in individuals with a history of sporadic ade¬ 
nomas. All of these trials demonstrated a highly significant 
reduction in new adenoma formation in those taking a COX- 
2-selective inhibitor (celecoxib, rofecoxib) compared to 
placebo over 3 years. In the Adenoma Prevention with Cele¬ 
coxib (APC) trial, 35 for example, use of celecoxib was associ¬ 
ated with a dose-dependent 33% to 45% reduction in the 
development of new adenomas overall by 3 years, with a 57% 
to 66% reduction in the number of patients developing 
advanced adenomas. Unfortunately, adverse thrombotic car¬ 
diovascular events were associated with COX-2 inhibition in 
at least two of these trials. Recent data suggest that increased 
cardiovascular risk may be associated with most NSAIDs, and 
not just COX-2 inhibitors. 

Other agents currently undergoing study for chemopreven- 
tion of colorectal neoplasia include the ornithine decarboxy¬ 
lase inhibitor difluoromethylornithine (DFMO), the bile acid 
ursodiol, the 3-hydroxy-3-methylglutaryl-coenzyme A (HMG- 
CoA) reductase inhibitors such as pravastatin and lovastatin, 
epidermal growth factor receptor (EGFR) inhibitors, and 
matrix metalloproteinase (MMP) inhibitors. The combina¬ 
tion of DFMO and the NSAID sulindac were studied in a 



randomized placebo-controlled trial to assess their efficacy in 
preventing sporadic adenoma recurrence in 375 subjects. Use 
of this regimen was associated with a 70% reduction in new 
adenomas at 3 years compared to placebo. 36 Farger studies are 
needed to confirm this result and to fully assess toxicity of this 
combination. A population-based case-control study of indi¬ 
viduals with colorectal cancer and matched controls demon¬ 
strated a 47% relative reduction of colorectal cancer associ¬ 
ated with statin use, but further investigation is needed to 
assess the overall benefits of this group of agents. 

Supplemental calcium reduces proliferative activity in the 
mucosa of experimental animals and patients at high risk for 
the development of colorectal cancer. A large body of observa¬ 
tional and laboratory studies suggests a role for dietary cal¬ 
cium supplementation in chemoprevention. A prospective, 
double-blind, placebo-controlled trial showed that supplemen¬ 
tal calcium (3,000 mg of calcium carbonate per day, equiva¬ 
lent to 1,200 mg of elemental calcium) reduced the incidence 
and number of recurrent adenomas in subjects chosen for a 
recent history of such lesions. The protective effect of calcium 
supplementation on the risk of colorectal adenoma recurrence 
extended up to 5 years after cessation of active treatment, even 
in the absence of continued supplementation. 37 Analysis of 




FIGURE 67.8. Invasive carcinoma in the stalk of an adenomatous polyp. A: Low-power view. Malignant glands can be seen invading fibrovas- 
cular stalk. B: High-power magnification of malignant glands in stalk. Nuclei are large, hyperpigmented, and crowded. 
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serum vitamin D status in subjects suggested that calcium sup¬ 
plementation and vitamin D status appear to act together to 
reduce the risk of adenoma recurrence. 

Trials of supplemental dietary fiber, as well as antioxidant 
vitamins such as /3-carotene and vitamins C and E, have not 
convincingly demonstrated any effect on adenoma recurrence. 


NONNEOPLASTIC 
MUCOSAL POLYPS 


Hyperplastic Polyps 

Hyperplastic polyps are small, usually sessile lesions most fre¬ 
quently encountered in the distal colon and rectum (Fig. 67.9A). 
Although grossly indistinguishable from small adenomas, they 
carry no significant potential for malignant degeneration parti¬ 
cularly when located in the distal colon or rectum. However, 
hyperplastic polyps must be distinguished from serrated adeno¬ 
mas, which carry significant malignant potential (see later). 
Macroscopically, these polyps are almost always less than 1 cm 
in size, and most are in the distal colon. In fact, when hyper¬ 
plastic polyps are found proximal to the rectosigmoid region, 
one must consider the possibility of a serrated adenoma. Micro¬ 
scopically, hyperplastic polyps are characterized by a saw¬ 
toothed epithelial pattern representing micropapillary luminal 
infoldings of columnar absorptive cells and mature, frequently 
hyperdistended goblet cells (Fig. 67.9B). Elongation and subse¬ 
quent infolding of the epithelium may be caused by an 
expanded, but otherwise normally located, replication zone in 
the crypt. The cytologic atypia found in adenomatous polyps is 
not seen in these lesions. 

Hyperplastic polyps are common age-related lesions found in 
about one third of the population older than 50 years. Although 
they often coexist with adenomas in polyp-bearing patients, no 
convincing evidence has been found that hyperplastic polyps per 
se are harbingers of adenoma development. Because hyperplastic 
polyps are asymptomatic and carry no malignant potential, no 
specific treatment is required for these lesions. If a hyperplastic 
polyp is the only lesion detected on index flexible sigmoidoscopy 
or colonoscopy, no further evaluation is indicated. 


Serrated Adenomas 


Serrated adenomas are polyps that have the dysplastic cytologic 
features of an adenoma and the serrated surface features of the 
hyperplastic polyp. These often occur proximal to the rectosig¬ 
moid region and may become larger than 1 cm. These will cre¬ 
ate difficult diagnostic decisions for even the best pathologists. 
There is evidence that large serrated polyps in the proximal 
colon may be the precursors to colorectal cancers of the MSI 
phenotype. Thus, good clinical judgment would suggest that, 
whereas the small hyperplastic polyps commonly seen in the dis¬ 
tal colon should not be a trigger for colonoscopic surveillance, 
larger serrated polyps in the proximal colon should raise clinical 
concerns and be followed up like an advanced adenoma. 38 


Juvenile Polyps 

Juvenile polyps, also known as retention polyps, can occur spo¬ 
radically or as part of a familial polyposis syndrome. These 
mucosal polyps consist of dilated cystic mucus-filled glands and 
abundant lamina propria with an inflammatory infiltrate. 
Seventy-five percent of these occur in children younger than 
10 years of age, often appearing as single pedunculated cherry- 
red polyps with a smooth surface and contour. The exact preva¬ 
lence of such lesions has not been determined, but they are 
thought to be acquired lesions detectable in about 2% of chil¬ 
dren who do not have symptoms. Juvenile polyps often present 
in the form of hematochezia because they are highly vascular¬ 
ized lesions. Rectal prolapse and autoamputation may occur 
with distal lesions, whereas intussusception may be precipitated 
by proximal juvenile polyps found in the context of familial syn¬ 
dromes. Individually, these polyps have no malignant potential, 
but symptomatic polyps should be removed to prevent further 
complications. Juvenile polyposis, on the other hand, is associ¬ 
ated with an increased risk for the early development of cancer. 


Inflammatory Polyps 

Inflammatory mucosal polyps are common in the setting of 
idiopathic inflammatory bowel disease. Marked inflammation 



FIGURE 67.9. Hyperplastic polyps. A: Several diminutive hyperplastic polyps seen in the rectum during flexible sigmoidoscopy. B: Photomicro¬ 
graph of a hyperplastic polyp, characterized by elongated glands with papillary infoldings that have a typical serrated epithelial pattern. 
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FIGURE 67.10. Inflammatory polyps. A: Severe mucosal inflammation with infiltrates and granulation tissue shown here microscopically can 
appear clinically with a polypoid configuration. B: Resolution of inflammation can leave exuberant polyps covered by normal epithelium, which 
are called pseudopolyps, a misnomer. These are truly polyps, but are not neoplastic. 


and ulceration coexist with granulation tissue in a distorted 
mucosal architecture that appears polypoid because of con¬ 
fluent areas of ulceration, leaving behind islands of intact 
epithelium (Fig. 67.10A). Subsequent healing leads to the 
appearance of polypoid, nonneoplastic excrescences cov¬ 
ered by normal colonic epithelium, so-called pseudopolyps 
(Fig. 67.10B). They need not be removed and are important 
largely because they make it difficult to recognize subtle, 
early neoplastic lesions in these high-risk patients. Severe 
chronic inflammation of any kind, including a variety of 
infectious diseases (tuberculosis, amebiasis, schistosomia¬ 
sis, amebic colitis), may result in inflammatory polyps that 
resemble those found in idiopathic inflammatory bowel 
disease. 


Submucosal Polyps 

Submucosal masses can expand to push the colonic mucosa 
into the bowel lumen and thus appear as polypoid lesions. 
Many submucosal lesions (e.g., lipomas, leiomyomas) are clin¬ 
ically asymptomatic and must be differentiated from neoplas¬ 
tic lesions. Others are malignant lesions that require early 
detection, such as lymphomas and metastatic tumors. Many 
submucosal lesions are not detected on endoscopic mucosal 
biopsy because standard biopsy forceps do not reach beyond 
the mucosa. If a submucosal lesion is suspected, multiple 
biopsy specimens of the same site sometimes provide tissue for 
diagnosis. 

Lipomas are benign fatty tumors that occur throughout the 
gastrointestinal tract but are most commonly found in the 
cecum near the ileocecal valve (Fig. 67.11). They appear endo- 
scopically as soft, smooth polyps that are pliable and 
deformable. The overlying mucosa is intact but may be light 
yellow in appearance. These are benign lesions that have little 
clinical significance and are commonly seen in obese patients. 

Isolated lymphoid nodules consisting of benign lymphoid 
tissue may appear as sessile smooth polyps of various sizes, 
with a predilection for the distal colon and rectum. These are 
usually asymptomatic. Diffuse nodular lymphoid hyperplasia 
also occurs in children as an incidental finding. The nodules 
must be distinguished from primary or secondary lymphoma 
of the large intestine, which may present as mucosal nodular¬ 


ity resembling the pseudopolyposis of inflammatory bowel dis¬ 
ease or even polyposis (Fig. 67.12). Flow cytometry of the lym¬ 
phocytes in the lesion will be helpful; benign polyposis is 
polyclonal, whereas lymphomas are monoclonal and may 
overexpress cyclin D. 

Pneumatosis cystoides intestinalis consists of multiple air- 
filled cysts within the submucosa. This may be an incidental 
finding in patients with chronic obstructive pulmonary disease, 
scleroderma, or asymptomatic pneumoperitoneum secondary 
to recent surgery or instrumentation, in which air or colonic gas 
diffuses into the cysts. These sometimes resolve with adminis¬ 
tration of oxygen. A far more virulent form of pneumatosis is 
associated with fulminant mucosal inflammation, ischemia, or 
necrotizing enterocolitis in children. These cysts are thought to 
result from mucosal invasion by gas-producing bacteria. 

Colitis cystica profunda is a rare condition in which the 
intestinal wall is thickened by submucosal mucus-filled cysts of 
various sizes and an accumulation of fibroblasts in the lamina 
propria. It can present as an ulcerating or mass lesion in the 
rectosigmoid in association with the solitary rectal ulcer 
syndrome. Although the pathogenesis of this condition is 
unknown, it may result from the downward displacement of 
colonic glands during trauma or chronic inflammation fol¬ 
lowed by healing. The appearance of aberrant submucosal 
glandular epithelium and acellular mucous lakes must be dis¬ 
tinguished from a colloid carcinoma, because this lesion has no 
malignant potential. 

Carcinoid tumors of the rectum appear as isolated, small, 
yellow-gray submucosal nodules. These are often incidental 
findings during sigmoidoscopy. Most are smaller than 1 cm, 
have little malignant potential, and are amenable to local exci¬ 
sion. Lesions larger than 2 cm are more likely to be malignant 
but seldom give rise to metastases. These lesions should be 
treated aggressively with complete excision. Rectal carcinoid 
tumors are usually asymptomatic but may present with hema- 
tochezia. They are not associated with the carcinoid syndrome. 
Carcinoid tumors in the proximal colon may be locally invasive 
or metastasize to the liver, liberating vasoactive peptides into 
the systemic circulation and producing the carcinoid syndrome. 

Other lesions that can present as submucosal polyps 
include metastatic tumors , such as malignant melanoma, and 
benign lesions, such as leiomyomas , fibromas , lymphan¬ 
giomas^ hemangiomas , and endometriosis. 
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FIGURE 67.11. Submucosal lipomas. A: Lipoma seen at 
colonoscopy. Submucosal fatty tissue causes the mucosa to 
protrude into the lumen; such protrusion appears as a 
polyp. Overlying mucosa is smooth. B: Lipomatous infiltra¬ 
tion of ileocecal valve seen at colonoscopy. C: Colectomy 
specimen showing a large submucosal lipoma cut in cross 
section. 



FIGURE 67.12. Lymphomatous polyposis of the colon. A: Colonoscopic view of B-cell lymphoma presenting as multiple colonic polyps. B: His¬ 
tology of lymphoma is one of the polyps. 
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GASTROINTESTINAL 
POLYPOSIS SYNDROMES 


Gastrointestinal polyposis indicates the presence of a systemic 
process that promotes the development of multiple polyps 
throughout the gastrointestinal tract. In some instances, the 
polyps are located predominantly in the colon; however, in 
others, polyps may be found in the stomach, small intestine, 
colon, and rectum. The classification of the polyposis syn¬ 
dromes has traditionally been based on the histologic charac¬ 
teristics of the polyps, but gradually an awareness of the 
genetic basis for the most important of these syndromes has 
permitted more precise diagnosis and rational approaches to 
treatment. 


Familial Adenomatous Polyposis 

FAP is an autosomal dominant, genetic disease characterized 
by the development of multiple adenomatous polyps through¬ 
out the colon and rectum (Fig. 67.13). The polyps first appear 
in adolescence, with the median age of onset being about 
16 years. The number of polyps in each patient is variable, 
and they increase in number and size with advancing age. The 
genetic basis for this disease is a germline mutation in the 
APC gene located on chromosome 5q. In part, the age of 
onset, number of polyps, and age at which cancer develops 
are determined by the location of the mutation in the APC 


gene (Fig. 67.14). More than 5,000 polyps can develop in 
patients with specific APC mutations, and cancer develops in 
these patients at a mean age of 35 years. Other mutations in 
the APC gene can give rise to attenuated forms of the disease 
in which only a few (i.e., 20 to 100) polyps are likely, and the 
median age for cancer development may be in the 50s or 60s. 
Additional factors not related to the mutation on the APC 
gene, some genetic and some environmental, also modify the 
clinical characteristics of the disease. 39,40 

Gastrointestinal Features. Polyps in the stomach and 
small intestine develop in about 90% of patients with FAP. 
The gastric polyps consist of fundic gland polyps, which are 
not premalignant lesions. These may appear to be dysplastic, 
but in the Western world (North America and Europe), gastric 
cancer occurs in fewer than 1% of FAP patients. Gastric can¬ 
cer is a bigger diagnostic problem in FAP in Japan and Korea, 
however. 

Small-intestinal neoplasia is not rare in FAP and principally 
occurs in the periampullary region of the duodenum. Duode¬ 
nal adenomatous polyps, which typically appear later than the 
colonic lesions, may be multiple but tend not to carpet the 
proximal small intestine. The ampulla of Vater is a particular 
target for neoplastic development. With time, carcinoma 
develops in up to 5% to 10% of these patients, so that duode¬ 
nal surveillance is required. Spigelman has developed a classi¬ 
fication system that can be used to determine optimal surveil¬ 
lance for duodenal neoplasia, which is based on the number, 
size, and histologic features of the duodenal polyps (Table 67.4). 




FIGURE 67.13. Familial adenomatous polyposis (FAP). A: Gross specimen of a resected colon from a patient with FAP. B: Sessile and peduncu¬ 
lated adenomatous polyps in the colon of a patient with FAP. C: Close-up view of a profuse type of FAP, in which the mucosa is carpeted with 
innumerable polyps. D: Photomicrograph demonstrating profuse FAP with both sessile and pedunculated adenomatous polyps. 
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FIGURE 67.14. This scheme of the APC (adenomatous polyposis coli) gene illustrates the genotype- 
phenotype correlations. Most mutations of APC result in premature stop codons; therefore, the site of 
the mutation usually indicates the relative length of the mutant protein product. Mutations at the 5' end 
of the gene produce “attenuated” FAP, a milder form of the disease. The retinal lesions (congenital 
hypertrophy of retinal pigmented epithelium [CHRPE]) occur when the mutations are between exons 9 
and 15. The portion of the APC gene that binds to other cytoskeletal elements in the cell is represented 
at the 3' end of the 15th exon. Mutations in a hot spot immediately downstream from the /3-catenin-binding 
site (between codons 1250 and 1464) result in a more virulent, profuse form of familial adenomatous 
polyposis. This site is also the location of most of the acquired mutations in sporadic colorectal 
neoplasms. 


Adenomas and carcinomas occur in the jejunum and ileum, 
but these are rare. Polyps in the terminal ileum may represent 
lymphoid aggregates rather than adenomas and should be 
biopsied for diagnostic purposes. 

Classically, it has been stated that the natural history of 
FAP is for cancer to develop at a median age of about 40 years. 
As mentioned, the development of cancer is variable and is 
based in part on the location of the germline mutation in the 
APC gene. Colon cancer is rather unusual before 30 years of 
age, and cancer may not develop in patients with the attenu¬ 
ated form of FAP until they are in their 50s or 60s. Cancer 
occurring in the teenage years has been reported as a result of 
a patient who had both FAP and Lynch syndrome. 41 Thus, the 
treatment of these patients relies increasingly on a genetic 
characterization of the disease. 

Extraintestinal Features. Traditionally, patients with 
manifestations of FAP together with extraintestinal manifesta¬ 
tions were considered to have Gardner syndrome. It is now 
appreciated that families with FAP all have extraintestinal 
manifestations and that no distinction can be made between 
families with Gardner syndrome and those with FAP. 42 FAP is 
characterized by osteomas of the mandible, skull, and long 
bones and a variety of other benign soft tissue tumors, such as 
fibromas, lipomas (Fig. 67.15), and sebaceous cysts, which 
should not be confused with the sebaceous adenomas and car¬ 
cinomas seen in the Muir-Torre syndrome variant of Lynch 
syndrome. Osteomas are commonly found in the skull and 
may be multiple. Some of these lesions have been reported to 
regress and later reappear. Osteomas may also be found in the 
mandible, and radiographs of the mouth may reveal impacted 
or supernumerary teeth. Congenital hypertrophy of the retinal 
pigmented epithelium (CHRPE) is present in some families 
with FAP, depending on the location of the mutation in the 
APC gene. CHRPE lesions may be seen in the general popula¬ 
tion but are small and usually single. Multiple, bilateral, and 
large CHRPE lesions are essentially diagnostic of FAP. It will 
require a slit lamp examination and knowledgeable ophthal¬ 
mologist to make this diagnosis with confidence, as these are 
not readily seen in an office ophthalmoscopic examination. 

Malignant tumors in the colon are considered to be nearly 
inevitable, and they may occur occasionally in the duodenum 
or (less commonly) elsewhere in the gastrointestinal tract. 
Patients with FAP are also at increased risk for brain tumors 


(particularly medulloblastomas), thyroid tumors, adrenal 
tumors, and malignant tumors of the hepatobiliary tree. The 
occurrence of a malignant brain tumor in conjunction with 
intestinal polyposis was traditionally referred to as Turcot syn¬ 
drome , although this is not a distinctive disease process. 
Medulloblastomas are a rare complication of FAP, and the risk 
for this tumor is increased 99-fold in FAP families. Interest¬ 
ingly, one of the index families initially reported by Turcot in 
1959 (and several others characterized as Turcot syndrome) 
did not have FAP, but actually had Lynch syndrome compli¬ 
cated by astrocytomas. 17 

Desmoid Tumors. Desmoid tumors are currently the major 
cause of mortality and morbidity in FAP (after colorectal can¬ 
cer) and develop in 10% to 15% of such patients, often as a 
complication of laparotomy, but sometimes spontaneously. 
These are benign but aggressive tumors of mesenteric fibro¬ 
blasts that can envelop and obstruct the gastrointestinal tract, 
arteries, veins, or ureters. They frequently occur in the abdom¬ 
inal wall. In some instances, desmoid tumors can become quite 
large, may virtually fill the abdominal cavity, and can be lethal. 
These can be visualized on CT of the abdomen, and surgical 
management of these should be avoided unless they are super¬ 
ficially located. These are more common in women and in 
those with a positive family history of desmoid tumors. 

Genetic Basis. FAP occurs when a germline mutation in the 
APC gene inactivates the function of the APC gene product. In 
most instances, the genetic lesion creates a premature stop codon 
in the APC gene, which in turn leads, to nonsense-mediated 
decay of the mRNA or the translation of a truncated, non¬ 
functional APC protein. The APC gene encodes a large protein 
(311 kd) that binds to other intracellular proteins—namely, 
the catenins and E-cadherin. 5 Depending on the location of the 
premature stop codon, the mutant protein is of variable 
length. The APC gene encodes 2843 codons (i.e., one for each 
amino acid) and is broken into 15 translated exons. The struc¬ 
ture of the APC gene is unique in that the 15th exon makes up 
about 75% of the coding sequences of the gene. Because it is 
unusually large, this long, open reading frame is a natural tar¬ 
get for the types of mutations that result in premature stop 
codons. This genetic vulnerability probably accounts for the 
fact that 25% to 33% of mutations in the APC occur de novo, 
in the absence of a prior family history. 
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FIGURE 67.15. Extraintestinal manifestations of familial adenomatous polyposis (FAP). A: Skull film demonstrating osteomas of the calvarium 
[arrows). B: Photograph of the mandible demonstrating protuberant mandibular osteomas. C: Mandibular radiograph demonstrating a large 
osteoma of the mandible. D: Chest radiograph demonstrating multiple fibromas ( arrows) in a patient with FAP. 


The location of the germline mutation is of some clinical 
significance (Fig. 67.16). For example, mutations that occur at 
the S' end of the gene, particularly in the first three exons, 
result in a clinically mild or “attenuated” form of FAP, in 
which the number of polyps is smaller and the onset of disease 
about 10 years later, with cancer developing in the sixth or sev¬ 
enth decade. 43 This occurs because the APC gene has a riboso- 
mal reentry site downstream of the mutation, which permits 
the cell to bypass and ignore the premature stop codon. To 
complicate the situation, family members with the same muta¬ 
tion may have variable manifestations of the disease. Indeed, 
some members who inherit this mutation have few polyps and 
no cancer, yet can pass an increased risk for cancer to their 
progeny. 

In contrast, mutations that occur in the “mutation cluster 
region” of the 15th exon, in a segment between codons 1250 
and 1464, are associated with a particularly virulent form of the 
disease, in which the number of polyps is greater than 5,000 and 
the average age for the development of colorectal cancer is sig¬ 
nificantly earlier (median age, 34 years). Also, mutations at the 
extreme 3' end of the gene are also associated with a milder phe¬ 
notype, with fewer polyps, and later onset of cancer. 

In families who have FAP with CHRPE lesions, the muta¬ 
tions are almost always in exons 9 to 15 and rarely in families 
whose mutations are in the first eight exons. Thus, knowledge 
of the location of the germline mutation can be useful in pre¬ 
dicting the clinical manifestations and guide therapy. 


Q Diagnosis. The clinical diagnosis of FAP is usually obvious 
clinically, but the availability of a genetic diagnosis has 
changed the approach to this disease. Currently, optimal prac¬ 
tice is to obtain a germline diagnosis in an individual who is 
definitely affected, in order to characterize and counsel the 
family. A mutation in APC can be found in most (—90%) of 
these individuals using commercially available diagnostic lab¬ 
oratories. This will assist in the early and definitive identifica¬ 
tion of family members who carry the disease-causing muta¬ 
tion and will alleviate anxiety for those who do not. The risk 
to inherit the mutated gene from an affected parent is 50%, 
and there is no gender preference. A genetic diagnosis is par¬ 
ticularly useful in the attenuated forms of FAP, where the diag¬ 
nosis is not obvious, and this can help select those family mem¬ 
bers who need additional surveillance and reassure those who 
do not. 

In some instances, the phenotype indicates FAP, but no 
mutation can be found in the APC gene. In this instance, the 
relatives at risk should undergo surveillance sigmoidoscopy on 
an annual basis beginning in their middle teens. If a single ade¬ 
noma appears in a teenager at risk, the disease is strongly sus¬ 
pected, and the individual should be managed as if he or she is 
a mutation carrier. Almost no other disease produces multiple 
adenomatous polyps in young patients. 

About 25 % of patients have FAP that is not present in either 
parent. This can represent the autosomal recessive form of the 
disease (MYH-associated polyposis; see later), misattribution 
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FIGURE 67.16. Peutz-Jeghers syndrome. A: Perioral hyperpigmenta¬ 
tion. B: Hyperpigmented buccal mucosa. C: Gross specimen of a Peutz- 
Jeghers polyp illustrating a large multilobular lesion. D: Low-power 
photomicrograph of a Peutz-Jeghers polyp of the colon revealing 
smooth muscle stroma covered by nonneoplastic colonic epithelium. 
E: Photomicrograph of the Peutz-Jeghers polyp at higher power indi¬ 
cates that the stroma contains arborizing bands of smooth muscle. 


of paternity, or phenotypic variation in which a parent actu¬ 
ally has a milder form of the disease. 

Genetic testing is an essential part of the clinical manage¬ 
ment of the hereditary cancer, but it can be a challenge. The 
genetic results are sometimes ambiguous and difficult for the 
physician to interpret. 44 Additionally, some patients mistake 
the germline test as a test for cancer. Issues of guilt and denial 
are prominent in genetic disorders. It is strongly recommended 
that physicians enlist the involvement of genetic counselors 
when performing genetic testing and counseling in such 
patients. 

Management. Surgery is the only reasonable management 
option in FAP, and the clinical decision involves the selection 


and timing of the operation. The diagnosis of FAP is often 
made in adolescence, but the development of cancer may not 
be anticipated for 20 to 30 years after the first polyp appears, 
depending on the location of the mutation in the APC gene. 
When a child is found to have a germline mutation in APC, 
sigmoidoscopy should begin in the early teenage years, partic¬ 
ularly if the mutation is in the “mutation cluster region” or the 
family’s phenotype is known to be associated with thousands 
of polyps. Ideally, one would like a patient to reach adulthood 
prior to the colectomy, as the pelvis is larger and the individual 
is better able to cope with the disease psychologically. 

The safest surgical approach is a total proctocolectomy with 
an ileoanal pouch anastomosis. No rectal mucosa should be 
left behind, since it is at risk for the development of neoplasia. 
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Even with careful endoscopic surveillance of the rectal segment, 
invasive carcinomas may develop. 

The fact that small adenomatous polyps of the rectum can 
spontaneously regress visibly after a subtotal colectomy and 
ileorectal anastomosis underscores the reversible nature of the 
benign adenoma. Additionally, it has been found that adeno¬ 
mas can regress in FAP in response to treatment with sulindac 
(Clinoril). Several reports have confirmed that even large num¬ 
bers of polyps regress in patients on 150 to 200 mg of sulindac 
twice per day. 45 Unfortunately, the polyps reappear when the 
drug is stopped, and development of cancer despite treatment 
with sulindac has been reported. Medical treatment is there¬ 
fore not a safe or reliable first-line treatment for FAP, but it 
may be of some benefit in patients who delay operative inter¬ 
vention. Although no data are available to support this 
approach, sulindac may be a useful adjunct in patients with 
milder forms of FAP (i.e., smaller numbers of polyps with rel¬ 
ative rectal sparing) and in circumstances in which residual 
rectal tissue must be left behind. Sulindac is not effective in the 
management of upper gastrointestinal tract neoplasia. 

Management of Extracolonic Disease. In addition to the risks 
for colorectal neoplasia, patients with FAP are at risk for the 
development of osteomas, lipomas, fibromas, and a variety of 
other lesions. Although these mesenchymal tumors can degen¬ 
erate into sarcomas, this is a sufficiently rare event that pro¬ 
phylactic surveillance and surgery are not indicated. Fikewise, 
the CHRPE lesions do not require therapy. Gastric carcinoma 
is distinctly uncommon in North American populations, and it 
is not necessary to provide endoscopic surveillance of the 
stomach. The risk for gastric cancer in FAP is 0.5%. 

The two major management issues after removal of the 
colon and rectum are periampullary neoplasia and desmoid 
tumors. One or more adenomas are found in the duodenum 
in 90% of patients with FAP, usually close to the ampulla of 
Vater. These lesions should be excised for biopsy and 
destroyed by electrocautery, laser, or other ablative 
approaches. Subsequent examination of the upper gastroin¬ 
testinal tract is guided by the Spigelman criteria (Table 67.4). 


TABLE 67.4 


SPIGELMAN'S CLASSIFICATION FOR MANAGEMENT OF 
DUODENAL ADENOMAS IN INDIVIDUALS WITH FAP 


■ POINTS 



■ 1 

■ 2 

■ 3 

A. Duodenal Disease Grading 



Polyp number 

1-4 

5-20 

>20 

Polyp size (mm) 

1-4 

5-20 

>20 

Histology 

Tubular 

adenoma 

Tubulovillous 

Villous 

Dysplasia 

Mild 

Moderate 

Severe 


B. Recommended Upper GI Surveillance in FAP 

Spigelman stage Interval to 

EGD 


Stage 0 (0 points) 5 y 

Stage I (1-4 points) 5 y 

Stage II (5-6 points) 3 y 

Stage III (7-8 points) 1-2 y 

Stage IV (9-12 points) EUS or surgery 

EGD, esophagogastroduodenoscopy; EUS, endoscopic ultrasound; 
FAP, familial adenomatous polyposis; GI, gastrointestinal. 


Complex neoplasms, including adenomas with varying 
degrees of dysplasia, may require individualized management, 
including the use of biliary stents while extensive ablative 
therapy of the periampullary region is performed. Surgical 
approaches may be required for advanced neoplasms (i.e., 
carcinoma in situ or invasive carcinoma), but therapeutic 
endoscopy remains the first option. Duodenotomy with local 
surgical excision is an option for these lesions; rarely, a Whipple 
procedure is required for invasive lesions in this region. 

Desmoid tumors are aggressive benign tumors of fibro¬ 
blasts that can cause multiple clinical complications; they are a 
significant cause of morbidity and mortality in FAR They typ¬ 
ically grow slowly and can surround or compress vascular 
structures, nerves, or the abdominal viscera. They are more 
commonly seen in women and may be hormonally responsive, 
so estrogen administration (oral contraceptives or hormone 
replacement therapy) should be avoided in these patients. Sur¬ 
gical management is generally avoided unless simple local 
excision of an abdominal wall lesion is possible, and postop¬ 
erative recurrences are common. Radiotherapy has been used 
to control the growth of some of these but is generally reserved 
for superficial lesions of the abdominal wall. No medical 
approach to this disease has been uniformly successful. A com¬ 
bination of sulindac plus tamoxifen may be tried for intra¬ 
abdominal tumors and has been successful in some patients. 
Cytotoxic chemotherapy with doxorubicin was successful in a 
patient whose tumor was refractory to other treatment. Anec¬ 
dotally, some of these lesions may have c-kit mutations and are 
responsive to imatinib (Gleevec). 

Familial Adenomatous Polyposis Variants. A number 
of names, especially Gardner syndrome, have been attached to 
variations of FAP to emphasize the presence of particular 
extracolonic findings. As mentioned, Gardner syndrome is the 
same entity as FAP. A few families with prominent sebaceous 
cysts were historically said to have Oldfield syndrome, and 
families with brain tumors were said to have Turcot syndrome. 
All these syndromes represent the variable expression of 
germline mutations in the APC gene and are largely of histor¬ 
ical interest. The current mode of classifying FAP families is 
based on the APC gene mutation. 


MYH-Associated Polyposis 

An autosomal recessive form of polyposis has been linked to 
inheritance of germline mutations in the base excision repair 
gene MYH, a DNA glycolase. 46 This should be considered 
when multiple adenomatous polyps occur in siblings or in a 
person who has no vertical family history of polyposis and 
there is no detectable germline mutation in the APC gene. 
These patients have a relatively mild (attenuated) form of ade¬ 
nomatous polyposis and will develop 20 to 500 adenomas, and 
the polyposis is typically detected in patients 35 to 
65 years old. These patients are at very high risk for colorectal 
cancer, and the disease may present with cancer. The extrain- 
testinal manifestations of FAP, such as duodenal adenomas or 
CHRPE lesions, occasionally occur but are less common in this 
condition. The pathogenesis of this disease is that the germline 
mutations in MYH permit an excess number of acquired muta¬ 
tions in the APC gene to occur in the colon; these mutations 
are typically G:C —» T:A transversions, which is a consequence 
of losing the DNA base excision repair system. More than 
1.3% of the Caucasian population carries single Y179C, 
G396D, and E480X (previously designated Y165C, G382D, 
and E466X, respectively, but changed due to renumbering of 
the coding sequence) mutations, and these carriers have a 
slight increase in colon cancer risk. 47 Many reference laborato¬ 
ries are currently testing for the three commonest MYH muta¬ 
tions on DNA sent from patients with a diagnosis of FAP if 
there is no detectable germline mutation (or deletion) in APC. 
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TABLE 67.5 


GENETIC ALTERATIONS IN COLONIC POLYPOSIS 
SYNDROMES 


■ POLYPOSIS 
SYNDROME 

■ CHROMO¬ 
SOME 

■ GENE 

Familial adenomatous 

5q21 

APC (dominant) 

polyposis (FAP) 

lp35 

MYH (recessive) 

Peutz-Jeghers syndrome 

19pl3.3 

LKB1/STK11 

Juvenile polyposis coli 

18q21.1 

SMAD4/MADH4 

BMPR1A 

ENG 

Bannayan-Riley- 
Ruvalcaba syndrome 

10q23 

PTEN 

Cowden disease 

10q23 

PTEN 

Hereditary mixed 
polyposis 

6q, 15q 

unknown 

ENG, Endoglin. 




Peutz-Jeghers Syndrome 

Peutz-Jeghers syndrome is an autosomal dominant familial 
syndrome associated with multiple gastrointestinal polyps 
and characteristic skin pigmentation. The gene responsible 
for this disease is on chromosome 19p3.3 and encodes a ser¬ 
ine/threonine kinase called LKB1 or STK11 (Table 67.5); 
carriers of the gene are highly predisposed to a number of 
early-onset cancers. 

Gastrointestinal Features. The gastrointestinal polyps in 
Peutz-Jeghers syndrome are nonneoplastic hamartomas con¬ 
sisting of a supportive framework of smooth muscle tissue 
covered by somewhat hyperplastic epithelium (Fig. 67.16). 
These are histologically distinct from juvenile polyps and show 
no inflammatory cell infiltrate. Polyps may be found in the 
stomach, small intestine, or colon, and in each instance they 
have a distinctive appearance. Peutz-Jeghers polyps can usu¬ 
ally be identified as such by the pathologist, and the character¬ 
istic cutaneous pigmentation makes this syndrome readily 
recognizable. 

Skin Lesions. The cutaneous manifestations of Peutz- 
Jeghers syndrome may be found early in life and consist of 
dark, macular lesions on the mouth (both on the skin and in 
the buccal mucosa), nose, lips, hands, feet, genitalia, and anus. 
These lesions tend to become less obvious by the time of 
puberty. Unlike ordinary freckles, the cutaneous lesions of 
Peutz-Jeghers syndrome are present from birth. Moreover, 
ordinary freckles typically do not extend beyond the vermilion 
border of the lips, nor is the buccal mucosa involved, as it is in 
Peutz-Jeghers syndrome. 

Clinical Complications. The principal complication of 
Peutz-Jeghers syndrome is intestinal obstruction, which may 
develop in infancy or childhood. This complication is most 
prominent in the small intestine because of its narrower diam¬ 
eter. Gastrointestinal bleeding may also be seen in this disease. 

Cancer in the small intestine or colon can occur in Peutz- 
Jeghers syndrome; however, this is an uncommon complica¬ 
tion. 48 It is thought that neoplasia may arise from foci of ade¬ 
nomatous epithelium found in some Peutz-Jeghers polyps. The 
risk for cancer is such that prophylactic surgery is not recom¬ 
mended. 


Patients with Peutz-Jeghers syndrome are at increased risk 
for cancers within and outside the gastrointestinal tract. Can¬ 
cer developed in about half of the patients in one large study at 
a median age of about 50 years. At risk are the stomach, small 
intestine, colorectum, gonads, breasts, pancreas, and biliary 
tree. Ovarian cysts and sex cord tumors are seen in 5% to 
12% of female patients, and boys are at risk for endocrinolog- 
ically active Sertoli cell testicular tumors that may produce 
feminizing features before puberty. No internal organ is indi¬ 
vidually at sufficiently high risk for cancer that a specific 
screening regimen or prophylactic surgery is indicated. The 
clinician should be aware of these risks, however, and should 
be particularly alert to gonadal tumors (which are otherwise 
rare) and breast cancer (for which screening should start at an 
early age and bilateral disease should be suspected). 

Management. The management of Peutz-Jeghers syndrome 
is limited to the removal of polyps; endoscopic techniques 
should be used when possible. Surgery may be required for 
intussusception caused by small-intestinal polyps. The risk for 
neoplastic development should be kept in mind, but these 
patients are not candidates for prophylactic removal of any 
section of the gastrointestinal tract. As mentioned earlier, 
gonadal neoplasms and breast cancer are potential complica¬ 
tions that may require surgery. 


Juvenile Polyposis 

Juvenile polyps are pathologically characteristic lesions that 
can be solitary or part of a polyposis syndrome. Juvenile 
polyps are most commonly solitary lesions found in the rectum 
during childhood. The lesions may be large and are made up of 
an edematous, mildly inflamed lamina propria covered by nor¬ 
mal colonic epithelium (Fig. 67.17). If multiple polyps are 
found, a familial juvenile polyposis syndrome should be sus¬ 
pected. Three different syndromic presentations have been 
reported; it is not known, however, whether these are truly dis¬ 
tinctive syndromes. They may consist of familial juvenile poly¬ 
posis limited to the colon, familial juvenile polyposis through¬ 
out the gastrointestinal tract, and familial juvenile polyposis 
limited to the stomach. The genetic basis of this syndrome is 
not understood, but germline mutations in the SMAD4 (also 
called the MADH4 gene) and BMPR1A genes each account 
for about 20% of juvenile polyposis cases in which the genetic 
cause can be found. 49,50 Both these genes are involved in the 
TGF-/3 signaling pathway. Curiously, germline mutations in 



FIGURE 67.17. Photomicrograph of a juvenile polyp reveals an 
attenuated surface epithelium overlying an edematous lamina propria 
with fluid- and mucus-filled cystic structures. 
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these same genes can cause hereditary hemorrhagic telangiec¬ 
tasia. Although alterations in the PTEN gene had initially been 
linked to juvenile polyposis, germline mutations in this gene 
are only found in the rare Bannayan-Riley-Ruvalcaba variant, 
a childhood disorder characterized by macrocephaly, intestinal 
polyps, and unique pigmented macules of the penis 51 ; this dis¬ 
order shares features with Cowden syndrome, which is also 
caused by PTEN mutations. 52 Juvenile polyposis is a topic in 
need of additional clarification at the genetic and clinical 
levels. 

The manifestations of juvenile polyposis can vary but are 
largely limited to bleeding, intussusception, obstruction, and 
the passage of autoamputated lesions. In some children, a life- 
threatening protein-losing enteropathy may develop that 
requires surgical resection of the affected segment of intestine. 
Patients with familial juvenile polyposis are at increased risk 
for the development of colorectal cancer and require careful 
surveillance. 


Other Familial Polyposis Syndromes 

A variety of other rare syndromes may give rise to multiple gas¬ 
trointestinal polyps. Cowden syndrome consists of multiple 
gastrointestinal hamartomas and may be complicated by mul¬ 
tiple lesions of the face that arise from follicular epithelium and 
are pathologically trichilemmomas. 53 The diagnosis of Cowden 
syndrome should be considered for patients with multiple 
trichilemmomas. Gastrointestinal polyps, which are usually 
asymptomatic, may develop in these patients. The polyps may 
include hamartomas, hyperplastic polyps, and ganglioneuro¬ 
mas of the colon. Glycogenic acanthosis of the esophagus may 
also occur and usually is found incidentally as multiple, 
diminutive, flat polyps of the esophagus. These patients are at 
increased risk for the development of breast cancer, uterine 
cancer, and thyroid neoplasms. No specific therapy need be 
directed toward the gastrointestinal tract. Germline mutations 
of the PTEN gene can be identified in most families with Cow¬ 
den syndrome. 54 

Other diseases, such as neurofibromatosis (von Reckling¬ 
hausen syndrome) and the basal cell nevus syndrome, may be 
associated with multiple gastrointestinal polyps; however, 
symptomatic complications of these polyps are uncommon. 
Bannayan-Riley-Ruvalcaba syndrome is a generalized hamar¬ 
toma syndrome inherited in an autosomal dominant manner 
that is characterized by ileal and colonic polyps and lingual 
lesions. Other characteristics include ocular abnormalities, 
delayed motor development, lipid storage myopathy, and 
Hashimoto disease. This disease is most often linked to 
germline mutations in the PTEN gene. 


N ONFAMILIAL 
GASTROINTESTINAL 
POLYPOSIS SYNDROMES 


Multiple gastrointestinal polyps are occasionally seen in non- 
familial syndromes. The Cronkhite-Canada syndrome is an 
acquired, nonfamilial syndrome characterized by cutaneous 
lesions (Fig. 67.18), chronic diarrhea, protein-losing enteropa¬ 
thy, and gastrointestinal polyps. The enteropathy may produce 
progressive inanition that can result in death. The diarrhea is 
attributable to diffuse mucosal injury of the small intestine but 
may be complicated by bacterial overgrowth. Gastrointestinal 
polyps are present in most patients and occur in the stomach, 
small intestine, colon, and rectum. These polyps are patholog¬ 
ically similar to juvenile retention-type polyps. The lamina 
propria is edematous and contains an inflammatory infiltrate. 
As has been reported in juvenile polyps, the lesions in this syn¬ 
drome may contain adenomatous epithelium, and occasionally 



FIGURE 67.18. Cronkhite-Canada syndrome. Onycholysis and hyper¬ 
pigmentation are characteristic cutaneous manifestations of Cronkhite- 
Canada syndrome, a nonfamilial, poorly understood, and acquired 
condition in which multiple juvenile, inflammatory-type gastrointestinal 
polyps and characteristic cutaneous features are found. 


carcinomas have complicated this disease. A variety of medical 
and surgical measures have been used as treatment, and pri¬ 
mary attention should be drawn to the treatment of the diar¬ 
rhea and maintenance of the nutritional status. The cutaneous 
lesions consist of onycholysis, alopecia, and hyperpigmenta¬ 
tion. Multiple therapeutic approaches have been tried, includ¬ 
ing broad-spectrum antibiotics, steroids, antihistamines, and 
extended bowel rest with parenteral nutritional support. Each 
approach has had occasional success, but none is uniformly 
effective. Curiously, the cutaneous features may resolve 
despite persistence of the gastrointestinal polyps. 

Other acquired lesions that may present with multiple gas¬ 
trointestinal polyps include inflammatory pseudopolyps in the 
setting of inflammatory bowel disease, lymphoma, pneumato¬ 
sis cystoides intestinalis, and multiple lipomas or hyperplastic 
polyps. None of these syndromes requires specific surgical 
treatment. 
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CHAPTER 68 COLORECTAL CANCER 

ARDEN MORRIS 


KEY POINTS 


Q Epidemiologic studies have suggested that 15% of colorec¬ 
tal cancers occur in a dominantly inherited pattern. The 
two best-described familial colorectal cancer syndromes 
are familial adenomatous polyposis (FAP) and hereditary 
nonpolyposis colorectal cancer (HNPCC). Currently, it is 
estimated that 5% of all colorectal cancers occur in per¬ 
sons affected with one of these two syndromes. 

Q Mutations in three distinct types of genes are known to 
contribute to colorectal cancer formation: oncogenes, 
tumor-suppressor genes, and DNA mismatch repair genes. 
The former two mechanisms, comprising the loss of het¬ 


erozygosity or chromosomal instability pathway, account 
for about 85% of colon and rectal tumors. Mutations in 
mismatch repair genes, termed the replication error or 
microsatellite instability pathway, account for about 15% 
of large bowel tumors. 

Q The incidence of invasive malignancy differs markedly for 
the three histologic subtypes of colon polyps, being low¬ 
est in adenomatous polyps, intermediate in tubulovillous 
adenomas, and highest in villous lesions. Polyp size is 
directly correlated with the presence of dysplasia or 
malignancy. 
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Q The most important prognostic factor in colorectal cancer 
is dissemination to nearby lymph nodes or distant organs. 

Q The surgical goals in the resection of a primary colorectal 
cancer are to achieve an en bloc resection that encompasses 
an adequate amount of normal colon proximal and distal 


to the tumor, to obtain adequate lateral margins if the 
tumor is adherent to contiguous structures, and to remove 
the regional lymph node basin. 

Q The liver is the most frequent site of blood-borne metas- 
tases from primary colorectal cancers. 


Adenocarcinoma of the large intestine is the fourth most common 
malignancy in the United States, with an estimated incidence of 
146,970 new cases in 2009. 1 Colorectal cancer is second only to 
lung cancer as a cause of cancer-related deaths. In 2009, an esti¬ 
mated 49,920 persons died of colorectal cancer in the United 
States. If diagnosed in its early stages, however, colorectal cancer is 
one of the most curable malignancies. Most early-stage colorectal 
cancer is curable by surgical treatment. Because of the potential 
for surgical cure of early-stage or localized disease, identification 
of populations at risk and screening of asymptomatic patients are 
important considerations. For regional disease, controlled clinical 
trials have demonstrated that a multidisciplinary approach can 
reduce cancer-specific mortality substantially 2 (Fig. 68.1). For 
recurrent disease, various therapeutic approaches are reviewed. 
Other colorectal tumors distinct from adenocarcinoma, such as 
lymphomas, sarcomas, gastrointestinal stromal tumors, and carci¬ 
noid tumors, are discussed at the end of the chapter. 


EPIDEMIOLOGY 


Incidence and Mortality 

Worldwide, colorectal cancer is the third most common cancer 
in men and the fourth most common cancer in women. An 


important feature of colorectal cancer is the wide variation in 
incidence (as much as 30-fold) noted between population 
groups according to geographic region (Fig. 68.2). Although 
industrialized countries such as those in Northern and Western 
Europe have the highest incidence rates, these trends are stable 
or actually decreasing. In contrast, the incidence of colorectal 
cancer is increasing notably among economically transitioning 
areas, such as Eastern Europe, most of Asia, and several parts of 
South America. 3 These geographic differences cannot be attrib¬ 
uted solely to genetic factors for several reasons. First, popula¬ 
tions migrating from low- to high-incidence regions can experi¬ 
ence an increase in the incidence of colorectal cancer within a 
single generation. 4-6 Second, even among nonmigrants, inci¬ 
dence rates can change with in-country lifestyle trends. In some 
parts of Japan, a highly industrialized country, the incidence of 
new colorectal cancers among men has increased by more than 
90%, concurrent with Westernization of the regional diet. 3 
These data provide indirect evidence that environmental fac¬ 
tors, including diet and lifestyle, are involved in the pathogene¬ 
sis of this disease—thus, its incidence may be reducible. 

In the United States, the incidence of colorectal cancer over¬ 
all has been in decline since 1992, with a current lifetime inci¬ 
dence risk of just over 5%d This phenomenon is largely attrib¬ 
uted to improvements in screening, during which precancerous 
polyps are detected and removed. The declining incidence of 


Leading Sites of New Cancer Cases and Deaths - 2010 Estimates 
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FIGURE 68.1. Leading sites of new cancer cases and deaths in the United States, 2005. (American Cancer Society. Cancer Facts & Figures 2010. 
Atlanta: American Cancer Society; 2010. 


COLORECTAL 






















1092 


Part Two: Surgical Practice 


FIGURE 68.2. Incidence of colorectal cancer per 
100,000 persons in 23 geographic regions during 
1980. (Adapted from Parkin DM, Laara E, Muir 
CS. Estimates of the worldwide frequency of six¬ 
teen major cancers in 1980. Int J Cancer 1988;41: 
184.) 
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colorectal cancer has been slower among African Americans Q 
compared with whites. Among African American men, the col¬ 
orectal cancer incidence rate is 21% higher than among white 
men. Among African American women, the incidence rate is 
26% higher than among white women. In contrast, among His¬ 
panic men and women the incidence rate is about 25% lower 
than among their white counterparts. 

In 2005, the overall survival rate of colorectal cancer was 
66% among whites compared with 55% among African Amer¬ 
icans. Overall survival has improved significantly for whites 
and African Americans over the past 10 years, although the 
survival gap between groups has widened. 7 Higher colorectal 
cancer-specific mortality among African Americans is attrib¬ 
uted to differences in systematic high-quality screening and in 
appropriate treatment, rather than to modifiable lifestyle fac¬ 
tors (such as smoking) or differences in tumor biology. This 
important distinction underscores the necessity of addressing 
barriers to healthcare access and barriers to care within the 
healthcare system. 


Modifiable Risk Factors 

Dietary Factors. In North America, colorectal cancer tends 
to be more prevalent in urban populations and among people 
of higher socioeconomic status. Although there is no evidence 
of a geographic carcinogenic agent or high-risk occupational 
exposures, 8 several possible risk factors have been identified 
that may be linked to modifiable behaviors. 


Epidemiologic studies suggest that dietary factors play 
causative and protective roles in the development of large- 
bowel cancers. 9 Red meat and fat intake have the most consis¬ 
tently direct association, and fiber intake has the most consis¬ 
tently inverse association with colorectal cancer (Fig. 68.3). For 
example, in comparisons between countries, the associations 
between per capita consumption of total fat, saturated fat, and 
cholesterol and the national incidence rates of colon cancer are 
strongly positive. 10 However, whether the responsible mecha¬ 
nism is interaction with bile acids or simply excess fuel con¬ 
sumption and resultant obesity is controversial. 9,11 

In industrialized countries, red meat intake is associated 
with elevated long-term risk of cancer primarily in the distal 
colon. 12-14 Several mutagenic compounds in cooked meat have 
been identified including heterocyclic amines. The site-specific 
nature of fat- and meat-associated tumorigenesis may be due 
to the relatively slower transit time and narrowed lumen of the 
distal colon resulting in prolonged toxin exposure. 

The inverse association between intake of fiber (the nondi- 
gestible component of cereal products, vegetables, and fruit) 
and colon cancer was initially noted by Burkitt, 15 who reported 
low rates of colon cancer in areas of Africa with high fiber con¬ 
sumption. The role of fiber was originally seen simply as the 
provision of bulk to dilute potential carcinogens and speed 
their transit through the colon. However, dietary fiber com¬ 
prises a diverse collection of carbohydrates that are unlikely to 
have identical physiologic effects. Reflecting the heterogeneous 
nature of fiber, data now suggest that the relationship between 
fiber intake and colon cancer is more complex. Certain fibers 


FIGURE 68.3. Correlation between meat intake and 
the incidence of colon cancer among women in 23 
countries. (Adapted from Willett W. The search for the 
causes of breast and colon cancer. Nature 1989;338: 
389.) 
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can bind mutagens, reducing their contact with colonic epithe¬ 
lium; others can favorably change the fecal pH or participate in 
other complex interactions. 

Although the protective role of fiber is incompletely 
defined, recent evidence indicates a potential 20% to 50% risk 
reduction, particularly noted among frequent consumers of 
dark green vegetables. 9,11,12 Preliminary data suggest that 
micronutrients such as folate, methionine, vitamin D, and cal¬ 
cium may provide protection against oxidative stress at the 
cellular level. Whether the protective effect of leafy green veg¬ 
etables is due primarily to mechanical effects of fiber or to a 
chemoprotective effect of micronutrients remains unknown. 

Alcohol Consumption. A positive dose response effect of 
alcohol on colorectal cancer formation has been extensively 
demonstrated. Beer apparently plays a more important role in 
mucosal neoplasm formation than wine or spirits. 16 Although 
the mechanism of mutagenesis has not been determined, the 
metabolite acetaldehyde is generally considered the culprit. 
Acetaldehyde may contribute to free radical formation and 
proliferative growth of mucosal polyps. Folate and calcium 
appear to have a protective effect, possibly by competing with 
aldehyde for binding sites at the mucosal surface. These 
hypotheses are supported by decreased colorectal cancer rates 
seen among heavy drinkers who consume large quantities of 
dietary folate, for example in leafy greens, coupled with higher 
colorectal cancer rates among drinkers with a low intake of 
leafy green vegetables. 

Smoking. After much dissent in the literature, a recent meta¬ 
analysis 17 of 106 observational studies has demonstrated 18% 
higher odds of developing colorectal cancers (CRC) among 
ever-smokers compared with never-smokers. Risk was signifi¬ 
cant only among persons who smoked more than 30 years and 
was dose dependent. The association between cigarette smoking 
and cancer mortality was even stronger. That is, ever-smokers 
were 25% more likely to die of colon cancer causes than never- 
smokers. For unknown reasons, risk was markedly higher for 
cancers in the rectum compared with those in the colon. 

Exercise and Obesity. The cancer prevention benefits of 
regular exercise have been increasingly recognized for colon 
(not rectal) cancer. Although the mechanism of action remains 
unclear, exercise is thought to reduce inflammation and poten¬ 
tially contribute to reduced free radicals. In a pooled analysis 
of 19 studies, men and women who averaged more than 4 
hours per week of moderate exercise demonstrated a 22% and 
29% reduction in CRC incidence, respectively. 18 In addition, 
regular exercise reduces obesity, which is also associated with 
colorectal cancer incidence. Obesity may contribute to colon 
cancer formation via fat metabolism pathways or hyperinsu- 
linemia. Notably, central obesity (waist circumference) has an 
even more robust association with increased colorectal cancer 
incidence than body mass index. 19,20 


Clinical Risk Factors 

Familial Cancer Syndromes. Although up to 30% of per- 
sons diagnosed with colorectal cancer have some family his¬ 
tory, the vast majority of colorectal cancer cases have no 
apparent familial association and therefore are considered 
sporadic. Epidemiologic studies have suggested that at least 
15% of all colorectal cancers occur in a dominantly inherited 
pattern, and that an inherited susceptibility to polyps and can¬ 
cer could account for up to 90% of the total number of col¬ 
orectal cancers in the population. 21,22 The two best-described 
familial colorectal cancer syndromes are familial adenomatous 
polyposis (FAP) and hereditary nonpolyposis colon cancer 
(HNPCC). Currently, it is estimated that 5% of all colorectal 
cancers occur in persons affected with one of these two syn¬ 
dromes (Table 68.1). 


TABLE 68.1 ETIOLOGY 


CLINICAL RISK FACTORS FOR COLORECTAL CANCER 

■ GENETIC 

POLYPOSIS SYNDROMES 
Familial polyposis coli 
Gardner syndrome 

Turcot syndrome (central nervous system tumors) 

Oldfield syndrome (sebaceous cysts) 

Peutz-Jeghers syndrome (hamartomas) 

NONPOLYPOSIS SYNDROMES 
Lynch syndrome I 

Lynch syndrome II (associated extracolonic cancers) 

PREEXISTING DISEASE 

Ulcerative colitis 

Crohn disease 

Prior colorectal cancer 

Neoplastic polyps 

Pelvic irradiation 

Breast or genital tract cancer 

GENERAL 

Age >40 years 

Family history of colorectal cancer 

FAP is an autosomal, dominantly inherited disease caused 
by mutations in the APC gene. In affected subjects, hundreds to 
thousands of adenomatous polyps typically develop through¬ 
out the colon and rectum, each of which has the potential to 
progress to an invasive cancer. The average age for the diagno¬ 
sis of colorectal cancer is 42 years, markedly earlier than the 
average age of 63 years in sporadic cases. Cancer develops in 
virtually all affected persons by age 55. Polyps are also found in 
other regions of the gastrointestinal tract in patients with FAP, 
especially the duodenum and stomach. Duodenal and peri¬ 
ampullary polyps in particular are at increased risk of malig¬ 
nant transformation. 23,24 Additionally, several extraintestinal 
manifestations of FAP have been described, including congeni¬ 
tal hypertrophy of the retinal pigment epithelium (CHRPE), 
osteomas, and desmoid tumors. This and other polyposis syn¬ 
dromes are discussed in more detail in Chapter 67. 

HNPCC kindreds were first described in 1913 by Aldred 
Warthin, a pathologist at the University of Michigan. One kin¬ 
dred, referred to as family G, has been followed extensively 
through the years and represents a classic example of the 
HNPCC syndrome. 25,26 A more systematic collection of families 
and analysis of their pedigrees was performed by Henry Lynch 
et al. at Creighton University. Although colorectal cancers in 
this syndrome derive from adenomatous polyps, an associated 
polyposis phenotype is absent. Thus, the syndrome was given 
the nonpolyposis designation. Two phenotypic variants of 
HNPCC have been described: Lynch syndromes I and II. Lynch 
syndrome I families manifest only colon cancer. Lynch syn¬ 
drome II families manifest colon cancer in addition to several 
others, including endometrial, ovarian, gastric, small-bowel, 
liver and biliary tract, upper urologic tract, and central nervous 
system cancers. The median age for the development of either 
colorectal or endometrial cancer in HNPCC patients is 39 to 46 
years. 27 HNPCC occurs in about 1 to 2/1,000 individuals, and 
its penetrance is estimated at 70% to 90% for colon cancer. An 
unusual clinical variant of HNPCC is the Muir-Torre syndrome, 
in which affected members have sebaceous tumors (both benign 
and malignant) and keratoacanthomas in addition to the spec¬ 
trum of tumors found in Lynch syndrome II. 
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The clinical criteria necessary for identifying a family as an 
HNPCC kindred were established initially by an international 
collaborative conference in Amsterdam in 1990. The Amster¬ 
dam criteria are based on exclusion of FAP and a 3-2-1 rule: (i) 
at least three relatives with histologically verified colorectal 
cancer, with at least one being a first-degree relative of the 
other two; (ii) at least two successive generations affected; and 
(iii) diagnosis of colorectal cancer in one of the relatives before 
the age of 50 years. 28 With further study of HNPCC kindreds, 
the Amsterdam criteria were revised as Amsterdam II, to 
include at least three relatives with HNPCC-associated cancers 
in lieu of colorectal cancers only. 29 However, a proportion of 
individuals at risk for HNPCC still do not satisfy the Amster¬ 
dam II criteria. 30 To better guide recommendations for genetic 
evaluation, the Bethesda criteria were developed and recently 
revised as an alternative system for identifying HNPCC kin¬ 
dreds (Table 68.2). 31,32 Although these criteria schemes provide 
acceptable capture of patients, test characteristics and ease of 
use differ. The tumors of patients in families who satisfy Am¬ 
sterdam II or the revised Bethesda criteria should be tested for 
microsatellite instability. A positive result includes presence of 
at least two of five mismatch repair proteins (mononucleotide 
markers BAT25, BAT26, D2S123, D5S346, D17S250), and 
indicates further germline analysis for MSH2/MLH1 germline 
repair gene abnormalities. 33 

Currently, about 40% of familial clusters of colorectal can¬ 
cer do not have discernable microsatellite instability in their 
tumors or germline mutations. 34 It is plausible that several pre¬ 
disposing hereditary defects will be identified in the future. 
Therefore, obtaining a thorough family history is mandatory 
in the workup of any patient with cancer, especially those with 
onset at a young age or with multiple tumors. 

The easy availability of genetic testing by many commercial 
laboratories has been problematic, as most physicians are not 
prepared to interpret the results or to counsel patients regard¬ 
ing their cancer risk and treatment. In a study of patients 
undergoing genetic testing for familial polyposis by a commer¬ 
cial company, it was found that only 19% of patients received 
genetic counseling before the test, and in 32% of cases, the 
physician ordering the test misinterpreted the results. 35 
Although most problems with misinterpretation are encoun¬ 
tered with negative results, the interpretation of a positive 
result also can be difficult. It must be emphasized that a nega¬ 
tive result can provide reassurance only if the predisposing 
mutation in the family is already known. Otherwise, a nega¬ 
tive result may mean that the mutation was missed, that it 
occurred in a promoter or intronic sequence not evaluated, or 
that a cancer predisposition still exists because of a mutation 
in another known or unknown disease gene. 36 In the case of a 
positive result, one must be sure that the mutation does in fact 
confer a cancer risk and that it is not merely a benign poly¬ 
morphism. Therefore, when identified, patients suspected of 
having an inherited cancer syndrome should be offered coun¬ 
seling by a cancer geneticist or experienced genetic counselor, 
both before the test is ordered and after the results are known. 

Inflammatory Bowel Disease. A strong association exists 
between inflammatory bowel disease (IBD) and bowel cancer. 
For patients with ulcerative colitis, the incidence of malig¬ 
nancy is proportional to the extent of colonic involvement, age 
at onset, and severity and duration of disease. The duration of 
inflammatory bowel disease is a critical factor in predicting the 
likelihood of adenocarcinoma. Cancer develops in about 3% 
of patients during the first 10 years after the onset of colitis 
and in an additional 20% during each of the next two decades. 
The cure rate in patients with ulcerative colitis who are treated 
for cancer is similar to that in noncolitic patients treated for 
cancer. 37 

Patients with Crohn disease are also at increased risk for 
colon cancer in addition to small-bowel cancer. The risk for 
malignancy is lower than that reported for ulcerative colitis. 


Like the cancers associated with ulcerative colitis, the cancers 
associated with Crohn disease tend to occur at an earlier age 
than those in patients without inflammatory bowel disease. 

Carcinogenesis in IBD has been garnering attention recently 
as a novel model of inflammation-induced cancer. 38 A key mol¬ 
ecule in this process is NF-kB, a molecule required for express¬ 
ing proinflammatory cytokines such as reactive nitrogen and 
oxygen species, which in turn are likely to stimulate growth of 
neoplastic epithelium or dysplasia. In chronically inflamed or 
colitic patients, dysplasia is believed to progress from inflam¬ 
mation, to low-grade, to indefinite, to high-grade dysplasia. 
The lesions are often flat and therefore may be more difficult to 
detect by colonoscopy or other traditional diagnostic methods. 

Polyps. Traditionally, colorectal polyps have been divided into 
two broad categories: neoplastic and nonneoplastic. Nonneo¬ 
plastic polyps included hyperplastic, inflammatory, juvenile, 
and hamartomatous polyps, none of which were considered 
precursors to colorectal cancer. Neoplastic polyps were adeno¬ 
mas and had the potential to develop into malignant cancers. 
The incidence of colorectal malignancy is two to five times 
higher in patients with adenomatous polyps than in those 
without them. Carcinoma is twice as likely to develop in 
patients with multiple polyps as in patients with a single polyp. 
Evidence suggests the existence of a common inherited suscep¬ 
tibility toward both sporadic colonic adenomatous polyps and 
colorectal cancer. 21 

Adenoma histology can be classified as tubular (75%-100% 
tubular components), tubulovillous (2 5%-75% villous com¬ 
ponents), or villous (75%-100% villous components). Tubu¬ 
lar adenomas, or adenomatous polyps, are the most common 
type and constitute about 75% of neoplastic polyps 39 (Table 
68.3). Tubulovillous adenomas account for 15% and purely 
villous adenomas for 10% of neoplastic polyps. All adenomas 
contain some degree of dysplasia or cellular atypia, which can 
be graded from mild to severe. Carcinoma in situ and severe 
dysplasia have been grouped together under the classification 
of high-grade dysplasia. In contrast to invasive carcinoma, 
carcinoma in situ has not invaded the muscularis mucosa (Fig. 

Q 68.4). The incidence of invasive malignancy differs markedly 
for the three histologic subtypes. In general, malignancies are 



- Carcinoma in situ 

- Invasive carcinoma 
-Adenoma 

“ Muscularis mucosa 
“ Submucosa 



- Carcinoma in situ 

- Invasive carcinoma 

- Adenoma 

- Muscularis mucosa 

- Submucosa 


FIGURE 68.4. Anatomic distinction between carcinoma in situ and 
invasive malignancy in a pedunculated (A) and a sessile (B) adenoma¬ 
tous polyp. Carcinoma in situ is characterized by the absence of inva¬ 
sion into the muscularis mucosae. 
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syndrome. 

c Four additional original Bethesda criteria did not increase the sensitivity, but their inclusion decreased the specificity to 25%: (iv) Subjects with colorectal cancer or endometrial cancer at age <45 years; (v) subjects 
with right-sided colorectal cancer with an undifferentiated histopathologic pattern diagnosed at age <45 years; (vi) subjects with signet-ring cell type colorectal cancer diagnosed at age <45 years; (vii) subjects with 
adenomas diagnosed at age <40 years. 
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ITABLE 68.3 9 

NEOPLASTIC COLORECTAL POLYPS 

■ TYPE 

■ HISTOLOGIC 
FEATURES 

■ INCIDENCE 
(%) 

■ INVASIVE 
MALIGNANCY (%) 

Adenomatous 
(tabular adenoma) 

Branching tubules 
embedded in lamina 
propria 

75 

5 

Villous (villous 
adenoma) 

Finger-like projections 
of epithelium over 
lamina propria 

10 

40 

Intermediate 

(tubulovillous 

adenoma) 

Mixture of 
adenomatous and 
villous patterns 

15 

22 


seen in 5% of adenomatous polyps, in 22% of tubulovillous 
adenomas, and in 40% of villous lesions. Although villous 
lesions are much less common, they are more likely to harbor 
a malignancy. 

Polyp size is also directly correlated with the presence of 
dysplasia or malignancy. 40 Polyps of size greater than 10 mm 
have long been considered high risk, harboring invasive carci¬ 
noma in about 3% of cases. Polyps of size less than 5 mm are 
considered to be diminutive, with 0 to 0.05% frequency of 
carcinoma based on extremely large cohort studies. 41,42 Polyps 
of size 6 to 9 mm may harbor dysplasia or malignancy, but 
there is no definitive agreement regarding the benefit-to-risk 
ratio associated with their removal. Recent reviews have 
demonstrated 3% of such polyps to have severe dysplasia, but 
only 0.05% to 0.15% contain invasive cancer. 42,43 

An additional histologic family of neoplastic polyps, the 
serrated polyps, have been recognized more recently. 44 Ser¬ 
rated polyps include hyperplastic-like polyps, mixed polyps 
(part hyperplastic, part dysplastic), and serrated adenomas. 
The serrated polyps appear to be susceptible to or initiated by 
inactivation of MLH1 by methylation, which in turn is 
thought to initiate rapid acquisition of microsatellite DNA 
instability. In contrast to most hyperplastic polyps, which are 
seen in the distal colon, the serrated hyperplastic-like polyps 
are found in the proximal colon. Other clinical features 
include higher prevalence among women and older patients, 
rapid growth, and large size at diagnosis, all of which are also 
associated with proximal colon cancer. Although this alterna¬ 
tive pathway to colorectal cancer is not universally accepted, 
supportive data include (i) the frequency of sporadic MSI high 
cancers but paucity of MSI high adenomatous polyps (except 
in HNPCC), (ii) loss of expression of MLH1 but not MSH2 
among both serrated polyps and sporadic MSI high cancers, 
and (iii) the natural history of hyperplastic polyposis and asso¬ 
ciated prevalence of right-sided colon cancer. 44-47 


ETIOLOGY 


Mutagenesis 

Carcinogenesis in the colon and rectum has been described in 
terms of an initiation-promotion model based on experimen¬ 
tal observations in laboratory animals. According to this sim¬ 
plified model, the first step involves initiating factors that 
directly interact with cellular DNA to induce mutations in the 
genome. Afterward, the process is driven by promotional fac¬ 
tors, which are not mutagenic by themselves but enhance cel¬ 
lular proliferation of previously mutated cells. One can 
enhance or reduce tumorigenesis in experimental animals both 
by maneuvers that modify the generation of a mutagen (or 


carcinogen) and by those that alter promotional factors long 
after the administration of an initiating agent. 

As described previously, the human diet contains a myriad 
of naturally occurring mutagens or substances that can be 
metabolized into mutagens. A wide range of such substances 
are generated from interactions between the diet, microbial 
flora, and colonic mucosal enzymes. In addition, protective 
mechanisms are present throughout the mucosa to detoxify 
these compounds. The action of carcinogens on DNA appears 
not to be an entirely random process. Mutagens typically alky¬ 
late DNA at specific carbon residues and cause nucleotide mis¬ 
reading during the next cycle of DNA replication. A mutation 
commonly seen early in colonic carcinogenesis results in acti¬ 
vation of the ras protooncogene, one of several genetic events 
presumed to occur during malignant transformation. 48 The 
activation of ras may be involved in the initiation or promo¬ 
tion of carcinogenesis. Because of the ubiquitous presence of 
mutagens in the gut, many strategies that aim to reduce colon 
cancer attempt to interfere with the interaction between muta¬ 
gens and the target colonic cells. 

In animal studies, for example, the role of fat in the patho¬ 
genesis of colon cancer appears to be that of a promotional fac¬ 
tor. With increasing fat intake, total fecal bile acid increases sig¬ 
nificantly. Available data suggest that bile acids stimulate the 
generation of reactive oxygen metabolites that enhance the con¬ 
version of unsaturated fatty acids to compounds that promote 
cellular proliferation. Theoretically, this would facilitate the 
emergence of a mutated clone of neoplastic cells. Enhanced pro¬ 
liferation of these transformed cells can either compress the time 
required for carcinogenesis or, perhaps, make the process more 
efficient. An extension of this concept is the observation that 
increased dietary calcium has been associated with a decreased 
risk for colorectal cancer. Experimental data demonstrate that 
an increase in dietary calcium tends to inhibit colonic prolifera¬ 
tive indices, potentially by binding bile acid salts. 


Molecular Genetics 


The molecular genetic events that lead to colorectal cancer have 
served as a paradigm for the multiple-step process of tumorige¬ 
nesis. This concept arose from frequently clinical and patho¬ 
logic observations of an orderly progression of cellular transfor¬ 
mation from normal colonic or rectal epithelium to small 
adenoma, then to large adenoma, and finally to carcinoma. 
Identification of these distinct stages has allowed scientists to 
elucidate the genetic alterations that may be responsible for the 
progression of the neoplastic process. Coincident with this line 
of investigation was the discovery of the genetic basis of several 
familial cancer syndromes in which colorectal cancer is a promi¬ 
nent feature of the phenotype. Taken together, the evidence 
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FIGURE 68.5. Model of genetic events 
mediating neoplastic progression in the 
colon. LOH, loss of heterozygosity. 


suggests that colorectal cancers result from a series of genetic 
alterations leading to progressive disordering of the normal 
mechanisms that control cellular growth and differentiation (Fig. 
68.5). It must be noted that not every colorectal tumor will 
acquire each of the mutations described. Furthermore, other 
genetic events are likely necessary for cancer formation, and each 
tumor may have a unique genetic profile. Although simplistic, 
the current model of multiple-step tumorigenesis facilitates 
Q understanding the complex molecular genetics of cancer. Within 
this paradigm, mutations in three distinct types of genes are 
known to contribute to colorectal cancer formation: oncogenes, 
tumor-suppressor genes, and DNA mismatch repair genes. The 
former two gene mutations, comprising the loss of heterozygos¬ 
ity or chromosomal instability pathway, account for about 85% 
of colon and rectal tumors. Mutations in mismatch repair genes, 
termed the replication error or microsatellite instability path¬ 
way, account for about 15% of large-bowel tumors. Whereas 
more than half of these mutations are acquired, the remaining 
ones appear to be inherited. 

In colon cancer, the most important genetic alteration is a 
mutation of the K-ras protooncogene, which is associated with 
poorer prognosis. 49 The ras protooncogenes are a family of 
normal genes (N-ras, H-ras, and K-ras) that are highly con¬ 
served in nature and encode the production of guanosine 
triphosphate-binding proteins (G proteins), which are important 
for signal transduction. G proteins are involved in the transduc¬ 
tion of proliferative signals induced by growth factors or factors 
involved in cell differentiation. The product of a mutated ras 
gene is an abnormal G protein that becomes constitutively acti¬ 
vated and continuously stimulates autonomous cell growth. 
Experimentally, transfection of normal fibroblasts by mutated 
ras genes confers neoplastic properties to those cells. 

About half of colorectal carcinomas and a similar percent¬ 
age of adenomas larger than 1 cm in diameter have been found 
to have the ras gene mutation. 48,50 By contrast, fewer than 10% 
of adenomas smaller than 1 cm have this mutation. The ras 
gene mutation may be the initiating event in some colorectal 
carcinomas or, alternatively, may promote the clonal expansion 
of a mutated cell population. It appears that the ras gene muta¬ 
tion alone is not responsible for tumorigenesis. Other molecu¬ 
lar events are required in addition to ras gene mutations. 

The concept of tumor-suppressor genes arose from several 
observations. Cytogenetic studies demonstrated that tumor 
cells often have losses of specific chromosomal regions and sug¬ 
gested that loss of a particular gene or genes could contribute 
to tumor formation and progression. Conversely, experimental 
evidence documented that replacement of specific chromo¬ 
somes or portions of chromosomes in tumor cells could result 


in inhibition of growth. It was thus deduced that genes exist 
that function to keep cellular growth and proliferation in 
check, and that their loss results in unregulated growth and 
neoplastic transformation. One such tumor-suppressor gene 
associated with colon cancer is the APC (adenomatous polypo¬ 
sis coli) gene, mutations in which result in the familial cancer 
syndrome, familial adenomatous polyposis (FAP). In persons 
affected with FAP, hundreds to thousands of colorectal adeno¬ 
matous polyps develop, all of which have the potential to 
progress to a cancer. The lifetime risk for the development of 
colon cancer is virtually 100%. 51 When linkage analysis was 
performed in families with FAP, APC was mapped to chromo¬ 
some 5q21 and was subsequently cloned by several groups. 52,53 
The APC gene encodes a large protein of 2,843 amino acids 
that contains several functional domains. A key function of the 
protein is to bind and thereby decrease intracellular levels of p- 
catenin. Mutations of APC that result in loss of this binding 
function lead to an increase in free /3-catenin, which then acti¬ 
vates the expression of other genes involved in cellular 
growth. 54,55 

Mutations of APC are also commonly found in sporadic 
cases of colorectal cancer. Approximately 70% of all sporadic 
cases of colorectal cancer have such mutations. Among those 
cancers in which APC is not mutated, a number have mutations 
in /3-catenin that disrupt its ability to bind to the APC protein, 
and as such, they are phenotypically similar to those in which 
APC is mutated. 55,56 Mutations in APC appear to be an early or 
initiating event in sporadic colorectal cancer, as mutations in the 
gene have been identified in aberrant crypt foci, one of the ear¬ 
liest events in the neoplastic proliferation of colonic mucosa. 57 

Mutation or loss of the p53 tumor-suppressor gene, located 
on chromosome 17p, is another common genetic event in col¬ 
orectal cancer. Although p53 mutations have been found in 
75% of sporadic colorectal cancers, they are seen infrequently 
in earlier lesions, which suggests that inactivation of p53 is an 
important event in the transition from adenoma to carcinoma. 
The p53 gene codes for a 393-amino acid phosphoprotein that 
has the ability to bind to DNA in a sequence-specific manner. 
When bound to DNA, the p53 protein can activate the expres¬ 
sion of certain genes that are presumed to participate in growth 
inhibition. Mutations that disrupt this ability to bind DNA 
result in a decrease in the expression of growth-inhibitory 
genes and an increase in cellular proliferation. 58 Germline 
mutations in p53 are responsible for the Li-Fraumeni syn¬ 
drome. It is interesting that colorectal cancer is not a prominent 
feature of the phenotype. 

Chromosome 18q21 appears to have an important role in 
the development of colorectal cancer, as allelic loss of this region 
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is observed in many cases. The clinical importance of such a loss 
is controversial; one report has identified 18q21 allelic loss as an 
independent negative prognostic factor in patients with stage II 
tumors, whereas others have failed to identify such an associa¬ 
tion. 59,60 Several candidate tumor-suppressor genes have been 
identified on chromosome 18q21, including deleted in colon 
cancer (DCC), deleted in pancreatic cancer locus 4 (DPC4) and 
mad-related (smad2) genes. The role of these genes and others 
in the 18q21 region in colorectal tumorigenesis is not well 
defined. Investigation has been hampered by the inability to 
identify a significant number of mutations in any of these genes 
in sporadic colon cancers and by the lack of any familial syn¬ 
dromes in which germline mutations can be identified. 

Similar to the suppressor pathway described previously and 
characterized by mutations in oncogenes and tumor-suppres¬ 
sor genes, a second and distinct molecular pathway has been 
implicated in colorectal tumorigenesis. This second pathway is 
called the mutator or microsatellite instability (MSI) pathway. 
The MSI pathway involves disruption of the normal surveil¬ 
lance for and repair of DNA damage. Maintaining the fidelity 
of the genome during DNA replication and cell division is of 
paramount importance for the normal growth and develop¬ 
ment of an organism. Ordinarily, cells have numerous mecha¬ 
nisms that constantly survey DNA for damage or replication 
errors and, if present, repair them. In this manner, the integrity 
of the genome is ensured and the accumulation and propaga¬ 
tion of mutations is minimized. If these survey and repair 
mechanisms are defective, genetic instability and accelerated 
rates of mutation follow. If such mutations result in the acti¬ 
vation of oncogenes or the inactivation of tumor-suppressor 
genes, affected cells gain a growth advantage. 

In the early 1990s, several investigators observed that a sub¬ 
set of colorectal tumors have widespread instability in 
microsatellite repeats in tumor DNA and that such instability is 
present in the tumors of many patients affected by familial non¬ 
polyposis colorectal cancer (HNPCC). 61-63 Simultaneously, bac¬ 
terial and yeast geneticists described a set of DNA repair 
enzymes, termed DNA mismatch repair enzymes, that function 
to excise and repair nucleotide base mismatches that occur dur¬ 
ing DNA replication. The connection between DNA mismatch 
repair enzymes and HNPCC was solidified when it was found 
that tumor cells from patients with HNPCC lack DNA mis¬ 
match repair activity in vitro. 64 Subsequently, the first human 
mismatch repair homologue, hMSH2, was cloned and was 
found to be mutated in many patients with HNPCC. 65,66 Soon 
thereafter, a second human homologue of a mismatch repair 
enzyme, hMLHl, was cloned and demonstrated to be altered in 
a subset of patients with HNPCC who had normal hMSH2. 67,68 

It is now understood that DNA mismatch repair in the 
eukaryotic cell requires the participation of at least four other 
enzymes: hPMSl, hPMS2, hMSH6 (formerly called GTBP), 
and hMSH3. 69 Together, these enzymes form two complexes 
that perform the many aspects of the DNA mismatch repair 
process. Single base pair insertions or errors are recognized by 
a MSH2-MSH6 heteroduplex, which then binds a MLH1- 
PMS2 heteroduplex to initiate DNA excision. Similarly, larger 
DNA insertion or deletion loops are recognized by a MSH2- 
MSH3 heteroduplex, which again binds a MLH1-PMS2 het¬ 
eroduplex and initiates DNA excision. 70,71 It follows that 
hMSH2 or hMLHl mutator phenotypes result in the highest 
microsatellite instability and account for more than 60% of the 
mutations found in HNPCC kindreds. In addition to the 
germline inactivation of mismatch repair genes seen in 
HNPCC, spontaneous development of MSI high tumors results 
from hypermethylation of the promoter region of MLH1. 

Delineation of the molecular genetic alterations responsible 
for colorectal tumor development has defined much of our 
current understanding of the multiple-step process of tumori¬ 
genesis. Yet despite these discoveries, an even greater number 
of questions remain to be answered. For example, among indi¬ 
viduals who carry mutations in the APC gene, there is a wide 


variability in the phenotype; those affected with mutations 
that preserve the (3 -catenin binding domain may manifest a 
much more attenuated, or even absent, polyposis phenotype 
with substantially later and less aggressive tumor presentation. 
Similarly, although MSI high tumors are associated with some 
unfavorable features (poor differentiation, larger size, muci¬ 
nous subtype) compared to chromosomal unstable tumors, 
MSI high status confers a marked survival advantage. The elu¬ 
cidation of interacting transformational pathways will be 
paramount to our understanding of colorectal cancer and to 
the design of more specific treatment or prevention strategies. 


DIAGNOSIS 


Symptoms 

Colorectal cancer is diagnosed during the evaluation of a 
symptomatic patient or during screening or surveillance of 
asymptomatic patients. The symptoms of colorectal cancer 
tend to be nonspecific, such as vague intermittent abdominal 
pain, weight loss, sensation of bloating, bleeding per rectum, 
and at more advanced stages nausea and vomiting. Bleeding 
may present as melena, which is more commonly associated 
with right-sided colon cancers, or as gross red blood, associ¬ 
ated with left-sided colon and rectal cancers. Lesser amounts 
of bleeding may be detected on a fecal occult blood test. 
Patients with chronic blood loss may develop iron deficiency 
anemia, resulting in fatigue and even cardiac symptoms. 

Malignant obstruction can result in crampy abdominal pain 
with nausea and vomiting. In the presence of obstruction, a per¬ 
foration may develop either at the site of the tumor or through 
the proximal uninvolved intestine. With rectal tumors, compro¬ 
mise of the rectal reservoir can cause a change in bowel habits, 
such as constipation, decreased stool caliber, or even overflow 
diarrhea with changes in continence. With locally advanced rec¬ 
tal cancers, symptoms of tenesmus, urgency, and perineal pain 
can occur. 


Screening 

Screening and Diagnostic Tests. Screening refers to test- 
ing that is applied to an asymptomatic group without prior 
disease to identify those at greater risk for disease. Screening 
tests should demonstrate simplicity, accuracy and reliability, 
safety, cost-effectiveness, and good compliance. A broad 
range of screening and diagnostic studies can be used in the 
evaluation of a suspected large-bowel cancer. The least expen¬ 
sive and potentially most informative study for rectal tumors 
is a thorough digital examination geared toward localization 
of distal rectal and anal neoplasms. An appropriate digital 
exam should include sensitivity to patient privacy and dis¬ 
comfort, proper positioning, alerting the patient before pal¬ 
pating, noting landmarks (puborectalis muscle and coccyx 
posteriorly, bilateral ischial tuberosities, prostate anteriorly in 
men). The examiner should attempt to palpate the levator 
muscles and complete prostate and note presence of anatomic 
abnormalities and masses, as well as sphincter function with 
squeeze and push efforts. The recorded findings should not 
rely on a clock orientation, which changes depending on posi¬ 
tioning. Instead, right, left, anterior, and posterior orientation 
should be used. 

The fecal occult blood test (FOBT) is the most commonly 
used screening test for colorectal cancer. Stool samples are 
placed on guaiac-impregnated paper slides that change color 
in the presence of peroxidase activity from hemoglobin. 
Patients are instructed to test two samples from three consecu¬ 
tive bowel movements. Several factors affect the utility of this 
test. First, not all colonic cancers or polyps are associated with 








Chapter 68: Colorectal Cancer 


1099 


TABLE 68.4 DIAGNOSIS 


COMPARISON OF TRADITIONAL COLORECTAL CANCER SCREENING TEST CHARACTERISTICS 


■ UNREHYDRATED 

■ FLEXIBLE 

■ DOUBLE-CONTRAST 

■ FOBT 61110 

■ SIGMOID¬ 
OSCOPY 82111 ■ COLONOSCOPY 86111 

■ BARIUM 

ENEMA 112 - 114 


ACCURACY 

Sensitivity 

Specificity 

33%-40% 

97% 

70% 

97.5% 

100% 

70%-85% 

86%-97% 

COST, 2000 $US 115 ’ 116 

$3.50 

$400 

$695 

$296 

CONSEQUENCES 80 ’ 117 ’ 118 

Negligible 

Perforation = 0 
to 0.011% 

Hemorrhage = 0.15 to 4% 
Perforation = 0.2 to 3% 

Mortality = 0.006% 

Negligible 

COMPLIANCE 

60%-86% 

47%-74% 

28%-38% 


EFFECTIVENESS (reduction 
in CRC mortality) 116 

18%-55% 

34%-66% 

64%-90% 

33%-47% 

FOBT, fecal occult blood test, unrehydrated; CRC, colorectal 

cancer. 




bleeding, and even in those that are, bleeding is often intermit¬ 
tent in nature. Second, patients must be instructed to remain 
on diets low in peroxidase (no red meat or horseradish) before 
testing to avoid false-positive results. Third, certain medica¬ 
tions, such as iron, cimetidine, antacids, and ascorbic acid, 
may interfere with the peroxidase reaction and lead to a false¬ 
negative result. The experience with annual, nonrehydrated 
fecal occult blood testing in asymptomatic populations has 
shown that about 2.5% of tested patients have positive results. 
Among these, only 10% to 15% have colorectal cancer. 72 
Thus, a positive screening FOBT would necessarily lead to a 
more specific diagnostic test, colonoscopy, which would lead 
in turn to the opportunity for biopsy or polypectomy. After 18 
years of follow-up, the Minnesota Colon Cancer Control 
Study 73 determined that, even with 50% to 75% compliance, 
annual FOBT use decreased the incidence of colorectal cancer 
by about 20%. Table 68.4 compares test characteristics of 
FOBT and other traditional screening and diagnostic exami¬ 
nations described in the paragraphs that follow. 

Rigid sigmoidoscopy with a 25-cm instrument is compara¬ 
tively inexpensive but is limited by the length of intestine that 
can be examined and by patient compliance. Flexible fiberop¬ 
tic sigmoidoscopy has gained more acceptance. Instruments 
measuring 35 and 65 cm are available, and an examination of 
the sigmoid colon and rectum can usually be performed after 
cleansing enemas have been administered. Patient comfort is 
much higher than with rigid sigmoidoscopy. In addition, the 
ability to perform this test adequately without a total bowel 
cathartic and without sedation have a positive influence on 
patient compliance. Because of the risk of retained methane 
gas, electrocautery-assisted biopsy is unsafe. 

Colonoscopy with the 180-cm fiberoptic instrument is the 
most widely used diagnostic study to evaluate the colon, and 
use has increased substantially in recent years. 74 For some 
time, direct evidence of an association between colonoscopy 
and decreased colorectal cancer deaths after colonoscopy was 
lacking. However, recent case-matched, population-based data 
indicate a colonoscopy-associated 20% reduction in deaths 
from left-sided colon cancers. 75 Others have reported that 
diagnosis of advanced neoplasms decreased by more than 20% 
when colonoscopic screening increased threefold in the general 
population. 76 

A valuable aspect of this procedure is the ability not only to 
obtain mucosal biopsy specimens but to perform polypec¬ 


tomies. That is, colonoscopy provides both diagnostic and 
therapeutic benefit, making it the accepted criterion standard 
for assessing other screening and diagnostic tests. Data from 
the National Polyp Study 77 indicate a lower rate of cancer 
among patients who have undergone colonoscopic polypec¬ 
tomy. Thus, colonoscopy is the only screening test that can 
potentially prevent cancer development. Unfortunately, 
colonoscopy is also the only cancer screening test with an asso¬ 
ciated mortality rate. The incidence of severe complications that 
require surgical intervention (e.g., hemorrhage, perforation) is 
0.1% to 0.3%. 

The barium enema is an historic study for the diagnosis of 
colonic polyps and cancers. The double-contrast technique in 
which air insufflation is used is superior to the standard single¬ 
contrast barium enema to detect early polyps or cancers. The 
classic apple core defect has been described for colonic cancers 
(Fig. 68.6). Colonoscopy has largely supplanted use of barium 
enema, but the exam is still useful in the setting of strictures or 
adhesions that cannot be negotiated with a flexible scope. 
Another advantage of barium enema over colonoscopy is the 
routine visualization of the right side of the colon, which is not 
possible in 5% to 10% of colonoscopic examinations. 

Two emerging screening tests are virtual colonoscopy or 
computed tomography (CT) colonography and stool DNA 
(sDNA) screening. CT colonography was introduced in 1994 78 
and has gradually captured public appeal due to its potential 
to improve patient comfort, minimize risk, and eradicate the 
need for sedation. After air insufflation of the prepared colon, 
thin-cut axial images are gathered by a high-speed helical CT 
scanner; both prone and supine scans are obtained in minutes. 
Based on both image sets, the two-dimensional axial images 
are reconstituted into three-dimensional replications of the 
entire colon (Fig. 68.7). Another advantage of this technique is 
good visualization of the entire colon, including antegrade and 
retrograde views of haustral folds that sometimes elude the 
traditional colonoscopist. 

It must be noted that CT colonography is not diagnostic; 
that is, patients with positive findings must undergo a tradi¬ 
tional colonoscopy for biopsy or polypectomy. Among high- 
risk patients, per-patient sensitivity and specificity as high as 
92% and 94%, respectively, for patients with polyps or lesions 
greater than 6 mm have been reported from a single center. 79 
An early multicenter trial examined high-risk patients in nine 
different institutions and reported a combined sensitivity of 
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FIGURE 68.6. Surgical specimen with correlating barium enema 
examination of an invasive sigmoid carcinoma. A: The tumor is a 
circumferential lesion. B: The barium enema study demonstrates 
features of the apple core defect (arrows). 



only 39% for lesions greater than 6 mm with high interob¬ 
server variation. 80 This study has been criticized for its reliance 
on older technology and high interobserver variation. Such 
issues may more accurately reflect broadscale generalizability 
or alternatively may simply indicate a need for methodical cre- 
dentialing prior to institutional adoption of this technique. 

As a rule, test accuracy improves as lesions increase in size, 
but screening test accuracy declines with decreasing prevalence 
of disease. It follows that CT colonography test characteristics 
are less positive among the average-risk population. Table 68.5 
demonstrates the range of CT colonography test characteris¬ 
tics based on more recent studies. 81-84 Sensitivity and speci¬ 
ficity vary by lesion size and technique, but per patient speci¬ 
ficity and negative predictive value is consistently robust even 
for lesions less than 10 mm. A strong negative-predictive value 
indicates that a negative test result reliably reflects a lesion-free 
state; that is, patients with a negative test result may safely 
forego invasive conventional colonoscopy. False-negative and 
false-positive results in CT colonography are due primarily to 
retained stool, which can be minimized by a full bowel cathar¬ 
tic. Stool tagging techniques can also help to distinguish small 
lesions from fecaliths that adhere to the mucosa despite repo¬ 
sitioning. 85 

Stool DNA screening refers to PCR-analysis of sloughed 
mucosal cells in stool, seeking genetic alterations associated 
with colorectal cancer. Despite technically challenging conta¬ 
minants, stool is a useful medium for development of such 
tests because it reflects mucosal cells from the entire colon. 
Although the sequence of genetic changes in colorectal cancer 
is well documented, screening for any of these markers indi¬ 
vidually may be a painstaking process with no better accuracy 
than the well-entrenched fecal occult blood test. Conversely, a 
screening method for some optimal combination of genetic 
markers can be very useful. Among specimens from known 
cancer patients, early feasibility studies demonstrated 71% to 
91% sensitivity and greater than 93% specificity searching for 
a combination of K-ras, p53, APC, BAT-26, and long-segment 
DNA indicating extinguished apoptosis. 86,87 A recent multi¬ 
center cohort study of more than 4,400 average-risk patients 
compared fecal DNA screening to FOBT, using follow-up 
colonoscopy as a standard. 88 Sensitivity for invasive cancer 


was 51.6% versus 12.9%, respectively; specificity was 94.4% 
versus 95.2%, respectively. A newer version of sDNA with 
purported better test characteristics has become commercially 
available recently. Concerns about cost-effectiveness relative 
to FOBT 89,90 may require updating pending greater experience 
with use and better data-appropriate frequency. 

Screening Regimen and Surveillance Recommenda¬ 
tions. The previous section described goals and characteris¬ 
tics of screening tests. Screening regimens, that is the periodic 
application of these tests, should be undertaken for diseases 
that are serious, prevalent, and curable with early diagnosis. 
Colorectal cancer is clearly a serious health issue, resulting in 
approximately 50,000 deaths per year. The increased preva¬ 
lence among those older than 60 years of age justifies recom¬ 
mendations to begin screening at age 50 years for average-risk 
individuals. Last, effective treatment is available and earlier 
stage at diagnosis is associated with better outcome, implying 
that screening that results in early diagnosis and initiation of 
treatment confers a survival benefit. 

Screening for colorectal cancer begins with risk stratifica¬ 
tion to determine the appropriate timing of initiation and 
follow-up. Table 68.6 delineates different risk categories, 
including average risk, moderate risk, and high risk. For aver¬ 
age-risk individuals, no one strategy currently dominates the 
others in combined cost-effectiveness, patient safety, and com¬ 
pliance. 91 Therefore, the U.S. Multisociety Task Force on Col¬ 
orectal Cancer (USMSTF) has endorsed various cost-effective 
screening regimens for asymptomatic, average-risk individuals 
beginning at age 50 years. 92 Updated recommendations from 
the USMSTF for average-risk patients have separated tests into 
polyp and cancer screening tests (structural tests) and cancer 
screening tests (stool tests), with a strong emphasis on cancer 
prevention through use of the former (Table 68.7). 

Flexible sigmoidoscopy with insertion to 40 cm or the 
splenic flexure is the simplest structural examination and can be 
performed in a clinic setting after only a partial bowel prepara¬ 
tion with enemas. Approximately 70% of all large-bowel 
polyps and cancers should be within reach of a flexible sigmoi¬ 
doscope. Positive flexible sigmoidoscopy must be followed by 
full colonoscopy. A study of 3,121 veterans demonstrated that 
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FIGURE 68.7. Prominent ileocecal valve with an associated tumor. A: Identified on two-dimensional axial computed tomog¬ 
raphy image, sagittal view. B: Identified on two-dimensional axial computed tomography image, coronal view. C: Identified on 
reconstituted three-dimensional virtual colonoscopy image. D: As pictured on colonoscopy performed for biopsy. 


flexible sigmoidoscopy, followed by full colonoscopy if a distal 
polyp was found, would identify 70% to 80% of patients with 
proximal neoplasia. 93 A recent randomized trial comparing 
flexible sigmoidoscopy to FOBT found that the tests were 
equally likely to identify cancers (4 per 1,000 and 3.5 per 1,000 
screening exams, respectively), but that flexible sigmoidoscopy 
was threefold more likely to identify advanced polyps (size 
±10 mm, villous features, or high-grade dysplasia). 94 Current 
recommendations for average-risk individuals include flexible 
sigmoidoscopy once every 5 years, alone or paired with annual 
FOBT. 

Studies of colonoscopic screening efficacy have been limited 
by an inability to distinguish screening from diagnostic indica¬ 
tions. 75,76 In the classic National Polyp Study, patients who 
underwent colonoscopy and subsequent removal of benign 
polyps were followed with periodic colonoscopy for an aver¬ 
age duration of 6 years. 77 A 90% decrease in colorectal cancer 
in patients participating in the National Polyp Study was 
noted in comparison with a general population registry. The 
USMSTF recommends colonoscopic screening every 10 years, 
the estimated time for transformation from an adenoma to 


invasive malignancy. Recent changes in Medicare coverage to 
include screening colonoscopy have encouraged the use of this 
modality. 95 

Double-contrast barium enema (DCBE) is used less com¬ 
monly but remains an option among screening regimens. The 
DCBE provides a structural examination of the entire colon 
and is associated with less than 0.0001% complication rate. 
The accuracy of this exam is markedly poorer than conven¬ 
tional colonoscopy, and therefore recommended examination 
intervals have been shortened to every 5 years. 

Data regarding the efficacy of CT colonography was 
recently deemed sufficient to include it as a recommended 
screening regimen at 5-year intervals. 92 Because of persistent 
questions regarding test characteristics in specific subpopula¬ 
tions, such as the elderly, the Center for Medicare and Medic¬ 
aid Services has declined to cover CT colonography as a screen¬ 
ing regimen. As data with respect to safety, cost, and 
standardization of techniques disseminate, this issue is likely to 
be revisited. 96 

The annual or biennial fecal occult blood test remains the 
only purely screening regimen that has been shown to directly 
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TABLE 68.5 DIAGNOSIS 


COMPUTED TOMOGRAPHY (CT) COLONOGRAPHY TEST CHARACTERISTICS 0 


■ LESIONS 
>6 mm 

■ SENSITIVITY ■ SPECIFICITY 

■ POSITIVE- 
PREDICTIVE 
VALUE 

■ NEGATIVE- 
PREDICTIVE 
VALUE 

■ COMMENTS 

Johnson et al., 

2008 81 

78% 

88% 

40% 

98% 

Multicenter (n = 15), 
prospective, blinded study 

High- and average-risk 
patients (n = 2531) 

Pre-procedural stool tagging 
Three-dimensional 
reconstituted images 

Multidetector-row CT 
scanners (>16 rows) 

Pineau et al., 2003 84 

84% 

83% 


95% 

Prospective, blinded study 

High- and average-risk 
patients (n = 205) 

Pickhardt et al., 
2003 83 

88.7% 

79.6% 



Multicenter (n = 3), 
prospective, blinded study 

Average-risk patients 
(n = 1233) 

Pre-procedural stool tagging 

Three-dimensional 
reconstituted images 

a As compared with subsequent optical colonoscopy. 


TABLE 68.6 


RISK STRATIFICATION FOR COLORECTAL 
CANCER SCREENING 

Average Risk for Colorectal Cancer (must fulfill all 
criteria below) 

Age 50 years or older 

No personal history of polyps or colorectal cancer 
No first-degree relatives with polyps or colorectal cancer 
Fewer than two second-degree relatives with colorectal cancer 
Moderate Risk for Colorectal Cancer (any criteria below) 

First-degree relative with colorectal cancer or polyp at age 
younger than 60 years 

First-degree relative with colorectal cancer or polyp at age 
60 years or older 

Two or more second-degree relatives with colorectal cancer 
Increased Risk for Colorectal Cancer (any criteria below) 
Gene carrier or at risk for familial adenomatous polyposis 

Gene carrier or at risk for hereditary nonpolyposis colorectal 
cancer 

Surveillance (any criteria below) 

Personal history of colorectal polyps 
Personal history of colorectal cancer 
Personal history of inflammatory bowel disease 


reduce colorectal cancer mortality. The results of four separate 
trials comprising more than 400,000 persons with follow-up 
from 8 to 18 years are summarized in Table 68.8. 73,97-100 Based 
on intention to treat (screen), annual FOBT was associated 
with a 33% decrease in colorectal cancer mortality. With exclu¬ 
sion of the noncompliant patients from the Minnesota study, 
the observable reduction in colorectal cancer mortality would 
approximate 50%. Clearly, improving compliance with screen¬ 
ing can have a major impact on colorectal cancer mortality. 
Eliminating dietary restrictions may improve patient compli¬ 
ance, as with the newer guaiac-based fecal immunochemical 
tests. 101 Updated recommendations for the fecal occult blood 
testing regimen among average-risk adults from the USMSTF 
includes (i) annual, unrehydrated FOBT with dietary restric¬ 
tion or fecal immunochemical test without restriction, (ii) test¬ 
ing of two samples from three consecutive bowel movements, 
and (iii) following a positive screening test result with diagnos¬ 
tic colonoscopy. 

Currently, about 60% of Americans older than age 50 years 
have undergone any colorectal cancer screening. 102 It is hoped 
that choosing a screening regimen based on patient and 
provider preferences and resources will enhance screening 
compliance. Although colorectal cancer mortality is decreased 
with screening, it is unclear whether the overall mortality of 
the screened populations is different from that of the control 
groups. Mortality may be shifted to other causes (e.g., cardio¬ 
vascular deaths) in the screened population. Cost-effective 
analyses 91 indicate that all of the recommended colorectal can¬ 
cer screening strategies cost between $10,000 and $25,000 per 
year of life saved, that is, substantially less than the cost for 
other currently recommended screening measures (i.e., mam¬ 
mography). 

Patients with known disease or a personal history of polyps 
or cancer are in a separate surveillance category. Surveillance is 
defined as routine collection of data from a population known 
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TABLE 68.7 


GUIDELINES FOR COLORECTAL CANCER SCREENING 0 


■ INDIVIDUALS AT AVERAGE RISK, AGE >50 YEARS 

■ TEST 6 

■ INTERVAL 

■ COMMENT 

TESTS THAT DETECT ADENOMATOUS POLYPS OR CANCER (STRUCTURAL TESTS) 

Flexible sigmoidoscopy^ 7 Every 5 years Insertion to 40 cm or splenic flexure. 

Complete or partial bowel preparation required. 
Sedation is not usually used. 

Colonoscopy 

Every 10 years 

Complete or partial bowel preparation required. 
Conscious sedation is used. 

Risks include perforation and bleeding. 

Double-contrast barium enerna^ 7 

Every 5 years 

Complete bowel preparation required. 

Sedation is not usually used. 

Computed tomography colonography^ 7 

Every 5 years 

Complete bowel preparation required. 

Sedation is not usually used. 

■ TEST 6 

■ INTERVAL 

■ COMMENT 

TESTS THAT PRIMARILY DETECT CANCER (STOOL TESTS) 

Fecal occult blood test Annually 

No rehydration. 

Two or three specimens should be collected at 
home to complete testing. 

Patients must commit to periodic testing; 

One-time testing is likely to be ineffective. 

Fecal immunochemical test 

Annually 

Two or three specimens should be collected at 
home to complete testing. 

Patients must commit to periodic testing; 

One-time testing is likely to be ineffective. 

Stool DNA test 

Uncertain 

An adequate sample (30 gm) is necessary and 
requires special packaging. 


■ INDIVIDUALS AT MODERATE RISK 

■ RISK 

■ INITIATE SCREENING 

■ COMMENTS 

First-degree relative with colorectal 
cancer or polyp at age >60 years or 
two or more second-degree relatives 
with colorectal cancer 

Age 40 years 

Same screening regimens and intervals as 
average risk 

First-degree relative with colorectal 
cancer or polyp at age <60 years or 
two or more first-degree relatives 
with colorectal cancer 

Age 40 years or 10 years younger than 
youngest family member at the time 
of diagnosis, whichever comes first 

Colonoscopy every 5 years 


■ INDIVIDUALS AT INCREASED RISK, COLONOSCOPY ONLY 

■ FAMILIAL RISK 

RESULT 

■ INITIATE 

SURVEILLANCE 

■ INTERVAL IF NORMAL COLONOSCOPY 

Familial adenomatous polyposis; 
consider genetic counseling and testing; 
colectomy if genetic testing is positive. 

Age 10-12 years 

Annual sigmoidoscopy, stopping at age 40 years 
if normal 

Attenuated adenomatous polyposis coli 

Late teens 

Annual colonoscopy, no stopping at age 40 years 

Hereditary nonpolyposis colon cancer 

Age 20-25 years or 10 years younger 
than earliest family diagnosis 

Biennial colonoscopy to age 40 years, then 
annual 

^Endorsed by the American Cancer Society, American College of Gastroenterology, American Society of Colon and Rectal Surgeons, American Society 
for Gastrointestinal Endoscopy, Oncology Nursing Society, and Society of American Gastrointestinal Endoscopic Surgeons. 

^Diagnostic evaluation with colonoscopy should be performed for any patients with either positive findings on this screening examination or 
symptoms suggestive of colorectal cancer or polyps. 
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1 TABLE 68.9 1 

GUIDELINES FOR COLORECTAL CANCER ENDOSCOPIC SURVEILLANCE 0 

■ PERSONAL HISTORY RISK 

■ INITIATE SURVEILLANCE 

■ INTERVAL 

Following resection of single <1 cm adenoma 

5-10 years post-polypectomy 

If first colonoscopy is normal, resume 
average-risk recommendations. 

Following resection of 3-10 adenomas, or 
>1 cm adenoma, or polyp with villous 
features or high-grade dysplasia 

3 years post-polypectomy 

If first surveillance colonoscopy is 
normal, repeat at 5 years. 

Following resection of >10 adenomas 

<3 years post-polypectomy 

Consider evaluation for familial 
syndrome. 

Following piecemeal removal of sessile adenoma 

2-6 months post-polypectomy 

Individualize. 

Following curative resection for colorectal 
cancer 

Within 3-6 months if preoperative 
clearing was not performed. Within 

1 year postoperatively following 
clearance of synchronous disease. 

If normal, repeat in 3 years, then if 
normal every 5 years. 

Inflammatory bowel disease 

Within 8 years of diagnosis 

Survey for dysplasia every 1-2 years. 

^Endorsed by the American Cancer Society, American College of Gastroenterology, American Society of Colon and Rectal Surgeons, American Society 
for Gastrointestinal Endoscopy, Oncology Nursing Society, and Society of American Gastrointestinal Endoscopic Surgeons. 


to be at high risk for disease. For the purposes of colorectal 
cancer, this includes patients with inflammatory bowel disease 
or a personal history of polyps or cancer. The USMSTF Sur¬ 
veillance Guidelines 92,103,104 recommend periodic endoscopy as 
outlined in Table 68.9. 


STAGING 


Pathology 

Of all large-bowel cancers, 90% to 95% are adenocarcino¬ 
mas, with the remaining histologic types being squamous cell 
carcinomas, adenosquamous carcinomas, lymphomas, sarco¬ 
mas, and carcinoid tumors. Most colonic adenocarcinomas 
are moderately differentiated or well-differentiated tumors. 
About 20% of adenocarcinomas are poorly differentiated or 
undifferentiated, and these are associated with a poorer prog¬ 
nosis. Another commonly described characteristic of adeno¬ 
carcinomas is the relative amount of mucin that is produced. 
Ten percent to 20% of tumors are described as mucinous or col¬ 
loid carcinomas based on the abundant production of mucin. 
These tumors are associated with a poorer 5-year survival rate 
in comparison with nonmucinous tumors. Other histologic fea¬ 
tures associated with a poorer prognosis include blood vessel 
invasion, lymphatic vessel invasion, and the absence of a lym¬ 
phocytic response to the tumor. 


Staging Classification 

Since Dukes’ original description, various staging systems based 
on tumor penetration through the bowel wall have been 
described. The standard system for staging at this time is the Q 
American Joint Committee on Cancer and the International 
Union Against Cancer (AJCC/UICC) staging system based on the 
extent of the primary tumor (T), regional node involvement (N), 
and metastasis (M). The TNM system is correlated with the his¬ 
torical Dukes and modified Astler-Coller stages in Table 68.10. 

The TNM method is subjected to continuous, data-driven qual¬ 
ity improvement reviews. In contrast to the modified Astler- 
Coller system, the TNM system includes carcinoma in situ (Tis) 
and stratifies according to number of positive nodes (Fig. 68.8). 


Stage 0 represents Tis tumors that do not metastasize, stage I 
includes T1 and T2 tumors, stage II includes T3 and T4 tumors, 
and stage III includes any tumors with nodal involvement 
(N1-N3). Stage IV includes any cancer with distant metastases. 

In 2002, the TNM staging system for colorectal cancer was 
updated to better reflect the impact of depth of penetration and 
number of involved lymph nodes. 105 National Cancer Database 
evidence of significantly different survival times among more 
than 50,000 patients with node-positive cancer led to expan¬ 
sion into subcategories A, B, and C, as displayed in Table 
68.10. The prognostic validity of this subclassification has been 
demonstrated using the SEER national cancer registry. The 
AJCC 6th edition revised TNM system revealed 5-year colon 
cancer survival rates of 93.2% for stage I, 84.7% for stage IIA, 
72.2% for stage IIB, 83.4% for stage IIIA, 64.1% for stage 
IIIB, 44.3% for stage IIIC, and 8.1% for stage IV. 106 

Survival of stage IIIA is notably better than that of stage 
IIB. Two immediate hypotheses may explain this prognostic 
discrepancy. First, the poorer survival rate among stage IIB 
patients may reflect the lack of clear recommendations for 
adjuvant treatment of these patients. 107 Second, an accurate 
staging system is predicated on adequate node examination. A 
minimum number of 12 lymph nodes examined has been asso¬ 
ciated with improved survival 108 and by inference with ade¬ 
quacy of examination. Although there is some controversy 
regarding the mechanism whereby survival is improved, the 12 
lymph node rule—that is, examination of at least 12 lymph 
nodes in a colon cancer surgical specimen—has been adopted 
as a surveillance measure of quality of care. 109,110 


NATURAL HISTORY 


The natural progression of colorectal cancer comprises three 
processes: local invasion, lymphatic spread, and hematoge¬ 
nous spread. Early studies by Dukes led to the theory of an 
orderly progression from local tumor invasion to subsequent 
lymphatic and hematogenous spread after the tumor had pen¬ 
etrated the intestinal wall. Later data have shown that tumors 
that do not invade through the intestinal wall can progress to 
lymphatic metastases or distant disease nonetheless. Thus, 
even patients who undergo curative resection of apparently 
localized colorectal cancers may harbor blood-borne metastases. 
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TABLE 68.10 


STAGING OF COLORECTAL CANCER 0 

■ STAGE ■ DESCRIPTION 

TUMOR-NODE-METASTASIS (TNM) SYSTEM 
Primary Tumor 

TX Primary tumor cannot be assessed 

TO No evidence of tumor in resected specimen (prior polypectomy or fulguration) 

Tis Carcinoma in situ 

T1 Invades into submucosa 

T2 Invades into muscularis propria 

T3/T4 Depends on whether serosa is present 

Serosa Present 

T3 Invades through muscularis propria into subserosa; invades serosa (but not through); 

invades pericolic fat within the leaves of the mesentery 

T4 Invades through serosa into free peritoneal cavity or through serosa into a contiguous organ 

NP Serosa (distal two thirds of rectum, posterior left or right colon) 

T3 Invades through muscularis propria 

T4 Invades other organs (vagina, prostate, ureter, kidney) 

Regional Lymph Node Involvement 

NX Nodes cannot be assessed (e.g., local excision only) 

NO No regional node metastases 

N1 1-3 positive nodes 

N2 4 or more positive nodes 

N3 Central nodes positive 

Distant Metastasis 

MX Presence of distant metastases cannot be assessed 

MO No distant metastases 

Ml Distant metastases present 


Stage 


Description 


0 

Tis 

NO 

MO 

I 

Tl,2 

NO 

MO 

IIA 

T3 

NO 

MO 

IIB 

T4 

NO 

MO 

IIIA 

Tl,2 

N1 

MO 

IIIB 

T3,4 

N1 

MO 

IIIC 

Any T 

N2 

MO 

IV 

Any T 

Any N 

Ml 


DUKES STAGING SYSTEM CORRELATED WITH TNM SYSTEM 


Dukes A 

Tl, NO, MO (stage I) 


T2, NO, MO (stage I) 

Dukes B 

T3, NO, MO (stage II) 


T4, NO, MO (stage II) 

Dukes C 

T (any), Nl, MO; T (any), N2, MO (stage III) 

Dukes D 

T (any), N (any), Ml (stage IV) 


MODIFIED ASTLER-COLLER (MAC) SYSTEM CORRELATED WITH TNM SYSTEM 


MAC A 

Tl, NO, MO (stage I) 

MAC B1 

T2, NO, MO (stage I) 

MAC B2 

T3, NO, MO (stage II) 

MAC B3 

T4, NO, MO (stage II) 

MAC Cl 

T2, Nl, MO; T2, N2, MO (stage III) 

MAC C2 

T3, Nl, MO; T3, N2, MO (stage III) 


T4, Nl, MO; T4, N2, MO (stage III) 

MAC C3 

T4, Nl, MO; T4, N2, MO (stage III) 


a In all pathologic staging systems, particularly those applied to rectal cancer, the abbreviations m and g may be used; m denotes microscopic 
transmural penetration; g or m + g denotes transmural penetration visible on gross inspection and confirmed microscopically. 
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Dukes Modified Astler and Coller AJCC/UICC 


Mucosa 
Muscularis mucosa 
Submucosa 


Muscularis propria 


Subserosa 

Serosa 
Adjacent organs 

Regional lymph 
nodes 

Beyond adjacent 
organs 

Juxtaregional 
lymph nodes 



FIGURE 68.8. Schematic description of the staging systems with respect to depth of invasion. 


Therapies designed to reduce the development of recurrent dis¬ 
ease after surgical resection are discussed in later sections of 
this chapter. 

Often local growth of an adenocarcinoma is characterized 
by intramural expansion of the tumor into the bowel lumen. 
Subsequent lateral invasion into the intestinal wall usually 
progresses in a transverse direction rather than longitudinally 
and thereby leads to circumferential involvement of the intes¬ 
tine. Although the incidence of lymphatic metastasis increases 
with extent of local invasion through the intestinal wall, 10% 
to 20% of patients with cancer limited to the submucosa are 
found to have positive lymph nodes. 

The liver is the most common site of hematogenous spread 
of colorectal cancer; liver metastasis occurs in about half of all 
cases eventually. 111 The liver is the first capillary network 
exposed to tumor emboli traveling through the portal system 
and represents the major site of venous drainage of the colon 
and upper rectum. The liver can be the sole site of tumor metas¬ 
tasis, as evidenced by the successful resection of liver metastases 
for cure in selected patients. By contrast, the lower rectum has a 
dual drainage system, draining into the portal system and the 
vena cava by way of the middle and inferior hemorrhoidal 
veins, respectively. Isolated lung metastases can develop from 
lower rectal tumors when tumor emboli travel through the sys¬ 
temic venous drainage system. The lung is the second most 
common site of metastasis from colorectal tumors. Tumor 
involvement of other sites in the absence of liver and lung 
metastases is unusual. In certain circumstances, isolated bone 
metastases to the sacrum or vertebral bodies can arise when 
tumor emboli travel through portal-vertebral venous communi¬ 
cations known as the Batson plexus. 

Another potential mode of spread is by intraluminal or extra¬ 
luminal exfoliation of tumor cells with subsequent implantation. 
Tumor implantation may occur during surgical resection; spillage 
of tumor cells can cause recurrences in bowel anastomoses, 


abdominal incisions, or other intra-abdominal sites. When tumors 
penetrate the intestinal wall, shed tumor cells can be implanted 
intraperitoneally and cause peritoneal carcinomatosis. 

A summary of the natural history of patients who present 
with colorectal cancer is depicted in Algorithm 68.1. 111 For 
every 100 patients initially evaluated, 30 have clinically evident 
distant spread, and the remaining 70 undergo resection for 
localized disease. Among these 70 patients, 45 are cured and 
disease recurs in the remainder. Extrapolation of these figures 
to the approximately 150,000 patients in whom colorectal can¬ 
cer is diagnosed each year in the United States implies that 
67,500 patients can be cured with surgical resection alone; dis¬ 
ease recurs in the remaining 82,500 patients after resection, or 
they have disseminated tumor at the time of diagnosis. 


TREATMENT 


Primary Colorectal Tumors 

Neoplastic Polyps. Endoscopic polypectomy is the standard 
approach for the treatment of advanced polyps (size >10 mm, 
villous features, or presence of high-grade dysplasia) unless it is 
medically contraindicated. Most pedunculated polyps can be 
removed with a snare endoscopically. Frequently sessile lesions 
can be removed piecemeal, but several sessions may be 
required. A resected lesion with a malignant focus presents a 
dilemma regarding whether to subject the patient to the risks of 
colectomy. Lesions that are (i) low grade, (ii) without mucosal 
penetration, (iii) with resection margin greater than 2 mm, and 
(iv) without lymphovascular invasion should be considered a 
malignancy in situ that is exceedingly unlikely to metastasize 
and therefore does not require further surgery. 112-115 If the 
lesion penetrates the muscularis mucosa, it is an invasive 
cancer and surgical resection should be strongly considered. 
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ALGORITHM 68.1 


ALGORITHM 68.1. The natural history of colorectal cancer. 


Occasionally, colectomy with resection of paracolonic lymph 
nodes is performed without evidence of residual disease or 
nodal metastases and the patient goes on to develop widespread 
metastases. Such a scenario likely reflects aggressive tumor biol¬ 
ogy refractory to the local control provided by resection. 

Large villous tumors of the rectum can pose a therapeutic 
challenge. Total excision is required to assess the presence of 
invasive cancer accurately and prevent recurrence, which is esti¬ 
mated to occur in up to 40% of cases. A full-thickness transanal 
excision with sphincteric muscle and mucosal approximation is 
preferred and can be facilitated by transanal microscopic endo- 
surgery techniques. However, other approaches, such as low 
anterior resection, coloanal procedures, or abdominoperineal 
resection, may have to be used to excise extensive benign rectal 
lesions totally. 


Invasive Colorectal Cancers 

Surgery. Surgical options for colorectal cancer depend on the 
location of the primary tumor. These surgical procedures are 
summarized in Table 68.11. 

Before surgical resection, evaluation for metastatic disease is 
important. A careful physical examination determines the pres¬ 
ence of hepatomegaly, ascites, or adenopathy. Except in the case 
of an obstructing lesion, a preoperative CT scan has become 
de rigueur. For rectal tumors, the distance of the tumor from the 
anal verge and its mobility are important in assessing resectabil¬ 
ity and the type of operation required. Rectal ultrasonography or 
magnetic resonance imaging are excellent methods for preopera¬ 
tive assessment of local invasion, sphincter involvement, and the 
presence of enlarged lymph nodes within the mesorectum (Fig. 
68.9). Laboratory studies should include a complete blood cell 
count; a comprehensive metabolic panel to assess nutritional sta¬ 
tus, serum liver enzymes, and renal function; and a carcinoem- 


bryonic antigen (CEA) assay. Determination of a baseline CEA 
level can be useful in subsequent follow-up of the patient as well 
as assessment of potential metastases. The presence of metastatic 
disease may alter the planned surgical procedure and lead to pre¬ 
liminary treatment with chemotherapy or to a more extensive 
resection. In the unobstructed patient, a full colonoscopy or 
double-contrast barium enema should be performed to rule out 
the presence of synchronous colorectal cancers. 

The surgical goals in the resection of a primary colorectal 
cancer are to achieve an en bloc resection that encompasses an 
adequate amount of normal colon proximal and distal to the 


TABLE 68.11 TREATMENT 


SURGICAL OPTIONS FOR COLORECTAL CANCER 

INTRAPERITONEAL COLON AND UPPER THIRD OF 
THE RECTUM 

Resection and anastomosis 
MIDDLE THIRD OF THE RECTUM 
Abdominoperineal resection 
Low anterior resection 
Abdominosacral resection 
Coloanal resection 
Local excision or fulguration 
Primary radiation therapy 
LOWER THIRD OF THE RECTUM 
Abdominoperineal resection 
Local excision or fulguration 
Primary radiation therapy 
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tumor, to obtain adequate lateral margins if the tumor is adher¬ 
ent to contiguous structures, and to remove regional lymph 
nodes. Accomplishment of these goals optimizes the chance of 
preventing locoregional recurrence of the disease. The extent of 
bowel resection has been the subject of numerous debates. In 
pathologic studies, tumor rarely extends intramurally more than 
2 cm beyond the area of gross involvement. Traditionally, 5 cm 
of normal large intestine proximal and distal to the tumor has 
been advocated as a margin that is adequate to encompass intra¬ 
mural spread completely. The actual margin of intestine removed 
is often determined by the extent of the lymphadenectomy. The 
draining lymph nodes to be removed as part of a curative resec¬ 
tion include nodes along the named feeding artery (Fig. 68.10). 
In the event that the tumor is between named arteries, intraop¬ 
erative judgment should address whether both basins must be 
removed. Extensive resections of bowel along with more cen¬ 
tral or retroperitoneal lymph nodes are not indicated because 
they add minimal oncologic benefit and substantially increase 
operative complications. At the time of surgical resection, the 
abdominal viscera, particularly the liver and peritoneal sur¬ 
faces, should be thoroughly investigated. If evidence of dissem¬ 
inated disease is apparent, a less extensive resection of the pri- 


FIGURE 68.9. Endoscopic ultrasound for rectal cancer stag¬ 
ing; “u” denotes ultrasound staging. A: Schematic view of wall 
structures. Bl: Stage uTINO rectal tumor; invasion of the sub¬ 
mucosa (short arrow); no invasion of the muscularis propria 
(long arrow). B2: Colonoscopic image of the tumor. Cl: Stage 
uT3Nl tumor; invasion through the muscularis propria (long 
arrow) and with nearby lymph node (short arrow). C2: 
Colonoscopic image of the same tumor; note the hemicircum- 
ferential growth. 




mary lesion for palliation to avoid complications of obstruc¬ 
tion or bleeding may be indicated. 

Intraperitoneal Colon and Upper Third of the Rectum. The 

surgical resection of cancers in different sites in the colorectum 
requires attention to specific anatomic details. Resection plus 
primary anastomosis is the surgical procedure of choice for 
cancers of the colon and upper and middle third of the rectum. 
While use of mechanical bowel preparations is in decline, oral 
antibiotics should be considered preoperatively to reduce infec¬ 
tious complications. The choice of anastomotic technique (i.e., 
stapling vs. hand sewing) depends on the surgeon’s preference. 

Tumors of the cecum and ascending colon should be 
resected by a right hemicolectomy. Ligation of the ileocolic, 
right colic, and right branches from the middle colic artery is 
required (Fig. 68.10). For tumors in the hepatic flexure, an 
extension of a right hemicolectomy is performed with ligation 
of the middle colic artery near its origin. Care must be taken 
during the mobilization of the ascending colon and hepatic 
flexure because the right ureter and testicular or ovarian ves¬ 
sels, inferior vena cava, superior mesenteric vein, and duode¬ 
num are all in proximity. 
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FIGURE 68.10. Segmental resections for cancers of the colon and upper third of the rectum. 


For lesions of the transverse colon, a transverse colec¬ 
tomy is accomplished by proximal ligation of the middle 
colic artery (Fig. 68.10). Cancer of the splenic flexure can 
be treated with a segmental resection in which the middle 
transverse colon is anastomosed to the middle descending 
colon. For this procedure, the left colic artery is divided 
and the middle colic artery is preserved. Mobilization of 


the splenic flexure requires care to avoid injury to the 
spleen. 

A left hemicolectomy with removal of intestine from the 
middle transverse to the distal sigmoid colon can be used for 
tumors of the descending colon (Fig. 68.10). High ligation of 
the inferior mesenteric artery is necessary in this operation. 
For cancers of the sigmoid colon, a segmental resection can be 
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FIGURE 68.11. Extent of surgery in abdominoperineal resection. 


performed with ligation of the sigmoid artery near its origin. 
Rectosigmoid cancers and tumors confined to the upper third 
of the rectum are removed by an anterior resection. The upper 
third of the rectum is about 12 to 16 cm from the anal verge 
and is located above the peritoneal reflection ending proxi- 
mally where the tenia flare (Fig. 68.11). The pelvic peritoneum 
is incised circumferentially around the rectum, and the intes¬ 
tine is sharply mobilized from the presacral fascia. Laterally, 
the middle hemorrhoidal vessels are ligated. Anteriorly, the 
rectum is mobilized from the seminal vesicles and prostate or 
the vagina. The mesenteric vessels are divided at the origin of 
the sigmoid artery or higher, at the origin of the inferior mesen¬ 
teric artery, if further mobilization of the splenic flexure is 
required to obtain a tension-free anastomosis. 

Laparoscopic and hand-assisted laparoscopic techniques 
have been widely adopted for resection of colon and upper rec¬ 
tal cancers. Although the operative steps and surgical princi¬ 
ples are identical, laparoscopic resection for colorectal cancer 
was met initially with skepticism. Critics questioned potential 
for port-site metastases, possible inadequacy of resection, 
compromise of patient safety, and increased cost and time 
investment for questionable gain. The Clinical Outcomes and 
Surgical Therapy (COST) Study Group 116 and others 117 have 
reported no difference in perioperative complications, cancer 
recurrence, or overall survival at 3-year follow-up. A large 
cohort study from the National Cancer Database recently 
compared overall survival after laparoscopic and open colon 
cancer resection. 118 After case mix adjustment, overall survival 
was improved for patients who underwent laparoscopic resec¬ 
tion of stage I and II but not stage III colon cancer. 

Middle and Lower Third of the Rectum. Cancers located in the 
lower third of the rectum, between the anorectal ring and 7 to 
8 cm from the anal verge, are reliably treated by abdominoper¬ 
ineal resection. The procedure involves wide excision of the rec¬ 
tum to include the lateral attachments and pelvic mesocolon 
and establishment of a colostomy. The extent of surgery for an 


abdominoperineal resection is illustrated in Figure 68.13. With 
the patient in a modified lithotomy position, the abdominal and 
perineal procedures can be performed simultaneously by two 
teams or sequentially by one team. Alternatively, the abdominal 
procedure can be completed with the patient in the supine posi¬ 
tion, and the perineal portion completed afterward, with the 
patient turned in the lateral position. On opening of the 
abdomen, evidence of intra-abdominal spread is ascertained. 
The discovery of extensive disseminated disease may eliminate 
the need for an abdominoperineal resection because a local exci¬ 
sion or fulguration to preserve anal function may be more 
appropriate for palliation. If an abdominoperineal resection is 
performed, ligation of the superior rectal artery at its origin, 
along with the superior rectal vein, is required. Occasionally, if 
extensive nodal disease is present, higher arterial ligation may 
be necessary. The rectum is mobilized in a fashion similar to that 
described for an anterior resection, but the dissection is carried 
down to the pelvic floor muscles, which are excised en bloc with 
the anus. An end-sigmoid colostomy is brought out through the 
rectus sheath. Efforts to exclude small intestine from a future 
radiation field by use of the omentum should be considered. 
Primary closure of the perineal wound over drains often can be 
accomplished, but a greater than 50% wound infection rate is 
to be expected. Use of gracilis or other muscle flaps at the time 
of perineal wound closure should be considered in patients who 
have undergone neoadjuvant radiation. 

Middle and Lower Third of the Rectum. Cancer of the middle 
third of the rectum, between 8 and 12 cm from the anal verge 
(Fig. 68.14), can be managed by various techniques. For these 
tumors, abdominoperineal resection does not yield results 
superior to those of other procedures that spare the anal 
sphincter. Therefore, an effort should be made to maintain 
intestinal continuity. Fow anterior resection is a commonly 
used technique that involves resection of the middle rectum 
with primary anastomosis. The introduction of the end-to-end 
anastomosis stapler has increased the use of this sphincter-saving 
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FIGURE 68.12. Anorectal anatomy with 
important landmarks. Approximate mea¬ 
surements are relative to the anal verge. 
D, deep; S, superficial; Sc, subcutaneous; 
AR, anorectal ring; ATZ, anal transition 
zone. 



procedure (Fig. 68.13A). If a transanal reconstruction with a 
stapler is contemplated, the patient should be placed in the 
lithotomy position. The initial stages of the operation, with 
complete mobilization of the rectum to the level of the pelvic 
floor, are identical to those for an abdominoperineal resection. 
After removal of the tumor, an end-to-end or end-to-side anas¬ 
tomosis is joined with sutures or staples (Fig. 68.13B and C). 
After ascertaining an airtight anastomosis, a temporary trans¬ 
verse colostomy or loop ileostomy is recommended for patients 
in whom preoperative radiation was used, the anastomosis is 
up to 4 cm from the anal verge, or the integrity of the anasto¬ 
mosis is a concern. 

Other sphincter-saving approaches have been described for 
middle rectal cancers. 119 Coloanal anastomosis involves 
restoring bowel continuity by bringing the colon to the level of 
the anus and dentate line (Fig. 68.13D). A straight coloanal 
anastomosis commonly results in stool frequency, urgency, and 
incontinence for the first year postoperatively. These symptoms 
can be tempered by a side-to-end anastomosis or a formation 
of a colonic J-pouch (Fig. 68.13E). Creation of an adequate but 
not overlarge reservoir is an important technical point to avoid 
future difficulty with evacuation. 

A controversy in sphincter-saving procedures for rectal 
tumors concerns the length of an adequate distal mucosal mar¬ 
gin. The traditional dictum of 5 cm for a margin is not evidence 
based. Only 2.5% of patients have intramural spread beyond 2 
cm from the palpable tumor—and these patients usually have 
dissemination of tumor despite aggressive local therapy. No 
correlation has been found between local recurrence and extent 
of the distal margin when it is greater than 2 cm. Ideally, a sur¬ 
gical margin of 3 cm, measured on the fresh specimen, should be 
achieved. If the end-to-end anastomosis stapler is used, then a 
margin of 2 cm plus the additional “doughnut” specimen 
obtained by the stapler should be adequate. The segment of rec¬ 
tum located between the tumor and the pelvic floor, determined 
preoperatively, can be lengthened as much as 4 cm after the rec¬ 
tum is mobilized from its pelvic attachments (Fig. 68.14). If in 
the surgeon’s judgment an adequate margin cannot be obtained, 
then abdominoperineal resection should be performed. 

Radial margins are more relevant than longitudinal margins 
for local control of mid to low rectal cancers. The practical 
importance of lateral spread is demonstrated by results of total 
mesorectal excision (TME) en bloc with the rectal specimen. By 
means of TME, the Basingstoke group initially reported a dra¬ 
matic reduction in local recurrence from the norm of 30% to 
40% to 3.7% over a 4-year follow-up period. 120 Subsequent 
studies consistently showed a decline in local recurrence of 
15% to 40% using conventional techniques to 4% to 11% 


using TME. 121-124 The technique of TME includes sharp dissec¬ 
tion posteriorly in the presacral avascular plane from the supe¬ 
rior hemorrhoidal vessels to the levator ani, laterally encom¬ 
passing the entire peritoneal reflection, and anteriorly including 
Denonvilliers fascia in the specimen (Fig. 68.15). 

As with many oncologic surgical procedures, increased inter¬ 
est has been shown in less radical types of surgery to manage 
cancers of the middle and lower third of the rectum in an effort 
to preserve the anal sphincters and avoid an abdominoperineal 
resection. Initially, these local procedures, such as excision, 
ablation, and irradiation, were reserved for patients with 
advanced disease or with medical contraindications to radical 
surgery. However, for selected patients with low rectal cancers, 
local excision is an acceptable treatment option that is associ¬ 
ated with rates of local recurrence and survival similar to those 
seen after radical surgery. A multicenter, prospective study was 
undertaken to address this question. 125 To be eligible, patients 
had to have an adenocarcinoma of the rectum that was 10 cm 
or less from the dentate line and 4 cm or less in diameter, and 
that involved 40% or less of the rectal lumen. All patients regis¬ 
tered underwent local excision of their tumor. Those determined 
to have T1 tumors with negative surgical margins received no 
further treatment, and those with T2 tumors underwent post¬ 
operative radiation and chemotherapy. The 6-year disease-free 
survival rates were 83% and 87%, respectively, and the overall 
survival rates were 71% and 85%, respectively, for T1 and T2 
tumors. Two of 59 patients with T1 tumors and 7 of 51 patients 
with T2 tumors experienced an isolated local recurrence and 
underwent salvage abdominoperineal resection. Four of these 
died of recurrent local or distal disease. 125 A case-control study 
from the Minnesota group examining transanal excision versus 
radical surgery without adjuvant therapy found a significantly 
higher local recurrence rate of 47% versus 6%, respectively. 126 
More important, T2 patients undergoing local versus radical 
initial excision experienced a respective 5-year survival differ¬ 
ence of 65% versus 81% among patients with T2 tumors, in 
spite of salvage abdominoperineal resection. Detailed prospec¬ 
tive data to better understand 3-year survival and other out¬ 
comes of preoperative chemoradiotherapy followed by 
transanal excision of uT2N0 rectal tumors are currently being 
collected through the American College of Surgeons Oncology 
Group protocol Z6041. 127 

Other forms of local treatment for low rectal cancers are 
reserved for patients who are not candidates for abdominoper¬ 
ineal resection or local excision. Ablation by transanal electric 
fulguration of the tumor in multiple stages has been reported 
to be an acceptable treatment in patients who are poor surgi¬ 
cal candidates; however, this procedure cannot be used for 
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FIGURE 68.13. Techniques for low anterior resections. A: End-to-end stapler. B: Single layer with sutures. C: Side-to-end anastomosis. D: Pull- 
through. E: Colon J-pouch (5- to 6-cm pouch). F: Transsacral resection. 


circumferential tumors. 128 Endocavitary irradiation as a pri¬ 
mary curative therapy for early cancers has been reported with 
some success. The neodymium:yttrium-aluminum garnet laser 
has been found to be effective in palliating obstructive or 
bleeding lesions of locally advanced colorectal tumors. 


Adjuvant Radiation Therapy 

Radiation therapy combined with surgical resection for colorec¬ 
tal cancer has been demonstrated to reduce the incidence of 
local tumor recurrence. In general, the use of radiation therapy 
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FIGURE 68.14. Dissection of the rectum from pelvic attachments 
lengthens distal tumor-free margins and may permit a sphincter-saving 
procedure. 




has been limited to rectal tumors in which the incidence of local 
recurrence is significant, including those extending through the 
intestinal wall or with lymph node involvement. Overall, for 
stage IIA (T3N0) rectal tumors, the incidence of local recur¬ 
rence is about 30% to 35% but can be reduced to 5% with 
adjuvant radiation therapy. For stage III (any T, Nl-2) rectal 
cancers, the use of adjuvant radiation therapy decreases local 
recurrences from the range of 45% to 65% down to 10%. Mul¬ 
tiple phase III studies of adjuvant and neoadjuvant radiation 
have demonstrated improved local control. 129 Although no sur¬ 
vival advantage has been shown at 2 years follow-up, one ran¬ 
domized controlled trial revealed an overall 5-year survival rate 
of 58% for radiation plus surgery versus 48% for the surgery 
alone group. 130 

The technical aspects of radiation therapy relate to dose and 
timing. The effectiveness of radiation therapy is directly propor¬ 
tional to the total dose. It appears that the most effective dose of 
radiation to eradicate microscopic disease is at least 5,000 cGy. 
Adjuvant radiation therapy can be delivered preoperatively, 
postoperatively, or in a combined “sandwich” approach, in 
which small doses of preoperative treatment are followed by 
postoperative treatment to a high total cumulative dose. Recent 
data from a randomized trial of preoperative versus postopera¬ 
tive therapy for Stage II and III patients indicate no overall sur¬ 
vival superiority. However, patients who received preoperative 
therapy experienced only a 6% rate of local recurrence and sig¬ 
nificantly fewer toxic effects than the postoperative radiother¬ 
apy group who had a 12% rate of local recurrence. 131 

Adjuvant radiation therapy for colon cancer is associated 
with special problems of toxicity because of the large amount of 
small intestine that may lie within the treatment field. Neverthe¬ 
less, several reports indicate that in high-risk cases, such as 



FIGURE 68.15. Technique of total mesorectal excision. A: Posterior 
sharp dissection in the presacral avascular plane. B: Lateral dissection 
encompassing the peritoneal reflection. C: Anterior dissection includ¬ 
ing Denonvilliers fascia in the specimen. 
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FIRST-LINE 

THERAPY 


5-FU/LV + 
Irinotecan + 
Bevacizumab 


OR 


5-FU/LV + 
Oxaliplatin + 
Bevacizumab 


SECOND-LINE 

THERAPY 


Irinotecan + 
cetuximab 


OR 

5-FU/LV + 
Oxaliplatin 


5-FU/LV + 
Irinotecan 

OR 

Irinotecan only 


THIRD-LINE 

THERAPY 


5-FU/LV + 
Oxaliplatin 


Cetuximab +/- 
Irinotecan 


ALGORITHM 68.2 


ALGORITHM 68.2. An algorithm for intensive combined, targeted chemotherapy for metastatic colorectal cancer. (Adapted from Goldberg 
RM, Carrato A. Accomplishments in 2007 in the treatment of advanced colorectal cancer. Gastrointest Cancer Res 2008;2(3 suppl):S19-S24.) 


tumors involving adjacent viscera or perforated lesions, adjuvant 
radiation therapy can decrease local and regional recurrences. 


Adjuvant Chemotherapy 

Even if local tumor control is adequate, patients with colorec¬ 
tal cancer die of disseminated disease. In about 25% of patients 
with stage II tumors, and 50% of those with stage III tumors, 
the growth of micrometastatic disease present at the time of 
primary tumor resection eventually causes death. Several ran¬ 
domized, prospective studies have demonstrated adjuvant sys¬ 
temic chemotherapy benefit to certain subgroups of patients. 

The National Comprehensive Cancer Network (NCCN; 
http://www.nccn.org/index.asp) is a consortium of major can¬ 
cer centers in the United States that have established practice 
guidelines for various cancers based on the best evidence avail¬ 
able. For node-negative colon cancers, adjuvant chemotherapy 
may be considered for high-risk lesions (i.e., T4, grade 3-4, 
lymphovascular invasion, bowel perforation, or bowel 
obstruction). 132 For the 60% of colorectal cancers diagnosed 
at stage III or IV, adjuvant chemotherapy is recommended. 
The standard chemotherapy regimen has traditionally been 5- 
fluorouracil (5-FU) or its oral equivalent, capecitabine, and 
leucovorin, for an overall survival benefit of 15% to 20%. 

More recently, the addition of oxaliplatin and irinotecan 
chemotherapeutic agents have substantially improved median 
survival times of metastatic colorectal cancer. In addition, the 
survival benefits of regimens that include these agents are fur¬ 
ther improved by use of new targeted biologic agents including 
bevacizumab, an anti-vascular endothelial growth factor 
monoclonal antibody, and cetuximab and panitumumab, 
anti-epidermal growth factor receptor monoclonal antibodies. 
Cetuximab should be used as the biologic agent only after 
ascertaining unmutated, wild-type K-RAS . 133 The novel use of 
these combined agents aggressively and in continuum has led 
to a paradigm shift in the understanding of metastatic colorec¬ 
tal cancer. 133 ’ 134 

Newer recommendations include first-line treatment of 
unresectable metastatic disease (absent other contraindica¬ 


tions to surgery) aggressively with two cytotoxic agents and 
one biologic agent (Algorithm 68.2). The goal is to shrink the 
tumor until it may be surgically resected. Even if resection is 
not achieved, with individually targeted therapies that maxi¬ 
mize dosing and minimize toxicities, metastatic colorectal can¬ 
cer may begin to share more characteristics with chronic 
disease than an acute terminal illness. 

In colon cancer, local recurrence is infrequent; in rectal can¬ 
cer, the use of adjuvant chemotherapy combined with radiation 
has proved effective in improving local control and increasing 
the survival rate. In rectal cancer, it is almost as important to 
prevent local failure and ensuing symptoms as it is to prevent 
death from distant metastasis. As noted in the previous section, 
radiation therapy is routinely recommended for patients with 
stage IIA (T3, NO) or III (any T, Nl-2) rectal cancers. In addi¬ 
tion, the NCCN guidelines recommend adjuvant chemother¬ 
apy (either 5-FU or oxaliplatin plus fluorouracil and leucovorin 
[FOLFOX]) for these stages of rectal cancer. 


Treatment of Recurrent Colorectal Cancer 


A subset of patients with recurrent colorectal cancer can be 
cured, so that a comprehensive follow-up program in 
patients who have undergone resection of their primary 
tumor is appropriate (Table 68.12). Fifty percent of cancers 
that recur do so within 18 months after surgery, and more 
than 80% of recurrences are evident by 3 years. Therefore, 
careful follow-up is important during the 3-year period after 
primary tumor resection. Besides identifying recurrences, a 
careful follow-up program also identifies the 5% of patients 
in whom a metachronous primary tumor of the large intes¬ 
tine develops. 

The CEA assay is a sensitive serologic test in the diagnosis of 
recurrent colorectal cancer. CEA is a glycoprotein that was 
originally described as a tumor-specific antigen derived from 
neoplasms of the gastrointestinal tract. It is now known that 
CEA is not tumor specific because its concentration can be ele¬ 
vated in various malignancies from different sites and in some 
benign conditions. CEA is an oncofetal antigen that is also 
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TABLE 68.12 


GUIDELINES FOR SURVEILLANCE STUDIES AFTER RESECTION 
OF STAGE II OR III COLORECTAL CANCER 0 


■ TEST 

■ RECOMMENDATIONS 

Carcinoembryonic 

If patient is medically fit to undergo 
liver resection for liver metastases, 
evaluate antigen every 2-3 mo for 

2 y or more; an elevated result 
warrants further evaluation for 
metastatic disease but does not 
justify systemic therapy for 
presumed disease 

History and physical 
examination 

Every 3-6 mo for first 2-3 y, 
biannually for next 2 years, and 
annually thereafter 

Colonoscopy 

After initial clearing colonoscopy to 
rule out synchronous lesions, 
surveillance colonoscopy at first 
year postoperatively. If normal, 
thereafter, every 3-5 y to detect new 
cancers and polyps 

Computed tomography 

Individualized 

Chest roentgenography 

Individualized 

^Endorsed by the American Society of Clinical Oncology. 


expressed by early embryonic or fetal cells. CEA is not useful as 
a screening or diagnostic test but is useful as a tumor marker. 
The CEA concentration is elevated in more than 90% of 
patients with disseminated colorectal cancer and in about 20% 
of patients with localized disease. Serum levels usually are ele¬ 
vated in proportion to the mass of the tumor present and often 
correlate with response to therapy. CEA measurement provides 
useful information when elevated levels fall to normal after 
curative resection. In about two thirds of patients with recur¬ 
rent disease, an increased CEA level is the first indicator of 
tumor recurrence; therefore, serial CEA testing, combined with 
regular physical examinations, is one of the most useful means 
for detecting recurrent colorectal cancer. In fact, the CEA deter¬ 
mination, along with the history and physical examination, is 
the only surveillance test recommended for patients after cura¬ 
tive resection of stage II or III disease. The NCCN guidelines 
recommend CEA testing along with history and physical 
examinations every 3 months for 2 years, then every 6 months 
for a total of 5 years. Colonoscopy is recommended 1 year after 
resection and then every 2-3 years thereafter if negative. 


Hepatic Metastases 

Q The liver is the most frequent site of blood-borne metastases 
from primary colorectal cancers. In a subgroup of patients, the 
liver is the only site of recurrent disease, and surgical excision 
of the metastases is the only curative option for these patients. 
Overall, surgical resection is associated with a 5-year survival 
rate of 25% to 30%. 135 Patients eligible for hepatic resection 
of metastatic disease are those who have no evidence of extra- 
hepatic tumor, no medical contraindications to surgery, and a 
limited number of lesions that are amenable to resection with 
negative surgical margins. 

Patients who have unresectable hepatic metastases that 
appear to be confined to that organ have been treated with 
regional chemotherapy through the hepatic artery (e.g., fluo- 


rodeoxyuridine). Several studies have demonstrated signifi¬ 
cantly higher tumor response rates with regional chemother¬ 
apy than with systemic chemotherapy. A meta-analysis has 
demonstrated that regional chemotherapy of unresectable liver 
metastases can confer improved survival of several months. 


Pulmonary Metastases 

Pulmonary metastases develop in about 10% of all patients 
with colorectal cancer, usually in association with widespread 
metastatic disease. Because the colon is drained solely by the 
portal system, one would not expect metastases to the lung 
without evidence of tumor in the liver. In contrast, rectal can¬ 
cers may spread through the portal or systemic venous systems 
and can theoretically give rise to isolated pulmonary metas¬ 
tases. In selected patients, particularly those with rectal can¬ 
cers, resection of pulmonary recurrences can result in a 5-year 
survival rate of 20%. 136 


Local/Regional Recurrence 

Colon cancer recurs locally in about 20% of cases, and the 
local lesion is the only site of recurrence in about one third of 
these cases. If the recurrent tumor is isolated to the suture line, 
resection of such recurrence can be curative. Locoregional fail¬ 
ure occurs in 30% to 65% of patients with transmural or 
node-positive rectal cancers. Often, pelvic recurrences of rectal 
cancer after a low anterior or abdominoperineal resection are 
diffuse and associated with disseminated disease. If pelvic 
recurrences are localized, they should be resected if negative 
surgical margins can be achieved. Surgical procedures neces¬ 
sary to accomplish this include en bloc partial sacrectomy or 
total pelvic exenteration. 


Disseminated Disease 


Recurrent colorectal cancer is not usually localized to one site 
that is amenable to surgical resection. More commonly, col¬ 
orectal cancer recurs in multiple sites. In these cases, systemic 
therapy may be considered. No studies have clearly docu¬ 
mented that systemic therapies for disseminated colorectal 
cancer improve the survival rate; however, systemic treatment 
is commonly used for palliation. 

The current management of disseminated colorectal cancer 
uses various active agents, both in combination and as single 
agents: 5-FU/leucovorin, irinotecan, oxaliplatin, and capecitabine 
and bevacizumab. The choice of therapy is based upon the per¬ 
formance status of the patient (i.e., whether the patient can toler¬ 
ate or not tolerate intensive therapy), prior therapies, and patient 
preference. Patients with poor performance characteristics should 
receive supportive care only. 


Other Colorectal Tumors 

Carcinoid Tumors. Carcinoid tumors are neoplasms 
derived from cells that are capable of synthesizing a wide vari¬ 
ety of hormones. Two recent reviews of the Surveillance Epi¬ 
demiology and End Results database have updated our knowl¬ 
edge of carcinoid tumors. 137,138 In the first study analyzing over 
11,000 incident cases between 1973 and 1997, most gastroin¬ 
testinal tract carcinoids occurred in the ileum, not the appendix 
as previously thought. The incidence of carcinoid tumors 
appears to have increased by about 6%. 137 However, it was not 
possible to discern whether the incidence increase actually rep¬ 
resented improvements in diagnosis. In the second study of 
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TABLE 68.13 


STAGING OF CARCINOID TUMORS 


■ STAGE ■ DESCRIPTION 

TUMOR-NODE-METASTASIS (TNM) SYSTEM 
Primary Tumor 

TX Primary tumor cannot be assessed 

TO No evidence of tumor in resected specimen (prior polypectomy or fulguration) 

T1 <1 cm and any depth of invasion 

>1 and <4 cm and invades up to or including the muscularis propria 
T2 >1 and <4 cm and invades beyond the muscularis propria 

>4 cm and invades up to or including the muscularis propria 
T3 >4 cm and invades beyond the muscularis propria 

Regional Lymph Node Involvement 

NX Nodes cannot be assessed (e.g., local excision only) 

NO No regional node metastases 

N1 Positive regional node metastases 

Distant Metastasis 

MX Presence of distant metastases cannot be assessed 

MO No distant metastases 

Ml Distant metastases present 


Stage 


Description 


5-Year Survival Rates* 7 

I 

T1 

NO 

M0 

97% 

II 

Tl,2 

N1 

M0 

69% 


T2 

Any N 



III 

T3 

Any N 

M0 

21% 

IV 

Any T 

Any N 

Ml 

17% 


a \n all pathologic staging systems, particularly those applied to rectal cancer, the abbreviations m and g 
may be used; m denotes microscopic transmural penetration; g or m + g denotes transmural penetration 
visible on gross inspection and confirmed microscopically. 

^Kern KA, Pass HI, Roth JA. Surgical treatment of pulmonary metastases. In: Rosenberg SA, ed. Surgical 
Treatment of Metastatic Cancer. Vol 69. Philadelphia: JB Lippincott; 1987. 


incident cases from 1973 to 2004, prognostic variables were 
assessed and a staging scheme was devised as a tool for more 
accurate prognostication (Table 68.13). 138 The authors found 
that tumor size continued to be an important prognostic factor. 
About 60% of rectal carcinoids present as asymptomatic sub¬ 
mucosal nodules measuring less than 2 cm in diameter. 
Transanal local excision suffices for definitive therapy because 
small tumors rarely metastasize. More radical excisions of 
larger rectal lesions may be required for local control; however, 
the results of radical excisions for large rectal carcinoids are 
poor because these tumors are more prone to metastasize. In 
contrast to rectal carcinoids, colon carcinoids should be treated 
by standard curative operation. Among carcinoid tumors of the 
colon less than 2 cm in size, 22% have metastasized to regional 
lymph nodes, while 79% of those greater than 2 cm have posi¬ 
tive nodes. 139 

Lymphomas. Colorectal lymphomas are rare and account 
for fewer than 0.5% of all colorectal malignancies. The docu¬ 
mentation of widespread dissemination of lymphoma in most 
cases underscores the concept that lymphoma of the gastroin¬ 
testinal tract is a systemic disease in which tumor cells are pres¬ 
ent in other organ sites. Because this disease is highly respon¬ 
sive to chemotherapy and radiation, surgery is not the primary 
mode of therapy. If the clinical workup reveals a focal site of 
disease in the large intestine, surgical resection may be consid¬ 


ered. Usually, for localized, low-grade colorectal lymphomas, 
radiation therapy is considered first-line therapy. For interme¬ 
diate- and high-grade lymphomas, chemotherapy combined 
with radiation therapy should be the primary treatment modal¬ 
ity. Surgery for colorectal lymphomas has been primarily for 
diagnostic and staging purposes and for the management of 
treatment-related complications (i.e., perforation or bleeding). 

Sarcomas. Colorectal sarcomas are extremely rare and 
account for less than 0.1% of all large-bowel malignancies. 
The most common histologic sarcoma subtype is leiomyosar¬ 
coma. With these tumors, the most significant prognostic indi¬ 
cator is the tumor grade. Patients with high-grade tumors do 
poorly. These tumors usually metastasize to the liver and peri¬ 
toneal surfaces. If the tumors are clinically localized at initial 
presentation, a radical en bloc excision should be performed to 
obtain a margin of uninvolved normal tissue. Because of the 
rarity of this tumor, no studies have addressed whether adju¬ 
vant radiation therapy or chemotherapy is beneficial. 

Gastrointestinal Stromal Tumors. Gastrointestinal stro¬ 
mal tumors (GISTs) were previously often mislabelled as sar¬ 
coma. GISTs originate from the pluripotential interstitial cells of 
Cajal, the gastrointestinal pacemaker cell, and can occur any¬ 
where in the gut. These are submucosal, slow-growing tumors 
that can reach immense sizes before becoming symptomatic. 
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Frozen section histology is often consistent with a spindle cell 
appearance; immunohistochemical staining nearly always 
reveals positive kit receptor. The metastatic potential is assessed 
by size and field mitotic index. These mesenchymal tumors 
spread hematogenously, generally recurring locally in the peri¬ 
toneum or in the liver. The mainstay of treatment is complete 
surgical resection. GISTs are not responsive to traditional 
chemotherapy or to radiation. For metastatic disease, a tyro¬ 
sine kinase inhibitor, imatinib mesylate, is effective at control¬ 
ling tumor growth and spread. 
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CHAPTER 69 DIVERTICULAR DISEASE 

LAUREN KOSINSKI, KIRK LUDWIG, AND MARY OTTERSON 


KEY POINTS 


Q Diverticulosis and its complications are common in Western 
societies. 

Q Sigmoid and left colon involvement predominate in non- 
Asian industrialized nations; the rectum is spared. 

Q Lack of dietary fiber, colonic anatomy, and disordered 
colonic motility are likely contributors to the development 
of diverticulosis. 

Q Computed tomography imaging markedly improves diag¬ 
nostic accuracy and treatment planning. 


Q Early, judicious use of contrast enema studies or colonos¬ 
copy can safely help distinguish diverticular stricture from 
cancer. 

Q Antibiotic therapy, bowel rest, and percutaneous drainage 
of diverticular abscesses can often convert surgical emer¬ 
gencies into elective operations. 

Q Bowel resection with primary anastomosis and temporary, 
diverting loop stoma is favored in acute cases when possi¬ 
ble; single-stage operations are preferred for elective cases. 


Diverticular disease is one of the most common problems 
treated by surgeons, and management strategies have evolved 
significantly in the last 10 years. A short time ago, virtually all 
cases of acute diverticulitis were treated as surgical emergen¬ 
cies. Patients routinely underwent staged procedures and were 
taken to the operating room for sigmoid colectomy and tem¬ 
porary end-colostomy within hours of admission. Surgical and 
radiologic innovations have introduced less invasive options 
for managing even complex disease. Surgery, when necessary, 
is often performed electively or semielectively. 

Key among recent major shifts in the diagnosis and man¬ 
agement of diverticular disease are (a) strategies for converting 
diverticular surgical emergencies into single-stage, elective 
operations with avoidance of a colostomy; (b) utilization of 
computed tomography (CT) imaging for diagnosis and CT- 
guided percutaneous drainage of diverticular abscesses; (c) 
reconsideration of indications for elective surgery; and (d) 
emergence of laparoscopic surgical techniques as state-of-the- 
art approaches for diverticular disease. 


_ CLASSIFICATION _ 

Q Diverticulosis refers to the presence, whether symptomatic or 
asymptomatic, of colonic diverticula. In common medical 
usage, this refers to the presence of pseudodiverticula, a very 
common acquired condition in Western societies, in which 
mucosa and submucosa have herniated through the circular 


layer of the muscularis propria. True diverticula are rare. 
Diverticular disease refers to the broad range of symptoms and 
findings associated with diverticulosis and includes diverticuli¬ 
tis, an inflammatory process. Inflammation can be acute or 
chronic. Acute inflammation can present with a pericolonic 
phlegmon, colon perforation leading to focal abscess forma¬ 
tion, or generalized purulent or fecal peritonitis. Acute and 
chronic inflammation can cause fistulas between the involved 
bowel segment and the bladder, vagina, or skin. With chronic 
inflammation, a colonic stricture can develop, resulting in 
altered bowel habit or even obstruction. 


Anatomy 

Colonic diverticula are pulsion diverticula that occur in pre¬ 
dictable sites on the bowel wall. Likewise, the pattern of seg¬ 
mental involvement of the colon and its progression are pre- 
Q dictable. The sigmoid colon is at highest risk and is affected 
in 95% of patients. Involvement is isolated to the sigmoid 
colon in 30% to 60% of cases. Total colonic involvement 
occurs in 7% to 10% of cases. 1 The rectum is almost always 
spared. This segmental pattern of involvement is not 
observed in Asia, where 70% of pseudodiverticula are iso¬ 
lated to the right colon and cecum. The reason for this dis¬ 
crepancy is not known. Right colon pseudodiverticula are 
more likely to be solitary and tend to originate near the ileo¬ 
cecal valve. 2-4 When true colonic diverticula develop, they 








TABLE 69.1 


INCIDENCE OF DIVERTICULOSIS IN WESTERN SOCIETY 

■ AGE ■ <25 y ■ <45 y ■ >60 y ■ >80 y 

INCIDENCE l%-2% 33% 40% 60% 


are also more likely to be right sided; however, they are still 
much less common than pseudodiverticula of the right colon. 


INCIDENCE 

Diverticulosis is rare in nonindustrialized, less affluent societies. 
The French surgeon Alexis Littre is credited with first describing 
diverticulosis in 1700, but it wasn’t until the mid-1800s that 
there were reports in the medical literature about the disease 
process and its treatment. 5 The prevalence of diverticulosis 
increased after the industrial revolution and through this cen¬ 
tury. Even before 1940, it was recognized infrequently; retro¬ 
spective reviews of colon radiographs and pathologic specimens 
record an incidence of 5% to 10%. 6 An incidence of 46% in 
people 51 years of age and older was reported by Hughes from 
postmortem studies in 200 cadavers (Table 69.1). 7 Incidence as 
a function of gender varies by study, some studies citing an 
increased incidence among men and others finding a higher 
incidence among women. It may be that the spectrum of com¬ 
plications and the age at which they develop are gender specific. 
The majority of people with diverticulosis remain asympto¬ 
matic; only 15% to 30% will go on to develop symptomatic dis¬ 
ease. 8 Of these, only 30% will require operative treatment. 9 In 
the United States in 1998, 2.2 million cases of diverticular dis¬ 
ease were treated at an estimated cost of $2 billion. 10 


_ ETIOLOGY _ 

Q Neither the etiology of diverticulosis nor factors causing pro¬ 
gression to symptomatic disease have been rigorously defined, 
but lack of dietary fiber, colonic dysmotility, and colonic 
structural abnormalities and age-related changes have all been 
implicated. 


Structural/Anatomic Factors 

In the colon, the outer, longitudinal layer of the muscularis 
propria is condensed in three longitudinal bands called the tae¬ 
niae coli. One of these runs along the mesenteric aspect of the 
colon; the other two are antimesenteric in location (Fig. 69.1). 
Mesenteric blood vessels encircle the colon and penetrate the 
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FIGURE 69.2. Postevacuation film of barium enema, demonstrating a 
giant colonic diverticulum ( arrows) partially filled with barium. 
(Reproduced with permission from McNutt R, Schmitt D, Schulte W. 
Giant colonic diverticula. Dis Colon 1988;31:625.) 


circular muscle in the intertaenial areas between the mesen¬ 
teric taenia and the two antimesenteric taeniae. Pseudodiver¬ 
ticula develop at areas where these vessels pass through mus¬ 
cle. 11 Postmortem studies of the colon wall showed thinning of 
the circular muscle associated with early diverticula. Gaps in 
the circular muscle were observed with larger diverticula. 7 

In contrast to typical pseudodiverticula, giant colonic 
diverticula almost always arise from the antimesenteric border 
of the colon. They are assumed to be a complication of ordi¬ 
nary colonic diverticulosis, possibly developing after inflam¬ 
matory narrowing of the neck of a pseudodiverticulum causes 
a ball-valve mechanism that entraps gas in the diverticulum, 
causing it to enlarge 12 (Fig. 69.2). 

The observation of colonic diverticula in young patients 
with connective tissue disorders such as Marfan disease and 
Ehlers-Danlos syndrome raises the question of whether con¬ 
nective tissue genetic derangements play a role in diverticulo¬ 
sis development. 13,14 Ordinary senescent connective tissue 
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FIGURE 69.1. Cross section of the colon illus¬ 
trating the relation of diverticula to the blood 
vessels penetrating the circular muscle layer, the 
taeniae, and the appendices epiploicae. 
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change may be a factor as well. Cross-linkage of collagen fib¬ 
rils in the colon wall increases with age, rising markedly after 
age 40, and appears to decrease compliance of the colon wall. 
In comparison with age-matched controls, this cross-linkage is 
exaggerated in patients with diverticulosis. 15 

Thickening of the colon wall in diverticulosis was originally 
attributed to muscle hypertrophy. 11,16 This was disproven by his¬ 
tologic studies, but increased elastin deposition in the taeniae coli 
of patients with uncomplicated diverticulosis has been shown. 
The taeniae are shortened as a result, causing the circular muscle 
to be accordioned in the two intertaenial zones, the same areas 
where pseudodiverticula more commonly form. 17 The functional 
significance of this is not known, but it has been speculated that 
muscle contractions may be stronger in these areas. 


Motility Factors 

Four unusual colonic motility patterns have been observed in the 
setting of diverticulosis: segmentation, high-pressure waves, 
slow wave motility pattern, and disorganized propulsive activity. 

Segmentation. Painter et al. used cineradiography and 
manometry to study colonic motility and reported that when 
simultaneous haustral contractions occur in the same segment 
of colon, high pressure is generated in the intervening bowel, 
causing ballooning of the colon wall and distention of diver¬ 
ticula (Fig. 69.3). 18 

High-pressure Waves. High-pressure waves are indepen¬ 
dent of normal peristalsis and have an amplitude of 10 mm Hg 
in normal patients but have higher amplitude (up to 90 mm Hg) 
and longer duration in patients with diverticulosis. 19 

slow Wave Motility Pattern. The normal slow wave pat¬ 
tern in the colon is altered in diverticular disease. 20,21 

Disorganized Propulsive Activity. High-amplitude pro¬ 
pulsive contractions occurred more frequently and were more 






FIGURE 69.3. The role of segmentation in colonic physiology. 


likely to be disorganized in patients with diverticular disease 
than normal subjects. Retropulsive contractions occurred 
more frequently in segments of colon with diverticulosis. 22 


Other Factors 


Other neurologic and chemical mediators of colonic motility 
may play a role in pseudodiverticula genesis. Vasoactive 
intestinal peptide levels are increased in the bowel wall of 
patients with diverticulosis. 23 Age-related vagal attrition has 
been postulated to contribute to colonic smooth muscle dys- 
motility. 24 Alterations of serotonin expression and function 
are noted after resolution of acute diverticulitis and may con¬ 
tribute to lasting symptoms. 25 


Diet 


Decreased dietary fiber is the most consistent factor associated 
with the high incidence of diverticulosis in Western populations. 
Painter and Burkitt first elucidated this connection after noting 
the striking disparity in incidence between British society and 
sub-Saharan populations. They measured colon transit time and 
stool weights in over 1,000 individuals in the United Kingdom 
and sub-Saharan Africa. The rise in incidence of diverticular dis¬ 
ease coincident with the rise in refined food products in diets in 
the West was also noted. 26 Painter and Burkitt also reported 
improvement of diverticular disease symptoms in patients who 
increased dietary fiber and recrudescence of symptoms once 
fiber intake decreased again. 27 There is now a rising incidence of 
diverticulosis among previously low-risk populations in concert 
with changes to a Western-style diet as a consequence of eco¬ 
nomic development or immigration. Japanese immigrants to the 
United States acquire diverticulosis risk comparable to other 
Westerners, although the right-sided predominance of diverticu¬ 
losis seen among Asians persists. 5,28 The exact protective mech¬ 
anism of stool bulk is not understood. 

While the focus on dietary fiber has emphasized insoluble 
fiber, soluble fiber may also be relevant. Soluble fiber is processed 
by intestinal flora, which may in turn affect diverticulosis. 28,29 
Finally, despite the long-held admonition to avoid eating nuts and 
seeds, there is no evidence to support this recommendation. 30 


Pathogenesis of Diverticulitis 

The process by which a subset of people with diverticulosis 
develop diverticulitis has yet to be explained. Overwhelming 
inflammatory changes that develop with perforation or other 
complications of diverticulitis likely obscure subtle histologic 
details that might explain the pathogenesis of the disease. Tra¬ 
ditionally, it has been postulated that mechanical obstruction 
by food or fecal material of a diverticulum leads to bacterial 
proliferation, gas, and toxin production in the occluded diver¬ 
ticulum, causing diverticulitis. However, the largely extra¬ 
colonic manifestations of diverticulitis (phlegmon, abscess, free 
perforation) suggest micro- or macroperforation as the inciting 
event, possibly as a kind of diverticular “blow-out” secondary 
to segmentation-type contractions or high-pressure waves. In 
recent years (and perhaps with the rising number of patients 
undergoing screening colonoscopy), peridiverticular inflamma¬ 
tion has been identified, often in asymptomatic patients. Diver¬ 
ticulitis-associated colitis is of unrecognized clinical signifi¬ 
cance, partly because so many patients with these findings are 
asymptomatic and partly because the findings are not uni¬ 
formly evident in patients requiring surgical therapy for diver¬ 
ticulitis. It has been suggested that low-grade inflammation 
could alter bowel motility and thereby contribute to diverticu¬ 
lar perforation risk. Endoscopists are cautioned to avoid con¬ 
fusing diverticulitis-associated colitis with inflammatory bowel 
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disease. Probiotics and nonsteroidal anti-inflammatory medica¬ 
tions are being explored as potentially protective agents. 28,31,32 


DIAGNOSIS 


Noninflammatory Diverticular Disease 

Most patients with diverticulosis noted on barium study, 
colonoscopy, or abdominal CT scan are asymptomatic. In 
patients who have vague, crampy, left lower quadrant pain in 
the absence of fever, leukocytosis, or CT findings of focal 
inflammation, other causes of pain must also be considered. 
Additional symptoms reported may include nausea, flatulence, 
bloating, and change of bowel habit. The differential diagnosis 
includes colonic adenocarcinoma, constipation, inflammatory 
bowel disease, and irritable bowel syndrome. There are no peri¬ 
toneal signs on examination, the rectal examination is unreveal¬ 
ing, and proctoscopy shows no inflammation. Postinflamma- 
tory neurogenic alteration has been postulated as a cause of 
visceral hypersensitivity. 33-35 Nonspecific, mild mucosal inflam¬ 
mation and muscle spasm may also contribute. There is consid¬ 
erable overlap with irritable bowel syndrome. In addition to 
high-fiber modification of the diet and bulk-forming agents such 
as psyllium or flaxseed, anticholinergics, analgesics, and antibi¬ 
otics can be prescribed to manage symptoms. 

Hemorrhagic Diverticular Disease. Like bleeding from colonic 
angiodysplasia, diverticular hemorrhage is classically asymp¬ 
tomatic until presentation with lower gastrointestinal hemor¬ 
rhage that can be massive. This differs from hemorrhage from 
inflammatory bowel disease or ischemic colitis where there are 
typically symptoms before bleeding begins. A foregut source of 
bleeding must be excluded by nasoenteric recovery of bilious, 



A 


nonbloody aspirate or upper endoscopy. Likewise, an anorec¬ 
tal source of bleeding must be excluded by examination. 
Localization of lower gastrointestinal hemorrhage of any 
cause is necessary to help guide appropriate colon resection 
should that be required. Although most cases of diverticular 
hemorrhage are self-limited, recurrence or failure of bleeding 
to stop spontaneously determines the need for resection. 
Colonoscopy, tagged red blood cell scan, or, if bleeding is brisk 
enough, angiography is used to localize bleeding (Fig. 69.4). 

Giant Colonic Diverticula. Symptoms and signs of giant 
colonic diverticula may be noninflammatory (pain, bloating, 
nausea, vomiting, diarrhea, abdominal tenderness and mass) 
or inflammatory, resulting from perforation (pain, leukocyto¬ 
sis, fever, localized or generalized peritonitis). 12 


Inflammatory Diverticular Disease 

The constellation of inflammatory signs and symptoms corre¬ 
sponds to the spectrum of inflammatory complications of 
diverticular disease. The Hinchey classification 36 categorized 
the severity of acute diverticulitis and has been modified to 
reflect refinements of diagnosis enabled by improved CT scan 
quality (Table 69.2). 37 The modified classification also includes 
manifestations of chronic inflammation such as fistula forma¬ 
tion and stricture/obstruction. 

Symptoms of acute diverticulitis include steady, left lower 
quadrant abdominal pain; fever; change in bowel habits (con¬ 
stipation or diarrhea); anorexia; nausea; vomiting; bloating; 
and urinary tract symptoms such as urinary frequency or 
retention. Examination will reveal left lower quadrant tender¬ 
ness that may be appreciable only with deep palpation in stage 
0 inflammation. In stage I or II inflammation, focal peritoneal 
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FIGURE 69.4. Superior mesenteric arteriogram from a patient with bleeding from a right colon diverticulum. A: Early 
radiograph with contrast material outlining the diverticulum {arrow). B: Late radiograph demonstrating overflow of con¬ 
trast material into the colonic lumen. 
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TABLE 69.2 CLASSIFICATION 


MODIFIED HINCHEY CLASSIFICATION 

■ HINCHEY ■ MODIFIED HINCHEY 

CLASSIFICATION CLASSIFICATION ■ COMMENTS 

0 Mild clinical diverticulitis Left lower quadrant pain, 

elevated white blood 
cells, fever, no confirmation 
by imaging or surgery 


I Pericolic abscess or 
phlegmon 

la Confined pericolic 

inflammation—phlegmon 


II Pelvic, intra-abdominal, 
or retroperitoneal abscess 

II Pelvic, distant intra¬ 
abdominal, or 
retroperitoneal abscess 


III Generalized purulent 
peritonitis 

III Generalized purulent 
peritonitis 

No open communication 
with bowel lumen 

IV Generalized fecal 
peritonitis 

IV Fecal peritonitis 

Fistula colovesical/colovaginal/ 
coloenteric/colocutaneous 

Free perforation, open 
communication with bowel 
lumen 

Obstruction 

Large- and/or small-bowel 
obstruction 



signs in the left lower quadrant are likely, and there may be a 
tender mass. Digital rectal examination may also reveal pelvic 
tenderness or a tender mass in the cul-de-sac. Generalized peri¬ 
toneal signs would be expected for stage III or IV inflamma¬ 
tion. Dehydration with earlier stages or evolving sepsis with 
later stages may cause tachycardia and hypotension. Leukocy¬ 
tosis is more likely with advancing stage of inflammation. The 
differential diagnosis includes perforated colon cancer, acute 
appendicitis, perforated peptic ulcer, acute ischemic colitis, 
pancreatitis, and flare of Crohn disease or ulcerative colitis. 
Normal serum amylase and lipase help exclude a diagnosis of 
pancreatitis. Imaging studies and endoscopy help to distin¬ 
guish diverticulitis from the other diagnoses. However, active 
inflammation or contained perforation may limit the utility of 
rectal contrast CT, barium enema studies, and endoscopy in 
the acute setting. Distinguishing perforated colon cancer from 
diverticular disease can be especially challenging, even in the 
operating room. 

Diverticular fistula formation represents internal drainage 
of an abscess (or external drainage in the case of colocuta- 
neous fistulas). Approximately half of diverticular fistulas are 
colovesical fistulas. Women with colovesical or colovaginal fis¬ 
tulas have usually had a hysterectomy. 38,39 Urinary tract infec¬ 
tion symptoms, pneumaturia, and fecaluria are common com¬ 
plaints. Recurrent urinary tract infection in elderly men should 
raise concern for the presence of a colovesical fistula, which is 
often secondary to diverticular disease. Passage of feces or fla¬ 
tus from the vagina is a characteristic symptom of a colovagi¬ 
nal fistula. Colocutaneous fistulas are a rare complication of 
diverticular disease. 

Thirteen percent of large-bowel obstructions are due to 
diverticular disease. The concurrent incidence of colon carci¬ 
noma in 7% of patients with symptomatic sigmoid diverticular 
disease confounds diagnosis and treatment. 40 CT scan is not as 
reliable for distinguishing these diagnoses as colonoscopy or 
contrast enema studies. 

Right-sided diverticulitis frequently is confused with appen¬ 
dicitis, and misdiagnosis is common. The duration of symp¬ 
toms is usually longer than appendicitis. Patients are usually 
older than those with appendicitis (late 30s or 40s) but younger 
than patients with typical left-sided diverticulosis (over 50 
years of age). 41,42 


Imaging and Diagnostic Studies 
for Diverticular Disease 

Plain Radiographs. While seldom useful in the diagnosis of 
uncomplicated diverticulitis, a three-way abdominal series 
that includes an upright chest radiograph, an abdominal flat 
plate, and a left lateral decubitus view is useful for demon¬ 
strating free air. An ileus pattern or soft tissue mass may also 
be detected. 43,44 

Computed Tomography Scan. CT scanning has revolutionized 
the diagnosis of acute diverticulitis and, sometimes, by way of 
percutaneous abscess drainage, its treatment. The accuracy of 
CT scans in the acute setting is central to the trend toward con¬ 
verting what formerly were surgical emergencies into elective, 
often single-stage operations. Intravenous and water-soluble 
oral and rectal enteric contrast should be administered. Water- 
soluble contrast is used to avoid barium peritonitis that may 
result if barium leaks from a perforated diverticulum into the 
peritoneal cavity. 

A CT scan can reveal the presence and extent of diverticulo¬ 
sis, but its real strength is characterizing extracolonic inflamma¬ 
tory change. Signs of inflammation include colon wall thicken¬ 
ing, pericolic fat stranding, or phlegmon formation. Pericolic 
abscess size and location can be detected (Fig. 69.5). Perforation 
is evidenced by free air; contained perforation may be identified 
by loculated extraluminal pericolic air. CT more accurately 
demonstrates diverticular abscesses and severity of inflammation 
than contrast enema studies. 45 Air in the bladder or contrast in 
the vagina may indicate the presence of a fistula (Fig. 69.6). 

Rao et al. reported a misdiagnosis rate of up to 67% for 
diverticulitis in patients with abdominal pain managed with¬ 
out CT imaging. 46 An alternate diagnosis is suggested by CT 
scan in 45% to 58% of cases when diverticulitis is not found, 
including small-bowel obstruction, acute cholecystitis, appen¬ 
dicitis, gynecologic disease, and primary epiploic appengitis. 47 
Correct preoperative diagnosis of right-sided diverticulitis has 
also been enhanced by CT scanning. 

Not only is CT useful for improving diagnostic accuracy, but 
also findings can predict failure of medical management or risk 
of secondary complications following medical management. 
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FIGURE 69.5. Sigmoid diverticulitis with pericolic abscess. 


Ambrosetti et al. reported on 423 patients with acute divertic¬ 
ulitis on CT scan, categorizing them as having either moderate 
disease or severe disease. Criteria for moderate disease 
included localized wall thickening or inflammation of pericolic 
fat (modified Hinchey stage la; see Table 69.2). Severe disease 
included the presence of extraluminal air or contrast (con¬ 
tained perforation) or abscess (modified Hinchey stages lb and 
II). Of the 42 patients who failed nonoperative management, 
32 had severe disease. Twenty percent of those patients who 
were initially successfully managed nonoperatively developed 
secondary complications such as fistulas (median follow-up 46 
months). They concluded that the presence of severe disease at 
the index episode predicted failure of nonoperative manage¬ 
ment and that there is a high risk of secondary complications 
after initial nonoperative management. 48 

Ultrasound. Abdominal ultrasound has been emphasized 
in the European literature and is attractive as a strategy for 
limiting radiation exposure. However, its diagnostic limita¬ 
tions (user dependence, interference from overlying bowel 
gas, and decreased accuracy in obese patients) have precluded 
its widespread adoption in the United States. In skilled hands, 
it may have a role in image-guided percutaneous drainage of 
abscesses. 49 

Contrast Enema Study (Barium Enema). Contrast ene¬ 
mas have been the “gold standard” test for the presence and 
anatomic distribution of diverticula (Fig. 69.7). For reasons 
cited earlier, CT scan has supplanted contrast enemas in the 



FIGURE 69.7. Barium enema showing multiple diverticula of the 
colon. 


acute setting. However, they are better than CT for helping dis¬ 
tinguish colon cancer from diverticular obstruction, and con¬ 
trast can also traverse narrowed areas of the colon impassable 
by an endoscope. While caution must be used in the acute set¬ 
ting to avoid perforation, these studies can be performed safely. 
Caveats are that contrast must be administered gently, water- 
soluble contrast should be used, and a single contrast study is 
performed in unprepared bowel to avoid the increased risk of 
perforation and fecal contamination with the administration of 
air. In chronic diverticular disease, the contrast enema can 
demonstrate stricture, angulation, and segmentation-type con¬ 
tractions. It can also be useful for the evaluation of fistulas. 

Endoscopy. Tike contrast enema studies, colonoscopy or 
flexible sigmoidoscopy can be used judiciously in the acute set¬ 
ting. It is particularly helpful in distinguishing malignancy 
from diverticular disease and can therefore help guide early 
management of acute presentations when malignancy as the 
cause of symptoms is being considered. 



FIGURE 69.6. A: Computed tomography scan demonstrating air in the urinary bladder {arrow) in the presence of a colovesical fistula sec¬ 
ondary to diverticulitis. B: Air in the urinary bladder (small arrow) in association with a paravesical inflammatory mass (large arrow). (Repro¬ 
duced with permission from Sarr MG, Fishman EK, Goldman SM. Enterovesical fistula. Surg Gynecol Obstet 1987;164:2.) 
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ALGORITHM 69.1 


ALGORITHM 69.1. 


Cystoscopy. Cystoscopy can help diagnose colovesical fistu¬ 
las. Although the fistula tract is usually difficult to see, focal 
hyperemia and inflammation may be noted. Symptoms of a 
colovesical fistula and air in the uninstrumented bladder on 
CT scan are usually sufficient for diagnosis. 


TREATMENT 


Symptomatic Diverticulosis 

Fiber supplements and increased dietary fiber (goal 25 to 30 g/d) 
constitute the cornerstone of symptomatic diverticulosis treat¬ 
ment once diverticular stricture has been ruled out as the cause 
of symptoms. Stricture is an indication for elective segmental 
colectomy, typically a sigmoid colectomy to remove the area of 
stricture and the most dense region of diverticula. 


Hemorrhagic Diverticular Disease 

Diverticular hemorrhage stops spontaneously in more than 
90% of patients; of these, 75% will not bleed again. 50 Patients 
who have a second episode of diverticular hemorrhage should 
undergo hemicolectomy of the involved portion of colon 51 
after localizing the site of hemorrhage endoscopically with a 
tagged red blood cell scan or with angiography, because these 
patients are likely to bleed again. If the site of bleeding cannot 
be determined definitively as left or right sided, a subtotal 
colectomy is the procedure of choice. 52 


Diverticulitis 


The treatment of diverticulitis typically parallels the Hinchey 
classification 36 : 
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■ Stage I, confined pericolic abscess : antibiotics and bowel 
rest 

■ Stage II, pelvic or retroperitoneal abscess : percutaneous 
abscess drainage 

■ Stage III, purulent peritonitis : resuscitation and urgent 
operation 

■ Stage IV, feculent peritonitis : resuscitation and urgent 
operation 

Stage I diverticulitis is mild when patients can tolerate a diet, 
have no systemic symptoms (no fever, tachycardia, hypoten¬ 
sion), and have no substantial peritoneal signs. The CT scan 
shows either minor pericolic fat stranding or wall thickening in 
the presence of diverticulosis. Outpatient management is usu¬ 
ally appropriate for these patients. Broad-spectrum oral antibi¬ 
otics are prescribed for 7 to 10 days, and patients start a clear 
liquid diet, advancing to a solid diet as symptoms resolve. If this 
is a first episode of presumed diverticulitis, an elective confirma¬ 
tory study with either barium enema or colonoscopy is planned 
after inflammation has subsided. Progression of symptoms on 
this regimen warrants hospital admission and repeat CT scan 
may be necessary. The vast majority (70% to 100%) of patients 
with uncomplicated diverticulitis will recover without operative 
intervention. Although nearly a third will relapse, long-term 
fiber supplementation appears to reduce this risk. 1 

Severe stage I inflammation is indicated by intolerance of 
diet, possible nausea and vomiting, fever, chills, and peritoneal 
signs on examination, which are often focal. The CT scan may 
show a phlegmon or contained pericolic abscess. These 
patients are admitted to the hospital for parenteral broad- 
spectrum antibiotics. They are placed on bowel rest, intra¬ 
venous fluids are administered, and if nausea and vomiting are 
major symptoms, a nasogastric tube may be placed. Analgesia 
is provided but limited to enable evaluation of symptom pro¬ 
gression. In addition, since narcotics are known to cause 
strong, nonpropulsive sigmoid colon contractions, their use in 
patients with diverticulitis should be minimized. Small (<2 
cm) pericolic abscesses may resolve with intravenous antibi¬ 
otics; larger contained abscesses will likely require percuta¬ 
neous drainage with CT (or possibly ultrasound) guidance. 1,53 
If a smaller abscess is treated initially with antibiotics only but 
symptoms fail to improve, percutaneous drainage should be 
considered. Progression of symptoms despite percutaneous 
drainage of an abscess usually indicates the need for surgery. 
Historically, 10% to 25% of patients requiring hospitalization 
for treatment of diverticulitis will not improve or will worsen 
with medical management alone; overall, 30% of hospitalized 
patients will require an operation. Those patients who recover 
from an initial episode of complicated diverticulitis (contained 
perforation or abscess) should be considered for single-stage, 
elective segmental colectomy after the resolution of acute 
inflammation. 54 As will be discussed further, minimally inva¬ 
sive surgical techniques are increasingly being used with good 
outcomes in these patients. 

Patients who fail nonoperative management of diverticuli¬ 
tis or who present with purulent or feculent peritonitis require 
operative treatment. The goal of surgery in these patients— 
especially if they are toxic, developing multisystem organ fail¬ 
ure, or hemodynamically unstable—is to resect the perforation 
and make a stoma. This defines a Hartmann procedure, in 
which the offending segment of colon is resected, a proximal 
stoma is constructed, and the distal colon and/or rectum are 
closed and left in the pelvis. The distal remaining segment of 
colon and rectum are referred to as a Hartmann pouch. This 
approach was favored for many years because it is quick and 
simple and there is no chance of anastomotic leak. However, 
30% to 50% of patients treated in this way never undergo 
reversal of the stoma, and when they do, the complication rate 
is high (major complications in 5% to 25%, anastomotic leak 
in 2% to 30%). 55,56 


Despite these problems, this is still the procedure of choice 
in unstable patients. However, in the more stable patient who 
requires an urgent operation because of generalized diverticu¬ 
lar peritonitis on presentation or failure of nonoperative man¬ 
agement, the goal should be resection with primary anastomo¬ 
sis and creation of a diverting stoma, usually a loop ileostomy. 
The anastomotic leak rate in patients with free diverticular 
perforation who undergo a single-stage operation acutely is 
13%. 57 While diverting ileostomy or colostomy upstream 
from a primary anastomosis does not prevent an anastomotic 
leak, it lessens the consequences of a leak by diverting the fecal 
stream from the area, preventing potentially devastating gross 
fecal soilage through the defect. 


Obstruction 


Complete obstruction from diverticular disease is unusual. 
Partial obstruction resulting from edema, spasm, and 
inflammation is more common. The differential diagnosis 
includes cancer and inflammatory bowel disease. Medical 
treatment and elective resection are usually successful. 
Rarely is the placement of a colonic stent necessary, but it 
may be used to allow for bowel preparation before a single- 
stage resection with primary anastomosis. A diverting stoma 
may be necessary to relieve obstruction and enable comple¬ 
tion of the workup and treatment before definitive resection. 
If perforation has resulted from obstruction, even when the 
distinction between obstructive cancer and diverticular 
obstruction cannot be made, the perforated segment should 
be resected and diverting end-colostomy performed. If this is 
a right-sided process in a relatively stable patient, primary 
anastomosis and diverting loop ileostomy can be considered. 


Fistula 


The presence of a fistula usually obviates the need for an emer¬ 
gency operation because the abscess has in effect sponta¬ 
neously drained internally. A single-stage operation should be 
planned. The bladder side of a colovesical fistula is usually dis¬ 
rupted bluntly at the time of colon resection. No repair of the 
bladder is needed unless there is a visibly patent opening at the 
transected fistula tract site. A urinary drainage catheter is left 
in place for 7 to 10 days after surgery. 38 A cystogram can be 
done to verify closure of the tract opening and can facilitate 
discharge without an indwelling catheter following laparo¬ 
scopic resection, which is often earlier than after open proce¬ 
dures. It is not necessary to leave a pelvic drain at the time of 
resection. Likewise, fistula tract openings to the vaginal cuff 
do not require closure. At most, omentum can be draped into 
the pelvis to separate the fresh colorectal anastomosis from 
the opening on the vagina. 


Giant Colonic Diverticulum 

Treatment is surgical resection of the involved segment of 
colon. Planned electively, a single-stage operation is indicated. 
Once perforated, the decision process parallels common diver¬ 
ticulitis, preference being given to resection with primary anas¬ 
tomosis and diverting loop stoma in the stable patient. 


MANAGEMENT 


Operative Strategies 

The most important advance in the surgical management of 
diverticular disease besides trying to convert staged, emergency 
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operations into elective, single-stage operations is the introduc¬ 
tion of minimally invasive surgical techniques. No matter what 
the approach, certain challenges face the surgeon operating for 
diverticular disease. Inflammation distorts the anatomic planes. 
Dense fibrosis and adhesions impede sharp dissection and 
make it difficult to get good traction and countertraction that 
enable dissection. Inflammatory adhesions interfere with visu¬ 
alization and sometimes even palpation of anatomic structures. 

Key concepts apply to both laparoscopic and open proce¬ 
dures. The goal is not to remove every diverticulum but rather 
to resect the area of inflammation or complication. The prox¬ 
imal resection line should be at soft, pliable bowel. The distal 
resection line must be at the top of the rectum demarcated by 
splaying of the bunched longitudinal muscle fibers (taenia coli) 
into the continuous longitudinal, outer layer of the rectal mus- 
cularis propria. The point of transection is almost never below 
the anterior pelvic peritoneal reflection. The splenic flexure 
should almost always be mobilized to facilitate creation of a 
tension-free colorectal anastomosis. The anastomotic site itself 
must be free from diverticula, which can be difficult in the 
patient with dense, pandiverticulosis. Manual, pinch dissec¬ 
tion (or “finger fracture”) techniques are used to separate 
structures and divide areas of fibrosis and thick adhesions. 
Dissection commences away from the focus of inflammation, 
usually proximal to it. The left ureter should be identified as 
early as possible and before transecting major vessels or the 
colon. In the setting of severe inflammation in the left lower 
quadrant or pelvis, it can be very helpful to mobilize and 
divide the proximal bowel as an initial operative maneuver. 
Likewise, when dense inflammation makes the standard, lat- 
eral-to-medial mobilization of the sigmoid difficult, a medial- 
to-lateral approach can sometimes provide access to less 
inflamed tissues. While typically not needed, when a preoper¬ 
ative CT scan shows dense inflammation in proximity to the 
left ureter, placement of ureteral stents can help with ureteral 
identification and protection during dissection. Whether using 
open or laparoscopic techniques, an elective operation should 
be deferred for 4 to 6 weeks after the last episode of inflam¬ 
mation so that acute inflammatory changes do not interfere 
with either the dissection or the construction of a safe colorec¬ 
tal anastomosis. 58 

There is growing experience with laparoscopic resection of 
even complicated diverticular disease. A meta-analysis compar¬ 
ing laparoscopic to open diverticulitis resections concluded that 
the laparoscopic patients had lower infection rates (overall and 
wound); decreased pulmonary, gastrointestinal, and cardiovas¬ 
cular complications; and a shorter time to recovery of bowel 
function and hospital discharge. Although studies in the meta¬ 
analysis included acute and chronic indications for surgery and 
complicated as well as uncomplicated diverticulitis in both 
groups, the authors cautioned that the retrospective nature of 
the reviewed studies introduced selection bias. 59 When laparo¬ 
scopic resections for diverticular disease are performed early (2 
to 16 days after hospital admission), the conversion rates are 
higher than when surgery is delayed (more than 6 weeks). 60 
Hand-assisted minimally invasive operations may offer signifi¬ 
cant benefit compared to pure laparoscopic surgery for divertic¬ 
ular disease, showing lower conversion rates, shorter operative 
times, and no compromise of the speedy recovery associated 
with fully laparoscopic operations. 61 


Elective Surgery 

Several observations form the basis of recommendations for 
elective resection following episodes of diverticulitis. Forty 
percent of diverticulitis patients admitted to the hospital will 
develop a complication, 23% following a single episode and 
58% following two episodes. Thirty to 45% of patients hospi¬ 
talized for diverticulitis will have another flare, usually within 
5 years (90%). Among patients hospitalized a second time, 


only 10% remain symptom-free. 62-64 Mortality doubles with a 
second flare. The classic indications for elective resection 
include two or more episodes of documented diverticulitis, a 
single episode of complicated diverticulitis (modified Hinchey 
stage lb or II), one documented episode in an immunocompro¬ 
mised patient, one documented episode in a young patient (40 
to 50 years old), and an inability to exclude cancer as the cause 
of the signs and symptoms. 

Practice parameters outlined by the American Society of 
Colon and Rectal Surgeons note that most patients who pre¬ 
sent with complicated diverticulitis do so at their first episode, 
so operating on patients with uncomplicated episodes of diver¬ 
ticulitis may not reduce the risk of emergency surgery and 
mortality. “The age and medical condition of the patient, the 
frequency and severity of the attack(s), and whether there are 
persistent symptoms after the acute episode” may be better 
determinants of recommendation for elective resection. 1 Com¬ 
plications develop often enough after successful medical man¬ 
agement of complicated diverticulitis to warrant recommend¬ 
ing elective resection. 48 Kaiser et al. reported that 41% of 
patients treated with percutaneous drainage of a diverticular 
abscess will later develop severe sepsis. 37 

It has been noted that the incidence of diverticular disease 
has steadily increased among young people, from 12% in 
1969 65 to 20% in 1998 66 to 54% in a study of young and obese 
American patients in 2006. 67 Traditionally, elective colon resec¬ 
tion was recommended for young people (age younger than 50 
years) after one documented episode of uncomplicated diverti¬ 
culitis. This recommendation was based on the belief that 
diverticular disease is more virulent in young patients. How¬ 
ever, data are conflicting in this regard. There have been reports 
of young patients’, increased risk of complicated disease at pre¬ 
sentation, increased frequency of recurrences (in the same time 
period as older patients, not as a function of longevity), and 
higher risk of needing emergency surgery and colostomy. Rec¬ 
ommendation for elective resection following a single episode 
of uncomplicated diverticulitis in patients younger than 50 
years of age was motivated by an interest in avoiding a 
colostomy and avoiding major morbidity and mortality. In 
view of conflicting data and adoption of technical strategies for 
avoiding end-colostomies in all patients, Nelson et al. have sug¬ 
gested following the same guidelines that are used for older 
patients. 54,68-74 

Immunocompromised patients are more likely to fail medical 
management and must be watched closely since the manifesta¬ 
tions of failure may be more subtle than in immunocompetent 
patients. Transplant patients, those on steroids or chemotherapy, 
diabetics, and dialysis patients are at risk. Elective resection in 
anticipation of transplant is also considered in some patients with 
diverticular disease. Interestingly, human immunodeficiency virus 
(HlV)-positive patients with normal CD4 counts appear to 
behave as if they were immunologically normal with respect to 
the incidence of diverticulitis and its clinical course. Since HIV 
infection has principally been an illness of younger people, most 
studies of diverticulitis have not included a large number of HIV¬ 
positive patients. 75 That may change as longevity improves with 
current antiretroviral regimens. 


SUMMARY 


Diverticular disease is common and includes a spectrum of pre¬ 
sentations and anatomic locations, favoring the left colon in 
Western societies. The etiology is likely multifactorial, with a 
low-residue diet being a common factor. The CT scan has dra¬ 
matically improved diagnostic accuracy and helped with treat¬ 
ment planning. Treatment often parallels the Hinchey stage, 
particularly the modified Hinchey classification. Surgical treat¬ 
ment has evolved to favor medical management and image- 
guided percutaneous drainage of abscesses when feasible 
to convert surgical-emergency staged procedures into either 
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single-stage procedures or procedures with primary anastomo¬ 
sis and diverting loop stoma. The distinction of complicated 
diverticular disease and colon cancer can be difficult, but early 
contrast enema studies or colonoscopy can be safely performed 
and are the most helpful diagnostic procedures in this setting. 
The indications for elective resection following successful med¬ 
ical management of diverticular disease are being reconsidered, 
and it is becoming clear that elective sigmoid resection for 
diverticular disease should be offered to avoid recurrent symp¬ 
toms, not primarily to avoid free perforation and the need for 
an emergent colostomy. Minimally invasive surgery is state of 
the art, and the hand-assisted techniques are particularly useful 
for elective diverticular disease resections. 
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CHAPTER 70 ■ ANORECTAL DISORDERS 


BARD C. COSMAN, ARDEN M. MORRIS, SANTHAT NIVATVONGS, AND ROBERT D. MADOFF 


KEY POINTS 


The most common manifestation of hemorrhoids is pain¬ 
less, bright red rectal bleeding associated with bowel move¬ 
ments. 

Q A high-fiber diet with fiber supplements reduces symptoms 
of hemorrhoids and is ideal for first- and second-degree 
hemorrhoids. 

Q Rubber band ligation is suitable for symptomatic first- and 
second- and some third-degree internal hemorrhoids that 
do not respond to bulk-forming agents. 

Q Hemorrhoidectomy is required in only a few patients with 
symptomatic hemorrhoids. It should be considered when 
the hemorrhoids are mixed internal and external, are 
severely prolapsed through the anus, or are complicated by 
associated pathology, such as ulceration, fissures, fistulas, 
large hypertrophied anal papillae, or extensive skin tags. 

Q Rectal prolapse is a rectal intussusception that extends 
beyond the anal verge. Fit patients are best treated with 


transabdominal rectopexy. Patients with significant medical 
comorbidities are best treated using a perineal approach. 

Q Anal fissure is an ischemic ulcer in the lower portion of the 
anal canal; its treatment, both medical and surgical, involves 
relaxing the internal anal sphincter. 

Q Infection of the anal glands is the origin of perianal 
abscesses. 

Q Anal fistula is a chronic form of perianal abscess, sponta¬ 
neously or surgically drained, in which the tract persists, 
with an internal opening at the dentate line and an external 
opening on the perianal skin. 

Q Anal condylomata acuminata are caused by human papil¬ 
lomavirus, as are anal intraepithelial neoplasia and anal 
cancers. 

€> Palpable lesions of the anal canal are not hemorrhoids and 
may be cancers; examination under anesthesia and biopsy 
allow for correct diagnosis. 


ANATOMY AND PHYSIOLOGY 


The Rectum 


The rectum, the terminal portion of the large bowel, extends 
from the level of the sacral promontory to the level of the lev¬ 
ator ani muscle and is approximately 15 cm in length. The rec¬ 
tum differs from the colon in that the outer, longitudinal mus¬ 
cular layer is continuous, as opposed to condensing into the 
three taeniae of the colon. The rectum has two or three lateral 
curves that form submucosal folds in the lumen, known as the 
valves of Houston. The posterior aspect of the rectum is 
devoid of peritoneum and adjoins the mesorectum, which is 
immediately anterior to the presacral fascia. The presacral fas¬ 
cia is a strong, endopelvic fascia that covers the entire anterior 
surface of the sacrum and also covers the underlying vessels 
and nerves. At about the level of S4, the presacral fascia runs 
anteriorly and inferiorly and attaches to the rectum, an area 
known as the rectosacral fascia or Waldeyer ring (Fig. 70.1). 1 
This fascia must be incised for full mobilization of the rectum 
during abdominoperineal resection or extended low anterior 
resection. Peritoneum covers the upper two thirds of the rec¬ 
tum anteriorly and the upper one third of the rectum laterally; 
the lower third of the rectum is entirely devoid of peritoneum. 
The level of the anterior peritoneal reflection is variable, but 
most often is 6 to 8 cm from the anal verge. The extraperi- 
toneal portion of the rectum is surrounded by endopelvic fas¬ 
cia. On the anterior surface, this is called the Denonvilliers fascia 


and lies just posterior to the vagina in females and the seminal 
vesicles in males. 


The Anal Canal and Sphincters 

The anal canal, about 4 cm in length, is the transitional organ 
that extends from the rectum, as it passes through the levator 
ani or pelvic floor, traverses the anal verge, and extends to the 
hair-bearing skin of the anal margin. The muscular wall of the 
anal canal, continuous with the circular smooth muscular 
layer of the rectum, is thickened and forms the internal anal 
sphincter. The anal canal is wrapped by the striated external 
anal sphincter muscle inferiorly. The puborectalis muscle 
loops around the anorectal junction posteriorly, forming a 
U-shaped sling that originates on the posterior pubic bones. 
Although there is functional continuity between the puborec¬ 
talis and external sphincter, magnetic resonance imaging stud¬ 
ies indicate that the deepest portion of the external anal 
sphincter is separated from the puborectalis by a layer of fat. 2 
The elliptical external sphincter muscle extends from the coc¬ 
cyx, where its origin is called the anococcygeal ligament, to the 
perineal body, encircling the anal canal (Fig. 70.2). 

At the upper portion of the anal canal, called the anorectal 
ring , the internal sphincter is discretely palpable, and the pub¬ 
orectalis muscle can be palpated digitally. From the level of the 
anorectal ring distally and between the internal and external 
sphincter muscles, the longitudinal muscle coat of the rectum 
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FIGURE 70.1. Fascial attachments of the rectum. 


is joined by fibers of the levator ani and puborectalis to form 
the conjoined longitudinal muscle (Fig. 70.3). These muscle 
fibers traverse the external sphincter to insert in the skin of the 
anal verge as the corrugator cutis ani , which causes wrinkling 
of the anal verge. This mixed smooth/striated longitudinal 
anal muscle may play a significant role in anal function, unify¬ 
ing or coordinating the two sphincters. 3 

At about the midpoint of the anal canal, roughly 2 cm from 
the anal verge, there is an undulating demarcation called the 
dentate or pectinate line , meaning toothed or comblike line. 
Longitudinal folds of the mucosa above the dentate line are 
known as the columns of Morgagni. For a distance of about 1 cm 
above the dentate line, the epithelial lining may be columnar, 
transitional, or stratified squamous epithelium; this area is 
referred to as the transitional or cloacogenic zone. The internal 
hemorrhoidal vascular plexus lies deep to the mucosa at this 
location. The area above the transitional zone is lined by 
columnar epithelium, and the area below the dentate line is 
lined by squamous epithelium (Fig. 70.3). 


The ‘surgical’ anal canal extends from the anorectal ring to 
the anal verge. The term anoderm describes the skin of the 
anal verge: non-hair-bearing skin distal to the dentate line, but 
proximal to the hair-bearing skin of the anal margin. The peri¬ 
anal skin (anal margin) extends from the lateral border of the 
anal verge, where normal hair-bearing skin starts, to 5 to 6 cm 
from the anal verge. 


Pelvic Floor Muscles 


The pelvic floor consists of the levator ani muscle and the coc- 
cygeus muscle. The levator ani is a broad, thin muscle that 
forms the floor of the pelvic cavity and is innervated by the 
fourth sacral nerve and the pudendal nerve. This muscle has 
two distinct parts, iliococcygeus and pubococcygeus, and 
regions of the pubococcygeus are further named puborectalis, 
pubovaginalis, and puboprostaticus. 



FIGURE 70.2. Arrangement of the exter¬ 
nal sphincter muscles. 
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FIGURE 70.3. Anatomy of the anal 
canal. 



The levator ani arises from the body of the pubis, the ischial 
spine, and the tendinous arch of the obturator fascia that runs 
between them, and it inserts on the last two segments of the 
sacrum, the coccyx, and the anococcygeal raphe , which is a 
decussation with fibers from the opposite site (Fig. 70.4). In 
the standing position, the puborectalis contraction creates an 
anorectal angle of nearly 90 degrees, while the levator ani sup¬ 
ports the viscera. During defecation, the puborectalis relaxes, 
straightening the anorectal angle and creating a straight path 
for evacuation. 


Perianal and Perirectal Spaces 

Surrounding the anorectum are several potential spaces that 
are normally filled with areolar tissues and fat, but which can 
harbor abscesses. The perianal space immediately surrounds 
the anus. Laterally, the perianal space is continuous with the 
subcutaneous fat of the buttocks. Medially, it is bounded by 
the anal verge. The ischioanal fossa is a triangular region infe¬ 
rior to the levator ani muscle, bounded medially by the exter¬ 
nal sphincter and laterally by the ischium and obturator inter- 
nus (Fig. 70.5). The fatty, areolar ischioanal fossa also contains 
the inferior rectal vessels and lymphatics. The deep postanal 


space (of Courtney) connects the ischioanal space on each side 
posteriorly and lies between the levator ani muscle superiorly 
and the anococcygeal ligament inferiorly (Fig. 70.6). The deep 
postanal space is an important pathway in the formation of 
abscess; spread from one ischioanal fossa to the other may 
result in a horseshoe abscess , the ‘horseshoe’ being open ante¬ 
riorly, where there is no communication between the 
ischioanal fossae. The intersphincteric space lies between the 
internal and external sphincters. It is continuous with the peri¬ 
anal space below and extends above into the supralevator 
space. The supralevator spaces are situated on each side of the 
rectum above the levator ani muscle (Fig. 70.5). The suprale¬ 
vator spaces communicate posteriorly and may allow spread 
of infection cephalad into the retroperitoneum (Fig. 70.6). 


Arterial Supply of the Rectum and Anal Canal 

The superior rectal (hemorrhoidal) artery is the continuation 
of the inferior mesenteric artery and descends posterior to the 
rectum, where it bifurcates to supply the rectum and the upper 
anal canal (Fig. 70.7). The middle rectal (hemorrhoidal) 
arteries arise from the internal iliac artery on each side and 
enter the lower rectum anterolaterally. The inferior rectal 


FIGURE 70.4. Muscles of the pelvic 
floor. 
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(hemorrhoidal) arteries arise from the internal pudendal artery, 
a branch of the internal iliac artery, and traverse the ischioanal 
fossa on each side to supply the anal sphincter muscles. There 
are abundant intramural anastomoses between the superior, 
middle, and inferior rectal arteries, making rectal ischemia 
exceedingly rare, even after substantial devascularization. 


Venous Drainage of the Rectum 
and Anal Canal 

Venous return from the rectum and anal canal joins both portal 
and systemic systems (Fig. 70.8). The superior rectal (hemor¬ 
rhoidal) vein drains the rectum and upper anal canal into the 
portal system via the inferior mesenteric vein. The middle rec¬ 


tal (hemorrhoidal) veins drain the lower rectum and the upper 
anal canal into the internal iliac veins. The inferior rectal (hem¬ 
orrhoidal) veins drain the lower anal canal into the internal 
pudendal veins, which join the internal iliac veins. Each vein 
follows the correspondingly named artery. Portal-systemic 
shunts may thus occur in the rectum as they do in the esopha¬ 
gus, and bleeding rectal varices—not the same as hemorrhoids, 
and located in the rectum rather than the anus—may result. 


Lymphatic Drainage of the Rectum 
and Anal Canal 

Lymph from the upper and middle rectum ascends adjacent to 
the superior rectal artery to inferior mesenteric lymph nodes. 
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FIGURE 70.6. Anatomy of the peri- 
anorectal spaces (lateral view). 
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FIGURE 70.7. Arterial supply of the rectum 
and anal canal. 
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FIGURE 70.8. Venous drainage of the rectum and anal canal. 
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The lower rectum drains likewise to inferior mesenteric nodes, 
but also laterally to internal iliac nodes (Fig. 70.9). Lymphat¬ 
ics from the anal canal above the dentate line may drain to 
inferior mesenteric nodes, or laterally, to internal iliac nodes. 
Lymph from the anus below the dentate line usually drains to 
inguinal nodes, although it can also drain to inferior mesen¬ 
teric or internal iliac nodes if obstruction occurs in the primary 
drainage (Fig. 70.10). Lymphatic drainage of the perianal skin 
is entirely to the inguinal nodes. 


Nerve Supply of the Rectum 
and Urogenital Organs 

Sympathetic and parasympathetic nerves of the autonomic 
system supply the anus and rectum and also supply the adja¬ 
cent urogenital organs. Nerve trunks close to the rectum are 
prone to injury during rectal mobilization unless specific pre¬ 
cautions are taken. 

Sympathetic fibers to the rectum are derived from the first 
three lumbar segments of the spinal cord. Sympathetic fibers 
pass through ganglionated sympathetic chains before forming 
the preaortic plexus. Preaortic fibers extend below the bifurca¬ 
tion of the aorta to form the hypogastric plexus or the presacral 
nerve (Fig. 70.11). The plexus thus formed divides into left and 
right branches, which are joined by the parasympathetic nerves. 

The pelvic parasympathetic nerve supply is from pelvic 
splanchnic nerves (nervi erigentes), which originate from the sec¬ 
ond, third, and fourth sacral nerve roots. These nerves, joined by 



sympathetic fibers, form the pelvic plexus. The pelvic plexus is 
encased in the lateral attachments of the rectum, just superior to 
the levator ani (Fig. 70.11). From the pelvic plexuses, both types 
of autonomic nerve fibers distribute to urinary and genital organs. 

In women, sympathetic fibers from the hypogastric plexus 
are directed toward the uterosacral ligament, close to the 
rectum. In men, fibers from the hypogastric plexus pass imme¬ 
diately adjacent to the anterolateral wall of the rectum in the 
retroperitoneal tissue. 

The pelvic plexus gives rise to the periprostatic plexus, an 
important subdivision that is essential to sexual function in 
men. Both parasympathetic and sympathetic systems are 
involved in sexual function. Parasympathetic activity leads to 
erection, and a complex coordination between sympathetic, 
parasympathetic, and somatic systems produces ejaculation. 
Depending on which nerves are damaged during proctectomy, 
deficiencies may include incomplete erection, lack of ejacula¬ 
tion, retrograde ejaculation, or total impotence. 4 In women, 
the consequences of pelvic nerve injuries are poorly under¬ 
stood, but better definition of sexual-dysfunction states will 
likely lead to a similar list of postoperative complications. 5 

The pudendal nerve arises from the sacral plexus (S2-S4). 
Leaving the pelvis through the greater sciatic foramen, it reen¬ 
ters via the lesser sciatic foramen and travels in the pudendal 
canal in the lateral wall of the ischioanal fossa. Its branches 
include the inferior rectal (anal) nerve, perineal nerve, and dor¬ 
sal nerves of the penis or clitoris. The pudendal nerve is 
anatomically protected from injury during mobilization of the 
rectum. Since sensory stimuli from the penis and clitoris are 
pudendally mediated, they are preserved after proctectomy. 
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FIGURE 70.11. Sympathetic and para¬ 
sympathetic nerve supply of the rectum. 



Nerve Supply of the Anal Canal 

Motor Innervation. Both sympathetic and parasympathetic 
nerves supply the internal anal sphincter, which maintains tonic 
contraction until the complex and coordinated process of defe¬ 
cation allows it to relax. The external sphincter is supplied by 
the inferior rectal (anal) branch of the pudendal nerve and the 
perineal branch of the fourth sacral nerve. 

Sensory Innervation* The sensory supply of the anal canal 
comes from the inferior rectal nerve, a branch of the pudendal 
nerve. The epithelium of the anal canal is profusely innervated 
with sensory nerve endings, especially at and just distal to the 
dentate line. Painful sensations in the anal canal can be felt up 
to 1.5 cm proximal to the dentate line, a fact one must keep in 
mind when treating internal hemorrhoids in the unanes¬ 
thetized patient. Such treatment relies on the lack of somatic 
sensation above the dentate line, so one should test for sensa¬ 
tion before banding, injecting, or coagulating in that area. 


Physiology of the Anorectum 

Sensation of the Anorectum. Complete anal continence 
cannot be achieved unless the subject can sense material in the 
rectum and can discriminate the contents by type (gas or 
feces). The receptors responsible for appreciation of rectal full¬ 
ness and impending evacuation lie outside the anorectum, 
probably within the levator ani muscle. The anal canal epithe¬ 
lium is rich with sensory nerve endings, but although this sen¬ 
sitive area helps one discriminate between flatus and stool, it is 
not a critical factor in preserving anal continence. 


Mechanism of Anal Continence. Stool can accumulate 
in the rectum for hours or days before triggering the urge to 
defecate. The ability of the rectum to retain stool is called 
reservoir continence. Continence is partly created by the 
puborectalis muscle, which functions as a sling, pulling the 
anal canal forward and creating an anorectal angle of 80 to 
90 degrees. This angle, maintained by the continuous tonic 
activity of the puborectal muscle, is effective in preventing 
stool from entering the anal canal. Within the anal canal, the 
hemorrhoidal pillars contribute to continence by functioning 
as submucosal anal cushions, accounting for about 15% of 
anal resting pressure. 6 

The autonomically innervated internal anal sphincter is not 
subject to voluntary control. Under normal circumstances, 
tonic contraction of this muscle maintains approximately 55% 
of the anal canal resting pressure in a “high-pressure zone.” 
The somatically innervated external sphincter contributes 
about 30% to resting anal pressure, and it accounts for all of 
the increase in pressure during voluntary contraction (squeeze 
pressure). The high resting pressure in the anal canal acts to 
preserve continence, preventing leakage of stool and gas. 

When the rectum is distended, pressure receptors in the 
puborectalis stimulate the rectoanal inhibitory reflex. This 
reflex causes internal anal sphincter relaxation and external 
anal sphincter contraction, allowing the sensory epithelium of 
the anal canal to ‘sample’ anal canal contents without leakage. 
This allows discrimination of the nature of the material. If rec¬ 
tal distention is maintained—that is, defecation is deferred— 
the rectal vault relaxes, decreasing the rectal pressure in an 
accommodation response. Incontinence may occur with an 
abrupt and marked distention of the rectum that inhibits 
external sphincter contraction. Although volitional contraction 
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FIGURE 70.12. Mechanics of defecation. 


of the external sphincter can be sustained only for short peri¬ 
ods, it is the most important mechanism of voluntary conti¬ 
nence and the last line of defense in the continence system. 

Mechanism of Defecation Defecation is a complex process 
that involves both reflex response and voluntary action 
(Fig. 70.12). When the anal canal is deemed to have solid con¬ 
tents and a decision to defecate is made, the subject assumes a 
squatting or sitting position to help straighten the anorectal 
angle and performs a Valsalva maneuver. With the glottis 
closed, there is contraction of diaphragm, abdominal wall mus¬ 
cles, and pelvic floor muscles, all increasing abdominal pressure. 
The puborectalis relaxes, resulting in further straightening of 
the anorectal angle, and the pelvic floor descends slightly. The 
external anal sphincter is relaxed, and the anus and rectum are 
evacuated. On completion of evacuation, the pelvic floor rises 
and sphincters contract once more in a closing reflex. The exter¬ 
nal sphincter is contracted voluntarily, and the normal postural 
tone of the internal sphincter and puborectalis is restored. 


BENIGN ANORECTAL DISEASE 


Hemorrhoids 


In the upper anal canal, superior to the dentate line, the anal 
(hemorrhoidal) cushions are composed of three submucosal 


ITABLE 70.1 

GLASSIFICATION | 

GRADING OF INTERNAL HEMORRHOIDS 

■ DEGREE 

■ DESCRIPTION 

First 

Hemorrhoids bleed but do not prolapse 

Second 

Hemorrhoids prolapse on straining but 
reduce spontaneously 

Third 

Hemorrhoids prolapse and require 
manual reduction 

Fourth 

Prolapsed hemorrhoids cannot be manually 
reduced 


pillars of sinusoids within connective tissue, commonly at the 
left lateral, right anterior, and right posterior positions. The 
pathologic term hemorrhoid is used to describe the downward 
displacement of the cushion along with dilation of the con¬ 
tained sinusoids and sometimes bleeding from the arterial, 
venous, or sinusoidal portions. 7 Thus, hemorrhoids develop 
when the supporting tissues of the anal cushion deteriorate, or 
as a result of excessive downward pressure, as in prolonged 
straining at stool or pregnancy. 

Classification. External hemorrhoids are defined by their 
original location below the dentate line, i.e., they must be cov¬ 
ered with squamous epithelium. Most external hemorrhoids 
are the external concomitants of internal hemorrhoids, so apart 
from thrombosis, there is practically no such thing as an inde¬ 
pendent external hemorrhoid problem. Thrombosed external 
hemorrhoids are intravascular clots in the sinusoids or venules 
of the external hemorrhoids. Internal hemorrhoids are the anal 
cushions defined by their original internal location—above the 
dentate line, thus covered with the epithelium of the transi¬ 
tional zone—that are prolapsing and/or bleeding. 8 For practical 
purposes, internal hemorrhoids are graded according to the 
degree of prolapse (Table 70.1). 

Clinical Manifestations. Popular wisdom notwithstand¬ 
ing, the common complaints of burning, itching, swelling, and 
pain usually are not from internal hemorrhoids but result from 
other distinct conditions such as pruritus ani, anal abrasion, 
anal fissure, thrombosed external hemorrhoids, or prolapsed 
Q anal papilla. The most common manifestations of internal 
hemorrhoids are painless, bright red rectal bleeding associated 
with bowel movements, and prolapse of tissue with defecation. 
Symptoms are aggravated by, but never the cause of, constipa¬ 
tion and diarrhea. With significant hemorrhoids, the patient 
commonly describes blood dripping into the toilet bowl. A feel¬ 
ing of incomplete evacuation is also common. In chronic pro¬ 
lapse, exposed transitional mucosa often causes perianal skin 
irritation and mucous staining on underclothes. Congestion of 
external hemorrhoids can cause discomfort, and the related 
skin tags can be a hygiene problem. Except in the presence of 
obvious thrombosis, pain is rarely an early symptom of hemor¬ 
rhoidal disease, and other diagnoses, most commonly anal fis¬ 
sure, should be sought and excluded. 

Examination. Because many benign and malignant pathologic 
conditions are initially misdiagnosed as hemorrhoids, a thorough 
examination is critical for accurate diagnosis (Table 70.2). 
Although the examination can be performed in prone jackknife 
position, the left lateral or Sims position is usually less stressful 
and embarrassing to patients. The physician’s discretion, sensitiv¬ 
ity, and communication with the patient, for example warning 
the patient of pressure to the perineum or anus, makes effective 
examination more likely. 

Anal skin tags, an external fistula opening, perianal excoria¬ 
tion from anal discharge, and anal fissure can be easily detected. 
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TABLE 70.2 


THE COMPLETE DIGITAL RECTAL EXAMINATION 

PREPARATION 

Enema 

Left lateral decubitus position 

Lighting, gloves, lubrication, anoscope 

VISUALIZATION 

Distract the buttocks 

Inspect for: 

Soiling 

Excoriation or abrasion 
Scarring 

Patulous anus, deformity or flattening of folds 
Fissure 

External fistula opening 
Anal wink reflex 

Prolapse through anus with strain 
External hemorrhoids 

PALPATION 

Slow insertion of gloved, lubricated finger 

Pain with exam 

Palpable sphincter defect 

Perineal body scarring 

Anal stenosis 

Relaxed or increased tone 

Prostate abnormalities (men) or anterior rectocele (women) 
Gross blood present 
Muscle function: squeeze 
Adequate 

Accessory muscle use 
Strain 
Adequate 

Puborectalis relaxation 
Prolapsing tissue 
Other organ prolapsed 


The most accurate method of diagnosis for prolapsing hemor¬ 
rhoids is to observe the patient straining on a commode. 

Internal hemorrhoids are soft and usually cannot be palpated. 
Digital examination may detect anal stenosis or an anal scar. The 
anal sphincter tone and sphincter squeeze can be subjectively 
evaluated. A mass in the anal canal can be detected, and, in male 
patients, the prostate can and should be carefully examined. 

After visual inspection and digital examination, anoscopy 
can be performed. Anoscopy should not be done in patients 
with acutely painful conditions such as fissure or perianal 
abscess; it can be deferred until the painful pathology has 
resolved. Inserting the anoscope reduces any hemorrhoidal 
prolapse, so anoscopy in a patient with symptomatic hemor¬ 
rhoids typically shows only mucosal redundancy above the 
dentate line. Anoscopy may detect other lesions such as warts 
or a hypertrophic anal papilla. 

Proctoscopy or flexible sigmoidoscopy should be used in all 
cases in which bleeding is present, to rule out polyps, carcinoma, 
and inflammatory bowel disease, which can have symptoms 
identical to hemorrhoidal complaints. Even in young patients, 
and even if the rectal bleeding is ‘obviously’ from hemor¬ 
rhoids, a sigmoidoscopy has minimal risk and is a key compo¬ 



nent of complete examination. In patients 50 years of age and 
older, or in patients with a family history of colorectal cancer, 
a complete colonoscopy should be performed. 

Treatment. Prolapse of anal cushions may be initiated by 
the shearing effect of the passage of hard stool, by excessive 
downward pressure as with constipation, pregnancy, or child¬ 
birth, or by precipitous defecation as in urgent diarrhea. 
Reducing straining may eliminate prolapse and ameliorate 
symptoms, thus the rationale of adding fiber to the diet, which 

Q produces soft, bulky stool. A high-fiber diet with fiber supple¬ 
ments is ideal for first- and second-degree hemorrhoids, and it 
is an important adjunct to surgical treatment. 

Q Rubber Band Ligation. Rubber band ligation is suitable for 
symptomatic first-, second-, and some third-degree internal 
hemorrhoids that do not respond to fiber supplementation. 
The procedure is performed in the office through an anoscope, 
and bowel preparation is not needed. The band should be 
placed on the upper anal canal or distal rectal mucosa, after 
pinching to test for somatic sensation (Fig. 70.13). Ligation of 
up to three hemorrhoids at one setting has good results, and 
additional ligation can be performed 4 to 6 weeks later. 

Rubber band ligation may be painless, but some patients 
may experience discomfort, aching, or an uncomfortable sense 
of rectal fullness. Warm sitz baths may help, and an appropri¬ 
ate analgesic should be prescribed. Immediate severe or pro¬ 
gressive pain indicates a misplaced band too close to the den¬ 
tate line and requires immediate removal of the rubber band 
with a pointed (no. 11) blade or band cutter. Delayed anal 
pain, urinary retention, and fever suggest infection, which 
while very rare can be life threatening. Prompt and aggressive 
treatment includes antibiotics and examination in the operat¬ 
ing room, with drainage and debridement as necessary. A large 
retrospective review indicated a cumulative success rate of 
80% for symptomatic relief of all grades of internal hemor¬ 
rhoids, with a 30% recurrence rate after the first banding 
episode. Postbanding complication rates were 2.8% for bleed¬ 
ing, 1.5% for thrombosis, and 0.09% for bacteremia. 9 

Sclerotherapy. Sclerotherapy with various substances (phenol, 
olive oil, sodium tetradecyl sulfate) can be performed in the 
office setting for first- or second-degree hemorrhoids in con¬ 
junction with banding, or for bleeding hemorrhoids that are 
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too small to band. Using an anoscope, a narrow-gauge needle 
is used to inject 1 to 2 mL of sclerosant in the submucosal 
space just proximal to the hemorrhoidal bundle. 

Infrared Photocoagulation and Electrosurgery. Infrared photo¬ 
coagulation coagulates tissue protein or evaporates water in the 
cells, depending on the intensity and duration of application. As 
in sclerotherapy, an infrared probe is applied just proximal to 
the internal hemorrhoids through an anoscope. Infrared photo¬ 
coagulation results for first- and second-degree hemorrhoids are 
comparable with those of rubber band ligation. Pain and com¬ 
plications are infrequent. An electrocautery unit works as well. 

Q Hemorrhoidectomy. Hemorrhoidectomy should be considered 
when the hemorrhoids are mixed internal and external, are 
severely prolapsed through the anus, or are complicated by 
associated pathology, such as ulceration, fissures, fistulas, large 
hypertrophied anal papillae, or extensive skin tags. In many 
cases, hemorrhoidectomy can be performed using local anes¬ 
thesia with monitored sedation. In obese individuals, general or 
spinal anesthesia may be easier. The patient is placed in the 
prone jackknife position with buttocks taped apart for visual¬ 
ization. An elliptical excision starts at the anoderm, includes 
external and internal hemorrhoidal components, and ends at 
the anorectal ring. One to three quadrants are most typically 
addressed, starting with the largest. It is important to spare all 
possible anoderm to avoid anal stricture. The mucosa and sub¬ 
mucosa are dissected off of the underlying internal sphincter 
muscle (Fig. 70.14). Excessive bleeding indicates that the hem¬ 
orrhoidal plexus is being violated, suggesting the dissection is 
too superficial. Alternatively, excising too deeply damages the 
internal sphincter fibers. Unless there is an associated anal 
stenosis or chronic anal fissure, internal sphincterotomy is 
never performed. The entire wound is closed with running 
absorbable suture and dressed with ointment, a fluff dressing to 
the perineum, and mesh shorts. 

Urinary retention is a common complication of hemor¬ 
rhoidectomy, and it can be minimized by restricting intra¬ 
venous fluids during and after the procedure. Warm sitz baths 
can be started the next morning, and patients may use a gentle 
laxative as necessary. 

Stapled Anopexy. The Longo stapled anopexy, known as PPH 
(Procedure for Prolapse and Hemorrhoids) is a significant inno¬ 
vation in the treatment for prolapsing internal hemorrhoids. 
Instead of removing columns of hemorrhoidal tissue, this oper¬ 
ation removes a sleeve of the distalmost rectal mucosa and sub¬ 
mucosa, elevating the anal canal and fixing it in place (hence 
anopexy) and radically reducing the redundancy of the 
mucosa. The conceptual advantage is that the incision is all 
proximal to the dentate line, so it should hurt much less than a 
standard hemorrhoidectomy. The PPH procedure is done by 
placing a purse-string suture in the submucosa 4 to 5 cm prox¬ 
imal to the dentate line (Fig. 70.15). The purse string is tight¬ 
ened as the specially designed circular stapler is inserted into 
the rectum. After the anvil passes proximal to the purse string, 
the suture ends are pulled through channels in the stapler to use 
as stay sutures and manipulate the redundant rectal mucosa. 
The stapler is closed and fired, and pressure is held to aid in 
hemostasis. In female patients, one must ascertain before firing 
that no vaginal tissue is caught in the staple line. After stapler 
withdrawal, additional sutures are often required to assist with 
hemostasis. 

A randomized trial comparing the PPH procedure with 
rubber band ligation found significantly increased pain and 
morbidity using the stapler but significantly increased recur¬ 
rent bleeding with banding. 10 A systematic review of 15 ran¬ 
domized trials of stapled anopexy compared to excisional 
hemorrhoidectomy demonstrated significantly shorter opera¬ 
tive time (weighted mean difference, —13 minutes), return to 
work ( — 4 days), and significantly decreased pain. 11 At 6 
months postoperatively, odds of recurrent symptoms using 




FIGURE 70.14. Technique of interanal closed hemorrhoidectomy. 
A: Exposure of hemorrhoid with elliptic excision starting at perianal 
skin and extending to anorectal ring. B: Submucosal hemorrhoidal 
plexus dissected from the internal sphincter, anoderm, and mucosa. 
C: Wound closed with a running suture. 


this technique were calculated at 3.64 compared with con¬ 
ventional excision. A report of 1-year follow-up from a ran¬ 
domized trial of the stapled technique versus conventional 
hemorrhoidectomy reported similar significant short-term 
benefits. 12 

Management of Special Hemorrhoid Situations 

Thrombosed External Hemorrhoids. Thrombosis is a fairly 
common complication of hemorrhoidal disease, often appear¬ 
ing as an independent problem, apparently unrelated to internal 
hemorrhoids. The reason for the acute thrombosis is usually 
unknown. There is an abrupt onset of anal mass and pain that 
peaks within 48 hours. Usually, the pain then recedes, leaving a 
subcutaneous lump. Sometimes the skin overlying the clot 
becomes necrotic, leading to bleeding and eventual extrusion of 
the clot. Treatment is aimed at relief of pain, prevention of 
recurrent thrombosis, and (though this is of secondary impor¬ 
tance) prevention of residual skin tags. If the patient presents 
with severe pain, the thrombosis should be excised in the office 
or emergency room. This can usually be done under local anes¬ 
thesia, and the wound is left open without packing. The pain of 


COLORECTAL 











1140 


Part Two: Surgical Practice 





FIGURE 70.15. Stapled circular hemorrhoidectomy or procedure for 
prolapsing hemorrhoids. A: A purse-string suture is placed in the rectal 
mucosa proximal to hemorrhoids. B: The stapler anvil is placed proximal 
to the purse string, and the purse string is tied down to draw hemor¬ 
rhoidal tissue into the staple line. C: The stapler is fired and removed, 
excising a sleeve of distal rectal tissue and creating a stapled anastomosis. 


incision is usually eclipsed by the relief of pain from the throm¬ 
bosis, so patients often experience dramatic relief. However, if 
the pain is already subsiding and the clot resolving, patients may 
be managed expectantly with warm sitz baths for comfort and 
fiber supplementation to bulk and soften stool. Patients must be 
warned of a relatively high recurrence rate of acute thrombosis: 
6% after excision and 25% after expectant treatment. 13 

Incarcerated Hemorrhoids. Incarceration indicates irreducibly 
prolapsed, fourth-degree hemorrhoids. This is the one situation 
in which internal hemorrhoids cause pain. The diagnosis is 


obvious on examination: edematous internal hemorrhoids pro¬ 
trude from the anus, usually with large external components as 
well. Pain is usually severe and urinary retention is common. 
Untreated, incarceration may progress to strangulation with 
mucosal necrosis. Treatment is urgent or emergency hemor¬ 
rhoidectomy. As in other hemorrhoid procedures, antibiotics 
are not indicated. 

Hemorrhoids in Pregnancy and Postpartum. Hemorrhoids 
can occur as the result of downward pressure from a gravid 
uterus or from prolonged labor and may be exacerbated by 
hormonal changes. For thrombosed external hemorrhoids, 
symptomatic internal hemorrhoids, or incarcerated hemor¬ 
rhoids, standard treatment can be performed safely and should 
not be withheld. Left lateral decubitus position is usually rec¬ 
ommended in the third trimester. 

Bleeding Rectal Varices from Portal Hypertension. The inci¬ 
dence of hemorrhoidal disease of the anus in portal hyperten¬ 
sion is no greater than in the normal population. Although 
uncommon, bleeding from rectal varices in patients with portal 
hypertension can be life threatening and may initially simulate 
hemorrhoidal bleeding. Transanal suture of the bleeding vessel 
should incorporate mucosa, submucosa, and muscular wall of 
the rectum. This should be done in the operating room, ideally 
after correcting any coagulopathy. Rubber band ligation and 
hemorrhoidectomy should not be done on the bleeding portal 
hypertensive patient, because they create more bleeding oppor¬ 
tunities and do not address the source of bleeding. Local con¬ 
trol of rectal and anal varices may be achieved by using the 
PPH anopexy as a devascularization procedure, 14 but definitive 
control of varices requires reduction of elevated portal pres¬ 
sures by transjugular intrahepatic portosystemic shunting 
(TIPS) or liver transplantation. 

Hemorrhoids in Inflammatory Bowel Disease. Hemorrhoidal 
problems in inflammatory bowel disease are uncommon. Most 
anal problems are either inflammatory (anal fistula, atypical 
fissure, etc.) or the result of diarrhea causing perianal irrita¬ 
tion, rather than the result of hemorrhoids themselves. Treat¬ 
ing the primary disease symptomatically usually suffices to 
control secondary anal symptoms. Rubber band ligation, hem¬ 
orrhoidectomy, and stapled anopexy should almost never be 
done on the inflammatory bowel disease patient. 


Rectal Prolapse 

Q Rectal prolapse (procidentia) is an uncommon condition in 
which the rectum intussuscepts into itself and prolapses through 
the anal canal. Although the diagnosis is usually obvious, one 
may have to distinguish early rectal prolapse from severely pro¬ 
lapsed hemorrhoids. Full-thickness rectal prolapse displays con¬ 
centric circular folds, whereas mucosal prolapse displays radi¬ 
ally oriented folds. Rectal prolapse has a female-to-male ratio of 
at least 5:1. Perhaps associated with dysfunctional bowel habits 
or with constipating psychotropic medications, rectal prolapse 
is seen disproportionately among patients with dementia, men¬ 
tal retardation, and schizophrenia. 

Pathophysiology. The cause of rectal intussusception and 
prolapse is not understood. Intussusception usually starts in 
the anterior rectum. Many patients with rectal prolapse have a 
history of constipation and straining or, less commonly, 
chronic diarrhea. Studies of anorectal function and defecation 
dynamics reveal that these patients have impaired resting and 
voluntary sphincter activity, decreased functional rectal capac¬ 
ity, impaired continence, and puborectalis dyssynergy (inap¬ 
propriate contraction) during defecation. Loss of continence is 
caused by reduced sphincter tone due to mechanical stretching 
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TABLE 70.3 ETIOLOGY 


ANATOMIC DEFECTS OR ABNORMALITIES IN PATIENTS 
WITH CHRONIC RECTAL PROLAPSE 

■ Abnormally deep rectovaginal or rectovesical pouch 

■ Lax and atonic musculature of the pelvic floor 

■ Lack of normal fixation of the rectum and an elongated 
mesorectum 

■ Unusually redundant sigmoid colon 

■ Lax and atonic anal sphincter 


by the prolapsed bowel, traction injury to the pudendal nerves, 
and loss of normal sensation. 

Anatomic Abnormalities. Several anatomic defects or 
abnormalities are consistently demonstrated in patients with 
chronic rectal prolapse (Table 70.3). These defects are seen 
concurrently with long-standing prolapse, making the distinc¬ 
tion between cause and effect difficult. 

Solitary rectal ulcer syndrome is a vexing condition associ¬ 
ated with occult or overt prolapse, in which there is bleeding, 
tenesmus, and an anterior rectal ulcer that may appear prolif¬ 
erative, like a polyp or cancer. 

Evaluation. Physical examination reveals a patulous anus 
with decreased sphincter tone. When the prolapse itself is not 
obvious, it is best demonstrated by asking the patient to strain 
while seated on a commode. Anoscopy or rigid proctoscopy 
may demonstrate associated conditions, such as anterior rectal 
erythema or ulceration. Anal manometry documents baseline 
function preoperatively but does not help predict the outcome 
of surgery. Cinedefecography confirms the diagnosis of intus¬ 
susception when in doubt (Fig. 70.16) and it can detect other 
anatomic and functional abnormalities such as nonrelaxing 
puborectalis muscle or enterocele. Colonoscopy is indicated to 
evaluate bleeding and to rule out a cancer or polyp as the lead 
point for intussusception, a rare but not unheard of condition. 

Treatment. Acute prolapse should be reduced with steady 
manual pressure to prevent incarceration and strangulation. 
Reduction of an edematous, incarcerated prolapse can be facil¬ 
itated by application of granulated table sugar. Operations 
generally suspend or remove the intussuscepting rectum. 
Methods of repair are abdominal and perineal, the former rep¬ 
resented by rectopexy (open or laparoscopic, with or without 
a concomitant sigmoid resection) and the latter represented by 
the Altemeier perineal proctectomy and Delorme plication. 
Abdominal operations generally have recurrence rates less 
than 10% and are used in fit patients. Transperineal opera¬ 
tions have recurrence rates of 15% to 20% (or more in some 
series) and are most appropriate in patients at high risk for 


complications of abdominal surgery. Perineal operations are 
often recommended to young men in an effort to avoid sexual 
dysfunction following a pelvic dissection, but few comparative 
data are available. Female sexual function is poorly described 
following either abdominal or perineal repairs. 

Transabdominal rectopexy involves a full mobilization of 
the rectum to the level of the pelvic floor musculature with 
suture fixation of the mesorectum to the presacral fascia below 
the sacral promontory (Fig. 70.17). The recurrence rate has 
been reported to be 6% to 9% with up to 10-year follow-up. 15 
Suture rectopexy is associated with symptomatic constipation 
in about 50% of cases. 16 About 50% of rectal prolapse 
patients with fecal incontinence improve after prolapse repair. 
Because return of continence may take 6 to 12 months, any 
operation to treat incontinence should be deferred for a year 
after a successful prolapse repair. 

A multicenter cohort study of abdominal approaches to 
prolapse repair found pooled 5- and 10-year recurrence rates 
of 7% and 29%, respectively. No recurrence difference was 
identified based on performance of mobilization, resection, or 
rectopexy; that is, mobilization-only had the same recurrence 
rate as mobilization-resection-rectopexy, nor was there a dif¬ 
ference in recurrence between suture and mesh rectopexy or 
between laparoscopic and open approaches. 17 These findings 
support the notion that prolapse is probably alleviated by for¬ 
mation of presacral adhesions during the postoperative 
period. 

Perineal rectosigmoidectomy (Altemeier operation) is a 
transanal approach in which the prolapsed rectum and redun¬ 
dant sigmoid colon are excised endorectally, analogous to 
vaginal hysterectomy. The operation is performed with the 
patient in the lithotomy (Fig. 70.18) or prone jackknife posi¬ 
tion. Patients tolerate this operation well, with minimal post¬ 
operative pain. A levatorplasty (anterior, posterior, or both) 
can be performed via the same incision and may help recreate 
the anorectal angle. Several series report a recurrence rate of 
about 16% with a relatively short-term follow-up. 18 Major 
long-term complications include recurrence, fecal urgency due 
to the smaller sigmoid reservoir after rectal excision, tenesmus, 
and anastomotic stricture—in other words, the complications 
of any anterior rectal resection. 

The Delorme procedure is another transperineal approach. 
This is used for rectal near-prolapse (internal intussusception) 
or for overt prolapse. With the patient in the prone position, 
the redundant submucosa is stripped circumferentially using 
electrocautery, continuing proximally until it is taut. The sub¬ 
mucosal tube is then transected and the proximal end anasto¬ 
mosed to the dentate line. The denuded rectal wall is incorpo¬ 
rated into the suture line with reefing bites to eliminate dead 
space (Fig. 70.19). Like perineal rectosigmoidectomy, this pro¬ 
cedure causes little pain, but it has a high recurrence rate. 

A reasonable approach to the problem of rectal prolapse is 
to use a perineal operation for older, sicker patients and an 
abdominal approach for younger, healthier ones. The uncertain 
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FIGURE 70.17. Transabdominal rectopexy. After full mobilization of the rectum, the endorectal fascia 
and peritoneum on each side is sutured to presacral fascia, below the promontory of the sacrum. 


nature of functional results (constipation, incontinence) should 
be shared with patients in preoperative discussion. 


Anal Incontinence 

Definition and Etiology. Anal incontinence describes a spec- 
trum of functional impairment that ranges from involuntary pas¬ 
sage of flatus to involuntary passage of formed stool. Almost any 
loss or disturbance of normal anatomy or function—postresec¬ 
tion loss of reservoir function, rectal inflammation, and so 
on—may result in anal incontinence. Disturbance of anorectal 
sensation may prevent awareness of stool and lead to leakage. 
A bolus of diarrheal stool emptying rapidly into the rectum 
may overcome anal continence, even in healthy people. Com¬ 
mon mechanical injuries to the sphincters include obstetric tear, 
fistulotomy, internal sphincterotomy, and trauma. Age and 
female sex are the two major risk factors for incontinence; 
these have an important but poorly understood interaction. 


Incontinence may not manifest for two or more decades after 
obstetric injury. 

Evaluation. The previously outlined physical examination 
(Table 70.2) can help to differentiate the presence of a neuro¬ 
logic or muscular problem. For example, a patulous or lax 
anus may indicate neurogenic dysfunction of the sphincter 
muscles. A scar or defect in the anal region may indicate old 
surgical injury, and a thin perineal body suggests an obstetric 
sphincter injury. 

In addition to history and physical examination, several 
anatomic and physiologic tests can be done. The most useful 
of these, endoanal ultrasonography, provides a circumferential 
anatomic image of the internal and external sphincter. 
Endoanal ultrasound can clarify and map sphincter defects, 
confirming the need for sphincteroplasty, and conversely it can 
reveal an intact sphincter, contraindicating sphincteroplasty. 
An intact but thinned portion of sphincter may be due to de¬ 
nervation, which is suggested by a prolonged pudendal nerve 
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FIGURE 70.18. Perineal rectosigmoidectomy. The patient is placed in the lithotomy position with both legs in gynecologic stirrups. A and B: A 
circular incision is made on the prolapsed rectum 2 cm proximal to the dentate line. C: The peritoneal attachment is dissected from the anterior 
rectal wall, thus opening into the peritoneal cavity. D: The mesorectum or mesosigmoid is clamped and divided laterally and posteriorly. E: This 
is followed by approximation of the puborectalis. F: The anterior wall of the protruding rectum is cut 1 cm distal to the anal verge. G: Stay sutures 
of 3-0 synthetic absorbable material are placed in four quadrants. H: Anastomosis with running stitches. 


terminal motor latency. Anal manometry establishes baseline 
resting and squeeze pressures, although results do not corre¬ 
late well with operative outcomes. Defecography can aid oper¬ 
ative planning by identifying previously unrecognized disor¬ 
ders such as rectocele or internal intussusception. None of 
these tests by itself correlates with incontinence, and fully con¬ 
tinent control subjects may also have sphincter defects and 
manometric abnormalities, so treatment is still geared to the 
patient’s symptoms. 

The clinical evaluation of anal incontinence ideally includes 
an assessment of symptom severity and quality of life. With 
the same degree of objective incontinence, patients’ subjective 
experience can be surprisingly different. For example, one 
patient may be housebound because of fear of minor soiling, 
whereas another patient may make little change in her or his 
daily activities despite occasional episodes of complete incon¬ 
tinence. Because anal incontinence is more a quality of life 
problem than a health risk, the patient ultimately determines 
the need for intervention. Although a formal, validated assess¬ 
ment of quality of life and symptom severity is not necessary, 
it can help by establishing a baseline score for later comparison. 


Several validated severity and quality of life scores are avail¬ 
able. 19 

Management. One of the key early steps in incontinence 
treatment is medical regulation of bowel habits, with the goal 
of decreasing bowel movements to once a day or every other 
day. Sometimes this simple intervention resolves chronic, diffi¬ 
cult symptoms. A high-fiber diet and the use of fiber supple¬ 
ments lead to bulkier stools, which are easier to sense and to 
control. Antidiarrheal drugs such as loperamide, diphenoxy¬ 
late, and bile acid binders make stool harder and less frequent, 
thus easier for the marginal or damaged sphincter to handle. 

Biofeedback physical therapy can be used to regain anorec¬ 
tal sensation and to retrain coordinated contraction/relaxation 
of the pelvic floor and sphincter muscles. Biofeedback training 
can help up to 85% of patients with anal incontinence, though 
some of this effect is likely due to the associated counseling 
and dietary management. 20,21 Most systems include a balloon 
catheter and pressure transducer. While the patient watches 
the manometry tracings, the balloon is inflated, and the patient 
is coached to contract the external sphincter muscle, elevating 
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FIGURE 70.19. Modified Delorme procedure. Patient is placed in the prone position. A and B: With a Pratt speculum used for exposure, a cir¬ 
cumferential incision is made 1 cm proximal to the dentate line. The submucosa is dissected from the underlying internal sphincter. At the level 
of the anorectal ring, the Pratt speculum is replaced by Gelpi retractors placed at a right angle to the dentate line. C and D: Proximal to the anorec¬ 
tal ring, the dissection continues in the mucosal plane until the mucosa resists being pulled down. The mucosal tube is then cut. E and F: With 
3-0 synthetic absorbable sutures, the mucosa at the upper cut end is brought down to the mucosa at the lower cut end, taking along the denuded 
anorectal wall. Eight such sutures are placed all around. G: At completion of the anastomosis, the anorectum is plicated. 


the tracing. It may take several biofeedback sessions before the 
patient is aware of the sensation of a full rectum and can con¬ 
tract the sphincter effectively. 

Operation is reserved for refractory incontinence. Sphinc¬ 
teroplasty is most suitable for incontinence from obstetric injury 
or injury after previous anorectal surgery, if there has been pre¬ 
operative documentation of a sphincter defect. A curved inci¬ 
sion is made over the sphincter disruption, parallel to the anal 
verge. The sphincters are mobilized laterally to allow an over¬ 
lapping plication with mattress suture, and after plication the 
anus should still permit digitation (Fig. 70.20). Simultaneous 
levatorplasty can help support the repair and lengthen the anal 
canal, but it may contribute to postoperative dyspareunia. 
Overlapping sphincteroplasty yields short-term improvement in 
about 85% of patients, but only 40% maintain continence over 
a 10-year period. 22 Risk of functional failure increased with 
patient age. 

Another sphincter substitute is the artificial anal sphincter 
(Acticon Neosphincter, American Medical Systems, Min¬ 
netonka, MN; Fig. 70.21), the only such device approved by 


the U.S. Food and Drug Administration (FDA). With a pump 
in the labium majus or scrotum, a retropubic reservoir, and an 
inflatable silicone cuff around the upper anal canal, the artifi¬ 
cial sphincter can provide satisfactory continence for many 
patients who have failed or are not amenable to more conven¬ 
tional therapy 23,24 Reoperation is required in about half of 
patients, primarily because of infection, and this usually neces¬ 
sitates removal of the device. Cuff implantation can be techni¬ 
cally difficult due to the common history of multiple previous 
operations, and success rates are best in the hands of surgeons 
who are highly experienced with the technique. 

Sacral nerve stimulation (SNS) is a novel intervention for 
anal incontinence that has the advantage of avoiding surgery 
in the anal region altogether. A quadripolar lead is implanted 
using a percutaneous technique, most commonly in one of the 
S3 foramina. The procedure is usually performed under moni¬ 
tored local anesthesia. The patient undergoes a period of test 
stimulation to assess the effect of stimulation; if continence is 
significantly improved, a pulse generator is implanted in the 
buttock at a second operation. The exact mechanism of action 
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FIGURE 70.20. Overlapping anal sphincteroplasty. 


for SNS is uncertain. Impressive results have been reported for 
incontinent patients with and without sphincter defects, and 
associated morbidity is low. 25 However, at the time of this 
writing, the FDA has not yet approved SNS for treatment of 
anal incontinence in the United States. 

For patients with refractory and incapacitating anal 
incontinence, a permanent end-sigmoid colostomy remains a 
relatively simple and low-risk solution that is generally asso¬ 
ciated with high patient satisfaction and an improved quality 
of life. 


Anal Fissure 

Q Definition. Anal fissure is an ulcer in the lower anal canal. 
Fissures are acute or chronic, primary or secondary. A primary 
fissure arises without association to other local or systemic dis¬ 
ease, whereas a secondary fissure may be due to Crohn disease 
or ulcerative colitis. Atypical anal ulcers, especially those off 
the midline, may be due to HIV, anal cancer, tuberculosis, 
syphilis, or hematologic malignancy. 

Pathophysiology. Studies show that resting anal pressure 
(internal sphincter tone) in patients with anal fissure is signifi¬ 
cantly higher than normal, whereas squeeze pressure (external 
sphincter contraction) is normal. Doppler flowmetry has 
shown anal canal perfusion to be poorest posteriorly, with 
reduced anodermal blood flow at fissure sites, suggesting that 
chronic nonhealing fissures are caused and maintained by 
ischemia. Reduction of anal pressure by sphincterotomy 
improves anodermal blood flow, resulting in fissure healing. 26 




FIGURE 70.21. Implanted silicone neosphincter. A: Female. B: Male. 


Clinical Manifestations. Anal pain, particularly during 
and after bowel movement, is the most prominent symptom, 
followed by bleeding with defecation. Anal fissure pain can be 
severe and incapacitating. Constipation is a common associa¬ 
tion, both as a precipitating event and as a result of deferring 
painful defecation. 

Diagnosis. Although pain and bleeding are typical of anal fis¬ 
sure, the diagnosis is confirmed by examination. When per¬ 
formed gently, inspection by spreading the buttocks will reveal 
the fissure in most cases. In general, digital and anoscopic exam¬ 
inations are deferred when a fissure is diagnosed because they 
are too painful. In men, almost all fissures are located in the pos¬ 
terior midline, whereas 10% of fissures in women are in the 
anterior midline. The sentinel pile , a protruding tag at the distal 
end of the fissure, is often the presenting complaint (a ‘painful 
hemorrhoid’), and patients with anal fissures frequently have an 
associated hypertrophic anal papilla at the dentate line. 

Management. Initial treatment of acute anal fissure is pain 
relief, with warm sitz baths to relax the anal canal. Applica¬ 
tion of topical anesthetic gel or ointment directly to the fissure 
before bowel movement is sometimes helpful. Bulking and 
softening the stool with fiber supplementation and increased 
water intake (8-10 glasses/day) is the mainstay of therapy. 
Acute anal fissures should heal within 6 weeks. 

For chronic anal fissure, a reasonable first treatment is the 
application of 0.2% nitroglycerine or 2% diltiazem ointment 
directly to the fissure. Both medications reduce anal resting 
pressure and increase anodermal blood flow. Patients should be 
warned of possible associated headaches with nitroglycerine; 
the standard commercially available nitroglycerine ointment is 
2%, too strong for topical perianal use, so it must be diluted. 
Fissure resolution after 6 weeks of topical treatment has been 
reported at 50% to 75%, but up to half of these will recur. Bot¬ 
ulinum toxin A injection into the internal sphincter is another 
approach to reduce internal anal sphincter hypertonicity, 


COLORECTAL 






























1146 


Part Two: Surgical Practice 




FIGURE 70.22. Lateral internal sphincterotomy (closed technique). A: Triad of fissure, sentinel pile, and hypertrophied anal 
papilla. With an anal speculum used for exposure of the lateral quadrant, a no. 11 scalpel blade stabs into the subcutaneous tis¬ 
sue from the anal verge to the dentate line, with the knife in the horizontal position. B: The knife is turned 90 degrees, and the 
internal sphincter muscle is cut while the anal canal is stretched open. 


although technique, dose, and success rates have varied signifi¬ 
cantly. A cohort study of patients treated with botulinum toxin 
for fissure demonstrated 42% recurrence at a median of 42 
months. 27 Potential ill effects of botulinum injection include 
transitory incontinence (up to 3 months), hematoma, thrombo¬ 
sis, and infection. 

Lateral internal sphincterotomy, under local, spinal, or gen¬ 
eral anesthesia, is the next step for the unhealed chronic anal fis¬ 
sure refractory to medical therapy (Fig. 70.22). 28 Lateral inter¬ 
nal sphincterotomy is also indicated in patients whose pain is 
too severe to tolerate a trial of medical therapy. This is an out¬ 
patient procedure that can be performed under local, regional, 
or general anesthesia. In the closed method of sphincterotomy, a 


speculum is opened gradually wider, stretching the internal 
sphincter, which then feels like a bowstring. This muscle is then 
cut with a small knife passed through the skin, so there is only a 
stab incision (Fig. 70.23). The midline fissure is left undisturbed, 
but the sentinel pile, redundant skin, or the hypertrophied anal 
papilla can be excised if it is bothersome. Open technique 
uses a longer incision for the same operation. A cohort study 
of 35 patients who had failed nonoperative management 
reported 94% fissure healing after open sphincterotomy. 29 How- 
ever, a few patients may experience minor alterations in conti¬ 
nence following sphincterotomy. 30 A Cochrane review indicated 
that sphincter stretching and posterior sphincterotomy are less 
effective and more likely to cause incontinence. 31 


FIGURE 70.23. Lateral internal 
sphincterotomy (open method). A: 
The fissure in the midline is left alone. 
B: With a speculum used to expose 
the left lateral quadrant, an incision is 
made through the subcutaneous tis¬ 
sue to expose both the subcutaneous 
external sphincter and the internal 
sphincter. C: The internal sphincter is 
incised to its full thickness; care is 
taken not to cut the external sphinc¬ 
ter. D: The wound is closed. 
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Secondary Anal Fissure. Fissures or ulcers that develop as 
a result of underlying disease tend to be larger and deeper than 
primary fissures, and they are less likely located in the poste¬ 
rior midline. Pain is rarely as severe as the pain of primary fis¬ 
sure, and muscle-relaxing therapies (topical medications and 
sphincterotomy) do not help. A nonmidline or otherwise atyp¬ 
ical fissure should be biopsied. 

Neutropenic fissures occur in patients with leukemia, aplastic 
anemia, agranulocytosis, and similar diseases. The fissure may 
follow a bout of diarrhea or constipation at a time when the 
patient is neutropenic. This type of fissure is often very painful 
and may have a necrotic base. Treatment is symptomatic only, 
and the ulcer should heal when neutropenia resolves. 


ANORECTAL ABSCESSES 


Pathogenesis 

In the wall of the anal canal, four to ten anal glands open 
Q directly into the anal crypts at the dentate line. Infection of the 
anal glands, presumably incited by a blocked duct or orifice, is 
the origin of perianal abscesses. Because the anal glands lie 
between the internal and external sphincter muscles, an inter- 
sphincteric abscess forms first. The infection may then spread 
to the spaces discussed previously (Fig. 70.24). Abscess loca¬ 
tions, in order of frequency, are perianal, ischioanal, inter- 
sphincteric, and supralevator. 


Clinical Manifestations 


The initial symptom of most anorectal abscesses is severe anal 
pain, aggravated by activity. Swelling is usually prominent, 
and skin changes become obvious as the abscess nears the sur¬ 
face. Some patients develop urinary retention. 


Management 


most prominent part of the skin and subcutaneous tissue over- 
lying the abscess cavity. Redundant skin edges are excised to 
prevent premature closure of the abscess. No packing should 
be necessary. 

An ischioanal abscess causes a diffuse swelling of the ischioanal 
fossa, and drainage can be done wherever the abscess is most 
superficial. Bilateral ischioanal or horseshoe abscess has its origin 
in the deep postanal space, with spread to both ischioanal spaces. 
A horseshoe abscess should be drained through the deep 
postanal space, avoiding division of muscle. A longitudinal inci¬ 
sion is made in the skin between the tip of the coccyx and the 
anus to expose the anococcygeal ligament. The anococcygeal lig¬ 
ament is incised along its fibers, and the deep postanal space is 
entered. After the abscess cavity is drained and irrigated, a coun¬ 
terincision is made on one or both limbs of the ischioanal space. 

Unlike perianal and ischioanal abscesses, there is no exter¬ 
nal swelling or induration in the perianal area in intersphinc- 
teric abscesses. The diagnosis is suspected when there is severe 
anorectal pain and no evident pathology. Focal tenderness is 
present when careful, systematic circumanal palpation is per¬ 
formed. Most intersphincteric abscesses are located posteriorly. 
Intersphincteric abscesses are drained through the anal canal 
by incising the mucosa and cutting through the internal sphinc¬ 
ter muscle. 

Supralevator abscess is uncommon and difficult to diagnose. 
Because it is adjacent to the abdominal cavity, a supralevator 
abscess can mimic an acute abdomen. Digital examination 
reveals an indurated or bulging tender mass on either side of 
the lower rectum or posteriorly above the level of the anorectal 
ring. The supralevator abscess may arise by extension of an 
intersphincteric abscess, by extension of an ischioanal abscess, 
or from intra-abdominal processes such as diverticular, appen¬ 
diceal, and Crohn disease abscesses. If the abscess is from 
upward extension of an intersphincteric abscess, it should be 
drained into the rectum. If such an abscess is drained through 
the ischioanal fossa, a complicated suprasphincteric fistula can 
be formed. If the supralevator abscess arises from the upward 
extension of an ischioanal abscess, it should be drained 
through the ischioanal fossa. 


Like all abscesses, the anorectal abscess must be drained as - 

soon as possible. Antibiotics do not help and should be ANAL FISTULA 

avoided, except in immunosuppressed or immune-deficient - 

patients, in whom antibiotics should be considered. Packing is Anal fistula (fistula in ano) results when an anorectal abscess 

generally discouraged as painful and impractical. that is spontaneously or surgically drained does not heal com- 

Perianal abscesses are the most superficial and the easiest to pletely, becoming instead an inflammatory tract with an inter¬ 
treat. They are usually small and can be drained under local nal opening in the anal crypt at the dentate line and an external 

anesthesia. An elliptical or cruciate incision is made on the opening on the skin. Every abscess becomes a fistula the 




FIGURE 70.24. Pathways of infection start in the intersphincteric space (A) and then spread to perianal spaces, forming perianal 
abscesses (B). 
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FIGURE 70.25. The four main anatomic types of fistula. 


moment it is drained, because of the addition of an external 
opening, but about half of these fistulas disappear over a 2- 
month period. If the external opening (incision and drainage 
site) is still open after 60 days, one may assume it is a chronic 
anal fistula and will never heal without an operation. 


Classification 


The four subtypes of anal fistula are named for the relation of 
the fistula to the sphincter muscles (Fig. 70.25). 32 

Intersphincteric Fistula (most common). The fistulous tract 
is in the intersphincteric plane. The external opening is in the 
perianal skin, close to the anal verge. A drained perianal 
abscess is an intersphincteric fistula. 

Transsphincteric Fistula (fairly common). The fistulous tract 
starts in the intersphincteric plane, then traverses the external 
sphincter, with the external opening over the ischioanal fossa. 
Horseshoe fistulas are also in this category. A drained ischioanal 
abscess is a transsphincteric fistula. 

Suprasphincteric Fistula (rare). The fistula typically starts 
in the intersphincteric plane and then passes upward to a point 
above the puborectalis muscle. The tract passes laterally over 
this muscle and downward between the puborectalis muscle 
and the levator ani, into the ischioanal fossa. 

Extrasphincteric Fistula (rare). The fistula passes from rec¬ 
tal wall (not the anal canal) through the levator ani and the 
ischioanal fossa. Extrasphincteric fistulas may arise from 
trauma, a foreign body, or a pelvic abscess, such as diverticu¬ 
lar or appendiceal abscess. 


Clinical Manifestations 


Most fistula patients have a previous history of anorectal 
abscess, followed by intermittent spontaneous or surgical 
drainage. Recurrence of a perianal abscess indicates an anal fis¬ 
tula. The external opening is usually visible as a red elevation 
of granulation tissue with purulent or serosanguinous drainage 
on compression. In the intersphincteric fistula, the tract can be 
palpated as an indurated cord. Deeper fistulas usually are not 
palpable. 

Anoscopy is done in the operating room to identify the 
internal opening. Proctoscopy or flexible sigmoidoscopy is 
usually performed to rule out other lesions and inflammatory 


bowel disease. A fistula probe can be introduced into the fistu¬ 
lous tract to determine its direction, although it is not always 
possible to pass the probe through the internal opening. Occa¬ 
sionally the internal fistula opening or fistula pathway may be 
hard to discern based on physical examination. Injection of the 
external opening with hydrogen peroxide while performing 
endoanal ultrasound can demonstrate the tract, effectively cre¬ 
ating a fistula map, and can also help to identify an unrecog¬ 
nized internal opening at the time of surgery. Buchanan et al. 33 
studied a cohort of 108 patients with recurrent fistulae using 
digital examination, endoanal ultrasound, and MRI on each 
patient. Digital examination correctly identified 61% of 
tracks, compared with 81% of tracks by endoanal ultrasound 
and 90% by MRI. 

Several disorders must be considered in the differential diag¬ 
nosis of anal fistula. A pilonidal sinus with perianal extension 
is the closest mimic of anal fistula, although at operation it is 
obvious that the tract goes the wrong way, away from the anus 
instead of toward it. Hidradenitis suppurativa usually displays 
multiple perianal skin openings with surrounding leather-like 
skin. Infected perianal cysts are multiple and superficial, with¬ 
out a palpable tract. Inflammatory bowel disease fistulas are 
often in some way atypical, with multiple tracts or unusually 
superficial or deep tracts. Low rectal and anal canal carcinomas 
may rarely present as a fistula in the perineum. So as not to 
miss inflammatory bowel disease and cancers, fistula patients 
should be considered for flexible endoscopy. 


Management 

The principles of fistula surgery include unroofing the fistula, 
eliminating the internal opening, and establishing adequate 
drainage. Failure to open the entire tract generally leads to 
recurrence. In most fistulas, the treatment of choice involves 
opening the entire fistulous tract over a fistula probe. Granula¬ 
tion tissue is curetted out, and the edges of the wound can be 
marsupialized to facilitate healing. Fistulectomy, the excision 
of the fistulous tract, has no advantage over fistulotomy, the 
laying open of the tract. For horseshoe fistula, radical unroof¬ 
ing would result in a large wound and is not necessary. Inci¬ 
sion of the deep postanal space combined with counterincision 
and curettage of the lateral tracts is generally recommended. 

Any sphincter muscle division carries with it a risk of 
impaired continence. Individuals at particular risk include 
those with compromised continence to begin with, previous 
sphincter injury, and underlying diarrheal states such as ulcer¬ 
ative colitis or Crohn disease. High fistulas, those involving 
large amounts of external anal sphincter, are not suitable for 
treatment by fistulotomy due to the risk of incontinence. The 
anterior sphincter in women is short, and anterior fistulotomy 
in women is considered to be particularly risky. When the fis¬ 
tula tract crosses significant external sphincter, a staged proce¬ 
dure with the use of a seton, or encircling cord that stents the 
fistula open, is an ancient and successful treatment, albeit awk¬ 
ward and time-consuming. 

The seton is drawn through the fistula tract and kept loose 
around the external sphincter to allow drainage of infection; 
this arrangement is called a draining seton. Use of a cutting 
seton, in which the seton is tightened over a period of weeks to 
cut through the sphincter and create fibrosis, risks inconti¬ 
nence and is not recommended. 

At the second-stage operation (6 weeks to 3 months after the 
first), the seton is removed and some type of tract-ablating pro¬ 
cedure may be performed. Secondary fistulotomy, once popular, 
runs the risk of postoperative incontinence. Fibrin glue applica¬ 
tion to obliterate the tract has the distinct advantage of cutting 
no muscle, but most report a long-term success rate well under 
50%. Fibrin glue can be reapplied and has shown a small suc¬ 
cess rate among patients with complex fistulae among whom 
fistulotomy would likely result in incontinence. 34 
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The goal of fibrin glue is the formation of a collagen matrix 
for eventual healing, and that goal is reached more directly by 
the new biologic fistula plugs made of porcine or bovine colla¬ 
gen. This plug is drawn through the fistula tract and sutured in 
place. Reported success rates to date have been highly variable. 35 

Endoanal advancement flap is another interventional option 
for patients who fail less invasive therapy. A U-shaped flap of 
mucosa and circular muscle is created, encompassing the inter¬ 
nal opening near the distal edge. The flap is advanced, and the 
distal strip with the internal opening is excised. The internal 
opening is closed with absorbable sutures, and the flap is 
affixed with sutures to cover this repair. 


Anal Fistula Associated with Crohn Disease 


Fistulas associated with Crohn disease are often asymptomatic. 
They may resemble ordinary, cryptoglandular fistulas in that 
there is an indurated external opening in the skin that exudes 
pus, and a palpable tract passing toward the anal canal. On the 
other hand, these fistulas may be complex with multiple tracts, 
and they may disobey any rule laid down for the expected 
anatomy of typical fistulas. 

The most important part of treatment is adequate and aggres¬ 
sive medical therapy, including medications for active Crohn dis¬ 
ease. Metronidazole and ciprofloxacin have been found to be 
useful in some patients, probably for their anti-inflammatory 
rather than their antibiotic properties. Methotrexate and aza- 
thioprine have had minimal success. Infliximab, a monoclonal 
antibody directed against tumor necrosis factor, has shown 
promising efficacy for Crohn disease fistulas. In a placebo- 
controlled trial of patients with fistulizing Crohn disease in which 
90% of patients also had perianal disease, 62% experienced at 
least 50% reduction in the number of draining fistulas compared 
with 26% of the placebo group. 36 Nearly half of patients treated 
with infliximab experienced complete closure of all fistulas with 
short- to mid-term follow-up. 

Aggressive surgical intervention in complex Crohn disease 
fistulas is discouraged because of extremely poor healing 
among these patients. The basic principle is to drain any 
abscess and lay open superficial tracks. Division of any signif¬ 
icant quantity of sphincter muscle should be avoided, as these 
patients are prone to development of additional fistulae and 
are also at increased risk for incontinence due to diarrhea from 


ITABLE 70.4 

ETIOLOGY | 

CAUSES OF RECTOVAGINAL FISTULA 



Congenital maldevelopment 
Trauma 


Obstetric 

Operative 

Blunt and penetrating injury 
Foreign body 

Infection of anal canal or vaginal septum 

Pelvic irradiation 

Neoplasm 


their underlying Crohn disease. Fong-term indwelling setons 
are often the best alternative in this patient population. 


Rectovaginal Fistula 

A rectovaginal fistula is a communication between the anterior 
wall of the anal canal or rectum and the posterior wall of the 
vagina. There are many possible causes (Table 70.4), but 
obstetric injury accounts for most. A rectovaginal fistula is 
referred to as low if a repair can be done from a perineal 
approach and high if repair can be accomplished only trans- 
abdominally (Fig. 70.26). Simple or complex classification is 
based on location, size, and cause (Table 70.5). 

Clinical Manifestations. Symptoms of rectovaginal fistulas 
depend on location, size, and cause. In low or small fistulas, the 
most common complaint is passage of gas per vagina. In large 
fistulas, symptoms include vaginal discharge with fecal odor, 
passage of flatus and stool per vagina, and painful vaginitis. 

Diagnosis Diagnosis is made by physical examination. In 
low fistula, digital examination of the anal canal reveals scar 
and a defect in the anterior wall. Bimanual examination with 
one finger in the rectum and a finger of the other hand in the 



FIGURE 70.26. Rectovaginal fistula 
classified by location. Fistulas are low 
when located at or just cephalad to the 
dentate line, high when near the cervix, 
and mid when located in between. 
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ITABLE 70.5 


GLASSIFICATION | 

CLASSIFICATION OF RECTOVAGINAL FISTULA 

■ CHARACTERISTIC 

■ SIMPLE 

■ COMPLEX 

Location 

Low to midvaginal septum 

High vaginal septum 

Size 

2.5 cm or less in diameter 

2.5 cm or more in diameter 

Cause 

Traumatic or infectious cause 

Inflammatory bowel disease, 
irradiation, neoplastic cause 


vagina is also helpful. Anoscopy can also detect the opening in 
the anal canal. Middle and high fistulas require proctoscopy. If 
the fistula cannot be seen, a tampon is placed in the vaginal 
canal and 100 mL of dilute methylene blue is instilled into the 
anorectum. The tampon is then removed and checked for blue 
staining. Barium enema is usually not helpful but may be indi¬ 
cated in certain patients with inflammatory bowel disease or 
previous irradiation. 

Management. Spontaneous or nonoperative healing of a 
rectovaginal fistula depends primarily on its cause and, to a 
lesser extent, on its size. About one half of small rectovaginal 
fistulas secondary to obstetric trauma heal spontaneously. Fis¬ 
tulas caused by Crohn disease or irradiation rarely heal spon¬ 
taneously. 

For a low, simple fistula and some mid-rectovaginal fistu¬ 
las, endorectal advancement of an anorectal flap technique 
gives good results. The rectal flap, which consists of mucosa, 
submucosa, internal sphincter, and the circular muscle of the 
lower rectum, is outlined lateral and distal to the fistula. The 
flap is based at least 4 cm cephalad to the fistula, and the base 
should be twice the length of the flap to ensure adequate blood 
supply. After the flap is raised, the underlying fistula and the 
excess flap are excised. The cut edges of the internal sphincter 
and the circular muscle of the lower rectum are approximated, 
obliterating that portion of the fistula tract. The opening in the 
vagina is left open for drainage. The anorectal flap is then 
advanced over the repaired area and sutured (Fig. 70.27). 

The results of endorectal advancement flap for treatment of 
simple rectovaginal fistula are good, with 83% of treated 
patients achieving primary healing of the fistula. 37 It is impor¬ 
tant to wait, usually 3 to 6 months, until the inflammation has 
subsided before considering a surgical repair. An alternative 
repair is to lay open the rectovaginal fistula, essentially con¬ 
verting it to a fourth-degree perineal tear. A layered closure of 
the anal and vaginal defect can be performed using synthetic 
absorbable sutures. However, this approach divides intact 
sphincter muscle and risks impaired continence. On the other 
hand, if the rectovaginal fistula is associated with incontinence 
resulting from injury to the external sphincter, a sphinctero¬ 
plasty is also performed. In this technique, the ends of the tran¬ 
sected muscle are identified and mobilized. The fistula is 
excised, and the muscle ends are then overlapped and sutured. 

High fistulas and some mid-rectovaginal fistulas require a 
transabdominal approach. Simple fistulas with healthy sur¬ 
rounding tissues can be repaired by mobilization of the recto¬ 
vaginal septum, division of the fistula, and layered closure of 
the rectal defect without bowel resection. If the local tissues 
are damaged by irradiation, infection, or inflammatory dis¬ 
eases, an extended low anterior resection with coloanal anas¬ 
tomosis should be performed. 

Although most simple rectovaginal fistulas do not require a 
diverting colostomy, complex rectovaginal fistulas are best man¬ 
aged by a preliminary colostomy. For elderly or unfit patients, 
for most radiation-induced fistulas, and for rectovaginal fistulas 
associated with Crohn disease, a permanent colostomy may be 
prudent. 


PILONIDAL SINUS 


Pilonidal sinus is an acquired condition, beginning with rup¬ 
ture into the dermis of a hair follicle in the sacrococcygeal 
region. Why this happens at that location more than other 
locations, and what predisposes certain people (male sex, sec¬ 
ond or third decade of life, hirsute habitus, Mediterranean skin 
type) to develop pilonidal sinus is unclear. Although tradition¬ 
ally conceived as a solitary condition, pilonidal sinus is part of 
the acne inversa tetrad (hi dr adenitis suppurativa, acne conglo- 
bata, dissecting scalp perifolliculitis, and pilonidal sinus), and 
thus may be the most common manifestation of an incom¬ 
pletely penetrant syndrome. Acne inversa lesions indistinguish¬ 
able from pilonidal sinus, but in other predictable locations 
such as the axillae, vulva, scrotum, and so on, are termed 
bidradenitis suppurativa , perhaps reflecting artificial distinc¬ 
tions between treating specialties rather than distinct disease 
processes. Pilonidal-like lesions have also been reported in 
unusual locations such as the umbilicus, healed amputation 
stumps, and inter digital clefts. 


Clinical Manifestations 


Pilonidal sinus typically begins as an acute abscess at the 
sacrococcygeal area that drains spontaneously or is drained 
surgically, leaving a nonhealing sinus with chronic drainage. 


Diagnosis 

A painful, fluctuant mass is typically the initial presentation. In 
its earliest stage, only cellulitis may be present, whereas in the 
chronic state one sees the sinus opening in the intergluteal fold, 
about 5 cm superior and posterior to the anus. Most sinus 
tracts run cephalad (93%); the rest run caudad (7%) and may 
be confused with anal fistula or suppurative hidradenitis. On 
careful examination, one can almost always find a pit or pits in 
the midline, representing ruptured hair follicles. The differen¬ 
tial diagnoses include furuncles of the skin, anal fistula, 
syphilitic or tuberculous granulomas, and osteomyelitis with 
multiple draining sinuses in the skin. Actinomycosis in the 
sacral region has been described as virtually indistinguishable 
from pilonidal disease. 


Treatment 


Drainage of a pilonidal abscess can almost always be accom¬ 
plished under local anesthesia. A longitudinal incision is made 
lateral to the midline over the abscess, and the cavity is 
entered. All hair in the abscess cavity, if present, is removed, 
and the wound is lightly packed. The patient is instructed to 
clean the wound at least once a day and to apply light packing. 
Antibiotics are not usually indicated. 

For chronic pilonidal sinuses, the chronic cavity may be incised 
and the wound edges marsupialized. This is the time-honored 
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FIGURE 70.27. Endorectal advancement of anorectal flap. A: Exposure is gained by an anal speculum, and the fistula is identified. Outline of 
endorectal flap, extending proximally to 7 cm from the anal verge. B: The full-thickness flap is created to include the internal sphincter muscle. 
C: Lateral mobilization is made on each side in the submucosal plane. D: Anorectal wall on each side is approximated. E and F: The endorectal 
flap is pulled down to cover the wound and sutured. The fistula is excised. The aperture in the vagina is not sutured but is left open for drainage. 


method, and healing is fairly reliable but sometimes pro¬ 
longed. An alternative is to excise the sinus and perform a 
local flap repair. 38 Excellent results have been reported from 
specialty centers using this approach. 

A third approach is the Bascom technique, which involves 
opening the main tract lateral to the midline. The sinus tracts to 
the midline pits are probed and laid open. Granulation tissue in 
the cavity is curetted and the wound packed. Healing is reported 
to be faster than for conventional excision, with the wound com¬ 
pletely closed within 4 weeks in most cases. 39 Nonhealing or pro¬ 
longed healing are problems with all conventional techniques, 
and there is a substantial corpus of literature on flap procedures 
for reclosing pilonidal wounds. The Bascom cleft-lift operation is 
also reported to work for failures of other techniques. 40 


care, usually described as a critical feature of pilonidal care. 
However, general principles of open wound care seem to apply 
here as elsewhere: keeping the wound bed moist and the edges 
dry, gently debriding devitalized tissue and exudates, and 
removing foreign bodies. 


SEXUALLY TRANSMITTED 
DISEASES OF THE ANORECTUM 

The anus is part of the anogenital tract from the viewpoint of 
infectious diseases, which are substantially the same as those of 
the external genitalia. 


Postoperative Care 


Anal Condylomata Acuminata 


Because of the high rate of nonhealing and prolonged healing Q Anal condylomata acuminata (warts) are caused by human 
in this area, much thought has been given to postoperative papilloma viruses (HPV) of various subtypes. In most patients, 
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warts involve the perianal skin, anal verge, and anoderm. 
Occasionally, the lesions also involve the mucosa of the upper 
anal canal and the lower rectum, indicating that islands of 
squamous epithelium, the only type of epithelium HPV can 
infect, may be found in the upper anal canal and lower rectum 
as well. Extent of disease varies from a few small warts to a 
large mass that threatens to occlude the anus. The diagnosis is 
usually obvious by the characteristic papillary appearance. 
Anoscopic examination or palpation can detect intra-anal 
involvement. Because most cases are transmitted by sexual 
contact after a 1- to 3-month incubation period, other coexist¬ 
ing venereal diseases should be considered. 

Small perianal warts can be destroyed by applying 
podophyllin, podophyllotoxin, bichloracetic acid, or trichloro¬ 
acetic acid. These are caustic agents, so uninvolved skin may be 
protected with petroleum jelly before application. Imiquimod, a 
topical interferon inducer, may be applied topically to anal mar¬ 
gin warts. Extensive external warts, or any warts in the anal 
canal, are best treated by excision and fulguration with electro¬ 
cautery. A laser may be used to excise and fulgurate warts, but 
there is no clear advantage over electrocautery. 

Recurrence rates are greater than 65% in short-term stud¬ 
ies, and one may reasonably assume that recurrence rates 
would be significantly higher with long-term follow-up. 
Immunotherapy with autogenous vaccine, injected interferon, 
or topical imiquimod in conjunction with excision and fulgura¬ 
tion may be effective in delaying or reducing recurrence, but 
the role of these measures and their cost-effectiveness remain 
undetermined. The efficacy of HPV vaccination using the 
tetr a valent vaccine in the prevention of anal warts is unknown. 
The vaccine is not effective therapeutically in patients who 
have already been infected. 

Malignant transformation of condylomata acuminata is 
very rare and is usually associated with serotypes 16 and 18, 
although several other serotypes also have malignant potential. 
There is currently no role for serotyping HPV in clinical prac¬ 
tice. Other risks for malignant transformation include long¬ 
standing condylomata and immunosuppression, either from 
transplantation or HIV. Malignant transformation is preceded 
by development of dysplastic changes (anal intraepithelial neo¬ 
plasia, AIN), analogous to those seen in cervix (CIN), vulva 
(VIN), and vaginal dysplasia. Some authorities now recom¬ 
mend routine anal Papanicolaou smears for high risk (i.e., 
immunosuppressed) individuals. Using this approach, patients 
found to have high-grade dysplasia (AIN 2-3) undergo high- 
definition anal microscopy using a colposcope, with focal abla¬ 
tion of areas of high-grade dysplasia. Although several centers 
have reported encouraging results using this approach, proof of 
its efficacy in controlled trials is currently lacking. 

When malignant transformation occurs, it is almost always 
to squamous carcinoma rather than adenocarcinoma. Malig¬ 
nancies are treated by location, with Nigro-type chemoradia- 
tion for anal canal lesions and surgical excision for anal mar¬ 
gin lesions. 


Gonococcal Proctitis 


Patients with gonococcal proctitis are usually asymptomatic 
but may have mild anal burning, pain, discharge, or bleeding in 
the acute phase. Proctoscopy reveals inflamed anorectal 
mucosa with purulent discharge at the dentate line. In the 
chronic phase, the anus and rectum may appear normal. Diag¬ 
nosis is confirmed by observing Neisseria gonorrbeae on 
stained smears of the discharge, and by culture. In the United 
States, gonococcal antimicrobial resistance continues to evolve, 
and coinfection with Chlamydia trachomatis is found in up to 
45% of gonorrhea cases. 

The recommended treatment is a single injection of ceftriax¬ 
one plus a 7-day course of oral doxycycline, which is added for 
possible coexisting chlamydial infection. All patients treated 


for gonorrhea should have a serologic test for syphilis, which if 
found can be treated with penicillin G. High-risk patients 
should be tested for HIV. Follow-up gonococcal cultures to 
confirm eradication are not necessary in the asymptomatic 
patient. 


Chlamydial Proctitis 

Chlamydia trachomatis is the most common cause of sexually 
transmitted disease in the United States, with about 4 million 
cases each year. Although most chlamydial infections affect the 
urethra, anorectal involvement is common when the anus is 
used sexually. Proctoscopy reveals a nonspecific inflammation, 
but immunofluorescence microscopy of swab material pro¬ 
vides the diagnosis. 

Treatment includes a 7-day course of oral tetracycline or 
doxycycline, which cures more than 95% of cases. Therefore, 
posttreatment cultures are not necessary. Erythromycins and 
fluoroquinolones are among the other effective antibiotics. 


Herpes Simplex Proctitis 

Anorectal herpes is caused by herpesvirus type II, the anogeni¬ 
tal type. In herpetic proctitis, there may be severe anorectal 
pain, fever, inguinal lymphadenopathy, tenesmus, discharge, 
and bleeding. Examination reveals erythematous areas with 
small groups of vesicles that rupture and become ulcerated. 
Proctoscopy shows nonspecific proctitis, 41 but Papanicolaou or 
Giemsa staining may show characteristic multinucleated giant 
cells, and the virus may be isolated from vesicle or ulcer fluid. 

A 10-day course of oral acyclovir, valacyclovir, or famci¬ 
clovir, especially if initiated shortly after the onset of lesions, is 
effective in limiting the extent and duration of symptoms. Top¬ 
ical acyclovir ointment has no significant effect on symptoms 
or healing time. Recurrent anorectal herpes, if symptomatic, is 
treated with shorter courses of the oral antivirals. 


ANORECTAL DISEASES IN 
PATIENTS WITH HIV AND AIDS 


Kaposi Sarcoma 

Kaposi sarcoma (KS), associated with the herpesvirus HHV-8, 
is still one of the most common malignancies in AIDS patients. 
Because it thrives with low CD4 counts, the significance of KS 
is waning in the era of highly active antiretroviral therapy 
(HAART). Most colorectal KS is asymptomatic, but bleeding 
and obstruction may rarely occur; likewise, most KS of the 
anal verge and anal margin skin is asymptomatic. Treatment is 
directed at the HIV infection, and KS-specific treatment, if 
needed, is usually by radiation, chemotherapy, or other abla¬ 
tive measures. 


Cytomegalovirus 

Symptomatic cytomegalovirus (CMV) proctocolitis occurs in 
profoundly immunosuppressed AIDS patients. Like KS, CMV is 
waning in significance because of HAART. Symptoms of CMV 
proctocolitis include diarrhea, fever, abdominal pain, and 
weight loss. Proctoscopy may reveal sharply demarcated shal¬ 
low ulcers with fibrinous exudate, and biopsy gives an accurate 
diagnosis. Treatment is directed at the HIV infection and the 
CMV infection. Because proctitis represents systemic infection, 
CMV is treated by oral or intravenous antivirals, depending on 
the severity of disease. When surgical complications such as per¬ 
foration occur, they are usually intra-abdominal, not anorectal. 
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Lymphoma 

Lymphomas occur at higher incidence in patients with HIV. 
Non-Hodgkin lymphoma was an original AIDS-defining diag¬ 
nosis in the pre-HAART era, associated with low CD4 counts, 
whereas Hodgkin lymphoma occurs most commonly in 
patients with CD4 counts of 300 to 400. Anorectal lymphoma 
is usually extraluminal, sometimes presenting as perianal ulcer. 
Any atypical feature of a perianal ulcer in an HIV-positive 
patient should trigger a biopsy. 


Anal Ulcers 


Idiopathic anal ulcers were common among HIV-positive 
patients pre-HAART, and they are still found in AIDS patients 
with low CD4 counts. Most ulcers are in the posterior midline 
of the anal canal, straddling the dentate line and thus proximal 
to site of a typical anal fissure. They can be erosive, dissecting 
submucosally or intersphincterically, and creating painful 
areas of acute and chronic inflammation. 42 

Examination of the anus and rectum under anesthesia is 
usually necessary. Biopsies should be taken and sent for viral, 
bacterial, and mycobacterial culture, dark-field examination 
for syphilis, and histopathologic examination to rule out 
CMV, lymphoma, and squamous cell cancer. About half of 
HIV-associated ulcers are specific, caused by syphilis, tubercu¬ 
losis, HSV, cytomegalovirus, and other infections, and about 
half are nonspecific or idiopathic. Treatment of the latter has 
been empiric, using metronidazole and/or intralesional steroid 
injection; treating the HIV infection and raising the CD4 count 
addresses the underlying problem. Thalidomide has been 
reported to be effective treatment for HIV-associated aphthous 
ulcerations, and it might have a role in treating refractory anal 
ulcerations as well. 43 


Anal Intraepithelial Neoplasia 

HPV’s role in AIN and anal cancers closely parallels its role in 
the genesis of cervical carcinoma, a more closely studied process. 
Oncogenic HPV strains such as 16 and 18 have a higher propen¬ 
sity to initiate the development of carcinoma 44 These two well- 
studied serotypes also have a predilection for the less stable 
epithelium of the upper anal canal (transitional zone) rather than 
the modified skin of the lower anal canal (anoderm), but they 
can still be identified in the anal margin skin. 

Anal carcinoma and its precursor lesion, anal intraepithelial 
neoplasia (AIN), both occur at markedly increased incidence in 
HIV-positive patients and in people with risk factors for HIV. 
This ‘epidemic within the epidemic’ is caused by oncogenic 
strains of HPV and indirectly facilitated by HAART, which has 
allowed patients to live long enough to develop these lesions. 
High CD4 counts are not protective. As HIV has become a 
chronic, manageable condition, anal carcinoma has become 
more common, necessitating the development of screening and 
surveillance regimens. 45 

AIN can be detected using cytologic (Papanicolaou) smears, 
and positive findings can be followed by high-resolution 
anoscopy, using a colposcope and vital staining. In one preva¬ 
lence study, AIN was present in 80% of HIV-positive men, and 
half of the AIN was high-grade (AIN II or III) (Fig. 70.28). 46 
Low-grade AIN, like the condyloma it often accompanies, 
rarely undergoes malignant transformation and can be 
observed, or it can be ablated if symptomatic. High-grade AIN 
is the premalignant counterpart of anal squamous carcinoma, 
identical to carcinoma in situ and Bowen disease. Although the 
rate of malignant transformation is unknown, one can esti¬ 
mate that it is relatively low to date: Based on prevalence stud¬ 
ies, roughly half of the 1,200,000 Americans living with HIV 



FIGURE 70.28. High-grade anal intraepithelial neoplasia (Bowen 
disease, carcinoma in situ). Atypical epithelial cells involve the full 
thickness of the epidermis. 


can be presumed to have high-grade AIN, and roughly half of 
the 5,000 new cases of anal canal cancer per year occur in 
HIV-positive patients. Thus about 2,500 cases arise annually 
in an at-risk population of about 600,000—about 0.4% per 
year. However, based on the analogy to CIN and cervical can¬ 
cer, progression from high-grade AIN to anal cancer would be 
expected to take many years, and the incidence of anal cancer 
in HIV-positive patients may rise sharply with further years of 
observation on HAART therapy. 

Many authors have recommended ablation of detectable 
lesions, and infrared coagulation is the currently favored abla¬ 
tive technique. 47 High-grade AIN is often very extensive and 
difficult to detect, so it may be very difficult to ablate com¬ 
pletely; multiple treatments and persistence/recurrence are 
commonplace. Although all authors agree on aggressive treat¬ 
ment of invasive anal cancer (see later), there are many sug¬ 
gested strategies for managing high-grade AIN, from simple 
surveillance to aggressive ablation of all detectable lesions. 48,49 


ANAL CANCER 


Anal cancers—malignancies of the anal canal and the skin of 
the anal margin—are uncommon, and the literature is limited 
by nonuniform terminology and classification. The World 
Health Organization and the American Joint Committee on 
Cancer have developed standard terminology for neoplasms of 
the anal region. 


Anal Intraepithelial Neoplasia in the 
HIV-negative Population 

In the HIV-negative population, high-grade AIN (also called 
Bowen disease) is rare, slow growing, and can occur in any age 
group but is more prevalent in older women. 50 Immunosup- 
pressed patients, especially those with solid organ transplants, 
are also a high-risk group for AIN. AIN may appear as a dis¬ 
crete scaly or crusted plaque; it may be pigmented; and it may 
be difficult to delineate. Biopsy of any atypical anal lesion is 
mandatory (Fig. 70.28). Once AIN has been detected, one may 
consider mapping the extent of nonvisible involvement by tak¬ 
ing multiple biopsies, but there is no evidence that this practice 
improves patient outcomes. Once a patient has or has had AIN, 
lifetime surveillance is essential. Recurrences are reported as late 
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as 9 years postoperatively; this is not surprising, because surgi¬ 
cal intervention does not cure viral infection. Just as in the HIV¬ 
positive population, the value of colposcopy (high-resolution 
anoscopy) for surveillance is debated, and physical examina¬ 
tion may be sufficient for detection of new, changed, or suspi¬ 
cious lesions. High-grade AIN in the HIV-negative population 
probably has a lower rate of malignant transformation than the 
same lesion in the HIV-positive population. 


Squamous Cell Carcinoma 

Squamous cell carcinomas of the anal margin resemble those 
occurring in skin elsewhere. They grow slowly and have 
rolled, everted edges and central ulceration. Any chronic 
unhealed or indurated ulceration in the perianal area should 
be biopsied, looking for squamous cell carcinoma (Fig. 70.29). 
Lymphatic spread from squamous carcinomas of the perianal 
area is mainly to inguinal lymph nodes. Despite their superfi¬ 
cial location, most lesions are diagnosed late, with half of cases 
identified more than 22 months after the onset of symptoms; 
carcinoma is often discovered at a late stage (T3), measuring 
5 cm or more. The importance of biopsying atypical ‘fissures’ 
and ‘external hemorrhoids’ cannot be overemphasized. 

Wide local excision is the treatment for anal margin squa¬ 
mous cell carcinoma but only in properly selected cases. For 
microinvasive carcinoma and for cancers that do not invade 
muscle, local excision should be curative. For large, muscle- 
invasive (T4), or anal canal-invasive lesions, chemoradiation 
should be considered, as in anal canal cancer treatment. 
Abdominoperineal resection is rarely needed for anal margin 
cancer, though it may be used for patients with extensive 
lesions who cannot tolerate chemoradiation, or in patients with 
anal sphincter involvement and incontinence. Size of the carci¬ 
noma determines staging and prognosis, as of course do lymph 
node and distant-metastasis status. Five- and ten-year survival 
rates for T a lesions are both 100%, compared with roughly 
60% and 40% for T 2 lesions. 


Paget Disease 

This intraepithelial adenocarcinoma was initially described in 
the breast. Extramammary Paget disease can be found in the 
anogenital region. Most authors agree that Paget cells are of 
glandular, probably apocrine, origin, from the adnexal organs 


of the skin. 51 Perianal Paget disease starts out as a benign in situ 
neoplasm, and it may eventually become invasive as an adeno¬ 
carcinoma. 

Paget disease occurs in the elderly, with an average age of 
68. 52 It appears as a slowly spreading pruritic and erythema¬ 
tous, sometimes sharply demarcated perianal rash that may 
ooze or scale. Because of its gross similarity to other conditions 
such as idiopathic pruritus ani and AIN, the diagnosis of peri¬ 
anal Paget disease is made by biopsy (Fig. 70.30) and is often 
delayed. In almost one third of the cases, the lesion involves the 
entire circumference of the perianal skin. 

True Paget disease of the perianal skin must be distinguished 
from downward intraepidermal spread of a signet-ring cell ade¬ 
nocarcinoma of the rectum, which it resembles histologically. A 
complete colonoscopy with thorough examination of the rec¬ 
tum and anal canal should be performed. Synchronous visceral 
carcinomas have been found in up to 50% of patients. 53 

In the absence of invasive carcinoma, wide excision with a 
microscopically clear margin is the treatment of choice. 
Because clinically invisible Paget disease may extend beyond 
the gross margin of the lesion, mapping the extent of involve¬ 
ment by obtaining biopsies in four quadrants at the dentate 
line, anal verge, and anal margin can assist with planning and 
establish a baseline for future surveillance. If extensive wide 
local excision is needed, reconstruction can be performed with 
large advancement or rotation flaps. 54 

If there is a concomitant rectal adenocarcinoma, then treat¬ 
ment follows rectal cancer protocols, with the possible addi¬ 
tion of inguinal lymph node dissection. Because diagnosis is 
delayed by an average of 4 years from onset of symptoms, 
about 25% of patients with invasive adenocarcinoma in Paget 
disease already have distant metastasis. Likely sites of metas¬ 
tasis are the same as those of any distal rectal adenocarcinoma. 


Verrucous Carcinoma/Giant Condyloma 

An overlapping group of entities is called giant condyloma 
acuminatum , Buscbke-Lowenstein tumor , and verrucous car¬ 
cinoma, although the term verrucous carcinoma is also used 
more broadly to describe a histologic subtype of squamous 
carcinoma. The giant condyloma is typically a large (>8 cm), 
slow-growing, symptomatic, warty growth with a soft feel and 
cauliflower-like appearance. It may arise in the anal margin 
skin or the anal canal and may be grossly and microscopically 
indistinguishable from very extensive condylomata acuminata. 
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Although it may be histologically bland, the lesion’s behavior 
is clinically malignant. 

These lesions may relentlessly expand and invade the 
ischioanal fossa, perirectal tissues, and even the pelvic cavity. 
Sinuses and fistula tracts may form and create complex lesional 
anatomy. Verrucous carcinomas rarely metastasize, but they do 
recur locally. 

Treatment is wide local excision, which may even include 
abdominoperineal resection (APR), if the lesion involves the 
anal sphincters. Multimodality treatment may be considered. 55 


Basal Cell Carcinoma 


Basal cell carcinoma, elsewhere a lesion of sun-exposed skin, 
occurs rarely on the anal margin. It is usually superficial and 
rarely metastasizes. Treatment is wide local excision followed by 
surveillance, because local recurrence is a significant concern. 56 


Anal Canal Neoplasms 

Squamous Cell or Epidermoid Carcinoma. Squamous 
cell carcinoma of the anal canal has an incidence of about 5,000 
cases per year in the United States, but this number increases 
every year with the HIV epidemic. Anal canal cancer differs in 
treatment and prognosis from anal margin cancer. Squamous 
cell or epidermoid cancer of the anal canal has various micro¬ 
scopic appearances, including large cell keratinizing (squa¬ 
mous), large cell nonkeratinizing (transitional), and basaloid. 
The term cloacogenic carcinoma has been used for the basaloid 
and large cell nonkeratinizing (transitional) form of epidermoid 
carcinoma. Most squamous cell carcinomas of the anal canal 
above the dentate line are nonkeratinizing (Fig. 70.31). 

0 The presentation of epidermoid anal canal carcinoma is com¬ 
monly a long history of anal problems misinterpreted as pruritus 
ani, hemorrhoids, or anal fissure, but now characterized by an 
indurated anal mass. Digital examination of the anal canal 
should demonstrate all but the smallest anal canal cancers, and 
the reader is reminded that a palpable ‘hemorrhoid’ requires 
biopsy—true internal hemorrhoids are not palpable. Anoscopy 
confirms digital findings and allows for biopsy. 

Once anal canal cancer is diagnosed, colonoscopy is com¬ 
monly done, but it is not strictly required as there is no associ¬ 
ation between epidermoid anal canal cancer and colorectal 
cancer. However, patients are often elderly, may have bled, or 
simply are due for colorectal cancer screening, so diagnostic 



FIGURE 70.31. Squamous cell carcinoma of the anal canal. Note the 
absence of keratin. 


colonoscopy is often indicated on its own merits. Computed 
tomography of the abdomen and pelvis is indicated for stag¬ 
ing. Endoanal ultrasonography may be useful in evaluating 
depth of invasion (not part of anal canal cancer staging) and 
detecting perirectal lymph node metastasis. Enlarged or suspi¬ 
cious groin lymph nodes should be biopsied, either by excision 
or fine-needle aspiration, because reactive lymphadenopathy is 
common. Staging is detailed in Table 70.6. 

Anal canal lymphatic pathways vary, and the pattern of 
spread depends on the location of the lesion. About 40% of 
lymph node metastases are in lymph nodes less than 5 mm in 
diameter, 57 suggesting a potential role for sentinel node biopsy 
in this condition. 

Inguinal metastasis (stage III) is found in 15% to 20% of 
patients at the time of diagnosis and becomes apparent later in 
an additional 10% to 25%. 58 Screening of high-risk groups, 
such as patients with high-grade AIN (especially in the context 
of immunosuppression), should decrease the stage at which 
anal cancers are found. Alertness on the part of surgeons, when 
evaluating any patient for an atypical ‘fissure’ or ‘hemorrhoid,’ 
is another key defense against advanced disease. When anal 
cancer is less than 2 cm in diameter (Tl), only 3% of patients 
are found to have lymph node metastasis, and the vast major¬ 
ity of these are curable. Although distant metastasis is uncom¬ 
mon at presentation, subsequent metastasis occurs frequently: 
40% of the roughly 700 anal cancer-related deaths per year in 
the United States occur from disease outside the pelvis. 

Treatment for all stages of anal canal cancer is by chemora- 
diation: The combination of 5-fluorouracil, mitomycin C, and 
pelvic radiation therapy was pioneered by Nigro in 1972. 59 
Abdominoperineal resection had been standard treatment up 
to that point, but now the surgeon’s role is to diagnose the 
lesion initially by biopsy, then reevaluate the scar 6 to 8 weeks 
after completion of chemoradiation to rule out persistent dis¬ 
ease. Subsequent to Nigro’s initial reports, prospective ran¬ 
domized trials established the most effective combination of 
chemoradiation for local control, avoidance of colostomy, and 
overall survival. 60 A typical modified Nigro regimen is summa¬ 
rized in Table 70.7; chemotherapy research continues, in the 
hope of replacing mitomycin C with a less toxic agent. 61 Late 
adverse effects associated with radiation of the anal region 
include proctitis, diarrhea, incontinence, anal ulcers, and steno¬ 
sis, leading to permanent colostomy in about 10% of patients. 

Abdominoperineal resection continues to play a role for per¬ 
sistent or recurrent anal canal cancer. All studies of salvage 
abdominoperineal resection show better survival in recurrent 
than persistent disease, reflecting the natural history of the two 
types of lesion. Perineal wound problems are common from this 
operation, which always takes place in an irradiated field. 62 As 
patients who undergo chemoradiation for anal cancer have a 
higher perineal wound complication rate following abdominoper¬ 
ineal resection than do those undergoing chemoradiation for 
rectal cancer, 63 primary reconstruction with a rectus abdominis 
myocutaneous flap should be considered. 64 

Adenocarcinoma. Adenocarcinomas of the anus are rare, 
constituting 3% to 9% of all anal carcinomas. 65 The World 
Health Organization classifies these malignancies into rectal 
type, anal gland type, and anorectal fistula type. 

Rectal Type. Rectal-type adenocarcinoma arises within the 
upper anal canal; histology is the same as rectal adenocarci¬ 
noma. It is impossible to distinguish this lesion from adeno¬ 
carcinoma of the lower rectum. 

Anal Gland Type. The anal gland ducts are lined by columnar 
epithelium with mucin-secreting (goblet) cells, from which 
mucoepidermoid carcinomas can arise. The characteristic fea¬ 
ture of anal gland cancer is extramucosal adenocarcinoma 
without involvement of the anal canal surface epithelium, 
except where the lesion has spread locally. 
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TABLE 70.6 STAGING AND CLASSIFICATION 


AMERICAN JOINT COMMITTEE ON CANCER STAGING CLASSIFICATION FOR SQUAMOUS 
CELL CARCINOMA OF THE ANAL CANAL 


PRIMARY TUMOR (T) 

Tx 


Primary tumor cannot be assessed 

TO 


No evidence of primary tumor 

Tis 


Carcinoma in situ 

T1 


Tumor 2 cm or less in greatest dimension 

T2 


Tumor more than 2 cm but not more than 5 cm in greatest dimension 

T3 


Tumor more than 5 cm in greatest dimension 

T4 


Tumor of any size invades adjacent organ(s), e.g., vagina, urethra, bladder 
(involvement of sphincter muscle alone is not classified as T4) 

REGIONAL LYMPH NODES (N) 

Nx 


Regional lymph nodes cannot be assessed 

NO 


No regional lymph node metastasis 

N1 


Metastasis in perirectal lymph node(s) 

N2 


Metastasis in unilateral internal iliac and/or inguinal lymph nodes 

N3 


Metastasis in perirectal and inguinal lymph nodes and/or bilateral internal iliac 
and/or inguinal lymph nodes 

DISTANT METASTASIS (M) 

Mx 


Distant metastasis cannot be assessed 

MO 

• 

No distant metastasis 

Ml 


Distant metastasis 

STAGE GROUPING 

Stage 0 

Tis, NO, MO 

Stage I 

Tl, NO, MO 

Stage II 

T2, NO, MO 



T3, NO, MO 

Stage IIIA 

Tl, Nl, MO 



T2, Nl, MO 

T3, Nl, MO 

T4, NO, MO 

Stage IIIB 

T4, Nl, MO 



Any T, N2, MO 

Any T, N3, MO 

Stage IV 

Any T, Any N, M 


TABLE 70.7 


TREATMENT | 

MODIFIED NIGRO REGIMEN FOR SQUAMOUS CELL CARCINOMA OF THE ANAL CANAL 

■ TREATMENT 

■ DOSE 

■ SCHEDULE 

External radiation 

50 Gy, to the primary carcinoma 
and 35-45 Gy to pelvic 
inguinal nodes 

Start day 1 (2 Gy/d, 5 d/wk 
for 5 wk) 

Systemic chemotherapy 

Fluorouracil, 1,000 mg/m 2 /24 h 
as a continuous infusion for 4 d 

Start day 1; repeat 4-d 
infusion starting day 28 

Mitomycin C 

10-15 mg/m 2 as intravenous bolus 

Day 1 only 
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Anorectal Fistula Type. Mucinous adenocarcinoma may arise 
within long-standing anorectal fistula tracts. Some authors 
believe that they originate in the anal glands and ducts, sug¬ 
gesting that the distinction between anal gland-type and 
anorectal fistula-type adenocarcinoma may be artificial. 

Rectal-type adenocarcinoma of the anal canal is treated 
according to rectal cancer protocols, with local or radical exci¬ 
sion depending on depth of invasion, as determined by endo- 
luminal ultrasound or MRI. Abdominoperineal resection is the 
definitive treatment for most anal canal adenocarcinoma. 
Although chemoradiation is definitive treatment for epider¬ 
moid anal canal cancer, adenocarcinomas of the anal canal are 
less responsive to nonsurgical therapy. 66 

Melanoma. Melanoma accounts for less than 1% of anal 
canal malignancies. However, the anal canal is the third most 
common site for melanoma, after skin and eyes. The female- 
to-male ratio is approximately 2:1, and the average age at pre¬ 
sentation is 63 years. 

One should suspect melanoma when one sees a deeply pig¬ 
mented ‘hemorrhoid’ causing symptoms. However, most anal 
melanomas are lightly pigmented or frankly amelanotic, so 
they are often misdiagnosed as polyps or squamous cell carci¬ 
nomas. Examination under anesthesia and incisional or exci- 
sional biopsy allows for correct diagnosis. 

Anal canal melanomas spread submucosally into the rec¬ 
tum but rarely invade adjacent organs, possibly because most 
patients die before this can occur. Lymphatic spread to mesen¬ 
teric nodes is seen in about one third of patients at the time of 
diagnosis; spread to inguinal nodes is less common. Wide 
hematogenous spread, especially to liver and lung, is common, 
accounting for most deaths. 

Anal canal melanomas do not respond to chemotherapy, 
radiotherapy, or immunotherapy. While surgery is the only 
option, it is almost never curative, and abdominoperineal 
resection confers no survival benefit compared with wide local 
excision. 67 Sometimes wide local excision involves destroying 
the anal sphincters, so it must be accompanied by diverting 
colostomy; when the tumor is large, abdominoperineal resec¬ 
tion may be the best option for obtaining local control. Sen¬ 
tinel node excision, a staple of cutaneous melanoma surgery, 
has not been explored in this population. 
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SECTION J 

HERNIA, ACUTE ABDOMEN, AND SPLEEN 

CHAPTER 71 ■ ABDOMINAL WALL HERNIAS 

ROBERT J. FITZGIBBONS Jr., SAMUEL CEMAJ, AND THOMAS H. QUINN 


KEY POINTS 


Q Surgeons have traditionally been taught the anatomy of the 
abdominal wall from an outside to inside perspective. 
However, with the increasing use of intra-abdominal or 
preperitoneal approaches to abdominal wall reconstruc¬ 
tion, a better understanding of the anatomy from the inside 
to the outside perspective is important. 

^Type I collagen is responsible for tensile strength, while 
type III collagen is less mature and is most important in the 
early phases of wound healing. A decreased ratio of type I 
to type III collagens can be detected in fascial and skin 
specimens obtained from patients with hernias. 

Q Inguinal hernias constitute approximately 75% of abdom¬ 
inal wall hernias, with femoral hernia accounting for 5%. 
Incisional, umbilical, and epigastric hernias account for 
15% and miscellaneous hernias make up the other 5%. 

Q Watchful waiting is an acceptable alternative to routine 
repair for male inguinal hernia patients with minimal symp¬ 
toms. This does not apply to females because of the higher 
risk of a hernia accident. 


Q The performance of a “tension-free” inguinal hernia repair 
dramatically reduces the risk of recurrent hernia to a rate 
generally reported to be less than 2%. 

Q The most popular laparoscopic techniques for repair of an 
inguinal hernia are the transabdominal preperitoneal 
repair and the totally extraperitoneal laparoscopic repair. 

Q Historical recurrence rates of 30% to 40% following ven¬ 
tral hernia repair have been dramatically reduced by mod¬ 
ern tension-free repairs. 

Q A recent major prospective, randomized, multicenter trial 
showed that laparoscopic repair was associated with a sig¬ 
nificantly increased risk of recurrent hernia than open 
repair (10.1% vs. 4.9%). 

Q The frequency of at least some long-term groin pain may be 
as high as 50% at 1 year following inguinal hernia repair 
with moderate to severe pain in up to 10% of patients. 

© Ischemic orchitis occurs in about 1% of primary hernia 
repairs but is more common following repair of a recurrent 
hernia. 


One of the most frequently performed operations by general 
surgeons worldwide is the repair of an abdominal wall hernia. 
According to the National Center for Health Statistics, in the 
United States in the year 2003, the number of hernia repairs by 
type was 770,000 inguinal, 175,000 umbilical, 105,000 inci¬ 
sional, 30,000 femoral, and 80,000 miscellaneous (epigastric, 
spigelian, etc.), for a total cost of approximately $2.5 billion, 
assuming a conservative estimate of a base cost of $2,000 to 
$2,500 per procedure. 1 In the past, most training programs 
relegated the repair of abdominal hernias to the junior mem¬ 
bers of the surgical team with little regard for results. 2 How¬ 
ever, in the modern era of heightened emphasis on account¬ 
ability to our patients, this is changing rapidly. Interest by the 
academic community in the science behind hernia repair as 
well as an explosion in device development by industry has 
resulted in significant changes in many surgeons’ practices. 
This chapter describes these recent changes in the approach to 
hernia repair. 


ANATOMY OF THE ABDOMINAL 
WALL AND GROIN 


The anatomy of the abdominal wall and the inguinal region are 
presented, first from the viewpoint of the surgeon using open 
techniques and subsequently from the perspective of the sur¬ 
geon utilizing the laparoscope. Anatomic terms for which syn¬ 
onyms and eponyms are commonly used are listed in Table 
71.1. Specific anatomic nomenclature can now be found in Ter- 
minologia Anatomica, the successor to Nomina Anatomica. 

The abdominal wall spans the gap between the lower ribs and 
the pelvis; the lowest ribs, pelvic brim, and lumbar spine com¬ 
prise its only skeletal support. The muscular and aponeurotic 


structures that provide much of the integrity of the wall must 
not only compress and contain abdominal viscera but also 
contribute to the support and movement of the spine and 
pelvis. 

The sheets of relatively thin muscles and aponeuroses that 
make up the abdominal wall would, individually, seem to pre¬ 
dispose to visceral eventration. However, the laminar layout of 
these sheets over most of the wall precludes this in most cases. 
The most common sites of hernia formation are found 
between laminations, where only peritoneum and fascia are 
found between the viscera and skin. These weak areas are 
most important to the hernia surgeon and are described in 
detail in the subsequent sections dealing with the anterior and 
posterolateral abdominal wall and the inguinal region. 


Anterior Abdominal Wall 

Superficial Fascia, Vessels, and Nerves. The anterior 
abdominal wall does not consist solely of muscle and aponeu¬ 
rosis; it can also be the repository for copious amounts of adi¬ 
pose tissue (panniculus adiposus) in its superficial fascial layer, 
often called Camper fascia. This layer, which is continuous 
inferiorly with the outer layer of fascia covering the perineum 
and genitalia, also contains the dartos muscle fibers of the 
scrotum. The major blood vessels of the superficial fatty layer 
are the superficial epigastric vessels and superficial circumflex 
iliac vessels, which are tributaries of the femoral vessels. The 
superficial fascia is also replete with lymphatic vessels that 
drain into the inguinal lymph nodes inferior to the umbilicus. 
The lymphatic structures cross the inguinal ligament, so that 
they are potentially placed in the surgical field during open 
herniorrhaphy. 
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TABLE 71.1 


ANATOMIC TERMS WITH COMMON SYNONYMS 
AND EPONYMS 

FASCIAL STRUCTURES/SPACES 

Fatty layer of superficial fascia; panniculus adiposus; 

Camper fascia 

Investing fascia of external abdominal oblique; fascia 
innominata 

Membranous layer of superficial fascia; Scarpa fascia 
Retroinguinal space; space of Bogros 
Retropubic space; space of Retzius 
LIGAMENTOUS STRUCTURES 
Iliopectineal ligament; iliopectineal arch 
Iliopubic tract; Thompson ligament (band) 

Inguinal ligament; Poupart ligament 
Lacunar ligament; Gimbernat ligament 
Pectineal ligament; Cooper ligament 
APONEUROSIS-DERIVED STRUCTURES 

Arcuate line; semicircular line; linea semicirculars; line 
of Douglas 

Falx inguinalis (often incorrectly referred to as conjoined 
tendon) 

Reflected inguinal ligament; reflex ligament; Colles ligament 
Semilunar line; linea semilunaris; Spigelius line 

A second fascial layer in the superficial abdominal wall is 
the deep fascia of Scarpa. Although most commonly consid¬ 
ered a distinct anatomic layer, Scarpa fascia actually consists 
of compressed fibrous components of the superficial fascia. 3 
The deeper fibrous tissue of the superficial fascia forms the 
fundiform ligament of the penis (suspensory ligament of the 
female clitoris), continues onto the penis and scrotum, and 
ultimately fuses with the superficial fascia of the perineum. 

The superficial fascia also fuses with the layer of fascia (fas¬ 
cia innominata) investing the external abdominal oblique mus¬ 
cle. This fascia is bound inferiorly to the inguinal ligament and 
pubis before continuing onto the thigh, where it blends with 
the fascia lata to seal the space beneath and inferior to the 


inguinal ligament, which is the inferior portion of the 
myopectineal orifice (Fig. 71.1). This portion of the inguinal 
region includes the Hesselbach (inguinal) triangle superiorly and 
therefore constitutes the weakest aspect of the groin. 

The skin of the anterior abdominal wall is segmentally 
innervated in the familiar dermatome pattern. The nerve 
branches to this area are derived from the anterior and lateral 
cutaneous branches of the ventral rami of the 7th to 12th inter¬ 
costal nerves and from the ventral rami of the first and second 
lumbar nerves. Disruption of one of these nerves is rarely noted 
by the postoperative patient because the dermatome fields 
overlap significantly. The anterior and lateral cutaneous 
branches reach the subcutaneous layer by coursing between the 
flat lateral muscles and by piercing the sheath of the rectus 
abdominis. 

Anterior Musculature and Ligaments. The division of 
the wall into anterior and posterior segments is somewhat arti¬ 
ficial because the anterior muscles, with the exception of the 
rectus abdominis, arise posteriorly and also form part of the 
posterior wall. 

The three muscles of the lateral aspect of the anterior 
abdominal wall (Fig. 71.2) are composed of a variable amount 
of muscle with a large aponeurosis. The aponeurosis is the ten¬ 
don of insertion for the lateral muscles, and it also forms the 
sheath of the rectus abdominis. The midline decussation of the 
three aponeuroses forms the linea alba. Fibrous tissue layers 
are of great importance to the hernia surgeon because of their 
ability to support sutures. Fascia and aponeurosis are terms 
commonly used to describe these fibrous structures but are 
often confused and used interchangeably. In this chapter, an 
aponeurosis is defined as the non-muscle-fiber-containing por¬ 
tion of a muscle usually present at insertion points. Muscle 
fibers are said to “give way” to the corresponding aponeuro¬ 
sis. Fascia, on the other hand, is the fibrous tissue that lines or 
envelops muscles. 

External Abdominal Oblique Muscle and Associated 
Ligaments. The external abdominal oblique muscle (Figs. 71.2 
and 71.3A, B) is the most superficial of the three lateral 
abdominal muscles. The external abdominal oblique arises 
from the posterior aspects of the lower eight ribs and interdig- 
itates with both the serratus anterior and the latissimus dorsi 
at its origin. The direction of the muscle fibers varies from 
nearly horizontal in its upper portion to oblique in the middle 
and lower portions. The mostly horizontal fibers, which origi¬ 
nate posteriorly, insert onto the anterior portion of the iliac 


FIGURE 71.1. The myopectineal orifice. Superior to 
the inguinal ligament, this area includes the inguinal 
(Hesselbach) triangle. Inferior to the ligament, the ori¬ 
fice transmits the iliopsoas muscle, the femoral nerve 
and vessels, and the femoral canal and sheath. (Repro¬ 
duced with permission from Wantz GE. Atlas of Her¬ 
nia Surgery. New York: Raven Press; 1991:4.) 
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FIGURE 71.2. Pattern of crossing of the aponeurotic fascicles of the abdominal wall musculature. A: Fascicles from the right external oblique 
and anterior lamina of the left internal oblique. B: Fascicles from the right transversus abdominis and posterior lamina of the left internal 
oblique. C: Fascicles between the right and left transversus abdominis muscles. 


crest. The obliquely arranged anteroinferior fibers of insertion 
fold on themselves to form the inguinal ligament. The remain¬ 
ing portion of the aponeurosis inserts into the linea alba after 
contributing to the anterior portion of the rectus abdominis 
sheath. Some fibers cross the linea alba to reinforce further the 
anterior rectus sheath of the opposite side. 

The more medial fibers of the aponeurosis of the external 
oblique divide into a medial and a lateral crus to form the 
external or superficial inguinal ring. The spermatic cord (or 
round ligament) and branches of the ilioinguinal and gen¬ 
itofemoral nerves pass through this opening. The inguinal lig¬ 
ament (Fig. 71.4) is worthy of special consideration because of 
its important role as both a landmark and an integral compo¬ 
nent of many groin hernia repairs. The inguinal ligament is 
formed by obliquely oriented anteroinferior aponeurotic fibers 
of the external abdominal oblique. The ligament is formed 
when the aponeurosis folds beneath itself. Its lateral attach¬ 
ment is to the anterior superior iliac crest; its medial insertion 
is primarily on the pubic tubercle. 

The medial insertion of the inguinal ligament in most per¬ 
sons is dual. One portion runs along the superior surface of 
the pubic tubercle and symphysis to form (or at least reinforce) 
the superior pubic ligament. The other portion is fan shaped 
and spans the distance between the inguinal ligament proper 
and the pectineal line of the pubis. This fan-shaped portion of 
the ligament is called the lacunar ligament (Fig. 71.4). It blends 
laterally with the pectineal (Cooper) ligament. 

Internal Abdominal Oblique Muscle and Aponeurosis. 

The middle layer of the lateral abdominal group is the internal 
abdominal oblique muscle (Figs. 71.2 and 71.3B, C). This mus¬ 
cle primarily arises from the iliac fascia along the iliac crest and 
forms a band of iliac fascia fused with the inguinal ligament. 
The uppermost fibers course obliquely toward the distal ends 
of the lower three or four (“floating”) ribs. The muscle fibers of 
the internal oblique fan out following the shape of the iliac 
crest, so that the lowermost fibers are directed inferiorly. These 
fibers arch over the round ligament, or spermatic cord. Some of 
the lower muscle bundles in the male join fibers of the trans¬ 
versus abdominis to form the cremaster muscle. The aponeuro¬ 
sis of the internal oblique (Fig. 71.5A) above the level of the 
umbilicus splits to envelop the rectus abdominis, re-forming in 
the midline to join and interweave with the fibers of the linea 


alba. Below the level of the umbilicus (Fig. 71.5B), the aponeu¬ 
rosis does not split but rather runs anterior to the rectus mus¬ 
cle, continues medially as a single sheet, joins the anterior rec¬ 
tus sheath, and finally contributes to the linea alba. The 
aponeurotic portion of the internal oblique is widest at the 
level of the umbilicus. 

Transversus Abdominis Muscle and Aponeurosis. 

The transversus abdominis muscle (Figs. 71.2 and 71.3C) 
arises from the fascia along the iliac crest and inguinal liga¬ 
ment and from the lower six costal cartilages and ribs, where 
it interdigitates with the lateral diaphragmatic fibers. The mus¬ 
cle bundles of the transversus abdominis for the most part run 
horizontally. The lower medial fibers, however, may continue 
in a more inferomedial course toward the site of insertion on 
the crest and pecten of the pubis. 

The aponeurosis of the transversus abdominis joins the 
posterior lamina of the internal abdominal oblique, forming 
above the umbilicus a portion of the posterior rectus sheath. 
Below the umbilicus, the transversus abdominis aponeurosis is 
a component of the anterior rectus sheath. The gradual termi¬ 
nation of aponeurotic tissue on the posterior aspect of the rec¬ 
tus abdominis forms the arcuate line (of Douglas) (Fig. 71.6). 
The medial aponeurotic fibers of the transversus abdominis 
insert on the pecten pubis and the crest of the pubis to form the 
falx inguinalis. These fibers infrequently are joined by a por¬ 
tion of the internal oblique aponeurosis; only then is a true 
conjoined tendon formed. 4 

The arch formed by the termination of the aponeurotic 
fibers of the transversus abdominis is called the aponeurotic 
arch (Fig. 71.6). The area beneath the arch varies. A high arch 
may be a predisposing factor in direct inguinal hernia. Con¬ 
traction of the transversus abdominis causes the arch to move 
down toward the inguinal ligament in a kind of shutter mech¬ 
anism, which reinforces the weakest area of the groin when 
intra-abdominal pressure is raised. 

Rectus Abdominis. The rectus abdominis (Figs. 71.3D and 
71.5) forms the central and anchoring muscle mass of the ante¬ 
rior abdomen. The rectus muscle arises from the fifth to the 
seventh costal cartilages and inserts on the pubic symphysis 
and pubic crest. Each rectus muscle is segmented by tendinous 
intersections at the levels of the xiphoid process and the 
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FIGURE 71.3. A: External oblique muscle and aponeurosis. B: Internal oblique muscle and aponeurosis. C: Transversus abdominis muscle and 
aponeurosis. D: Lower rectus abdominis and pyramidalis muscle. The linea alba is formed by the intermeshed fibers of the aponeuroses of the lat¬ 
eral muscle layers; it is tensed by the pyramidalis, which inserts into it. 


umbilicus and at a point midway between these two. The prin¬ 
cipal blood supply reaches the muscle from the superior and 
inferior epigastric arteries (Fig. 71.5), which anastomose just 
superior to the umbilicus. Other vessels are anterior branches 
of the intercostal arteries; these reach the muscle by entering 
the lateral aspect of the rectus sheath. The innervation of the 
muscle is from the 7th to the 12th intercostal nerves, which 


laterally pierce the aponeurotic sheath of the muscle. The lat¬ 
eral edge of the muscle is demarcated by a slight depression in 
the aponeurotic fibers coursing toward the muscle; this depres¬ 
sion is the semilunar line. 

The small pyramidalis muscle (Fig. 71.3D) accompanies the 
rectus abdominis at its origin in a minority of people. The pyra- 
midalis arises from the pubic symphysis. It lies within the rectus 
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FIGURE 71.4. Ligamentous structures of the inguinal region. The 
iliopubic tract is not seen in this view because it is obscured by the 
inguinal ligament. The lacunar ligament is the expanded medial end of 
the inguinal ligament; on the pecten pubis, it blends with the inguinal 
(Cooper) ligament. 


sheath and tapers to attach to the linea alba, the conjunction of 
the two rectus sheaths and the major site of insertion of three 
aponeuroses from all three lateral muscle layers. 

Rectus Sheath. Although the components of the rectus 
sheath individually have been discussed in relation to the three 
lateral abdominal muscles, it should also be considered as a 
distinct entity. Three features of the rectus muscle and its 
sheath can be observed even topographically in well-muscled 
or very thin subjects: 

1. The semilunar line is a slight depression in the aponeurotic 
fibers corresponding to the lateral edge of the rectus mus¬ 
cle. It marks the site of initial lateral insertion of the 
aponeurotic tendons of the lateral abdominal muscles. 


2. The tendinous inscriptions divide each muscle into three 
parts. 5 These are the basis of the expression “six pack,” 
popularized by bodybuilders. 

3. The linea alba is the midline confluence of the aponeuroses 
of the rectus muscles and also the internal and external 
oblique muscles. 

The composition of the rectus sheath varies depending on 
the level sampled. The anterior sheath superior to the umbili¬ 
cus is composed of the aponeurosis of the external abdominal 
oblique and the anterior lamina of the internal abdominal 
oblique. The transversalis aponeurosis does not participate in 
the formation of the anterior sheath at this level. At a variable 
level inferior to the umbilicus, the anterior sheath is a compos¬ 
ite of all the aponeurotic layers. 

The posterior sheath of the rectus muscle superior to the 
umbilicus is a lamination of the posterior lamina of the 
aponeurosis of the internal abdominal oblique and the trans- 
versus abdominis aponeurosis. The external abdominal 
oblique does not participate in the formation of the posterior 
portion of the rectus sheath. At a highly variable site inferior 
to the umbilicus, all the aponeurotic tendons pass anteriorly to 
form the anterior rectus sheath. The fibers of the posterior 
sheath are seen to attenuate gradually. The aponeurotic fibers 
do not end abruptly at the arcuate line. This transfer of con¬ 
nective tissue away from the posterior rectus sheath causes the 
arcuate line (of Douglas) to form on the posterior surface of 
the muscle (Fig. 71.6). The tissue covering the deep surface of 
the rectus muscle inferior to the arcuate line is primarily the 
transversalis fascia. 

Some have questioned this traditional scheme of rectus 
sheath composition, contending that each of the aponeurotic 
layers superior to the umbilicus is actually bifid, with both 
contributing to the anterior and posterior sheaths. 6 The fibers 
of the posterior sheath are seen to attenuate gradually. The 
concept of rectus sheath composition favored by most is 
shown in Figure 71.7. 7 

Innervation and Blood Supply of the Anterior 
Abdominal Wall. The innervation of the anterior wall mus¬ 
cles is multiple. The lower intercostal and upper lumbar nerves 
(T7 to T12, LI, L2) contribute most of the innervation to the 
lateral muscles and to the rectus abdominis and overlying skin. 
The nerves pass anteriorly in a plane between the internal 
abdominal oblique and the transversus abdominis, eventually 
piercing the lateral aspect of the rectus sheath to innervate the 
muscle therein. The external oblique muscle receives branches 
of the intercostal nerves, which penetrate the internal oblique. 
The anterior ends of the nerves form part of the cutaneous 
innervation of the abdominal wall. The first lumbar nerve 
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FIGURE 71.5. A: Immediately supe¬ 
rior to the umbilicus, the rectus sheath 
consists of anterior and posterior com¬ 
ponents. The anterior sheath is com¬ 
posed of the aponeuroses of the exter¬ 
nal and internal abdominal oblique 
muscles, and the posterior sheath con¬ 
sists of the posterior aponeurotic lam¬ 
ina of the internal oblique and the 
aponeurosis of the transversus abdo¬ 
minis muscle. B: The rectus sheath 
inferior to the arcuate line (of Dou¬ 
glas) consists of an anterior portion 
made up of fibers from all aponeu¬ 
rotic layers; the posterior portion at 
this point comprises only transversalis 
fascia covered internally by peri¬ 
toneum. 
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FIGURE 71.6. The deep inguinal 
region, pelvis, and anterior abdominal 
wall from the viewpoint of a surgeon 
using a laparoscopic technique. The 
anterior wall folds upward approxi¬ 
mately at the iliopubic tract in this 
illustration. 
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FIGURE 71.7. Patterns of midline 
decussation of the aponeuroses. A: Sin¬ 
gle anterior and posterior lines of decus¬ 
sation. B: Single anterior and triple pos¬ 
terior lines of decussation. C: Triple 
anterior and posterior lines of decussa¬ 
tion. (Adapted from Askar O. Surgical 
anatomy of the aponeurotic expansions 
of the anterior abdominal wall. Ann R 
Coll Surg Engl 1977;59:313.) 
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divides into the ilioinguinal and iliohypogastric nerves. These 
may divide within the psoas major muscle or between the inter¬ 
nal oblique and transversus abdominis muscles. The ilioin¬ 
guinal nerve may communicate with the iliohypogastric nerve 
before innervating the internal oblique. The ilioinguinal nerve 
then passes through the external inguinal ring to run with the 
spermatic cord, whereas the iliohypogastric nerve pierces the 
external oblique to innervate the skin above the pubis. The 
cremaster muscle fibers, which are derived from the internal 
oblique muscle, are innervated by the genitofemoral nerve 
(LI, L2). 

The blood supply of the lateral muscles of the anterior wall 
is primarily from the lower three or four intercostal arteries, 
the deep circumflex iliac artery, and the lumbar arteries. The 
rectus abdominis has a complicated blood supply derived from 
the superior epigastric artery (a terminal branch of the internal 
thoracic, or internal mammary, artery), the inferior epigastric 
artery (a branch of the external iliac artery), and the lower 
intercostal arteries. The latter arteries enter the sides of the 
muscle after traveling between the oblique muscles. The supe¬ 
rior and inferior epigastric arteries enter the rectus sheath and 
anastomose near the umbilicus. 


Posterolateral (Lumbar) Abdominal Wall 

The posterolateral or lumbar portion of the abdominal wall 
(Fig. 71.8) often is overlooked in discussions of abdominal 
hernia, perhaps because of the much more common occur¬ 
rence of groin and femoral hernias. The configuration of the 
muscle layers in the lumbar area also predisposes to hernia for¬ 
mation. For the purposes of this discussion, the lumbar portion 
of the abdominal wall is defined as the area bounded superiorly 
by the 12th rib, inferiorly by the iliac crest, and medially by the 
erector spinae group. Eight muscles arrayed in three layers con¬ 
stitute the posterolateral or lumbar portion of the abdominal 
wall. 

The most superficial layer is composed of the external 
abdominal oblique muscle, which arises from the posteroinfe- 
rior portion of the lower ribs and inserts in part along the pos¬ 
terior iliac crest. Closely associated with the external oblique 
in this area is the latissimus dorsi, which arises from the poste¬ 


rior iliac crest, the spinous processes of the sacrum and lumbar 
vertebrae, and the lumbodorsal fascia. The muscle courses 
obliquely toward its insertion on the medial aspect of the inter- 
tubercular groove of the humerus. The triangular space formed 
by the two muscles just described and the iliac crest is called 
the inferior lumbar (Petit) triangle (Fig. 71.8A). 

The middle layer of lumbar abdominal muscles consists of 
the erector spinae, the internal abdominal oblique, and the 
extremely thin insignificant serratus posterior inferior. The 
erector spinae forms a significant portion of the abdominal 
wall in the lumbar region, with fibers extending nearly the 
length of the spinal column. The internal abdominal oblique 
muscle forms the remainder of the layer. The serratus poste¬ 
rior inferior arises from the lumbodorsal fascia and inserts on 
the lower four ribs. The middle layer of lumbar muscle is 
associated with the superior lumbar triangle, a more common 
site of hernia than the inferior lumbar triangle described pre¬ 
viously. The superior triangle (Fig. 71.8B) is formed superi¬ 
orly by the 12th rib, the serratus posterior inferior, and the 
superior lumbocostal ligament; inferiorly by the upper border 
of the internal abdominal oblique; and medially by the erector 
spinae. 

The deep layer of the lumbar abdominal wall includes three 
muscles: the quadratus lumborum, the psoas major, and the 
transversus abdominis. The quadratus lumborum primarily 
arises from the posterior iliac crest and inserts on the 12th rib. 
The psoas major arises from vertebrae T12 through L5 and 
passes beneath the inguinal ligament to insert on the lesser 
trochanter of the femur. 


Deep Inguinal Region 
Laparoscopic View 

Deep Aspect of the Anterior Abdominal Wall, Peritoneal Folds, 
and Associated Structures. If one creates a space in the abdom¬ 
inal cavity by distending it with gas, an excellent view of the 
anterior wall can be obtained. The umbilical peritoneal folds 
(Fig. 71.9) in most subjects are very prominent and provide eas¬ 
ily identified landmarks. The folds (ligaments) primarily exist 
because the peritoneum covers underlying structures. 
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FIGURE 71.8. The lumbar abdominal wall with the inferior lumbar triangle (A) and the superior lumbar triangle (B). 
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FIGURE 71.9. The deep inguinal 
region and the anterior abdominal 
wall seen from within the abdomen. 
The urachus, the obliterated portion 
of the umbilical artery, and the infe¬ 
rior epigastric vessels are covered by 
peritoneal folds, respectively called the 
median, medial, and lateral umbilical 
folds. 
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The single median umbilical fold extends from the umbili¬ 
cus to the urinary bladder and covers the urachus, the fibrous 
remnant of the fetal allantois. The urachus may be patent for 
a short distance in adults or may open into the umbilical scar 
in newborns. The medial umbilical fold is formed by the 
underlying obliterated portion of the fetal umbilical artery. 
This normally cordlike structure, like the urachus, may be 
patent for a portion of its length. Indeed, the proximal, patent 
portion of the artery normally supplies the superior vesicular 
arteries to the bladder. The lateral fold covers the inferior epi¬ 
gastric arteries as they course toward the posterior rectus 
sheath, which they enter approximately at the level of the 
arcuate line. 

Between the median and the medial ligaments, a depression 
is usually found that is called the supravesical fossa. This is the 
site of hernias of the same name. The fossa formed between 
the medial and lateral ligaments is the medial fossa; this is the 
site of direct inguinal hernias. The lateral fossa is less well 
delineated than the others. The medial border of the fossa is 
formed by the lateral umbilical ligament and the rectus abdo¬ 
minis. This fossa does not have a lateral border; rather, the 
concavity slowly attenuates. The deep inguinal ring is located 
in the lateral fossa and therefore is the site of the congenital or 
indirect inguinal hernia. 

Transversalis Fascia. The transversalis fascia (endoab- 
dominal fascia) is perhaps the most commonly misunderstood 
structure in the literature devoted to groin hernia. Confusion 
results because surgeons may actually be referring to very dif¬ 
ferent anatomic structures when discussing various hernia 
repairs; however, each may use the same anatomic term or 
eponym. Indeed, perhaps the biggest reservation among sur¬ 
geons intent on performing a Shouldice repair is a precise def¬ 
inition of what is being sewn to what. 


The transversalis fascia proper is a continuous sheet that 
extends throughout the extraperitoneal space. The term trans¬ 
versalis fascia generally is defined as the deep or endoabdomi- 
nal fascia covering the internal surface of the transversus 
abdominis, the iliacus, the psoas muscles, and the obturator 
internus and portions of the periosteum. One variant of this 
convention is the use of terms specific to the muscle covered by 
the fascia (e.g., iliac fascia). 

Most authors feel that only one layer of transversalis fascia 
exists, whereas others maintain that the transversalis fascia 
comprises two layers, or laminae. 8 The posterior lamina is a 
layer of fibrous connective tissue that widely varies in density 
and continuity and is interspersed with adipose tissue, as seen 
in Figure 71.10. This layer is often referred to simply as the 
preperitoneal fascia. The anterior lamina is more uniform and 
is adherent to the deep surface of the transversus abdominis 
and the rectus abdominis. The posterior lamina is contained 
within the preperitoneal space, which is defined as the space 
between the peritoneum and the anterior lamina of the trans¬ 
versalis fascia. The inferior epigastric vessels are enclosed by, 
or interspersed with, the adipose tissue and the fibrous tissue 
of the posterior lamina of the transversalis fascia. The vessels 
are in contact anteriorly with the anterior lamina of the trans¬ 
versalis fascia as they course upward to enter the rectus abdo¬ 
minis sheath. 

Transversalis Fascia Derivatives. The transversalis fascia 
analogues or derivatives are the iliopectineal arch, iliopubic 
tract, and crura of the deep inguinal ring. The superior and 
inferior crura form a transversalis fascia sling, a structure 
shaped like a “monk’s hood,” around the deep inguinal ring 
(Fig. 71.9). The transversalis fascia also contributes the inter¬ 
nal spermatic fascia to the spermatic cord at this point. This 
“sling” has functional significance; when the transversus 
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FIGURE 71.10. A parasagittal section through the layers of the ante¬ 
rior abdominal wall and groin. Observe that the transversalis fascia is 
depicted as a bilaminar structure. 


abdominis contracts, the crura of the ring are pulled upward 
and laterally, which results in a valvular action that helps to 
prevent the indirect formation of a hernia. 

The iliopubic tract (Figs. 71.9 and 71.11) has become an 
increasingly important landmark for surgeons as the use of 
laparoscopic technology has increased. 9,10 The iliopubic tract is 
the thickened band of transversalis fascia formed at the zone of 
transition between the deep surfaces of the iliac and transversus 


abdominis muscles. The structure courses parallel to the more 
superficially located inguinal ligament, is attached to the iliac 
crest laterally, and inserts on the pubic tubercle medially. The 
tract forms along its course a portion of the inferior crus of the 
deep inguinal ring and then contributes to the anterior and 
medial walls of the femoral sheath. The tract fuses with the 
inguinal ligament to form a component of the inferior wall of 
the inguinal canal. At its insertion on the pubic tubercle, it 
curves backward slightly to blend with the Cooper pectineal 
ligament. The pectineal ligament actually is a condensation of 
periosteum and is not a true analogue of the transversalis fas¬ 
cia, but it is reinforced by fibers from the iliopubic tract and 
inguinal ligament. 

The iliopubic tract contains not only fibrous connective tis¬ 
sue but also some elastic fibers. 11 In one series, the iliopubic 
tract was a substantial structure, suitable for use in hernia 
repairs, in 42% of the specimens examined. The tract, whether 
substantial or not, can be used as a readily identified landmark. 

The iliopubic tract has particular significance because of its 
importance as a landmark to the laparoscopic surgeon. Many 
of the branches of the lumbar plexus run inferior to the tract, 
and damage to these nerves may be the result of aggressive dis¬ 
section or the placement of tacks or staples to affix a prosthe¬ 
sis below this structure. The tract is not obviously visible in 
every patient from a laparoscopic view, but its location should 
always be immediately known to the surgeon because of its 
constant relationship to the other landmarks in this area. 

The iliopectineal arch (Fig. 71.9) is also a condensation of 
the transversalis fascia. The iliopectineal arch commences at 
the medial border of the iliacus muscle, where it is continuous 
with the iliac fascia, itself a portion of the transversalis 
(endoabdominal) fascia. The arch separates the vascular com¬ 
partment containing the femoral vessels from the neuromuscu¬ 
lar compartment containing the iliopsoas muscle, femoral 
nerve, and lateral femoral cutaneous nerve. The iliopectineal 
arch also contributes to the proximal portion of the femoral 
sheath, thereby joining the iliopubic tract in the formation of 
the femoral sheath. 

Femoral Sheath, Canal, and Ring. The femoral sheath 
(Fig. 71.12) is composed primarily of extensions of the trans- 
versalis fascia. The sheath is best understood in terms of the 
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FIGURE 71.11. A schematic representation of the deep 
inguinal region. The iliopubic tract is shown as a thick¬ 
ening of the transversalis fascia, inferior to which many 
of the branches of the lumbar plexus exit the pelvis. 
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FIGURE 71.12. Schematic view of the femoral sheath, 
ring, and canal. The transversalis fascia forms the ante¬ 
rior portion of the sheath, and the iliopsoas fascia 
forms the posterior portion. Septa separate the vessels 
from each other and the vein from the femoral canal. 
The femoral ring contains a lymph node. The ring is 
formed medially by the aponeurosis of the transversus 
abdominis aponeurosis, anteriorly by the inguinal liga¬ 
ment, posteriorly by the pubic bone, and laterally by 
the femoral sheath. 
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structures contained within. As the external iliac artery and 
vein pass beneath the inguinal ligament to become the femoral 
vessels, they are covered anteriorly by the transversalis fascia 
proper. This fascial layer is posteriorly and laterally joined by 
portions of the iliopsoas fascia, which are themselves continu¬ 
ations of the transversalis fascia. At the inguinal ligament, the 
iliopsoas fascia forms the iliopectineal arch. This arch divides 
the vascular compartment (lacuna vasorum), containing the 
femoral vessels, from the muscular portion (lacuna musculo¬ 
rum), which contains the iliopsoas muscle, femoral nerve, and 
lateral femoral cutaneous nerve. The vascular lacuna is further 
divided by septa into compartments for the vessels and the 
femoral branch of the genitofemoral nerve. 

The medial border of the femoral sheath follows the trans¬ 
versus abdominis aponeurosis to its insertion just lateral to that 
of the lacunar ligament and extends inferiorly to fuse eventu¬ 
ally with the medial septum and adventitia of the femoral vein. 
The resultant cone-shaped cul-de-sac is the femoral canal. The 
canal normally contains only wisps of connective tissue and 
small lymphatic nodes. The wider proximal part of the canal, 
the femoral ring, contains a large node, which is often referred 
to as the Cloquet node. 

The femoral ring is the extraperitoneal opening of the canal. 
The boundaries of the ring are formed medially by the curved 
edge of the transversus abdominis aponeurosis, not the lacu¬ 
nar ligament, which inserts more medially. 12 Laterally, the ring 
is bounded by the connective tissue septum and the adventitia 
that is interposed between it and the femoral vein. The ante¬ 
rior boundary is the inguinal ligament; posteriorly, the ring is 
reinforced by the iliopubic tract and iliopectineal ligament. 
The canal is not in direct communication with the pelvic cav¬ 
ity. The transversalis fascia is not a component of the roof of 
the canal because it is diverted at this point to form the 
femoral sheath. This weakened area is therefore quite prone to 
hernia formation, especially in female subjects. 

Inguinal (Hesselbach) Triangle. The inguinal triangle is 
the site of direct inguinal hernias. This triangle is most often 
described from the anterior aspect (Fig. 71.13), in which case 
the inguinal ligament forms the base of the triangle, the rectus 
abdominis the medial border, and the inferior epigastric vessels 
the superolateral border. The triangle as originally described by 
Hesselbach had the pectineal ligament as its base. The latter 
description is quite useful to the surgeon viewing the abdomen 
from within because the inguinal ligament cannot be seen from 
this viewpoint. When the inguinal triangle is transilluminated, 
the thinness and translucency of the area of abdominal wall 
within the triangle underscores its importance in hernia devel¬ 
opment and repair. In the most translucent area, little or no 


muscle is present. Only the peritoneum and the transversalis 
fascia cover the triangle here. The aponeurotic arch of the 
transversus abdominis crosses the triangle just below the apex 
in most people. A high aponeurotic arch affords less reinforce¬ 
ment to the triangle and may therefore predispose a person to 
the formation of a direct inguinal hernia. 

Components of the Spermatic Cord. The spermatic 
cord (Figs. 71.11 and 71.14) is closely associated with the 
deep inguinal ring. The spermatic cord is most appropriately 
described at this point because the deep ring itself is formed by 
derivatives of transversalis fascia, as is the innermost covering 
layer of the spermatic cord, the internal spermatic fascia. The 
middle covering layer is called the cremasteric fascia and con¬ 
tains the cremasteric muscle bundles; both are derived from the 
internal abdominal oblique muscle and fascia. The outermost 
covering of the spermatic cord is the external spermatic fascia, 
which is continuous with the investing fascia of the external 
abdominal oblique muscle. 

The tunica vaginalis is initially a component of the cord, 
but normally it atrophies and closes early in neonatal life. This 
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FIGURE 71.14. The component lay¬ 
ers covering the contents of the sper¬ 
matic cord. 


structure is an evagination of peritoneum. The testicle descends 
retroperitoneally in fetal life and is merely in contact with the 
posterior aspect of the tunica. An indirect congenital hernia 
enters the patent tunica vaginalis. 

The cord structures enclosed by the coverings described 
earlier are the ductus (vas) deferens, the pampiniform venous 
plexus, the testicular artery, and the genital branch of the gen¬ 
itofemoral nerve, a branch of the lumbar plexus (Figs. 71.9, 
71.11, and 71.15). 


Branches of the Lumbar Plexus. The nerves crossing 
the iliac fossa are some of the most variable in the body. This 
variability may be the cause of frequent intraoperative injury 
to the fragile nerves. The lumbar plexus is formed by roots 
from the 12th thoracic nerve and the first through fourth 
lumbar nerves. Cutaneous territories innervated by branches 
of the lumbar plexus are seen in Figure 71.15A. The five ter¬ 
minal branches commonly encountered in laparoscopic 
herniorrhaphy can be discerned in many people as they course 
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FIGURE 71.15. A: The cutaneous territories innervated by several branches of the lumbar plexus. B: Some of the branches of the lumbar plexus 
seen from within the abdomen. 
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across the iliacus muscle covered by peritoneum and the iliac 
fascia (a portion of the transversalis-endopelvic fascia). The 
nerves form within or deep to the psoas major muscle (Fig. 
71.15B), often ramifying with other nerves within or close to 
the muscle. The nerve branches initially lie within the so- 
called triangle of pain, 13 bordered medially by the psoas mus¬ 
cle, anteriorly and inferiorly by the iliopubic tract, and later¬ 
ally by the iliac crest. With the exception of the genital 
branch of the genitofemoral nerve, the branches of the lum¬ 
bar plexus destined for the thigh run beneath the iliopubic 
tract. 

The most anterior of the nerves encountered, the gen¬ 
itofemoral nerve, is also the most variable. This nerve may 
occur as a single trunk lying deep to the peritoneum and fascia 
on the anterior surface of the psoas muscle. The nerve may also 
divide into its component genital and femoral branches within 
the muscle. The genital branch travels with the spermatic cord, 
entering at the deep inguinal ring; it ultimately innervates the 
cremaster muscle and the lateral scrotum. The femoral branch 
of the nerve innervates the skin of the proximal midthigh. 

The lumbar plexus branch encountered immediately deep to 
the lateral aspect of the psoas muscle is the large femoral nerve. 
Although not routinely encountered during laparoscopy, the 
femoral nerve has been injured in some cases. 14 The lateral 
femoral cutaneous nerve crosses the iliac fossa under the iliac fas¬ 
cia to run deep to the iliopubic tract and the inguinal ligament, 
which it pierces to enter the thigh. 

The iliohypogastric nerve typically arises with the ilioin¬ 
guinal by a common trunk from the first lumbar nerve. They 
may exchange fibers within the muscle, but they usually 
diverge immediately to form individual nerves. The iliohy¬ 
pogastric nerve crosses the iliac fossa just inferior to the kidney 
and pierces the transversus abdominis. The subsequent course 
of the nerve carries it between the transversus and the internal 
abdominal oblique until it pierces the aponeuroses of both 
obliques just above the external inguinal ring. 

The ilioinguinal nerve normally crosses the iliac fossa just 
inferior to the iliohypogastric nerve. In its typical further 
course, the nerve pierces the transversus abdominis and inter¬ 
nal abdominal oblique above the iliac crest and eventually 
enters the inguinal canal. The nerve may run more diagonally 
through the iliac fossa and then pierce the iliopubic tract to 
reach the inguinal canal. 15 This path “can obviously render the 
nerve more vulnerable to iatrogenic injury.” 15 


Vasculature of the Abdominal Wall 
and Deep Inguinal Region 

The vasculature of the deep inguinal region and anterior 
abdominal wall has been analyzed by surgeons for well over 
100 years. The importance and variability of these vessels have 
been underscored by the ominous mnemonics used to refer to 
them—“crown of death” (corona mortis) and “triangle of 
doom. ” The primary blood supply to the deep anterior wall is 
from the inferior epigastric artery. This artery is a branch of 
the external iliac artery. In many cases, an artery called the 
“aberrant” obturator artery arises from the inferior epigastric, 
which joins the “normal” obturator artery and thereby forms 
a circle—the corona mortis—before entering the obturator 
foramen. Injury to the circle, usually sustained while the sur¬ 
geon is working in the area of the Cooper ligament, causes 
copious bleeding. Recent studies have indicated that aberrant 
obturator vessels are present in between 60% and 90% of 
whole pelves studied. 16,17 

The veins in this area also are prone to injury because 
many, especially the iliopubic veins and obturator veins and 
their tributaries, may be much larger than their accompanying 
arteries. One network of veins in the area is situated on the 
inferior deep surface of the rectus muscles. The veins of this 


network, which anastomose with the pubic branches discussed 
earlier, have been called the rectusial veins . 18 

The vessels in the vascular compartment of the deep 
inguinal region are the external iliac artery and vein. They 
arise within a triangular area bordered laterally by the gonadal 
vessels and medially by the ductus deferens. The primary con¬ 
tinuations of the external iliac vessels are the femoral artery 
and vein. The inferior epigastric artery is a branch of the exter¬ 
nal iliac. The obturator artery may arise from either of these 
arteries as a replacement or accessory to the obturator branch 
of the internal iliac artery. 

A final vessel to consider in this review is the deep circum¬ 
flex iliac artery (Fig. 71.10). The origin of this artery is 
extremely variable, but its course is predictable along the ilio¬ 
pubic tract. It pierces the transversalis fascia and runs along 
the iliac fossa to anastomose eventually with a deep lumbar 
artery. Because the deep circumflex artery runs along the iliop¬ 
ubic tract, it can inadvertently be stapled or otherwise injured 
during laparoscopic herniorrhaphy. 


Pelvic Floor and Obturator Muscles 


The pelvic musculature normally affords remarkable support 
to the structures within the true pelvis. Although a myoaponeu- 
rotic hammocklike sheet forms the pelvic diaphragm, obtura¬ 
tor muscles and membrane, and urogenital diaphragm, hernia¬ 
tion of fat or viscera through or around any of these layers 
occurs. The potential for hernia formation is increased because 
of the openings through which many structures exit or enter 
the pelvis. 

The Latin term obturator is translated as “stopper for a bot¬ 
tle.” The aptly named obturator internus, along with its mem¬ 
brane and the obturator externus, closes off nearly all the large 
obturator foramen. The small superolateral aperture through 
which the obturator vessels and nerve pass is the site where 
obturator hernias form. The obturator internus arises from the 
deep surface of parts of all three pelvic bones. The muscle fibers 
converge on a tendon, which leaves the pelvis through the lesser 
sciatic foramen to insert on the greater trochanter. The dense 
internal obturator fascia covers the muscle and is thickened to 
form the arcuate ligament, from which the levator ani muscles 
(the pelvic diaphragm) are in part suspended. The obturator 
internus fascia splits to enclose the pudendal vessels in the puden¬ 
dal canal. The external obturator muscle arises from the pelvic 
bones surrounding the obturator foramen and from the anterior 
portion of the obturator membrane. The external obturator 
muscle is supplied by the obturator nerve and vessels. 

The component muscles of the bowl-shaped pelvic 
diaphragm, the pubococcygeus, iliococcygeus, and puborectalis, 
along with the coccygeus form the floor of the pelvis. The pub¬ 
ococcygeus arises from the posterior aspect of the pubis and the 
thickened portion of the internal obturator fascia, called the 
tendinous arch (Fig. 71.16), that spans the distance between 
the pubis and ischial spine. The puborectalis, the midportion 
of the diaphragm, arises from the pubis and loops around the 
rectum as the puborectal sling. The iliococcygeus is suspended 
at its origin from the tendinous arch and inserts on the coccyx. 
The coccygeus muscle completes the diaphragm posteriorly, 
arising from the ischial spine and inserting on the sides of the 
coccyx. 

The area remaining between the sacrum and the greater sci¬ 
atic foramen is filled for the most part by the piriformis muscle. 
The piriformis arises from the anterior surface of the second 
through fourth sacral vertebrae and the sacrotuberous ligament. 
This muscle exits the pelvis through the greater sciatic foramen, 
which is thereby divided into suprapiriform and infrapiriform 
portions (Figs. 71.16 and 71.17). The superior gluteal nerves 
and vessels pass through the suprapiriform foramen, whereas 
the inferior gluteal nerves and vessels in company with the sci¬ 
atic nerve pass through the infrapiriform foramen. 
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FIGURE 71.16. A: The pelvic dia¬ 
phragm (levator ani and the piriformis) 
and the urogenital diaphragm viewed 
from within the pelvis. B: Hemisection 
of the pelvis revealing the levator ani, 
piriformis, obturator internus, and 
psoas muscles. 


The most pronounced deficit in the pelvic diaphragm is sit¬ 
uated anteriorly, where an aperture must allow the urogenital 
structures to pass out of the pelvis. This area is reinforced by 
the urogenital diaphragm, a structure primarily consisting of 
the superficial and deep transverse perineal muscles. The deep 
transverse perineal muscle is enclosed by a weak superior fascia 
and a sturdier inferior perineal fascia. The urogenital diaphragm 
recently has been shown to be more funnel shaped than sand¬ 
wichlike, as previously depicted in many atlases. The urogenital 
diaphragm exists only in humans because the human pelvic out¬ 
let faces inferiorly, unlike that of quadrupeds. 


WHY DO HUMAN BEINGS 
DEVELOP ABDOMINAL 
WALL HERNIAS? 


The most common hernias develop at sites where the abdomi¬ 
nal wall has natural openings such as the internal inguinal ring, 
the umbilicus, and the esophageal hiatus. Previous surgical 
entry sites (incisional hernia) are also common areas where 


hernias develop. Factors that increase the pressure in the abdom¬ 
inal cavity, such as obesity, heavy lifting, coughing with chronic 
lung disease, straining during a bowel movement or urination 
(prostatism), chronic lung disease, and ascites, have tradition¬ 
ally been considered important in the etiology, especially at 
these natural openings. Developmental phenomena also play a 
role. For example, in the evolution from a quadruped to a 
biped, the unprotected groin is more vulnerable to changes in 
intra-abdominal pressure, predisposing to inguinal herniation. 
The role of heavy lifting, especially a single strenuous event, is 
an unsettled question and has considerable medical-legal rami¬ 
fications. There is minimal evidence that vigorous abdominal 
wall activity is an independent risk factor for abdominal wall 
hernia development despite the overwhelming opinion to the 
contrary in the lay literature. 19,20 Indeed, there is not an exces¬ 
sive incidence of hernias in athletes and weightlifters. Never¬ 
theless, there remain some proponents to the theory. 21 

Q Imbalances in collagen, the basic building block of the 
abdominal wall, are believed to contribute to hernia disease. 
While type I collagen confers predominantly tensile strength, 
type III collagen consists of thinner fibers and is regarded as a 
temporary matrix during tissue remodeling. A decreased ratio 
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FIGURE 71.17. The gluteal muscles 
and lateral rotators of the hip. Exter¬ 
nal relations of the sciatic foramen are 
also evident. 
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of type I to type III collagens can be detected in fascial and skin 
specimens obtained from patients with hernias. Familial pre¬ 
disposition and the role of connective tissue diseases in hernia 
development have received considerable attention in recent 
years. Various connective tissue disorders, such as osteogenesis 
imperfecta, Marfan syndrome, Ehlers-Danlos syndrome, and 
congenital hip dislocation, are associated with hernias. A simi¬ 
lar phenomenon was discovered by Cannon and Read in smok¬ 
ers when they performed biopsies of the rectus sheaths from 
adult smokers with inguinal hernias and coined the term 
“metastatic emphysema.” 22 The investigators also demon¬ 
strated significantly greater levels of circulating serum elas- 
tolytic activity in patients who smoke. 

Recent studies dealing with the development of a hernia 
have focused on the extracellular matrix (ECM). The ECM is 
in a dynamic balance of synthesis and degradation by matrix 
metalloproteinases (MMPs). MMPs are zinc-dependent pro¬ 
teases secreted as latent proenzymes with substrate specificity. 23 
Studies by Bellon et al. revealed an MMP-2 overexpression in 
fibroblasts of patients with direct inguinal hernias, while Klinge 
et al. detected MMP-13 overexpression in patients with recur¬ 
rent inguinal hernias. 24,25 


COMPLICATIONS OF HERNIAS 


Hernia Accident 


For years surgeons have been taught that all hernias should be 
repaired at diagnosis to prevent a hernia accident, which is 
defined as a bowel obstruction or incarceration with strangu¬ 
lation, because of the perception that patients presenting with 
these complications have an unacceptable increase in mortal¬ 
ity. This thinking, however, has not stood up when tested in 
randomized controlled trials. For example, for men with 
asymptomatic inguinal hernias, randomized controlled trials 
have shown that a strategy of watchful waiting is safe. 26 


Incarceration 


Incarcerated means “trapped” or “imprisoned.” Clinically, an 
incarcerated hernia is an irreducible hernia. An incarceration 
is not in and of itself a surgical emergency. Many hernias are 
chronically incarcerated due to adhesions of contents (e.g., 
omentum, bowel, ovary, etc.) to the hernial sac. The hernia 
itself is not necessarily tense to palpation, and the overlying 
skin appears normal. Normal bowel sounds may be heard 
within the hernia. It is important to differentiate an incarcer¬ 
ated hernia from a hydrocele of the cord. One can get above 
the hydrocele with the examining fingers. One cannot get 
above a hernia, however, as it communicates with the abdom¬ 
inal cavity. A hydrocele will transilluminate clearly, but a her¬ 
nia will not. 

An acutely incarcerated, painful hernia must be managed 
carefully. An attempt at reduction is reasonable unless there are 
signs of strangulation, which is not always obvious by clinical 
examination. Immediate surgical exploration is the safest 
approach when the diagnosis is not clear. The advantage of 
reduction followed by elective repair is that edematous tissue 
associated with an acute incarceration can return to normal, 
which presumably will translate into a better repair with less 
chance of infection. 27 If an attempt at reduction seems reason¬ 
able, the patient is sedated and placed in bed. The Trendelen¬ 
burg position should facilitate reduction of a groin hernia. An 
attempt should be made at the initial examination to reduce the 
hernia. The maneuver of taxis entails grasping the neck of the 
hernia with the fingers of one hand and then applying intermit¬ 
tent pressure on the most distal part of the hernia with the 
other hand. Taxis has the effect of elongating the neck of the 
hernia so that the contents of the hernia may be guided through 
this area back into the abdominal cavity with a rocking move¬ 
ment. Mere pressure on the most distal part of the hernia causes 
bulging of the hernial sac around the neck, which can occlude 
the neck and prevent it from being reduced (Fig. 71.18). The 
maneuver of taxis should not be performed with excessive 
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FIGURE 71.18. Reduction of a hernia by taxis. A: 
Applying pressure on the hernia directly occludes the 
neck. B: Elongating the neck of the hernia while apply¬ 
ing pressure allows reduction. 


pressure or too vigorously. If the hernia is strangulated, gan¬ 
grenous bowel might be reduced into the abdomen or perfo¬ 
rated in the process. One or two gentle attempts should be 
made at taxis. If they are unsuccessful, this procedure should be 
abandoned. Rarely, the hernia together with its peritoneal sac 
and constricting neck may be reduced into the abdomen 
(reduction en masse). The patient would then have persistent 
obstruction after reduction of the hernia. 


Intestinal Obstruction 


One hundred years ago, the most common cause of intestinal 
obstruction was a hernia. At the present time, hernia is third, 
after adhesive obstructions and cancer. Hernia is an important 
cause of obstruction that is not infrequently missed on clinical 
examination. When a patient with an intestinal obstruction is 
examined, great emphasis should be placed on adequate expo¬ 
sure of the entire abdominal wall and groin area (from nipples 
to knees). Proper lighting is essential because previous scars 
can fade with time and become barely perceptible. The patient 
with intestinal obstruction as a result of a hernia will have a 
tense hernia that is irreducible. The abdomen itself will be dis¬ 
tended, and high-pitched bowel sounds with frequent rushes 
will be heard. If the process continues to the complication of 
strangulation, these signs will disappear. Unlike adhesive 
small-bowel obstructions, partial small-bowel obstructions 
secondary to hernia are rare. Most patients will have had vom¬ 
iting and obstipation. 

A plain roentgenogram of the abdomen will reveal the signs 
of an intestinal obstruction—dilated loops of bowel with 
air-fluid levels and no bowel gas distal to the obstruction. Fre¬ 
quently on a plain roentgenogram, one can see bowel shadows 
in the region of the hernia. A lateral view is often useful to 
demonstrate this feature more clearly. Contrast studies are not 
usually necessary in this instance. Computed tomography (CT) 
reliably demonstrates the hernia with characteristic features of 
obstruction and should be considered if the clinical diagnosis is 
not certain (Fig. 71.19) because a distal intestinal obstruction 
secondary to another cause (e.g., adhesions) may result in sig¬ 
nificant distention of a coincidental nonobstructing hernia of 
the abdominal wall. Should the examiner focus attention exclu¬ 
sively on the hernia, the real cause of the obstruction may be 
missed when the hernia is repaired. 

The next steps in management include resuscitation fol¬ 
lowed by urgent surgery. At surgery, an approach directly over 
the hernia is used. In all patients, the entire gastrointestinal 
tract must be assessed to eliminate causes of obstruction other 
than the hernia itself. This is done before the hernia is repaired. 
The bowel, if viable, is reduced into the abdomen. If difficulty 
is encountered in reducing the hernia, the neck of the hernia 
can be widened. In the case of an inguinal hernia, division of 
the neck with or without ligation and division of the inferior 


epigastric vessels is safe, and the hernia contents can be reduced 
into the abdomen. In the case of a femoral hernia, the inguinal 
ligament can be split anteriorly and the hernia contents reduced 
into the abdomen. If the bowel is nonviable, then a bowel 
resection can be performed with anastomosis. The hernia is 
then repaired. 


Strangulation 

Strangulation of a hernia is a serious and life-threatening con¬ 
dition in which the hernial contents become ischemic and non¬ 
viable. The pathogenesis of this condition involves intra¬ 
abdominal contents within the hernia sac. Straining may push 
more contents into the sac, and the tense sac then causes pres¬ 
sure at the neck. This pressure initially produces venous con¬ 
gestion, resulting in edema. Eventually, the pressure is so great 
that the arterial supply is obstructed and the contents become 
gangrenous. 

When intestine is involved, in addition to having an irre¬ 
ducible hernia and intestinal obstruction, the patient is toxic, 
dehydrated, and febrile. Examination of the abdomen reveals 
the signs of an intestinal obstruction, with distention and 
increased bowel sounds. Absolute constipation and vomiting 
are other manifestations. The hernia itself is tense, irreducible, 
and very tender, and the overlying skin may be discolored with 
a reddish or bluish tinge. No bowel sounds are heard within 
the hernia itself. The patient commonly manifests a leukocyto¬ 
sis with a predominance of polymorphonuclear leukocytes. 
Blood gases may reveal metabolic acidosis. 



FIGURE 71.19. Computed tomogram showing a left-sided inguinal 
hernia. 
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FIGURE 71.20. Richter hernia. Part of the bowel 
wall herniates through the defect in the abdominal 
wall. 



Management of these patients requires urgent attention to 
detail. No attempt should be made to reduce the hernia. Rapid 
resuscitation should commence immediately, with nasogastric 
suction and replacement of fluids and electrolytes. The patient 
should be given antibiotics. Once the patient is resuscitated, 
urgent surgery commences to expose the hernia, open the sac, 
and assess the viability of the bowel. More bowel can be pulled 
into the hernia so that viable bowel can be transected and the 
gangrenous portion removed. An end-to-end anastomosis 
should be performed and the bowel then reduced into the 
abdominal cavity. The hernia is then repaired. 


Richter Hernia 


August Gottlob Richter in 1785 described a hernia type that 
bears his name in which the antimesenteric border of the intes¬ 
tine protrudes into the hernia sac without involving the entire 
circumference of the intestine, so intestinal obstruction does not 
occur (Fig. 71.20). The most common site is the femoral ring 
(36% to 88%), followed by the inguinal canal (12% to 36%) 
and an abdominal wall incision (4% to 25%). Miscellaneous 
locations include umbilical, obturator, supravesical, spigelian, 
triangle of Petit, sacral foramen, Morgagni, internal, and (trau¬ 
matic) diaphragmatic. 28 The routine use of laparoscopy by gen¬ 
eral surgeons has resulted in an increased incidence at trocar 
sites such that most surgeons will repair the fascia for trocar 
sleeves greater than 5 mm. The surgical treatment is to expose 
the herniated bowel by opening the sac. The neck of the sac is 
enlarged to allow delivery of the bowel into the wound. Any 
areas of gangrene are excised and the bowel wall reconstituted. 
The hernia is then repaired. 


Massive Hernia 


Abdominal wall hernias with a large portion of the abdominal 
contents situated within the sac are said to have “loss of 
domain” because the contents of the hernia exceed the capacity 
of the abdominal cavity. Forced reduction of the hernia with 
replacement of contents into the abdominal cavity and repair 
of the hernia can increase intra-abdominal tension tremen¬ 
dously, resulting in respiratory insufficiency or abdominal com¬ 
partment syndrome. 29 In extreme cases, it is impossible to 
return the contents to the abdomen and repair the hernia defect 
without resection of intra-abdominal contents, such as colec¬ 
tomy with omentectomy. Complications of repair are common 
and include respiratory compromise, abdominal compartment 
syndrome, skin flap necrosis, and wound infection, in addition 
to the usual surgical complications. Therefore, repair should 
not be recommended unless there are overwhelming indica¬ 
tions such as disabling symptoms, bowel obstruction or stran¬ 
gulation, or extensive skin ulceration caused by the hernia. 


Progressive preoperative pneumoperitoneums can be useful 
in these patients to expand the abdominal cavity by stretching 
the abdominal wall and the diaphragm. 29 The maneuver 
involves injecting 500 to 1,500 mL of air every 1 to 3 days for 
about 3 weeks before the repair. A variety of access techniques 
have been described including direct puncture with a Veress 
needle, minilaparotomy with placement of a dialysis-type 
catheter, and the use of an implantable vascular access device 
with the catheter placed in the peritoneal cavity. 30 Although 
theoretically attractive, pneumoperitoneum is not always suc¬ 
cessful. The injected gas sometimes preferentially enters the 
hernia sac and distends it with minimal effect on the abdomi¬ 
nal cavity. In addition, pneumoperitoneum has been shown to 
diminish lower extremity venous return. This could translate 
into a higher risk of thromboembolic complications. Deep 
venous thrombosis prophylaxis is prudent. 

A combination of the techniques described later in this 
chapter for the repair of ventral hernias is usually required. 
Large pieces of prosthetic material with or without component 
separation are useful. A staged procedure has been described 
in which a large prosthesis is sewed to the circumference of the 
hernia defect and the skin and subcutaneous tissues closed 
over it. The prosthesis is purposely placed under some tension 
to cause “medialization” of the abdominal wall. The patient is 
returned to the operating room on a scheduled basis and the 
center portion of the prosthesis is removed and the edges reap¬ 
proximated. The goal is to eventually be able to close the fas¬ 
cia primarily, usually with an underlay prosthesis. 31 

Prosthetic Materials* The development of a wide variety of 
materials that can be used for abdominal wall reconstruction 
now makes it possible to individualize the selection of prosthe- 
ses so that they can be used in almost all clinical situations. The 
materials that have the longest track record for routine use in 
hernia surgery include polypropylene, either monofilament 
(Marlex, Prolene) or polyfilament (Surgipro); Dacron (Mersi- 
lene); and expanded polytetrafluoroethylene (ePTFE) (Gore- 
Tex). Polypropylene or Dacron work by inciting an intense 
fibroplastic response to form a strong scar plate interface. 
Because of this response, they should not be used in situations 
where contact with intra-abdominal viscera cannot be avoided 
because of the propensity of these materials to erode into intra¬ 
abdominal organs, most commonly intestine, resulting in fis- 
tulization. Either a nonmesh material such as ePTFE or a dual¬ 
layered prosthesis with a standard plastic mesh on the side 
facing the abdominal wall with the peritoneal side coated with 
an adhesion barrier of some type should be used. Recently, a 
number of dual-sided prosthetics have been introduced with a 
variety of adhesion barriers (Table 71.2). ePTFE and the adhe¬ 
sion barrier products are effective in decreasing both the 
amount and tenacity of adhesion, but none can completely 
eliminate them. Absorbable prostheses such as polyglactin are 
not durable and almost never result in long-term correction of 
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TABLE 71.2 


PROSTHETIC MATERIALS 


NONCOMPOSITE 

Heavyweight plastic meshes 

Prolene (Ethicon) polypropylene 
Marlex (Bard) polypropylene 
SurgiPro (Covidien) polypropylene 
Parietex (Covidien) polyester 
Mersilene (Ethicon) polyester 
Heavyweight membranes 

Gore-Tex (W L Gore) polyfluorotetraethylene (ePTFE) 
MotifMesh (Proxy Biomedical) 

Dual Mesh (W L Gore) ePTFE, one side roughened 
Dulex (Bard/Davol) ePTFE, one side roughened 
Lightweight plastic meshes 

Ultrapro (Ethicon) polypropylene 
ProLite (Atrium) polypropylene 
TiMesh (GfE) polypropylene 

COMPOSITE PROSTHESIS (ePTFE + PLASTIC MESH) 

ePTFE + Heavyweight plastic mesh 

Composix EX (Bard/Davol) ePTFE + heavyweight 
polypropylene 

Parietex composite (Covidien) polyester-collagen- 
polyethylene glycol 

Glycerol 

ePTFE + lightweight plastic mesh 

Composix LP (Bard/Davol) ePTFE + lightweight 
polypropylene 


COATED PROSTHESIS 

Polypropylene mesh + coating 

Glucamesh (Brennen) complex carbohydrate, oat beta 
glucan (50 g/m 2d ) 

Sepramesh (Genzyme) carboxymethylcellulose-sodium 
hyaluronate-polyethylene glycol (102 g/m 2d ) 

Proceed (Ethicon) polydioxanone-oxidized regenerated 
cellulose (45 g/m 2d ) 

C-Qur (Atrium) omega-3 fatty acid (50 g/m 2a ) 
Polyester mesh + coating 

Parietex composite (Covidien) collagen-polyethylene 
glycol-glycerol (75 g/m 2d ) 

BIOLOGIC PROSTHESIS 

Human dermis 

AlloDerm (LifeCell) 

AlloMax (Bard/Davol) 

FlexHD (MTF) 

Porcine dermis 
Permacol (TSL) 

Collamend (Bard/Davol) 

Strattice (LifeCell) 

XenMatrix (Brennan Medical) 

SurgiMend (TEI Biosciences) 

Porcine small-intestine submucosa 
Surgisis (Cook) 

FortaGen (Organogenesis) 

Fetal bovine dermis 

SurgiMend (TEI Biosciences) 

Bovine pericardium 

Tutopatch (Tutogen Medical) 

Veritas (Synovis) 


^Residual material after coating has absorbed. 


an abdominal wall defect but are sometimes useful as a tempo¬ 
rary substitute when a nonabsorbable prosthesis is contraindi¬ 
cated (i.e. a grossly infected wound). 

The role of the newer biologic prostheses is yet to be deter¬ 
mined. Currently available products have been derived from 
human, porcine, or fetal bovine skin; porcine small intestine 
submucosa; and bovine pericardium. These materials are 
processed to remove hair, cells, and cell components as well as 
other antigens present in the matrix, leaving only the highly 
organized collagen architecture with the surrounding extracel¬ 
lular ground tissue. 32 These biologic tissue grafts are designed 
to perform as a surgical prosthesis for soft tissue repair. In gen¬ 
eral, they possess the physical and mechanical characteristics 
of a clinically acceptable surgical mesh in that they promote 
strong tissue in-growth that limits contraction and have suffi¬ 
cient mechanical strength to withstand the physiologic and 
anatomic stresses of the abdominal wall, at the same time pre¬ 
senting a biologic scaffold to support tissue regeneration. 

At the present time best indication for the newer biologic 
prostheses is contaminated wounds, where a synthetic prosthe¬ 
sis is contraindicated. They are not useful in grossly infected 
wounds presumably because of the high collagenase content 
present, which destroys them. A more contentious issue is the 
routine use for abdominal wall reconstruction. The argument 


for them is that by remodeling to more normal tissue rather 
than simply inciting scar tissue as with the plastic meshes, they 
are more physiologic. It is theorized that this might translate 
into fewer long-term complications (e.g., postherniorrhaphy 
wound pain). The argument against them is their expense, as 
they generally cost 20 to 30 times that of the plastic prostheses. 
Widespread adoption of these biologic grafts cannot be justi¬ 
fied unless there is overwhelming evidence of their superiority. 
Randomized controlled studies both for inguinal and incisional 
hernias are now ongoing. 

The weight of the polypropylene or polyester meshes, as well 
as the size of the pores, is a controversial issue currently. As an 
example, a 7.5 X 15-cm polypropylene mesh (Prolene, Ethicon, 
Inc.) contains about 80 g/m 2 of polypropylene, while a recently 
developed polypropylene-poliglecaprone-25 lightweight mesh 
of the same size (Monocryl, UltraPro, Ethicon, Inc.) contains 
less than 30 g/m 2 after absorption of the poliglecaprone-25 
component. One of the ways of reducing the amount of nonab¬ 
sorbable material in a mesh is to increase the size of the pores. 
Many authorities believe that the inflammatory response 
incited by the small-pore, heavyweight plastic meshes can lead 
to chronic pain; a sensation of being able to feel the mesh; 
increased stiffness of the abdominal wall with loss of compli¬ 
ance; and shrinkage, which can lead to recurrence. There is 
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increasing evidence that decreasing the density of polypropy¬ 
lene and increasing the size of the pores reduces this foreign 
body response, resulting in less long-term pain than normal 
mesh and at the same time affording the patient a similar recur¬ 
rence rate. 33-35 This also addresses a theoretical concern about 
the possible carcinogenic effects of polypropylene, as has been 
suggested by experimental studies in rats (although there has 
never been a documented case of a sarcoma developing in a 
human as a result of an inguinal hernia prosthesis). 36 


GROIN HERNIAS 


Hernias are described as inguinal and femoral, the inguinal 
hernias being further subdivided into direct and indirect her¬ 
nias (some authorities refer to these as medial and lateral her¬ 
nias, respectively). Groin hernias may be primary or recurrent. 
An indirect hernia occurs as a protrusion of abdominal con¬ 
tents through the internal ring, lateral to the inferior epigastric 
vessels, into the inguinal canal. Indirect inguinal hernias (lateral 
hernias) are situated within the spermatic cord and therefore 
may extend into the scrotum. In female patients, the hernia fol¬ 
lows the round ligament and may present as a swelling in the 
labium. A direct hernia (medial hernia) is a protrusion through 
the triangle of Hesselbach medial to the inferior epigastric ves¬ 
sels. These hernias develop through an area where the endoab- 
dominal fascia is not protected by overlying muscle. Direct her¬ 
nias do not usually involve the cord, as they tend to protrude 
forward. However, they occasionally track alongside the cord 
down the entire length of the inguinal canal and even enter the 
scrotum. For this reason, the only absolute distinction between 
a direct and an indirect hernia is the relationship to the inferior 
epigastric vessels. A femoral hernia protrudes through the 
femoral canal, which is bordered by the inguinal ligament supe¬ 
riorly, the pubic ramus medially and inferiorly, and the femoral 
vein laterally. This hernia presents below the inguinal ligament 
(Fig. 71.21). In a sliding hernia, part of the sac is formed by the 
viscera, on the left side the sigmoid colon or bladder and on the 
right side the cecum or bladder (Fig. 71.22). 


Epidemiology 

^ Inguinal hernias occur in persons of all ages, from the neonate 
to the elderly. The incidence of inguinal hernias in premature 
babies is approximately 10%. The lifetime risk of developing a 
groin hernia is between 15% and 25% in males and less than 
5% in females. Right-sided inguinal hernias are more common 
than left. The male-to-female ratio for inguinal hernias is 7:1, 



FIGURE 71.21. A: Inguinal hernia. This presents above the inguinal 
ligament and extends below it. B: Femoral hernia. This presents below 
the inguinal ligament. 



FIGURE 71.22. Sliding hernia (right indirect inguinal). 


with 8% of groin hernia repairs performed in women. Femoral 
hernias account for fewer than 10% of all groin hernias; how¬ 
ever, 40% present as emergencies, with incarceration or stran¬ 
gulation, and mortality is higher for emergency repair than for 
elective repair. In men, indirect inguinal hernias outnumber 
direct by about 2:1, with femoral hernias making up a much 
smaller proportion. For females, indirect inguinal hernias are 
most common, followed by femoral hernias, with direct hernias 
occurring rarely. Emergency operations are required more fre¬ 
quently in females. A study from the Swedish Hernia Registry 
analyzing 90,648 inguinal hernia operations (88,753 male, 
6,895 female) between 1992 and 2003 revealed a higher per¬ 
centage of emergency operations in women (16.9%) than men 
(5%), leading to bowel resection in 16.6% and 5.6%, respec¬ 
tively. 37 Femoral recurrences were particularly common in 
females in whom the diagnosis at the time of the primary repair 
was direct or indirect (4.6% male, 41.6% female), strongly sug¬ 
gesting a missed hernia at the original procedure. Femoral her¬ 
nias are also more common in older patients and in those who 
have previously undergone inguinal hernia repair. 


Classification 


The primary purpose of a classification system for any disease 
is to stratify for severity so that reasonable comparisons can be 
made between various treatment strategies. 38 However, with 
the multiplicity of operative techniques and approaches for 
repair of groin hernias, no one classification system has been 
accepted by all practitioners. The reason why it is so difficult 
to develop a classification system that all surgeons can agree 
on is that in the final analysis, the physical examination repre¬ 
sents an important component and no one has been able to 
eliminate its subjectivity. Nyhus, Gilbert, Schumpelick, 
Harkins, Casten, Halverson and McVay, Lichtenstein, Ben- 
david, Stoppa, Alexandre, and Zollinger have developed groin 
hernia classification systems. The Nyhus system, which is 
detailed in Table 71.3, is the most widely used. 


Clinical Diagnosis 

Groin hernias present with a swelling that has a cough 
impulse. With indirect hernias, the swelling may extend down 

























Chapter 71: Abdominal Wall Hernias 


1177 


TABLE 71.3 CLASSIFICATION 


NYHUS CLASSIFICATION OF GROIN HERNIAS 


■ TYPE 

■ DESCRIPTION 

I 

Indirect hernia 

Normal-size internal ring 

Typically in infants, children, small adults 

II 

Indirect hernia 

Dilated internal ring 

Posterior wall intact 

Inferior epigastric vessels not displaced 

Does not extend to the scrotum 

III 

Posterior wall defect 

IIIA 

Direct hernia 


Size not taken into account 

IIIB 

Indirect hernia 


Dilated internal ring encroaching on Hesselbach 
triangle (massive scrotal, sliding, or pantaloon 
type) 

me 

Femoral hernia 

IV 

Recurrent hernia 

IVA 

Direct 

IVB 

Indirect 

IVC 

Femoral 

IVD 

Combined 


into the scrotum. The swelling reduces when the patient lies 
down. Sometimes, the hernia does not reduce easily and the 
patient has to reduce it manually. Applying pressure over the 
midinguinal point (midway between the anterior superior iliac 
spine and the pubic tubercle and just above the inguinal liga¬ 
ment) with the fingertip will control an indirect hernia and pre¬ 
vent it from protruding when the patient strains. A direct hernia 
will not be controlled with this maneuver. Similarly, if the scro¬ 
tum is invaginated with the index finger and the tip of the finger 
is placed through the external inguinal ring into the canal, and 
the patient is then asked to strain, an indirect hernia will push 
against the fingertip, whereas a direct hernia will push against 
the pulp of the finger. It should be noted that the accuracy of this 
clinical assessment is questioned by many authorities. A femoral 
hernia presents as a swelling below the inguinal ligament and 
just lateral to the pubic tubercle (Fig. 71.21). 


Differential Diagnosis 

The clinical presentation of a groin hernia, especially when 
large, is frequently obvious to the examiner. Smaller hernias 
and recurrent hernias can be confused with a number of differ¬ 
ent conditions that can be mistaken for a hernia (Table 71.4). 

A hydrocele extending into the scrotum or an encysted 
hydrocele of the cord can involve the groin area. The distin¬ 
guishing features are that the examining hand can get above a 
hydrocele but not above a hernia and that a hydrocele transil- 
luminates very clearly. A varicocele does not transilluminate, 
has the characteristic feel of a “bag of worms,” and is more 
tubelike in conformation. Lesions of the testicle may sometimes 
mimic a hernia, particularly in inflammatory conditions, such 
as epididymoorchitis. The distinguishing features are intense 
pain extending down into the scrotum. The testicle itself is 
enlarged and tender, as is the epididymis. On rectal examination, 


TABLE 71.4 DIAGNOSIS 


DIFFERENTIAL DIAGNOSIS OF A GROIN HERNIA 

Hydrocele 

Encysted hydrocele of the cord 

Varicocele 

Epididymoorchitis 

Torsion of the testis 

Undescended testis 

Ectopic testis 

Testicular tumor 

Pseudohernia 

Femoral artery aneurysm 

Saphena varix 

Lipoma of spermatic cord 

Inguinal lymphadenopathy 

Psoas abscess 

Cutaneous lesions (e.g., sebaceous cyst, skin tumor) 


the seminal vesicles are tender. This condition may be bilateral. 
Torsion of the testicle is distinguished by the fact that the testi¬ 
cle is absent from the scrotum and the swelling in the groin 
feels firm. A sonogram reveals a solid mass in the testicle, 
which has been pulled up because of the torsion. Testicular 
tumors, if large enough, may extend up to the groin area, but 
they have a solid feel and sonography can distinguish them. 

Pseudohernia is a condition that occurs in patients with 
denervation of the abdominal wall musculature (e.g., after 
polio). The abdominal wall muscles bulge forward on strain¬ 
ing and have the appearance of a hernia. An aneurysm of the 
femoral artery may present as a groin swelling but with an 
expansile impulse and sometimes a bruit. If thrombosis devel¬ 
ops in the aneurysm, pulsation may be lost. In this instance, 
the aneurysm becomes tender. Femoral aneurysms move from 
side to side but not up and down. A saphena varix usually pre¬ 
sents below the inguinal ligament and represents a varicosity 
of one of the branches of the long saphenous vein as it emerges 
from the hiatus. Like a hernia, the varix has a cough impulse 
and becomes more prominent when the patient is standing. 
Compression over the femoral hiatus obliterates this lesion. 
The varix is sometimes associated with varicose veins farther 
down the lower limb. The overlying skin has an associated 
bluish discoloration. 

A lipoma within the spermatic cord is a very common con¬ 
dition and, from anatomic studies and surgical dissection, is 
now regarded as a hernia of the extraperitoneal fat. 39 If found 
at surgery, the lipoma is removed to avoid a persistent bulge in 
the inguinal region despite a successful hernia repair. 

Enlargement of inguinal lymph nodes may also be mistaken 
for herniation. Inflammatory nodes are usually tender; metasta¬ 
tic lymphadenopathy is usually not tender. If inguinal lymph 
nodes are replaced by metastasis, a primary lesion should be 
looked for in the skin in any part of the lower limb. The per¬ 
ineum and anal canal should also be examined. Lymphadenopa¬ 
thy can also be caused by lymphoma, and groin nodes may be 
the only site. Lymphadenopathy characteristically appears as a 
well-circumscribed mass below the inguinal ligament that one 
can get above with the examining hand. Lymph nodes are solid 
on ultrasonography, and for this reason, it may be difficult to dif¬ 
ferentiate nodes from a femoral hernia containing omentum. 

Surgical Indications. Most standard surgical texts con¬ 
tinue to state that all inguinal hernias regardless of symptoms 
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should be repaired unless specific contraindications are pres¬ 
ent. This recommendation is based on the presumption that 
complications of incarceration, obstruction, and strangulation 
Q are greater threats than are the risks of operation. This concept 
is now being challenged for asymptomatic or minimally symp¬ 
tomatic patients. A recent randomized controlled trial com¬ 
paring a strategy of watchful waiting to routine repair for male 
inguinal hernia patients with minimal symptoms revealed no 
difference in quality of life at 2 years and an acceptably low 
rate of hernia accident. 40 Given the possibility of the develop¬ 
ment of chronic postherniorrhaphy groin pain in up to 10% of 
patients undergoing repair, the notion that the presence of an 
inguinal hernia is an indication for repair can no longer be 
considered valid. 

An alternative to surgical repair is a mechanical device 
known as a truss. It consists of a belt with a pad that is applied 
to the groin after spontaneous or manual reduction of a hernia 
and has been used for centuries. It serves to maintain reduction 
and possibly prevents enlargement of the hernia. There are 
insufficient studies to determine how effective trusses actually 
are and whether they are as good as surgery for the control of 
symptoms. Most patients find them cumbersome to use and 
difficult to keep clean. With prolonged usage, atrophy of the 
spermatic cord has been reported and eventual surgical repair 
is made more difficult due to fibrosis of the tissues. However, 
some patients do achieve symptomatic relief. 


Treatment 

Q Four developments in the latter half of the 20th century signifi- 
candy decreased morbidity and favorably influenced the recur¬ 
rence rate to the currently accepted level of less than 2%: (a) the 
routine use of prosthetic materials, (b) the widespread accep¬ 
tance of the “tension-free” concept, (c) the realization that the 
preperitoneal space can be used for hernia repair, and (d) thera¬ 
peutic laparoscopy. These concepts are discussed in this section; 
the treatment strategies are divided between an open approach in 
the conventional anterior space and a preperitoneal approach, 
either open or laparoscopic. 

Open Approach. The simplest Nyhus type I indirect 
inguinal hernias, which include most inguinal hernias in chil¬ 
dren, are adequately treated by obliteration of the congenital 
patent processus vaginalis alone. Since the inguinal floor is oth¬ 
erwise normal, reconstruction is not required. Classically, the 
hernia sac is dissected from the cord structures, ligated, and 
removed at its origin at the internal ring, so-called high ligation 
of the sac, thus the term herniotomy. The skin incision starts at 
the pubic tubercle and is extended laterally. The external 
oblique aponeurosis is opened in the line of its fibers through 
the external ring and the lower leaf is freed from the spermatic 
cord. The spermatic cord is freed from the floor of the inguinal 
canal and the pubic tubercle. Mobilization of the cord struc¬ 
tures is completed by means of blunt dissection, and a Penrose 
drain is placed around them so that they can be retracted dur¬ 
ing the procedure. 

The genital branch of the genitofemoral nerve and the sper¬ 
matic vessels are included with the cord. The ilioinguinal and 
iliohypogastric nerves are usually preserved. The cremasteric 
fibers are separated, and the hernia sac is dissected from the 
cord structures to a point proximal to the internal ring. Liga¬ 
tion can be performed at this point (high ligation), followed by 
division of the neck of the sac. Prior to this the sac can be 
opened to allow a digital examination of the abdominal cavity 
and femoral ring. Alternatively, the sac may be simply inverted. 
The proponents of not opening the sac feel that with this 
method the patient experiences less pain because the highly 
innervated peritoneum has not been violated. 

The terms herniorrhaphy or hernioplasty are used when a 
procedure to reconstruct the inguinal floor is added. For indirect 


hernias the sac is first dealt with in an identical manner as for a 
herniotomy. The only exception is large indirect inguinal scro¬ 
tal hernias where complete removal of the sac might result in 
too high of an incidence of cord and testicular complications 
because of the extensive dissection required to completely sep¬ 
arate them from the cord. Most authorities believe that these 
large sacs are best transected at the midpoint of the canal, and 
the distal sac is left in situ. Direct hernia sacs are almost never 
removed but instead are dissected from surrounding structures 
and reduced into the preperitoneal space. Dividing the trans- 
versalis fascia circumferentially at the neck (base) of the sac will 
aid in this reduction in some cases. The defect may be closed 
primarily at this point to maintain the reduction while a formal 
repair is being performed. The latter is considered a matter of 
convenience and adds nothing to the strength of the final out¬ 
come. The area of weakness in the posterior wall is then rein¬ 
forced with the patient’s own tissues. 

The next step is to reconstruct the inguinal floor. There are 
two ways to do this. The first is a tissue repair, so named 
because only the patient’s native tissue is used without foreign 
prosthetic material. The second is the tension-free repair 
(TFR). This implies the use of a prosthesis to repair the weak¬ 
ened inguinal floor, eliminating the need to reapproximate tis¬ 
sues that were not in apposition naturally. Edoardo Bassini 
(1844-1924) is considered the father of modern inguinal her¬ 
nia surgery because in the latter part of the 19th century he 
introduced the first tissue repair based on solid anatomic prin¬ 
ciples, which became the “gold standard” for inguinal hernia 
repair for most of the 20th century. His scientific approach led 
to the development of several distinct steps essential for the 
procedure (Table 71.5). Before Bassini’s achievements, elective 
herniorrhaphy was almost never recommended, because the 
results were so bad. 

Today, there are at least 70 named tissue repairs described in 
the literature. 41 Most are relatively minor modifications of the 
Bassini, Shouldice, and McVay repairs and therefore, for the pur¬ 
poses of this chapter, only these will be presented. In the Bassini 
repair, the transversus abdominis aponeurosis together with the 
transversalis fascia is sutured to the shelving edge of the 
inguinal ligament with nonabsorbable interrupted sutures 
(Fig. 71.23). In the Shouldice repair, the transversalis fascia is 
divided from the internal ring to the pubic tubercle. The mus- 
culofascial elements laterally are then sutured to different levels 
of the inferior flap of the external oblique aponeurosis with 
four rows of running sutures (Fig. 71.24). Although the suture 
material originally used for this repair was stainless steel wire, 
other nonabsorbable materials, such as Prolene, are now used. 
The McVay repair (Fig. 71.25) addresses both inguinal and 
femoral hernias. The central attenuated portion of the inguinal 
floor is excised. The Cooper ligament must be clearly identified. 
The inguinal floor is then repaired by approximating the trans¬ 
versus abdominis aponeurosis and transversalis fascia to the 
Cooper ligament between the pubic tubercle and the femoral 
vein. A so-called transition stitch is then necessary between the 
transversalis fascia, Cooper ligament, and inguinal ligament to 


TABLE 71.5 TREATMENT 


ESSENTIAL STEPS FOR THE INGUINAL HERNIA REPAIR 

1. Complete division of the external oblique aponeurosis and 
the transversalis fascia 

2. Differentiation between indirect and direct defects 

3. Isolation of the spermatic cord 

4. Ligation and removal of the sac at the deep inguinal ring 
flush with the peritoneum 

5. Oblique reconstruction of the inguinal canal with an anterior 
and posterior wall and an internal and external ring 
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FIGURE 71.23. Bassini repair. 
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FIGURE 71.24. Shouldice repair. 
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FIGURE 71.25. McVay (Cooper liga¬ 
ment) repair. 
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bring the repair above the femoral vessels. The repair is then 
continued laterally along the inguinal ligament. 

A relaxing incision is necessary for repairs of large indirect 
hernias and whenever the McVay repair is used. Failure to 
make a relaxing incision has been implicated in a greater inci¬ 
dence of recurrence. The relaxing incision is made in the ante¬ 
rior rectus sheath in a vertical direction and is extended 3 to 
4 cm above the pubis to a level opposite the internal ring 
(Fig. 71.25). The resulting defect in the sheath is protected 
posteriorly by the body of the rectus muscle, which prevents 
herniation at that site. 

The most popular TFR is the Lichtenstein operation (Fig. 
71.26). 42 The initial dissection is identical to the tissue repairs 
described. Once the sac has been dealt with, a 15 X 11-cm 
sheet of polypropylene mesh is used, the medial end of which is 


rounded to the shape of the medial corner of the inguinal canal. 
This medial end is sutured to the anterior rectus sheath 2 cm 
medial to the pubic tubercle. In deference to nerve entrapment, 
most surgeons now use an absorbable suture, something con¬ 
sidered heresy in the past. The same suture is then continued 
laterally in a running locking fashion securing the inferior edge 
of the prosthesis to either side of the pubic tubercle and the 
shelving edge of the inguinal ligament. The periosteum of the 
bone is avoided to prevent osteitis pubis. The suture is contin¬ 
ued to attach the lower edge of the prosthesis to the shelving 
edge of the inguinal ligament up to a point just lateral to the 
internal ring. If a femoral hernia is present, the posterior sur¬ 
face of the mesh is sutured to the Cooper ligament after the 
inferior edge has been attached to the inguinal ligament. This 
closes the femoral canal. A slit is cut in the lateral end of the 
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FIGURE 71.26. The Lichtenstein hernioplasty, showing placement of the mesh. 


mesh to produce a narrow (one-third width) tail below and a 
wider (two-thirds width) tail above. The spermatic cord is posi¬ 
tioned between the two tails. The wider tail is placed over the 
narrow one and a so-called shutter valve stitch placed just lat¬ 
eral to the cord including the inferior surface of the superior 
tail, the inferior surface of the inferior tail, and the inguinal lig¬ 
ament. The tails are then tucked under the external oblique 
aponeurosis to the level of the anterior superior iliac spine. The 
external oblique aponeurosis is closed to re-create the external 
ring. The wound is closed in layers. 

A popular modification of the Lichtenstein operation has 
been termed the plug-and-patch repair. As the name implies, a 
plug usually constructed from polypropylene is inserted in the 
defect and secured with interrupted sutures to either the inter¬ 
nal ring (for an indirect hernia) or the neck of the defect (for a 
direct hernia). The patch is then placed over the plug to cover 
the inguinal floor as in the Lichtenstein. One might argue that 
this operation is nothing more than a Lichtenstein on top of a 
plug, and in fact the term “plugstenstein” has been used to 
describe it. However, the difference with a plug-and-patch 
repair is that only one or two sutures—or, sometimes, no 
sutures—are used to secure the flat prosthesis to the underly¬ 
ing inguinal floor. This results in an operation that is fast and 
very easy to teach. 

Femoral hernias can be repaired from a lower approach, in 
which a vertical incision is made over the femoral triangle in the 
upper thigh. The hernia is approached from below the inguinal 
ligament and reduced, and then the defect is closed by suturing 
the inguinal ligament to the Cooper ligament from below. An 
alternative is to insert a rolled plug of mesh into the defect and 
suture the periphery to the inguinal ligament and Cooper liga¬ 
ment. 43 The repair can also be carried out from above via an 
inguinal approach, as in the McVay repair. The posterior floor 
of the inguinal canal is dissected out, and the Cooper ligament 
is repaired after the hernia has been reduced. A third type of 
femoral hernia repair is the preperitoneal repair. Access to the 
preperitoneal space is gained through an abdominal incision or 
laparoscopy. Femoral hernias are more common in women and 
often present with an acute episode of incarceration, intestinal 
obstruction, or strangulation, so that emergency surgery is nec¬ 
essary. It can be difficult to reduce the hernia at surgery, and it is 
not uncommon to have to divide the inguinal ligament to obtain 
greater freedom to perform this reduction. 

Inguinal herniorrhaphy can be performed under local anes¬ 
thesia. Indeed, throughout the world, local anesthesia has 


become the standard method of anesthesia for this operation. Its 
greatest advantage is the virtual elimination of urinary retention 
when compared to regional or general anesthesia. 44 Hernias in 
high-risk patients can be safely repaired under local anesthesia. 

Preperitoneal Approach. The preperitoneal space is situ¬ 
ated between the transversalis fascia and the peritoneum. The 
final common denominator in all groin hernias is failure of the 
transversalis fascia to retain the intra-abdominal contents. 
Repairs performed in this space make the distinction between 
direct, indirect, and femoral irrelevant because the repair is 
accomplished behind the defective transversalis fascia, address¬ 
ing the entire myopectineal orifice. 

For a conventional, open operation, the preperitoneal space 
can be entered via a lower midline incision or a transverse inci¬ 
sion placed slightly higher than usual. The rectus muscle is 
retracted medially and the preperitoneal space entered. A large 
prosthesis is used that extends far beyond the margins of the 
myopectineal orifice and envelops the visceral sac. The mesh is 
held in place by intra-abdominal pressure, which pushes out¬ 
ward toward the undersurface of the transversalis fascia. 
Because the incision for a preperitoneal hernia repair is away 
from the groin area and directly accesses the preperitoneal 
space, dissection of the inguinal canal, spermatic cord, or sen¬ 
sory nerves of the groin is not performed. The complications 
involving these structures that occur with other hernia repairs 
are very rare with the preperitoneal repair. If the hernial sac is 
large, it is amputated or inverted beneath a pursestring suture 
to smooth the external surface of the visceral sac. The distal 
peritoneal sac is left in place, undissected, and attached to the 
cord. With a sliding indirect hernia, the sac is easily dissected 
away from the cord. Proponents of this technique feel that 
polyester is better suited than other prostheses because of its 
pliability. For a bilateral repair, one large chevron-shaped mesh 
can be used for both sides. 

Several newer, less invasive preperitoneal techniques have 
been developed to place a mesh in the preperitoneal space. For 
example, in the Kugel procedure, a small incision is made over 
the deep inguinal ring and the preperitoneal space is developed 
bluntly followed by the use of a prosthesis with an incorpo¬ 
rated reinforcing ring. This ring can be deformed to allow the 
prosthesis to be introduced into the preperitoneal space and 
then the ring causes it to spring back to its original shape, pro¬ 
viding wide overlap of the myopectineal orifice. 45 The proce¬ 
dure works well in experienced hands but because it is partially 
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blind, considerable training is required. Another approach is to 
take advantage of both the preperitoneal space and the con¬ 
ventional anterior space using a bilayered prosthesis in which a 
cylinder of prosthetic material connects the two layers through 
the hernia defect or the internal ring. 46 

Q Laparoscopic Approach. The terminology to describe a 
laparoscopic inguinal herniorrhaphy can be confusing. A laparo¬ 
scopic preperitoneal hernia repair, in which a laparoscopy is per¬ 
formed and the preperitoneal space is entered with a second inci¬ 
sion in the peritoneum, is called a transabdominal preperitoneal 
repair ; or TAPP repair. An inguinal hernia repair in which pros¬ 
thetic material is placed intraperitoneally over the defect under 
laparoscopic guidance is referred to as an intraperitoneal onlay 
mesh repair ; or IPOM repair. The third general type of laparo¬ 
scopic approach is the totally extrap eritoneal laparoscopic 
repair ; or TEP repair. Laparoscopy, by definition, implies that the 
peritoneal cavity has been entered. To refer to this technique as 
extrap eritoneal therefore represents a contradiction in terms. 
However, because a laparoscope and related instruments are 
used, it is fitting to discuss the extraperitoneal approach along 
with the other laparoscopic inguinal herniorrhaphies. 

The TAPP and the TEP laparoscopic inguinal herniorrha¬ 
phies are the most popular. Both are modeled after the conven¬ 
tional preperitoneal operations. The major difference is that 
the preperitoneal space is entered through three trocar sites 
rather than through a large conventional incision. The ensuing 
radical dissection of the preperitoneal space with placement of 
a large prosthesis is similar to the conventional preperitoneal 
operation. 

Laparoscopic Versus Conventional Herniorrhaphy. Random¬ 
ized controlled trials as well as a meta-analysis of pooled data 
from these trials have shown that on average, patients under¬ 
going laparoscopic herniorrhaphy have less pain initially than 
open, tension-free herniorrhaphy and return to normal activi¬ 
ties sooner. 47 The difference is even greater when the compari¬ 
son is made to nonprosthetic repairs. However, the potential 
advantages of laparoscopic herniorrhaphy must be interpreted 
in light of the disadvantages, which include complications 
related to the laparoscopy such as bowel perforation or major 
vascular injury, potential adhesive complications at sites where 
the peritoneum has been breached or prosthetic material has 
been placed, the need for a general anesthetic, and increased 
cost because of the expensive equipment. On the other hand, 
the conventional operation can be performed under local anes¬ 
thesia on an outpatient basis, with minimal risk of intra¬ 
abdominal injury, and the cost is less. 

Patient Selection. Perhaps the most important element in 
patient selection has nothing to do with the patient but has to 
do with the surgeon’s skill. Laparoscopic inguinal herniorrha¬ 
phy is more challenging technically than a conventional open 
tension-free procedure. Assuming equivalence for recurrence 
and complication rates between laparoscopic inguinal hernior¬ 
rhaphy and a tension-free herniorrhaphy for a given surgeon, 
all adult patients with inguinal hernias who are candidates for 
general anesthesia can be considered candidates for laparo¬ 
scopic inguinal hernia repair. Certain hernia types, such as 
those that are recurrent, bilateral, or otherwise complicated, 
are particularly suited for the laparoscopic approach. 48 In addi¬ 
tion, women may be better served with a laparoscopic opera¬ 
tion because the femoral space is addressed, which should elim¬ 
inate the excessive incidence of femoral recurrence observed 
with conventional operations such as the Lichtenstein. 37 

Contraindications include intra-abdominal infection and 
coagulopathy. Relative contraindications include intra-abdom¬ 
inal adhesions from previous surgery, ascites, or previous 
retropubic space surgery, because of the increased risk for blad¬ 
der injury. Severe underlying medical illness is also a relative 
contraindication because of the added risk of general anesthe¬ 


sia. These patients are better suited for a conventional opera¬ 
tion under local anesthesia. An incarcerated sliding scrotal her¬ 
nia is a relative contraindication, especially when it involves the 
sigmoid colon, because of the high risk for perforation during 
the dissection. 

Operative Techniques 

Transabdominal Preperitoneal Repair. The procedure is 
begun with a thorough diagnostic laparoscopy to rule out 
unrelated pathology and carefully inspect both myopectineal 
orifices. Two additional cannulae are placed just lateral to the 
rectus sheath on either side of the umbilicus (Lig. 71.27). Lor a 
unilateral hernia, a transverse incision is begun at the lateral 
side of the medial umbilical ligament and extended to open its 
lateral leaf to the anterior superior iliac spine. If the medial 
umbilical ligament appears to compromise exposure, it can be 
divided. Electrocautery is used to minimize bleeding from the 
remnants of the embryologic umbilical artery. A radical dis¬ 
section of the preperitoneal space is then performed with 
mostly blunt dissection and generous use of electrocautery, as 
bleeding in this area is particularly troublesome if it interferes 
with illumination. The ipsilateral and contralateral pubic 
tubercles, inferior epigastric vessels, Cooper ligament, and 
iliopubic tract are identified (Lig. 71.28). The cord structures 
are mobilized, and the peritoneal flap is dissected several cen¬ 
timeters proximal to the bifurcation of the vas deferens and 
the internal spermatic vessels. Recurrences have been attrib¬ 
uted to inadequate mobilization of the peritoneal flap, which 
does not allow the prosthesis to lie flat in this area. If small, an 
indirect sac is mobilized away from the cord structures and 
reduced. If large, the sac is divided at a convenient point distal 
to the internal ring and only the proximal portion is mobilized. 
A direct sac readily reduces during the preperitoneal dissec¬ 
tion. An easily visible layer of fatty tissue separates the thinned 
out transversalis fascia lining the defect and the peritoneum. 

A large piece of polypropylene mesh (at least 14 X 11 cm) is 
placed in the preperitoneal space to cover the contralateral 
pubic tubercle medially and extending onto the anterior abdom¬ 
inal wall superiorly at least 2 cm above the hernia defect, to the 
anterior superior iliac spine laterally, and over the Cooper liga¬ 
ment inferiorly. Most surgeons prefer to fasten the prosthesis 
with staples, tacks, or glue, but there is increasing evidence that 
fixation is not necessary when a large prosthesis is used that 
widely overlaps the entire myopectineal orifice. Staples or tacks 
are never placed below the iliopubic tract when lateral to the 
internal spermatic vessel because of the danger of damage to the 
important nerves in this area. The last step is to cover the pros¬ 
thesis by closing the peritoneum with sutures, tacks, staples, or 
glue. The goal is to isolate the prosthesis from the abdominal 
viscera rather than to always achieve precise approximation of 
the peritoneal edges. This is because gaps can form if the peri¬ 
toneum is closed under tension allowing bowel to migrate into 
the preperitoneal space. A better option is to secure the inferior 
peritoneal flap to the transversalis fascia above the prosthesis 
and leave the superior flap alone. 

Lor bilateral inguinal hernias, the same peritoneal incision 
and preperitoneal dissections are used. The symphysis pubis is 
completely exposed so that both preperitoneal dissections com¬ 
municate with each other. This exposure allows the placement 
of one large prosthesis (at least 25 X 8 cm) that essentially cov¬ 
ers the entire lower pelvis. By not incising the peritoneum 
between the two medial umbilical ligaments, one avoids the 
theoretical complication of dividing a patent urachus. 

Totally Extraperitoneal Laparoscopic Repair. An incision is 
made at the umbilicus, as if one were planning to perform open 
laparoscopy. The rectus sheath is opened on one side and the 
rectus muscle is retracted laterally. Blunt dissection is then 
begun in the space between the rectus muscle and the posterior 
rectus sheath. Once the space is large enough, two additional 
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FIGURE 71.27. Typical operative setup and cannula 
site selection for a transabdominal preperitoneal 
(TAPP) laparoscopic inguinal herniorrhaphy. 


cannulae are placed in the midline, one approximately 5 cm 
above the symphysis pubis and the other midway between the 
umbilicus and the symphysis pubis. The dissection of the 
preperitoneal space is completed under direct vision. The rest 
of the operation is identical to the TAPP procedure described 
previously except that peritoneal closure is not necessary. 
Popular alternatives are to use a water- or air-filled balloon dis¬ 


sector to perform the preperitoneal dissection and to place the 
two accessory cannulae on either side of the umbilicus, as in the 
TAPP procedure, instead of in the midline. 

The presumed advantages of the TEP procedure are that 
the inherent complications of entering the peritoneal cavity, 
such as intra-abdominal organ injury or postoperative bowel 
obstruction secondary to adhesions or trocar site herniation, 
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FIGURE 71.28. Important structures that must be 
identified after a preperitoneal dissection: inferior epi¬ 
gastric vessels, Cooper ligament, spermatic vessels, 
vas deferens, iliopubic tract, genitofemoral nerve, 
femoral nerve, lateral femoral cutaneous nerve, ilioin¬ 
guinal nerve, iliacus muscle, and psoas major muscle. 
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are avoided. However, the operative space is limited, and con¬ 
siderable experience is required to become familiar with the 
anatomy from this perspective. In addition, it is not yet clear 
whether inadvertent breaches in the peritoneal cavity that are 
difficult to visualize because of the direction of the optics might 
negate the potential benefits of this approach. 

Intraperitoneal Onlay Mesh Repair. The TAPP and the TEP 
herniorrhaphies are better considered minimal access proce¬ 
dures rather than minimally invasive because of the extensive 
dissection required in the preperitoneal space. The IPOM pro¬ 
cedure was developed to be a truly minimally invasive opera¬ 
tion. By placing the prosthesis one layer deep to the preperi¬ 
toneal space directly onto the peritoneum, one can eliminate the 
need for a radical preperitoneal dissection. Initial laparoscopy 
and accessory cannula placement are the same as in the TAPP 
procedure. A large piece of prosthetic material is introduced into 
the peritoneal cavity and secured in place with staples, tacks, or 
sutures. An attempt is made to use the same landmarks described 
previously for the TAPP procedure. The main concern is devel¬ 
opment of the complications of intraperitoneal placement of a 
prosthesis in contact with intra-abdominal organs. The proce¬ 
dure is regaining some popularity because of the development of 
the adhesion barrier prosthetics for ventral hernia (see later). 


SPORTS HERNIA 


The term sports hernia is confusing because, by definition, the 
patients do not actually have a hernia but rather a weakness of 
the posterior inguinal floor. The condition has received consider¬ 
able attention in the lay press because of its prevalence in high- 
profile athletes involved in sports who require rapid changes in 
direction of the hip area such as soccer, football, basketball, 
track and field, tennis, and hockey. The first step in approaching 


TABLE 71.6 DIAGNOSIS 


CONDITIONS OTHER THAN A HERNIA ASSOCIATED 
WITH GROIN PAIN 

Muscle injury 
Adductor strains 
Tendon injury 
Iliopsoas bursitis 
Osteitis pubis 
Pelvic stress fractures 

■ Snapping hip syndrome 

■ Lumbosacral disorders 

■ Connective tissue disease 

■ Nerve entrapment 

■ Hip disorders 

Synovitis 

Avascular necrosis 
Osteoarthritis 
Legg-Calve-Perthes disease 
Slipped femoral capital epiphysis 

Osteochondritis dissecans or avascular necrosis of the 
femoral head 

Acetabular labral tears 
Prostatitis 
Epididymitis 
Nephrolithiasis 
Urinary tract infection 
Lymphadenitis 



FIGURE 71.29. Complicated arrangement of muscle pulling in differ¬ 
ent directions that attach to the pubic bone. 


these patients is to make sure one is not dealing with a cause out¬ 
side of the groin with referred pain, such as lumbosacral radicu- 
lopathic pain, prostatitis, hip disease, and a gastrointestinal 
cause. The differential diagnosis is listed in Table 71.6. Alter¬ 
ation in the complex balance that must be maintained between 
the lower abdominal muscles and the leg adductor muscles and 
tendons, all revolving around the area of the pubic bone, is the 
final common denominator for many of the conditions that 
cause groin pain in up to 5% of athletes (Fig. 71.29). 49 

Some authorities prefer to refer to this condition as “athletic 
pubalgia,” as this conveys the concept that the physical exami¬ 
nation is inconclusive and the cause of groin pain is unclear. The 
most important differential diagnoses in addition to an occult 
groin hernia include adductor tenoperiostitis, osteitis pubis, sym¬ 
physis syndrome, Gilmore groin (groin disruption), iliopsoas 
bursitis, stress fractures, or avulsion fractures. Cross-sectional 
imaging (CT or magnetic resonance imaging [MRI]) is the most 
useful diagnostic modality in the absence of a highly experi¬ 
enced ultrasonographer. 50 MRI shows particular promise for 
the future with the development of fast imaging scanners that 
will allow dynamic imaging (i.e., performed during straining) 
with or without the addition of intraperitoneal contrast agents. 

The treatment is conservative with forced inactivity, elastic 
immobilization bandages, ice/massage, nonsteroidal anti¬ 
inflammatory analgesics, and occasional steroids (systemic 
and/or local). Surgery is a last resort. Although lacking clear- 
cut anatomic justification, a mesh hernia repair similar to either 
an anterior Lichtenstein or a TEP laparoscopic operation is the 
most popular procedure, sometimes combined with a variety of 
muscle reattachment procedures and tenotomies. The best 
results are obtained with a multidisciplinary approach including 
a surgeon, an orthopedist, a physical therapist, and a sports 
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TABLE 71.7 


VENTRAL ABDOMINAL WALL HERNIAS 

Incisional 

Umbilical and paraumbilical 

Epigastric 

Parastomal 

Less common variations 
Spigelian hernias 
Interparietal hernia 
Richter hernia 
Miscellaneous 

medicine physician. Not surprisingly, the results are variable 
given the lack of objective criteria to recommend operation but 
can be gratifying in some in this motivated group of patients. 


VENTRAL ABDOMINAL 
WALL HERNIAS 

Ventral abdominal wall hernias are best divided into their var¬ 
ious subtypes when discussing surgical management because 


TABLE 71.8 


ZOLLINGER CLASSIFICATION OF VENTRAL ABDOMINAL 
WALL HERNIAS 

Congenital 
Omphalocele 
Gastroschisis 
Umbilical (infant) 

Acquired 

Midline 

Diastasis recti 

Epigastric 

Umbilical 

Adult, acquired, paraumbilical 
Median 

Supravesical 

Anterior, posterior lateral 
Paramedian 
Spigelian 
Interparietal 
Incisional 
Midline 
Paramedian 
Transverse 

Special operative sites 
Traumatic 

Penetrating, auto-penetrating 
Blunt 

Focal, minimal injury 
Moderate injury 
Extensive force or shear 
Destructive 


the natural history is different. Results of operations vary 
depending on the specific hernia. Table 71.7 uses the common 
terminology familiar to all surgeons for classifying abdominal 
wall hernias. Table 71.8 is a classification system published by 
Zollinger that expands upon Table 71.7 by further subdividing 
ventral hernias based on etiology. 51 


UMBILICAL AND 
PERIUMBILICAL HERNIAS 


Umbilical and periumbilical hernias are usually congenital, 
caused by arrest of the normal spontaneous closure of the 
umbilical ring through which umbilical blood vessels pass in 
the developing fetus, which results in a defect in the fascia cov¬ 
ered by skin. In infants, the fascial defect varies in size but is 
most commonly 1 to 2 cm. A large proportion of pediatric 
umbilical hernias heal spontaneously, and 80% of them close 
by the time the patient is 2 years old. This is the only abdomi¬ 
nal wall defect genetically programmed to close. Persistent 
umbilical hernias require surgery. In older patients, the onset is 
usually sudden and the defect is relatively small. There are sev¬ 
eral syndromes associated with umbilical hernias such as 
mucopolysaccharide storage diseases, Beckwith-Wiedemann 
syndrome, and Down syndrome. Predisposing factors for the 
development of umbilical hernias in adults are multiple preg¬ 
nancies, obesity, cirrhosis with ascites, and large abdominal 
tumors, all of which cause an increase in intra-abdominal pres¬ 
sure. 52 The differential diagnosis includes the varicosities that 
extend radially from the umbilicus in persons with portal 
hypertension, the so-called caput medusae (Fig. 71.30). The 
varicosities have a bluish discoloration and fill when the patient 
is straining. A metastatic deposit of intra-abdominal cancer at 
the umbilicus may mimic umbilical herniation. Cancer cells 
reach this area via lymphatics in the falciform ligament. Metas¬ 
tasis presents as a hard nodule, and biopsy is diagnostic. Other 
periumbilical masses that can be confused with an umbilical 



FIGURE 71.30. Caput medusae. Large periumbilical collaterals in a 
patient with portal hypertension. 
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hernia include umbilical granulomas, omphalomesenteric duct 
remnant cysts, and urachal cysts. 

The management of umbilical hernias is nonoperative in 
children up to the age of 2 or 3 years because spontaneous clo¬ 
sure is the rule. In those who require surgery, adults or children, 
the repair depends on the size of the hernia. An infraumbilical 
semilunar incision is made and the hernia identified. There may 
or may not be a true peritoneal sac, as smaller hernias usually 
consist of preperitoneal fat only. If a sac is present, it can be 
opened and the contents reduced into the abdomen. Alterna¬ 
tively, the hernia can be dissected circumferentially to the fascial 
opening and reduced without entering the peritoneal cavity. The 
dissection can be continued beneath the fascias creating a 
preperitoneal space for the placement of a prosthesis if needed. 
Several techniques can be used to close the fascial defect. In 
1901, James Mayo described the classic overlapping, vest-over¬ 
pants (double-breasting or waistcoat) technique, which bears 
the name of his clinic, in which the upper edge of the linea alba 
overlaps the lower edge (Fig. 71.31). 53 The operation is losing 
popularity now because it is generally not consistent with the 
tension-free concept popular in hernia surgery today. 54 It 
requires more dissection than other procedures to create the 
flaps and is therefore more painful. Simple suture herniorrhaphy 
is the easiest procedure but has the highest recurrence rate and 
therefore should be used only for small defects. For larger her¬ 
nias, particularly in adults, the preperitoneal space can be 
exploited by bluntly dissecting the peritoneum from the under¬ 
surface of the posterior rectus sheath for enough distance to be 
able to place an appropriate prosthesis. If the peritoneum is not 
entered, a mesh prosthesis is preferred, which is placed in the 
preperitoneal space and then the fascial edges closed if the defect 
is small enough. Otherwise, a bridging technique can be used 
with the fascial edges sewn to the underlying mesh. If the 
peritoneal cavity is entered, then a composite prosthesis (e.g., 
ePTFE + polypropylene) or a mesh prosthesis with an adhesion 
barrier (see prosthetic materials section) can be placed intraperi- 






-Ty- -O v” (L-. 


Waistcoat 

repair 


FIGURE 71.31. Mayo repair of an umbilical hernia. A: Diagram of 
longitudinal section through the hernia. B: Subumbilical “smile” inci¬ 
sion. The hernial sac is excised. C: Waistcoat type of closure. 


toneally with the adhesion barrier facing the viscera. A laparo¬ 
scopic approach for umbilical hernias is a good option for 
recurrent hernias or hernias with defects larger than 3 cm and, 
in retrospective reviews, has been shown to decrease operative 
times and result in faster recovery to normal activities. 52 The 
technical details are similar to a laparoscopic incisional hernia 
repair (see incisional hernia section). 


EPIGASTRIC HERNIAS 


Epigastric hernias occur through a defect in the linea alba. In 
the majority of patients, only a single decussation of the fibers 
of the linea alba is present rather than the usual triple decussa¬ 
tion (Fig. 71.7). The incidence of epigastric herniation reported 
varies from less than 1% to as high as 5%. Epigastric hernias 
are two to three times more common in men than in women. 
About 50% of them are asymptomatic. Most are less than 1 cm 
and contain only incarcerated preperitoneal fat without a peri¬ 
toneal sac. For this reason, epigastric hernias commonly cannot 
be visualized with laparoscopy. Patients complain of a painful 
nodule in the upper midline. Repair by reduction of the 
preperitoneal fat and simple closure of the defect is curative. 
These hernias are prone to recur, with rates as high as 10%, 
which has led many surgeons to routinely include a prosthetic 
underlay just as in umbilical or incisional hernias. 

Left untreated, an epigastric hernia can become large enough 
for a peritoneal sac to form, into which the intra-abdominal 
contents can protrude. The sac is usually wide, and serious com¬ 
plications are not common. Twenty percent are multiple, and 
this needs to be ascertained prior to operation if all the defects 
are to be addressed, because after anesthesia induction, they can 
be difficult to identify. 

In diastasis recti, the two rectus muscles are separated 
widely. The area of the linea alba is stretched and protrudes 
like a fin. The condition almost never produces complications 
and therefore surgical correction is not routinely recom¬ 
mended. However, many patients find the defect unsightly and 
request treatment. They should be cautioned that many insur¬ 
ance companies consider this a cosmetic defect and will not 
reimburse. Surgery involves removal of a strip of the weakened 
linea alba and reapproximation. An alternative is a mesh 
repair done laparoscopically. 


INCISIONAL HERNIAS 


Incisional hernias occur as a complication of prior surgery. 
These hernias can follow any type of abdominal surgery, 
regardless of the type of incision. More than 2 million laparo¬ 
tomies are performed yearly in the United States, and the 
reported incidence of incisional hernia varies between 2% 
and 11%. 55 The highest incidence is with midline incisions 
(10.5%) and transverse incisions (7.5%), but hernias are well 
documented following paramedian incisions as well (2.5%). 56 
Read and Yoder in a retrospective review found that 17% of 
incisional hernias are incarcerated or strangulated at presen¬ 
tation. 57 Most of the published literature on treatment 
options addresses midline defects. The management of non¬ 
midline incisional hernias (i.e., subcostal, transverse, or 
gridiron incisions) to some extent must be extrapolated. 58 
The consequences of unrepaired enlarging symptomatic her¬ 
nias include loss of abdominal domain; significant biome¬ 
chanical alterations that affect posture; compromise of 
activities of daily living, including lifting and straining; and 
poor cosmetics. 

The cumulative incidence of incisional hernias is linear, as 
they can present after considerable delay following the index 
operation. Poor surgical technique, rough handling of tissues, 
use of rapidly degraded absorbable suture materials, closure of 
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FIGURE 71.32. Component separation technique. 


the abdomen under tension, and infection of the wound are 
technical causes of incisional hernias. Morbid obesity, ciga¬ 
rette smoking, pulmonary disease, debilitation from cancer, 
chemotherapy, the use of steroids, hypoalbuminemia, and 
other preexisting comorbid conditions are patient factors that 
have been incriminated. Patients with an aortic aneurysm or a 
proven defect in collagen metabolism also exhibit an increased 
incidence of incisional hernias. 59 

At least some ventral hernias can be prevented by proper 
abdominal closure after any laparotomy. Sutures should be 
placed 1 cm away from the edge and 1 cm apart from each 
other. The length of the suture should be four times the length 
of the wound to avoid excessive tension. 60 It is now generally 
agreed that monofilament suture material used in a continuous 
running fashion is best. Studies have shown that nonab¬ 
sorbable sutures result in a lower incidence of incisional herni¬ 
ation but at the cost of increased wound pain and chronic 
suture sinuses when they become infected. 61 These suture 
sinuses tend to be multiple and take years to eradicate by prob¬ 
ing the sinus tracks and removing deep sutures. The develop¬ 
ment of better monofilament absorbable sutures has caused 
most surgeons to avoid nonabsorbable closure material. 


Treatment 


Q Nonprosthetic Repairs. Traditionally, the repair of an inci- 
sional hernia depended on the size of the hernia. If the defect 
was solitary and 3 cm or less, primary closure with nonab¬ 
sorbable suture material was recommended. This concept is 
now questioned after the publication of a landmark prospec¬ 
tive randomized trial by Luijendijk et al. from The Netherlands 
in the year 2000 and updated in 2004 comparing a prosthetic 
repair versus primary suture. 62,63 These investigators found a 
50% reduction in the recurrence rate when a prosthesis was 
used, and this even applied to small hernias. For this reason, a 
simple, nonprosthetic technique should be reserved for only the 
smallest hernias in patients without risk factors for further 
recurrence. 

A more complex nonprosthetic repair is the component sep¬ 
aration technique popularized in the early 1990s by Ramirez 
et al. 64 The skin and subcutaneous fat are dissected free from the 
anterior sheath of the rectus abdominis muscle and the aponeu¬ 
rosis of the external oblique muscle. The aponeurosis of the 
external oblique muscle is transected longitudinally just lateral 
to the lateral side of the rectus sheath (Fig. 71.32). It is impor¬ 
tant to extend the incision onto the chest wall at least 5 to 7 cm 
cranial to the costal margin. The external oblique muscle is sep¬ 
arated from the internal oblique muscle, as far laterally as pos¬ 
sible. This step is safe because the neurovascular bundle (com¬ 
prising the intercostal nerves and vessels) lies deep to the 
internal oblique muscle. The result is that the internal oblique 


muscle and the rectus abdominis slide medially. When neces¬ 
sary, 2 to 4 cm of additional length can be gained by separating 
the posterior rectus sheath from the rectus abdominal muscle. 
Care must be taken not to damage the neurovascular bundle 
that runs between the internal oblique and transverses abdo¬ 
minis muscle to enter the rectus sheath posterolaterally. The 
technique can also be used as an adjuvant to the prosthetic 
repairs described next, but the extensive flap dissection between 
the two procedures results in an increased incidence of abdomi¬ 
nal wall devascularization. A technique that employs a balloon 
dissector and laparoscopic instruments to lessen the degree of 
abdominal dissection has been described, but it remains to be 
seen if it is effective (Fig. 71.32). 65 

Prosthetic Repairs. The concept of prosthetic use is not 
new as it was proposed by Usher et al. in 1958 for hernia 
repair using the polypropylene mesh Marlex. 66 Over the ensu¬ 
ing years, lessons have been learned: (a) the use of absorbable 
mesh leads to a high relapse rate, (b) repetition of a previously 
inadequate technique frequently fails, (c) a simple inlay tech¬ 
nique that bridges the defect has a high failure rate, (d) rein¬ 
forcement of the entire scar is advisable irrespective of opera¬ 
tive findings, and (e) the success of a mesh repair depends on 
the extent of overlap or underlap. 67 

Numerous techniques for prosthetic incisional hernia 
repair have been described, which is not surprising since there 
are so many variables. For example, there are five potential 
spaces to place a prosthesis (Figs. 71.3 and 71.33). 


Overlay 


Inlay 


Underlay 



FIGURE 71.33. Potential spaces in the abdominal wall to place pros¬ 
thetic material: onlay or on top of the anterior abdominal fascia; 
under the anterior fascia but in front of the muscle (if the mesh bridges 
that space, it would be an inlay technique; retrorectus space or the 
underlay technique below the muscle but above the posterior fascia; 
preperitoneal (important when below the arcuate line); intraperi- 
toneal. 
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Because of the number of different repairs, it is not practi¬ 
cal to describe each one in detail. However, most of them rep¬ 
resent a variation of one of the general classes described. 

Onlay Prosthetic Technique. The basis of this procedure is to 
place a prosthesis over any of a wide variety of simple repairs. 
Although it has some proponents, many surgeons feel that this 
technique offers little advantage over the simple repair that the 
prosthesis overlies. 68 

Prosthetic Bridging Technique. A prosthetic bridging repair 
became popular in the 1990s in keeping with the tension-free 
concept for inguinal herniorrhaphy. The basic principle under¬ 
lying this technique is that for a prosthetic repair to be effective, 
the defect should be bridged. Although this repair is theoreti¬ 
cally attractive, it has not been nearly as successful for inci¬ 
sional hernias as for inguinal hernias. The recurrence rate is 
especially high in obese patients. It is not recommended. 

Combined Fascia and Mesh Closure. This group of repairs 
combines features of the component separation technique with 
the tension-free concept. By incising the anterior fascia and 
rotating the medial edge toward the midline in continuity with 
the posterior fascia, the posterior fascia is effectively length¬ 
ened (Fig. 71.34). The posterior fascia is closed primarily, but 
the anterior fascia is bridged with a prosthesis. 

Sublay Prosthetic Technique. The sublay prosthetic repair, 
sometimes referred to as the retromuscular approach, is 
characterized by the placement of a large prosthesis in the 
space between the abdominal muscles and the peritoneum 
(Fig. 71.17). It was popularized by Velamenta, Stoppa, and 
Wantz and is particularly suitable for large and multiply 





FIGURE 71.34. 1 , Hernia defect with bulging sac. 2 , Anterior fascia 
is incised longitudinally on either side of the defect. 3 , The anterior 
fascia is then rotated medially, in effect lengthening the posterior 
sheath to allow primary closure, isolating the abdominal contents 
from the anterior fascia. 4 , Prosthetic material is used to bridge the 
anterior fascia. 



FIGURE 71.35. Perforating blood vessels supplying the rectus muscle. 


recurrent hernias when most of the abdominal wall must be 
reconstructed. 69-71 It is considered the most effective con¬ 
ventional incisional hernia repair and therefore the one 
against which other procedures must be measured. Its major 
disadvantage is its need for wide undermining of the abdom¬ 
inal layers with the potential risk of devascularization of the 
abdominal wall or the creation of a large seroma, which 
later leads to infection. Suction drains are used by most sur¬ 
geons, although the literature does not unequivocally sup¬ 
port their use. 72 

The procedure is begun by excising the previous scar and dis¬ 
secting the peritoneal sac of the hernia to the level of the fascia. 
Occasionally, the sac does not have to be opened and the proce¬ 
dure can be performed totally extraperitoneal. More commonly, 
the sac is thin and easily disrupted, making entrance into the 
peritoneal cavity inevitable. The posterior rectus sheath is 
opened on each edge of the hernia defect and dissected away 
from the undersurface of the recti to the lateral edge of the rectus 
sheath, with care being taken to prevent damage to the perforat¬ 
ing blood vessels at the lateral side of the sheath (Fig. 71.35). The 
posterior rectus sheaths are then approximated to each other 
primarily (unless the peritoneum has not been opened). During 
this part of the procedure, flaps must be created by dissecting 
the skin and subcutaneous tissue off of the underlying fascia lat¬ 
erally until enough tension is relieved to allow primary closure 
of the anterior rectus sheath. It is sometimes necessary to add 
component separation to further decrease the tension. A large 
mesh prosthesis (combined with ePTFE or an adhesion barrier 
if the approximation of the posterior rectus sheath is inade¬ 
quate) is then placed in this space outside the repaired poste¬ 
rior sheath but beneath the recti. The mesh is secured in this 
position with several sutures directly to the posterior rectus 
sheath. An alternative is to use a suture passer to pass the two 
tails of a suture placed on the lateral side of a prosthesis 
through the lateral edge of the rectus sheath through separate 
fascia openings. The suture is then tied in the subcutaneous tis¬ 
sue resulting in a secure anchoring of the prosthesis in the 
abdominal wall. If the subcutaneous tissue dissection from the 
anterior rectus sheath has not been too extensive, the sutures 
cannot be retrieved in the subcutaneous tissue and therefore 
the suture passer is pushed through the entire thickness of the 
subcutaneous tissue and then through a small stab incision in 
the skin. The suture is tied and the knot allowed to retract 
back into the subcutaneous tissue and the skin is approxi¬ 
mated over it. The procedure is completed by reapproximating 
the anterior rectus sheaths, thus bringing the rectus muscles 
back to their normal configuration. The best long-term results 
are obtained when the anterior fascia can be closed bringing 
the muscles back together because of an improvement in 
abdominal wall mechanics. However, it is sometimes impossible 
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FIGURE 71.36. Fixation of prosthe¬ 
sis to the peritoneal surface of the 
abdominal wall with use of a suture 
passer. Step 1: The suture passer 
device with a heavy nonabsorbable 
suture is passed through a 3-mm stab 
incision in the skin at an oblique 
angle. The device and suture traverse 
the entire abdominal wall and then 
the prosthesis. Once the peritoneal 
cavity is entered, the suture is released 
and the passer is withdrawn back into 
the subcutaneous tissue. Step 2: The 
device is redirected at a different angle 
through the abdominal wall and pros¬ 
thesis and the suture is grasped. Step 
3: The suture is pulled out of the 
abdominal cavity so that the two free 
ends are extracorporeal. Step 4: The 
suture is tied with the knot resting on 
the fascia. The skin is then closed. 


to achieve this and the gap must be bridged with a prosthesis 
(Fig. 71.36). 

Laparoscopic Ventral Hernia Repair. This operation was 
developed in the 1990s as a natural extension as surgeons 
became trained in the laparoscopic method for many com¬ 
monly performed abdominal procedures. Although smaller 
hernia defects can be closed primarily, its greatest value is that 
the “gold standard” sublay technique can be replicated by the 
intra-abdominal placement of a submuscular prosthesis, elim¬ 
inating the need for the extensive abdominal wall dissection 
implicit in the conventional operation. ePTFE has a long track 
record of safety with contact with intra-abdominal viscera and 
the development of the adhesion barrier coated mesh prosthe¬ 
sis has made intra-abdominal placement more attractive. 

Entrance to the abdominal cavity followed by adhesiolysis 
can be problematic for a surgeon performing a laparoscopic 
ventral hernia repair and devastating complications are possi¬ 
ble, which is the Achilles heel of this operation. This is because 
patients with incisional hernias by definition have had previ¬ 
ous abdominal surgery and the midline is commonly not 
usable for initial access because of a previous incision in the 
area. The surgeon must make an educated guess as to the least 
likely place for significant adhesions as well as be familiar with 
alternate access techniques away from the midline. Unrecog¬ 
nized visceral injury can be the consequence if extreme care 
about entrance and adhesiolysis is not maintained. These 
injuries commonly go undetected until the patient develops 
signs of septic shock because it is difficult to differentiate peri¬ 
toneal signs from ordinary postoperative pain. This accounts 
for the significant mortality with this complication. Surgeons 
performing laparoscopic ventral hernia repairs must have the 
good judgment to abandon the procedure in the face of a hos¬ 
tile abdomen. 

Once the abdomen has been safely entered and the adhesi¬ 
olysis completed, the abdominal contents are reduced from the 
hernia defect under direct laparoscopic guidance. The number 
and location of the sites of cannula placement vary depending 
on the size and location of the hernia. Multiple “swiss cheese 
defects” are the best indication for the operation because if 
there is only one or two defects with wide separation of the 
muscles, the operation is not as effective for two reasons: (a) 


the prosthesis will tend to balloon out through this defect, sim¬ 
ulating a recurrence even though the hernia is technically 
repaired, and (b) abdominal wall dynamics are addressed more 
effectively if the muscles can be reapproximated. The muscles 
can commonly be approximated using a suture passer/trocar 
site closing device similar to that demonstrated in Figure 71.36. 
Our group favors conversion to an open, conventional opera¬ 
tion in situations where it is not possible to reapproximate the 
muscles, but this philosophy is not shared by all. 

The prosthesis is prepared by placing sutures extracorpore- 
ally around its circumference with long tails extending from the 
nonadhesion barrier side. It is then rolled up and introduced 
through the largest cannula. After it is unrolled, a suture passer 
is introduced into the abdomen to grasp each of the suture tails 
through a single stab incision but separate musculofascial 
openings in array, which corresponds to the previously placed 
prosthesis sutures (Fig. 71.36). The sutures can be tied extra- 
corporeally and the knot allowed to retract back into the sub¬ 
cutaneous tissue of the stab incisions. The skin is then closed 
over them. It is important that the prosthesis be positioned onto 
the peritoneum so that it widely overlaps the hernia defect (4 to 
6 cm, at least). The prosthesis is further secured to the anterior 
abdominal wall with staples, tacks, or sutures using the suture 
passer technique. 

Complex hernias can be challenging, especially when obe¬ 
sity or a question of loss of domain complicates the problem. 
An abdominal wall hernia is said to have lost its “right of 
domain” when so much of the intra-abdominal contents reside 
outside of the peritoneal cavity in the subcutaneous tissue that 
there is a question that it can be returned (see section on large 
hernias). These patients might best be seen in centers with spe¬ 
cial interest in this area where teams have been assembled to 
treat complex abdominal wall pathologies. 73 


PARASTOMAL HERNIAS 


Parastomal hernias are one of the most common complica¬ 
tions of stoma formation. Studies designed with very careful 
follow-up suggest that a paracolostomy hernia develops in 
more than 50% of patients followed for longer than 5 years. 74 
The rate of herniation with small-bowel stomas is less than for 
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TABLE 71.9 INDICATIONS/CONTRAINDJCATIONS 


INDICATIONS FOR REPAIR OF A PARASTOMAL HERNIA 

ABSOLUTE 

Obstruction 

Incarceration with strangulation 
RELATIVE 
Incarceration 
Prolapse 
Stenosis 

Intractable dermatitis 

Difficulty with appliance management 

Large size 

Cosmesis 

Pain 


colon stomas. Poor site selection or technical errors, such as 
making the fascial opening too large or placing a stoma in an 
incision, account for some of these hernias. Placing a stoma 
lateral to the rectus sheath is widely touted as a cause, but this 
is now being challenged. Obesity, malnutrition, advanced age, 
collagen abnormalities, postoperative sepsis, abdominal dis¬ 
tention, constipation, obstructive uropathy, steroid use, and 
chronic lung disease also contribute. Novel techniques for 
stomal reconstruction, such as extraperitoneal tunneling, have 
had little impact. 

Fortunately, patients tolerate these hernias well, and life- 
threatening complications, such as bowel obstruction or stran¬ 
gulation, are rare. Fewer than 20% of patients with para- 
stomal hernias have a complication that mandates repair. 
Routine repair is therefore not recommended. Table 71.9 lists 
possible indications. The three general types of stomal hernia 
repair are fascial repair, stomal relocation, and prosthetic 
repair. Fascial repair involves a local exploration around the 
stoma site, with primary closure of the defect. This approach 
should be considered of historical interest only. Stomal reloca¬ 
tion produces better results than simple fascial repair. 74 This 
approach is especially indicated in patients with other stomal 
problems, such as skin excoriation or suboptimal stomal con¬ 
struction. The major drawbacks of stomal relocation are the 
fact that a laparotomy is required, which in and of itself causes 
more morbidity than some of the other techniques, and it 
exposes the patient to the risk of three new incisional hernias 
at (a) the old stoma site, (b) the laparotomy incision site, and 
(c) the new stoma site. 75 

Whenever possible, a prosthetic repair should be consid¬ 
ered as this appears to be the most effective, although few ran¬ 
domized trials have been performed to unequivocally prove 
this. Options for the location of mesh placement in parastomal 
hernia repair are as follows: 

1. Onlay with the mesh placed anterior to the anterior rectus 
aponeurosis. A hockey-stick incision is usually performed 
outside the boundaries of the patient’s appliance (Fig. 71.37). 
The skin and subcutaneous tissue are then undermined to 
identify the fascial defect, which is closed primarily and 
reinforced with a prosthetic onlay. The problem with this 
approach is that the undermining of subcutaneous tissue 
leads to seroma formation, which sometimes goes on to 
infection. 

2. Inlay with the mesh placed to bridge the defect and sutured 
to the fascial edges. This alternative has in multiple series 
been shown to have the highest chance of recurrence and 
suffers from the seroma problem, as with the onlay. 



FIGURE 71.37. Repair of a parastomal hernia. A: Incision around her¬ 
nia. B: Hernial sac is identified, the contents are reduced, and the peri¬ 
toneum is closed. C: The edges of the fascial defect are reapproximated. 
D: The fascial repair is reinforced with polypropylene mesh, which is 
wrapped around the subcutaneous portion of the colon and sutured in 
place. (After Pearl RK. Para-stomal hernias. World J Surg 1989;13:569.) 


3. Sublay with the mesh placed dorsal to the rectus muscle 
and anterior to the posterior rectus sheath. 

4. Intraperitoneal inlay mesh (IPOM). An intra-abdominal 
prosthetic repair eliminates the need for the abdominal wall 
dissection and is therefore becoming increasingly popular. It 
also enlists the mechanical advantage of placing the prosthe¬ 
sis on the peritoneal side of the abdominal wall. 76 The intra¬ 
abdominal approach is particularly suited for laparoscopy, 
and several techniques have been described. 77 

Janes performed a prospective randomized study using a 
prophylactic mesh when constructing stomas. He randomized 
54 patients to a conventional stoma construction versus the 
same with the addition of a lightweight, wide-pore prosthesis 
in a sublay position. He reported that after 5 years, 17 out of 
21 patients with the conventional technique had recurred com¬ 
pared to only 2 out of 15 patients in the prophylactic group. 
There were no fistulas, strictures, or wound infections during 
the study period. 78 


UNUSUAL HERNIAS 


Spigelian Hernia 

A Flemish anatomist, Adriaan van der Spieghel, first 
described the semilunar line, which is the lower limit of the 
posterior rectus sheath. Also called the spontaneous lateral 
ventral hernia, a spigelian hernia protrudes through an area 
of weakness just lateral to the rectus sheath and just below 
this line (Fig. 71.38). The hernia is usually interparietal, rarely 
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FIGURE 71.38. Spigelian hernia. A: Usual site of occur¬ 
rence. B: Transverse section of abdominal wall showing 
site of defect. 


penetrating the external oblique fascia, and therefore can be 
difficult to appreciate. Most of the time, this hernia appears 
below the arcuate line. This is an unusual hernia; only 744 
cases have been described in the literature. The usual presenta¬ 
tion is lower abdominal swelling just lateral to the border of 
the rectus muscle. Spigelian hernias often occur in elderly 
female patients. They are usually small, about 1 to 2 cm in 
diameter, although large hernias up to 14 cm in diameter have 
been described. Omentum and small or large bowel may enter 
the sac. Incarceration and strangulation are common com¬ 
plications of this hernia. Because the hernia is deep to the 
external oblique fascia, the clinical presentation may not be 
obvious. Pain and tenderness may be the only signs. Plain 
roentgenograms may show a bowel shadow in this area, and 
CT can demonstrate the defect well. Treatment is operative 
repair. A transverse incision is centered over the mass. The 
external oblique aponeurosis is split to reveal the protru¬ 
sion. If a large sac is present, it is divided and sutured. The 
aponeurotic defect is triangular, with its base at or near the 
lateral border of the rectus muscle. The defect is closed by 
joining the separated transversus and internal oblique lay¬ 
ers. Another option is a laparoscopic repair, done using an 
intra-abdominal or preperitoneal approach. Recurrence is 
uncommon. 


Lumbar Hernia 


The lumbar region is the area bounded inferiorly by the iliac 
crest and superiorly by the 12th rib, posteriorly by the erector 
spinae group of muscles, and anteriorly by the edge of the 
external oblique muscle as it extends from the 12th rib to the 
iliac crest. The three varieties of lumbar hernia are described in 
Table 71.10. These hernias require repair if they are large, and 


because of the size of the defect, synthetic mesh is used. For the 
inferior lumbar hernia, a rotation flap of fascia lata can be used 
(Fig. 71.39). 


Obturator Hernia 


This hernia is the result of abdominal contents protruding through 
the obturator canal in the pelvis. This canal is the opening in the 
superior part of the obturator membrane covering the foramen 
formed by the union of the pubic bone and ischium, through 
which the obturator nerve, artery, and vein pass from the pelvic 
cavity into the thigh. A recent history of profound asthenia and 
weight loss is not unusual, which is most likely due to the loss of 
the protective fat in the obturator canal. 79 This may account for 
the fact that women are more often than men afflicted with this 
hernia because their broader pelvis results in a larger obturator 
canal. The diagnosis of an obturator hernia is difficult because 
it is rare and physical examination is rarely helpful because the 
associated mass is concealed beneath the adductor muscles of 
the thigh. The main symptom is intermittent pain. The defect is 
approached transperitoneally; the hernia is reduced and mesh 
placed over the defect. Depending on the expertise of the 
responsible surgeon, either a conventional open or laparoscopic 
operation is reasonable. 


Sciatic Hernia 


A sciatic hernia is a protrusion of a peritoneal sac through the 
major or minor sciatic foramen (Fig. 71.40). These very rare 
hernias present with a swelling on the buttock. The sciatic 
nerve may be involved. A ureter can become obstructed if it is 
included with the herniated tissues. The treatment of these 


TABLE 71.10 


TYPES OF LUMBAR HERNIA 


■ TYPE 

■ DESCRIPTION 

Superior lumbar 
hernia of Grynfeltt 

Occurs through a space between the latissimus dorsi, the serratus 
posterior inferior, and the posterior border of the internal oblique 
muscle 

Inferior lumbar 
hernia of Petit 

Occurs through a defect in the space bounded by the latissimus dorsi 
posteriorly, the iliac crest inferiorly, and the posterior border of the 
external oblique anteriorly 

Secondary lumbar 
hernia 

Develops as a result of trauma, mostly surgical (e.g., renal surgery), or 
infection; lumbar hernias were encountered relatively frequently in the 
past in cases of spinal tuberculosis with paraspinal abscesses 
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FIGURE 71.39. Technique of repair of inferior lumbar hernia. 


hernias is surgical. Both transperitoneal and transgluteal 
approaches have been described. A combination of the two is 
sometimes used. The defect usually requires a prosthetic mesh 
repair. 


Supravesical Hernia 

This hernia is anterior to the urinary bladder and forms when 
the integrity of the transversus abdominis muscle and the 
transversalis fascia fail, both of which insert into the Cooper 
ligament. The preperitoneal space is continuous with the 
retropubic space of Retzius, and the hernial sac protrudes into 
this area. The sac of the hernia is directed laterally, emerges at 
the lateral border of the rectus muscle, and presents in the 
inguinal, femoral, or obturator region. It can also be associ¬ 
ated with an inguinal, femoral, or obturator hernia. Treatment 
of this hernia depends on recognizing it at the time of groin 
exploration and reinforcing the defect. 


A second variety of these hernias is known as an internal 
supravesical hernia. They are classified according to whether 
they cross in front of, beside, or behind the bladder (Fig. 
71.41). Bowel symptoms predominate in patients with these 
hernias, and urinary tract symptoms develop in up to 30%. 
The treatment is surgical, and a transperitoneal approach is 
used through a low midline incision. The hernias can usually be 
reduced without difficulty. The neck of the sac should be 
divided and closed. 


Interparietal Hernia 

This hernia is one in which the hernial sac lies between the lay¬ 
ers of the abdominal wall. It may be either preperitoneal 
(between the peritoneum and the transversalis fascia) or inter¬ 
stitial (between the muscle layers of the abdominal wall). The 
majority are inguinal, in which case they are designated 
inguinal interstitial hernias. An inguinal crural hernia occurs 
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FIGURE 71.40. Sciatic hernia. 1, Supra- 
piriform. 2, Infrapiriform. 3, Subspinous. 


when the sac passes behind the inguinal ligament in the region 
of the femoral ring. 

The cause of these hernias appears to be related to congen¬ 
ital abnormalities; they have been associated with failure of 
the testis to descend, congenital pouches, and other abnormal¬ 
ities, such as absence of the cremaster and absence of the exter¬ 
nal abdominal ring. 

The diagnosis of these hernias is difficult because no 
swelling of the abdominal wall is obvious unless the hernia is 
large. Pain is commonly the only symptom, and it is not 
unusual for patients to present with intestinal obstruction sec¬ 
ondary to incarceration. CT, ultrasonography, and laparoscopy 
can be helpful in making the diagnosis. Not infrequently, the 
correct diagnosis is made only at operation. The defect is 
repaired according to the principles described for inguinal and 
incisional hernias. 


Littre Hernia 

Littre hernia is a groin hernia containing a Meckel diverticu¬ 
lum. These hernias sometimes also contain the appendix. If the 


diverticulum is symptomatic or strangulated, then it is manda¬ 
tory to resect it at the time of the hernia repair. 


Perineal Hernia 


These hernias are more common in older female patients and 
are related to a lax pelvic floor. They are termed anterior or 
posterior according to their relationship to the transversus per- 
inei muscle. The anterior hernias usually present as a swelling 
in the labium or lateral vaginal wall. The posterior hernias pre¬ 
sent between the rectum and the ischial tuberosity. Surgical 
repair requires a transperitoneal approach, and, if the opening 
is large, a prosthetic mesh repair is required. 


Perivascular Hernia 


These hernias present through defects between the inguinal 
ligament and the iliopubic bone. They are known by various 
eponyms according to their position. The hernia protruding 
through a defect in the lacunar ligament is Laugier hernia. 
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FIGURE 71.41. Internal supravesical hernias. (After 
Skandalakis JE. Internal and external supravesical 
hernia. Am Surg 1976;42:142.) 


HERNIA 


















































































1194 


Part Two: Surgical Practice 



FIGURE 71.42. Perivascular hernias and their eponyms. 


The hernia protruding through the pectineal fascia is 
Cloquet hernia. The hernia extending anterior to the 
femoral vessels but behind the inguinal ligament is Velpeau 
hernia. The hernia behind the vessels is Serafini hernia. Lat¬ 
eral to the femoral artery are two hernias, the anterior one 
being Hesselhach hernia and the more posterior one Par¬ 
tridge hernia (Fig. 71.42). 


Complications of Repair 

The complications of abdominal wall hernia repair are many 
and varied (Table 71.11), but fortunately uncommon. The 
complications of herniorrhaphy can be categorized according 
to whether they are related to the laparoscopy, the patient, or 
the herniorrhaphy. Except for the complications unique to 
laparoscopy, complications occur at similar rates in both 
laparoscopic and conventional procedures. 


Complications Related to Laparoscopy 

Vascular Injury. These are for the most part related to access. 
The most serious injuries occur to vessels that reside in the 
retroperitoneum. For all laparoscopic procedures, the risk for 
major vascular injury that requires operative intervention is 
0.9 per 1,000 cases. 80 The vessels most at risk are the distal 
aorta, common iliac arteries and veins, and inferior vena cava 
and the inferior epigastric vessels. Injuries to the renal vessels 
have also been reported. These vessels are fixed and may be 
penetrated even if the safety mechanisms of the needle or tro¬ 
car are working properly. The mesenteric and omental vessels 
are also at risk, especially in the presence of adhesions. The 
epigastric arteries may be injured with secondary cannula 
placement. 

The insufflation needle is the most common cause of vascu¬ 
lar injury but may be self-limiting; on the other hand, injuries 
caused by a trocar are usually more obvious and catastrophic. 
The mortality associated with retroperitoneal injury secondary 
to trocar insertion ranges from 9% to 36%, even with rapid 
identification and repair. When suspected, immediate conven¬ 
tional laparotomy is almost always indicated. Most abdominal 
wall vascular complications occur during the placement of sec¬ 
ondary cannulae. Usually, pressure can be applied to bleeding 
at the trocar site with the cannula. Occasionally, suture ligation 
is required, which has been simplified by the development of 
disposable “exit devices” designed to facilitate the placement 
of fascial sutures. Most of these complications can be avoided 
by placing the secondary trocars under direct vision. 

Gas Embolism. This is caused by intravascular insufflation. 81 It 
is an uncommon complication, unique to the needle insufflation 


ITABLE 71.11 
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technique. Careful attention to tests confirming proper peri¬ 
toneal needle placement will keep the incidence of this compli¬ 
cation low. 

Visceral Injury. Visceral injuries are uncommon, occurring in 
1.8 per 1,000 cases of all laparoscopic procedures, but they 
have a mortality rate of 5%. 80 The most common means of 
injury is the insufflation needle. Simple repair laparoscopically 
is usually possible as most are self-limiting. If the injury is 
caused by a trocar, formal repair of the injury will be needed. 

The injury can be repaired laparoscopically if the skill of the 
laparoscopic surgeon is sufficient. Otherwise, laparotomy is 
mandatory. Quite often, these injuries go unnoticed at the time 
of insult, so that visceral injury is the most common cause of 
late morbidity and mortality associated with laparoscopic 
access. Patients typically present with peritonitis and sepsis 2 
days to 1 week after surgery. 

Bladder Injury. Bladder injury can be the result of a laparo¬ 
scopic misadventure or can be directly related to the hernior¬ 
rhaphy. Laparoscopic peritoneal access can result in a bladder 
perforation, usually the result of failure to decompress a dis¬ 
tended bladder. Less commonly, injury is associated with a con¬ 
genital bladder abnormality. Bladder injury has not been 
reported with the open access technique. Injury to the bladder 
can also occur during secondary suprapubic trocar placement 
during the course of an operation. When bladder injury occurs, 
it is usually obvious. After Veress needle insertion, urine is 
withdrawn into the syringe, or blood and gas are noticed in the 
urine if the patient is catheterized. In questionable cases, meth¬ 
ylene blue dye may be instilled into the bladder to look for 
leakage. Bladder injury recognized during laparoscopy should 
be repaired laparoscopically provided the experience of the sur¬ 
geon is sufficient. This should be followed by bladder drainage 
for 7 to 10 days. 

Bladder injury may present in a delayed fashion with hema¬ 
turia and lower abdominal discomfort. A retrograde cystogram 
usually confirms the diagnosis. Small defects may be managed 
with postoperative decompression via an indwelling catheter 
for urinary drainage, while larger defects necessitate repair. The 
bladder is especially prone to injury during preperitoneal 
herniorrhaphies or when the preperitoneal space has previously 
been dissected (e.g., previous preperitoneal hernia repair or 
prostatectomy). 82 

Bowel Obstruction. This problem plagued the developmental 
stages of laparoscopic inguinal herniorrhaphy for two reasons. 
First, the importance of closing trocar sites at the fascial level 
if greater than 5 mm was not appreciated, resulting in the 
occasional patient with an incarcerated or strangulated ventral 
hernia at the trocar site, leading to the clinical presentation of 
a bowel obstruction. There are now several different types of 
reusable and disposable appliances designed to facilitate trocar 
site fascial closure, which should minimize the incidence of 
these hernias (Fig. 71.36). The second is inadequate peritoneal 
closure over the prosthesis, which allows bowel to migrate 
into the preperitoneal space, also resulting in intestinal 
obstruction. Steps taken to avoid tension at the peritoneal clo¬ 
sure site (see TAPP technique section) have decreased this 
problem. Theoretically, the TEP procedure eliminates the pos¬ 
sibility of this complication because the abdomen is not 
entered. However, inadvertent breaches of the peritoneum 
during a TEP herniorrhaphy are common, especially in 
patients with thin peritoneum or those who have scar tissue Q 
associated with previous lower abdominal surgery. These peri¬ 
toneal lacerations can be difficult to recognize because they are 
not in the visual field of the limited working space, and indeed 
intestinal obstruction has been reported. 83 

Diaphragmatic Dysfunction. Phrenic nerve palsy has been 
reported with a variety of laparoscopic procedures; it is usually 


transient but has been known to require a short period of 
mechanical ventilation. Stretching during the pneumoperi¬ 
toneum probably causes this complication. 

Hypercapnia. This is the result of inadequate compensatory 
ventilation given the fact that, in the vast majority of laparo¬ 
scopic procedures, carbon dioxide is used as the insufflating 
agent. 

Complications Related to the Patient 

Urinary Retention. The most common predisposing factor for 
urinary retention after a hernia repair is the use of general or 
regional anesthesia. 44 It is more common after groin than 
abdominal wall hernia repairs. Meta-analyses of randomized 
controlled trials comparing various hernia techniques have not 
shown a difference in urinary retention rates. Jensen et al. pub¬ 
lished a review of the literature on urinary retention after 
inguinal herniorrhaphy from 1966 to 2001. Pooled data from 
70 nonrandomized and two randomized studies disclosed that 
the incidence of urinary retention with local anesthesia was 
0.37% (33 in 8,991 patients), with regional anesthesia 2.42% 
(150 in 6,191 patients), and with general anesthesia 3% (344 
in 11,471 patients). 84 The incidence varies widely from as low 
as 1% to over 20%. 85,86 For example, in a series of laparo¬ 
scopic inguinal hernia repairs, Koch et al. noted a 22.2% inci¬ 
dence of urinary retention. 87 All cases were done under general 
anesthesia and postoperative use of narcotics and the adminis¬ 
tration of postoperative intravenous fluid greater than 500 mL 
were found to be predictive. Demographic data including age, 
predisposition to urinary retention, type of procedure (TEP vs. 
TAPP), surgical time, anesthesia time, use of a Foley catheter 
intraoperatively, intraoperative fluid restriction, and the devel¬ 
opment of other complications were not significant risk factors. 
In addition to overhydration with intravenous fluid and opi¬ 
ates, other studies have found older age and prostatic symp¬ 
toms to be predictive as predisposing factors. 

Intermittent catheterization or temporary placement of an 
indwelling urinary catheter is usually adequate therapy. Pro¬ 
phylactic use of prazosin after herniorrhaphy may significantly 
reduce the incidence of urinary retention and the need for 
catheterization. 88 Phenoxybenzamine hydrochloride, another 
u-adrenergic blocker, has also been used both prophylactically 
and therapeutically. 

Ileus. Ileus can be seen with either the conventional or the 
laparoscopic procedure but is more common with the latter. 
Treatment is symptomatic, and spontaneous resolution is the 
rule. Nasogastric decompression is occasionally needed. 

Complications Related to the Herniorrhaphy 

Recurrence. A lower risk for recurrence with the use of pros¬ 
thetic material for the repair of an inguinal hernia has been 
clearly proven by meta-analysis. 89 Recurrence rates of 2% or 
less are now routinely reported from specialty centers per¬ 
forming either laparoscopic or conventional tension-free 
repairs. Although the recurrence rate for hernia repairs is less 
than 1% at the Shouldice Clinic, others have not been able to 
duplicate this outstanding record with this or any of the 
other nonprosthetic repairs. 90 Complications during the first 
month after surgery; operation for recurrence; and sutured 
repairs without mesh, either anterior or preperitoneal tech¬ 
niques, are associated with an increased recurrence rate. A 
laparoscopic approach is also considered a risk for recur¬ 
rence because of its higher potential for technical failure, 
especially in the less experienced. This was felt to be the most 
likely reason for a higher recurrence rate at 2 years in a Vet¬ 
erans Affairs study for the laparoscopic approach (10%) 
compared to an open tension-free repair (4% for the Licht¬ 
enstein repair). 91 
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A consistent definition of a recurrent hernia does not exist 
because of the difficulty in differentiating a lipoma of the cord, 
a seroma, or an expansile bulge of the internal oblique muscle 
from a true hernia recurrence. A hernia should not be classified 
recurrent unless there is a visible bulge or there is unequivocal 
evidence of a hernia by an imaging modality such as ultra¬ 
sound, CT, or MRI. This is especially important for patients 
who present with pain after their hernia repair because their 
pain is likely due to a preoperative condition or a postinguinal 
herniorrhaphy pain syndrome and might be exacerbated by 
further groin surgery. Femoral recurrences are occasionally 
seen after a Lichtenstein repair because the femoral canal is 
not routinely closed with the classic technique. 

The general principle for managing recurrent hernias depends 
on the original repair. The logical approach is to perform the 
herniorrhaphy in the space that has not been dissected. If the 
patient had a previous conventional repair, then a preperitoneal 
repair is best chosen. On the other hand, if the index operation 
was a preperitoneal one, then a repair that is performed in the 
conventional inguinal space is best. The dissection of the preperi¬ 
toneal space after a failed herniorrhaphy has been performed 
there is particularly challenging, with significant risk for vascu¬ 
lar, neurologic, and bladder injury. 

Several other factors contribute to the poor results obtained 
in repairing incisional hernias. These include preexisting 
comorbid conditions, including debilitation from cancer, mor¬ 
bid obesity, the use of steroids, and chemotherapy. Another fac¬ 
tor related to recurrence is lateral detachment of the mesh and 
inadequate mesh fixation caused by mesh distraction. 92 This is 
more commonly seen in the inlay techniques. 55 

Q Postherniorrhaphy Groin Pain. Now that the recurrence rate 
has been brought down to a minimum using modern hernio- 
plasty techniques, chronic postoperative groin pain syndromes 
have emerged as the biggest issue facing inguinal hernia sur¬ 
geons. Poobalan et al. published a critical review of inguinal 
herniorrhaphy studies between 1987 and 2000. 93 The frequency 
of at least some long-term groin pain was as high as 53% at 1 
year (range, 0% to 53%). On average, moderate or severe 
postinguinal herniorrhaphy groin pain probably occurs in 
about 10% of patients. Perhaps the most important single deter¬ 
mination for the postherniorrhaphy patient is to decide if the 
pain is the same or different from that which brought the hernia 
to the attention of the physician in the first place. There are a 
variety of conditions that cause groin pain (Table 71.6). CT, 
ultrasonography, herniography, laparoscopy, and MRI all have 
their place in the evaluation of these patients. MRI is perhaps 
the most beneficial because of its ability to differentiate between 
muscle tear, osteitis pubis, bursitis, and stress fracture. Strain of 
the adductor muscle complex (adductor longus, brevis, magnus, 
and gracilis muscles) is commonly overlooked in this group. 

True postherniorrhaphy groin pain should be divided into two 
types: (a) nociceptive pain, which is caused by tissue damage and 
is further subdivided into somatic and visceral, and (b) neuro¬ 
pathic pain due to direct nerve damage. Somatic pain is the most 
common and is usually caused by damage to ligaments, tendons, 
and muscles. Visceral pain refers to that which is related to a spe¬ 
cific visceral function such as urination or ejaculation (see dysejac- 
ulation syndrome, later). Neuropathic pain is much less common 
but is important to recognize because surgical treatment is possi¬ 
ble if the cause is incorporation of a nerve in staples or suture 
material. The nerves that are usually involved are the ilioinguinal 
nerve, the iliohypogastric nerve, both the genital and femoral 
branches of the genitofemoral nerve, and the lateral cutaneous 
nerve of the thigh. The former two are especially prone to injury 
during a conventional herniorrhaphy, whereas the latter are most 
likely damaged during laparoscopy. A femoral nerve injury is 
extremely rare and is usually the result of a gross technical misad¬ 
venture. Pain and/or paraesthesia in their distribution characterize 
patients’ symptoms for the more common nerves. There is signifi¬ 
cant overlap of these nerves, and therefore it is commonly difficult 


to sort out exactly which nerve is damaged. Both nociceptive and 
neuropathic pain is best treated initially with reassurance and con¬ 
servative treatment with anti-inflammatory medications and local 
nerve blocks because these will frequently resolve spontaneously. 
An exception is the patient who complains of severe pain immedi¬ 
ately (i.e., in the recovery room). This patient may be best served 
by immediate reexploration before scar tissue develops. When 
groin exploration is required, neurectomy and neuroma excision, 
adhesiolysis, and foreign body removal (i.e., mesh) are options for 
treatment. The results are often less than satisfying. 

Cord and Testicles 

Infertility. The cause of infertility can be related to either the 
vas deferens or the testicle. The incidence of injury to the vas 
deferens during inguinal herniorrhaphy has been estimated at 
0.3% for adults and between 0.8% and 2.0% for children. 94 
Injuries to the vas deferens that may present as an obstruction 
include division, ligation, clipping, stapling, electrocauteriza¬ 
tion, devascularization, and scarification. In addition, there is 
evidence that there is a small subset of patients whose inflam¬ 
matory response to mesh is so severe that vasal obstruction 
results. 95 Obstruction is not the only reason why an injury to 
the vas deferens may lead to infertility. For example, traction 
injuries during normal cord mobilization may damage the mus¬ 
cular layer of the vas deferens, which then interferes with rapid 
sperm transfer during ejaculation. 96 Sperm antibodies may 
develop as a result of extravasation of sperm at an injury site, 
which is why a unilateral injury can also result in infertility. 

0 Ischemic Orchitis. Damage to the blood supply of the testicle 
can cause ischemic orchitis and testicular atrophy. 97 Ischemic 
orchitis occurs in about 1% of primary hernioplasties but is 
much more common with operations performed for recurrent 
hernias. 98 It manifests as postoperative inflammation of the 
testicle developing within 1 to 2 days after surgery. The patient 
has a painfully enlarged testicle that is hard in consistency and 
associated with low-grade fever. Pain is severe and may last 
several weeks. Ischemic orchitis is caused by thrombosis of the 
veins draining the testicle after extensive dissection of the sper¬ 
matic cord. It is generally accepted that the incidence can be 
decreased by division of large inguinal-scrotal sacs leaving the 
distal sac open in situ rather than excising it. 99 The majority of 
patients with testicular swelling as an immediate complication 
of herniorrhaphy recover without testicular atrophy. In one 
recent report, testicular atrophy developed in 19 patients 
among 52,583 primary inguinal hernia repairs (0.036%) and 
33 patients among 7,169 recurrent inguinal hernia repairs 
(0.46%). 98 A substantial number of patients who develop tes¬ 
ticular atrophy after inguinal herniorrhaphy have no history 
of a testicular problem at the time of the index operation. The 
management of a patient with ischemic orchitis is usually con¬ 
servative with elevation and anti-inflammatory medication. 
Antibiotics and steroids have been used but their value is 
unproved. 

Miscellaneous. Hydroceles occasionally develop after inguinal 
herniorrhaphy, but the cause is not known and therefore a pre¬ 
ventative measure is not possible. The urologic literature sug¬ 
gests that the practice of leaving the distal aspect of an indirect 
inguinal sac in situ rather than removing it should be incrimi¬ 
nated, but this is not accepted by most experienced hernia sur¬ 
geons. The treatment is the same as for any other hydrocele. 
Testicular descent is a complication felt to be related to com¬ 
plete division of the cremasteric muscle, but the occurrence is 
variable. The cord structures lose their tethering effect, allowing 
the testicle to descend into the most dependent portion of the 
scrotum. Due to the elasticity of the scrotum, with time gravity 
causes the scrotum to elongate. Patients complain their testicle 
“drops into the toilet” and can be quite unhappy. Few hernia 
surgeons now routinely completely divide the cremasteric muscle, 
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so it is hoped that this will become a rare phenomena. The dyse- 
jaculation syndrome is characterized by searing, burning, 
painful sensations throughout the groin around the time of ejac¬ 
ulation. The incidence is approximately 0.04%. 98 

Wound Infection. This is a surprisingly rare complication of 
groin herniorrhaphy (<5%) and the reason for the “protected” 
status, especially when compared to prosthetic ventral hernior¬ 
rhaphy, is not known. 99 Most cases of necrotizing facsitis fol¬ 
lowing inguinal hernia repair have been associated either with 
strangulated bowel or appendicitis in the hernial sac. Necrotiz¬ 
ing facsitis has only previously been reported in a few cases fol¬ 
lowing elective hernia repair. On the other hand, the incidence 
of infection for incisional hernia is much higher, in the range of 
10% to 15%, and is probably related to wound ischemia due 
to the required flap dissection. Other factors leading to infec¬ 
tion are preexisting infection or ulceration of the skin over the 
hernia, obesity, incarcerated or obstructed bowel within the 
hernia, and perforation of the bowel at the time of hernia 
repair. Seromas are common when a large prosthesis is required 
or flap dissection of the subcutaneous layer from the fascia has 
been extensive. Untreated seromas can become secondarily 
infected. Suction drains can be useful, but if left in place too 
long, they also result in infection of the prosthesis. Strategies to 
prevent and manage seromas are largely based on empiricism 
and personal opinion, as objective data are nearly absent. It is 
not always necessary to remove the mesh prosthesis in the pres¬ 
ence of infection. A trial of local wound care after opening of 
the incision and debridement is warranted. 

Seromas. Seromas are common with the use of synthetic mesh 
in laparoscopic hernia repairs and are possibly related to the 
size of the mesh used. The fluid eventually resorbs sponta¬ 
neously. Aspiration is performed for symptomatic relief only. 

Bleeding. Hemorrhage can occur from the cremasteric, inter¬ 
nal spermatic, or inferior epigastric vessels. Conservative treat¬ 
ment with reassurance is preferred for a stable hematoma. 
Evacuation is rarely required. Injuries to the deep circumflex 
artery, the corona mortis, or the external iliac vessels may 
result in a large retroperitoneal hematoma. 

Prosthetic Complications. Shrinkage of polypropylene and 
other meshes should be considered by surgeons when per¬ 
forming prosthetic repairs. Sufficient overlap anticipating a 
20% contracture is accepted by most. The decrease in size is 
felt to be due to scarification of the recipient’s tissue. Intestinal 
obstruction or fistulization is possible by erosion, especially if 
there is physical contact between intestine and the prosthesis. 
Intra-abdominal placement of a mesh prosthesis should be 
avoided in favor of ePTFE or perhaps a biologic prosthesis 
whenever possible. Rejection because of an allergic response is 
possible but extremely rare. What patients cite as “rejection” 
of the mesh is usually the result of infection. Local erosion into 
the cord structures has also been reported. 100 
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CHAPTER 72 ■ ACUTE ABDOMEN AND APPENDIX 


JEFFREY B. MATTHEWS AND RICHARD A. HODIN 


KEY POINTS 


Q Pathologic processes affecting abdominal viscera that pro¬ 
duce abdominal pain with characteristic symptoms and 
signs include obstruction, inflammation, perforation, tor¬ 
sion, and ischemia. 

Q Acute abdominal pain in immunosuppressed patients pre¬ 
sents a particular diagnostic challenge both in making the 
diagnosis and due to the unusual infectious causes of 
abdominal pain that may be present. 

Q The cause of acute appendicitis in most patients is luminal 
obstruction that leads to bacterial overgrowth and increased 
luminal pressure, leading to obstruction of venous outflow 
and then arterial inflow, resulting in gangrene and eventual 
perforation. 

Q Ultrasonographic findings of acute appendicitis include 
demonstration of a so-called target lesion (i.e., a thick- 
walled, noncompressible, luminal structure in the right 
lower quadrant with peritoneal fluid and even frank 
abscess in advanced cases). 

Q Computed tomography scanning has become the imaging 
modality of choice for patients with suspected acute ap¬ 
pendicitis. It is highly accurate with sensitivities and speci¬ 
ficities reported in the ranges of 95% to 100%. 


^A number of studies suggest that laparoscopic appen¬ 
dectomy is associated with a benefit in regard to shorter 
hospital stay, narcotic use, and overall recovery, with a 
perioperative complication rate comparable to open 
appendectomy. 

Q A patient presenting late with appendicitis and an appen¬ 
diceal mass should undergo initial percutaneous drainage 
and intravenous antibiotics followed by interval appendec¬ 
tomy in about 8 to 12 weeks. 

Q The diagnosis of acute appendicitis in children is difficult, 
leading to a perforation rate as high as 50%. 

Q The diagnosis of acute appendicitis in the elderly is diffi¬ 
cult, leading to a perforation rate as high as 50% and 
higher associated rates of morbidity and mortality. 

© Appendicitis is the most frequent nonobstetric indication 
for laparotomy during pregnancy and the difficulty in diag¬ 
nosis leads to a high perforation rate and associated high 
fetal mortality. 

© Carcinoid tumors less than 1.5 cm are adequately treated 
by appendectomy, whereas tumors 2 cm in size or greater 
have metastatic potential and a right hemicolectomy is 
indicated. 


APPROACH TO THE PATIENT 
WITH ACUTE ABDOMINAL PAIN 


Abdominal pain is one of the most frequent reasons for visits 
to physician offices and hospital emergency rooms and is a 
leading cause for hospital admission in the United States. 
Although most patients will be found to suffer from self¬ 
limited conditions of little consequence, a subset of patients 
with acute abdominal pain will harbor serious intra-abdominal 
or retroperitoneal pathology that requires major surgical or 
medical intervention. It is this latter population to whom the 
term “acute abdomen” is commonly applied, although 
“abdominal emergency” might be more descriptive. The expe¬ 
rienced clinician understands that the severity of the pain does 
not always correlate with the gravity of the situation, nor do 
all patients with the so-called acute abdomen require surgical 
intervention. Early diagnosis, and particularly the early dis¬ 
tinction of conditions that require urgent operation from those 
best managed nonsurgically, must be the paramount principle 
that outweighs all other concerns. Evaluation by a surgical 
consultant and performance of appropriate radiologic studies 
must proceed promptly regardless of time of day or disruption 
of normal routines and schedules. 1 There is considerable 
interexaminer variability in the evaluation of acute abdominal 
pain based on the level of experience as well as on specialty 
(e.g., emergency medicine physician vs. surgeon). 2,3 

In the vast majority of cases, a thorough history and phys¬ 
ical examination will reveal the cause of the abdominal pain 
or at least sufficiently narrow down the possibilities to allow 
initial treatment decisions to be made. 4 Important features to 
be elicited include the time and mode of onset of the illness, 


the location of the pain, the character of the pain, and the 
presence of associated symptoms and their relation to the 
pain (Table 72.1). Examination of the patient includes an 
assessment of general appearance and attitude in bed in addi¬ 
tion to the abdominal examination itself (Table 72.2). The 
ability to group the symptoms and signs of acute abdominal 
pain and to weigh their relative importance (“pattern recog¬ 
nition”) perhaps best distinguishes the novice from the expert 
diagnostician in this setting. Blood tests may be complemen¬ 
tary but are only occasionally of major importance in the ini¬ 
tial evaluation. The same is generally true for radiologic stud¬ 
ies, although in some circumstances, newer techniques of 
abdominal imaging do appear to enhance diagnostic accu¬ 
racy. However, it cannot be overstated that an excessive 
reliance on tests can lead to unnecessary delay and must be 
avoided. There is little evidence to support a benefit to deci¬ 
sion tools such as computer-based structured checklists or 
algorithms in the diagnosis of acute abdominal pain. 5 Thus, 
excessive ordering of tests or complex triage algorithms are 
unlikely to substitute for a knowledgeable, compassionate 
surgeon. 

Most patients with acute abdominal pain evaluated in the 
emergency room setting will not require either hospital admis¬ 
sion or surgical intervention. 6 The most common causes of 
abdominal pain requiring admission include acute appendici¬ 
tis, nonspecific abdominal pain, pain of urologic origin, intesti¬ 
nal obstruction, and biliary tract disease, depending on the 
population and geographic region considered. 7 With improve¬ 
ments in diagnostic imaging over the past few decades, more 
patients with acute abdominal pain are able to be assigned a 
specific diagnosis and there are fewer instances of missed surgi¬ 
cal disease. 8 
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TABLE 72.1 DIAGNOSIS 


KEY HISTORICAL FEATURES IN ACUTE ABDOMINAL PAIN 

Age 

Time and mode of onset of pain 
Duration of symptoms 
Character of pain 

Location of pain and site(s) of radiation 
Associated symptoms and their relation to pain 
Nausea or anorexia 
Vomiting 

Diarrhea or constipation 
Menstrual history 


EMBRYOLOGIC AND 
PHYSIOLOGIC CONSIDERATIONS 

The developing gastrointestinal (GI) tract is divided into three 
regions based on blood supply and innervation, relationships 
that are maintained from embryonic to adult life. The foregut 
consists of the oropharynx, esophagus, stomach, proximal 
duodenum, pancreas, liver, biliary tract, and spleen. The 
midgut runs from the distal duodenum (ligament of Treitz) 
and includes the small intestine, appendix, cecum, ascending 
colon, and proximal two thirds of the transverse colon. The 
remainder of the colon and rectum make up the hindgut. 

The intestinal tract itself, from the stomach to the distal sig¬ 
moid colon (with the exception of the duodenum), is lined by 


TABLE 72.2 DIAGNOSIS 


EXAMINATION OF THE PATIENT WITH ACUTE 
ABDOMINAL PAIN 

General observations 
General appearance 
Attitude in bed 

Vital signs, including temperature 
Chest 

Auscultation 

Abdomen 

Inspection (distention, localized swelling, hernia) 

Percussion (tympany or dullness, tenderness, referred 
tenderness) 

Palpation (muscle rigidity, tenderness, [rebound pain], 
hyperesthesia) 

Auscultation 

Pelvis 

Rectal examination (tenderness, presence of stool, occult 
blood, mass) 

Bimanual examination (cervical motion tenderness, adnexal 
masses) 

Obturator sign 
Back and flanks 

Percussion (costovertebral angle tenderness) 

Iliopsoas sign 


a layer of mesodermally derived visceral peritoneum. The liver, 
spleen, and gallbladder are largely covered by visceral peri¬ 
toneum; the pancreas is located within the retroperitoneum. 
Although continuous with the parietal peritoneum that lines 
the abdominal cavity, the visceral peritoneum is supplied by 
autonomic (sympathetic and parasympathetic) nerves. In con¬ 
trast, the parietal peritoneal layer has an entirely somatic inner¬ 
vation derived from spinal nerves. This difference accounts for 
the distinct character of the pain associated with irritation or 
inflammation of the parietal peritoneum (which is generally 
perceived as sharp, severe, and persistent) compared to painful 
stimuli involving the visceral peritoneum (perceived as dull, 
cramping or aching, and poorly localized, and often associated 
with nausea and/or diaphoresis). The visceral peritoneum and 
its associated organs are insensitive to touching, pinching, cut¬ 
ting, burning, and electrical stimulation, but the sensation of 
pain from these sites can be induced by stretching, distention, 
or vigorous contraction against resistance. Additional painful 
stimuli to visceral organs include certain chemicals, ischemia, 
and inflammation. Visceral pain usually indicates the presence 
of significant intra-abdominal disease but is not in itself an 
indication for surgical therapy. A transition from visceral to 
somatic pain implies extension of the underlying disease 
process to include the parietal peritoneum and often heralds 
the need for urgent operative intervention (e.g., acute appen¬ 
dicitis, intestinal obstruction with strangulation). However, 
somatic pain of intra-abdominal origin should not be equated 
with the invariable need for operation (e.g., acute diverticuli¬ 
tis). In this regard, it is important to distinguish between local¬ 
ized somatic pain and diffuse somatic pain. Although conditions 
associated with localized peritonitis may require operation, the 
degree of urgency is far less than in diffuse peritonitis, which 
almost always indicates a surgical emergency. 

The central gut tube is invested with a bilateral nerve supply, 
accounting for the midline location of the visceral pain origi¬ 
nating from these organs. Pain of foregut origin is usually per¬ 
ceived in the epigastrium, midgut pain in the periumbilical 
region, and hindgut pain in the hypogastrium. In contrast, pain 
deriving from the bladder, prostate, uterus, ovaries, and fallop¬ 
ian tubes may be localized as pelvic or, occasionally, perineal. 
Pain originating from the abdominal wall musculature or pari¬ 
etal peritoneum is usually perceived in precise relation to the 
anatomic location of the stimulus because somatic pain nerve 
fibers enter the spinal cord ipsilaterally. The anterior and lateral 
abdominal wall is innervated from vertebral segments T7 to 
LI, whereas the posterior abdominal wall is from L2 to L5. 

In addition to pain of the somatic and visceral categories, a 
third form of pain related to acute abdominal disorders is 
referred pain. Referred pain is perceived at a site removed 
from the anatomic location of the pathology but in a region 
that shares a common embryonic origin. The most common 
example is the radiation of pain of biliary origin to the right 
subscapular region or right shoulder. This phenomenon 
reflects the fact that the phrenic nerve is derived from the 
fourth cervical nerve. Thus, irritation of the undersurface of 
the right hemidiaphragm, such as by an inflamed gallbladder 
or hepatic abscess, may induce pain or hyperesthesia in the 
skin distribution of the fourth cervical nerve. Similarly, splenic 
pathology (e.g., rupture) may be perceived as pain in the left 
shoulder (Kehr sign). Other examples of referred pain are 
listed in Table 72.3. 

Inflammation of the parietal peritoneum leads to rigidity 
and tenderness of the overlying muscle groups, a phenomenon 
of great clinical significance in the diagnosis of acute abdomi¬ 
nal pain. These include not only the muscles of the anterior 
abdominal wall such as the rectus abdominus but also the 
diaphragm, psoas, quadratus lumborum, erector spinae, pyri- 
formis, and obturator internus. Thus, an inflamed retrocecal 
appendix overlying the right psoas muscle may produce spasm 
reflected by the preference of the patient to maintain the right 
thigh in flexed position; in addition, placing the patient on the 
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ITABLE 72.3 


DIAGNOSIS | 

SITES OF REFERRED PAIN 

■ SITE 

■ ORGAN(S) 

■ COMMON EXAMPLES 

Right subscapular or 
shoulder 

Diaphragm, gallbladder, liver 

Biliary colic, perforated ulcer, 
pneumoperitoneum 

Left subscapular or 
shoulder 

Diaphragm, spleen, stomach, 
tail of pancreas, splenic flexure 

Splenic rupture, pancreatitis 

Back 

Pancreas, duodenum, aorta 

Pancreatitis, ruptured AAA 

Coccyx 

Uterus, rectum 

Uterine colic 

Groin or genitalia 

Kidney, ureter, iliac arteries 

Ureterolithiasis 

AAA, abdominal aortic aneurysm. 


left side and fully extending the right thigh may produce pain 
(psoas sign). Similarly, the presence of an inflamed appendix 
or periappendiceal abscess may be deduced by a positive find¬ 
ing in the so-called obturator test (pain on internal rotation of 
the right thigh). In contrast, irritation of the deep pelvic peri¬ 
toneum is generally not associated with any overlying muscle 
group, accounting for the striking lack of abdominal wall 
rigidity in cases of pelvic abscess from appendicitis or divertic¬ 
ulitis. 


DIFFERENTIAL DIAGNOSIS 


The sheer number of conditions that produce acute abdominal 
pain is overwhelming. However, the differential diagnosis may 
be narrowed substantially by anatomic considerations and an 
understanding of the general characteristics of the episode of 
the pain. 

It is useful to subdivide the abdomen into four quadrants 
and consider the conditions that cause abdominal pain local¬ 
ized to each region (Table 72.4). Pain that does not lateralize 
in this fashion can be characterized as epigastric, periumbili¬ 
cal, or hypogastric, and a relatively limited differential diagno¬ 
sis can also be generated for each midline location (Table 
72.5). Diffuse abdominal pain (Table 72.6) can be mild and 
without significant physical findings, as in early acute appen¬ 
dicitis, or it can be severe and associated with generalized 
abdominal muscle rigidity, as in diffuse peritonitis. 

There are a limited number of pathologic processes affect¬ 
ing abdominal viscera that produce abdominal pain, and each 
is associated with a characteristic evolution of clinical symp¬ 
toms and signs (Table 72.7). Obstruction of a hollow viscus 
results in a form of pain termed colic, consisting of a deep, 
nauseating ache that may be cyclical, as in intestinal colic, or 
steady, as in biliary colic. Inflammation can be the result of 
bacterial infection and generally produces only mild pain until 
the process becomes transmural, at which point the resultant 
peritoneal irritation can cause localized somatic pain. Perfora¬ 
tion or rupture of a hollow viscus or other structure (e.g., an 
ovarian cyst or a hepatic adenoma) typically results in a pain 
of sudden onset that builds to maximum intensity over min¬ 
utes to hours, producing signs of peritoneal irritation that are 
initially localized but may soon become generalized. Torsion 
may also produce a severe pain of sudden onset, but usually 
physical findings in the initial phase are limited to the site of 
torsion and do not generalize. Finally, ischemia of a solid or 
hollow viscus produces a severe pain frequently described as 
out of proportion to physical findings. 

As a first step in differential diagnosis, it is useful to tenta¬ 
tively assign the abdominal pain episode to one of these patho¬ 
logic processes and to one of the previously mentioned 


locations. These categories are of course not absolute, because 
overlapping presentations are seen in a variety of conditions. 
For example, sigmoid volvulus simultaneously represents tor¬ 
sion and obstruction, whereas acute cholecystitis is initially 
due to obstruction (of the cystic duct) but then progresses to 
transmural inflammation. It is not unusual for a pain that is 
initially due to one process to evolve into another (e.g., intesti¬ 
nal ischemia and infarction developing as a consequence of 
untreated adhesive obstruction). 


EVALUATION OF THE PATIENT 
WITH ABDOMINAL PAIN 


It has been said that the most important diagnostic instrument 
available to the clinician is a chair, and this is perhaps nowhere 
more true than in the setting of the evaluation of a patient with 
acute abdominal pain. While eliciting the history, the clinician 
should take the opportunity to observe the patient’s attitude in 
bed; the facial expression, particularly during paroxysms of 
pain; and the contour of the abdomen. 4 

The course of the episode of illness should be retraced, 
beginning with the exact time and mode of onset of the pain as 
well as any prodromic events occurring in the hours or days 
from the point at which the patient was subjectively at baseline 
health. The location and character of the pain, the direction of 
radiation of the pain, and changes in intensity or shifts in loca¬ 
tion over time are elicited. The presence of associated symp¬ 
toms, in particular anorexia and vomiting, and their relation 
to the onset and evolution of pain are determined. Nausea and 
vomiting are usually due either to severe irritation of the peri¬ 
toneal or mesenteric nerves or to obstruction of a hollow vis¬ 
cus. The character and time of the most recent bowel move¬ 
ment or the occurrence of diarrhea is noted. The relevant past 
medical history is then documented in detail, with particular 
attention to prior episodes of similar pain, the presence of 
major digestive or other systemic disorders, and previous 
abdominal operations. Current medications are documented. 
Corticosteroid use or other conditions associated with 
immunosuppression may diminish the symptoms produced by 
inflammation and obscure a serious degree of intra-abdominal 
disease. The presence of familial disorders or concurrent ill¬ 
ness in family or other contacts should be noted. 

The age of the patient should be taken into account, as the 
differential diagnosis shifts considerably when dealing with 
the pediatric versus the geriatric population. In women, a 
recent menstrual history is obtained and prior pregnancies 
noted. Gynecologic causes of acute abdominal pain to be con¬ 
sidered include Mittelschmerz or ruptured ovarian cyst, pelvic 
inflammatory disease, ectopic pregnancy, tubo-ovarian abscess 
(with or without rupture), and ovarian torsion. 
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TABLE 72.4 

DIAGNOSIS | 

PAIN LOCALIZING TO AN ABDOMINAL QUADRANT 

RIGHT UPPER QUADRANT PAIN 

LEFT UPPER QUADRANT PAIN 

Biliary colic/cholecystitis 

Splenic rupture 

Cholangitis 

Splenic infarction 

Hepatic abscess 

Splenomegaly 

Hepatitis (toxic or viral) 

Ruptured splenic artery aneurysm 

Perihepatitis (Fitzhugh-Curtis syndrome) 

Gastritis 

Hepatic congestion 

Perforated gastric ulcer (phlegmonous 

Budd-Chiari syndrome 

gastritis) 

Hepatic tumor (primary or secondary) 

Jejunal diverticulitis 

Appendicitis 

Pancreatitis 

Perforated peptic ulcer 

Diverticulitis (splenic flexure) 

Perinephritis 

Perinephritis 

Pneumonia (right lower lobe) 

Pneumonia (left lower lobe) 

Pulmonary infarction 

Pulmonary infarction 

Pleuritis 

Pleuritis 

Myocardial ischemia 

Pericarditis 

Empyema 

Myocardial ischemia 

Rib fracture 

Empyema 

Herpes zoster 

Rib fracture 

Herpes zoster 

RIGHT LOWER QUADRANT PAIN 

LEFT LOWER QUADRANT PAIN 

Appendicitis 

Diverticulitis 

Acute enterocolitis (viral or bacterial) 

Appendicitis 

Crohn disease (ileitis) 

Perforated colon cancer 

Foreign body perforation 

Intestinal obstruction 

Right-sided diverticulitis 

Crohn colitis 

Cecal diverticulitis 

Ischemic colitis 

Meckel diverticulitis 

Ruptured iliac artery aneurysm 

Torsion of appendix epiploica 

Ruptured ovarian cyst (including 

Mesenteric adenitis 

Mittelschmerz) 

Intestinal obstruction 

Ovarian torsion 

Perforated peptic ulcer 

Endometriosis 

Pancreatitis 

Salpingitis (pelvic inflammatory disease) 

Ruptured ovarian cyst (including 

Ectopic pregnancy 

Mittelschmerz) 

Renal or ureteral calculi 

Ovarian torsion 

Pyelonephritis 

Endometriosis 

Psoas abscess 

Salpingitis (pelvic inflammatory disease) 

Seminal vesiculitis 

Ectopic pregnancy 

Rectus sheath hematoma 

Cholecystitis 

Ruptured iliac artery aneurysm 

Renal or ureteral calculi 

Pyelonephritis 

Psoas abscess 

Seminal vesiculitis 

Rectus sheath hematoma 

Herpes zoster 

Herpes zoster 
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TABLE 72.5 ETIOLOGY 


CAUSES OF MIDLINE ABDOMINAL PAIN 

EPIGASTRIC 

Peptic ulcer 
Pancreatitis 
Gastritis 
Esophagitis 
Mesenteric ischemia 
Appendicitis (early) 

Myocardial ischemia 
Pericarditis 
Cholecystitis 
PERIUMBILICAL 

Small-intestinal obstruction 
Appendicitis 
Pancreatitis 
Mesenteric ischemia 
Acute glaucoma 
HYPOGASTRIC 

Large-intestinal obstruction 

Intussusception 

Appendicitis 

Diverticulitis 

Enterocolitis 

Ovarian torsion 

Testicular torsion 

Degeneration or torsion of uterine fibroid 
Cystitis 


[TABLE 72.6 

ETIOLOGY | 

CAUSES OF DIFFUSE ABDOMINAL PAIN 

Early appendicitis 


Perforated appendicitis 


Perforated peptic ulcer 


Perforated diverticulitis 


Stercoral perforation of colon 


Peritonitis (primary or secondary) 


Pancreatitis 


Mesenteric adenitis 


Mesenteric ischemia 


Ruptured abdominal aortic aneurysm 


Diabetic coma 


Tuberculous peritonitis 


Food poisoning 


Heavy metal poisoning 


Acute porphyria 


Sickle cell crisis 


Acute leukemia 



TABLE 72.7 

ETIOLOGY | 

PATHOLOGIC PROCESSES UNDERLYING ABDOMINAL PAIN 

■ PROCESS 

■ COMMON EXAMPLES 

Obstruction 

Intestinal colic, renal calculi, biliary colic 

Inflammation 

Enterocolitis, mesenteric adenitis 

Perforation 

Perforated peptic ulcer 

Torsion 

Ovarian torsion, sigmoid volvulus 

Ischemia 

Mesenteric artery thrombosis, splenic 
infarction 


As indicated previously, the physical examination should 
begin with inspection of the general appearance, attitude in 
bed, and facial expression. Unwillingness to change position 
may indicate underlying peritonitis; conversely, an inability to 
find a comfortable position may be seen with ureteral colic due 
to nephrolithiasis. A patient with acute pancreatitis or mesen¬ 
teric ischemia may prefer to lean forward. Intermittent gri¬ 
macing may be observed in a patient with intestinal obstruc¬ 
tion. Vital signs are measured. The presence of cool, clammy 
skin or of jaundice may be observed at this time. 

Inspection of the abdomen will reveal generalized disten¬ 
tion or focal swelling. The presence of a hernia must be specif¬ 
ically excluded by direct examination of all hernial orifices and 
abdominal incisions. Auscultation of the abdomen may be per¬ 
formed next, although this only rarely provides valuable infor¬ 
mation. Auscultation of the chest, particularly the basilar 
regions, may reveal pneumonic consolidation that can simu¬ 
late an acute abdominal process or may reveal a pleuritic rub. 
Gentle percussion of the abdomen will help distinguish 
gaseous distention from ascites; loss of dullness over the liver 
may indicate free intraperitoneal air, as in perforated duodenal 
ulcer. Tenderness to percussion, either localized or across the 
abdomen, suggests focal or diffuse peritonitis. Referred ten¬ 
derness to percussion (pain perceived away from the site of 
percussion) is an extremely important finding that is essen¬ 
tially pathognomonic for peritonitis. 

Palpation of the abdomen must be gentle. Rough or sudden 
deep palpation will frighten the patient, cause voluntary 
guarding, and hamper subsequent attempts to palpate the 
abdomen. The presence of subtle muscle rigidity (involuntary 
guarding) or of an intra-abdominal mass is more likely to be 
detected by a gentle approach. It may be useful to ask the 
patient to flex the thighs during this phase of the examination. 
Areas of skin hyperesthesia may be noted during gentle palpa¬ 
tion. Elicitation of rebound tenderness rarely provides addi¬ 
tional information beyond that obtained by careful percussion 
and palpation and is not recommended. The psoas and obtu¬ 
rator tests may be performed next. In patients with a 
colostomy or ileostomy, direct examination of the stoma along 
with digitalization is important. The back is examined with 
attention to the presence of spinal tenderness or tenderness in 
the costovertebral angle or flanks. 

Examination of the pelvis is extremely important in most 
patients with abdominal pain. Suprapubic palpation may 
reveal an enlarged bladder or tenderness indicative of deeper 
disease. Digital rectal examination may reveal focal tenderness 
due to a periappendiceal or peridiverticular pelvic abscess. 
Anterior palpation may reveal the only evidence of pelvic peri¬ 
tonitis, particularly in males. A bimanual vaginoabdominal 
examination in females will reveal pathology in the pouch of 
Douglas or involving the uterus, tubes, or ovaries. 

Whether it is prudent to administer analgesics to the patient 
undergoing evaluation for acute abdominal pain has remained a 
controversial question. Certainly, once the diagnosis is established 
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or a definitive plan of action has been made, it is not justifiable 
to withhold such treatment. There is a considerable literature 
to suggest that administration of morphine can provide sub¬ 
stantial pain relief without changing important physical signs 
(in particular, the presence of peritoneal irritation), although 
there are limited high-quality prospective, randomized 
data. 9-11 


Laboratory and Radiologic Examination 

The common practice of ordering a “routine” panel of tests, 
even prior to evaluation by a physician, is wasteful of 
resources and may lead to unnecessary delays in diagnosis and 
treatment, particularly when normal values lull caregivers into 
a false sense of security. For example, the white blood cell 
count is notoriously normal in a substantial fraction of 
patients with serious intra-abdominal pathology and is fre¬ 
quently elevated in cases of nonsurgical disease. 12 However, a 
hematocrit and serum electrolytes and blood urea nitrogen 
may be useful to guide fluid resuscitation. A serum amylase 
and liver chemistries are usually indicated in patients with 
upper abdominal pain but only rarely so in lower abdominal 
pain. Although liberal use of human chorionic gonadotropin 
testing may avoid a missed tubal pregnancy, its routine use in 
females with abdominal pain is not likely to be cost-effective. 
A urinalysis is frequently of value to screen for urologic causes 
of abdominal pain, but routine urine culture is unnecessary. 

Plain radiographs of the abdomen are ordered far in excess 
of their usefulness in the evaluation of abdominal pain. 13,14 
Despite occasional positive findings (e.g., air-fluid levels, a 
fecalith, gallstones), plain films tend to be relatively nonspe¬ 
cific, complementing what is already obvious on history and 
examination, and rarely redirect therapeutic thinking. They 
are most helpful in patients with suspected ureteral calculus or 
intestinal obstruction. It is important to remember that 
abdominal films are frequently normal or nondiagnostic in 
patients with strangulating obstruction. An upright chest film 
is the least expensive and perhaps best test to identify free 
intraperitoneal air. 

Upper GI series performed with water-soluble contrast is 
occasionally helpful in detecting ulcer perforation and deter¬ 
mining whether such perforation is free or contained. A water- 
soluble contrast enema may be useful in cases of suspected 
large bowel obstruction. Intravenous pyelography may be 
used to identify ureteral stones. All of these studies, however, 
have been supplanted in many centers by computed tomogra¬ 
phy (CT), which, although somewhat more expensive, yields 
considerably more information of practical importance. 15 CT 
is quite useful in patients with abdominal pain who do not 
require emergency surgery, particularly in delineating the 
cause and suggesting a therapeutic strategy in patients with no 
prior history of abdominal disease. 16 Arteriography may be 
useful in patients with suspected mesenteric ischemia, although 
CT angiography and magnetic resonance imaging are increas¬ 
ingly applied to this situation. Ultrasound examination of the 
right upper quadrant may reveal gallstones, but it is important 
to remember that ultrasonographic signs of acute cholecystitis 
may be no more accurate than clinical examination. Ultra¬ 
sonography for lower abdominal pain may improve diagnostic 
accuracy beyond clinical impression alone but is highly experi¬ 
ence and operator dependent. 17 A guiding principle in order¬ 
ing radiologic tests is that the result should substantially influ¬ 
ence plans for further testing or therapy. Redundant tests 
should be avoided. 

Diagnostic laparoscopy may be appropriate in certain cir¬ 
cumstances, especially the evaluation of acute lower abdominal 
pain in females. This has become a more attractive option as 
techniques of therapeutic laparoscopy (e.g., appendectomy) have 
been refined. 18-20 Nevertheless, laparoscopy requires a general 
anesthetic and should not be used without due consideration. 


Conditions Mimicking the Acute Abdomen 

A variety of nonsurgical conditions may be associated with 
acute abdominal pain, including a variety of cardiovascular, 
respiratory, metabolic, and toxic conditions. For example, 
myocardial ischemia may produce epigastric pain, nausea, and 
vomiting that simulate acute cholecystitis; conversely, and per¬ 
haps more frequently, acute cholecystitis is mistaken for pain 
of cardiac origin. Abdominal wall injury, radiculopathy, and 
rectus sheath hematoma (the latter particularly in patients on 
anticoagulant therapy) may cause acute abdominal pain. 
Abdominal pain and vomiting may accompany influenza. Dia¬ 
betic ketoacidosis and, rarely, blood dyscrasias such as acute 
porphyria or sickle cell hemolytic crisis may produce severe 
abdominal pain. Urologic disorders such as pyelonephritis or 
obstruction of the ureter, renal pelvis, or bladder outlet may be 
mistaken for intra-abdominal pathology. Urinalysis and renal 
ultrasound may confirm the diagnosis. Testicular torsion can 
also be associated with severe abdominal pain. 


Abdominal Pain in Special Circumstances 

The pediatric population represents a particularly difficult 
subset in which to evaluate acute abdominal pain. In neonates 
and infants, congenital causes such as midgut volvulus or 
pyloric stenosis must be considered, and entities such as intus¬ 
susception and Meckel diverticulitis are far more common 
than in adults. It may be impossible to obtain key historical 
information, and physical examination may be difficult. 21 
Evaluation of older children is generally easier. It should be 
noted that anorexia may be absent in children with appendici¬ 
tis or other important abdominal pathology. Diarrhea as a 
manifestation of appendicitis is also frequent and may simu¬ 
late acute infectious enterocolitis. Abdominal films may be 
more informative in pediatric than adult patients. In certain 
instances, it may be appropriate to consider whether child 
abuse has occurred. 

The geriatric population can also present diagnostic diffi¬ 
culty, and if dementia is present, it may be impossible to elicit 
a meaningful history. In such patients, serious intra-abdominal 
pathology may present with few or subtle signs, and there may 
be only minimal tenderness on examination despite diffuse 
peritonitis. Laboratory values are frequently normal despite 
the presence of serious pathology in this population. 22 The 
majority of geriatric patients evaluated in the emergency set¬ 
ting will be found to have significant disease requiring hospi¬ 
talization. 23 

Acute abdominal pain in immunosuppressed patients repre¬ 
sents a particular diagnostic challenge, for example, in the set¬ 
ting of organ transplantation, immunosuppressive therapy for 
autoimmune disorders, chemotherapy, and acquired immuno¬ 
deficiency syndrome (AIDS). Unusual infectious causes of acute 
abdominal pain, including cytomegalovirus (CMV), mycobac¬ 
teria, protozoal species, and fungi, should be considered; these 
may affect the GI tract, gallbladder, liver, and pancreas. Perfo¬ 
ration of the GI tract due to CMV, Mycobacterium tuberculosis 
or Mycobacterium avium-intracellulare, lymphoma, or Kaposi 
sarcoma or associated with corticosteroid use is seen in 
immunosuppressed patients. Acalculous cholecystitis should be 
considered in patients with AIDS and is often associated with 
Cryptosporidia or CMV. Splenic abscess due to Candida or 
Salmonella may be a cause of left upper quadrant pain. Neu¬ 
tropenic enterocolitis is a common cause of abdominal pain and 
fever in patients with bone marrow suppression due to 
chemotherapy. In the transplant population, acute graft-versus- 
host disease should be considered. Although abdominal pain in 
immunosuppressed patients is often treated nonoperatively, vig¬ 
ilance must be maintained lest serious surgical pathology be 
overlooked. 
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Acute abdominal pain after cardiac or major abdominal 
vascular surgery merits special mention because of the fre¬ 
quency of serious diagnoses that carry particularly high mor¬ 
tality in this setting. Mesenteric or segmental colonic ischemia 
is commonly reported, as are acute colitis and cholecystitis 
(often acalculous). Acute pancreatitis associated with extra¬ 
corporeal cardiopulmonary bypass occurs in about 2% of 
cases. 24 Severe acute abdominal pain in hemodialysis patients 
is most commonly due to mesenteric ischemia. 25 

The diagnosis of abdominal pain in patients with spinal 
cord injury is particularly challenging. Mortality in this setting 
is high (about 10%), usually due to delayed diagnosis. 26 Classi¬ 
cal signs such as tenderness, guarding, and even fever are unre¬ 
liable; more helpful are the presence of shoulder pain, abdomi¬ 
nal distention, nausea, vomiting, and autonomic dysreflexia. 27 

Finally, evaluation of abdominal pain occurring during 
pregnancy carries additional considerations. 28 Anatomic rela¬ 
tionships may be distorted by the gravid uterus; in particular, 
the appendix is often displaced upward into the right upper 
quadrant. Nonsurgical causes of abdominal and pelvic pain 
are common. Interpretation of blood work should recognize 
physiologic alterations; leukocytosis is frequently present dur¬ 
ing normal pregnancy. Although one should not hesitate to 
obtain radiologic tests when essential, unnecessary exposure 
to x-rays must be avoided. Ultrasound is a particularly valu¬ 
able diagnostic modality in these patients. More recently, mag¬ 
netic resonance imaging has been demonstrated to be useful in 
the early identification of pregnant patients who are likely to 
require surgical intervention. 29 


APPENDIX 


The clinical entity of appendiceal inflammation followed by 
perforation, abscess formation, and peritonitis was first 
described in 1889 by Reginald Fitz. 30 Since that time, appen¬ 
dectomy has remained among the most common abdominal 
operations and, in fact, is the most common surgical proce¬ 
dure performed on an emergency basis in Western countries. 
Appendectomy remains the mainstay of treatment, but with 
the development of modern antibiotics and percutaneous 
drainage techniques, some cases are best managed nonopera- 
tively. The morbidity and mortality associated with acute 
appendicitis has diminished over time, although because it 
usually affects young, healthy people, the overall effect on our 
workforce remains significant. When not treated appropri¬ 
ately, appendicitis remains a potentially lethal condition. A 
case in point is that of the famous magician, Harry Houdini, 
who would occasionally entertain by withstanding punches to 
the abdomen delivered by members of his audience. Unfortu¬ 
nately, Mr. Houdini once performed this “act” while suffering 
from an appendiceal abscess, only to die several days later 
from diffuse peritonitis and sepsis, the abscess having been 
ruptured from one of the assaults. 31 


Anatomy and Pathophysiology 

The appendix is considered a vestigial organ with no known 
function in human beings. However, examination of the phy¬ 
logenetic tree reveals that the appendix is absent from a num¬ 
ber of carnivores, such as the dog, tiger, and lion, and, surpris¬ 
ingly, there is progressive development of the appendix in apes 
and as one ascends the primate scale. 32 The appendix contains 
large amounts of lymphoid aggregates, similar to those within 
the Peyer patches of gut-associated lymphoid tissue. Lymphoid 
nodules containing both B and T cells within the lamina pro¬ 
pria differentiate the appendix from the adjacent colon. 33 
Because of this prominence of lymphoid tissue, some have 
hypothesized that the appendix may have an immune function 
similar to that of the thymus or bursa of Fabricius, although 


no actual function has ever been documented. The appendiceal 
mucosa produces minimal amounts of fluid and digestive 
juices, suggesting that it has no important exocrine function. 
There have been some associations made between the lack of 
an appendix and various disease states (inflammatory bowel 
disease), but a causal relationship remains unproved. 

The appendix develops as an antimesenteric outpouching 
from the cecum and is first delineated during the fifth month of 
gestation. The position of the appendix can vary greatly. In 
almost two thirds of the population, the appendix is located in 
a retrocecal position, whereas in others it is located over the 
pelvic brim, occasionally descending low down in the pelvis. 
When the appendix occupies an unusual location, the diagno¬ 
sis of appendicitis may be more difficult and contribute to 
delays in either presentation and/or diagnosis. The three tae¬ 
niae coli of the ascending colon meet at the base of the appen¬ 
dix, with the anterior taenia serving as an important landmark. 
Following the taeniae can be a useful maneuver in identifying a 
difficult appendix at the time of operation. The appendix can 
vary in length from 2 to 20 cm, averaging approximately 9 cm. 
The blood supply of the appendix is from the appendicular 
artery, which is a branch of the ileocolic. Similarly, the lym¬ 
phatic drainage follows that of the ileocolic nodes, and these 
are often hyperplastic in cases of acute appendicitis. The neural 
innervation of the appendix is derived from the autonomic ner¬ 
vous system. As with other visceral organs, there are no 
somatic pain fibers within the appendix. As such, early inflam¬ 
mation leads to poorly localizable pain and is referred to the 
periumbilical region because the autonomic nerves follow the 
midgut embryologic origin. As inflammation of appendicitis 
progresses, irritation of the surrounding parietal peritoneum 
results in the activation of somatic pain fibers and localization 
of symptoms and signs to the right lower quadrant. 

In cross section, the appendix contains the same layers as 
those of the adjacent colon, including the mucosa, submucosa 
with prominent lymphoid tissue, circular and longitudinal 
muscle layers, and overlying serosa. Neurosecretory cells are 
located within the subepithelial layer and are the presumed 
source of carcinoid tumors, which are often found within the 
appendix. 

The etiology of appendicitis remains somewhat unclear. In 
most patients, there is probably luminal obstruction that leads 
to bacterial overgrowth and increased luminal pressure, leading 
to obstruction of venous outflow and then arterial inflow, 
resulting in gangrene and eventual perforation. The cause for 
the luminal obstruction that initiates the process of appendicitis 
is postulated to involve lymphoid hyperplasia, a condition that 
is especially common in the teenage years, which correlates with 
the high incidence of appendicitis in this age group. It is felt that 
either viral or bacterial infections such as Shigella, Salmonella, 
infectious mononucleosis, and so forth can precede the episode 
of appendicitis, presumably by initiating the lymphoid hyper¬ 
plasia and subsequent luminal obstruction. 

In addition to lymphoid hyperplasia, fecaliths can also lead 
to appendiceal obstruction and subsequent appendicitis. It is 
thought that approximately 30% of cases of acute appendici¬ 
tis in adults are linked to fecaliths. Fecaliths are thought to 
occur following entrapment of vegetable matter with subse¬ 
quent mucus deposition and eventual calcification. The 
“obstructive” model for appendicitis does not appear to explain 
the etiology in all cases, however, because some patients with 
appendicitis appear to have a patent lumen by radiologic, gross, 
and histologic examination. The pathophysiology of these cases 
remains unclear. 


Diagnosis 

Early diagnosis remains the most important clinical goal in 
patients with suspected appendicitis. Although mortality rates 
in modern series are well under 1%, 34,35 the morbidity of 
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TABLE 72.8 DIAGNOSIS 


TYPICAL SEQUENCE OF SYMPTOMS AND SIGNS OF 
ACUTE APPENDICITIS 

Periumbilical pain—vague, visceral, poorly localized 

Anorexia, nausea, and/or vomiting 

Right lower quadrant pain and tenderness—localized 

Fever 

Leukocytosis 


perforated appendicitis is much higher than in nonperforated 
cases and is related to increased rates of wound infection, 
intra-abdominal abscess formation, lengths of hospital stay, 
and delayed return to full activity. 36 

By a thorough history and physical examination, experi¬ 
enced clinicians can accurately diagnose acute appendicitis in 
the majority of cases. 4 A typical presentation (Table 72.8) is 
that of vague periumbilical pain (sometimes located more 
superiorly in the epigastric region) followed by anorexia, nau¬ 
sea, or even frank vomiting. When vomiting occurs in appen¬ 
dicitis, it is usually of a limited nature, as opposed to patients 
with viral gastroenteritis, who generally have more severe 
vomiting. The pain then shifts to the right lower quadrant 
region as the inflammatory process progresses and involves the 
localized overlying peritoneum. Eventually, fever ensues and 
this is followed by the development of leukocytosis. These 
clinical features are not entirely reliable, however. For exam¬ 
ple, not all patients will complain of anorexia, so the fact that 
a given patient expresses hunger should not necessarily deter 
one from surgical intervention for presumed acute appendici¬ 
tis. Occasionally, patients will complain of urinary symptoms, 
perhaps because of some inflammation adjacent to the ureter 
and/or bladder. Microscopic hematuria is quite common, and 
the clinician should not mistake the primary problem as resid¬ 
ing in the urinary tract. Intestinal function is usually unaf¬ 
fected in appendicitis, but some patients will note diarrhea, 
perhaps related to the inflammation adjacent to the rectum 
and/or colon. Appendicitis can also be associated with ady¬ 
namic ileus, leading to the complaint of constipation. 

Physical examination is generally the most reliable indica¬ 
tor of appendicitis. Aside from the young child, very elderly, or 
otherwise neurologically impaired, patients with appendicitis 
will have at least some degree of tenderness on palpation of the 
abdomen. In cases of an appendix located entirely in the 
pelvis, the tenderness on abdominal examination may be min¬ 
imal, but on rectal examination the tenderness will be evident 
as the pelvic peritoneum is manipulated. Pelvic examination 
with cervical motion will also manipulate the pelvic peri¬ 
toneum and elicit tenderness when there is an inflamed appen¬ 
dix in that region. Therefore, the finding of cervical motion 


tenderness does not necessarily indicate gynecologic pathology 
but rather is a nonspecific sign of inflammation in the pelvis. 

Peritoneal irritation can be elicited on physical examination 
with the findings of percussion and/or rebound tenderness. 
Any movement including coughing (Dunphy sign) may cause 
increased pain. The most reliable indicator of peritoneal irrita¬ 
tion, however, is involuntary guarding, a reflex contraction of 
the abdominal wall musculature overlying the inflamed peri¬ 
toneum. The involuntary nature of this response is less depen¬ 
dent on the individual variation seen in response to external 
stimuli. Other physical signs (Table 72.9) associated with 
appendicitis include the occurrence of pain in the right lower 
quadrant during palpation of the left lower quadrant (Rovsing 
sign), pain on internal rotation of the hip (obturator sign, sug¬ 
gesting a pelvic appendix), and pain on right hip extension 
(iliopsoas sign, typical of a retrocecal appendix). 

In addition to the history and physical examination, a 
white blood cell count is usually obtained and in most patients 
will be elevated, although it may be in the normal range dur¬ 
ing the early stages. A very high white blood cell count 
(>20,000 white blood cells per mL) suggests complicated 
appendicitis with either gangrene or perforation. A urinalysis 
can also be helpful to rule out pyelonephritis or nephrolithia¬ 
sis. However, in patients with pyelonephritis, the fever and 
white blood cell count will generally be much higher than that 
seen in appendicitis, symptoms of dysuria will be present, and 
the tenderness is centered more in the flank or costovertebral 
angle region. Minimal pyuria, frequently seen in elderly 
women, should not deter one from the correct diagnosis of 
appendicitis. Although microscopic hematuria is common in 
appendicitis, gross hematuria is uncommon and may indicate 
the presence of a kidney stone. As a kidney stone passes down 
the urinary tract through the distal ureter, pain can often be 
referred to the right lower quadrant region and occasionally 
down into the testicle. The pain is quite severe and entirely vis¬ 
ceral in nature. Therefore, the signs of peritoneal irritation 
should not exist in the patient with nephrolithiasis. Other 
blood tests are generally not helpful nor indicated in the 
patient with suspected appendicitis. 

Plain abdominal radiographs are of little use in the patient 
with suspected appendicitis. Occasionally, a calcified appendi- 
colith may be evident, but this is a rare event (—17%) and, in 
any case, does not really establish the diagnosis even if present. 37 
Plain abdominal films can show indications of mechanical 
bowel obstruction or the presence of free intraperitoneal air, but 
such conditions should rarely be confused with appendicitis. 

Given the inherent limitations in establishing the diagnosis 
of acute appendicitis and a concern that a delay may result in 
perforation with increased associated morbidity and possible 
mortality, a false appendectomy rate of approximately 20% 
has been considered acceptable. Certainly, if the negative 
appendectomy rate were much higher, one could question the 
diagnostic acumen and experience of the clinicians involved. 
On the other hand, in some centers a negative appendectomy 
rate of less than 10% has been accomplished, 35 and it is likely 


[TABLE 72 

.9 

DIAGNOSIS | 

SIGNS ON PHYSICAL EXAMINATION SUGGESTIVE OF ACUTE APPENDICITIS 

■ SIGN 

■ WHAT IT INDICATES 

■ DESCRIPTION 

Dunphy 

Inflammation involving the partial 
peritoneum 

Increased pain with coughing or other 
movement 

Rovsing 

Localized peritoneal inflammation 
in the right lower quadrant 

Lower left quadrant palpation induces 
right lower quadrant pain 

Obturator 

Pelvic appendicitis 

Pain on internal rotation of the right hip 

Iliopsoas 

Retrocecal appendicitis 

Pain on extension of right hip 
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that the addition of newer imaging modalities to evaluate 
acute abdominal pain has improved accuracy to the point 
where the modern standard of care should be substantially 
better than the historical target of 20%. Clearly, clinical expe¬ 
rience and expertise is an important factor in establishing a 
correct diagnosis. In addition, in-hospital observation has 
been touted as an excellent way to closely follow patients and 
quickly intervene for worsening abdominal pain, peritoneal 
irritation, or fever. Using this approach, White et al. 38 reported 
a negative appendectomy rate of 6%. Cost-effectiveness of in- 
hospital observation strategies has not been determined. Of 
course, with a low negative appendectomy rate, one must 
ensure that there are few patients who develop perforated 
appendicitis while being observed in the hospital or after being 
sent home from an emergency room visit. 

To improve diagnostic accuracy in patients with suspected 
appendicitis, other radiologic tests have been used. Ultra¬ 
sonography has been reported to aid in the diagnosis of acute 
appendicitis 39,40 by the demonstration of a so-called target 
lesion (i.e., a thick-walled, noncompressible, luminal structure 
in the right lower quadrant). In more advanced cases, peri¬ 
toneal fluid and even a frank abscess may be found. However, 
a number of large series 41,42 have shown ultrasound to be 
unreliable, both in terms of sensitivity and specificity, such that 
it probably should not be used in the routine diagnosis of 
acute appendicitis. Ultrasound may be helpful if it suggests a 
diagnosis other than appendicitis, especially gynecologic 
pathology in women of menstrual age. It must be cautioned, 
however, that simple cysts of the ovary are common and usu¬ 
ally nonpathologic. As such, the presence of an ovarian cyst 
does not weigh against the diagnosis of acute appendicitis. On 
the other hand, if ultrasonographic signs of a tubo-ovarian 
abscess, ovarian torsion, or even rare complications related to 
uterine fibroids are present, then the diagnosis of appendicitis 
may be excluded (Fig. 72.1). 

More recently, abdominal and pelvic CT scan has been 
used in the setting of suspected acute appendicitis 43,44 and 
appears to be more accurate than ultrasound. 45 Rao et al. 46 
suggested that CT scan can lead to significant cost savings, 
because a normal study virtually excludes the diagnosis and 
obviates the need (and costs) of in-hospital observation. CT 
scan should include thin cuts through the area of the appendix 
and the use of rectal contrast to distend the cecum and make 
the adjacent inflammatory changes more evident. The role of 
CT scan in the diagnosis of appendicitis, however, remains 
controversial, because in most patients an accurate diagnosis 



FIGURE 72.1. Acute appendicitis in a 53-year-old woman with fever 
and right lower quadrant pain and tenderness. Note the thick-walled, 
fluid-filled appendix with surrounding inflammation. A gangrenous 
appendix was found at operation. 


can be reached simply by history and physical examination. In 
the setting of early acute appendicitis, pathologic changes in 
the gross appearance of the appendix may be minimal even 
with direct observation at the time of surgery and may well be 
missed by all radiologic techniques. One advantage of CT 
scan, similar to that of ultrasound, may be the detection of 
pathology other than acute appendicitis. 47 

Barium enema has been used in the past in an attempt to 
diagnose appendicitis. 48 Failure to fill the appendix has been 
associated with appendicitis, but up to 20% of normal appen¬ 
dices do not fill and therefore the diagnosis cannot be accu¬ 
rately established using this criterion. Occasionally, in more 
advanced cases with abscess formation, a mass effect will be 
seen compressing the adjacent cecum. However, such a finding 
would probably be better visualized by CT, which also pro¬ 
vides the opportunity for percutaneous drainage. On occasion, 
barium enema can detect a colonic mucosal lesion such as a 
neoplasm or terminal ileal abnormalities related to Crohn dis¬ 
ease, thereby establishing a diagnosis other than appendicitis. 
Overall, however, barium enema has little role in the modern 
management of suspected acute appendicitis. 


Treatment 


The standard treatment for suspected appendicitis is appen¬ 
dectomy via a right lower quadrant incision (Algorithm 72.1). 
The classical McBurney incision employs an oblique 
approach, incising each of the three abdominal wall muscle 
layers lateral to the rectus sheath. Ideally, the incision should 
follow Langer skin lines to provide an optimal cosmetic result. 
The aponeurosis overlying the external oblique can be sharply 
incised, and the remaining muscle layers split by retraction. 
The peritoneum is opened, the appendix is identified, and its 
blood supply is then ligated, usually from tip to base. Depend¬ 
ing on the degree of surrounding inflammation and the length 
of time of the illness, mobilization of the appendix may be 
difficult and may require division of the lateral attachments of 
the cecum. The appendix itself is usually ligated with an 
absorbable suture and then inverted into the cecal wall 
through the use of a pursestring or Z-stitch. Inversion of the 
appendiceal stump has been advocated to prevent leakage and 
fistulization, but numerous reports have shown no difference 
in complication rates between inversion and simple ligation of 
the appendiceal stump. 49 Following appendectomy, irrigation 
of the peritoneal cavity should be carried out and then the 
peritoneum and muscles should be closed in layered fashion, 
usually with absorbable sutures. The skin incision can gener¬ 
ally be safely closed, although in grossly contaminated cases, 
one may consider delayed primary closure or simply healing 
by secondary intention. However, based on a large meta¬ 
analysis, it appears that there is little if any role for delayed 
primary closure. 50 Intraperitoneal drains have not proven to 
be useful even in cases of perforated appendicitis. 51 Although 
the effectiveness of appendectomy for acute appendicitis is 
rarely questioned, the supporting evidence is surprisingly mea¬ 
ger. Scattered reports have suggested the possibility of nonop¬ 
erative (antibiotic alone) therapy for selected cases of early 
acute appendicitis, 52 although this approach remains anath¬ 
ema in classical surgical teaching. 

If a normal appendix is found at the time of laparotomy, 
other causes for the abdominal pain should be sought. The 
cecum and proximal ascending colon should be examined for 
right-sided diverticulitis, neoplasms, or other pathology. The 
terminal ileum should be examined for Crohn disease or acute 
ileitis, and the ileum should be inspected for at least 2 feet 
proximal to the ileocecal valve for the presence of a Meckel 
diverticulum. If Crohn disease is encountered, the appendix 
may be safely removed as long as the cecum and particularly 
the base of the appendix are not involved with the inflamma¬ 
tory process. If uncomplicated Crohn inflammation is detected, 
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History, physical examination, 
laboratory studies 


High 

suspicion 


Intermediate 

suspicion 


Ultrasound or 
computed tomography 


Low 

suspicion 


Operation: 
laparoscopic or 
open appendectomy 


Interval 


Broad-spectrum 
antibiotics, 
nonoperative 
management, 
percutaneous 
drainage of 
periappendiceal 
abscess 


Uncomplicated 


Outpatient or 
short-stay 
observation 


Consider 

diagnostic 

laparoscopy 


Complicated 


ALGORITHM 72.1 


ALGORITHM 72.1. Management of suspected appendicitis. 


ileal resection is not indicated, but in the case of a gross perfo¬ 
ration or advanced Crohn disease with obstruction, resection 
should be performed. Occasionally, sigmoid diverticulitis may 
be mistaken for acute appendicitis, especially when a redun¬ 
dant sigmoid colon reaches the right side of the abdomen. 
Finally, the fallopian tubes, ovaries, and uterus should be care¬ 
fully examined in female patients. 

Laparoscopy. The role of laparoscopy and laparoscopic 
appendectomy has expanded greatly in recent years. Many 
surgeons advocate diagnostic laparoscopy especially for young 
women. Laparoscopy allows easy visualization of the pelvic 
organs as well as the appendix and can establish the diagnosis 
of appendicitis or other processes. 53,54 Laparoscopic appen¬ 
dectomy has gained substantial popularity. Generally, the 
laparoscope is inserted through a periumbilical incision and 
then additional trocars are placed, one in the right lower quad¬ 
rant to grasp the appendix and another on the left side to per¬ 
form dissection, ligation, and, ultimately, removal of the 
appendix. Endoscopic stapling devices have simplified transec¬ 
tion and closure of the appendiceal stump at its base as well as 
Q hemostatic division of the mesoappendix. Numerous series 
have compared laparoscopic to open appendectomy. 55,56 As in 
many other minimally invasive procedures, a learning curve 
clearly exists and may explain the longer operative times in ini¬ 
tial reports. With experience, however, operative times for the 


laparoscopic approach probably equal and may be superior to 
open appendectomy. Complication rates appear to be low and 
are probably no different between the laparoscopic and open 
techniques, although postoperative infections may be less 
common with laparoscopy. Laparoscopy may also be of bene¬ 
fit in regard to hospital stay and overall recovery. Most reports 
in the literature indicate that length of stay is significantly 
shorter using the laparoscopic route, as is narcotic usage and 
other parameters associated with postoperative morbidity. 57 In 
a large retrospective series, 35 laparoscopic appendectomy was 
found to be particularly valuable in cases of gangrenous 
and/or perforated appendicitis. For simple acute appendicitis, 
hospital stay and recovery periods were short, regardless of 
operative approach. However, in the more advanced cases, 
laparoscopy was associated with shorter hospital stays and 
faster recovery. Based on a large Cochrane review, the most 
consistent differences in laparoscopic versus open appendec¬ 
tomy are that laparoscopic appendectomy is associated with a 
reduction in wound infections (by approximately one half) 
and intra-abdominal abscesses. 58 


Appendiceal Mass 

Some patients with appendicitis will present at a relatively late 
stage in their illness (greater than about 5 days). Although in 
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FIGURE 72.2. A 23-year-old man with 2 weeks of right lower quad¬ 
rant pain, fever, and leukocytosis. Note the large periappendiceal 
abscess containing gas. The patient was successfully treated with per¬ 
cutaneous drainage and antibiotics. 


most cases acute appendicitis progresses to perforation and 
diffuse peritonitis within the first few days of the illness, virtu¬ 
ally forcing the patient to seek medical attention, occasionally 
an appendiceal perforation is contained by surrounding struc- 
Q tures including the omentum and adjacent bowel. Instead of 
developing diffuse peritonitis, these patients develop a local¬ 
ized inflammatory mass or phlegmon with or without a dis¬ 
crete abscess. The associated pain and other systemic signs are 
limited by this process, which may explain the delayed presen¬ 
tation. Such patients usually have right lower quadrant 
abdominal pain, tenderness on examination, and a palpable 
mass or fullness, although overlying guarding of the abdomi¬ 
nal wall musculature may obscure the mass. The key diagnos¬ 
tic feature to be recognized in these patients is the length of 
time of the illness, because a walled-off appendiceal mass gen¬ 
erally requires a minimum of 5 days to form. In such cases, CT 
scan may establish the diagnosis and allow for percutaneous 
abscess drainage (Fig. 72.2). In the acute setting, these patients 
are best treated nonoperatively, because, although the appen¬ 
dix can be removed, there is added risk of injury to adjacent 
structures, including the small bowel. The overall morbidity in 
these patients appears to be decreased by the nonoperative 
approach, with or without percutaneous drainage. 59 Intra¬ 
venous antibiotics are administered initially, and most of these 
patients will respond within a 24- to 48-hour period with a 
decrease in pain and fever. The patients can then be safely 
discharged on a course of oral antibiotics and a normal diet. 
The appendiceal inflammation generally subsides within 1 to 
2 weeks. Antibiotics should continue for a total of approxi¬ 
mately 2 weeks. 

It should be noted that patients who have undergone percu¬ 
taneous or open drainage of a periappendiceal abscess rarely 
develop fistulization from the cecum. Similarly, patients with 
perforated appendicitis almost always have pus within the peri¬ 
toneal cavity, rather than actual enteric contents. These obser¬ 
vations support the concept that most cases of appendicitis are 
associated with some obstruction of the lumen of the appendix. 

Following the successful nonoperative treatment of an ap¬ 
pendiceal mass, consideration should be given to interval 
appendectomy. A period of approximately 8 to 12 weeks will 
allow resolution of the inflammatory changes surrounding the 
appendix. Removal of the appendix after such a time period is 
generally safe and simple, although in rare circumstances, a sig¬ 
nificant amount of periappendiceal scar tissue and inflamma¬ 
tion will persist. Whether or not to perform an interval appen¬ 
dectomy remains controversial. A number of investigators have 
examined the incidence of recurrent appendicitis following pre¬ 
sentation with an appendiceal mass and successful nonopera¬ 
tive treatment. Based on a recurrence rate of approximately 


10% (6-month to 13-year follow-up), Ein and Shandling 60 sug¬ 
gested that interval appendectomy is not indicated in all patients. 
The incidence of recurrence may be higher in younger patients 
and therefore the decision to perform the interval appendec¬ 
tomy should probably be individualized by patient age. One 
must remember, however, especially in the elderly patient, that 
the original diagnosis of appendicitis may have been mistaken 
and it is important to rule out a cecal neoplasm in such patients 
if interval appendectomy is not performed. 

More recently, interval laparoscopic appendectomy has 
been shown to be a safe and simple procedure with a high 
degree of patient acceptance. The operation can generally be 
performed on an outpatient basis with minimal morbidity. 61 
Laparoscopy, therefore, may have shifted the risk-benefit ratio 
in favor of interval appendectomy. 


Antibiotic Therapy 

Patients with acute appendicitis should be treated with periop¬ 
erative broad-spectrum antibiotics directed against colonic 
flora, including gram-positive, gram-negative, and anaerobic 
organisms. Peritoneal cultures are generally not clinically help¬ 
ful in the selection of the type of antibiotics. 62 The optimal 
length of antibiotic therapy is not known. In simple cases of 
acute appendicitis, 24 hours or less is generally sufficient. 
However, in cases of perforated appendicitis, longer courses of 
antibiotics are generally used, approximately 5 to 7 days. 


Recurrent Appendicitis 

Rarely, a patient will present with recurrent episodes of pre¬ 
sumed acute appendicitis. At each presentation, spontaneous 
resolution may occur, with or without the use of antibiotics. 
Such patients may eventually come to appendectomy, and it is 
only in retrospect that the previous episodes are recognized to 
have been due to acute appendicitis. Recurrent appendicitis is 
occasionally termed chronic appendicitis , but this is probably 
a misnomer because the appendix is almost certainly unin¬ 
flamed in the interval between episodes. Some patients will 
present in the outpatient setting for evaluation of chronic or 
intermittent right lower quadrant pain, raising the question of 
recurrent and/or chronic appendicitis. This difficult scenario 
requires clinical expertise to rule out etiologies other than 
appendicitis and to determine whether surgery is indicated. In 
general, discrete episodes of right lower quadrant pain, espe¬ 
cially associated with fever and/or leukocytosis, are the best 
indicators of pathology within the appendix, and these patients 
respond most favorably to appendectomy. In contrast, patients 
with chronic right lower quadrant pain recurring frequently or 
even daily, in the absence of associated fever, are unlikely to 
benefit from appendectomy. 


Appendicitis in Special Patient Populations 

Q Children. The diagnosis of acute appendicitis is generally 
more difficult in young children compared to adults. 21 An 
accurate history may be difficult to obtain, and some of the 
signs of appendicitis such as nausea, vomiting, abdominal pain, 
and tenderness are often seen with other, extra-abdominal 
processes (e.g., pneumonia, meningitis, otitis media). The dif¬ 
ficulty in establishing an accurate diagnosis in children is the 
presumed reason for a higher perforation rate in this popula¬ 
tion, reported to be as high as 50%. As such, the use of radio- 
logic studies such as CT scan may be of particular benefit in 
children with suspected appendicitis. A negative appendec¬ 
tomy rate as low as 4% was reported with the routine use of 
ultrasound or CT. 63 However, this has not been the experience 
of all groups, and there is concern about the potential increase 
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in lifetime risk of cancer in children who have undergone radi¬ 
ation exposure due to a single CT scan. 64 

Q Elderly Patients. As in a number of other disease entities, 
elderly patients tend to present later in their course of appen¬ 
dicitis and clearly have higher associated rates of morbidity and 
mortality. 65 Perforation rates in elderly patients with appendici¬ 
tis are quite high (>50%). Elderly patients tend to have less sub¬ 
jective pain, have decreased findings of peritonitis on examina¬ 
tion, and may have a delayed leukocytosis. Therefore, the index 
of suspicion for an intra-abdominal inflammatory/infectious 
process, including acute appendicitis, must be higher in elderly 
patients compared to the general population. 

Immunocompromised Patients. The patient with an 
impaired immune system who complains of abdominal pain 
represents a particularly challenging problem for the clini¬ 
cian. 66 Patients with AIDS or those who have been exposed to 
high-dose chemotherapy are susceptible to specific disease enti¬ 
ties, including CMV-related bowel perforations and typhlitis 
(neutropenic colitis). Because these disease processes most 
commonly affect the terminal ileum and cecum, they can often 
be confused with acute appendicitis. CT scan can be particu¬ 
larly helpful in this setting in order to establish a definitive diag¬ 
nosis, although in some cases the findings of pericecal inflam¬ 
mation are nonspecific. In general, regardless of the underlying 
disease process, surgery is indicated in the patient with spread¬ 
ing peritonitis or with systemic signs of sepsis related to an 
intra-abdominal infection. 

0 Pregnancy. Appendicitis is the most frequent nonobstetric 
indication for laparotomy during pregnancy. Pregnant women 
will often present with abdominal pain, particularly in the 
lower abdomen, raising the suspicion of appendicitis. A diag¬ 
nosis can be difficult to establish, especially because abdomi¬ 
nal pain, nausea, and vomiting are quite common in early 
pregnancy. The white blood cell count is slightly elevated in 
normal pregnancy, adding further difficulties to establishing 
the diagnosis of appendicitis. In addition, as the uterus 
enlarges, the anatomic location of the appendix will be shifted 
upward, and the uterus may cover the appendix, thereby 
diminishing the signs of peritoneal inflammation. Because of 
these complicating factors, the perforation rate of appendicitis 
during pregnancy is probably higher than in the general popu¬ 
lation. 67,68 Unfortunately, perforated appendicitis is also associ¬ 
ated with high fetal mortality (>30%), whereas simple acute 
appendicitis has a risk of fetal loss in the range of 10% and 
poses negligible risk to the mother. As such, it is best to be 
aggressive in recommending surgical exploration in pregnant 
women with suspected appendicitis, especially because a “neg¬ 
ative” appendectomy is well tolerated with minimal morbidity 
to mother and fetus. Numerous reports have indicated the 
safety of laparoscopy in the setting of pregnancy. 69 However, in 
the third trimester, the enlarged uterus may limit the exposure 
and preclude a laparoscopic approach. 


Appendiceal Neoplasms 

Approximately 1% of all appendectomy specimens will con¬ 
tain a neoplasm. 70 The most common tumor is the carcinoid. 
Rare tumors of the appendix include benign and malignant 
mucoceles, adenocarcinoma, and adenocarcinoids. 

Carcinoids. Approximately one third to two thirds of all 
appendiceal neoplasms are carcinoids, tumors of neural crest 
origin and derived from enteroendocrine cells. Of all carcinoid 
tumors within the GI tract, approximately half arise within the 
appendix. Carcinoid tumors of the appendix are usually found 
incidentally on pathologic examination of the inflamed appen¬ 
dix. These tumors have a characteristic firm yellow appear¬ 


ance and are often associated with a surrounding desmoplastic 
reaction. In regard to treatment and prognosis, the key feature 
0 is the size of the tumor. Most carcinoids are less than 1.5 cm in 
diameter, and these tumors are adequately treated by simple 
appendectomy. The chance of lymphatic or distant metastasis 
is essentially zero and the prognosis for cure should be excel¬ 
lent. On the other hand, tumors that are 2 cm in size or greater 
begin to show metastatic potential. In such cases, a formal 
right hemicolectomy is generally indicated, and the prognosis 
remains quite good. Other indications for right colectomy 
include high-grade malignant lesions with a high mitotic index, 
mesoappendiceal invasion, tumors located at the base of the 
appendix with positive margins, and goblet cell adenocarcinoid 
tumors. 71 Rarely, appendiceal carcinoids are associated with 
liver metastases, and in these cases the carcinoid syndrome may 
be present. The number and location of liver lesions, as well 
as the associated symptoms, would dictate treatment in these 
cases. 72,73 

Mucoceles. Mucoceles of the appendix can be due to both 
benign and malignant disease, either cystadenomas or cystade- 
nocarcinomas. These tumors obstruct the appendiceal lumen, 
leading to a large mucin-filled structure, often with calcifica¬ 
tion in the wall. Such tumors can generally be diagnosed by 
CT scan. 

Appendectomy is curative for benign cystadenomas, even if 
rupture has occurred with mucinous ascites. However, with 
rupture of a cystadenocarcinoma, peritoneal tumor implanta¬ 
tion can occur, leading to mucin secretion and a condition 
known as pseudomyxoma peritonei. The presence of mucin- 
secreting cellular elements in the peritoneal cavity distin¬ 
guishes this malignant condition from the benign cystadenoma 
rupture with simple mucinous ascites. There is no effective 
treatment for pseudomyxoma peritonei, and these patients can 
develop secondary complications including bowel obstruction 
and perforation. The neoplastic process tends to be fairly indo¬ 
lent (5-year 50% survival), and repeated debulking procedures 
may be indicated. 74 

Adenocarcinoma. Adenocarcinoma of the appendix is 
extremely rare and like other appendiceal neoplasms is gener¬ 
ally found unexpectedly at the time of appendectomy. Unfortu¬ 
nately, up to one half of the patients have metastatic disease at 
the time of diagnosis, usually with peritoneal spread presum¬ 
ably from rupture of the associated inflammatory process. Stag¬ 
ing and treatment for appendiceal adenocarcinoma is similar to 
that for the more common colon carcinoma. Early lesions con¬ 
fined to the mucosa or submucosa (Dukes A) may be treated by 
simple appendectomy, as long as clear surgical margins are pres¬ 
ent. Dukes B and C lesions require formal right hemicolectomy, 
with adjuvant therapy indicated similar to colon carcinoma. 
Interestingly, appendiceal adenocarcinomas are associated with 
secondary tumors in up to 35% of patients, most often involv¬ 
ing other areas of the GI tract. 75 
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CHAPTER 73 ■ THE SPLEEN 


DOUGLAS L. FRAKER 


KEY POINTS 


^The spleen relates to the diaphragm both superiorly and 
laterally, and it generally spans the 9th, 10th, and 11th ribs 
along the left mid to posterior axillary line. 

Q Accessory spleens are small nodules of splenic tissue that 
are completely separate from the main body of the spleen. 
They commonly range in size from 0.5 cm up to 3 to 4 cm. 

Q The primary hematologic function of the spleen is removal of 
senescent erythrocytes or remodeling of abnormal red blood 
cells, and the recycling of iron by splenic macrophages. 

Q The immunologic function of the spleen is to generate an 
immune response to antigens that are identified and 
cleared from the blood system. 

Q Typically, encapsulated organisms cause the postsplenec¬ 
tomy sepsis-related infection. 


QThe spleen is the most common intra-abdominal organ 
injured by blunt trauma in the United States. 

Q The pathophysiology of ITP is development of an IgG 
antibody to a platelet antigen. In patients who have not 
achieved a sustained remission with medical therapy, which 
is most patients with chronic ITP, an elective splenectomy is 
recommended. 

Q Hypersplenism is a physical enlargement of the spleen that 
can occur due to neoplastic disorders, hematopoietic disor¬ 
ders of the bone marrow, and metabolic or storage disorders. 
In the neoplastic disorders, the spleen is infiltrated and 
enlarged by leukemia or lymphoma cells. 


The spleen has been a mysterious organ throughout surgical 
and medical history with a clear understanding and apprecia¬ 
tion of its function only in the latter half of the 20th century. 
The reasons for this paucity of knowledge on the spleen are 
multifactorial. The spleen has no obvious function that can be 
discerned from its anatomic structures or features; there are no 
clear relationships of gross pathology of the spleen to many of 
the diseases for which it is important; and even in present time 
it is difficult to obtain a biopsy of the spleen, thereby limiting the 
amount of tissue available for pathologic study. The diseases 
(other than trauma) in which the spleen has importance are gen¬ 
erally of a hematologic or immunologic nature. Understanding 
of the normal physiology and subsequent pathophysiology of 
the spleen is important for surgical decision making regarding 
when to recommend splenectomy and whether a partial 
splenectomy is possible. The only surgical procedure for most of 
the history of medicine applied to the spleen was splenectomy. 
Current variations on that procedure include laparoscopic 
splenectomy, partial splenectomy, and other splenic preserva¬ 
tion procedures. The history of splenic surgery, the anatomy and 
physiology, and the disease processes as well as operative tech¬ 
niques involving the spleen will be reviewed. 


HISTORY 


The spleen has had a colorful history based on the function 
ascribed to this organ by many of the prominent scientists 
throughout the ages (Table 73.1). 1 Even the origin of the English 
term “spleen” is unclear. It is believed to come from the Greek 
“splen,” which may have been derived from the Greek word 
“splancknon” meaning a viscus or the Greek word “spaw,” 
which means to draw. 1 The dark purple-red color led ancients to 
believe that the spleen may draw spoiled or bad parts of the 
blood to itself, which presages one of the major roles of the 
spleen as a filtration device for senescent red blood cells. In 
ancient Greece, the spleen was believed to be the source of black 
bile, which was one of the four cardinal humors related to 
melancholy. 2 However, ancient authors wrote in the Talmud that 
the spleen was the seat for laughter and removal of the spleen 
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would limit mirth in that person. 2 The spleen was thought to be 
a source of discomfort sometimes felt as “a stitch in the side” for 
athletes and that by removal or ablation of the spleen an indi¬ 
vidual would run faster. Reports of the earliest procedures on the 
spleen indicate that runners in ancient Greece may have had their 
spleens ablated in an effort to improve their performance. This 
hypothesis was studied in an experimental model almost 2,000 
years later at Johns Hopkins in which splenectomized mice ver¬ 
sus control mice were evaluated for their ability to run a race and 
the splenectomized mice were reported to be faster. 2 

During the Renaissance, scientists questioned the functional 
roles ascribed to the spleen. In the early 16th century, Princelsus 
rejected the black bile theory and questioned whether the spleen 
had any meaningful role at all. Zaccarella, one of Princelsus’ 
students, reportedly performed the first splenectomy in 1549 in 
Palermo, Italy, successfully removing the large spleen of a 24- 
year-old woman (Table 73.1). 2 This organ was reportedly dis¬ 
played in the town square after this landmark but unsubstanti¬ 
ated procedure. Versalius during that same era performed 
splenectomy in mice and other animals and determined that the 
spleen was not essential to life as there was no clear difference 
following removal. The first authenticated splenectomy was 
performed in Germany in 1826 by Carl Frederick Quitterbaum 
in a patient with secondary hypersplenism due to cirrhosis. This 
high-risk patient succumbed 6 hours after the procedure. The 
first successful operation in which the patient survived was per¬ 
formed by Jules Pean in France in 1865 for a large splenic cyst. 
This patient was operated on for what was thought to be an 
ovarian cystic mass, but it was found to be arising from the infe¬ 
rior portion of the spleen and required splenectomy for 
removal. In this early period of splenic surgery, there was much 
pessimism due to the high operative mortality rate primarily 
from hemorrhage. A collective series published in 1877 reported 
50 splenectomies with 70% mortality. By 1900, Bessel-Hagen 
reported 360 splenectomies with 40% mortality. An in-depth 
discussion of the spleen in literature, art, and history was 
recently published by Morgenstern (3). 

The 20th century brought technical advances in terms of 
hemostasis and blood transfusion as well as an understanding 
of the pathophysiology of splenic function. 4 The spleen was 
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1 TABLE 

73.1 1 

HISTORICAL MILESTONES IN SURGERY OF THE SPLEEN 

1549 

First reported splenectomy by Zaccarella in Italy 

1826 

First documented splenectomy by Quitterbaum in 
Germany 

1865 

First successful splenectomy by Pean in France 

1892 

First trauma splenectomy by Reigner in Germany 

1911 

Elective splenectomy for autoimmune hemolytic 
anemia 

1916 

Elective splenectomy for immune thrombocytopenia 
purpura 

1952 

First report of overwhelming postsplenectomy sepsis 

1962 

First report of splenic salvage procedure for trauma 

1991 

Laparoscopic splenectomy 


identified as the site of red cell destruction in autoimmune 
hemolytic anemia by Micheli in 1911. In 1916, Paul Kaznel- 
son, a Czech medical student, postulated that the removal of 
the spleen in patients with idiopathic thrombocytopenic pur¬ 
pura would be of benefit, and he reported the successful treat¬ 
ment of a patient with that disease by splenectomy. Through¬ 
out the 20th century, as understanding of the pathophysiology 
of hematologic and immune disorders associated with the 
spleen increased, the roles for splenectomy that are pertinent 
to modern-day practice became more clear. 


EMBRYOLOGY AND ANATOMY 


The spleen develops from the mesoderm as an outpouching 
from the mesogastrium during the 5th week of gestation. 4-6 
Natural rotation of the gut during subsequent development 
places the spleen in its typical position in the left upper quad- 


Q rant of the abdomen (Fig. 73.1). In that location, the spleen 
relates to the diaphragm both superiorly and laterally, and it 
generally spans the 9th, 10th, and 11th ribs along the left mid 
to posterior axillary line. The ventral surface of the spleen 
abuts the greater curvature of the stomach and the tail of the 
pancreas. The tail of the pancreas touches the splenic capsule 
in 30% of cases and is 1 cm away in 73% of cases. The infe¬ 
rior pole relates to the left kidney posteriorly and the splenic 
flexure of the colon anteriorly. 

The normal size of the spleen is approximately 13 X 7 X 
4 cm. 5 The typical weight of a spleen in a young adult is 150 to 
200 g, and this decreases to approximately 100 g in the elderly 
population (Fig. 73.2). 7,8 If the spleen doubles in size to the range 
of 300-400 grams, it may project below the costal margin 
allowing palpation of the spleen tip on abdominal exam on deep 
inspiration. 9 The splenic weight defining massive splenomegaly 
has been arbitrarily set at 1,500 g. There is sometimes a signifi¬ 
cant cleft in the capsule of the spleen that may be confused with 
splenic disruption on CT scan obtained for trauma. 

The vascular anatomy of the spleen is rather straightfor¬ 
ward. 10 The splenic artery is one of the three major trunks of the 
celiac axis, along with the left gastric artery and common hepatic 
artery (Fig. 73.3). This artery has a characteristic appearance on 
celiac arteriograms as a serpentine vessel with loops extending 
both superiorly and inferiorly. There are several small pancreatic 
branches that supply blood to the body and tail of the pancreas 
along its length. The first major splenic branch occurs approxi¬ 
mately 2 to 3 cm from the hilum, and it is called the superior 
polar artery. The main artery then divides into three to five seg¬ 
mental branches that enter along the trabecula of the spleen. 
Additional blood supply to the spleen comes from the left gas¬ 
troepiploic artery via the short gastric vessels. When the spleen is 
massively enlarged, it may have direct vessels that are parasitized 
from the omentum, diaphragm, or the mesentery of the splenic 
flexure of the colon. The splenic artery generally travels outside 
the parenchyma of the pancreas just at the superior border 
although loops that go inferiorly may be completely covered by 
the posterior surface of the pancreas whereas superior loops may 
be well away from the pancreatic surface. These curves that are 
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FIGURE 73.1. Anatomic relation of 
the spleen to the liver, diaphragm, pan¬ 
creas, colon, and kidney. The stomach 
is sectioned to illustrate the anatomic 
relation in situ. 
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Part Two: Surgical Practice 


B 


FIGURE 73.2. A: The lateral or diaphragmatic surface of the spleen, showing the lobulated edge and the glistening capsule. 
B: The hilar surface of the spleen, showing the ligatures on the cephalad short gastric vessels and the caudal hilar vessels. 
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FIGURE 73.3. The arterial blood flow to the spleen is derived from the splenic artery, the left gastroepiploic artery, and the short gastric arter¬ 
ies (vasa brevia). The venous drainage into this portal vein is also shown. 
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FIGURE 73.4. The relations of the spleen to the abdominal and retroperitoneal viscera are seen in a cross section of the left-facing torso. 


exposed along the cranial surface of the pancreas are the optimal 
location to place a ligature for control of the splenic artery dur¬ 
ing procedures in which there is significant thrombocytopenia or 
for enlarged spleens. These are generally areas that have few 
pancreatic branches and avoid proximity to the splenic vein. 

The splenic vein is formed by segmental venous branches 
that leave the trabecula and coalesce into the main splenic vein 
in the hilum of the spleen (Fig. 73.3). The splenic vein is inti¬ 
mately associated with the posterior surface of the tail and 
body of the pancreas from the hilum of the spleen to its junc¬ 
tion with the superior mesenteric vein, where they form the 
portal vein. The inferior mesenteric vein may join the splenic 
vein directly at several areas along its course or may come 
together right at the junction of the superior mesenteric vein. 
There are several pancreatic branches that directly enter the 
splenic vein. The blood flow to the spleen in the typical adult 
is estimated to be 200 to 300 mL/minute, or approximately 
5% of the cardiac output. 10 

The lymph node drainage generally follows the vasculature. 
The primary lymph nodes are located in the hilum of the 
spleen, along the splenic artery at the superior border of the 
pancreas, and along the short gastric vessels. 

There are several ligaments that maintain the spleen in its 
fixed position in the left upper quadrant (Fig. 73.4). 6 Three of 
these ligaments are virtually always present (except in the con¬ 
dition of the wandering spleen), 11 and two may be present to 
variable extents, depending on the individual patient and the dis¬ 
ease process. The first ligament that is constant is the splenogas- 
tric ligament, which is a left-sided superior extension of the 
greater omentum along the proximal greater curvature of the 
stomach. Within this area supplied by the left gastroepiploic ves¬ 
sels are short gastric vessels that branch to the upper pole of the 
spleen and often provide the upper two thirds of the spleen with 
alternative blood supply. The second and very important liga¬ 
ment is the splenorenal ligament that runs parallel to the pos¬ 
terolateral border of the spleen and attaches this to the superior 
pole of the Gerota fascia developing the left kidney. This liga¬ 
ment is divided when mobilizing the spleen during splenectomy 
and allows reflection of the spleen with or without the tail of the 
pancreas. The splenocolic ligament is short and may be avascu¬ 
lar or have small blood vessels that go from the inferior tip of the 
spleen to the splenic flexure of the colon. This may be divided by 
cautery or may have vessels that need to be controlled with ties 
or clips during mobilization of the splenic flexure of the colon. 

Two ligaments that are variably present are the splenoomen- 
tal attachments and the splenophrenic attachments (Fig. 73.4). 
The free part of the greater omentum may have variable asso¬ 
ciation with the splenic capsule along the inferior pole. There 
are often small vessels that can be controlled by electrocautery. 
This attachment may be absent or may be quite extensive over 
the lower pole of the spleen. It is this attachment to the omen¬ 
tum that often leads to disruption of the capsule along this infe¬ 
rior pole causing bleeding during other abdominal procedures 


and may necessitate splenectomy for control after an inadver¬ 
tent injury. Prior to exerting inferior traction on the omentum 
during any procedure, the extent of attachments to the lower 
pole of the spleen should be investigated and if present should 
be carefully divided prior to further mobilization. There may 
be direct ligaments connecting the spleen to the diaphragm 
identified as splenophrenic ligaments. These typically are pres¬ 
ent to a greater degree when the spleen is diseased or enlarged. 
They may be avascular or may have branches of vessels para¬ 
sitized from the diaphragm blood supply. 

The anatomy of the spleen itself is segmental, with individual 
segments fed by arteries and drained by veins that leave via the 
trabecula. 12 The trabecula are fibrous bands that attach to the 
splenic capsule. The parenchyma of the spleen between these 
trabecula is divided into a small area of white pulp surrounding 
the arteries, a marginal zone, and the larger predominant area 
of red pulp that constitutes 75% of the splenic parenchyma. 13,14 
The capsule of the spleen is quite thin. This consists of a single 
layer of mesothelium and several layers of fibroelastic tissue. In 
other mammals but not humans, there may be variable amounts 
of smooth muscle in the capsule. This smooth muscle allows 
contraction and mobilization of the circulating blood cells that 
are stored in the spleen. 15 The trabecular arteries that enter the 
spleen as continuation of the segmental arterial branches then 
give off perpendicular branches to form the central arteries 
(Fig. 73.5). Surrounding these central arteries is the periarterial 
lymphatic sheath (PALS), which is composed of T lymphocytes 
as well as follicles with B cells at various stages of development. 
During antigenic stimulation, this area greatly expands with 
more mature and secondary follicles. The marginal zone is the 
border zone between the white pulp and the red pulp; it con¬ 
tains a mixture of lymphatics and macrophages. The structure 
of the red pulp is made up of splenic cords with an intervening 
area called splenic sinuses. The splenic cords, also known as the 
cords of Billroth, are a meshwork of fibroblasts and many 
mature macrophages. The splenic sinuses are an interconnective 
meshwork of fairly random red cell spaces that are thin walled 
and generally filled with many erythrocytes. 14 

Studies on blood flow show two alternative routes to the 
spleen being fast flow and slow flow. 16 A small proportion of the 
blood goes through the splenic arteries and returns rapidly to 
the splenic veins. This fast flow pattern consists of a greater pre¬ 
dominance of plasma and few erythrocytes because of stream¬ 
ing and accounts for only 10% of flow. A particularly large por¬ 
tion of the erythrocytes that enter the spleen travels through the 
highly fenestrated meshwork in the red pulp as part of the fil¬ 
tration process of the spleen. This slow path or slow flow com¬ 
poses up to 90% of the splenic blood flow and relates to the role 
of the spleen in clearing senescent erythrocytes. 

Accessory spleens are small nodules of splenic tissue that are 
completely separate from the main body of the spleen. They 
commonly range in size from 0.5 cm up to 3 to 4 cm. The inci¬ 
dence of accessory spleens is reported to be between 10% and 


HERNIA 























1216 


Part Two: Surgical Practice 


Hilus- 

Trabecula- 

Trabecular vein - 
Trabecular artery 

Capsule- 

Sinusoid- 



Red pulp 


Closed circulation 
Open circulation 
White pulp 


FIGURE 73.5. The splenic microanatomy is shown with depictions of both the open and closed circulations. 


20%. The most common location for these small nodules of 
splenic tissue is in the splenic hilum, the omentum (most com¬ 
monly between the stomach and transverse colon but also 
within the greater omentum), and the small bowel mesentery. 
However, they can occur virtually anywhere in the abdomen 
including the retroperitoneum behind the spleen and in the 
pelvis. Accessory spleens are important in disease processes in 
which a complete removal of all splenic tissue is necessary for 
long-term cure, such as certain autoimmune disorders. The 
routine use of laparoscopic splenectomy to treat this disorder 
highlights the importance of the accessory spleens as they are 
more difficult to identify during a minimally invasive procedure 
than during an open operation. However, several reports 
demonstrate that accessory spleens can be successfully removed 
laparoscopically, particularly with the aid of a nuclear medicine 
spleen scan if needed to identify sources of residual tissue. 17 

PHYSIOLOGY 

The major functions of the spleen can be divided into two 
general categories: hematologic functions and immunologic 
functions (Table 73.2). 14 For hematologic functions, the spleen 
is primarily related to the destruction or clearance of the cir- 


TABLE 73.2 


NORMAL FUNCTIONS OF THE SPLEEN 

HEMATOLOGIC 

Culling or destruction of senescent erythrocytes 
Pitting or removal of cytoplasm inclusive in erythrocytes 
Reservoir for platelets and granulocytes 

Hematopoiesis—as fetus or in conditions with bone marrow 
destruction 

IMMUNOLOGIC 

Filtration and trapping of circulatory antigens 
Lymphocyte stimulation and proliferation 
Antibody production in germinal follicles 
Production of opsonin-tuftsin and properdin 
Opsonins: tuftsin and properdin 


culating blood cell elements as a normal physiologic mecha¬ 
nism. This physiologic filtration function is increased in dis¬ 
ease states that produce hypersplenism. The spleen may play a 
minor role in hematopoiesis and storage of blood cells that can 
be mobilized for the circulation; the predominantly stored cell 
type is platelets. In terms of the immunologic functions, the 
spleen relates to the vascular system in many of the same ways 
that lymph nodes relate to the lymphatic system. The white 
pulp and marginal zones are most important for the immuno¬ 
logic functions whereas the red pulp is primarily related to the 
hematologic functions. However, the macrophages that line or 
fill the cords in the red pulp are also important in immunosur- 
veillance for intravascular pathogens. 

The primary hematologic function of the spleen is removal 
of senescent erythrocytes or remodeling of abnormal red blood 
cells, and the recycling of iron by splenic macrophages. 14 The 
average life span of a normal erythrocyte measured on clearance 
studies in humans is approximately 120 days. 18 The spleen 
destroys approximately 100 billion erythrocytes daily in the red 
pulp. The process of removal or phagocytosis of erythrocytes or 
other blood cells is called culling (Table 73.2). The blood flow 
patterns of the spleen lead to a hemoconcentrated erythrocyte¬ 
laden fluid that enters the sinuses of the red pulp. Here a slow 
flow through the sinusoid network with adjacent macrophage- 
filled cords is the environment in which erythrocytes may 
become trapped and then phagocytized by the macrophages. 
The precise mechanism by which senescent red cells are identi¬ 
fied for destruction in normal physiology is unclear. One 
hypothesis is that over the course of the life span of an erythro¬ 
cyte, there is loss of either membrane elements or total mem¬ 
brane material such that the red cells become less compliant and 
therefore become mechanically trapped in the mesh of the sinu¬ 
soids. A second hypothesis is that specific cell surface marker 
molecules may either become more exposed or less available to 
allow identification of senescent cells targeted for destruction. 
Pathologic destruction of red cells occurs in diseases such as 
hereditary spherocytosis or elliptocytosis in which genetic defect 
creates abnormal red cell pliability limiting its passage through 
the red pulp. Similarly, in sickle cell anemia, the genetic defect in 
the hemoglobin alters red cell shape and creates destruction 
with clogging of the sinusoids. A second pathologic mechanism 
in which destruction of red cells is increased occurs in disease 
processes that increase the spleen size and lead to removal of 
normal red cells because of increased red pulp volume. This 
condition is called hypersplenism. 
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The second physiologic process involving circulating ery¬ 
throcytes is remodeling or pitting, which is partial removal of 
the cell membrane, typically associated with cytoplasmic 
inclusions. Erythrocytes with a remnant of the cell nucleus 
remaining pass more slowly through the splenic red pulp 
because of their larger size. 14 The nuclear remnant may be 
trapped passing through a small space in the spleen, and this 
solid particle that does not allow deformation gets pinched off 
in the process of pitting. Intracytoplasmic inclusions include 
Howell-Jolly bodies, which are nuclear remnants; Heinz bod¬ 
ies, which are denatured hemoglobin; and Pappenheimer bod¬ 
ies, which are iron granules. 

The destruction of the other circulating cellular elements of 
the blood (platelets and leukocytes) is typically more patho¬ 
physiology of the spleen than normal physiologic function. The 
disease processes in which these cells are removed are either 
related to autoantibodies to cell surface elements or to hyper- 
splenism. If either platelets or white blood cells become coated 
with antibodies, the Fc portion of the immunoglobulin can 
interact with the Fc receptors on the macrophages in the splenic 
cords, leading to phagocytosis of these cell types. With splenic 
enlargement from various causes of hypersplenism, a similar 
process of destruction can occur even without any autoantibod¬ 
ies or defects in the cells, because of the increase in splenic mass. 

The spleen is a potential site for hematopoiesis of all cell types 
during gestation. In normal humans, there is very little if any pro¬ 
duction of red cells, granulocytes, or platelets, which is not true in 
other mammals. In the white pulp of the spleen there are germi¬ 
nal centers with amplification and production of reactive lym¬ 
phocytes. The cords of the spleen are filled with macrophages, 
and throughout normal adult life there may be production of 
lymphocytes and macrophages in the spleen. In certain disease 
states, the spleen may develop the capacity for erythropoiesis and 
myelopoiesis. The best example is agnogenic myeloid metaplasia. 
In this disease, the bone marrow is replaced with fibrotic scar and 
a portion of the hematopoietic function of the marrow is assumed 
by the spleen that typically becomes quite enlarged. 

The final hematologic function of the spleen is as a reservoir 
of circulating cellular elements. 15 In humans, the only signifi¬ 
cant cell type that is stored in the spleen is platelets. It is esti¬ 
mated that 30% of all platelets may reside in the spleen. This 
function may be more important in other mammals, particu¬ 
larly those with significant smooth muscle lining the capsule of 
the spleen that allows contracture with expulsion of large num¬ 
bers of stored cells as a physiologic response to injury. 

The immunologic function of the spleen is to generate an 
Q immune response to antigens that are identified and cleared from 
the blood system (Table 73.2). Either opsonized antigens or spe¬ 
cific encapsulated microorganisms are important examples of 
target antigens trapped by the spleen. The spleen is an ideal envi¬ 
ronment for generation of either a cellular or a humoral immune 
response. All of the necessary cell types for stimulation of the 
immune response are present, including phagocytic cells, den¬ 
dritic cells, T cells, and B cells, which may form germinal follicles 
to generate specific antibody responses. These interactions pri¬ 
marily occur in the marginal zone in the white pulp, which may 
become quite enlarged and hypertrophied during antigen stimu¬ 
lation. These cellular components and the structure of the germi¬ 
nal follicles are essentially identical to those found in lymph node 
tissue, which becomes enlarged in a similar way with antigenic 
stimulation via microbes or antigens in the lymphatic system. 

The spleen is also involved in nonspecific immune responses. 
It is the site of synthesis of both properdin and tuftsin, which are 
opsonins. Tuftsin is a small peptide that binds to the surface of 
granulocytes and promotes phagocytic function by these cells. 19 
Properdin can initiate the alternate pathway of complement 
activation that can be important in destruction of abnormal 
cells or bacteria that are antibody bound. The spleen is not the 
only source of these nonspecific immune-enhancing proteins; 
therefore splenectomy may lead to only a modest alteration in 
this function. 


PATHOPHYSIOLOGY 

There are characteristic responses that share many common 
features under the broad category of hyposplenism and hyper¬ 
splenism. These features highlight the normal physiologic func¬ 
tions of the spleen and provide guidelines and influence clinical 
decision making when managing patients after splenectomy or 
in deciding which patients should undergo splenectomy. By far, 
the most common cause of hyposplenism is surgical removal. 20 
Other causes are an unusual situation of a congenitally small or 
absent spleen or acquired destruction of splenic tissue as can 
occur in patients with sickle cell anemia. Hypersplenism is the 
most frequent indication for elective splenectomy. 21 There are 
various causes of hypersplenism that are typically neoplastic 
but may be related to primary blood cell dysfunction or abnor¬ 
malities, or other condition such as portal hypertension due to 
cirrhosis or splenic vein thrombosis. 


Hyposplenism 

Hyposplenism or the changes that occur after a splenectomy 
are predictable from the known functions of the spleen. There 
are hematologic changes in the circulating cells from loss of 
the splenic functions of culling, pitting, and as a reservoir for 
platelets (Table 73.3). There are changes in the immunologic 
responses, important primarily in infants or young children, 
that can lead to overwhelming postsplenectomy sepsis. The 
two most common nonsurgical causes of hyposplenism are 
sickle cell anemia and celiac disease. 21 

The changes in circulating blood cells after splenectomy in 
cases of hyposplenism affect the erythrocytes, leukocytes, and 
platelets. Over time, the intracytoplasmic inclusions in the red 
cells that are normally cleared by the spleen accumulate, result¬ 
ing in the presence of Howell-Jolly bodies, Heinz bodies, and 
Pappenheimer bodies. Other changes can include target cells 
with excess red blood cell membrane and increases in the cir¬ 
culating nucleated red blood cells or reticulocytes. As the 
spleen is the organ of storage for a large proportion of the 
platelets, a splenectomy often results in thrombocytosis with 
platelet counts postsplenectomy frequently surpassing 500,000 
and sometimes up to one million. This increased platelet count 
is often transient and may be a reflection that the spleen as a 
storage organ for platelets may not be a primary area of 
platelet destruction after the typical half-life of 10 days. The 
immediate white blood cell response after a splenectomy is 
leukocytosis, reflecting storage of a large proportion of white 
blood cells in the spleen. 21 As with thrombocytosis, this effect 


TABLE 73.3 


RESULTS OF SPLENECTOMY/HYPOSPLENIC CONDITION 

HEMATOLOGIC 

1. Erythrocytes 

Howell-Jolly bodies (nuclear fragments) 

Heinz bodies (hemoglobin deposits) 

Pappenheimer bodies (iron deposits) 

Target cells 

Spur cells (acanthocytes) 

2. Platelets 

Transient thrombocytosis 

3. Leukocytes 
Transient leukocytosis 
Persistent lymphocytosis 
Persistent monocytosis 
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is transient but there may be long-term increases in the propor¬ 
tion of circulating lymphocytes and monocytes after splenec¬ 
tomy. Preserving even a small amount of spleen can preserve 
splenic clearance of senescent blood cells. 22 

The changes in immune function that occur with hypo- 
splenism or after splenectomy are most importantly manifest by 
the phenomenon of overwhelming postsplenectomy sepsis. 23,24 
This was initially recognized as an important epidemiologic 
phenomenon in the early 1950s, and multiple studies of splenec- 
tomized patients define key features of this increased suscepti¬ 
bility to infection. It is clear that the risk of postsplenectomy 
sepsis is inversely related to age. 25 The younger the child is, the 
greater is the impact and risk of developing overwhelming post¬ 
splenectomy sepsis. 26 This feature has clinical implications; for 
example, elective splenectomy should not be generally per¬ 
formed for patients with hereditary erythrocyte syndromes until 
after 6 to 10 years of age. For adults, there is a 40% to 60% 
increased risk of sepsis compared to people with normal splenic 
function. These postsplenectomy septic episodes typically occur 
within the first 2 years after splenectomy in 80% of the cases. In 
adults, the reason for the splenectomy also relates to the inci¬ 
dence of sepsis. After splenectomy for trauma, the instance of 
sepsis in a large series was 1.4% whereas splenectomy for tha¬ 
lassemia was associated with an incidence of 24.8%. Patients 
with any associated immunodeficiency such as malignancy or 
patients undergoing chemotherapy for treatment of Hodgkin 
disease are also at increased risk for sepsis. The mortality rate of 
postsplenectomy sepsis is 50% to 60% in most series. 

^ Typically, encapsulated organisms cause the postsplenectomy 
sepsis-related infection. These bacteria have special features that 
allow them to be opsonized and cleared from circulation by the 
spleen, making them more dangerous in hyposplenic or splenec- 
tomized patients. The most common organism causing post¬ 
splenectomy sepsis is Streptococcus pneumoniae , which 
accounts for 50% of septic episodes in most series. In decreasing 
order of frequency, other bacteria associated with postsplenec¬ 
tomy sepsis are Haemophilus influenza , Neisseria meningitidis , 
P-hemolytic streptococcus, Staphylococcus aureus , Escherichia 
coli , and Pseudomonas species. 25 The current recommendations 
for patients who are having elective splenectomy are to vaccinate 
susceptible individuals to pneumococcus strains (Table 73.4). 25 
This is ideally done 2 weeks before the operation if possible, but 
should be done at any time preoperatively or even postopera- 
tively if the patient was not vaccinated. Recent studies have 
shown that administration of vaccine with the first postoperative 
visit does not lead to beneficial immune stimulation. Waiting for 
14 days postoperatively is equivalent to waiting 1 month or 
longer. 27 Therefore, vaccination at 2 weeks after an unplanned 
splenectomy is ideal timing. Polyvalent vaccines, including Pneu- 
movax 23, and Pnu-Immune 23, provide protection against vir¬ 
tually all common strains of pneumococcus. 27 For patients who 
are at particularly high risk because they may be immunosup- 
pressed, there are also polyvalent vaccines against Neisseria 
meningitides and Haemophilus influenza type B. Patients younger 
than the age of 2 years and patients receiving chemotherapy for 


TABLE 73.4 


GUIDELINES FOR PREVENTION OF POSTSPLENIC SEPSIS 

■ Vaccinate with polyvalent pneumococcal vaccine at least 
10-14 days prior to splenectomy, if possible. 

■ If splenectomy is urgent, wait until at least 14 days 
postprocedure to vaccinate 

■ For high-risk patients (immunosuppressed, children <10 
years of age), meningococcal vaccine and Haemophilus 
influenza vaccine 

■ Antibiotic prophylaxis for children <5 years of age 

■ Early antibiotic treatment for initial signs of infection 

■ Medi-Alert bracelet 


malignant disease may not be able to generate an immune 
response to vaccines and should be vaccinated either after age 2 
years or when not receiving chemotherapy. Finally, because of 
the risk of very rapid progression of sepsis in a postsplenectomy 
state, patients who have had splenectomy for any reason should 
be given a medic alert bracelet. 

Two recent studies highlight the incidence of increased rela¬ 
tive risk and number of infections after splenectomy. The rela¬ 
tive risk for infection within 90 days of a splenectomy was 
10.2% compared to 0.6% in the general population. In patients 
undergoing appendectomy for acute appendicitis, a control 
group undergoing an abdominal procedure, there was still 
increased risk of infection in splenectomy of 10.2% compared 
to patients who had appendectomy of 4.2%. 28 The relative risk 
of postsplenectomy infection decreased over time with an over¬ 
all hazard ratio of 4.6-fold between 90 days and 365 days after 
splenectomy and 2.5-fold for more than 365 days after splenec¬ 
tomy. 28 There is definite evidence that increased use of vaccina¬ 
tion decreases this risk of infection. Another large national 
study from Scotland showed that the overall rate of first severe 
infection was 7.0 per 100 person-years after splenectomy. In 
that subgroup of patients who had a severe infection, the rate of 
subsequent infections was significantly increased, and the sec¬ 
ond severe infection rate was 44.9 per 100 person-years, and a 
third episode of severe infection was 109.3 per 100 person- 
years. 29 This indicates that the patients who had significant 
postsplenectomy sepsis should be observed very closely and 
counseled on seeking medical attention for any sign of any 
infectious process. The increased trend, particularly after blunt 
splenic trauma and other hematologic diseases, toward splenic 
preservation by splenorrhaphy or partial splenectomy, is accom¬ 
panied by an increased risk of infection in these patients com¬ 
parable to patients who have a complete splenectomy. 30 

A recent survey of practicing surgeons reviewed patterns of 
use of immunization for splenectomy patients. Virtually all 
(99.2%) of active surgeons indicated that they do immunize 
patients they treat with splenectomy. 31 Nearly everyone 
administered vaccine to pneumococcus; 72.4% of practicing 
surgeons routinely used a Haemophilus influenza type vaccine, 
62.8% gave meningococcal vaccination, and 56.7% used all 
three vaccines. A few practicing surgeons immunized their 
patients who had splenorrhaphy (15.7%), and a very small 
proportion immunized patients who had splenic injury but 
were managed nonoperatively. Current guidelines are that all 
patients with elective splenectomies should have prophylactic 
immunization prior to surgery whereas patients who have 
unexpected splenectomy should have immunization 14 days 
after the procedure. All patients should get pneumococcal 
vaccines, and patients at high risk should have vaccination for 
H. influenza and meningococcus. 31,32 

For decades it has been known that patients after splenec¬ 
tomy are susceptible to infections as just described. It has only 
recently been realized that there are various vascular compli¬ 
cations that occur to a greater degree in patients with splenec¬ 
tomy than in a cohort of abdominal surgery patients without 
splenectomy. 33 These include arterial thrombosis, venous 
thrombosis, and pulmonary artery hypertension. Data from 
patients with hereditary spherocytosis who have undergone 
splenectomy report between a 5.6- and 7.2-fold increase in 
ischemic heart disease compared to patients who do not have 
splenectomy. The most marked finding for arterial events 
occurs in thalassemia in which patients who undergo splenec¬ 
tomy have a 20-fold increase in arterial atherosclerosis of arte¬ 
rial structures. Acute portal venous thrombosis is reported 
after splenectomy in one series up to 4.8% for various 
patients. 34 It is clearly more common after splenectomy in 
patients with cirrhosis and hypersplenism, when the rate of 
portal vein thrombosis may be 30% to 40%. 35 However, the 
incidence of venous thrombosis may extend beyond the 
mesenteric/portal venous system and include deep venous 
thrombosis in the pelvis and lower extremities as well as sub¬ 
sequent pulmonary embolus to a much greater extent. This 
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TABLE 73.5 


DEFINITION OF HYPERSPLENISM 

Decrease in circulating cell count of erythrocytes and/or 
platelets and/or leukocytes 

and 

Normal compensatory hematopoietic responses present in 
bone marrow 

and 

Correction of cytopenia by splenectomy 
with or without 
Splenomegaly 


also has led to increased evidence of pulmonary arterial hyper¬ 
tension in patients after splenectomy for hematologic diseases. 

The pathogenesis of these vascular events after splenectomy 
is likely multifactorial. 33 They may involve some element of 
hypercoagulative state due to altered platelet function and 
number. There may be some disturbances in vascular epithe¬ 
lium related to other blood elements that are altered after 
splenectomy. There is also evidence that there are changes in 
lipid profiles after splenectomy that could promote atheroscle¬ 
rosis and thrombosis. 33 Although these vascular events clearly 
are increased in frequency, they do not occur in an over¬ 
whelming number of patients. This phenomenon does mitigate 
toward using splenectomy conservatively, particularly in high- 
risk individuals such as patients with thalassemia. 


Hypersplenism 

Hypersplenism is increased splenic function that is manifested 
clinically by the decrease in one or more of the circulating 
blood elements (Table 73.5). The specific criteria for hyper- 
splenism are as follows: (a) documented anemia, thrombocy¬ 
topenia, or leukopenia; (b) normal compensatory response by 
the bone marrow to correct the cytopenia; and (c) correction of 
this cytopenia by splenectomy. Some definitions of hyper- 
splenism may also include splenomegaly among the criteria. If 
an enlarged spleen is mandatory for hypersplenism, then dis¬ 
eases or disorders of circulating blood cells such as idiopathic 
thrombocytopenic purpura (ITP) or autoimmune hemolytic 
anemia would not be included. A second approach to defining 
hypersplenism is to categorize disorders in which the spleen is 
normal anatomically and the disease is related to the circulat¬ 
ing cells, distinguished from a second category in which the cir¬ 
culating cells are normal and there is a primary anatomic or 
functional alteration of the spleen (Table 73.6). For either situ¬ 
ation the pathophysiology is that the spleen is the site of 
destruction for one or more circulating blood elements. In cases 
of a significantly enlarged spleen, additional symptoms can be 
caused by mass effect from the spleen on adjacent organs. The 
most important symptom is early satiety and weight loss as the 
stomach is compressed between the liver and the enlarged 
spleen. Hypersplenism is the most important indication for 
elective isolated splenectomy to reverse the cytopenia and often 
to relieve compressive symptoms from splenomegaly. 


TREATMENT OF DISORDERS 
OF THE SPLEEN 


Splenic Surgery 

Until recently, the only pertinent operation involving the 
spleen was splenectomy. Appreciation of the increased risk of 
infection in patients who are asplenic or hyposplenic in the late 


TABLE 73.6 


CAUSES OF HYPERSPLENISM 

I. Primary diseases of blood cells; normal spleen 

A. Congenital 

i. Erythrocyte abnormalities 

a. Hereditary spherocytosis 

b. Hereditary elliptocytosis 

c. Glucose 6 phosphate dehydrogenase deficiency 

d. Pyruvate kinase deficiency 

ii. Hemoglobin abnormalities 

a. Thalassemia major 

b. Sickle cell anemia (eventually results in splenic 
infarction and hyposplenism) 

iii. Platelet abnormalities 

a. Wiskott-Aldrich syndrome 

B. Acquired 

i. Autoimmune hemolytic anemia 

ii. Autoimmune neutropenia—Felty syndrome 

iii. Immune thrombocytopenia purpura 

iv. Thrombotic thrombocytopenia purpura 

II. Primary disorders of the spleen 

A. Neoplastic 

i. Hairy cell leukemia 

ii. Chronic lymphocytic leukemia 

iii. Chronic myelogenous leukemia 

iv. Non-Hodgkin lymphoma 

B. Cellular infiltrative (hematopoiesis) 

i. Agnogenic myeloid metaplasia 

ii. Mastocytosis 

iii. Chediak-Higashi 

C. Metabolic infiltration 

i. Gaucher disease 

ii. Sarcoidosis 

D. Vascular 

i. Splenic vein thrombosis 

ii. Portal vein hypertension (cirrhosis) 


1960s and the early 1970s led to two new surgical procedures. 
First, there was an interest in splenic preservation with proce¬ 
dures including splenorrhaphy and other ways to save dam¬ 
aged spleen. Second, procedures for partial splenectomy were 
developed primarily for elective surgery in which hyper¬ 
splenism existed but a complete splenectomy was not neces¬ 
sary. The most recent change in surgery of the spleen relates to 
the advancements in minimally invasive surgery over the past 
15 years. 36 Laparoscopic excision is ideal for many splenic 
operations, and recent reports have used laparoscopic splenec¬ 
tomy for virtually all indications including removal of massive 
spleens. In most major centers, laparoscopic splenectomy is 
now the procedure of choice for elective splenectomy. 

To better describe and understand operative indications in 
surgery of the spleen, one could categorize the splenectomy or 
procedures of the spleen into eight general areas: 

1. Trauma or injury to the spleen. 

2. Autoimmune/erythrocyte disorders. In this category of dis¬ 
ease, there are specific cytopenias related either to antibodies 
targeting platelets, erythrocytes, or neutrophils, or anemia 
due to intrinsic structural changes within the erythrocyte. 
During these procedures, it is typically important to obtain 
total splenectomy for complete cure. 

3. Hypersplenism results in decreased circulating blood cells 
often including all subtypes of platelets and red blood cells. 
Hypersplenism may be related to neoplastic infiltration of 
the spleen or infiltration with lipids and other stored prod¬ 
ucts that leads to a massive spleen. Hypersplenism also may 
cause symptoms due to the splenic size. 
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4. Incidental splenectomy. The spleen may be removed as part 
of a standard operation to remove the distal pancreas most 
commonly, and also for proximal gastric cancers due to the 
direct or nodal involvement. Other enlarged tumors of the 
left upper quadrant and retroperitoneum including sarcoma 
and adrenal tumor, and left nephrectomy, may require 
splenectomy because of association with the spleen or its 
vessels although it is not a primary tumor of the spleen. 

5. Iatrogenic splenectomy. This is a category that may be 
underreported but relates to the splenectomy or splenic pre¬ 
servation procedures due to incidental injury to the spleen 
during procedures within the general abdominal cavity or 
specifically, the left upper quadrant. 

6. Diagnostic procedures. In some cases, the spleen is removed 
primarily to make a clinical diagnosis. 37 An example of this 
is staging laparotomy for Hodgkin disease, though this is 
now mainly a historical footnote as the treatment of this 
lymphoma now rarely requires splenectomy to make the 
diagnosis. 

7. Vascular procedures. Splenectomy during vascular proce¬ 
dures includes treatment of patients with splenic vein 
thrombosis or less commonly splenic artery aneurysms. 

8. Miscellaneous procedures. Treatment of simple and neo¬ 
plastic cysts, echinococcal cysts, and treatment of the wan¬ 
dering spleen when symptomatic as a congenital anomaly. 

There were an estimated 22,000 splenectomies performed 
in the United States in 2005. 21 Two recent reports have been 
published describing 10-year experiences for all splenectomies 
done in their respective institutions. The first report is the com¬ 
bined series of 1,280 splenectomies over a 10-year interval 
from the Barnes Hospital in St. Louis and the Brigham and 
Women’s Hospital in Boston. 37 The second report is a single 
institution over the identical time period from Vanderbilt Uni¬ 
versity. 38 In the Barnes/Brigham series, there were 1,280 
splenectomies and in the Vanderbilt series there were 896 
splenectomies (Table 73.7). Dependent on the type of institu¬ 
tion and referral patterns, the indications for splenectomy vary 
to some degree. In the Vanderbilt series most splenectomies 
were done for trauma, accounting for 41.5% of all operations 
done in that institution. In the Barnes/Brigham and Women’s 


series, the most common indication was incidental splenectomy 
in which the spleen was removed as part of an excision of 
another organ, typically a large tumor in the left upper quad¬ 
rant of the abdomen. The second most frequent indication for 
splenectomy was staging laparotomy for Hodgkin disease. This 
is likely to be different in the ensuing decade as both treatment 
indications as well as diagnostic techniques have significantly 
eliminated this practice since 1990. These differences highlight 
that, in the centers that have a large trauma population, 
splenectomies are done for that indication whereas in centers 
with major cancer referral bases, there are alternative indica¬ 
tions. If one eliminates the traumatic, incidental, and staging 
procedures, the most common indication in both series is 
autoimmune or erythrocyte disorders. 


Splenic Trauma 

Q The spleen is the most common intra-abdominal organ injured 
by blunt trauma in the United States, and in many institutions 
splenectomy remains the most common operative procedure 
performed on the spleen. 39 The history of splenic surgery mir¬ 
rors the history of surgery for trauma. In the ancient medical 
literature, the spleen often herniated through a flank wound 
and there are reports of either partial splenectomy or total 
splenectomy of the herniated portions. 40 The first documented 
splenectomy for penetrating trauma was performed in San 
Francisco by a British naval surgeon named O’Brien in 1816 
when a spleen protruded out the side of a knife wound. 12 In 
the late 19th century, Theodor Billroth observed during an 
autopsy of a patient who died of head trauma 5 days earlier 
that there was minimal blood in the peritoneum from the frac¬ 
ture of the splenic capsule and predicted that these injuries 
may be managed operatively. Although in the earlier part of 
the 20th century splenic trauma was uniformly managed by a 
complete splenectomy, Dr. Campos Christo of Brazil reported 
partial splenectomy and splenic salvage for both penetrating 
and blunt trauma in 1962 (Table 73.1 ). 2,4 This initial report, 
combined with the ability to obtain repeated cross-sectional 
imaging, with the understanding of splenic function and with 


ITABLE 73.7 1 

INDICATIONS FOR SPLENECTOMY IN TWO LARGE SERIES FROM ACADEMIC 

MEDICAL CENTERS 


■ BARNES/BRIGHAM 
AND WOMENS" 

■ VANDERBILT 6 

n 

1,280 

896 

Dates 

1986-1995 

1986-1995 

Trauma 

167(13.0%) 

372 (41.5%) 

Autoimmune/erythrocyte disorders 

219 (17.1%) 

140 (15.6%) 

Hyperplasia 

99 (7.7%) 

138 (15.4%) 

Incidental 

336 (26.3%) 

110 (12.3%) 

Iatrogenic 

N.A. 

33 (8.1%) 

Diagnostic unknown 

122 (9.5%) 

18 (2.0%) 

Diagnostic staging for Hodgkin disease 

258 (20.2%) 

N.A. 

Vascular 

74 (5.8%) 

21 (2.3%) 

Miscellaneous 

5 (0.4%) 

24 (2.7%) 

Trom Kraus MD, Fleming MD, Vonderheide RH. The spleen as a diagnostic specimen: a review of 

10 years’ experience at two tertiary care institutions. Cancer 2001;91(ll):2001-2009. 

fo From Rose AT, Newman MI, Debelak J, et al. The incidence of splenectomy is decreasing: lessons learned 

from trauma experience. Am Surg 2000;66(5):481-486. 
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TABLE 73.8 


SPLEEN INJURY SCALE 


■ GRADE 

■ LACERATION 

■ HEMATOMA 

I 

< 1 cm in depth 

Subcapsular <10% of surface 

II 

1-3 cm in depth not involving a 
trabecular vessel 

Subcapsular 10%-50% of surface 
area or 5 cm in diameter 

III 

>3 cm depth or any depth involving a 
trabecular vessel 

Subcapsular >50% of surface area 
or intraparenchymal 

IV 

Segmental or hilar vessel involvement 

— 

V 

Shattered spleen or hilar vessel disruption 

— 


the appreciation for overwhelming postsplenectomy sepsis, 
has led to the current guidelines for nonoperative management 
of lower-grade splenic injuries and operative management cen¬ 
tered around splenic preservation when possible. 41 

The most common modes of blunt injuries leading to splenic 
rupture are motor vehicle accidents and bicycle accidents, in 
which upper abdominal trauma may occur. The signs and 
symptoms of isolated splenic injury are tenderness in the left 
upper quadrant of the abdomen. Attention toward the lower 
lateral left ribs and focal tenderness over ribs 9 through 11 in 
that region should raise suspicion of possible splenic injury. 
Approximately 20% of cases of rib fracture can be demon¬ 
strated on radiographs. Patients may have referred pain to the 
left shoulder (the Kehr sign), particularly when placed in the 
Trendelenburg position with palpation of the upper abdomen. 
The spleen itself is rarely palpable, but when a left upper quad- 



FIGURE 73.6. Abdominal film in a patient with a splenic rupture 
from blunt trauma with a perisplenic hematoma displacing the greater 
curvature of the stomach medially. The scalloped appearance is indica¬ 
tive of blood in the gastrosplenic ligament. (Radiograph courtesy of 
Dr. C. William Schwab.) 


rant mass is palpable it can represent contained or subcapsular 
hematoma; this is known as the Ballance sign. Depending on 
the severity of the injury, patients may have no hemodynamic 
instability or may be in frank hypovolemic shock. The staging 
system for splenic trauma is shown in Table 73.8. 

The laboratory abnormalities associated with splenic rup¬ 
ture include a decrease in hematocrit and hemoglobin, 
although initial assessment before volume resuscitation may 
show normal levels. After a short period of time there is often a 
leukocytosis of 15,000 to 20,000. Plain abdominal X-ray views 
may show left rib fractures and displacement or a corrugated 
appearance along the greater curvature of the stomach due to a 
hematoma infiltrating the gastrosplenic ligament (Fig. 73.6). 
Peritoneal lavage can reveal the presence of blood in the 
abdomen. The most important current tool for diagnosis is the 
CT scan, particularly in patients who have enough hemody¬ 
namic stability to be managed conservatively. Contrast CT 
scan shows the splenic contour and also demonstrates the 
amount of extrasplenic blood (Fig. 73.7). 42 

Blunt injuries constitute most splenic trauma, but the 
spleen is susceptible to penetrating trauma either in the 
retroperitoneum, lower thoracic region, or upper abdominal 
area. A 15-year state review of splenic trauma in Pennsylvania 
reported 10,652 (92%) blunt injuries and 893 (8%) penetrat¬ 
ing injuries. 41 The management and diagnosis of penetrating 
trauma of the thorax and upper abdomen is less of a diagnostic 



FIGURE 73.7. A contrast CT scan on a patient with splenic rupture 
near the hilum. There is considerable blood in the perisplenic fossa as 
well as free blood in the peritoneal cavity around the liver. (Radi¬ 
ograph courtesy of Dr. C. William Schwab.) 
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dilemma as most of these patients undergo abdominal explo¬ 
ration because of associated injuries. In some series, there are 
additional injuries in 90% to 100% of patients with penetrat¬ 
ing trauma to the spleen and 40% to 60% of patients with 
associated injuries for blunt trauma. 

Management of splenic injuries historically has been a 
laparotomy with splenectomy. Since Christo introduced the 
ability to do either partial splenectomy or splenorrhaphy, there 
has been an increased trend with surgical procedures to try to 
repair or preserve part if not all of the spleen. The current 
trend in management is a nonoperative approach with obser¬ 
vation by serial CT scans. 43 The presence of peritonitis, associ¬ 
ated injuries requiring surgery, the overall injury severity, evi¬ 
dence of hypovolemic shock and ongoing bleeding, and the 
patient’s age are the primary factors that affect decisions 
regarding nonoperative versus operative management of blunt 
splenic injuries. 41 When patients have diffuse peritonitis or if 
patients have hypotension related to hypovolemic shock, 
urgent laparotomy is indicated (Fig. 73.8). For patients who 
are hemodynamically stable and do not have other injuries 
that require surgical management, the recommendation is to 
attempt nonoperative observation. 

The standard nonoperative management protocol includes 
very close observation in an intensive care unit or a similar mon¬ 
itored environment. Patients have serial abdominal exams as 
well as serial hemoglobin and hematocrit assessments. Any 
change in the status of a stable patient is evaluated by CT scan to 
assess for progressive or ongoing bleeding demonstrated by 
increased hemoperitoneum or expansion of splenic hematoma. 
A recent report noted that routine follow-up CT scans did not 
alter management in patients treated nonoperatively. 44 Only 
patients with changes in hemodynamic parameters had a change 
in management. With this conservative management, most 
patients avoid laparotomy for isolated splenic blunt trauma. 45 If 
patients are older, have associated injuries, or have ongoing 
blood loss, a laparotomy is appropriate for blunt splenic 
trauma. 40,46 The nature of the splenic injury is graded relative to 
the degree of damage to the splenic parenchyma and the prox¬ 
imity to the splenic hilum and major blood vessels (Table 73.8). 
The principles of operative management include stopping ongo¬ 
ing hemorrhage while preserving the maximal amount of viable 
splenic parenchyma. Non viable or devascularized tissue must be 
debrided. 47 Partial splenectomy has been used based on the con¬ 
cept of segmental blood supply via the trabecular arteries. Vari¬ 
ous approaches can be taken to more minor peripheral splenic 
trauma including primary repair or mesh repair (Fig. 73.9). Mul¬ 
tiple materials that are available for hemostasis including 
microfibrillar collagen, thrombin-soaked Gelfoam, or fibrin glue 
sealants have been used to obtain control of splenic hemorrhage. 
The argon beam coagulator is a very useful instrument for cap¬ 
sular tear or avulsions. Of note, all of these techniques that have 
been applied to the patient suffering from blunt trauma can be 
similarly applied to patients who have inadvertent trauma to the 
spleen during operations on the splenic flexure of the colon or 
the left kidney, adrenal gland, or stomach. 

Over the past decade, this increasing trend toward nonsur- 
gical management has expanded the number of patients who 
were not explored and increased the overall success rate of 
conservative management. A recent study of more than 625 
patients with blunt trauma showed that there was an increase 
in initial nonoperative management from 61% to 85%. 48 The 
success rate of nonoperative management increased from 77% 
to 96% and the splenic salvage rate from 57% to 88%. 48 Part 
of this may be due to a decreased distribution of more severe 
splenic injuries and part of it may be due to a trend toward use 
of embolization of splenic arteries as part of the nonoperative 
management of blunt trauma. 

Since its introduction in 1992 as a potential maneuver to 
improve the nonoperative management of blunt splenic injury, 
embolization, with either coils or Gelfoam, of either proximal 
or distal splenic vessels, has become more common. 49 In a 




FIGURE 73.8. A and B: Rapid mobilization of a bleeding spleen can 
be accomplished in most patients by blunt dissection of the lateral 
attachments. C: The splenic hilum can then be quickly controlled. 


study comparing the outcome of blunt trauma over the past 
two decades, the use of embolization increased from 2.7% to 
22.6%. 48 Most studies provide similar data showing that the 
overall success rate for nonoperative management is improved 
with the use of splenic artery embolization, including a 
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FIGURE 73.9. A: Techniques to suture superficial splenic 
lacerations. B: Technique to control bleeding after hemi- 
splenectomy. The sutures can be interlocked. C: Polygly- 
colic acid mesh sheets or mesh bags can be applied to 
spleens that have had the capsule stripped away. 



decreased use of blood products. 50 Some recent studies have 
stated that embolization may be overused; one reported a fail¬ 
ure rate of 27% in patients with embolization who then 
needed surgical exploration. 51 Again, these comparative stud¬ 
ies are not matched in terms of severity of injury or even the 
techniques used for the splenic artery embolization. 

One issue with the nonoperative management of blunt 
splenic trauma is the risk of delayed rupture. Standard guidelines 
of conservative management are that patients should have stable 
hemoglobin for 36 to 48 hours and have resolution of abdomi¬ 
nal pain prior to discharge. The delayed rupture rate in a large 
series of more than 1,900 patients showed that 27 patients were 
readmitted for splenectomy after discharge. 52 This is a delayed 
rupture rate of 1.4%. 53 The median time from injury to read¬ 
mission for splenectomy was 8 days with a range of 3 to 146 
days. Similar results were obtained in an institutional study of 
450 patients with nonoperative management of blunt splenic 
injury. In this group, 4% failed with eventual splenectomy due to 
delayed rupture. 52 Both studies stress that with increased use of 
nonoperative management, the potential risks of delayed rupture 
require very specific instructions to patients, emphasizing that re¬ 
onset of acute abdominal pain with other signs and symptoms of 
hypotension requires emergent transportation to the nearest 
emergency room or hospital facility. 

Atraumatic splenic rupture is an unusual occurrence. This 
spontaneous rupture occurs primarily with enlargement of the 
spleen due to malignant disorders with either primary or sec¬ 
ondary metastases, infectious or inflammatory diseases, or 


mechanical causes such as pregnancy or peripartum rupture. 
In a large series of more than 900 patients with atraumatic 
spontaneous rupture of the spleen, only 6.4% had no patho¬ 
logic or mechanical causes that were identified. 54 


Autoimmune Disorders 


Some splenic disease originates in either autoimmune phenom¬ 
ena or intrinsic diseases within circulating cells that lead to their 
destruction rather than histology, pathology, or size of the 
spleen. The most common example of this is immune thrombo¬ 
cytopenic purpura (ITP) in which antibodies to platelet antigens 
lead to destruction of platelets and thrombocytopenia, with the 
spleen being the primary source of platelet elimination. Related 
diseases affecting erythrocytes and neutrophils with specific 
antibodies and splenic elimination occur less frequently. 

Immune Thrombocytopenic Purpura. Immune throm¬ 
bocytopenic purpura (ITP) is a diagnosis of exclusion once 
various other causes such as drug-induced thrombocytopenia 
or evidence of bone marrow failure are eliminated. 55 ITP is a 
disease characterized by autoimmune destruction of platelets 
with clinical manifestations of thrombocytopenia such as easy 
or excess bleeding. 56 ITP occurs as an acute form and a chronic 
form. Acute ITP generally appears in children younger than 8 
years of age following a viral upper respiratory illness. Eighty 
percent to ninety percent of children with acute ITP have 
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spontaneous remissions. 57 Only 8% to 10% of adults who 
develop ITP have remission, and most develop chronic ITP. ITP 
is usually self-limited and requires surgical intervention only in 
the case of intracranial bleeding. Chronic ITP accounts for the 
vast majority of cases considered for splenectomy. Similar to 
autoimmune hemolytic anemia, this disease can be idiopathic 
or secondary to a lymphoproliferative disorder, connective tis¬ 
sue disorder such as systemic lupus erythematosus, or drug or 
bacterial exposure. Diagnosis averages in the fourth decade of 
life, and it affects women more commonly than men. As HIV 
was identified in the mid-1980s, patients with acquired immun¬ 
odeficiency syndrome (AIDS) developed disease virtually iden¬ 
tical to ITP. 58 Patients with newly diagnosed ITP and risk fac¬ 
tors for HIV should undergo testing for HIV infection. 

Q The pathophysiology of ITP is development of an IgG anti¬ 
body to a platelet antigen. This is most commonly directed 
against the fibrinogen receptor (glycoprotein Ilb/IIIa and 
IR/IX). 59 The spleen plays a predominant role in this disease as it 
may be the site of initial antibody production 60 ; it is almost cer¬ 
tainly the site of continued antibody production, and in most 
patients the spleen is the primary site of platelet destruction. 
Since the targeted antigen is an intravascular cell, and since the 
spleen stores large numbers of platelets, the initial reaction to the 
platelet cell antigen may occur in the spleen. Antibody levels 
indicate that overall IgG production in spleens from patients 
with ITP is markedly increased over individuals with normal 
spleens. Similarly, following splenectomy the amount of IgG 
antibody is somewhat decreased. The spleen is also the predom¬ 
inant site of platelet destruction. The macrophages located in the 
cords of Billroth have receptors for the Fc portion of the IgG and 
bind and phagocytize the antibody-coated platelets. A second, 
more recently described component of the pathophysiology is an 
inappropriately decreased level of production of thrombopoietin 
for the level of thrombocytopenia. Cloning of the thrombopoi¬ 
etin receptor or the megakaryocytes has led to several new agents 
that can alter this aspect of the pathophysiology of ITP. 61,62 

To be diagnosed to have ITP, the platelet count must be less 
than 100,000, but patients do not typically become sympto¬ 
matic unless platelet counts are less than 50,000. Platelet 
counts in this disorder may drop to very low levels, less than 
10,000 on occasion. Assays are now available to identify the 
IgG antiglobulin on the platelet surface verifying the disease, 
but more than one third of the patients have no identified 
antiplatelet antibodies. Bone marrow analysis shows increased 
megakaryocyte production as compensatory mechanism to the 
thrombocytopenia. In this disorder, there is usually no 
splenomegaly and the spleen may be somewhat smaller than 
typical. Only 2% of patients with ITP have palpable spleens. 
There is virtually no leukopenia or anemia associated with ITP 
hypersplenism. Anemia can occur secondary to chronic blood 
loss. The risk of a fatal hemorrhage in patients with ITP over¬ 
all is 0.47%/year, and for patients with platelet counts less 
than 30,000 mortality ranges between 1.6% and 6.9%. 57 

The treatment of ITP includes standard measures to treat 
any ongoing bleeding, medical therapies designed to increase 
platelet count, and splenectomy. First-line medical therapy 
options include platelet transfusion, corticosteroid therapy, 
gamma-immunoglobulin, and the recently approved Rho(d) 
immunoglobulin. 63 Platelet transfusions should be limited 
unless patients are actively bleeding as platelets become 
rapidly coated with IgG and then sequestered and destroyed in 
the spleen. High-dose corticosteroid therapy produces an ini¬ 
tial response in most patients, but this is usually not sustained. 
Approximately 75% of patients have an increase in platelet 
count that is significant within 24 hours of starting high-dose 
steroids. 64 However, only 15% to 25% of patients with 
chronic ITP have a sustained remission following steroid 
therapy. Intravenous IgG immunoglobulin takes between 3 
and 5 days to show an effect and generally does not put patients 
into complete remission. The mechanism of action of immune 
gamma globulin is believed to be saturation of the Fc receptors 


on the splenic macrophages. 65 The administered gamma globulin 
may coat red cells, and they may provide a competitive interfer¬ 
ence such that platelet destruction is decreased. The newest 
available drug is the recently approved Rho(d) immunoglobulin, 
which specifically targets the Fc receptors. 

In patients who have not achieved a sustained remission 
with medical therapy, which is most patients with chronic ITP, 
an elective splenectomy is recommended. A large series ana¬ 
lyzed 135 institutional reports between 1966 and 2004 66 and 
reported results in terms of normalization of platelet counts, 
predictive features that would indicate who would benefit from 
splenectomy, and reported complications including morbidity 
and mortality (Table 73.9). The fraction of patients who 
achieved a normal platelet count after splenectomy was 68.9% 
with more than 5,000 patients reported. Of case series with 
adults only, this was slightly lower at 66%, and when adults 
and children were combined it was 72.1%. These results seem 
to be durable as the 20% of patents with 5-year follow-up 
demonstrated a similar cure rate of 67.2% (Table 73.9). 66 A 
recent study indicated that only patients with short disease 
duration at a young age (<16 years) had a higher likelihood of 
cure on univariate analysis, whereas only the short duration of 
disease was a feature in multivariate analysis. 67 In the review 
of the 135 combined series, there was no predictive value of any 
of these features in terms of which patients would respond to 
therapy. Overall initial complete response rate to open or laparo¬ 
scopic splenectomy is about 60%, and 15% to 20% of the initial 
responders develop relapse with long-term follow-up. One cause 
for a failed splenectomy for ITP is residual splenic tissue, most 
commonly a missed accessory spleen or splenosis. 17 Both acces¬ 
sory spleens and splenosis are believed somewhat more common 
in the current era of laparoscopic splenectomy. Again, ITP 
spleens are predominantly small and are ideally suited for a 
laparoscopic approach. The incidence of accessory spleens 
identified with open procedures is in the range of 10% to 15% 
whereas the incidence of accessory spleens reported with the 
laparoscopic approach is between 5% and 12%. 68 The overall 
mortality from splenectomy in this patient population is 0.81% 
and may be slightly lower after laparoscopic splenectomy than 
after open. This may reflect decreased risk with laparoscopic 
splenectomy. 69 This mortality rate, particularly with laparo¬ 
scopic splenectomy, compares favorably to the risk of a fatal 
hemorrhage in patients who have significant thrombocytopenia 
with this disease. The overall complication rate was 12%. 

Third-line treatment for ITP after splenectomy failure has 
been accomplished with various new agents. There were ini¬ 
tially several studies with rituximab, which is a chimeric 
humanized monoclonal antibody directing CD20 against B 
cells. 70-72 It was primarily developed to treat lymphoma, but it 
has been used in autoimmune disorders and has been tried in 
phase 2 studies for chronic splenectomy failure ITP. Response 
rates have been between 25% and 50%. A more promising 
third-line therapy is agonist agents to stimulate the throm¬ 
bopoietin receptor on megakaryocytes. There is decreased 
thrombopoietin production for the degree of thrombocytope¬ 
nia in ITP. Romiplostim, a fusion protein agonist for throm¬ 
bopoietin receptor administered by subcutaneous injection, 
led to response rates of 49% versus 2% for placebo with an 
overall clinical response of 83%. 59,73 An oral nonpeptide 
thrombopoietin receptor agonist, eltrombopag, has recently 
been studied and shows response rates of 59% versus 16% in 
a placebo-controlled trial. 74,75 Although now proven as effec¬ 
tive third-line agents after splenectomy failures, they may be 
useful as initial therapies for patients who cannot tolerate 
steroids or patients who are splenectomy candidates who are 
very high risk for surgery. Future studies will define the role of 
this new class of compounds and may decrease the incidence 
and need for splenectomy. 

Thrombotic Thrombocytopenia Purpura. Thrombotic 
thrombocytopenia purpura (TTP), or Moschcowitz syndrome, 
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TABLE 73.9 


RESULTS FROM 135 COMBINED CASE SERIES EVALUATING SPLENECTOMY FOR ITP 

CURE RATE 


% of patients with normalized platelet counts 


All reports 

68.9% 

(3,506/5,086) 

Adult series only 

66.0% 

(1,731/2,623) 

Adult pediatric combined 

72.1% 

(1,785/2,468) 

% of patients with normalized platelet counts 

67.2% 

(779/1,159) 


With 5-year follow-up 


COMPLICATIONS 

Perioperative mortality 

Total 

0.81% 

51/6,256 

Laparotomy 

0.96% 

48/4,955 

Laparoscopy 

0.23% 

3/1,301 

Perioperative complications 

Total 

12.0% 

406/3,386 

Laparotomy 

12.9% 

318/2,465 

Laparoscopy 

9.6% 

88/921 


Adapted from Zarzaur BL, Vashi S, Magnotti LJ, et al. The real risk of splenectomy after discharge home 
following nonoperative management of blunt splenic injury. J Trauma 2009;66:1531-1538. 


is a poorly understood much more virulent syndrome than ITP 
in which thrombocytopenic purpura is only one manifestation. 
This disease is characterized by widespread occlusion of arte¬ 
rioles and capillaries by hyalin membranes composed of 
platelets and fibrinogen. The classic pentad of symptoms 
reflects injury to various organs by this microvascular process. 
This includes thrombocytopenic purpura, with microvascular 
disease in the skin, neurologic manifestations due to microvas¬ 
cular disease in the central nervous system, renal failure or 
hematuria due to microvascular disease in the kidney, 
microvascular hemolytic anemia due to destruction of red cells 
traveling to damaged small vessels, and fever. The precise eti¬ 
ology is unknown but may be related to an autoimmune 
response to a small vessel endothelial cell antigen. 

The therapeutic options for this disease include administra¬ 
tion of fresh frozen plasma and/or plasmapheresis, high-dose 
corticosteroids, and antiplatelet drugs. 76 The benefits of 
plasmapheresis indicate that there is a circulating toxic sub¬ 
stance contributing to the etiology, whereas the benefit of 
administration of fresh frozen plasma indicates lack of some 
necessary substance yet to be identified. High-dose cortico¬ 
steroids also have some benefit. Aspirin and dipyridamole 
block platelet agglutination. A combination of these therapies 
now leads to significant improvement of symptoms in 70% of 
patients. For patients failing to respond or patients who 
relapse, splenectomy has been performed with some suc¬ 
cess. 77,78 Most of the long-term survivors with TTP have 
undergone splenectomy, implying that this organ has some 
major role in the pathophysiology of this disease. 79 The precise 
mechanism of splenic contribution is unclear. Mortality rates 
in the past have been as high as 90% to 95% for this disorder 
but are improving with aggressive treatment plans and a better 
understanding and diagnosis of this disorder. 

Autoimmune Hemolytic Anemia. Autoimmune hemolytic 
anemia or acquired hemolytic anemia results from antibodies 
produced to red cell membrane proteins that lead to red cell 
destruction. This disease is more common in women than men 
with a ratio of 2:1, and it typically presents in patients older 
than 50 years of age. Patients present with acute symptoms of 
anemia, jaundice, and occasional fever. The spleen is enlarged in 


approximately one half of the patients. Laboratory diagnosis 
shows a positive direct Coomb test indicating antibodies coat¬ 
ing erythrocytes. There is also significant reticulocytosis and 
increased indirect bilirubin in the serum. 

The disease is either idiopathic, in 40% to 50% of the cases 
in which no identified drug or infectious cause is identified, or 
secondary to infection or drug. Of the secondary cases, the 
most common infections are mycoplasmal pneumonia, viral 
infections, infectious mononucleosis, and AIDS. Neoplastic 
diseases such as leukemia and lymphoma can also precipitate 
the syndrome. The major drugs that cause secondary autoim¬ 
mune hemolytic anemia are penicillin, quinidine, hydralazine, 
and methyldopa. 

Autoimmune hemolytic anemia is also categorized by pres¬ 
ence of either cold antibodies or warm antibodies. Warm anti¬ 
bodies are predominantly IgG whereas cold antibodies are 
predominantly IgM. This distinction is important when consid¬ 
ering splenectomy as a treatment. The spleen contains 
macrophages that bind the Fc portion of IgG. In patients with 
warm antibody hemolytic anemia, the spleen is the primary 
source of destruction of the red cells by the red pulp 
macrophages. However, since the spleen does not contain 
receptors to bind IgM (the cold antibodies), there is no destruc¬ 
tion of the red cells in this form of hemolytic anemia. Rather, 
IgM either causes complement fixation with destruction of red 
cells predominantly in the liver, or there is agglutination of red 
cells in peripheral circulation (such as the distal extremities) 
leading to peripheral red cell destruction with clinical manifes¬ 
tations similar to the Raynaud phenomenon. Splenectomy for 
patients with cold antibody or IgM hemolytic anemia is not 
effective. 

The initial treatment of autoimmune hemolytic anemia con¬ 
sists of supportive therapy such as blood transfusions. For 
patients who have disease secondary to an acute infection such 
as mycoplasma pneumonia, the disease may be self-limited. For 
drug-induced hemolytic anemia, the offending agent is 
removed as quickly as possible. The initial form of treatment is 
typically high-dose corticosteroids, which cause a beneficial 
response in 75% of the patients. If patients have drug-induced 
disease and the offending agent is removed or the acute infection 
resolves, this may lead to long-term resolution. In idiopathic 
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autoimmune hemolytic anemia, only 25% of patients have 
sustained remission from corticosteroid therapy. In patients 
who have relapse after steroid therapy or who are ineligible for 
steroid therapy and have warm antibodies, a splenectomy has 
a high likelihood of benefit. Eighty percent of patients have a 
good response in correcting the anemia by splenectomy. 80 This 
is almost certainly related to removal of the site of destruction 
of the erythrocytes but also may be due to decreased produc¬ 
tion of antibodies. 

Autoimmune Neutropenia (Felty Syndrome). Approx¬ 
imately 1% of patients with chronic rheumatoid arthritis 
develop splenomegaly and neutropenia. This triad of rheuma¬ 
toid arthritis, neutropenia, and splenomegaly is known as 
Felty syndrome. 81 High levels of IgG have been identified on 
the surface of neutrophils with evidence of increased produc¬ 
tion of granulocytes in the bone marrow. Pathologic analysis 
of spleens removed in patients with Felty syndrome show a sig¬ 
nificant but proportional increase in the white pulp of the 
spleen compared with other conditions of splenomegaly. 82 
Microscopically, there is evidence of excess accumulation of 
neutrophils in the T-cell zone and the white pulp, as well as 
within the cords and sinuses of the red pulp. 

Patients with this disease have recurrent infections due to 
neutropenia as well as dysfunction of the available neutrophils 
that are coated with antineutrophil IgG. Recurrent infections 
as well as chronic leg ulcers are the predominant symptoms. 
Symptomatic patients should undergo splenectomy, and the 
vast majority of patients have resolution of their neutropenia 
within 2 to 3 days. 83 Even patients who do not have a signifi¬ 
cant increase in neutrophil count should get some benefit 
because of improved neutrophil function. 84 


Erythrocyte or Platelet Structure Disorders 

These diseases are not autoimmune phenomena, but rather, 
intrinsic cellular defects that lead to a shortened half-life of spe¬ 
cific blood components primarily precipitating elimination 
within the spleen. A normal role of the spleen is to eliminate 
senescent erythrocytes. If erythrocytes have altered structure, 
this may lead to more rapid elimination. In other diseases, 
genetic differences in the hemoglobin may result in changes in 
splenic clearance of cells, particularly in the hypoxic environ¬ 
ment that exists within the splenic sinusoids. The most preva¬ 
lent example of this is sickle cell anemia. A parallel condition 
occurs in the platelets in Wiskott-Aldrich syndrome, which is an 
alteration in a cellular adhesion molecule that leads to increased 
platelet destruction in the spleen and thus to thrombocytopenia. 

Hereditary Spherocytosis. Hereditary spherocytosis, also 
known as congenital hemolytic jaundice or familial hemolytic 
anemia, is an autosomal dominant disease and the most com¬ 
mon of the congenital hemolytic anemias. It affects 1 in 5,000 
individuals. 85 There are various genetic defects in this syn¬ 
drome that primarily affect spectrin and ankyrin, which alter 
the binding of the cytoskeleton to the erythrocyte cellular 
membrane causing decreased cellular plasticity with mem¬ 
brane loss. 86 The normal shape of the erythrocyte is changed 
from the biconcave disc into a sphere, and the decreased mem¬ 
brane to cell volume ratio causes a lack of deformability, 
which affects the passage of erythrocytes through channels of 
the splenic red pulp. Due to this delay in cell transit, there is 
ATP deprivation resulting in increased cellular destruction. 
The condition is more frequent in Caucasians than African 
Americans and is usually noted in childhood or adolescence. 
Since inheritance is autosomal dominant, patients can be 
screened and diagnosed at an early age. 

The diagnosis is primarily made by evaluation of the red 
cell smear showing a large number of spherocytes. Spherocytes 
may also appear during autoimmune hemolytic anemias, but 


in hereditary spherocytosis the Coombs test is negative and an 
osmotic fragility test may be performed, which is diagnostic. 
Also contributing to the diagnosis is a positive family history. 

Patients with hereditary spherocytosis have mild to moder¬ 
ate anemia, splenomegaly, and jaundice. The patients may 
have intermittent flares of disease, which cause significant 
increased rates of hemolysis causing jaundice. Pigmented gall¬ 
stones result in 30% to 60% of patients due to the breakdown 
of hemoglobin and clearance through the liver. 85 

The treatment for hereditary spherocytosis is splenectomy, 
and this is indicated in virtually all patients. 87 This treatment 
does not remove the spherocytes, but it relieves all symptoms. 88 
The major question involving management of these patients is 
the timing of splenectomy. Due to the increased incidence of 
overwhelming postsplenectomy sepsis in very young children, it 
is usually recommended that patients wait until after the age of 
at least 4 to 6 years prior to splenectomy. For younger patients 
who are very symptomatic and require splenectomy, partial 
splenectomies have been reported to be beneficial in relieving 
the abdominal symptoms and anemia and may be a useful alter¬ 
native procedure until patients reach an age at which total 
splenectomy is safer. 89 Patients after partial splenectomies had 
regrowth of tissue but in the short term did not have recurrent 
anemia. 80 Patients should be assessed at the time of scheduling a 
splenectomy for the presence of gallstones, and a laparoscopic 
cholecystectomy should be performed if stones are identified. 

Hereditary Elliptocytosis. Hereditary elliptocytosis is 
related to hereditary spherocytosis although the former is not 
as severe. For patients who are symptomatic, virtually all of the 
same observations regarding pathophysiology and treatment 
can be made as for hereditary spherocytosis. This disease is also 
inherited in an autosomal dominant pattern, and the defect is 
believed to be in spectrin. The predominant abnormality 
changes spectrin such that it exists as a dimer instead of a 
tetramer. This change leads to an alteration in membrane plas¬ 
ticity that creates cells that are more elliptically shaped instead 
of a biconcave disc. 

The signs and symptoms caused in this disease are much 
more mild than in hereditary spherocytosis in that only 10% of 
patients have clinical manifestations of anemia, splenomegaly, 
and in some cases jaundice. The treatment recommendation for 
symptomatic patients is splenectomy, which may be performed 
with laparoscopic techniques and also cholecystectomy if gall¬ 
stones are present. 

Hereditary Nonspherocytic Hemolytic Anemia. This is 
a heterogeneous group of rare hemolytic anemias caused by 
inherited defects, primarily enzymes involved in glycolysis. 
These genetic defects may decrease cellular energy production 
such that during passage through the red pulp of the spleen, 
these patients may have cells that do not have the ability to pro¬ 
duce ATP in a relatively hypoxic environment, leading to 
increased red cell destruction. The most common subtypes in 
this group of hemolytic anemias are pyruvate kinase deficiency 
and glucose 6-phosphate dehydrogenase deficiency (G6PD). 
Patients present with anemia, jaundice, increased reticulocytes, 
and sometimes cholelithiasis. Differentiation from spherocyto¬ 
sis and elliptocytosis can be made in that the shape of the cell 
does not show spherocytes and there is normal osmotic fragility. 

The primary treatment for these diseases is blood transfu¬ 
sion. In G6PD deficiency, splenectomy is not usually beneficial 
though it may reverse some of the symptoms associated with 
pyruvate kinase deficiency. 

Thalassemia. Thalassemia is an autosomal dominant dis¬ 
ease with various structural defects in one of the globin chains. 
The disease is either alpha, beta, gamma, or delta thalassemia 
depending on which of the globin chains is defective. The vast 
majority of patients in North America have beta-thalassemia. 
Thalassemia major, otherwise known as Mediterranean 
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anemia or Cooley anemia, is a homozygous expression of this 
genetic defect. Thalassemia minor is heterozygous expression; 
these patients are only mildly symptomatic and are carriers for 
the more severe form of the disease. 

The pathophysiology of thalassemia major or beta- 
thalassemia is the lack of production of normal beta-chain 
hemoglobin leading to a surplus of alpha-chain hemoglobin in 
adults. These excess globin chains precipitate in the cytoplasm 
and attach to the inner surfaces of cytoplasmic membrane, 
leading to poor passage of these cells through the splenic sinu¬ 
soids. This intracellular inclusion then leads to increased 
destruction and over time causes significant splenomegaly due 
to this increased clearance of red cells. 

The diagnosis is made by identifying microcytic hypochromic 
anemia with target cells and increase in reticulocytes on the 
peripheral smear. Protein electrophoresis shows very low lev¬ 
els of hemoglobin A with predominant amounts of the fetal 
hemoglobin, or hemoglobin F. The clinical symptom of alpha- 
thalassemia major is severe anemia within the first year of life. 
Decreased growth rate, enlargement of the head, splenomegaly, 
and hepatomegaly are the typical clinical findings. 90 

The primary treatment for thalassemia major is frequent 
transfusions combined with iron chelation therapy. Some 
patients develop significant splenomegaly due to overload or 
hypertrophy from excess trapping of red cells. 91 Patients may 
be referred for splenectomy for symptomatic splenomegaly or 
for massive and frequent transfusion requirements. One report 
suggested that episodes of transfusion are decreased from 18 
per year down to 4 per year after splenectomy. In general, if 
there are symptoms of massive splenomegaly, these are 
resolved by splenectomy. As with other hematologic disorders 
in children, there has been a recent trend toward partial 
splenectomy, particularly in children younger than 4 to 5 years 
of age. 92 This results in symptomatic improvement for 1 to 
2 years with recurrent disease due to hypertrophy of the resid¬ 
ual splenic remnant. 93 

Although splenectomy may be beneficial in terms of the 
transfusion requirements and local symptoms, the typical mode 
of death with this disease is myocardial failure due to hemo¬ 
siderin accumulation. Splenectomy does not alter this cardiac 
problem to any great extent. In fact, recent data suggest splenec¬ 
tomy in thalassemia patients increases vascular complications. 

Sickle Cell Anemia. Sickle cell anemia is a hereditary 
hemolytic anemia due to a genetic alteration of a single amino 
acid in the beta chain. This results in a change from glutamic 
acid to valine in the sixth amino acid position of the beta chain 
of the hemoglobin molecule. Because of this substitution, 
patients who are homozygous for sickle cell defect have a char¬ 
acteristic stiffening or sickling of the red blood cells when the 
cells become hypoxic. 94 This change in red cell shape leads to 
blockage in hypoxic areas such as the red pulp of the spleen. 
There can occasionally be sequestration crises in which a portion 
of the blood volume gets actively trapped or sequestered to the 
spleen during the sickle cell crisis. This pattern of red cell shape 
change in relatively hypoxic areas can lead to tissue infarction 
with bone pain, hematuria, abdominal pain, or priapism. 

Sickle cell anemia occurs almost exclusively in the black 
population, and the incidence of homozygous disease is 
approximately 0.5%, though approximately 8% of African 
Americans are carriers for the sickle cell trait. Patients who 
have a combination of a sickle cell allele as well as a beta- 
thalassemia allele manifest a similar disease process. 

The clinical signs of the disease usually present during the 
second 6 months of life. In early infancy the patient is asymp¬ 
tomatic due to the presence of fetal hemoglobin. Patients may 
have acute crises with abdominal pain and bone pain in con¬ 
junction with significant anemia. During acute crises of splenic 
sequestration, there can be massive enlargement of the spleen 
and an urgent decompressive splenectomy can be required. 
Patients who do not need splenectomy for splenic sequestration 


can be followed as this disease goes through a natural progres¬ 
sion of ischemic necrosis of large areas of the spleen with even¬ 
tual hyposplenism with a shrunken organ by early adolescence. 
Splenectomy is reserved for the very young patients who have 
massive splenomegaly during sequestration crises early in life. 

Wiskott-Aldrich Syndrome. Wiskott-Aldrich syndrome is 
an X-linked disease characterized by thrombocytopenia, com¬ 
bined B- and T-cell deficiency, eczema, and a propensity to 
develop other malignancies. The genetic defect in this disease is 
related to an abnormal adhesion molecule affecting immune cell 
interaction as well as platelet adhesion. Thrombocytopenia is 
the major problem with this rare disease, and most patients pre¬ 
sent at a young age with manifestations of poor clotting, bloody 
diarrhea, epistaxis, and petechiae. The platelet counts typically 
range between 20,000 and 40,000, and the platelets that are 
present are 25% to 50% of normal platelet volume and dys¬ 
functional. In this disease, the spleen sequesters platelets and 
partially degrades them releasing “microplatelets” back into the 
circulation. 95 

Splenectomy in the Wiskott-Aldrich syndrome was initially 
avoided as there was a very problematic postoperative course 
characterized by severe and fatal infections due to the underly¬ 
ing immunodeficiency combined with the potential for over¬ 
whelming postsplenectomy infection. However, splenectomy 
does increase the number, size, and function of platelets and can 
lead to amelioration of the bleeding problems in very sympto¬ 
matic patients. 95 The combination of splenectomy with antibi¬ 
otic therapy may be beneficial, particularly in younger patients. 
The optimal treatment for Wiskott-Aldrich syndrome is an 
HLA-matched sibling bone marrow transplant. 96 However, 
splenectomy with antibiotics results in better survival than 
unmatched bone marrow transplantation. Patients who do not 
undergo bone marrow transplantation or splenectomy typically 
do not survive past the age of 5 years. The pathology of spleens 
removed for Wiskott-Aldrich syndrome show a near complete 
depletion of white pump supporting the clinical immune defi¬ 
ciency seen in this syndrome. 97 


Hypersplenism 

Q Hypersplenism is a physical enlargement of the spleen that can 
occur due to neoplastic disorders, hematopoietic disorders of the 
bone marrow, and metabolic or storage disorders. In the neo¬ 
plastic disorders, the spleen is infiltrated and enlarged by 
leukemia or lymphoma cells. This often happens in the mid or 
late course of the disease but can be associated with isolated 
splenomegaly in which splenectomy is performed not only to 
treat hypersplenism, but also to make the definitive diagnosis 
(see Diagnostic Splenectomy section later). Hypersplenism asso¬ 
ciated with diseases of hematopoiesis related to myeloid meta¬ 
plasia in which the bone marrow is infiltrated with fibrotic mate¬ 
rial and the spleen becomes a site of secondary non-bone 
marrow hematopoiesis. Enlargement can lead to symptoms of 
hypersplenism due to the massive size of the spleen. Often the 
benefits of extramedullary hematopoiesis are outweighed by cir¬ 
culating blood cell destruction in this enlarged spleen. Secondary 
hypersplenism can also occur due to deposition of lipid within 
the spleen, such as in Gaucher disease, leading to enlargement 
that can cause pancytopenia. Each of these etiologies of sec¬ 
ondary hypersplenism is associated with pancytopenia and mass 
effect of the spleen causing early satiety and weight loss. These 
disorders typically lead to spleen size greater than 1,500 g and 
can produce spleens that fill the entire left side of the abdomen. 

Chronic Lymphocytic Leukemia. Chronic lymphocytic 
leukemia (CLL) is the most common of all chronic leukemias. It 
predominantly affects males with 2:1 gender predominance and 
has a peak incidence in the sixth decade of life. This indolent dis¬ 
ease presents with fatigue, lymphadenopathy, hepatosplenomegaly, 
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FIGURE 73.10. A massively enlarged, 2.2-kg spleen from a patient 
with chronic lymphocytic leukemia. Superficial areas of infarction are 
indicated by thin arrows and splenic infarction by the thick arrow. 


and eventually anemia and thrombocytopenia. Disease progression 
often occurs over a 5- to 10-year period. 

Patients in stage II or greater CLL have splenomegaly and 
anemia and thrombocytopenia secondary to hypersplenism. 
Splenomegaly often reaches very large sizes, and patients may 
have symptoms secondary to the compressive effects of the 
large spleen on the stomach with early satiety and pain (Fig. 
73.10). Treatment for early-stage disease is either observation 
or treatment with nontoxic doses of alkylating agents such as 
chlorambucil or cyclophosphamide. A newer agent that is fre¬ 
quently used is fludarabine. Medical therapy is never curative, 
and eventually the predominant symptoms are due to hyper¬ 
splenism and splenomegaly. Splenic radiation has been used 
for patients who are nonoperative candidates. 98 Splenic radia¬ 
tion can decrease the size of the spleen, improving symptoms 
due to mass effect, but it can have complications of further 
thrombocytopenia and leukopenia. 

Splenectomy is a highly successful treatment for both the 
pressure effects due to splenomegaly as well as the cytope- 
nias. 99-101 Published reports include 85% resolution of throm¬ 
bocytopenia and 100% resolution of anemia. 102 The negative 
feature of splenectomy in this patient population is that they 
are typically elderly and debilitated from having gone through 
years of having CLL and prior chemotherapy treatment. In one 
series in which a prospective comparison was made between 
splenectomy and fludarabine for later-stage CLL, there was a 
9% perioperative mortality in the splenectomy group primarily 
due to sepsis. 103 However, in this same study, there were highly 
significant improvements in thrombocytopenia and anemia. 
The patients who are younger and have larger spleens tend to 
do better. In this comparative study, patients with Rai stage IV 
CLL had a 55% survival in the splenectomy arm and a 29% 
survival in the fludarabine arm. At present, splenectomy is rec¬ 
ommended for patients who have failed medical therapy and 
have anemia with transfusion requirements, thrombocytopenia 
with bleeding, or compressive symptoms such as splenomegaly. 


Chronic Myelogenous Leukemia. Chronic myelogenous 
leukemia (CML) is a leukemia with a primitive hematopoietic 
cell as the cell of origin. This precursor cell can differentiate 
into myeloid cell lines, erythroid cell lines, platelet cell lines, 
and possibly B lymphoid and T lymphoid cells. CML occurs 
preferentially in men to women at a 1.5:1 ratio and, like CLL, 
typically occurs in the sixth decade of life or older. This disease 
varies from CLL in that it invariably progresses from a chronic 
stage to an accelerated (blast) stage whereas CLL remains 
more indolent. The initial chronic phase lasts between 1 and 5 
years and is characterized by splenomegaly, constitutional 
symptoms of fatigue, abdominal fullness, and weight loss. 104 
The accelerated phase is apparent with 15% of circulating 
cells being more immature blast cells. Within 3 to 6 months 
this generally converts to the terminal blast phase in which the 
blastic cells fill the bone marrow and the circulating blood at 
greater than 30% of leukocytes and cause destruction of other 
organs. Death due to infection or bleeding invariably results 
after the blast crisis begins. 

The diagnosis of CML is made by the leukocytosis with 
myeloid differentiation and presence of granulocytes filling the 
bone marrow space. Ninety percent of patients have the clas¬ 
sic Philadelphia chromosome, which is a reciprocal translation 
between chromosomes 9 and 22. On the basis of randomized 
trials, there is no benefit in terms of delaying the accelerated 
and blast phases of the disease by doing a splenectomy during 
the chronic phase of the disease. Certain select patients who 
have significant hypersplenism or splenomegaly may have 
symptomatic benefit from splenectomy during the chronic 
phase. 105,106 

A recent study from M.D. Anderson Cancer Center reports 
their experience of splenectomy during the accelerated or blast 
phase of disease. 107 Patients were referred for this procedure 
with symptoms of splenomegaly in 42% of cases, thrombocy¬ 
topenia in 30% of cases, to potentially improve administration 
of chemotherapy by reducing the hypersplenism in 19% of 
cases and because of symptoms with both hypersplenism and 
thrombocytopenia in 9% of cases. The perioperative mortality 
in this series of 55 patients was 2% (one patient death). 93 
There was universal benefit of symptoms related to 
splenomegaly, and there was a marked improvement of 
platelet count and requirement for platelet transfusions in 
patients with preoperative thrombocytopenia. The median 6- 
month transfusion requirement decreased from 21 down to 1 
(both platelet and red cell transfusions). The median post¬ 
splenectomy survival was 19 months for patients in the accel¬ 
erated phase and 6.5 months for patients in the blastic phase 
of their disease. This report concludes that for select patients 
who have severe transfusion requirements and/or severe symp¬ 
toms of splenomegaly, there is objective benefit with relatively 
low morbidity in patients with this later stage of CML. 

Non-Hodgkin Lymphoma. Non-Hodgkin lymphoma 
(NHL) is the most common lymphoma, outnumbering Hodgkin 
disease by a ratio of almost 6:1 in the United States. Non- 
Hodgkin lymphoma is a much more heterogeneous disease with 
a large range of histologic cell types defined by morphology and 
immunohistochemistry to differentiate subgroups of the disease. 
The clinical course of these subgroups correlates with the micro¬ 
scopic findings. In general, diffuse or infiltrative non-Hodgkin 
lymphoma has a worse prognosis than nodular NHL. The dif¬ 
fuse high-grade type occurs most commonly in the younger 
patient population (age <35 years) or the very elderly. More 
aggressive non-Hodgkin lymphomas are T-cell lymphomas, 
whereas the low-grade tumors are usually B-cell. Non-Hodgkin 
lymphoma presents in approximately one third of cases at extra- 
nodal sites, whereas two thirds are limited to lymphadenopa- 
thy. 108,109 In general, the disease is more diffuse at the time of pre¬ 
sentation, mandating treatment by combination chemotherapy. 

In patients dying of NHL, up to 80% have significant 
splenomegaly due to lymphatic infiltration. 110,111 As is true 
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FIGURE 73.11. Spleen from a patient with hairy cell leukemia. Note 
the whitened anterior edge of the spleen and the white “sugar-coating” 
spots on the surface. 


with other infiltrative neoplastic diseases, symptoms of pan¬ 
cytopenia and splenomegaly are common in patients with 
NHL. Patients who are operative candidates have significant 
benefit with up to 80% of patients having decreased transfu¬ 
sion requirements and most patients having relief of gastric 
oppression and pain symptoms due to splenomegaly. 112 The 
response of the pancytopenias is somewhat dependent on the 
bone marrow reserve, which may be altered by prior 
chemotherapy and/or radiation therapy. There is no test to 
identify adequate marrow reserve, and the only assessment in 
that situation is whether a patient has a response following 
splenectomy. 

Hairy Cell Leukemia. Hairy cell leukemia is a low-grade 
lymphoproliferative disorder with characteristic “hairy” cells 
due to irregular filament projections from the cell surface visi¬ 
ble under light microscopy. 113 This leukemia is a B-lymphocyte 
tumor that infiltrates the bone marrow and spleen with almost 
no peripheral lymphadenopathy. There may be enlargement of 
the liver. The disease is much more common in males than 
females by a fourfold difference, and the onset of disease is 
typically in the fifth or sixth decade of life. 

The initial symptoms most commonly relate to enlargement 
of the spleen either by direct effects of splenomegaly or by pan¬ 
cytopenia due to hypersplenism (Fig. 73.11). 114 Patients can 
have early satiety or upper quadrant pain with a large palpa¬ 
ble spleen infiltrated with leukemic cells. The enlarged spleen 
often causes symptoms related to anemia with a transfusion 
requirement, bleeding due to thrombocytopenia, and frequent 
infections due to leukopenia. In the past, hairy cell leukemia 
was described as the “surgical leukemia” as splenectomy was 
recommended as the primary treatment, and virtually all 
patients had resolution of symptoms of splenomegaly. Thus, 
splenectomy was the standard of care. 115 However, the vast 
majority of patients relapsed, some as early as 6 to 12 months 
later, and only 40% to 50% of patients received long-term 
benefit from the cytopenias due to bone marrow replacement 
with hairy cell infiltrates. 

In 1984, medical therapy led to responses, initially with 
recombinant alpha-interferon. 116 Newer trials with purine ana¬ 
logues such as pentostatin (2-doxycoformycin) and 2-chloro- 
doxydenosine provided a beneficial nonsurgical therapy. 117 A 
randomized trial comparing pentostatin with ct-interferon 
showed a complete response rate of 78% with pentostatin ver¬ 
sus 11 % with ct-interferon, and this has now become a first-line 
therapy. 118 The 10-year survival rate for pentostatin was 96% 


and 100% for Cladribine. 119 Five percent to 10% of patients 
who are resistant to medical therapy should be offered splenec¬ 
tomy as a salvage therapy. 

Myelodysplastic Syndrome. Agnogenic myeloid metapla¬ 
sia (AMM) or myelodysplastic syndrome (MDS) with myeloid 
metaplasia is a poorly understood disorder characterized by a 
fibrotic replacement of the bone marrow compartment with 
extramedullary hematopoiesis and massive splenomegaly. 120 
The pathophysiology of the disease is poorly understood but 
includes a nonclonal proliferation of fibroblasts making a 
dense fibrous stroma that fills the marrow space and con¬ 
tributes to hepatosplenomegaly and lymphadenopathy. This 
fibrous proliferation may be under control of secreted growth 
factors such as transformin growth factor-beta. 121 Other 
myeloproliferative diseases include polycythemia vera and 
essential or idiopathic thrombocytosis. 

The clinical symptoms and features of MDS relate to ane¬ 
mia and splenomegaly via direct mass effects or hyper¬ 
splenism. 122 Patients are usually in the fifth decade of life or 
older. They present with constitutional symptoms including 
weight loss and fatigue, as well as abdominal fullness and dis¬ 
comfort due to splenomegaly. Splenic infarctions can cause 
pain. Patients may present with bleeding due to thrombocy¬ 
topenia. Hepatomegaly is present in 50% to 75% of patients, 
and splenomegaly is present in virtually all patients. The mas¬ 
sively enlarged spleens in MDS are some of the largest spleens 
by weight in most clinical series. 

The combination of massive splenomegaly with increased 
blood flow via the enlarged spleen and hepatomegaly with 
fibrosis can lead to relative portal hypertension. Clinical symp¬ 
toms may be similar to portal hypertension from other causes 
including varices and ascites. The diagnosis is made by evalu¬ 
ation of peripheral blood smear that shows immature red cells 
with poikilocytes and tear-shaped cells. There can either be 
thrombocytopenia or thrombocytosis with platelet counts of 
greater than one million. Similarly, there may be leukopenia or 
elevated white cell counts similar to CML. Bone marrow 
biopsy often produces a hypocellular sample due to the fibrotic 
replacement of the marrow space. 

Treatment is generally targeted to palliate symptoms. 122 
Anemia and thrombocytopenia can be treated with transfu¬ 
sions. There is some role for alkylating agents and steroids, 
and in patients with thrombocytosis, hydroxyurea is of bene¬ 
fit. 123 Splenectomy is indicated for relief of significant symp¬ 
toms of hypersplenism or splenomegaly. 124 Hypersplenism is 
manifested by anemia and thrombocytopenia with increasing 
transfusion requirements. Patients who have significant pain 
and early satiety with massively enlarged spleens may benefit 
by removal of mass effect. Finally, MDS is a unique situation 
in which splenectomy may treat portal hypertension, decreas¬ 
ing variceal bleeding and possibly ascites. 125 

The Mayo Clinic has updated use of splenectomy over the 
past three decades for patients with myelofibrosis. 126 A total 
of 314 patients have been treated overall with 91 patients 
treated during the last 10 years. The primary indications for 
surgery were mechanical symptoms of compression due to 
massive splenomegaly in 49%, severe anemia in 25%, portal 
hypertension in 15%, and thrombocytopenia in 11%. The 
meaningful improvement in symptoms was observed in 30% 
to 50% of patients, but the overall complication rate was 
28% and there were 6.7% perioperative deaths. 126 Further¬ 
more, there is no clear overall impact on patient survival, dis¬ 
ease course, or the intramedullary manifestations of myeloid 
metaplasia after splenectomy. Given these results, all factors 
including severity of symptoms and comorbidities must be 
considered before recommending splenectomy for this hema¬ 
tologic disorder. 

Treatment strategies have changed in MDS in the past 
5 years. One new therapy is antiangiogenic therapy, and the 
other is immunosuppressive treatment. 122 There is an increase 
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in neovascularity of the bone marrow in patients with MDS, 
and vascular endothelial cell growth factor appears to play a 
prominent role in pathophysiology. Specific antiangiogenic 
therapy to block vascular endothelial growth factor (VEGF), 
including the recently reported trial of thalidomide, led to 
independence from transfusions in a subgroup of patients with 
MDS. Interest in immunosuppressive therapy in MDS 
occurred because the subset of these patients with refractory 
anemia has autoimmune pathophysiology. Young patients or 
patients with HLA-DR 15 appear to have autoimmune etiol¬ 
ogy and have responded to immunosuppressive therapy. A 
new treatment includes JAk2 inhibitors, as the 63% of 
myelodysplasias patients with a JAK mutation have a much 
higher incidence of splenomegaly. 127 

Metastatic Disease to the Spleen. The incidence of 
splenic metastases in autopsy studies of patients succumbing 
to malignancy ranges between 2.3% and 7.1%. 128 It is rare 
that splenic metastatic lesions are isolated disease. This can 
occur in colon cancer and ovarian cancer. In patients who have 
multiple areas of intra-abdominal malignancies, the most com¬ 
mon histologies are breast, lung, colorectal, ovarian, and 
melanoma. There can rarely be isolated metastasis that may be 
excised for increase in disease-free survival, particularly for 
colorectal cancer and melanoma. 129 Techniques to differenti¬ 
ate benign from malignant lesions include fine-needle aspira¬ 
tion biopsy, MRI with gadolinium contrast to assess enhance¬ 
ment patterns, and specific ultrasound techniques. 130 

Metabolic or Infiltrative Diseases. Gaucher disease is 
an autosomal recessive disorder with a deficiency in the lyso¬ 
somal hydrolase, a-glucosidase, encoded by chromosome 1. 
Gaucher disease is the most common lysosomal storage dis¬ 
ease. a-Glucosidase typically degrades sphingolipids like glu- 
cocerebroside. There is a markedly increased incidence of 
this disorder in Ashkenazi Jews. There are three types of this 
disease. Type I, the adult form, composes 99% of cases and is 
the one in which splenectomy was useful in the past. The 
defect in the acid u-glucosidase causes an accumulation of 
undegraded glycolipids that are taken up by the reticuloen¬ 
dothelial cells and result in infiltration of the spleen, liver, and 
bone marrow. The most common symptoms of this disease 
relate to hypersplenism as well as direct effects of massive 
splenomegaly. Thrombocytopenia with bleeding problems or 
anemia causing fatigue are the most common effects of hyper¬ 
splenism. Patients also may have such massive spleens that 
they have early satiety and weight loss due to gastric com¬ 
pression. 

The diagnosis can be confirmed by the measurement of acid 
a-glucosidase activity in peripheral white blood cells or cul¬ 
tured fibroblasts. Now that the genetic abnormality is known, 
patients can be screened by molecular techniques to identify 
carriers. Prenatal diagnosis is also available by amniocentesis 
or chorionic villous sampling. 

In the past, treatment has included supportive care with 
platelet transfusions as well as erythrocyte transfusions. 
Splenectomy was frequently performed for advanced cases, 
and in this disease a significant experience with partial splenec¬ 
tomy was developed in the early 1990s. 131-133 The goals of the 
subtotal splenectomy are partially to prevent the complica¬ 
tions of overwhelming postsplenectomy sepsis and to partially 
protect the liver and bone marrow by leaving a residual splenic 
fragment for continued deposition of lipid. In this disease, the 
technique to safely perform partial splenectomy leaves a small 
residual upper pole fragment vascularized from the short gas¬ 
tric vessels. 

Recently, it has been established that enzyme replacement 
with purified placental acid u-glucosidase is safe with good 
efficacy. Patients receive enzyme intravenously, 30 to 60 units 
per kg every other week, and the symptoms and signs are typ¬ 
ically reversed. A recombinant a-glucosidase (alglucerase) is 


now available for therapy, and the role of splenectomy has 
been displaced by medical management. 


INCIDENTAL SPLENECTOMY 


In a large series evaluating reasons for splenectomy from 
Barnes Hospital and Brigham and Women’s Hospital, the sin¬ 
gle most common indication for removing the spleen was inci¬ 
dental during a procedure for nonsplenic pathology. 37,38 This 
was primarily because removal of an adjacent organ or tumor 
required removal of the spleen either for completeness of 
resection or because of removal or ligation of the splenic vas¬ 
culature. In this large series, more than 26% of the splenec¬ 
tomies performed over a 10-year period were incidental 
splenectomies (Table 73.7). 37 The actual primary treatments of 
those various disease entities in adjacent organs are subjects of 
multiple other chapters within this textbook, but a few com¬ 
ments can be made regarding the reasons for splenectomy and 
whether it is always appropriate. 

The one common indication for an incidental splenectomy 
is during removal of the distal pancreas. For decades, the stan¬ 
dard procedure when a distal pancreatectomy was performed 
was to include a splenectomy. The reason for splenectomy is 
that the splenic vein is intimately associated with the undersur¬ 
face of the pancreas and has many direct branches to the pan¬ 
creatic parenchyma. The splenic artery generally is superior to 
the pancreatic border and could be preserved, but because of 
removal of the splenic vein and for completeness of the resec¬ 
tion, an en bloc resection of the distal pancreas and spleen is 
typically performed. Because of the interest in splenic preserva¬ 
tion due to the incidence of postsplenectomy infection, two dif¬ 
ferent approaches have been used to remove the distal pancreas 
without removing the spleen. The more technically challenging 
operation is a distal pancreatectomy with preservation of the 
splenic artery and vein. This can be performed if there is a rel¬ 
atively small amount of invasive tumor or benign neoplasia in 
which the splenic vein can be dissected away from the pancre¬ 
atic tissue, tying multiple side branches and then dividing the 
pancreatic parenchyma leaving the splenic vessels intact. The 
second spleen-preserving distal pancreatectomy involves liga¬ 
tion of the splenic artery and vein but preservation of short gas¬ 
tric vessels and using those vessels as collateral inflow and out¬ 
flow to maintain splenic viability. A recent report demonstrated 
no increased risks of preoperative complications or morbidity 
with this approach. 134 Removal of the distal pancreas with 
splenic preservation has also been recently reported as a laparo¬ 
scopic procedure as well. 135 For patients with tumors that man¬ 
date removal of the lymph nodes of the splenic hilum or with 
direct association of the tumor with splenic parenchyma, it is 
more appropriate to do an operation based on neoplastic prin¬ 
ciples and perform a distal pancreatectomy with splenectomy. 
In other indications, if the anatomy is appropriate and the com¬ 
pleteness of tumor resection is not compromised by splenic 
preservation, it is certainly possible. 

Additional procedures in which it is quite common to per¬ 
form a splenectomy include proximal gastric cancers. The 
importance of complete nodal dissection in long-term results 
in gastric resections has been debated for several decades. A 
report from Japan noted that in 20% of proximal gastric can¬ 
cers there were positive splenic hilum nodes identified as level 
X lymph nodes. 136 These authors emphasize the need to per¬ 
form associated splenectomy for grossly positive nodal disease 
in the splenic hilum. A long-term retrospective review from 
Memorial Sloan-Kettering Cancer Center noted that in 23% 
of gastrectomies in which complete resection of cancer was 
accomplished, adjacent organs had to be removed, the most 
common being the spleen. 137 There was long-term survival in 
this patient population, but it was emphasized that this aggres¬ 
sive surgery should be used only when removal of all gross dis¬ 
ease is achieved. 138 A recent randomized study from Korea 
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showed no benefit in doing a splenectomy if splenic hilum 
nodes were grossly normal. 139 

Other tumors of the left upper quadrant and retroperi- 
toneum that may require splenectomy include large renal cell 
carcinomas, left adrenal tumors, and retroperitoneal sarcomas 
that can infiltrate into the spleen. Often splenectomy is useful 
to provide adequate exposure to cleanly dissect bulky disease 
posterior to the spleen. Although the asplenic state does make 
patients susceptible to infections (see previous Hyposplenism), 
there should be no hesitation to remove the spleen in those set¬ 
tings to achieve the appropriate complete resection. 


IATROGENIC SPLENECTOMY 


An uncommonly discussed area of spleen surgery is removal or 
preservation of the iatrogenically traumatized spleen during 
unrelated abdominal operations. Procedures in which mobiliza¬ 
tion of the left upper quadrant such as reflection of the spleen 
and pancreas medially to expose retroperitoneal tissue, left 
adrenalectomy, and left nephrectomy put the spleen at risk. 140 
Simple mobilization of the splenic flexure of the colon can lead 
to bleeding from the inferior pole of the spleen that can be diffi¬ 
cult to control. The ligaments that go directly from the omen¬ 
tum to the capsule of the spleen are the most common cause of 
iatrogenic splenic trauma as retraction of the omentum for 
exposure can strip the splenic capsule from the organ. A 
national database on antireflux procedures of 86,411 patients 
reported an incidence of iatrogenic splenectomy of 2.3%, which 
is 1,987 iatrogenic splenectomies for that indication alone. 141 

Probably the best data for the incidence of iatrogenic 
splenectomy comes from the recently reported series from Van¬ 
derbilt, which listed 73 iatrogenic splenectomies over a 10-year 
period or an average of 7 per year. 38 This constituted 8.1% of 
all splenectomies performed during that time interval. There 
are likely more minor or moderate injuries to the spleen during 
unrelated operations in which the spleen was not removed but 
was repaired or salvaged. Just as in trauma to the spleen, the 
techniques of splenorrhaphy can be used to preserve the 
spleen. A recent report indicates that use of a mesh wrap splen¬ 
orrhaphy even in the setting of bowel surgery does not lead to 
an increased incidence of infection. 43 For minor capsular dis¬ 
ruption, the use of the argon beam coagulator for surface 
cautery is a helpful technique. 

Two large recent reports have evaluated the incidence and 
effects of inadvertent splenic injury during colectomy. The 
Mayo Clinic surveyed 13,897 colectomies and found 59 
splenic injuries (0.42%). Most of these occurred during mobi¬ 
lization of the splenic flexure. 142 The 30-day morbidity rate for 
this subgroup of patients was 34%, and the mortality rate was 
17%. There were no clear episodes of sepsis. A second large 
study from the California Cancer Registry of almost 42,000 
patients showed that there was a similar rate of inadvertent 
splenectomy of 0.58%. 143 This was associated with a distal 
transverse colon or splenic flexure primary and increased the 
length of hospital stay by 37.4%. It also increased the proba¬ 
bility of perioperative death to 40%. 

The primary teaching point regarding iatrogenic injuries is 
that the best way to preserve the spleen is to not damage it in 
the first place. This requires caution in mobilizing tissue in and 
around the spleen as well as visual inspection of the attach¬ 
ments of the spleen prior to blunt mobilization. Whenever pos¬ 
sible, the spleen should be preserved to decrease the risk of 
postsplenectomy sepsis. 


DIAGNOSTIC SPLENECTOMY 


Splenectomy is sometimes necessary for diagnosis in an other¬ 
wise asymptomatic patient. The situation in which splenec¬ 
tomy may be needed to make a diagnosis includes when a mass 


TABLE 73.10 


FINAL PATHOLOGIC DIAGNOSES IN 122 SPLEENS 
REMOVED FOR DIAGNOSTIC PURPOSES 


Total number of diagnostic splenectomies 122 

Indication-Splenic mass 52 

Lymphomas 17 

Metastatic cancer 14 

Carcinoma 12 

Sarcoma 2 

Benign 20 

Cysts 11 

Hamartoma 3 

Hemangioma 3 

Other 3 

Indication-Splenomegaly 41 

Lymphoma 24 

Benign lymphoid proliferation 5 

Benign vascular 4 

Granulomatous disease 4 

Infarction/hemorrhage 4 

Indication-Categorize lymphoma 29 

Malignant (successful) 28 

Benign 1 


Adapted from Thomsen RW, Schoonen WM, Farkas DK, et al. Risk 
for hospital contact with infection in patients with splenectomy: a 
population-based cohort study. Ann Intern Med 2009;151:546-555. 


lesion is identified within the spleen on CT scan, ultrasound, or 
MRI scan for which a definitive diagnosis cannot be made radi¬ 
ographically. Another example is when patients have either pal¬ 
pable spleens on physical examination or enlarged spleens by 
scan and otherwise have no clear disorder. Table 73.10 lists the 
final pathology diagnoses in spleens removed for these two 
indications over a 10-year period in two major academic med¬ 
ical centers. 37 In that series, a total of 122 diagnostic splenec¬ 
tomies were performed; 52 were for splenic mass, and 41 were 
for splenomegaly with no other clear diagnosis. An additional 
29 were done to further characterize a known hematologic 
malignancy. 

Of the patients who had an isolated splenic mass, 60% had 
malignant lesions and 40% had benign lesions (Table 73.10). 37 
Most of the malignant lesions were lymphoma, with another 
large group of metastatic carcinomas including some in which 
the primary diagnosis had not been made previously. There 
were two patients with metastatic sarcoma to the spleen. Of 
the benign diagnoses, more than half were cysts and there were 
also splenic hamartomas and splenic hemangiomas. 

In the diagnosis of an isolated splenic mass, most of these 
lesions could have been diagnosed by a fine-needle aspiration 
biopsy. Certain of these lesions such as the cystic lesions or the 
hemangiomas have a classic appearance on gadolinium- 
enhanced MRI scan, which can be used to sort out mass 
lesions without tissue biopsy. Although there may be some 
hesitation to do fine-needle aspiration biopsies on splenic 
lesions due to the risk of bleeding, for most mass lesions this 
would have made the diagnosis, and with the exception of 
splenic hemangiomas, essentially all of these lesions could be 
aspirated without any significant consequence. 

The second diagnostic indication for splenectomy is unex¬ 
plained splenomegaly. In this series over 10 years there were 
41 cases, or 4 cases per year at these two hospitals in which a 
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massively enlarged spleen was removed purely for diagnosis. 37 
Most of these (58%) turned out to be lymphoma. The remain¬ 
ing 42% were split relatively evenly between benign lymphoid 
proliferation, benign vascular lesions, and granulomatous dis¬ 
ease, as well as splenic infarction and hemorrhage. The role of 
fine-needle aspiration and other percutaneous biopsies for 
splenomegaly is limited as there is considerable risk of bleeding 
for this indication, and there would be a very low yield in terms 
of being able to make that diagnosis by that form of biopsy. 

Staging laparotomy for Hodgkin disease is a diagnostic 
procedure that is infrequently necessary in current practice. A 
standard practice for pathologic staging between 1960 and 
1990 was performance of a staging laparotomy in most 
patients with Hodgkin disease. The reason to perform this 
invasive procedure was based on reports that laparotomy 
altered the clinical stage of disease in approximately 35% of 
patients. Of these patients, approximately two thirds, or 20% 
to 25%, were up-staged to a more advanced level by staging 
laparotomy, and approximately one third, or 10% to 15%, 
were down-staged to a lower clinical level based on laparo¬ 
tomy results. Since the treatment of Hodgkin disease depended 
on accurate staging (i.e., early stages were treated differently 
than more advanced stages), the staging laparotomy was 
essential in determining the proper therapeutic intervention 
for patients with Hodgkin disease. 

Staging laparotomy was performed via an upper abdominal 
midline incision. 144 This included exploration of the entire 
abdomen for any abnormal lymph nodes, including nodes 
identified by lymphogram. Even if no abnormalities were 
found, multiple tissues were removed for pathologic assess¬ 
ment (Fig. 73.12). This included removal of the spleen, bilobar 
hepatic wedge resections, bilobar hepatic core biopsies, and 
multiple lymph nodes samplings. Lymph nodes were typically 
removed from the porta hepatis area, the celiac region, the 
splenic hilum, the periaortic region, and the bowel mesentery. 


If any iliac lymph nodes were palpated, they were removed as 
well. The spleen removed during a staging laparotomy for 
Hodgkin disease was sliced at 3 to 4 mm thicknesses, and any 
suspicious nodule, particularly in the white pulp, was exam¬ 
ined microscopically for the presence of Hodgkin disease. 

There are several reasons why the incidence of performing 
staging laparotomy has decreased over the past two 
decades. 145 The primary reason is that it no longer alters treat¬ 
ment of Hodgkin disease. The treatment of patients with 
stages IB, IIB, IIIB, IVB, IIIA, and IVA Hodgkin disease almost 
always involves systemic chemotherapy. Accurate pathologic 
staging makes no impact on the treatment outcome or treat¬ 
ment decisions. The only patients who may theoretically bene¬ 
fit from staging laparotomy at present are patients with stage 
IA or IIA Hodgkin disease who typically may receive treat¬ 
ment with radiation therapy. Even in this subgroup of patients 
there is a trend toward not performing staging laparotomy. 
First, many oncologists use combination chemotherapy even 
for early stage disease. Second, for patients who were treated 
with radiation therapy alone for stage IA and IIA disease, it 
has been demonstrated in several recent clinical series that the 
ultimate outcome is equivalent whether these patients undergo 
staging laparotomy or whether they are treated initially with 
radiation therapy. 146,147 The reason is that if these patients 
recur outside of the radiation field during long-term follow-up, 
salvage can be obtained with systemic chemotherapy. Third, 
performance of staging laparotomy is a major abdominal 
operation with potential for morbidity and the treatment for 
the Hodgkin disease must be delayed for 4 to 6 weeks. Finally, 
there are data that patients who survive Hodgkin disease and 
receive combination chemotherapy are at increased risk for the 
development of a secondary malignancy that is primarily 
acute, nonlymphocytic leukemia (ANLL). 148,149 In some series, 
the risk of developing ANLL is increased up to tenfold in 
patients who have undergone splenectomy as part of their 


FIGURE 73.12. The tissues to be re¬ 
moved or to undergo biopsy in a stag¬ 
ing laparotomy for Hodgkin disease. 
Splenectomy, liver biopsy, and lymph 
node sampling in the specific sites are 
shown. Bone marrow biopsy can be 
done if necessary. 
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staging workup for Hodgkin disease compared to patients 
undergoing similar chemotherapy regimens who did not 
undergo splenectomy. For all of these reasons, this procedure 
that also accounted for a large number of the splenectomies 
performed in major tertiary referral centers and cancer centers 
is rarely performed now. 


VASCULAR DISORDERS 
OF THE SPLEEN 


Vacular problems with the spleen that can require splenectomy 
include both venous and arterial problems. The most common 
is splenic vein thrombosis; splenectomy in this setting is typi¬ 
cally curative in sinistral portal hypertension. Splenic artery 
aneurysms are one of the more common visceral aneurysms 
and also can be an indication for splenectomy. 


Splenic Vein Thrombosis 

Splenic vein thrombosis is an unusual cause of upper gastroin¬ 
testinal hemorrhage that can be cured by splenectomy. The 
pathophysiology of this disease is an isolated thrombosis of 
the splenic vein as it traverses along the posterior pancreatic 
body and tail. After thrombosis, splenic venous outflow is 
diverted to the short gastric vessels as the main collateral 
venous outflow. This increased flow via the short gastric veins 
leads to a high pressure with a dilatation of the submucosal 
venous plexus primarily in the gastric cardia and fundus and 
development of gastric varices. 150 

The cause of the splenic vein thrombosis does not typically 
involve any pathology of the spleen, but rather, typically pathol¬ 
ogy of the pancreas and possibly the stomach. Pancreatitis or 
pancreatic pseudocyst is the cause of splenic vein thrombosis in 
more than 50% of patients in most series. Pancreatic carcinoma 
with direct invasion and infiltration of the splenic vein is the sec¬ 
ond most common cause. Other unusual causes may be a pene¬ 
trating gastric ulcer posteriorly or retroperitoneal fibrosis. 

The diagnosis is made in patients who have upper gastroin¬ 
testinal bleeding with only gastric varices on endoscopy. 
Because there is no portal venous hypertension and no cirrho¬ 
sis of the liver, there are no esophageal varices. The spleen may 
or may not be enlarged, but again there are no other signs and 
symptoms of cirrhosis. Definitive diagnosis in the past has 
been made by a celiac angiogram, which demonstrates absence 
of the splenic vein with collateral flow via the gastric veins. 
MR angiograms/venograms as well as high-resolution ultra¬ 
sound can also make the diagnosis. 

Splenectomy is curative as it removes the blood flow via the 
splenic artery through this organ. This removes all the excess 
collateral flow that leads to the venous hypertension, and the 
associated symptoms resolve. Whenever splenic vein thrombo¬ 
sis is diagnosed, even if the patient has not had an episode of 
bleeding, elective splenectomy should be performed as a pro¬ 
phylactic measure. 

Patients with portal hypertension and cirrhosis or partial 
vein thrombosis have a complex collection of symptoms that 
include hypersplenism with splenomegaly, thrombocytopenia, 
and anemia. However, the operative risk associated with por¬ 
tal vein hypertension is excessive, and splenectomy is virtually 
never indicated in this setting. 


Splenic Artery Aneurysm 

Splenic artery aneurysm is uncommon, though it is the second 
most frequent abdominal artery to undergo aneurysmal 
changes. 151 Splenic aneurysms occur twice as often in women as 
in men. Patients can be divided into two distinct groups. First, 


there are elderly patients whose aneurysms are manifestations 
of atherosclerosis. Second, some young women have an appar¬ 
ent congenital predisposition to form splenic artery aneurysms. 
In these women, there is an increased risk of rupture of these 
aneurysms during pregnancy. Inflammatory processes such as 
pancreatitis may involve the splenic artery and occasionally lead 
to aneurysm but more frequently lead to acute bleeding. 

Splenic artery aneurysms are typically asymptomatic and 
may be initially identified as a widened rim of calcification in 
the left upper quadrant defining the aneurysm boundaries. 
They may also be discovered as incidental findings on CT scan. 
If symptomatic, patients experience left upper quadrant pain, 
nausea, and vomiting. The presence of symptoms suggesting 
pending aneurysmal rupture indicates urgent splenectomy 
with ligation of the splenic artery. 

When a calcified atherosclerotic splenic artery aneurysm is 
discovered in a patient older than 60 years of age with no 
splenomegaly and no symptoms, surgical excision is not indi¬ 
cated and the aneurysm may be followed for evidence of enlarge¬ 
ment. In younger patients who have an asymptomatic aneurysm 
identified, particularly young women of childbearing age, an 
elective splenectomy is recommended to prevent rupture. Non- 
surgical approaches include embolization of the splenic artery in 
patients who are poor risks for open laparotomy. 152 


MISCELLANEOUS INDICATIONS 
FOR SPLENECTOMY 


Splenectomy is performed relatively infrequently for a miscella¬ 
neous collection of indications including splenic cysts, infectious 
cysts, and splenic abscesses. The wandering spleen is a normal 
spleen that lacks ligamental attachments to keep it in the left 
upper quadrant. This can present in various ways from an undi¬ 
agnosed mass to torsion of the splenic hilum causing acute pain. 


Cysts of the Spleen 

Splenectomy is performed as described previously often for 
hematologic malignancies including multiple forms of leukemias 
and lymphoma, primarily for symptoms of hypersplenism or 
splenomegaly or as a staging procedure. Splenectomy for pri¬ 
mary neoplasms of the spleen is an infrequent indication. These 
primary neoplastic processes are listed in Table 73.11. 

Hemangioma is the most common benign primary neoplasm 
of the spleen. It is often an incidental finding and may be solitary 
or multiple. During operation, it can be identified as a more 
intensely bluish-purple colored lesion when seen from the sur¬ 
face compared to the reddish-purple color of the splenic 
parenchyma. The hemangiomas can be identified with excellent 
sensitivity and specificity by MRI characteristics. It is not advised 
to biopsy a lesion that may be a splenic hemangioma. 153,154 
Hemangiomas of the spleen rarely cause symptoms, but massive 


TABLE 73.1 1 


PRIMARY NEOPLASMS AND CYSTS OF SPLEEN 

Hemangioma 

Hemangioendothelioma 

Lymphangioma 

Pseudotumor 

Mycobacterial pseudotumor 
Hamartomas 
Primary cyst 
Echinococcal cyst 
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hemangiomas can either rupture spontaneously or make the 
spleen more susceptible to a traumatic rupture. In cases of mas¬ 
sive hemangioma with capsular distention and pain, either a 
splenectomy or partial splenectomy may be helpful. 

Hemangioendothelioma is a slightly more aggressive neo¬ 
plasm than the typical benign hemangioma. Pathologically it is 
an intermediate benign hemangioma and malignant angiosar¬ 
coma. It does not seem to have metastatic potential and gener¬ 
ally is an incidental finding. Larger lesions can cause symptoms 
or be noted for their size and rupture either spontaneously or 
with minor trauma. 

Lymphangiomas also occur in the spleen and are much less 
common than hemangiomas. They can be multiple or solitary 
and can be identified by a lighter color and compressibility 
when seen in surgery. 

Two mass lesions that occur in the spleen that are not true 
neoplasms are hamartomas and inflammatory pseudotumors. 
Hamartomas are focal developmental abnormalities that occur 
in spleen and other solid organs such as the liver. Hamartomas 
contain normal cellular elements and are nonneoplastic but 
have a random fibrotic organization. 155 The major significance 
of hamartomas is that they are identified either at laparotomy 
as incidental findings or they are seen as incidental lesions on 
CT scans done for other reasons. 156 Inflammatory pseudotu¬ 
mors are described throughout most organs and have also been 
described in the spleen. These sometimes are quite large with a 
wide variety of reactive cells. A subcategory of inflammatory 
pseudotumors of the spleen are related to mycobacterial infec¬ 
tion, particularly in HIV-positive patients. There have been 
reports of primary splenic pregnancy, which is considered the 
rarest site of ectopic pregnancies. 

Cysts of the spleen are almost uniformly unrelated to para¬ 
sitic infection. They are also relatively common lesions seen 
across all age groups and may be multifocal. The diagnosis of 
splenic cysts can be ascertained by ultrasound or CT scan. 
These benign lesions have no clinical significance unless they 
reach a large size. The first reported case of a successful elective 
splenectomy was done for a splenic cyst. This was an enormous 
cyst at the tip of the spleen and was believed to be an ovarian 
mass and found to be arising from the spleen at laparotomy 
(Fig. 73.13). Today a cyst enucleation or partial splenectomy 
for peripheral cystic lesions that are large and symptomatic 
would be sufficient. An alternative approach is unroofing the 
cyst and leaving a portion of the cyst wall in place; this can be 
done laparoscopically. 157 

The only parasitic cyst involving the spleen is from 
Echinococcus granulosus or a hydatid cyst. The incidence of 



FIGURE 73.13. The visceral surface of a spleen with a true congeni¬ 
tal splenic cyst. 


echinococcal cyst in the spleen compared to the liver is a ratio 
of approximately 30:1. However, the spleen is the third most 
common site of echinococcal cysts behind the liver and 
lung. 158 Diagnosis should be suspected in patients in areas 
where echinococcal disease is common such as New Zealand, 
Australia, and parts of the western United States. The comple¬ 
ment fixation test is the most reliable serologic study for this 
organism. The treatment of echinococcal cysts can include 
splenectomy. As with echinococcal cysts of the liver, it is of 
utmost importance not to rupture the cyst and expose the 
patient to the scoleces. For large and peripheral cysts in which 
risk of rupture is high, the contents of the cyst should be care¬ 
fully aspirated and replaced with hypertonic saline. 159 In a 
recent report from Greece, surgeons preserved 8 of 19 spleens 
with echinococcal cysts by doing partial splenectomy. 158 


Abscess of the Spleen 

Splenic abscess is an uncommon but important disease because 
it is associated with a significant mortality rate and may be 
cured by splenectomy. 160 In most series, the mortality rate 
ranges between 40% and 100%. 161 The typical patient has 
hematogenous seeding of the spleen by bacteria from a remote 
source such as endocarditis or from intravenous drug abuse. 162 
There may be in some cases direct spread of infection from 
adjacent intra-abdominal sources. Finally, splenic trauma 
treated conservatively may eventually result in an infected 
splenic hematoma. In 80% of cases, there is an additional 
source of infection in locations other than the spleen, and in 
only 20% of cases is the splenic abscess the sole source of sep¬ 
sis identified. Enteric organisms account for two thirds of the 
splenic abscesses and staphylococcus and streptococcus cause 
the remainder of the cases. 

The patients present with signs and symptoms of sepsis 
including fever, malaise, and leukocytosis. When the spleen is 
the sole site of infection, patients have significant left upper 
quadrant tenderness and guarding. Abdominal X-ray views 
may show gas in the spleen, and an ultrasound or CT scan with 
contrast can be diagnostic to show an abscess with reactive rim. 

Splenectomy is the treatment of choice for patients who can 
undergo a laparotomy and who have the splenic abscess as an 
isolated or prominent component of septic syndrome. If the 
spleen is the only site of infection, removal of the spleen should 
be curative and result in the recovery of the patient. If patients 
have multiple sites of infection or are too sick to undergo 
laparotomy, percutaneous drainage of splenic abscesses may 
be attempted, but this is often not successful because of 
spillage and accumulation of infection in the left upper quad¬ 
rant of the abdomen. 


Ectopic Spleen (Wandering Spleen) 

Ectopic spleens, or the so-called wandering spleens, occur 
because of either extreme laxity or absence of the normal liga¬ 
ments that attach the spleen to the left upper quadrant. This 
allows the spleen to drop to the lower abdomen in either the 
right lower quadrant or left lower quadrant by the force of 
gravity, though still attached by its vascular pedicle. 163 This 
condition of a wandering spleen occurs thirteen times more 
frequently in women than in men. The wandering spleen pre¬ 
sents most commonly in adults but can cause symptoms in 
children. 164 The diagnosis may be made by palpable lower 
abdominal mass confirmed by CT scan or a nuclear imaging 
spleen scan finding of splenic tissue. The ectopic spleen creates 
symptoms typically when there is torsion of the pedicle caus¬ 
ing acute ischemia and acute pain. The treatment for a wan¬ 
dering spleen as an incidental finding at laparotomy or if the 
torsion can be corrected and the spleen appears to be viable is 
to do a splenopexy, affixing it to its native position in the left 
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upper quadrant. If the spleen is infarcted, a splenectomy must 
be performed. 165 The wandering spleen is ideally suited for 
laparoscopic splenectomy as it is generally free from ligaments 
or attachments to other organs. 166 


SPLENECTOMY 


The choices of operations available currently to approach the 
spleen in an elective manner are open splenectomy, laparoscopic 
splenectomy, or partial splenectomy. Table 73.12 lists indications 
for splenectomy and whether a partial splenectomy is indicated. 
Certain principles apply to all patients undergoing elective 
splenectomy. First, all patients should receive appropriate preop¬ 
erative vaccination with Pneumovax and possibly also vaccina¬ 
tion against Haemophilus influenza and Neisserian meningococ¬ 
cus 10-14 days prior to the procedure if possible. Patients must 
have appropriate blood products ready as often patients are ane¬ 
mic and thrombocytopenic due to hypersplenism. 

The operative technique for open splenectomy involves either 
a midline abdominal incision or a left subcostal incision. For 
patients with massive splenomegaly, defined as greater than 
1,500 g in adults and greater than 1,000 g in children, a long 
midline incision should be used. 167 The components of the 
splenectomy include division of the avascular lateral and poste¬ 
rior attachments to mobilize the spleen, ligation of the short gas¬ 
tric vessels separating the upper half of the spleen from the 
greater curvature of the stomach, and ligation of splenic hilar 
vessels in a controlled manner to avoid injury to the pancreatic 
tail. One approach, particularly for small spleens that are 



FIGURE 73.14. Lateral mobilization permits the spleen to reach the 
surface of a midline wound despite the presence of intact hilar vessels. 


mobile, is to initially divide the lateral attachments and place 
packs in the left upper quadrant to elevate the spleen and then 
proceed with the vascular dissection (Fig. 73.14), but this should 
be discouraged particularly in patients who are thrombocy¬ 
topenic or patients with massive splenomegaly. In this situation, 


TABLE 73.12 | 

OPERATIVE INDICATIONS FOR SPLENECTOMY 


■ NEED FOR 

■ PARTIAL 

■ DISEASE 

SPLENECTOMY 

SPLENECTOMY 

Hereditary spherocytosis 

Always 

Yes 

Hereditary elliptocytosis 

Sometimes 

Yes 

Thalassemia 

Sometimes 

Yes 

Sickle cell anemia 

Rarely 

No 

Wiskott-Aldrich 

Sometimes 

No 

Autoimmune hemolytic anemia 

Usually 

No 

Autoimmune neutropenia 

Sometimes 

No 

Immune thrombocytopenia purpura 

Usually 

No 

Thrombotic thrombocytopenia purpura 

Sometimes 

No 

Hairy cell leukemia 

Rarely"* 

No 

Chronic lymphocytic leukemia 

Sometimes 

No 

Chronic myelogenous leukemia 

Sometimes 

No 

Non-Hodgkin lymphoma 

Sometimes 

No 

Angiogenic myeloid metaplasia 

Sometimes 

Yes 

Mastocytosis 

Rarely 

No 

Gaucher 

Rarely"* 

Yes 

Hodgkin disease 

Rarely^ 

No 

Splenic vein thrombosis 

Always 

No 

Splenic abscess 

Usually 

No 

Splenic cyst 

Rarely 

Yes 

Echinococcal cyst 

Always 

No 

^Splenectomy rarely indicated in current practice because of effective medical therapy. 

^Splenectomy rarely indicated because of change 

in current therapy. 
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the splenectomy should start by obtaining vascular control 
before manipulating the spleen and leading to capsular tears and 
significant blood loss. 

The preferred operative approach in patients with 
splenomegaly 168 and hypersplenism is to first divide the attach¬ 
ments of the left lateral segment of the liver and retract this to 
the right side of the abdomen, exposing the greater curvature of 
the stomach. Then starting at the midportion of the greater cur¬ 
vature of the stomach, the branches of the left gastroepiploic 
artery and vein including short gastric vessels are ligated 
sequentially, completely dissociating the stomach from the 
superior portion of the spleen (Fig. 73.15). Through this win¬ 
dow into the lesser sac created by dissecting the short gastric 
vessels, the splenic artery can be identified at variable locations 
along the superior border of the pancreas. A loop of this tortu¬ 
ous artery at its most superior or cranial portion is safest as at 
those points it is farthest away from the splenic vein as well as 
away from pancreatic parenchyma. The artery may be simply 
ligated once or twice with heavy silk ties at that location and 
does not need to be divided. By dividing short gastric arteries as 
well as ligating the main splenic artery, the vast majority if not 
all of blood flow into the spleen is controlled prior to even 
touching the spleen to mobilize it. If capsular disruption 
occurs, the amount of blood loss then is greatly minimized. Fol¬ 
lowing vascular control, the lateral and posterior attachments 
are divided and the spleen is elevated to near the level of the 
abdominal wall musculature ventrally. The splenic hilum can 
then be dissected, tying vessels in a controlled manner. 

For patients with ITP, platelets should not be given until the 
spleen is either removed or at least until the arterial inflow is 
controlled, because of clearance of transfused platelets by the 
spleen in this disease. Similarly, for this disease as well as other 
diseases in which the spleen is the site of platelet or blood cell 
destruction, it is important to identify and remove accessory 
spleens. Most of the accessory spleens occur in the splenic 
hilum, though they can also occur in the omentum, along the 
superior border of the pancreas, in the bowel mesentery, and 
in the pelvis in some situations. The incidence of accessory 
spleens identified during open splenectomy is between 15% 
and 30%. 

Partial splenectomy can be performed based on the segmen¬ 
tal blood supply to the spleen. The spleen is mobilized with 
good visualization. The inferior segmental arteries are gener¬ 
ally ligated, and the artery and veins are ligated as a predemar¬ 
cation of blood flow to the spleen. The splenic parenchyma is 
then transected, and the cut surface bleeding can be controlled 
using materials that induce coagulation or the argon beam 
coagulator. 169,170 

For the past 5 to 10 years, the standard approach for an elec¬ 
tive splenectomy in most large centers has become a laparoscopic 
approach. 36,171,172 Even patients with massive splenomegaly can 
now have laparoscopic splenectomy with use of a hand port. In 
one recent series, there were no conversions in 16 consecutive 
patients with massive splenomegaly. 173 Another series noted a 
higher incidence of conversion to an open procedure when the 
spleen has weighed more than 2,000 g. 174 

The technique of laparoscopic splenectomy begins with the 
patient either supine with a roll under the hip to prop the left 
side of the abdomen up approximately 30 degrees, or in the 
lateral decubitus position. The omental, inferior attachments 
and the short gastric vessels are divided, often with a powered 
dissection instrument. It has been reported that careful expo¬ 
sure of the splenic hilum with the direct ligation of the vessels 
is a much safer technique than division of the hilum with sta¬ 
ples without precise vessel dissection. 175 Once the vessels are 
ligated, the spleen is placed into a large plastic bag and 
brought to the most convenient port for careful morselization. 
This can allow removal of the spleen without having to enlarge 
the port incisions and without fracture and spillage in the 
abdomen. Laparoscopic resection has extended to include 
massive splenomegaly 176 and partial splenectomy. 177 




FIGURE 73.15. Technique for elective splenectomy. A: The inferior 
pole is reflected laterally by the assistant’s fingers, exposing the lower 
edge of the hilar peritoneal envelope. B: The hilar peritoneum is 
opened, here shown progressing from inferior to superior. C: Individ¬ 
ual vessels are identified and suture ligated. 
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Virtually all indications for splenectomy can be approached 
laparoscopically. 178 Laparoscopic splenectomy has been 
reported for removal of the wandering spleen. 179 In this indica¬ 
tion it is actually a much easier operation as the spleen is free and 
the hilum is exposed. Accessory spleens may be identified less 
frequently and consequently left in place more often with a 
laparoscopic approach. The use of lymphoscintigrams after 
failed splenectomy can identify accessory spleens. The removal 
of accessory spleens can be done laparoscopically as well; adding 
a hand port for palpation assists in this type of procedure. 180 

Radiofrequency ablation is a new technique added to treat¬ 
ment of splenic disorders. 181,182 Radiofrequency ablation was 
developed in the mid-1990s primarily to treat liver lesions. 
There are various commercial products that essentially destroy 
tissue indiscriminately by heating to 100°C. The largest expe¬ 
rience is with either primary or metastatic tumors in the liver, 
but this has also been used in treatment of bone metastasis, 
kidney lesions, lung lesions, and breast cancer. Recent reports 
indicate that radiofrequency ablation probes can be used suc¬ 
cessfully as a minimally invasive technique to treat splenic dis¬ 
orders such as thalassemia. There also may be a role for 
radiofrequency ablation to treat trauma to the spleen as a way 
to control severe injuries. 182 
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SURGICAL ENDOCRINOLOGY 

CHAPTER 74 BREAST DISEASE 

TARI A. KING AND MONICA MORROW 


KEY POINTS 


Q Screening mammography reduces breast cancer mortality 
by 20% to 30% and increases the likelihood of breast- 
conserving surgery. 

Q Needle biopsy is the preferred method of diagnosing 
both palpable and nonpalpable breast masses. A benign 
needle biopsy diagnosis of a clinically or mammogra- 
phically suspicious mass is an indication for surgical 
biopsy. 

Q The most common causes of pathologic nipple discharge 
are a solitary papilloma (60%) or duct hyperplasia (15% 
to 20%), followed by ductal carcinoma in situ in 5% to 
20% of patients. 

Q If aspiration of a breast cyst yields nonbloody fluid and the 
mass resolves, no further therapy is needed; whereas if the 
fluid is bloody, the palpable abnormality does not resolve 
completely, or the same cyst recurs multiple times, biopsy 
to exclude malignancy is required. 

Q A dominant breast mass should not be dismissed as a cyst 
unless the diagnosis is confirmed by ultrasonography or 
aspiration of fluid. 

Q Mutations in the susceptibility genes BRCA1 and BRCA2 
are present in 5% to 10% of women with breast cancer. 
They should be considered in women diagnosed before age 
40 years and those with a family history of two or more 
relatives in the same bloodline with breast cancer, or in the 
presence of breast and ovarian cancer, bilateral breast can¬ 
cer, or male breast cancer in the family. 

Q The use of tamoxifen for 5 years in high-risk pre- or post¬ 
menopausal women results in an approximately 50% 
reduction in risk for invasive and noninvasive breast cancer. 


The use of raloxifene in postmenopausal women for 5 
years has a similar effect and fewer side effects. 

Q Improvements in local control rates of greater than 10% at 
5 years through the use of radiotherapy after lumpectomy 
or mastectomy are associated with improved breast cancer- 
specific and overall survival at 15 years. 

Q There is no difference in survival for patients with invasive 
breast cancer treated with mastectomy and those treated 
with lumpectomy and radiotherapy. 

© For breast-conserving therapy to be successful in the treat¬ 
ment of invasive breast cancer, three conditions must be 
met. It must be possible to (a) reduce the tumor burden to 
a microscopic level likely to be controlled by irradiation, 
(b) safely deliver radiation therapy, and (c) promptly detect 
local recurrence. 

© Radiation therapy leads to an approximately 75% reduc¬ 
tion in local recurrence after breast conservation therapy. 
Subgroups of women with invasive cancer not requiring 
radiation, other than women over age 70 with small, estro¬ 
gen receptor-positive tumors, have not been reproducibly 
identified. 

© Regardless of the technique of sentinel node biopsy used, a 
sentinel node will be identified in 95% of breast cancer 
patients and will predict the status of the remaining axil¬ 
lary nodes in about 90% of cases. 

© Locally advanced breast cancer includes T3 and T4 
tumors, those with extensive regional nodal involvement 
(N2 or N3), and inflammatory breast cancer, and should 
be treated with a combination of induction chemotherapy, 
surgery, and postoperative radiation therapy. 


ANATOMY 


The adult female breast lies between the second and sixth ribs 
and between the sternal edge and the midaxillary line (Fig. 74.1). 
Breast tissue frequently extends into the axilla as the axillary 
tail of Spence. Posteriorly, the upper portion of the breast rests 
on the fascia of the pectoralis major muscle; inferolaterally, it 
is bounded by the fascia of the serratus anterior. Bands of 
fibrous tissue, known as Cooper ligaments , extend from the 
fascia to the fibrous tissue of the dermis and support the 
breast. The size of the adult female breast varies widely among 
individuals, and there is considerable discrepancy in breast size 
between the breasts of an individual woman. This is rarely a 
sign of breast disease. The breast is composed of skin, subcu¬ 
taneous tissue, and breast tissue. The breast tissue includes 
both epithelial parenchymal elements and stroma. The epithe¬ 
lial component comprises about 10% to 15% of the breast 
mass, with the remainder being stroma. Each breast consists of 
15 to 20 lobes of glandular tissue that are supported by a 
framework of fibrous connective tissue. The space between 


lobes is filled by adipose tissue. Variations in breast size are 
accounted for by differences in the amount of adipose tissue in 
the breast rather than the epithelial elements. Much of the 
epithelial tissue of the breast is found in the upper outer quad¬ 
rant, which is why this is the most frequent site of both benign 
and malignant breast disease. 

The lobes of the breast are subdivided into lobules, which 
are made up of branched tubuloalveolar glands. Each lobe 
ends in a lactiferous duct, 2 to 4 mm in diameter. Beneath the 
areola, the lactiferous ducts dilate into lactiferous sinuses and 
then open through a constricted orifice onto the nipple 
(Fig. 74.2). 

The nipple is located over the fourth intercostal space in 
the nonpendulous breast and is surrounded by a circular, pig¬ 
mented areola. Beneath the nipple and areola are bundles of 
radially arranged smooth muscle fibers that are responsible 
for the erection of the nipple in response to a variety of stim¬ 
uli. The nipple and areola contain sebaceous glands and apoc¬ 
rine sweat glands, but no hair follicles. In addition, the tuber¬ 
cles of Morgagni are nodular elevations formed by the 
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FIGURE 74.1. The adult female breast. The upper and medial por¬ 
tions of the breast rest on the pectoralis major muscle, and the infero- 
lateral portion rests on the serratus anterior. 


openings of the Montgomery glands at the periphery of the 
areola. These glands are capable of secreting milk and are 
believed to represent an intermediate stage between sweat and 
mammary glands. The nipple and areolar region, as well as 
the remainder of the breast, is richly supplied with sensory 
innervation. 



FIGURE 74.2. The breast consists of 15 to 20 lobes of glandular tis¬ 
sue. Within each lobe, the lobules are composed of branched tubu- 
loalveolar glands. Each lobule ends in a lactiferous duct. These ducts 
dilate into lactiferous sinuses beneath the nipple. 


The blood supply of the breast is derived from the internal 
mammary and lateral thoracic arteries. The medial and central 
portions of the breast receive their major blood supply from 
anterior perforating branches of the internal mammary artery, 
and the upper outer quadrant is primarily supplied by the lat¬ 
eral thoracic artery. In general, the venous drainage of the 
breast follows the arterial supply. 


LYMPHATIC DRAINAGE 


The lymphatics of the breast are thin-walled, valveless vessels 
that drain unidirectionally except when obstructed by inflam¬ 
matory or neoplastic disease. The superficial subareolar lym¬ 
phatic plexus drains primarily the skin of the breast and the 
nipple and areola, in addition to some of the central portion of 
the gland. This plexus is interconnected with the deep lym¬ 
phatic plexus, which drains most of the breast parenchyma. 
Injections of radioactively labeled colloid have demonstrated 
that about 97% of the lymphatic flow from the breast drains 
directly into the axillary lymph nodes, with the remaining 3% 
draining into the internal mammary nodes. 1 All quadrants of 
the breast drain into the axillary nodes. 

The axillary space is bordered by the axillary vein superi¬ 
orly, the latissimus dorsi laterally, and the serratus anterior 
medially (Fig. 74.3). The pectoralis major lies anterior to the 
axillary space, and the subscapularis comprises its posterior 
wall. Structures of clinical importance within this space 
include the long thoracic nerve, which innervates the serratus 
anterior; the thoracodorsal neurovascular bundle, which 
innervates and supplies blood to the latissimus dorsi; and the 
intercostobrachial nerves, which are sensory to the upper inner 
aspect of the arm. 



FIGURE 74.3. The axillary lymph nodes are divided into three levels 
by the pectoralis minor muscle. The level I nodes are inferior and lat¬ 
eral to the pectoralis minor, the level II nodes are below the axillary 
vein and behind the pectoralis minor, and the level III nodes are medial 
to the muscle against the chest wall. 
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The axillary nodes are embedded in fat and are variable in 
number. Surgeons have traditionally divided the axillary nodes 
into three levels: level I nodes, inferior and lateral to the pec- 
toralis minor; level II nodes, behind the pectoralis minor and 
inferior to the axillary vein; and level III nodes, medial to the 
pectoralis minor and against the chest wall. The interpectoral 
(or Rotter) nodes are located between the pectoralis major and 
minor muscles along the lateral pectoral nerve. Involvement of 
this node group in the absence of axillary metastases is 
extremely rare, 2 and thus they are of limited clinical signifi¬ 
cance. The supraclavicular nodes are contiguous with the apex 
of the axilla. Metastatic involvement of this nodal group in the 
absence of extensive axillary disease is also uncommon, 
although direct lymphatic drainage to this node group occurs 
occasionally. 

The internal mammary nodes are located in the first six 
intercostal spaces within 3 cm of the edge of the sternum. The 
highest concentration of internal mammary nodes is found in 
the first three intercostal spaces. 3 


PHYSIOLOGY 


Development of the Breast 

Breast development is controlled by a large number of hor¬ 
monal and biochemical factors. In the female, estrogens 
interact with the primordial breast bud to promote ductal 
development, whereas in the male, the interaction of andro¬ 
gen with the breast bud results in destruction of the epithelial 
component. In the female, ductal elongation and branching 
begin in puberty and are regulated by pituitary growth hor¬ 
mone, which may act through insulinlike growth factor I 
locally. 4 In addition, the presence of estrogen and progesterone 
is required to stimulate DNA synthesis. This effect is believed 
to occur through both receptor-mediated and paracrine path¬ 
ways. 

Changes in breast size and shape begin at puberty and are 
secondary to growth of both the glandular and stromal ele¬ 
ments of the breast. Russo and Russo 5 have described three 
types of breast lobules related to a woman’s parity and 
menopausal status. The type 1 (or virginal) lobule consists of 
a cluster of 11 alveolar buds around a terminal duct; it is the 
predominant lobule in nulliparous and postmenopausal 
women. Type 2 lobules contain an average of 47 alveolar 
buds, and type 3 lobules have 80, at which time they are 
referred to as ductules or alveoli. In parous women, type 3 
lobules predominate, with a peak frequency in the early 
reproductive years until they begin to decline in the fourth 
decade of life. Cells within these lobules have been shown to 
proliferate at different rates, the rate being 10 times higher in 
type 1 than in type 3 lobules, and three times higher in type 
1 than in type 2 lobules. The presence of estrogen receptor-u 
(ER-a) and the progesterone receptor within these lobules is 
directly proportional to the rate of cell proliferation. 6 These 
differences in cell proliferation may explain some of the dif¬ 
ferences in breast cancer risk observed on the basis of parity 
and age at first birth (see section on breast cancer risk 
factors). 

The cyclic increases in estrogen and progesterone that 
occur in the menstrual cycle also influence the gross and 
microscopic character of the breast. Many women experience 
increased breast fullness, nodularity, and sensitivity in the 
premenstrual period. During the follicular phase of the men¬ 
strual cycle (days 4 through 14), epithelial proliferation 
occurs, with epithelial sprouting and an increased mitotic 
rate. During the luteal phase of the cycle (days 15 through 
28), when progestins predominate, proliferation is maximal, 
with ductal dilation and differentiation of the alveolar epithe¬ 
lial cells to secretory cells. This results in the formation of 
lipid droplets in the alveolar cells and some intraluminal 


secretion. With the onset of menstruation, secretory activity 
regresses secondary to epithelial apoptosis, or programmed 
cell death. 


Pregnancy 

Significant ductal, lobular, and alveolar growth occurs during 
pregnancy as a result of exposure to estrogen, progesterone, 
growth hormone, prolactin, and placental hormones. Clini¬ 
cally, this is manifested as breast enlargement, with associated 
dilation of the superficial veins and darkening of the nipple. At 
delivery, the breast may be three times the size of the nonlac- 
tating breast. Microscopically, lobular-alveolar differentiation 
to type 3 lobules begins in the first trimester, and the stromal 
elements of the breast are gradually replaced by the proliferat¬ 
ing glandular epithelium. During the third trimester, terminal 
differentiation of the epithelium results in the development of 
secretory cells that are able to synthesize and secrete milk pro¬ 
teins. Oxytocin induces myoepithelial proliferation and differ¬ 
entiation. 6 


Lactation and Involution 


After delivery, the sudden fall in estrogen and progesterone 
levels results in lactation. Prolactin, in conjunction with 
growth hormone and insulin, induces the production and 
secretion of milk. Initially, colostrum, a sticky serous fluid rich 
in growth factors, is secreted, followed by milk. Milk secretion 
is regulated by the pituitary production of oxytocin, which is 
released in response to neural reflexes activated by suckling. 

Following weaning, the secretory activity of the lactogenic 
epithelium gradually decreases. Retained secretory products 
are removed by phagocytosis, although ruptured alveoli con¬ 
taining milk may be clinically manifested as galactoceles. Atro¬ 
phy of glandular, ductal, and stromal elements results in a 
decrease in breast size. Withdrawal of the steroid hormones 
and growth factors of pregnancy and lactation results in apop¬ 
tosis of the terminally differentiated secretory cells of the 
epithelial lumen. As previously noted, however, type 3 lobules 
persist. 


Menopause 

After menopause, the breast undergoes regression. Type 1 lob¬ 
ules predominate, as in the breasts of nulliparous women. 
Overall, involution of the ductal and glandular elements of the 
breast occurs, and the breast becomes predominantly fat and 
stroma. With aging, a progressive decrease in the fat content 
and supporting stroma results in breast shrinkage and loss of 
contour. 


BREAST EXAMINATION 


A careful history is the initial step in a breast examination. 
Regardless of the presenting complaint, baseline information 
regarding menstrual status and breast cancer risk factors 
should be obtained. The basic elements of a breast history are 
listed in Table 74.1. In premenopausal women, knowing the 
date of the last menstrual period and the regularity of the 
cycle is useful in evaluating breast nodularity, pain, and cysts. 
Postmenopausal women should be questioned about the use 
of hormone replacement therapy, given that many benign 
breast problems are uncommon after menopause in the 
absence of exogenous hormones. Specific information about 
the patient’s presenting complaint is then elicited. A breast 
lump is most often the clinical problem that causes women to 
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TABLE 74.1 DIAGNOSIS 


MEDICAL HISTORY OF A BREAST PROBLEM 

GENERAL 

Age at menarche 
Number of pregnancies 
Number of live births 
Age at first birth 

Family history of breast cancer, including affected relative, 
age of onset, and presence of bilateral disease 

History of breast biopsies (and histologic diagnosis, if available) 
Premenopausal women 

Date of last menstrual period 
Length and regularity of cycles 
Use of oral contraceptives 
Postmenopausal women 
Date of menopause 
Use of hormone replacement therapy 
SPECIFIC 
Onset 
Duration 
Frequency 
Severity 

Relationship to menstrual cycle or use of hormone 
replacement therapy 


seek treatment and remains the most common presentation 
of breast carcinoma. Today, many women present for a 
breast examination after an abnormality has been identified 
on a screening mammogram. Although the majority of these 
lesions are not clinically evident, a careful physical examina¬ 
tion is an important part of the evaluation of a patient with 
an abnormal mammogram. Breast pain, a change in the size 
and shape of the breast, nipple discharge, and changes in the 
appearance of the skin are infrequent symptoms of carci¬ 
noma. The evaluation and management of these conditions 
are described in the section on clinical breast problems. For 
any breast complaint, the duration of the symptoms, their 
persistence over time, and their fluctuation with the men¬ 
strual cycle or relationship to exogenous estrogen should be 
ascertained. 


Technique 

A woman must be disrobed from the waist up for a complete 
breast examination. Although attention to modesty is appro¬ 
priate and a gown or drape should be provided, inspection is 
an important part of the examination, and subtle abnormali¬ 
ties are best appreciated by comparing the appearance of both 
breasts. The breast examination should be performed with the 
patient in both the sitting and supine positions, and care 
should be taken at all times to be gentle. The steps of a breast 
examination are illustrated in Figure 74.4. 

The breasts are initially inspected while the patient is in the 
sitting position with the arms relaxed. The size and shape of 
the breasts should be compared. If a discrepancy in size is 
noted, determine its chronicity. In many women, the breasts 





FIGURE 74.4. Breast examination. A: The patient’s ipsilateral arm is 
supported by the examiner to relax the pectoral muscle while the axil¬ 
lary nodes are examined. B: Bimanual examination of the breast in 
the upright position. C: Bimanual examination in the supine position 
with the arm raised over the head. 
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FIGURE 74.5. Breast asymmetry resulting from a benign phyllodes 
tumor. Skin changes are caused by pressure necrosis. 


are not identical in size, and the finding of small discrepancies 
in size is rarely a sign of malignancy. Differences in breast size 
of recent onset or progressive in nature, however, may be 
caused by both benign and malignant tumors and require fur¬ 
ther evaluation (Fig. 74.5). Alterations in breast shape, in the 
absence of previous surgery, are of more concern. Superfi¬ 
cially located tumors can cause bulges in the breast contour or 
retraction of the overlying skin. The skin retraction evident 
with superficial tumors may be caused by direct extension of 
tumor or fibrosis. Tumors deep within the substance of the 
breast that involve the fibrous septa (Cooper ligaments) can 
also cause retraction. Retraction is not itself a prognostic fac¬ 
tor except when it is caused by the direct extension of tumor 
into the skin, and for this reason, it is not a part of the clini¬ 
cal staging of breast cancer. 7 Although retraction is usually a 
sign of malignancy, benign lesions of the breast, such as 
granular cell tumors and fat necrosis, also cause retraction. 
Other benign causes of retraction include surgical biopsy 
and thrombophlebitis of the thoracoepigastric vein (Mondor 
disease). 

The skin of the breast and the nipples should also be care¬ 
fully inspected. Edema of the skin of the breast (peau d’or- 
ange ), when present, is usually extensive and readily apparent. 
Localized edema is frequently most prominent in the lower 
half of the breast and periareolar region, and is most noticeable 
when the patient’s arms are raised. Erythema is another sign of 
disease that is evident on inspection. It may be caused by cel¬ 
lulitis or abscess in the breast, but a diagnosis of inflammatory 
carcinoma should always be considered. 

Examination of the nipples should include inspection for 
symmetry, retraction, and changes in the character of the 
skin. The new onset of nipple retraction should be regarded 
with a high index of suspicion, except when it occurs imme¬ 
diately after cessation of breast-feeding. Ulceration and 
eczematous changes of the nipple may be the first signs of 
Paget disease. 

After inspection with the arms relaxed, ask the patient to 
raise her arms to allow a more complete inspection of the 
lower half of the breasts. A final inspection is made with the 
hands on the hips and the pectoral muscles contracted. 

The regional nodes are then examined with the patient 
upright. Assess the size, character (soft, tender, firm), and 
number, and note whether the nodes are matted. The axillary 
nodes are most readily examined with the ipsilateral arm sup¬ 
ported to relax the pectoral muscle (Fig. 74.4A). Bimanual 
examination of the breast is also carried out with the patient 
upright (Fig. 74.4B). 
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Complete the breast examination with the patient in the 
supine position and the ipsilateral arm raised above the head 
(Fig. 74.4C). Then systematically examine the breast tissue. 
Whether the examination is performed with a radial or a con¬ 
centric circular search pattern is unimportant, provided that 
the entire breast is examined. The examination should extend 
superiorly to the clavicle, inferiorly to the lower rib cage, 
medially to the sternal border, and laterally to the midaxillary 
line. 

One of the most difficult aspects of breast examination 
relates to the nodular, irregular texture of normal breasts in 
premenopausal women. Normal breasts tend to be most nodu¬ 
lar in the upper outer quadrants, where the glandular tissue is 
concentrated; in the inframammary ridge area; and in the sub¬ 
areolar region. Generalized lumpiness is not a pathologic find¬ 
ing. Comparing the breasts is often helpful in determining 
whether a questionable area requires further evaluation. When 
the patient notices a mass that is not evident to the examiner, 
she should be asked to indicate the area of concern. If uncer¬ 
tainty remains regarding the significance of an area of nodular 
breast tissue in a premenopausal woman, a repeat examination 
at a different time during the menstrual cycle may clarify the 
issue. If a dominant mass is identified, measure it and record 
its location, mobility, and character in the medical record. The 
evaluation of a breast mass is discussed in detail in the section 
on clinical breast problems. 


Screening Mammography 

A screening mammogram consists of two views of the breast 
(craniocaudal and mediolateral oblique), which are obtained 
in asymptomatic women in an effort to detect cancer in a pre- 
clinical state, when the likelihood of cure is higher. It is impor¬ 
tant that screening not be confused with a diagnostic workup, 
which is performed to evaluate a woman with a clinical breast 
complaint and is discussed in the section on diagnostic 
imaging. 

The ultimate measure of the effectiveness of a screening 
test is its effect on mortality. Eight randomized clinical trials, 
beginning with the Health Insurance Plan of New York study 
in 1963, have compared breast cancer mortality in women 
undergoing screening mammography at 1- to 2-year intervals 
with mortality in control populations. A 20% to 30% 
decrease in mortality has been demonstrated for screened 
women age 50 and older. 8 The benefit of screening in women 
ages 40 to 49 has been controversial. Many of the trials were 
not designed to allow a separate analysis of women in this 
age group, and mortality benefits were often not apparent 
until after 8 years or more of follow-up. A meta-analysis of 
women ages 40 to 49 in the randomized trials, however, sug¬ 
gests a 29% mortality reduction with screening in this age 
group. 9 

The mortality reduction from screening is achieved by iden¬ 
tifying abnormalities that cannot be detected on physical 
examination. These include microcalcifications and masses 
smaller than 1 cm in size, the usual clinical limit of detection. 
In addition to reducing breast cancer mortality, identifying 
smaller tumors increases the likelihood that a woman will be a 
candidate for breast-conserving surgery. In one study, only 
10% of women with tumors 2 cm or less in size had con¬ 
traindications to breast conservation, compared with 30% of 
women with tumors larger than 2 cm but less than 5 cm in 
size. 10 Current screening recommendations are for annual 
mammography for women age 40 and older. 

Screening mammography is a sensitive but nonspecific test, 
and only 20% to 30% of mammographically detected abnor¬ 
malities that are examined further are found to be malignant. 
Biopsies for clinically occult, benign lesions represent the 
major induced cost of screening. The positive predictive value 
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FIGURE 74.6. Mammographic masses. A: 
Spiculated mass with calcifications. B: Lobu- 
lated mass with indistinct posterior margin. 
C: Well-circumscribed mass. 




of a mammographic lesion varies with its appearance. For 
spiculated or stellate masses, the likelihood of malignancy is 
75%; this falls to 20% for lobulated masses with slightly 
irregular margins and to 5% for well-circumscribed masses 
(Fig. 74.6). The classification of calcifications has proved to be 
even more difficult. Calcifications are analyzed based on their 
size, number, distribution, and morphology; those that are 
irregular in size and shape, particularly when they have a 
branching pattern suggestive of a ductal distribution, are most 
likely to be malignant (Fig. 74.7). 

In an effort to standardize the reporting of mammo¬ 
graphic abnormalities, the American College of Radiology 
has created a breast imaging reporting and data system (BI¬ 
RADS). 11 The BI-RADS classification is listed in Table 74.2. 
Category 3 lesions are those with a less than 2% probability 
of malignancy, and short-interval follow-up usually consists of 
repeated imaging studies at 6 months. Category 4 lesions range 
in risk from 2% to 50%, and a decision regarding biopsy is 
based on the appearance of the lesion and the patient’s level of 
risk. 

The BI-RADS also includes a category 0, which is used 
when analysis is incomplete and additional studies, such as 
magnification views or ultrasonography, are needed before a 
final BI-RADS classification can be assigned. In practice, the 



FIGURE 74.7. Microcalcifications. The branching, irregular appear¬ 
ance is classic for ductal carcinoma in situ. 
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TABLE 74.2 CLASSIFICATION 


BI-RADS CLASSIFICATION OF MAMMOGRAPHIC ABNORMALITIES 


■ CATEGORY 

■ ASSESSMENT 

■ RECOMMENDATION 

1 

Negative 

Routine screening 

2 

Benign finding 

Routine screening 

3 

Probably benign finding 

Short-interval follow-up 

4 

Suspicious abnormality 

Definite probability of malignancy; 
consider biopsy 

5 

Highly suggestive of malignancy 

High probability of cancer; appropriate 
action should be taken 

BI-RADS, breast imaging reporting and data system. 


majority of abnormalities detected on screening mammogra¬ 
phy should undergo a diagnostic workup before biopsy. With 
additional views, the need for biopsy of benign lesions is 
often avoided, as illustrated in Figure 74.8, where what 
appears to be a mass lesion resolves with spot compression 
and magnification views. Sickles 12 reported that of 302 cases 
of calcifications felt to be equivocal (i.e., BI-RADS category 4) 
after a screening examination, 61% were shown to be benign 
on additional views. Even with lesions that are clearly malig¬ 
nant on a screening examination, additional views allow a 
better definition of the extent of the lesion for treatment 
planning. 


Biopsy Techniques for Lesions 
Detected on Screening 

After a physical examination has confirmed that a mammo- 
graphically detected abnormality is not clinically evident, a 


histologic diagnosis can be obtained by needle localization and 
excision, or an image-guided core biopsy. For many years, nee¬ 
dle localization with excision was the “gold standard” for the 
diagnosis of mammographic abnormalities. Recognition that 
the majority of mammographic abnormalities are benign, 
however, has resulted in the replacement of surgical biopsy 
with image-guided needle biopsy techniques. 

Mass lesions can be sampled under ultrasonographic or 
stereotactic guidance; calcifications generally require stereo¬ 
tactic guidance. A comparison of the results of stereotactic 
core biopsy and surgical biopsy demonstrates concordance 
rates of 71% to 99%. 13-15 Based on clinical experience, a 
number of circumstances in which a benign core biopsy 
should be followed by a surgical excision have been identified. 
These are listed in Table 74.3. The finding of atypical ductal 
hyperplasia on a core biopsy is associated with carcinoma in 
18% to 50% of cases, even when large vacuum-assisted 
biopsy devices are used. 15,24,25 The majority of these are intra¬ 
ductal carcinomas, but approximately one third are invasive 



FIGURE 74.8. Workup of abnormal screening mammogram. A: Craniocaudal view showing an increased density with a slightly spiculated 
appearance [arrow). B: Spot magnification view of the density demonstrating normal breast tissue. 
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TABLE 74.3 INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR SURGICAL BIOPSY AFTER CORE BIOPSY 

■ Atypical ductal hyperplasia 

■ Atypical lobular hyperplasia 16-18 

■ Radial scar 

■ Lobular carcinoma in situ 16-19 

■ Columnar cell hyperplasia with atypia 

■ Papillary lesions 20-23 

■ Lack of concordance between appearance of 
mammographic lesion and histologic diagnosis 

■ Nondiagnostic specimen (including absence of 
calcifications on specimen radiograph when biopsy is 
performed for calcifications) 


lesions. Similarly, radial scar has been found to be associated 
with coexistent carcinoma in 20% of cases. Lesions suspected 
of being radial scars are best approached initially with needle 
localization and excision. Columnar cell lesions with atypia 
warrant surgical excision due to their frequent association 
with tubular carcinoma. Approximately 80% of patients with 
tubular carcinoma have associated columnar cell lesions with 
atypia. 26,27 

Lack of concordance between the appearance of a mam¬ 
mographic abnormality and the histologic diagnosis obtained 
with core biopsy is an important indication for surgical biopsy. 
For example, the finding of a small amount of hyperplasia in a 
largely fatty specimen would not adequately explain a mass 
lesion identified on a mammogram. In addition, biopsies that 
reveal only fat, provide material insufficient for diagnosis, or 
lack calcifications on specimen radiography (if performed for 


that indication) must be repeated. An assessment of the cause 
of an insufficient sample (i.e., superficial location of the lesion, 
poor targeting, breast too thin after compression) will aid in 
determining if a repeated core biopsy is appropriate or if sur¬ 
gical excision is needed. 

For most mammographic abnormalities, core biopsy is a 
more cost-effective, less morbid diagnostic technique than 
needle localization and excision, and diagnosis by core 
biopsy increases the likelihood that local therapy will 
be completed with a single surgical procedure. 28,29 When 
needle localization and excision is indicated, the localizing 
wire should be placed within 1 cm of the lesion, and the inci¬ 
sion should be placed over the abnormality (Fig. 74.9). Inci¬ 
sions at the point of wire entry should be used only when the 
wire has a short course within the breast. Specimen radiog¬ 
raphy should be performed routinely to document removal 
of the target abnormality. The clinical approach to a patient 
with a mammographic abnormality is summarized in Algo¬ 
rithm 74.1. 


CLINICAL BREAST PROBLEMS 


Most breast complaints that cause a woman to seek medical 
attention are benign. The purpose of the evaluation of any 
breast problem is first to determine if it is caused by a benign 
or malignant condition. If the process is malignant, a prompt 
diagnosis with sufficient information to plan treatment is the 
goal. If the process is benign, reassurance and relief of trouble¬ 
some symptoms are the goals. Clinical breast problems can be 
divided into the general categories of breast pain, nipple dis¬ 
charge, breast masses, and breast infections. Each is associated 
with different causes and a different risk for malignancy, and 
each is considered separately. 



FIGURE 74.9. Incision placement for needle localization biopsy. A: The mammogram demonstrates that the lesion 
{arrow) is inferior to the point of wire entry. B: Incision placement inferior to wire entry to allow access to the lesion. 
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Abnormal screening mammogram 


Additional mammographic views ± ultrasound 


Physical exam 


Normal 

Classification of mammographic abnormality 

__ 


BI-RADS 1 or 2 


Routine 

screening 


BI-RADS 3 


6 month 
follow-up 
imaging 


Nondiagnostic 
or benign and 
nonconcordant 


Needle 
localization 
and excision or 
repeat core 


Abnormal 


BI-RADS 4 or 5 

Image guided 
core biopsy 


Benign 

concordant 


Follow-up 


ALGORITHM 74.1 


See Algorithm 74.2 
for palpable masses 


Malignant 


Therapy 


ALGORITHM 74.1. Diagnosis and management of mammographically detected breast lesions. A careful physical examination and a diag¬ 
nostic imaging workup must be performed before a decision is made about the need for biopsy. BI-RADS , breast imaging reporting and data 
system. 


Breast Pain 


Breast pain is a common problem that is rarely a presenting 
sign of breast carcinoma. Breast pain may originate from the 
breast itself or may be referred from extramammary struc¬ 
tures, such as the ribs, the vertebrae, or occasionally the teeth. 
Clinically, breast pain can be divided into two categories: 
cyclic and noncyclic. Cyclic breast pain waxes and wanes with 
the menstrual cycle, is frequently bilateral, and often involves 
the upper outer quadrants of the breasts with radiation to the 
axillae or down the arms. It tends to be most severe immedi¬ 
ately before the menses, but may persist throughout the 
month. In contrast, noncyclic pain occurs in postmenopausal 
women or, in premenopausal women, bears no relationship to 
the menstrual cycle. 

No specific hormonal abnormalities or histologic correlates 
have been identified in women with breast pain, but the 
problem is clearly hormonally related because it affects pre¬ 
menopausal women much more frequently than their post¬ 
menopausal counterparts. Breast pain is often precipitated by 
hormonal change, and a history of menstrual irregularity or a 
new medication should be sought. In the evaluation, it is 
important to ascertain whether fear of an underlying cancer or 


the need for pain relief is the patient’s primary concern. In 
almost all cases, fear of cancer predominates. A careful physi¬ 
cal examination should be performed to exclude a specific 
cause of the pain, particularly for focal, noncyclic mastalgia, 
which is occasionally secondary to the presence of a fibroade¬ 
noma or cyst and may be relieved by treatment of the underly¬ 
ing lesion. In women age 35 and older, a mammogram is usu¬ 
ally part of the evaluation of breast pain unless one has been 
obtained within the preceding year. In the vast majority of 
women with breast pain, examination and mammography 
demonstrate no evidence of breast disease. In these cases, 
reassurance that a malignancy is not the cause of the pain and 
a discussion of the normal physiology of the breast are usually 
all that is necessary. In the patient with persistent, localized 
pain, physical examination should be accompanied by imag¬ 
ing studies, including ultrasound, to exclude the presence of 
carcinoma. 

Approximately 5% of patients have disabling breast pain 
requiring further treatment. Several agents have been tested in 
randomized controlled trials; these include danazol (an anti¬ 
gonadotropin), 30 bromocriptine (a dopaminergic agonist), 31 
and tamoxifen (a selective estrogen receptor [ER] modula¬ 
tor). 32 Danazol, which appears to be more effective than 
bromocriptine, has a response rate of approximately 50% for 
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FIGURE 74.10. Mondor disease. Thrombophlebitis of the thora¬ 
coepigastric vein causes retraction of the lateral portion of the breast, 
which crosses to the midline at the inferior areolar margin and is 
accompanied by a palpable cord. 


cyclic pain at doses of 100 to 400 mg, but is recommended 
only for severe, activity-limiting pain because of its side effects, 
which include menstrual irregularity, acne, weight gain, and 
hirsutism. 33 In addition, women starting therapy with danazol 
should be advised to use barrier contraception because of 
potential teratogenicity and possible interference with oral 
contraceptives. Tamoxifen appears to be effective at doses of 
10 mg daily and has been used for 3- to 6-month intervals for 
the treatment of breast pain, but long-term use is not recom¬ 
mended because of its serious adverse effects (see later). Other 
agents, such as vitamins E and B 6 , diuretics, and avoidance of 
caffeine have failed to demonstrate a reduction in symptoms in 
controlled clinical trials. 34-36 Evening primrose oil, which con¬ 
tains the long-chain fatty acid y-linolenic acid, has also been 
proposed as therapy for cyclic breast pain, but clear evidence 
of its efficacy is lacking. Surgery should be avoided, even for 
apparently localized pain, because it rarely results in long-term 
pain relief. 

Mondor disease, or thrombophlebitis of the lateral thoracic 
or superior thoracoepigastric vein, is an uncommon cause of 
breast pain that is readily identified clinically by the presence of 
a tender, subcutaneous cord in the lateral aspect of the breast. 
Skin retraction may be associated (Fig. 74.10), which raises 
concern about the presence of carcinoma. Mondor disease may 
develop secondary to trauma, surgical procedures on the 
breast, or breast irradiation. In approximately 50% of cases, 
no predisposing condition can be identified. Mondor disease 
occurs occasionally in women with a nonpalpable breast can¬ 
cer, 37 and for this reason, a mammogram should be obtained in 
women age 35 and older who present with the condition. 
Mondor disease resolves spontaneously and requires no spe¬ 
cific therapy, although anti-inflammatory agents may be used 
for pain relief. 


Nipple Discharge 

Evaluation. Nipple discharge is a common complaint, par- 
ticularly in premenopausal women, and has a benign cause in 
approximately 95 % of women who present with it. The initial 


step in the evaluation of nipple discharge is to determine 
whether it is physiologic or pathologic. Discharges are consid¬ 
ered pathologic if they are spontaneous and localized to one 
duct; they may be bloody or serous and are almost always uni¬ 
lateral. In one study, 32% of women over the age of 60 who 
presented with pathologic nipple discharge and no mass had 
carcinoma, compared with 7% of women under age 60 with 
the same presentation. 38 In contrast, physiologic discharges 
occur only with nipple compression, frequently originate from 
multiple ducts, and are often bilateral. If the remainder of the 
breast evaluation is normal, patients with physiologic dis¬ 
charge should be advised to stop squeezing their nipples and 
be assured that no further therapy is needed. 

The clinical evaluation of a pathologic discharge should 
include testing the fluid for occult blood and identifying the 
quadrant of the breast from which the discharge originates. 
Although 70% to 85% of the discharges associated with car¬ 
cinoma contain blood, 39 a nonbloody discharge that meets the 
other criteria of a pathologic discharge is an indication for fur¬ 
ther evaluation. Cytology is not usually useful in the evalua¬ 
tion of nipple discharge because the absence of malignant cells 
does not reliably exclude carcinoma, and false-positive cyto¬ 
logic findings are not rare. 40 Mammography and ultrasonog¬ 
raphy should be performed and may identify nonpalpable 
masses, calcifications, or dilated ducts. The presence of imag¬ 
ing abnormalities in women with a pathologic nipple dis¬ 
charge increases the likelihood of malignancy 41 and biopsy of 
the abnormality should be performed. The role of galactogra- 
phy in the management of nipple discharge is controversial. 
Although ductal lesions are visualized in many women (Fig. 
74.11), biopsy is still required to determine whether they are 
benign or malignant, and a normal galactogram in a woman 
with a pathologic discharge does not reliably exclude the pres¬ 
ence of significant ductal disease. 40,42 Galactography or duc- 
toscopy (mammary endoscopy), 43 however, may be useful in 
identifying lesions in the periphery of the breast that would 
not be removed with a standard terminal duct excision, and in 
minimizing the portion of the ductal system that is removed in 
women of childbearing age. 

Galactorrhea, defined as the nonpuerperal discharge of 
milky fluid from both nipples, is not a sign of primary breast 
pathology. It should prompt a workup to exclude an underly¬ 
ing endocrine disorder, particularly a variety of amenorrhea 
syndromes that result in hyperprolactinemia. In addition, it 
may be secondary to hypothyroidism, pituitary adenoma, or 
chest trauma (including thoracotomy). A variety of medica¬ 
tions, including oral contraceptives, phenothiazines, tricyclic 
antidepressants, metoclopramide, and reserpine, also cause 
galactorrhea. Persistent galactorrhea in a patient not taking 
any of these medications should be evaluated with measure¬ 
ment of the prolactin level. A persistently elevated prolactin 
level should prompt a search for a pituitary adenoma, but if 
there is no evidence of an endocrine abnormality, these women 
may be followed without intervention. 

Q Etiology. The most common cause of pathologic discharge 
identified in surgical specimens is a solitary papilloma (about 
60% of cases); these lesions are most common in the major 
subareolar ducts. They consist of an epithelial layer covering a 
fibrovascular stroma. Peripheral papillomas are a distinctly 
different clinical entity in which multiple papillomas develop 
in the peripheral ducts of the breast. These lesions are less 
likely to produce nipple discharge and tend to present as a 
palpable or image-detected mass. 44 Duct hyperplasia, typical 
or atypical, is found in 15% to 20% of women undergoing 
duct excision for spontaneous nipple discharge, whereas duc¬ 
tal carcinoma in situ is found in 5% to 20%. 39,41 Invasive car¬ 
cinoma presenting as discharge alone is rare. Ductal ectasia 
may also cause nipple discharge, which is classically thick and 
opaque, and varies in color from pale yellow to blue-green. It 
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may be accompanied by periductal mastitis, causing nipple 
inversion, and mimic carcinoma. The discharge of ductal 
ectasia is sometimes mistaken for an infectious process, but 
the ducts are usually sterile. 45 

Management. When a pathologic discharge has been iden¬ 
tified, an attempt should be made to localize the source of the 
discharge within the ductal tree by galactography, or by duc- 
toscopy. If the intraductal lesion is centrally located, terminal 
duct excision, also called micro do chectomy , is the appropriate 
management. If the lesion is peripheral, it is necessary to local¬ 
ize it for excision, either by wire localization of the abnormal 
area on galactogram, or by ductoscopy immediately preceding 
the surgical excision. In a woman with clearly pathologic nip¬ 
ple discharge, it is reasonable to proceed with terminal duct 
excision even if radiologic investigations (including galactog¬ 
raphy) are normal. 40,42 Exceptions to this rule include women 
with a single, nonreproducible episode of discharge with normal 
imaging evaluation, and women with bloody nipple discharge 
during pregnancy. 

Terminal duct excision is carried out through a circumare- 
olar incision that includes a quarter to a third of the circum¬ 
ference of the areola. Duct removal should begin on the dermal 
surface of the nipple, as ductal disease often occurs in the 
proximal duct. The dilated duct is visualized after the subare¬ 
olar space has been entered and excised to a depth of 2 to 3 cm 
in the breast parenchyma. Identification of the diseased duct 
can be aided by inserting a lacrimal probe into the discharging 
ductal orifice, or the instillation of blue dye. If ductoscopy is 
performed before the duct excision, the outer cannula of the 
endoscope can be left in place to guide resection of the appro¬ 
priate segment of the duct. Patients should be warned that 
some nipple sensation may be lost after the procedure, in addi¬ 
tion to the ability to breast-feed. 


Breast Masses 

Definition. The first step in the evaluation of a woman with 
a complaint of a breast mass is to verify that a dominant mass 
is actually present. Dominant masses may be cystic or solid 
and are characterized by their persistence throughout the men¬ 
strual cycle. They may be discrete or poorly defined, but they 
differ in character from the surrounding breast tissue and the 
corresponding area in the contralateral breast. Often, what the 
patient perceives as a breast mass is actually a normal variant 


of breast tissue. In premenopausal women, the normal glandu¬ 
lar tissue of the breast is nodular, and patients often confuse 
such nodular glandular tissue with a dominant breast mass. 
Nodularity, particularly when it waxes and wanes during the 
menstrual cycle, is a physiologic process and not a predictor of 
breast disease. Morrow et al. 46 reviewed 605 women younger 
than 40 years of age who were referred for evaluation of a 
breast mass. Only 36% of the 484 masses detected by patient 
self-examination and 29% of the 121 masses detected by a pri¬ 
mary care provider were confirmed surgically. The differential 
diagnosis of a palpable breast mass includes macrocyst, 
fibroadenoma, prominent areas of fibrocystic change, fat necro¬ 
sis, and carcinoma. 

Cysts. Cysts are a common cause of dominant breast 
masses, with a peak incidence in women in their 40s and per- 
imenopausal years. Cysts are thought to result from cystic 
lobular involution; acini within the lobule distend to form 
microcysts, which in turn give rise to macrocysts. Clinically 
evident macrocysts are estimated to develop in 7% of Western 
women. 

Cysts are usually well demarcated from the surrounding 
breast tissue, mobile, and firm. It is often difficult to distin¬ 
guish a cystic from a solid lesion on physical examination, 
although cysts may fluctuate with the menstrual cycle, whereas 
solid lesions do not. Cystic lesions in postmenopausal women 
who are not on hormone replacement therapy are uncom¬ 
mon, and they should be regarded with a higher degree of sus¬ 
picion than those found in premenopausal women because 
they may be secondary to ductal obstruction by a malignant 
lesion. 

The initial step in the evaluation of a possible cyst is aspi¬ 
ration. If fluid is obtained that is not grossly bloody and the 
mass resolves completely, no further therapy other than a 
follow-up examination is needed. However, if the cystic fluid is 
bloody, the palpable abnormality does not resolve completely, 
or the same cyst recurs multiple times in a short time period, 
a biopsy to exclude the presence of a malignant lesion in the 
cyst wall is required. Cytologic examination of cyst fluid is of 
little value because intracystic carcinoma is rare and malig¬ 
nant cells are identified in fewer than 1% of cases. 47 The pres¬ 
ence of atypical cells, an indication for surgical biopsy, is not 
uncommon when cyst fluid is examined, and it may pose a 
dilemma when a patient’s cyst has resolved with aspiration, 
and the examination and mammographic findings are now 
normal. 


ENDOCRINE 











1252 


Part Two: Surgical Practice 


Palpable breast mass 
- Aspiration of fluid 


Bloody 


Surgical biopsy 


Nonbloody 


Mass resolves completely 

I 

Reexamine 4-8 weeks 


Symptomatic 


Mass does not resolve 

. I . 

Surgical biopsy 


No recurrence 


Cyst returns 


Ultrasound 
Simple cyst 


Reaspirate, if recurs again 
consider biopsy 


ALGORITHM 74.2 


Asymptomatic 

| 

Follow-up 


ALGORITHM 74.2. Diagnosis and management of cystic lesions. Bloody fluid on aspiration, failure of the mass to resolve completely, and 
prompt refilling of the same cyst are indications for surgical biopsy. 


Many patients present to the surgeon with a palpable 
mass and an ultrasonographic examination demonstrating 
that the mass is a simple cyst. If the cyst is symptomatic or 
alarming to the patient, it can be aspirated. Otherwise, 
because the diagnosis has been made, it can be left alone. 
Nonpalpable lesions that are proved to be simple cysts by 
ultrasonography do not require aspiration. The management 
of cystic lesions is summarized in Algorithm 74.2. A domi¬ 
nant breast mass should not be dismissed as a cyst unless the 
diagnosis is confirmed by ultrasonography or aspiration of 
fluid. 

Solid Masses 

Fibroadenomas. Fibroadenomas present most frequently in 
patients between the ages of 20 and 50 years. Their character¬ 
istic clinical presentation is that of a well-defined palpable 
mass that is rubbery in texture and mobile. Fibroadenomas 
present as multiple lesions in 10% to 15% of cases. Although 
they have a characteristic clinical appearance, a clinical diag¬ 
nosis of fibroadenoma is accurate in only one half to two 
thirds of cases. 48 In women younger than age 20, however, 
fibroadenomas account for 75% of breast biopsies. 

Fibroadenomas are thought to be the result of a minor 
aberration in the normal process of lobular development. Hor¬ 
monal factors appear to be important in their growth, as evi¬ 
denced by the clinical observation of the involution of 
fibroadenomas after menopause and their dramatic increase in 
size during pregnancy. In postmenopausal women receiving 
estrogen alone, fibroadenomas may increase in size relative to 
the surrounding breast parenchyma. 

Sonographic criteria for the diagnosis of fibroadenoma 
include a round or oval, well-circumscribed, solid mass with 
homogeneous, low-level internal echoes and intermediate 
acoustic attenuation. As many as 30% of fibroadenomas, how¬ 
ever, lack these “classic” features. 

In rare circumstances, fibroadenomas have been associated 
with carcinoma. More than 160 cases of associated cancers 


have been reported in the literature, including ductal carci¬ 
noma in situ, and infiltrating lobular and ductal carcinomas. 
Historically, it has been widely accepted that fibroadenomas 
do not confer an increased breast cancer risk. However, four 
population-based retrospective studies have shown a small 
(relative risk of 1.3 to 1.9) but significant increased risk for 
breast cancer development that persists over time. 49-52 This 
slight increase in risk should have no impact on the clinical 
management of fibroadenomas. Although fibroadenomas can 
be suspected on the basis of their characteristic clinical presen¬ 
tation, a final diagnosis cannot be made without histologic or 
cytologic confirmation. 

Fibrocystic Disease. Fibrocystic disease is a common term 
that is used to describe a variety of benign breast disorders. 
It is not a clinically meaningful term because it encompasses 
a heterogeneous group of processes, some pathologic and 
some physiologic, with widely varying cancer risks. The can¬ 
cer risks associated with benign breast disease are discussed 
in the section on breast cancer risk factors. The term fibro¬ 
cystic change is not a synonym for lumpy breasts and, if 
used at all, it should be reserved for women in whom a 
breast biopsy has demonstrated one of the histologic com¬ 
ponents of fibrocystic change. Frequently, when a breast 
biopsy is performed for vague areas of nodularity that lack 
mammographic or ultrasonographic correlates, a fibrocystic 
process is the diagnosis. 

Fat Necrosis. Fat necrosis in the breast may occur secondary 
to trauma, breast surgery, infection, or radiation therapy, 
although in approximately 50% of cases, no antecedent cause 
can be identified. Fat necrosis occurs most commonly in 
women with pendulous breasts and those who are over¬ 
weight. It is clinically significant in that on both physical 
examination and mammography, it may be indistinguishable 
from carcinoma. The lesions of fat necrosis are typically firm, 
painless, and poorly defined. Because fat necrosis usually 
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FIGURE 74.12. Oil cysts. The calcified rims of these cysts in a patient 
with a history of trauma are diagnostic. 


occurs in the superficial breast tissue, it may be accompanied 
by skin thickening, dimpling, or retraction. The mammo- 
graphic findings of fat necrosis include spiculated masses, 
microcalcifications, and architectural distortion. Only when 
the characteristic oil cyst, a circumscribed mass of mixed soft 
tissue density and fat with a rim that is often calcified, is pre¬ 
sent can an unequivocal diagnosis of fat necrosis be made 
radiographically (Fig. 74.12). In the absence of this finding or 
a clear history of trauma, biopsy is required to exclude the 
presence of malignancy. 

Diagnostic Imaging 

Mammography and Ultrasonography. When a clinical 
abnormality has been identified in a woman over age 40, a 
diagnostic mammogram should be obtained before a histo¬ 
logic diagnosis is attempted. Imaging studies are used to 
define the extent of a potential malignancy and to identify 
nonpalpable masses or associated calcifications elsewhere in 
the ipsilateral or contralateral breast that might influence 
definitive therapy. The decision to perform a biopsy, how¬ 
ever, is based on the clinical determination that a dominant 
mass is present, and nonvisualization of a mass on imaging 
studies should not dissuade the surgeon from performing a 
breast biopsy. In two reports, between 10% and 22% of 
patients with palpable breast cancer had tumors that were 
not visible by mammography. 53,54 Obtaining a diagnostic 
rather than a screening mammogram ensures that a marker 
will be placed on the area of palpable concern, so that the 
clinical and radiographic findings can be correlated. Identify¬ 
ing the site of a lesion also ensures that lesions at the periph¬ 
ery of the breast will be included on the film, which helps to 
eliminate one cause of false-negative mammograms. A diag¬ 
nostic mammogram also includes magnification views of the 
lesion, which are useful in determining the extent of any 
associated calcifications. 

The routine use of ultrasonography for the evaluation of 
solid palpable masses remains controversial. Studies of high- 
resolution ultrasonography have demonstrated that the tech¬ 


nique is more accurate and sensitive, and has a better negative 
predictive value than mammography alone. 55 If follow-up of a 
clinically benign lesion is being considered, ultrasonography is 
a useful adjunct to mammography, as discussed in the section 
on the clinical approach to the patient with a solid breast 
mass. In the patient with a clinically suspect mass who will 
undergo biopsy regardless of the results of imaging studies, 
ultrasonography provides a more accurate estimate of lesion 
size than mammography, 56 and it may also identify satellite 
lesions not identified on mammography. Ultrasonography is 
also useful in the woman with a palpable mass that is not 
clearly delineated on mammography; in such cases, it may help 
to define the extent of the lesion more completely than physi¬ 
cal examination alone. 

In women under age 40 presenting with a clinically unwor- 
risome breast mass, the rationale for mammographic imaging 
is less compelling because carcinoma is uncommon and the 
density of the breasts often obscures mass lesions. Directed 
ultrasonography allows the presence of a true mass lesion to 
be confirmed when the significance of a physical finding is clin¬ 
ically uncertain. 46 The presence of benign characteristics on 
ultrasonography also supports the use of a follow-up approach. 
In younger women with clinically suspect masses, mammogra¬ 
phy should be performed. 

Magnetic Resonance Imaging. Magnetic resonance imaging 
(MRI) of the breast is increasingly being used for clinical 
breast imaging. Initially it was hoped that MRI would reduce 
the number of biopsies done for benign breast lesions. How¬ 
ever, in a prospective study of 821 breast abnormalities iden¬ 
tified mammographically (404 malignant), the sensitivity and 
specificity of MRI for the diagnosis of carcinoma were 88% 
and 68%, respectively. 57 These findings indicate that a nor¬ 
mal MRI does not obviate the need for biopsy of a lesion that 
has suspicious clinical or mammographic features. 57 There is 
great interest in the use of MRI in women with known breast 
cancer to improve selection for breast-conserving therapy 
(BCT). In a meta-analysis of 19 studies involving 2,763 
breast cancer patients, MRI identified additional disease in 
16% of patients, resulting in a mastectomy or wider surgical 
excision that would not have been done otherwise. 58 It is not 
clear that these more extensive procedures are beneficial to 
patients. In one retrospective study, local recurrence rates did 
not differ between women selected for BCT with and without 
MRI. 59 A decrease in the need to convert from BCT to mas¬ 
tectomy, or a greater likelihood of obtaining negative mar¬ 
gins with a single excision have not been demonstrated in 
patients selected for BCT with MRI, 60 so the ultimate role of 
this technology in the patient with cancer remains to be 
determined. 

Other clinical applications of MRI are to detect an implant 
rupture and to look for a primary breast tumor in patients 
presenting with axillary adenopathy caused by metastatic 
tumor from an unknown primary site (see section on occult 
primary tumor presenting with nodal metastases). MRI also 
has a role in assessing the response of a tumor to preoperative 
chemotherapy is also under study. The role of screening MRI 
in women at very high risk of breast cancer development is 
discussed in the section on management of the high-risk 
woman. 

Biopsy Techniques for Solid Breast Masses. A variety of 
biopsy techniques are available to obtain a pathologic diagno¬ 
sis of clinically evident breast masses. Each has advantages and 
disadvantages, and no single technique is applicable to all clin¬ 
ical circumstances. 

Fine-needle Aspiration Biopsy. Fine-needle aspiration (FNA) 
cytology has a very high diagnostic accuracy rate in the hands 
of experienced clinicians and cytopathologists. In a review of 
31,340 procedures, 61 its sensitivity ranged from 65% to 98%. 
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TABLE 74.4 

TREATMENT | 

MANAGEMENT OF BREAST MASSES BASED ON FINE- 
NEEDLE ASPIRATION (FNA) DIAGNOSIS 

■ FNA DIAGNOSIS 

■ TREATMENT 

Malignant 

Definitive therapy 

Suspicious 

Surgical or core needle biopsy 

Atypia 

Surgical biopsy 

Benign 

Possible observation^ 

Nondiagnostic 

Repeated FNA or surgical biopsy 

a See discussion in text on clinical approach to the patient with a solid 

breast mass. 



In most series, false-positive rates are less than 1%, false¬ 
negative rates are below 10%, and the incidence of insuffi¬ 
cient specimens ranges from 4% to 13%. Small tumor size, 
fibrotic tumors, and certain histologic tumor types, such as 
infiltrating lobular, tubular, and cribriform carcinoma, have 
been associated with a higher likelihood of false-negative 
results. Most false-negative results are the consequence 
of sampling errors rather than misinterpretation by the 
cytopathologist. 

The advantages of FNA include its simplicity and quick¬ 
ness, low cost, low morbidity, and availability as an office pro¬ 
cedure. Because an unequivocal diagnosis of malignancy by 
FNA is reliable, treatment options can be discussed with the 
patient and definitive surgery can be performed without the 
need for a surgical biopsy. The management of breast lesions 
on the basis of FNA results is summarized in Table 74.4. 

Core Needle Biopsy. Core needle biopsy is another office 
diagnostic technique that is rapid, inexpensive, and relatively 
painless. A core needle biopsy differs from FNA in that a core 
of tissue is obtained for histologic examination, so that a more 
detailed characterization of the lesion is possible and the ade¬ 


quacy of the specimen can be evaluated at the time of the 
biopsy. In addition, the material can be evaluated by any 
surgical pathologist. A core biopsy specimen allows the 
determination of ER and HER2 status at the time of diagno¬ 
sis. False-negative results occur when the needle is deflected 
into the surrounding fat by a hard tumor mass. In practice, the 
selection of the type of needle biopsy (FNA or core) often 
depends on the availability of a cytopathologist and the sur¬ 
geon’s level of comfort with a cytologic diagnosis of malignancy 
without further histologic detail, although core biopsy is pre¬ 
ferred in patients who will receive neoadjuvant therapy. The dif¬ 
ference between an FNA specimen and a core needle specimen 
is illustrated in Figure 74.13. 

Excisional Biopsy. Excisional biopsy is the complete removal 
of a breast mass. It is definitive therapy for a benign breast 
mass and may also serve as a therapeutic lumpectomy if the 
specimen includes a margin of normal breast tissue around a 
malignant tumor. The adequacy of an excision cannot be 
assessed unless the margins of the specimen are inked. The use 
of orienting sutures in two margins of the specimen makes it 
possible to identify which margin contains tumor should the 
excision be incomplete; as a result, less normal breast tissue 
has to be removed in a repeated excision. In this era of breast- 
conserving surgery, orientation and inking of excisional breast 
biopsy specimens should be routine practice. 

However, diagnosis by needle biopsy techniques is reliable, 
more cost-effective than surgical biopsy, and avoids placement 
of an incision on the breast before definitive local therapy. For 
the vast majority of breast masses, needle biopsy is the pre¬ 
ferred diagnostic technique. 

Incisional Biopsy. Incisional biopsy is a diagnostic procedure 
reserved for masses that are too large to be completely excised. 
Today, the indications for incisional biopsy are few, because 
FNA or core needle biopsy can be used to make a diagnosis of 
breast cancer with less morbidity and at lower cost. 

Clinical Approach to the Patient with a Solid Breast Mass. The 
accuracy of physical examination alone to detect carcinoma is 
limited because the clinical characteristics of benign and 
malignant masses are not absolute, and a clinical diagnosis is 


FIGURE 74.13. Comparison of core 
needle biopsy specimen (A) and fine- 
needle aspiration specimen (B). Only 
the core specimen can demonstrate 
the architectural detail. 
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Palpable mass 


Mammogram 

+ 

Ultrasound 


FNA or core biopsy 


Nondiagnostic or benign Suspicious Malignant 


Surgical excision Excision with a margin of Definitive therapy 

normal tissue 


ALGORITHM 74.3 


ALGORITHM 74.3. Diagnosis and management of the patient with a clinically indeterminate or suspect solid breast mass. In this circumstance, 
imaging studies are insufficient to exclude malignancy, and tissue sampling is required. 


correct in only 60% to 85% of cases. 62,63 The difficulty of 
distinguishing benign from malignant lesions is greatest in 
young women, and the use of other studies to confirm the clin¬ 
ical diagnosis of a benign breast mass is essential before the 
patient is returned to routine follow-up. 

The extent of the workup necessary to exclude the presence 
of carcinoma varies with the degree of suspicion and the age of 
the patient. In the patient with a clinically suspect mass, 
regardless of age, diagnostic mammography and ultrasonogra¬ 
phy should be performed before a histologic diagnosis is 
sought. A needle biopsy (either aspiration cytology or core 
biopsy) is the preferred initial method of making a diagnosis, 
for the reasons discussed in the preceding section on biopsy 
technique. If a diagnosis of malignancy is obtained, treatment 
options are discussed with the patient. If a diagnosis of cancer 
is not obtained, excisional biopsy is undertaken because of the 
known false-negative rates of both FNA and core biopsy. This 
approach is summarized in Algorithm 74.3. 

In the woman with a clinically benign mass, management 
varies somewhat with age (Algorithm 74.4). In women under 
age 40, the first step is to determine if the patient wants the 
mass to be excised, regardless of the likelihood of malig¬ 
nancy. If so, imaging studies are not indicated because of the 
low risk for carcinoma in this age group. For the patient who 
desires follow-up, ultrasonography and FNA or core biopsy 
should be performed. If both confirm that the lesion has 
benign features, clinical follow-up can be undertaken, with 
regular monitoring of the lesion for a period of 1 to 2 years 
to confirm that carcinoma is not present. The combination of 
clinical examination, FNA, and ultrasonography provides an 
accurate differentiation between benign and malignant 
lesions in 95% of cases. 64 For this reason, in addition to the 
low risk for malignancy in this age group, follow-up is a safe 
approach. 

In patients over age 40, mammography and ultrasonogra¬ 
phy should be obtained before a decision about the need for 


excision or follow-up is made. If follow-up is chosen, needle 
biopsy is also performed. If the mass is visualized on mam¬ 
mography and appears benign, and if the needle biopsy is 
benign, the risk for carcinoma ranges from 0.6% to 3.4%. 65,66 
It must be emphasized that if any elements of the “triple test” 
cannot be evaluated (i.e., lesion not visualized on imaging 
studies, aspirate contains only blood and fat), these statistics 
do not apply. A follow-up approach to new breast lesions in 
women older than age 40 should be undertaken only by clini¬ 
cians with experience in the management of breast disease, 
and patients must be advised of the small, but real, possibility 
of a delay in the diagnosis of breast carcinoma. 


Breast Infections 


Breast infections can be classified as lactating or nonlactat- 
ing. Lactating infections are usually caused by Staphylococ¬ 
cus aureus , and are most common during the first 4 to 6 
weeks of breast-feeding or during weaning. They are caused 
by the proliferation of bacteria in poorly drained breast seg¬ 
ments, and present as cellulitis with fever, pain, redness, and 
swelling. Antibiotics are the first line of treatment, and 
breast-feeding should be continued to facilitate drainage of 
the engorged segment. Tetracycline, chloramphenicol, and 
ciprofloxacin should be avoided because they enter breast 
milk. If the infection fails to resolve, an abscess should be 
considered. When the breast skin is intact, repeated aspira¬ 
tion of the abscess combined with antibiotics is the preferred 
treatment. 67 When the skin is thinned, a small incision will 
facilitate drainage. 

In nonlactating women, a syndrome characterized by peri- 
areolar inflammation, sometimes associated with a purulent 
nipple discharge, which affects premenopausal women, is the 
most common form of breast infection. Periareolar abscess 
and mammary duct fistulas may develop secondary to this 
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Desires excision 


No further 
testing 


Surgical 

biopsy 


Age <40 


Desires observation 


Ultrasound FNA 


Atypical 
Malignant 

Repeat exam 
3 months 


Atypical 

Malignant 


Benign 


Age >40 


Mammogram 

+ 

Ultrasound 

Benign 

FNA 


Lesion not seen 
or worrisome 

Patient desire 

Acellular 

Atypia 

Malignancy 


Excise 


Excise 


Benign 


Repeat exam 
3 months 


ALGORITHM 74.4 


ALGORITHM 74.4. Diagnosis and management of clinically benign breast masses. The use of imaging studies varies according to age because 
carcinoma is infrequent in women under age 40. 


condition, and infection can be troublingly recurrent. Recur¬ 
rent periareolar abscess is associated with smoking, 68 appar¬ 
ently by promoting squamous metaplasia of the duct lining. 69 
Antibiotics that provide coverage for aerobic and anaerobic 
bacteria should be used in patients with periareolar inflamma¬ 
tion without abscess formation. Abscesses can be treated with 
aspiration. For patients with recurrent episodes of infection, 
terminal duct excision is indicated. 

Peripheral breast abscesses, which are less common than 
periareolar infections, should be treated with aspiration or 
incision and drainage. In any patient with a breast infection, 
particularly in older women, the possibility of an underlying 
malignancy should be considered. A biopsy should be per¬ 
formed on any apparent “infection” that fails to respond to 
appropriate antibiotics and drainage to exclude the presence 
of an underlying carcinoma. 


RISK FACTORS FOR 
BREAST CANCER 


Breast cancer is the most common cancer in American women, 
the second most common cause of cancer death, and a major 
cause of cancer death in most industrialized nations. Approxi¬ 
mately 180,000 cases of breast cancer and 41,000 breast can¬ 
cer deaths occur annually in American women. 70 Many factors 
that increase the risk for the development of breast cancer 
have been identified, and have become clinically important 
since the demonstration that chemoprevention can protect 
high-risk women from breast cancer (see section on manage¬ 
ment of the high-risk woman). Risk can be described as the 
absolute risk for the development of breast cancer, either over 
the lifetime (usually to age 90) or within a given time interval 
(e.g., 2.5% during the next 5 years). Risk may also be ex¬ 
pressed as a relative risk (RR), a comparison of the incidence of 
disease in a population having a particular risk factor with the 


incidence in a population lacking that risk factor. Understand¬ 
ing the clinical implications of RR requires knowledge of the 
absolute risk of breast cancer in the index population and, 
although it is a useful measure for research purposes, it is not 
particularly useful for the discussion of risk clinically. Risk 
information is best provided to patients as absolute risk within 
a given time period. 


Age 

The most common breast cancer risk factor is age. Half of a 
woman’s lifetime risk for breast cancer development occurs 
after age 65. Between the ages of 35 and 55, the risk for breast 
cancer development is only 2.5%, and the risk for breast can¬ 
cer death is only about one third of that. 71 The incidence of 
breast cancer across age groups has been fairly stable, 
although an increase in the number of young women in the 
population has resulted in an increase in the number of cases 
in this group, without a change in incidence rate. Breast cancer 
at a young age is more common in black women than in white 
women. At age 40, the incidence curves cross, and the disease 
becomes more common in white women. 


Family History 

There are two distinct types of risk associated with a family 
history of breast carcinoma. Approximately 20% to 30% of 
women with breast cancer have a family history of the disease, 
but only 5% to 10% have an inherited mutation in a breast 
cancer susceptibility gene. 72,73 Distinguishing between familial 
and true hereditary breast cancer is important because the 
associated level of risk varies widely. 

The majority of cases of genetic breast cancer are caused by 
mutations of BRCA1 and BRCA2. Mutations of either of 
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ITABLE 74.5 



RESULTS | 

ESTIMATED LIFETIME CANCER RISKS FOR BRCA1 AND BRCA2 MUTATIONS (TO AGE 70) 

■ TYPE OF CANCER 

■ GENERAL 
POPULATION (%) 

■ BRCA1 
CARRIER (%) 

■ BRCA2 
CARRIER (%) 

Breast cancer 

8.0 

40-85 

40-85 

Contralateral breast cancer 

0.5-1/y 

40-65 

40-65 

Male breast cancer 

0.1 

1-5 

5-10 

Ovarian cancer 

1.4 

30-45 

10-20 

Modified from Isaacs C, Peshkin BN, Lerman C. Evaluation and management of women with a strong 
family history of breast cancer. In: Harris JR, Lippman ME, Morrow M, et al., eds. Diseases of the Breast, 

3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2004:316. 


these genes carry a lifetime risk for breast cancer development 
of 37% to 85%, 74,75 a high risk of contralateral breast cancer, 
and an increased risk for ovarian cancer. Although the risk for 
ovarian cancer is elevated with mutations of both BRCA1 
and BRCA2, it is greater in carriers of the BRCA1 mutation. 
In BRCA2 families, the risk for male breast cancer, prostate 
cancer, and pancreatic cancer is increased. 76,77 These muta¬ 
tions can be inherited from both maternal and paternal rela¬ 
tives, and are summarized in Table 74.5. The carrier 
frequency of these mutations varies with the population 
under study. The frequency of BRCA1 mutations is between 1 
in 500 and 1 in 800, and the frequency of BRCA2 mutations 
is lower in the general population. In persons of Ashkenazi 
Jewish descent, however, two specific mutations of BRCA1 
(185delAG and 5382insC) and one BRCA2 mutation 
(6174delT) occur with a background frequency of 2.3%. 74 
These are known as founder mutations , thought to arise from 


common ancestry, and have been identified in other ethnic 
populations in Iceland, France, Russia, Holland, Sweden, and 
Belgium. 

Features of the family history that suggest mutations in 
BRCA1 or BRCA2 include having two or more relatives 
affected with early-onset breast or ovarian cancer, or both, 
with involvement of two or more generations in a pattern 
consistent with autosomal dominant inheritance. This can be 
through maternal or paternal relatives. A typical pedigree is 
shown in Figure 74.14. The likelihood of a mutation also 
varies with ethnic ancestry. For example, in an Ashkenazi 
Jewish family with two cases of breast cancer and one case of 
ovarian cancer, the chance of a BRCA1 mutation is 75%, but 
in a non-Ashkenazi family with the same history, the proba¬ 
bility is only 33%. 78 Models have been developed and vali¬ 
dated to assist clinicians in estimating the probability of a 
mutation. 79 
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FIGURE 74.14. Pedigree of genetic breast cancer. The family illustrated in the pedigree carries a mutation of the BRCA1 gene; multiple rel¬ 
atives are affected with breast and ovarian cancer. 
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Genetic testing for mutations of BRCA1 and BRCA2 is 
now a commercially available option for women with a family 
history suggestive of a genetic mutation. Genetic testing 
should always be preceded by a counseling session in which 
the complexities of genetic testing and the potential emotional 
and financial ramifications of test results are discussed. The 
information obtained from testing will be maximized by first 
testing a family member affected with breast or ovarian cancer, 
or both. If the affected person does not carry a mutation, test¬ 
ing an unaffected relative is unlikely to be informative. 

Other, infrequent genetic breast cancer syndromes include 
the Li-Fraumeni syndrome, Cowden syndrome, and the Lynch 
syndromes. The Li-Fraumeni syndrome is associated with 
mutations in the tumor-suppressor gene p53, and is an auto¬ 
somal dominant condition characterized by soft tissue sarco¬ 
mas, osteosarcomas, brain tumors, leukemia, adrenocortical 
malignancies, and early-onset breast cancer. 80 

For the majority of women with a family history of breast 
cancer that is not associated with an inherited mutation, the 
level of risk is much lower and rarely exceeds 30%. 


Hormonal Factors 


Numerous studies have linked breast cancer risk to the life¬ 
time exposure to estrogens, as reflected by age at menarche, 
menopause and first pregnancy, and postmenopausal obesity. 81 
Conversely, women who undergo bilateral oophorectomy 
before menopause are at decreased risk, with the magnitude of 
benefit increasing as the age at oophorectomy decreases. In 
general, hormonal risk factors are associated with a RR in 
the range of 1.5 to 2.0. Studies of the effect of lactation on 
breast cancer risk have been inconclusive, but a long dura¬ 
tion of lactation appears to reduce risk in premenopausal 
women. 82 

In healthy women, there is no convincing evidence for an 
effect of oral contraceptive use on breast cancer risk, despite 
extensive study, 83 but use of combination postmenopausal 
hormone replacement therapy (estrogen plus progesterone) 
appears to be associated with a small increase in breast cancer 
risk, with higher risk associated with longer use. 84 For those 
with a personal history of breast cancer, there does appear to 
be an increased risk of recurrence with hormone replacement 
therapy. 85 


Environmental and Lifestyle Factors 

Exposure to ionizing radiation, whether from a nuclear explo¬ 
sion or medical procedure, increases breast cancer risk. The 
level of risk varies with age at exposure, being greatest for 
exposures in childhood and adolescence, and minimal for 
exposures after age 40. Patients who were treated with mantle 
irradiation for Hodgkin lymphoma in their adolescent or 
childhood years are the group at risk on the basis of radiation 
exposure most commonly encountered today. 86 

Much attention has been devoted to the role of diet in 
breast cancer etiology, especially with respect to dietary fat 
intake. Prospective studies of fat consumption and breast can¬ 
cer risk have failed to confirm a direct relationship, possibly 
because of the limited range of dietary fat in the typical Amer¬ 
ican diet and the potential interaction between reproductive 
variables, menopausal status, and fat intake. 87,88 Similar 
efforts to elucidate an association between breast cancer risk 
and other dietary factors such as red meat, vitamin D, calcium, 
phytoestrogens, and caffeine have been equally inconclu¬ 
sive. 89-92 Stronger evidence exists to support an association 
between alcohol intake and breast cancer risk. 93 

Regular physical exercise appears to provide modest protec¬ 
tion against breast cancer, particularly among postmenopausal 


TABLE 74.6 CLASSIFICATION 


CLASSIFICATION OF BENIGN BREAST DISEASE 

NONPROLIFERATIVE: NO INCREASE IN RISK 

Cysts: micro or macro 
Ductal ectasia 
Simple fibroadenoma 
Mastitis 
Fibrosis 

Metaplasia: squamous or apocrine 

Mild hyperplasia 

PROLIFERATIVE: RR 1.5-2.0 

Complex fibroadenoma 

Papilloma 

Sclerosing adenosis 

Hyperplasia: moderate or severe 

PROLIFERATIVE WITH ATYPIA: RR 4.5-5.0 

Atypical ductal hyperplasia 

Atypical lobular hyperplasia 


RR, relative risk. 


women. 94,95 There is no evidence of a direct association 
between active cigarette smoking and breast cancer risk. 93 


BENIGN BREAST DISEASE 


Benign breast lesions are classified as nonproliferative, prolif¬ 
erative, or proliferative with atypia (Table 74.6). Nonprolifer¬ 
ative lesions, which are not associated with an increased risk 
for breast cancer development, account for approximately 
70% of palpable breast masses. 96 Proliferative lesions without 



FIGURE 74.15. Cumulative risk for the development of invasive 
breast cancer after a biopsy for benign breast disease. Women with 
atypical hyperplasia (ductal or lobular type) are at a significantly 
increased risk for the development of breast cancer. (Reproduced with 
permission from Page DL, Dupont WD. Anatomic markers of human 
premalignancy and risk of breast cancer. Cancer 1990;66:1326.) 
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TABLE 74.7 RESULTS 


RISK FOR BREAST CANCER DEVELOPMENT AFTER LOBULAR CARCINOMA IN SITU 


■ STUDY 

■ NO. 
PATIENTS 

■ INVASIVE 
CANCER (%) 

■ FOLLOW-UP 

(y) 

■ RELATIVE 
RISK 

Haagensen 98 

287 

18 

16.3 

6.9 

Rosen et al. 99 

99 

12.5 

24 

9.0 

Andersen 100 

47 

26.4 

15 

12.0 

Page et al. 101 

44 

23 

18 

9.0 

Salvadori et al. 102 

80 

6.3 

5 

10.3 

Ottesen et al. 103 

69 

11.6 

5 

11.0 

Bodian et al. 104 

236 

26" 

18 

5.4 

Fisher et al. 105 

182 

33 

5 

— 

^Includes intraductal and invasive cancer. 


atypia are associated with a small increase in breast cancer risk 
(RR, 1.5 to 2.0). Proliferative lesions with atypia are uncom¬ 
mon, comprising only 3.6% of palpable breast masses and 7% 
to 10% of nonpalpable abnormalities. Atypical lesions are 
associated with a RR of 4.0 to 5.0, which increases to 9.0 
when they are found in a woman having a first-degree relative 
with breast cancer. 96 As illustrated in Figure 74.15, however, 
breast cancer will have developed at 15 years in only 10% of 
women with atypical hyperplasia alone. 


Lobular Carcinoma In Situ 


Lobular carcinoma in situ (LCIS), first described by Foote and 
Stewart in 1941 as a favorable malignancy, 97 has been 
accepted as a risk factor for breast cancer since the mid-1980s. 
This paradigm shift was based on the unique biologic features 
of LCIS, which include a lack of clinical or radiographic find¬ 
ings, multifocality and bilaterality in up to 50% of cases, and 
clinical experience demonstrating the risk of subsequent breast 
cancer to be equal in both breasts, and lower than expected. 
Although invasive lobular carcinoma is more frequent after 
LCIS than in the general population, infiltrating ductal carci¬ 
noma is the most common histologic tumor type, casting fur¬ 
ther doubt upon the role of LCIS as a precursor lesion. 98-104 
The term lobular intraepithelial neoplasia (LIN), with lobular 
hyperplasia without atypia being described as grade 1 LIN, 
atypical lobular hyperplasia as grade 2 LIN, and LCIS as grade 
3 LIN, was suggested with the intention of clarifying its role as 
a high-risk lesion rather than a malignancy; however, LCIS 
remains more commonly used in clinical practice. LCIS occurs 
predominantly in premenopausal women and is usually 
identified incidentally with other benign changes in women 
who undergo biopsy. Women diagnosed with grade 3 LIN or 
LCIS have a RR for breast cancer development ranging from 
5.4 to 12. 98-105 This translates in most studies to a risk for 
breast cancer development of about 1% per year (Table 74.7), 
and this risk persists indefinitely. 

While historical series suggest that the increased risk of 
breast cancer is conferred equally to both breasts and subse¬ 
quent cancers are equally likely to be infiltrating ductal or 
lobular carcinomas, recent evidence suggests that subsequent 
cancer is up to three times more likely in the ipsilateral 
breast, and the observed frequency of infiltrating lobular car¬ 
cinoma (ILC) following a diagnosis of LCIS (50%) far 
exceeds the frequency of ILC observed in large series of uns¬ 
elected breast cancer patients (10% to 15%). 106-108 These 


observations, combined with emerging laboratory evidence 
suggesting phenotypic and genotypic similarities between 
coexisting LCIS and invasive lobular cancers, 109,110 have 
reopened the debate over the malignant potential of LCIS 
and its possible role as a precursor lesion. To date, there is no 
direct clinical evidence that LCIS is a precursor lesion, and 
studies attempting to show an increased risk of local recur¬ 
rence when LCIS is found in the lumpectomy specimen of 
patients undergoing breast conservation, particularly when 
LCIS is at the specimen margin, have failed to demonstrate a 
relationship between LCIS and local recurrence, 111-116 argu¬ 
ing against its true malignant potential. 

The recognition of histologic variants of LCIS, such as 
pleomorphic LCIS, with molecular profiles suggestive of a 
more aggressive biology 117 and the broader spectrum of 
lesions now classified as lobular neoplasia based on immuno- 
histochemical staining for e-cadherin, raises new questions 
regarding the biology of these lesions and appropriate clinical 
management. 


CLINICAL ASSESSMENT OF RISK 


Many factors that increase breast cancer risk have been identi¬ 
fied in studies of large populations and are summarized in 
Table 74.8, but are of uncertain benefit in counseling the 
individual woman. Several of these have been integrated into a 
model to allow calculation of risk for an individual woman by 
Gail et al. 118 These include age, age at menarche, age at first 
live birth, number of first-degree relatives with breast cancer, 
number of prior breast biopsies, and whether or not any of the 
biopsies showed atypical hyperplasia. This model calculates 
risk over a defined time interval, allows comparison with age- 
specific incidence figures, and predicts risk accurately in 
groups of women undergoing annual mammographic screen¬ 
ing. It is a useful tool for counseling women who are con¬ 
cerned about their level of risk. It is not an appropriate model, 
however, for women at risk because of a strong family history 
of breast cancer, particularly early-onset breast cancer, or 
those with LCIS. A sample Gail model risk calculation is 
shown in Figure 74.16. A more appropriate risk model for 
women with strong family histories, which has not, however, 
been validated to the same extent as the Gail model, was 
described by Claus et al. 119 and considers both the age at onset 
in affected relatives and the history of cancer in second-degree 
relatives. 
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TABLE 74.8 CLASSIFICATION 


MAGNITUDE OF KNOWN BREAST CANCER RISK FACTORS 

RELATIVE RISK <2 

Early menarche 
Late menopause 
Nulliparity 

Proliferative benign disease 

Obesity 

Alcohol use 

Hormone replacement therapy 
RELATIVE RISK 2-4 
Age >35 first birth 

First-degree relative with breast cancer 

Radiation exposure 

Prior breast cancer 

RELATIVE RISK >4 

Gene mutation 

Lobular carcinoma in situ 

Atypical hyperplasia 


MANAGEMENT OF THE 
HIGH-RISK WOMAN 


Counseling women who are at high risk for breast cancer should 
include a discussion of the options for enhanced surveillance, 
chemoprevention, and prophylactic surgery. If a woman is at 
high risk secondary to a strong family history of breast cancer 
or very early onset of breast or ovarian cancer, genetic counsel¬ 
ing should be offered. For patients with known or suspected 
BRCA1 or BRCA2 mutations, most experts suggest aggressive 
surveillance consisting of an annual mammogram, annual MRI, 
and clinical breast exam every 4 to 6 months beginning at age 
25. For patients with a more moderate family history, annual 
mammographic screening and clinical breast exam should begin 
within 10 years of age of breast cancer diagnosis in a first-degree 
relative or age 40, whichever comes first. 

The use of MRI screening for women at high risk is sup¬ 
ported by the results of seven clinical trials demonstrating 
greater sensitivity of MRI as compared with mammography 
for the detection of breast cancer. 120 Participants in each of 

Age 45 1 Q Relatives BrCa 1 

Age menarche 13 # Biopsies 0 

Age 1st birth none Race W 


Patient 
Average 
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Patient 
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FIGURE 74.16. Breast cancer risk assessment according to the Gail 
model. This woman’s 5-year risk for the development of breast cancer 
is 1.6%, and her lifetime risk is 18%. 


Lifetime Risk (%) 



5 Year Risk (%) 
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these seven studies had either a documented BRCA1 or 
BRCA2 mutation, or a very strong family history of breast can¬ 
cer. Some of the studies included women with a prior personal 
history of breast cancer. The cancer detection rate in these 
studies ranged from 1% to 9% (average 4%). Overall, the 
studies reported a high sensitivity for MRI, ranging from 71 % 
to 100%, compared with 13% to 40% for mammography. 
Based on these studies, the American Cancer Society issued 
guidelines in 2007 recommending annual screening MRI in 
addition to annual screening mammography in women with a 
known BRCA1 or BRCA2 gene mutation, a lifetime risk of 
breast cancer exceeding 20%, or a history of mantle radiation 
for Hodgkin disease before the age of 30. 121 

The use of chemopreventive agents for breast cancer risk 
reduction should be individualized for each patient based on 
menopausal status, medical history, family history, and a 
Q quantified estimate of breast cancer risk. Tamoxifen 
(Nolvadex) and raloxifene (Evista) are both selective ER mod¬ 
ulators (SERMs) that have been shown to reduce the risk of 
breast cancer. Tamoxifen has been used to treat breast cancer 
for more than 25 years. Data from treatment trials 122,123 
demonstrating that women taking tamoxifen for 5 years had a 
significantly reduced rate of contralateral breast cancer led to 
studies of tamoxifen as a chemopreventive agent for women at 
increased risk of breast cancer. The National Surgical Adju¬ 
vant Breast and Bowel Project (NSABP) P-1 prevention trial 
randomized 13,388 women at increased risk for breast cancer 
development to tamoxifen or placebo. 105 Risk was defined by 
the Gail model. 118 Eligible women included those who were 
age 60 or older, or those between the ages of 35 and 59 years 
with a predicted 5-year breast cancer risk of 1.66% or more. 
After a median follow-up of 54.6 months, a 49% reduction in 
the risk for invasive cancer and a 50% reduction in the risk for 
noninvasive cancer were found in the tamoxifen group. The 
reduction occurred only in ER-positive tumors; the occurrence 
of ER-negative tumors was unchanged. Tamoxifen was of ben¬ 
efit in all age groups, in women at risk on the basis of a family 
history, and in those eligible for the study on the basis of other 
risk factors. Women at risk on the basis of LCIS and atypical 
hyperplasia had particular benefit, with risk reductions of 65% 
and 86%, respectively. 123 Updated results from the P-1 study 
based on 7 years of follow-up noted similar reductions in breast 
cancer incidence. 124 A meta-analysis of five completed tamox¬ 
ifen prevention trials demonstrated a 38% reduction in breast 
cancer incidence in populations at varying levels of risk. 125 

The most common side effects of tamoxifen were hot flashes 
and vaginal discharge. Participants who took tamoxifen had a 
2.5 times greater risk for endometrial carcinoma than those in 
the placebo group, and postmenopausal women carried all of 
the excess risk. An increased risk for venous thrombosis, includ¬ 
ing pulmonary embolism, occurs in the postmenopausal women 
taking tamoxifen. The rate of pulmonary embolism in these 
women, however, was 1 in 1,000 annually. The presence of 
these competing risks, particularly in postmenopausal women, 
led to the search for other acceptable chemopreventive agents. 
The NSABP Study of Tamoxifen and Raloxifene (known as the 
STAR or P-2 trial) randomized 19,747 postmenopausal women 
at increased risk for breast cancer to either tamoxifen 20 mg/d or 
raloxifene 60 mg/d for 5 years. Raloxifene is a second-generation 
SERM that reduces the incidence of breast cancer in preclinical 
models and in clinical trials evaluating its use for the prevention 
of osteoporosis and heart disease in postmenopausal women. 126 
Similar to the P-1 trial, increased risk was defined as a 5-year 
predicted breast cancer risk of 1.66% as determined by the 
Gail model or a personal history of LCIS treated by excision 
alone. After 6 years of follow-up, raloxifene was found to be 
equivalent to tamoxifen in reducing the incidence of invasive 
breast cancer (50% reduction) but with fewer side effects (Fig. 
74.17). 127 Raloxifene was inferior to tamoxifen in reducing the 
risk of ductal carcinoma in situ. The reason for this selective 
effect remains unclear. 













Chapter 74: Breast Disease 


1261 


P-2 STAR 

Average Annual Rate and 
Number of Invasive Breast Cancers 



Gail Model TAM Raloxifene 

Projection 


* # of events 


FIGURE 74.17. Both tamoxifen and raloxifene when taken for 5 
years in the National Surgical Adjuvant Breast and Bowel Project P-2 
(STAR trial) were equally effective at reducing the risk of invasive 
breast cancer. 


The incidence of uterine cancer was lower in the raloxifene 
arm, with the difference approaching statistical significance, 
but more than half the women in the STAR trial had previ¬ 
ously undergone a hysterectomy, limiting the ability to assess 
the effect of raloxifene on the uterus. Pulmonary embolism 
and deep venous thromboses occurred less often in the ralox¬ 
ifene group (RR, 0.70); however, there was an equal number 
of strokes and transient ischemic attacks. Rates of fracture 
were virtually identical in the two treatment arms, and there 
were no statistically significant differences in patient- 
reported quality-of-life outcomes, although specific symp¬ 
toms showed significant differences. 128 When counseling 
postmenopausal women, differences such as the frequency of 
hot flashes and sexual side effects may be an important factor 


in determining which drug is most appropriate for an indi¬ 
vidual patient. 

Aromatase inhibitors (AIs) block the conversion of andro¬ 
gens to estrogens by the aromatase enzyme and lower circulat¬ 
ing estrogen levels. AIs have proven effective in breast cancer 
treatment among postmenopausal women with hormone- 
sensitive tumors, and clinical trial data from three studies show 
that AIs decrease the incidence of contralateral breast cancers 
by 37% to 55%. 129-131 Clinical trials assessing the chemopre- 
ventive potential of AIs among women at increased risk for 
breast cancer are currently under way. 

Surgical options for women at increased risk for breast 
cancer include prophylactic mastectomy and prophylactic 
salpingo-oophorectomy. Both subcutaneous and total (simple) 
mastectomies have been used for breast cancer prevention; 
however, neither provides 100% protection. The development 
of carcinoma in residual breast tissue has been reported after 
both types of surgery. The efficacy of prophylactic mastectomy 
in a group of high-risk women was defined in a study of 639 
women from the Mayo Clinic, of whom 90% underwent sub¬ 
cutaneous mastectomy and 10% received total mastec¬ 
tomy. 132 At a median of 14 years, prophylactic mastectomy 
reduced the risk for breast cancer by 90%. Trials in women 
at risk on the basis of BRCA1 and BRCA2 mutations have 
confirmed a similar efficacy for prophylactic mastectomy in 
this group. Prophylactic mastectomy is a prevention option 
that should be undertaken only after a complete risk assess¬ 
ment, consultation with a reconstructive surgeon, and a thor¬ 
ough discussion of management alternatives. Women should 
be advised of their level of risk and assisted in determining if 
that level of risk is unacceptable to them, rather than being 
told to undergo prophylactic surgery. When prophylactic 
mastectomy is performed, the procedure should be a total 
mastectomy extended to the same anatomic limits as a thera¬ 
peutic mastectomy. Patients undergoing prophylactic mastec¬ 
tomy are ideal candidates for a skin-sparing approach to 
facilitate immediate breast reconstruction (Fig. 74.18). The 
role of nipple-sparing mastectomy for prophylaxis remains 
controversial. 



FIGURE 74.18. Skin-sparing mastectomy. A: The only skin removed was the nipple-areola complex. B: Cosmetic outcome 
after bilateral skin-sparing mastectomy and transverse rectus abdominis myocutaneous (TRAM) flap reconstruction. 
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Bilateral salpingo-oophorectomy as a risk reduction strat¬ 
egy is generally limited to women with BRCA1 and BRCA2 
mutations. In this population prophylactic salpingo-oophorec¬ 
tomy reduces the risk of breast cancer by 50% 133,134 and 
reduces the risk of ovarian cancer by 98%. 


DUCTAL CARCINOMA IN SITU 


lesions, however, the utility of this classification system is 
limited. Newer systems classify DCIS lesions on the basis of 
nuclear grade and necrosis, and usually recognize three 
groups of lesions: high, intermediate, and low grade. Multi¬ 
ple systems have been proposed, but their reproducibility 
and ability to predict the behavior of DCIS remain to be 
proved. 


Ductal carcinoma in situ (DCIS), also known as intraductal 
carcinoma, is a distinct entity from LCIS, the other lesion 
classified as noninvasive breast cancer, with differences in 
both clinical presentation and biologic potential. DCIS is 
characterized by a proliferation of abnormal, presumably 
malignant epithelial cells that are confined within the base¬ 
ment membrane of the mammary ductal-lobular system 
(Fig. 74.19). 


Presentation 


Ductal carcinoma in situ has a variety of clinical presentations: 
palpable mass, pathologic nipple discharge, or Paget disease of 
the nipple, all of which are relatively uncommon. The over¬ 
whelming majority of palpable breast cancers are invasive car¬ 
cinoma; fewer than 2% are DCIS. Today, clustered microcalci¬ 
fications on a mammogram are the most frequent presentation 
of DCIS, although approximately 10% of nonpalpable masses 
may also be DCIS. In many reports of biopsies performed for 
mammographic abnormalities, DCIS accounts for 30% to 
50% of the malignancies identified. The number of cases of 
DCIS between 1975 and 2004 increased by 560% as screening 
mammography became widely adopted. 135 This increase was 
observed in both white and black women, and in those over 
and under 50 years of age, DCIS may also lack both clinical 
and mammographic findings and be discovered incidentally in 
a biopsy done for other indications. Of lesions initially diag¬ 
nosed as DCIS by large-gauge vacuum-assisted core biopsy, 
15% to 20% will be found to contain invasive carcinoma 
when completely excised. Invasive carcinoma is most fre¬ 
quently found in large, high-grade DCIS lesions. 136 


Pathology 

Ductal carcinoma in situ has traditionally been classified on 
the basis of architectural pattern as comedo, cribriform, 
micropapillary, papillary, or solid. Because a mixed architec¬ 
tural pattern occurs in as many as 30% to 60% of DCIS 



FIGURE 74.19. Photomicrograph of ductal carcinoma in situ. The 
abnormal cells do not cross the ductal basement membrane. The 
necrotic debris in the center of the duct is responsible for the calcifica¬ 
tion visible on mammography. 


Management 

Mastectomy, excision and irradiation (radiation therapy 
fRTj), and excision alone have all been proposed as manage¬ 
ment strategies for DCIS because of uncertainty about the nat¬ 
ural history of the disease. Mastectomy is a curative treatment 
for approximately 98% of patients with DCIS, regardless of 
lesion size or grade. 137,138 Treatment failure after mastectomy 
for DCIS is thought to be a consequence of unrecognized inva¬ 
sive carcinoma. 

Although mastectomy is an effective treatment for DCIS, it 
is a radical approach for a lesion that may not progress to 
invasive carcinoma during a patient’s lifetime and is too small 
to be detected clinically. The use of BCT with excision and RT 
for invasive carcinoma (see section on local management of 
stages I and II breast cancer) has stimulated greater interest in 
the use of this approach for DCIS. No randomized trial has 
ever compared the treatment of DCIS by mastectomy with 
treatment by excision and RT. A large number of clinical stud¬ 
ies have demonstrated that the local recurrence rate after treat¬ 
ment with excision and RT is 10% to 15% of cases after 10 
years, 137-141 and that approximately half of the local recur¬ 
rences are invasive carcinoma. Deaths from DCIS are rare; 14 
breast cancer deaths occurred in 814 patients followed for 
8 years after treatment with excision and RT. 140 

Because DCIS is a local problem in the breast and all DCIS 
does not progress to invasive carcinoma during a patient’s life¬ 
time, some authors have suggested that DCIS can be treated by 
wide excision alone. Four prospective, randomized trials have 
compared the outcome of excision alone to excision and RT, 
and the results are summarized in Table 74.9. Despite differ¬ 
ences in study design, the trial results are remarkably simi¬ 
lar. 142-145 The studies demonstrate that the use of RT reduces 
ipsilateral breast tumor recurrence by 50% to 60%, and this 
reduction persists through 12 years of follow-up in the NSABP 
B-17 study. The use of RT reduces both invasive and noninva¬ 
sive recurrences; with the use of RT, the annual rate of invasive 
recurrence is 0.5% to 1.0%. In patients treated with excision 
alone or excision and RT, approximately 50% of recurrences 
are invasive and 50% are DCIS. No survival benefit for RT has 
been observed. In a more detailed pathologic analysis, 145 the 
greatest benefits of RT were in the patients at highest risk for 
recurrence (those with comedo necrosis and uncertain mar¬ 
gins), but even in the most favorable subgroup (absent or 
slight comedo necrosis, clear margins), the use of RT reduced 
the absolute incidence of breast recurrence by 7% at 8 years. 
A retrospective study has suggested that excision of DCIS with 
a 1-cm margin of normal breast tissue eliminates the need for 
RT, 146 but attempts to prospectively duplicate this observation 
have been unsuccessful. 147 

Treatment selection for the patient with DCIS begins with a 
careful evaluation of the extent of the DCIS lesion by means of 
magnification mammography. Standard two-view mammog¬ 
raphy significantly underestimates the extent of well-differen¬ 
tiated DCIS. 148 If the extent of the DCIS is too large, relative 
to the patient’s breast size, to allow a cosmetically acceptable 
breast-conserving approach, the patient should be counseled 
about the options of mastectomy alone or mastectomy with 
immediate breast reconstruction. In patients with localized 
DCIS suitable for a breast-conserving approach, the decision 
regarding the need for RT should be made based on the esti¬ 
mated risk for recurrence and the patient’s attitude toward 
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ITABLE 74.9 




RESULTS | 

RESULTS OF RANDOMIZED TRIALS OF RADIOTHERAPY IN DUCTAL CARCINOMA IN SITU 

■ PATIENTS 

■ STUDY (No.) 

■ MEDIAN 
FOLLOW-UP (Mo) 

■ IBTR (%) 

■ E 

■ RT 

NSABP B-17 140 - 141 

813 

44 

40 

17 

EORTC 10853 142 

1,010 

126 

26 

15 

United Kingdom 143 

1,030 

53 

14 

6 

SweDCIS 144 

1,046 

96 (mean) 

27 

12 

DCIS, ductal carcinoma in situ; E, excision alone; EORTC, European Organization for Research and 
Treatment of Cancer; IBTR, ipsilateral breast tumor recurrence; NSABP, National Surgical Adjuvant Breast 
Project; RT, radiation therapy. 


risk. Patients with larger tumors, high-grade lesions, and close 
margins appear to derive the greatest benefit from RT. It also 
appears that younger women are at higher risk for recurrence 
than their older counterparts. 142,149 However, even patients 
with small, low-grade lesions appear to benefit from RT, 142-145 
and it is in this low-risk subgroup that the patient’s attitude 
toward risk becomes important. 

Tamoxifen is of benefit in reducing the risk for subsequent 
invasive carcinoma in patients with DCIS. In NSABP B-24, 149 
1,804 women with DCIS treated by excision and RT were ran¬ 
domized to tamoxifen or placebo for 5 years. Tamoxifen 
caused a reduction in the incidence of all breast cancer events 
from 17% to 10.0% (p = 0.01). The benefit of tamoxifen was 
observed in women over and under age 50, and in those with 
negative and positive margins. A benefit for tamoxifen was 
also observed whether or not comedo necrosis was present in 
the tumor. A subset analysis of 676 patients for whom ER 
status could be determined was performed retrospectively. The 
benefit of adding tamoxifen to RT in reducing all breast cancer 
events was 59% in ER-positive women, compared with 37% 
in the overall patient population. There was little benefit for 
tamoxifen in ER-negative DCIS, and its use is not warranted in 
these patients. The UK trial 143 compared treatment with excision 
alone with excision plus tamoxifen. After a median follow-up 


of 53 months, there were no differences in the rate of local 
recurrence between groups. The findings of this study indicate 
that tamoxifen is not a replacement for RT. The effects of RT 
and tamoxifen in the NSABP B-17 and B-24 trials 140,149 are 
illustrated in Figure 74.20. The decision to use RT, tamoxifen, 
or both in the patient with DCIS will depend on the patient’s 
personal level of risk and attitude toward small benefits from 
therapeutic intervention, but both should be considered. Iden¬ 
tification of markers that predict which women with DCIS will 
develop an invasive recurrence is a research priority that will 
greatly improve our ability to tailor treatment to an individ¬ 
ual’s level of risk. 

Axillary nodal involvement in DCIS is rare and presumed 
to be due to unrecognized invasive carcinoma. In NSABP B-17 
and B-24, the axillary recurrence rates, regardless of treat¬ 
ment, were less than 1 per 1,000 patient-years of follow-up. 150 
For this reason, axillary staging is not routinely indicated in 
the patient with a diagnosis of DCIS. Most would agree that 
sentinel node biopsy should be performed in patients undergo¬ 
ing mastectomy for DCIS since the opportunity for sentinel 
node biopsy is lost if not performed at the time of mastectomy. 
In addition, many of these patients have large areas of DCIS 
where the risk of sampling error after a needle biopsy diagno¬ 
sis of DCIS is highest. 



FIGURE 74.20. Benefits of radiation therapy and tamoxifen in ductal carcinoma in situ. The cumulative incidence of breast 
cancer events in the ipsilateral and contralateral breasts for patients treated in the National Surgical Adjuvant Breast and 
Bowel Project B-17 and B-24 trials is shown. The reduction in recurrence is greatest for patients receiving radiotherapy and 
tamoxifen. 
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BIOLOGY AND NATURAL 
HISTORY OF BREAST CANCER 


Breast cancer is a disease characterized by marked hetero¬ 
geneity among patients and a long natural history. This is evi¬ 
dent in the Middlesex Hospital series, in which Bloom et al. 151 
reported the outcome of 250 patients with breast cancer 
observed without treatment between 1805 and 1933. Patients 
were generally admitted for advanced disease, with only 2% 
having stage II disease, 23% having stage III, and 74% having 
stage IV. Only 39% presented within 1 year of their first 
symptom. Despite this, 18% of patients receiving no treat¬ 
ment survived 5 years, and 4% survived 10 years. The mor¬ 
tality was constant over time, with approximately 25% of 
patients who were alive at the beginning of any given year 
dying during that year. In modern series, patients with varying 
annual hazards of death can also be identified, and these 
remain constant for at least 10 years after the diagnosis. For 
this reason, some have concluded that breast cancer is never 
cured, and that if death from other causes did not intervene, 
cancer eventually would recur in all patients. Although this 
may be true in the abstract, from a practical point of view, 
failures more than 20 years after treatment are rare, and 
many patients have a normal life expectancy after breast can¬ 
cer treatment. The clinical variations in breast cancer are 
believed to reflect variable genetic changes that result in the 
disease. 

The initial clinical understanding of breast cancer, as artic¬ 
ulated by Halsted, 152 was one of orderly disease progression, 
suggesting that en bloc extirpation of the primary tumor with 
a wide margin of normal tissue (i.e., the breast) and the drain¬ 
ing lymphatics was the most likely strategy to cure breast can¬ 
cer. Over time, it became clear that the majority of women 
with breast cancer were not cured by radical mastectomy. 
Recognition of this fact initially led to larger operations, such 
as the extended radical mastectomy to remove more of the 
lymphatic drainage of the breast. When these procedures 
failed to improve survival, however, a dramatic shift in think¬ 
ing occurred. In the new disease paradigm, championed by 
Bernard Fisher, 153 most breast cancer was considered to be sys¬ 
temic at the time of diagnosis, so that the extent of locore- 
gional treatment would have little impact on survival from 
breast cancer. Acceptance of this concept led to the adoption 
of the modified radical mastectomy, and subsequently breast- 
conserving surgery, for the treatment of stages I and II breast 
cancer, in addition to the widespread use of adjuvant 
chemotherapy and hormonal therapy. 

More recently, a spectrum hypothesis has been advanced 
suggesting that breast cancer exists in a local, locoregional, 
and systemic form, and that metastasis can occur during the 
clinical course of the disease. 154 In this paradigm, effective 
locoregional treatment does contribute to survival, a concept 
supported by the Early Breast Trialists Collaborative Group 
overview of randomized trials of local therapy in breast can- 
© cer. 155 In this overview, treatments that decreased local failure 
rates at 5 years by 10% or more, whether by surgery or RT, 
were associated with a statistically significant improvement in 
disease-specific survival at 15 years. In these studies, it appears 
that for every four local recurrences prevented, one breast can¬ 
cer death is avoided, although this ratio may change as more 
effective systemic therapies become available. 


INVASIVE CARCINOMA 


Pathology 

Invasive carcinomas are defined as those in which tumor cells 
have crossed the basement membrane and have the biologic 


capability to metastasize. Any breast lesion that is surgically 
removed should be considered potentially malignant. Breast 
biopsy specimens should be oriented in the operating room 
and inked before sectioning so that the margin status can be 
assessed. The pathologic evaluation of a breast tumor should 
routinely include size, histologic type, grade, margin status, 
hormone receptor, and HER2 status. 


Histologic Type 

Infiltrating ductal carcinoma is the most common type of 
breast carcinoma, accounting for 65% to 80% of all cases of 
breast cancer. Microscopically, infiltrating ductal carcinomas 
vary widely in appearance and often have features of other his¬ 
tologic subtypes of breast cancer, with areas of lobular, 
medullary, or tubular differentiation. For prognostic purposes, 
these mixed tumors are considered to be infiltrating ductal 
carcinomas. 

Infiltrating lobular carcinoma is the second most frequently 
encountered subtype of invasive carcinoma. Approximately 
10% of cancers are classified as lobular. Histologically, lobular 
cancers grow as a single file of malignant cells that tend to be 
arranged circumferentially around ducts and lobules. Because of 
this growth pattern, they are often difficult to recognize on clin¬ 
ical examination and mammography because they may not pro¬ 
duce the distinctive mass lesions characteristic of infiltrating 
ductal carcinomas. Infiltrating lobular carcinoma has been said 
to have a rate of bilaterality as high as 30% to 50%. When 
patients with LCIS are excluded from consideration, however, 
the incidence of contralateral breast cancer in patients with infil¬ 
trating lobular carcinoma differs little from that in patients with 
ductal carcinoma. In one study of 4,748 patients, a contralateral 
cancer had developed after 5 years in 5.3% of patients with 
infiltrating lobular cancer, and in 4.0% of those with infiltrating 
ductal tumors. 156 Thus, the routine use of bilateral mastectomy 
for patients with tumors of lobular histology cannot be justified. 
Lobular carcinoma is more likely to metastasize to the intra¬ 
abdominal viscera, uterus, ovaries, and peritoneal surfaces than 
other histologic types of breast carcinoma. Most studies have 
found no difference in survival between patients with infiltrat¬ 
ing ductal and those with lobular carcinoma after stratification 
for appropriate prognostic factors. 

Favorable histologic subtypes of breast carcinoma include 
pure tubular and mucinous carcinoma. Tubular carcinomas 
form normal-appearing breast ductules or tubules. At least 
75% of a tumor must be tubular to be classified in this sub- 
type. Tubular carcinomas are uncommon, accounting for 2% 
or fewer of all cancers, although they are more frequent in 
women undergoing screening mammography. Their signifi¬ 
cance lies in their excellent prognosis. Nodal metastases are 
extremely rare in tubular carcinomas smaller than 1 cm, and 
even when nodal metastases do occur, the prognosis is much 
better than that for ductal or lobular carcinoma at the same 
stage. Mucinous or colloid carcinomas are also uncommon. 
They are characterized by relative acellularity and large pools 
of extracellular mucus. The prognosis is similar to that for 
tubular carcinoma. Medullary carcinoma is another variant of 
infiltrating ductal carcinoma with a favorable prognosis, 
although this is less well recognized than in tubular and muci¬ 
nous tumors, perhaps because of the aggressive microscopic 
appearance of medullary carcinoma. The tumor cells have 
large pleomorphic nuclei and a high mitotic rate, and are asso¬ 
ciated with an intense lymphoplasmacytic infiltrate. Grossly, 
the tumors are well circumscribed and may be mistaken for 
benign lesions. Medullary carcinomas are less likely to be asso¬ 
ciated with axillary nodal metastases than ductal or lobular 
carcinomas of the same size, and survival is also better. Other 
histologic types of breast cancer account for fewer than 2% of 
all cancers. 
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Grading Systems 

The grade of a carcinoma is an estimate of differentiation. It 
may be histologic or nuclear. Nuclear grading is a cytologic 
assessment of the similarity of tumor nuclei to the nuclei of 
normal cells. The nuclear grade is usually reported as well dif¬ 
ferentiated, intermediate, or poorly differentiated. The histo¬ 
logic grade considers not only the cytologic differentiation but 
also the growth pattern of the carcinoma. The extent of tubule 
formation, nuclear hyperchromasia, and the mitotic index are 
assessed. In one of the most widely used systems, the Elston 
modification of the Scharf-Bloom-Richardson classification, 
each of these three elements is scored on a scale of 1 to 3, with 
a resultant classification of grade 1 (score of 3 to 5), grade 2 
(score of 6 or 7), or grade 3 (score of 8 or 9). 157 Approximately 
19% of the 2,000 cases reviewed by Elston and Ellis 157 were 
grade 1, 34% were grade 2, and 47% were grade 3. A study of 
the molecular phenotypes associated with histologic grade 
demonstrated distinct genetic profiles for grade 1 and grade 3 
tumors, but a profile for grade 2 tumors could not be identi¬ 
fied. Instead, tumors classified as grade 2 were found to have 
the genetic profile of grade 1 or grade 3 tumors, calling into 
question the existence of a grade 2 group as a distinct prog¬ 
nostic group. 158 


Hormone Receptors and HER2 

The concept of an estrogen receptor was described by Jensen 
and Jacobsen in 1962, 159 based on the observation that estro¬ 
gens tagged with radioactive isotopes are preferentially con¬ 
centrated in the estrogen target organs of animals (i.e., breast, 
uterus, vagina) and in human breast cancers. Subsequently, a 
second hormone receptor, the progesterone receptor (PR), 
was identified. ERs and PRs belong to a superfamily of 
nuclear hormone receptors that function as transcription fac¬ 
tors when bound to their respective ligands. Approximately 
70% of breast carcinomas are hormone receptor positive; 
well-differentiated tumors and those occurring in older post¬ 
menopausal women have the highest rates of receptor posi¬ 
tivity. Approximately 60% of patients with ER-positive 
tumors respond to endocrine therapy, but only 5% to 10% of 
patients with ER-negative tumors do so, and responses prob¬ 
ably result from false-negative receptor results. 160 It is now 
apparent that there are two receptors for estrogen, ERu (the 
classic receptor identified by Jensen) and ER/3, identified by 
Gustaffson’s laboratory in 1996. 161 At present, the clinical 
significance of ER (3 in breast cancer management is uncer¬ 
tain. Tumor ER a and PR content is measured by immunohis- 
tochemical techniques. Determination of hormone receptor 
status is a critical part of the pathologic analysis of breast 
tumors and is used to ascertain whether the patient is a can¬ 
didate for hormonal therapy (see section on adjuvant systemic 
therapy). 

The HER2 gene, also known as HER2/neu or c-erbB2, is 
located on chromosome 17q. HER2 is a member of the epider¬ 
mal growth factor receptor (EGFR) family of transmembrane 
tyrosine kinases and is normally involved in regulation of cell 
proliferation. The HER2 gene is a proto-oncogene, a normal 
gene with the potential to become an oncogene upon molecular 
alterations, such as mutation, amplification, or overexpression 
of its protein product. The HER2 protein is overexpressed 
and/or its gene is amplified in -20% of invasive breast cancers. 
HER2 amplification is associated with a more aggressive phe¬ 
notype and predicts for response to trastuzumab therapy, a 
recombinant humanized monoclonal antibody specific for the 
external region of HER2 162 (see section on adjuvant systemic 
therapy). Immunohistochemistry for membrane-bound HER2 
protein is most commonly employed for semiquantitative 


analysis of staining (0, 1 + , 2 + , or 3 + ) followed by fluores¬ 
cence in situ hybridization (FISH) for confirmation of gene 
amplification in cases scored as positive (2+ or 3 +). 163 


Molecular Subtyping 

Over the last decade, advances in DNA microarray technology 
and sophisticated genomic analyses have led to the develop¬ 
ment of classification systems of breast cancer based on gene 
expression profiles. As such, breast cancer is increasingly being 
recognized as a heterogeneous family of diseases with implica¬ 
tions for both tumor biology and treatment. First described in 
the seminal papers by Perou and Sorlie, 164,165 and subsequently 
validated by others, 166,167 the intrinsic breast cancer subtypes 
have been identified as HER2 positive, ER positive luminal A, 
ER positive luminal B, and basal-like or “triple negative.” 
These intrinsic subtypes, which characterize the primary 
tumor and remain constant through the metastatic process, 
have been shown to be prognostic for clinical outcome as well 
as predictive of response to therapy, and provide important 
insights into tumor biology. 

The basal-like group was named for the higher expression 
of genes characteristic of normal basal cells of breast epithe¬ 
lium including keratins 5, 14, or 17; HER1 (epidermal growth 
factor receptor); and smooth muscle actin. 164 Basal-like can¬ 
cers are generally high-grade, poorly differentiated tumors 
with a poor prognosis. They are predominantly negative for 
ER, PR, and HER2, and clinical adoption of this breast tumor 
classification uses immunohistochemical “triple negativity” as 
the most practical surrogate for the identification of basal-like 
tumors. Basal-like tumors are more common in younger 
women, women of African descent, 168 and carriers of BRCA1 
germline mutations. 


Clinical Evaluation and Staging 

The extent of the preoperative workup should be guided by 
the clinical stage of the disease and the patient’s symptoms. 
Patients with DCIS do not require screening for metastatic dis¬ 
ease. Bone scans are frequently used as a preoperative screen¬ 
ing test for patients with invasive cancer, but in a large review, 
the incidence of occult bony metastases detected by scanning 
in patients with stage I or II disease was less than 5%. 169 False¬ 
positive results are frequent, especially in older women. In 
asymptomatic women with stage III disease, 8.3% had bony 
metastases. The yield of liver screening studies is less than 1%, 
even for women with stage III disease, and the test is of little 
benefit in preoperative evaluation. Positron emission tomogra¬ 
phy (PET) scans are also not indicated in the routine preoper¬ 
ative evaluation of asymptomatic women. 

Serum tumor markers have not been shown to be of 
value preoperatively. Studies of carcinoembryonic antigen, 
CA15-3, CA27.29, and the shed extracellular domain of 
erbB2 do not demonstrate sufficient sensitivity or specificity 
to indicate or exclude the presence of occult metastatic 
disease. 

Staging refers to the grouping of patients according to the 
extent of their disease. The stage is useful in (a) determining 
the choice of treatment for an individual patient, (b) estimat¬ 
ing prognosis, and (c) comparing the results of different treat¬ 
ment programs. Staging can be based on either clinical or 
pathologic findings. 

Currently, the staging of cancer is determined by the Amer¬ 
ican Joint Committee on Cancer (AJCC). The AJCC system is 
a clinical and pathologic staging system based on the TNM 
(tumor, node, metastasis) system. 7 

The clinical stage is based on all the information available 
before the first definitive treatment is administered. This 
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TABLE 74.10 


STAGING 


TUMOR, NODE, METASTASIS (TNM) CLASSIFICATION FOR BREAST CANCER STAGING 

TNM DEFINITIONS 
Primary Tumor 

Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ, ductal or lobular or Paget disease of the nipple with no tumor 

T1 Tumor 2 cm or less in greatest dimension 

T2 Tumor more than 2 cm but not more than 5 cm in greatest dimension 

T3 Tumor more than 5 cm in greatest dimension 

T4 Tumor of any size with direct extension to the chest wall (not including pectoralis muscle), skin edema, skin 

ulceration, satellite skin nodules, or inflammatory carcinoma 

Regional Lymph Nodes (pathologic) 

Nx Nodes cannot be assessed 

NO No regional node metastases histologically, no additional examination for isolated tumor cells (ITCs) 

N1 Metastasis to one to three axillary nodes or in internal mammary (IM) nodes with microscopic disease detected by 

sentinel node biopsy, which is not clinically apparent 

N2 Metastases in four to nine axillary nodes or in clinically apparent IM nodes in the absence of axillary node 

metastasis 

N3 Metastases in 10 or more axillary nodes, or in infraclavicular nodes, or in IM nodes in the presence of one or more 

positive axillary nodes; or in more than three axillary nodes with IM metastases, or in supraclavicular nodes 

Distant Metastases 

Mx Distant metastasis cannot be assessed 

MO No distant metastasis 

Ml Distant metastasis 

STAGE GROUPING 


Stage 0 

Tis 

NO 

MO 

Stage I 

TI 

NO 

MO 

Stage IIA 

TO 

N1 

MO 


Tl 

N1 

MO 


T2 

NO 

MO 

Stage IIB 

T2 

N1 

MO 


T3 

NO 

MO 

Stage IIIA 

TO 

N2 

MO 


Tl 

N2 

MO 


T2 

N2 

MO 


T3 

N1 

MO 


T3 

N2 

MO 

Stage IIIB 

T4 

NO 

MO 


T4 

N1 

MO 


T4 

N2 

MO 

Stage IIIC 

Any T 

N3 

MO 

Stage IV 

Any T 

Any N 

Ml 


includes the findings from physical examination, imaging stud¬ 
ies, operation, and pathologic examination of the breast or 
other tissues. The clinical stage is useful in selecting and evalu¬ 
ating therapy. 

The pathologic stage (designated pTNM) is based on all 
the data used for clinical staging in addition to data derived 
from the pathologic examination of the primary carcinoma 
and axillary lymph nodes. A tumor cannot be evaluated for 
pathologic staging (pTX) if excision of the primary carci¬ 
noma reveals tumor in any margin of resection by gross 
pathologic examination. The pathologic stage provides the 


most precise data to estimate the prognosis and calculate the 
end result. The current staging system is given in Table 
74.10. 7 


Local Management of Stage I 
and Stage II Breast Cancer 

The goal of the local therapy of breast cancer is to eradicate all 
clinically evident tumor in the breast and axillary lymph 
nodes. In the breast, this can be accomplished with a total 
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TABLE74.il RESULTS 


SURVIVAL IN PROSPECTIVE RANDOMIZED TRIALS COMPARING BREAST-CONSERVING THERAPY WITH MASTECTOMY 


■ OVERALL SURVIVAL ■ LOCAL RECURRENCE 


■ TRIAL 

■ LOLLOW-UP 

(y) 

■ BCT 

(%) 

■ MASTECTOMY 

(%) 

■ BCT 

(%) 

■ MASTECTOMY 

(%) 

Institut Gustave-Roussy 170 

15 

73 

65 

9 

14 

Milan I 171 

20 

42 

41 

7 

2 

NSABP B-06 172 

20 

46 

47 

14 

10 

NCI 173 

20 

54 

58 

31 

6 

EORTC 174 

10 

65 

66 

20 

12 

Danish 175 

6 

79 

82 

3 

4 


BCT, breast-conserving therapy; EORTC, European Organization for Research and Treatment of Cancer; NCI, National Cancer Institute; NSABP, 
National Surgical Adjuvant Breast and Bowel Project. 


mastectomy, a total mastectomy with immediate breast recon¬ 
struction, or BCT, which consists of removal of the primary 
tumor with a margin of normal tissue and RT. Six modern 
prospective, randomized trials have compared mastectomy 
with BCT and have demonstrated no survival differences, 
even after long-term follow-up (Table 74.11). 170-175 Mastec- 

Q tomy alone has never been compared with mastectomy and 
reconstruction in a randomized trial, but there is no reason 
to suspect that reconstruction would decrease survival. In 
the absence of survival differences, the role of the surgeon is 
to identify medical contraindications to the procedures and 
to counsel the patient regarding what is involved in each 
one. 

0 Breast-conserving Therapy. For BCT to be successful, 
three conditions must be met. It must be possible to (a) 
reduce the tumor burden to a microscopic level likely to be 
controlled by irradiation, (b) safely deliver radiation therapy, 
and (c) promptly detect local recurrence. The contraindica¬ 
tions to BCT arise logically from these conditions. In 1992, a 
joint committee of the American College of Surgeons, Amer¬ 
ican College of Radiology, College of American Pathologists, 
and Society of Surgical Oncology developed guidelines 
for BCT. These were updated in 2007 and are listed in Table 
74.12. 176 

The incidence of the contraindications to BCT in the breast 
cancer population determines the number of patients who are 
advised to undergo mastectomy for medical reasons. Morrow 
et al. 10 reported a study in which a multidisciplinary team of 
physicians prospectively evaluated 456 patients with DCIS, 
clinical stage I breast cancer, or clinical stage II breast cancer 
between 1988 and 1991. Medical contraindications to breast 
preservation were present in only 26% of the patients, and the 
incidence and type of contraindications varied significantly by 
stage, with only 10% of patients with stage I disease having 
contraindications to BCT. 

In an effort to increase the number of patients eligible for 
breast conservation, the use of neoadjuvant chemotherapy to 
shrink the primary tumor before surgical therapy has been 
studied. 177 In a large randomized trial, NSABP protocol B-18, 
1,523 patients with tumors of any size were randomized to 
receive four cycles of doxorubicin (A) and cyclophosphamide 
(C) either preoperatively or postoperatively. 178 All patients 
over age 50 received tamoxifen. A reduction in tumor diame¬ 
ter of 50% was noted clinically in 80% of the patients, and in 
37%, no tumor could be felt after chemotherapy. However, 
only one fourth of the patients thought to be complete respon¬ 
ders had no tumor identified microscopically after surgery. 


Significant axillary down-staging also occurred, with patho¬ 
logically negative nodes in 60% of the neoadjuvant group and 
in 42% of the postoperative adjuvant group (p <0.001). 
Despite these impressive response rates, the rate of breast con¬ 
servation increased by only 8%, from 60% to 68%. In a sub¬ 
sequent study, the addition of docetaxel to AC treatment pre¬ 
operatively increased the clinical complete response rate from 
40.1% to 63.6% (p <0.001) and the pathologic complete 
response rate from 13.7% to 26.1% (p <0.001). 179 Despite 
this increase in response rate, the use of BCT did not differ 
between patients receiving preoperative AC and those receiv¬ 
ing AC plus Taxotere. This is probably because of the inability 
of the physical examination and imaging studies to reliably 
predict the degree of pathologic response. To date, neoadju¬ 
vant therapy has not been shown to improve survival in com¬ 
parison with therapy given postoperatively. 


TABLE 74.1 2 INDICATIONS/CONTRAINDICATIONS 


CONTRAINDICATIONS TO BREAST-CONSERVING THERAPY 
IN INVASIVE CARCINOMA 

ABSOLUTE CONTRAINDICATIONS 

■ Two or more primary tumors in separate quadrants of the 
breast 

■ Persistent positive margins after reasonable surgical 
attempts 

■ Pregnancy is an absolute contraindication to the use of 
breast irradiation. When cancer is diagnosed in the third 
trimester, it may be possible to perform breast-conserving 
surgery and treat the patient with irradiation after 
delivery. 

■ A history of prior therapeutic irradiation to the breast 
region that would result in re-treatment to an excessively 
high radiation dose 

■ Diffuse malignant-appearing microcalcifications 

RELATIVE CONTRAINDICATIONS 

■ A history of scleroderma or active systemic lupus 
erythematosus 

■ Large tumor in a small breast that would result in cosmesis 
unacceptable to the patient. In this circumstance, 
preoperative chemotherapy should be considered. 

■ Very large or pendulous breasts if reproducibility of 
patient setup and adequate dose homogeneity cannot 
be ensured 
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In addition to the medical contraindications to BCT dis¬ 
cussed earlier, patient desire is another indication for mastec¬ 
tomy. Not all women who are eligible for BCT opt for this 
therapy. In one study, greater patient involvement in the deci¬ 
sion-making process was associated with a significantly higher 
mastectomy rate than when the surgeon was the primary deci¬ 
sion maker. 180 

The amount of breast tissue to be resected in a lumpectomy 
to minimize the risk for local recurrence while optimizing the 
cosmetic appearance remains a major issue. There is no con¬ 
sensus on what constitutes an adequate margin for a lumpec¬ 
tomy. The only microscopic margin definition used in ran¬ 
domized trials has been tumor cells not touching ink. There is 
little convincing evidence that wider margins reduce the risk of 
local recurrence. Studies have shown that the risk of residual 
tumor varies with the histology of the primary tumor, being 
lowest in pure infiltrating ductal carcinoma and highest in 
infiltrating ductal carcinoma with an extensive intraductal 
component (EIC); the risk in infiltrating lobular carcinoma 
falls between the other two. 181 These studies indicate that the 
ideal balance between cosmesis and local failure is unlikely to 
be achieved by resecting the same amount of breast tissue in all 
patients. Magnification mammography is essential to identify 
the extent of the tissue that must be resected, and it allows 
large “quadrantectomy”-type resections to be reserved for 
patients with multifocal disease. With the use of physical 
examination and magnification mammography, the patients 
who can undergo breast conservation can be identified with a 
success rate higher than 95%. 182 The extent of surgical resec¬ 
tion is the major determinant of cosmetic outcome, and 
approximately 90% of patients treated with conservative 
resection rate their cosmetic outcome as excellent or good 
(Fig. 74.21). 

Local recurrence of tumor in the breast after BCT has been 
the subject of many studies. Local recurrence may be a conse¬ 
quence of inappropriate patient selection, inadequate surgery 
or RT, or biologic characteristics of the tumor. The presence of 
tumor at the margin of resection significantly increases the risk 
for local recurrence, as does the use of radiation doses to the 
whole breast of less than 4,500 to 5,000 cGy. Six randomized 
trials have attempted to identify a subgroup of patients with 
invasive carcinoma who do not require RT. All have shown a 
large reduction (average, 75%) in the rate of local recurrence 
with RT, 183 and RT should be considered a standard part of 
BCT for invasive carcinoma. This is particularly true since the 
2005 overview analysis 111 of trials of local therapy has demon¬ 


strated that absolute improvements in local control of more 
than 10% at 5 years, whether obtained by surgery or radiation 
therapy, are associated with statistically significant reductions 
in breast cancer mortality 15 years after diagnosis. Studies are 
now ongoing to evaluate the efficacy of partial breast irradia¬ 
tion to the quadrant of the tumor on local control. Patient fac¬ 
tors, such as young age, have also been associated with an 
increased risk for local failure after BCT. In contrast, a family 
history of breast cancer does not increase local failure rates. In 
women with mutations of BRCA1 or BRCA2, the risk of new 
second primary cancers is increased in both breasts, but the 
risk of local failure does not seem to be elevated. 184 A number 
of tumor factors, such as size and involvement of axillary 
lymph nodes, that are strong predictors of the risk for distant 
recurrence are not associated with the risk for recurrence in 
the breast. Histologic tumor type also is not a risk factor, and 
studies have shown that recurrence rates after excision of infil¬ 
trating lobular carcinoma to negative margins do not differ 
from those after excision of infiltrating ductal tumors. Most 
studies also indicate that histologic grade is not predictive of 
recurrence. Some studies have identified lymphatic invasion at 
the primary tumor site as a risk factor, but this has also been 
shown to be a risk factor for local recurrence after mastec¬ 
tomy. 

In the past, an EIC, defined as the presence of intraductal 
carcinoma both within an infiltrating ductal carcinoma and in 
adjacent grossly normal breast tissue, was thought to be asso¬ 
ciated with an increased risk for local, but not distant, recur¬ 
rence. More recent studies indicate that when ElC-positive 
tumors are excised to negative margins, local failure rates are 
similar to patients with ElC-negative tumors. 185 The use of 
adjuvant chemotherapy or tamoxifen in patients who have 
received breast RT reduces the risk for breast recurrence by 
approximately 50%. In modern series, local failure rates of 
4% to 8% at 10 years are commonly reported in patients 
receiving RT plus systemic therapy. The information on fac¬ 
tors associated with local recurrence suggests that two types of 
recurrences develop after BCT. One type of recurrence repre¬ 
sents a heavy tumor burden in the breast that is not controlled 
by breast irradiation. This type of recurrence can be minimized 
by meticulous patient selection and attention to the technical 
details of surgery and irradiation. The other type of recurrence 
is a manifestation of a biologically aggressive tumor and 
represents a first site of metastatic disease. This type of recur¬ 
rence is similar to the majority of chest wall recurrences after 
mastectomy. 



FIGURE 74.21. Cosmetic outcome after breast-conserving therapy with radiation. A: Excellent cosmetic outcome. The treated breast {left) is 
identical to the untreated breast. B: Fair cosmetic outcome. Significant shrinkage and loss of ptosis is evident in the treated right breast. 
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FIGURE 74.22. Incision placement for modified radical mastectomy. 
The incision should include the nipple-areola complex, biopsy scar, 
and excess skin of the breast. 


Mastectomy. The term mastectomy describes the removal 
of all grossly evident breast tissue. If only the breast is 
removed, the operation is called total or simple mastectomy. 
If the breast and most or all of the axillary lymph nodes are 
removed, the procedure is termed modified radical mastec¬ 
tomy. Mastectomy has traditionally been performed through 
an elliptical incision that encompasses the nipple-areola 
complex and the biopsy scar, if an open biopsy has been per¬ 
formed, in addition to the excess skin of the breast (Fig. 
74.22). If the skin is needed for reconstruction, it can be pre¬ 
served and exposure obtained through incision rather than 
excision, a procedure known as skin-sparing mastectomy. 
Skin flaps are raised in the plane between the subcutaneous 
fat and the underlying breast tissue. To encompass all the 
breast tissue, the dissection should extend superiorly to the 
inferior border of the clavicle, medially to the lateral border 
of the sternum, inferiorly to the superior extent of the rectus 
sheath, and laterally to the latissimus dorsi. The fascia 
overlying the pectoralis major is the deep margin of resec¬ 
tion, but it can be preserved when needed to facilitate recon¬ 
struction. 


Mastectomy is an extremely safe operation. A review of 
the Surveillance, Epidemiology, and End Results (SEER) 
from the National Center for Health Statistics data for 
10,056 patients treated between 1960 and 1973 reports a 
30-day operative mortality of 0.35%. 186 Early postoperative 
complications include wound infections, which often pre¬ 
sent as cellulitis and occur in 2% to 14% of cases. 187 Open 
surgical biopsy before mastectomy (as opposed to a needle 
biopsy technique) increases the rate of infection. Skin flap 
necrosis is relatively uncommon today. Factors associated 
with flap necrosis include vertical incisions, technical error 
with denuding of the subcutaneous fat from the flap, and 
closure under tension. Seromas form in 100% of patients 
and should be considered a side effect and not a complica¬ 
tion. Extensive axillary nodal involvement is the strongest 
predictor of prolonged lymphatic drainage after mastec¬ 
tomy. Seroma formation can be minimized by leaving 
suction drains in place until their output is less than 30 mL 
per 24 hours rather than arbitrarily removing them on a pre¬ 
determined day. Anesthesia of the chest wall is another side 
effect of mastectomy that patients should be informed of 
preoperatively. 

Mastectomy and Immediate Reconstruction. The 

techniques of breast reconstruction have evolved dramati¬ 
cally during the past 30 years, and the switch from radical 
mastectomy to total mastectomy has made immediate recon¬ 
struction an option for most women. Tissue expansion fol¬ 
lowed by removal of the expander and replacement with a 
permanent implant is the most common form of reconstruc¬ 
tion in the United States. The advantage of this technique is 
that it adds little to the length of surgery or the time of recov¬ 
ery. Disadvantages include the need for a second surgical 
procedure routinely and the limitations in cosmetic outcome, 
particularly for women with large or pendulous breasts. 
These differences, however, are minimized when a bra is 
worn (Fig. 74.23). 

The alternative to implant reconstruction is the use of 
autologous tissue flaps. Both the transverse rectus abdominis 
myocutaneous (TRAM) flap and a latissimus dorsi flap have 
been used for reconstruction. These flaps have the advantage 
of allowing a more natural look and feel to the breasts than 
can be achieved with implants (see Fig. 74.18B). The TRAM 
reconstruction has the added advantage of an abdominoplasty. 
Both, however, add significant time to the operative procedure, 
hospitalization, and recovery period, and they may not be suit¬ 
able for patients with major comorbid conditions. In addition, 



FIGURE 74.23. Breast reconstruction with tissue expanders. Although the breasts are not identical, this is not evident when a bra is worn. 
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1 TABLE 74.13 



RESULTS | 

RESULTS OF PROSPECTIVE, MULTI-INSTITUTIONAL STUDIES OF LYMPHATIC MAPPING AND 
SENTINEL NODE BIOPSY 

■ STUDY 

■ NO. 
PATIENTS 

■ % SN 

IDENTIFICATION 

■ % FALSE 
NEGATIVE 

ACOSOG Z10 191 

5,237 

98.7 

N/A 

ALMANAC 192 

803 

96.1 

6.7 

NSABP B-32 193 

5,611 

97.1 

9.8 

Sentinella/GIV OM 194 

697 

95 

16.7 

ACOSOG, American College of Surgeons Oncology Group; ALMANAC, Axillary Lymphatic Mapping 
Against Nodal Axillary Clearance; GIVOM, Gruppo Interdisciplinare Veneto Oncologia Mammaria; 

NSABP, National Surgical Adjuvant Breast and Bowel Project; SN, sentinel node. 


in most women the latissimus flap does not provide enough 
tissue to create a breast mound, and an implant must be 
added. 

Retrospective studies indicate that immediate reconstruc¬ 
tion, even after skin-sparing mastectomy, does not increase the 
risk of local failure. 188 The detection of local failure also does 
not appear to be altered by the presence of a reconstruction 
because the majority of chest wall failures occur in the skin or 
subcutaneous fat. An important issue is the use of immediate 
reconstruction in patients who will require postoperative RT. 
The incidence of implant loss and poor cosmetic outcome is 
clearly increased in patients who undergo postoperative RT, 
whereas flap necrosis, fibrosis, and shrinkage can occur in 
TRAM flaps after radiation. As the indications for postopera¬ 
tive RT have expanded (discussed later), the issue of the opti¬ 
mal method and timing of reconstruction has become a subject 
of great controversy. Good cosmetic outcomes have been 
reported after irradiation of both implants and tissue flaps. 
Alternative approaches include the placement of an expander 
to allow skin preservation at the time of initial surgery, 189 with 
a decision to continue with the expander and implant, to 
switch to a flap reconstruction at the completion of oncologic 
therapy, or to delay reconstruction until after the completion 
of irradiation. 


Management of the Axillary Nodes 

Axillary dissection has been a part of the surgical management 
of breast cancer since the era of Halsted. Initially, axillary dis¬ 
section was thought to be therapeutic, but came to be regarded 
as a staging procedure when it became evident that the major¬ 
ity of women with nodal metastases died of breast cancer after 
receiving local therapy alone. In the 1990s, the increasing use 
of adjuvant systemic therapy for node-positive and node-neg¬ 
ative breast cancer, the more frequent detection of small can¬ 
cers associated with a low risk for nodal metastases, and an 
increased awareness of the morbidity of axillary dissection 
resulted in attempts to identify subgroups of patients who 
would not benefit from the procedure. In most studies, tumor 
size was used to identify a low-risk subgroup. Even for tumors 
smaller than 5 mm, however, the incidence of nodal metastases 
ranges from 3% to 12%. 183 For the majority of patients with 
breast cancer, the axillary nodal status cannot be reliably pre¬ 
dicted on the basis of the characteristics of the primary tumor. 
Today, sentinel node biopsy allows the reliable identification 
of patients with axillary metastases with a low-morbidity stag¬ 
ing procedure. 

Sentinel Node Biopsy. A sentinel lymph node (SN) is 
defined as the first lymph node that receives drainage from a 


0 


cancer. The procedure of lymphatic mapping can be performed 
with Lymphazurin blue dye, colloids labeled with radioactive 
isotopes (usually technetium), or a combination of the two 
agents. The SN technique was initially developed and vali¬ 
dated in studies from single surgeons or institutions where SN 
biopsy was followed by axillary dissection. 190 

A number of prospective, multi-institutional studies have 
examined the ability to identify an SN and the accuracy of 
the SN in predicting the status of the remaining axillary 
nodes. 191-194 These are summarized in Table 74.13. These 
studies indicate that regardless of the technique used, surgeons 
learning the procedure can identify a SN in approximately 
95% of patients, which will predict the status of the remaining 
axillary nodes in about 90% of cases. It is apparent that SN 
biopsy can be performed in most patients with breast cancer. 
The management of the axillary lymph nodes is listed in Table 
74.14. A randomized comparison has demonstrated that equal 
numbers of node-positive women are identified with SN 
biopsy and axillary dissection. 195 The morbidity of SN biopsy 
is significantly lower than that of axillary dissection, both 
6 months and 2 years postoperatively, and the incidence of lym¬ 
phedema is significantly lower. 181 After SN biopsy alone, iso¬ 
lated axillary recurrence occurs in fewer than 1 % of patients, 
making it the axillary staging procedure of choice for most 
patients with breast cancer. Sentinel node biopsy also offers 
the pathologist the opportunity to perform a much more 
detailed study of the lymph node that is most likely to contain 
metastases than is possible when an entire axillary specimen 
containing 15 to 30 nodes is evaluated. With the use of multi¬ 
ple sections or immunohistochemistry, it is possible to identify 
tumor deposits in approximately 20% of nodes found to be 
“negative” with routine sectioning and hematoxylin and eosin 
staining. The prognostic significance of these micrometastases, 


ITABLE 74.14 | 

APPROACH TO THE AXILLARY NODES 

■ FINDING 

■ APPROACH 

Clinically negative 

Sentinel node biopsy 

Radiographically 

Ultrasound-guided fine-needle aspiration 

suspicious 

Axillary dissection if positive 

Sentinel node biopsy if negative 

Clinically 

suspicious 

Fine-needle aspiration (image or hand 
guided) 


Follow-up management as for 
radiographically suspicious 
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however, is uncertain. Prospective clinical trials performed by 
the American College of Surgeons Oncology Group and the 
NSABP will determine whether immunohistochemistry of the 
SN is a useful way to refine our ability to predict the risk for 
recurrence. 

Axillary Dissection. Axillary dissection is indicated in 
patients found to have metastatic disease in the SN or those 
with contraindications to SN biopsy. The extent of axillary 
dissection has been defined on the basis of the number of 
nodes removed or their anatomic location. As discussed in the 
section on anatomy, the axilla is divided into three anatomic 
levels. Removal of the level I and II nodes accurately identifies 
metastases in 98% of patients because isolated metastases to 
level III are uncommon. A level I and II dissection is standard 
practice, with the removal of level III being reserved for 
patients with evidence of gross nodal involvement. Isolated 
axillary recurrence after a level I and II dissection is uncom¬ 
mon, occurring in fewer than 3% of patients undergoing BCT. 
With random node removal, a clear relationship is noted 
between the number of nodes removed and the incidence of 
axillary failure. 

It has become increasingly apparent that axillary dissection 
is accompanied by significant morbidity. Major complications, 
such as injury to the axillary vein and motor nerves of the 
axilla, are rare, but numbness in the distribution of the inter- 
costobrachial nerve occurs in 70% to 80% of patients unless 
the nerve is preserved, and 20% to 30% of patients have pain 
and weakness 1 year after surgery. 195 The risk of lymphedema 
after axillary surgery persists for the patient’s lifetime, and the 
frequency of lymphedema increases as the time from surgery 
increases. In a review of reports published in the 1990s, 196 
the incidence of lymphedema was found to range from 6% to 
30%. The incidence of lymphedema is related to the extent of 
axillary dissection, being higher when level III is removed 
than when lesser dissections are performed. The radiation of 
an axillary field after surgical dissection significantly 
increases the risk for lymphedema. Beyond these two treat¬ 
ment-related factors, there is little agreement regarding 
which patient characteristics are associated with an increased 
risk for lymphedema. 


Postmastectomy Radiotherapy 

The reasons for irradiating the chest wall and draining lymph 
node basins after mastectomy are twofold: first, to reduce the 
risk for locoregional recurrence of tumor, and second, to 
improve survival by eradicating residual locoregional disease 
that may be resistant to systemic therapy. The risk for local 
failure after mastectomy is significant and is clearly related to 
the presence of axillary node metastases, and large (>5 cm) 
tumor size. Reported locoregional recurrence rates in random¬ 
ized trials of mastectomy alone range from 4% to 26%. 197 In 
patients with negative axillary nodes, local failure rates are 
usually less than 4%. An overview analysis of 40 trials 
(19,582 women) of RT after both mastectomy and BCT 
demonstrated that RT reduces the risk for local recurrence by 
approximately two thirds. 198 A much smaller decrease in 
breast cancer mortality was also observed (proportional 
reduction: 9%) but, in older studies, was offset by a significant 
increase in late cardiac mortality in women who underwent 
radiation for left-sided cancers. 

Recent studies have examined the use of RT in patients 
receiving adjuvant systemic therapy and have reported an 
improvement in survival with the addition of RT in node¬ 
positive women. The Early Breast Cancer Trialists’ Collabora¬ 
tive Group Overview 155 demonstrated a survival benefit for 
RT when used for patients with both one to three, and four or 
more, involved axillary nodes. However, the extent of the 
axillary dissections performed in some of these studies was 


limited, resulting in a relatively high rate of axillary recur¬ 
rences than is observed in many studies in the United States. 
For this reason, debate continues on the need for RT in women 
with breast cancers less than 5 cm in size and involvement of 
one to three axillary nodes. In patients with involvement of 
four or more nodes, RT is recommended routinely, regardless 
of tumor size. 


PROGNOSTIC FACTORS 


The clinical course of breast cancer varies from patient to 
patient. Prognostic factors can be used to predict the natural 
history of a tumor, usually in terms of disease-free or overall 
survival. Prognostic factors must be distinguished from predic¬ 
tive factors, which are associated with response to a particular 
therapy. Clinically, prognostic factors are used to determine 
which patients have such a favorable outcome after local ther¬ 
apy that adjuvant systemic therapy is not warranted. Although 
multiple prognostic factors have been described, those in stan¬ 
dard use today include axillary lymph node status, tumor size, 
histologic subtype (discussed in the section on pathology), 
nuclear or histologic grade, and ER and PR status. Measure¬ 
ments of proliferation, such as S-phase fraction or Ki67, are 
more controversial but are used in many institutions. Newer 
factors under study include cyclins, growth factor receptors, 
plasminogen activators, and inhibitors and markers of cell 
death (e.g., BCL-2). 

The presence of metastases to the axillary nodes is the sin¬ 
gle most important prognostic factor in breast cancer. 
Although clinical studies usually divide patients into groups 
with negative nodes, one to three positive nodes, and four or 
more positive nodes, the number of involved nodes indicates 
the prognosis as a continuous variable. Because patients with 
node-positive disease are uniformly recognized as requiring 
adjuvant systemic therapy, most studies have concentrated on 
prognostic factors in patients with node-negative disease. 
Tumor size is another strong predictor of outcome. 199,200 Only 
10% or less of patients with tumors 1 cm or less in size and 
negative axillary lymph nodes experience recurrence during 
long-term follow-up. 199 

Tumor grade has also been shown to predict outcome in 
breast cancer. However, the availability of multiple grading 
systems, poor reproducibility among different observers 
unless specific guidelines are provided, and the failure in the 
past of many pathologists to include a grade on the pathology 
report have limited its utility as a prognostic factor. Hormone 
receptor (ER and PR) status has long been recognized as a 
predictive factor for response to endocrine manipulations 
(e.g., tamoxifen or oophorectomy). In addition, studies have 
demonstrated that ER and PR are prognostic factors that are 
associated with increases in disease-free survival of about 
10% at 5 years. 201 ER and PR levels are strongly correlated 
with histologic grade and patient age, and inversely correlated 
with measures of proliferation. 

Although many prognostic factors have been examined, 
relatively few have shown clinical utility. In addition, most 
studies of prognostic factors have examined one or two fac¬ 
tors, making it difficult to predict the outcome of patients 
with a mixture of favorable and unfavorable prognostic fea¬ 
tures. Drawing on information from the SEER database, the 
results of individual clinical trials, and published literature, 
Ravdin et al. 202 developed a novel computerized system 
called Adjuvant! that projects patient outcomes at 10 years 
based on a combination of classic clinicopathologic features. 
Adjuvant! is an evidence-based tool to facilitate clinical deci¬ 
sions based on the risk of recurrence and the potential bene¬ 
fit from adjuvant therapies. This prognostic tool has been 
independently validated, and observed outcomes were within 
2% for most demographic, pathologic, and treatment-defined 
subgroups. 203 
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The advent of genomic technology for the analysis of 
human tumor samples has added an additional source of infor¬ 
mation to aid in determining prognosis and clinical decisions. 
The intrinsic subsets of breast cancer, as first described by 
Perou et al. 164 (HER2, luminal A, luminal B, and basal-like), 
are associated with different relapse-free and overall survival 
rates, with those in the luminal subgroup having the best prog¬ 
nosis and those in the basal cell group having a significantly 
worse prognosis. 165,166 Efforts to define more limited sets of 
genes for prognostic purposes include a 70-gene expression 
profile first described by van de Vijver et al. in 2002. 204 Com¬ 
monly referred to as the Amsterdam signature, this expression 
profile was used to classify 295 patients with breast cancer 
into a good- or poor-prognosis groups, on the basis of distant 
relapse and overall survival. Interestingly, women with node¬ 
positive and node-negative disease were evenly distributed 
between the two groups, whereas other recognized poor-prog¬ 
nostic factors (e.g., ER negativity, high histologic grade) were 
clustered in the poor-prognosis group. The 10-year disease- 
free survival was 94.5% in the good-prognosis group and 
50.6% in the poor-prognosis group. This genomic assay, 
which requires fresh frozen tumor samples, is now commer¬ 
cially available as MammaPrint and is undergoing clinical val¬ 
idation as part of a multicenter trial. 

Another gene-based approach is a 21-gene assay using 
reverse transcription polymerase chain reaction (RT-PCR) on 
RNA isolated from paraffin-embedded breast tumors (Onco- 
type DX). This assay provides individualized risk estimates 
based on measurements of 16 cancer-related genes and five ref¬ 
erence genes. It was originally developed for use in ER-positive, 
node-negative patients by retrospective analysis of available 
tumor tissue from 447 patients treated with tamoxifen ± 
chemotherapy in three clinical trials, and the risk of recurrence 
at 10 years was quantified (recurrence score [RS]). 205 Independent 
validation was performed on 668 stage I or II, node-negative, 
hormone receptor-positive patients treated with tamoxifen 
from the NSABP B-14 trial. 206 In the validation study, the 
RS was superior to age, tumor size, and grade in predicting 
prognosis, and when subdivided into low-risk (RS <18), inter¬ 
mediate-risk (RS 18 to 30), and high-risk (RS >31) groups, the 
10-year disease-free survival was 69% for the high-risk group 
and 93% for the low-risk group. Further analysis of patients 
from the NSABP B-20 trial demonstrated that patients in 
the high-risk group experienced a significant benefit from the 
addition of chemotherapy to tamoxifen, whereas those in the 


intermediate- and low-risk groups derived little to no benefit 
from chemotherapy. This 21-gene expression assay has been 
accepted as a clinical practice tool for appropriately selected 
patients; however, optimal therapy for patients in the interme¬ 
diate-risk group remains unclear, and this question is being 
tested in a prospective trial (TAILORx) where Oncotype DX 
will be used to select hormone receptor-positive, node-negative 
patients with an intermediate RS for randomization to hor¬ 
monal therapy or combined hormonal therapy and chemother¬ 
apy. Additional studies have shown that the recurrence score is 
also prognostic and predictive of the benefit of chemotherapy 
in node-positive, ER-positive patients. 


ADJUVANT SYSTEMIC THERAPY 

Adjuvant therapy is defined as the use of cytotoxic 
chemotherapy or endocrine therapy after the local treatment 
of breast cancer to eliminate clinically occult micrometas- 
tases, thereby preventing recurrence and increasing survival. 
Initially, adjuvant systemic therapy trials were carried out in 
patients with node-positive disease, who are at the highest 
risk of relapse. Subsequently, the recognition that breast 
cancer death occurs in up to 40% of patients with node-neg¬ 
ative breast cancer led to trials of systemic treatment in that 
group. 

The Early Breast Cancer Trialists Collaborative Group has 
conducted meta-analyses of the major prospective, randomized 
trials of chemotherapy, with the most recent analysis published 
in 2005 (Table 74.15). 207 After 15 years of follow-up, this 
analysis confirmed that adjuvant chemotherapy reduces the 
proportional risk of death equally in patients with node¬ 
positive and node-negative disease. There is a small benefit 
for anthracycline-based treatment (e.g., doxorubicin) versus 
Cytoxan, methotrexate, and fluorouracil. The benefit of 
chemotherapy was greatest in younger women, reducing the 
odds of death by 29% in those under 40 and by 9% in those 
ages 60 to 69. A separate meta-analysis of 16 randomized trials 
comparing taxane (paclitaxel or docetaxel)-containing regi¬ 
mens to non-taxane-containing regimens in the adjuvant 
setting for women with node-positive and high-risk node¬ 
negative disease demonstrates a small added benefit with the 
use of taxanes for this group of patients. 208 The next Oxford 
Overview by the Early Breast Cancer Trialists Collaborative 
Group will also examine this question. 


ITABLE 74.15 


RESULTS | 

OVERVIEW ANALYSIS OF CHEMOTHERAPY, 2005 


■ REDUCTION IN ANNUAL ODDS 

■ TREATMENT 

■ BREAST CANCER 
RECURRENCE (% ± SE) 

■ BREAST CANCER 
DEATH (% ± SE) 

Any multidrug chemotherapy 

33 ± 2 

17 ± 2 

CMF vs. none, age <50 

41 ± 4 

34 ± 5 

CMF vs. none, age 50-69 

19 ± 3 

10 ± 3 

Anthracycline vs. none, age <50 

33 ± 8 

26 ± 9 

Anthracycline vs. none, age 50-69 

21 ± 4 

17 ± 5 

Anthracycline vs. CMF 

11 ± 3 

16 ± 3 


CMF, Cytoxan, methotrexate, 5-fluorouracil; SE, standard error. 

Modified from Stearns V, Davidson NE. Adjuvant chemotherapy and chemoendocrine therapy. In: Harris 
JR, Lippman ME, Morrow M, et al., eds. Diseases of the Breast, 3rd ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2004:895. 
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The advent of trastuzumab (Herceptin) therapy in the adju¬ 
vant management of HER2-positive breast cancer in 2005 was 
a major breakthrough in the application of targeted therapy to 
breast cancer. Herceptin is a recombinant humanized mono¬ 
clonal antibody specific for the external region of the HER2 
transmembrane tyrosine kinase. To date, results from five 
studies, which have randomized 11,650 women with early - 
stage HER2-positive breast cancer to trastuzumab- versus 
non-trastuzumab-based adjuvant chemotherapy, have 
demonstrated that the addition of trastuzumab results in a 
significant improvement in both disease-free (50%) and over¬ 
all survival (33%). 209-213 The clinical benefit of trastuzumab 
appears to be limited to tumors with HER2 amplification. 
Lapatinib, a next-generation tyrosine kinase inhibitor, which 
reversibly inhibits both the EGFR (HER1) and HER2 kinases, 
has been approved for use in the metastatic setting. The role of 
lapatinib in early-stage disease is being explored both in the 
adjuvant and neoadjuvant settings. 

Adjuvant endocrine therapy is standard therapy for 
both pre- and postmenopausal women with hormone recep¬ 
tor-positive disease. Tamoxifen is a nonsteroidal agent that 
exhibits site-specific estrogen agonist and antagonist prop¬ 
erties. 214 It was the first drug identified in the class now 
referred to as SERMs. Tamoxifen acts as an antiestrogen in 
the breast through competitive blockade of the ER. In bones 
and lipids, tamoxifen acts as an estrogen agonist, preserving 
bone density and lowering blood cholesterol. Tamoxifen 
also acts as an agonist in the uterus, increasing the inci¬ 
dence of endometrial carcinoma (see section on manage¬ 
ment of the high-risk woman). The most recent Early Breast 
Cancer Trialists Collaborative Group meta-analysis also 
included more than 48,000 patients in 56 trials of tamox¬ 
ifen. 207 The use of tamoxifen for 5 years reduces the annual 
odds of breast cancer recurrence by 41% and the annual 
odds of death by 34%. Tamoxifen is beneficial in women of 
all ages, and 5 years of therapy is superior to shorter dura¬ 
tions of treatment. These benefits are limited to patients 
whose tumors express ER, PR, or both. 

Tamoxifen was the cornerstone of endocrine therapy for 
postmenopausal women with hormone receptor-positive dis¬ 
ease until the recent reporting of several adjuvant AI trials. AIs 
function by inhibiting the peripheral conversion of androgens 
to estrogen, thereby lowering estrogen levels. Adjuvant AIs have 
been compared to tamoxifen in a number of study designs 
including sequential strategies 215 (AI given after 2 to 3 years of 
tamoxifen), upfront strategies 216 (AI instead of tamoxifen), and 
extended strategies 217 (AI given after 5 years of tamoxifen). All 
of these strategies have demonstrated significant recurrence- 
free survival benefits over tamoxifen alone; however, the supe¬ 
riority of any given strategy remains to be determined. One of 
these agents, anastrozole, was compared with tamoxifen alone 
or in combination with anastrozole in a randomized trial of 
more than 9,000 postmenopausal women (ATAC trial). 216 At 9 
years’ follow-up, the anastrozole-alone arm showed a 4.8% 
recurrence-free survival benefit over tamoxifen alone; however, 
no overall survival benefit has been observed. The tolerability 
profile of anastrozole is somewhat better than that for tamox¬ 
ifen, with fewer hot flashes, no endometrial effects, and fewer 
thromboembolic events. However, arthralgias and myalgias are 
more commonly reported, and the risk of fracture is increased 
during the 5 years of treatment. 

The overview analysis of randomized trials 207 also 
demonstrates that combined therapy with chemotherapy and 
tamoxifen is superior to treatment with either agent alone in 
both premenopausal and postmenopausal women. In post¬ 
menopausal women, however, the benefit from the addition 
of chemotherapy is modest and must be weighed against the 
toxicity of the treatment in the context of the patient’s over¬ 
all health. General guidelines for the use of adjuvant therapy 
are shown in Table 74.16, but final treatment decisions 


TABLE 74.16 

TREATMENT | 

RECOMMENDATIONS FOR ADJUVANT THERAPY 

■ PATIENT GROUP 

■ RECOMMENDED 
TREATMENT 

NODE NEGATIVE, LOW RISK 

Tumor <1 cm 

No treatment or endocrine 
therapy if ER+ 

Special histologic types 
1-2 cm, grade 1, ER+ 


NODE NEGATIVE, HIGHER RISK 

ER+ 

Endocrine therapy OR 
chemotherapy + endocrine 
therapy 

ER- 

Chemotherapy 

Any HER2+ 

Add trastuzumab to 
chemotherapy 

NODE POSITIVE 


ER+ 


Premenopausal 

Chemotherapy + endocrine 
therapy 

Postmenopausal 

Chemotherapy + endocrine 
therapy OR endocrine therapy 
alone 

ER- 

Chemotherapy 

Any HER2+ 

Add trastuzumab to chemotherapy 

ER+, estrogen receptor positive; ER-, estrogen receptor negative. 


are influenced by the individual attitudes of patients toward 
possibly small benefits and treatment toxicities. The Onco- 
type DX assay to predict benefit from therapy is being 
increasingly used in clinical practice for node-negative, hor¬ 
mone receptor-positive tumors (see discussion under prog¬ 
nostic factors). 


SPECIAL PROBLEMS 


Breast Cancer in the Elderly 

Approximately 50% of breast cancers in the United States are 
diagnosed in women age 65 and older. Therapy in the elderly 
should be based on physiologic, not chronologic, age. Mastec¬ 
tomy can be performed safely in the majority of older women, 
regardless of age, albeit with a slightly higher mortality 
(0.39% for all ages, and 0.9% for the subgroup of women age 
75 and older). 186 Mastectomy is an excellent means of obtain¬ 
ing local control and may minimize outpatient visits, but many 
older women prefer BCT if offered this option. This is clearly 
a lesser operative procedure than a mastectomy, and several 
studies 218 suggest that local failure rates after BCT with RT are 
lower in women over age 65 than in their younger counter¬ 
parts. Radiotherapy is generally well tolerated by older 
women, but daily visits for RT may be difficult for the elderly 
patient with limited mobility. In elderly women with tumors 
under 2 cm in size, the benefit of RT may be marginal, and 
treatment with wide excision of the tumor and endocrine 
therapy is an option. 219 When omission of breast irradiation in 
the treatment of an elderly patient with larger tumors is con¬ 
sidered, it is useful to remember that the majority of local fail¬ 
ures occur in the first 6 postoperative years. Sentinel node 


ENDOCRINE 















1274 


Part Two: Surgical Practice 


biopsy is a low-morbidity staging technique that is particularly 
well suited to older women. However, if nodal status will not 
change the recommendation for systemic therapy (e.g., an ER- 
positive patient not a candidate for chemotherapy), then the rou¬ 
tine performance of sentinel node biopsy adds little to patient 
management. 

In the elderly woman with significant comorbid conditions, 
tamoxifen has been studied as an alternative to conventional 
surgical treatment. In a review of seven randomized trials, 
including more than 1,500 women 70 years of age or older, 
there was no survival advantage for surgical therapy. 220 
Although wide resection with free surgical margins was not 
uniformly required in these studies, significant improvements 
in local control were noted in the surgically treated woman. 
The aromatase inhibitor letrozole has been compared with 
tamoxifen in a randomized trial of neoadjuvant therapy, with 
letrozole producing a superior local response. Response rates 
to primary endocrine therapy are high, but 12 months or 
more are often needed to achieve the best response. With 
long-term follow-up, the risk for disease progression may be 
significant. Because surgical treatment is well tolerated by the 
majority of older women, there is no reason to routinely sub¬ 
stitute primary endocrine therapy. For the elderly woman 
with a limited life span who is a poor operative risk, however, 
endocrine therapy represents a viable alternative as a primary 
therapy. 


Breast Cancer in Pregnancy 

Breast cancer occurring during pregnancy is relatively uncom¬ 
mon when all cases of breast cancer are considered. If only 
patients with breast cancer in their childbearing years are eval¬ 
uated, 7% to 14% are found to be pregnant at diagnosis. 221 If 
pregnant women are used as a denominator, approximately 
2.2 breast cancers per 10,000 pregnancies can be anticipated. 

The clinical presentation of breast cancer during preg¬ 
nancy is the same as in the nonpregnant patient, and a palpa¬ 
ble mass is the most common symptom. Mammography is not 
particularly helpful in the evaluation of breast masses in preg¬ 
nant women because of the increased density of the breast. 
Ultrasonography is often useful in distinguishing a true mass 
from the normal nodularity of pregnancy, but ultimately the 
decision about the need for biopsy should be made on the 
basis of the physical examination. Delay in the diagnosis of 
breast cancer during pregnancy remains a major problem, 
and most of this delay is physician induced. Core needle 
biopsy or breast biopsy under local anesthesia is safe at any 
time during pregnancy and should be performed for any sus¬ 
picious mass. 

The options for the local treatment of breast cancer dur¬ 
ing pregnancy are limited for the woman who wishes to con¬ 
tinue her pregnancy. The use of irradiation during any 
trimester of pregnancy is contraindicated because of the 
inability to shield the fetus from internal radiation scatter. If 
breast cancer is diagnosed in the third trimester, lumpectomy 
can be performed and radiation delayed until after delivery. 
The effect of longer delays in radiation to allow breast 
preservation is unknown and may be detrimental. Immediate 
reconstruction with tissue flaps is also contraindicated during 
pregnancy because of the risk to the fetus of a more pro¬ 
longed anesthesia and increased blood loss, in addition to the 
inability to obtain symmetry with the postpartum breast. 
Thus, mastectomy remains the mainstay of the surgical ther¬ 
apy of breast cancer during pregnancy. The safety of radio¬ 
colloids and blue dyes used for SN biopsy during pregnancy 
is unclear, 222 so axillary staging is done with an axillary dis¬ 
section, although newer modeling studies suggest that the 
dose of radioactivity used for lymphatic mapping is safe dur¬ 
ing pregnancy. Therapeutic abortion does not appear to play 
a role in the treatment of nonmetastatic breast carcinoma. A 


number of small, nonrandomized studies have failed to show 
a survival advantage associated with termination of preg¬ 
nancy. Some patients may opt to terminate a pregnancy 
because of concerns about the long-term prognosis or the 
risk for fetal damage, but patients should not be advised that 
this is of therapeutic benefit. 

Breast cancer during pregnancy is often thought to be a 
particularly aggressive disease with a poor prognosis. Much of 
the poor prognosis, however, seems to be secondary to 
advanced disease at the time of diagnosis. These women are 
generally too young to undergo regular mammographic 
screening before pregnancy, and even in recent series, more 
than 60% of patients with pregnancy-associated breast cancer 
had positive axillary nodes. After correction for age and tumor 
stage, some studies suggest that survival in women treated 
during pregnancy is similar to that of nonpregnant patients. 
Population-based studies in Denmark, Sweden, and the United 
States indicate, however, that survival decreases significantly 
when breast cancer is diagnosed during pregnancy or shortly 
thereafter. 223-225 

Chemotherapy can be given to the pregnant patient with 
breast cancer but is generally delayed until after the first 
trimester. Fetal malformation occurs in approximately 20% of 
patients treated during the first trimester, and this risk falls to 
about 2% for exposure in the second and third trimesters. 
Some series, however, have reported low birth weight in as 
many of 40% of infants exposed to chemotherapy during 
pregnancy, and the long-term effects of chemotherapy expo¬ 
sure on growth, development, and cancer risk are largely 
unknown. 226 The decision to treat any woman with chemother¬ 
apy during pregnancy depends on her risk for relapse and the 
woman’s desire for treatment after a thorough discussion of 
the risks and benefits, and these decisions must be resolved on 
a case-by-case basis. When breast cancer is diagnosed in the 
third trimester, chemotherapy can usually be delayed until 
fetal maturity, when delivery can be induced. The effects of 
longer delays on the efficacy of chemotherapy are unknown. 
Tamoxifen is contraindicated in pregnant women, and women 
undergoing chemotherapy or endocrine therapy should not 
breastfeed. 


Male Breast Cancer 


Cancer of the male breast is an uncommon disease. Risk factors 
include Klinefelter syndrome, a family history of breast cancer, 
mutations of the BRCA2 gene, hepatic disorders, and radiation 
exposure. With the exception of the gynecomastia in Klinefel¬ 
ter disease, there is no clear association with gynecomastia. The 
mean age of patients at presentation with male breast cancer is 
approximately 10 years older than that of women with the dis¬ 
ease. 227 The typical presentation is a mass beneath the nip¬ 
ple-areola complex, with retraction or ulceration of the nipple; 
nipple discharge is less frequent. Approximately 80% of male 
breast cancers are hormone receptor positive. 

The most common local treatment for male breast carci¬ 
noma is mastectomy. Radical mastectomy is no longer the 
standard therapy, and when the tumor is not fixed to the pec¬ 
toral muscle, a total mastectomy can be performed. With lim¬ 
ited muscle involvement, the portion of the pectoralis adherent 
to the tumor can be excised. When extensive pectoral muscle 
invasion is present, radical mastectomy may be necessary, 
although preoperative chemotherapy, as in female breast can¬ 
cer, is also an option. BCT for male breast carcinoma is rarely 
feasible because of the small size of the breast and the central 
location of most tumors. Several small studies in men with 
breast cancer support the use of SN biopsy if the axilla is clin¬ 
ically negative; axillary dissection is indicated if nodal metas- 
tases are documented preoperatively. 228 

The survival rate of men with breast cancer is similar to 
that in women with disease of the same stage, 229 and axillary 
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nodal status is the major predictor of outcome. The benefit of 
adjuvant systemic therapy in male breast cancer has not been 
evaluated in randomized clinical trials, but the natural history 
and response to therapy of metastatic breast carcinoma in men 
is similar to that in postmenopausal women, leading to similar 
practice in the adjuvant setting. Because most male breast can¬ 
cers contain hormone receptors, the largest adjuvant experi¬ 
ence has been gained with hormonal therapy. The administra¬ 
tion of tamoxifen to men with stage II or III disease resulted in 
a 55% 5-year survival, versus 28% in historical controls who 
received no systemic treatment. 230 Tamoxifen, however, may 
not be as well tolerated in men as in women, and frequently 
causes decreased libido. The use of aromatase inhibitors in 
men with breast cancer is being explored, but an AI alone is 
not appropriate. Only 80% of circulating estrogen in men is 
derived from peripheral aromatization, and inhibition of 
aromatization activates the hypothalamic-pituitary axis nega¬ 
tive feedback loop, resulting in increased androgen produc¬ 
tion. 231 Therefore, complete estrogen suppression is not 
achieved with an AI alone, and tamoxifen remains the main¬ 
stay of endocrine therapy in men. In general, the use of adju¬ 
vant systemic therapy should be based on prognosis and 
hormone receptor status, and the guidelines for post¬ 
menopausal women should be followed. Orchiectomy is an 
option as second-line hormonal manipulation in men with 
metastatic disease, with an 80% response rate to castration, in 
men with receptor-positive cancer. 232 


Occult Primary Tumor Presenting 
with Nodal Metastases 

Breast cancer presenting as metastatic disease in the axillary 
nodes with no evident tumor in the breast is uncommon, 
accounting for fewer than 1% of cases in most large series. 
Metastatic adenocarcinoma in axillary nodes may be sec¬ 
ondary to a variety of primary cancers, but in women, breast 
cancer is by far the most common type. In the patient without 
historical or clinical evidence suggesting a primary tumor at 
another site, the radiologic evaluation should be confined to 
breast imaging and a chest radiograph. Examination of the 
nodal tissue for hormone receptors and HER2 overexpression 
helps to confirm a breast primary tumor if the tissue is hor¬ 
mone receptor or HER2 positive, but the breast cannot be 
excluded as the site of the primary tumor if the nodal tissue 
does not contain receptors. 

Magnetic resonance imaging is often successful in identify¬ 
ing a primary tumor when mammography and ultrasound are 
normal. Buchanan et al. 233 identified a primary tumor in 26 of 
55 (47%) patients presenting with axillary adenopathy in the 
absence of distant disease. In patients presenting with axillary 
adenopathy and synchronous distant disease, MRI identified 
the primary tumor in 12 of 14 (86%) patients. Identification of 
a primary tumor greatly facilitates BCT and, in this circum¬ 
stance, the patient can be managed in the same way as any 
stage II cancer. 

Historically, when a primary tumor has not been identified, 
most women with axillary node metastases secondary to a pre¬ 
sumed breast cancer have been treated with mastectomy, and a 
breast carcinoma was identified during the pathologic evalua¬ 
tion in approximately 65% of these cases. In older reports, the 
size of the occult tumors varied widely, with lesions as large as 
6 cm reported. In more recent studies of patients evaluated 
with modern imaging techniques, large tumors are uncom¬ 
mon, and this has stimulated interest in breast preservation 
even when the tumor cannot be identified. In the largest 
reported series from the Institute Curie, 54 patients received 
whole breast irradiation (median dose 59 Gy). The 5- and 10- 
year rates of ipsilateral breast recurrence were 7.5% and 20%, 
respectively, supporting the idea that this is a reasonable 


approach. 234 In contrast, studies in which the breast was 
observed without treatment indicate that evident breast can¬ 
cers develop in close to 50% of patients within 5 years. 235,236 
Additional positive axillary nodes are frequent in this circum¬ 
stance, so axillary dissection should be performed regardless 
of the method that is selected for managing the breast. The 
prognosis for patients with occult primary tumors is similar to 
that for patients with clinically evident tumors matched for the 
number of involved nodes, and adjuvant systemic therapy 
should be administered according to established guidelines for 
patients with node-positive disease. 


Locally Recurrent Breast Carcinoma 

Local recurrence in the breast after BCT may be a consequence 
of inappropriate patient selection, poor surgical or radiothera- 
peutic technique, or tumor biology. When errors in technique 
and selection are excluded, local recurrence in the first 2 post¬ 
operative years is uncommon. From years 2 to 6, local recur¬ 
rence develops at a constant rate, usually at or adjacent to the 
site of the original tumor. After year 6, most local recurrence 
develops in other quadrants of the breast, which suggests that 
these are new primary tumors rather than true local failures. 
This idea is supported by the observation that the risk for late 
recurrence in other quadrants of the breast, approximately 1 % 
annually, is equal to the risk for development of a new con¬ 
tralateral breast carcinoma. 

Most recurrences are in the breast parenchyma, with 
approximately 5% to 10% developing in the skin as diffuse 
inflammatory-type recurrences. 237 Before further local ther¬ 
apy, an evaluation to exclude metastatic disease is appropri¬ 
ate because concomitant distant metastases are present in 
5% to 10% of cases. In the absence of distant metastases, 
complete mastectomy has been the mainstay of therapy. Five- 
year relapse-free survival rates range from 60% to 79% after 
the procedure, and further chest wall recurrences are uncom¬ 
mon. Small experiences with further attempts at breast 
preservation by using excision alone or repeated irradiation 
of small areas of the breast after surgical excision have been 
reported, but larger numbers of patients and longer follow¬ 
up periods are needed to determine the role of these 
therapies. The role of adjuvant systemic therapy in the man¬ 
agement of recurrence is not well defined. In patients who 
have not received prior systemic therapy, we use the same cri¬ 
teria for treatment that are used for patients with newly diag¬ 
nosed cancer. Treatment decisions for patients who received 
adjuvant systemic therapy at the time of diagnosis are made 
on a case-by-case basis. 

Local recurrence after mastectomy develops in a different 
time frame, and the predictors and outcome are different than 
for local recurrence after BCT. Approximately 75% of cases of 
local recurrence after mastectomy develop in the first 3 post¬ 
operative years, and about half of these are associated with the 
development of distant metastases at the time of local recur¬ 
rence or within a few years. The number of axillary nodes con¬ 
taining metastasis is the best predictor of the risk for chest wall 
recurrence. 

An evaluation for distant metastases is an essential part 
of the workup of local recurrence after mastectomy. Small, 
localized recurrences are usually excised, but even with com¬ 
plete excision, RT should be administered to the chest wall 
because it is safe to assume that all the lymphatics are seeded 
with tumor. The supraclavicular space is usually included in 
the radiation field because these nodes are the second most 
frequent site of locoregional recurrence. The value of treat¬ 
ing the axillary space and the internal mammary nodes is 
uncertain because clinical recurrence at these sites is uncom¬ 
mon. The value of additional systemic therapy for patients 
who have received postoperative adjuvant therapy is also 
uncertain. 
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Paget Disease of the Nipple Phyllodes Tumor 


Paget disease of the nipple comprises 1% to 3% of all breast 
cancers. It is characterized by eczematoid changes of the nip¬ 
ple (Fig. 74.24), frequently present for 6 months or more 
before diagnosis, and often accompanied by itching, erythema, 
and nipple discharge. Paget disease is diagnosed histologically 
by the presence of large cells with pale cytoplasm and promi¬ 
nent nucleoli (Paget cells) involving the epidermis of the nip¬ 
ple. In 1874, Sir James Paget reported that this condition is 
invariably followed by cancer of the breast, usually within 1 
year of diagnosis. 238 It is now recognized that the majority of 
women with Paget disease have an associated infiltrating or 
intraductal carcinoma, which may manifest as a palpable mass 
or as mammographic findings. 

Paget disease has traditionally been treated with mastec¬ 
tomy. The reasons include the need to sacrifice the nipple-areola 
complex, the fact that subareolar ducts may be diffusely 
involved with tumor, and the observation that carcinoma may 
be found at a considerable distance from the nipple. A limited 
experience with breast-conserving procedures in the manage¬ 
ment of Paget disease has been described. Because Paget dis¬ 
ease is a noninvasive carcinoma involving the nipple that usu¬ 
ally is associated with intraductal or invasive carcinoma in the 
underlying breast parenchyma, the appropriateness of BCT is 
determined by the extent of the underlying involvement. A 
detailed mammographic evaluation (including magnification 
views of the subareolar region) and histologic evaluation with 
margin assessment are essential components of this assess¬ 
ment. Further evaluation with breast MRI may be considered 
in patients with Paget disease and a negative mammographic 
evaluation. 239 For patients with evidence of diffuse involve¬ 
ment or disease at a distance from the nipple, mastectomy 
remains the standard therapy. In patients with disease local¬ 
ized to the subareolar area or the nipple-areola complex, BCT 
can be considered. This treatment requires removal of the 
entire nipple-areola complex and some of the underlying duc¬ 
tal region. In carefully selected patients, local failure rates with 
this approach appear to be similar to those reported for other 
breast carcinomas. Radiotherapy has been increasingly 
employed as part of BCT for Paget disease, but no randomized 
trials have been performed because of the rarity of the condi¬ 
tion. 240 The prognosis in Paget disease is related to the stage of 
the disease and appears to be similar to that of women with 
other types of breast carcinoma. If invasive breast cancer is 
found, adjuvant systemic therapy should be administered 
according to the same guidelines used for other patients with 
invasive cancer. 



FIGURE 74.24. Paget disease of the nipple. Depigmentation and 
desquamation of the nipple and areola are evident. 


The term phyllodes tumor denotes a group of lesions of vary¬ 
ing malignant potential, ranging from completely benign 
tumors to fully malignant sarcomas. (The previous name, cys- 
tosarcoma phyllodes , is now reserved for fully malignant 
lesions.) A palpable mass is the most common clinical presen¬ 
tation, and rapid growth is often reported. On examination, 
phyllodes tumors are smooth, rounded, multinodular lesions 
that may be indistinguishable from fibroadenomas. Skin ulcer¬ 
ation can occur with very large tumors, but this is usually 
caused by pressure necrosis rather than invasion of the skin by 
malignant cells (see Fig. 74.5). Histologically, phyllodes tumor, 
like fibroadenoma, is composed of epithelial elements and a 
connective tissue stroma. 

Phyllodes tumors are classified as benign, borderline, or 
malignant, based on the nature of the tumor margins (pushing 
or infiltrative) and the presence of cellular atypia, mitotic 
activity, and overgrowth in the stroma. Which of these criteria 
is most important is a matter of disagreement, although most 
experts favor stromal overgrowth. The percentage of phyl¬ 
lodes tumors classified as malignant ranges from 23% to 
50%. 241,242 Axillary metastases are reported in fewer than 5% 
of cases but are a poor prognostic sign when present. Metas¬ 
tases more commonly follow the pattern observed with sarco¬ 
mas (with the lung as the most common site) and histologically 
resemble sarcomas. Approximately 20% of benign and malig¬ 
nant phyllodes tumors recur locally if excised with no margin 
or a margin of a few millimeters of normal breast tissue. Bar¬ 
rio et al. 243 reported that in addition to positive margins, fibro- 
proliferation in the surrounding breast tissue and necrosis 
were associated with a marked increase in local recurrence 
rates. A wide excision with a 1- to 2-cm margin of normal 
breast tissue is appropriate therapy for benign and borderline 
phyllodes tumors unless they are so large that this is not cos¬ 
metically feasible. In the past, many authors advocated mas¬ 
tectomy for the management of malignant phyllodes tumors. 
Because phyllodes tumors are not multicentric, there is no 
clear-cut biologic rationale for mastectomy, and the successful 
treatment of malignant phyllodes tumors with wide excision 
has been reported. 244 The use of systemic therapy for malig¬ 
nant phyllodes tumors is based on the guidelines for treating 
sarcomas. 


OTHER CANCERS IN THE BREAST 

Sarcomas, lymphomas, and melanomas may all present as 
breast masses and are generally managed as recommended 
when they develop in other sites. Angiosarcoma is reported to 
involve the breast more frequently than other sites in the body. 
The tumors frequently grow rapidly and may be associated 
with a bluish discoloration of the skin. Bilateral disease is not 
uncommon. Angiosarcoma has traditionally been treated with 
mastectomy to clear margins. Axillary metastases are rare, and 
axillary dissection is not routinely indicated. The prognosis 
appears to be related to the grade of the lesion. No advantage 
has been proved for adjuvant RT or chemotherapy. Other sar¬ 
comas occur infrequently in the breast. Surgery is the primary 
therapy, and the decision to perform mastectomy or wide local 
excision is based on tumor size. 

Melanoma arising from the skin of the breast is a more fre¬ 
quent finding in men than women. The diagnosis, treatment, 
and prognosis of melanoma arising in the breast are the same 
as for melanoma arising in other parts of the body. Mastec¬ 
tomy is not necessary for treatment of this lesion. 

Primary breast lymphomas are rare and account for 
fewer than 1% of breast malignancies. They are believed to 
arise from intramammary lymph nodes or periductal and 
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perilobular lymphoid tissue. Bilateral disease is present in as 
many as 25% of patients. The diagnosis is usually made only 
after a biopsy, as neither the clinical nor the mammographic 
appearance of these lesions is diagnostic. Once the diagnosis 
of lymphoma is established, treatment is with chemotherapy 
or RT, or both, according to the disease stage and histologic 
subtype. 


LOCALLY ADVANCED 
BREAST CANCER 


The designation of locally advanced breast cancer includes 
T3 and T4 tumors, those with extensive regional nodal 
involvement (N2 or N3), and inflammatory breast cancer 
(Fig. 74.25). 

Historical studies have demonstrated that for inflammatory 
carcinoma and tumors with evidence of skin involvement, 
chest wall fixation, or extensive axillary nodal disease, initial 
surgical therapy is associated with a high rate of locoregional 
recurrence and very poor 5-year survival, with treatment fail¬ 
ure usually occurring within 2 years of diagnosis. 245 For this 
reason, locally advanced breast cancer is now approached 
with a combination of chemotherapy, surgery, and RT. 
Anthracycline-based neoadjuvant chemotherapy results in 
partial (50% reduction in primary tumor volume) or complete 
clinical response (no clinically detectable residual tumor) in 
60% to 80% of patients. 246 Response rates are further 
increased by the addition of taxanes to the neoadjuvant 
protocol, with an increase in clinical complete response 
(80%—95%), and an increase in pathologic complete response 
(no residual invasive tumor present on pathologic examina¬ 
tion) from 15% to 31%. 247 Newer studies also suggest that the 
addition of Herceptin in the neoadjuvant setting for HER2- 
positive tumors may further increase the pathologic complete 
response rate. 248 Women who experience a pathologic com¬ 
plete response have significantly better long-term survival than 
those who do not. 249 Although induction chemotherapy is 
effective in reducing tumor burden and facilitates surgical 
therapy, no survival advantage has been demonstrated for the 
use of preoperative, as opposed to postoperative, chemother¬ 
apy in randomized trials. 

For patients with stage IIIB carcinoma, induction 
chemotherapy is the standard initial approach. All planned 
chemotherapy is generally given preoperatively followed by 



FIGURE 74.25. Locally advanced breast cancer. The breast is lifted 
and the upper half is bulging because of the large tumor. Distortion in 
the inferolateral contour is evident. The medial skin changes are 
caused by dermal tumor satellites. 


surgery. Depending on the pretreatment stage and extent of 
residual tumor, chest wall RT may be indicated to reduce the 
risk of local recurrence. For the patient with stage IIIA carci¬ 
noma that is operable by traditional criteria, the initial therapy 
can be surgery or chemotherapy. If the patient desires breast 
preservation, chemotherapy can shrink the tumor sufficiently 
to allow this in some women. If not, mastectomy can be per¬ 
formed, with chemotherapy and RT given postoperatively in 
the traditional sequence. 250 Women with hormone receptor¬ 
positive disease should receive endocrine therapy. Inflamma¬ 
tory breast cancer is a special subtype of locally advanced 
breast cancer that is characterized by erythema, edema, and 
peau d’orange, and by diffuse thickening of the breast tissue. 
This appearance is caused by obstruction of the dermal lym¬ 
phatics with tumor cells. Inflammatory cancer is always 
treated with chemotherapy as the initial approach. If all 
inflammatory skin changes resolve, mastectomy is performed. 
Radiation to the chest wall is also part of therapy. With mod¬ 
ern combined-modality therapy, locoregional control can be 
maintained in 80% of patients with locally advanced and 
inflammatory cancer, and 5-year survival rates of 50% to 80% 
have been reported. 247,249-251 However, 50% of patients even¬ 
tually die of metastatic disease, which underscores the need for 
further research in this area. 
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CHAPTER 75 THYROID GLAND 


BARBRA S. MILLER AND PAUL G. GAUGER 


KEY POINTS 


Q Thyroid follicular tissue in the carotid sheath or the lateral 
compartments of the neck represents a regional nodal metas¬ 
tasis of an occult thyroid cancer until proven otherwise. 

Q The tubercle of Zuckerkandl is an anatomic feature of the 
thyroid that helps facilitate identification of the recurrent 
laryngeal nerve and the superior parathyroid gland. 

Q Ultrasound is the imaging procedure of choice for nodular 
thyroid disease, and surgeon-performed ultrasound helps 
facilitate operative planning. 

Q Additional thyroid resection or adjuvant treatment with 
radioiodine is seldom required for an incidental papillary 
microcarcinoma found in the surgical specimen. 

Q Complete investigation of a follicular/indeterminate lesion 
by fine-needle aspiration currently requires thyroid resection 
to differentiate a follicular adenoma from a follicular carci¬ 
noma based on the presence of capsular or vascular invasion. 

Q Genotype/phenotype correlation using the specific RET 
proto-oncogene mutation identified in each patient/family 


can help determine the appropriate age for prophylactic 
thyroidectomy in patients with hereditary medullary thy¬ 
roid carcinoma. 

Q Extranodal lymphoma of the thyroid or anaplastic thyroid 
cancer should be considered in the hypothyroid patient 
who experiences rapid growth of the thyroid. 

Q Advantages of total thyroidectomy over thyroid lobectomy 
for differentiated thyroid carcinoma include (a) removal of 
multifocal intrathyroidal tumors; (b) facilitation of radioio¬ 
dine imaging and ablation for residual, regional, or metasta¬ 
tic disease; and (c) use of serum thyroglobulin as a sensitive 
marker of persistent or recurrent disease. 

Q Routine prophylactic lymph node dissection of the central 
compartment (level VI) in patients with known papillary 
thyroid cancer may decrease postoperative thyroglobulin 
levels and prevent the need for future reoperation in the 
same compartment. 


Excellent patient outcomes for surgical treatment of thyroid 
disorders are obtainable only by a thorough understanding of 
embryology, anatomy, physiology, and relevant pharmacology. 
Delicate and deliberate surgical technique and careful atten¬ 
tion to detail are necessary to prevent common complications 
of thyroid resections. 


EMBRYOLOGY AND 
SURGICAL IMPLICATIONS 


Developmental Embryology 

As the first endocrine gland to develop, the thyroid is mostly 
derived of endoderm from the ventral embryologic digestive 
tract. A midline diverticulum arises in the area of the foramen 
cecum at the base of the tongue at approximately 4 weeks of 
gestation. The tissue descends as the median thyroid compo¬ 
nent, which ultimately becomes the isthmus and the majority 
of each lateral lobe. The foramen cecum ruptures and resorbs 
during week 6 of gestational age, leaving behind a regressive 
fibrous tract, which becomes the thyroglossal duct tract 
(including the portion associated with the central hyoid bone). 
The distal end associated with the isthmus persists as a recog¬ 
nizable pyramidal lobe in about 30% to 50% of individuals. 
The lateral thyroid component develops on each side from the 
caudal pharyngeal endoderm (with contribution from the 
fourth and fifth branchial pouches), which arises later in devel¬ 
opment than the median component. 1 The lateral components 
become increasingly removed from the pharynx, leaving a 
tapering connection on each side, which eventually detaches. 
The residual posterolateral projection from the lateral thyroid 
component toward the pharynx, when present, is known as 
the tubercle of Zuckerkandl. Because of its branchial pouch 
origin, the lateral thyroid component is closely associated with 
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the superior parathyroid anlage (from the fourth pouch). The 
lateral components fuse with the posterior portion of the 
median component on each side, and accompanying C cells 
(from neural crest origin) migrate into the superolateral por¬ 
tion of the lobes and eventually secrete calcitonin. The unified 
thyroid begins to differentiate into thyroid follicles between 
weeks 8 and 11. Basic glandular function begins on a cellular 
level by the third month of gestation when iodine trapping 
occurs and thyroid hormones are first manufactured. 


Congenital Abnormalities 

An uncommon developmental malformation is the lingual thy¬ 
roid gland. It represents a failure of the median thyroid compo¬ 
nent to descend from the foramen cecum. The size of a lingual 
thyroid can often be decreased by using exogenous thyroid hor¬ 
mone to suppress thyroid-stimulating hormone (TSH) or by 131 I 
ablation. Surgical excision may be required if airway obstruc¬ 
tion, obstructive dysphagia, or hemorrhage occurs. Ectopic thy¬ 
roid tissue can be found in other areas of the central cervical 
compartment and the mediastinum. These can be sequestered 
nodules associated with multinodular goiters or they may be 
Q embryologic rests of thyroid tissue. 2 Although the concept of 
lateral aberrant thyroid tissue was originally used to describe 
the findings of follicular tissue in the carotid sheath or the lateral 
compartments of the neck, it is now generally agreed that this 
cannot occur as an embryologic abnormality. If thyroid tissue is 
found in these areas, it represents a regional nodal metastasis of 
an occult thyroid cancer. Thyroglossal duct cysts occur in the 
midline of the neck along the path of descent of the median thy¬ 
roid component. They may occur from the base of the tongue to 
the low central neck, although most are located just inferior to 
the hyoid bone. Although they are often discovered during 
infancy and childhood, it is not uncommon for them to present 
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in adulthood—discovered either because of mass effect or infec¬ 
tion. When examining the patient, elevation of the mass with 
protrusion of the tongue is very suggestive of a thyroglossal duct 
cyst. Resection of a thyroglossal duct cyst involves excision of 
the entire thyroglossal duct including the cyst. The tract courses 
through the central portion of the hyoid bone and, for that rea¬ 
son, excision of this segment of bone is critical to prevent recur¬ 
rence (Sistrunk procedure). The epithelial lining usually con¬ 
tains some thyroid cells and, thus, thyroid carcinomas (usually 
of papillary type) can arise within thyroglossal duct cysts. Exci¬ 
sion of the cyst and the thyroglossal duct may be sufficient for 
small, limited carcinomas less than 1 cm, but if multifocal ele¬ 
ments or regional nodal metastases are present or if the tumor is 
of sufficient size, total thyroidectomy should be performed to 
facilitate subsequent 13 T scanning and therapy. 


ANATOMY AND 
SURGICAL IMPLICATIONS 


A normal thyroid gland (in patients from iodine-sufficient 
regions) weighs between 15 and 20 g. The upper portion of the 
isthmus typically crosses at or below the level of the cricoid 
cartilage. The isthmus itself is approximately 1 to 2 cm in 
transverse and vertical dimensions and the lower margin of the 
lobe is normally near the fourth or fifth tracheal ring. The lat¬ 
eral lobes lie adjacent to the thyroid cartilage and cricothy- 
roideus muscles as well as the lateral trachea and a portion of 
the lateral esophagus on each side. The two lobes are roughly 
conical, approximately 5 cm in craniocaudal and 2 to 3 cm in 
transverse and anteroposterior dimensions. 


Muscular, Fascial, and Airway Relationships 

The thyroid lies in the central compartment of the neck bordered 
by the contents of the carotid sheath on each side. The antero¬ 
lateral surface is covered by the sternothyroid muscles, which do 
not completely meet in the midline above the level of the isthmus. 
Superficial to the sternothyroid muscles are the sternohyoid mus¬ 
cles that meet in the midline raphe marking the most common 
plane of dissection used to expose the thyroid gland. These mus¬ 
cles are innervated on the inferolateral aspect by the ansa cervi- 
calis (ansa hypoglossi). The thyroid is invested in a thin layer of 
connective tissue that is an expansion of the pretracheal fascia 
(often called the “thyroid sheath”). The sheath is not to be con¬ 
fused with the thyroid capsule, which is more integral to the 
gland itself. The plane defined by this layer is usually easy to 
develop as the thyroid is mobilized away from surrounding 
structures. Especially near the superior portion of the thyroid, 
the sheath defines a coronal plane that, when opened, exposes 
the potential space between the pharynx/esophagus and the cer¬ 
vical vertebral bodies. The sheath is condensed as the anterior 
suspensory ligament above the isthmus. The sheath also attaches 
the posterior surface of the thyroid gland to the tracheal rings. It 
is condensed posteromedially into the ligament of Berry on each 
side. The ligament of Berry is a very firm attachment to the tra¬ 
chea near the cricothyroid space, which means that it is often 
intimately associated with the recurrent laryngeal nerve (RLN) 
near its insertion. It is in the course of dividing these posterior 
attachments that the RLN is most vulnerable to iatrogenic injury. 
The superior parathyroid gland may be found between the 
sheath and the thyroid capsule, within the sheath, or posterior to 
the sheath. 


Vascular Relationships 

The thyroid gland has a very high blood flow index per tissue 
mass and receives its arterial supply from a paired system of 
superior thyroid arteries (originating from the external carotid 
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arteries) and inferior thyroid arteries (originating from the thy¬ 
rocervical trunks). The superior artery courses along the inferior 
pharyngeal constrictor muscle group and branches near the tip 
of the superior pole of the thyroid, usually into at least an ante¬ 
rior and posterior branch. The inferior thyroid artery (ITA) 
courses upward behind the carotid artery and then crosses 
medially to serve the thyroid lobe. The ITA has multiple 
branches that course in a plane between the sheath and the cap¬ 
sule of the gland. The relationship of the ITA to the RLN is an 
important landmark. There is always an intersection (except in 
the case of a direct/nonrecurrent laryngeal nerve), but the spe¬ 
cific relationship (anterior, posterior, or inter digitated) may be 
variable. Occasionally, an arteria thyroidea ima arises from the 
aorta or innominate artery and directly serves the inferior por¬ 
tion of the thyroid gland. Venous drainage is by a widely anas¬ 
tomosing system that condenses into three main trunks. The 
superior thyroid veins course adjacent to the superior thyroid 
arteries but empty into the internal jugular vein at the level of 
the carotid bifurcation. Middle thyroid veins are present in 
more than half of patients and drain laterally to the internal 
jugular vein. These veins are divided early in the course of mobi¬ 
lizing the thyroid lobe. In tracing a vessel laterally, if it passes 
anterior to the carotid artery, it is a middle thyroid vein, 
whereas if it passes deep to the carotid, it is the ITA. The infe¬ 
rior thyroid veins form nearly all of the vascular connections 
found at the inferior poles of the thyroid lobes. The number and 
configuration of these veins can be quite variable, but in general 
they descend along the course of the thyrothymic tract to drain 
into the ipsilateral innominate or brachiocephalic veins. 


Neurologic Relationships 

Two nerves have critical importance during thyroidectomy: the 
RLN (also known as the inferior laryngeal nerve) and the exter¬ 
nal branch of the superior laryngeal nerve. The right recurrent 
laryngeal nerve arises from the vagus at the level of the subcla¬ 
vian artery and passes (recurs) around the posterior aspect of 
the artery before ascending into the central compartment. The 
nerve takes an oblique course in the central neck and may be 1 
to 2 cm lateral to the trachea low in the central neck before 
traveling toward its entry into the larynx. The left RLN arises 
from the vagus nerve as it crosses the aortic arch. It passes infe¬ 
rior and medial to the arch and ascends to the larynx in the tra¬ 
cheoesophageal groove along a course that is typically linear 
and more vertical. The RLN often lies immediately posterolat¬ 
eral to the ligament of Berry, but it is not infrequent that it can 
be embedded in the fibrous connections of the ligament itself, 
especially the anterior branch of the nerve if it bifurcates out¬ 
side the larynx. Pelizzo et al. have described the tubercle of 
Zuckerkandl as a constant anatomic landmark to facilitate iden¬ 
tification of the recurrent laryngeal nerve during thyroid resec¬ 
tion. 3 In the standard anatomic relationship, the tubercle of 
Zuckerkandl lies immediately lateral to and covers the RLN 
(Lig. 75.1). An uncommon but high-risk anatomic arrangement 



FIGURE 75.1. The standard anatomic relationship whereby the 
recurrent laryngeal nerve (RLN) passes medial to the tubercle of Zuck¬ 
erkandl before its insertion into the cricothyroid interval. 
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Part Two: Surgical Practice 



FIGURE 75.2. The uncommon but high-risk anatomic variation 
where the recurrent laryngeal nerve (RLN) courses lateral to the tuber¬ 
cle of Zuckerkandl, which is often enlarged. The nerve is encountered 
much earlier in the dissection required for thyroidectomy and is at risk 
of being misidentified as a vascular structure. 


that appears to emerge from the region of the vagus nerve as 
would a direct nerve. 7 

The superior laryngeal nerve arises from the vagus at the 
nodose ganglion near the base of the skull and descends along 
the course of the internal carotid artery. At the level of the 
hyoid bone, it divides into the internal branch (which enters 
the larynx at the thyrohyoid membrane to provide sensory 
innervation to the superior larynx) and the external branch 
(which provides motor innervation to the cricothyroideus 
muscle). It has a variable course in relation to the inferior pha¬ 
ryngeal constrictor muscle and the branches of the superior 
thyroid artery. It is this fact that makes the external branch of 
the superior laryngeal nerve (EBSLN) vulnerable to iatrogenic 
injury. One classification of the anatomic variations is depicted 
in Figure 75.3. 8 


occurs when the RLN is found lateral to the tubercle of Zuck¬ 
erkandl (Fig. 75.2). If the surgeon is unaware of this possibility 
(which may exist when the tubercle has undergone nodular 
enlargement), the nerve is subject to iatrogenic injury. 4 The 
nerve usually bifurcates extralaryngeally but often at a point 
less than 0.5 cm from the cricoid cartilage. Up to 58% of recur¬ 
rent laryngeal nerves will bifurcate proximal to the inferior 
border of the cricoid cartilage. 5 

It is critical to be aware of the occasional “direct” laryngeal 
nerve (also called the “nonrecurrent laryngeal nerve”). This 
anomaly results from abnormal embryonic development of the 
aortic arch. The anomaly is more common on the right 
(approximately 0.5% to 0.7%) than on the left (approximately 
0.04%). 6 On the right, a direct nerve is the consequence of the 
formation of the arteria lusoria vascular abnormality, in which 
the innominate artery is absent and the right common carotid 
and right subclavian arteries originate directly from the arch. 
The subclavian artery takes a retroesophageal course. To have 
a direct nerve on the left side, a number of other anomalies 
must exist. Specifically, the aortic arch must be right sided (as 
occurs in situs inversus viscerum), the origin of the left subcla¬ 
vian artery must be abnormally sited on the aortic arch, and 
the ligamentum arteriosum must be displaced to the right. A 
“false” nonrecurrent inferior laryngeal nerve has been 
described as a communicating branch between the cervical 
sympathetic system and the RLN, which can mimic a nerve 



FIGURE 75.3. Cernea classification of the anatomic relationships 
between the external branch of the superior laryngeal nerve (EBSLN), the 
superior pole of the thyroid, and the superior thyroid artery. With type 1 
anatomy, the nerve crosses the superior thyroid vessels 1 cm or more 
above the superior thyroid pole. With type 2 anatomy, the nerve crosses 
the vessels less than 1 cm above (type 2a) or even below (type 2b) the 
superior pole. Type 2 variants are the most vulnerable to iatrogenic injury. 


Lymphatic Relationships 

The thyroid gland has intracapsular lymph channels, which 
provide some communication from lobe to lobe across the isth¬ 
mus. A rich plexus of lymphatics surrounds the region of the 
thyroid; consequently, lymph flows in multiple directions from 
the gland. These factors are important to understand for treat¬ 
ment of thyroid malignancies. Within the anterior suspensory 
ligament is a small group of midline prelaryngeal lymph nodes 
known as the Delphian nodes. Along with the pretracheal and 
paratracheal nodes and those along the recurrent laryngeal 
nerves, these central compartment lymph nodes are classified as 
level VI. The upper jugular (level II), midjugular (level III), and 
lower jugular (level IV) lymph nodes divide the central com¬ 
partment from the lateral compartment of the neck, whereas 
the posterior triangle lymph nodes are level V (Fig. 75.4). Thy¬ 
roid cancers with regional lymph node metastases tend to 
involve level VI lymph node metastases before involving levels 
II, III, IV, and ultimately V. 9 Level I (submental) and level VII 



FIGURE 75.4. Classification scheme for regional lymph node basins 
in the neck. 
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(superior mediastinal) involvement is less common but can 
occur. Documented cases of “skip” metastases directly to the 
lateral compartment with no level VI involvement have been 
reported. 10 


Parathyroid Relationships 

Parathyroid glands in typical locations are encountered during 
thyroidectomy by virtue of their association with the thyroid 
gland. Parathyroid glands in ectopic locations will typically not 
be encountered during thyroidectomy. The superior parathy¬ 
roid gland is usually located in a relatively constant area largely 
because of the embryologic association between the lateral thy¬ 
roid component and the superior parathyroid anlage (both 
associated with the fourth branchial pouch). The tubercle of 
Zuckerkandl is anatomically associated with the position of the 
ipsilateral superior parathyroid gland as well as the recurrent 
laryngeal nerve. In relation to the point at which the RLN 
intersects the inferior thyroid artery, a 2-cm circumscribed area 
on the cranial aspect will often contain the superior parathy¬ 
roid gland. It may also be found tucked posterior to the inferior 
thyroid artery or even posteromedial to the superior thyroid 
pole. Superior parathyroid glands are very rarely found within 
the thyroid capsule. There is an 80% chance that a superior 
parathyroid gland will be found in a position similar to its con¬ 
tralateral partner. 

The location of the inferior parathyroid gland may be more 
variable. It may be found on the anterior aspect of the inferior 
thyroid pole (especially with Hashimoto disease or large 
multinodular goiter) but is often on the inferolateral aspect. It 
may also be in the triangular region caudal to the inferior thy¬ 
roid artery and anterior to the RLN. If it is not in these loca¬ 
tions, it is often embedded in fat and thymic tissue within the 
thyrothymic tract. It may also be located under the thyroid 
capsule in an intrathyroidal position. The symmetry of inferior 
parathyroid glands from side to side is approximately 70%. 


THYROID PHYSIOLOGY 


Production of Thyroid Hormones 

The thyroid gland produces thyroxine (T 4 ), triiodothyronine 
(T 3 ), and calcitonin under complicated regulatory mecha¬ 
nisms. Approximately 100 to 150 ^tg of dietary iodide is 
required for normal thyroid hormone synthesis to occur. In 
most developed regions of the world, daily intake from iodine- 
containing foods is usually far in excess of this requirement. 
The kidneys excrete the iodide not utilized by the thyroid. The 
availability of thyroid hormones to all tissues results from hor¬ 
mone production within the thyroid gland (specifically within 
the follicular cells) and the delivery and metabolism of the hor¬ 
mones in peripheral tissues. The integration of these systems to 
maintain a euthyroid state is ultimately orchestrated by the 
anterior pituitary gland through its secretion of thyrotropin 
(TSH). The active uptake of iodide in the thyroid occurs on the 
basolateral aspect of the follicular cells and is performed by a 
Na + /K + -adenosine triphosphatase (ATPase)-mediated pump. 
Both TSH and the circulating concentration of iodide influence 
this symporter system. TSH acts within the thyroid gland to 
regulate the synthesis of thyroglobulin (Tg), the active uptake 
of iodide, its incorporation with tyrosine (an oxidative reac¬ 
tion catalyzed by thyroid peroxidase [TPO]), and the subse¬ 
quent production of T 4 and T 3 (and their storage bound to Tg 
in the colloid component of the gland), and ultimately the 
release of both T 4 and T 3 into the circulation. Hormone release 
is an active process of micropinocytosis that involves resorp¬ 
tion of the bound Tg into the follicular cell where enzymatic 
degradation releases T 4 and T 3 , which is released from the 
basal portion of the cell into the circulation. T 4 is produced in 


preference to T 3 in the thyroid gland by a ratio of approxi¬ 
mately 13:1 in normal states. T 4 has a relatively weak biologic 
action, so peripheral conversion to the more active T 3 hor¬ 
mone is required. Most of this takes place in the plasma and 
liver by type 1 deiodinase enzymes. All of the T 4 in the circu¬ 
lation is derived from the thyroid, whereas less than 20% of T 3 
in the circulation is from the thyroid, the majority being pro¬ 
duced enzymatically from monodeiodination of T 4 in nonthy- 
roidal sites. In circulation, most thyroid hormone (>99% of 
both T 4 and T 3 ) is bound to proteins such as thyroxine-binding 
globulin (TBG), albumin, and thyroxine-binding prealbumin. 
Protein-bound thyroid hormones are considered biologically 
inert because they do not enter cells until they are released 
from proteins to circulate in the very small free fraction. The 
half-life of T 4 is approximately 7 days, whereas the half-life of 
T 3 is much shorter—on the order of 8 to 12 hours. 


Action of Thyroid Hormones 

Thyroid hormones have many effects on various body tissues. 
The peripheral conversion from T 4 to T 3 increases the binding 
affinity of thyroid hormone for the nuclear thyroid receptor 
protein at least 10-fold. Triiodothyronine acts within the 
nucleus of peripheral tissues via four T 3 nuclear receptor sub- 
types to activate T 3 -regulated gene transcription. Ultimately, 
the physiologic actions of thyroid hormone relate to growth, 
differentiation, calorigenesis, and TSH suppression. 

Calcitonin is a 32-amino-acid polypeptide that is physio¬ 
logically effective in many other species, but in humans it is 
apparently less important. Although exogenous calcitonin 
may have a therapeutic effect, endogenous calcitonin secretion 
rarely results in an impact on serum calcium levels. 


RELEVANT LABORATORY TESTS 


An understanding of the normal relationship between free T 4 
(FT 4 ) levels and TSH levels is critical for appropriate interpreta¬ 
tion of thyroid function tests. Thyroid dysfunction can be deter¬ 
mined directly, by measuring FT 4 levels, or indirectly, by measur¬ 
ing TSH. If TSH is to be used as the primary indicator of thyroid 
dysfunction, an intact hypothalamic-pituitary axis is required. 
Normally, a log/linear inverse relationship between TSH and 
FT 4 is defined by the negative feedback inhibition of TSH secre¬ 
tion by circulating thyroxine levels. Therefore, high TSH and 
low FT 4 levels are indicative of hypothyroidism and, con¬ 
versely, low TSH and high FT 4 levels are characteristic of 
hyperthyroidism. It is likely that each individual has a geneti¬ 
cally determined FT 4 set point. Early subtle deviation from that 
set point (via in situ conversion to FT 3 in the pituitary) will 
cause amplified changes in the TSH value, thus making TSH a 
very sensitive and clinically useful early indicator of incipient 
thyroid dysfunction. 


Calcitonin 


Basal calcitonin levels are generally less than 16 pg/mL for 
healthy people and for nearly all patients with thyroid disease, 
other than medullary thyroid carcinoma (MTC). Therefore, 
calcitonin serves as a very specific tumor marker for MTC. 
Basal calcitonin levels are useful for diagnosis and observation 
of these patients. 


Free Thyroxine and Free Triiodothyronine 

Technically, it is easier to measure the total (free + protein- 
bound) hormone levels (measured at nanomolar levels) as com¬ 
pared to the very small free hormone concentrations (measured 
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at picomolar ranges). Because T 4 is more tightly protein bound 
than T 3 , it is less bioavailable and, consequently, very difficult 
to measure directly. Ligand assays performed on automated 
immunoassay analyzers are fairly common in clinical use and 
are standardized against known hormone concentrations. 
Because this method does not rely on physical separation of the 
free and protein-bound hormone fractions, it is more accu¬ 
rately considered a free hormone estimate. The only reason to 
measure FT 4 or free triiodothyronine (FT 3 ) in preference to 
total thyroxine (TT 4 ) or total triiodothyronine (TT 3 ) is to 
improve the ability to detect thyroid dysfunction in the pres¬ 
ence of thyroid hormone-binding abnormalities, which are rel¬ 
atively common. For example, some common drugs such as 
phenytoin, carbamazepine, furosemide, and aspirin may com¬ 
pete with thyroid hormone for binding to serum proteins. 


Thyroglobulin 

Serum thyroglobulin is reflective of three factors: the mass of 
thyroid tissue present; the presence of injury or inflammation of 
the gland, which allows leakage of Tg; and the degree of stimu¬ 
lation of the TSH receptor. The primary clinical use of Tg mea¬ 
surement is as a tumor marker, which serves as an index of the 
amount of differentiated thyroid cancer present (assuming that 
total thyroidectomy has been performed, thereby removing all 
normal thyroid tissue). Tg is measured in the serum by radioim¬ 
munoassay methods or by immunometric assays. The latter is 
more susceptible to competitive interference by thyroglobulin 
autoantibodies (TgAbs), which cause an artifactual decrease in 
the measured levels. In fact, sensitive quantitative TgAb deter¬ 
mination is a critical accompaniment to serum Tg measurement, 
which is common during management of differentiated thyroid 
carcinoma (DTC). The particular assay utilized must be sensi¬ 
tive enough to detect Tg levels at the lower end of the reference 
range (1 to 3 /j ig/L) to be useful in monitoring for recurrence of 
DTC. It is critical to understand that the TSH level is a major 
influence on the level of Tg and, consequently, interpretation of 
any level requires an understanding of whether the patient was 
hypothyroid or not at the time of measurement. 


Thyroid Autoantibodies 

Measurement of thyroid peroxidase autoantibodies (TPOAbs) 
is the most sensitive test for detecting autoimmune thyroid 
disease. TPOAb is often the first abnormality to appear in 
Hashimoto disease; however, a significant fraction (up to 12%) 
of people with no apparent thyroid disorder may also have pos¬ 
itive TPOAb titers. 

TgAb may be present in approximately 3% to 10% of the 
general population and are even more common (20%) in 
patients with differentiated thyroid carcinoma. TgAb mea¬ 
surements are not as useful as TPOAb in evaluation of autoim¬ 
mune thyroid disease. 

Thyroid-stimulating hormone receptor autoantibodies 
(TRAbs) are heterogeneous and may mimic the action of TSH 
to cause hyperthyroidism as in Graves disease or, conversely, 
may block the action of TSH and cause hypothyroidism as 
occurs in neonates of a mother with thyroid autoantibodies. 
The specific different types include thyroid-stimulating antibod¬ 
ies (TSAbs), TSH receptor-blocking antibodies (TBAbs), thy¬ 
roid growth-simulating immunoglobins (TGIs), and thyroid 
binding inhibiting immunoglobulins (TBIIs). 


Thyroid-stimulating Hormone (Thyrotropin) 

As the sensitivity and specificity of current TSH assays are 
quite high, the indirect approach of measuring TSH levels is 
the most sensitive method for detecting thyroid dysfunction. 


The inverse relationship between TSH and FT 4 also dictates 
that small alterations in FT 4 will lead to a larger response in 
TSH, thus adding further support to this strategy. Modern 
methods are generally based on immunometric assays and are 
able to achieve a sensitivity of 0.02 mlU/L or less. At present, 
the upper limit of the normal range is considered to be approx¬ 
imately 5 mlU/L, but this is likely to be redefined at approxi¬ 
mately 2.5 to 3.0 mlU/L in the future. This is because greater 
than 95% of rigorously screened normal euthyroid volunteers 
have values in this range, and it is becoming evident that many 
patients in the interval between these upper limit values 
progress to develop hypothyroidism, especially if thyroid 
autoantibodies are present. It is the range of 0.3 to 3.0 mlU/L 
that is generally considered the target range for TSH when 
patients are treated with levothyroxine (LT 4 ) for hypothy¬ 
roidism because, consequently, most patients then have FT 4 
levels in the upper third of the normal reference range. 11 


Total Thyroxine and Total Triiodothyronine 

Total hormone assays require an inhibitor to block or displace 
the hormone from its binding proteins. This factor, along with 
large sample dilution, allows binding of the hormone to the 
antibody reagent. Because of the 10-fold lower concentrations 
of T 3 in the serum, the TT 3 assay requires even greater sensi¬ 
tivity and precision. Because of variability in the quantity and 
the binding capacity of serum proteins, however, abnormal 
TT 4 and TT 3 measurements are more commonly caused by 
these factors instead of true thyroid dysfunction. 


THYROID IMAGING TECHNIQUES 

It is common for patients to present to the surgeon after hav¬ 
ing undergone multiple imaging tests. In general, only ultra¬ 
sonography is routinely useful in evaluation of the patient 
with a thyroid nodule. In other specific circumstances, various 
other tests may be useful. 


Nuclear Medicine Imaging 

Radionuclide imaging is unique when compared with other 
thyroid imaging techniques in that the image provided depends 
on the specific functional characteristics of the thyroid tissue; 
however, it provides little anatomic detail. 

Technetium Pertechnetate 99m Tc Scintigraphy. 99m Tc is 

the radionuclide most commonly available for thyroid imaging. 
The 99m Tc pertechnetate component is actively trapped by 
functional thyroid cells in a manner similar to iodine but is not 
organified or stored in the thyroid. The isotope emits gamma 
(y) radiation (the mechanism of scintigraphic imaging) and 
very small amounts of other types of radiation. Because the 
thyroid rapidly absorbs the injected 99m Tc pertechnetate, imag¬ 
ing can occur early after administration and an entire study 
may take only an hour. A normal result demonstrates equal dis¬ 
tribution bilaterally. Abnormal results include either concentra¬ 
tion of the tracer in the region of a known nodule indicating an 
area of hyperfunction or, conversely, an area of photopenia (the 
“cold nodule”) indicating a region of hypofunction. Before the 
era of fine-needle aspiration (FNA) biopsy, this finding 
increased the concern for potential malignancy. 

123 Iodine Scintigraphy. Because 123 I is trapped and organi¬ 
fied by the thyroid gland, it can better indicate the functional 
characteristics of thyroid tissue. 123 I emits x-rays, some /3 parti¬ 
cles, and y rays. It has a short half-life of about 13 hours. After 
administration of an oral dose, the thyroid absorbs sufficient 
isotope to allow imaging by 4 hours. Images are also obtained 
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at 24 hours, and the total fraction of dose retained by the thy¬ 
roid can then be calculated as the 24-hour radioactive iodine 
uptake (RAIU). 

131 Iodine Scintigraphy. 131 I concentrates in the thyroid by 
the same mechanism as 123 I, but has a much longer half-life 
(about 8 days) and emits much more /3 radiation along with /3 
radiation at a range that is suboptimal for clear image creation. 
However, because of its long half-life and thorough clearance 
from background tissues, it remains the isotope of choice for 
imaging of patients with differentiated thyroid carcinoma. Ulti¬ 
mately, treatment or ablation of residual or metastatic carci¬ 
noma (largely by the effect of (3 irradiation) is accomplished 
with higher doses of the isotope than required for imaging. 

Positron Emission Tomography. 18 F fluorodeoxyglucose 
positron emission tomography (PET) scanning with three-dimen¬ 
sional tomographic reconstruction can be very helpful in imaging Q 
thyroid carcinomas, and allows anatomic and functional evalua¬ 
tion. Because of the expense and the inconsistent insurance cov¬ 
erage, usage is currently limited to unusual circumstances such as 
recurrent thyroid malignancy that is otherwise occult (Fig. 75.5). 

The sensitivity in thyroid carcinomas is approximately 60% to 
70%. 12 PET scanning is so frequently used in the evaluation of 
other solid malignancies that occult thyroid carcinomas are dis¬ 
covered in 2% to 3%. 13 Incidentally discovered thyroid nodules 
identified on PET scans can be malignant in 14% to 47% and 
have a higher incidence of malignancy compared with nodules 
identified by other imaging modalities. 13,14 Some overlap does 
occur for standard uptake values of benign and malignant nod¬ 
ules, so each nodule should be carefully evaluated. 

99m Tc Sestarnibi Scintigraphy. Although 99m Tc sestamibi 
scintigraphy is commonly used in localization of parathyroid 
tumors, it has incidentally been noted to concentrate in follicular 
tumors, most notably those with Hurthle cell cytology. For this 



FIGURE 75.5. 18 F fluorodeoxyglucose (FDG) positron emission 
tomography scan of a patient with late recurrence of differentiated 
thyroid carcinoma in the mediastinum. The tumor is the intensely 
FDG-avid mass superior to the cardiac activity. 


reason, it may have a role in localizing persistent disease in 
patients with Hurthle cell carcinoma. In contrast to radioactive 
iodine, however, it does not have therapeutic potential in ablat¬ 
ing tissue. If a thyroid nodule is incidentally imaged on ses¬ 
tamibi scanning, there is no capability to predict whether it is a 
benign or malignant tumor. 15 

111 Indium-Octreotide Scintigraphy. Octreotide scanning 
(somatostatin receptor scintigraphy) has been occasionally 
useful in imaging differentiated thyroid carcinoma, especially 
when radioiodine scintigraphy has failed to do so. It is a useful 
imaging modality for patients with medullary thyroid cancer. 
Its therapeutic potential is undefined. 


Ultrasonography 

Ultrasound (US) has become the imaging technique of choice to 
evaluate the thyroid gland and its surrounding structures. It is 
best performed using a high-frequency “small parts” probe 
(7.5 to 15 mHz). It is the most sensitive and specific technique 
to determine the size, number, and distribution of thyroid nod¬ 
ules. US often detects very small, subtle nodules that are not 
otherwise clinically evident. Studied prospectively, the preva¬ 
lence of asymptomatic thyroid nodules (thyroid incidentalo- 
mas) detected by ultrasonography is approximately 67%, 16 
whereas physical examination identifies thyroid nodules in 
approximately 5% to 8%. Hyperechoic nodules are often 
benign, whereas thyroid malignancies, regardless of cell type, 
are often hypoechoic. Irregular margins between the nodule 
and surrounding tissues raise concern for malignancy. An ane- 
choic rim around the nodule is referred to as a “halo” sign and 
is much more likely to be associated with a benign nodule. 
Larger macrocalcifications with posterior acoustic shadowing 
are usually indicative of chronicity and are more likely associ¬ 
ated with a benign nodule, whereas subtle microcalcifications, 
which cause a “twinkling” effect when the transducer is moved 
across the nodule, are correlated with malignancy. In practical 
terms, selective FNA biopsy should be limited to those nodules 
greater than 1 cm, those with concerning ultrasound features, 
or those that have increased in size under serial US measure¬ 
ment. Because US can detect nodules at a preclinical stage, it 
follows that proper perspective about the significance or 
insignificance of these nodules must be maintained. As with 
any imaging technique that depends on individual performance 
of the test, a user-dependent factor exists. US can be especially 
useful when performed by the surgeon and allows appropriate 
preoperative planning. Additionally, it has an important role in 
the preoperative staging and postoperative follow-up of 
patients with differentiated thyroid carcinoma. In experienced 
hands, it is a very sensitive technique for detecting abnormally 
enlarged lymph nodes or tumor recurrence within the thyroid 
bed, and for guiding subsequent confirmatory biopsy. It is espe¬ 
cially important for identifying sites of recurrent thyroid cancer 
in those patients with negative radioactive iodine (RAI) scans 
or dedifferentiated tumors that are no longer iodine avid. 


Cross-sectional Imaging 

Computed tomography (CT) scans and magnetic resonance 
imaging (MRI) scans are useful in certain circumstances. In 
large nodules firmly fixed to contiguous structures or accom¬ 
panied by new vocal cord paralysis, the concern for an inva¬ 
sive thyroid cancer is raised. CT scan may suggest invasion of 
the laryngeal or tracheal cartilages, which may modify the oper¬ 
ative approach. Large goiters that have an obvious substernal 
component on physical examination or that are accompanied 
by an upper airway obstructive component may warrant preop¬ 
erative CT scan to define the extent of the goiter, not only to 
help plan the specific operative plan but also to facilitate 
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FIGURE 75.6. Example of a multinodular goiter with a large subster- 
nal component causing tracheal displacement and compression. 


anesthetic evaluation for difficult airway management tech¬ 
niques such as fiberoptic intubation (Fig. 75.6). 


FUNCTIONAL DISORDERS 
AND GENERAL TREATMENT 
CONSIDERATIONS 


Hyperthyroidism 

Hyperthyroidism can be caused by diverse pathophysiology, 
such as Graves disease, toxic multinodular goiter, and solitary 
toxic adenoma. Typical symptoms are heat intolerance, sweat¬ 
ing, palpitations, tremor, hyperphagia, thirst, and sleep distur¬ 
bances. Elderly patients can present with muscle wasting, atrial 
fibrillation, angina pectoris, or congestive heart failure. Regard¬ 
less of specific cause, the need to control hyperthyroidism before 
operation is critical to prevent thyroid crisis (i.e., thyroid 
storm). Maximal safety is assured with thionamides combined 
with beta blockade, but studies suggest that propranolol or 
metoprolol used without thionamides are as safe and effec¬ 
tive. 17,18 Beta blockade alone is not universally accepted because 
of the occasional occurrence of postoperative thyroid crisis, 
tachycardia, hyperhidrosis, or anxiety. Doses of beta-blockers 
must continue through the morning of surgery and should not 
be stopped abruptly in the postoperative setting. 

Graves Disease. Graves disease, which was described by Dr. 
Robert Graves in the 1830s as a toxic diffuse goiter associated 
with exophthalmos and palpitations, is an autoimmune disor¬ 
der with a genetic predisposition and a female predominance 
(five to seven times greater than males). It is characterized by 
the presence of TSAbs. These antibodies bind to the TSH recep¬ 
tor on follicular cells and stimulate thyroid hormone release. In 
addition, the autoimmune disease process may affect the eyes, 
causing exophthalmos secondary to inflammatory cell infiltra¬ 
tion into the extraocular muscles and orbital connective tissue. 
Graves ophthalmopathy may be the first manifestation of dis¬ 
ease, and it covers a wide spectrum from very mild changes in 
visual acuity or ocular dryness to obvious proptosis. It may be 
so severe as to require aggressive ophthalmologic treatment in 
approximately 5% of patients. Aside from the ophthalmo- 
pathic findings of proptosis and lid lag on physical examina¬ 
tion, patients with Graves disease may have involvement of the 
pretibial regions, leading to myxedema. Patients with Graves 
disease usually have a diffuse goiter, which may be smooth or 
occasionally irregular. The gland is by nature very vascular and 
may occasionally have an audible bruit overlying it. T 4 and T 3 


levels are increased and TSH levels are suppressed. The uptake 
of RAI generally shows a symmetrically enlarged gland with 
increased 24-hour RAIU measurements. 

Three main treatment modalities for Graves disease are med¬ 
ical therapy, radioactive iodine treatment, and thyroidectomy. 
Selection of therapy depends on age, disease severity, goiter size, 
and patient preference. Practice patterns differ dramatically 
across the world, especially regarding the use of radioiodine (it is 
less common in Europe and especially Japan compared to the 
United States). The most common initial treatment involves 
thionamides and often beta blockade. In a small fraction of 
patients, antithyroid drugs may be the only therapy necessary, 
but in general, this strategy is considered an impermanent solu¬ 
tion. Although the drugs may theoretically be used long term, 
they are associated with a small but real risk of life-threatening 
agranulocytosis. Additionally, a number of less severe side effects 
make tolerance difficult for many, and the recurrence of thyro¬ 
toxicosis can be unpredictable. Ultimately, most patients pursue 
a permanent or “ablative” therapy such as RAI or surgery. Treat¬ 
ment with RAI is very effective and has not been associated with 
secondary risk of development of a new malignancy, yet there is 
still hesitancy to use this treatment in young children. RAI may 
take up to 6 months to provide definitive results and thus 
antithyroid medications must continue during this period. In a 
small percentage of patients, a second treatment may be neces¬ 
sary. Although euthyroidism is the most common result of ther¬ 
apy, the effects are slowly progressive such that over 95% of 
patients become hypothyroid within 10 years following treat¬ 
ment. RAI therapy has been occasionally associated with exacer¬ 
bation of Graves ophthalmopathy, although the effect is ame¬ 
liorated by corticosteroids and the early addition of LT 4 
posttreatment. 19-21 Because of this concern, patients with severe 
ophthalmopathy should consider total thyroidectomy instead of 
RAI to prevent such an exacerbation; however, ultimate resolu¬ 
tion of ophthalmopathy is no more likely with operation. 

Surgery for Graves disease has the advantage of rapid cor¬ 
rection of the hyperthyroid state. The specific operation has 
typically been either bilateral subtotal thyroidectomy or total 
thyroidectomy. Subtotal thyroidectomy attempts to remove 
enough tissue to resolve the hyperthyroidism but leave enough 
to maintain euthyroidism. Graves disease is dynamic and, thus, 
remissions and exacerbations are common. This factor makes 
the determination of exactly how much tissue to leave as a rem¬ 
nant very challenging (typically estimated between 4 and 8 g of 
thyroid tissue). For these reasons, total thyroidectomy is 
becoming the preferred operation for treatment of Graves dis¬ 
ease with the intention of eliminating the chance of recurrence 
but accepting hypothyroidism requiring LT 4 therapy. 

Toxic Multinodular Goiter. The term toxic multinodular 
goiter (MNG) refers to thyrotoxicosis that is caused by a 
multinodular goiter that may be of endemic or nonendemic 
etiology. H.S. Plummer first distinguished toxic adenomatous 
goiter from Graves disease. Although the eponym “Plummer 
disease” now more commonly refers to the patient with a soli¬ 
tary toxic nodule (see later), many clinicians still include toxic 
MNG under the same historical blanket. Thyrotoxicosis may 
occur as a progression from euthyroid multinodular goiter 
that was originally TSH dependent, which then progressed to 
a state of autonomy whereby it is not suppressible with LT 4 . 
After that, it may progress to a toxic state in which distinct 
nodular areas are overproducing T 4 and T 3 with resultant TSH 
suppression. Although the cause is clearly distinct, it is possi¬ 
ble that some patients included in this diagnostic category 
actually have Graves disease with nodular degeneration of 
their diffuse goiter. Patients with toxic MNG, however, are 
often easily distinguished from those with Graves disease. The 
typical patient is female and more than 50 years old with a 
previous history of multinodular goiter. Thyrotoxicosis may 
be precipitated in a MNG with or without areas of autonomy 
when an iodide load is provided (Jod-Basedow phenomenon). 
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Historically, public health efforts to iodinate salt or flour in an 
iodine-deficient population have caused this to follow over a 
period of years. This can occur after exposure to iodinated 
radiographic contrast media, expectorants, or iodide-containing 
drugs such as amiodarone. 

Hyperthyroidism present in a patient with MNG can involve 
a wide spectrum of severity such that it is not uncommon for a 
patient having indications for thyroidectomy, for reasons such 
as continued nodular growth or substernal extension, to have a 
suppressed TSH in the absence of major functional symptoms. 
This subclinical thyrotoxicosis is another potential indication 
for thyroidectomy because it rarely resolves spontaneously and 
prolonged hyperthyroidism, even when mild, may have deleteri¬ 
ous health effects. Thyroidectomy is a relatively common treat¬ 
ment for toxic MNG, with radioiodine treatment representing a 
less common alternative because it often requires high doses or 
repeated treatments because of the large goiter size and low 
radioiodine uptake. Long-term remissions from antithyroid 
drug treatment are even less common or predictable than in 
treatment of Graves disease. 22 

Solitary Toxic Adenoma. Patients with thyrotoxicosis and 
a dominant thyroid nodule may have a toxic adenoma. Nodules 
usually grow to at least 2 cm in size before hyperthyroidism is 
clinically evident. As expected, T 3 or T 4 or both are elevated and 
TSH is suppressed. Thyroid scintigraphy will demonstrate a sin¬ 
gle “hot” area corresponding to the known nodule with sup¬ 
pression of the remainder of the thyroid substance. FNA is 
rarely helpful and the incidence of malignancy within these nod¬ 
ules is negligible. Treatment options include 13 T RAI therapy or 
resection. RAI is effective in controlling the hyperthyroidism, 
but depending on nodule size, may leave behind a palpable 
abnormality. In particular, younger patients with sizable nod¬ 
ules may choose operation. The resection is typically a hemithy- 
roidectomy and isthmusectomy. The contralateral lobe is often 
normal and will maintain normal thyroid hormone production 
after the hyperthyroidism is remedied. 


Hypothyroidism 

Primary hypothyroidism can arise from intrinsic thyroid dis¬ 
ease, iatrogenic thyroid removal or destruction, and antithyroid 
drug effects. Secondary hypothyroidism can also occur from 
failure of thyrotropic function (via TSH) of the pituitary gland 
because of disease, removal, or destruction of that gland as well. 
Rarely, tertiary hypothyroidism can occur with destructive dis¬ 
orders of the hypothalamus via decreased production of thy¬ 
rotropin-releasing hormone. The most common cause of pri¬ 
mary hypothyroidism in adult patients is Hashimoto thyroiditis. 
In large part, hypothyroidism is straightforward to address with 
exogenous LT 4 therapy, with the exception of the patient with 
thyroid hormone resistance. As defined by hypothyroidism 
itself, the role for surgical therapy is limited. A structural thy¬ 
roid disorder associated with the hypothyroidism, however, 
may be an indication for thyroidectomy (e.g., goiter). 


Thyroiditis 

A summary of conditions causing a painful neck mass is delin¬ 
eated in Table 75.1. Inflammatory conditions of the thyroid are 
a disparate family of conditions that require surgical therapy in 
the minority of situations. However, they can be quite preva¬ 
lent in patients undergoing evaluation for thyroid surgery and 
a thorough understanding is required to avoid diagnostic and 
therapeutic misadventures. 

Hashimoto Thyroiditis. Also known as chronic thyroidi¬ 
tis, autoimmune thyroiditis, and lymphocytic thyroiditis, this 
condition was described by Hashimoto in 1912 as struma 


TABLE 75.1 DIAGNOSIS 


DIFFERENTIAL DIAGNOSIS OF THE PAINFUL NECK MASS 

THYROIDAL CAUSES 

Acute thyroiditis 
Subacute thyroiditis 

Acute thyroid cyst (hemorrhage into cyst or nodule) 

Rapidly enlarging thyroid carcinoma 
Painful Hashimoto thyroiditis 
Radiation thyroiditis 
NONTHYROIDAL CAUSES 
Infected thyroglossal duct cyst 
Infected branchial cleft cyst 
Infected cystic hygroma 
Cervical adenitis 

Globus hystericus (no mass palpable) 

Adapted from Farwall AP, Braverman LE. Thyroiditis. In: Randolph 
GW, ed. Surgery of the Thyroid and Parathyroid Glands. Philadelphia, 
PA: WB Saunders; 2003:49. 


lymphomatosa based on the histologic findings. It affects 
approximately 10% of the general population and is the most 
common cause of both goiter and hypothyroidism in the 
United States. Although it can occur at nearly any age, the 
peak is from age 30 to 60. Female-to-male preponderance is as 
high as 9:1. It is clearly an autoimmune condition and there is 
a moderate genetic predisposition, associated with human 
leukocyte antigen (HLA)-DR3, -DR5, and -B8. The disease 
prevalence is increased in iodine-sufficient regions and this 
may be because immunogenicity of the thyroglobulin molecule 
increases with the degree of iodination. The histologic changes 
are characterized by lymphocytic infiltration with fibrosis and 
germinal centers. Some follicular cells may undergo metaplasia 
to Hurthle cells. The typical presentation is that of a painless 
diffuse goiter in a young woman discovered on physical exam¬ 
ination associated with or without hypothyroidism. Patients 
often note a sense of fullness in, or awareness of, the region of 
the thyroid. When the associated goiter is large, compressive 
symptoms of dysphagia or dyspnea may occur. The goiter is 
typically firm and rubbery and slightly “bumpy” with promi¬ 
nent lateral lobes. Nodular disease can and does occur in a 
gland affected by Hashimoto disease and needs to be investi¬ 
gated with FNA to rule out coexisting malignancy, typically 
papillary cancer or, rarely, thyroid lymphoma. Some data sug¬ 
gest that Hashimoto disease may actually be a risk factor for 
papillary thyroid cancer. 23 Thyroid autoantibody titers are ele¬ 
vated, TPOAb primarily and TgAb secondarily. In approxi¬ 
mately 5% of patients, a transient phase of hyperthyroidism, 
termed “Hashitoxicosis,” occurs at the onset of disease and 
the subsequent pattern in thyroid function changes are nearly 
indistinguishable from that of silent thyroiditis. Many patients 
are hypothyroid, but they may be euthyroid at the time of pre¬ 
sentation. If so, approximately 5% per year will progress to 
hypothyroidism. 24 For the majority of patients, treatment of 
Hashimoto thyroiditis is limited to LT 4 therapy in those with 
hypothyroidism. Surgery is indicated in patients with large 
goiters, significant compressive symptoms, local symptoms 
refractory to LT 4 therapy, or the inability to rule out malig¬ 
nancy (typically in the setting of nodules or rapid growth). 

Painless or Postpartum Thyroiditis. Sporadic silent 
(painless) thyroiditis and postpartum thyroiditis are known as 
destruction-induced thyroiditities and are probably variants of 
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the same process, distinguished only by the relationship to preg¬ 
nancy. 25 Along with subacute thyroiditis, these conditions are 
characterized by the onset of thyrotoxicosis and a goiter, and 
low 24-hour RAIU. Even excluding postpartum cases, there is a 
female predominance by 2:1 and the age range of affected 
patients is broad. The cause appears to be autoimmune, but the 
genetic predisposition is low. There is no fever or malaise and 
the goiter is painless but persistent. Thyroid autoantibody titers 
are often high, and the erythrocyte sedimentation rate (ESR) is 
usually normal. Thyroid function is dynamic and follows a 
pattern similar to that of subacute thyroiditis with the abrupt 
onset of thyrotoxicosis followed by a period of euthyroidism, 
then hypothyroidism. Permanent hypothyroidism is fairly 
common. A 24-hour RAIU is very low (usually <5%), consis¬ 
tent with a thyroid gland that is damaged on the cellular level. 
At the histologic level, lymphocytic infiltration is present along 
with destruction of follicular cells. If it is pregnancy associ¬ 
ated, it is likely to relapse with future pregnancies. If symp¬ 
toms of thyrotoxicosis are significant, /3-adrenergic-blocking 
drugs may be used, but antithyroid drugs are not appropriate 
because the gland is not hyperfunctioning at the follicular cell 
level. If LT 4 therapy is instituted during the hypothyroid phase 
for symptomatic relief, it can be withdrawn after 6 to 9 
months to determine if recovery has occurred. 

Subacute Thyroiditis. Subacute thyroiditis is a common 
form of thyroiditis that affects women more often than men by 
a 5:1 ratio and often in the age group of 20 to 60. There are a 
number of synonymous terms, such as de Quervain thyroiditis, 
giant cell thyroiditis, pseudogranulomatous thyroiditis, suba¬ 
cute painful thyroiditis, and subacute granulomatous thyroidi¬ 
tis. The cause is not entirely certain, but it appears to be virally 
related. There may be moderate genetic predisposition. A pro¬ 
drome consistent with an upper respiratory viral infection is 
very common. The patient often has fever and malaise and an 
exquisitely painful and firm goiter that is also transient. The 
goiter is usually unilaterally dominant, and the patient may 
have pain that radiates to the ipsilateral ear. Giant cells (which 
may also be observed on FNA, thus supporting the diagnosis) 
and granulomas often infiltrate the thyroid. It is common to 
identify a dynamic picture of thyroid function with subclinical 
or obvious thyrotoxicosis followed by hypothyroidism, which 
may occasionally be permanent. Consistent with follicular cell 
destruction, serum Tg levels may be elevated. Antithyroid anti¬ 
bodies may be present in low titers and the ESR is often high. 
A 24-hour RAIU is usually quite low (<5%). Management is 
similar to painless thyroiditis in that beta-blockers may be 
used, but antithyroid medications are not useful. Salicylates or 
nonsteroidal anti-inflammatory drugs (NSAIDs) are adequate 
to control pain in most cases, with the occasional need for oral 
glucocorticoids. Although the course of disease can be pro¬ 
tracted for weeks or months, relapse is rare and management 
is usually limited to management of symptoms. 

Amiodarone-induced Thyrotoxicosis or Thyroiditis. 

Although the significance of amiodarone-induced thyrotoxico¬ 
sis or thyroiditis is usually related to the thyrotoxicosis induced 
by the Jod-Basedow mechanism, increased understanding of 
the condition has led to the realization that it often includes a 
component of destructive thyroiditis as well (common in the 
United States), especially when background iodine deficiency is 
not a factor. 26 The antiarrhythmic drug amiodarone is 37% 
iodine by weight and the iodine load can induce thyrotoxicosis. 
Amiodarone therapy results in thyrotoxicosis in 3% of patients 
in iodine-sufficient regions and up to 10% of patients in iodine- 
deficient regions. 27 In addition, the drug inhibits 5'-deiodinase. 
Medical treatment of the hyperthyroidism is difficult because 
of both the long half-life of the drug and the decompensation in 
cardiac function related to underlying heart disease. Two types 
of amiodarone-induced hyperthyroidism can occur, but distinc¬ 
tion between the types can be clinically difficult. Type I is iodine 


induced and is more common in iodine-deficient areas (type la 
is often associated with preexisting multinodular goiter). In 
general, amiodarone should be stopped and thionamides may 
be variably effective. A 24-hour RAIU may be normal or ele¬ 
vated in iodine-deficient areas (allowing that therapeutic possi¬ 
bility), but in iodine-sufficient areas (type lb is often associated 
with Graves disease), 24-hour RAIU is decreased. Type II, 
defined primarily by destructive thyroiditis, usually occurs in 
iodine-sufficient areas and can be self-limited. Decreased thy¬ 
roid parenchymal blood flow on color flow Doppler imaging is 
typical. A 24-hour RAIU is typically very low and serum inter- 
leukin-6 may be elevated. Corticosteroids are used therapeuti¬ 
cally and, if tolerated, beta-blockers as well. If hyperthyroidism 
is severe in either type I or II, thyroidectomy may be required to 
resolve the thyrotoxicosis and allow continuation of amio¬ 
darone. Some recommend iopanoic acid before thyroidectomy, 
which markedly inhibits peripheral conversion of T 4 to T 3 . 
Because of the cardiac decompensation, thyroidectomy may 
need to be done under local anesthesia and sedation to avoid the 
risks of general anesthesia. 

Acute Thyroiditis. Acute thyroiditis refers to a rare suppu¬ 
rative condition caused by bacterial organisms. It may occur in 
children or young adults (approximately age 20 to 40 years) 
with equal sex predisposition and no evidence of genetic pre¬ 
disposition. Patients with acquired immunodeficiency syn¬ 
drome (AIDS) may be at risk for this condition. A clinical pro¬ 
drome, usually a viral or bacterial upper respiratory infection, 
may occur and the patient is often affected by a significant 
fever and malaise and may have radiating pain to the region of 
the ipsilateral ear. Staphylococcus aureus and Streptococcus 
pyogenes are the most common pathogens. A painful but ulti¬ 
mately transient goiter may be evident, which often is a thy¬ 
roidal or perithyroidal abscess. The patient usually remains 
euthyroid and antithyroid antibody titers are normal. ESR may 
be elevated. If a 24-hour RAIU scan is performed, it is often 
normal but uptake may be focally decreased in the region of 
active infection. Bacterial infection of the thyroid may occur 
via hematologic spread from a distant site or local infiltration 
from other head and neck infections. If acute thyroiditis is 
related to a fistulous communication with the pyriform sinus, 
the condition may recur repeatedly. It is the potential for 
abscess formation or pyriform sinus fistula that makes this a 
disease that occasionally requires surgical intervention even if 
FNA is able to determine the causative organism and if appro¬ 
priate parenteral antibiotics are instituted. 

Riedel Thyroiditis. Also known as Riedel struma or inva¬ 
sive fibrous thyroiditis, this rare disorder affects mainly women 
(by a ratio of 4:1) and usually occurs between the ages of 30 
and 60. The cause is unknown and a genetic predisposition is 
not apparent. The patient presents with a painless but persis¬ 
tent, and often progressive, goiter. Patients are usually euthy¬ 
roid at presentation but may eventually become hypothyroid. 
They may have detectable antithyroid antibody titers and a 
normal ESR. If obtained, the 24-hour RAIU is often normal or 
somewhat decreased. Physical examination reveals an excep¬ 
tionally firm goiter often described as “woody.” Most com¬ 
monly, this is a diffuse, bilobar process. Histologically, the dis¬ 
ease is characterized by extensive fibrosis, which may progress 
to a point of compression of adjacent structures such as the tra¬ 
chea and esophagus. Riedel thyroiditis is often accompanied by 
other equally mysterious focally sclerotic conditions such as 
retroperitoneal fibrosis, mediastinal fibrosis, retro-orbital 
fibrosis, and sclerosing cholangitis. 28 Because of its infiltrative 
nature, it is important to differentiate Riedel thyroiditis from 
thyroid carcinoma. FNA is often inadequate and open biopsy 
may be required. If substantial compression exists, surgery is 
often required to relieve these symptoms. Extensive resection is 
often unsafe or impossible, and wedge resections, especially of 
the isthmus, may be very effective in relieving symptoms. Medical 
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therapy, including corticosteroids, methotrexate, or tamoxifen, 
may have a positive impact in the chronic setting. 29 


NODULAR THYROID DISEASE 
AND GENERAL TREATMENT 
CONSIDERATIONS 


Nontoxic Multinodular Goiter 


From a world health perspective, endemic goiter is still a sig¬ 
nificant issue. Endemic goiters are caused by dietary iodine 
deficiency, which ultimately is also responsible for endemic 
cretinism—another major world health issue. Goitrogenic sub¬ 
stances found in diets may also be contributory. Iodine defi¬ 
ciency in a region is addressed over time by iodination of 
dietary components (e.g., salt, bread flour, or vegetable oil). 

In endemic goiter, T 4 levels may be normal or decreased, 
whereas T 3 levels are normal or often increased. This reflects 
an adaptive regulatory mechanism by which the thyroid pref¬ 
erentially shifts production to the more biologically potent T 3 . 
Exogenous thyroxine therapy will induce a decrease in goiter 
size in roughly 80% of patients treated. Resection may be indi¬ 
cated for large size, increase in size while on T 4 , or compression 
of the trachea, esophagus, or superior vena cava. 

In most developed countries, the term goiter generically 
refers to the group of diseases causing thyroid enlargement in 
patients not affected by iodine deficiency. In common usage, 
goiter typically refers to patients with nodular goiter. Asympto¬ 
matic multinodular goiter is common, and if reasonable assur¬ 
ance that the goiter is not harboring a malignancy can be 
obtained by FNA, thyroidectomy is not usually indicated. 
Sometimes, because of the number of nodules of significant size 
(>1 cm), repeated FNA during longitudinal observation 
becomes impractical. Patients may grow frustrated with the 
process of multiple FNAs and elect to undergo thyroidectomy 
to simplify management. Compressive symptoms involving the 
airway or esophagus are also an indication for thyroidectomy. 
A multinodular goiter causing subclinical or obvious thyrotox¬ 
icosis (toxic multinodular goiter) should also be removed. Total 
thyroidectomy is the procedure of choice because of the signif¬ 
icant chance for recurrent nodular degeneration of the thyroid 
remnant after subtotal thyroidectomy and the attendant 
increase in morbidity during reoperation. If a goiter develops in 
a substernal position, thyroidectomy is warranted because of 
the inability to monitor continuing growth in the mediastinum. 
If tracheal compression develops gradually, it may be largely 
asymptomatic until a critical point of narrowing is reached, 
which inhibits passage of air in a sudden and catastrophic man¬ 
ner. Because all of the important attachments to the thyroid 
parenchyma remain in the neck, even very large substernal goi¬ 
ters can be removed through a cervical incision. Less than 5 % 
will require partial sternotomy for full removal. 30 


Solitary or Dominant Thyroid Nodule 

Nodular thyroid disease is very common, whereas thyroid 
malignancy is relatively rare. The prevalence of thyroid nod¬ 
ules is approximately 4% to 7% in the general population; 
however, thyroid nodules are in fact present in up to 60% of 
patients undergoing autopsy. In contrast, the population inci¬ 
dence of thyroid cancer has increased from 3.72 to 12.08 
cases per 100,000 person-years. 31 This increase is only par¬ 
tially explained by improved surveillance. Appropriately 
identifying patients with malignancy who require operation 
while appropriately avoiding operation for the majority of 
patients with benign, noncompressive nodules can be a diffi¬ 
cult task. 


When assessing a patient with a solitary thyroid nodule, the 
physician should first query factors in the history that may 
indicate the likelihood of benign or malignant disease. A new 
thyroid nodule that occurs at the extremes of age is more likely 
to be malignant than one that occurs in the third through sev¬ 
enth decades. The risk of a solitary thyroid nodule in a child 
under 14 being malignant may be as high as 50%. 32 Patient 
gender itself does not generally confer risk of malignancy, and 
the fact that thyroid cancer occurs in a greater number of 
women than men is related somewhat to the increased preva¬ 
lence of nodular thyroid disease in women. A new thyroid nod¬ 
ule that occurs after the age of 60, however, is more likely to be 
malignant in a man than in a woman. 

Many factors apparent on physical examination or imaging 
can also be used to assess the potential for malignant disease in 
the patient with a thyroid nodule. The consideration that nodu¬ 
lar disease is uninodular (e.g., solitary) instead of multinodular 
has traditionally implied that the former situation is more con¬ 
cerning for malignancy. Especially in the era of thyroid US, this 
distinction is overemphasized because at least half of nodules 
considered solitary by clinical examination are ultimately 
found to be a dominant nodule within a multinodular goiter. It 
is mostly a practical consideration that the dominant nodule 
(largest or most apparent) of a multinodular gland is the one 
that dictates subsequent clinical decision making. The charac¬ 
teristics of a nodule assessed by physical examination (size, 
firmness, texture) have a limited ability to predict malignancy. 
Significant fixation to surrounding tissues can heighten the 
level of concern. Associated lymphadenopathy in the central or 
lateral cervical compartments is certainly concerning for poten¬ 
tial malignancy. Although many patients with benign thyroid 
disease describe hoarseness or a change in voice, this is often 
largely subjective and is of limited concern unless accompanied 
by objective hoarseness and ipsilateral recurrent laryngeal 
nerve paralysis. Thyroid functional status can be important in 
two ways. First, if the nodule is truly solitary and the patient is 
hyperthyroid, it may be a toxic autonomous nodule. If this is 
confirmed by nuclear scintigraphy, the risk of malignancy in 
this nodule is negligible. If the patient is chronically hypothy¬ 
roid (likely from Hashimoto disease), a firm, rapidly enlarging, 
indistinct nodule raises the possibility of the presence of an 
extranodal lymphoma or anaplastic thyroid cancer. 

A critical question in assessing any patient with a thyroid 
nodule is whether any history of radiation exposure exists. At 
least 90% of radiation-associated thyroid cancers are of the 
papillary type. Typical exposures to radiation in the 1940s and 
1950s included external beam irradiation treatment for acne, 
tinea capitis, external otitis, recurrent tonsillitis, or neonatal 
thymic enlargement. In the current era, excessive diagnostic 
radiation or high-dose therapeutic irradiation (e.g., treatment 
of lymphoma or head and neck malignancies) is responsible 
for relevant exposures. The association is well documented 
and there appears to be a linear relationship between the dose 
of radiation and the risk for thyroid cancer, with even a higher 
risk among those exposed at a young age. 33 The typical latent 
period between exposure and clinically evident cancer appears 
to be in the 3- to 8-year range. It is not clear when, if ever, the 
risk is no longer present. Cases appear to increase for up to 
three decades after exposure and then begin to tail off. Another 
source of radiation exposure to the thyroid gland is nuclear 
fallout, related to either atomic weapons or nuclear power 
plant accidents, such as Chernobyl in 1986, which exposed 1.5 
million people in southern Belarus and northern Ukraine. This 
acute y-radiation exposure is likely the main risk factor, but 
longer-term exposure to diverse radioisotopes of iodine that 
secondarily contaminate the regional water and food supplies 
may also be contributory. 

Another critical question to investigate is whether a family 
history of thyroid cancer or associated conditions exists. The 
key issue is to uncover a family history of medullary thyroid 
cancer, which suggests the potential for an inherited syndrome 
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such as familial medullary thyroid carcinoma or multiple 
endocrine neoplasia type 2. Papillary thyroid cancer, however, 
may have a familial association as well, either independently 
or, more commonly, associated with Cowden syndrome or 
Gardner syndrome (familial adenomatous polyposis). 

In most situations, extensive thyroid function testing is not 
necessary and a TSH is all that is required. After initial clinical 
assessment, thyroid nodular disease is often assessed by US. 
Relevant factors include the size of the nodule and other sono¬ 
graphic characteristics previously explained. Also important is 
whether the nodule is truly solitary or whether there are addi¬ 
tional nodules, especially in the contralateral lobe, which may 
affect the specific surgical recommendations. Although it is not 
uncommon for patients to undergo thyroid scintigraphy, its 
utility is actually very limited and should not be routinely used 
to evaluate thyroid nodules. The only helpful role is to deter¬ 
mine the specific nature of a nodule in a patient with hyper¬ 
thyroidism. The additional diagnostic information provided 
by knowing the nodule is “cold” or “photopenic” is very lim¬ 
ited, especially in the era of US and FNA, which can charac¬ 
terize the potential for malignancy to a much greater degree. 
Although smaller cysts may resolve with aspiration, recurrence 
is very likely if the cyst is 4 cm or greater and, consequently, 
resection should be considered. 

FNA is the cornerstone of diagnostic evaluation of the thy¬ 
roid nodule. It can reliably identify colloid nodules, benign 
nodular hyperplasia, thyroiditis, papillary thyroid carcinoma 
(PTC), medullary thyroid carcinoma, and anaplastic thyroid 
carcinoma. FNA may suggest an extranodal lymphoma, but 
usually more tissue for diagnosis and flow cytometry is 
required. FNA can also classify nodules as follicular lesions or 
Hurthle cell lesions. These lesions are indeterminate and cur¬ 
rently require at least partial thyroidectomy (e.g., lobectomy) to 
determine whether it is a follicular (or Hurthle cell) adenoma or 
follicular (or Hurthle cell) carcinoma. Determination of malig¬ 
nancy in these lesions can be made only by the demonstration of 
capsular or vascular invasion. FNA should have a false-positive 
rate of 0% to 0.5% and a false-negative rate of 0% to 5%. The 
potential for a nondiagnostic interpretation is directly related 
to the number of follicular cells recovered for analysis. This is 
ultimately related to technique and the number of needle passes 
performed. US guidance can help ensure that the biopsy results 
are representative of the nodule of interest. 

Standard disposable needles ranging in size from 23 to 27 
gauge and 10-mL syringes are used. The target nodule is 
located using ultrasound guidance while multiple passes 
through the most concerning appearing solid portions of the 
nodule are made. An average of three separate biopsy maneu¬ 
vers is reasonable practice. The technique does not rely heav¬ 
ily on aspiration or suction as the name might imply. The ideal 
sample remains mostly in the needle hub and barrel before 
expelling it onto a slide or into fixative for cytologic prepara¬ 
tion. Current limitations require that decisions based on FNA 
are contingent on the cytologic appearance. It is likely that in 
the near future, however, specific molecular markers or gene 
expression data will be identified that will allow specific test¬ 
ing of FNA specimens to indicate risk of malignancy. 


THYROID MALIGNANCY 
AND GENERAL TREATMENT 
CONSIDERATIONS 


General Considerations 


Thyroid cancers exhibit a wide spectrum of behavior, from the 
inconsequential, occult, well-differentiated thyroid carcinoma 
to the nearly uniformly fatal undifferentiated anaplastic can¬ 
cers. Fortunately, at least 98% of thyroid cancers are well dif¬ 
ferentiated and long-term prognosis is excellent. Although the 


general treatment strategy for thyroid carcinomas is familiar 
(surgical resection, staging of disease, appropriate adjuvant 
treatments, and secondary screening or follow-up), a number 
of unique points are emphasized below. 


Tumor Classification 


Differentiated thyroid cancers are of follicular cell origin (papil¬ 
lary thyroid carcinoma and its variants, follicular thyroid carci¬ 
noma, and Hurthle cell carcinoma) or parafollicular (C-cell) ori¬ 
gin (medullary thyroid carcinoma). There is a spectrum of 
dedifferentiation that exists between these tumors and undiffer¬ 
entiated cancers such as anaplastic carcinoma. Tumors such as 
insular or tall cell variants exist along this spectrum. In a general 
sense, prognosis is directly related to the degree of differentia¬ 
tion. A number of classification systems exist. The American 
Thyroid Association (ATA), the Armed Forces Institute of 
Pathology (AFIP), and the World Health Organization (WHO) 
all consider papillary thyroid cancers (including classic papillary 
carcinoma, mixed papillary-follicular variants, follicular vari¬ 
ants, and follicular thyroid carcinomas [FTC]) as differentiated 
thyroid cancer. Still, some disagreement exists about the classifi¬ 
cation of Hurthle cell carcinomas (HCCs). In general, the ATA 
and WHO consider HCC as a subtype of follicular thyroid car¬ 
cinoma, although the AFIP does not. Support for considering 
HCC as a subtype of follicular thyroid carcinoma includes the 
histologic demonstration of the transition of follicular to Hurthle 
cells, an intact TSH receptor adenylate cyclase system in Hurthle 
cells, and the ability of Hurthle cells to produce thyroglobulin and 
thus maintain Tg positivity on immunohistochemical staining. 34 
Other characteristics, however, such as higher oncogene expres¬ 
sion in HCC than FTC and the general impression that HCC can 
display a more aggressive clinical course than FTC cause some to 
classify HCC tumors outside the FTC family. 35 Medullary thy¬ 
roid carcinoma is also a differentiated thyroid carcinoma but is 
of parafollicular cell origin. 

Papillary Thyroid Carcinoma. Papillary thyroid carci¬ 
noma (PTC) accounts for approximately 80% of thyroid carci¬ 
nomas. Although it occurs across a wide spectrum of ages from 
childhood to the elderly, the peak incidence begins in the third 
and fourth decades of life. It is more common in females than 
males. It is especially prevalent in iodine-sufficient regions of the 
world. Papillary carcinoma arises from the follicular cells, is 
characterized by papillary architecture, and is often associated 
with calcifications, psammoma bodies, squamous metaplasia, 
and fibrosis. Cytology is diagnostically important and typical 
findings include large, overlapping nuclei that are optically clear 
(known as Orphan Annie nuclei) and intranuclear grooves. As a 
whole, the prognosis is excellent, especially in those patients 
with tumors that define a low risk for recurrence. Greater than 
30% of PTC is multicentric and found throughout the thyroid. 
Although multifocality does not signify a worse prognosis, this 
characteristic, in part, influences the rationale for total thy¬ 
roidectomy discussed later. The incidence of cervical lymph 
node metastases varies across series and is influenced by 
whether lymphadenectomy is performed for prophylactic or 
therapeutic reasons. In general, it approximates 30% to 40%. 
Distant metastases occur in 2% to 14% of patients with PTC. 34 
At least 70% of PTC can take up radioiodine and thus, RAI 
scanning is an important part of the treatment strategy. 

Variants. A follicular variant of papillary thyroid carcinoma 
essentially combines the histologic and architectural appear¬ 
ance of follicular tumors with the cytologic features of papil¬ 
lary carcinoma. In terms of treatment and biologic behavior, 
this variant behaves in the same manner as classic PTC. The 
dilemma caused by this variant is based on the fact that, in 
contrast to classic PTC, it is very difficult to diagnose on 
frozen section analysis. It is often interpreted as a follicular 
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lesion with the final diagnosis deferred until formal histopathol- 
ogy can be completed to identify the atypical features. More 
aggressive variants of papillary carcinoma include tall cell and 
columnar types, which also exist along the spectrum of dedif¬ 
ferentiation. 

Microcarcinoma. PTCs less than 1 cm in size are considered 
microcarcinomas (occult or incidental tumors). They may be 
multifocal and are usually clinically silent until thyroidectomy is 
performed for another indication. Although they are by defini¬ 
tion malignant, this group of tumors requires a different set of 
considerations based on “nonmalignant” biologic behavior and 
patient outcome. Prognosis is exceptionally good, with a 0.4% 
Q cause-specific mortality rate. 36 If such a solitary microcarcinoma 
is found after lobectomy, adequate treatment has already been 
rendered and completion thyroidectomy or radioiodine scanning 
or both are not typically indicated. Somewhat in contrast, if 
these microcarcinomas are diagnosed preoperatively, which may 
be difficult because of their small size, thyroid resection is usually 
recommended. Some groups, however, have chosen to follow 
these patients closely with ultrasound. Approximately 70% do 
not increase in size significantly. 37 Nonetheless, these tumors 
cannot be completely discounted. Metastases to central neck 
(level VI) lymph nodes occur, and it is not uncommon for PTC to 
be diagnosed by biopsy of a lateral compartment lymph node 
even if the associated primary tumor is not apparent. If these 
patients are treated with total thyroidectomy, very careful histo¬ 
logic sectioning will be required to find the associated primary 
tumor, which may be as small as 1 mm. 

Follicular Carcinoma. FTC accounts for approximately 
10% to 20% of all thyroid cancers. Again, there is a female-to- 
male predominance, and the incidence begins to increase in the 
Q fifth decade of life. Determination that a follicular lesion/neo¬ 
plasm is a carcinoma is contingent not only on the specific cel¬ 
lular architecture but also on the findings of vascular and cap¬ 
sular invasion. This determination is rarely able to be made on 
frozen section and the information is often not available until 
final histopathology results. 37 FTC is often more advanced at 
the time of diagnosis compared with PTC. It is more common 
for FTC to be locally infiltrative of muscles and perithyroidal 
vascular structures. Because of this difference in stage at diag¬ 
nosis, the overall 10-year survival for patients with FTC is 
slightly worse than for those with PTC, but when patients are 
matched for age and stage with PTC, this difference largely dis¬ 
appears. 38 In contrast to PTC, follicular cancers are usually soli¬ 
tary. Approximately one third of patients with FTC have distant 
metastases at the time of diagnosis and the pattern is consistent 
with a mechanism of hematogenous spread, with lung and bone 
most often being involved. Lymph node involvement is limited 
to only about 10% of patients. Importantly, at least 80% of 
FTC will take up radioiodine. 

Minimally Invasive Follicular Carcinoma. Follicular neo¬ 
plasms with demonstrable capsular invasion but no vascular 
invasion are classified as minimally invasive follicular cancers. 
These patients have an excellent prognosis, conceptually equiv¬ 
alent to patients with incidental papillary microcarcinomas. If 
such a tumor is found after hemithyroidectomy, there is no rea¬ 
son for most patients to undergo completion thyroidectomy 
and radioiodine scanning as would be recommended for true 
FTC. 39 

Hurthle Cell Carcinoma. Malignant Hurthle cell neo¬ 
plasms account for approximately 5% of thyroid carcinomas 
and, in general, occur in patients slightly older than those with 
PTC or FTC. Despite their relatively uncommon nature, HCC 
enters diagnostic consideration frequently because Hurthle 
cells are frequently present on FNA cytology from thyroid 
nodules. Patients with Hashimoto disease or colloid nodules 
commonly demonstrate Hurthle cells; however, it is the nodule 


that contains almost entirely Hurthle cells that raises concern 
for HCC. If HCC is suggested by FNA cytology, a diagnostic 
thyroid lobectomy at the minimum is required to definitively 
establish the nature of the tumor. Hurthle cell adenomas (neo¬ 
plasms with no evidence of capsular or vascular invasion) cer¬ 
tainly exist, but occasionally a tumor that is otherwise histo¬ 
logically compatible with a Hurthle cell adenoma is found to 
be associated with lymph node or distant metastases. For these 
reasons and considering the perspective that HCC may behave 
more aggressively, many surgeons advocate total thyroidec¬ 
tomy for any Hurthle cell neoplasm. 40 HCC is more prevalent 
in women than men and is more often associated with lymph 
node metastases and distant metastases than PTC and FTC in 
general. Although it is a DTC likely of follicular cell origin, 
very few HCC tumors take up radioiodine (approximately 
10%). For this reason, and taking into consideration the more 
aggressive nature of HCC, complete surgical resection is espe¬ 
cially important in this disease. Therefore, total thyroidectomy 
is often combined with central compartment lymphadenec- 
tomy and perhaps modified radical neck dissection if lateral 
compartment lymph node involvement is evident. 

Medullary Carcinoma. MTC arises from the parafollicular 
C cells and accounts for about 5% to 7% of all thyroid malig¬ 
nancies. Approximately 75% occur in a sporadic fashion and 
20% to 25% may be familial (multiple endocrine neoplasia 
[MEN] types 2A and 2B, as well as familial medullary thyroid 
carcinoma [FMTC]). These are autosomal dominant inherited 
endocrinopathies related to a group of specific mutations on 
chromosome 10qll.2 (RET proto-oncogene) (Table 75.2). The 
familial forms of MTC have different degrees of aggressiveness 
related to the specific syndrome. Familial MTC has the most 
indolent course, whereas MEN 2B has the most aggressive 
course, with MEN 2A intermediate to these. Most sporadic 
MTC is relatively slow growing and may be quite indolent. 
Typically, these patients do not present before 30 years of age. 
A subset of patients with sporadic MTC have a much more 
aggressive course. This variability in biologic behavior 
accounts for the overall 10-year survival rate of approximately 
50%. Overall, MTC is more aggressive than other DTCs and is 
more likely to metastasize. At least 50% to 75% of patients 
with sporadic MTC have nodal metastases already present at 
the time of diagnosis. To some degree this is correlated with 
tumor size and contralateral cervical metastases are conceptu¬ 
ally systemic disease. 41 Distant metastases may involve the liver, 
lungs, and bone. FNA can be diagnostic for medullary cancer, 
especially if the specimen is stained for calcitonin. MTC is 
unique in that calcitonin is a very specific tumor marker used for 
diagnosis and to guide subsequent follow-up. Most MTCs also 
make carcinoembryonic antigen (CEA). 

Approximately 20% of patients thought to have sporadic 
MTC may in fact be index cases of familial MTC. Therefore, 
any patient with a new diagnosis of MTC should have genetic 
testing for the RET proto-oncogene mutations associated with 
MEN 2 and FMTC. Appropriate screening for pheochromo- 
cytoma (which would be treated prior to thyroidectomy) and 
hyperparathyroidism are required. 

The treatment strategy for MTC is somewhat distinguished 
from that of DTC of follicular cell origin. Because of the high 
likelihood of lymph node metastases and the fact that there is 
no effective adjuvant therapy (MTC does not take up radioio¬ 
dine), more extensive initial surgical resection is warranted. 
With few exceptions, the appropriate operation for MTC is a 
total thyroidectomy with central compartment lymphadenec- 
tomy (level VI). Because intraoperative assessment of lymph 
node involvement is relatively inaccurate, consideration 
should be given to ipsilateral modified radical neck dissection 
as well. Some authors even advocate bilateral modified radical 
neck dissection initially or very extensive “microdissection.” 42 
Because of technical issues and an unclear influence on prog¬ 
nosis, this approach has not met with widespread acceptance. 


ENDOCRINE 




1294 


Part Two: Surgical Practice 


ITABLE 75.2 



GLASSIFICATION | 

DISEASE PHENOTYPES RELATED TO MUTATION OF THE RET PROTO-ONCOGENE 

■ PHENOTYPE 

■ GENETIC DEFECT 

■ CLINICAL FEATURES 

■ PREVALENCE (%) 

MEN 2A (60%) 

Germline mutations in cysteine codons of 

Medullary thyroid carcinoma 

100 


extracellular and transmembrane domains 
of RET 

Pheochromocytoma 

10-60 


Hyperparathyroidism 

5-20 

MEN 2B (5%) 

Germline activating mutation in tyrosine kinase 

Medullary thyroid carcinoma 

100 


domain or RET 

Pheochromocytoma 

50 



Marfanoid habitus 

100 



Mucosal neuromas (gut) and 
ganglioneuromatosis 

100 

FMTC (35%) 

Germline mutations in cysteine codons of 
extracellular or transmembrane domains 

Medullary thyroid carcinoma 

100 


of RET 



FMTC, familial medullary thyroid carcinoma; MEN, multiple endocrine neoplasia. 


It is common for patients to have persistent hypercalci- 
toninemia even after an extensive initial operation. Most 
patients have a subsequent indolent course, although some 
patients will progress more rapidly. Experience with remedial 
neck dissections in an attempt to render the patient normocal- 
cemic has generally been disappointing and requires an appro¬ 
priate search for distant metastases before operation is 
planned. This may include extensive imaging tests such as CT 
scanning, ultrasound, somatostatin receptor scintigraphy 
scanning, selective venous sampling for calcitonin levels, and 
laparoscopy to investigate for hepatic metastases. 43 For most 
patients, the strategy of observation by clinical examination, 
biochemical markers, and imaging tests is adopted with inter¬ 
val reassessment for resectable regional and metastatic disease. 
When this is detected, especially if it is in a location whereby 
ongoing growth could cause significant morbidity (e.g., tra¬ 
cheoesophageal groove), resection can be offered. Hepatic 
resections for diffuse metastatic disease are inadequate, whereas 
such an operation may be considered for isolated bulky 
metastatic deposits. Chemotherapy has largely been ineffective, 
although trials with selective and nonselective tyrosine 
kinase-inhibiting drugs are ongoing. Progress has been limited 
by difficulty in establishing the desired degree of RET inhibi¬ 
tion. Somatostatin analogues can be helpful in slowing the 
growth of the tumor in some patients. External beam radiother¬ 
apy may be useful for locoregional tumor control, especially in 
those patients with evidence of locally aggressive tumor behav¬ 
ior 44 ; however, this should not be employed until appropriate 
surgical options are exhausted. 

Provocative testing (e.g., pentagastrin or calcium-stimu¬ 
lated calcitonin levels) was until recently a standard screening 
maneuver to identify patients with heritable forms of MTC. 
Now, these familial forms of MTC, or at least the risk of devel¬ 
oping the manifestations, may be diagnosed with the aid of 
genetic testing for mutations in the RET proto-oncogene. The 
best use of such testing is to identify the specific mutation in 
affected family members, which then guides testing of the 
progeny. When other kindred members with the mutation are 
identified, thyroidectomy may be performed before malig¬ 
nancy develops. Worldwide cooperation has allowed for geno¬ 
type/phenotype correlation based on youngest age of diagnosis 
according to the specific mutation identified. Recommenda¬ 
tions for the age of prophylactic thyroidectomy to be per¬ 
formed are based on this information (Table 75.3). The thy¬ 
roid resection must be absolutely complete because the region 
of thyroid that remains after a near-total or subtotal thy¬ 
roidectomy is the region that is most densely populated with C 


cells. If hyperparathyroidism is present and enlarged parathy¬ 
roid glands are encountered at operation, they should be 
removed as well. A subtotal parathyroidectomy or total 
parathyroidectomy and autotransplantation (similar to that 
which would be considered for MEN 1) are excessive options 
for the parathyroid disease encountered in MEN 2A and, 
instead, resection may be guided by morphologic changes in the 
parathyroid glands. Children identified to have MEN 2B should 
undergo thyroidectomy and central compartment lymph node 
dissection as soon as the diagnosis is made, definitely by 2 years 
of age, but even by 6 months of age as guided by mutation 
analysis. 45 If MTC is already evident at the time of diagnosis 
(as opposed to only C-cell hyperplasia), patients should also 
undergo ipsilateral neck dissection. There is no consensus 
about at which age patients confirmed to have FMTC muta¬ 
tion should undergo thyroidectomy, although this decision 
may be guided by the specifics of the family history. 

Anaplastic Carcinoma. Although it formerly accounted 
for a larger fraction of thyroid malignancies, undifferentiated 
or anaplastic cancer now accounts for just 1% to 2% of thy¬ 
roid cancers. Most commonly, this occurs in elderly patients 
with a long-standing history of a goiter. There is significant 
evidence to infer that most anaplastic thyroid cancers of the 
spindle cell or giant cell type arise from transformation of 
DTC, especially follicular and papillary carcinoma. Anaplastic 
thyroid carcinoma is one of the most aggressive and rapidly 


TABLE 75.3 TREATMENT 


AGE OF PROPHYLACTIC THYROIDECTOMY BASED ON 
GENOTYPE/PHENOTYPE CORRELATION 

Level 3 HIGHEST RISK (codons 883, 918, 922) 

Total thyroidectomy and CCLND by age 6 mo 

Level 2 INTERMEDIATE RISK (codons 611, 618, 620, 

634,804) 

Total thyroidectomy ± CCLND by age 5 y 
Level 1 LOWEST RISK (codons 609, 768, 790, 791, 804, 891) 

Total thyroidectomy individualized by kindred history, 
calcitonin levels, earliest reported age for genotype. 

CCLND, central compartment lymph node dissection. 
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lethal malignancies known. Nearly all are too far advanced at 
the time of diagnosis to be adequately treated by currently 
available therapies. The diagnosis may be made by appropri¬ 
ate clinical suspicion (rapidly growing firm thyroid mass) and 
FNA. If not, excisional biopsy at operation may be required. If 
airway compromise is present or impending, operation may 
include debulking and tracheostomy. Occasionally, a small 
anaplastic cancer is found that is confined to the thyroid or is 
minimally invasive to surrounding tissues (e.g., trachea). Espe¬ 
cially in a young patient, aggressive resection may be legiti¬ 
mately considered. The long-term prognosis for these patients, 
however, is usually limited by metastatic disease, which may 
not be apparent at diagnosis. Adjuvant or primary palliative 
therapy consisting of chemotherapy and external beam radio¬ 
therapy is frequently employed. It is common to see a measur¬ 
able response early in therapy, but eventual tumor progression 
is typical. Unfortunately, the overall impact is often very lim¬ 
ited, so no single regimen has become a standardized 
approach. Although doxorubicin, Taxol, and other drugs have 
been tried, doxorubicin and cisplatin are more frequently 
used. Radiation therapy is often given in combination with 
chemotherapy by using a hyperfractionated routine such as 
two daily fractions, 5 days per week, until a total of 40 Gy is 
delivered to the cervical compartments and superior medi¬ 
astinum. 46 Most often, chemotherapy and radiotherapy follow 
an operation performed for diagnosis or airway protection, 
but such a regimen may also be used occasionally as neoadju¬ 
vant therapy before an attempt at resection is undertaken. 

Thyroid Lymphoma. Primary thyroid lymphomas are 
rare tumors that account for fewer than 5 % of thyroid malig¬ 
nancies. The majority are classified as non-Hodgkin lym¬ 
phomas of B-cell origin. Nearly all arise from within a back- 
Q ground of Hashimoto thyroiditis. Most patients present with 
a rapidly enlarging thyroid mass and compressive symptoms 
(e.g., dyspnea, dysphagia, choking, pain) and have a history 
of hypothyroidism (Fig. 75.7A, B). Because the rarity of the 
diagnosis has limited the number of prospective randomized 
trials that have evaluated the optimal treatment for thyroid 
lymphomas, most recommendations are based solely on ret¬ 
rospective case series. Patients with diffuse large B-cell lym¬ 
phoma are generally treated with combination chemotherapy 
(cyclophosphamide, doxorubicin, vincristine, and prednisone 
[CHOP]) followed by radiation therapy for stage IE or HE 
disease. 47 In those with pure marginal zone B-cell lymphoma, 
some have advocated for single-modality therapy (surgery or 



radiation) given its more indolent behavior, but this still 
remains controversial and would be limited to those with 
stage IE nonbulky disease. 48 There are limited reports on the 
use of immunochemotherapy (rituximab + CHOP) for thy¬ 
roid non-Hodgkin lymphoma (NHL), but given the central 
role that this combination has in the general treatment of 
many extranodal B-cell NHLs, it may be of value to extrapo¬ 
late those results when considering therapy for thyroid lym¬ 
phoma. 49 The diagnosis must be firmly established. Modern 
immunophenotypic analysis often allows this to occur with a 
small amount of tissue obtained by FNA or core needle sam¬ 
pling. Open biopsy is still occasionally required to establish the 
diagnosis. Substantial surgical resection is often not required, 
but there is a subset of patients with significant compressive 
symptoms from respectable tumors who benefit from palliative 
total or subtotal thyroidectomy. 50 

Metastases to the Thyroid Gland. Isolated metastases 
from other primary cancers can occur in the thyroid gland, 
although they are rare. The most common tumor type to do so 
is renal cell carcinoma, although it can occur from breast, 
lung, and gastrointestinal carcinomas, as well as melanoma and 
sarcoma. 51 


Staging of Thyroid Malignancy 

A number of patient factors have been investigated to predict 
risk and prognosis for patients with DTC, such as age, gender, 
tumor size, involvement of lymph nodes, extrathyroidal inva¬ 
sion, tumor grade or histologic features, and completeness of 
surgical removal. Although there are differences in these systems, 
in general, they agree that younger patients with smaller tumors 
have an excellent prognosis with decreased risk of recurrence 
and death compared with older patients. One early prognostic 
staging scheme was the AGES system (age, histologic grade, 
extrathyroidal disease [invasion and distant metastases], and 
tumor size). 52 Although useful, the scheme was later modified to 
exclude histologic tumor grade because there was not uniform 
agreement on DTC grading by pathologists. Another system is 
the AMES system (age, metastases, extrathyroidal invasion, and 
tumor size), which was originally described for patients with 
DTC. 53 The main criticism of this scheme is that it was defined 
based on a patient population that included both papillary and 
follicular thyroid carcinomas, and that there was no accounting 
for those patients with low-risk versus high-risk FTC. Another 



FIGURE 75.7. A: Initial computed tomography (CT) scan of patient with thyroid lymphoma. Note encasement of right carotid artery and devi¬ 
ation of trachea by tumor. B: Repeat CT scan of patient’s neck after receiving chemotherapy. 
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ITABLE 75.4 


STAGING 1 

TUMOR, NODE, METASTASIS STAGING SYSTEM FOR 
DIFFERENTIATED THYROID CARCINOMA (PAPILLARY 

AND FOLLICULAR TYPES) 

■ STAGE 

■ AGE <45 Y 

■ AGE >45 Y 

I 

T any N any M0 

Tl NO M0 

II 

T N Ml 

± any y any 

T2 NO M0 

III 


T3 NO M0 or 



Tl-3 Nla M0 

IV 


T4 NO M0 or 

T4a Nla M0 or 

Tl-3 Nib M0 

IVB 


T4b Any N M0 

IVC 


T any Nany Ml 

Tl, <2 cm; T2, 2-4 

cm, >4 cm; T3, >4 

cm; T4a, extrathyroidal 


extension; T4b, invades prevertebral fascia or encases carotid artery 
or mediastinal vessels. 


NO, no nodal involvement; Nl, regional nodal metastases; Nla, 
metastasis to level 6 lymph nodes; Nib, metastasis to unilateral, 
bilateral, or contralateral cervical or superior mediastinal lymph 
nodes; MO, no distant metastases; Ml, distant metastases. 


useful prognostic system is the MACIS scoring system (metas¬ 
tases, tfge, completeness of resection, extrathyroidal invasion 
and distant metastases, and tumor size). This system calculates a 
composite score based on these factors, then stratifies prognosis 
in proportion to these scores (<6.00 is very low risk and >8.00 
represents greatly increased risk). 54 The European Organization 
for Research on Treatment of Cancer (EORTC) based its prog¬ 
nostic scoring system on a multivariate analysis of patients with 
all types of thyroid malignancies and found that patients with 
scores of less than 50 had a 5-year survival rate of 95%, whereas 
those with scores greater than 109 had a 5-year survival rate of 
5%. 55 This system has not been universally adopted for use in 
DTC because the high-risk, poor-prognostic group contained 
a large fraction of patients with anaplastic thyroid cancer. 
Although medullary thyroid carcinoma is considered a differ¬ 
entiated cancer, its biologic behavior differs sufficiently from 
DTC of follicular cell origin such that its inclusion in this stag¬ 
ing system also confounds the prognostic ability somewhat. 
The familiar TNM system (Junior size, Trodal status, distant 
metastases) is also used to provide prognostic information for 
patients. When used for thyroid cancer, the TNM system has 
been modified to account for the risk-reducing influence of low 
patient age (Table 75.4). This system can provide consistency 
when comparing patients across different series. This system, 
like all prognostic scoring systems, still has limited utility in 
guiding initial treatment decisions (e.g., extent of resection) 
because the important components are unable to be deter¬ 
mined until after resection. 


Selection of Surgical Procedure 

Although thyroidectomy as a primary treatment for DTC is well 
accepted to be both effective and safe, some controversy persists 
about the extent of thyroidectomy necessary for low-risk 
Q patients. The advantages of total thyroidectomy for all DTCs of 
follicular cell origin include (a) removal of multifocal intrathy- 
roidal tumors; (b) use of radioiodine to localize and treat small 
amounts of residual normal thyroid tissue, and more impor¬ 
tantly, regional or distant metastases; and (c) after radioiodine 


ablation, use of serum thyroglobulin as a sensitive marker of 
persistent or recurrent disease. If only thyroid lobectomy is per¬ 
formed, radioiodine treatment is usually not optimal because of 
the increased avidity for RAI of normal thyroid tissue compared 
to thyroid cancer tissue, and thyroglobulin measurements also 
lose their utility. After treatment with lobectomy, recurrence 
develops in the contralateral lobe in about 7% of patients, and 
half go on to die of thyroid cancer. 34 It has been difficult to 
demonstrate a survival advantage related to extent of thyroidec¬ 
tomy, but a recent study comparing extent of thyroid surgery in 
patients with PTC showed that patients with PTC greater than 1 
cm who underwent total thyroidectomy had a significantly lower 
risk of recurrence and lower mortality compared with those 
undergoing thyroid lobectomy. 56 


Lymphadenectomy 

Lymphadenectomy for thyroid cancer has been advocated for 
patients with clinically positive lymph nodes, or those found to 
have micrometastases by FNA or frozen section. In general, 
regional lymph node metastases are found in 30% to 40% of 
patients, although wider ranges have been reported (20% to 
90%). 57-59 A compartment-oriented approach to lymphadenec¬ 
tomy is currently preferred over the previously advocated tech¬ 
nique of “berry picking” (removing only grossly positive nodes) 
if central compartment lymph node dissection and modified rad¬ 
ical neck dissection can be performed without significantly 
Q increasing morbidity or mortality. Prophylactic central compart¬ 
ment lymph node dissection (CCLND) is an emerging standard 
in the treatment of papillary thyroid cancer because lymph node 
involvement is both common and difficult to treat with a reme¬ 
dial operation in the future. Metastatic disease to central com¬ 
partment lymph nodes can be found in up to 60% of patients 
with lymph nodes that appear clinically negative. If CCLND is to 
be added to the routine performance of total thyroidectomy to 
treat low-risk PTC, it must be assured that the incidence of RLN 
injury and hypoparathyroidism is not increased, because it can 
be technically difficult to maintain parathyroid vascularization 
with a thorough level VI lymphadenectomy. For the first time, in 
2006, the American Thyroid Association management guide¬ 
lines 59 suggested routine CCLND be considered for patients with 
papillary thyroid cancer and Hurthle cell cancer if it can be done 
without increasing morbidity. Properly performed CCLND at 
the initial operation may diminish the higher risk of damage to 
nerves or parathyroid glands that is associated with reoperation 
for a local recurrence. Current evidence suggests that prophylac¬ 
tic CCLND in PTC may decrease disease recurrence with limited 
data to suggest a survival benefit. 60 Residual subclinical disease, 
as indicated by postoperative serum thyroglobulin levels, can be 
decreased using this strategy. 61 


Preoperative Ultrasound 

In recent years, US has taken on a more important role for pre¬ 
operative planning, especially in patients with thyroid cancer. 
The use of palpation alone to rule out metastases to the central 
or lateral neck lymph nodes is highly unreliable. Preoperative 
US should be obtained in all patients with thyroid nodules, and 
particular attention should be paid to evidence of lym- 
phadenopathy accompanied by concerning imaging appear¬ 
ances (lack of a hilar line, microcalcifications, loss of the 
typical flattened ovoid shape). A number of institutions have 
reported detection by US of nonpalpable lymph node metas¬ 
tases in 24% to 39% of patients with papillary thyroid cancer 
diagnosed by FNA. 62-64 Even in patients with palpable lym- 
phadenopathy, US can alter the extent of lymphadenectomy in 
approximately 40% of patients undergoing initial or reopera¬ 
tive surgery. 63 
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Radioiodine Therapy 

Radioiodine may be used in two ways after thyroidectomy: low 
doses are used to demonstrate remaining thyroid tissue or 
metastatic disease as part of a diagnostic radioiodine scan, 
whereas higher doses are used for ablation or therapy. The tim¬ 
ing of the initial postoperative scan is dictated by the physiol¬ 
ogy of T 4 and the fact that remnant thyroid tissue or DTC must 
be stimulated by elevated levels of TSH to take up RAI. 
Although no precise threshold has been established, a general 
consensus is held that the TSH should be at least 30 mlU/mL. 
Traditionally, the rise in TSH level has been achieved by with¬ 
drawal of supplemental thyroxine. The half-life of thyroxine is 
approximately 7 days, so TSH values are significantly elevated 
4 to 5 weeks after total thyroidectomy or withdrawal from thy¬ 
roxine treatment. To minimize the duration of hypothyroid 
symptoms, patients can be managed with T 3 until 2 weeks prior 
to scanning, as T 3 has a much shorter half-life (8 to 12 hours) 
than T 4 . 

The use of recombinant human TSH (rhTSH) for 131 I 
uptake scans has become more readily accepted for use in 
patients with thyroid cancer. 65 The use of rhTSH avoids the 
long withdrawal from thyroid hormone replacement and devel¬ 
opment of troublesome hypothyroid symptoms that occurs 
over several weeks. It also allows for the opportunity to follow 
some patients with rhTSH-stimulated serum thyroglobulin lev¬ 
els without performing 131 I whole-body scans, especially as 131 I 
whole-body scans are used less frequently and reliance on high- 
frequency US for early identification of recurrent tumor is now 
the more favored modality for long-term surveillance of 
patients with thyroid cancer. 

Radioiodine therapy is a rational therapy for DTC because 
most tumor cells retain the ability to concentrate radioiodine. 
Additionally, many studies have shown a decreased rate of 
recurrence and increased disease-specific and overall survival 
when 131 I is used. In 1997, Mazzaferri reported a threefold 
decrease in the incidence of distant metastatic disease and 
local tumor recurrence in tumors treated with radioiodine. 66 
In another study, the risk of cancer death was decreased by 
half (from 16% to 8%) when radioiodine was used after 
surgery compared with hormone replacement or external radi¬ 
ation alone. 67 Many clinicians agree that radioiodine is benefi¬ 
cial and well tolerated, but this is certainly not a unanimous 
opinion. 

There are no prospective randomized trials with subgroup 
analysis to shed light on the dilemma of which patients should 
receive postoperative radioiodine. The argument is further 
complicated by the fact that because of the multiple staging 
and prognostic systems used, comparisons across studies can 
be difficult. Postoperative RAI is commonly used, even for 
lower-risk cancers, and thyroid remnant ablation is generally 
accepted as part of the postoperative treatment of patients who 
have undergone total or near-total thyroid excision for DTC. It 
is not entirely evident that using postoperative radioiodine to 
“clear” a whole-body scan will impact the patient’s recurrence 
or survival. Perhaps the most appropriate approach is to select 
patients for postoperative radioiodine therapy based on indi¬ 
vidual risk assessment. 

Several situations exist wherein it is generally agreed that 
131 I is not beneficial. If the cancer is undifferentiated and does 
not concentrate radioiodine, ablative or therapeutic efforts 
will be futile. Intrathyroidal cancers smaller than 1 cm without 
evidence of metastatic disease are not treated with radioiodine 
because of their exceptionally low potential for local or distant 
recurrence. Finally, if only a lobectomy is performed, radioio¬ 
dine ablation is possible only 25% of the time because of the 
volume of residual tissue and its avidity for RAI. 

Proponents of 133 I therapy advocate that all patients who 
meet the indications for total thyroidectomy should undergo 
postoperative radioiodine therapy because it should not be 


assumed that even negligible amounts of residual thyroid tissue 
in the neck are tumor-free. Importantly, more than 30% of 
well-differentiated thyroid cancers will be multifocal, multicen¬ 
tric, or microscopic. In these settings, postoperative remnant 
thyroid ablation after total thyroidectomy serves to destroy 
remaining thyroid tissue that may harbor occult microscopic 
carcinoma. Additionally, it is less confounding to manage and 
follow a patient without residual thyroid tissue. Without com¬ 
peting normal tissue, visualization of local or distant recur¬ 
rences on follow-up 131 I scanning is possible. If large amounts 
of thyroid tissue remain after the initial operation, the bright 
emission of 133 I from the residual thyroid will obscure any 
small areas of local recurrence. Significant residual thyroid tis¬ 
sue will not allow TSH to rise, which can decrease the uptake 
of 131 I during postoperative imaging. Finally, thyroglobulin 
measurements are the most specific tests for recurrent cancer 
when no normal thyroid tissue or TgAbs are present and when 
the Tg level is measured during a period of hypothyroidism— 
none of which is feasible when a remnant of the thyroid gland 
remains. It follows, therefore, that only patients with a small 
cancer (<1 cm) carrying an exceptionally low risk of recur¬ 
rence should be routinely excluded from consideration of treat¬ 
ment with postoperative radioiodine therapy. 


External Beam Radiotherapy 

If gross residual disease remains after surgical resection, 
external radiotherapy may be considered to assist with local 
tumor control. This is most often a consideration with tumors 
that invade the tracheoesophageal axis. This occurrence is fre¬ 
quent with poorly differentiated tumors, but it certainly can 
complicate DTC as well. It has also been considered for 
patients with extensive lymph node involvement that is char¬ 
acterized by extranodal invasion of metastatic tumor. Bone 
metastases are rarely treated completely with 131 I and, thus, 
external beam radiotherapy may be effective. 68 Complica¬ 
tions include skin erythema and desquamation and tracheoe¬ 
sophageal mucositis. 


Thyroid-stimulating Hormone Suppression 

Levothyroxine therapy to suppress TSH levels is commonly 
recommended for patients with differentiated thyroid carci¬ 
noma because TSH is considered a trophic factor for these 
cancers. The efficacy is inferred from uncontrolled retrospec¬ 
tive studies. It is important to individualize the degree of sup¬ 
pression in patients, balancing the risk of recurrence with the 
risks of subclinical hyperthyroidism (e.g., osteoporosis, car¬ 
diac arrhythmias). Many physicians will suppress TSH to 
undetectable levels (<0.1 mlU/L) in high-risk cancers and 
less severely (TSH 0.1 to 0.5 mlU/L) in low-risk cancers. If a 
patient has no evidence of recurrence and has extremely low 
or undetectable thyroglobulin levels 5 to 10 years after 
treatment, it may be appropriate to lessen the degree of TSH 
suppression. 


New Horizons and Future Directions 


Adjunctive treatment of DTC is dependent on the uptake and 
concentration of radioiodine by cancerous thyroid tissue. Prob¬ 
lematically, it has been reported that as many as 30% of 
advanced DTC will eventually dedifferentiate, and a portion of 
these cancers will lose the ability to concentrate radioiodine. 
Molecular testing of thyroid tumors has become available to 
help characterize thyroid tumors in pre- and postoperative set¬ 
tings. Several well-documented molecular mutations have been 
identified in various types of thyroid cancer. 69 Translocations of 
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partner genes RET/PTC (1, 2, or 3) are found in up to 40% of 
papillary carcinomas and are more common in radiation- 
induced tumors. PAX8-PPARy translocations can be identified 
in up to 40% of follicular carcinomas. Mutation of the BRAF 
gene in papillary carcinomas is estimated to be present in up to 
60% of cases. Sorafenib, a multikinase inhibitor that inhibits 
serine/threonine kinase Raf (BRAF and c-RAF) and RET, c-kit, 
and receptor tyrosine kinases (platelet-derived growth factor 
receptor [PDGFr] and vascular endothelial growth factor 
receptor [VEGFr]), inhibits tumor growth in anaplastic thyroid 
carcinoma xenografts with BRAF mutations. In an orthotopic 
mouse model with PTC harboring a RET/PTC 1 mutation, 
tumor volume was reduced by 94%, and those with BRAF 
mutations saw a 54% reduction in tumor volume. 70 Eventually, 
preoperative molecular testing of fresh or frozen tissue samples 
(FNA or surgical specimen) will be used to differentiate benign 
from malignant thyroid nodules. Molecular profiling of thyroid 
tumors for pre- or postoperative use is a burgeoning field that 
will likely become commonplace in the next 5 to 10 years and 
will likely deliver other signaling pathways that could be used 
for targeted therapeutics. 


THYROID SURGERY 


After an inauspicious beginning, thyroid surgery has improved 
remarkably over the last century. Substantial improvements 
began with the discovery of anesthesia, antisepsis, and improved 
hemostasis. With these improvements, Albert Theodor Billroth, 
Theodor Kocher, and William Halsted were able to make sub¬ 
stantial technical contributions and lay the foundation of thy¬ 
roidectomy as a safe and efficacious operation. 


Technique 

There is little, if any, place for subtotal lobar resections (e.g., 
nodulectomy) and only an occasional role for isthmusectomy 
alone. Total thyroid lobectomy is the total extracapsular 
removal of the lobe and the isthmus while preserving both 
parathyroid glands, the recurrent laryngeal nerve, and the 
external branch of the superior laryngeal nerve. Total thy¬ 
roidectomy is merely a matter of performing a total thyroid 
lobectomy on the contralateral side during the same operation. 
Subtotal thyroidectomy is intentional subtotal lobar resection, 
either unilaterally or bilaterally, and is rarely indicated. Near¬ 
total thyroidectomy involves intentionally leaving a minor 
amount of thyroid tissue to protect the insertion of the REN 
and the superior parathyroid gland. When properly performed, 
it is essentially interchangeable with total thyroidectomy when 
considering surgical outcomes. For most thyroid procedures, 
the patient is placed in a supine position or a semi-Fowler posi¬ 
tion with the arms tucked to the side. A support is placed trans¬ 
versely under the shoulders to aid in extending the neck. This 
extension must not be too extreme or a significant amount of 
postoperative pain may occur in the occipitocervical region. 
After skin preparation, a curvilinear incision is made approxi¬ 
mately one to two fingerbreadths above the clavicular heads and 
not any higher than the level of the cricoid cartilage (Fig. 75.8). 
If possible, it should be disguised in an existing skin crease. 
Subplatysmal skin flaps are raised to the level of the thyroid 
cartilage above, the sternal notch below, and laterally to the 
sternocleidomastoid muscles. The midline raphe is opened to 
expose the anterior trachea and the isthmus. The sternohyoid 
and sternothyroid are then the separated from the thyroid lobe. 
It is this maneuver that leads to division of the thyroid sheath 
layer as the paraesophageal space is entered. The middle thy¬ 
roid veins are divided and ligated. 

If a pyramidal lobe is present, it is mobilized and divided 
from the fibrous tissue in any remaining thyroglossal duct 



FIGURE 75.8. With the patient’s neck extended, the line above indi¬ 
cates the appropriate site of incision for thyroid resection. Camouflage 
within an existing skin crease is often possible. 


tract. The anterior suspensory ligament is divided to mobilize 
the superior aspect of the isthmus. 

Thyroid resection should be performed in a logical orderly 
sequence as follows: (a) exposure of the thyroid gland, (b) cap¬ 
sular dissection of the superior pole of the thyroid with preser¬ 
vation of the external branch of the superior laryngeal nerve, 
(c) capsular dissection of the inferior pole of the thyroid lobe 
with preservation of the inferior parathyroid gland, and (d) 
capsular dissection of the posterolateral aspect of the thyroid 
gland with preservation of the superior parathyroid gland and 
the recurrent laryngeal nerve. Unequivocal identification of the 
recurrent laryngeal nerve occurs early in the operation and 
involves progressive exposure superiorly as the dissection con¬ 
tinues in order to identify and avoid any extralaryngeal REN 
branches. Figure 75.9 indicates the plane of dissection relevant 
to steps (c) and (d). 

Dissection of the superior pole of the thyroid must take 
place in the plane directly adjacent to the thyroid capsule after 
the largely avascular space between the pole and the cricothy- 
roideus muscle is dissected. To do so more proximally along the 
superior pole vessels imperils the EBSFN. This nerve is not 
always identified during thyroidectomy, but it can nearly 
always be preserved by utilizing this technique. Unequivocal 
identification of the recurrent laryngeal nerve is mandatory. 
This is done by many surgeons as direct dissection and expo¬ 
sure in the proximal portion of the REN before its intersection 



FIGURE 75.9. The capsular dissection necessary to preserve well- 
vascularized parathyroid tissue and a fully functional recurrent laryn¬ 
geal nerve begins in the area outlined above. 
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FIGURE 75.10. Boundaries showing high-risk area of central com¬ 
partment dissection involving the vascular supply to the Superior and 
inferior parathyroid glands and the recurrent larygeal nerve. (Adapted 
from Grodski S, Cornford L, Sywak M, et al. Level VI lymph node dis¬ 
section for papillary thyroid cancer: Surgical technique. ANZ J Sure. 
2007;77(4):203-208.) 


FIGURE 75.12. The recurrent laryngeal nerve is carefully reposi¬ 
tioned laterally and medially as needed to dissect all fibrofatty and 
lymphatic tissue from level VI structures. (Adapted from Grodski S, 
Cornford L, Sywak M, et al. Level VI lymph node dissection for 
papillary thyroid cancer: Surgical technique. ANZ J Surg. 2007; 
77(4):203-208.) 


with the ITA and the ligament of Berry. The safety provided by 
this maneuver, however, is contingent on continuing the expo¬ 
sure more distally along the nerve as it approaches the cricothy¬ 
roid space, because it is at this point of genu near the ligament 
of Berry that the nerve is most vulnerable to iatrogenic injury. 
Another technique of nerve exposure is provided by the close 
capsular dissection that takes place when the lobe is retracted 
anteromedially and the terminal branches of the ITA are 
divided. As the ligament of Berry is divided, the genu of the 
nerve is identified and protected. Although visual identification 
of the RLN remains the “gold standard,” palpation can aid in 
the process. The nerve is often easy to palpate as a slightly firm 
linear structure in the tracheoesophageal groove with the lobe 
retracted anteromedially. Although helpful in guiding early dis¬ 
section, this technique cannot supplant visual confirmation. 

The ability to routinely preserve well-vascularized parathy¬ 
roid tissue during thyroidectomy is mandatory for surgeons 
performing these operations. Normal parathyroid tissue is 
subtle and may be difficult to identify. It can be distinguished 
from surrounding fat by a slight brownish color and a fine 



FIGURE 75.11. The recurrent laryngeal nerve is carefully isolated 
and dissected free from surrounding tissue in level VI. (Adapted from 
Grodski S, Cornford L, Sywak M, et al. Level VI lymph node dissection 
for papillary thyroid cancer: Surgical technique. ANZ J Surg. 2007; 
77(4):203-208.) 


capillary vascular pattern that is not present in the adjacent fat 
or thymus. 

The central compartment of the neck contains level VI 
lymph nodes and is bordered by the hyoid bone above, the 
innominate artery below, and the carotid arteries laterally. 
Removal of these lymph nodes is a critical component of an 
operation to treat medullary thyroid carcinoma or in the case 
of clinically evident lymphadenopathy. To perform a CCLND, 
the prelaryngeal (Delphian) lymph node(s) adjacent to the 
pyramidal lobe is excised. After the ipsilateral thyroid lobe is 
completely resected, the lateral and medial extent of dissection 
is defined to mobilize the level VI nodes. The superior parathy¬ 
roid gland must be carefully preserved on its vascular supply 
as the inferior parathyroid gland is often embedded in the 
nodal tissue to be removed and must be autotransplanted (Fig. 
75.10). The cervical portion of the RLN is completely exposed 
in a retrograde direction using gentle dissection to divide the 
overlying fibrofatty and nodal tissue (Fig. 75.11). It is impor¬ 
tant to remove the nodes located posterior to the RLN and 
anterior to the prevertebral fascia in addition to the more eas¬ 
ily removed nodes located anterior to the RLN (Fig. 75.12). If 
the nerve is adequately mobilized, this can usually be accom¬ 
plished en bloc and the nodes may even be left attached to the 
inferior pole of the thyroid. The block of nodal tissue is then 
removed down to the level VII nodes at the superior margin of 
the innominate vein. In order to accomplish this, the cervical 
thymus must be removed. If unable to be preserved on a 
branch of the ITA, the inferior parathyroid is autotransplanted 
into the adjacent sternocleidomastoid muscle (Fig. 75.13). 

Minimally invasive techniques for thyroid surgery have 
evolved significantly in some centers. Attention to detail and 
knowledge of anatomy is critical when performing operations 
through very small incisions or even from an entirely endoscopic 
approach. Patient selection for these approaches is extremely 
important for success. In general, patients with known 
Hashimoto thyroiditis, those who have undergone previous 
surgery within the central neck, or those with large thyroid 
nodules having a volume greater than 30 mL are usually not con¬ 
sidered candidates for minimally invasive approaches for thy¬ 
roidectomy. Minimally invasive approaches are most often used 
for patients with indeterminate thyroid nodules undergoing 
diagnostic thyroid lobectomy. Although more extensive onco¬ 
logic procedures including CCLND can be performed with these 
techniques, the most appropriate indications remain benign thy¬ 
roid disease. 71 
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FIGURE 75.13. It is not uncommon for the inferior parathyroid 
gland(s) to become devascularized during dissection of the central 
compartment. Devascularized parathyroid tissue should be retrieved, 
minced into 1-mm pieces, and autotransplanted to the ipsilateral ster¬ 
nocleidomastoid muscle. (Adapted from Grodski S, Cornford L, 
Sywak M, et al. Level VI lymph node dissection for papillary thyroid 
cancer: Surgical technique. ANZ J Surg. 2007;77(4):203-208.) 


Three general techniques have been developed. The largest 
experience exists for minimally invasive video-assisted thy¬ 
roidectomy (MIVAT), initially developed by Miccoli et al. The 
MIVAT procedure uses a 5-mm 30-degree laparoscope to aid 
visualization of dissection planes, nerves, and parathyroid 
glands while the procedure is performed through an incision 
of 2.5 cm or smaller. An electrosurgical device is usually used 
to ligate and divide vessels. The incision may be less painful 
and more cosmetically pleasing to patients, but average oper¬ 
ating time is slightly longer than conventional thyroid 
surgery. 72 Slightly different from MIVAT, minimally invasive 
thyroid surgery (MITS) is done with direct visualization 
(without video assistance) of critical structures through a 
small lateral incision (2 to 3 cm). Again, advantages include 
reduced pain and improved cosmesis with equivalent safety. 73 
Largely in Asia, there is an evolving experience with a totally 
endoscopic approach using multiple 5-mm port sites placed 
either in the axilla or areola of the nipple to avoid cervical 
incision and allow dissection with laparoscopic equipment. 74 
This places the incision away from the neck in a less notice¬ 
able position. Operating time is considerably longer. Morbid¬ 
ity and mortality are not significantly different in experienced 
hands, but dissemination of this complicated technique has 
been limited. 

Traditional thyroidectomy was developed using standard 
clamping and tying surgical techniques. Advanced surgical 
energy instruments for bipolar vessel sealing and ultrasonic 
scalpels have now been integrated into thyroid resections. The 
main benefit in thyroidectomy is decreased operative time. 75-77 
Most series indicate that complication rates (hematoma, RLN 
injury, hypoparathyroidism) are comparable to conventional 
techniques. Heat generation and lateral thermal spread for a 
particular instrument are critical to understand and may limit 
safe application near the RLN and parathyroid glands. 


Complications 

The risk of death or major disability during thyroidectomy 
should be diminutive. The key outcomes by which to mea¬ 
sure the quality of surgical care, especially relevant to total 
thyroidectomy, include recurrent laryngeal nerve paralysis 


ITABLE 75.5 

COMPLICATIONS | 

COMPLICATIONS OF TOTAL THYROIDECTOMY 

■ COMPLICATIONS 

■ INCIDENCE (%) 

Bleeding 

1 

Wound infection 

1 

Thoracic duct leak 

1 

Hypoparathyroidism 

Transient 

9-35 

Permanent 

0-4 

Recurrent laryngeal nerve injury 

Initial operation 

Transient 

1-10 

Permanent 

0-1.4 

Reoperation 

Transient 

0-22 

Permanent 

0-13 

External branch of superior 

5-28 

laryngeal nerve injury 


and hypoparathyroidism (Table 75.5). Although both com¬ 
plications can occur in a self-limited fashion, the persistence 
or permanence (defined at 6 months after operation) of these 
complications is a critical measure. For most surgeons, the 
rate of unintended permanent recurrent laryngeal nerve dys¬ 
function should be no greater than 1% and the rate of per¬ 
manent hypoparathyroidism should be no greater than 1% 
to 2%. 

Injury to an RLN results in paralysis of the vocal cord it 
innervates. Depending on the specific branch or combination 
of branches injured, the cord may remain in a paramedian 
position (also called cadaveric position) or may remain 
abducted. If the contralateral cord is able to adduct to the mid¬ 
line or beyond, the patient may have a voice that is not partic¬ 
ularly hoarse, but is weak. If the cord is paralyzed in the 
abducted position, vocal quality is very poor because of the dif¬ 
ficulty in approximating the cords during speaking. The 
patient’s cough also has a bovine quality where there is a lack 
of a sharp, percussive initiation. If both vocal cords are para¬ 
lyzed, consideration of the specific cord positions is even more 
critical. If both cords are paralyzed in the abducted position, 
the patient may have a critically limited ability to phonate. In 
this situation, the patient may gradually develop some degree 
of airway obstruction as the cords gradually migrate toward 
the midline. If both cords are paralyzed in the paramedian 
position, the airway is critically narrowed. In this situation, 
stridor is usually apparent very soon after extubation and an 
emergent procedure (e.g., cricothyroidotomy or tracheostomy) 
may be required to reestablish a patent airway. 

Injury to the EBSLN is both more common and more diffi¬ 
cult to detect than injury to the RLN. Because of greater 
anatomic variations, the EBSLN is at higher risk for injury than 
the RLN during thyroidectomy. 78 The symptoms of injury to 
the EBSLN are usually less noticeable and may be only slightly 
evident to the patient, but can be devastating in the case of the 
vocal professional. Symptoms typically include early vocal 
fatigue, decreased pitch range, and decreased projection abil¬ 
ity. Findings on laryngoscopy are subtle and include bowing 
and inferior displacement of the affected vocal cord and rota¬ 
tion of the posterior glottis toward the injured side. Laryngeal 
videostroboscopy or percutaneous electromyography of the 
cricothyroideus muscle may be required to detect injury in 
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subtle cases. Because there is no effective treatment for this 
condition, prevention is extremely important. 

Functional monitoring of EBSLN integrity is feasible but 
somewhat cumbersome and is not routinely employed. If nerve 
monitoring is employed, the stimulator probe can also be used 
to demonstrate the location of the EBSLN by observing a 
motor response in the ipsilateral cricothyroideus muscle. 
Recurrent laryngeal nerve monitoring is increasingly common 
in recent thyroid surgery practice. Although the technology 
has improved to a point that the technique is relatively easy to 
employ, large studies have failed to detect a major improve¬ 
ment in RLN injury rates (largely related to the low incidence 
of this complication when thyroidectomy is performed in the 
proper hands despite the specific technique employed). 79 Even 
so, RLN monitoring can be very helpful in facilitating nerve 
identification and protection during a complex reoperation or 
initial thyroidectomy for very large goiter or aggressive malig¬ 
nancy, even if it will not materially change the chance of injury. 80 
Since current technologies are essentially nerve integrity moni¬ 
tors, the information provided (loss of action potential at the 
vocalis muscle) indicates when an injury has or has not 
occurred and therefore does not indicate when a nerve is under 
stress from dissection or traction. Therefore, whether or not 
RLN monitoring is employed, prevention of injury still requires 
meticulous and precise surgical technique. 

The parathyroid glands are at risk during thyroid resection 
by virtue of the fact that they are often firmly invested within the 
thyroid sheath or occasionally even within the thyroid capsule. 
Inferior parathyroid glands are ultimately supplied by the infe¬ 
rior thyroid artery. Superior parathyroid glands are often served 
by the inferior thyroid artery but may also have contributions 
from the superior thyroid artery distribution as well. Ligation of 
the trunk of the ITA must be avoided to preserve blood supply 
to the parathyroid glands. Every attempt should be made to 
mobilize the parathyroid glands away from the thyroid tissue 
being resected while preserving the blood supply. If the gland 
appears pale or dark and devascularized, the arterial supply is 
probably compromised. Such a parathyroid gland is unlikely to 
survive after the operation and should be immediately auto- 
transplanted. This may be done by mincing the gland into 1-mm 
pieces and inserting or injecting the pieces into well-vascularized 
skeletal muscle (e.g., sternocleidomastoid or pectoralis). 81 Even 
during thyroid lobectomy, meticulous technique must be used to 
preserve parathyroid viability, even though permanent, or even 
temporary, hypoparathyroidism is unlikely. With total thy¬ 
roidectomy, careful dissection is even more critical. Temporary 
hypoparathyroidism is relatively common and is due to mild 
devascularization or venous congestion of parathyroid glands 
during mobilization. Approximately 20% to 40% of patients 
will have mild temporary hypocalcemia beginning about 12 to 
36 hours after operation. If symptomatic, it can be treated with 
oral calcium or occasionally vitamin D supplements (e.g., cal- 
citriol). Severe symptomatic hypocalcemia can be treated with 
intravenous calcium gluconate. Temporary hypoparathyroidism 
complicating thyroidectomy usually resolves over days to 
weeks, although occasionally it may take months to do so. 
Hypoparathyroidism that persists longer than 6 months is usu¬ 
ally destined to be permanent. The transient hypocalcemia after 
total thyroidectomy may be worse in the patient with Graves 
disease because of the increased bone turnover observed with 
hyperthyroidism; however, recovery is expected and the inci¬ 
dence of permanent hypoparathyroidism should be no higher 
than in euthyroid patients. 

Regardless of the specific extent or technique of thyroidec¬ 
tomy, these complications can largely be avoided or amelio¬ 
rated by delicate and deliberate surgical technique. A thorough 
understanding of the function and anatomy, both normal and 
abnormal, of the thyroid gland, and of the rationale behind 
various treatment options, is critical to ensure the best out¬ 
comes for our patients. 
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CHAPTER 76 ■ PARATHYROID GLANDS 


GERARD M. DOHERTY 


KEY POINTS 


^The normal parathyroid glands are flat, ovoid, and red- 
brown to yellow. Their dimensions are 5 to 7 mm X 3 to 
4 mm X 0.5 to 2 mm, and they weigh between 30 and 
50 mg each. 

Parathyroid hormone is the single most important hor¬ 
monal regulator of calcium and phosphate metabolism in 
humans with direct effects on the skeleton and kidney and 
indirect effects on the intestine, mediated through vitamin D. 

Q The demonstration of an elevated plasma parathyroid hor¬ 
mone concentration alone does not establish the diagnosis 
of hyperparathyroidism; with a simultaneous elevated 
serum calcium level, this finding is virtually diagnostic. 


Q A large proportion of patients with the diagnosis of hyper¬ 
parathyroidism are minimally symptomatic or asympto¬ 
matic and the appropriate treatment for these patients 
remains controversial. 

Q It is routinely possible to identify abnormal parathyroid 
glands prior to operation for most patients, allowing the 
surgeon to know where to start the exploration; intraoper¬ 
ative parathyroid hormone measurement can be used to 
confirm removal of all hyperfunctioning parathyroid tis¬ 
sue, that is, when to stop the operation. 


ANATOMY 


Typically, a person has four parathyroid glands—two superior 
Q and two inferior (Fig. 76.1). 1 The normal parathyroid glands 
are flat, ovoid, and red-brown to yellow. They measure 5 to 7 
mm X 3 to 4 mm X 0.5 to 2 mm and weigh between 30 and 
50 mg each. The lower glands are usually larger than the upper 
glands. The superior glands are most often embedded in the fat 
on the upper posterior surface of the thyroid lobe near the site 
where the recurrent laryngeal nerve enters the larynx. The 
inferior glands are usually more ventral and lie close to or 
within the portion of the thymus gland that extends from the 
inferior pole of the thyroid gland into the chest. Although this 
anatomy is fairly consistent, substantial variations from the 
usual can occur, and it is essential that the surgeon have a thor¬ 
ough understanding of these anatomic variations. 

Variations in parathyroid gland anatomy are primarily 
caused by differences in patterns of embryogenesis. During the 
fourth and fifth weeks of fetal development, a series of four 
pharyngeal pouches develop (Fig. 76.2). The superior parathy¬ 
roid gland arises from the fourth pharyngeal pouch in conjunc¬ 
tion with the lateral thyroid, and the inferior gland arises from 
the third pouch along with the thymus. The derivatives of each 
pouch then migrate together so that the superior parathyroid 
gland usually remains in close association with the upper pole 
of the thyroid, although it may occasionally be loosely attached 
by a long vascular pedicle, migrating caudad along the esopha¬ 
gus into the posterior mediastinum. Occasionally, a gland may 
be totally embedded in the thyroid parenchyma. The inferior 
parathyroid gland descends with the thymus, but this migra¬ 
tion is extremely variable. Inferior glands can be found any¬ 
where from the pharynx to the mediastinum. Regardless of 
their location, they usually adhere to the thymus or are within 
the thyrothymic ligament. Supernumerary glands can be identi¬ 
fied in up to 15% of patients, most often in association with the 
thymus. Autopsy studies suggest that four parathyroid glands 
are virtually always present. 

The arterial supply to both the superior and inferior 
parathyroid glands is usually from the inferior thyroid artery, 
although it may arise from the superior thyroid or thyroidea 
ima arteries or from the rich anastomosis of vessels supplying 


the larynx, trachea, and esophagus. A mediastinal parathyroid 
gland that descended during embryonic development usually 
receives its blood supply from either the internal mammary 
artery or small arteries within the thymus; however, an 
enlarged parathyroid gland that grows into the mediastinum 
usually carries with it the corresponding branch of the inferior 
thyroid artery. The inferior, middle, and superior thyroid veins, 
which drain the parathyroid glands, empty into the internal 
jugular vein or the innominate vein. 

Histologically, the normal adult parathyroid gland is about 
half parenchyma and half stroma, including fat cells (Fig. 76.3). 
In children, the gland is almost entirely composed of parenchy¬ 
mal chief cells. Beginning at puberty, adipocytes appear and, 
with age, occupy an increasing proportion of the gland. Also 
with increasing age, acidophilic, mitochondria-rich oxyphil cells 
are present in increasing numbers and are intermixed with the 
glycogen-laden, polygonal, water-clear cells. The functional sig¬ 
nificance of the various cell types remains unclear, although the 
water-clear cells and oxyphil cells are probably derived from the 
chief cells and secrete parathyroid hormone (PTH). 


PHYSIOLOGY 


The primary physiologic role of the parathyroid gland is the 
endocrine regulation of calcium and phosphate metabolism. 
Average daily exchanges of these ions from the gastrointestinal 
tract, bone, and kidney are shown in Fig. 76.4. 


Calcium 


Calcium ion plays a critical role in all biologic systems. It par¬ 
ticipates in enzymatic reactions and is a mediator in hormone 
metabolism. Calcium is intimately involved in the physiology 
of neurotransmission, muscle contraction, and blood coagula¬ 
tion. It is the major cation in bone and teeth. It represents about 
2% of the average body weight, and almost all calcium is con¬ 
tained in the skeleton. The normal range of serum calcium is 9 
to 10.5 mg/dF (4.5 to 5.2 mEq/F), and the daily variation in a 
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FIGURE 76.1. Schematic illustration of the 
location of the superior (A) and inferior (B) 
parathyroid glands from 503 autopsy stud¬ 
ies. The more common locations are indi¬ 
cated by the shaded areas. The numbers rep¬ 
resent the percentage of glands found at 
each location. Typically, the glands were 
posterolateral to the thyroid and above or 
below the junction of the inferior thyroid 
artery with the recurrent laryngeal nerve. 
(After Akerstrom G, Malmaers J, Bergstrom 
R. Surgical anatomy of human parathyroid 
glands. Surgery 1984;95:14.) 
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normal person is generally less than 10%. About half of the 
total serum calcium is in an ionized, biologically active form; 
40% is bound to serum protein, mainly albumin, and 10% 
forms compounds with organic ions, such as citrate. The total 
serum calcium concentration is a function of the serum protein 
content, and because hydrogen ion competes with calcium for 
the same binding sites on albumin, the body fluid pH is impor¬ 
tant. In general, for every change of 1 g/dL in the serum albu¬ 
min level, a direct alteration of 0.8 mg/dL occurs in the serum 
calcium concentration. Almost all the physiologically impor¬ 


tant activity of calcium is represented by the unbound, or free, 
fraction. 

Calcium is absorbed in its inorganic form from the duode¬ 
num and proximal jejunum. The rate of absorption is precisely 
regulated according to body calcium status. The calcium in the 
extracellular fluid is constantly being exchanged with that in 
the intracellular fluid, the exchangeable bone, and the 
glomerular filtrate. Calcium reabsorption by the kidney is 
closely related to that of sodium, and about 99% of the filtered 
load is reabsorbed under normal conditions. 
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Primitive tympanic cavity — 
External auditory meatus — 
Pharyngotympanic tube — 
Palatine tonsil- 

Parathyroid gland (inferior) - 
Thymus- 

Parathyroid gland (superior) 
Ultimobranchial body- 



Pharyngeal pouch I 


Pharyngeal pouch II 


Pharyngeal pouch III 


Pharyngeal pouch IV 


FIGURE 76.2. A: Pharyngeal arches in a 5-week embryo. 
The corresponding pouches extend from within the phar¬ 
ynx into each arch. B: Schematic representation of the dif¬ 
ferentiating epithelium of the respective pharyngeal 
pouches. (After Langman J. Medical Embryology and 
Human Development: Normal and Abnormal. Baltimore, 
MD: Williams & Wilkins; 1975:262.) 



FIGURE 76.3. A normal adult parathyroid is composed of about half 
parenchyma and half fat (X150). 


Phosphate 

Phosphate anion is also an integral component of most bio¬ 
logic systems. It is critical to the pathways of glycolysis and is 
the functional group for a number of high-energy transfer 
compounds, including adenosine triphosphate. It is also the 
major anion in crystalline bone. Normal levels of plasma phos¬ 
phate range from 2.5 to 4.3 mg/dL, and the level varies 
inversely with the serum level of calcium. The relation is such 
that the product of plasma calcium and phosphate is relatively 
constant ranging between 30 and 40 (with calcium and phos¬ 
phate both expressed in mg/dL). When the product is above 
this level, the potential for the precipitation of calcium phos¬ 
phate in body tissues increases. 

In contrast to the percentage of calcium absorbed, the per¬ 
centage of phosphate absorbed from the diet is relatively con¬ 
stant, and excretion usually provides the major mechanisms 
for regulating phosphate balance (Fig. 76.4). Unlike stores of 
calcium, the readily exchangeable soft tissue stores of phos¬ 
phate, such as those in muscle, are large. 
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Diet 

Calcium 1000 mg 
Phosphate 900 mg 


Gastrointestinal 

tract 



Rapidly exchangeable pool 

Calcium 4000 mg 
Phosphate 100,000 mg 


Absorption 

Calcium 350 mg 
Phosphate 600 mg 


Extracellular fluid 

Calcium 1000 mg 
Phosphate 500 mg 


Secretion 

Calcium 150 mg 
Phosphate 150 mg 


Bone 

Calcium 1,000,000 mg 
Phosphate 600,000 mg 


Feces 

Calcium 800 mg 
Phosphate 450 mg 



Urine 

Calcium 200 mg (2% of filtered load) 
Phosphate 600 mg (2% of filtered load) 


FIGURE 76.4. Average daily calcium and phosphate turnover in humans. (After Aurbach GD, Marx SJ, Spiegel AM, et al. 
Parathyroid hormone, calcitonin, and the calciferols. In: Wilson JD, Foster DW, eds. Textbook of Endocrinology, 7th ed. Philadel¬ 
phia, PA: WB Saunders; 1985:1144, with permission.) 


Regulation of Calcium and 
Phosphate Metabolism 

The maintenance of calcium and phosphate homeostasis 
depends on major contributions from three organ systems— 
the gastrointestinal tract, the skeleton, and the kidneys—with 
minor contributions from the skin and liver. 2 The primary hor¬ 
monal regulators of this metabolism are PTH, vitamin D, and 
calcitonin. The actions of each of these hormones in the organs 
are summarized in Table 76.1. 

Q Parathyroid Hormone. PTH is the single most important 
hormonal regulator of calcium and phosphate metabolism in 
humans. It has direct effects on the skeleton and kidney and 
indirect effects on the intestine, mediated through vitamin 
D. In target tissues, PTH binds first to membrane receptors, 
activating adenyl cyclase to generate cyclic adenosine 


monophosphate (cAMP), which regulates other intracellular 
enzymes. 

In bone, the effects of PTH are complex, stimulating both 
resorption and the formation of new bone. However, sustained 
elevations of PTH stimulate osteoclasts and inhibit osteoblasts. 
Osteocytes, in the matrix of cortical bone, may also act to reab¬ 
sorb matrix in response to PTH, a process referred to as osteo- 
cytic osteolysis. Calcium and phosphate mobilization in 
response to PTH occurs in two phases. Initially, mineral is 
mobilized from areas of rapid equilibrium. This phase is fol¬ 
lowed by a more sustained release mediated by newly synthe¬ 
sized lysosomal and hydrolytic enzymes. In the kidney, PTH 
increases the reabsorption of extracellular fluid calcium at any 
given concentration, although excess secretion, because of 
hypercalcemia, increases the net daily amount of urinary calcium 
excretion. Reabsorption in the proximal tubule and loop of 
Henle is linked with sodium transport such that factors that alter 
sodium transport concomitantly alter calcium reabsorption. In 


ITABLE 76.1 ] 

HORMONAL REGULATION OF CALCIUM AND PHOSPHATE METABOLISM 

■ LOCATION 

■ PARATHYROID 
HORMONE 

■ VITAMIN D 

■ CALCITONIN 

Gastrointestinal 

tract 

No direct effect 

Stimulates calcium and 
phosphate absorption 

No direct effect 

Skeleton 

Stimulates calcium and 
phosphate resorption 

Stimulates calcium and 
phosphate resorption 

Inhibits calcium and 
phosphate resorption 

Kidneys 

Stimulates calcium 
resorption 

No direct effect 

Inhibits calcium and 
phosphate resorption 
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FIGURE 76.5. The parathyroid gland produces a precursor 
of parathyroid hormone (PTH), prepro-PTH, that is sequen¬ 
tially cleaved to pro-PTH and PTH. PTH secretion is con¬ 
trolled by the extracellular fluid calcium concentration. (After 
Klee GG, Kao PC, Heath H. Hypercalcemia. Endocrinol 
Metab Clin North Am 1988;17:573.) 


contrast, reabsorption in the distal nephron is independent of 
sodium and directly influenced by PTH. PTH also increases 
phosphate excretion. This action is accompanied by enhanced 
bicarbonate secretion. PTH probably has only indirect effects 
on the gastrointestinal tract, by stimulating the hydroxylation 
of 25-hydroxy vitamin D to 1,25-dihy dr oxy vitamin D in the 
kidney. 

PTH is synthesized initially as a precursor, preproPTH, which 
is sequentially cleaved in the parathyroid gland to proPTH and 
then to PTH (Fig. 76.5). Secretion of this 84-amino-acid mole¬ 
cule is controlled by a negative feedback loop with extracellular 
fluid calcium. Most PTH is secreted in this form and then cleaved 
in the liver into N- and C-terminal fragments. The N-terminus 
contains most of the biologic activity and is rapidly degraded by 
the liver, whereas the inactive C-terminus is slowly metabolized 
by the kidney. 

Vitamin D. Vitamin D acts at two major sites. It increases 
intestinal absorption of calcium and phosphate. In addition, in 
the skeleton, it promotes mineralization and enhances PTH- 
mediated mobilization of calcium and phosphate. It probably 
has no direct effect on the kidney. 

Vitamin D 3 , or cholecalciferol, is produced normally by the 
action of sunlight on 7-dehydrocholesterol in the skin (Fig. 
76.6). It is then hydroxylated in the liver (25 position) and kid¬ 
ney (1 position) to form the active 1,25-dihydroxyvitamin D 3 
(calcitriol). Vitamin D 2 is normally present in yeast and fungi 
but not in humans. It is the major pharmacologic source of vit¬ 
amin D. Pharmaceutical preparations include vitamin D 2 
(ergocalciferol), 25-hydroxycholecalciferol (calcifediol), and 
1,25-dihydroxycholecalciferol (calcitriol). 1-Hydroxychole- 
calciferol and dihydrotachysterol are synthetic preparations 
that require only 25-hydroxylation for activity and so are use¬ 
ful for supplementation in patients with renal failure, who lack 
the 1-hydroxylase. 

Calcitonin. Calcitonin is a 32-amino-acid protein pro¬ 
duced by the parafollicular C (calcitonin) cells of the thyroid. 
The C cells are embryologically derived from the neural crest 
and, in lower animals, are found in the ultimobranchial bod¬ 
ies, which are glandular structures derived from the lowest 
branchial pouch. In humans, these structures are incorpo¬ 
rated into the superior and lateral aspects of the thyroid 
lobes. 


Total thyroidectomy, with removal of all the C cells, is well 
tolerated. Calcitonin is not essential for the normal control of 
calcium metabolism in adult humans. It does inhibit bone 
resorption and can produce hypocalcemia in experimental ani¬ 
mals. It also increases urinary calcium and phosphate excre¬ 
tion. These effects are mediated primarily through cAMP. Sev¬ 
eral secretagogues for calcitonin have been identified, including 
catecholamines, gastrin, and cholecystokinin, but the most 
potent appear to be calcium and pentagastrin. Exogenously 
administered calcitonin can be useful pharmacologically to 
reduce serum calcium levels. 

Mineral Homeostasis. Under normal conditions, serum 
calcium and phosphate levels vary minimally during the course 
of the day. Regulation occurs primarily through PTH but also 
through a series of feedback loops involving vitamin D and 
calcitonin (Fig. 76.7). A fall in serum ionized calcium increases 
PTH secretion and stimulates the production of 1,25-dihy- 
droxyvitamin D 3 . Conversely, increases in serum calcium 
inhibit PTH secretion and the formation of active calciferol. 


Pathophysiology 

Diseases of the parathyroid glands present almost exclusively 
as disorders of calcium metabolism. Hypercalcemia is the most 
common manifestation, and in the patient who presents with 
an elevated serum calcium level, the differential diagnosis can 
be complex. A thorough understanding of both hypercalcemia 
and hypocalcemia is essential for the successful treatment of 
patients undergoing parathyroid surgery. Primary disorders of 
plasma phosphate are not usually related to surgical disease 
and are not discussed in detail here. 


HYPERCALCEMIA 

Hypercalcemia is a relatively common clinical problem. 3,4 In 
the general population and in hospital outpatients, the inci¬ 
dence is between 0.1% and 0.5%. Most patients in this group 
have primary hyperparathyroidism. In contrast, hypercal¬ 
cemia is identified in almost 5% of hospitalized patients, and 
nearly two thirds of them have a malignancy. 
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FIGURE 76.6. Schematic illustration of the synthesis of vitamin D 3 . Ergosterol, 1-a-hydroxyvitamin D 3 , and dihydrotachysterol 
are synthetic preparations of vitamin D. (After Klee GG, Kao PC, Heath H. Hypercalcemia. Endocrinol Metab Clin North Am 
1988;17:573.) 


Clinical Manifestations 


The symptoms of hypercalcemia are varied and nonspecific 
(Table 76.2). Severity is a function of both the magnitude and 
rapidity of onset of the hypercalcemia. Many of the manifesta¬ 
tions are subtle and are evident only in retrospect, after the 
patient has been successfully treated for the cause of the elevated 
calcium. Specific symptoms and diagnostic tests are addressed in 
more detail in the section on hyperparathyroidism. 


Differential Diagnosis 

Although the diagnosis of primary hyperparathyroidism can, 
after appropriate investigation, be established with confidence 
in most patients, all causes of hypercalcemia must be considered 


and excluded. The multiple causes of hypercalcemia are listed 
in Table 76.3. 


Etiology 

Hyperparathyroidism. The diagnosis of hyperparathy- 
roidism is discussed in detail later. Patients typically have ele¬ 
vated plasma concentrations of calcium and PTH, increased 
urinary excretion of calcium, and a low plasma concentration 
of phosphate. 

Malignancy. Generally, patients with hypercalcemia and 
malignancy (humoral hypercalcemia of malignancy) can be 
classified into two groups. 5-7 Patients with solid tumors, such 
as lung carcinoma (25% of all cases of humoral hypercalcemia 


FIGURE 76.7. Feedback loops in¬ 
volved in the regulation of serum cal¬ 
cium and phosphorus. CT, calcitonin; 
PTH, parathyroid hormone. 
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TABLE 76.2 DIAGNOSIS 


CLINICAL FEATURES OF HYPERCALCEMIA 


Neurologic 

■ Lethargy 

■ Confusion 

■ Coma 

■ Headache 

■ Depression 

■ Paranoia 

■ Muscle weakness 

■ Hyporeflexia 

■ Incontinence 

■ Memory loss 

■ Hearing loss 

■ Ataxia 

Gastrointestinal 

■ Constipation 

■ Anorexia 

■ Nausea and vomiting 

■ Polydipsia 

■ Weight loss 

■ Pancreatitis 

■ Peptic ulcer 

■ Abdominal pain 


Cardiovascular 

■ Electrocardiogram 
changes (short QT 
interval, widened T wave) 

■ Bradycardia 

■ Heart block 

■ Hypertension 

Renal 

■ Polyuria 

■ Uremia 

■ Renal colic 

■ Nephrocalcinosis 

Other 

■ Band keratopathy 

■ Conjunctivitis 

■ Change in vision 

■ Pruritus 

■ Thrombosis 

■ Myalgia 


of malignancy); breast carcinoma (20%); squamous cell carci¬ 
noma of the head, neck, esophagus, or female genital tract 
(19%); or renal cell cancer (8%), account for three fourths of 
all cases. Humoral hypercalcemia of malignancy in this setting 
generally appears late in the disease, with nearly all patients 
having known, or readily evident, malignancy. These patients 
have elevated levels of serum calcium, low levels of serum 
phosphorus, and elevated levels of urinary cAMP, consistent 
with increased PTH activity but normal or low serum PTH lev¬ 
els. The hypercalcemia is now known to be caused by PTH- 
related protein secreted by the tumor, rather than by the bony 
metastases that many of these patients have because of the 
advanced nature of their cancers. In the second group, account¬ 
ing for one fourth of cases, are patients with hematologic 
malignancies, such as multiple myeloma, certain lymphomas 
and leukemias, and a subset of the patients with breast cancer. 
These patients have elevated levels of serum calcium, but in con¬ 
trast to most patients with solid tumors and humoral hypercal¬ 
cemia of malignancy, they have elevated levels of serum phos¬ 
phate and low levels of urinary cAMP. These patients always 
have lytic bony lesions and histologically demonstrate increased 


ITABLE 76.3 

ETIOLOGY | 

CAUSES OF HYPERCALCEMIA 



■ Hyperparathyroidism 

■ Malignancy 

■ Vitamin A or D intoxication 

■ Thiazide diuretics 

■ Hyperthyroidism 

■ Milk-alkali syndrome 

■ Sarcoidosis and other granulomatous diseases 

■ Familial hypocalciuric hypercalcemia 

■ Immobilization 

■ Paget disease 

■ Lithium therapy 

■ Addisonian crisis 

■ Idiopathic hypercalcemia of infancy 


osteoclast bone resorption adjacent to tumor cells. This osteo¬ 
clast-activating activity is an effect of cytokines, mainly inter¬ 
leukin- 1/3 and tumor necrosis factor-/^ (lymphotoxin). These 
cytokines promote local net bone resorption and thus produce 
hypercalcemia and hyperphosphatemia. 

Vitamin D and Vitamin A Intoxication. When adminis¬ 
tered in excess, vitamins A and D can produce hypercalcemia. 
Affected patients tend to have normal or elevated serum phos¬ 
phate levels associated with a low PTH level. Metastatic calci¬ 
fication may occur. 

Thiazide Diuretics. Thiazides may increase serum calcium 
levels to a mild degree, primarily through hemoconcentration 
and decreased renal excretion. Serum phosphate may also be 
depressed. It often takes several weeks for the hypercalcemia 
to resolve after the medication is discontinued. 

Hyperthyroidism. Hyperthyroidism is associated with 
increased bone resorption. Often, the plasma PTH is low, and a 
history of other thyrotoxic symptoms can be elicited. The hyper¬ 
calcemia usually resolves as the patient becomes euthyroid. 

Milk—Alkali Syndrome. Typically, the milk-alkali syn¬ 
drome occurs in patients with peptic ulcers who consume large 
quantities of milk and absorbable antacids. Usually, some 
degree of renal failure is present. PTH levels are low. This syn¬ 
drome has become much less common with the increased use 
of nonabsorbable antacids, histamine 2-receptor antagonists, 
and proton pump inhibitors as therapy for peptic ulcer disease. 

Sarcoidosis and Other Granulomatous Diseases. 

These syndromes are associated with hypersensitivity to vita¬ 
min D. The granulomas can convert inactive vitamin D to its 
active form. Patients have elevated plasma globulins and low 
PTH levels. The administration of large doses of cortico¬ 
steroids for 10 days usually reduces the hypercalcemia. Biopsy 
of lymph nodes or the liver may confirm the diagnosis. 

Familial Hypocalciuric Hypercalcemia. This disease is 
an asymptomatic, autosomal dominant condition character¬ 
ized by mild to moderate hypercalcemia, hypocalciuria, and 
normal or only slightly elevated PTH levels. It develops in peo¬ 
ple heterozygous for a mutation in the calcium-sensing recep¬ 
tor. 8,9 The mutation causes an increase in the set point for 
extracellular calcium concentration, so that the “normal” cal¬ 
cium level is higher in these people than in the normal popula¬ 
tion. No treatment is necessary, although people with this 
disease should receive genetic counseling. Neonatal severe 
hyperparathyroidism, which can be fatal, develops in children 
homozygous for mutations in this receptor. Treatment for 
neonates with this disease is controversial, but they appear to 
benefit from early surgical management. 

Immobilization. Immobilization produces hypercalcemia by 
increasing the ratio of bone resorption to bone formation. 
These patients can usually be distinguished by history, although 
on laboratory evaluation they have elevated serum levels of cal¬ 
cium and phosphate and a decreased serum concentration of 
PTH. Often, hypercalciuria is present, which may lead to the 
development of renal stones. Treatment is early mobilization 
and forced diuresis. 

Other Causes. A variety of other diseases may produce 
hypercalcemia. For example, Paget disease (osteitis deformans) 
typically causes mild elevations in serum calcium. Paget disease 
can be diagnosed on the basis of the characteristic radiographic 
lesion. Adrenal insufficiency may be associated with hypercal¬ 
cemia, although the symptoms are typically those of the primary 
abnormality. Lithium therapy appears to produce hypercal¬ 
cemia by altering the parathyroid set point for inhibition by 


ENDOCRINE 










1310 


Part Two: Surgical Practice 


calcium and, over long courses of therapy, may also be associated 
with hyperparathyroidism. Idiopathic hypercalcemia of infancy is 
a rare disorder that is probably the result of hypersensitivity to 
vitamin D. It occurs in infants with mental retardation and is sat¬ 
isfactorily treated with glucocorticoids. Other causes include 
aluminum-induced renal osteomalacia and a host of analytic 
errors related to improper specimen collection with prolonged 
tourniquet times, tube contamination, and instrument drift. 


Medical Treatment 


Although the choice of therapy is tailored to the cause of the 
hypercalcemia, several general measures can prove effective. 4,10,11 

For the patient with mild hypercalcemia, a trial of a decrease 
in dietary calcium is indicated. A reduction in intake of milk and 
other dairy products is suggested, along with discontinuation of 
thiazide diuretics and vitamin D preparations. Mobilization 
prevents bone demineralization. 

Patients with more marked hypercalcemia or severe symp¬ 
toms should be admitted to the hospital for treatment, with 
careful observation and monitoring. In the patient with severe 
hyperparathyroidism, although the definitive therapy is surgi¬ 
cal, it is unwise to proceed with neck exploration until the cal¬ 
cium has been reduced to near-normal levels. The mainstay of 
therapy is intravenous hydration, preferably with normal saline 
solution in sufficient quantities to maintain the urine output 
above 100 mL/h. These patients are often dehydrated before 
therapy, and fluid can be administered intravenously at a rate of 
200 mL/h. Caution must be exercised in older patients, whose 
cardiac reserve may be marginal. This therapy exploits the par¬ 
allel handling of calcium and sodium by the kidneys. The 
diuretic furosemide also increases sodium and calcium excretion 
but should not be used until the patient is well hydrated. 

The endpoints of therapy are a decrease in the serum cal¬ 
cium level and a reduction of symptoms. Diuresis with saline 
solution is usually effective when the hypercalcemia results 
from hyperparathyroidism or a benign cause. In contrast, the 
hypercalcemia of malignancy may produce severe symptoms 
associated with extremely high serum calcium levels that are 
difficult to control. In this setting, a variety of other measures 
may be considered (Table 76.4). Some of the agents used to 
treat hypercalcemia cause significant toxicity, and close patient 
monitoring is required during treatment. Calcitonin is a fairly 
weak hypocalcemic agent, but it acts rapidly and is associated 
with less toxicity than many of the other drugs. 11 Salmon cal¬ 
citonin is the most potent preparation. Treatment with gluco¬ 
corticoids is particularly efficacious in patients with sarcoido¬ 
sis and other granulomatous diseases. Plicamycin has proved 
useful in patients with hypercalcemia of malignancy, but it 
causes a cumulative toxicity (thrombocytopenia, hepatotoxicity, 
and nephrotoxicity). Bisphosphonates inhibit osteoclast activity 
directly. These agents are administered orally or parenterally and 
are particularly efficacious, although long-term use may be asso¬ 
ciated with significant osteomalacia. 5,12 Prostaglandin synthetase 
inhibitors were initially considered useful, but their efficacy has 
proved to be limited. Intravenous phosphates and chelating 
agents have largely been abandoned because of their severe tox¬ 
icity; however, oral phosphates may be beneficial in patients 
requiring prolonged therapy. 


HYPOCALCEMIA 


Hypocalcemia can occur as a consequence of various acquired 
and hereditary diseases. 13,14 Generally, these disorders produce 
a deficiency or defect in the action of either PTH or vitamin D. 
It is most commonly a significant clinical problem after neck 
operation for thyroid disease. Chronic vitamin D deficiency is 
associated with compensatory PTH excess. The end result is 
rickets in children or osteomalacia in adults. 


TABLE 76.4 TREATMENT 


TREATMENT OF HYPERCALCEMIA 

Therapy of Primary Disease 

■ Tumor resection (hypercalcemia of malignancy) 

■ Parathyroidectomy (primary hyperparathyroidism) 

Expansion of Extracellular Volume 

■ Infusion of saline solution 

■ Enhancement of urinary calcium excretion 

■ Extracellular volume expansion 

■ Loop diuretics (furosemide and ethacrynic acid) 

Inhibition of Bone Resorption 

■ Calcitonin 

■ Glucocorticoids 

■ Plicamycin (mithramycin) 

■ Bisphosphonates 

■ Gallium nitrate 

Reduction of Intestinal Calcium Absorption 

■ Low-calcium diet 

■ Glucocorticoids 

Other Treatments 

■ Dialysis 

■ Mobilization 

■ Oral phosphate 

■ Estrogens or progestogens (postmenopausal women with 
primary hyperparathyroidism) 

■ Chloroquine (sarcoidosis) 


Modified from Attie MF. Treatment of hypercalcemia. Endocrinol 
Metab Clin North Am 1989;!8:802. 


Clinical Features 

The major signs and symptoms of hypocalcemia are a direct 
consequence of the reduction in plasma levels of ionized cal¬ 
cium, which increases neuromuscular excitability (Table 76.5). 


TABLE 76.5 DIAGNOSIS 


CLINICAL FEATURES OF HYPOCALCEMIA 

Neurologic 

■ Circumoral paresthesia 

■ Light-headedness 

■ Depression 

■ Anxiety 

■ Confusion 

■ Chvostek sign 

■ Trousseau sign 

■ Irritability 

■ Laryngeal spasm 

■ Seizures 

Musculoskeletal 

■ Tetany 

■ Cramps 

■ Involuntary twitching 

■ Osteomalacia 

Cardiovascular 

■ Electrocardiogram changes (prolonged QT interval, 
T-wave peaking) 

■ Arrhythmia 

■ Tachycardia, hypotension 

Other Features 

■ Lenticular cataracts 
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ITABLE 76.6 

ETIOLOGY | 

CAUSES OF HYPOCALCEMIA 



■ Hypoparathyroidism 

■ Vitamin D deficiency 

■ Pseudohypoparathyroidism 

■ Hypomagnesemia 

■ Malabsorption 

■ Pancreatitis 

■ Hypoalbuminemia 

■ Chelation of calcium 

■ Osteoblastic metastases 

■ Toxic shock syndrome 

■ Hyperphosphatemia 


The earliest clinical manifestations are numbness and tingling 
in the circumoral area, fingers, and toes. Mental symptoms are 
also common. Patients become anxious, depressed, and occa¬ 
sionally confused. Tetany may develop, characterized by car¬ 
popedal spasm, tonic-clonic convulsions, and laryngeal stridor. 
The magnitude of symptoms at any given plasma concentration 
of ionized calcium varies from patient to patient. On physical 
examination, contraction of the facial muscles is elicited by 
tapping anterior to the ear, over the facial nerve (Chvostek 
sign), although this sign may be present in 10% of normal 
patients. Trousseau sign is elicited by occluding blood flow to 
the forearm for 3 minutes. The development of carpal spasm 
indicates hypocalcemia, although the test is unpleasant and 
clinically impractical. 


Etiology 

Some of the causes of hypocalcemia are listed in Table 76.6. 
The most common cause of hypocalcemia by far is excision of 
or damage to the parathyroid glands during thyroid surgery. 

Postoperative Hypoparathyroidism. Postoperative hypo¬ 
parathyroidism commonly develops after total thyroidec¬ 
tomy. 14-16 Most patients undergoing operation on the thyroid 
experience some alteration in serum calcium, although they 
often are asymptomatic; the low calcium probably represents 
contusion or temporary alteration of the blood supply to the 
parathyroid glands. The hypocalcemia is usually transient and is 
not treated unless significant symptoms develop. Occasionally, 
in hyperparathyroid patients who have parathyroidectomy and 
significant bone disease, a marked skeletal deposition of calcium 
and symptomatic hypocalcemia occurs, so-called bone hunger. 
The plasma calcium usually reaches its nadir at 48 to 72 hours 
after surgery and then slowly returns to normal within several 
days. These patients may require calcium and vitamin D therapy 
for weeks or months after parathyroidectomy. 

Idiopathic Hypoparathyroidism. A less common form of 
hypoparathyroidism is idiopathic lack of function. It occurs 
both sporadically and in families. In some cases, it develops as 
part of a polyglandular disorder and is thought to have an 
autoimmune basis. DiGeorge syndrome is a group of congeni¬ 
tal disorders involving the branchial pouches that produces 
partial or complete agenesis of the thymus and parathyroid 
glands. Hypoparathyroidism can also develop in newborns as 
a result of prenatal suppression of the fetal parathyroid glands 
as a consequence of maternal hypercalcemia. 17 It is also com¬ 
mon in otherwise normal but premature infants. 

Vitamin D Deficiency. Vitamin D deficiency can occur as a 
result of dietary deficiency or lack of sun exposure. Likewise, 
renal disease produces a decrease in the 1-hydroxylase activity 


necessary for the formation of active vitamin D. The result is a 
decrease in calcium absorption and an increased secretion of 
PTH by the stimulated parathyroid glands. Osteomalacia, 
abnormal fractures, and the deformities of rickets may result. 

Pseudohypoparathyroidism. Pseudohypoparathyroidism 
is a familial disease characterized by a rotund appearance, 
shortening of the extremities, and sometimes mental deficiency. 
The defect is not in PTH secretion; in fact, most patients have 
elevated plasma levels of PTH with evidence of increased bone 
resorption. Rather, the kidney is unresponsive to the hormone, 
and as a consequence, hypocalcemia and hyperphosphatemia 
develop. The deficit appears to be in the renal adenyl cyclase 
system. 

Hypomagnesemia. This unusual deficit may result from 
chronic alcoholism, malabsorption, parenteral nutrition, or 
increased renal clearance during therapy with aminoglyco¬ 
sides. The deficit appears to block the physical response to 
PTH in addition to its release from the parathyroid gland. 

Other Causes. In short-gut syndrome, after extensive small- 
bowel resection or bypass, or after some forms of bariatric 
surgery, vitamin D and calcium may be absorbed in insuffi¬ 
cient quantities. In pancreatitis, the massive soft tissue destruc¬ 
tion and saponification that occur with hemorrhagic disease 
may sequester significant amounts of calcium in the retroperi- 
toneum. Some undefined systemic factor also appears to con¬ 
tribute to hypocalcemia in these patients. Hypoalbuminemia 
causes a reduction in the total plasma calcium level, although 
the level of ionized calcium remains within the normal range 
and patients are asymptomatic. Circulatory substances, such 
as the citrate used to anticoagulate banked blood and radi¬ 
ographic contrast media, may bind to calcium. In patients with 
osteoblastic metastases, particularly associated with prostate 
carcinoma, hypocalcemia has been attributed to increased cal¬ 
cium flux into the lesions. Toxic shock syndrome is sometimes 
associated with hypocalcemia, but the mechanism has not 
been defined. Acute hyperphosphatemia, as a consequence of 
exogenous administration of phosphate or during the cytolytic 
chemotherapy of highly responsive tumors (e.g., Burkitt 
lymphoma and acute lymphoblastic leukemia), may produce 
symptomatic hypocalcemia associated with soft tissue calcifi¬ 
cation. 


Treatment 


The treatment of hypocalcemia is summarized in Table 76.7. 
For acute symptomatic hypocalcemia, calcium should be 
administered intravenously. Calcium gluconate is less irritat¬ 
ing to the veins than calcium chloride, and the calcium release 
is slower, without a risk for overcorrection. Usually, 20 to 30 mL 
of 10% solution is infused over a 15- to 20-minute period, and 
then 50 to 100 mL is administered over the next 12 hours in 
adults. A practical guide after an initial bolus dose includes 
60 mL of 10% calcium gluconate in a 500-mL bag of dextrose 
5% in water, infused at 1 mL/kg per hour, and adjusted every 
4 hours based on the serum level of calcium and patient symp¬ 
toms. Bicarbonate precipitates any calcium infused through 
the same intravenous line. Serum magnesium should always be 
measured, and hypomagnesemia should be corrected if pres¬ 
ent. In patients with convulsions from advanced tetany, 
diphenylhydantoin therapy is useful, but symptoms should 
never be allowed to progress to this point. 

Long-term therapy is gauged on the basis of symptoms. In 
the postoperative patient, the continued stimulus of mild 
hypocalcemia to any remaining parathyroid gland tissue may 
prove useful. Concomitant therapy with calcium and vitamin 
D is effective in a timely fashion. A starting dose of 2 g of oral 
calcium carbonate per day in divided doses is usually well 
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ITABLE 76.7 

TREATMENT | 

TREATMENT OF HYPOCALCEMIA 

■ SYMPTOM OR GOAL 

■ TREATMENT 

Symptomatic hypocalcemia 

Oral calcium carbonate or intravenous calcium gluconate, 
and possibly vitamin D supplements to increase the 
efficiency of absorption of oral supplements 

Symptomatic tetany 

Intravenous calcium gluconate 

Correction of hypomagnesemia 

Intravenous magnesium chloride 

Vitamin D supplementation 

Ergocalciferol, calcifediol (liver disease), calcitriol (renal 
disease) 

Long-term therapy 

Calcium carbonate; low-phosphate, low-oxalate diet; 
parathyroid grafting (immunosuppressed or 
cryopreserved autograft) 


tolerated. Vitamin D can be administered as calcitriol, an 
active synthetic vitamin D analogue. Most adults respond to a 
dose of 0.5 to 1.0 /ig/d; reduced doses may be necessary for 
patients with renal dysfunction. 


HYPERPARATHYROIDISM 


Definitions 


Parathyroid neoplasms are rarely identified by physical 
enlargement but rather are sought because of the peripheral 
effects of excess hormone. Primary hyperparathyroidism devel¬ 
ops spontaneously, without apparent cause but possibly in 
response to exogenous stimuli. When the normal control of 
serum calcium is disturbed and the autonomous production of 
PTH is increased, the state is referred to as primary hyper¬ 
parathyroidism. This category includes both benign single- and 
multiple-gland enlargements and the much rarer parathyroid 
carcinoma. In some cases, the disease is familial. In contrast, 
secondary hyperparathyroidism occurs when a defect in min¬ 
eral homeostasis leads to a compensatory increase in parathy¬ 
roid function. This occurs most commonly in response to renal 
disease but may also develop as a consequence of the hypocal¬ 
cemia associated with some diseases of the gastrointestinal 
tract, bones, or other endocrine organs. Occasionally, with pro¬ 
longed secondary stimulation, the hyperfunctioning glands are 
no longer physiologically responsive to an increase in ionized 
calcium. This uncommon (affecting about 2% of patients after 
renal transplantation), relatively autonomous state, referred to 
as tertiary hyperparathyroidism , develops most commonly 
after renal transplantation when the renal defect in calcium 
homeostasis is corrected. 


Incidence 


The advent in the 1970s of the widespread assessment of serum 
calcium as part of automated multichannel analysis has consid¬ 
erably altered our understanding of hyperparathyroidism. 
Before that time, primary hyperparathyroidism was thought to 
be a relatively rare condition. Most patients presented with 
symptoms of disease, usually renal stones or bony manifesta¬ 
tions. Currently, most patients are asymptomatic or have only 
vague symptoms or signs that can be related to hyperparathy¬ 
roidism. 18,19 Occasionally, patients recognize that they had 
symptoms only after their well-being improves following 
parathyroidectomy. Incidence varies with both age and gender 
(Table 76.8), but hyperparathyroidism is believed to develop in 
about 50 to 100 people per 100,000 in the general population, 


with approximately 50,000 new cases occurring annually in 
the United States. 20,21 Marked variations have been noted 
worldwide; the reasons for these differences remain unclear. 


Etiology 

The cause of primary hyperparathyroidism is not known. 
Although the sequence of progression from secondary to tertiary 
disease in response to chronic stimulation has a logical appeal, it 
is difficult to draw parallels with primary disease. Most patients 
with primary hyperparathyroidism have disease of a single 
rather than of multiple glands, which is not what might be pre¬ 
dicted if an external stimulus were part of the pathophysiology. 
Hyperparathyroidism is most common in postmenopausal 
women, the population group with the highest incidence of 
osteoporosis and the most significant alterations in calcium and 
phosphate metabolism. Loss of renal function with aging is asso¬ 
ciated with elevations in PTH and decreases in phosphate clear¬ 
ance. It has been suggested but not demonstrated that a renal 
calcium leak, if sufficient, might result in a chronic calcium 
deficit stimulating the parathyroid glands. 

Genetic studies of parathyroid adenomas have described an 
oncogene (PRAD1) that may be one step in the path to neo¬ 
plasia in these tumors. Overexpression of the normal PRAD1 
gene, also known as cyclin D1 , allows progression of the cell 
cycle from the G1 phase to the S phase, thus promoting cellu¬ 
lar growth and division. PRAD1 is overexpressed in 20% to 
40% of parathyroid adenomas; further research may reveal 


ITABLE 76.8 I 

AGE-SPECIFIC AND GENDER-SPECIFIC INCIDENCE OF 
PRIMARY HYPERPARATHYROIDISM 

■ NEW CASES PER 100,000 

■ AGE (y) ■ MEN 

■ WOMEN 

<39 

5 

8 

40-50 

26 

104 

>60 

92 

189 

Total 

18 

56 

After Heath H III, Hodgson SF, Kennedy MA. Primary hyperthy¬ 
roidism: incidence, morbidity, and potential economic impact in a 
community. N Engl J Med 1980;302:189. 
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other genetic alterations that contribute to the neoplastic 
growth. The MEN1 tumor-suppressor gene has also been impli¬ 
cated in the molecular pathogenesis of sporadic hyperparathy¬ 
roidism. About 15% to 20% of sporadic parathyroid adenomas 
have either somatic mutation or biallelic deletion of the MEN1 
gene. 22 

Hyperparathyroidism occurs in several familial forms. It is a 
major component of the multiple endocrine neoplasia (MEN) 
syndromes types 1 and 2A. The parathyroid disease of MEN-1 
syndrome is multiple parathyroid adenomas that appear with 
increasing frequency over the patient’s lifetime. 23 In other fam¬ 
ilies, hyperparathyroidism is inherited in an autosomal domi¬ 
nant fashion without other manifestations of MEN-1 or MEN- 
2; some have osseous abnormalities (tumor-jaw syndrome) 
and some apparently have isolated disease. 


Pathology 

Single-gland Versus Multiple-gland Disease. Micro- 
scopically, the cell most commonly involved in primary hyper¬ 
parathyroidism is the chief cell. Less frequently, the oxyphil 
cell is the predominant cell type. Diseased glands typically 
have an increase in the proportion of stromal cells and a reduc¬ 
tion in the proportion of stromal fat. Single diseased glands, or 
adenomas, have been classically described with a predomi¬ 
nance of chief cells centering in a single focus, with a com¬ 
pressed rim of surrounding normal tissue (Fig. 76.8). In con¬ 
trast, parathyroid hyperplasia has been characterized as a 
diffuse proliferation of clear cells in multiple glands, with little 
remaining normal tissue (Fig. 76.9). These criteria have proved 
totally unreliable. Although pathologic studies can usually dis¬ 
tinguish parathyroid glands from other tissue, they may not 
prove useful beyond this capacity. Intraoperative decisions fre¬ 
quently depend on recognizing disease of one or more parathy¬ 
roid glands, and in this regard, the histologic description of 
adenoma or hyperplasia is generally unreliable in primary 
hyperparathyroidism. 24 

Patients with multiple-gland disease may have one gland 
that appears to be an adenoma and another that appears dif¬ 
fusely involved or even histologically normal with gross 
enlargement. The most reliable index of abnormality is the 
determination of glandular enlargement by visual inspection. 
The incidence of single- and multiple-gland enlargement as 
judged by visual inspection in 66 consecutive patients with 
hyperparathyroidism is shown in Table 76.9. The visual assess¬ 
ment and judgment of the experienced surgeon have proved to 





FIGURE 76.8. Parathyroid adenoma. The tumor consists of sheets of 
neoplastic chief cells and is separated from normal parenchyma by a thin 
capsule. (Reproduced with permission from Rubin E, Farber JL. Pathol¬ 
ogy, 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 1999.) 



FIGURE 76.9. Primary parathyroid hyperplasia. The normal adipose 
tissue of the gland has been replaced by sheets and trabeculae of 
hyperplastic chief cells. (Reproduced with permission from Rubin E, 
Farber IL. Pathology , 3rd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 1999.) 


be an effective basis for intraoperative decisions. This approach 
requires that all four parathyroid glands be evaluated at the 
time of operation. However, the recent ability to rapidly mea¬ 
sure PTH during operation has provided a method to assess 
gland function rather than size. This experience indicates that 
there may be more enlarged glands than there are hyperfunc¬ 
tioning glands. 25 

Carcinoma. Parathyroid carcinoma is a rare entity, and the 
histologic diagnosis can be exceedingly difficult. The surgeon 
may suspect the diagnosis when dense invasion and scarring are 
encountered, although this may also be secondary to some other 
inflammatory disease in the neck. Pathologic criteria include 
marked mitotic activity, dense fibrous stroma, and evidence of 
local invasion into the capsule or surrounding vessels. 26 Malig¬ 
nant-appearing tumors, however, may pursue an apparently 
benign clinical course; the converse is less frequently true. The 
only reliable criteria of malignancy are metastases, most 
commonly to the lymph nodes, lung, or liver, and true local 
invasion. 


Systemic Effects 

The use of automated technology for determining serum cal¬ 
cium has changed not only the estimated incidence of hyper¬ 
parathyroidism but also the usual mode of presentation. 
Before screening, three fourths of patients presented with renal 
disease, particularly nephrolithiasis; one third to one half had 


TABLE 76.9 


GLAND ENLARGEMENT IN 66 CONSECUTIVE PATIENTS 
WITH PRIMARY HYPERPARATHYROIDISM 

■ PATHOLOGY ■ PATIENT, n ■ PERCENTAGE 

Adenoma 50 76% 

Double adenoma 4 6% 

Hyperplasia 12 18% 


From Lowney JK, Weber B, Johnson S, et al. Minimal incision 
parathyroidectomy: cure, cosmesis, and cost. World J Surg 2000;24: 
1442-1445. 
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skeletal manifestations; and rare patients had both. Most 
recent series suggest that at least half of the patients in whom 
hyperparathyroidism is diagnosed do not have renal or osseous 
disease and many are minimally symptomatic or asympto¬ 
matic. Manifestations of the disease are protean but generally 
nonspecific, and they may be difficult to elicit in the history. A 
significant proportion of patients present without a readily 
quantifiable index of disease severity. This finding has created 
some controversy about the need for surgery in the asympto¬ 
matic patient and particularly for the elderly or high-risk 
patient. 21,27 

The earliest complaints are often the vague symptoms of 
hypercalcemia. These vary with the magnitude of plasma cal¬ 
cium elevation and can include muscle weakness, anorexia, 
nausea, constipation, polyuria, and polydipsia. These nonspe¬ 
cific symptoms may or may not cause the patient to seek med¬ 
ical attention. Some symptomatic patients have evidence of 
chronic disease involving the kidney or skeleton. Usually, only 
one of these systems is significantly involved in any individual 
patient. The treatment of hyperparathyroidism is designed to 
eliminate or halt the progression of the complications of the 
disease. Symptomatic patients can be divided into two groups. 
Members of the first group have renal manifestations, a slower 
onset of symptoms, and generally lower serum calcium concen¬ 
trations. Patients in the second group have a more rapid onset 
of symptoms, higher serum calcium levels, and significant bone 
disease. No recognizable histologic or physiologic characteris¬ 
tics distinguish patients with renal disease from those with 
bone disease. 

Renal Manifestations. Renal complications develop because 
the hypercalcemia leads to an increase in urinary calcium excre¬ 
tion and because PTH increases the excretion of phosphate and 
produces urinary alkalosis. Both these events predispose to stone 
formation. Urinary stones can be treated surgically or with 
lithotripsy, and subsequent definitive treatment of the hyper¬ 
parathyroidism reduces the rate of re-formation. Of patients 
who present for the first time with renal colic, 5% to 10% are 
found to have primary hyperparathyroidism. Nephrocalcinosis 
(Fig. 76.10) is calcification of the renal parenchyma and occurs 
in 5% to 10% of patients with hyperparathyroidism. It causes 
more significant renal damage than nephrolithiasis does. In 



FIGURE 76.10. Abdominal film demonstrating nephrocalcinosis, or 
diffuse calcification of the renal parenchyma (arrows). 



FIGURE 76.11. Magnification radiograph of the fingers in hyper¬ 
parathyroidism. Subperiosteal cortical resorption ( arrows ) typically is 
most visible on the radial aspect of the middle phalanges. 


general, the more severe the renal damage, the less likely it is 
that nephrocalcinosis will regress after parathyroidectomy. 

The incidence of hypertension in hyperparathyroidism 
increases with the degree of renal impairment. Hypertension may 
be a significant cause of the morbidity associated with hyper¬ 
parathyroidism, but although a decrease in blood pressure has 
been demonstrated in some patients after parathyroidectomy, the 
correlation between the two conditions is not clear. 

Skeletal Manifestations. Parathyroid bone disease in its 
most classic and severe form, osteitis fibrosa cystica, is seldom 
encountered; however, 5% to 15% of patients with parathy¬ 
roid bone disease present with significant symptoms of skeletal 
disease. Most commonly, these symptoms include bone pain 
and pathologic fractures. 

Bone changes are often demonstrable on detailed plain radi¬ 
ographs of the hands (Fig. 76.11). Characteristically, subpe¬ 
riosteal resorption is evident on the radial aspect of the middle 
phalanx of the second or third finger. Because of tufting of the 
distal phalanges, clubbing may be evident on physical examina¬ 
tion. Other findings that typically involve the skull and long 
bones include bone cysts, “brown” tumors (i.e., localized pro¬ 
liferations of osteoclasts), and diffuse demineralization or gran¬ 
ularity. More subtle bone loss can be detected by iliac crest bone 
biopsy or dual-energy x-ray absorptiometry scan. The risk of 
bone fracture increases with increasing severity of bone loss. 

Gastrointestinal Manifestations. Hypercalcemia is clearly 
associated with nonspecific gastrointestinal complaints, includ¬ 
ing nausea, vomiting, constipation, and anorexia, but attempts 
to demonstrate a definite relation between hyperparathy¬ 
roidism and either peptic ulcer disease or pancreatitis remain 
unconvincing. Hypercalcemia stimulates gastric acid secretion 
experimentally and clinically, and has been associated with 
pancreatitis. Therefore, a theoretic rationale for the complex of 
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hyperparathyroidism and gastrointestinal symptoms does 
exist. 

Neuromuscular Manifestations. Neurologic and muscu¬ 
lar complaints are those of hypercalcemia in general. Fatiga¬ 
bility and proximal muscle weakness are among the most 
debilitating manifestations. Atrophy of type II muscle fibers, 
consistent with a neuropathic and not a myopathic cause, has 
been demonstrated. Sensory complaints include dysesthesia, a 
reduced vibratory sense, and stocking-glove sensory deficits. 

Psychological Manifestations. The emotional disturbances 
of hyperparathyroidism are often subtle and difficult to quan¬ 
tify. As with other forms of hypercalcemia, they range from 
depression or anxiety to psychosis and coma. Patients undergo¬ 
ing parathyroidectomy frequently experience a sense of well¬ 
being and relief from fatigue and dullness postoperatively, even 
if they may have had no noticeable complaints preoperatively. 

Other Manifestations. A variety of signs and symptoms of 
soft tissue calcification have been described. Nonspecific 
arthralgia, particularly involving the proximal interphalangeal 
joints of the hands, is characteristic. The incidence of chon- 
drocalcinosis is increased. Pruritus, vascular and cardiac calci¬ 
fication, and band keratopathy of the cornea have all been 
noted. Some reports have suggested an increased risk of malig¬ 
nancy and coronary artery disease, but the effects remain 
unsubstantiated, and it is not clear if the mortality risk is mod¬ 
ifiable by correction of hyperparathyroidism. 28-30 

Physical Findings. Except in patients with the classic defor¬ 
mities of advanced bone disease, the physical examination is 
seldom helpful. Diseased parathyroid glands are infrequently 
palpable, except in patients with parathyroid carcinoma. A 
mass in the anterior neck in a patient with primary hyper¬ 
parathyroidism is most commonly a thyroid nodule. 

Laboratory Findings. Tests for calcium, PTH, phosphate, 
bicarbonate, and magnesium, in addition to other laboratory 
tests, are useful to establish the diagnosis of hyperparathyroidism. 

Calcium. Hypercalcemia is the single most important diagnos¬ 
tic finding; however, particularly in early or mild cases, serial 
analysis may show fluctuations in and out of the normal range. 
Coexistent hypoalbuminemia and acidosis may produce an 


apparently normal total serum level of calcium, even though 
the ionized fraction is actually elevated. Serum concentrations 
of ionized calcium may be helpful in the patient with intermit¬ 
tent or mild hypercalcemia. 

Parathyroid Hormone. PTH measurement is an important 
method for establishing the diagnosis of hyperparathyroidism. 
Because of the heterogeneity of the various circulating forms of 
PTH, measurement of C-terminal or N-terminal fragments give 
conflicting and confusing results. Intact hormone assays and 
whole molecule assays are the most dependable. The demon¬ 
stration of an elevated plasma PTH concentration alone does 
not establish the diagnosis of hyperparathyroidism. With a 
simultaneous elevated serum calcium level, this finding is virtu¬ 
ally diagnostic (Fig. 76.12). 

Phosphate. PTH increases renal phosphate excretion and, in 
about half of patients, produces hypophosphatemia. In the pres¬ 
ence of renal disease, however, the serum phosphate levels may 
be normal or significantly elevated. 

Bicarbonate. PTH also increases bicarbonate excretion, so 
that a hyperchloremic metabolic acidosis may develop. It has 
been suggested that the finding of an elevated serum chloride- 
to-phosphate ratio may be helpful in the differential diagnosis 
of hypercalcemia. A ratio greater than 30 is considered highly 
suggestive of hyperparathyroidism. 

Magnesium. Hypomagnesemia develops in 5% to 10% of 
patients with hyperparathyroidism. After parathyroidectomy, 
if both hypocalcemia and hypomagnesemia are present, it may 
be difficult to correct the calcium until the serum magnesium 
has been corrected. 

Other Diagnostic Tests. A variety of special diagnostic tests for 
hyperparathyroidism are available. None is more specific than 
the measurement of serum concentrations of calcium and PTH, 
although they may be useful in equivocal cases. For example, 
the 24-hour urinary calcium excretion is usually elevated, but 
may be normal, in patients with hyperparathyroidism, although 
the finding is not specific for this disease. This test is helpful in 
identifying patients with familial hypercalcemic hypocalciuria, 
in whom the rate of urinary calcium excretion is low. Measure¬ 
ments of tubular reabsorption of phosphate below 30% suggest 
primary hyperparathyroidism. Urinary cAMP is generated 



Tertiary hyperparathyroidism 

Secondary hyperparathyroidism 
(renal failure) 

Primary hyperparathyroidism 

Pseudohypoparathyroidism 

Normal 

Ectopic hyperparathyroidism 
Hypoparathyroidism 


FIGURE 76.12. Relation between serum immunoreactive parathyroid hormone and serum calcium in patients with 
hypoparathyroidism, pseudohypoparathyroidism, ectopic hyperparathyroidism, and primary, secondary, and ter¬ 
tiary hyperparathyroidism. GP1M, guinea pig antiserum 1M. (After Clark OH, Way LW. Thyroid and parathyroid. 
In: Way LW, ed. Current Surgical Diagnosis and Treatment , 8th ed. Norwalk, CT: Appleton & Lange; 1989:249.) 
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FIGURE 76.13. "“Technetium sestamibi scan of a patient with a 
parathyroid adenoma. The radionuclide is present in both thyroid and 
parathyroid tissue on the 10-minute film; however, by 2 hours, the 
radionuclide has washed out of the thyroid and remains only in the 
right-sided parathyroid gland. This scan shows a 794-mg right upper 
parathyroid adenoma {arrow). 


specifically as a consequence of PTH activation of renal tubular 
adenyl cyclase. Increased urinary concentrations are identified 
in most patients with primary hyperparathyroidism. These 
measurements are rarely necessary because of the reliability of 
the intact PTH measurement. 

Localization with Imaging Techniques. In order to try 
to simplify the operative approach to hyperparathyroidism, an 
attempt is usually made to localize enlarged glands preopera- 
tively. In the hands of an experienced surgeon, the cure rate for 
hyperparathyroidism at the initial operation without preoper¬ 
ative localization exceeds 95% with the conventional full neck 
exploration. However, technologic developments have led sur¬ 
geons to pursue alternatives to the full neck exploration. These 
innovations are increasingly accurate preoperative localization 
with 99m technetium sestamibi scintigraphy or high-resolution 
ultrasound, combined with intraoperative intact PTH mea¬ 
surement that allows termination of the operation without 
visualization of all four parathyroid glands. Surgeons have 
used these technologies in various combinations to limit the 
extent of the neck exploration. All of the current alternative 
strategies, however, depend on a preoperative parathyroid 
localization study to direct the exploration. 


The study most frequently used for imaging previously unop¬ 
erated patients is 99m technetium sestamibi scintigraphy (Fig. 
76.13). Sestamibi scanning can identify the site of abnormal tis¬ 
sue in 75% to 80% of patients but has limitations in patients 
with small adenomas or multiple-gland disease. Sestamibi was 
originally developed for cardiac imaging. The use of a single 
nuclide with a short half-life and a high-energy profile has 
advantages in lateral, oblique, and three-dimensional imaging 
that technetium-thallium scanning, which was formerly used, 
does not provide. 

High-resolution ultrasound examination of the neck is also 
used for localization of abnormal parathyroid tissue, particularly 
when it is available for use by the clinician. The current machines 
scan at high frequencies (10 to 13 MHz) that allow demonstra¬ 
tion of small abnormalities in the neck (Fig. 76.14). The exami¬ 
nation is best done by a clinician in real time, as that allows the 
most complete assessment of the neck, rather than scans per¬ 
formed by a technician for later review of still pictures by the 
physician. The sensitivity of cervical ultrasound for abnormal 
parathyroid glands is about the same as for sestamibi scanning. 
Ultrasonography is an operator-dependent technique. It is rapid 
and relatively inexpensive and can direct fine-needle aspiration 
for cytologic confirmation and immunoassay for PTH. 

In patients with persistent or recurrent hyperparathy¬ 
roidism, preoperative imaging is important to guide the explo¬ 
ration. High-resolution real-time ultrasonography, computed 
tomography (CT), magnetic resonance imaging (MRI), and 
sestamibi scanning all appear to have comparable sensitivities 
of 50% to 60%. The results of these examinations may be less 
successful at centers without significant experience in their use. 

Computed tomography is more expensive but less operator 
dependent than ultrasonography. It clearly is superior in iden¬ 
tifying deeper structures and for examining the retrosternal 
mediastinum. MRI is considerably more expensive than CT 
and has not been shown to be superior. Most surgeons prefer 
to have results of two or more imaging tests that confirm an 
abnormality before exploration in the reoperative setting. 31 


Treatment 

Indications for Surgery. Generally, the only practical thera- 
peutic option is surgery. Nephrolithiasis, bone disease, and 




FIGURE 76.14. Ultrasound views of parathyroid adenomas. A: Sagittal image of the upper pole of the right lobe of the thyroid gland, demon¬ 
strating a hypoechoic parathyroid adenoma posterior to the thyroid parenchyma. B: Sagittal image of the lower pole of the left lobe of the thy¬ 
roid gland with an adjacent hypoechoic parathyroid adenoma measuring 9 mm in greatest dimension. 
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neuromuscular symptoms all respond well to surgical interven¬ 
tion. In contrast, surgery in patients with renal failure, hyper¬ 
tension, and psychiatric symptoms is not so uniformly success¬ 
ful, although it benefits some patients and is usually indicated 
in all except those at highest risk. The question of how to man¬ 
age the large group of patients with apparently asymptomatic 
disease requires particularly careful consideration. 

Management of Asymptomatic Hyperparathyroidism. 

Q A large proportion of patients with the diagnosis of hyper¬ 
parathyroidism are minimally symptomatic or asymptomatic. 
The appropriate treatment for these patients remains controver¬ 
sial. Although little evidence indicates that irreversible complica¬ 
tions, such as renal failure, eventually develop in patients with 
asymptomatic mild disease, the natural history of the disease 
remains incompletely defined. Many of the manifestations of this 
disease may go unrecognized until they are corrected surgically. 
Still unanswered is the question of how much asymptomatic dis¬ 
ease may contribute to generalized osteopenia in this predomi¬ 
nantly postmenopausal female population. 

One study followed a group of 142 asymptomatic patients 
without operation. 23 At the end of the 10-year study, more 
than 20% of the patients had required surgery for an increase 
in serum calcium to above 11 mg/dL or for specific complica¬ 
tions attributable to the disease. Another 20% were lost to or 
declined follow-up. The remaining patients either died of unre¬ 
lated causes or had persistent asymptomatic disease. The 
authors concluded that because of the large percentage (about 
40%) of patients who either required operation or were lost to 
follow-up, they could not reliably recommend conservative 
management. 

A more recent report detailed the 15-year natural history 
of 116 patients with asymptomatic hyperparathyroidism. 21 
Operation was recommended for those in whom symptoms or 
findings developed, according to the guidelines of the 
National Institutes of Health Consensus Conference (see 
later). During the monitoring period, 51% of the patients had 
operation, and biochemical normalization and increased bone 
mass were observed in those who underwent surgery. How¬ 
ever, the patients who did not undergo operative correction 
continued to have biochemical abnormalities and the cortical 
bone mass fell significantly. These data confirm the impres¬ 
sion of most clinicians that mild hyperparathyroidism rarely 
takes a precipitously worsening clinical course; however, the 
differential bone effects that are evident by 15 years call into 
question how long such patients can be monitored without 
correction. 

In October 1990, a National Institutes of Health Consen¬ 
sus Development Conference reviewed the available evidence 
regarding the management of asymptomatic primary hyper¬ 
parathyroidism. 32 After interval developments, a panel of 
experts reconvened in 2002 and revisited this issue. 20 The 
panel agreed that operation is the indicated treatment for all 
patients with symptoms; however, they recognized a subgroup 
of patients who have no symptoms attributable to hyper¬ 
parathyroidism, and their conclusions included several indica¬ 
tions for surgical intervention in these asymptomatic patients 
(Table 76.10). 

The panel mandated close (every 6 months) follow-up for 
those patients not treated by operation. In addition, they rec¬ 
ommended surgery for cases in which medical surveillance is 
neither desirable nor suitable, such as when a patient 
requests surgery, consistent follow-up is unlikely, coexistent 
illness complicates management, or a patient is younger than 
age 50 years. 

This remains an area of considerable controversy. The com¬ 
plication rate of operation by an experienced surgeon is very 
low. Within a short period, the financial cost of medical 
follow-up exceeds that of treatment by operation. Based on 
these considerations, most patients should undergo operation, 
and those who do not must be closely followed. 


TA B L E 76.10 INDICATIONS/CONTRAINDICATIONS 


NATIONAL INSTITUTES OF HEALTH CONSENSUS 
DEVELOPMENT CONFERENCE'S INDICATIONS FOR 
SURGICAL INTERVENTION IN PATIENTS WITH 
ASYMPTOMATIC PRIMARY HYPERPARATHYROIDISM 

■ Markedly elevated serum calcium (> 1.0 mg/dL above 
normal) 

■ History of an episode of life-threatening hypercalcemia 

■ Reduced creatinine clearance 

■ Presence of one or more kidney stones detected by 
abdominal radiography 

■ Markedly elevated 24-h urinary calcium excretion 

■ Substantially reduced bone mass as determined by direct 
measurement (dual-energy x-ray absorptiometry T score 
< -2.5) 


Principles of Surgical Correction 

Although neck exploration for hyperparathyroidism may be 
straightforward, it sometimes becomes an arduous procedure 
requiring considerable patience because of the variability in 
both the location and the number of diseased glands. Persistent 
hyperparathyroidism and the necessity for reexploration can 
usually be avoided by a meticulous initial procedure. Reoperation 
is predictably more difficult than the initial operation, and the 
risks for damage to the recurrent laryngeal nerves and hypo¬ 
parathyroidism are greater during reoperation. 

It is essential that the surgeon be confident of the preopera¬ 
tive diagnosis and prospectively discuss the procedure with the 
patient. The potential complications of damage to either the 
recurrent laryngeal nerve or the superior laryngeal nerve and 
the development of hypocalcemia require discussion. Like¬ 
wise, the possibility of an unsuccessful initial operation must 
be explained, and the patient should recognize that reexplo¬ 
ration, including median sternotomy, may be required. Although 
alternatives to full neck exploration are often now applied, no 
patient should be explored by a surgeon who is unfamiliar with 
the principles and techniques of the conventional full neck explo¬ 
ration. 

For a full neck exploration, the patient is placed under gen¬ 
eral anesthesia with a roll beneath the shoulders and the neck 
extended. The neck is opened through a transverse incision 
overlying the thyroid isthmus, and the platysma is similarly 
divided. Superior and inferior flaps are developed. The strap 
muscles are separated in the midline and retracted laterally; 
division is unnecessary. One lobe of the thyroid is chosen and 
rotated medially. Important landmarks include the tracheoe¬ 
sophageal groove, the recurrent laryngeal nerve, the inferior and 
superior thyroid arteries, and the middle thyroid vein (Fig. 76.15). 
In most patients, the nerve lies in the tracheoesophageal groove 
or just laterally. Occasionally, it may be situated more anteri¬ 
orly. Uncommonly, it may originate directly from the vagus 
without passing around the right subclavian artery. Both of 
these latter variations make the recurrent nerve more suscepti¬ 
ble to injury. The external branch of the superior laryngeal 
nerve, which innervates the cricothyroid muscle, usually lies 
medial to the superior thyroid vessels and should be carefully 
preserved. 

For a full neck exploration, all four glands should be iden¬ 
tified at the initial exploration because of the possibility of 
multiple-gland disease. Supernumerary glands may be present 
and should be sought at the initial procedure. Although frozen 
section has not been helpful in differentiating diseased from 
normal glands, it is generally reliable for confirming the pres¬ 
ence or absence of parathyroid tissue. Small, thin biopsy spec¬ 
imens are sharply incised from the gland, with extreme care 
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Site for dissection of superior 
parathyroid gland 


Right inferior 
parathyroid removed 


FIGURE 76.15. Lateral view of the right side of the neck after rotation of the thyroid lobe. The important anatomic landmarks are 
emphasized. 


taken to avoid damaging its delicate blood supply. Most sur¬ 
geons use frozen section selectively to confirm suspected 
abnormal parathyroid tissue or to document difficult or con¬ 
fusing situations. 33 

The upper glands are usually located far dorsally on the sur¬ 
face of the thyroid lobe at the level of the upper two thirds of 
the gland. The lower glands are less constant and may be 
located anywhere from well above the thyroid to the anterior 
mediastinum. The lower glands are most typically in the region 
where the thyrothymic ligament attaches to the lower pole of 
the thyroid lobe. If the inferior glands cannot be localized, the 
thymic pedicle should be carefully examined and mobilized. 
Because of their common embryologic origin, the inferior gland 
is frequently associated with the thymic remnant. Parathyroid 
glands within the mediastinum sometimes can be removed by 
mobilizing the thymus through the cervical incision. If this 
technique is unsuccessful in identifying the parathyroid gland, 
the thyroid lobe on the side of the missing gland is mobilized 
and palpated. Intraoperative ultrasonographic examination 
may identify an intrathyroidal parathyroid gland. As a last 
resort, excision of the thyroid lobe may be indicated. 

If after meticulous exploration of all these areas three or 
four parathyroid glands have been identified, none of which is 
enlarged, most surgeons favor terminating the operation. 


Limited Surgical Exploration 

Q With the availability of accurate preoperative localization meth- 
ods, it has become routinely possible to identify abnormal 
parathyroid glands prior to operation for most patients. This 
allows the surgeon to know where to start the exploration. 
Then, intraoperative PTH measurement can be used to confirm 
removal of all hyperfunctioning parathyroid tissue, that is, 
when to stop the operation. This strategy of directed, limited 
neck exploration is applicable to about 75% of initial parathy¬ 
roid explorations, and has about the same success rate as full 
neck exploration. 34-36 The preoperative localization can be done 
by either 99m technetium sestamibi nuclear medicine scan or by 
high-resolution ultrasound. The intraoperative PTH measure¬ 
ment is first assessed at the outset of the procedure and/or 
immediately preceding parathyroid gland excision (the pre¬ 
excision baseline). Blood samples are obtained at time intervals 
after parathyroid gland resection. A decrease of the PTH level 
by 50% from the higher of the incision or pre-excision baseline 
predicts long-term normocalcemia. 37 Other investigators use 


more sensitive criteria for the detection of multigland disease, 
including reduction of the PTH level into the normal range and 
kinetic assessments of the rate of PTH decrease. 38 This increase 
in sensitivity comes with the cost of decreased specificity, how¬ 
ever. Blood samples can be obtained either centrally or periph¬ 
erally. 39 

The limited nature of this operative approach also makes it 
easier to perform this operation under regional or local anes¬ 
thesia in an ambulatory setting. However, because of the pos¬ 
sibility of multiple-gland disease or inaccurate preoperative 
localization, all surgeons undertaking this approach should 
also be skilled in the full neck exploration for hyperparathy¬ 
roidism. 40-42 

Extent of Resection. The operative procedure performed 
has been based on the number of enlarged glands identified at 
full neck exploration; however, with the use of intraoperative 
PTH monitoring, it has become clear that not all enlarged 
parathyroid glands are hyperfunctioning. 43 In contrast, nearly 
all hyperfunctioning glands are enlarged and hypercellular. The 
full neck exploration experience has demonstrated that remov¬ 
ing all enlarged glands is a highly successful approach to curing 
hyperparathyroidism, and in the absence of PTH monitoring, 
this remains an accepted approach. Typically, single-gland dis¬ 
ease has been treated by simple excision, whereas any combi¬ 
nation of two- or three-gland enlargement is treated by resect¬ 
ing the diseased tissue and leaving the normal glands in place. 
The question of whether two- or three-gland enlargement 
implies the presence of disease in all glands (hyperplasia) has 
not been resolved. If one gland is large and the remaining three 
are normal in size, resection of the single parathyroid cures vir¬ 
tually all patients. Of 76 patients with two- or three-gland dis¬ 
ease treated by excising the large glands and leaving the normal 
glands, only eight (10.5%) had recurrent hypercalcemia, which 
tended to be mild (follow-up of 12 to 140 months postopera- 
tively). This approach seems satisfactory in most patients. 44 

Treating patients with four-gland disease has been more 
difficult. In many of these patients, the disease occurs as a 
component of one of the familial syndromes, particularly 
MEN-1. Patients with four-gland parathyroid disease can be 
treated by subtotal parathyroidectomy (removing three and a 
half glands) or by total parathyroidectomy with autotrans¬ 
plantation of some parathyroid tissue into the nondominant 
forearm. Both operations depend on meticulous identification 
of all parathyroid tissue for adequate results. The putative 
advantage of the subtotal parathyroidectomy is that it leaves 
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the remaining parathyroid tissue with its native blood supply. 
Total parathyroidectomy with autograft has the advantage of 
removing all the abnormal parathyroid tissue from the neck 
and placing it in a site where reoperation for recurrent hyper¬ 
parathyroidism is simpler. 

The reported incidence of recurrent hypercalcemia after 
subtotal parathyroidectomy for nonfamilial parathyroid hyper¬ 
plasia is 0% to 16%; the incidence of permanent hypoparathy¬ 
roidism is 4% to 5%. Total parathyroidectomy with autograft 
is associated with a similar risk for permanent hypoparathy¬ 
roidism in the sporadic setting (5%) and a higher reported risk 
for recurrent hypercalcemia (20%). Reoperation for recurrent 
hypercalcemia is greatly simplified by the approach of total 
parathyroidectomy with autotransplantation. Thus, given the 
current data, sporadic parathyroid hyperplasia can be accept¬ 
ably treated by either operation. In patients with MEN-1, the 
disease is not the same as sporadic hyperplasia. Rather, defects 
in the MEN1 gene cause multiple parathyroid adenomas that 
arise independently over the life of the patient. 23 The operative 
results reflect this independent capability of all parathyroid tis¬ 
sue in these patients to become neoplastic. The hypercalcemia 
recurrence rate is 26% to 36% with long-term follow-up after 
subtotal parathyroidectomy, and similar after total parathy¬ 
roidectomy with autograft. However, the incidence of perma¬ 
nent hypoparathyroidism after autograft in MEN-1 is also sig¬ 
nificant (reported as high as 46%). While both approaches are 
currently accepted, most experienced centers now advocate 
subtotal parathyroidectomy as the initial operation in MEN-1 
hyperparathyroidism, and anticipate that recurrent disease is 
likely, manageable, and less problematic than permanent 
hypocalcemia. 45-48 

Technique of Parathyroid Autotransplantation. The 

parathyroid gland is sliced into 15 to 20 pieces and autografted 
into a forearm muscle bed. The sites are marked with silk 
sutures. This location permits easy subsequent access under 
local anesthesia if recurrent hypercalcemia develops. Function 
of the autograft is documented by (a) normocalcemia, with the 
autograft as the only source of PTH; (b) by measuring higher 
concentrations of hormone in the antecubital vein draining the 
graft bed than in the corresponding vein in the opposite arm; or 
(c) “transient parathyroidectomy,” by placing a venous occlu¬ 
sive tourniquet on the arm above the graft and measuring 
changes over several minutes in the PTH levels drawn from the 
contralateral arm. 49 Lack of function is unusual outside of the 
MEN-1 patients; hypoparathyroidism develops in about 5% of 
patients. Glands can also be cryopreserved in dimethyl sulfox¬ 
ide and serum. If in the postoperative period it becomes clear 
that the patient is aparathyroid, the cryopreserved tissue can be 
reimplanted under local anesthesia. 


Special Situations 

Persistent or Recurrent Hyperparathyroidism. Persis- 
tent hyperparathyroidism occurs in fewer than 5 % of patients 
after exploration by an experienced surgeon. Most commonly, 
it is the result of a single diseased gland remaining in the neck 
or the mediastinum. Recurrent disease develops after an inter¬ 
val of normocalcemia and may be the result of regrowth of dis¬ 
eased tissue, implantation from a tumor broken at the initial 
procedure, or recurrent parathyroid carcinoma. 

In the evaluation of these patients, it is essential to docu¬ 
ment that the initial diagnosis was correct. Familial hypocalci- 
uric hypercalcemia should be excluded by measuring urinary 
calcium excretion. 

Reviewing the original operative notes and pathology 
reports may provide clues to the position of missed glands. 
The locations of parathyroid tumors not found at the initial 
operation but identified on subsequent exploration in one 
large series are shown in Fig. 76.16. 


Superior 
thyroid vein — 

Jugular vein — 
Carotid artery - 

Inferior 

thyroid artery — 

Recurrent 
laryngeal nerve 


Clavicle 



FIGURE 76.16. Location of parathyroid tumors missed on initial 
exploration but identified on subsequent operation. (After Jaskowiak 
N, Norton JA, Alexander HR, et al. A prospective trial evaluating a 
standard approach to reoperation for missed parathyroid adenoma. 
Ann Surg 1996;224:308-320.) 


It is generally agreed that localization studies do have a place 
in the management of recurrent disease. Noninvasive methods 
are used first, and if these are unsuccessful in identifying the dis¬ 
eased gland, selective angiography and venous sampling for 
PTH are used. The utility of the techniques vary across institu¬ 
tions, dependent on local experience, expertise, and preference. 
Selective angiography localizes 50% to 80% of parathyroid 
glands that cannot be detected by any other modality. Venous 
sampling may also be helpful in some patients, although inter¬ 
pretation can be complicated by the collateralization that occurs 
postoperatively. Because it provides no direct image but indi¬ 
cates the side and level of the neck where the hyperfunctioning 
tissue is located, it may help to direct the evaluation of imaging 
studies and the exploration to one or the other side of the neck. 
Both these invasive radiographic techniques require consider¬ 
able expertise. Transient cortical blindness, transverse myelitis, 
and cerebrovascular accidents have all been reported as compli¬ 
cations of arteriography. Angiographic ablation of mediastinal 
parathyroid tissue with large doses of ionic contrast has been 
successful in selected patients. This technique may be used in 
some patients with mediastinal parathyroid adenomas who are 
at increased surgical risk and who have other functional parathy¬ 
roid tissue remaining. 50 

Surgical reexploration can be a difficult procedure. The 
neck should almost always be reexplored first. If the thymic 
remnant has not already been removed, it should be excised at 
this time. Two adjunctive techniques, intraoperative ultra¬ 
sonography to locate glands and intraoperative measurement 
of PTH to document the adequacy of resection, may be useful 
in patients undergoing operation for persistent disease. 31 

If the gland is not identified in the neck by means of the 
maneuvers described, the mediastinum is examined; most sur¬ 
geons do this only if there is imaging evidence of disease in the 
mediastinum, rather than unguided exploration. Median ster¬ 
notomy and exploration are necessary in only 1% to 2% of 
patients with hyperparathyroidism. Successful transcervical 
mediastinal exploration is sometimes possible with use of the 
Cooper thymectomy retractor, a substernal retractor that per¬ 
mits more extensive mediastinal exploration and thymectomy 
through a cervical incision. 51 Any remaining thymic tissue is 
first isolated and examined. Inferior parathyroid glands most 
commonly migrate into the anterior mediastinum. If the 
results of this exploration are negative, the area posterior and 
lateral to the trachea is then explored. The location of superior 
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parathyroid glands may be as far posterior as the esophagus 
and as far superior as the pharynx. 

Surgical reexploration is successful in experienced hands in 
about 80% of cases. The incidence of complications is increased. 
Unilateral recurrent nerve injury occurs in 5% to 10% of 
patients postoperatively, and permanent hypoparathyroidism in 
10% to 20% of patients. Cryopreservation of excised tissue may 
be included as a component of the management of these patients 
because it allows later autotransplantation if the patient becomes 
hypoparathyroid postoperatively. However, the demonstration 
of continued PTH production by intraoperative PTH measure¬ 
ment makes cryopreservation unnecessary. The risks of these 
complications must be clearly outweighed by the clinical 
improvement in patients with advanced disease. Reoperation in 
asymptomatic patients with mild disease is controversial. 

Hypercalcemic Crisis. Occasionally, patients with hyper¬ 
parathyroidism become acutely hypercalcemic with severe 
symptoms. The pathogenesis appears to involve a cycle of 
uncontrolled PTH secretion followed by hypercalcemia and 
secondary polyuria, dehydration, and reduced renal function, 
which exacerbate the hypercalcemia. Serum calcium concen¬ 
trations may reach 16 to 20 mg/dL, and the syndrome is man¬ 
ifested by rapidly developing muscle weakness, nausea and 
vomiting, lethargy, fatigue, and even coma. Ultrasonography, 
sestamibi scan, or CT scan may help to identify the enlarged 
gland to allow expedient correction. 

Definitive treatment involves resecting the diseased parathy¬ 
roid tissue, which is almost always curative. Generally, however, 
it is safer to lower the serum calcium level before operation. 

Hyperparathyroidism in Pregnancy. Hyperparathy¬ 
roidism in pregnancy is a rare disorder that not only causes 
hypercalcemia in the mother but also is associated with increased 
morbidity and mortality rates in the fetus. Even the newborn is 
at risk for the development of tetany. The risk for fetal compli¬ 
cations is higher if the hyperparathyroidism is left untreated. The 
mother should undergo operation in the second trimester. 17,52 ’ 53 

Neonatal Hyperparathyroidism. Neonatal hyperparathy¬ 
roidism occurs in infants who are homozygous for a mutation 
of the calcium-sensing receptor and is characterized by hypoto¬ 
nia, poor feeding, constipation, and respiratory distress. Each 
parent of these children is affected by familial hypocalciuric 
hypercalcemia. The 1-year survival rate in children with symp¬ 
toms is less than 50%, and patients without symptoms appear 
to have significant bone disease. Total parathyroidectomy with 
autotransplantation is the treatment of choice. 54 

Secondary Hyperparathyroidism. Secondary hyperpara¬ 
thyroidism develops as a consequence of chronic renal failure. 
Phosphate retention and hyperphosphatemia reduce the serum 
calcium levels. This effect is aggravated by the reduction in 1- 
hydroxylase activity in the kidney, necessary for the activation of 
vitamin D 3 . The secondary increase in PTH levels to compensate 
for the hypocalcemic effects is exacerbated by aluminum accu¬ 
mulation in bone. Aluminum, present both in the dialysate fluid 
and in phosphate-binding medications, contributes to the osteo¬ 
malacia (renal osteodystrophy) that develops in all these patients 
after several years of dialysis. Therapy includes controlling the 
hyperphosphatemia with dietary restriction and phosphate¬ 
binding gels, calcium supplementation orally and in the dialysate 
bath, correction of acidosis, administration of vitamin D sterol, 
and reduction in aluminum intake in both the dialysate and the 
diet. Therapy should be initiated carefully because metastatic 
soft tissue calcification can occur. Indications for surgical therapy 
include persistent, symptomatic hypercalcemia that cannot be 
controlled medically, particularly in prospective renal transplant 
patients; bone pain and abnormal fractures; ectopic calcification; 
and intractable pruritus. Subtotal parathyroidectomy and total 
parathyroidectomy with heterotopic autotransplantation both 
appear to be acceptable options, although reexploration for 


recurrent disease is less complicated after total parathyroidec¬ 
tomy with autotransplantation. Parathyroidectomy can enhance 
aluminum deposition, so any excess should be corrected preop- 
eratively through chelation. 

Parathyroid Carcinoma. Parathyroid carcinoma is a rare 
condition, accounting for less than 1 % of all cases of hyper¬ 
parathyroidism. Histologic criteria remain controversial, and 
the diagnosis is securely made only on the basis of local inva¬ 
sion or distant metastases. In comparison to patients with 
benign disease, these patients tend to be somewhat younger 
and more symptomatic. In contrast to the marked female pre¬ 
dominance in benign disease, the male-to-female ratio in carci¬ 
noma is equal. Serum calcium, PTH, and alkaline phosphatase 
levels are relatively more elevated, and patients often have an 
elevated level of human chorionic gonadotropin. Patients may 
have manifestations of both renal and bone disease. The 
affected gland is palpable in almost half of patients. 

Initial treatment should include radical resection of the 
involved gland, ipsilateral thyroid lobe, and regional lymph 
nodes. Neither chemotherapy nor radiation therapy has shown 
any benefit. If the disease recurs, resection should be attempted 
because without treatment these patients usually succumb to 
uncontrolled hypercalcemia. The long-term prognosis is poor, 
and the opportunity for survival depends on complete initial 
resection. 26,55,56 


MULTIPLE ENDOCRINE 
NEOPLASIA 


Although these familial disorders are typically characterized by a 
predisposition to the development of tumors of multiple endocrine 
organs, the parathyroid is characteristically involved in two of 
them. The disorders are all inherited in an autosomal dominant 
fashion, and the tumors tend to be multicentric. The tumors can 
be benign or malignant and can occur metachronously or syn¬ 
chronously. MEN-1 is characterized by the concurrence of 
parathyroid hyperplasia, pancreatic islet cell tumors, and pitu¬ 
itary adenomas. MEN-2A consists of medullary thyroid carci¬ 
noma (MTC), pheochromocytoma, and parathyroid hyperplasia. 
MEN-2B includes MTC, pheochromocytoma, mucosal neuro¬ 
mas, and a distinctive marfanoid habitus. Together these syn¬ 
dromes encompass much of the spectrum of endocrine neoplasia. 


Pathogenesis 

The genetic abnormality in MEN-1 has been identified and 
described in detail. 57,58 As a tumor-suppressor gene, the first 
mutation is inherited and becomes unmasked only when a sec¬ 
ond mutation, in some cases a deletion, develops in susceptible 
tissues. The resulting complete loss of the tumor suppressor 
allows neoplasia to develop. The occurrence of multiple sec¬ 
ond mutations explains the characteristic multicentric involve¬ 
ment of these diseases. Direct genetic testing is now available 
for some families with known mutations. 

Mutations of the RET proto-oncogene are the cause of 
MEN-2A. 59,60 Genetic testing is now available to identify 
affected family members and provide the opportunity for early 
treatment of MTC in affected persons. 


Clinical Features and Management 
of Multiple Endocrine Neoplasia Type 1 

Characteristically, MEN-1 presents in the third and fourth 
decades, without any gender predilection. 61 The syndrome is 
expressed with nearly complete penetrance, and autopsy stud¬ 
ies suggest that all three organs are affected in more than 90% 
of patients. The phenotype varies, however; more than 90% of 
patients have hyperparathyroidism, but evidence of islet cell 
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neoplasms (30% to 80%) and pituitary tumors (15% to 50%) 
is less common. The cause of death in carriers of the MEN-1 
mutation is related to MEN-1 in about 45% of patients and 
often caused by malignant islet cell or carcinoid tumors. 62 

Parathyroid Disease. Hypercalcemia secondary to hyper¬ 
parathyroidism is usually the first biochemical abnormality 
detected in MEN-1 and represents the best screening opportu¬ 
nity for members of affected kindreds until direct genetic 
screening is available in a specific family. Many of these 
patients are asymptomatic and have relatively mild hypercal¬ 
cemia. When symptoms do develop, they typically involve the 
urinary tract rather than the skeleton. 

Typically, the patients have four-gland disease, which may be 
particularly difficult to manage. The disease is characterized by 
metachronous development of multiple parathyroid adenomas. 
There is no curative operation; the two accepted approaches 
(subtotal parathyroidectomy and total parathyroidectomy with 
autograft) each have faults (see earlier). Over time, the subtotal 
parathyroidectomy approach is becoming the preferred choice 
by most surgeons. 

Pancreatic Tumors. In patients with pancreatic tumors, 
multicentric and diffuse hyperplasia of the pancreatic islets may 
occur in areas distant from any grossly evident tumor. The man¬ 
agement of these tumors is controversial because although some 
patients have aggressive, malignant tumors, many patients have 
a fairly benign course. No reliable criteria are available to detect 
malignant tumors. Tumor size is often cited as a useful marker 
of prognosis, but substantial overlap has been noted between 
the sizes of primary benign and malignant tumors (Fig. 76.17). 63 
Because of the difficulty in identifying the more aggressive sub¬ 
set, some authors have chosen a liberal policy of early operation 
to try to prevent metastasis and death. Pancreatic tumors are 
typically multicentric and frequently malignant. Somatostatin 
receptor scintigraphy can be a useful imaging technique to 
demonstrate the extent of tumor (Fig. 76.18). 64 

Gastrinoma is the most common functional tumor in MEN- 
1; typically, a severe ulcer diathesis (Zollinger-Ellison syndrome) 
develops that is associated with secretory diarrhea. Serum gas¬ 
trin levels are usually markedly elevated (>1,000 pg/mL); when 
levels are equivocal (250 to 1,000 pg/mL), provocative testing 
with secretin (2 m/kg) may be useful. An absolute serum gastrin 
increase of 200 pg/mL is diagnostic. The primary tumors are 
often in the submucosa of the duodenal wall. 

Biochemical cure of these gastrinomas is almost never pos¬ 
sible, which is different than patients with sporadic gastrino¬ 
mas, although exploration can reduce the need for antisecre- 



FIGURE 76.17. Scatter plot of largest primary tumor size versus 
metastatic status in 43 patients with pancreatic islet cell tumors associ¬ 
ated with multiple endocrine neoplasia type 1. Each point represents a 
single patient. Tumor size is not correlated with the presence of liver or 
lymph node metastases. (Reproduced with permission from Lowney 
JK, Frisella MM, Lairmore TC, et al. Islet cell tumor metastasis in mul¬ 
tiple endocrine neoplasia type I: correlation with primary tumor size. 
Surgery 1998;124:1043-1049.) 



FIGURE 76.18. Somatostatin receptor scintigraphy in a patient with 
multiple endocrine neoplasia type 1. This scintiscan detected an other¬ 
wise unrecognized metastasis to the left lateral segment of the liver (white 
arrow), which was resected along with the small primary tumor (black 
arrow). 


tory medications and may reduce the risk for liver metastasis. 
Histamine 2-receptor antagonists or proton pump inhibitors 
are effective in controlling acid secretion, although very high 
doses may be necessary; the malignant disease is often indolent. 
Total gastrectomy is no longer ever necessary to eliminate acid 
secretion. 

Insulinoma is the next most common functional pancreatic 
neoplasm in MEN-1. Patients present with a history of sweat¬ 
ing, dizziness, confusion, and syncope, consistent with neuro- 
glycopenia; these symptoms are relieved by consuming carbo¬ 
hydrates. The diagnosis is verified by documenting fasting 
hypoglycemia associated with inappropriately elevated plasma 
insulin levels. Preoperative tumor localization is usually 
achieved by a combination of CT and arteriography. Calcium 
is injected into various pancreatic arteries and plasma insulin 
levels in the hepatic vein plasma are measured to detect a gra¬ 
dient after the injection of specific pancreatic arteries localiz¬ 
ing the area of the pancreas containing the functional tumor. 

Because the available medical therapy for insulinoma is lim¬ 
ited, patients are treated operatively. Lesions in the tail of the 
gland can be enucleated if they are small; however, distal pan¬ 
createctomy carries little morbidity. Tumors of the head can 
usually be enucleated, so that pancreaticoduodenectomy can be 
avoided. In patients with malignant disease, metastases may 
respond to streptozocin; diazoxide, verapamil, or octreotide, 
may successfully reduce insulin secretion and control symp¬ 
toms. A diet of complex carbohydrates can also help stabilize 
serum glucose levels in the hyperinsulinemic patient. 

Nonfunctional tumors are the most common pancreas 
lesions in MEN-1. Their management is specific to their size 
and risk of malignancy. 

Pituitary Adenomas. Prolactin-secreting tumors occur 
most commonly in this setting, although Cushing disease or 
acromegaly develops in an occasional patient. Symptoms may 
result from compression of the optic chiasm, which produces 
bitemporal hemianopsia, or from prolactin excess, which pro¬ 
duces amenorrhea and galactorrhea in female patients and 
hypogonadism in male patients. 

Bromocriptine inhibits prolactin secretion and shrinks many 
prolactinomas. Refractory tumors and those producing other 
hormones can be managed by pituitary ablation or radiation. 

Other Tumors. MEN-1 is associated much less frequently 
with adrenocortical tumors and benign thyroid adenomas. 
Lipomas and carcinoid tumors may also occur. 


ENDOCRINE 
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Clinical Features and Management 
of Multiple Endocrine Neoplasia Type 2 

Like MEN-1, the MEN-2 syndromes are inherited in an auto¬ 
somal dominant fashion with complete penetrance but variable 
phenotype. Bilateral MTC occurs in every affected patient. 
More frequently than the other syndromes, MEN-2B can arise 
as a new mutation that can be transmitted to subsequent 
generations. 

Medullary Thyroid Carcinoma. Medullary thyroid car¬ 
cinoma accounts for about 10% of all thyroid malignancies, 
and 20% of cases occur in the familial setting of MEN-2A, 
MEN-2B, or familial non-MEN MTC. It is usually the first 
tumor that develops in these patients and typically appears in 
the second or third decade. Tumors are virtually always bilat¬ 
eral and develop in multiple areas of the middle and upper 
portions of the thyroid lobe (Fig. 76.19). Occasionally, in 
young people, a diffuse proliferation of parafollicular C cells, 
termed C-cell hyperplasia , is present without frankly invasive 
carcinoma. This finding is highly suggestive of one of the famil¬ 
ial MTC syndromes. Patients typically present with a neck 
mass and may have hoarseness, dysphagia, or palpable cervical 
adenopathy. MTC may produce a variety of hormones, includ¬ 
ing calcitonin, adrenocorticotropic hormone, prostaglandin, 
and serotonin. The hypercalcitoninemia is often asymptomatic, 
although severe diarrhea can develop. 

By detecting minimal elevations of plasma calcitonin, it is 
possible to diagnose MTC at a clinically occult stage. Basal 
plasma calcitonin levels in normal subjects are in the range of 
30 to 100 pg/mL. An increase to levels of 150 to 200 pg/mL 
occurs, however, after the administration of the potent secreta- 
gogues calcium and pentagastrin. The plasma calcitonin levels 
of patients with MTC show striking increases (>1,000 pg/mL) 
after provocative testing, so that they can be identified readily. 
Patients with occult disease may have only minimally elevated 
basal calcitonin levels that increase in response to secreta- 
gogues. The combined infusion of calcium and pentagastrin 
was the most effective screening test for familial MTC before 
genetic testing became available. By means of provocative test¬ 
ing in kindred members at risk for disease, MTC was diag- 



FIGURE 76.19. Medullary thyroid carcinoma. Coronal section of a 
total thyroid resection shows bilateral involvement by a firm, pale 
tumor. (Reproduced with permission from Rubin E, Farber JL. Pathol¬ 
ogy, 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 1999.) 


nosed at a preclinical stage, and a greater percentage of these 
patients were cured by surgical therapy. With genetic testing 
now available, prophylactic thyroidectomy to prevent the 
development of MTC is possible for all affected people. 

Postoperatively, the presence of residual MTC can be read¬ 
ily detected by provocative testing. Meticulous reoperation in 
patients with recurrent or persistently elevated plasma calci¬ 
tonin levels postoperatively, including mediastinal dissection 
on occasion, can normalize elevated plasma calcitonin levels 
and apparently cure many of them. 65 For the patient with 
unresectable metastases, few therapeutic options are available. 
Neither radiation nor chemotherapy is of significant benefit. 

The clinical course of patients with the MEN-2 syndromes 
is determined primarily by the status of their MTC. In the set¬ 
ting of MEN-2A, the tumors are often indolent and survival 
prolonged, even in the presence of metastatic disease. By con¬ 
trast, the tumors in patients with MEN-2B occur at an earlier 
age and are generally more aggressive neoplasms. Patients may 
succumb to the disease at a young age. As a consequence of 
this aggressiveness, the size of kindreds with the disease is typ¬ 
ically small, and usually only a few generations are affected. 

Pheochromocytoma. Pheochromocytomas are usually 
detected during the initial screening or follow-up of patients in 
whom MTC has already been diagnosed. They typically appear 
in the second or third decade of life, and about 80% are bilat¬ 
eral. Usually, pheochromocytomas are benign but multicentric, 
and they almost always arise in the adrenal medulla. In patients 
with MEN-2A or MEN-2B, hyperplasia of the adrenal medulla 
may develop first, grossly characterized by thickening of the 
medullary tissue in both adrenal glands. 

Pheochromocytomas can be asymptomatic, but most com¬ 
monly, patients have pounding frontal headaches, episodic 
diaphoresis, palpitations, or anxiety. Hypertension also occurs 
and is often episodic. 

The diagnosis is made by measuring the plasma concentra¬ 
tion of metanephrines. Patients with MEN-2A or MEN-2B 
and MTC should be evaluated for pheochromocytoma before 
they undergo thyroidectomy. If a patient is found to have both 
lesions, adrenalectomy should be performed first, followed by 
neck exploration. The abdomen is explored through a bilateral 
subcostal incision or, more typically, with a laparoscope. 66 
Bilateral pheochromocytomas are treated by bilateral adrena¬ 
lectomy. In patients with MEN-2 A or MEN-2B and a unilat¬ 
eral pheochromocytoma, only the diseased adrenal gland is 
removed. In about 30% of patients treated in this manner, a 
tumor eventually develops in the opposite gland. In the remain¬ 
ing patients, this approach avoids the need for glucocorticoid 
and mineralocorticoid replacement and the risk for addisonian 
crisis. After unilateral adrenalectomy, patients are carefully 
screened at 6-month or 1-year intervals with plasma metane- 
phrine measurements. 

Parathyroid Disease. Hyperparathyroidism develops in 
about one third of patients with MEN-2A, although it is usu¬ 
ally asymptomatic. Occasionally, nephrolithiasis develops. 
Bone disease is unusual. Frequently, enlarged parathyroid 
glands are found at operation for MTC, although the patient 
is still normocalcemic. Multiglandular chief cell hyperplasia is 
the predominant histologic finding in MEN-2A. Significant 
parathyroid disease rarely develops in MEN-2B. 

Total parathyroidectomy and heterotopic autotransplanta¬ 
tion are performed in hypercalcemic patients with MEN-2 A. In 
normocalcemic patients with MEN-2 A undergoing thyroidec¬ 
tomy for MTC, total parathyroidectomy and heterotopic auto¬ 
transplantation are performed in one session to ensure that the 
complete thyroidectomy does not compromise the parathyroid 
blood supply and to avoid reoperation in the neck for subse¬ 
quent hyperparathyroidism. Evidence suggests that these 
patients are more easily treated, with a lower incidence of recur¬ 
rent hyperparathyroidism, than patients with MEN-1. 
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FIGURE 76.20. A, B: Characteristic appearance of patients with multiple endocrine neoplasia type 2B (MEN-2B), including 
thick lips. C: Multiple mucosal neuromas on the tongue of a patient with MEN-2B. (Reproduced with permission from Norton 
JA, Froome LC, Farrell FE, et al. Multiple endocrine neoplasia type 2b: the most aggressive form of medullary thyroid carcinoma. 
Surg Clin North Am 1979;59:109.) 


Nonendocrine Manifestations of Multiple 
Endocrine Neoplasia Type 2B 

In addition to MTC and pheochromocytoma, marked abnor¬ 
malities of the nervous and musculoskeletal systems develop in 
patients with MEN-2B. The classic phenotype is characterized 
by thick lips and a thin, marfanoid habitus (Fig. 76.20A, B). 
The incidence of associated skeletal abnormalities is high; 


these include kyphosis, pectus excavatum, pes planus or cavus, 
and congenital dislocation of the hip. Diffuse autonomic ner¬ 
vous hypertrophy is another feature. Mucosal neuromas 
appear on the tongue (Fig. 76.20C), eyelids, lips, and pharynx. 
Slit-lamp examination may reveal hypertrophied corneal 
nerves. Ganglioneuromatosis develops in the submucosal and 
myenteric plexuses of the gastrointestinal tract. Constipation 
is common, and radiographic findings may suggest megacolon 
or Hirschsprung disease. 


ENDOCRINE 
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CHAPTER 77 ■ ADRENAL GLAND 


JOHN A. OLSON, Jr., AND RANDALL P. SCHERI 


KEY POINTS 


Q Adrenocortical steroid hormones, glucocorticoids, miner- 
alocorticoids, and androgenic steroids are all synthetic 
derivatives of cholesterol that are either extracted from 
plasma or synthesized intracellularly. 

Q Catecholamines of the adrenal medulla include epineph¬ 
rine, norepinephrine, and dopamine, the vasoactive syn¬ 
thetic derivatives of the amino acid tyrosine. 

Q Cushing syndrome is adrenocorticotropic hormone depen¬ 
dent in 80% to 90% of cases, most often because of an 
ACTH-secreting pituitary adenoma, though ectopic ACTH- 
producing nonendocrine tumors (mostly non-small cell lung 
cancer and bronchial carcinoids) represent 10% to 20% of 
cases of ACTH-dependent Cushing syndrome; the remain¬ 
der have a primary adrenal cause of hypercortisolism. 

^An aldosterone-producing adrenal adenoma (Conn syn¬ 
drome) is the source of primary hyperaldosteronism in 
60% to 70% of cases whereas idiopathic bilateral adrenal 
hyperplasia causes most of the remaining cases of primary 
hyperaldosteronism; adrenocortical carcinoma is a rare 
cause of primary hyperaldosteronism. 

Q Surgical removal by laparoscopic adrenalectomy of an 
aldosterone-secreting adenoma results in durable improve¬ 
ment of hypertension and hypokalemia in 70% to 90% of 
patients; management of idiopathic adrenal hyperplasia is 
medical, because fewer than 20% to 30% of patients with 
this disease are cured by adrenalectomy. 


Q The congenital adrenal hyperplasias are autosomal reces¬ 
sive conditions resulting from inherited defects of one or 
several of the enzymes necessary for cortisol biosynthesis 
leading to ACTH overproduction and secondary hyperpla¬ 
sia of the adrenal cortex with shunting of cortisol precur¬ 
sors into adrenal androgen pathways; peripheral conver¬ 
sion of the excess adrenal androgens to testosterone causes 
virilization of the patient. 

^Adrenocortical carcinoma has an estimated incidence of 
0.5 to 2 cases per million per year and is very aggressive 
(most patients present with locoregionally advanced or dis¬ 
tant disease); hormone overproduction syndromes are fre¬ 
quent including hypercortisolism, hyperaldosteronism, or 
virilization. 

Q The rule of tens is a useful way to characterize pheochro- 
mocytoma: Tumors are bilateral in 10% of cases, extra¬ 
adrenal in 10%, familial in 10%, multicentric in 10%, and 
malignant in 10%, and occur in children in 10% of cases; 
determination of plasma-fractionated metanephrines is the 
best test for diagnosis of pheochromocytoma. 

^Unsuspected adrenal masses are detected by computed 
tomography in 0.6% to 1.9% of healthy patients; the goal 
of evaluation is to distinguish and remove those adrenal 
masses that are functioning or likely to be malignant versus 
those that are neither and can be observed. 


ANATOMY 


The adrenal glands are bilateral, retroperitoneal, endocrine 
organs located adjacent to the superior pole of each kidney. 
These glands appear grossly as flat, triangular structures each 
weighing approximately 4 g. Each adrenal gland is composed of 
two distinct endocrine organs, the cortex and medulla. The outer 
adrenal cortex is bright yellow and nodular, whereas the adrenal 
medulla is red-brown and is sandwiched between the thin layers 
of the cortex. The adrenals are embedded in retroperitoneal per¬ 
inephric fat but can be identified as distinct structures by their 
golden brown, nodular appearance. The right adrenal gland 
abuts the inferior vena cava medially and lies in close proximity 
to the diaphragmatic crus posteriorly and the liver anteriorly. 
The left adrenal gland resides between the kidney and aorta, 
immediately deep to the tail of the pancreas and spleen. 

Embryologically, fetal and definitive adrenal cortices arise 
from coelomic mesoderm near the urogenital ridge during the 
fourth to sixth weeks of gestation. Postnatally, the fetal cortex 
involutes, leaving only the definitive cortex to differentiate 
into the three adult zonae, the glomerulosa, fasciculata, and 
reticularis. The adrenal medulla develops from the neural crest 
during the fifth gestational week and migrates along paraaor¬ 
tic and paravertebral routes to join the developing cortex. 
Ectopic adrenal cortex and medulla may be found anywhere 
along their respective paths of embryologic migration. Most 


neural crest tissue regresses; however, extraadrenal neural 
crest derivatives may be found along the retroperitoneum and 
at the aortic bifurcation (organ of Zuckerkandl). 

The adrenal cortex is composed of three distinct zones. The 
outer zona glomerulosa, located just beneath the fibrous gland 
capsule, is the site of mineralocorticoid production. The mid¬ 
dle zona fasciculata, composed of linear arrays of large, foamy 
cells with lipid inclusions, is the predominant site of glucocor¬ 
ticoid and adrenal sex steroid biosynthesis. The inner zona 
reticularis is the primary location of synthesis of adrenal 
androgens. Both the zona fasciculata and zona reticularis 
respond to stimulation by adrenocorticotropic hormone 
(ACTH). The adrenal medulla is smaller than the cortex. Cells 
of the adrenal medulla appear as homogeneous sheets, with 
large, irregular, atypical-looking nuclei. The cytoplasm of 
these cells has numerous secretory granules containing cate¬ 
cholamines, neuron-specific enolase, and chromogranin. Cate¬ 
cholamines in these granules precipitate chromium salts, 
which is the basis for the term chromaffin cells. 

The adrenal glands have an extensive vascular supply 
derived from branches of the inferior phrenic artery superiorly, 
the aorta medially, and the renal artery inferiorly. Venous 
return from the right adrenal gland empties directly into the 
inferior vena cava through a wide but short central vein. 
Venous drainage from the left adrenal gland empties into a 
smaller vein that shares a common trunk with the left phrenic 
vein. Together they join the left renal vein (Fig. 77.1). 
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FIGURE 77.1. A: Arterial (dark shaded ) 
and venous ( light shaded) anatomy of 
the adrenal glands. B: Schematic show¬ 
ing outer adrenal cortex ( light shaded) 
and inner adrenal medulla ( dark 
shaded). 
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BIOCHEMISTRY 
AND PHYSIOLOGY 


Adrenal Cortex 

Q Adrenocortical steroid hormones, glucocorticoids, mineralo- 
corticoids, and androgenic steroids are all synthetic derivatives 


of cholesterol that are either extracted from plasma or synthe¬ 
sized intracellularly (Fig. 77.2). In mitochondria of cells in the 
adrenal cortex, cholesterol is converted by desmolase 
(CYP11A1) to delta-5-pregnenolone, the common parent 
compound for all adrenal cortex steroids. Pregnenolone is then 
shunted to the three biosynthetic pathways, each compart¬ 
mentalized within the adrenal according to synthetic capabili¬ 
ties within each zone. In the zonae fasciculata and reticularis, 


FIGURE 77.2. Steroid biosynthetic pathways in the 
adrenal cortex. Steroids and precursors are shown in 
square boxes. Enzymes are shown in stippled boxes. 
Enzyme gene symbol designations are as follows: 
CYP11A1, desmolase; CYP17, 17a: hydroxylase 
>>?(± 17,20 lyase*); 3/3 HSD, 3/3 hydroxysteroid 
dehydrogenase; CYP21A2, 21 hydroxylase; 
CYP11B1, 11/3 hydroxylase; CYP11 B2, aldosterone 
synthase. Inset: Basic steroid ring structure. The four 
basic carbon rings are designated A, B, C, and D. Indi¬ 
vidual carbons at sites of steroidogenic enzyme activ¬ 
ity are designated numerically. 
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pregnenolone is either converted to progesterone by 3-beta- 
hydroxysteroid dehydrogenase or is oxidized at position 17 by 
17-alpha hydroxylase (CYP17) to form 17-hydroxypreg- 
nenolone. In the zona fasciculata, progesterone is hydroxylated 
by CYP17 at position 17 to form 17-hydroxyprogesterone. 
Subsequently, 17-hydroxyprogesterone is sequentially hydrox¬ 
ylated at the 21 position by 21-beta hydroxylase (CYP21A2) 
and at position 11 by 11-beta hydroxylase (CYP11B1) to form 
cortisol. In the zona reticularis, the androgenic steroids dehy- 
droepiandrosterone (DHEA) and androstenedione are made 
from 17-hydroxypregnenolone and 17-hydroxyprogesterone, 
respectively. Collectively, the glucocorticoid and androgenic 
steroids are known as 17-hydroxy corticosteroids and 17- 
hydroxy ketosteroids. In the zona glomerulosa, progesterone is 
not hydroxylated at the 17 position owing to the lack of 
enzyme at this location. Instead aldosterone is made from pro¬ 
gesterone by a sequential series of hydroxylation steps at posi¬ 
tion 21 by CYP21A2, position 11 by CYP11B1, and position 
18 by aldosterone synthase (CYP11B2 and P450cllas). The 
zona glomerulosa is well suited to aldosterone biosynthesis 
because of the relative lack of 17-hydroxylase and the exclusive 
expression of aldosterone synthase, required for the conversion 
of corticosterone to aldosterone. 

Cortisol. Cortisol is the predominant glucocorticoid in 
humans. Production and release of cortisol is tightly regulated 
by a complex feedback relationship between the hypothala¬ 
mus, corticotrophs of the anterior pituitary, and cells of the 
adrenal cortex zonae fasciculata and reticularis. This endocrine 
system is called the hypothalamic-pituitary-adrenal (HPA) axis. 
Communication within the HPA axis is mediated by synthesis 
and secretion of corticotrophin-releasing hormone (CRH) by 
the hypothalamus and ACTH production by corticotrophs of 
the anterior pituitary (Fig. 77.3). ACTH is a cleavage product 
of a precursor polypeptide, proopiomelanocortin (POMC) that 
is built of 241 amino acid residues within corticotroph cells of 
the anterior and intermediate lobes of the pituitary. Several 


derivatives of POMC are important biologically active sub¬ 
stances, including ACTH. Under stimulation of hypothalamic 
CRH, POMC can be cleaved into ACTH and /3-lipotropic hor¬ 
mone in the anterior lobe. ACTH acts directly on the adrenal to 
regulate cortisol production by cells within the zonae fascicu¬ 
lata and reticularis. Feedback loops involving cortisol, hypo¬ 
thalamic CRH, and pituitary ACTH keep the concentration of 
cortisol in plasma within a narrow range of 10 to 15 /rg/dF. 
Typical daily production of cortisol in humans ranges between 
10 to 30 mg and can increase to as high as 300 mg per day 
under conditions of maximal stress. 

In circulation, cortisol is protein bound to transcortin and 
albumin with a small percentage of free cortisol available to tar¬ 
get tissues. The half-life of cortisol in circulation is 90 minutes. 
Cortisol is metabolized in the liver to the inactive metabolites 
dihydrocortisol and tetrahydrocortisol, which become conju¬ 
gated to glucuronidase and excreted in the urine. These urinary 
metabolites, collectively known as 1 7-hydroxycorticosteroids, 
as well as free cortisol, can be measured in the urine. 

Cortisol binds to specific intracellular cytoplasmic receptors, 
causing translocation of activated receptor-ligand complexes to 
the nucleus. Biologic effects result from transcriptional activa¬ 
tion of genes and may be grouped into intermediary metabo¬ 
lism, immunomodulation, and regulation of intravascular vol¬ 
ume (Table 77.1). Important effects of cortisol on intermediary 
metabolism center on raising blood glucose directly and indi¬ 
rectly by providing substrate for gluconeogenesis by the liver. 
These effects include (a) stimulation of glucagon and inhibition 
of insulin-stimulated glucose uptake by cells; (b) decrease in 
peripheral protein synthesis and increase in proteolysis, thus 
delivering gluconeogenic amino acids to the liver; and (c) stimu¬ 
lation of peripheral lipolysis. In effect, cortisol acts anabolically 
in vital organs to preserve glucose supply and catabolically in 
peripheral tissues to mobilize gluconeogenic substrates. Cortisol 
also possesses profound anti-inflammatory and immunosup¬ 
pressive activities. Impairment of cellular immunity is due to 


Anterior 

pituitary 



FIGURE 77.3. Schematic of hypothalamic-pituitary-adrenal axis for 
cortisol. Regulatory feedback relationships are designated with arrows. 


TABLE 77.1 

SYSTEMIC EFFECTS OF CORTISOL 


■ FUNCTION 

■ NORMAL 
AMOUNTS 

■ EXCESSIVE 
AMOUNTS 

Metabolic 

Protein 

Glucose 

Fat 

Proteolysis 

Gluconeogenesis 

Fow-use peripheral 
lipolysis 

Central lipogenesis 

Muscle wasting 
Hyperglycemia 
Limb thinness 

Truncal obesity 

Gastrointestinal 

Mucosal cells 

Prostaglandin 

Ulceration 

Pancreatitis (?) 

Cardiovascular 

Chronotropic, 

inotropic 

Vascular resistance 

Hypertension 

Renal 

Sodium resorption 

Hypertension 

Bone 

Osteoblastic 

development 

Osteoporosis 

Inflammatory and 
immune 

Circulating cells 

Soluble mediators 

Antigen processing 

Infection 

Wound healing 

Fibroblasts 

Epithelial cell 

Striae 

Dehiscence 
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FIGURE 77.4. Regulatory relationships of renin, the 
angiotensins, and their sites of production and enzymatic 
conversion. 



Liver 

Renin substrate 



inhibition of interleukin production, impairment of monocyte 
and neutrophil chemotaxis despite raised leukocyte counts, and 
reduction of T-cell activation. Humoral immunity is inhibited 
by inhibition of T-cell stimulation of B cells and by direct inhi¬ 
bition of B-cell proliferation and activation. These im¬ 
munomodulatory effects may also underlie the impairment of 
normal wound healing seen in states of cortisol excess. Cortisol 
also regulates intravascular volume through renal retention of 
sodium and maintains blood pressure through inotropic and 
chronotropic effects on the heart as well as by increasing periph¬ 
eral vascular resistance. In bone, glucocorticoids promote 
osteopenia by inhibition of bone formation by osteoblasts. 

Aldosterone. Aldosterone is the principle mineralocorticoid in 
humans. Aldosterone secretion by the cells of the adrenal zona 
glomerulosa is regulated by the renin-angiotensin system and by 
plasma potassium (Fig. 77.4). Aldosterone is also regulated to a 
lesser degree by ACTH and plasma sodium concentration. Jux¬ 
taglomerular myoepithelial cells lining afferent arterioles of the 
kidney sense renal blood flow and pressure, and they secrete 
renin in response to decreased perfusion. Renin enzymatically 
activates angiotensinogen to the inactive decapeptide precursor, 
angiotensin I. Angiotensin I is converted to angiotensin II by 
angiotensin-converting enzyme in the lung. Angiotensin II has 
three major effects: (a) arteriolar vasoconstriction; (b) renal 
sodium retention; and (c) increased aldosterone biosynthesis, 
each of which results in sodium retention and potassium excre¬ 
tion by the kidney. These effects work together to maintain arte¬ 
rial blood pressure as well as blood volume. Physiologic condi¬ 
tions that stimulate the renin-angiotensin cascade and 
aldosterone release include dehydration, upright posture, and 
hemorrhage. Inhibitory factors include volume repletion. Postural 


changes in renin-angiotensin and aldosterone are mediated by 
the sympathetic nervous system. 

Under normal circumstances, aldosterone secretion is con¬ 
trolled by total body sodium and potassium levels. Excess 
sodium intake suppresses renin activity and leads to decreased 
aldosterone levels and increased renal excretion of sodium. 
Conversely, sodium depletion stimulates the renin-angiotensin 
system and aldosterone production, which promotes sodium 
retention by the kidney. Increased potassium intake directly 
decreases renin release and aldosterone production; decreasing 
potassium intake increases renin release. Humans with normal 
sodium intake typically produce 100 to 150 mg of aldosterone 
per day. 

In circulation, aldosterone is bound to albumin and 
transcortin with a small percentage of free aldosterone avail¬ 
able to target tissues. The half-life of aldosterone in plasma is 
15 minutes. Aldosterone is metabolized rapidly in the liver and 
conjugated to glucuronidase, which is excreted in the urine. In 
liver failure, metabolism of aldosterone is impaired leading to 
elevated levels and fluid retention. 

Aldosterone is the major regulator of extracellular fluid 
volume and potassium homeostasis (Table 77.2). Aldosterone 
binds to high-affinity aldosterone receptors in target tissues, 
including cells of the distal convoluted tubule in the kidney 
(the major site of action), the salivary glands, and colonic 
mucosa (minor sites). Stimulation of these cells results in reten¬ 
tion of sodium and excretion of potassium. Retention of 
sodium in the kidney leads to passive reabsorption of water 
and an increase in extracellular fluid volume. To balance 
aldosterone-mediated retention of positively charged sodium 
ions, the kidney epithelium releases intracellular potassium 
into the distal convoluted tubule for excretion in the urine. 
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ITABLE 77.2 I 

EFFECTS OF ALDOSTERONE SECRETION 

■ TUBULAR ACTION 

■ NORMAL AMOUNTS 

■ EXCESSIVE AMOUNTS 

Increased resorption of 
sodium 

Protects against low-volume 
states 

Hypertension 

Positive sodium balance 

Hyporeninemia 

Decreased resorption of 
potassium 

Protects against hyperkalemia 

Hypokalemia 

Metabolic alkalosis 
Hyperglycemia 

Nocturia, polyuria 

Muscle weakness 


Hydrogen ion is also released causing acidification of the 
urine. 

Adrenal Androgens. Adrenal C-19 androgenic steroids, 
which include DHEA and delta-4 androstenedione, are synthe¬ 
sized in cells of the zona reticularis. These steroids promote sec¬ 
ondary sexual characteristics in men and virilization in women. 
DHEA is the major adrenal androgen, while androstenedione is 
relatively minor. Both are relatively weak androgens and exert 
their effects on target tissue after local tissue conversion to 
testosterone. Unlike gonadal androgens, adrenal androgens are 
regulated by ACTH, not gonadotropins, and can therefore be 
inhibited by glucocorticoid administration. 


receptors is made based on their relative responsiveness to nat¬ 
ural and artificial bioamines. Alpha-adrenergic receptors show 
the highest affinity for norepinephrine, less for epinephrine, 
and least for isoproterenol. Beta-adrenergic receptors are most 
responsive to isoproterenol and least to norepinephrine. In 
addition, specific antagonists recognize each receptor class: 
Alpha-receptors are antagonized by phentolamine and phe- 
noxybenzamine, and beta-receptors are blocked by propranolol 
and related compounds. Beta-adrenergic receptor subtypes 
include beta-1, which is present in cardiac muscle, adipose tis¬ 
sue, and small intestine, and beta-2 receptors, which are found 
in vascular, tracheal, and uterine smooth muscle, skeletal 


Adrenal Medulla 


Q Catecholamines of the adrenal medulla include epinephrine, 
norepinephrine, and dopamine. These vasoactive hormones are 
synthetic derivatives of the amino acid tyrosine (Fig. 77.5). The 
biosynthetic pathway that converts tyrosine to active cate¬ 
cholamines involves four sequential enzymatic reactions: (a) 
Tyrosine is converted to L-dihydroxyphenylalanine (dopa) by 
tyrosine hydroxylase; (b) dopa is converted to dopamine by aro- 
matic-L-amino acid decarboxylase; (c) dopamine is converted to 
norepinephrine by dopamine beta hydroxylase; and (d) norepi¬ 
nephrine is converted to epinephrine by phenylethanolamine-N- 
methyltransferase (PNMT). Epinephrine is the major (80%) 
catecholamine stored in the adrenal medulla, followed by nor¬ 
epinephrine (20%) and dopamine (<1%). Tissue expression of 
the enzyme PNMT is limited to cells of either the adrenal 
medulla or organ of Zuckerkandl, located near the aortic bifur¬ 
cation; thus most extraadrenal pheochromocytomas produce 
norepinephrine, rather than epinephrine. 

A complex regulatory network governs synthesis and secre¬ 
tion of catecholamines. Factors that increase catecholamine 
release include splanchnic nerve stimulation, stress, and gluco¬ 
corticoids. The metabolic milieu within the adrenal medulla 
also greatly influences catecholamine synthesis by regulating 
enzymatic activity: Glucocorticoids, phospholipids, cyclic 
adenosine monophosphate, adenosine triphosphate, protein 
kinase, and magnesium increase activity of PNMT and decrease 
catecholamine negative feedback. Catecholamines are stored 
and secreted from granules within cells of the medulla in associ¬ 
ation with the matrix protein chromogranin. Chromogranin A 
is measurable in the blood, and its measurement may support 
the biochemical testing for pheochromocytoma, as well as other 
functional neuroendocrine tumors. 

Catecholamines act on target tissues through membrane- 
bound receptors. Pharmacologic distinction of adrenergic 
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FIGURE 77.5. Catecholamine biosynthetic and metabolism path¬ 
ways. Precursors, catecholamines, and metabolites are shown in 
square boxes. Enzymes are shown in stippled boxes. Enzyme gene 
symbol designations are as follows: TH, tyrosine hydroxylase; AADC, 
aromatic-L-amino acid decarboxylase; DBH, dopamine (3 hydroxy¬ 
lase; PNMT, phenylethanolamine-N-methyltransferase; COMT, cate- 
chol-O-methyl-transferase; MAO, monoamine oxidase; VMA, 3- 
methoxy-4-hydroxy-mandelic acid. 
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TABLE 77.3 


CATECHOLAMINE EFFECTS 


■ RECEPTOR 
CLASS 

■ NORMAL 

AMOUNTS 

■ EXCESSIVE 
AMOUNTS 

Pi 

Chronotropic, inotropic 

Tachycardia 


Sweat glands 

Sweating 


Decreased glucose use 

Hyperglycemia 

P 2 

Smooth muscle relaxation 

Hypotension 

^ 1 

Smooth muscle contraction 

Gluconeogenesis 

Hypertension 


Glycogenolysis 

Suppressed insulin effects 

Hyperglycemia 

«2 

Smooth muscle contraction^ 

Pallor 

^Platelet aggregation. 



muscle, and liver. Alpha-adrenergic receptors are similarly 
subdivided: Alpha-1 receptors mediate vasoconstriction 
whereas alpha-2 receptors modulate presynaptic norepineph¬ 
rine release and platelet aggregation (Table 77.3). 

Metabolism of catecholamines occurs through three mecha¬ 
nisms: by specific uptake by sympathetic neurons, by nonspe¬ 
cific uptake and degradation by peripheral tissues, and by 
excretion in the urine. Catecholamines are metabolized in liver 
and kidney by two enzymes, monoamine oxidase and catechol- 
O-methyltransferase (Fig. 77.5). In these tissues, monoamine 
oxidase and catechol-O-methyltransferase convert epinephrine 
or norepinephrine to normetanephrine, metanephrine, 3,4- 
dihydroxy-mandelic acid, and 3-methoxy-4-hydroxy-mandelic 
acid. These inactive metabolites are excreted by the kidney and 
are measurable in the urine either as free compounds or as con¬ 
jugates of glucuronide or sulfate. 


DISEASES OF THE 
ADRENAL CORTEX 


Hypercortisolism 

The term hypercortisolism refers to the physiologic state of 
glucocorticoid excess. This disorder is rare, with an estimated 
incidence of 10 per million population. The most common 
cause of hypercortisolism is the administration of exogenous 
steroids as immunosuppressive therapy for inflammatory dis¬ 
orders or after organ transplantation. Endogenous hypercorti¬ 
solism, or Cushing syndrome, in all cases is caused by 
increased adrenal production of cortisol, which may be ACTH 
dependent (ACTH elevated) or independent (ACTH sup¬ 
pressed). Some patients with major depression or chronic alco¬ 
holism have abnormally high cortisol secretion and may 
appear to have clinical and biochemical features of Cushing 
syndrome. Pseudo-Cushing syndrome responds to treatment 
of the underlying disorder. 

Q Cushing syndrome is ACTH dependent in 80% to 90% of 
cases. Such ACTH-dependent hypercortisolism is most often 
(80%-90% of cases) caused by an ACTH-secreting pituitary 
adenoma (termed Cushing disease). Ectopic ACTH-producing 
nonendocrine tumors (mostly non-small cell lung cancer and 
bronchial carcinoids) represent 10% to 20% of cases of 
ACTH-dependent Cushing syndrome. All causes of ACTH- 
dependent Cushing syndrome involve bilateral adrenal hyper¬ 
plasia in response to ACTH stimulation. 


Q Of patients with endogenous Cushing syndrome, 10% to 
25% have ACTH-independent disease caused by a primary 
adrenal cause. A solitary adrenal adenoma is present in 80% to 
90% of these patients and is often associated with atrophy of 
both adjacent and contralateral adrenocortical tissue. Nodular 
cortical hyperplasia of both glands causes the remaining cases 
of primary adrenal Cushing syndrome. Although nodular 
hyperplasia represents a diffuse process, one or more distinct 
nodules may simulate adenomas. Rarely tumors secrete CRH 
ectopically, leading to ACTH-independent (though ACTH is 
elevated) Cushing syndrome with secondary adrenal hyper¬ 
trophy. 

Signs and Symptoms. Clinical features of cortisol excess are 
listed in Table 77.1. Truncal obesity (orange on toothpicks ), 
accumulation of fat around the head and neck (moon facies and 
buffalo hump), and muscle wasting are present in most patients. 
Patients often have purple striae and purpura on the abdomen 
and extremities. Hirsutism may be present in women. High 
blood pressure is common and is usually moderate, although 
malignant hypertension has been observed. Muscle weakness 
and bone pain, particularly backache, are also common. Weak¬ 
ness is caused partly by proximal muscle wasting but also by 
hypokalemia. Osteoporosis is common, and pathologic frac¬ 
tures are observed in advanced cases. Neurologic symptoms, 
including headache, emotional lability, depression, and even 
psychosis may be observed. Glucose intolerance is common but 
can often be managed by alterations in diet alone. The serum 
potassium level may be low secondary to the weak mineralo- 
corticoid properties of cortisol. Autonomous glucocorticoid 
production without specific signs and symptoms of Cushing 
syndrome is termed subclinical Cushing syndrome. This condi¬ 
tion is being diagnosed with increased frequency because of the 
detection of adrenal incidentalomas by routine CT. A substan¬ 
tial percentage of incidentalomas are hormonally active, with 
5% to 20% of the tumors producing glucocorticoids. The esti¬ 
mated prevalence of subclinical hypercortisolism is 77 cases per 
100,000 persons, substantially higher than classic Cushing syn¬ 
drome. Depending on the amounts of glucocorticoids secreted 
by the tumor, the clinical spectrum ranges from slightly attenu¬ 
ated diurnal cortisol rhythm to atrophy of the contralateral 
adrenal gland. Patients with subclinical Cushing syndrome lack 
the classical stigmata of hypercortisolism but have a high preva¬ 
lence of obesity, hypertension, and type 2 diabetes. 

Diagnosis. The investigation of suspected Cushing syn¬ 
drome should answer two questions: (a) Does the patient have 
hypercortisolism? (b) If the answer is yes, then what is the 
cause? It is worthwhile to emphasize that the diagnosis of 
Cushing syndrome is biochemical. Radiologic investigations 
should not be undertaken until Cushing syndrome has been 
confirmed and its likely etiology characterized biochemically. 

Hypercortisolism insensitive to suppression by administra¬ 
tion of exogenous glucocorticoid is the sine qua non of Cushing 
syndrome. The low-dose dexamethasone suppression test is the 
best test in patients with suspected Cushing syndrome. For this 
test, 1 mg of dexamethasone is administered orally at 11 p.m. 
and plasma cortisol is obtained at 8 a.m. the following day. Nor¬ 
mal individuals suppress cortisol to less than 5 /ig/dL. Patients 
with Cushing syndrome fail to suppress less than 5 jig/dL. False¬ 
positive test results occur in 10% to 15% of cases with the 
overnight test and occur especially in patients with obesity or 
alcoholism or in those taking estrogens or phenytoin. Measure¬ 
ment of free cortisol (not metabolites) in three consecutive 24- 
hour collections of urine is also a good screening test for Cush¬ 
ing syndrome. Collections should include concurrent creatinine 
measurement to evaluate the completeness of the collection. A 
24-hour urinary free cortisol level greater than 100 fig is diag¬ 
nostic of Cushing syndrome. This test may be less sensitive than 
the low-dose dexamethasone suppression test in mild hypercor¬ 
tisolism. Plasma cortisol levels can normally vary considerably 
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Source 



ALGORITHM 77.1 


ALGORITHM 77.1. Diagnosis of hypercortisolism. ACTH, adrenocorticotropic hormone; IRMA, immunoradiometric assay; CT, computed 
tomography; MRI, magnetic resonance imaging; PET, positron emission tomography. 


during a 24-hour period, so a single random plasma cortisol level 
is not helpful in establishing a diagnosis of Cushing syndrome. 

Once the presence of hypercortisolism is established, the next 
task is to determine ACTH-dependent (pituitary or ectopic 
source) from ACTH-independent (primary adrenal) causes. 
Measurement of basal ACTH by immunoradiometric assay is 
the best test to make this distinction. Plasma ACTH levels are 
normally between 10 and 100 pg. Suppression of the absolute 
level of ACTH less than 5 pg per mL is nearly diagnostic of 
adrenocortical neoplasms, which secrete high levels of cortisol 
and inhibit ACTH release by the pituitary. Patients with pitu¬ 
itary neoplasms and secondary bilateral adrenocortical hyper¬ 
plasia have ACTH levels that may range from the upper limits 
of normal (15 pg per mL) to 500 pg per mL. The highest plasma 
levels of ACTH (>1,000 pg per mL) are in patients with 
ACTH-producing nonendocrine tumors such as non-small cell 
lung cancer. 

Although 80% to 90% of patients with ACTH-dependent 
Cushing syndrome have Cushing disease, a high-dose dexa- 
methasone suppression test may be required to exclude ectopic 
ACTH syndrome. Hypercortisolism caused by ACTH-secreting 
pituitary adenomas is suppressed at least partially by high dex- 
amethasone, whereas hypercortisolism caused by adrenal 
tumors and ectopic ACTH-producing tumors is not sup¬ 
pressed. For this test 2 mg dexamethasone is administered 
orally every 6 hours for 2 days, and a 24-hour urine collection 
for free cortisol is taken during the second day. About 90% of 
patients with pituitary source Cushing disease have a 50% 
reduction in urine free cortisol. The specificity of the test can 
be improved to 100% for diagnosing pituitary disease if more 
than 90% suppression in urinary free cortisol is used. 

Biochemical testing of suspected Cushing syndrome is fol¬ 
lowed by radiologic studies. Pituitary adenomas are best 
imaged with gadolinium-enhanced MRI of the sella turcica, 
which has a sensitivity approaching 100%, although small 
pituitary microadenomas may be missed. Patients with 
ACTH-independent Cushing syndrome require thin-section 
CT or MRI of the adrenal, which identifies adrenal abnormal¬ 
ities with more than 95% sensitivity. CT or MRI of the chest 
may identify a source of ectopic ACTH and should be under¬ 
taken in patients with elevated ACTH and hypercortisolism 
that cannot be suppressed by high-dose dexamethasone. 

Despite the accuracy of biochemical testing and radi¬ 
ographic localization, a pituitary versus ectopic source of 


ACTH sometimes cannot be determined. Bilateral inferior pet¬ 
rosal sinus sampling is the best test to settle this issue. Simul¬ 
taneous bilateral petrosal sinus and peripheral blood samples 
are obtained before and after peripheral intravenous injection 
of 1 fig per kg CRH. An inferior petrosal sinus to peripheral 
plasma ACTH ratio of 2.0 at basal stimulated or of 3.0 after 
CRH administration is 100% sensitive and specific for pitu¬ 
itary adenoma. Comparison of right and left inferior petrosal 
sinus ratios may also lateralize the adenoma. 

The laboratory approach to the diagnosis of Cushing syn¬ 
drome is summarized in Algorithm 77.1. A careful history and 
physical examination form the basis for suspecting this condi¬ 
tion. A low-dose dexamethasone suppression test and/or uri¬ 
nary free cortisol measurement provide initial evidence for the 
diagnosis. Plasma ACTH determination and the high-dose 
dexamethasone suppression test are then used to identify the 
underlying cause of excess cortisol production by the adrenal 
cortex. Imaging studies support the cause of Cushing syn¬ 
drome suggested by biochemical testing and localize the site 
for subsequent treatment. 

Treatment. ACTH-dependent Cushing syndrome is best 
treated by removing the source of ACTH excess. In the case of 
Cushing disease, transsphenoidal resection of the pituitary 
microadenoma is successful in 80% or more of cases. If a 
microadenoma is not found, then hemihypophysectomy may 
be performed with the understanding that fertility may be 
impaired. Pituitary irradiation is a good treatment option when 
fertility is desired, when a tumor is not found or is unre- 
sectable, or cure is not achieved by transsphenoidal resection of 
a tumor. Debulking of unresectable primary lesions or recur¬ 
rences with or without bilateral adrenalectomy may provide 
palliation in some patients. Treatment of ectopic ACTH syn¬ 
drome involves removal of the primary lesion. Medical adrena¬ 
lectomy with metyrapone, aminoglutethimide, and mitotane 
has been used to suppress production of corticosteroid in inop¬ 
erable cases for both pituitary and ectopic sources of ACTH. 
Bilateral adrenalectomy is a good option for patients intolerant 
of mitotane. 

ACTH-independent Cushing syndrome is best treated by 
removal of the adrenal tumor and affected gland. Small 
lesions, less than 6 cm in diameter, may be resected laparo- 
scopically. Lesions larger than 6 cm or those suspected of 
being carcinoma require an anterior open approach. Resection 
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of cortisol-producing benign adrenal adenomas is curative, 
and prognosis is good following resection. Cortisol-producing 
adrenocortical carcinomas recur frequently following adrena¬ 
lectomy, heralded by the reemergence of hypercortisolism. 
Micronodular pigmented hyperplasia and macronodular 
adrenal hyperplasia may involve both adrenal glands. These 
conditions are cured only by bilateral adrenalectomy. Medical 
adrenalectomy with mitotane or agents interfering with corti¬ 
sol production is not currently recommended. 

Whether patients with subclinical Cushing syndrome 
should undergo adrenalectomy is unclear. Several small series 
have demonstrated weight loss and an improvement in hyper¬ 
tension and glucose control following adrenalectomy for sub- 
clinical Cushing syndrome. Furthermore, patients with sub- 
clinical Cushing syndrome may progress to overt Cushing 
syndrome as frequently as 12.5% at one year. Accordingly, 
adrenalectomy for subclinical Cushing syndrome may be ben¬ 
eficial and is reasonable in young patients, patients with sup¬ 
pressed plasma ACTH, and patients with a recent weight gain, 
substantial obesity, arterial hypertension, diabetes mellitus, 
and osteopenia. Truly asymptomatic patients with normal 
plasma ACTH concentrations and the elderly or unfit may be 
observed. Demonstration of the benefits of surgery versus con¬ 
servative treatment in patients with subclinical Cushing syn¬ 
drome will require a randomized prospective trial. 

All patients who undergo adrenalectomy for Cushing syn¬ 
drome require perioperative and postoperative glucocorticoid 
replacement, since the contralateral gland is suppressed. 
Replacement therapy with hydrocortisone, 12 mg/m 2 per day, 
may be required as long as 2 years postoperatively. Adequacy 
of replacement is monitored clinically. The duration of 
replacement therapy is guided by normalization of the ACTH 
stimulation test. 


Hyperaldosteronism 

Hyperaldosteronism is a syndrome of hypertension and 
hypokalemia caused by autonomous adrenal secretion of the 
mineralocorticoid aldosterone. Hyperaldosteronism may be 
primary, as a result of an adrenal neoplasm with suppressed 
plasma renin, or may be secondary, as a result of elevated 
plasma renin. Primary hyperaldosteronism is twice as common 
in women as in men, and it usually occurs between the ages of 
30 and 50 years. Screening of hypertensive patients with 
plasma aldosterone and plasma renin activity (PRA) has sug¬ 
gested that primary hyperaldosteronism may be the underlying 
cause of up to 15% of cases of essential hypertension. 

An aldosterone-producing adrenal adenoma (Conn syn¬ 
drome) is the source of primary hyperaldosteronism in 60% to 
70% of cases. Idiopathic bilateral adrenal hyperplasia causes 
the remaining cases of primary hyperaldosteronism. Adreno¬ 
cortical carcinoma is a rare cause of primary hyperaldostero¬ 
nism. Autosomal dominant glucocorticoid-suppressible hyper¬ 
aldosteronism is a rare cause of hyperaldosteronism resulting 
from the fusion of the ACTH-responsive 11-beta hydroxylase 
gene promoter to the aldosterone synthase gene in cells of the 
adrenal cortex. 

Secondary hyperaldosteronism is a physiologic response of 
the renin-angiotensin system to decreased renal perfusion due 
to renal artery stenosis, cirrhosis, congestive heart failure, and 
normal pregnancy. The adrenal cortex functions normally and 
secretes aldosterone in response to the elevated plasma renin 
and angiotensin caused by these conditions. Secondary hyper¬ 
aldosteronism responds to treatment of the underlying cause. 

Signs and Symptoms. Clinical manifestations of primary 
hyperaldosteronism are attributable to hypersecretion of 
aldosterone by the adrenal gland (Table 77.2). Aldosterone- 
mediated retention of sodium and excretion of potassium and 
hydrogen ion by the kidney causes moderate diastolic hyper¬ 


tension. Edema is absent. Hypokalemia occurs spontaneously 
in 80% to 90% of patients with primary hyper aldosteronism 
but may be normal. Hypokalemia is easily provocable in the 
remaining patients. Potassium depletion frequently causes 
symptoms of muscle weakness and fatigue, polyuria and poly¬ 
dipsia, as well as impaired insulin secretion and fasting hyper¬ 
glycemia. Primary hyper aldosteronism should be suspected in 
hypertensive patients with spontaneous hypokalemia (serum 
concentration <3.5 mEq/L), moderate hypokalemia (serum 
potassium concentration <3.0) during diuretic therapy despite 
concomitant use of oral potassium or potassium-sparing 
diuretics, or refractory hypertension without explanation. 

Diagnosis. The clinical hallmarks of primary hyperaldostero- 
nism are (a) diastolic hypertension without edema; (b) suppres¬ 
sion of plasma renin in the face of volume depletion; and (c) 
hypersecretion of aldosterone that fails to suppress with 
intravascular volume expansion. Diagnostic evaluation must 
establish primary hyperaldosteronism, discern surgically cor¬ 
rectable adrenal adenoma from medically treatable idiopathic 
hyperplasia, and localize an adrenal tumor (Algorithm 77.2). 

Demonstration of an elevated plasma aldosterone concentra¬ 
tion (PAC) in the setting of suppressed PRA is the best test to 
establish primary hyperaldosteronism. The ratio in normal sub¬ 
jects and patients with essential hypertension is 4 to 10 com¬ 
pared with more than 30 in most patients with primary hyper¬ 
aldosteronism. A PAC of greater than 20 ng/dL and a PAC/PRA 
ratio of greater than 30 are diagnostic for aldosteronoma 
with almost 90% sensitivity. A serum potassium value less than 
3.5 mEq/L and urinary potassium excretion greater than 30 mEq 
per day also support a diagnosis of primary hyperaldostero¬ 
nism. Before biochemical evaluation, patients need to be potas¬ 
sium repleted and have an adequate sodium intake. Medica¬ 
tions including ACE inhibitors and spironolactone should be 
withheld for at least 4 weeks before study. 

An elevated PAC/PRA ratio alone does not establish the 
diagnosis of primary hyperaldosteronism, which must be con¬ 
firmed by demonstrating inappropriate aldosterone secretion 
with salt loading. This involves a 24-hour urine collection for 
sodium and aldosterone after 3 days of a high-sodium diet. 
The 24-hour urinary excretion of aldosterone should be 
greater than 14 fig per 24 hours after a high-salt diet for 
patients with primary hyperaldosteronism. An intravenous 
saline infusion test or captopril challenge test is also a reliable 
method to confirm primary hyperaldosteronism. These tests 
are not usually required. 

After the diagnosis of primary hyperaldosteronism is made, 
distinction must be made between an aldosteronoma and idio¬ 
pathic adrenal hyperplasia. The first test measures aldosterone 
in blood collected at 8 a.m. from a patient who has been 
supine overnight. Laboratory studies are repeated 4 hours 
later after the patient has been upright. Aldosterone secretion 
in patients with an aldosteronoma is unaffected by postural 
changes (<20 ng/dL), whereas, in patients with idiopathic 
adrenal hyperplasia, plasma aldosterone levels are elevated 
33% (>20 ng/dL) or more by postural changes. 

High-resolution adrenal computed tomography (CT) is the 
best test for localization of an adrenal tumor (Lig. 77.6). CT 
will detect an aldosterone-producing adenoma in 90% of cases 
overall. The presence of a unilateral adenoma greater than 1 cm 
on CT and supportive biochemical evidence of an aldos¬ 
teronoma are generally all that is needed to make the diagno¬ 
sis in most patients younger than 40 years of age. Magnetic 
resonance imaging (MRI) is less effective and more costly but 
may be useful during pregnancy or in situations in which 
intravenous contrast medium injection is undesirable. Scintig¬ 
raphy with [6-betaj(131I)-iodo-methyl-19-norcholesterol 
(NP-59) identifies functional tumors and discriminates aldos¬ 
teronoma from adrenal hyperplasia with an overall accuracy 
of approximately 75%, but requires a tumor of sufficient size 
(>1 cm) for imaging to be dependable. 
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Screening Confirmation Localization Diagnosis/Treatment 



ALGORITHM 77.2 


ALGORITHM 77.2. Diagnosis and management of hyperaldosteronism. PRA, plasma renin activity; PAC, plasma aldosterone concentration; 
CT, computed tomography; AYS, bilateral adrenal venous sampling. 


Adrenal vein sampling to lateralize the source of aldos¬ 
terone production is useful in patients with hyperaldostero¬ 
nism when there is no adrenal abnormality on CT or MRI or 
when both adrenal glands are abnormal but asymmetric. Fur¬ 
thermore, patients older than 40 years, in whom the possibil¬ 
ity of a nonfunctioning adenoma is statistically higher, may 
benefit from routine sampling. Percutaneous transfemoral can- 
nulation of both adrenal veins is performed and intravenous 
ACTH (50 fi/h) is administered. Simultaneous adrenal vein 
blood samples for aldosterone and cortisol are taken before 
and after ACTH injection, and their ratios are determined. 
The PAC is markedly higher (at least fourfold) on the side of 
an adenoma, whereas there is little or no left-right gradient 
present in cases of bilateral adrenal hyperplasia. A 10-fold 
gradient of cortisol in adrenal veins to a peripheral sample 



ensures adequate adrenal vein cannulation. This study is 
greater than 90% accurate and has been shown to alter man¬ 
agement in 30% to 50% of patients, even in those with an 
apparent unilateral adenoma. This test is technically difficult 
and may be unsuccessful in 25% of patients. Emerging data 
suggest that adrenal vein sampling may be superior to CT in 
differentiating the source of aldosterone production in patients 
with hyperaldosteronism. 

Q Treatment. Surgical removal of an aldosterone-secreting 
adenoma (Fig. 77.7) results in durable improvement of hyper¬ 
tension and hypokalemia in 70% to 90% of patients. Laparo¬ 
scopic adrenalectomy is the preferred approach to remove 
these tumors. Morbidity and mortality following these proce¬ 
dures are almost negligible. Preoperative spironolactone or 
eplerenone and potassium are given to replenish potassium 
stores and correct alkalosis before anesthesia. Preoperatively, a 
significant fall in blood pressure with aldosterone receptor 
antagonists predicts a successful outcome after adrenalectomy. 
Response to adrenalectomy is also influenced by the duration 
and severity of hypertension and by the presence of histologic 
changes in the kidney. Age greater than 50 years, male sex, and 
the presence of multiple nodules within the adrenal is also 
associated with a poor response to surgery. 

Q Management of idiopathic adrenal hyperplasia is medical 
because fewer than 20% to 30% of patients with this disease 
are cured by adrenalectomy. Idiopathic adrenal hyperplasia is 
treated with spironolactone or with the newer aldosterone 
antagonist eplerenone. Other potassium-sparing diuretics may 
be used including triamterene and amiloride. Treatment of 
glucocorticoid-suppressible hyperaldosteronism includes dex- 
amethasone 0.5 to 1.0 mg daily. Glucocorticoids are used in 
small doses to avoid Cushing syndrome. 


Congenital Adrenal Hyperplasia 


CTrT TDc nn r r> ^ t * u r • a 111 O The congenital adrenal hyperplasia syndromes are autosomal 

rlGURL 77.6. Computed tomography scan or right adrenal aldos- . & ... . \ . ' . . . c c 

teronoma. Short arrow shows aldosteronoma. Long arrow shows nor- recessive conditions resulting from inherited defects of one or 

mal contralateral adrenal gland. several of the enzymes necessary for cortisol biosynthesis (Fig. 

_ 77.8). Cortisol deficiency leads to ACTH overproduction and 
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secondary hyperplasia of the adrenal cortex with shunting of 
cortisol precursors into adrenal androgen pathways. Periph¬ 
eral tissues convert the excess adrenal androgens to testos¬ 
terone, which causes virilization of the patient. 

Most cases (>90%) of congenital adrenal hyperplasia are 
secondary to deficiency of 21-hydroxylase (CYP21A2) result¬ 
ing from mutation of the gene on the short arm of chromo¬ 
some 6. Two forms of this deficiency are recognized: partial or 
complete. The complete form is characterized by androgen 
excess at birth, with virilization, hypovolemia, hyponatremia, 
hyperkalemia, and hyperpigmentation. The partial form is 
characterized by virilization only and may present in adoles¬ 
cence or adulthood. 



FIGURE 77.8. Schematic representation of the mechanism underlying 
congenital adrenal hyperplasias. Enzymatic defects in the adrenal gland 
prevent normal production of cortisol with resulting loss of negative 
feedback to the hypothalamus and pituitary. Chronic adrenocorti¬ 
cotropic hormone stimulation of the adrenal gland shunts steroid pre¬ 
cursors through androgenic and mineralocorticoid pathways, leading 
to the overproduction of androgens and mineralocorticoids. The most 
common deficiencies are CYP21A2 (21-hydroxylase), CYP11B1 (11/3- 
hydroxylase), and 3-/3-HSD (3-/3-hydroxy steroid dehydrogenase). 


Of the remaining causes of congenital adrenal hyperplasia, 
11-beta-hydroxylase deficiency (CYP11B1) is the second most 
common cause, followed by 3-beta-hydroxydehydrogenase 
and 17-hydroxylase (CYP17) deficiency. Congenital lipoid 
adrenal hyperplasia is the most severe form of congenital 
adrenal hyperplasia and is often fatal (Table 77.4). 

Signs and Symptoms. Prenatal adrenal virilization in 
females produces ambiguous external genitalia (female 
pseudohermaphrodism). The ovaries, fallopian tubes, and 
uterus develop normally, and patients are fertile. Postnatal 
congenital adrenal hyperplasia causes virilization of females 
and precocious puberty of males. Females develop hirsutism, 
polycystic ovaries, and irregular menses. Male patients exhibit 
secondary sexual characteristics by age 2 or 3 years. Fertility is 
often impaired. Both sexes experience rapid somatic growth 
and short stature. Virilization, salt wasting, and hyperpigmen- 
tation are variably present with the non-21-hydroxylase forms 
of congenital adrenal hyperplasias. 

Diagnosis. Elevated plasma 17-hydroxyprogesterone is the 
most characteristic abnormality found in 21-hydroxylase defi¬ 
ciency. Both plasma cortisol and 24-hour free urinary cortisol 
excretion are variably reduced. Diagnosis of other forms of the 
disease involves demonstration of elevated levels of enzyme 
substrate: corticosterone and 11-deoxycortisol for 11-beta 
hydroxylase; dehydroepiandrosterone and 17 delta-5 hydrox- 
ypregnenolone for 3-beta hydroxydehydrogenase; and deoxy¬ 
corticosterone and corticosterone for 17 beta-hydroxylase 
deficiency (Table 77.4). 

Treatment. The treatment of 21-hydroxylase deficiency is 
glucocorticoid and mineralocorticoid replacement. Clinical 
management is often complicated by inadequately treated 
hyperandrogenism or iatrogenic hypercortisolism, or both. 
New treatment approaches under investigation include combi¬ 
nation therapy to block androgen action and inhibit estrogen 
production, and bilateral adrenalectomy in the most severely 
affected patients. Female patients with ambiguous genitalia 
may require surgical correction as infants. Treatment of con¬ 
genital adrenal hyperplasias caused by other enzyme deficien¬ 
cies includes steroid and electrolyte replacement and surgical 
correction of the external genitalia in affected female infants. 


Virilizing and Feminizing Adrenal Tumors 

Excess production of adrenal androgens by an adrenal ade¬ 
noma or carcinoma can produce virilizing features either alone 
or more commonly in addition to Cushing syndrome. Devel¬ 
opment of an adrenal virilizing tumor in women causes hir¬ 
sutism and masculinization. Males with these tumors may pre¬ 
sent late with signs and symptoms of tumor enlargement or 
distant metastases develop. Virilizing tumors secrete androgen 
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OHP, hydroxyprogesterone; DOC, deoxycorticosterone; DHEA, dehydroepiandrostenedione. 

(Modified with permission from White PC, Speiser PW. Congenital adrenal hyperplasia due to 21-hydroxylase deficiency. Endocr Rev. 2000;21:245-291.) 
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precursor, dehydroepiandrosterone, which can be measured 
either directly in plasma or in urine as a 17-ketosteroid. Femi¬ 
nizing adrenal neoplasms are extremely rare. Abdominal CT is 
subsequently used to localize the lesion. Resection of tumor 
and involved adrenal gland is the primary treatment for 
patients with adrenal virilizing tumors. Tumor recurrence is 
heralded by return of virilization or by detection of increased 
17-ketosteroids in the urine. Tumor debulking or inhibition of 
steroidogenesis with aminoglutethimide or mitotane may be 
useful in controlling signs and symptoms in patients with 
metastatic disease. 


Adrenocortical Carcinoma 

Q Adrenocortical carcinoma is a rare malignancy with an esti- 
mated incidence of 0.5 to 2 cases per million per year. Presen¬ 
tation peaks in the first and fifth decades of life. The prevalence 
is higher in females than in males (1.4 to 2:1). The cause of 
adrenocortical carcinoma is unknown, although somatic muta¬ 
tions in P53 and inheritance of this tumor in patients with 
germline mutations in P53 (Li Fraumeni syndrome) implicate 
this tumor suppressor gene in its pathogenesis. 

0 Signs and Symptoms. Adrenocortical carcinoma is a very 
aggressive malignancy, and most patients (up to 75%) present 
with locoregionally advanced or distant disease. Syndromes of 
adrenal hormone overproduction are frequent (up to 60%) 
and may include hypercortisolism, hyperaldosteronism, or vir¬ 
ilization. Patients with rapidly progressive Cushing syndrome 
or mixed presentations with signs of both Cushing syndrome 
and virilization should be suspected of having adrenocortical 
carcinoma. Nonfunctioning adrenocortical carcinomas pre¬ 
sent most commonly as abdominal pain or mass with vague 
symptoms of nausea, weight loss, and fatigue. 

Diagnosis. Patients with suspected adrenocortical carci¬ 
noma should have biochemical testing to identify hormone 
overproduction followed by staging investigations including 
cross-sectional imaging and bone scans. Contrast-enhanced 
CT of the abdomen and chest is important to preoperatively 
diagnose local tumor invasion and metastatic lesions as well as 
to confirm a functioning contralateral kidney (Fig. 77.9). In 
the absence of distant metastases or local invasion, preopera¬ 
tive distinction between large adenomas and carcinomas can 
be difficult, although large (>6 cm) adrenal masses that extend 



FIGURE 77.9. Computed tomography scan of right adrenocortical 
carcinoma showing invasion of liver and inferior vena cava. Note that 
a contralateral kidney is present and functioning. 


to nearby structures on CT scanning should be approached as 
carcinomas. Biopsy of adrenal lesions suspected of being adreno¬ 
cortical carcinoma is unnecessary and should be avoided. The 
risk of seeding and the inability of histologic examination to dis¬ 
tinguish between adenoma and carcinoma make biopsy useless 
and potentially harmful. Biopsy of extraadrenal lesions may be 
performed to confirm metastatic disease. 

A definitive diagnosis of adrenocortical carcinoma requires 
pathologic demonstration of tumor invasion to adjacent 
organs or spread to lymph nodes or distant sites. Practically, 
any adrenal neoplasm larger than 6 cm or weighing more than 
100 g should be considered malignant. Histologic features of 
tumor necrosis, hemorrhage, and local invasion are gross 
pathologic evidence of carcinoma, while cells with large, 
hyperchromatic nuclei and more than 20 mitoses per high- 
power field suggest malignancy. 

Treatment. Surgical resection is the mainstay of treatment 
for all stages of adrenocortical carcinoma. Complete resection 
of locally confined tumor is the only chance for cure from 
adrenocortical carcinoma. However, distant or local spread is 
evident in 65% of cases at presentation, and a few patients are 
resectable with curative intent. Recurrence rates after surgery 
range from 38% to 85%, depending on stage at presentation 
(Table 77.5). 

Many patients with adrenocortical carcinoma present with 
metastatic disease, involving the lung, lymph nodes, liver, or 
bone. Resection or surgical debulking of locally advanced or 
metastatic lesions may provide symptomatic relief for select 
patients, especially those with low-grade, slow-growing, hor¬ 
monally productive cancers. Symptomatic recurrent or metasta¬ 
tic disease is best treated by resection when feasible. 

Chemotherapy for adrenocortical carcinoma usually 
includes mitotane, although no controlled studies have estab¬ 
lished its efficacy in this disease. Partial responses to mitotane 
occur in less than a third of patients, and survival is unchanged. 
Adjuvant chemotherapy with mitotane after complete resection 


TABLE 77.5 STAGING 


AMERICAN JOINT COMMITTEE ON CANCER STAGING 
OF ADRENOCORTICAL CARCINOMA, WITH 5-YEAR 
SURVIVAL RATES 


■ STAGE ■ CRITERIA 


Tumor 


T1 

Tumor <5 cm, no invasion 

T2 

Tumor >5 cm, no invasion 

T3 

Tumor with invasion to fat 

T4 

Tumor with organ invasion 

Lymph nodes 

NO 

No lymph node metastasis 

N1 

Lymph node metastasis present 

Metastasis 


M0 

No distant metastasis 

Ml 

Distant metastasis present 

Stage Group 

TNM 5-Year Survival Rate 

I 

T1 (<5 cm) N0M0 30%-45% 

II 

T2 (>5 cm) N0M0 12 %-57% 

III 

Tl-2, Nl, M0 5%-18% 


T3N0M0 

IV 

Any T, any N, Ml 0 


T3-4N1M0 
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for adrenocortical carcinoma is unproven and toxic so that 
many oncologists reserve its use for recurrent, unresectable, or 
metastatic disease. Cisplatin in combination with mitotane or 
doxorubicin and 5-fluoruracil has been applied in metastatic 
disease with partial responses noted. 

The prognosis of adrenocortical carcinoma is poor. Median 
survival following diagnosis for all patients is approximately 
18 months. Overall survival following resection for all stages of 
adrenocortical cancer is 15% to 47% at 5 years. Stage-specific 
5-year survival is 30% to 45% for stage I, 12% to 57% for 
stage II, 5% to 18% for stage III, and 0 for stage IV disease. 


DISEASES OF THE 
ADRENAL MEDULLA 


Pheochromocytoma 

Pheochromocytomas are functional adrenal tumors that arise 
from neuroectodermal cells of the adrenal medulla or in cer¬ 
tain extraadrenal sites. These tumors are uncommon, occur¬ 
ring in 0.005% to 0.1% of persons, but occur with increased 
frequency in hypertensive populations (0.2% incidence) and in 
heritable endocrine tumor syndromes. The peak incidence of 
pheochromocytoma occurs during the fourth and fifth decades 
of life, and men and women are affected about equally. The 
rule of tens is a useful way to characterize pheochromocy¬ 
toma: Tumors are bilateral in 10% of cases, extraadrenal in 
10%, familial in 10%, multicentric in 10%, and malignant in 
10%, and occur in children in 10% of cases. 

Approximately 10% of pheochromocytomas are extra¬ 
adrenal, although most (98%) are still located within the 
abdomen. Extraadrenal pheochromocytomas can occur at any 
site in the abdomen where chromaffin tissue is located and 
have been found in the paravertebral ganglia, the organ of 
Zuckerkandl, and the urinary bladder. Clues to the presence of 
extraadrenal pheochromocytoma are predominance of norep¬ 
inephrine because extraadrenal sites lack the enzyme necessary 
to convert norepinephrine to epinephrine. 

Familial pheochromocytoma is a component of two autoso¬ 
mal dominant syndromes: von Hippel-Lindau syndrome and 
multiple endocrine neoplasia II (MEN2). Patients with von 
Hippel-Lindau syndrome have pheochromocytoma (usually 
bilateral), retinal angiomas, cerebellar hemangioblastoma, epi- 
didymal cystadenoma, renal and pancreatic cysts, and renal cell 
carcinoma. Patients with MEN2A develop pheochromocytoma 
(usually bilateral), medullary carcinoma of the thyroid (MTC), 
and primary parathyroid hyperplasia. Patients with MEN2B 
develop pheochromocytoma (usually bilateral), MTC, mucosal 
neuromas, and intestinal ganglioneuromatosis, and have a 
characteristic marfanoid body habitus. Pheochromocytoma 
also occurs in neurofibromatosis type 1 and familial paragan¬ 
glioma. The frequency of pheochromocytoma in these disor¬ 
ders is 10% to 20% in von Hippel-Lindau syndrome, 50% in 
MEN2, and 0.1% to 5.7% with neurofibromatosis type 1. 

In some families, patients with pheochromocytomas have 
no other clinical abnormalities, suggesting the existence of a 
separate disease limited to the formation of adrenal medullary 
tumors. In a study of three generations of an affected kindred, 
a novel mutation was found in the von Hippel-Lindau gene 
even though there were no other clinical manifestations of this 
disorder. Patients with bilateral pheochromocytoma, young 
patients with pheochromocytoma, and patients with paragan¬ 
glioma should be screened for MEN2 and von Hippel-Lindau 
syndrome. 

The etiology and pathogenesis of pheochromocytoma is 
unknown. A genetic component seems certain because 
pheochromocytoma occurs not only as a part of familial syn¬ 
dromes but also as an isolated disorder because of mutation in 
the RET gene or the MEN2 gene. Familial pheochromocytoma 


as well as sporadic pheochromocytoma occurs also with muta¬ 
tions in the succinate dehydrogenase complex, subunit B, iron 
sulfur protein (SDHB). Either germline or somatic mutations 
in the SDHD gene are another cause of pheochromocytoma. 

Signs and Symptoms. Symptoms of pheochromocytoma 
are attributable to the effects of excessive circulating cate¬ 
cholamines on target tissues (Table 77.3). The classic triad of 
symptoms in patients with a pheochromocytoma is episodic 
headache, sweating, and tachycardia. Hypertension is common 
with pheochromocytoma and is sustained in roughly half of 
patients, is paroxysmal in one third, and is absent in one fifth. 
Orthostatic hypotension results from diminished plasma vol¬ 
ume and blunted autonomic reflexes. Other symptoms include 
palpitations, anxiety, and tremulousness. Cardiovascular 
sequelae include myocardial infarction, cardiac dysrhythmias, 
and stroke. Gastrointestinal motility is also impaired. Asymp¬ 
tomatic patients with functioning tumors are rare, and non¬ 
functioning tumors are distinctly uncommon. Sudden death 
has been reported in patients with pheochromocytoma who 
have undergone surgical procedures or childbirth. 

Diagnosis. Elevation of catecholamines and their metabo¬ 
lites in either urine or blood is essential for the diagnosis of 
pheochromocytoma. Either a 24-hour urine collection for cat¬ 
echolamines and their metabolites (metanephrines) or plasma- 
fractionated metanephrines can be used to make the diagnosis. 
Urine catecholamines/metanephrines is the most reliable test 
with a sensitivity and specificity of 98%. Plasma fractionated 
metanephrines is similarly sensitive (99%), but lacks speci¬ 
ficity (85%). Accordingly, plasma-fractionated metanephrines 
should be reserved for patients with a high pretest probability 
for pheochromocytoma—adrenal incidentalomas, classic 
symptoms, family history of genetic syndromes associated 
with pheochromocytoma (MEN, etc.)—whereas urine cate¬ 
cholamines/metanephrines is useful as a screening tests for 
patients who are less likely to have a pheochromocytoma. 
Measurement of plasma catecholamines is not as useful in dis¬ 
tinguishing patients with pheochromocytoma from those with 
essential hypertension. Measurement of plasma chromogranin 
A is nonspecific and a poor diagnostic but potentially helpful 
confirmatory test. 

Many medications alter or interfere with measurement of 
either plasma or urine catecholamines. Such medications 
should be discontinued to ensure accurate testing. These drugs 
include acetaminophen, labetalol, clonidine withdrawal, tri¬ 
cyclic antidepressants, antipsychotics, and ethanol. To control 
blood pressure, other antihypertensives such as calcium chan¬ 
nel blockers may be substituted. 

In normotensive or mildly hypertensive patients with ele¬ 
vated plasma catecholamine levels (1,000-2,000 pg/mL), a 
clonidine suppression test may be used to distinguish from 
pheochromocytoma. An oral 0.3-mg dose of clonidine sup¬ 
presses centrally mediated release of catecholamines to less 
than 500 pg/mL within 2 to 3 hours but does not affect release 
of catecholamines by a pheochromocytoma. 

Biochemical confirmation of the diagnosis should be fol¬ 
lowed by radiologic evaluation to locate the tumor. Pheochro¬ 
mocytomas are best imaged with CT or MRI. Contrast- 
enhanced CT readily detects tumors 1 cm and larger and has 
sensitivity of 87% to 100% for pheochromocytoma (Fig. 
77.10A). MRI is similarly sensitive, and a T2-weighted image 
brightness three times greater than liver is highly specific for 
pheochromocytoma (Fig. 77.10B and C). MRI is useful in sus¬ 
pected malignant pheochromocytoma to evaluate for inferior 
vena cava thrombus or liver invasion. 

Functional nuclear imaging with iodine-131 -metaiodoben- 
zylguanidine (131-1 MIBG) is a useful adjunct to cross-sectional 
imaging for pheochromocytoma (Fig. 77.10D). MIBG resem¬ 
bles norepinephrine and is taken up by adrenergic tissues 
including pheochromocytoma. An MIBG scan can detect 
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FIGURE 77.10. Imaging of pheochromocytoma {arrows). A: Computed tomography scan shows well-circumscribed left adrenal mass. B: T2- 
weighted magnetic resonance imaging shows the mass to be heterogeneously bright consistent with pheochromocytoma. C and D: Coronal 
contrast-enhanced MRI and near-simultaneous 131 I-metaiodobenzylguanine ( 131 I-MIBG) scanning show location of the pheochromocytoma and 
relationship to surrounding structures. 


tumors not detected by CT or MRI or multiple tumors when 
CT or MRI is positive. Multi-institutional experience with this 
technique has demonstrated an overall sensitivity of 77% to 
87% and a specificity of 96% to 100%. This test is usually not 
necessary for sporadic pheochromocytoma unless urinary or 
plasma catecholamines and metabolites are marginally ele¬ 
vated, or if malignant or extraadrenal pheochromocytoma is 
suspected. 131-1 MIBG scanning is also useful to screen 
patients with metastatic pheochromocytoma for high-dose 
131-1 MIBG therapy. 111-In-pentetreotide scintigraphy may 
also identify pheochromocytoma and can be used therapeuti¬ 
cally as with 131-1 MIBG. 

Treatment. Surgical resection is the only cure for pheochro¬ 
mocytoma. When the diagnosis of pheochromocytoma has been 
established and localization studies are completed, preoperative 
preparation of the patient centers on blood pressure control. 
Usually 1 to 3 weeks before operation, alpha-adrenergic blockade 


is performed first with phenoxybenzamine, starting at 10 mg 
twice a day and increasing by 10 to 20 mg per day, until blood 
pressure normalizes. Side effects of alpha blockade include pos¬ 
tural hypotension, reflex tachycardia, nasal congestion, and an 
inability to ejaculate. Preoperative alpha blockade also reverses 
the relative hypovolemia that is usually present in patients with 
pheochromocytoma and also prevents severe blood pressure 
swings during intraoperative manipulation of the tumor. 
Metyrapone added preoperatively to phenoxybenzamine can 
achieve a greater degree of sympathetic blockade. 

Beta-adrenergic blockade with propranolol added after 
alpha blockade can manage patients who develop tachycardia 
or who have inducible cardiac arrhythmias or ischemia. Pro¬ 
pranolol may enhance pressor response to endogenous norep¬ 
inephrine and thus should not be given until adequate alpha 
blockade has been established. Propranolol can also produce 
profound bradycardia, myocardial depression, and congestive 
heart failure. Newer drug regimens to manage hypertension in 
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pheochromocytoma include selective alpha-1-adrenergic 
antagonists (terazosin and doxazosin) and calcium channel 
blockers (nifedipine and nicardipine). 

Patients with pheochromocytoma can be expected to have 
blood pressure volatility and high intravascular volume require¬ 
ments during and immediately after surgery. Elderly patients or 
those with a history of heart disease may require pulmonary 
catheter insertion and arterial line placement for careful moni¬ 
toring of blood pressure and arterial pH. Anesthetic agents may 
trigger the release of catecholamines from pheochromocy- 
tomas. The anesthetic plane is now considered more important 
than the choice of agent, and both enflurane and isoflurane 
have been used successfully. Magnesium administration dur¬ 
ing surgery is an effective way to control blood pressure in 
patients with pheochromocytoma. Intraoperative hyperten¬ 
sion is best treated with a sodium nitroprusside drip, and 
cardiac arrhythmias are best managed with short-acting beta- 
blockers (esmolol) or lidocaine. 

Formerly, an anterior approach through either a midline or 
bilateral subcostal incision was used exclusively to resect 
pheochromocytomas. Today, CT, MRI, and nuclear scans per¬ 
mit preoperative localization of tumor in 95% or more of 
cases, so that the surgical approach may be more directed using 
a laparoscopic approach. Regardless of approach, important 
common principles include minimal handling of the tumor, 
early isolation and ligation of the adrenal vein, and avoidance 
of capsular rupture. Recurrence following resection of benign 
pheochromocytoma is infrequent, and its presence indicates 
malignancy. 

Recurrent, malignant pheochromocytoma can include 
locally advanced disease or metastasis to bone, liver, lymph 
nodes, lungs, and the central nervous system. Treatment of 
malignant pheochromocytoma involves resection of metas- 
tases when feasible and medical control of hypertension. Radi¬ 
ation therapy may be helpful to ameliorate pain from bony 
metastases. Ablative therapy with 131-1 MIBG may also pro¬ 
duce partial responses and palliation of hormonal symptoms. 
Radiofrequency ablation of hepatic and bone metastases can 
be effective in selected patients. Combination chemotherapy 
with cyclophosphamide, vincristine, and dacarbazine can also 
be effective. Overall 5-year survival for patients with malig¬ 
nant pheochromocytoma ranges from 36% to 60%. 


Metastasis to the Adrenal Glands 


The adrenal glands are frequent sites for metastases from many 
cancers. Carcinoma of the lung and breast account for most 
adrenal metastases; however, virtually any cancer including 
melanoma, lymphoma, and kidney and ovarian carcinoma can 
spread to the adrenals. Autopsy series of patients with carci¬ 
noma show that the adrenal glands are involved in more than 
25% of cases. Among cancer patients, 50% to 75% of newly 
discovered adrenal masses represent metastases. Usually, either 
a primary site is obvious or widespread disease is apparent. 
Biopsy of adrenal masses in patients with a history of carci¬ 
noma may be performed after pheochromocytoma is excluded. 
Resection of isolated adrenal metastases in select patients with 
long disease-free intervals from lung cancer, renal cell carci¬ 
noma, and melanoma can be considered, although subsequent 
extraadrenal disease usually develops. Median survival after 
complete resection of isolated adrenal metastases from various 
tumors ranges from 13 to 60 months with actuarial 2- and 5- 
year survival of 40% to 50% and 20%, respectively. 


Incidental Adrenal Mass 


Clinically inapparent adrenal masses (also called adrenal inci- 
dentalomas) have become commonplace over the past 20 years 
with the increased use of abdominal imaging such as CT and 


MRI. The estimated prevalence of incidental adrenal neo¬ 
plasms varies by population studied and method of detection. 
Unsuspected adrenal masses are detected by CT in 0.6% to 
1.9% of healthy patients, a figure that is somewhat lower than 
the estimated prevalence of up to 8.7% based on unselected 
autopsy data. Patients with a prior history of malignancy have 
a prevalence of adrenal masses of up to 4.4%. Adrenal masses 
increase in frequency with advancing age, ranging from 3% in 
midlife to 10% in the elderly. The combination of an aging 
population and increased application of abdominal imaging 
promises to create a significant public health challenge. 

Over the past 10 years, increased awareness of morbidity 
associated with subclinical hormone overproduction, as well 
as the increased availability of minimally invasive laparoscopic 
adrenalectomy, has resulted in a lower threshold for treatment 
of adrenal masses. The goal of evaluation is to distinguish and 
remove those adrenal masses that are functioning or likely to 
be malignant versus those that are neither and may be 
observed. 

Expectations of the yield for the workup of adrenal masses 
may be informed by epidemiologic reports and reports of 
pathologic findings in resected incidentalomas. Epidemiologic 
data indicate that up to 6.5% of incidentalomas are pheochro¬ 
mocytoma, 7% produce aldosterone, 0.035% produce corti¬ 
sol, and 0.06% are carcinoma. A recent review of 44 reports 
describing more than 3,000 such cases reported that 41% were 
cortical adenomas, 19% were metastases from other primary 
cancers, 10% were adrenocortical carcinomas, and 8% were 
pheochromocytomas, with the remainder including myelolipo¬ 
mas and cysts. 

Diagnosis. The evaluation of incidental adrenal masses, pre¬ 
viously considered controversial, can now be standardized. 
Two simple questions must be answered: Is it functional? Is it 
malignant? The diagnostic approach should proceed to answer 
these questions sequentially (Table 77.6). Current opinion is 
that all asymptomatic patients with adrenal masses should be 
screened for pheochromocytoma, hypercortisolism, and 
hyperaldosteronism (Algorithm 77.3). 

All patients require a complete history and physical exami¬ 
nation, biochemical evaluation of pertinent hormones, and 
select imaging studies. Attention must be paid to episodes of 
hypertension, tachycardia, and anxiety that suggest pheochro¬ 
mocytoma. Physical findings such as muscle wasting, purple 
striae, hirsutism, and gynecomastia may suggest either Cush¬ 
ing syndrome or a virilizing tumor. Secondary metastases from 
underlying malignancy must be considered and evaluated with 
appropriate history, physical examination, and select tests 
including mammograms in women and chest radiography in 
all patients, especially smokers. 

Biochemical testing should routinely exclude pheochromo¬ 
cytoma, hypercortisolism, and hyperaldosteronism. Pheochro¬ 
mocytoma is evaluated either by 24-hour urine collection for 
catecholamines, metanephrines, and 3-methoxy-4-hydroxy- 
mandelic acid, or by plasma-fractionated metanephrines. Sub- 
clinical or clinically apparent Cushing syndrome is best evalu¬ 
ated with the overnight 1-mg dexamethasone suppression test. 
Hyperaldosteronism is best assessed by concurrent measure¬ 
ment of serum or plasma aldosterone and PRA. 

Imaging studies usually include cross-sectional imaging 
with either CT or MRI. CT is the best test for identifying and 
characterizing most adrenal masses. Using a fast scanner and 
1-m scanning intervals, both adrenal glands can be identified 
in 97% to 99% of patients and lesions as small as 5 mm can 
be readily identified. Currently, attenuation values expressed 
in Hounsfield units (HU) have better performance than size or 
other criteria to differentiate adenomas from adrenal malig¬ 
nancy and nonadenomas such as pheochromocytoma. Adeno¬ 
mas are usually lipid rich and have attenuation values less than 
18 HU on unenhanced CT, a threshold with high sensitivity 
and specificity (85%-95% and 93%-100%, respectively). 
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Incidental adrenal mass 



ALGORITHM 77.3 

ALGORITHM 77.3. Diagnosis and management of the incidental adrenal mass. PRA, plasma renin activity; PAC, plasma aldosterone concen¬ 
tration; HTN, hypertension; CT, computed tomography; MRI, magnetic resonance imaging; FNA, fine-needle aspiration. 


Generally, further workup is unnecessary when an adrenal 
lesion has an attenuation of less than 10 HU, suggesting lipid- 
rich adrenal adenoma. A notable exception is lipid-poor ade¬ 
noma, which has higher HU density. In these cases, rapid 
washout of intravenous contrast suggests an adenoma. Using a 
10- to 15-minute delayed enhanced CT, a washout value of 


50% to 60% of the initial enhancement is used to distinguish 
adenoma from nonadenoma. 

MRI can differentiate adenomas, metastases and pheochro- 
mocytomas, although the best MRI technique for evaluating 
adrenal masses is complex and controversial. Adenomas usu¬ 
ally show a loss in signal intensity on chemical shift MRI 


ITABLE 77.6 



DIAGNOSIS | 

SUMMARY OF TESTS FOR EVALUATION OF INCIDENTAL ADRENAL MASS 

■ QUESTION 

■ BEST TEST 

■ ALTERNATIVE TEST 

■ DIAGNOSIS 

Is it functioning? 

Plasma fractionated 
metanephrines 

- mg dexamethasone 
suppression test 

Serum potassium 

Plasma renin/plasma 
aldosterone ratio 

24-h urine for catecholamines, 
metanephrines, VMA 

24-h urine for cortisol 

24-h urine for potassium 

Pheochromo- 

cytoma 

Hypercortisolism 

Hyperaldo¬ 

steronism 

Is it malignant? 

Computed 

tomography 

Magnetic resonance imaging 

Cortical adenoma 

Adrenocortical 


Carcinoma 

Pheochromo- 

cytoma 

Myelolipoma 

Cyst 

Fine-needle aspiration Metastasis 
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because of high lipid content. Malignant masses tend to be 
bright on T2-weighted images because of higher fluid content. 
Secondary metastases to the adrenal are hypointense to liver 
on T1-weighted images and are brighter than liver on T2- 
weighted images. Metastases also typically show strong con¬ 
trast enhancement. Pheochromocytomas most often have low 
lipid content and high water content, giving low T1 signal 
intensities and very bright T2 signal intensities. Comparison of 
the adrenal mass to liver and spleen intensities on various 
sequences adds to specificity and sensitivity of the test. 

Masses that appear cystic may be aspirated under CT guid¬ 
ance. Fine-needle aspiration biopsy may be of value in patients 
with known extraadrenal malignancy; however, it is not indi¬ 
cated in the evaluation of primary adrenal neoplasms and is 
contraindicated if pheochromocytoma is suspected. 

Treatment. Resection is indicated for all functioning adrenal 
incidentalomas and those suspected of harboring primary 
adrenal cancer. Size cutoff for resecting adrenal incidentalomas 
has drifted to include smaller and smaller lesions. The preva¬ 
lence of primary adrenal carcinoma in adrenal incidentalomas 
is related to mass size. The risk of primary adrenal carcinoma 
is less than 2% in lesions smaller than 4 cm whereas the inci¬ 
dence rises to 25 % for lesions larger than 6 cm. Lesions larger 
than 6 cm and smaller lesions with suspicious criteria on imag¬ 
ing should be resected. Lesions smaller than 4 cm with benign 
imaging characteristics should be followed. For lesions 
between 4 and 6 cm, either resection or observation is accept¬ 
able. Decisions should not be based on size alone, but also on 
imaging characteristics including CT attenuation values. Resec¬ 
tion of secondary adrenal malignancy is not generally recom¬ 
mended except for highly select patients. 


Adrenal Insufficiency 

Adrenal insufficiency reflects inadequate glucocorticoid and 
mineralocorticoid production by the adrenals, either secondary 
to suppression of the HPA axis or by destruction or removal of 
the adrenal glands. The most common causes of primary 
adrenal insufficiency are autoimmune adrenalitis, infection, 
and gland replacement with metastatic disease. Chronic exoge¬ 
nous steroid use with HPA suppression and surgical resection 
of adrenal glands are important causes of secondary adrenal 
insufficiency. 

Clinical signs and symptoms usually do not become mani¬ 
fest until at least 90% of the gland is destroyed. Adrenal insuf¬ 
ficiency usually occurs gradually unless the patient experiences 
stress, which may precipitate acute crisis. 

Signs and Symptoms. Acute adrenal insufficiency usually 
manifests as shock in a patient with undiagnosed chronic 
adrenal insufficiency who has been subjected to physiologic 
stress. Similarly, patients with established adrenal insufficiency 
caused by exogenous steroid use may experience crisis if they 
do not increase glucocorticoid replacement during times of 
stress or illness. Symptoms of adrenal insufficiency reflect glu¬ 
cocorticoid and mineralocorticoid deficiencies. Signs and 
symptoms of acute insufficiency include fever, nausea, vomit¬ 
ing, refractory hypotension, and lethargy (Table 77.7). Acute 
adrenal insufficiency is a medical emergency and should be sus¬ 
pected in stressed patients with a history of either adrenal insuf¬ 
ficiency or exogenous steroid use. Chronic adrenal insufficiency 
presents more subtly, with fatigue, weight loss, anorexia, nau¬ 
sea and vomiting, abdominal pain, and diarrhea. 

Diagnosis. Laboratory findings of adrenal insufficiency 
include hyponatremia, hyperkalemia, azotemia, and fasting or 
reactive hypoglycemia. Hypercalcemia may also be present. 
The rapid ACTH stimulation test is the best test for both acute 
and chronic adrenal insufficiency. Synthetic ACTH (250 fig) is 


TABLE 77.7 DIAGNOSIS 


SYMPTOMS AND SIGNS OF ACUTE ADRENAL 
INSUFFICIENCY 

SYMPTOMS 

■ Lethargy 

■ Confusion or disorientation 

■ Nausea and vomiting 

■ Abdominal pain 

SIGNS 

■ Hypotension 

■ Hyponatremia, hyperkalemia, azotemia, 

■ Hypoglycemia 

■ Fever 

■ Anemia 


administered intravenously, and plasma cortisol levels are mea¬ 
sured 30 and 60 minutes later. Normal peak cortisol response 
should exceed 20 ^ig/dL. Measurement of ACTH by immuno- 
radiometric assay (IRMA) is then used to distinguish primary 
from secondary and tertiary adrenal insufficiency. High plasma 
concentration of ACTH (>200 pg/dL) and low plasma cortisol 
(<10 mg/dL) are diagnostic of primary adrenal insufficiency. 
Low levels of plasma ACTH indicate secondary (pituitary) or 
tertiary (hypothalamic) adrenal insufficiency. 

Treatment. Acute adrenal insufficiency is based on clinical 
suspicion before laboratory confirmation is available. Intra¬ 
venous volume replacement with isotonic fluids and immediate 
intravenous steroid replacement therapy with 4 mg dexa- 
methasone is essential. A rapid ACTH stimulation test is then 
performed to establish the diagnosis of adrenal insufficiency 
after resuscitation and corticosteroid replacement. Hydrocorti¬ 
sone acetate is detected in laboratory measurement for cortisol 
so dexamethasone should be used for replacement of glucocor¬ 
ticoid function until ACTH testing is complete. Thereafter, 100 
mg of hydrocortisone is administered intravenously every 6 to 
8 hours and is tapered to standard replacement doses as the 
patient’s condition stabilizes. Mineralocorticoid replacement is 
not required until oral intake resumes. Chronic adrenal insuffi¬ 
ciency requires both corticosteroid and mineralocorticoid 
replacement. Usual daily dosing is 12 mg/m 2 of hydrocortisone 
and 0.05 to 0.10 mg fludrocortisone. 

Patients who have known adrenal insufficiency or who have 
received supraphysiologic doses of corticosteroid for at least 1 
week in the year preceding surgery should receive perioperative 
stress-dose corticosteroids. Administration of 100 mg hydro¬ 
cortisone the morning of major surgery followed by 100 mg of 
hydrocortisone every 8 hours during the perioperative 24 hours 
is usually more than sufficient. Steroids can be rapidly tapered 
to replacement levels as the patient’s condition permits. 


ADRENALECTOMY 


Surgical approaches to the adrenal glands include the laparo¬ 
scopic approach, the anterior transabdominal approach, and 
less commonly, the combined thoracoabdominal approach or 
posterior retroperitoneal approach. Either adrenal gland can 
be removed using any of these approaches. The choice of 
approach depends on the suspected pathology, the size of the 
adrenal lesion, and the expertise of the surgeon. Small benign- 
appearing tumors that are localized with confidence by imag¬ 
ing studies are resected using a laparoscopic or posterior 
approach. Posterior retroperitoneal adrenalectomy, once the 
most common method of adrenalectomy, is less commonly 
used since most lesions amenable to this approach can be 
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removed laparoscopically. Large adrenal masses and those that 
may harbor malignancy should be resected using an anterior 
approach to adequately explore the entire abdomen and gain 
sufficient exposure for safe resection. Very large adrenocortical 
carcinomas may require a thoracoabdominal approach for en 
bloc resection with involved adjacent structures. Recently, a 
retroperitoneal laparoscopic approach has been advocated as 
an alternative method for small tumors, particularly for 
patients with prior abdominal surgery. 


Laparoscopic Adrenalectomy 

Laparoscopic adrenalectomy is now the preferred approach to 
most small, benign adrenal lesions including functioning and 
nonfunctioning adenomas and pheochromocytomas. Enthusi¬ 
asm for the laparoscopic approach is based on the expectation 
of decreased postoperative pain, faster rehabilitation, and 
fewer complications. Numerous studies have shown the effi¬ 


cacy and safety of this procedure for tumors up to 6 cm. Larger 
lesions can be approached by experienced surgeons in select 
circumstances. It is important that expertise in open adrenalec¬ 
tomy is absolutely necessary for the laparoscopic surgeon to 
convert to an open procedure and promptly rectify any intra¬ 
operative laparoscopic complications. 

Laparoscopic adrenalectomy begins with induction of gen¬ 
eral anesthesia, placement of a urinary catheter and orogastric 
tube, and positioning of the patient in the lateral decubitus 
position with the affected side up. Exposure is facilitated by 
extension of the operating table at the patient’s waist. A total 
of three or four intraperitoneal ports (one camera, one retrac¬ 
tor particularly for the right side, and two working ports) are 
placed at least 5 cm apart in a transverse line from the lateral 
edge of the rectus sheath to the midaxillary line between the 
costal margin and iliac crest (Fig. 77.11 A). Four-quadrant 
exploration of the peritoneal cavity is first performed with the 
videoscope through the medialmost port, and the videoscope 
is then transferred to the middle port. A retractor is placed 





FIGURE 77.11. Incisions for right adrenalectomy. 
Shown are typical incisions for (A) laparoscopic 
approach, (B) open anterior approach, (C) thora¬ 
coabdominal approach, (D) posterior open approach, 
and (E) posterior laparoscopic approach. Incisions 
for left adrenalectomy are positioned opposite. 
(< continued) 
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through the medialmost port to retract the viscera medially. 
Operating instruments are alternately placed within the 
abdomen through the lateral ports. 

Laparoscopic adrenalectomy proceeds similar to the open 
anterior approach. Right adrenalectomy begins with mobiliza¬ 
tion of the liver to open the retroperitoneum and allow retrac¬ 
tion of the right lobe anteriorly and medially using the most 
medial port. The adrenal gland is then identified posterolateral 
to the inferior vena cava and superior to the kidney. Dissection 
usually begins by developing the plane between right adrenal 
and inferior vena cava using careful blunt dissection, with 
small vessels sequentially coagulated using electrosurgical or 
harmonic energy. The right adrenal vein is identified, carefully 
dissected, and then doubly clipped and divided (Fig. 77.12A). 
Dissection then continues circumferentially around the gland 
with additional small vessels coagulated or clipped. The adrenal 
gland subsequently is placed in a bag and removed through an 
expanded port. 



Left adrenalectomy is performed with mirror-image patient 
and port site orientation as right adrenalectomy. After port 
placement, dissection begins with mobilization of the splenic 
flexure of the colon and spleen from the left retroperitoneum. 
Subsequent medial retraction of the spleen, tail of the pancreas, 
and stomach is accomplished with the fan or similar retractor if 
necessary. Often after full mobilization, no retractor is neces¬ 
sary, and thus only three ports are needed. The left adrenal 
gland is identified in perinephric fat at the superior renal pole. 
Intraoperative laparoscopic ultrasound can be useful for this 
on the left side, particularly in Cushing syndrome with the 
associated increased truncal fat. Once identified, left adrenal 
gland dissection proceeds circumferentially around the gland, 
with identification, ligation, and division of the left adrenal 
vein at the inferiormost aspect of the dissection (Fig. 77.12B). 
Care is needed to identify and avoid the inferior phrenic vein, 
which courses along the medial aspect of the left adrenal gland. 
Following circumferential dissection, the gland is removed. 



FIGURE 77.12. Laparoscopic adrenalectomy. Shown are intraoperative views of exposed right (A) and left (B) adrenal pheochromocytomas 
(pheo) in a patient with multiple endocrine neoplasia (MEN)-2 A. Note clips on each adrenal vein. IVC, inferior vena cava. 
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Anterior Approach 

Anterior open adrenalectomy begins with positioning the 
patient in reverse Trendelenburg position with elevation of the 
right flank. An ipsilateral or bilateral subcostal incision allows 
access to either adrenal and facilitates exploration of the 
abdomen (Fig. 77.1 IB). The abdomen is opened and explored 
for evidence of metastatic disease, including biopsy or excision 
of suspicious lesions. Resection of the right adrenal gland pro¬ 
ceeds with full mobilization and anteromedial retraction of the 
right hepatic lobe (Fig. 77.13A). It is important to fully expose 
the retrohepatic inferior vena cava. To uncover the inferior 
vena cava, the right kidney and the right adrenal gland, the 
hepatic flexure, and transverse colon are retracted inferiorly, 
usually without need for extensive mobilization. A Kocher 
maneuver of the duodenum is seldom necessary as the adrenal 
gland is superior to this area. The retroperitoneal space is 
entered behind the liver to expose the adrenal gland. Dissection 
of the gland proceeds from its inferomedial aspect, where small 
feeding arteries are individually clipped and divided. The vena 
cava is carefully dissected along its lateral border, which allows 
identification of the right adrenal vein where it drains directly 
into the inferior vena cava from the anterior aspect of the 
adrenal gland. The adrenal vein is ligated and divided close to 
the vena cava. If necessary because of hemodynamic changes 
during an operation for a pheochromocytoma, the adrenal vein 
is identified and ligated early to avoid catecholamine surges 
and blood pressure fluctuations during manipulation of the 
gland. Once the adrenal vein is ligated, arterial feeding vessels 
are clipped and divided sequentially, beginning at the supero¬ 
lateral aspect of the gland and continuing medially. 

Resection of the left adrenal gland requires mobilization of 
the spleen, tail of pancreas, and left colon. The left colon is 
freed from its peritoneal attachments and is reflected inferi¬ 
orly. The spleen is then delivered from the left upper quadrant 
medially, and the splenocolic ligament is divided. The spleen, 
stomach, and pancreatic tail are retracted medially en bloc to 
expose the left kidney and adrenal (Fig. 77.13B). The left 
adrenal vein is ligated and divided at its junction with the left 
renal vein. The gland is dissected, and the arterial vessels are 
ligated and divided sequentially, beginning at the superolateral 
aspect of the gland and continuing medially. 


Thoracoabdominal Approach 

The thoracoabdominal approach is used for large adrenal lesions 
with invasion of surrounding structures including the liver and 


diaphragm on the right side, and the spleen, pancreatic tail, 
stomach, and diaphragm on the left. The patient is positioned 
with the ipsilateral flank raised and arm extended cephalad. Inci¬ 
sion is made in the 10th or 11th intercostal space beginning at 
the posterior axillary line and is extended toward the midline of 
the abdomen (Fig. 77.11C). Retractors are placed, and subse¬ 
quent adrenalectomy is performed as for the anterior approach. 


Posterior Approach 

With the advent of laparoscopic adrenalectomy, the posterior 
approach is infrequently used. When laparoscopic adrenalec¬ 
tomy is not an option, typically because of extensive prior 
transperitoneal operations, the posterior approach is better tol¬ 
erated and allows faster postoperative recovery compared with 
the anterior approach. A posterior approach becomes increas¬ 
ingly more difficult as tumor size increases and is not recom¬ 
mended for excision of large pheochromocytomas, adrenal 
tumors greater than 6 cm, or adrenal carcinoma. 

The patient is placed prone on the operating table and 
flexed at the waist, which allows the abdominal contents to fall 
away from the retroperitoneum. The incision is made from the 
midline at the 10th rib and is extended inferolaterally to the 
superior border of the posterior iliac crest (Fig. 77.1 ID). Dis¬ 
section proceeds through the subcutaneous fat and latissimus 
dorsi muscle to the lumbodorsal fascia. This fascia is incised 
longitudinally, and the underlying sacrospinalis muscle. The 
sacrospinalis muscle is retracted medially, and the 12th rib and 
vascular bundle are resected as far medially as possible. The 
12th intercostal nerve is preserved and gently retracted superi¬ 
orly. The retroperitoneum is entered and the diaphragm is 
bluntly elevated from the Gerota fascia, the pleura are sepa¬ 
rated from the diaphragm, and the diaphragm is then divided. 
The Gerota fascia is incised, and the kidney is retracted inferi¬ 
orly to expose the adrenal gland. The arterial blood supply is 
controlled first by clipping and ligating numerous arterial ves¬ 
sels, which course posteriorly. The adrenal vein, located deep 
to the arteries, is ligated as it is encountered. On the right, the 
adrenal vein exits from the anterior aspect of the gland and 
courses to the inferior vena cava. Once the adrenal vein is 
divided, the gland is then freed circumferentially from its lat¬ 
eral to medial aspect. The inferior border of the gland is dis¬ 
sected last to maintain attachment to the kidney and allow 
inferior retraction of the gland. The procedure is completed by 
repair of the diaphragm and any incidental pleural defects, 
reapproximation of the lumbodorsal fascia, and closure of the 
skin. 
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FIGURE 77.13. Anterior approach to right (A) and left (B) adrenalectomy. Note position of phrenic vein in relationship to the left adrenal vein 
and tumor. 
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Posterior Retroperitoneal 
Laparoscopic Adrenalectomy 

Posterior retroperitoneal laparoscopic adrenalectomy, also 
known as posterior retroperitoneoscopic adrenalectomy, main¬ 
tains the advantages of a laparoscopic approach while avoiding 
the abdominal cavity. This approach is ideal for patients with 
prior abdominal surgery or for bilateral adrenalectomy as both 
adrenal glands can be removed without repositioning the patient. 

Posterior retroperitoneal laparoscopic adrenalectomy begins 
with placing the patient in the prone jackknife position on a 
spinal table allowing the abdominal contents to hang forward. 
The hips and knees are positioned at 90-degree angles to the 
spine and femur and carefully padded. The first port is placed 
just below the tip of the 12th rib; after the incision is made, the 
retroperitoneal space is entered sharply, a space is created bluntly 
with the index finger, and a blunt 10-mm trocar is placed. A sec¬ 
ond medial 10-mm trocar is placed along the paraspinous 
muscle at a 45-degree angle toward the adrenal gland. A lateral 
5-mm port is placed 5 cm lateral to the first port in a similar fash¬ 
ion (Fig 77.HE). Pneumoretroperitoneum to 20 to 24 mm Hg is 
created with C0 2 to create an adequate working space. The 
videoscope is transferred from the initial middle port to the 
medial port to complete the dissection. The retroperitoneal space 
beneath the diaphragm is created bluntly and sharply. The supe¬ 
rior border of the kidney is immediately identified, and the 
Gerota fascia is entered. The upper pole of the kidney is retracted 
caudally, and the tissue superior to the kidney that contains the 
adrenal gland is completely separated from the kidney. The 
medial dissection is then begun by carefully bluntly dissecting 
medial to the adrenal gland, identifying the adrenal vein, and 
dividing it between clips. Identification of the adrenal vein, par¬ 
ticularly on the right side, is easier than with the transabdominal 
laparoscopic approach. Dissection is completed circumferen¬ 
tially around the gland using electrosurgical or harmonic energy 
to coagulate any small vessels. Once the gland is completely free, 
it is placed in a bag and removed through the middle port. 
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CHAPTER 78 PITUITARY GLAND 

WILLIAM F. CHANDLER, ARIEL L. BARKAN, AND RICARDO V. LLOYD 


KEY POINTS 


Q The hypothalamus of the brain is the principal integrating 
organ for regulating the internal environment of the body, 
and the pituitary is its major link with the organs outside 
the nervous system. 

^The adenohypophysis constitutes 80% of the gland and 
contains the pars distalis, pars tuberalis, and remnant of 
the pars intermedia. 

Q The neurohypophysis, or posterior pituitary, is small and is 
virtually an extension of the hypothalamus of the brain. 

Q Magnetic resonance imaging has evolved as the first choice 
for diagnostic imaging of the pituitary and is often the only 
test needed for a therapeutic decision to be made. 

^The findings of Cushing syndrome often include central 
obesity, hypertension, hirsutism, fatigue, easy bruising, 
striae, moonlike facies, dorsal fat pad, and often depres¬ 


sion or other mental changes. The cause of hypercortisolism 
is an adrenocorticotropic hormone (ACTH)-secreting pitu¬ 
itary adenoma (Cushing disease) in up to 80% of cases; the 
remainder are caused by an adrenocortical tumor or an 
endocrine tumor that secretes ACTH or corticotropin¬ 
releasing hormone. 

Q The three goals of surgery for nonfunctioning macroade¬ 
nomas are establishment of a diagnosis, decompression of 
surrounding structures, and gross total removal of tumor 
tissue, if possible. 

Q The goals of treatment of adenomas secreting growth hor¬ 
mone are to lower the circulating growth hormone and 
insulinlike growth factor-1 (IGF-1) levels to a normal 
range and to reduce the size of the mass lesion that is caus¬ 
ing compression-related symptoms. 
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FIGURE 78.1. Diagram of a 4-week-old 
embryo illustrating how the Rathke pouch 
meets the infundibular process to form the 
anterior and posterior lobes, respectively, 
of the pituitary gland. 
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Mesencephalon 
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The pituitary gland, or hypophysis, is a remarkably complex 
way station in the connection between the brain and a wide 
Q range of organs throughout the body. The hypothalamus of 
the brain is the principal integrating organ for regulating the 
internal environment of the body, and the pituitary is its major 
link with the organs outside the nervous system. The pituitary 
has been called the “master gland”; even with advances in 
modern neuroendocrinology, it remains worthy of that 
description. 


EMBRYOLOGY, ANATOMY, 
AND PHYSIOLOGY 


By the fourth week of gestation, an evagination develops in the 
roof of the stomodeal depression that is lined by ectodermal 
cells of the cavity destined to become the pharynx (Fig. 78.1). 
This structure is known as the Rathke pouch. At the same 
time, a depression develops in the floor of the diencephalon; 
this is called the infundibular process. It too is lined with ecto¬ 
dermal cells. These are cells of the future diencephalic portion 
of the brain and, therefore, are more similar to the cells of cen¬ 
tral nervous system tissue. During a period of weeks, the two 
structures grow to meet each other—the infundibular process 
forming the neurohypophysis (pars neuralis) and the Rathke 
pouch forming the adenohypophysis (pars distalis). In lower 
animals, an intermediary lobe (pars intermedia) also forms, 
but in humans this is present only as a minor cleft. As the ade¬ 
nohypophysis enlarges, its upper portion (pars tuberalis) par¬ 
tially surrounds the stalk connecting the pituitary to the brain. 
Eventually, the connection between the adenohypophysis and 
the oral cavity disappears, but occasionally ectopic remnants 
of nonfunctioning pituitary cells, known as pharyngeal pitu¬ 
itary tissue , are left along its path. 

In an adult, the dimensions of the hypophysis are 6 X 9 X 
12 mm, and it weighs about 0.6 g. It enlarges during preg- 
Q nancy and weighs up to 1 g in multiparous women. The adeno¬ 
hypophysis constitutes 80% of the gland and contains the pars 
distalis, pars tuberalis, and remnant of the pars intermedia. The 
pars distalis is the major functional portion of the adenohy¬ 
pophysis, and in this chapter, it is considered synonymous with 
Q the adenohypophysis, or anterior pituitary. The neurohypoph¬ 
ysis, or posterior pituitary, is small and is virtually an extension 
of the hypothalamus of the brain. 

The combined neurohypophysis and adenohypophysis are 
connected to the base of the brain by a common stalk (Fig. 
78.2A). The stalk blends into the median eminence of the hypo¬ 
thalamus and serves to transport both hormone-rich portal 
blood to the adenohypophysis and nerve fibers to the neurohy¬ 
pophysis. The optic chiasm lies directly above the pituitary, just 
anterior to the stalk; thus, it is vulnerable to compression by a 


pituitary tumor. The supraoptic and paraventricular nuclei of 
the hypothalamus are depicted in Figure 78.2A because they 
are the principal locations of cell bodies with axons directed 
toward the neurohypophysis. 

The median eminence is where hormonal contributions from 
axons originating in various nuclei of the hypothalamus enter 
blood destined for the adenohypophysis (Fig. 78.2B). Blood 
reaches this region primarily through the superior hypophyseal 
artery and flows into gomitoli, which are small capillary plexuses 
within the median eminence through which hormones enter the 
blood. The blood then travels through the portal system to the 
adenohypophysis, where the hormones modulate the activity of 
secretory cells. These cells, in turn, secrete hormones into the gen¬ 
eral circulation to stimulate end organs. This system comprises 
the hormones listed in Table 78.1. Each of these hormonal com¬ 
binations constitutes a feedback system in which the brain 
(hypothalamus) senses the level of end-organ hormone output 
and, in turn, positively or negatively adjusts the secretion of the 
various hypothalamic hormones into the portal system. 

The neurohypophysis differs significantly from the adenohy¬ 
pophysis in that it does not receive controlling hormones by 
means of the portal system but rather by direct transport 
through nerve fibers. The principal input into the neurohypoph¬ 
ysis is via the supraoptic-hypophyseal tract, which arises from 
cells within the supraoptic and paraventricular nuclei. The 
tuberohypophyseal tract, which originates from the central and 
posterior portions of the hypothalamus, also contributes input to 
the neurohypophysis. These tracts carry both antidiuretic hor¬ 
mone (ADH; vasopressin) and oxytocin. ADH is secreted into 
the general circulation and causes the kidneys to reabsorb free 
water. Elevated levels of ADH (syndrome of inappropriate ADH 
secretion) cause water retention and hyponatremia, and inade¬ 
quate levels of ADH (diabetes insipidus) cause dehydration and 
hypernatremia. Interestingly, surgical loss of the neurohypophysis 
does not usually result in diabetes insipidus because the stalk 
itself can still secrete ADH into the circulation. The feedback 
mechanism to the brain for release of ADH is mainly serum 
osmolarity, with hyperosmolar conditions causing the release of 
ADH and retention of water. Blood volume also affects the 
release of ADH; thus, hemorrhage causes water retention. Oxy¬ 
tocin functions only during pregnancy and causes both uterine 
contractions and milk letdown within the breasts. 

The gross surgical anatomy of the pituitary is also critical to 
the surgeon because the pituitary is closely surrounded by a 
number of important structures. Figure 78.3A illustrates the 
coronal cross section of the anatomy of the pituitary as viewed 
from the front. The pituitary sits within the bony confines of 
the sella turcica (“Turkish saddle”) and is bordered laterally by 
the cavernous sinuses (venous), inferiorly and anteriorly by the 
sphenoid sinus (air), posteriorly by the dorsum sellae, and supe¬ 
riorly by the membranous diaphragma sellae. The cavernous 
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FIGURE 78.2. A: Schematic diagram 
of the pituitary and floor of the third 
ventricle as seen in a midline sagittal 
view. Anterior is to the left. B: Physiol¬ 
ogy of hormone release. The adenohy¬ 
pophysis receives releasing hormones 
through a portal venous system, and the 
neurohypophysis receives hormones 
directly from hypothalamic nuclei by 
means of neurons. 



Blood from 
neurohypophysis 


sinuses each contain the siphon region of the internal carotid 
artery and portions of cranial nerves III, IV, V, and VI, all 
within a venous plexus. The optic chiasm lies 10 to 15 mm 
above the diaphragma sellae. Directly below the anterior and 
inferior portions of the sella is the aerated sphenoid sinus. This 
is sufficiently large in 97% of patients to allow a transnasal, 
transsphenoidal surgical approach to the pituitary (Fig. 78.3B). 


METHODS OF CELL ANALYSIS 


Pituitary adenomas have been classified historically as acid¬ 
ophilic, basophilic, and chromophobic. Adenomas may show 
a variable staining pattern with conventional hematoxylin and 
eosin dyes, so it is difficult to classify adenomas based on these 
stains. For example, prolactinomas and sparsely granulated 
growth hormone adenomas may be acidophilic or chromo¬ 
phobic after hematoxylin and eosin staining (Table 78.2). 
Immunohistochemistry, ultrastructural studies, and in situ 
hybridization analyses for specific hormones are the most reli¬ 
able methods of classifying pituitary adenomas today. 


Other conventional stains that help in the analysis of pitu¬ 
itary adenomas include the reticulin stain, which helps to dis¬ 
tinguish between pituitary hyperplasia and adenomas. The 
normal reticulin pattern is retained in hyperplasia and is simi¬ 
lar to normal pituitary tissue, but it becomes disrupted in neo¬ 
plasia. The periodic acid-Schiff reaction stains carbohydrates 
in adrenocorticotropic hormone (ACTH)-, thyroid-stimulating 
hormone (TSH)-, follicle-stimulating hormone (FSH)-, and 
luteinizing hormone (LH)-producing tumors. 

The ultrastructural analysis of pituitary adenomas provides 
a great deal of information about size and type of secretory 
granules, cellular synthetic activity, and unique features of spe¬ 
cific adenoma subtypes. For example, misplaced exocytosis 
occurs in prolactin-producing tumors, type I microfilaments 
are present in ACTH-producing tumors, and abundant mito¬ 
chondria are characteristic of oncocytic null cell adenomas. 
The unique honeycomb pattern of the Golgi complex is a dis¬ 
tinct morphologic feature of FSH/LH-producing adenomas in 
women. 1 Because of the pleomorphism and variations in size 
that are typical of secretory granules, the classification of ade¬ 
nomas is more reliably based on immunohistochemical findings 
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ITABLE 78.1 

DIAGNOSIS | 

HORMONES INVOLVED IN END-ORGAN STIMULATION 

■ HORMONE 

■ FUNCTION 

Thyrotropin-releasing 
hormone (TRH) 

Stimulates the secretion of 
thyroid-stimulating hormone 
(TSH) 

Corticotropin-releasing 
hormone (CRH) 

Stimulates the release of 
adrenocorticotropic hormone 
(ACTH) 

Growth hormone¬ 
releasing hormone 
(GHRH) 

Stimulates the secretion of 
growth hormone (GH) 

Gonadotropin-releasing 
hormone (GnRH) 

Stimulates the secretion of 
luteinizing hormone (LH) and 
follicle-stimulating hormone 
(FSH) 

Prolactin-inhibitory 
factor (dopamine) 

Inhibits secretion of prolactin 

Somatostatin 

Inhibits the secretion of GH 
and, in part, TSH 



FIGURE 78.4. Immunohistochemical staining of an adrenocorti¬ 
cotropic hormone (ACTH)-producing adenoma ( A ) from a patient 
with Cushing disease. The normal pituitary tissue on the left contains 
a few ACTH-positive cells (arrow). Magnification X250. 


at the light microscopic and ultrastructural levels than on the 
ultrastructural morphologic appearance of secretory granules. 

The immunohistochemical staining of pituitary adenomas 
with specific antibodies is a reliable method for classifying ade¬ 
nomas according to the hormones that are being produced 
(Fig. 78.4). Highly purified polyclonal and monoclonal anti¬ 


bodies against prolactin, growth hormone (GH), ACTH, FSH- 
/3, LH-/3, and TSH-/3 are available for immunohistochemical 
staining. Many studies with these antibodies have revealed that 
some pituitary tumors are composed of several cell types that 
produce various hormones. 1 Ultrastructural immunohistochem- 
istry provides a further degree of refinement in the classification 


FIGURE 78.3. A: Midpituitary coro¬ 
nal view of parasellar region. The 
sphenoid sinus is below and the cav¬ 
ernous sinuses are lateral. B: Mid- 
sagittal view of pituitary and sur¬ 
rounding bony structures. Note the 
approach for transsphenoidal surgery. 
Anterior is to the left. 
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TABLE 78.2 


FUNCTIONAL PITUITARY ADENOMAS: PATHOLOGIC FINDINGS 



and study of adenomas, because the exact site of hormone 
storage in secretory granules and the subcellular sites of pro¬ 
duction and processing in the rough endoplasmic reticulum 
and Golgi regions can be visualized with this technique. 

Some adenomas may not store specific hormones, so 
immunohistochemical staining may be weak or absent. Mes¬ 
senger ribonucleic acid (mRNA) is usually present in the cyto¬ 
plasm of adenomas. The localization of mRNA for specific 
protein hormones is becoming more widely used in the study 
and classification of pituitary adenomas. In situ hybridization 
studies have shown that many GH-producing adenomas in 
patients with acromegaly also express prolactin mRNA. 2 
Recent studies with microRNAs using polymerase chain reac¬ 
tion methods have demonstrated the importance of specific 
microRNA in pituitary tumor development. 3 In situ and 
Northern hybridization studies have contributed to the under¬ 
standing of adenoma subtypes. Null cell adenomas, which 
constitute up to 15% of pituitary neoplasms, commonly 
express the mRNA for gonadotropic hormones. 


IMAGING OF THE PITUITARY 
AND PARASELLAR REGION 


Modern, computerized imaging technology now provides 
remarkably detailed multiplanar images of the pituitary and 
Q parasellar structures. Magnetic resonance imaging (MRI) has 
evolved as the first choice for diagnostic imaging and is often 
the only test needed to make a therapeutic decision. With the 
intravenous infusion of a paramagnetic substance (e.g., 
gadolinium), MRI demonstrates intrasellar tumors as small as 
5 mm and shows the growth pattern of larger tumors. It reveals 
the extent of suprasellar and sphenoid sinus extension, in addi¬ 
tion to lateral extension into the cavernous sinuses (Fig. 78.5). 


Cysts and hemorrhages can be differentiated, as can blood 
flowing within an aneurysm. 

Computed tomography (CT) also has a place in pituitary 
imaging and, if MRI is unavailable, may well suffice as the only 
mode of imaging. CT shows calcification better than MRI and, 
thus, is often helpful in imaging a craniopharyngioma. CT, even 
with intravenous contrast, cannot differentiate an aneurysm, so 
MRI or angiography must be performed if this is suspected. 

Plain skull radiographs are not needed if the diagnosis has 
been reached by CT or MRI, but they remain a way to identify 
incidental lesions. A pituitary macroadenoma (>10 mm) 
causes enlargement of the sella turcica, which can easily be 
observed on a plain lateral skull radiograph. If this finding is 
noted on a radiograph performed for any reason (e.g., trauma), 
a more detailed study (e.g., MRI or CT) should be obtained. 

Angiography is performed only if an aneurysm is suspected 
or if a lesion is so large that occlusion or compression of one 
or both internal carotid arteries is in question. 


CLINICAL AND ENDOCRINE 
EVALUATION 


General Clinical Signs and Symptoms 

Patients with pituitary lesions may present with symptoms and 
signs related to a mass effect on the pituitary and its surround¬ 
ing structures, hypersecretion of hormones by the lesion itself, 
or a combination of both. Tumors or other mass lesions are 
generally larger than 1 cm before they produce symptoms 
related to compression. As a lesion enlarges, it may cause a 
loss of pituitary function, usually manifested by a decrease in 
hormone secretion from the adenohypophysis. This may result 
in a loss of TSH and subsequent hypothyroidism. A decrease 
in ACTH results in low serum cortisol levels, and a decrease in 
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FIGURE 78.5. A: Midpituitary coronal magnetic resonance imaging (MRI) shows a pituitary macroadenoma (M). B: Postoperative MRI demon¬ 
strates gross total resection of tumor with cerebrospinal fluid in the sella. 


LH and FSH causes amenorrhea in women and hypogonadism 
in men. A decline in GH is noted only in children with a loss 
of normal growth progress. 

The one exception to this pattern is that generalized pitu¬ 
itary compression may cause a rise in prolactin levels because 
the secretion of prolactin-inhibitory factor (dopamine) from 
the hypothalamus or its delivery to the lactotropes may be 
compromised by the compression. Generalized compression 
from within the sella rarely results in a loss of ADH from the 
neurohypophysis and subsequent diabetes insipidus. Lesions 
that originate in the region of the pituitary stalk, however, 
often present with early signs of diabetes insipidus. Symptoms 
related to a loss of pituitary function are usually insidious in 
onset, except for those of sudden hemorrhage within the sella, 
or so-called pituitary apoplexy. Such hemorrhages are usually 
associated with a pituitary adenoma. 

When mass lesions in the region of the pituitary enlarge, 
they may compress or invade nearby structures and cause 
symptoms unrelated to endocrine function. As tumors or other 
lesions grow laterally from the sella, they encounter the vari¬ 
ous contents of the cavernous sinuses. These include the third, 
fourth, first two divisions of the fifth, and sixth cranial nerves, 
in addition to the internal carotid artery. Compression of 
cranial nerves III, IV, or VI causes diplopia, and compression of 
cranial nerve V causes ipsilateral facial numbness. Invasion or 
constriction of the carotid artery may cause occlusion of this 
vessel, which in rare cases results in cerebral infarction. Upward 
growth of a tumor, which is relatively unrestricted, is much 
more common and often results in compression of the optic chi¬ 
asm and loss of vision, typically a bitemporal hemianopsia. 
Extensive upward intracranial growth may compress the hypo¬ 
thalamus or the third ventricle and cause hydrocephalus. Rarely, 
intracranial extension results in cortical irritation and associ¬ 
ated seizures. Downward growth of tumors into the sphenoid 
sinus is common but causes no clinical symptoms or signs. 

The syndromes associated with hypersecretion of pituitary 
hormones include Cushing disease (ACTH), acromegaly (GH), 
hyperprolactinemia (prolactin), and Nelson syndrome (ACTH 
after adrenalectomy). Rare cases of TSH-secreting adenomas 
have been documented. Traditionally, pituitary adenomas have 
been divided into nonfunctioning and functioning tumors, but 
it has become clear through immunohistochemical studies that 
many nonfunctioning tumors are in fact endocrinologically 
active. Although secreted hormones may not cause clinical 
symptoms or signs, they may serve as a marker for the presence 
of a tumor before and after treatment. 


General Endocrine Evaluation 


The extent of the endocrine evaluation of a patient with a pitu¬ 
itary lesion depends on the urgency of the situation (e.g., 
impaired vision) and whether a hypersecretory state is sus¬ 
pected. If time permits, a careful evaluation of the endocrine sta¬ 
tus is warranted, including testing of pituitary reserve. Although 
this is most critical after treatment, it is ideal to obtain a com¬ 
plete pretreatment evaluation for comparison. A pituitary 
endocrine evaluation should include baseline values for pro¬ 
lactin, GH, insulinlike growth factor-1 (IGF-1), LH, FSH, 
testosterone, morning cortisol, ACTH, electrolytes, and glu¬ 
cose. Thyroid function tests, including TSH and free thyroxine 
(T 4 ), should be performed. Because baseline values may not 
reflect the ability of the pituitary to respond to stress, it is some¬ 
times necessary to test the reserve capacity of the pituitary. The 
most efficient way to do this is to administer insulin to induce 
hypoglycemia. Provided the patient has no contraindication to 
transient hypoglycemia (i.e., ischemic heart disease, cerebrovas¬ 
cular disease, or seizure disorder), insulin is given in a dose of 
0.10 to 0.15 IU/kg, such that the serum glucose falls below 
40 mg/dL. In the patient with normal pituitary function, tran¬ 
sient hypoglycemia causes a rise in cortisol to above 20 jig/dL 
and a rise in GH to above 10 /jl g/L. In patients with compro¬ 
mised ACTH or GH production, a response is not noted. 

If urgent surgical decompression is indicated, the previously 
mentioned baseline values are obtained, and the patient is pre¬ 
pared for surgery with sufficient hydrocortisone to cover the 
possibility of inadequate cortisol response to stress. Careful 
postoperative evaluation is then carried out to determine if 
long-term replacement therapy is needed. If the patient receives 
postoperative radiation therapy, the status of the pituitary 
should be checked periodically during the following years 
because pituitary function may slowly decline after radiation 
exposure. 

If diabetes insipidus is suspected, urine and serum osmolal¬ 
ity and serum sodium should be assessed, and fluid intake and 
output should be carefully evaluated. 


Cushing Disease 

Although the diagnosis of hypercortisolism (Cushing syn¬ 
drome) is often determined after physical examination by an 
astute physician, sometimes the physical manifestations are 
not obvious. Often, the precise cause of hypercortisolism is 
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difficult to ascertain, even with detailed endocrine testing and 
Q imaging. The findings of Cushing syndrome often include cen¬ 
tral obesity, hypertension, hirsutism, fatigue, thin skin, easy 
bruising, striae, moonlike facies, dorsal fat pad, and depres¬ 
sion or other mental changes. Less common abnormalities 
include headache, osteoporosis, diabetes mellitus, galactor¬ 
rhea, and amenorrhea. Often, a patient presents without the 
classic Cushingoid appearance and complains only of severe 
fatigue or depression. 

The cause of hypercortisolism is an ACTH-secreting pitu¬ 
itary adenoma (Cushing disease) in up to 80% of cases; the 
remainder are caused by an adrenocortical tumor or an 
endocrine tumor that secretes ACTH or corticotropin-releasing 
hormone. Pituitary-dependent hypercortisolism is much more 
common in women (80%), and an ectopic cause is more com¬ 
mon in men (80%). Thus, if an adult man presents with a 
rapid onset of Cushing syndrome, particularly with weight 
loss, hypertension, edema, or hypokalemia, an ectopic neo¬ 
plasm must be strongly considered. Increased cortisol levels 
can occur in patients with primary depression, alcoholism, 
obesity, or drugs such as estrogens and phenytoin. 

Because imaging studies are nondiagnostic in up to 60% of 
patients with pituitary disorders, the diagnosis is often based 
completely on the results of endocrine testing. 4 Multiple mea¬ 
surements of cortisol and ACTH to evaluate the diurnal pattern 
are important but often misleading. They are mainly of value 
when clearly elevated. Urinary free cortisol excretion over 24 
hours is an extremely important measurement, but it may also 
be elevated in cases of depression or alcoholism. Undetectable 
plasma or urinary cortisol in a patient with clinically florid 
Cushing syndrome is unequivocal evidence of exogenous 
steroid therapy (“iatrogenic Cushing syndrome”). When the 
result of the overnight dexamethasone screening test (1 mg at 
11:00 PM) is an 8:00 AM serum cortisol level below 1.8 /rg/dL, 
hypercortisolism is rarely present. The recent development of 
the salivary cortisol assay permits spot measurement of the free 
circulating cortisol concentration. Elevated salivary cortisol at 
11:00 PM appears to provide strong evidence in favor of endoge¬ 
nous hypercortisolism. The differential diagnosis starts with 
measurements of plasma cortisol and ACTH: undetectable 
ACTH in a patient with clinical Cushing syndrome and elevated 
cortisol establishes the diagnosis of a cortisol-producing adrenal 
tumor. Plasma ACTH above 200 pg/mL and certainly above 
500 pg/mL strongly suggests an ectopic source of ACTH. Most 
patients with Cushing disease have ACTH within the normal or 
slightly elevated range. The overlap with the cases of ectopic 
ACTH secretion, however, is significant and poses the greatest 
diagnostic difficulty. Generally, the cortisol level of patients with 
a pituitary cause of hypercortisolism is not suppressed with the 
low-dose dexamethasone test (0.5 mg given every 6 hours for 
2 days), but is with the higher dose (2 mg given every 6 hours 
for 2 days). The cortisol level of patients with adrenal or ectopic 
disorders classically is not suppressed with either dose. There 
are exceptions with both of these tests (Algorithm 78.1). 

When metyrapone is given, a rise in serum 11-deoxycortisol 
(or urinary 17-hydroxycorticosteroids) follows in normal 
patients or those with Cushing disease, but not in those with 
adrenal tumors of ectopic ACTH secretion. A positive 
response, however, does not absolutely rule out an adrenal or 
ectopic source of hypercortisolism. The most specific differen¬ 
tial diagnostic test to distinguish an ectopic ACTH source 
from Cushing disease is the measurement of ACTH levels in 
both inferior petrosal sinuses by transfemoral catheterization, 
along with simultaneous measurement of peripheral blood lev¬ 
els. This should be done prior to and 2 to 10 minutes after an 
intravenous bolus of corticotropin-releasing hormone. This 
provides convincing evidence for the existence of an ACTH- 
secreting pituitary tumor. 5 Inferior petrosal sinus sampling 
should be carried out in every case of suspected Cushing 
disease when MRI results are not definitive for a tumor. If the 
results of standard endocrine testing are conclusive for hyper- 


cortisolism and indicate a pituitary source and if MRI clearly 
shows a tumor, then invasive petrosal sinus sampling is not 
necessary before surgery. 


Nelson Syndrome 

In 1958, Nelson et al. identified a syndrome of progressive 
hyperpigmentation, visual field loss, and amenorrhea associ¬ 
ated with elevated ACTH levels related to an ACTH-secreting 
pituitary adenoma in a patient who had undergone bilateral 
adrenalectomy for hypercortisolism. 6 This syndrome today 
generally represents a missed diagnosis of Cushing disease that 
has been treated with adrenalectomy. Often these tumors are 
aggressive or occasionally malignant. 


Acromegaly 

Like Cushing syndrome, acromegaly can be diagnosed clini¬ 
cally when patients present with advanced stages of the disease. 
The enlargement of the facial features and extremities may be 
subtle, and the presenting symptoms may be nonspecific 
headaches, fatigue, arthralgias, decreased libido, or amenor¬ 
rhea. Patients often have hypertension, diabetes mellitus, and 
an early onset of atherosclerotic cardiovascular disease. It is 
critical that this disease be diagnosed and treated because the 
associated mortality rate is 50% above normal per decade 
beyond the age of 40 years. With rare exceptions, the cause of 
acromegaly is a GH-secreting pituitary adenoma. Like other 
functioning adenomas, the tumors may be either small or large 
and invasive. Patients with larger tumors may present with 
visual loss. Rarely, elevated GH levels are secondary to the 
production of GH-releasing hormone by an ectopic tumor. 

The endocrine diagnosis now rests largely on serum levels 
of IGF-1, also known as somatomedin C. Even though 90% of 
patients with acromegaly have GH levels higher than 10 
ng/mL, and although GH in a resting, nonstressed patient is 
normally below 5 ng/mL, both normal patients and patients 
with acromegaly may have levels below 5 ng/mL. 7 IGF-1, 
which mediates the effect of GH on peripheral tissues, should 
be measured in all circumstances in which acromegaly is sus¬ 
pected (Algorithm 78.2). 


Hyperprolactinemia 

Because 60% to 70% of prolactin-secreting pituitary adeno¬ 
mas are microadenomas, most patients present with endocrine 
symptoms rather than local mass effects. Hyperprolactinemia 
in women usually causes amenorrhea and often galactorrhea; 
thus, young women have a reason to seek medical evaluation 
while the tumor is still at an early stage. Because men do not 
have these early warning signs, they almost invariably present 
with macroadenomas associated with loss of libido, infertility, 
or loss of vision. The finding of amenorrhea or galactorrhea 
together with an elevated prolactin level does not always indi¬ 
cate the presence of a pituitary tumor. Table 78.3 lists other 
possible causes of hyperprolactinemia. Most important among 
these are renal failure, hypothyroidism, and the use of various 
drugs. Compression of the pituitary stalk by any type of mass 
lesion results in an increased secretion of prolactin. If the pro¬ 
lactin level is above 200 ng/mL, a pituitary tumor is almost 
invariably the cause, but microadenomas are often associated 
with prolactin levels below 100 ng/mL. The size of pituitary 
adenomas correlates with the degree of prolactin elevation; 
levels may reach thousands of nanograms per milliliter. No 
reliable provocative tests are available to differentiate pro¬ 
lactinomas from other causes of hyperprolactinemia, so the 
diagnosis relies on ruling out other causes and imaging the 
adenoma (Algorithm 78.3). 


ENDOCRINE 










1352 


Part Two: Surgical Practice 



Clinical suspicion of Cushing Disease 





24 hour urinary 

free cortisol collection X 2 

i 

1 




Normal 

1 


Elevated 




Cushing Disease 

1 

MRI Pituitary 



unlikely 


,- L 

-1 





1 

No tumor 

1 

Tumor 

1 





Low-dose dexamethasone 

1 

Surgery 





suppression test 

L 





Suppress 

1 

No suppression 




1 

Cushing Disease 

High-dose dexamethasone 




unlikely 

suppression test 

L 





1 

Suppress 

1 


-1 

1 

No suppression 

1 




Probable 


1 

Probable ectopic or 




Cushing Disease 


adrenal tumor 

1 




Inferior petrosal sinus 


CT chest 




sampling for ACTH 

L 


and adrenals 

1 



r~ 

Postive 

1. 

Negative 

r 

Negative 


n 

Tumor 

1 


Surgery on 

Observe closely 

1 

Surgery 


pituitary 







ALGORITHM 78.1 




ALGORITHM 78.1. Workup and treatment of Cushing disease. 


Currently, prolactin is measured by immunoradiometric 
(IRMA) or immunoluminometric (ILMA) assays, both employ¬ 
ing two-site technology. These assays offer rapid and accurate 
measurement, but suffer from the pitfall of the so-called “hook 
effect.” At very high prolactin concentrations the assay may 
report falsely normal or only slightly elevated values. Thus, in 
any patient having a large pituitary mass (usually >4 cm) that 
has the potential for being a pituitary adenoma, prolactin 
needs to be measured in a 1:1,000 diluted sample. Failure to 
do so may lead to an erroneous diagnosis of a nonfunctioning 
adenoma and inappropriate surgery instead of medical treat¬ 
ment with a dopamine agonist. 


DIFFERENTIAL DIAGNOSIS 

Table 78.4 lists the possible lesions that may occur within the 
sella or in the parasellar region. Pituitary adenomas head the 
list, because they are the most common lesion in this region and 


constitute 8% to 10% of all intracranial tumors. In the report 
of the Central Brain Tumor Registry of the United States 
(CBTRUS) for 2000-2004, pituitary tumors are the most com¬ 
mon intracranial tumor in the 20- to 34-year age group and the 
second most common tumor in the 34- to 44-year age group. 8 
They are 30% more common in the black population. 

Occasionally, they are cystic and confused with other 
lesions. Craniopharyngiomas are the next most common 
tumor, and although more often suprasellar in location, they 
may be exclusively intrasellar. They are more common in chil¬ 
dren, but up to one third occur in adults. They are usually cys¬ 
tic and are calcified in 70% of children and 40% of adults. 
Meningiomas are also more commonly suprasellar and 
enhance strongly on CT and MRI. Germinomas, or so-called 
ectopic pinealomas, generally involve the pituitary stalk and 
often cause diabetes insipidus. If a patient presents with dia¬ 
betes insipidus, the lesion is likely something other than a pitu¬ 
itary adenoma. Metastatic malignancies, commonly from lung 
and breast primary tumors, may be found in the pituitary, with 
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ALGORITHM 78.2. Workup and treatment of acromegaly. 


TABLE 78.3 ETIOLOGY 


CAUSES OF HYPERPROLACTINEMIA 

Pituitary disease 
Prolactinoma 

Growth hormone-secreting adenoma 
Pituitary stalk section (any concomitant structural lesion) 
Empty sella syndrome 
Hypothalamic disease 
Tumors 
Sarcoidosis 
Radiation 

Primary hypothyroidism (severe) 

Chronic renal failure 
Hepatic disease 
Drugs 

Phenothiazines 
Metoclopramide 
Tricyclic antidepressants 
Estrogen 
Opiates 
Reserpine 
Verapamil 
Others 
Pregnancy 
Stress 


70% residing in the posterior pituitary. Optic nerve gliomas 
and hypothalamic gliomas may occasionally be confused with 
pituitary adenomas, as can the rare granular cell tumor (cho- 
ristoma). Dermoids and epidermoids may occur within the 
sella, and fifth nerve neuromas may compress the sella. 

Rathke cysts are benign congenital remnants that develop 
within the sella and can cause a loss of pituitary function by 
local compression. These can be confused on imaging studies 
with cystic adenomas or craniopharyngiomas, and biopsy and 
surgical decompression is required if the cyst is enlarging or 
causing symptoms. 

Inflammatory and granulomatous processes include bacter¬ 
ial abscesses within the sella and hypophysitis. Sarcoidosis 
may involve the pituitary or its stalk, as can the granulomas 
associated with Langerhans granulomatosis (histiocytosis X). 
Hamartomas may involve the pituitary stalk and hypothala¬ 
mus and are impossible to differentiate from invasive gliomas 
on imaging studies. 

Aneurysms, usually from the internal carotid arteries but 
occasionally from the basilar artery, may appear within the sella 
and must be ruled out preoperatively with MRI or angiography. 

The empty-sella syndrome is generally just an anatomic vari¬ 
ation that rarely causes symptoms. If a patient with headaches 
or head trauma undergoes skull radiography or CT, an enlarged 
sella may be found. With high-resolution MRI, usually the elon¬ 
gated stalk reaches the sellar floor, so that a cystic lesion can be 
ruled out. A contrast cisternogram may be used to visualize 
cerebrospinal fluid within the sella if necessary. 

Pituitary apoplexy occurs symptomatically only rarely but 
may cause a profound and emergent situation. Infarction and 
hemorrhage, usually in a preexisting pituitary adenoma, cause 
a sudden intrasellar expansion with severe headache and a 
rapid loss of pituitary function, resulting in hypotension. A 
sudden loss of vision and other cranial nerve palsies may also 
develop. Treatment in severe cases involves the administration 
of steroids and surgical decompression of the sella. Smaller 
hemorrhages may be managed medically with hormone 
replacement and serial imaging. 
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ALGORITHM 78.3 

ALGORITHM 78.3. Diagnostic tests and treatment for hyperprolactinemia. 


TREATMENT AND RESULTS 


The treatment of primary pituitary adenomas is generally sur¬ 
gical, although there are certain exceptions. Even with modern 
imaging techniques, the unequivocal diagnosis of an adenoma 
is not reached until tissue is obtained. As shown in Table 78.4, 
the list of possible parasellar lesions is extensive. Along with 
surgical removal or decompression of pituitary adenomas, 
additional treatment in the form of radiation or medical ther¬ 
apy is often indicated. In addition to treatment directed at the 
primary lesion, it is critical to assess pituitary function thor¬ 
oughly before and after treatment to decide whether hormone 
replacement is indicated. 

More than 95% of pituitary adenomas can be approached 
by the transsphenoidal route, usually through a transnasal 
approach to the sphenoid sinus using the three-dimensional 
operating microscope. Some pituitary surgeons choose to use 
the two-dimensional endoscope during part or all of the 
surgery. Once the sphenoid sinus is entered, the anterior wall 
of the sella is carefully drilled away, and the dura surrounding Q 
the pituitary is identified. The dura is opened, and if a 
macroadenoma is present, the tumor is usually identified 
directly beneath the dura. If a microadenoma is present, the 
surgeon must carefully dissect around and often through the 
pituitary to identify the small tumor. In selected cases, it is 
helpful to use a frameless stereotactic system to define the 
anatomy of the sella and to localize a small tumor. This 
requires that either preoperative or intraoperative CT or MRI 
be entered into one of several commercially available frameless 
stereotactic systems. 9 This three-dimensional precise localizing 
system adds to the safety of the transsphenoidal approach and 


reduces the chance of injury to surrounding structures, such as 
the carotid arteries or the cavernous sinuses. 

Contraindications to the transsphenoidal approach, and 
therefore indications for a craniotomy, include massive 
suprasellar extension, extensive lateral intracranial extension, 
and the rare dumbbell-shaped tumor with a tight construction 
at the level of the diaphragma sellae. If a craniotomy is neces¬ 
sary, a right subfrontal approach to the optic nerve and chiasm 
is required; the tumor is removed in a piecemeal fashion with 
use of the operating microscope and microinstruments. 


NONFUNCTIONING ADENOMAS 

Because patients with nonfunctioning adenomas usually pre¬ 
sent with the effects of a mass lesion, these tumors are rarely 
microadenomas. Although their location can be either exclu¬ 
sively intrasellar or extensively suprasellar, almost all of these 
tumors are currently approached via the transsphenoidal 
route. 

The three goals of surgery for nonfunctioning macroadeno¬ 
mas are establishment of a diagnosis, decompression of sur¬ 
rounding structures, and gross total removal of tumor tissue, if 
possible. The first goal is usually accomplished easily, and 
although most tumors turn out to be adenomas, surprise find¬ 
ings are not unusual. Decompression is also usually accom¬ 
plished readily because most tumors are soft and easily 
removed. Eewer than 5% of adenomas are so fibrous that 
decompression is difficult. Evidence of adequate decompres¬ 
sion is the consistent finding that 75% to 80% of patients with 
visual field loss show recovery after transsphenoidal tumor 
removal. 10 The third goal, total tumor resection, is much more 
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TABLE 78.4 DIAGNOSIS 


DIFFERENTIAL DIAGNOSIS OF INTRASELLAR AND 
PARASELLAR LESIONS 

Tumors 

Pituitary adenoma 

Craniopharyngioma 

Meningioma 

Lymphoma 

Germinoma 

Chordoma 

Granular cell tumor (choristoma) 

Neuroma (arising from cranial nerve V) 
Metastatic 
Optic nerve glioma 
Epidermoid 
Dermoid 
Infun dibuloma 
Hypothalamic glioma 
Cysts 

Rathke cleft cyst 
Pituitary cyst 

Inflammatory and granulomatous lesions 
Bacterial abscess 
Sarcoidosis 

Eosinophilic granuloma (histiocytosis X) 

Tuberculosis 

Mycoses 

Granulomatous hypophysitis 
Aneurysm 
Hamartoma 
Empty sella syndrome 
Pituitary apoplexy 


difficult to accomplish with macroadenomas. Most macroade¬ 
nomas (88% to 94%) invade at least the dura mater, and many 
grossly invade surrounding structures. Such invasion makes 
complete surgical resection impossible and, therefore, these Q 
patients need to be followed indefinitely with high-quality 
imaging to monitor tumor progression or recurrence. Whereas 
it was once common practice to administer postoperative radi¬ 
ation to all macroadenomas, most neurosurgeons are now 
content to watch for progression with high-resolution imaging 
and reserve local radiation for progression or recurrence. 11 
Currently, no medical treatment is available for nonfunctional 
adenomas. 


CUSHING DISEASE 

Once it has been established that the cause of a patient’s hyper- 
cortisolism is a pituitary lesion, the treatment of choice is 
transsphenoidal exploration of the pituitary. Only 40% of 
such patients have positive results on imaging studies and, 
therefore, careful and systematic exploration of the sellar con¬ 
tents by an experienced pituitary surgeon is required in many 
cases. 4 Microadenomas secreting ACTH may be very small and 
are often located deep within the gland itself. If a tumor is not 
evident when the dura is opened and all surfaces of the pitu¬ 


itary are examined, then incisions must be made into the gland 
and an internal exploration carried out. These microadenomas 
are usually located in one of the lateral aspects of the pituitary 
gland, and the initial choice of which side to explore can be 
guided by lateralization in the preoperative petrosal sinus sam¬ 
pling for ACTH levels. If no tumor is identified, then a deci¬ 
sion must be made regarding whether to resect all or a portion 
of the gland. If the endocrine evidence is convincing for a pitu¬ 
itary origin and the patient has no desire to have children, then 
total hypophysectomy is warranted. If petrosal sinus sampling 
clearly indicates laterality of the ACTH secretion, then an 
appropriate hemiresection of the gland is carried out. 
Macroadenomas are treated with maximal tumor resection, 
but endocrine remission is, of course, more difficult to accom¬ 
plish in these situations. Obviously, patients with adrenal or 
ectopic lesions are treated by resection of tumors in these loca¬ 
tions. Microadenomas are the source of ACTH secretion in 
about 75% of patients. 4,12,13 The postoperative remission rate 
in these patients is 88% to 96%, and the long-term recurrence 
rate appears to be no more than 5%. Therefore, selective 
microsurgical tumor resection in patients with microadenomas 
is clearly the current treatment of choice. Postoperative plasma 
cortisol concentrations below 1 fig/dL are a very good predic¬ 
tor of surgical cure, although even in these cases recurrence 
of Cushing disease occurs in up to 25% of patients within 
5 years. 14 If cortisol levels are not in this subnormal range and 
just in the normal range, a long-term cure is unlikely and the 
chance of recurrence goes up. 

Some 10% to 20% of patients who undergo exploration 
have macroadenomas, and postoperative remission rates in 
these patients have been reported to be from 33% to 
61%. 4,12,13,15,16 Most of them require postoperative radiation 
therapy, which leads to remission in some of the surgical fail¬ 
ures. Those whose tumors fail to remit after both surgery and 
radiation require either a surgical adrenalectomy or medical 
suppression of adrenal function. In a small percentage of 
patients who have undergone adrenalectomy, the pituitary 
tumors continue to grow and secrete ACTH (Nelson syn¬ 
drome). 


ACROMEGALY 


Like Cushing disease, acromegaly is a condition that ultimately 
threatens life. For this reason, it must be treated aggressively, 
even at the expense of normal pituitary function. During the 
past two decades, a variety of medical, surgical, and radiation 
therapies have evolved that have proved effective in lowering 
GH levels. No single treatment is uniformly effective, and 
often a combination of treatments is necessary. The goals of 
treatment are to lower the circulating GH and IGF-1 levels to 
a normal range and to reduce the size of the mass lesion that is 
causing compression-related symptoms. 

Only 20% to 34% of GH-secreting tumors are microade¬ 
nomas, however, so that microsurgical tumor resection is less 
effective than in Cushing disease. When a microadenoma is 
selectively removed transsphenoidally, endocrine remission 
may be expected in 80% to 88% of cases. When a macroade¬ 
noma is resected, immediate postoperative remission is reported 
in 30% to 68% of cases. 17 Remission rates are inversely related 
to preoperative GH levels and the size and invasiveness of 
tumors. 

Radiation therapy has proved moderately effective in con¬ 
junction with partial surgical resection. Proton beam heavy- 
particle therapy was reported in 510 patients, 428 of whom 
had been observed for 1 to 20 years. 18 Analysis of these 
patients revealed a progressive fall in GH levels beginning 
immediately after treatment and continuing for up to 20 years. 
After 2 years, 47.5% of patients had GH levels below 10 ng/mL; 
at 4, 10, and 20 years, the rates were 65%, 87.5%, and 
97.5%, respectively. A GH level below 5 ng/mL is achieved in 
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75% of patients at 10 years and 92.5% of patients at 20 years. 
Conventional radiation therapy provides comparable results 
(10-year posttreatment levels below 10 ng/mL in 81% and 
below 5 ng/mL in 69%). A recent review of our own patients, 
however, showed that after an average follow-up of 6.8 years, 
normalization of IGF-1 levels was attained in only 2 of 36 
patients who received radiation (45 to 50 Gy) after surgical 
failure. 19 The remaining 34 patients had persistently elevated 
IGF-1 levels (219 ± 26% of upper normal limit) despite 
plasma GH levels averaging 4.6 ±1.1 ^g/L. Normalization 
of IGF-1 is usually achieved in up to 80% of patients within 
5 years after conventional radiation, but the long delay 
requires medical therapy. 20 A report by Landolt et al. suggests 
that stereotactic radiosurgery may be more effective than frac¬ 
tionated radiotherapy for persistent acromegaly after failed 
surgical treatment, but there is currently no conclusive evi¬ 
dence that focused radiosurgery is more effective than frac¬ 
tionated radiotherapy. 21 

Bromocriptine, a dopamine-receptor agonist, lowered GH 
levels in 71% of 126 patients. 22 GH levels below 10 ng/mL, 
however, were achieved in only 14% of patients in this study. 
Bromocriptine does not appear to be an effective primary 
treatment for acromegaly, but may help to control GH and 
IGF-1 levels as an adjuvant therapy. Cabergoline offers an 
advantage of longer action and lower incidence of side effects, 
but only rarely normalizes IGF-1 on its own. 

Somatostatin analogues, octreotide (Sandostatin LAR), and 
lanreotide (Somatuline Depot) have been demonstrated to 
reduce GH and IGF-1 levels significantly in most patients and 
may provide tumor shrinkage, but GH levels rise again after 
cessation of the drug. A GH-receptor blocker, pegvisomant, 
has proved useful in lowering IGF-1 levels in patients whose 
disease cannot be controlled by surgery or somatostatin ana¬ 
logues. Because this drug works peripherally, there is still con¬ 
cern that the pituitary tumor may grow and enlarge during this 
treatment, although recent data suggest that this may not be 
the case. 

Given the variety of treatment modalities, a rational thera¬ 
peutic approach is to resect tumors surgically when possible 
and to provide medical and radiation therapy to those patients 
in whom a remission cannot be achieved. The recurrence rate 
of GH-secreting tumors appears to be only 4% after successful 
surgery and less than 1 % after radiation. 21 


PROLACTINOMAS 


Prolactin-secreting adenomas are the most common function¬ 
ing pituitary tumors but remain somewhat controversial with 
regard to treatment. The controversy exists because, unlike 
ACTH- or GH-secreting adenomas, prolactinomas can be 
treated medically with dopamine agonists, with excellent 
results. The treatment options include medical therapy, usually 
with a dopamine agonist; transsphenoidal surgical resection; 
radiation therapy; or, in some cases, no treatment. Because 
treatment considerations depend on tumor size, the treatments 
are discussed on that basis. 


Macroadenomas 


The goal in treating a patient with a large, prolactin-secreting 
adenoma is to decompress the optic pathways if they are 
involved and to reduce the prolactin levels to normal concen¬ 
trations. Surgery is effective in improving vision in 80% of 
cases, but vision also usually improves in patients treated with 
dopamine agonists. The success of surgery in reducing pro¬ 
lactin levels to normal has generally been disappointing. The 
uniform finding of various investigators has been that the like¬ 
lihood of surgical normalization of prolactin levels is greatly 


reduced if the initial concentration is above 200 ng/mL or if 
the macroadenoma is larger than 10 mm. 

The administration of dopamine agonists to patients with 
macroadenomas reduces prolactin levels significantly in 
almost all instances, and reductions to normal ranges have 
been reported in more than 46%. 23 In 90% of patients, the size 
of the tumor is decreased to some degree and, in many, the 
reduction is dramatic. With rare exceptions, however, the tumor 
returns to its original size once bromocriptine or cabergoline is 
stopped. It is recognized that up to 25% of patients with 
macroadenomas experience an increase in tumor size during 
pregnancy, whereas this is true in fewer than 1% of patients 
with microadenomas. 23 

In most instances patients with macroprolactinomas are 
treated initially with a dopamine agonist and surgery is reserved 
for the rare situation in which the patient is not responsive to 
this medication. Occasionally, patients with prolactinomas 
present with significant hemorrhage within the tumor and 
require surgical debulking of the hemorrhage and surrounding 
tumor. 


Microadenomas 


Primary medical treatment with a dopamine agonist is safe 
and effective and is currently the treatment of choice for most 
patients with a prolactin-secreting microadenoma. As in 
macroadenomas, long-term continued therapy is indicated 
because prolactin levels rapidly rise with cessation of dopamine 
agonists in most patients. Pregnancy is of less risk to the 
patient with a microadenoma because tumor expansion and 
visual loss are rare. 

The surgical treatment of prolactin-secreting microadeno¬ 
mas results in postoperative remission in a much higher per¬ 
centage of patients. Two large series reported remission in 
77% 24 and 72% 25 of patients. In the latter report, 88% of 
patients with preoperative prolactin levels below 100 ng/mL 
were in remission, as opposed to only 50% in those who had 
preoperative prolactin levels above 100 ng/mL. The incidence 
of new postoperative hypogonadism was only 1%. The recur¬ 
rence rate in patients initially in remission after microsurgical 
tumor removal, however, has been disappointing compared 
with the rates after removal of other functioning tumors. 
Recurrences have uniformly been found to be higher in 
patients with postoperative prolactin levels in the upper end of 
the normal range. Recurrence rates of 17% to 50% during 5 
years have been reported. Radiation therapy does not play a 
role in the treatment of microadenomas unless they recur in an 
aggressive manner. 
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KEY POINTS 


Q Lung cancer remains the leading cause of cancer-related 
death in the United States. 

Q Resection remains the mainstay in the treatment of lung 
cancer, yet only about 20% of all patients diagnosed with 
lung cancer are considered resectable (stages I to IIIA). 
Video-assisted thoracoscopic surgery/robotic approaches 
have changed the landscape for operation, although the 
principles of oncologic resection remain unchanged. 

Q Advances in molecular biology including genomic and pro- 
teomic techniques constitute promising methodologies for 
the diagnosis and patient-tailored management of non¬ 
small cell lung cancer (NSCLC), but to date these strategies 
have not been validated for broad clinical implementation. 

Q Updated staging criteria for NSCLC are available that stratify 
patient survival based on outcomes data collected worldwide. 

Q Common sites of distant metastases are bone, liver, bone 
marrow, and the central nervous system; therefore, the 


metastatic evaluation includes a bone scan and computed 
tomogram of the chest, abdomen, and brain. 

Q Taken as a whole, neoadjuvant therapy trials have demon¬ 
strated the feasibility of induction chemotherapy and radi¬ 
ation followed by resection for the treatment of selected 
stage IIIA NSCLC. Most studies show improved rates of 
resectability and survival in comparison with the historical 
experience for surgical resection or radiation alone. 

Q In addition to new chemotherapeutic agents, new radiation 
techniques, such as hyperfractionated or accelerated sched¬ 
ules, also merit further exploration in neoadjuvant trials 
with concurrent chemotherapy. 

Q Generally, a solitary lesion is more likely to be a metastasis 
if the primary tumor was a sarcoma or a melanoma. If the 
primary tumor originated in the head, neck, or breast, it is 
more likely to be a new primary lung cancer. 


Although population estimates of both the incidence and mor¬ 
tality of lung cancer have begun to decline, lung cancer was 
second only to heart disease among all causes of mortality 
reported for 2005. Lung cancer is second in cancer prevalence 
only to prostate cancer among men and breast cancer among 
0women. With 215,020 new cases and 161,840 deaths pro¬ 
jected for 2008, lung cancer remains the leading cause of 
cancer-related death in both sexes in the United States. Although 
annual mortality rates due to lung cancer are decreasing 
among men, lung cancer-related deaths among women con¬ 
tinued to increase by 0.2% per year from 1995 to 2004. 1 
There is also significant regional variation in both lung cancer 
incidence and mortality. Among men, lung cancer mortality 
has decreased from 1996 through 2005 in over 80% of the 50 
states and the District of Columbia, whereas among women 
over the same period, mortality decreased in only three states 
(California, New Jersey, and Texas) and has increased in 13 
other states, primarily in the Midwest and South. 2 

The best predictor of survival for patients with lung 
Q cancer is still tumor stage. Resection remains the mainstay in 
the treatment of lung cancer, yet only approximately 20% of 
all patients diagnosed with lung cancer are considered 
resectable (stages I to IIIA). Even among patients who have 
undergone complete curative resection for early-stage dis¬ 
ease, as determined using pathologic tumor-node-metastasis 
(TNM) criteria, a substantial number will have recurrence of 
their cancer. 3 

Clinical trials continue to demonstrate that adjuvant 
chemotherapy can improve survival over surgery alone for 
early-stage lung cancer, 4-6 but it remains to be seen whether 
earlier tumor detection by modalities such as screening chest 
computed tomography (CT) will impact overall survival. 7,8 In 
addition, as understanding of the molecular changes occurring 
in lung cancer evolves, new strategies that allow for early 
detection and classification of lung cancer will provide valu¬ 
able information for the treatment of patients. 


HISTORY 


Lerdinand Sauerbruch, whose interests included the physiology 
of pneumothorax and who is considered one of the pioneers of 
thoracic surgery, reported the first successful lobectomy for 
lung carcinoma in 1920. At that time, it was believed that only 
total pneumonectomy would provide a cure for lung cancer. 
Although this was neither the first pulmonary resection nor 
pneumonectomy, Dr. Evarts A. Graham performed the first suc¬ 
cessful single-stage pneumonectomy for a left upper lobe bron¬ 
chogenic carcinoma in 1933, 9 establishing the modern era of 
thoracic surgery for lung cancer. Ultimately, Dr. Graham suc¬ 
cumbed to lung cancer in 1957 and was outlived by his patient, 
Dr. James L. Gilmore, who had continued to smoke. 10 


EPIDEMIOLOGY 


Recently, population studies have demonstrated a continued 
decline in lung cancer incidence among men (83.5 cases per 
100,000) and stabilization of disease incidence among women 
(49.2 per 100,000) as of 2001. African American men con¬ 
tinue to have the greatest incidence of lung cancer, in excess of 
nearly 50% (124.5 per 100,000) over the cases reported for all 
men. 11 The decline in incidence as well as mortality may be 
due in part to public health efforts to promote smoking cessa¬ 
tion. 12 In a follow-up to the Seven Countries Study of smok¬ 
ing-related mortality, follow-up analysis of the initial cohorts 
studied from Europe, the United States, and Japan confirmed 
that cigarette smoking increased the risk for death due to lung 
cancer with a hazard ratio of 4.2 per pack of cigarettes 
smoked. Furthermore, the death rates due to lung cancer 
decreased to that of never-smokers after 10 years of smoking 
cessation. 13 Exposure to environmental “second-hand” ciga¬ 
rette smoke can also contribute to an increased risk of lung 
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cancer. 14 The European Prospective Investigation into Cancer 
and Nutrition (EPIC), a recent nested case-control study of a 
cohort of 123,479 EPIC enrollees, demonstrated that former 
smokers and subjects with environmental smoke exposure 
were at greater risk for developing lung cancer over a median 
follow-up period of 7 years. 15 


PATHOLOGIC CLASSIFICATION 


Uniform classification of lung cancer is important both to 
provide consistent treatment for patients and to allow stan¬ 
dardization in reports of epidemiologic, clinical, and basic 
scientific studies. Currently, the classification is largely histo¬ 
logic and is based on light microscopy findings determined 
from specimens obtained by resection or needle biopsy, per¬ 
mitting its wide application by surgical pathology laborato¬ 
ries where more advanced techniques might not be readily 
available. Nevertheless, immunohistochemical and electron 
microscopy analyses are important, particularly in the diag¬ 
nosis of neuroendocrine tumors or in distinguishing between 
primary bronchogenic adenocarcinoma and metastatic 
lesions. The most recent revision of the World Health Organi¬ 
zation (WHO) classification (Table 79.1) was published in 
2004 16 but is largely unchanged from the previous revision in 
1999. 17 Guidelines for defining preinvasive lesions such as 
squamous dysplasia and carcinoma in situ are provided. 
Recognition and definition of the heterogeneity among ade¬ 
nocarcinomas is reflected in the subclassification of this 
group, including more restrictive definitions for bronchi¬ 
oloalveolar carcinoma (BAC). Definitions for the spectrum of 
neuroendocrine tumors, ranging from typical and atypical 
carcinoid to small cell lung cancer (SCLC) and large cell neu¬ 
roendocrine carcinomas, are provided. 


TUMOR BIOLOGY 


Genetic alterations in several regulatory pathways including 
apoptosis, the cell cycle, and mitogenic signaling have been 
identified in tumors of patients with non-small cell lung can¬ 
cer (NSCLC). Chromosomal loss of heterozygosity (LOH) or 
allelic gain appears to occur more frequently among patients 
with adenocarcinoma and history of tobacco exposure than 
among patients without any smoking history. Mutations 
among the Ras oncogenes, particularly K-ras, are character¬ 
ized by the accumulation of DNA adducts within these genes, 
predominantly among patients with a history of tobacco 
use. 18 This has been attributed to the exposure to tobacco 
carcinogens such as benzofa] pyrene (BaP); its activated 
form, benzo[a]pyrene diol epoxide (BPDE); and N- 
nitrosamines. These genes encode guanosine triphosphate 
(GTP)-binding proteins that participate in cellular signal 
transduction; their mutation results in constant Ras activa¬ 
tion. Another family of oncogenes, Myc, encoding several 
transcription factors, is activated by gene amplification, pri¬ 
marily in SCLC. 18 

The tumor-suppressor gene p53 is the most frequently 
mutated gene in human cancer. Among patients with a history 
of tobacco use, mutations within p53 were identified in over 
50% of patients with NSCLC, particularly squamous cell car¬ 
cinoma (SCC) and non-BAC adenocarcinoma. 19,20 Among 
patients with stage I tumors, those with mutations, particu¬ 
larly truncating, structural, or those that abolished DNA con¬ 
tact, demonstrated significantly worse actuarial survival in 
comparison with patients who had wild-type p53. In contrast, 
those patients with missense mutations did not demonstrate 
significantly different survival than those with wild-type p53. 
In patients with more-advanced-stage tumors, mutations in 
p53 did not identify patients at risk for worse outcomes, sug¬ 
gesting that the effects of p53 mutation may be diluted by the 


TABLE 79.1 CLASSIFICATION 


WORLD HEALTH ORGANIZATION HISTOLOGIC 
CLASSIFICATION OF LUNG TUMORS 

1. Squamous cell carcinoma 

Variants: 1.1 Papillary 

1.2 Clear cell 

1.3 Small cell 

1.4 Basaloid 

2. Small cell carcinoma 

Variant: 2.1 Combined small cell carcinoma 

3. Adenocarcinoma 

3.1 Acinar adenocarcinoma 

3.2 Papillary adenocarcinoma 

3.3 Bronchioloalveolar carcinoma 

3.4 Solid adenocarcinoma with mucin 

3.5 Adenocarcinoma with mixed subtypes 

Variants: Fetal, mucinous (“colloid”), mucinous 

cystadenocarcinoma, signet ring, clear cell 

4. Large cell carcinoma 

Variants: 4.1 Large cell neuroendocrine carcinoma 

4.2 Others 

5. Adenosquamous carcinoma 

6. Carcinoma with pleomorphic, sarcomatoid, or 
sarcomatous elements 

7. Carcinoid 

7.1 Typical 

7.2 Atypical 

8. Carcinoma of salivary gland type 

8.1 Mucoepidermoid carcinoma 

8.2 Adenoid cystic carcinoma 

8.3 Epithelial-myoepithelial 

9. Unclassified 

Adapted from World Health Organization Classification of Tumors, 
Pathology and Genetics of Tumours of the Lung, Pleura, Thymus and 
Heart. Lyon, France: IARC Press; 2004. 


accumulation of mutations at loci important in the later stages 
of tumorigenesis. 19 Interestingly, investigators have also identi¬ 
fied p53 protein expression, determined by immunohisto¬ 
chemical analysis, as a predictor of poor outcome in patients 
with stage I NSCLC. 21 Furthermore, p53 expression is also 
associated with tumors more likely to demonstrate distant 
metastases. 22 Although mutational analyses were not reported 
in these immunohistochemical studies, these findings may be 
concordant, since it is possible that p53 mutations may result 
in greater steady-state levels of p53 protein, allowing for 
increased detection by immunohistochemistry. 23 

Epigenetic mechanisms of gene regulation also appear to 
participate in tumorigenesis of lung cancer. In particular, gene 
promoter inactivation by hypermethylation may be an impor¬ 
tant mechanism in the inactivation of tumor-suppressor genes 
such as pl6 INK4a (pi6), an inhibitory regulator in the cyclin 
D-retinoblastoma cell cycle pathway. In patients with premalig- 
nant lesions such as squamous dysplasia and carcinoma in situ, 
both allelic loss and hypermethylation of pi6 have been identi¬ 
fied, with associated decreases in pi6 protein expression, 24 
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suggesting that loss of pi6 may be an important early event in 
NSCLC tumorigenesis. 25 

Investigators have attempted to identify genome-wide mol¬ 
ecular events occurring in lung cancer and to relate these 
changes to tumor classification, patient prognosis, or even 
response to therapy. Microarray analyses, encompassing a 
multitude of methodologic approaches, have the potential to 
provide the investigator with an abundance of data describing 
changes in gene or protein expression. 26 Several groups have 
demonstrated that large-scale gene expression studies can 
identify patterns of expression distinguishing squamous cell 
carcinoma, adenocarcinoma, and small cell lung cancer. 27,28 
Furthermore, within groups of patients with bronchogenic 
adenocarcinoma, tumor heterogeneity can be identified, distin¬ 
guishing not only tumor grade and differentiation but also 
patient outcomes. 28-31 These studies, although largely retro¬ 
spective, demonstrate the potential for gene and protein 
expression “profiles” to be utilized as diagnostic and prognos¬ 
tic tools in the treatment of lung cancer. Before these tech¬ 
niques can be broadly applied, even in prospective clinical tri¬ 
als, issues of reproducibility between institutions and across 
analytic platforms must be addressed. 32 Distinguishing those 
genes that appear to be involved causally in lung cancer 
tumorigenesis from those genes that are regulated secondarily 
is critical for our understanding of this disease and for the 
identification of potential targets for therapeutic intervention. 

Historically, clinical trials demonstrated that only 10% to 
19% of patients with chemotherapy-refractory advanced 
NSCLC responded to treatment with the tyrosine kinase 
inhibitor gefitinib. Furthermore, the addition of gefitinib to 
standard chemotherapy yielded no demonstrable benefit. 33 As 
proof of concept for targeted molecular therapy, two groups 
demonstrated that tumors obtained from patients who exhib¬ 
ited rapid and dramatic tumor response to gefitinib were more 
likely to have mutations in the epidermal growth factor recep¬ 
tor (EGFR). 33,34 In contrast, gefitinib-insensitive tumors did 
not contain similar mutations. Supporting this finding, retro¬ 
spective analyses of patients with NSCLC indicated that 
patients with adenocarcinoma of bronchioloalveolar subtype 
and “never-smokers,” defined as patients with a less than 100- 
cigarette lifetime smoking history, were more likely to respond 
to treatment with gefitinib, 35 and mutational analysis of these 
gefitinib-sensitive tumors contained similar somatic muta¬ 
tions. 36 These data represent an exciting potential application 
of gene expression studies for use in determining patient prog¬ 
nosis and in the clinical management of lung cancer in pre¬ 
venting over- or undertreatment of patients. 


NON-SMALL CELL 
LUNG CANCER 


The diagnosis of lung cancer should be directed by the pre- 
Q sumed stage of disease at patient presentation. Accurate and 
reproducible TNM staging of lung cancer allows clinicians to 
provide consistent treatment of lung cancer and provides the 
basis for uniform reporting of clinical research across institu¬ 
tions and study groups. In 1997, revisions in the International 
System for Staging Lung Cancer (Table 79.2) were adopted by 
the American Joint Committee on Cancer (AJCC) and the 
Union Internationale Contre le Cancer (UICC), based on 5,319 
cases of lung cancer. 3 Changes for the seventh edition of the 
TNM classification of malignant tumours for NSCLC staging 37 
were proposed by the International Association for the Study of 
Lung Cancer (IASLC). The revisions arise from evaluation of 
67,725 cases of NSCLC with broad geographic diversity includ¬ 
ing subjects from Asia, Australia, Europe, and North Amer¬ 
ica. 37,38 The revisions address both T 39 and M 40 designations 
(Table 79.3), with no changes suggested for the current nodal 
classification schema (Table 79.4). 41 Stratification of patient 


survival, particularly among subjects with pathologic stage IB 
and IIA cancers, was more distinct with application of the sev¬ 
enth edition criteria (Table 79.5). 

Guidelines for surveillance of the incidentally detected sub¬ 
centimeter nodule (<8 to 10 mm) or larger solitary pulmonary 
nodule (8 to 10 mm or larger) have been published by the 
Fleischner Society for Thoracic Imaging and Diagnosis, 42 the 
American College of Chest Physicians, 43 and others 44 and are 
incorporated in a suggested algorithm (Algorithm 79.1) for 
evaluation of these common incidental chest findings. As with 
any algorithm, assessment of patient risk factors (pretest prob¬ 
ability) for cancer 43 as well as comorbidities 42 should be taken 
into consideration before following these guidelines in one’s 
practice. 

The aims of the initial evaluation of a patient with NSCLC 
are to determine whether distant metastatic disease is present 
and to assess the extent of intrathoracic disease. A multidisci¬ 
plinary approach, involving input from pulmonary medicine, 
chest radiology, oncology, and thoracic surgery, should be 
undertaken in the selection of the most suitable testing for any 
individual patient. One general algorithm for patient evalua¬ 
tion and decision making is shown in Algorithm 79.2. A thor¬ 
ough history and physical examination, combined with a plain 
chest radiograph and baseline laboratory data (complete 
blood cell count and measurement of serum sodium, calcium, 
alkaline phosphatase, and lactate dehydrogenase levels), can 
suggest the presence of metastatic disease. Common metasta¬ 
tic sites include the brain, supraclavicular nodes, contralateral 
lung, bones, liver, and adrenal glands. Abnormal findings are 
then investigated further with chest CT and fluorodeoxyglu- 
cose positron emission tomography (FDG-PET) body scans. If 
necessary, needle aspiration biopsy or open biopsy can be per¬ 
formed to determine the extent of disease. 

If the initial clinical evaluation does not suggest the presence 
of distant disease, the extent of further evaluation by various 
scans is controversial. Some physicians always perform a com¬ 
plete metastatic workup with CT of the chest and abdomen, 
CT or magnetic resonance imaging (MRI) of the brain, and 
FDG-PET scan. CT of the chest and upper abdomen has 
become standard, as much to evaluate the extent of the primary 
tumor and the status of the mediastinal lymph nodes as to 
detect metastases in the ipsilateral or contralateral lung, liver, 
or adrenals. Additional scans in asymptomatic patients may 
detect the 5% to 10% of metastases that are occult, but these 
scans are not clearly cost-effective in patients with clinical stage 
I or II tumors. 

Patients presenting with suspected NSCLC and a pleural 
effusion should undergo thoracentesis, followed by thora¬ 
coscopy should initial cytology specimens be nondiagnostic. 
Those patients presenting with metastatic (stage IV) disease 
involving a solitary distant site should obtain tissue confirma¬ 
tion at the site of metastasis, if technically feasible. If noninva- 
sive testing demonstrates multiple metastases (e.g., multiple 
liver, brain, or bone lesions), then diagnosis of the primary 
lesion might provide the most efficient means of diagnosis, fol¬ 
lowed by the initiation of palliative chemotherapy. 45 In patients 
who are suitable candidates for operation, who have a suspi¬ 
cious solitary pulmonary nodule that is of indeterminate origin 
despite appropriate evaluation, excisional biopsy and subse¬ 
quent lobectomy of resectable lung cancer should be pursued. 46 

Recent multi-institutional studies have indicated a benefit for 
a combined modality approach in the treatment of stage IIIA 
NSCLC, consisting of neoadjuvant chemotherapy and radiation 
followed by resection (Intergroup0139/RTOG9309). There¬ 
fore, tissue confirmation of mediastinal nodal involvement has 
implications not only for the staging but also the management 
of patients who are otherwise candidates for resection of locore- 
gionally advanced NSCLC. Regional lymph node involvement 
(N) has been defined as follows: NO = no lymph node metas¬ 
tasis; N1 = metastasis to lymph nodes in the peribronchial or 
the ipsilateral hilar region or both, including direct extension; 
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TABLE 79.2 CLASSIFICATION 


TNM CLASSIFICATION FOR STAGING SYSTEM OF NON-SMALL CELL LUNG CANCER (6TH EDITION) 


■ STAGE 

■ TNM STATUS 

IA 


Tl NO M0 

IB 


T2 NO M0 

IIA 


Tl N1 M0 

IIB 


T2 N1 M0 



T3 NO M0 

IIIA 


T3 N1 M0 



Tl-3 N2 M0 

IIIB 


T4 Any N M0 

Any T N3 M0 

IV 


Any T any N Ml 

TNM DEFINITIONS 

T 

TX 

Positive malignant cells, but primary tumor not visualized by imaging or bronchoscopy 


TO 

No evidence of primary tumor 


Tis 

Carcinoma in situ 


Tl 

Tumor <3 cm, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more proximal 
than the lobar bronchus'* 


T2 

Tumor with any of the following features of size or extent: 

>3 cm in greatest dimension 

Involves main bronchus, >2 cm distal to the carina 

Invades the visceral pleura 



Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the 
entire lung 


T3 

Tumor of any size that directly invades any of the following: chest wall (including superior sulcus tumors), 
diaphragm, mediastinal pleura, or parietal pericardium; tumor in the main bronchus <2 cm distal to the carina, 
but without involvement of the carina; or associated atelectasis or obstructive pneumonitis of the entire lung 


T4 

Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, esophagus, vertebral 
body, or carina; or tumor with a malignant pleural or pericardial effusion, or with satellite tumor nodule(s) within 
the ipsilateral primary tumor lobe of the lung^ 

N 

NX 

Regional lymph nodes cannot be assessed 


NO 

No regional lymph node metastasis 


N1 

Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and involvement of intrapulmonary nodes 
by direct extension of the primary tumor 


N2 

Metastasis to ipsilateral mediastinal and/or subcarinal lymph node(s) 


N3 

Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular 
lymph node(s) 

M 

MX 

Presence of distant metastasis cannot be assessed 


M0 

No distant metastasis 


Ml 

Distant metastasis present (including metastatic tumor nodule[s] in the ipsilateral nonprimary tumor lobe of the lung) 

The uncommon superficial tumor of any size with its invasive component limited to the bronchial wall that may extend proximal to the main 
bronchus is classified as Tl. 

^Most pleural effusions associated with lung cancer are caused by tumor. There are, however, some few patients in whom the pleural fluid (more than 
one specimen) is negative for tumor on cytopathologic examination and in whom the fluid is nonbloody and is not an exudate. In cases in which these 
elements and clinical judgment dictate that the effusion is not related to the tumor, the patient should be staged Tl, T2, or T3, with effusion excluded 
as a staging element. Pericardial effusion is classified according to the same rules. 


N2 = metastasis to ipsilateral mediastinal lymph nodes and 
subcarinal lymph nodes; and N3 = metastasis to contralateral 
mediastinal lymph nodes, contralateral hilar lymph nodes, and 
ipsilateral or contralateral scalene or supraclavicular lymph 
nodes (Table 79A). 47 

Chest CT provides only anatomic clues for tumor involve¬ 
ment of mediastinal lymph nodes (enlargement >10 mm), as 
demonstrated in a recent meta-analysis of over 3,400 evaluable 


patients, with a pooled sensitivity of 57% and specificity of only 
82%. This meta-analysis also demonstrated that FDG-PET 
scanning appears to provide increased sensitivity of 84% and 
specificity of 89% in over 1,100 patients studied for the detec¬ 
tion of mediastinal malignancy. 48 Several single-institution 
prospective studies have also indicated the superior diagnostic 
accuracy of FDG-PET imaging. 49-51 A recent multi-institutional 
trial involving 271 patients confirmed these findings. Although 
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ITABLE 

79.3 





1 

DESCRIPTORS, PROPOSED T AND M CATEGORIES, AND PROPOSED STAGE GROUPINGS 

■ 6TH EDITION T/M DESCRIPTOR 

■ PROPOSED T/M 

■ NO 

■ N1 

■ N2 

■ N3 

T1 

(<2 cm) 

Tla 

IA 

IIA 

IIIA 

IIIB 

T1 

(>2—3 cm) 

Tib 

IA 

IIA 

IIIA 

IIIB 

T2 

(<5 cm) 

T2a 

IB 

IIA 

IIIA 

IIIB 

T2 

(>5—7 cm) 

T2b 

IIA 

IIB 

IIIA 

IIIB 

T2 

(>7 cm) 

T3 

IIB 

IIIA 

IIIA 

IIIB 

T3 

Invasion 


IIB 

IIIA 

IIIA 

IIIB 

T4 

(same lobe nodules) 


IIB 

IIIA 

IIIA 

IIIB 

T4 

(extension) 

T4 

IIIA 

IIIA 

IIIB 

IIIB 

Ml 

(ipsilateral lung) 


IIIA 

IIIA 

IIIB 

IIIB 

T4 

(pleural effusion) 

Mia 

IV 

IV 

IV 

IV 

Ml 

(contralateral lung) 


IV 

IV 

IV 

IV 

Ml 

(distant) 

Mlb 

IV 

IV 

IV 

IV 


Comparison 

Films? 


Clinical Risk 

Size: 

<4 mm 

>4-6 mm 

>6-8 mm 

>8 mm 


Solitary Pulmonary Nodule 

I 

Stable >2 Years 


I- 

Low 

l 

No follow-up necessary 

CT at 12 months 

If no change, no follow-up 

CT at 6-12 months. If no 
change, CT at 18-24 months 

CT at 3, 9, and 24 months 
Consider PET and/or biopsy 
based on CT characteristics 
and patient preference 


No 


Yes 


No further 
studies 


1 


High 

I 

CT at 12 months 

If no change, no follow-up 

CT at 6-12 months. If no 
change, CT at 18-24 months 

CT at 3-6 months then 9-12 
and 24 months if no change 


PET 


Negative Positive 


Significant change 
on follow-up 


VATS 

Biopsy 


Significant change 
on follow-up 


1 Clinical risk is based on smoking and other risk factors. 

1 Ground-glass lesions may require longer follow-up to evaluate for a slow-growing adenocarcinoma. 




ALGORITHM 79.1 


ALGORITHM 79.1. Management of the incidental solitary pulmonary nodule. (Partially based on MacMahon H, Austin JHM, Gamsu G, et al. 
Guidelines for management of small pulmonary nodules detected on CT scans: a statement from the Fleischner Society. Radiology 2005;237: 
395-400.) 
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ITABLE 79.4 

CLASSIFICATION | 

THE MOUNTAIN-DRESLER LYMPH NODE MAP 

■ NODAL STATION 

■ ANATOMIC LANDMARKS 

N2 nodes: All N2 nodes lie within the mediastinal pleural envelope 

1. Highest mediastinal nodes 

Nodes lying above a horizontal line at the upper rim of the brachiocephalic (left innominate) 
vein where it ascends to the left, crossing in front of the trachea at its midline 

2. Upper paratracheal nodes 

Nodes lying above a horizontal line drawn tangential to the upper margin of the aortic arch 
and below the inferior boundary of No. 1 nodes 

3. Prevascular and retrotracheal 

Prevascular and retrotracheal nodes may be designated 3A (anterior to the vessels) and 3P 

nodes 

(prevertebral); midline nodes are considered to be ipsilateral. 

4. Lower paratracheal nodes 

The lower paratracheal nodes on the right lie to the right of the midline of the trachea 
between a horizontal line drawn tangential to the upper margin of the aortic arch and a line 
extending across the right main bronchus at the upper margin of the upper lobe bronchus, 
and contained within the mediastinal pleural envelope; the lower paratracheal nodes on the 
left lie to the left of the midline of the trachea between a horizontal line drawn tangential to 
the upper margin to the aortic arch and a line extending across the left main bronchus at the 
level of the upper margin of the left upper lobe bronchus, medial to the ligamentum 
arteriosum and contained within the mediastinal pleural envelope. 

Researchers may want to designate the lower paratracheal nodes as No. 4s (superior) and No. 

4i (inferior) subsets for study purposes; the No. 4s nodes may be defined by a horizontal line 
extending across the trachea and drawn tangential to the cephalic border of the azygos vein; 
the No. 4i nodes may be defined by the lower boundary of No. 4s and the lower boundary of 
No. 4 as described above. 

5. Subaortic (aortopulmonary 

Subaortic nodes are lateral to the ligamentum arteriosum or the aorta or left pulmonary 

window) 

artery and proximal to the first branch of the left pulmonary artery and lie within the 
mediastinal pleural envelope. 

6. Para-aortic nodes (ascending 

Nodes lying anterior and lateral to the ascending aorta and the aortic arch or the innominate 

aorta or phrenic) 

artery, beneath a line tangential to the upper margin of the aortic arch 

7. Subcarinal nodes 

Nodes lying caudal to the carina of the trachea but not associated with the lower lobe bronchi 
or arteries within the lung 

8. Paraesophageal nodes 

Nodes lying adjacent to the wall of the esophagus and to the right or left of the midline, 

(below carina) 

excluding subcarinal nodes 

9. Pulmonary ligament nodes 

Nodes lying within the pulmonary ligament, including those in the posterior wall and lower 
part of the inferior pulmonary vein 

Nl nodes: All Nl nodes lie distal to the mediastinal pleural reflection and within the visceral pleura 

10. Hilar nodes 

The proximal lobar nodes, distal to the mediastinal pleural reflection and the nodes adjacent 
to the bronchus intermedius on the right; radiographically, the hilar shadow may be created 
by enlargement of both hilar and interlobar nodes. 

11. Interlobar nodes 

Nodes lying between the lobar bronchi 

12. Lobar nodes 

Nodes adjacent to the distal bronchi 

13. Segmental nodes 

Nodes adjacent to the segmental bronchi 

14. Subsegmental nodes 

Nodes around the subsegmental bronchi 

Definition of the anatomic boundaries for each lymph node region facilitates correlation between findings at operation and findings on chest 
computed tomography. 

After Mountain CF, Dresler CM. Regional lymph node classification for lung cancer staging. Chest 1997;111:1718. 


the overall sensitivity and specificity of FDG-PET staging was 
61% and 84%, respectively, there was a significant improve¬ 
ment with FDG-PET over chest CT in the detection of both 
hilar (Nl) lymph node (42% vs. 13%, p = 0.0177) and medi¬ 
astinal (N2 and N3) tumor involvement (58% vs. 32%, p = 
0.004). Whereas FDG-PET scanning can increase the suspicion 
of malignancy, its negative predictive value for mediastinal 
lymph node involvement does not appear to be sufficient, with 
a false-negative rate reported as high as 13%. 52 PET evaluation 
of the solitary pulmonary nodule also appears to be somewhat 
insensitive, with a negative predictive value for benign lesions 
of only 57%, indicating a false-negative rate of 47%. Reliance 
on this modality could lead to delayed treatment for resectable 
early-stage (IA) NSCLC. 53 Integrated CT-PET imaging, in 


which concurrently performed chest CT provides anatomic cor¬ 
relation for positive PET findings, appears to provide more pre¬ 
cise staging, particularly regarding tumor and nodal status, 54 
and also can be used to guide further invasive testing in the 
accurate staging of lung cancer. 

Ultimately, tissue confirmation of noninvasive findings 
must be obtained, particularly in the setting of large, prospec¬ 
tive trials being undertaken to determine the efficacy of neoad¬ 
juvant and adjuvant therapy. 55 Noninvasive techniques for 
clinical staging, particularly chest CT, have a reported false¬ 
negative rate of approximately 10% to 15%. FDG-PET scan 
also has a reported false-positive rate of as high as 50%. 49 
Clinical staging of NSCLC, particularly mediastinal lymph 
node involvement, can be accomplished by needle aspiration 
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Part Two: Surgical Practice 


Suspected lung cancer 

History and physical examination 
Chest radiograph 
Laboratory evaluation 

(Hgb, WBC, AST/ALT, alkaline phosphatase, LDH) 

| 

Spiral contrast-enhanced thoracic and abdominal CT 
Fiberoptic bronchoscopy 
Sputum analysis 
(Head CT or MRI) 

I 

FDG-PET 


Mediastinal lymphadenopathy (>1 cm) 

FDG-avid mediastinal nodes 

l 

TBNA (paratracheal and subcarinal) 

EUS-FNA (subcarinal, aortopulmonary, inferior mediastinal) 
Cervical mediastinoscopy 
Anterior mediastinotomy or thoracoscopy 


Stage IIIB 
“Bulky” stage III A 


Definitive chemotherapy/TRT 




“Minimal” stage III A 
Superior sulcus (T3N0/N1) 
Selected stage IIIB (T4N0/N1) 

Induction chemotherapy 
and TRT 


ALGORITHM 79.2 


Negative (stage I/II) 


■ Preoperative assessment 
Resection 


ALGORITHM 79.2. Evaluation of the patient who presents with a pulmonary mass. 


techniques from several approaches: transbronchial (TBNA) 
with or without endobronchial ultrasound (EBUS) guidance, 
transthoracic, or transesophageal. Transesophageal endo¬ 
scopic ultrasound with fine-needle aspiration (EUS-FNA) 
appears to be particularly useful for sampling of posterior 
mediastinal nodes such as the subcarinal, periesophageal, or 
aortopulmonary window stations, particularly in patients 
with mediastinal lymphadenopathy in these regions. Diagnos¬ 
tic yield is improved with practitioner experience, sampling 
needle size, and on-site cytology examination to determine 
adequacy of the obtained samples. 

Cervical mediastinoscopy remains the “gold standard” for 
tissue diagnosis of mediastinal lymphadenopathy, with proce¬ 
dural sensitivity greater than 90% and specificity of 100%. 56 
A recent retrospective review of a single institutional experi¬ 
ence with routine mediastinoscopy, including 1,745 patients 
with known or suspected lung cancer, demonstrated overall 
sensitivity of 85%, with most false-negative results due to 
lymph node involvement in regions inaccessible to standard 
mediastinoscopic technique; morbidity of 0.6%; and perioper¬ 
ative mortality of 0.05%. Furthermore, of the patients found 
to have N2 or N3 disease at mediastinoscopy, only 6.6% 
(28/422) subsequently underwent resection, including several 
patients treated on neoadjuvant protocol. 57 For patients with 
clinically suspicious aortopulmonary lymph node involvement 
(stations 5 and 6), an area that is generally not accessible by 
standard mediastinoscopy, anterior mediastinotomy, extended 
cervical mediastinoscopy, or, as of more recently, thoracoscopy 
can be performed. 

One recent goal in the diagnosis of lung cancer has been 
the early detection of tumors arising in asymptomatic high- 


prevalence populations (e.g., older patients with a history of 
tobacco use). Whether such efforts actually alter the natural his¬ 
tory of disease remains controversial. 7,8,58,59 While newer 
modalities of noninvasive imaging, such as FDG-PET imaging, 
have improved the accuracy of staging for lung cancer, 52 these 
techniques still rely on factors such as tumor cell volume, tumor 
density, and metabolic activity. Current staging procedures do 
not detect all lymph node or distant hematogenous metastases. 


Risk Assessment 


Having established that resection is feasible, a significant num¬ 
ber of patients with lung cancer cannot undergo operation due 
to associated comorbidity that increases operative mortality 
and postoperative morbidity. Age alone should not preclude 
patients with resectable disease from operation. 60 In a popula¬ 
tion with a high prevalence of prior or continuing tobacco use 
that has a greater predisposition to atherosclerotic cardiovas¬ 
cular disease, preoperative cardiovascular risk assessment with 
further noninvasive cardiac testing or coronary angiography, if 
indicated, should be considered. 61 

Preoperative spirometry, particularly the forced expiratory 
volume in 1 second (FEVi), as an assessment of patients’ suit¬ 
ability for pulmonary resection is essential. Measurement of 
the diffusing capacity of the lung for carbon monoxide 
(DLCO) provides complementary data to standard spirome¬ 
try, particularly for patients with evidence of interstitial lung 
disease or exertional dyspnea. Generally, if a patient demon¬ 
strates a FEVj greater than 2 L (>60% predicted) or DLCO 
greater than 50% predicted, further evaluation of pulmonary 
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capacity prior to resection, including pneumonectomy, is not 
necessary. 62,63 Patients with limited pulmonary reserve, includ¬ 
ing those with a FEVj less than 1.2 L (40% predicted) or 
DLCO 35% to 40% predicted, are at higher risk for signifi¬ 
cant morbidity or mortality following anatomic resection and 
should undergo further evaluation. 64 

Preoperative room-air arterial blood gas testing can iden¬ 
tify patients at greater risk for perioperative complications or 
death. In particular, patients with an arterial oxygen concen¬ 
tration less than 60 mm Hg, partial pressure of arterial carbon 
dioxide (PaC0 2 ) greater than 45 mm Hg, or oxygen saturation 
less than 90% may be at greater risk for pulmonary resection. 
Quantitative perfusion scanning allows the assessment of pre¬ 
dicted postoperative (ppo) lung function in patients with mar¬ 
ginal pulmonary function and can be calculated as follows: 
ppoFEVj (% predicted) = preoperative FEVj (% predicted) X 
(1 — fraction of total number of anatomic segments to be 
resected). Patients with a ppoFEVj less than 0.8 L, or 35% to 
40% predicted, are likely at substantially increased risk for 
perioperative death or complication. 65,66 

If available, further testing with formal cardiopulmonary 
exercise testing (CPET) in order to calculate maximal oxygen 
consumption (V0 2max ) may allow further risk stratification 
in marginal patients. In several series, patients with a V0 2max 
less than 10 to 15 mL/min per kg were at very high risk for 
postoperative complications, whereas those with a V0 2max 
greater than 20 mL/min per kg underwent operation without 
complication or death. 66 These findings were corroborated 
by a recent cooperative group study (CALGB 9238) con¬ 
ducted to determine whether pulmonary resection could be 
accomplished safely in patients with peak exercise oxygen 


capacity greater than 15 mL/min per kg, regardless of FEVi. 
In this prospective study of 346 patients who underwent tho¬ 
racotomy for NSCLC, there were 86 subjects whose peak 
exercise oxygen capacity was less than the threshold of less 
than 15 mL/min per kg, or 60% of predicted. This group 
experienced significantly more cardiorespiratory complica¬ 
tions, respiratory failure, or death than the remaining sub¬ 
jects whose peak exercise oxygen capacity was greater than 
15 mL/min per kg. From these data, the authors concluded 
that patients with peak exercise oxygen capacity greater than 
15 mL/min per kg, even if the FEVj and/or DLCO were less 
than 70% predicted, could undergo pulmonary resection 
with curative intent. 67 

Informal exercise testing, particularly stair climbing, may 
also aid the clinician in determining a patient’s suitability for 
resection. Patients who are able to climb five flights of stairs 
will likely tolerate pneumonectomy, whereas those who can¬ 
not climb a single flight will likely not tolerate pulmonary 
resection. Furthermore, oxygen desaturation greater than 4% 
during exercise testing may also be an indicator for increased 
risk of perioperative complication. Careful preoperative phys¬ 
iologic assessment will allow the clinician to identify patients 
at increased risk for perioperative complication or death and 
allow such patients to make an informed decision regarding 
operation. 68 Measures to minimize postoperative complica¬ 
tions, including aggressive efforts to encourage smoking cessa¬ 
tion, pre- and postoperative chest physiotherapy, incentive 
spirometry, early extubation and mobilization, and the use of 
postoperative thoracic epidural analgesia, are important for all 
patients undergoing pulmonary resection, especially those 
with marginal pulmonary function (Algorithm 79.3). 


FEV! >60% predicted 

Pulmonary Function D LCO >6 0% p redicted 

Testing 

FEVi <60% predicted 
DLCO <60% predicted 


Quantitative Ventilation 
Perfusion Scan to Predict 
Postoperative Function 


ppoFEV! <40% predicted 
ppoDLCO <40% predicted 

V0 2 Max >15 mL/kg/min 

Exercise Testing - 


V0 2 Max <15 mL/kg/min 


Sublobar Resection or Surgical Candidate 

Nonoperative Therapy 


ALGORITHM 79.3 


ppoFEV! >40% predicted 
ppoDLCO >40% predicted 


ALGORITHM 79.3. The algorithm illustrates the preoperative functional evaluation prior to lung cancer resection. FEV 1? forced expiratory vol¬ 
ume in 1 second; DLCO, carbon monoxide diffusing capacity; ppo, predicted postoperative values; V0 2m ax5 maximum oxygen uptake. 
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ITABLE 79.6 

COMPLICATIONS | 

POSTOPERATIVE COMPLICATIONS AFTER 

PULMONARY RESECTION 0 

■ COMPLICATION 

■ INCIDENCE (%) 

Atrial arrhythmia 

2.9-14.4 

Prolonged air leak 

4-7.6 

Pneumonia 

1-2.5 

Subcutaneous emphysema 

0.8-1.1 

Myocardial infarction 

0.4-0.9 

Recurrent laryngeal nerve injury 

0.4-0.7 

Bronchopleural fistula 

0.3-0.5 

Respiratory failure 

0.1-5.5 

Hemorrhage 

0-1.5 

Empyema 

0 - 1.1 

Mortality 

0.7-1.4 

"Includes thoracoscopic and open series. 

Based on Berry MF, et al. Complications of thoracoscopic pulmonary 
resection. Semin Thorac Cardiovasc Surg 2007;19:350-354. 


Treatment 


Pulmonary resection, with definitive tumor staging, remains 
the mainstay of treatment for stage I, stage II, and selected 
stage III NSCLC. The extent of resection—lobectomy, bilobec¬ 
tomy, or pneumonectomy—is determined by the location and 
size of the primary tumor and also whether adjacent bron¬ 
chopulmonary nodes are involved. At operation, tumor extent 
can be determined with examination of the parietal pleura, 
pericardium, and mediastinal structures. Complete resection 
must achieve microscopically negative bronchial and vascu¬ 
lar margins. Potential postoperative complications after 
pulmonary resection are listed in Table 79.6. 

If a tumor extends directly into the chest wall, diaphragm, 
or pericardium, an en bloc resection of the adjacent involved 
structure should be performed with the pulmonary resection. 
Reconstruction is performed as necessary (Fig. 79.1). On the 
other hand, if extensive endobronchial involvement is present 
without involvement of the surrounding vascular or lymphatic 
structures, the tumor can sometimes be removed completely 
by lobectomy with segmental resection of the bronchus and/or 
pulmonary artery (bronchovascular sleeve resection), thus pre¬ 
serving lung function. 

Patients with centrally located tumors should undergo 
sleeve lobectomy rather than pneumonectomy if complete 
resection can be achieved. Several institutional retrospective 
studies 69-73 have demonstrated that operative mortality is 
reduced among patients undergoing sleeve lobectomy (0% to 
5.2%) when compared with those patients undergoing pneu¬ 
monectomy (1.7% to 8.9%). Moreover, overall 5-year sur¬ 
vival is improved among patients undergoing sleeve resection, 
particularly among those with NO or N1 nodal status. For 
peripherally located clinical stage I tumors, particularly among 
patients with limited pulmonary reserve or those at high risk 
from other comorbidities, segmental or nonanatomic “wedge” 
resection can be performed, although such patients are at 
greater risk for locoregional recurrence, as high as 25% to 
50% in several reported series. 74-77 

While noninvasive techniques for preoperative assessment of 
mediastinal nodes have improved, with the advent of combined 
CT-PET, clinical staging is still inaccurate. Therefore, nodal 
status should be confirmed by intraoperative mediastinal lymph 


node sampling or mediastinal lymph node dissection. Accurate 
pathologic staging not only provides prognostic information 
but is also important in the decision on whether to proceed with 
adjuvant chemotherapy. Systematic sampling should include, 
for right-sided resections, at least one subcarinal, right paratra- 
cheal, and tracheobronchial angle lymph node each, and for 
left-sided resections, at least one subcarinal and para-aortic or 
aortopulmonary lymph node each, using standard nomencla¬ 
ture and numbering as depicted in Table 79.4. Several groups 
advocate complete mediastinal lymph node dissection, with en 
bloc removal of the nodal packets from the same levels as in sys¬ 
tematic sampling. 78 Complete mediastinal lymph node dissec¬ 
tion does not appear to confer increased perioperative morbid¬ 
ity, 79 but whether mediastinal lymph node dissection rather than 
sampling confers a survival advantage among patients undergo¬ 
ing major pulmonary resection remains controversial, and is 
one of the questions addressed in a recently completed multi¬ 
center clinical trial, Z0030, conducted by the American College 
of Surgeons Oncology Group (ACOSOG). 


Survival 


The long-term survival after resection for NSCLC is linked to 
the pathologic stage of disease. The overall 5-year survival 
rates are shown in Table 79.5. They range from 60% to 70% 
for stage I tumors, from 40% to 50% for stage II tumors, and 
from 15% to 30% for stage III A tumors. Nodal involvement 
has the strongest adverse influence on survival. Large periph¬ 
eral tumors that extend directly into the chest wall without 
nodal involvement (T3N0) are associated with a 5-year sur¬ 
vival rate of 40% after complete resection, whereas involve¬ 
ment of mediastinal nodes is associated with only a 20% 
survival rate. The status of the primary tumor has a lesser but 
still important effect on survival. Within stage I, for instance, 
T1N0 tumors are associated with a 5-year survival rate of 
70%, substantially better than the 5-year survival rate of 60% 
associated with T2N0 tumors. 

Some series suggest that histology also affects survival. In 
stage I or II NSCLC, the North American Lung Cancer Study 
Group (LCSG) consistently observed a better disease-free and 
overall survival for squamous cell cancer than for nonsquamous 
tumors. 80 Different adenocarcinoma subtypes, particularly in 
more advanced tumors, also appear to confer worse prognosis, 
but the influence of histology has not been reported uniformly 
in series to date. 81 Delineation of tumor biology by more refined 
histologic and molecular analyses will be needed to define which 
patients might be at increased risk for recurrence. 

Patterns of Recurrence. The predominant sites of relapse 
for all stages of NSCLC after resection are distant metastases. 
Approximately 30% of recurrences are locoregional with 
tumors of both squamous and nonsquamous histology. 76 For 
all stages of disease, the brain is the single most common site 
of relapse, and brain metastases occur more frequently with 
nonsquamous tumors. Other common metastatic sites include 
bone, ipsilateral or contralateral lung, liver, and the adrenal 
glands. 76,82 

At least 60% of recurrences develop in the first 2 years after 
operation, and virtually all recurrences related to the original 
primary tumor occur within 5 years after surgery. The small 
proportion of patients with stage II or III disease who survive 5 
years are likely to survive 10 years or more postoperatively. 
Most stage I patients, particularly those with T1N0 tumors, 
experience long-term survival. The North American LCSG fol¬ 
lowed 907 patients with T1N0 tumors for a minimum of 5 
years after operation. 82 Recurrences of the original primary 
tumor are uncommon after 5 years, and after that time the 
occurrence of new pulmonary cancers becomes the dominant 
problem. The risk for development of a second lung cancer in 
patients who survive resection of an NSCLC is estimated to be 
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FIGURE 79.1. A: Posteroanterior chest radiograph shows 
an elevated left hemidiaphragm, suggestive of phrenic nerve 
involvement by the mass. B: Lateral chest radiograph shows 
extension of the mass to the anterior chest wall (arrows). 
C: Computed tomography suggests both pericardial and 
chest wall involvement (arrows). At thoracotomy, the chest 
wall, phrenic nerve, and pericardium were found to be 
involved. All were resected en bloc with the tumor. 


2% to 3% per patient per year, 83 with a second lung cancer 
developing rarely in never-smokers at the time of initial resec¬ 
tion and at rates of 1.8% per patient-year in former smokers 
and 2.7% per patient-year in current smokers. 84 Patients also 
face a consistent risk for the development of new, nonpul- 
monary primary cancers during the first 5 years after operation 
and thereafter. New, nonpulmonary malignancies develop in a 
wide variety of sites, but breast, colon, and prostate cancers are 
the most common. 76 

These data underscore the importance of long-term follow¬ 
up after resection of early-stage NSCLC. Traditionally, most 
thoracic oncologists recommend oncologic surveillance for 
their lung cancer patients in coordination with a primary or 
referring physician every 3 to 4 months during the first 2 years 
after operation, then every 6 months the following 2 years and 
annually thereafter. Although there is no single modality to 
detect recurrence, follow-up should include a combination of 
history, physical examination, serial chest radiographs, and 
low-dose spiral chest CT. While the cost-effectiveness of this 


approach is unproven, 85 cost decision analysis suggests that 
inclusion of annual surveillance chest CT could be beneficial, 
depending on factors such as patient age, cost of chest CT, rate 
of false-positive findings, and annual risk of a second primary 
lung cancer. 86 

Adjuvant Therapy for Non-Small Cell Lung Cancer. 

The risk for recurrent disease, even after resection of early- 
stage NSCLC, has led to efforts to improve overall survival 
rates through the use of adjuvant therapy, even though no spe¬ 
cific method is available to identify which patients will relapse. 
Various types of adjuvant therapy have been tested, including 
immunotherapy, 87-89 radiation, chemotherapy, and combined 
chemotherapy and radiation. 

Radiation has been evaluated extensively as adjuvant 
therapy. Although early retrospective series suggested that 
postoperative radiation therapy (PORT) potentially improved 
overall survival, 90-92 subsequent relatively small randomized 
trials comparing adjuvant radiation with no further treatment 
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TABLE 79.7 RESULTS 


SUMMARY OF REPRESENTATIVE RANDOMIZED TRIALS COMPARING RADIATION WITH NO FURTHER TREATMENT AFTER 
SURGICAL RESECTION OF EARLY-STAGE NON-SMALL CELL LUNG CANCER 


■ STUDY 

■ NO. 
PATIENTS 

■ NSCLC 
STAGE" 

■ RADIATION 
DOSE (Gy) 

■ OVERALL SURVIVAL 
DIFFERENCE 

Van Houtte et al., 1980 97 

224 

i, ii 

60 

NS 

LCSG, 1986 96 

210 

II, IIIA 

50 

NS 

Lafitte et al., 1996 95 

132 

IB 

45-60 

NS 

MRC, 1996 94 

308 

II, IIIA 

40 (15 fractions) 

NS 

Mayer et al., 199 7 93 

155 

IA-IIIA 

50-56 

NS 

LCSG, Lung Cancer Study Group; MRC, Medical Research Council; NS, not statistically significant; NSCLC, non- 

-small cell lung cancer. 

a The stages are listed according to the 1997 international system for staging lung cancer. 



failed to demonstrate any significant difference in overall sur¬ 
vival. 93-97 Distant metastases remained the most common 
form of recurrent disease and were not affected by postopera¬ 
tive radiation to the mediastinum. Several of these tri- 
a l § 93,94,96,97 showed that radiation significantly decreased the 
risk for locoregional recurrence in tumors of all histologic 
types (Table 79.7). A meta-analysis of several randomized con¬ 
trolled studies of postoperative radiation therapy suggested an 
adverse effect on survival, particularly among patients treated 


with PORT with early-stage (I or II) lung cancer. 98 Conse¬ 
quently, postoperative thoracic radiation appears to be appro¬ 
priate for patients who are at high risk for locoregional recur¬ 
rence such as those with bulky nodal disease or with evidence 
of residual tumor at surgical margins. 

Because distant metastases are the predominant mode of 
relapse after resection of early-stage NSCLC, multiple ran¬ 
domized trials (Table 79.8) have been performed to determine 
if postoperative adjuvant chemotherapy improves survival. 


TABLE 79.8 RESULTS 


SUMMARY OF REPRESENTATIVE RANDOMIZED TRIALS TESTING THE BENEFIT OF ADJUVANT CHEMOTHERAPY AFTER 
RESECTION OF EARLY-STAGE NON-SMALL CELL LUNG CANCER 



■ NO. 

■ NSCLC 

■ CHEMOTHERAPY 

■ OVERALL SURVIVAL 

■ STUDY 

PATIENTS 

STAGES" 

AGENTS 

DIFFERENCE 

Hughes and Higgins, 1962" 

1,002 

Not stated 

HN2 vs. no Rx 

NS 

Slack, 1970 100 

1,192 

Not stated 

HN2 vs. no Rx 

NS 

Shields et al., 1977 101 

417 

Not stated 

Cytoxan vs. Cytoxan + MTX 

NS 

Shields et al., 1982 102 

865 

Not stated 

CCNU + hydroxyurea vs. no Rx 

NS 

Feld et al., 1993 109 

269 

I-IIA 

CAP vs. no Rx 

NS 

Pisters et al., 1994 118 

72 

IIIA 

VP + RT vs. RT 

NS 

Dautzenberg et al., 1995 214 

267 

I—IIIA 

COPAC, RT vs. RT 

NS 

Wada et al., 1996 104 

323 

I—IIIA 

VP, UFT vs. UFT vs. no Rx 

p = 0.053 

Keller et al., 2000 110 

488 

II, IIIA 

EP + RT vs. RT 

NS 

Scagliotti et al., 2003 215 

1209 

I—IIIA 

MVP vs. no Rx 

NS 

IALT, 2004 4 ’ 106 

1867 

I—IIIA 

CDDP based ± RT vs. RT vs. 

Overall, NS; DFS, 




no Rx 

p = 0.02 

Nakagawa et al., 2005 105 

332 

I 

UFT vs. no Rx 

Overall, NS; T1N0, 
p = 0.036 

Winton et al., 2004 5 ’ 107 

482 

IB—II 

CDDP, Vnb vs. no Rx 

Overall, p = 0.011; 

DFS, p = 0.0003 

Strauss et al., 2008 108 

344 

IB 

Carboplatin, paclitaxel vs. no Rx 

NS 

ANITA, 2006 6 

840 

I—IIIA 

CDDP, Vnb vs. no Rx 

Overall, p = 0.017 

"The stages are listed according to the 1997 international system for staging lung cancer. 3 

ANITA, Adjuvant Navelbine International Trialist Association; CAP, cyclophosphamide, doxorubicin, cisplatin; CCNU, J-12-chlorethyl)-3- 
cyclohexyl-J nitrosourea; CDDP, cisplatin; COPAC, cyclophosphamide, doxorubicin, cisplatin, vincristine, lomustine; Cytoxan, cyclophosphamide; 

DFS, disease-free survival; EP, etoposide, cisplatin; HN2, nitrogen mustard; IALT, International Adjuvant Lung Cancer Trial; M, mitomycin C; MTX, 
methotrexate; NS, not significant; no Rx, no adjuvant treatment; RT, radiation; UFT, tegafur plus uracil; Vnb, vinorelbine; VP, vindesine, cisplatin. 
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Early trials evaluated agents, including nitrogen mustards, 
Cytoxan, methotrexate, and nitrosourea, now known to have 
no activity in NSCLC. 99-102 More recently, several studies have 
demonstrated that cisplatinum-based chemotherapy regimens 
appear to provide a modest survival benefit. A meta-analysis 
of 9,387 patients entered into 52 randomized clinical trials 
showed a 5% survival benefit at 5 years for adjuvant cisplatin- 
based chemotherapy in comparison with surgery alone. Trials 
comparing adjuvant radiation with radiation plus chemother¬ 
apy showed an absolute survival benefit of 4% at 2 years in 
favor of combined-modality treatment. 103 

Recent trials of adjuvant chemotherapy in patients with com¬ 
pletely resected NSCLC appear to indicate a therapeutic benefit. 
Initial studies from the West Japan Study Group indicated that 
postoperative treatment with uracil-tegafur (UFT), a well-toler¬ 
ated oral analogue of fluorouracil, confers a survival advan¬ 
tage. 104 Although a recent randomized phase III trial from this 
same group failed to demonstrate a survival advantage among 
patients with resected stage I adenocarcinoma or squamous cell 
carcinoma, subset analysis of patients with pTINOMO tumors 
indicated a significant improvement in overall survival. 105 The 
prolonged low-dose administration of fluorouracil, generally not 
considered to be an active drug against NSCLC, used in this trial 
appeared to have a significant antitumor effect. 

The International Adjuvant Lung Cancer Trial evaluated the 
effect of cisplatin-based adjuvant chemotherapy on survival 
after complete resection of non-small cell lung cancer. A total of 
1,867 patients with resected stage I, II, or III NSCLC were ran¬ 
domized to receive cisplatin-based chemotherapy, cisplatin- 
based chemotherapy and radiation, radiation alone, or no adju¬ 
vant treatment. Individual institutions administered additional 
chemotherapeutic agents at their discretion (“open-choice 
design”), with nearly half of the treated patients receiving cis- 
platin (100 mg/m 2 ) and etoposide for three or four cycles. The 
total dose delivered of cisplatin was greater than 240 mg/m 2 for 
73.8% of treated patients. Additional agents used were vinorel- 
bine, vinblastine, or vindesine. Cisplatin dosing varied from 80 
to 120 mg/m 2 per cycle, for a total expected dose of 300 to 
400 mg/m 2 . Statistically significant benefits were observed for 
both overall (absolute difference, 4.1%) and disease-free 
(absolute difference, 5.1%) survival at 5 years for patients 
treated with cisplatin-based chemotherapy, with or without 
adjuvant radiation. 4 Planned radiotherapy did not appear to 
provide any added benefit. In subgroup analysis, the benefits of 
cisplatin-based adjuvant chemotherapy appeared to confer the 
greatest benefit upon patients with stage III NSCLC. In longer- 
term follow-up, disease-free survival hazard ratio remained 
improved at 0.88 (95% confidence interval [Cl], 0.78-0.98; p = 
0.02) for patients receiving adjuvant therapy at 7 years follow¬ 
ing operation, but the previously observed improvement in 
overall survival was no longer statistically significant with a 
hazard ratio of 0.91 (95% Cl, 0.81-1.02; p = O.IO). 106 

Several subsequent studies support the use of adjuvant 
chemotherapy, particularly in stage II and III lung cancer. In 
the National Cancer Institute of Canada-Clinical Trials Group 
(JBR.10), adjuvant treatment with vinorelbine and cisplatin 
resulted in prolonged overall and disease-free survival for 
patients with resected stage IB or II (excluding T3N0M0) 
NSCLC. 5 These survival differences were demonstrated despite 
poor patient compliance, with only 50% of patients complet¬ 
ing their prescribed regimen of adjuvant therapy. 107 In a phase 
III trial in which 840 patients with completely resected stage 
IB, II, and IIIA NSCLC were randomized to observation or 
adjuvant vinorelbine and cisplatinum, the Adjuvant Navelbine 
International Trialist Association (ANITA) reported that risk- 
adjusted overall mortality was reduced significantly in subjects 
assigned to chemotherapy, with a hazard ratio of 0.80 (95% 
Cl, 0.66-0.96; p = 0.017). 6 Again, only 50% of patients 
receiving treatment completed the planned regimen. 

The Cancer and Leukemia Group B (CALGB) 9633 trial 
reported 344 patients undergoing pulmonary resection for 


T2N0M0 (stage IB) NSCLC, randomized either to adjuvant 
therapy with paclitaxel and carboplatin or observation. With a 
median follow-up of 74 months, no statistical difference in 
overall survival was observed between treatment groups, with 
a hazard ratio of 0.83 (95% Cl, 0.64-1.08; p = 0.12) for 
patients receiving adjuvant therapy. Unplanned subgroup 
analysis indicated a significant survival benefit for patients with 
larger tumors (>4 cm), but as a group, adjuvant chemotherapy 
for stage IB NSCLC is not considered standard of care 
currently. 108 

Notably, several of these trials have shown that approxi¬ 
mately half of all patients actually received the planned dose of 
chemotherapy. 109,110 It remains to be determined whether 
patients undergoing minimally invasive approaches to pul¬ 
monary resection can tolerate adjuvant chemotherapy better 
than similar patients recovering from open operations. In a 
recent report by Petersen et al., thoracoscopic lobectomy was 
found to improve the delivery of adjuvant chemotherapy. 111 In 
a series of 100 patients, 43 underwent thoracotomy and 57 
had pulmonary resection performed by thoracoscopy. Those 
undergoing thoracoscopic resection were found to have a 
higher compliance rate. Chemotherapy doses were delayed in 
significantly fewer patients in the thoracoscopic group (18% 
versus 58%). Chemotherapy doses were reduced in 26% in the 
thoracoscopy group versus 49% in the thoracotomy group, 
which was also significant. In addition, a significantly higher 
percentage of patients received 75% or more of the planned 
regimen. There was no significant difference in the time to ini¬ 
tiation of chemotherapy or toxicity. 


Treatment of Stage III Disease 

Stage III NSCLC indicates locoregionally advanced disease 
that encompasses several anatomic subsets that vary consider¬ 
ably in the likelihood that resection will provide durable onco¬ 
logic benefit. Stage IIIB is generally considered unresectable. 
There is no role for resection for patients with T4 (stage IIIB) 
disease due to malignant pleural or pericardial effusion, infil¬ 
tration of the heart or vertebra, or contralateral or supraclav¬ 
icular nodal metastases (N3). However, several small series 
from specialized centers have demonstrated that surgery can 
be considered for selected patients with invasion of mediasti¬ 
nal structures such as the superior vena cava, left atrium, 
carina, or aorta, with consideration for induction chemoradi- 
ation, in order to “downstage” such tumors. 112,113 These series 
indicate that complete resection is essential in order to obtain 
survival benefit from this approach. 

Stage IIIA includes patients with extrapulmonary disease 
involving the ipsilateral hemithorax (i.e., T3N1 and T1-3N2). 
The management of patients with stage IIIA disease due to 
mediastinal nodal involvement (N2) continues to evolve, and 
is discussed in the following sections. 

Role of Resection. The most controversial and complex part 
of the treatment of stage IIIA NSCLC is the management of 
patients with N2 disease. Reported 5-year survival rates after 
resection for N2 disease are usually 20% to 30% but range 
from zero to 40%. This variation reflects the extent of mediasti¬ 
nal nodal involvement, the T status of the primary tumor, and 
the ability to perform a complete resection. With respect to 
mediastinal nodal involvement, adverse prognostic factors 
include the presence of extracapsular nodal disease, multiple 
levels of involved lymph nodes, and superior mediastinal nodal 
metastases. 114,115 

Historically, several series presented an inappropriately 
optimistic view of the benefit of resection for N2 disease 
because they focused on highly selected patients. The experi¬ 
ence reported by Martini and Flehinger 116 from Memorial 
Sloan-Kettering Cancer Center places resection for N2 disease 
in perspective because it examines the outcome of treatment of 
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all patients with N2 disease, not just a small subset. From 
1974 to 1981, a total of 1,598 patients with NSCLC, of whom 
706 had mediastinal nodal metastases, were seen by the tho¬ 
racic service. Only 151 patients, or 21% of all patients with 
N2 disease, had technically complete resections of the primary 
tumor and all accessible mediastinal lymph nodes. The overall 
survival of these 151 patients was 29% at 5 years. Moreover, 33 
of these 151 patients who had “clinical” N2 disease (mediastinal 
nodal involvement extensive enough to be visible on chest 
radiography or bronchoscopy) had only an 8% survival rate at 
3 years. Thus, only 16.7% of all patients potentially benefited 
in the long term from resection. Overall survival was also 
influenced by the T status of the primary tumor; patients with 
T2 or T3 tumors fared significantly worse than those with T1 
tumors. Based on these and other data, most surgeons consider 
for resection only those patients who have a T1 or T2 primary 
tumor and single-level intranodal N2 disease. 

Rationale for Neoadjuvant Therapy. Although some 
patients with “minimal” N2 disease survive for long periods of 
time after resection, most have more extensive nodal involve¬ 
ment and do not benefit from surgery as their primary treatment. 
Until the 1980s, the standard treatment for such patients was 
radiation. The reported survival rates after radiation are harder 
to interpret than those after resection because most series include 
a mixture of stage IIIA and IIIB patients and do not define the 
precise extent of nodal involvement. Sequential trials by the 
Radiation Therapy Oncology Group (RTOG) showed that high- 
dose, continuous radiation yields the best chance of local con¬ 
trol. 117 Many attempts have been made to intensify radiation 
dose without increasing radiation side effects, either by altering 
radiation fractionation schemes or by using three-dimensional 
conformal treatment planning. On the whole, these efforts have 
led to minimal improvements in both local control and survival 
because most patients relapse in distant sites, just as they do after 
resection. For this reason, postoperative chemotherapy has been 
used as adjuvant therapy to surgery and radiation therapy in 
patients with N2 disease, although no benefit in survival has 
been shown. 118 The poor long-term survival and the risk for dis¬ 
tant metastatic disease prompted an investigation of neoadju¬ 
vant multimodality therapy for stage III NSCLC. 

Two small randomized clinical trials further challenged the 
concept of resection as the primary treatment for any patient 
with N2 disease. Rosell et al. 119,120 randomized 60 patients with 
stage IIIA NSCLC (16 of whom did not have N2 disease) to 
undergo resection or to receive three cycles of cisplatin-based 
chemotherapy followed by resection. The median survival of the 
patients who received preoperative chemotherapy was signifi¬ 
cantly longer (26 vs. 8 months) than the survival of patients who 
underwent only resection. A study of similar design from the 
M. D. Anderson Cancer Center corroborated these results. 121,122 
Both trials were stopped early because of highly significant dif¬ 
ferences between the two study arms. These two studies suggest 
that it is appropriate to consider all patients with N2 disease 
diagnosed at mediastinoscopy for induction chemotherapy. 
Unfortunately, because pretreatment mediastinoscopy was not 
mandated in either trial, some patients who did not have N2 dis¬ 
ease were included. The results of these trials are not universally 
accepted because of the small numbers of patients enrolled, the 
lack of systematic pretreatment staging, and the unusually poor 
survival of the patients in the control (surgery-only) arms. 

Early Trials of Neoadjuvant Therapy. The concept of 
preoperative therapy followed by resection (neoadjuvant ther¬ 
apy) dates back to 1955, when Bromley and Szur 123 used radi¬ 
ation (at an average dose of 47 Gy) to treat 66 patients before 
resection. At operation, no viable tumor was found in 29 of 62 
(47%) patients, but 10 patients died of complications in the 
first month, and only two patients survived to 5 years after 
operation. At the time, the natural history of NSCLC was not 
well understood, the methods of staging before resection not 


very accurate, and the risk for distant metastases not fully rec¬ 
ognized. Effective chemotherapy did not exist and it was 
hoped that an approach that increased resectability might lead 
to better long-term survival. Thus, early neoadjuvant trials 
focused on the use of preoperative radiation. 

Several subsequent studies further explored this approach. 124 
All these trials were flawed by a lack of pretreatment staging, by 
the use of widely varying amounts of radiation, and by exces¬ 
sively long intervals between irradiation and resection. 
Nonetheless, it became apparent that aggressive local treatment 
did not improve long-term survival, even though radiation 
could sterilize tumor in a significant number of patients. The 
development of distant metastases in 50% to 80% of patients 
during or shortly after treatment underscored the need for sys¬ 
temic therapy in stage III NSCLC. 

Recent Trials of Neoadjuvant Therapy. Because of a 
better understanding of the natural history of early-stage lung 
cancer and the revision of the international staging system in 
1986, recent trials have defined more uniform patient popula¬ 
tions, so that it has been easier to interpret trial results. Although 
many different treatment regimens have been used in neoadju¬ 
vant trials, they can be grouped into three major categories: 
(a) chemoradiation without resection, (b) chemotherapy followed 
by resection, and (c) chemoradiation followed by resection. 

Trials of Chemoradiation without Resection. These trials can¬ 
not be equated with trials of neoadjuvant therapy that include 
resection because patients entered into nonsurgical trials are 
staged clinically without the benefit of mediastinoscopy. 
Therefore, nonsurgical trials include a mix of patients with 
stage IIIA and IIIB cancers, and they might even include some 
patients with earlier-stage disease who were thought erro¬ 
neously to have stage III disease because of benign mediastinal 
adenopathy diagnosed only by CT. 

With the acceptance of chemotherapy and radiation as 
standard treatment, attention has focused recently on the opti¬ 
mal means to deliver both modalities. A study suggests that 
concurrent treatment is superior to sequential chemoradio- 
therapy. Furuse et al. 125 randomized 314 patients with stage III 
NSCLC to MVP (cisplatin, 80 mg/m 2 on day 1; mitomycin, 
8 mg/m 2 on days 1 and 29; and vindesine on days 1, 8, 29, and 
36) with concurrent split-course radiation or to MVP followed 
by standard radiation. Patients who received concurrent treat¬ 
ment had a significantly better response and survival. 

The results of several phase III randomized trials compar¬ 
ing radiation alone with either sequential or concurrent 
chemotherapy and radiation are shown in Table 79.9. These 
trials confirm the feasibility of combined-modality treatment 
and overall have shown that patients receiving chemoradiation 
have a better survival than those receiving either standard frac¬ 
tionated or hyperfractionated radiation alone. In most studies, 
the addition of chemotherapy improved median survival from 
between 9 and 10 months to 14 months and 5-year survival 
from 5% to between 15% and 20%. The somewhat variable 
results among these trials are related to several factors, includ¬ 
ing differences in total radiation dose and method of adminis¬ 
tration (split vs. continuous course); differences in chemother¬ 
apy dose, especially with respect to cisplatin; and differences in 
patient selection based on staging criteria. 

Trials of Neoadjuvant Therapy with Resection. These trials 
have used two different treatment strategies: induction 
chemotherapy alone or concurrent chemoradiation before 
resection. The rationale for chemotherapy alone as induction 
treatment is that it potentially allows the use of a more intense 
dose and the use of some drugs, such as mitomycin, that can¬ 
not be administered in conjunction with radiation. Proponents 
of this approach also believe that chemotherapy is as effective 
as induction treatment as is combined chemoradiation, and 
that separating the two modalities allows irradiation to be 
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TABLE 79.9 RESULTS 


RESULTS OF PHASE III TRIALS COMPARING RADIOTHERAPY ALONE WITH CHEMORADIOTHERAPY FOR STAGE III 
NON-SMALL CELL LUNG CANCER 


■ INVESTIGATORS 

■ NO. 

PATIENTS ■ CT 

■ RT (Gy) 

■ GROUP 

■ MEDIAN 
SURVIVAL (mo) 

■ SURVIVAL 
AT 2 Y (%) 

■ p 

TRIALS SHOWING NO ADVANTAGE 







Trovo et al., 1990 216 

111 

CAMP 

45 (seq) 

CT-RT 

11.7 

17* 

ND 





RT 

10.0 

19* 


Morton et al., 1991 217 

114 

MACC 

60 (seq) 

CT-RT 

10.6 

21 

>0.2 





RT 

10.4 

16 


Le Chevalier et al., 1991 218 

353 

VCPC 

65 (seq) 

CT-RT 

12.0 

21 

0.08 





RT 

10.0 

14 


Blanke et al., 1995 219 

214 

CDDP 

60-65 (con) 

CT-RT 

10.0 

18 

0.35 





RT 

10.7 

13 


TRIALS IN FAVOR OF COMBINED THERAPY 






Schaake-Koning et al., 1992 220 

331 

CDDP 

55 (con) 

CT daily-RT 

— 

26 

0.01 





CT wkly-RT 

— 

19 

ND 





RT 

— 

13 


Jeremic et al., 1995 221 

169 

Carbo 

64.8 (con) 

CT (wkly)- 
HXFRT 

18.0 

23 b 

0.003 



+VP-16 


CT (other wk) 
HXFRT 

13.0 

16 

ND 





HXFRT 

8.0 

6.6 


Dillman et al., 1996 222 

155 

CDDP 

60 (seq) 

CT-RT 

13.7 

26 

0.01 



+Vbl 


RT 

9.6 

13 


Sause et al., 2000 223 

458 

CDDP 

60 (seq) 

CT-RT 

13.2 

32 

0.04 



+Vbl 


HFXRT 
(69.6 Gy) 

12.0 

24 

ND 





RT 

11.4 

21 


CAMP, cyclophosphamide, doxorubicin, methotrexate, procarbazine; CDDP, cisplatin; con, concurrent; CT, chemotherapy; HFXRT, 
hyperfractionated radiation therapy; MACC, methotrexate, doxorubicin, cyclophosphamide, lomustine; ND, no difference; RT, radiotherapy; seq, 
sequential; VCPC, vindesine, cyclophosphamide, cisplatin, lomustine; Vbl, vinblastine; VP-16, etoposide. 
fl From survival curve. 

^Survival at 3 years. 


used postoperatively, when a higher total dose can be given. 
Proponents of concurrent preoperative chemoradiation believe 
that this approach provides adequate systemic treatment of 
micrometastatic disease and more effective control of bulky 
primary and mediastinal tumors. 

Neoadjuvant Trials of Chemotherapy Alone before Resection. 
One of the best-known early trials to demonstrate the feasibil¬ 
ity of combining induction chemotherapy with subsequent 
pulmonary resection in patients with stage III NSCLC was 
developed by Martini et al. 126 at Memorial Sloan-Kettering 
Cancer Center. In 1984, they initiated a trial of high-dose, cis- 
platin-based (120 mg/m 2 ) chemotherapy followed by resection 
for patients with clinical N2 disease. Vindesine or vinblastine 
and subsequently mitomycin were added to form the so-called 
“MVP” regimen. Postoperative radiation was given to patients 
who had persistent mediastinal nodal tumor at thoracotomy, 
and all patients received two additional cycles of chemother- 
apy postoperatively. In 136 patients treated from 1984 to 
1991, the major response rate to induction chemotherapy was 
77% (105/136), and the complete resection rate was 65% 
(89/136). A complete pathologic response was noted in 
19 patients (21%) at the time of resection. The overall survival 
at 5 years was 17% and the median survival was 19 months: a 
distinct improvement over the historical survival for this group 


of patients. Seven treatment-related deaths (5%) occurred in 
this study, five of which were postoperative. 

A phase II trial, reported by the CALGB in 1995, of induc¬ 
tion chemotherapy enrolled 74 patients, treated with two 
cycles of cisplatin (100 mg/m 2 on days 1 and 29) and vinblas¬ 
tine (5 mg/m 2 per week) without mitomycin followed by resec¬ 
tion for patients with mediastinoscopy-proven stage IIIA N2 
disease. 127 In addition, two cycles of chemotherapy and 59.4 
Gy of radiation were given postoperatively. Sixty-three patients 
(85%) had either an objective response or stable disease after 
induction therapy and underwent thoracotomy, with an opera¬ 
tive mortality rate of 3.2%. Twenty-three patients (37% of tho¬ 
racotomies, 31% of all patients) had a complete resection, with 
3-year survival of 46%. The overall 3-year survival was 23%. 
The lower resectability rate in this trial than in the study per¬ 
formed at Memorial Sloan-Kettering potentially reflects both 
the multi-institutional nature of this trial and the use of a less 
intensive chemotherapy regimen (primarily because of the 
omission of mitomycin). However, the overall long-term sur¬ 
vival appears similar for the two trials. 

Trials of Induction Chemoradiation Followed by Resection. 

The second approach to combined-modality therapy and 
resection for stage III NSCLC has been to combine 
chemotherapy and radiation preoperatively (Table 79.10). 
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RESULTS OF REPRESENTATIVE NEOADJUVANT TRIALS FOR STAGE III NON-SMALL CELL LUNG CANCER: INDUCTION CHEMORADIOTHERAPY FOLLOWED BY RESECTION 
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This strategy aims to control micrometastatic disease while 
utilizing the synergism of concurrent radiation and chemother¬ 
apy to reduce tumor bulk in the primary site and mediastinum. 
In one of the first trials of this type, performed by the North 
American LCSG, 39 patients with stage III NSCLC received 
three cycles of chemotherapy with cyclophosphamide, dox¬ 
orubicin, and cisplatin (CAP) and 1,500 cGy of radiation in 
300-cGy fractions given concurrently with cycles 2 and 3 of 
the chemotherapy. The overall response rate to induction ther¬ 
apy was 51% (20/39), and 33% (13/39) of patients had a 
complete resection at thoracotomy. However, the overall 
2-year survival was only 8%, with a median survival of 
11 months. No treatment-related deaths occurred. 128 

The LCSG subsequently performed another phase II induc¬ 
tion trial of cisplatin, 5-fluorouracil, and partially concurrent 
low-dose radiation (3,000 cGy in 15 fractions) in 85 patients 
with stage IIIA N2 or stage IIIB NSCLC. 129 Although the cis¬ 
platin dose in this trial was higher than in the previous study 
(75 instead of 60 mg/m 2 per dose), the overall response rate 
and complete resection rates were similar (56% and 34%). 
The median survival was 13 months. Four of 54 patients (7%) 
died postoperatively. 

Faber et al. 130 at Rush-Presbyterian performed two sequen¬ 
tial phase II neoadjuvant trials of 5-fluorouracil and low-dose 
cisplatin (60 mg/m 2 ) plus 4,000 cGy of split-course radiation 
administered concurrently with the four cycles of induction 
chemotherapy. The second group of 74 patients also received 
etoposide in addition to the cisplatin and 5-fluorouracil. Of 
the 130 patients entered into these trials, 85 were candidates 
for surgery after induction therapy, and 62 (73%) underwent 
thoracotomy. The complete resection rate was 68% (58/85), 
and the overall survival rate was 40% at 3 years, with a 
median survival of 22 months. The induction therapy was 
associated with significant toxicity, but only one treatment- 
related death occurred. The operative mortality rate was 5% 
(3/62). The excellent results of these trials may reflect the 
inclusion of some patients who did not have N2 disease but 
were considered at that time to have stage III NSCLC by virtue 
of T3 (chest wall) NO tumor status. 

A neoadjuvant trial of similar design was performed by the 
CALGB in which high-dose cisplatin (100 mg/m 2 ), vinblastine, 
and 5-fluorouracil were given with 3,000 cGy of continuous 
radiation in 15 fractions to patients with stage IIIA disease. 131 
The overall response rate was 51% (21/41), and the complete 
resection rate was 61% (25/41). The median survival was 15.5 
months. Significant toxicity occurred, and treatment-related 
mortality was high at 15% (6/41). 

The largest reported phase II neoadjuvant trial of concur¬ 
rent chemotherapy and radiation was a multi-institutional 
study performed by the Southwest Oncology Group. 132 Both 
stage IIIA and stage IIIB patients were entered, although 
notably, pathologic documentation of the initial tumor stage, 
usually by mediastinoscopy, was required. The induction regi¬ 
men included two cycles of cisplatin (50 mg/m 2 on days 1 and 
8) and etoposide with 4,500 cGy of concurrent radiation in 
25 fractions. All patients underwent thoracotomy unless their 
disease progressed. The objective response rate to induction 
therapy in the 126 eligible patients was 59%. The resectability 
rates were 85% for the IIIA N2 group and 80% for the IIIB 
group. Nearly two thirds of the patients had no viable tumor or 
only minimal residual foci of tumor in their surgical specimens. 
The 3-year survival rate was 27% for the IIIA group and 24% 
for the IIIB group, with median survival of 13 and 17 months, 
respectively. The best predictor of survival after surgery was the 
absence of tumor in the mediastinal nodes at surgery (3-year 
survival of 44%). The majority of recurrences were distant, 
and the brain was the single most common site. The operative 
mortality rate was 6%, and the overall treatment-related mor¬ 
tality was 10%. An important finding of SWOG 8805 was that 
survival was the same for patients with stage IIIB NSCLC 
by virtue of T4 tumor status and patients with stage IIIA 


N2 disease. Patients with N3 disease had a poor overall sur¬ 
vival. Importantly, the long-term follow-up of this study showed 
that the survival rates at 3 years were sustained at 6 years. 133 

Important differences between the Southwest Oncology 
Group trial and earlier neoadjuvant trials were the careful doc¬ 
umentation of pretreatment stage, the use of a higher dose of 
continuous radiation (4,500 cGy rather than 3,000 cGy of con¬ 
tinuous or 4,000 cGy of split-course radiation), and the fully 
concurrent manner in which the chemotherapy and radiation 
were administered. Early attempts to intensify this therapeutic 
approach by increasing or accelerating the radiation were asso¬ 
ciated with unacceptable toxicity. Two small single-institution 
trials illustrate this problem. Yashar et al. 134 treated 36 patients 
who had stage IIIA N2 disease with two cycles of cisplatin 
(25 mg/m 2 per day for 4 days) and etoposide and 55 Gy of 
concurrent radiation. All patients underwent exploratory tho¬ 
racotomy, and 31 (86%) underwent resection, 27 with pneu¬ 
monectomy. Although the overall 3-year survival rate was 
34%, two operative deaths (5.6%) occurred, six patients 
required prolonged intubation because of postoperative acute 
respiratory distress syndrome (ARDS), and a bronchial stump 
leak developed in three patients. 

In the second study, Fowler et al. 135 treated 13 patients who 
had stage IIIA N2 disease with two cycles of cisplatin (20 mg/m 2 
per day for 4 days), 5-fluorouracil, and etoposide and 60 Gy of 
concurrent radiation in 30 fractions. Six patients then under¬ 
went lobectomy, and seven patients underwent pneumonec¬ 
tomy. The complication rate was unacceptably high; ARDS 
developed in one of the lobectomy patients and in five of the 
seven pneumonectomy patients, and was fatal in two patients. 
Bronchial stump leaks developed in three pneumonectomy 
patients, of whom one died. The trial was closed prematurely 
after 13 patients had been accrued because of the excessive 
morbidity and mortality. An additional 27 patients who 
received the same induction therapy but did not undergo tho¬ 
racotomy tolerated the treatment without major problems. 

Two additional trials have tested concurrent induction 
chemoradiation in stage III NSCLC. Milstein et al. 136 conducted 
a phase II trial in which 36 patients (10 with T3N0 or T3N1 dis¬ 
ease and 11 with IIIB disease) received two cycles of cisplatin 
(25 mg/m 2 ) and etoposide plus concurrent radiation to 50 Gy 
during 28 sessions. Twenty-four patients (21 with IIIA and three 
with IIIB disease) underwent thoracotomy, with complete resec¬ 
tion in 20 (86%). Three of the 21 IIIA patients had complete 
tumor sterilization. The overall survival at 2 years was 39% 
(57% for resectable patients and 15% for unresectable patients), 
and the median survival was 15 months. One death from sepsis 
occurred during the induction treatment, and two postoperative 
deaths resulted from ARDS and bronchopleural fistula. This 
attempt to intensify induction chemoradiation by increasing the 
dose of radiation was not successful. 

One study from the University of Texas M. D. Anderson 
Cancer Center addresses the question of whether radiation aug¬ 
ments the benefit of induction chemotherapy before resection. 137 
This retrospective review identified 107 patients who underwent 
resection for stage IIIA disease. Patients had been treated with 
induction chemotherapy (55 patients) with cisplatin (100 mg/m 2 ) 
or carboplatin/Taxol; concurrent chemoradiation (15 patients) 
with cisplatin (75 mg/m 2 ) and vinblastine plus daily radiation to 
60 to 63 Gy; or concurrent chemoradiation (37 patients) with cis¬ 
platin (50 mg/m 2 ) and etoposide plus hyperfractionated radiation 
to 69.6 Gy. Postoperatively, 35 patients treated with induction 
chemotherapy received adjuvant radiation therapy. 

A North America Intergroup clinical trial sought to deter¬ 
mine whether neoadjuvant therapy including resection is 
superior to nonsurgical treatment with chemotherapy and 
higher-dose radiation in patients with stage IIIA NSCLC. In the 
Intergroup 0139/RTOG 9309 trial, 138 patients with proven pN2, 
stage IIIA NSCLC were randomized to receive neoadjuvant 
chemotherapy with concurrent thoracic radiation therapy (TRT) 
followed by operation or continuation with definitive TRT. 
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Of 429 patients accrued over 92 months, 392 patients were 
considered eligible and were treated with cisplatin (50 mg/m 2 ) 
on days 1 and 8 and etoposide (50 mg/m 2 ) on days 1 through 

5 every 3 weeks for two cycles, as well as 45 Gy TRT. Patients 
randomized to resection (n = 201) underwent operation 4 to 

6 weeks later. Patients randomized to definitive radiation (n = 
191) continued without break to a total of 61 Gy. Following 
operation or completion of TRT, consolidation with two 
cycles of cisplatin and etoposide was given. Of note, less than 
two thirds of patients undergoing operation received consoli¬ 
dation treatment, compared with over 75% of patients receiv¬ 
ing chemoradiation only. There was no mortality in either 
group during induction chemoradiation. Surgical mortality 
was 7%, with 12 of 14 deaths occurring in patients undergo¬ 
ing pneumonectomy. 

Progression-free survival (PFS) was improved from a 
median of 11.8 months to 13.4 months, and 3-year PFS from 
19% to 27% with the addition of surgery. There appeared to 
be improved local control with the addition of surgery, with 
local failure occurring in only 5 % of surgically treated patients 
compared with 16% in the nonsurgical group, although this 
was not statistically significant. However, no statistically sig¬ 
nificant differences were seen in overall survival, with 3-year 
survival of 34% and 37% for the chemoradiation alone and 
chemoradiation and surgery groups, respectively. Survival for 
patients undergoing complete resection in this study has not 
yet been published. This study indicated that carefully selected 
patients with N2-positive stage IIIA NSCLC can be treated 
with multimodality therapy including resection. 

The role of surgery for patients whose tumors appear to 
require pneumonectomy remains controversial as well. In the 
recently published German Lung Cancer Study Group trial, 
patients were randomized to induction chemotherapy (cisplatin 
and etoposide) followed by chemoradiation (concurrent carbo- 
platin and vindesine) followed by resection, or induction 
chemotherapy followed by surgery alone. Of 524 patients 
deemed eligible, randomized, and started on treatment, 296 
underwent operation and 272 underwent tumor resection. In an 
intention-to-treat analysis of patients eligible and randomized 
to different arms of this study, no differences in progression-free 
or overall survival were observed between the treatment groups. 
Patients receiving preoperative chemoradiation were more 
likely to achieve complete resection among those with resectable 
tumors (98/131 vs. 84/141, p = 0.008), and were more likely to 
have evidence for mediastinal downstaging and pathologic 
response, but again with no significant difference observed in 
progression-free or overall survival. Of 104 patients who 
required pneumonectomy, including 39 right sided, for resec¬ 
tion, mortality was slightly greater among patients treated with 
preoperative chemoradiation (7/50 vs. 3/54), but this was not 
statistically significant. 139 Parenchymal-preserving bronchoplas- 
tic techniques also can be considered for those patients who 
might otherwise require pneumonectomy. 140 Whether such 
technically challenging approaches can be undertaken in the 
setting of recent radiation therapy remains to be established. 

Stimulated by the promising results of the Southwest Oncol¬ 
ogy Group 8805 trial for patients with T4 disease, Grunenwald 
et al. 113 performed a phase II trial of similar design for stage 
IIIB T4 NSCLC. The induction regimen consisted of cisplatin 
(100 mg/m 2 ), 5-fluorouracil, and vinblastine with 45 Gy 
of concurrent hyperfractionated (twice daily) radiation. Of 
25 patients enrolled, 16 were subsequently eligible for surgery, 
and 12 had complete resection. No induction treatment-related 
or operative deaths occurred. This study confirms that complete 
resection after induction therapy is feasible in a significant num¬ 
ber of stage IIIB T4 tumors, a subset of stage IIIB tumors previ¬ 
ously considered inoperable under any circumstances. 

Q Current Status of Neoadjuvant Therapy and Resection. 

Taken as a whole, neoadjuvant therapy trials have demon¬ 
strated the feasibility of induction chemotherapy and resection 


for the treatment of stage III NSCLC. Most studies show 
improved rates of resectability and survival in comparison with 
the historical experience for resection or radiation alone. The 
optimal treatment approach to these locally advanced tumors 
has not yet been fully defined, especially because neoadjuvant 
trials vary with respect to eligibility criteria, inclusion of both 
stage IIIA and stage IIIB tumors, accuracy of pretreatment stag¬ 
ing, and type of induction regimens. Moreover, the response, 
resectability, and survival rates are not uniformly reported. In 
some cases, instead of reporting results as a percentage of the 
total number of patients entered into the study, the authors 
report resectability rates as a percentage of the patients with a 
radiographic response, and only the survival rates of patients 
who underwent resection are emphasized. 

The potential toxicity of neoadjuvant regimens should not 
be overlooked. Induction regimens in which high-dose cis¬ 
platin (>100 mg/m 2 ) or radiation doses of 4,000 to 4,500 cGy 
are used have been well tolerated, but radiation doses of 5,500 
cGy or higher have been associated with an excessive risk for 
postoperative ARDS and bronchial stump leak. Good response 
rates have been achieved with chemotherapeutic agents includ¬ 
ing paclitaxel, docetaxel, gemcitabine, and carboplatin, and 
they are better tolerated by patients. Determining the contri¬ 
bution of these agents in combined-modality therapy will 
require further trials, especially as the major form of relapse 
continues to be distant metastatic disease. 

Future Directions. In addition to new chemotherapeutic 
agents, new radiation techniques, such as hyperfractionated 
or accelerated schedules, also merit further exploration in 
neoadjuvant trials with concurrent chemotherapy. Adelstein 
et al., 141 from the Cleveland Clinic, conducted a study in 
which 45 patients with stage IIIA or IIIB NSCLC received 
induction cisplatin, paclitaxel, and 30 Gy of accelerated 
hyperfractionated radiation therapy (1.5-Gy fraction twice 
daily). Surgery was then performed approximately 4 weeks 
after induction. The overall response rate was 54%. Forty 
patients (89%) proceeded to surgery, and 32 patients (71%) 
underwent complete resection. Five complete pathologic 
remissions were seen. Fourteen patients overall were down- 
staged. Patients received a consolidation dose of chemother¬ 
apy and additional radiation to a total of 60 to 63 Gy. The 
2-year relapse-free survival rate was 47%, and the 2-year sur¬ 
vival rate was 65%. No apparent therapy-related deaths 
occurred, but the toxicity was high, with 89% of patients 
experiencing significant mucositis and 20% experiencing 
esophagitis of grade 3 or worse. Three-dimensional confor¬ 
mal therapy permits higher radiation dosing (>70 Gy) of the 
tumor while sparing surrounding normal lung in order to pro¬ 
vide improved local control. 142,143 

The management of stage III NSCLC is complex and still 
evolving. Many trials indicate that resectability and survival 
rates are probably improved with the use of combined- 
modality therapy than with radiation or resection alone. Reg¬ 
imens incorporating high-dose cisplatin with or without mod¬ 
erate-dose radiation have achieved the best results with accept¬ 
able levels of toxicity. Careful patient management leads to 
complete resection, and the operative risk is comparable with 
that of standard pulmonary resection. Importantly, combined- 
modality treatment requires close collaboration among medical 
oncologists, radiation oncologists, surgeons, pulmonologists, 
and anesthesiologists. In the future, three key areas warrant 
further investigation: (a) the optimal combination and 
sequence of newer, less toxic chemotherapeutic agents and a 
variety of new radiation techniques; (b) whether concurrent 
chemoradiation is superior to chemotherapy alone as preoper¬ 
ative induction therapy; and (c) the identification of the molec¬ 
ular features that dictate tumor response to different 
chemotherapeutic agents, allowing a more individualized selec¬ 
tion of induction treatment regimens, which may lead to 
improved long-term outcomes. 
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FIGURE 79.2. Gross figure of a squamous cell carcinoma showing a 
superior sulcus tumor (Pancoast tumor ) arising from apex of the right 
lung. (Reproduced with permission from Cagle PT. Color Atlas and 
Text of Pulmonary Pathology. Philadelphia, PA: Lippincott Williams 
& Wilkins; 2005.) 


Superior Sulcus Tumors. Tumors of the superior sulcus 
(Fig. 79.2), described in detail by H. K. Pancoast in 1932, 144 
represent an uncommon (3%) and challenging subset of 
NSCLC. Tumors frequently involve the brachial plexus, sub¬ 
clavian vessels, or spine and typically fall into two categories: 
T3N0-1 (stage IIB or IIIA) or T4N0-1 (stage IIIB). 145 Until the 
1950s, these tumors were felt to be almost universally fatal, 
with no benefit provided by resection. In 1961, Shaw and 
Paulson demonstrated that preoperative thoracic radiation fol¬ 
lowed by resection was potentially curative. 146 For the subse¬ 
quent 30 to 35 years, reports demonstrated 5-year survival 
of approximately of 25% to 30%. In a single-institutional 
experience spanning 24 years, during which 225 patients 
underwent thoracotomy at Memorial Sloan-Kettering Cancer 
Center, 5-year survival for patients undergoing resection for 
stage IIB, IIIA, and IIIB superior sulcus tumors was 46%, 0%, 
and 13%, respectively. 147 In this retrospective study, the mode 
of preoperative therapy, with radiation and/or chemotherapy, 
or adjuvant therapy did not appear to affect survival, which 
was influenced only by completeness of resection and tumor 
and nodal status in a multivariate analysis. As in other retro¬ 
spective series, locoregional recurrence was the most common 
form of relapse, occurring in 40% of patients. 148 

Spurred by reports of the apparent success of neoadjuvant 
chemotherapy and thoracic radiation in achieving improved 
local control and survival for patients with locoregionally 
advanced NSCLC, the Southwestern Oncology Group coordi¬ 
nated a phase II trial, the first prospective, multicenter trial 
(SWOG 9416/Intergroup 0160) for superior sulcus tumors. 149 
Of 111 patients eligible, including 31 patients with T4 disease, 
102 completed induction chemoradiation and 95 were eligible 
for operation. Patients with mediastinal lymph node metas- 
tases (N2) were excluded from this trial. Of the 88 patients 


who underwent thoracotomy, over 90% had a complete resec¬ 
tion, with 65% of patients demonstrating complete pathologic 
response (R0) or minimal residual disease (Rl). Overall treat¬ 
ment mortality was 4.5%, including an operative mortality of 
2.4%. Of note, intracranial and other distant metastases were 
more common (22% each) than locally recurrent disease only 
(11%). Overall 2- and 5-year survival was 55% and 41% for 
all patients enrolled, and 70% and 53% for patients with a 
complete response, respectively. 


NEUROENDOCRINE TUMORS 


Neuroendocrine tumors of the lung include a varied group of 
lesions ranging from tumors with low-grade malignant poten¬ 
tial (typical carcinoid) to SCLC, which is among the most 
rapidly growing and aggressive of human tumors. Between 
those two extremes, atypical carcinoid and large cell neuroen¬ 
docrine carcinoma have been defined. 150 


Typical and Atypical Carcinoid Tumors 

Carcinoid tumors, which are neoplasms with a low-grade 
malignant potential, account for about 2% of lung tumors in 
the United States. They arise from neuroendocrine stem cells 
of the bronchial epithelium and are classified as either typical 
or atypical. Histologically, typical carcinoids consist of uni¬ 
form polygonal cells with round nuclei and fine granular chro¬ 
matin (Fig. 79.3). Mitotic figures are rare. Atypical carcinoids 
show increased mitotic activity, nuclear pleomorphism, areas 
of disorganized architecture, and tumor necrosis 151 (Fig. 79.4). 

Carcinoid tumors occur equally in both sexes and at a 
median age of 55 years. Half of patients present with pul¬ 
monary symptoms, including hemoptysis, dyspnea, and recur¬ 
rent or persistent pneumonitis, because 40% of lesions are 
centrally located in the main or lobar bronchi (Figs. 79.5 and 
79.6). The lesions may be diagnosed by bronchoscopy, appear¬ 
ing as pink or purple friable endobronchial masses covered by 
intact epithelium. In the other half of patients, carcinoid 
tumors are diagnosed when radiologic abnormalities are 
detected on a chest roentgenogram as part of a routine exami¬ 
nation. 152 

Lymph node metastases occur in approximately 10% to 
15% of patients at diagnosis but are more frequent in atypical 
carcinoids. The carcinoid syndrome is associated with 
bronchial carcinoids in only 2% of cases, usually in patients 



FIGURE 79.3. Typical carcinoid tumor of the lung. A microscopic 
view shows ribbons of tumor cells embedded in a vascular stroma. 
(Reproduced with permission from Rubin E, Farber JL. Pathology , 
3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 1999.) 
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FIGURE 79.4. Atypical carcinoid tumor of the lung. A cellular tumor 
shows central necrosis and a disorganized architecture. (Reproduced 
with permission from Rubin E, Farber JL. Pathology , 3rd ed. Philadel¬ 
phia, PA: Lippincott Williams & Wilkins; 1999.) 



FIGURE 79.6. Gross figure of a resected carcinoid tumor cut in cross 
section to show invasion through the bronchial cartilage. (Reproduced 
with permission from Cagle PT. Color Atlas and Text of Pulmonary 
Pathology. Philadelphia, PA: Lippincott Williams & Wilkins; 2005.) 


with metastatic disease, particularly of the liver. The most 
common sites of metastases are lung, bone, liver, adrenals, and 
brain. 152 

The standard treatment for bronchial carcinoid is complete 
resection, regardless of the presence of nodal involvement, with 
mediastinal lymph node sampling or dissection. 153 Lobectomy 
is required in about 50% of patients. Lesser resection (segmen- 
tectomy, sleeve resection) is adequate for complete resection in 
about 20% of patients. Endoscopic resection is invariably asso¬ 
ciated with local recurrence and should be used only as a 



FIGURE 79.5. Gross figure of a carcinoid tumor protruding into the 
bronchial lumen. (Reproduced with permission from Cagle PT. Color 
Atlas and Text of Pulmonary Pathology. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2005.) 


palliative maneuver in patients whose general medical condi¬ 
tion precludes thoracotomy and pulmonary resection. 152 

The long-term survival rate after resection exceeds 90% in 
patients with typical carcinoids, even when hilar or mediasti¬ 
nal nodal metastases are present. In contrast, patients with 
atypical carcinoids have a 5-year survival rate of 60% after 
complete resection. The outcome is more closely linked to his¬ 
tology than to tumor size, location, or nodal involvement. 
Recurrence is more frequent with tumors larger than 3 cm and 
in patients who present with lymph node metastases. 152 


Large Cell Neuroendocrine Carcinomas 

Large cell neuroendocrine carcinoma is characterized by the 
microscopic features of neuroendocrine tumors, but the tumor 
cells are large, have a high mitotic rate, and frequently show 
necrosis 150,151 (Fig. 79.7). According to Travis et al., 154,155 large 
cell neuroendocrine carcinomas are related to smoking, as is 
SCLC, and are high-grade tumors with 5- and 10-year survival 



FIGURE 79.7. Large cell neuroendocrine carcinoma of lung shows 
positive immunostaining with synaptophysin antibody. (Reproduced 
with permission from Cagle PT. Color Atlas and Text of Pulmonary 
Pathology. Philadelphia, PA: Lippincott Williams & Wilkins; 2005.) 
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rates of 27% and 9%, respectively, despite complete resection. 
Few data are available concerning adjuvant therapy. For the 
time being, the management of large cell neuroendocrine car¬ 
cinoma is identical to that of NSCLC. 156 


Small Cell Lung Cancer 

Small cell carcinoma of the lung has the most aggressive clini¬ 
cal course of any type of pulmonary tumor and is often widely 
disseminated by the time of diagnosis. In contrast to non¬ 
small cell tumors, these lesions are notably responsive to 
chemotherapy and are rarely within the domain of the surgeon. 
The staging system for SCLC was developed by the Veterans 
Administration Lung Cancer Staging Group and divides 
patients into those with limited and those with extensive dis¬ 
ease. This distinction was first based on what could be encom¬ 
passed by a tolerable radiation portal. After clarification by 
the International Association for the Study of Lung Cancer, 
limited disease includes patients with tumors confined to one 
hemithorax and regional lymph nodes (hilar, ipsilateral, and 
contralateral mediastinal nodes, and ipsilateral and contralat¬ 
eral supraclavicular nodes) as well as patients with ipsilateral 
pleural effusion, regardless of whether the cytology is positive 
or negative. On the other hand, both pericardial and bilateral 
pulmonary involvement are considered extensive disease. 157 

Common sites of distant metastases are bone, liver, bone 
marrow, and the central nervous system, and therefore the 
metastatic evaluation includes a bone scan and CT of the chest, 
abdomen, and brain. Some oncologists also perform bone mar¬ 
row biopsies, but because the marrow is the sole site of exten¬ 
sive disease in fewer than 5% of patients, biopsies are usually 
judged unnecessary. After the staging process, approximately 
30% to 40% of patients are found to have limited disease. 

For patients with limited disease, response rates of 85% to 
90% and complete response rates of 50% to 60% can be 
expected with the combination of etoposide and cisplatin and 
radiation therapy. 158 The median survival is 18 to 24 months, 
and the 2-year survival rates are 40% to 50% (5% more than 
before the use of radiation therapy). 159,160 In extensive SCLC 
treated with chemotherapy, response rates reach 75% to 85%, 
although complete response is seen in only 15% to 25% of 
patients. The median survival is between 7 and 11 months, 
with a 2-year survival near zero. The prognosis in SCLC 
depends primarily on the anatomic extent of disease, but after 
a review of prognostic variables in its 2,580-patient SCLC 
database, the Southwest Oncology Group determined that the 
two-stage system should be extended into a four-stage system, 
with serum lactate dehydrogenase level, age, and pleural effu¬ 
sion used as additional staging criteria. 161 

The small numbers of patients with SCLC seen by the sur¬ 
geon represent fewer than 10% of all patients with SCLC. 
They have peripheral tumors with no nodal involvement or 
only hilar nodal involvement, which would be classified as 
Tl-2 N0-1 tumors in the NSCLC staging system. In the past, 
such tumors were often diagnosed at exploratory thoracotomy 
for an asymptomatic coin lesion, but with the increasing use of 
diagnostic percutaneous needle aspiration, more patients with 
early-stage SCLC are now identified preoperatively. Such 
patients should be evaluated in conjunction with a medical 
oncologist, and resection should be considered after distant 
disease has been excluded by a complete metastatic evaluation. 
For such cases, it has been suggested that the TNM classifica¬ 
tion be used in future trials and studies. 162 

Retrospective series have demonstrated a 5-year survival 
rate of 30% to 50% after resection of T1 NO or T2 NO 
SCLC. 162-164 Because of the propensity for small cell cancers to 
disseminate, adjuvant chemotherapy has traditionally been 
given to patients after resection, even though, by virtue of the 
small numbers of patients available, no prospective random¬ 
ized trials have demonstrated whether this is of benefit. 164 


Relapse at the primary site, which is a problem for most 
patients with limited-stage SCLC, is distinctly uncommon 
after complete resection of these early tumors. 165 Radiation 
therapy to the chest has been suggested after surgically com¬ 
plete resection, but because insufficient information is avail¬ 
able in the literature and local relapse is uncommon, it cannot 
be considered a standard treatment. 163,164 

Because the role of resection in patients with mediastinal 
nodal involvement (N2 disease) is questionable, mediastino¬ 
scopy should be considered mandatory to exclude mediastinal 
nodal disease. 166 This should ideally be performed separately 
from thoracotomy because it can be difficult for the patholo¬ 
gist to diagnose small cell cancer on a frozen section. The 
intraoperative management of SCLC is not significantly differ¬ 
ent from that of NSCLC, and an incomplete resection does not 
benefit the patient. 

The addition of resection after a response to induction 
chemotherapy has been proposed by some surgeons to cure a 
small number of patients with limited SCLC without mediasti¬ 
nal involvement. 167 To date, the LCSG has performed the only 
prospective randomized trial evaluating the role of surgery in 
limited SCLC. 168 All patients enrolled in that study received 
chemotherapy, and those in whom at least a partial response 
was achieved were randomized to undergo or not undergo 
surgery. Because the survival rate was the same in both groups, 
this trial did not support the addition of pulmonary resection 
to the multimodality treatment of SCLC. Finally, the occur¬ 
rence of a second primary lung carcinoma after treatment for 
SCLC has been reported in the few patients with prolonged 
survival. It should not be assumed that the new tumor is of 
small cell histology, and these patients should be evaluated for 
the possibility of resection. 169 The average risk for the devel¬ 
opment of a second lung cancer in patients who survive SCLC 
is approximately 6% per patient per year. 83 


BRONCHIAL GLAND 
CARCINOMAS 


Bronchial gland carcinomas are rare primary tumors of the lung. 
They constitute about 1% of all lung neoplasms and 2% of the 
tumors for which resection is performed. These tumors are also 
called primary salivary gland-type tumors of the lung because 
the tracheal and bronchial airway submucosa and the salivary 
glands contain serous and mucous glands that are histologically 
similar. 170 Often, they are called bronchial adenomas, but this 
term is misleading because they are malignant. Care must be 
taken to separate these primary tumors from metastases of prim¬ 
itive salivary gland tumors. 171 This group of carcinomas includes 
adenoid cystic carcinoma, mucoepidermoid carcinoma, and the 
even rarer mixed tumor (pleomorphic adenoma). The only truly 
benign tumors are mucous gland adenomas. 

The symptomatology of these tumors is determined essen¬ 
tially by their location and size. 171 Peripheral tumors, which 
are less frequent, are asymptomatic, generally presenting as a 
nodule on routine chest radiography. Proximally located 
tumors present with symptoms of bronchial irritation and 
obstruction, including cough, shortness of breath, hemoptysis, 
recurrent infection, wheezing, and stridor. Sometimes, patients 
have constitutional symptoms, such as weight loss and pain. 
On chest radiography, the nodule may be seen with pneumo¬ 
nia or atelectasis. Because of the slow growth of these tumors, 
signs and symptoms may develop over a period of years. 
Incompletely obstructing tumors frequently masquerade as 
asthma for prolonged periods of time. Smoking does not seem 
to be a risk factor for these tumors. 

Peripheral tumors are diagnosed by percutaneous needle 
aspiration biopsy or at the time of thoracotomy. Tumors in 
major airways are diagnosed by bronchoscopy. Other studies, 
such as CT, are rarely required to make the diagnosis but may 
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be of value in planning therapy. Because most of these tumors 
do not metastasize, complete excision, with preservation of as 
much pulmonary tissue as possible, is the goal. Whenever 
possible, sleeve resections of main bronchi are performed to 
preserve pulmonary tissue. 


Adenoid Cystic Carcinoma 

Adenoid cystic carcinomas are slowly growing malignant 
tumors that arise from the submucosal glands of the trachea 
and main bronchi (Fig. 79.8). They have also been called cylin¬ 
dromas, adenoid cystic basal cell carcinomas, adenomyoep- 
itheliomas, and pseudoadenomatous basal cell carcinomas. 
Adenoid cystic carcinomas behave much like the major and 
minor salivary gland tumors of the same name, to which they 
are microscopically identical. An important aspect of their 
clinical behavior is that they tend to spread in the submucosal 
plane along the perineural lymphatics, well beyond the obvi¬ 
ous endoluminal component of the tumor (Fig. 79.9). In a 
small biopsy specimen, it can be difficult to distinguish ade¬ 
noid cystic carcinoma from a conventional adenocarcinoma. 
Immunohistochemical stains may help the pathologist differ¬ 
entiate the two by showing the presence of the myoepithelial 
cell immunophenotype in adenoid cystic carcinoma. 171 

Whenever possible, total excision by tracheal resection or 
tracheobronchial resection is the treatment of choice. 172-175 
This is not always possible because of the extensive submu¬ 
cosal spread of tumor. In such cases, palliative resection may 
be necessary. Postoperative radiation is indicated because 
these tumors are radiation sensitive. 

When no resection is feasible because of the extent of the 
lesion, a palliative treatment option is endoscopic laser 
removal followed by radiation (brachytherapy, external beam 
irradiation, or both). When complete resection is possible, the 
prognosis is excellent. However, because of the slow-growing 
nature of the tumor and its responsiveness to radiation, 



FIGURE 79.8. Tracheogram demonstrating airway obstruction by an 
adenoid cystic carcinoma of the upper trachea. 



FIGURE 79.9. Adenoid cystic carcinoma. A photomicrograph shows 
perineural infiltration by the tumor. (Reproduced with permission 
from Rubin E, Farber JL. Pathology , 3rd ed. Philadelphia, PA: Lippin- 
cott Williams & Wilkins; 1999.) 


prolonged survival is possible even with incomplete resection 
or palliative measures. Patients frequently live 10 years or 
more with persistent disease, including pulmonary metastases. 
In such cases, repeated efforts at palliation are indicated. 


Mucoepidermoid Carcinoma 

Mucoepidermoid carcinomas may be of low- or high-grade 
malignancy and have the same microscopic appearance 
as mucoepidermoid tumors of salivary gland origin. These 
tumors also arise in the glandular submucosa, presenting as 
submucosal lesions. The distinction between low-grade and 
high-grade tumor is based on mitotic activity, cellular necrosis, 
and nuclear pleomorphism. 170 

The principles of treatment of mucoepidermoid tumors are 
similar to those of carcinoid tumors. The more malignant vari¬ 
ety must be treated as bronchogenic carcinoma. Some authors 
even think that adenosquamous carcinoma is the same entity as 
mucoepidermoid carcinoma, but arising in the periphery of the 
lung. 170 The outlook for these tumors depends on the grade of 
malignancy and the stage of the disease. High-grade tumors 
have the same prognosis as bronchogenic carcinoma. Complete 
resection is the mainstay of treatment. Mucoepidermoid 
tumors are too rare to permit an evaluation of combined- 
modality therapy for more aggressive, high-grade tumors. 170 


Mucous Gland Adenoma 


Mucous gland adenomas are rare submucosal tumors that 
arise from mucous glands. They are also known as bronchial 
cysts and papillary cystadenomas. Because of their totally 
benign behavior, they can usually be treated by endoscopic 
excision. Thoracotomy and resection are indicated only if 
the distal lung has been destroyed by chronic infection or if 
endoscopic removal is technically contraindicated or incomplete. 


OTHER MALIGNANT 
TUMORS OF THE LUNG 

The lung is composed of epithelial, mesodermal, and endoder- 
mal cells, and malignant tumors may arise from any of these 
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cells. This group represents fewer than 1% of all primary lung 
cancers and is usually subdivided into lymphoid tumors, soft 
tissue sarcomas, mixed epithelial/mesenchymal tumors, and 
ectopic tissue tumors. 176,177 Primary pulmonary lymphomas 
usually are excised for confirmatory diagnosis. Sarcomas aris¬ 
ing from soft tissue or large vessels are treated in a similar 
fashion to sarcomas occurring elsewhere. Treatment of the 
other rare tumors, including pulmonary blastomas, primary 
melanomas of the bronchus, and malignant teratomas, pri¬ 
marily involves complete resection. Radiation and chemother¬ 
apy do not have well-defined roles in the treatment of any of 
these tumors but are occasionally used in particular situations. 


RESECTION OF 
PULMONARY METASTASES 


Historical Background 

The first report of the resection of a pulmonary metastasis per¬ 
formed as a separate procedure is attributed to Divis in 1926. 
In North America, the most quoted case of lobectomy for a 
metastatic carcinoma was that performed by Barney and 
Churchill in 1939. 178 Their patient underwent nephrectomy 
for an adenocarcinoma and was known to have a pulmonary 
mass. After the renal resection, the pulmonary tumor did not 
respond to radiation treatment and increased in size. Follow¬ 
ing exploration and resection of the pulmonary lesion, the 
patient survived disease-free for more than 20 years. 

From 1940 to the mid-1960s, pulmonary metastasectomy 
was performed infrequently and only in highly selected patients. 
A total of 169 pulmonary metastasis resections were performed 
on 165 patients at the Mayo Clinic from 1941 to 1959. 179 This 
large number of operations may reflect the high volume of cases 
seen at the Mayo Clinic rather than the common use of resec¬ 
tion at that time. The first principles of pulmonary resection for 
metastatic disease included complete removal of the primary 
disease, no evidence of recurrence or metastatic disease other 
than the lung lesion, and the patient is in good general condi¬ 
tion. Multiple lesions were not considered a contraindication to 
resection (Fig. 79.10), but it was thought that bilateral disease 
indicated a poor prognosis and should not be resected. Surgeons 
were already convinced that the resection should be as conserv¬ 
ative of lung function as possible. 

Since then, experience from several institutions suggests 
that more liberal indications for pulmonary metastasectomy 
are appropriate. 180 A striking example was the treatment of 
metastatic osteogenic sarcoma at Memorial Sloan-Kettering 
Cancer Center. From 1940 to 1965, only five such patients 
were treated surgically. During the same period, only 24 of 
145 patients (17%) survived 5 years after resection of their 
primary tumors, and 118 of these patients (81%) died of pul¬ 
monary metastases. This experience prompted a more aggres¬ 
sive approach to the management of pulmonary metastases. 
Starting in 1965, a consecutive series of 22 patients with 
osteogenic sarcoma underwent pulmonary metastasectomy. 
Patients were considered for operation even if they had bilat¬ 
eral metastases or required multiple thoracotomies to remove 
all gross tumor. A total of 59 thoracotomies were performed in 
these 22 patients, with an overall 5-year survival rate of 32%. 
The dramatic improvement in survival in comparison with the 
historical experience strongly supported the aggressive use of 
pulmonary metastasectomy in these patients. 181 

During the past 30 years, resection has become a widely 
accepted treatment for certain pulmonary metastases; how¬ 
ever, some of the criteria for patient selection remain contro¬ 
versial. In addition, advances in chemotherapy have changed 
the indications for resection. With some cancers, pulmonary 
metastasectomy is performed to prolong life expectancy, 
whereas with others, it serves mainly to restage disease or to 
provide adjuvant treatment after initial chemotherapy. The 



FIGURE 79.10. Metastatic carcinoma of the lung. A section through 
the lung shows numerous nodules of metastatic carcinoma, corre¬ 
sponding to “cannon ball” metastases seen radiologically. (Repro¬ 
duced with permission from Rubin E, Farber JL. Pathology , 3rd ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 1999.) 


role of pulmonary metastasectomy will undoubtedly continue 
to evolve as improvements in systemic treatment are made. 


Clinical Presentation and Diagnosis 

Metastases are asymptomatic 85% of the time and are usually 
detected on a routine chest radiograph. Patients who undergo 
resection of a primary tumor with a known tendency to metas¬ 
tasize to the lung should have a chest radiograph as part of 
their routine follow-up care. On a chest radiograph, metastases 
usually present as well-circumscribed, spherical solid masses 
with well-defined borders (Fig. 79.11). Cavitation is occasion¬ 
ally seen in large lesions with central necrosis, mostly squa¬ 
mous cell cancers. The distribution of lung metastases is pre¬ 
dominantly subpleural or in the outer third of lung fields. 182 

Metastases to the lung usually arise in the pulmonary 
parenchyma. Endobronchial metastases are uncommon but 
occur most typically with renal cell, colon, and breast cancers. 
Even with endobronchial metastases, half of patients are 
asymptomatic. 183 More often, endobronchial disease repre¬ 
sents an extension of contiguous parenchymal disease. The 
extent of endobronchial tumor can affect the approach to 
resection. For these reasons, bronchoscopy should be performed 
before thoracotomy, especially if centrally located metastases 
are present. 

Hilar or mediastinal nodal involvement sometimes accompa¬ 
nies pulmonary metastases. Several retrospective series have 
indicated that metastatic nodal involvement is a poor prognos¬ 
tic indicator, independent of disease-free interval or number of 
nodules. 184,185 However, the determinants of nodal involvement 
and the prognostic and therapeutic implications remain poorly 
understood. Lymphangitic spread can occur with or without 
concomitant pulmonary nodules. This happens most frequently 
in breast cancer and produces a characteristic radiographic 
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FIGURE 79.11. Chest radiograph of a patient with bilateral pul¬ 
monary metastases from endometrial cancer. The mass in the right 
upper lobe is well circumscribed and has the radiographic appearance 
typical of a metastasis. 


appearance of diffusely increased interstitial markings and a 
clinical presentation of severe dyspnea that is out of proportion 
to the radiographic findings. 

When pulmonary metastases are thought to be present on a 
chest radiograph, CT should be performed to determine their 
number, location, size, and potential resectability. Plain chest 
radiographs detect only lesions at least 9 mm in size. New 
lesions of this size seen on a chest radiograph in a patient 
already treated for a malignancy have a 90% chance of being 
malignant. 186 Even though CT can identify lesions as small as 
3 mm, it often underestimates the number of pulmonary metas¬ 
tases (Fig. 79.12). When radiologic and surgical findings are 
correlated, only 75% of malignant nodules are detected by CT. 
Fifteen percent of CT studies overestimate the number of lung 
metastases for an accurate radiologic assessment of 61%. 187,188 
FDG-PET scan appears to have a role as well in the preopera¬ 
tive evaluation of resectable pulmonary metastases, enhancing 
the detection of extrathoracic or mediastinal involvement that 
might preclude complete resection. 189 

Patients who present with multiple pulmonary nodules in the 
setting of a previously treated malignancy rarely pose a diag¬ 
nostic dilemma. Patients who present with solitary pulmonary 
Q nodules are more problematic. Generally, a solitary lesion is 
more likely to be a metastasis if the primary tumor was a 
sarcoma or a melanoma. If the primary tumor originated in the 
head, neck, or breast, it is more likely to be a new primary lung 
cancer. 190 It has an equal chance of being a metastasis or a new 
primary tumor if the initial tumor was of gastrointestinal or 
genitourinary origin. Percutaneous fine-needle aspiration biopsy 
usually yields a tissue diagnosis, but the necessity of a biopsy in 
the case of a solitary lesion is questionable. If the patient fits the 
criteria for resection, a biopsy of the lesion is best performed as 
an excisional biopsy. Because the findings on needle biopsy do 
not alter the recommendations for excision of a solitary lesion, 
this procedure should be undertaken only if the patient is not an 
operative candidate, if an alternative method of treatment is 
indicated, or if the patient requests that the diagnosis be estab¬ 
lished before consenting to operation. 


Criteria for Resection 


The disease-free interval, number of metastatic nodules, and 
tumor doubling time all have been used as criteria for the 


resection of pulmonary metastases. Each of these remains con¬ 
troversial with respect to its effect on long-term outcome. 191 
The disease-free interval is defined as the time from resection 
of the primary tumor to the diagnosis of metastases. The 
length of the disease-free interval is thought to be of prognos¬ 
tic significance and varies greatly among published reports 
from 7 months to 5 years. 192 

The number of metastatic nodules resected has also been 
considered predictive of survival. In sarcomas, some have 
reported that the presence of four nodules is a significant break¬ 
point in survival; however, the significance of the number of 
nodules varies among reported series. Most consider the com¬ 
pleteness of resection the best predictor of survival. 193 Obvi¬ 
ously, when a shower of numerous, tiny (1- to 2-mm) lesions is 
encountered, complete resection is not possible. 

Tumor doubling time is a measure of the aggressiveness of 
tumor growth. The prognostic importance of tumor doubling 
time, however, is questioned because various doubling times, 
from 20 to 136 days, have been found to be significant in dif¬ 
ferent studies. 192 Many do not consider this a criterion for 
resection. The disease-free interval, number of metastatic 
nodules, and tumor doubling time in fact reflect the intrinsic 
tumor biology. 

In 1991, the International Registry of Lung Metastases was 
established. Five thousand two hundred six cases of pul¬ 
monary metastases were analyzed retrospectively with regard 
to prognostic variables. 187 Multivariate analysis showed a bet¬ 
ter prognosis for patients with germ cell tumors, a disease-free 
interval of 36 months or more, a single metastasis, and com¬ 
plete resection. A simple system of classification into prognos¬ 
tic groups was designed (Table 79.11). 

Several guidelines must be met before a patient is consid¬ 
ered for resection of pulmonary metastases: (a) control of the 
primary tumor, (b) absence of extrathoracic metastases, (c) a 
general medical condition that permits thoracotomy, (d) pul¬ 
monary function that allows complete resection of all metas¬ 
tases, and (e) lack of a more effective systemic treatment. 
Resection should be undertaken only if complete resection is 
considered technically feasible. 194 

If the metastatic lesion is found at the same time as a recur¬ 
rence at the primary site, the recurrent primary tumor should be 
treated before the metastatic disease is treated to prevent further 
seeding of the metastatic site. When the primary tumor and the 
metastasis are diagnosed simultaneously, lung resection may pre¬ 
cede operation for the primary disease if it is doubtful whether 
the pulmonary disease can be completely resected and immediate 
subsequent resection of the primary tumor is planned. 

When a patient meets the criteria for resection of one or 
more pulmonary metastases, the natural history of the tumor 
and whether effective systemic therapy is available must be con¬ 
sidered. Experience in breast cancer, testicular cancer, and 
osteogenic sarcoma illustrate this point. 195 In contrast to 
metastatic sarcoma, which is usually confined to the lungs, 
metastatic breast cancer to the lungs signals the development of 
widely disseminated disease. Although effective systemic ther¬ 
apy is available, patients with a solitary metastatic lesion, long 
disease-free interval following treatment for the primary breast 
cancer, and good performance status appear to have longer 
median and 5-year survival following pulmonary resec¬ 
tion. 196,197 

The advent of effective chemotherapy has altered the man¬ 
agement of pulmonary metastases of germ cell cancer and 
rendered an incurable disease curable. Platinum-based chemo¬ 
therapy is now the primary form of treatment. 198 Resection is 
reserved for patients who have a complete serologic response 
(normal levels of E-human chorionic gonadotropin and 
a-fetoprotein) with residual pulmonary lesions, evidence of 
persistent intrathoracic disease with elevated markers despite 
a full course of chemotherapy, or lesions that do not respond 
or that progress with chemotherapy. 199 Approximately one 
third of the resected pulmonary lesions contain viable tumor, 
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FIGURE 79.12. Imaging studies from a patient with metastatic embryonal rhabdomyosarcoma. Chest radiographs show a mass in the right lower 
lobe [arrow, A) that is best seen on the lateral view [arrow, B). Computed tomography (CT) confirmed the presence of this mass [arrow, C) and 
showed an additional nodule in the left upper lobe [arrow, D). At surgical exploration, however, multiple bilateral pulmonary metastases were 
found that measured less than 5 mm and therefore could not be seen on CT. 


1 TABLE 79. 

1 1 

RESULTS 1 

SURVIVAL BY PROGNOSTIC GROUP: THE INTERNATIONAL REGISTRY OF 

LUNG METASTASES 

■ GROUPS 

■ MEDIAN 
SURVIVAL (mo) 

I 

Resectable, no risk factor (DFI >36 mo and single 
metastasis) 

61 

II 

Resectable, one risk factor (DFI >36 mo and 
multiple metastases) 

34 

III 

Resectable, two risk factors (DFI >36 mo and 
multiple metastases) 

24 

IV 

Unresectable 

14 

DFI, disease-free interval. 

From Pastorino U, Buyse M, Friendel G, et al. Long-term results of lung metastasectomy: prognostic 
analyses based on 5206 cases. J Thorac Cardiovasc Surg 1997;11:34-49. 
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one third contain fibrosis or necrosis, and one third are ter¬ 
atomas. A teratoma is removed to prevent it from degenerat¬ 
ing to a more malignant form of germ cell tumor and to avoid 
the potential complications of local tumor growth. Residual 
tumors are found mostly in patients with positive serology, 
and the prognosis is usually not as good as when no residual 
disease is present. 200 In addition, the presence of residual pul¬ 
monary disease, as opposed to mediastinal disease, appears to 
portend a worse survival. Patients who are fit for operation 
can derive significant long-term survival, even though surgical 
thoracic metastasectomy has a strictly adjuvant role in the 
treatment of malignant germ cell tumors. 201 

The development of more effective chemotherapy regimens 
for sarcomas, especially osteogenic sarcomas, has also altered 
the management of pulmonary metastases in this disease. 
Resection is part of a multimodality treatment approach, but 
the manner in which chemotherapy and resection should be 
combined is less clear than in germ cell cancer. The timing of 
an operation in relation to chemotherapy depends on the num¬ 
ber, size, and location of pulmonary metastases at diagnosis 
and on whether the patient has received any previous 
chemotherapy. Often, resection is performed between cycles of 
chemotherapy, with the aim of controlling both gross and 
micrometastatic disease. This approach allows the sensitivity 
of the patient’s tumor to chemotherapy to be assessed, and the 
advisability of continuing the regimen postoperatively can be 
determined. The thoracic surgeon should collaborate with 
the medical and radiation oncologists in planning a multidisci¬ 
plinary treatment program for the patient with pulmonary 
metastases of sarcoma. 


Preoperative Evaluation 

The preoperative evaluation of the patient undergoing resec¬ 
tion of pulmonary metastases is similar to that of the patient 
undergoing removal of a primary lung cancer. Tests including 
pulmonary function, arterial blood gases, and, if necessary, 
ventilation-perfusion lung scanning are performed to be sure 
that the patient has sufficient reserve to tolerate complete 
resection of the metastases. The pulmonary function of 
patients who received chemotherapy may be substantially 
reduced. This is particularly true of patients treated with 
bleomycin and mitomycin, which can markedly diminish the 
diffusion capacity and, occasionally and unpredictably, cause 
an acute respiratory distress type of syndrome postopera¬ 
tively. Maintaining patients on 35% or less inspired oxygen 
intraoperatively is thought to help prevent this complication. 
Like patients with primary lung cancers, these patients 
should stop smoking. Patients who smoke actively up to the 
time of operation are at risk for postoperative atelectasis or 
pneumonia. 

It is also important to assess the patient’s general medical 
condition and cardiovascular status. Older patients may 
have underlying coronary artery disease that requires preop¬ 
erative treatment and additional perioperative monitoring. 
The cardiac function of patients who previously received 
chemotherapy, especially doxorubicin, may be impaired. A 
preoperative radionuclide scan or echocardiogram should be 
performed to determine the left ventricular ejection fraction 
and assess whether intraoperative hemodynamic monitoring 
is necessary. Other drugs, such as cisplatin, can impair renal 
or neurologic function and may influence perioperative 
management. 

If a patient has recently undergone chemotherapy, the tim¬ 
ing of surgery should be planned after consultation with the 
medical oncologist, so that the operation is not performed 
when the patient is neutropenic or thrombocytopenic. Resump¬ 
tion of chemotherapy postoperatively should also be a joint 
decision between the surgeon and medical oncologist so that it 
does not compromise wound healing. 


Surgical Technique 

Two principles guide the approach to resecting pulmonary 
metastatic lesions: complete resection of disease and maximal 
sparing of functioning lung tissue. Wedge resections should be 
performed whenever possible. A lobectomy or even a pneu¬ 
monectomy may be performed when wedge resection will not 
provide a complete resection. This may be necessary for recur¬ 
rences (completion pneumonectomy), centrally located tumors, 
or multiple metastases. 202,203 

Unilateral disease is approached by a standard anterolat¬ 
eral or posterolateral thoracotomy incision. Patients with 
bilateral pulmonary metastases should have a simultaneous 
resection of the bilateral lesions if technically feasible. This can 
be accomplished by a median sternotomy or a clamshell inci¬ 
sion (bilateral anterior thoracotomy with or without trans¬ 
verse sternotomy). A clamshell incision provides better expo¬ 
sure to the posterior aspects of the lungs, particularly the left 
lower lobe, which is difficult to access by a median ster¬ 
notomy. 204 Bilateral pulmonary nodules may require sequen¬ 
tial posterolateral thoracotomies if they are centrally located 
and good exposure of the hilar vessels is needed. 

The role of video-assisted thoracoscopic surgery (VATS) in 
the management of patients with isolated suspected pul¬ 
monary metastasis is clear when performed for diagnostic pur¬ 
poses. VATS wedge resection can be carried out with a high 
degree of success and minimal morbidity. 205 While the use of 
thoracoscopy in the resection of pulmonary metastases is 
increasing, its use remains controversial. In a series of 
318 patients reported by Petersen et al. undergoing resection 
of metastatic melanoma, 40 patients underwent thoracoscopic 
resection. 206 According to the authors, thoracoscopy has been 
their preferred approach to metastasectomy in the past few 
years; they use chest CT for preoperative localization and ring 
clamp or digital palpation for intraoperative confirmation. 

Gossot et al. compared 31 patients undergoing thoraco¬ 
scopic resection to 29 patients undergoing thoracotomy for 
resection of metastatic sarcoma. 207 They found no significant 
difference in 1-, 3-, or 5-year survival. There was also no sig¬ 
nificant difference in disease-free survival. They recommend a 
minimally invasive approach for patients with less than two 
pulmonary nodules that are amenable to wedge resection with 
no mediastinal or chest wall invasion. Thoracoscopic resection 
may also be beneficial in terms of causing fewer adhesions, as 
Briccoli et al. have shown that 35% of patients undergoing 
metastasectomy for sarcoma will require a repeat resection, 
resulting in acceptable survival rates as long as pulmonary func¬ 
tion is maintained. 208 


Results 


Resection remains the mainstay of treatment for pulmonary 
metastases from many solid tumors that cannot be treated 
effectively with chemotherapy. These include melanoma, 
colon, renal cell, head and neck, and endometrial cancers. The 
histologic subtypes of the pulmonary metastases in the 
International Registry of Lung Metastases are listed in 
Table 79.12. 187 

Globally, the actuarial survival after complete metastasec¬ 
tomy is 36% at 5 years and 26% at 10 years (median survival 
of 35 months). 187 The experience at Memorial Sloan-Kettering 
Cancer Center in the resection of pulmonary metastases from 
renal cell carcinoma, head and neck tumors, colorectal 
cancers, testicular germ cell tumors, and soft tissue sarcoma 
are summarized (Table 79.13). These results again demon¬ 
strate that complete resection of metastatic disease is associ¬ 
ated with prolonged survival in carefully selected patients. 
Furthermore, patients who are persistently free of disease at 
the primary tumor location but who have recurrent resectable 
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TABLE 79.12 CLASSIFICATION 


HISTOLOGIC SUBTYPES FROM THE INTERNATIONAL 
REGISTRY OF LUNG METASTASES 


■ HISTOLOGIC 

■ NO. 


GROUPS 

PATIENTS (%) 

■ SUBTYPES 

Carcinoma 

2,260 (47) 

Breast 

Lung 

Bowel 

Kidney 

Uterus 

Head and neck 

Sarcoma 

2,173 (45) 

Osteosarcoma 

Other bone sarcomas 

Histiocytoma 

Leiomyosarcoma 

Synovial sarcoma 

Other soft tissue 



sarcoma 

Other types 

328 (8) 

Wilms tumor 

Teratoma 

Embryonal carcinoma 
Other germ cell tumor 

Melanoma 


From Pastorino U, Buyse M, Friedel G, et al. Long-term results of 
lung metastasectomy: prognostic analyses based on 5206 cases. / 
Thorac Cardiovasc Surg 1997;113:37-49. 


metastatic disease of the lung also benefit from repeated 
surgery. 209 Mortality rates of pulmonary metastasectomy do 
not differ from those of thoracic surgery performed for lung 
cancers, varying between 0.6% and 2%. 180 ’ 199 ’ 210 The surgical 
removal of pulmonary metastases is widely accepted, but its 
role has changed as more effective chemotherapy has become 
available for some cancers. It is important that the surgeon 
understand the indications for operation, the potential side 
effects of initial chemotherapy, and the ways in which resec¬ 
tion should be integrated into the overall treatment plan for 
these patients. 


BENIGN TUMORS OF THE LUNG 

Benign tumors of the lung are rare neoplasms. Few series are 
found in the literature, but in a 10-year surgical review (1958 
to 1968) from the Mayo Clinic, 130 patients were found to 
have benign tumors. 211 Like malignant tumors, benign tumors 
arising from epithelial, mesodermal, or endodermal cell lines 
can develop in the lung. They may present as endobronchial 
lesions but more commonly as peripheral nodules. 212 Endo¬ 
bronchial tumors present with signs and symptoms related to 
airway obstruction or bleeding. Tumors arising in peripheral 
airways or within pulmonary parenchyma usually present as 
asymptomatic solitary pulmonary nodules. Types of benign 
lung tumors are listed in Table 79.14. 


Hamartoma 


The most frequent benign tumors are hamartomas, which rep¬ 
resent 75% of benign lesions. They show a predilection for 


TABLE 79.13 RESULTS 


RESULTS OF PULMONARY RESECTIONS FOR METASTASES AT MEMORIAL 
SLOAN-KETTERING CANCER CENTER 



LUNG 
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ITABLE 79.14 

CLASSIFICATION | 

BENIGN TUMORS OF THE LUNG 



Epithelial 

Polyps 

Papilloma 

Mucous gland adenoma 
Mesenchymal 

Vessel 

Sclerosing hemangioma 
Lymphangioma 
Nerve 

Granular cell tumor 
Neurilemoma 
Neurofibroma 
Muscle 

Leiomyoma 

Miscellaneous 

Hamartoma 

Teratoma 

Clear cell (sugar) tumor 
Others 
Lipoma 
Chondroma 
Fibroma 

Inflammatory pseudotumors 
Plasma cell granuloma 
Pulmonary hyalinizing granuloma 


men. 213 A hamartoma consists of an abnormal arrangement of 
normal cells. In the lung, the most frequent component is car¬ 
tilage. A hamartoma usually presents as a solitary pulmonary 
nodule with an extremely slow growth pattern. Classically, the 
radiographic appearance is that of a well-circumscribed nod¬ 
ule that may contain popcorn calcification. If previous chest 
radiographs are available, these tumors are found to have been 
present for many years. Their growth pattern is variable but 
generally slow. These lesions can be diagnosed by CT if appro¬ 
priate calcification is demonstrated. Needle aspiration is fre¬ 
quently diagnostic of a cartilaginous benign lesion. 

Controversy exists regarding whether these lesions should 
be excised for pathologic diagnosis. Certainly, they do not 
require excision unless they are proximally located and cause 
symptoms related to endobronchial obstruction or unless 
carcinoma cannot be ruled out. If transthoracic needle aspira¬ 
tion biopsy confirms the presence of a hamartoma, many sur¬ 
geons elect to follow patients with annual chest radiography 
rather than surgical excision. Occasionally, significant growth 
during follow-up necessitates excision. 


Other Benign Tumors 

Other benign tumors may present as endobronchial lesions 
(commonly fibromas, lipomas, chondromas, and granular cell 
myoblastomas). These tumors may be removed endoscopically, 
but frequently they also require surgical excision when the 
diagnosis is in doubt or when endoscopic excision has been 
incomplete. Peripheral tumors often are removed for diagnosis. 
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CHAPTER 80 CHEST WALL, PLEURA, 

MEDIASTINUM, AND 
NONNEOPLASTIC 
LUNG DISEASE 


RISHINDRA M. REDDY 


KEY POINTS 


© Surgical intervention for chest wall tumors depends on the 
type of lesion and goals of surgery (resection vs. diagnosis). 
Reconstruction varies depending on the size of the defect 
and location on the chest wall. 

© Thoracic outlet syndrome may be arterial, venous, or neu¬ 
rogenic. Neurogenic TOS is the most difficult to diagnose, 
and surgery for this should be performed in high-volume 
centers. 

© The primary treatment for a lung abscess is antibiotic therapy. 

© Hemoptysis can be life threatening from suffocation due to 
a low volume of blood in the lungs, not from blood volume 
loss requiring transfusion. 

© Primary spontaneous pneumothoraces will recur in only 
30% of patients after initial treatment. When they recur, 
the treatment should include a thoracoscopic evaluation 
and possible pleurodesis. 


© Transudative pleural effusions should be treated medically, 
whereas exudative effusions may need more intervention. 
One quarter of pleural effusions in a community hospital 
are due to malignancy. 

© Empyema is a part of a spectrum of disease that may be 
treated early on with drainage alone, but may require 
debridement and decortication in more advanced cases. 

© Complications of tracheostomies are usually due to im¬ 
proper placement of the tracheostomy on the trachea (below 
the third ring, risking a tracheoinnominate fistula) or to the 
use of high pressures in the cuff of the tracheostomy (caus¬ 
ing ischemia and long-term stenosis). 

© Mediastinitis is life threatening and warrants immediate 
evaluation, antibiotic therapy, and surgical drainage. 


This chapter is meant as a resource for the general surgery 
community and general surgery trainees with regard to 
pathology in the chest. It will cover a wide variety of topics 
including most noncardiac congenital disease processes in the 


thorax. The outline for this chapter is from the Thoracic 
Surgery Director’s Association curriculum for the topics 
mentioned in the title. The full curriculum can be accessed at 
www.tsda.org. 
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FIGURE 80.1. Skeletal support of the thorax. Anterior (A) and lateral (B) views. Note the anterior cartilaginous component of the upper 10 
ribs, the fused costal cartilages of ribs 7 through 10, the location of the sternomanubrial junction (angle of Louis) at the level of the second 
rib, and the oblique course of the ribs laterally from posterior to anterior. 


CHEST WALL 


Chest Wall Anatomy 

The chest wall is the musculoskeletal structure that contains and 
protects the structures of the upper trunk or thorax. There 
are two openings to the thorax: the superior aperture, or the 
thoracic inlet, and the inferior aperture, which leads to the 
abdominal cavity. The head and arms connect to the intratho- 
racic structures via the inlet, whereas the diaphragm separates 
the thoracic and abdominal cavities at the inferior aperture. The 
inferior vena cava, esophagus, and aorta all travel to the 
abdomen through the diaphragm at levels T8, T10, and T12, 
respectively. 

The sternum, commonly known as the breast bone, is com¬ 
posed of three parts: the manubrium, the body, and the 
xiphoid. The manubrium attaches to the clavicles and the first 
costal cartilages. The sternal angle where the manubrium and 
body connect is called the angle of Louis and is an important 
landmark. The second ribs attach to the sternum at this angle, 
and they allow one to count the ribs from this point down, as 
the first ribs are not palpable. The body of the sternum con¬ 
tains articular facets for ribs 2 to 7 and connects to the carti¬ 
laginous xiphoid inferiorly. The xiphoid may be bifid and will 
eventually ossify in older adults (Fig. 80.1). 

The ribs are split into two groups; the upper seven pairs are 
the true ribs, with articulations to the sternum, while the lower 
five pairs are the false ribs. Ribs 8, 9, and 10 connect to each 
other and the upper ribs via their costal cartilage. Ribs 11 and 
12 are called floating ribs as they have no anterior connection. 
Rib 1 is unique in its shape as it is flat, short, and extremely 
curved. Ribs 2 through 10 have a more standard configuration 
with the head containing articular facets for the vertebrae. 
After the neck the tubercle contains the facet for the vertebral 
transverse process. The costal groove along the inferior por¬ 
tion of the shaft houses the intercostal bundle, consisting of the 
nerve, artery, and vein (Fig. 80.2). Because of this inferior 
placement, most chest wall procedures such as thoracostomy 
tube placement or thoracentesis should be aimed at the supe¬ 
rior aspect of the rib to avoid injury to this bundle. 


There are three intercostal muscles: the external intercostal, 
the internal intercostal, and the innermost intercostal muscle. 
The intercostal bundle lies just external to the innermost inter¬ 
costal layer (Fig. 80.3). On the inner aspect of the chest wall, 
the internal thoracic (mammary) artery and vein runs between 
the innermost intercostal muscle and the transversus thoracis 
muscles, which connect the ribs to the lower half of the sternal 
body. The intercostal arteries have two sources, one posterior 
and one anterior. The posterior arteries almost all arise from 
the descending thoracic aorta, while the anterior arteries 
branch off the internal thoracic artery. The intercostal nerve is 
a branch off the ventral ramus after it joins the sympathetic 
trunk. The intercostal veins follow the arteries and posteriorly 
drain into the azygos and hemiazygos veins. Lymphatic 
drainage from the posterior chest wall drains into the thoracic 
duct on the left and into the right lymphatic duct on the right. 


Upper facet 




FIGURE 80.2. Anatomy of ribs 2 to 10 as viewed from above (A) and 
below (B). 
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FIGURE 80.3. Anatomy of the intercostal space. The major inter¬ 
costal muscles are the external and internal. The neurovascular bundle 
courses in the costal groove along the inferior aspect of the rib. 


The muscles of the chest wall can be divided embryologi- 
cally into those from the epimeres, such as the deep back mus¬ 
cles, innervated by the dorsal rami, and those from the 
hypomeres, such as the intercostals and rectus, innervated by 
the ventral rami. The musculature can also be classified based 
on respiratory function, where the primary muscles of respira¬ 
tion are the intercostals and the diaphragm, and the secondary, 
or accessory, muscles are the sternocleidomastoid, scalenes, 
pectoralis, serratus, and abdominal wall musculature. The 
major back muscles include the trapezius and latissimus dor si 
(Fig. 80.4). In normal breathing, the diaphragm performs most 
of the work with the intercostals supplying about a quarter of 
the workload. In full inspiration, the pleura extend bilaterally 
down to the level of the 11th and 12th ribs (Fig. 80.5). 


Chest Wall Neoplasms 

Chest wall tumors are very rare. Lesions may be divided into 
benign and malignant, and then further subdivided into soft 
tissue versus bony/cartilaginous tumors (Table 80.1). Most 
malignant tumors of the chest wall are either metastatic from 
carcinomas or sarcomas arising in other sites of the body, or 
from local extension of lung cancers or breast cancers. 1 

Almost all lesions will present as a mass, as pain, or as a 
combination of both. Occasionally they will be asymptomatic 
and be identified on imaging for cancer surveillance or other 
reasons. 2 Fever can occasionally be a presenting symptom in 
the setting of a systemic neoplastic process. Evaluation of 
these lesions includes a thorough history and physical and 
appropriate imaging, which may begin with plain radi¬ 
ographs, but should include three-dimensional imaging such 
as a CT scan and/or MRI. This will allow for evaluation of 
the depth of the lesion, the relationship of the lesion to nerve 
and vascular structures, and the pulmonary fields for possible 



FIGURE 80.4. Thoracic musculature. Anterior 
(A) and posterior (B) views. 
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FIGURE 80.4. ( Continued ) 


B 

metastases. Depending on the situation, PET scans may also be 
useful. 1 Prior films may help ascertain the rate of growth of the 
lesion. 3 

Surgical intervention depends on the type of lesion and the 
goal of surgery. Tumors that are suspected metastases may 
require only a needle or an incisional biopsy to confirm the 


diagnosis. Lesions that are possible primary tumors, whether 
benign or malignant, require excisional biopsies. Some low- 
grade malignant tumors may be underdiagnosed and consid¬ 
ered benign if the entire specimen is not removed and exam¬ 
ined. If a tumor is proven to be a primary malignant lesion, 
wide excision is required, with margins up to 4 cm. 3 


FIGURE 80.5. Topographic rela¬ 
tions of the pleura to the chest wall. 
Laterally, the pleura extends to the 
level of the 11th to 12th ribs. The 
anterior reflection of the mediastinal 
and costal pleurae forms the costo¬ 
mediastinal recess, whereas the 
reflections of the costal and diaphrag¬ 
matic pleurae form the costodi¬ 
aphragmatic recess. 
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TABLE 80.1 


CHEST WALL TUMOR CLASSIFICATION 

■ Benign tumors 

Soft tissue tumors 
Lipomas 
Fibromas 
Hemangiomas 
Neurofibromas 
Granulomas 
Inflammatory tumor 
Tuberculoma 

Bony/Cartilagenous tumors 
Osteochondromas 
Chondromas 
Fibrous dysplasia 
Eosinophilc granuloma 
Osteoid osteomas 
Osteomyelitis 
Chondro/Osteoblastomas 

■ Malignant tumors 

Soft tissue tumors 

Melanomas and other cutaneous cancers 
Sarcomas 

Desmoid tumors/low-grade fibrosarcomas 
Lymphoma 

Malignant fibrous histiocytoma 
Bony/Cartilagenous tumors 
Chondrosarcomas 
Osteogenic sarcomas 
Ewing’s sarcomas 
Solitary plasmocytoma 
Lymphoma 

■ Metastatic tumors 

Breast cancer 
Lung cancer 
Mediastinal tumors 
Mesothelioma 

Other sarcomas or carcinomas 


Benign Soft Tissue Tumors. These tumors include lipo¬ 
mas, fibromas, hemangiomas, and neurofibromas, among oth¬ 
ers. These can be removed by excisional biopsy and require no 
further treatment unless they recur. Inflammatory osteomyelitis 
can mimic tumors by causing pain. 

Benign Bony/Cartilaginous Tumors. About two thirds of 
benign chest wall tumors are either osteochondromas, chondro¬ 
mas, or fibrous dysplasia, with osteochondromas composing 
almost 50% of all nonmalignant rib tumors. Osteochondromas 
usually present as painless masses with a male-to-female predom¬ 
inance of 3:1. If the lesion becomes painful, it may indicate malig¬ 
nant degeneration. 3 These tumors are often found on routine 
radiographic exams for other reasons and have a characteristic 
appearance of a pedunculated bony prominence (Fig. 80.6). 

Chondromas account for 15% of benign rib lesions and 
grow from the cartilage at the sternocostal junction. 1 They 
have an equal male-to-female incidence. Clinically and radi¬ 
ographically, it is impossible to distinguish chondromas from 
chondrosarcomas. It can be difficult microscopically to distin¬ 
guish chondromas from low-grade chondrosarcomas as well. 
As a result, all chondromas must be treated as if they are 
potentially malignant and require complete excision. 3 

Fibrous dysplasia arises in the lateral portion or shaft of the 
rib and can have a soap bubble or ground-glass appearance on 
radiographs (Fig. 80.7). These lesions may become painful if they 
enlarge and can result in rib fractures. Surgical excision is needed 
for diagnosis and symptom relief. 4 Eosinophilic granulomas and 



osteoid osteomas are rare conditions that affect men more often. 
Patients may have multiple granulomas, including the skull, and 
may benefit from radiotherapy as opposed to surgical resection. 
Osteomas may be symptomatic and if so, should be resected. 

Malignant Soft Tissue Tumors. These lesions can range 
from melanomas to desmoid tumors to malignant fibrous histi¬ 
ocytomas. Sarcomas also arise in the soft tissue of the chest 



FIGURE 80.7. Fibrous dysplasia of the rib. Note the characteristic 
expansion and thinning of the cortex ( arrows ) and the central ground- 
glass appearance. 
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wall, but they compose less than 10% of all sarcomas. 2 
Desmoid tumors are borderline lesions between a benign and 
malignant classification and are sometimes considered low- 
grade fibrosarcomas. 1 Almost half of all desmoids occur in the 
chest wall and shoulder where they can encapsulate the 
brachial plexus. They require wide local excision and have a 
high rate of recurrence. If they encircle vital structures, they can 
be treated with radiotherapy after surgical excision. 

Malignant fibrous histiocytoma (MFH) is the most common 
primary chest wall tumor. These tumors are more frequent in 
men (2:1 ratio) and generally occur in those older than 50 years 
of age. They are slow growing, painless, and spread along the 
fascial planes or between muscle fibers. MFH are unresponsive 
to other forms of therapy and require wide local excision. 
Because of the lesion’s propensity for fascial plane infiltration, 
there is a high rate of recurrence following resection, and 
patients who have undergone resection have a 5-year survival 
of less than 40%. 3 Rhabdomyosarcoma is the second most 
common soft tissue lesion of the chest wall and usually occurs 
in children and younger adults. It grows rapidly from the stri¬ 
ated muscle but is usually painless. It is treated with wide exci¬ 
sion followed by radiation and chemotherapy with a reported 
70% survival at 5 years. 3 A recent review of soft tissue sarco¬ 
mas in the chest wall suggested that tumor size greater or less 
than 5 cm correlates with overall prognosis. Also, patients with Q 
low-grade tumors had a 100% 5-year survival rate versus a 
69.2% survival in those with high-grade tumors. There was 
a trend toward improved survival in patients who received a 
complete resection versus those left with residual disease, but it 
did not achieve statistical significance due to small sample size. 2 

Malignant Bony/Cartilagenous Tumors. Chondrosar¬ 
comas are the most common primary malignant bony tumors, 
accounting for 20% to 30% of lesions. These are well- 
differentiated tumors and on microscopic examination may 
be difficult to distinguish from their benign counterparts. Local 
recurrence can occur after excision, and if untreated, distant 
metastases can develop. 3 Osteogenic sarcomas are more com¬ 
mon in the limbs but also occur in the ribs. Radiographs depict 
a characteristic sunburst pattern. These tend to grow quickly 
and often have metastases at the time of initial presentation. 
Patient evaluation should include a CT scan and bone scan to 
check for the presence of metastatic disease. Surgery with adju¬ 
vant chemotherapy is the treatment of choice for local disease. 5 
Ewing sarcomas constitute 5% to 10% of chest wall tumors. 
They occur in children and younger adults with a male-to- 
female ratio of 1.6:1. Symptoms include pain, fever, and 
fatigue. Radiographs show a large soft tissue mass with bony 
destruction. Patients often present with metastatic disease, and 
ultimately three quarters of patients will develop metastases. 
Multimodality treatment is the key to treatment. Survival may 
be less than 30% at 5 years in patients with metastatic disease. 6 

Solitary plasmocytoma is a rare tumor of the plasma cells 
and can be part of a systemic disease in multiple myeloma. 
Lesions can be painful and usually occur in men older than 50 
years of age. X-ray findings show cortical destruction of the rib 
(Fig. 80.8). In the setting of systemic disease, only a needle 
biopsy may be needed, but if the lesion is small and sympto¬ 
matic, resection can be offered. For larger lesions, radiotherapy 
is the primary treatment. 1 

Metastatic Tumors. As discussed before, metastatic lesions 
can arise from various other cancers, and treatment depends on 
the primary histology, time to recurrence, and goals of interven¬ 
tion. For isolated metastases with a long interval before recur¬ 
rence, surgical resection may be warranted. Each case should be 
individualized and discussed within a multidisciplinary team. 


Chest Wall Reconstruction 

Chest wall defects can result from cancer, radiation, trauma, 
or infection. 7 The goals of repair are to protect the thoracic 



FIGURE 80.8. Plasmacytoma of the left seventh rib, showing charac¬ 
teristic cortical destruction and relatively large soft tissue component 
projecting into the chest. 


cavity, minimize complications of respiration due to a flail 
chest, and to provide cosmetic coverage as needed. Surgical 
repair involves chest wall stabilization and soft tissue cover¬ 
age. Stabilization depends on the size and the location of the 
defect. Often, if the defect is small enough, no stabilization is 
needed. In larger defects, or when the patient has an intrinsic 
lung disease limiting the ability to breathe, stabilization using 
prosthetic materials is warranted. Soft tissue coverage of the 
defect can vary from mobilization of soft tissue edges, to muscle/ 
omental pedicled flaps, to free muscle flaps. 8 

Size and location generally determine the need for chest 
wall stabilization. Defects less than 5 cm anywhere in the chest 
wall or defects less than 10 cm in the posterior chest wall that 
are anterior to the scapula do not usually need stabilization. 7,9 
An alternative criteria is to use the number of ribs resected, 
and to avoid stabilization when a portion of three ribs or fewer 
have been removed. 10 Techniques for closure of the defect 
include utilizing absorbable Vicryl mesh, used in the setting of 
infection or if small defects are present. This approach does 
not provide any stabilization. More definitive repairs use 
polytetrafluoroethylene (PTFE) or a polypropylene methyl¬ 
methacrylate (PPM) sandwich mesh. PTFE is a flexible, soft 
material, whereas the PPM sandwich mesh resembles a hard¬ 
ened piece of plaster between two portions of woven mesh. 
Different surgeons prefer different approaches, but some of 
the benefits cited for the PTFE repair include greater stretch 
and the ability to create a watertight seal. 7 The PPM sandwich 
repair, on the other hand, allows the ability to mold the pros¬ 
thetic and provides a firmer stabilization (Fig. 80.9). 9 Mortal¬ 
ity rates from chest wall reconstruction in the setting of cancer 
resections have been reported at 4% in multiple series. 7,9,10 

Flap coverage of the soft tissue defect will almost always 
require the assistance of a plastic surgeon, and he or she should 
be involved preoperatively in the planning of a chest wall resec¬ 
tion and reconstruction. The decision-making process for which 
flap to use depends on the location of the defect, the size of the 
defect, the corresponding size of the flap, and its vascular 
source. The pectoralis major flap is the most common in the 
upper chest/neck region. Its blood source can be from the tho¬ 
racoacromial artery or from intercostal perforators from the 
internal thoracic arteries (Fig. 80.10). The latissimus dorsi flap 
is also commonly used for large, ipsilateral defects. Its blood 
source is from the thoracodorsal artery or from perforators 
from the posterior intercostal vessels. It has a large arc of rota¬ 
tion from the thoracodorsal pedicle and can cover a wide area 
of the chest wall (Fig. 80.11). Also commonly used are rectus 
abdominal muscle flaps in either a vertical (VRAM) or trans¬ 
verse (TRAM) orientation (Fig. 80.12). External obliques can 
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FIGURE 80.9. Marlex methylmethacrylate sandwich technique for chest wall reconstruction. A: Upper anterior chest 
wall defect resulting from resection of ribs two to five and a portion of sternum. B: Marlex methylmethacrylate pros¬ 
thesis being sutured in place. Heavy, nonabsorbable sutures either encircling the ribs or passed through the sternum 
are used to anchor the prosthesis in place. Insert: Detail of prosthesis showing sandwich of hardened methyl¬ 
methacrylate between two sheets of Marlex. 




FIGURE 80.10. Pectoralis major muscle rotation flap. A: Mobilization of the flap by detaching the clavicular, sternal, 
and chest wall origins as well as the insertion of the muscle on the greater tubercle of the humerus. The dominant blood 
supply, the thoracoacromial artery, which arises from the axillary artery medial to the proximal border of the pec¬ 
toralis minor muscle, is shown on the left side where the pectoralis major muscle has been removed. B: Medial trans¬ 
position of the muscle flap, preserving the thoracoacromial neurovascular bundle. 
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FIGURE 80.11. Latissimus dorsi muscle rotation flap for chest wall reconstruction. A: Posterior view showing detachment of the ori¬ 
gins of the muscle. The dominant blood supply, the thoracodorsal artery, is preserved. B: Anterior view showing the extent to which 
the mobilized muscle reaches. 


be used on the lower anterior chest wall, and the trapezius can 
be used in the midback. 11 Omental flaps are extremely useful 
and versatile. They can be used to cover large defects or to fill 
cavities, such as the pleural space in the setting of a bron¬ 
chopleural fistula and empyema. The omentum can be taken off 
the right or left gastroepiploic artery, but using the right arterial 
source allows a greater arc of rotation than from the left. The 
limitations of this flap are that it requires a laparotomy, 
although laparoscopic techniques have been described, 12 and 
that the size of the omentum can be variable and difficult to 
assess preoperatively (Fig. 80.13). 11 


Chest Wall Congenital Abnormalities 
and Thoracic Outlet Syndrome 

Pectus Excavatum and Pectus Carinatum. Chest wall 
deformities occur in 1/1,000 live births. They are five times 
more common in men than women, and pectus excavatum is 
five times more common than pectus carinatum. Up to 6% of 
people with these deformities will also have a connective tissue 
disorder. Scoliosis is frequently seen in this population. 13 Pec¬ 
tus excavatum appears as a sternal depression that can be off 
midline approximately 50% of the time. Pectus carinatum is 
the opposite, with a sternal protrusion, often described as a 
“pigeon chest” deformity. Less common deformities include 
sternal clefts, which are incomplete fusions of the sternum, 
and Poland syndrome, where there is an absence of a pec- 
toralis muscle and underlying bony support in the chest wall. 

Pectus excavatum is the most common of these deformities, 
and the techniques for surgical correction have been evolving, 
including the Ravitch and Nuss procedures. Despite this, less 
than 15% of patients undergo surgery. 14 Most patients present 


as children with notable deformities. People can be physiologi¬ 
cally asymptomatic but can also present with fatigue, limited 
stamina, and cardiopulmonary limitations. The workup 
includes pulmonary function testing, echocardiography, and CT 
scans. The use of CT scans has been debated in children as the 
radiation exposure poses a risk. Some advocate that CT scans 
are needed to show the three-dimensional aspect of the defect 
and can better reflect the right heart compression. The pectus 
severity index (Haller index) can be calculated by dividing the 
inner thorax width by the depth measured from the posterior 
aspect of the sternum to the anterior aspect of the spine (Fig. 
80.14). Normal values are 2 to 2.2, and repair is recommended 
only when the index is at least greater than 3.1. 13,15 The age of 
the patient at which repair should be performed is also some¬ 
what controversial, as some surgeons advocate waiting until 
after the age of 10 years, but many series have reported on many 
patients treated at a much younger age with good outcomes. 14 
There is a growing experience with treating adults also, as some 
patients seek repair at a later age (Fig. 80.15). 16,17 

The most commonly used open repair was first described 
by Dr. Ravitch and is based on removing sections of the 
deformed cartilage from around the sternum laterally at the 
ribs, while preserving the perichondrium. Many advocate 
using a stabilizing bar for a minimum of 6 months, usually 
placed in an intrathoracic position, to minimize the occurrence 
of flail chest and to allow the sternum to heal in an anterior 
position. An essential part of the procedure is a transverse ster¬ 
nal wedge resection through the anterior table to allow the 
inferior aspect of sternum to bend forward. 13,17 Incisions may 
be in a vertical midline over the lower half of the sternum or in 
an inframammary position (Fig. 80.16). Recurrences occur 
in 5% to 10% of patients, with recurrence more common in 
patients with connective tissue disorders. 
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FIGURE 80.12. Rectus abdominis muscle rotation flap. Shown is the 
mobilization of the rectus abdominis muscle, which is based on the 
superior epigastric artery (the continuation of the internal thoracic 
artery), and rotation of the muscle and overlying skin to fill an ante¬ 
rior chest wall defect. 


Since the 1990s, the Nuss procedure, which uses a mini¬ 
mally invasive approach, has been described and performed. 
The Nuss procedure uses one or two stabilization bars, 
secured to the ribs laterally in multiple points of fixation. It 
routinely employs thoracoscopy, either unilateral or bilateral. 
Skin incisions are limited to small lateral locations at the site of 
the bar insertion and thoracoscopic port sites. In both the Rav- 
itch and Nuss procedures, the stabilization bars stay in for at 
least 6 months. 18 As the Nuss procedure has grown in popu¬ 
larity, many modifications have been made, including precise 
shaping of the bars and increased bar stabilization with wire 
fixation around the ribs to minimize bar displacement. 19 

Pectus carinatum doesn’t have the same cardiac compres¬ 
sion concerns as pectus excavatum, but the chest is held in an 
enlarged position, limiting normal respiration mechanics. 
Patients can have increased residual lung volumes, and their 
respiratory physiology can mimic emphysema physiology. 
This can result in breathing difficulties and limited stamina. 17 
The Ravitch procedure is most commonly performed to 
remove the deformed cartilage. Special attention is placed on 
the transverse sternal osteotomy, to depress the sternum and 
align it with the anterior ribs (Fig. 80.17). 13 

Sternal clefts. Sternal clefts are much rarer than either pec¬ 
tus deformity. They result from the failure of the sternum to 
fuse in the midline. They can vary from minor defects with the 



FIGURE 80.13. The omentum can be used to cover large defects. 
Shown is an open sternal wound after debridement with failed prior 
muscle flap (A). Wound 6 months after omental flap placement (B). 
(Reproduced with permission from Ghazi B, Carlson G, Losken A. 
Use of the greater omentum for reconstruction of infected sternotomy 
wounds: a prognostic indicator. Ann Plast Surg 2008;60(2):169-173.) 


upper half of the sternum separated, to complete dissociation 
and thoracic ectopia cordis (the heart being outside the chest 
wall). Upper sternal defects have a U- or V-shaped appearance 
and usually extend to the fourth intercostal space (Fig. 80.18). 
Repair of these defects can be easily performed by incision, 
complete sternotomy, oblique chondrotomies of the sternal 
halves, and closure. Complete sternal clefts are associated with 
diastasis recti and an opening between the peritoneal and peri¬ 
cardial cavities. Inferior clefts are associated with the pental¬ 
ogy of Cantrell, a constellation of defects that include: 
supraumbilical abdominal wall defect, lower sternal cleft, 
defect in the anterior diaphragm, defect in the associated peri¬ 
cardium, and congenital cardiac defects, often tetrology of Fal¬ 
lot. With the increased use of prenatal ultrasound, most cases 
are diagnosed early and are being appropriately referred to 
specialists prior to birth. 20 

Poland Syndrome. Poland syndrome is the clinical absence 
of a pectoralis muscle and underlying bony support in the chest 
wall, and it occurs in 1/30,000 live births. It is usually a right¬ 
sided, unilateral defect. Patients commonly have associated 
limb abnormalities and may also present with renal and spinal 
lesions (Fig. 80.19). Clinical symptoms may be absent, though 
lung herniation can occur, requiring a more urgent repair. The 
surgical approach is usually multidisciplinary and ideally is 
deferred until after the patient has stopped growing. Repairs 
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FIGURE 80.15. Photograph of a 4.5-year-old girl with a symmetric 
pectus excavatum deformity. Note that the depression extends to the 
sternal notch. (Adapted with permission from Shamberger RC. Chest 
wall deformities. In: Shields TW, ed. General Thoracic Surgery, 4th ed. 
Baltimore: Williams & Wilkins; 1994:529-557.) 


FIGURE 80.14. Chest CT of pectus excavatum. CT image at xiphoid 
with A-B (transverse diameter) and C-D (anterior-posterior diameter) 
indicated for the calculation of the pectus severity index A-B/C-D (A). 
CT image demonstrating angulation of the sternum to the right in the 
severe defect (B). (Reproduced with permission from Haller JA Jr, et al. 
Evolving management of pectus excavatum based on a single institu¬ 
tional experience of 664 patients. Ann Surg 1989;209(5):578-582.) 



FIGURE 80.16. A chevron incision is made with 
flaps elevated. The perichondrium on the deformed 
cartilage is removed (A). ( continued) 
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FIGURE 80.16. ( Continued ) A transverse 
wedge osteotomy is made across the anterior 
table of the sternum. The lower sternum is ele¬ 
vated to the desired level (B). A metal strut is 
placed posterior to the sternum and attached 
to the ribs with fine wire (C). (Reproduced 
with permission from Fonkalsrud EW. Open 
repair of pectus excavatum with minimal 
cartilage resection. Ann Surg 2004;240(2): 
231-235.) 




Wedge osteotomy 
sutured 


Costal cartilages 
sutured to ribs 


Xyphoid sutured 
to lower sternum 
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FIGURE 80.17. Photograph of (A) symmetric chondrogladiolar pectus carinatum in a 19-year-old man. Postoperative photograph (B) shows cor¬ 
rection of the protruding sternum and costal cartilages. (Adapted with permission from Shamberger RC. Chest wall deformities. In: Shields TW, 
ed. General Thoracic Surgery , 4th ed. Baltimore: Williams & Wilkins; 1994:529-557.) 


typically use mesh placement over the defect, and/or muscle 
flap placement. 21 

Thoracic Outlet Syndrome (TOS). The thoracic outlet in 
TOS refers to the area described at the beginning of this chap¬ 
ter as the thoracic inlet, the correct anatomic term for the 
region of the first rib and the middle and anterior scalene mus¬ 
cles. Through these structures, the brachial plexus, subclavian 
artery, and subclavian vein travel to the upper limbs (Fig. 
80.20). Because of the close proximity in this area, these 


conduits may be subjected to abnormal compression by inflam¬ 
mation around the muscles or abnormal bony structures such 
Q as cervical ribs, causing pain, thrombosis, and other symptoms 
that are described as TOS. TOS can be divided into arterial, 
venous, or neurogenic diseases, or a combination, depending 
on the symptoms and clinical findings. Vascular TOS is easier 
to document with vascular imaging. Neurogenic TOS is more 
difficult to diagnose. Unfortunately for neurogenic TOS, there 
is no gold standard diagnostic test to confirm the syndrome. As 
a result there has been significant controversy over the diagno- 



FIGURE 80.18. Cleft sternum at rest (A) and during forced expiration (B). Superior clefts of the sternum are variously V- or U-shaped. The 
appearance of the child as he cries explains the term ectopia cordis, although the heart is actually not misplaced. In the newborn, defects of this 
kind can be corrected by direct apposition of the sternal halves. In this child, closure of the defect was made possible by sliding chondrotomies on 
either side. (Reproduced with permission from Sabiston DC Jr. The surgical management of congenital bifid sternum with a partial ectopia cordis. 
JThorac Surg 1958;35:118.) 
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FIGURE 80.19. A: Muscular 15-year-old boy with 
loss of the left axillary fold, orthotopic sternum, and 
normal cartilages. He compensates adequately for loss 
of the pectoralis major and minor muscles. Surgery is 
not indicated in males with these findings. B: An 8- 
year-old boy with Poland syndrome. The pectoralis 
major and minor muscles and the serratus to the level 
of the fifth rib are absent. The boy has sternal obliq¬ 
uity, and the third to fifth ribs are short, ending in 
points. The corresponding cartilages are absent. The 
endothoracic fascia lies beneath a thin layer of subcu¬ 
taneous tissue. Note the hypoplastic nipple and 
ectromelia of the ipsilateral hand. C: A 14-year-old girl 
with Poland syndrome. Note the high position of the 
right nipple, amastia, sternal rotation, and depressed 
right anterior chest. The second to fourth ribs and car¬ 
tilages were missing, reconstructed with rib grafts. 
Breast augmentation will be required at full growth. 
(Reproduced with permission from Shamberger RC. 
Chest wall deformities. In: Shields TW, ed. General 
Thoracic Surgery , 4th ed. Baltimore: Williams & 
Wilkins; 1994:529-557.) 


sis and the indications for surgical treatment, especially in light 
of the potential for significant postoperative complications. 22,23 

Vascular TOS can be divided into venous disease and arter¬ 
ial disease. Venous disease results in thrombosis of the subcla¬ 
vian vein and is also called Paget-Schroetter syndrome. This 
syndrome usually presents in men who use their upper bodies 
and dominant arm for work. Symptoms may present as pain, 
swelling, and cyanotic discoloration. 22 Contrast venography is 
the best test to make the diagnosis, and the radiologist should 
be instructed to perform positional maneuvers with the 
patient’s arm to replicate narrowing that occurs with arm 
movement. 23 Arterial TOS accounts for about 5% of all cases 
of TOS 24 and also may result from repetitive and strenuous use. 
Patients will present with arm fatigue and may even have evi¬ 
dence of ischemia in their distal digits. Patient evaluation 
includes pulse exam with the arm relaxed and elevated, bruit 
exam for poststenotic dilatation, and blood pressure readings 
in both arms. Duplex scanning and angiography will often con¬ 


firm the diagnosis. Decompression of the scalene muscles and 
any abnormal bony structures will alleviate these symptoms. 22 

Neurogenic TOS presents with limb pain, numbness, or 
weakness. Symptoms may be bilateral, but are usually worse 
in the dominant arm. The distribution may not follow a 
peripheral nerve pattern, thus making the diagnosis confusing, 
but also ruling out more distal compression syndromes such as 
carpal tunnel in the wrist or cubital compression at the elbow. 
The physical exam should be focused on duplicating the 
patient’s symptoms. The Adson maneuver may detect artery 
compression and is performed by palpating the affected radial 
pulse and having the patient take a deep inspiration while 
turning the head away from the affected arm (Fig. 80.21). The 
test is positive if the pulse disappears, but a positive result can 
also be seen in asymptomatic people without TOS. Another 
test requires the patient to elevate the arms in a “surrender” 
position and open and close their hands repeatedly. Most people 
with neurogenic TOS will be fatigued within a minute and be 
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ORIENTATION 



FIGURE 80.20. Important structures in the thoracic outlet. (Repro¬ 
duced with permission from Scott-Conner CE, Dawson DL, Shirazi 
MK, et al. Operative Anatomy , 3rd ed. Philadelphia: Lippincott 
Williams & Wilkins; 2008:Fig. “Orientation” in Chapter 29) 


unable to continue (Fig. 80.22). Plain radiographs may show 
bony abnormalities, but no other imaging will help diagnose 
neurogenic TOS. Physical rehabilitation is the first step to treat 
patients with neurogenic TOS, and over a third of patients 
may get a significant improvement in their symptoms. If there 
is no significant improvement in symptoms, then surgical 
intervention is suggested. 23 

The surgical approach for TOS was traditionally a transax- 
illary first-rib resection (Fig. 80.23). In recent years, a supra- 



FIGURE 80.21. The Adson maneuver. Patient inspires and turns head 
away from the affected arm. The test is positive if the pulse disappears. 



FIGURE 80.22. Surrender position with opening and closing of hand. 
Early fatigue is seen in neurogenic TOS. 


clavicular approach has become increasingly popular as it gives 
better exposure to the scalene muscles and any cervical ribs. In 
either approach, the first rib is exposed and the anterior and 
middle scalene muscles are removed from their attachments 
to the rib. Once this is performed, the first rib is removed 
(Fig. 80.24). Special attention must be paid to the phrenic nerve 
laying along the anterior scalene and the axillary branches off 
the brachial plexus. Small drains may be placed in the apex of 
the thorax if the pleural space is entered. 23,25 The supraclavicu¬ 
lar approach also gives access to perform a cervical sympathec¬ 
tomy if indicated for symptoms consistent with sympathetic 
overactivity. In patients with arterial aneurysms, reconstruction 
with synthetic grafts or autologous conduits such as an exter¬ 
nal iliac artery can be performed. For patients with venous 
TOS, care should be taken to perform a circumferential venol- 
ysis and to remove the medial aspect of the first rib. 25 

Postoperative complications include pneumothorax, lym¬ 
phatic leaks (especially on the left side where the thoracic duct 
enters the operative field), phrenic nerve palsy, and traction 
injury to the brachial plexus. 24 Patients should have good pain 
control and may need muscle relaxants to minimize muscle 
spasm. There should be limited restrictions to the operated 
extremity to maximize movement and minimize the risk of 
developing a frozen shoulder. Rehabilitation should be restarted 
as soon as possible after surgery. 23,25 Up to 12.5% of patients 
may not get any symptom relief after the surgery, and long-term 
physical rehabilitation is recommended. 24 Patients with com¬ 
bined symptoms of venous and neurogenic TOS have worse out¬ 
comes when compared to patients with only venous disease. A 
higher percentage of patients had persistent pain in the neuro¬ 
genic group as might be expected 26 The treatment of this disease 
process requires a significant investment into the preoperative 
and postoperative care of these patients and should be done only 
in centers with a high volume and expertise in this syndrome. 


NONNEOPLASTIC LUNG DISEASE 


Lung Abscess and Bronchiectasis 

Complications from pulmonary infections that require surgery 
are not common relative to the frequency of pneumonias in 
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FIGURE 80.23. Position of the patient and skin incision for transaxillary approach. (Reproduced with permission from Scott-Conner CE, 
Dawson DL, Shirazi MK, et al. Operative Anatomy , 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2008:Fig. 29-1.) 


both the inpatient and outpatient community. However, in 
some patients, treatment of lung abscesses and bronchiectasis 
may include surgical intervention. Lung abscesses can result 
from aspiration or occur after necrotizing pneumonia. Patients 
may present with chest pain and fever. Routine use of antibi¬ 
otics for pneumonias has dramatically reduced the rate of lung 
abscess sequelae. In more than 80% of cases, a pathogen can 
be found, and in immunocompromised patients, there are usu¬ 
ally multiple organisms involved including Pseudomonas 
@ aeruginosa and Haemophilus species. The primary treatment 
for lung abscesses is medical with antibiotics. If a patient is 
clinically not improving with medical therapy alone, a guided 
drainage tube may be placed. A complication of this approach 


is the risk of a chronic air leak from a percutaneous tube 
placed into the lung parenchyma. Surgery may be indicated in 
the setting of large abscesses causing hemoptysis or other 
symptoms (Algorithm 80.1). Surgical resection may also be of 
clinical benefit in some patients by removing lung tissue dam¬ 
aged by necrotizing pneumonia. 27 

Bronchiectasis is the abnormal dilation of bronchi/bronchi¬ 
oles as the result of multiple episodes of infection and inflam¬ 
mation. Factors contributing to the development of this disease 
may be genetic, anatomic, or even systemic. Genetic causes 
include cystic fibrosis, which results in diminished mucus clear¬ 
ance and diffuse bronchiectasis in both lungs. 28 Primary ciliary 
dyskinesia is an autosomal recessive syndrome resulting in 
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Pectoraiis major muscle 



Anterior scalene (cut) 


FIGURE 80.24. Division of the scalene muscles and the first rib. (Reproduced with permission from Scott-Conner CE, Dawson DL, Shirazi 
MK, et al. Operative Anatomy , 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2008:Fig. 29-2.) 


abnormal cilia that cannot clear secretions leading to multiple 
infections. Individuals with alpha 1-antitrypsin deficiency can 
also develop bronchiectasis. Anatomic causes include postsurgi- 
cal changes or acquired diseases such as chronic obstructive pul¬ 
monary disease (COPD) that lead to an increased risk of infec¬ 
tion, again by the inability to clear secretions. Autoimmune 
diseases such as rheumatoid arthritis and inflammatory bowel 
disease have been associated with increased rates of bronchiec¬ 
tasis. 28,29 Infectious causes include allergic bronchopulmonary 
aspergillosis and nontuberculous Mycobacterium infections. 
Reflux disease is also being studied as a potential contributor. 
Most often the etiology of the disease is idiopathic. 28 

There are estimated to be 110,000 patients in the United 
States being treated for non-cystic fibrosis bronchiectasis each 
year. The diagnosis is increasingly being made as a result of an 
increasing number of chest CT scans being performed for 
other nonrelated reasons. Patients can present with respiratory 
symptoms such as dyspnea, hemoptysis, or pleuritic pain, or 
alternatively may present only with systemic changes such as 
fatigue and weight loss. 28 Almost all patients will have a 


chronic cough with or without sputum production. 29 Pul¬ 
monary function tests may demonstrate moderate to severe 
airflow obstruction. 28 A chest CT scan is the optimal test to 
diagnose bronchiectasis (Fig. 80.25), and once the diagnosis is 
made, the search for an etiology should begin, including 
obtaining sputum cultures and blood tests for autoimmune 
markers such as rheumatoid factor. 29 

The treatment of the disease includes antibiotic therapy to 
control infection, the treatment of underlying diseases if they 
exist, reducing inflammation, improving secretion clearance, 
and surgery to remove focally damaged areas or transplanta¬ 
tion if needed for more diffuse, severe disease. Antibiotic ther¬ 
apy includes inhaled tobramycin and gentamicin. 29 Macrolide 
antibiotics have been increasingly studied for their nonantibi¬ 
otic effects. Erythromycin and clarithromycin have anti¬ 
inflammatory benefits. They disrupt the biofilm produced in 
Pseudomonas infections resulting in decreased sputum volume 
and improved symptoms. 30 Secretion removal is also essential 
to improving symptoms. Besides the standard treatments of 
percussive therapy and postural drainage, the use of nebulized 
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ALGORITHM 80.1. Algorithm for management of lung abscess. (Adapted from Shields TW, ed. General Thoracic Surgery , 6th ed. 2005: 
Fig. 86-7.) 



FIGURE 80.25. CT scan of bronchiectatic lungs. (Reproduced with 
permission from Shields TW, ed. General Thoracic Surgery , 6th ed. 
2005:Fig. 86-2.) 


acetylcysteine 29 or hypertonic saline 30 have been shown to 
improve mucus clearance. 

Surgical intervention may occur at many stages of the dis¬ 
ease process. Bronchoscopy can be useful to clear secretions 
or to manage hemoptysis. If the bronchiectasis is localized to 
a single lobe, resection can eliminate the disease and the 
source of chronic infection. If a patient has a genetic disease 
such as cystic fibrosis, a double lung transplant may be the 
best treatment if the patient’s symptoms are severe enough. 29 
Pulmonary tuberculosis can have similar indications for sur¬ 
gical intervention when it results in bronchiectasis or 
hemoptysis. 31 The rise of more multi-drug-resistant tubercu¬ 
losis strains has led to the increasing need for surgical inter¬ 
vention. 32 


Hemoptysis 

Hemoptysis is often used to describe any blood streaking asso¬ 
ciated with cough. True hemoptysis may be only a few drops 
Q of blood, and it requires investigation. Massive hemoptysis is 
acutely life threatening, not from blood or volume loss, but 
rather from suffocation secondary to blood in the airway. The 
immediate goals when this is encountered are airway control, 
improved oxygenation, and resuscitation if needed. Intuba¬ 
tion may or may not be necessary, depending on the volume 
of blood in the airway and the patient’s ability to cough. 33 If 
the bleed is able to be lateralized, the patient should be placed 
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Hemoptysis 
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0 2 supplement 
ICU monitoring 


Hemodynamically Stable? 


Coagulopathy? 
Correct if + 


Yes 
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No 
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-Pneumonia 
-Interstitial disease 
-Aortic pathology 

Persistent 

bleeding 

Bronchial artery embolization 

I 

Persistent 

bleeding 

Surgery 


1 

Intubate 
Transfuse prn 
Bronchoscopy 


Bleeding localized 




Protect other lung 
-Locally control bleeding 
-Double lumen Intubation 
Stabilize Patient 


ALGORITHM 80.2 


ALGORITHM 80.2. Hemoptysis management. (Adapted from Jean-Baptiste E. Crit Care Med 2000;28(5):1642-1647.) 


in a lateral decubitus position with the bleeding side in the 
dependant position. The causes of hemoptysis include cancer, 
infections/bronchiectasis, vascular injuries, vasculitides, and 
coagulopathies. 34 

In patients with hemoptysis, any coagulopathy should be 
corrected. Early bronchoscopy is essential, and the goals are to 
lateralize the side of bleeding and identify the site and cause of 
the bleeding. Flexible bronchoscopy may be done, but rigid 
bronchoscopy is the best approach to maintain airway control, 
in particular in the setting of large-volume hemoptysis. Initial 
treatment may include topical therapy such as cold saline 
lavage, bronchial tamponade, and intubation of the contralat¬ 
eral good lung. Double lumen endotracheal tubes may also be 
useful to isolate and protect the uninvolved lung from blood 
from the contralateral side obstructing its lumen. 33 If a patient 
is stable, a chest CT scan is useful to identify tumors or other 
potential sources of bleeding. 34 

Once a patient is stabilized and appropriate diagnostic tests 
performed, the treatment of continued bleeding includes the 
use of interventional radiology and bronchial artery emboliza¬ 
tion (BAE). 35 First introduced in 1973, BAE is the best nonsur- 
gical treatment of massive hemoptysis, with a success rate of up 
to 98% within 24 hours. 34 Surgery is reserved to treat the 
underlying condition once the patient has been stabilized and 
bleeding controlled by other methods. Emergent surgery to 
treat bleeding may have a mortality rate as high as 38% 35 and 
increase to 59% in the setting of malignancy. 34 Depending on 
the patient’s baseline lung function, a lobectomy, let alone a 
pneumonectomy, may not be tolerated. A risk assessment of the 
benefits of surgery must be performed. In the setting of a vas¬ 
cular etiology of the hemoptysis such as a ruptured aortic 
aneurysm, surgical repair is essential and should not be delayed 


once the patient is hemodynamically stable and the airway is 
controlled. 34 A detailed algorithm in the assessment and treat¬ 
ment of hemoptysis is shown in Algorithm 80.2. 


COPD and Lung-Volume Reduction 

Chronic obstructive pulmonary disease (COPD) includes a 
broad group of diseases that result in airflow obstruction and 
hyperinflation. Medical therapy involves smoking cessation, 
bronchodilator treatment, steroids, home oxygen, and antibi¬ 
otics as needed. Despite improvements in the medical manage¬ 
ment of this condition, patients continue to suffer severe limi¬ 
tations due to their breathing and exercise capacity. As a 
result, surgical interventions have continued to play a role in 
trying to ameliorate symptoms and improving survival in these 
patients. 36,37 

There is a more than 50-year history in the literature 
recording various surgical approaches to help treat COPD. 
Interest has diminished, however, because of the high mortal¬ 
ity associated with surgical intervention in this patient popu¬ 
lation. In the 1990s, a renewed interest in lung-volume reduc¬ 
tion surgery (LVRS) was observed following reports that this 
procedure was associated with a low published mortality rate 
and a significant improvement in forced expiratory volume in 
1 s (FEV1) seen on pulmonary function testing. There was a 
national increase in interest in the procedure, as many centers 
began offering it. Despite continued publication of low mor¬ 
tality rates, evaluation of Medicare data in 1996 showed a 
mortality of 23% in surgically treated patients at 12 months, 
and Medicare reimbursement for the procedure stopped. This 
led to the development of the National Emphysema Treatment 
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Potential LVRS candidate 
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No 
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Survival Advantage No Survival Advantage 

Improved Exercise capacity Improved Exercise capacity 


No quantitative improvements Higher risk of death 
Improved QOL at 24 months No benefit!! 


ALGORITHM 80.3 


ALGORITHM 80.3. LVRS candidate workup. (Adapted from Martinez FJ, Chang A. Semin Respir Crit Care Med 2005;26(2):167-191.) 


Trial (NETT), a prospective randomized trial to evaluate the 
outcomes of lung-volume reduction surgery compared to 
optimal medical treatment. 36 

The goal of the NETT study was to evaluate short- and 
long-term survival, lung function, exercise capacity, and qual¬ 
ity of life. Centers used both median sternotomy and bilateral 
video-assisted thoracoscopic surgery (VATS) approaches to 
perform the operative procedure. Interim analysis identified a 
high-risk subgroup with a higher mortality. These patients had 
low FEV1 (less than 20% predicted) and either a homogenous 
pattern of emphysema in both upper and lower lungs or a low 
carbon monoxide diffusing capacity (DLCO) (less than 20% 
predicted). The mortality at 30 days was 16%, and the risk 
was felt to be prohibitive. As the study continued, two preop¬ 
erative factors appeared to be associated with decreased mor¬ 
tality: dominant upper-lobe emphysema and having a higher 
preoperative exercise capacity. Using these factors, patients 
were divided into four subgroups. Patients with upper-lobe 
disease and a low exercise capacity, defined as achieving less 
than the 40th percentile on exercise testing, 25 Watts for 
women and 40 Watts for men, showed a survival advantage 
and improved exercise capacity after surgery. Patients with 
upper-lobe disease and high exercise capacity, achieving more 
than the 40th percentile cutoff, showed no survival advantage 
but did have improved long-term exercise capacity. Patients 
with non-upper-lobe disease and low exercise capacity had no 
survival or exercise improvements but did note an improved 
quality of life at 24 months. The remaining patients with 
non-upper-lobe disease and high exercise capacity had a 
higher risk of death and no significant improvement in exercise 
capacity or quality of life. The 30-day mortality in the 
non-high-risk subgroup was 5.5%. Long-term follow-up 


showed the same results in all subgroups except in the 
non-upper-lobe disease and low exercise capacity group. The 
quality of life improvement had disappeared by 3 years (Algo¬ 
rithm 80.3). 36 This subgroup analysis has allowed surgeons to 
better counsel patients as to the benefits of LVRS, based on 
which group they fall in. 

When the different surgical approaches were evaluated, 
there was no difference in mortality or benefit from sternotomy 
versus video-assisted thoracoscopic (VATS) approaches. Ster¬ 
notomy patients had a longer hospital stay and higher costs 
noted at 6 months. The cost effectiveness of LVRS was also 
evaluated. The mean cost for LVRS was much higher at 1 year 
than for the medical therapy group, $71,515 versus $23,371, 
respectively. 38 In the subgroup with upper-lobe disease and 
low exercise capacity, at 2 years of follow-up, there was a cost 
of $98,000 per quality-adjusted life-year (QALY). This was 
predicted to fall to $21,000 at 10 years. In comparison, coro¬ 
nary artery bypass graft surgery has a cost of $64,000 per 
QALY. 38 ’ 39 

A new technique aimed to provide the same benefit of LVRS 
but without the surgical risk is the placement of one-way endo¬ 
bronchial valves. These are designed to allow air to escape the 
hyperinflated apical regions and not allow air to re-enter. 
Endobronchial stents have been designed to cross bronchioles 
into hyperinflated regions of the lung and allow decompres¬ 
sion. Other approaches being tested include the bronchoscopic 
introduction of biologic substances such as trypsin or thrombin 
into hyperinflated regions of the lung with the goal of causing 
local scarring and reduce the hyperinflation. 38 Other surgical 
procedures in the treatment of COPD include bullectomy in 
selected patients and lung transplants in patients with end- 
stage disease. 37 
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Tracheobronchial Foreign 
Body (TFB) Aspiration 

TFB aspiration occurs most often in children, but up to 20% 
of cases have been reported in adults. Risk factors in adults 
include older age, as elderly patients have a higher incidence of 
neurologic disease and an impaired cough reflex. Symptoms 
usually involve an episode of choking, followed by a protracted 
cough. Fever, dyspnea, and wheezing can also be present. 40 
Chest x-ray view may aid in the diagnosis if the aspirated TFB 
is radiopaque or if there is associated air trapping, atelectasis, 
or pneumonia; however, the TFB is visible less than a quarter of 
the time as most foods are not radiopaque. 41 Chest CT scans 
are a more sensitive imaging modality but not necessarily more 
specific. Bronchoscopy should be performed if TFB aspiration 
is suspected. Removal of the TFB can usually be accomplished 
by flexible bronchoscopy but may require rigid bronchoscopy 
in difficult cases. 40,41 


Pneumothorax 


Pneumothoraces are classified as spontaneous, primary or sec¬ 
ondary, traumatic, or iatrogenic. Primary spontaneous pneu¬ 
mothoraces occur in patients with no known lung disease, 
whereas secondary spontaneous ones occur in patients with 
underlying lung pathology thought to predispose those patients 
to a pneumothorax. Iatrogenic pneumothoraces may occur in 
either the postsurgical or postprocedural setting, typically fol¬ 
lowing central line placement or thoracentesis. 42 Traumatic 
pneumothoraces are covered elsewhere in this text. 

Primary spontaneous pneumothoraces occur more fre¬ 
quently in men than in women, with an incidence of 7 to 18 cases 
per 100,000 people for men, compared to an incidence rate of 
1 to 6 cases per 100,000 people in women. Most cases occur 
in males younger than 30 years of age, and they rarely occur in 
people older than the age of 40 years. Even though many 
patients with primary pneumothoraces do not have apparent 
lung disease, almost all are found to have subpleural bullae, 
the pathophysiology of which is unknown. 42 Most bullae are 


apical in location. 43 Patient symptoms can range from minimal 
to severe and usually include pleuritic pain, dyspnea, or both. 
Tachycardia may also be present, and if a person is tachycardic 
and hypotensive, a tension pneumothorax must be high on the 
differential and appropriate needle decompression considered. 
A tension pneumothorax occurs when air entering the pleural 
cavity cannot escape and the air compresses the vena cava and 
even the heart, resulting in hemodynamic instability (Fig. 
80.26). Urgent needle decompression followed by chest tube 
placement is the preferred treatment. Most spontaneous pneu¬ 
mothoraces occur while patients are at rest. 42,44 

Observation is often the treatment of a stable, small pneu¬ 
mothorax, defined as being less than 3 cm from the apex. For 
a larger pneumothorax, chest tube placement is the standard 
treatment, though some advocate a trial of aspiration. Most 
patients will have a complete resolution of their pneumo¬ 
thorax and not need further treatment. In the group of 
patients who have a persistent air leak from the initial pneu¬ 
mothorax, or the 30% who have a recurrent pneumothorax, 
usually within 2 years, further treatment is warranted. This 
involves some form of pleurodesis, chemical or mechanical, 
either via a chest tube (talc infusion), or during a thoraco¬ 
scopic evaluation where apparent blebs can also be resected 
(Algorithm 80.4). 43,44 

Secondary spontaneous pneumothoraces can occur due to 
various lung diseases, but COPD is the most common. 45 
Although primary pneumothoraces can be mild clinical events, 
secondary ones are much more concerning because of the base¬ 
line lung disease and poor pulmonary reserve. Observation has 
no role in this patient population, who should undergo defini¬ 
tive treatment to prevent a recurrence during the first event. 
Here a thoracoscopic approach may be more effective in estab¬ 
lishing an adequate pleurodesis and allow the evaluation for 
sources of air leaks. 44 Iatrogenic pneumothoraces can result 
from transthoracic needle lung biopsies, central line placement, 
thoracentesis, transbronchial lung biopsies, pleural biopsies, 
and positive-pressure ventilation. Patients with underlying lung 
disease are at a higher risk of developing a pneumothorax after 
these procedures. Treatment should follow the same paradigm 
as for spontaneous pneumothoraces. Patients with a small, 
asymptomatic, stable pneumothorax and no underlying lung 



FIGURE 80.26. A: A 40% left-sided spontaneous pneumothorax {arrow). B: Progression of simple pneumothorax to a tension pneumothorax, 
showing the characteristic radiographic findings—virtual collapse of the entire involved lung, shift of the mediastinum to the contralateral side, 
and compression of the contralateral lung. Subcutaneous air dissecting along the left chest wall is also evident. 
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ALGORITHM 80.4. Algorithm to treat pneumothorax. (Adapted from Baumann MH, Noppen M. Respirology 2004;9(2):157-164.) 


disease may be safely observed, although all others should 
undergo placement of a chest tube. 44 Some studies have sug¬ 
gested immediate aspiration of air after a CT-guided lung 
biopsy resulting in a pneumothorax, with an 85% success rate 
in avoiding the need for chest tube placement. 43 


Congenital Lung Disease 

Congenital malformations of the lung develop during fetal 
lung growth. They may be identified during an in utero evalu¬ 
ation, present as respiratory distress in the newborn, or be 
completely asymptomatic and found in patients as adults. 
They can frequently occur with other congenital malforma¬ 
tions and may be life threatening. Lung development begins 
during week 3 from the foregut. It progresses through birth to 
approximately 2 years of age when alveolar development is 
complete. The five stages of lung development have been 
divided into the embryonic, pseudoglandular, acinar, saccular, 
and alveolar stages (Table 80.2). Malformations may occur at 
each step and lead to different pathologic conditions. 46 Four 
separate conditions will be discussed here; pulmonary seques¬ 


tration, lobar emphysema, congenital cystic adenomatoid mal¬ 
formation (CCAM), and bronchogenic cysts. 47 

Pulmonary Sequestrations. Pulmonary sequestrations are 
defined as pieces of parenchymal lung separated from the respi¬ 
ratory tree, with the sequestration receiving its blood supply 
from an anomalous artery arising from the aorta rather than hav¬ 
ing the blood supply arising from the pulmonary artery. Seques¬ 
trations have been further subdivided into extralobar and intralo- 
bar lesions, with very distinct anatomic alterations and clinical 
presentations. Extralobar sequestrations reside outside of the true 
pleural space. Venous drainage is usually into the azygos or 
hemiazygos veins. They are most often on the left side between 
the left lower lobe and diaphragm (Fig. 80.27). Up to 80% of 
extralobar sequestrations occur in males. Most patients present 
with dyspnea in the first 6 months of life. They may be diag¬ 
nosed by fetal ultrasound or after birth by chest x-ray view. 
Other congenital abnormalities are found in up to two thirds of 
patients, with congenital diaphragmatic hernias present in a 
quarter of patients. 46 Intralobar lesions reside within the normal 
lung and within the normal pleura. They are almost always in 
the lower lobes and occur in the left side just over 50% of the 


ITABLE 80.2 | 

PHASES OF LUNG DEVELOPMENT CLASSIFICATION 

■ PHASE 

■ GESTATION PERIOD 

■ MAJOR DEVELOPMENTS 

Embryonic 

26 days to 6 weeks 

5 lobar bronchi 

Pseudoglandular 

6 weeks to 16 weeks 

Cartilage rings, cilia form 

Acinar/Canalicular 

16 weeks to 28 weeks 

Type I and II pneumoncytes 

Saccular 

28 weeks to 34 weeks 

Distal airspace development 

Alveolar 

34 weeks to 2 years 

Alveoli proliferate from 20 to 600 million 
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time. Venous drainage is usually through the pulmonary vein. It 
is suggested that intralobar sequestration may be an acquired 
disease, caused by repeated episodes of inflammation that lead 
to bronchiole narrowing and scarring. Ultimately the “lobe” 
becomes isolated and may develop new feeding blood vessels 
from collateral arteries in the inferior pulmonary ligament. A 
complete assessment of a sequestered lesion must be performed 
prior to resection and should include assessment of any poten¬ 
tial airway or gut connection, determining the vascular supply 
of the sequestration, and determining if there are any other con¬ 
genital malformations. 46 

Congenital Lobar Emphysema. Lobar emphysema is the 
cause of half of the episodes of newborn respiratory distress that 
are due to structural anomalies. Two thirds of the cases occur in 
males. Distention of the distal lung occurs from obstruction of 
the airway, either from an intrinsic cause, such as meconium or 
torsion, or an extrinsic cause, such as obstructing lymph nodes. 
In up to half of the cases, no cause can be found. Almost all 
cases occur in the upper lobes, with almost equal distribution 
between sides. Half of the lesions will present in newborns, and 
the remaining 50% will reveal themselves by 6 months. Chest x- 
ray studies are diagnostic (Fig. 80.28). 46 Surgical resection may 
not be immediately necessary and may be delayed until the child 
has grown or until he or she develops a failure to thrive. Even 
after surgical resection, patients may have bronchomalacia and 
a tendency toward bronchospasm. 48 

Congenital Cystic Adenomatoid Malformation. 

CCAM lesions are the second most common cause (25%) of 
newborn respiratory distress, secondary to structural prob¬ 
lems. Children will present either at birth or in early childhood 



FIGURE 80.27. A: Abnormal radiograph of the chest of a newborn 
with respiratory distress (A). Ultrasound identified the anomalous 
vessel coursing through the diaphragm and entering the sequestra¬ 
tion (B). This computed tomographic scan clearly demonstrates the 
anomalous artery arising from the thoracic aorta and entering the 
sequestered lung (C). (Reproduced with permission from Shields 
TW, ed. General Thoracic Surgery , 6th ed. 2005:Fig. 80-15.) 


with recurrent respiratory infections. The anomalies are due to 
an overgrowth of bronchioles, likely during the acinar phase of 
fetal lung development. Lesions can occur on either side and usu¬ 
ally are isolated to one lower lobe. The classification system by 
Stocker (Table 80.3) organizes these lesions based on pathologic 



FIGURE 80.28. Radiograph of a newborn with lobar emphysema 
involving the right middle lobe. Note the compressed right lower lobe 
and mediastinal shift. (Reproduced with permission from Shields TW, 
ed. General Thoracic Surgery , 6th ed. 2005:Fig. 80-6.) 
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TABLE 80.3 


THE STOCKER CLASSIFICATION OF CCAM 

■ Type I 

75% of lesions 
Few large cysts 
Parenchymal compression 

■ Type II 

Numerous, <1 cm cysts 

Associated with other congenital anomalies 

Worse prognosis 

■ Type III 
Rarest type 

Cysts are solid and smaller (few mm in diameter) 


appearance and clinical outcome. Prenatal MRI best serves to 
evaluate these lesions, whereas postnatal chest x-ray view 
and/or chest CT scan can be used to differentiate CCAMs from 
other lesions. 46 Even though lesions may be small and asymp¬ 
tomatic, these lesions possess the potential for malignant trans¬ 
formation and should be resected (Fig. 80.29). 48 

Bronchogenic Cysts. Bronchogenic cysts are formed from 
primitive foregut tissue present in the airway. They can present 
as single or multiple cysts in a wide variety of locations in the 
thorax. They usually present in young children who develop 
symptoms such as stridor due to airway obstruction or com¬ 
pression caused by the cysts. 47 Alternatively, cysts located 
within the lung parenchyma can become infected and present 
as an abscess. Therapeutic aspiration may be temporizing, but 
ultimately surgery is needed. 49 Resection may have a mortality 
of up to 14%, but untreated lesions have a 100% mortality. 47 



FIGURE 80.29. Specimen removed from an infant with a cystic ade¬ 
nomatoid malformation. Microscopically, there was marked prolifer¬ 
ation of terminal bronchioles, and cartilage was lacking (Reproduced 
with permission from Shields TW, ed. General Thoracic Surgery , 6th 
ed. 2005:Fig. 80-24.) 


Most cases of congenital lung disease will present in the first 
6 months of life. The main symptom is usually respiratory 
distress, but once children reach 1 year in age, chronic infec¬ 
tions become the most common symptom. Diagnostic tests 
begin with chest x-ray views but can include ultrasound, MRI, 
CT scans, angiography, and bronchoscopy, depending on the 
lesion and location. 50 Decision making regarding the timing of 
surgical resection should incorporate the patient’s acuity due 
to symptoms and his or her overall ability to tolerate surgery 
based on size. 


PLEURAL DISEASE 


Pleural diseases include benign complications from systemic 
disease, postoperative infections, local infections, and cancers 
from primary and metastatic sites. Diseases involving the 
pleura can lead to limitations to respiration and symptoms of 
dyspnea. Surgical intervention may be indicated, and it is 
imperative for the surgeon to be able to recognize which dis¬ 
ease processes require a surgical procedure. Pneumothoraces 
are discussed earlier in this chapter, and here we will cover 
pleural effusions, including empyemas and malignant pleural 
mesotheliomas. 


Pleural Effusions 


Pleural effusions are a common condition that elicit a surgical 
consult for potential drainage and even thoracoscopic interven¬ 
tion to assist in the diagnosis and treatment of the condition. 
The essential first step in the evaluation of a new effusion is to 
determine if it is a transudative or exudative process. A tran- 
sudative fluid collection is the result of a poorly balanced 
hydrostatic and/or osmotic pressure across the pleural mem¬ 
brane resulting in increased serum leak across the pleural bar¬ 
rier. Exudative processes result from inflammation or neoplas¬ 
tic processes that cause increased capillary leak at the pleural 
membrane. Because of the leaky membrane, larger proteins can 
enter the pleural fluid resulting in higher protein and lactate 
dehydrogenase (LDH) levels in the exudative fluid compared to 
the transudative fluid (Table 80.4). 51 One of the tests used most 
often to make the diagnosis is the Light criteria, where the 
serum and pleural fluid protein and LDH levels are measured 
(Table 80.5). If one or more of the criteria are met, then the 
fluid is considered exudative. 52 Other tests have been evalu¬ 
ated, including measuring cholesterol ratios and the albumin 
gradient, but the Light criteria is still the best overall test. 51 

Transudative effusions are most often caused by congestive 
heart failure. Even if a patient has no other symptoms of heart 
failure, in the setting of a transudative effusion, a complete 
cardiac workup should be considered. Other causes include cir¬ 
rhosis, which may or may not be associated with ascites. Isolated 
right- and left-sided effusions due to liver disease have been 
described. Effusions can be seen in more than 20% of patients 
with nephrotic syndrome, and so all patients with new effusions 
should be evaluated for the presence of proteinuria. Rarer causes 
include retroperitoneal urine leaks or cerebrospinal fluid leaks. 52 
Surgical interventions, such as chest tube placement, should be 
avoided in these disease settings, as patients will continue to 
drain fluid from their chest until the primary cause is treated. 
Aspiration of fluid may help temporarily while systemic treat¬ 
ment is instituted but should only be done as part of a larger 
treatment plan. 

Exudative effusions have several etiologies, but malignancy 
is the number one cause. 52 Approximately a quarter of pleural 
effusions in a community hospital setting have been attributed 
to cancer. The malignancies that cause the effusions are, in order 
of decreasing frequency, lung cancer, breast cancer, and hemato¬ 
logic cancers such as lymphoma. Other malignancies, such as 
ovarian cancer, can also cause effusions. 53 The next most 
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TABLE 80.4 

DIAGNOSIS 

DIFFERENTIAL DIAGNOSIS OF PLEURAL EFFUSIONS 

Transudative pleural effusions 

Collagen vascular diseases 

Congestive heart failure 

Rheumatoid pleuritis 

Pericardial disease 

Systemic lupus erythematosus 

Cirrhosis 

Drug-induced lupus erythematosus 

Nephrotic syndrome 

Immunoblastic lymphadenopathy 

Peritoneal dialysis 

Sjogren syndrome 

Superior vena cava obstruction 

Wegener granulomatosis 

Myxedema 

Churg-Strauss syndrome 

Pulmonary emboli 

Postcardiac injury syndrome 

Sarcoidosis 

Asbestos exposure 

Urinothorax 

Sarcoidosis 

EXUDATIVE PLEURAL EFFUSIONS 

Uremia 

Neoplastic diseases 

Meigs syndrome 

Metastatic disease 

Yellow nail syndrome 

Mesothelioma 

Drug-induced pleural disease 

Infectious diseases 

Nitrofurantoin 

Bacterial infections 

Dantrolene 

Tuberculosis 

Methysergide 

Fungal infections 

Bromocriptine 

Viral infections 

Procarbazine 

Parasitic infections 

Amiodarone 

Pulmonary embolization 

Trapped lung 

Gastrointestinal disease 

Radiotherapy 

Esophageal perforation 

Electric burns 

Pancreatic disease 

Urinary tract obstruction 

Intra-abdominal abscess 

Iatrogenic injury 

Diaphragmatic hernia 

Ovarian hyperstimulation syndrome 

Postabdominal surgery 

Chylothorax 

Endoscopic variceal sclerotherapy 

Hemothorax 


common causes of exudative effusions are infections, including 
pneumonias causing parapneumonic effusions, tuberculosis 
(TB), and fungal infections. Although rarer in the United States, 
TB is still a common etiology worldwide. If someone is sus¬ 
pected of having pleural TB, the pleural fluid should be evalu¬ 
ated for adenosine deaminase (ADA) and gamma-interferon 
levels, which if low will rule out the diagnosis of TB. If other 
infections are suspected, the pleural fluid should be cultured. 
Pancreatitis may also cause an exudate, and elevated serum 
amylase levels will support the diagnosis. Autoimmune processes, 
such as rheumatoid disease and lupus, can also cause effusions. 
Chylothorax presents after problems with thoracic duct lymph 


TABLE 80.5 


CRITERIA FOR EXUDATIVE EFFUSIONS BASED ON RATIO 
OF PLEURAL FLUID PROTEIN AND LDH CONCENTRATIONS 
TO SERUM CONCENTRATION 

Protein/serum protein >0.5 

LDH/serum LDH >0.6 

Pleural LDH 1.67 times normal serum LDH 


LDH, lactate dehydrogenase. 


drainage in the chest lead to an accumulation of lymphatic fluid 
in one or both thoraces. The thoracic duct collects lymph from 
the cisterna chyli, the plexus of lymphatics in the upper abdomen, 
and travels anterior to the spine and just posterolateral to the 
aorta. It follows behind the aorta and enters the left neck where 
it empties into the confluence of the left internal jugular and 
subclavian veins (Fig. 80.30). Chylous leaks are due primarily to 
thoracic duct injury from trauma, surgery, or lymphomas result¬ 
ing in obstructed lymphatics. Pleural triglyceride and choles¬ 
terol levels will be elevated, and the fluid will have a milky color. 
Treatment for persistent chylothoraces include thoracic duct lig¬ 
ation by surgery or by embolization of the site of leak in the 
interventional suite. 52 

The management of malignant pleural effusions includes 
various options, but critical to the decision-making process is 
the knowledge of the median life expectancy in that patient 
due to the underlying malignancy. Chest tube drainage may be 
therapeutic and diagnostic, allowing fluid drainage and allevi¬ 
ation of symptoms of dyspnea. It will also allow determination 
of whether the underlying lung is able to expand. If not, it is 
described as a “trapped lung” and although the fluid may be 
gone, a persistent pneumothorax appears on chest x-ray views 
as the lung cannot expand and fill the thorax. In these settings, 
an indwelling pleural drainage catheter may be the best option 
to intermittently drain accumulating fluid. Decortication is not 
recommended, as most patients with malignancy in this set¬ 
ting have a limited life expectancy and the success rate is low 
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THORACIC DUCT 



FIGURE 80.30. Schematic drawing of the most usual pattern and 
course of the thoracic duct. The single duct that enters the chest 
through the aortic hiatus between T12 and T10 is a relatively consis¬ 
tent finding and the usual site for surgical ligation. 


compared to decortication in the setting of an empyema. VATS 
exploration may also be used to remove loculated fluid collec¬ 
tions and to evaluate for lung re-expansion after the procedure. 
If the lung re-expands, further treatment includes pleurodesis, 
using talc, doxycycline, or bleomycin. These medications will 
cause an inflammatory reaction between the parietal and vis¬ 
ceral pleura resulting in the lung being “stuck” in an expanded 
state. Mechanical pleurodesis can also be performed by mechan¬ 
ical debridement of the pleura via VATS. Chemical pleurodesis 
may be performed via VATS or through an existing thoracos¬ 
tomy tube. The goal of treatment in the setting of a malignant 
pleural effusion is palliation. 53 


Empyema. Empyemas are defined as frank pus in the thoracic 
Q cavity. This represents part of the continuum of disease that 
begins with simple parapneumonic effusion, where exudative 
fluid is not infected and not loculated. As the disease progresses, 
fluid becomes loculated with fibrinous septations and becomes 
infected, leading to pus and ultimately the development of a fib¬ 
rinous peel. Up to half of pneumonias have an associated effu¬ 
sion, but less than 5% of cases lead to an empyema. 54 Other 
causes include surgical thoracotomies and/or other infections 
from nearby organs, such as esophageal injuries. Pleural infec¬ 
tions have been categorized into three overlapping stages. The 
first is the exudative stage, where the fluid is thin, sterile, has a 
lower white blood cell (WBC) count and LDH levels, and the 
glucose level is still greater than 40 mg/dL (Table 80.6). Treat¬ 
ment usually involves addressing the underlying etiology, such as 
a pneumonia. The second stage is the fibrinopurulent stage, 
where the fluid becomes infected and fibrin deposits accumulate 
on the pleura. The LDH and WBC count increase, and the glu¬ 
cose and pH levels drop. The fluid becomes thick and purulent, 
and the lung is often unable to expand. Chest tube drainage 
alone at this stage may not be effective to remove the fluid. The 
third stage is the organizing stage, and a thick pleural peel is cre¬ 
ated by migrating fibroblasts. At this point, a formal debride¬ 
ment and decortication is required to allow the lung to return to 
full function. 54 

Organisms causing empyemas have shifted from predomi¬ 
nately S. pneumoniae in the preantibiotic era, to anaerobic 
organisms in up to three quarters of empyemas in the current 
era. Imaging to evaluate the presence of an empyema begins 
with a simple chest x-ray view but requires a chest CT to show 
potential loculations. After the institution of antibiotic ther¬ 
apy, surgical intervention depends on the stage of the disease 
but may require a VATS exploration or even a thoracotomy to 
debride the thorax effectively and to decorticate the pleural 
peel off the lung to allow re-expansion. 54 Postpneumonectomy 
empyemas are an especially difficult problem as there is no 
lung tissue to occupy the empty thorax. Risk factors in this set¬ 
ting include right pneumonectomies (vs. left), the need for 
postoperative ventilation, lower starting hemotocrit levels, 
and poor preoperative pulmonary function test results. 55,56 
Treatments of these empyemas are particularly difficult and 
may include an Eloesser flap or the Clagett procedure, which 
allow for the creation of an open wound that permits packing 
and granulation tissue to form in the empyema cavity. 57 

Mesothelioma. Malignant pleural mesothelioma (MPM) is 
a cancer of the serosal pleura, related to the exposure to 
asbestos. Multiple hypotheses have been formed regarding 
how asbestos causes mesothelioma and include the idea that 
asbestos fibers are inhaled deeply into the lung and penetrate 
the parenchymal surface, causing irritation of the pleura and 
repeated episodes of inflammation, ultimately leading to can¬ 
cer. Other potential mechanisms include asbestos interfering 
with mitosis, inducing free-radical production, and induction 
of proto-oncogene kinases by asbestos fibers. 58 Exposure to 
asbestos usually occurs decades prior to presentation with 
mesothelioma and has been seen in miners exposed to asbestos 
dust, industrial workers such as plumbers and carpenters who 
used asbestos products, and even in 20% of patients with no 


TABLE 80.6 


DIAGNOSTIC CRITERIA FOR PLEURAL FLUID IN EMPYEMA 


■ STAGE 

■ FLUID/PEEL 

■ WBC 

■ LDH (cells/mm 3 ) 

■ pH (IU) 

■ BACTERIA 

Exudative 

Thin/elastic 

<1000 

<500 

>7.3 

Absent 

Fibrinopurulent 

Purulent/inelastic 

>5000 

>1000 

<7.1 

Present 

Organizing 

Thick/rigid peel 

Varies 

Varies 

<7.1 

Varies 
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FIGURE 80.31. Magnetic resonance imaging of the patient in Figure 
80.25 shows a large amount of tumor within the pleural space and 
into the diaphragmatic sulcus with no evidence of extension outside 
the hemithorax. (Reproduced with permission from Flores RM, Sug- 
arbaker DJ. Malignant mesothelioma of the pleural space. Ann Tho- 
rac Surg 2000;70:306.) 


known exposure but living in industrial countries. Mesothe¬ 
lioma is a relatively rare malignancy, with less than 5,000 
cases in the United States per year. 59 

Patients with mesothelioma may present with dyspnea or 
chest pain. Often, patients are asymptomatic and the diagnosis is 
made after abnormalities are seen on a chest x-ray view per¬ 
formed for another reason. Radiographs may show unilateral 
effusions and a loss of volume on the affected side, as the lung 
capacity is diminished due to disease. As the disease progresses, 
patients may have weight loss, worsening pain, and night sweats. 
Median survival may be as little as 1 year from the time of diag¬ 
nosis. 60 Diagnostic studies include a chest CT scan or MRI to 
show the extent of pleural thickening (Fig. 80.31). Lym- 
phadenopathy or signs of local spread through the diaphragm or 
chest wall can also be seen with three-dimensional imaging. The 
pathologic diagnosis almost always requires a tissue biopsy. 
Cytologic examination of pleural fluid from a thoracentesis can¬ 
not differentiate between mesothelioma cells and other potential 
lung cancers. CT-guided biopsy of pleural thickening can often 
give the diagnosis, but ultimately a VATS approach or limited 
thoracotomy may be needed to obtain a diagnosis. If the patient 
is being considered for surgical resection, a limited thoracotomy 
in the site of a potential later incision is optimal to limit seeding 
of the tumor. 60 

Mesotheliomas can be categorized into epithelial, sarcoma¬ 
toid, and mixed histologies. Patients with epithelial histology do 
better than those with a sarcomatoid histology. 60 There are var¬ 
ious staging systems for mesothelioma, including the Butchart 
system, the revised Brigham and Women’s Fiospital system, and 
the TNM-based system by the International Mesothelioma 
Interest Group (IMIG) (Table 80.7). 60,61 The IMIG system 
allows for better reproducibility of the interpretation of local 
and regional lymph node spread. Laparoscopy may be useful to 
evaluate the patient for transdiaphragmatic spread of the tumor, 
differentiating between T3 and T4 tumors. 61 

Treatment for mesothelioma may include chemotherapy, 
radiation therapy, and surgery. Surgical treatment ranges from 
a pleurodesis for palliation in the setting of effusions and unre- 
sectable disease, to pleurectomy/decortication for limited dis¬ 


ease, and to the most aggressive treatment of an extrapleural 
pneumonectomy (EPP), with the goal of complete tumor resec¬ 
tion. Less than a third of patients are candidates for any surgi¬ 
cal intervention. Preoperative workup for an EPP should include 
a cardiac evaluation, and optimal surgical candidates have pul¬ 
monary function tests with an FEV1 of greater than 2 L/s and 
an age younger than 70 years. 61 Surgery involves an en bloc 
removal of the lung, pleura, pericardium, and diaphragm with 
reconstruction of the pericardium and diaphragm. Pleurectomy 
and decortication is reserved for very early-stage disease and 
involves removal of the pleura only with preservation of the 
lung parenchyma. Multimodality approaches have shown bet¬ 
ter results, with neoadjuvant chemotherapy and adjuvant radi¬ 
ation therapy. 62 Chemotherapy for advanced disease includes 
pemetrexed and cisplatin or the combination of gemcitabine 
and cisplatin. Both have shown similar levels of palliation. 
Radiotherapy may also be used but is limited by the large field 
requiring treatment and the risks of pneumonitis and esophagi¬ 
tis. 58 It is best used in combination with EPP for local control 
after surgery or to treat local painful areas. 61 Because of the few 
cases per year, most patients who are considered for surgery 
should be referred to high-volume centers where surgeons and 
other clinicians are comfortable treating this disease. 


TRACHEA 


The trachea is a well-known structure to general surgeons who 
may perform tracheostomies and bronchoscopies as part of 
their clinical practice. A thorough knowledge of the anatomy 
and vascular supply is essential to minimize complications 
such as postintubation tracheal stenosis and tracheoinnomi- 
nate fistulas after tracheostomies. 


Anatomy 

The trachea is the connection from the cricoid cartilage to the 
carina that allows ventilation and mucous clearance from the 
lungs. It is oval, with C-shaped cartilaginous rings creating 
the anterior and lateral borders. A soft tissue membrane forms 
the posterior wall to complete the oval shape. In the average 
male, the anterior-posterior dimension is 1.8 cm, whereas the lat¬ 
eral aspect is 2.3 cm. Tracheal length reaches almost 12 cm with 
almost two rings per centimeter. Trachea in women are 10% to 
20% smaller. In children, the shape is more circular, but becomes 
gradually more ovoid as they age. There is a significant amount of 
flexibility in the normal trachea, and remodeling can occur in 
chronic disease states such as emphysema. The inner lining con¬ 
sists of ciliated pseudostratified columnar epithelium with goblet 
and mucous cells interspersed. At the carina, the right and left 
mainstem bronchi split off. The right side is characterized by the 
quick take-off of the right upper lobe bronchus, with the 
bronchus intermedius continuing into the middle- and lower-lo 
be bronchi. The left side has a longer mainstem bronchus with a 
split into the upper and lower lobes. 63 The blood supply begins 
with the inferior thyroid artery supplying the cervical trachea 
through three tracheoesophageal branches. The lower trachea is 
supplied by bronchial arteries arising off the aorta. As the arteries 
approach the trachea, they further split to supply separate seg¬ 
ments. Even within segments, they will branch into anterior and 
posterior transverse intercartilaginous arteries (Fig. 80.32). 
Because of this segmental blood supply, there should be minimal 
circumferential dissection around the trachea to limit impairment 
of the blood supply and healing in tracheal/bronchial surgery. 


Surgical Airways 

The most common tracheal procedure is a tracheostomy. Over 
the last 20 years, there has been an increasing use of percutaneous 
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TABLE 80.7 STAGING 


THE NEW INTERNATIONAL STAGING SYSTEM (IMIG) 


T-TUMOR 

T1 la 

lb 


T2 


T3 


Tumor limited to the ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura; noninvolvement of 
the visceral pleura 

Tumor involving the ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura; scattered foci of 
tumor also involving the visceral pleura 

Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura) 
with at least one of the following features: 

Involvement of diaphragmatic muscle 

Confluent visceral pleural tumor (including the fissures) or extension of tumor from visceral pleura into the 
underlying pulmonary parenchyma 

Locally advanced but potentially resectable tumor; tumor involving all of the ipsilateral pleural surfaces (parietal, 
mediastinal, diaphragmatic, and visceral pleura) with at least one of the following features: 

Involvement of the endothoracic fascia 


Extension into the mediastinal fat 


Solitary, completely resectable focus of tumor extending into the soft tissues of the chest wall 
Nontransmural involvement of the pericardium 

T4 Locally advanced technically unresectable tumor; tumor involving all of the ipsilateral pleural surfaces (parietal, 

mediastinal, diaphragmatic, and visceral) with at least one of the following features: 

Diffuse extension or multifocal masses of tumor in the chest wall, with or without associated rib destruction 

Direct transdiaphragmatic extension of tumor to the peritoneum 

Direct extension of tumor to the contralateral pleura 

Direct extension of tumor to one or more mediastinal organs 

Direct extension of tumor into the spine 

Tumor extending through to the internal surface of the pericardium with or without pericardial effusion; or tumor 
involving the myocardium 


N-LYMPH NODES 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastases 

N1 Metastases in the ipsilateral bronchopulmonary or hilar lymph nodes 

N2 Metastases in the subcarinal or ipsilateral mediastinal lymph nodes, including the ipsilateral internal mammary nodes 

N3 Metastases in the contralateral mediastinal, contralateral internal mammary, ipsilateral or contralateral 

supraclavicular lymph nodes 


M-METASTASES 

MX Presence of distant metastases cannot be assessed 

MO No distant metastasis 

Ml Distant metastasis present 

STAGE DESCRIPTION 

I 

la TlaNOMO 

lb TlbNOMO 

II T2N0M0 

III Any T3M0 
Any N1M0 
Any N2M0 

IV Any T4 
Any N3 
Any Ml 


Adapted with permission from Rusch VW. A proposed new international TNM staging system for malignant pleural mesothelioma. From the 
International Mesothelioma Interest Group. Chest 1995;108:1122-1128. 
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FIGURE 80.32. Semischematic view of the tracheal microscopical 
blood supply. Transverse intercartilaginous arteries derived from the 
lateral longitudinal anastomosis penetrate the soft tissues between 
each cartilage to supply a rich vascular network beneath the endotra¬ 
cheal mucosa. (Adapted from Salassa JR, Pearson BW, Payne WS, et al. 
Gross and microscopical blood supply of the trachea. Ann Thorac 
Surg 1977;24:100-107.) 


O 


tracheostomy. For patients who are intubated, the indication 
for and timing of tracheostomy depends on a multitude of fac¬ 
tors, of which there is very little consensus in the medical liter¬ 
ature. The goal of a tracheostomy is to limit the risk of laryngeal 
stenosis caused by prolonged endotracheal intubation, to 
improve pulmonary toilet, and to improve oral hygiene. Gener¬ 
ally, tracheostomy should be considered after a patient has been 
intubated for more than 7 days, without clear expectation for 
immediate extubation. 64 Ideally, patients should be on mini¬ 
mal ventilator settings, but tracheostomy may be performed in 
patients with elevated oxygen (Fi0 2 of up to 60%) and venti¬ 
latory (positive end-expiratory pressure [PEEP1 less than 10) 
requirements. Patients requiring more support are at high risk 
of decompensating if they lose their airways, even if just for a 
moment, and the decision to perform a tracheostomy should 
be carefully considered in this setting. 65 

Tracheostomies are performed with the neck extended. A 
2- to 3-cm incision is made approximately 2 cm above the ster¬ 
nal notch. Dissection is carried down through the platysma, 
and the strap muscles are divided longitudinally. Exposure 
of the trachea and the second and third rings may require 
elevation of the thyroid. Lateral traction sutures may be placed 
around the second or third rings. A vertical incision is made 
between rings two and four and gradually dilated. A tra¬ 
cheostomy tube is placed under direct vision. 64,66 Percutaneous 
tracheostomy placement is based on the Seldinger technique. A 
needle is placed percutaneously into the trachea at the esti¬ 
mated level of the second or third rings with bronchoscopic 
visualization. A guidewire is placed into the airway and serial 
dilations performed, until a tracheostomy tube is able to 
be advanced over the wire. 65 Cricothyroidotomy should be 
performed only in the emergent setting. The cricothyroid 
membrane is palpated below the superior thyroid notch. A 
transverse incision is made to the lateral borders of the thyroid 
cartilage. Rapid dilation is followed by tube insertion. 64 

Complications can vary depending on the technique. For 
open tracheostomy, they include damage to the carotid artery, 
internal jugular vein, posterior tracheal wall/anterior esopha¬ 
gus, and apex of the lung. 65 Also reported are fires due to the 
use of electrocautery in the setting of nitrous oxide and oxy¬ 
gen. 64 In percutaneous tracheostomies, complications include 
pneumothorax, mediastinal emphysema, paratracheal inser¬ 
tion, tracheoesophageal fistula, and airway loss. 65,67 Common 
complications include local hemorrhage and infection. Major 
late complications include tracheal stenosis and tracheoinnom- 
inate fistulas. Fistulas result from erosion of the tracheostomy 


tube into the innominate artery. Improper placement of the tra¬ 
cheostomy into rings lower than the third ring place patients at 
higher risk for this complication. A sentinel bleed may be the 
initial presentation. Pressure on the fistula with immediate 
repair or ligation of the vessel is required (Fig. 80.33). 68 Postin¬ 
tubation stenosis is usually due to necrosis caused by high-pres¬ 
sure cuffs resulting in impaired blood flow to the segmental 
area of the trachea. This leads to the long-term loss of cartilage 
and narrowing of the airway. The use of low-pressure cuffs has 
reduced the incidence of this complication but not eliminated 
it. Bronchoscopy and dilation may alleviate symptoms, but 
resection of the stenotic area may be needed (Fig. 80.34). 66 


Tracheal Tumors 


Benign lesions of the trachea are less common than malignant 
ones. They include papillomas, chondromas, hamartomas, fibro¬ 
mas, and hemangiomas. Papillomas are associated with the 
human papilloma virus and can degenerate into malignant 
lesions, thus requiring resection. Chondromas arise from the car¬ 
tilage and may recur after resection. FJamartomas are composed 
of cartilage and epithelial and lymphatic tissue. Recurrence is 
rare after resection. Fibromas can be resected via bronchoscopy. 
FJemangiomas are the most common pediatric tracheal mass. 
They may regress without treatment and can be observed if not 
causing obstructive symptoms. Biopsy is generally avoided due 
to bleeding risk. Surgery may be required if lesions persist. 69 

Although more common than benign lesions, malignant 
tracheal tumors are very rare with only 600 to 700 cases in the 
United States per year. Lesions may be primary tracheal 
lesions, tumors from adjacent organs growing into the trachea, 
or metastatic lesions. 70 Primary tumors are most commonly 
squamous cell carcinomas or adenoid cystic carcinomas in the 
trachea, followed by carcinoids in the bronchi. 70,71 Adjacent 
tumors may arise in the lung, esophagus, thyroid, or medi¬ 
astinum. The most common cancers that cause tracheal metas- 
tases include renal cell cancers, sarcomas, breast cancers, and 
colon cancers. 70 Patients will present with stridor and wheez¬ 
ing and have often been recently diagnosed with adult-onset 
asthma and treated with inhalers and even steroids without 
alleviation of symptoms. Fiemoptysis may also occur, though 
it is more common in lung cancer than in tracheal disease. 71 
Patients should undergo imaging such as a neck and chest CT 
scan to assist in making the proper diagnosis. Bronchoscopy 
with a flexible or rigid endoscope is essential to aid in the eval¬ 
uation of the extent of disease and to control the airway if nec¬ 
essary. Treatment includes tracheal resection for primary tumors 
if possible. For metastatic disease, palliative treatment includes 
endoluminal resection and/or radiotherapy. 71 Endoluminal 
treatments include mechanical core out, YAG-laser treatment, 
photodynamic therapy (PDT), cryotherapy, or br achy therapy. 
Stenting also may play a role to maintain airway patency, either 
for a temporary period during radiation treatment or in the set¬ 
ting of end-stage disease (Algorithm 80.5). 70 


Tracheomalacia and Airway Stents 

Tracheomalacia occurs when the trachea loses its rigid form 
and the posterior membranous wall approaches the anterior 
wall, causing luminal narrowing and obstruction leading to 
dyspnea. Patients have a characteristic seal-like cough. Chest 
CT scans may demonstrate this condition, and pulmonary 
function testing in these patients will show reduced FEV1, 
forced vital capacity (FVC), and peak expiratory flow rates. 
Bronchoscopy is the best diagnostic test and reveals real-time 
airway collapse with expiration. Etiologies include congenital 
tracheomalacia, extrinsic compression, postintubation steno¬ 
sis and inflammation, relapsing polychondritis, and chronic 
obstructive pulmonary disease. 72 Surgical intervention may 
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FIGURE 80.33. Management of tracheoinnomi- 
nate artery fistula. A: Common mechanism of 
injury from erosion of innominate artery by adja¬ 
cent tracheostomy tube. B: Emergency treatment of 
hemorrhage involves insertion of an endotracheal 
tube into the tracheostomy stoma, inflation of the 
cuff, and downward and outward pressure on the 
fistula by the finger inserted through the tra¬ 
cheostomy incision to further tamponade the bleed¬ 
ing. C: Through a partial upper sternal split, the 
segment of involved innominate artery is resected 
and the oversewn ends covered with adjacent medi¬ 
astinal fat or muscle. Tracheal resection is usually 
not necessary. A new tracheostomy tube may have 
to be inserted higher in the trachea or, if possible, 
the tracheostomy tube removed and the stoma cov¬ 
ered with a sternohyoid muscle flap. 


include resection for localized involvement, tracheoplasty, or 
stenting. 72,73 Airway stents can be divided into two groups, sil¬ 
icone and metal, with each type having distinct advantages 
(Table 80.8). Silicone stents require rigid bronchoscopy to 
place, have a narrower inner lumen, and are more easily dis¬ 
placed. Advantages to the use of silicone stents are that they 
are easily adjustable or removable, they do not develop tissue 
ingrowth, and they are nonreactive to the endoluminal lining. 
Metal stents can be placed by flexible bronchoscopy and con¬ 
form to the trachea better. They are permanent and difficult to 
adjust. Placement requires fluoroscopy, and granulation tissue 
often grows in between metal struts making subsequent 


removal difficult. 70 Newer stents being developed include cov¬ 
ered metal stents that prevent tumor ingrowth along the stent, 
but unfortunately still allow granulation tissue to grow in at 
the ends. 74 In addition to being useful in the setting of tracheal 
stenosis, they can also play an essential role in palliating post¬ 
transplant bronchial stenosis. 75 


MEDIASTINUM 


The mediastinum contains several important structures and 
may be involved in different disease processes. Mediastinal 
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ALGORITHM 80.5 


ALGORITHM 80.5. Algorithm for management of tracheal masses. (Adapted from Wood DE. Surg Clin North Am 2002;82(3):621-642). 


infections are not as common as they were in the past, but 
when they present, they are life-threatening situations. The 
mediastinum is divided into several compartments, including 
the superior, anterior, middle, and posterior regions. Some¬ 
times the lower three compartments are extended superiorly 
and only three are described (Fig. 80.35). The anterior medi¬ 
astinum includes the fat and lymph nodes posterior to the 
sternum but anterior to the pericardium. The middle com¬ 
partment includes the pericardium, heart, aorta, and trachea. 


The posterior compartment includes the esophagus, sympa¬ 
thetic chain, and vertebral column (Fig. 80.36). Most lesions 
are found in asymptomatic patients, but presenting symp¬ 
toms include dyspnea and chest pain. Symptoms may be 
local, related to compression on mediastinal structures, or 
systemic, caused by the release of cytokines or inflammatory 
factors, such as in lymphomas or thymomas with myasthe¬ 
nia gravis. Imaging begins with plain radiographs, but CT 
scans are essential. MRI scans may be helpful to evaluate 



FIGURE 80.34. Diagrams of principal postintubation tracheal lesions. A: Cuff stenosis from 
the cuff of an endotracheal tube. B: Cuff stenosis from the cuff of a tracheostomy tube, usually 
lower in the trachea than that from an endotracheal tube. Stomal stenosis also occurs at the site 
of the tracheostomy itself. Malacia may occur either at the level of the cuff or in the segment 
between the stoma and the cuff stenosis. C: Cuff stenosis at the site of a high tracheostomy 
stoma, which has eroded into the lower margin of the cricoid cartilage. In older patients, this 
may erode back farther into the subglottic larynx, producing a laryngotracheal stenosis. A 
stoma placed in the cricothyroid membrane will, by definition, produce an intralaryngeal steno¬ 
sis. D: Tracheoesophageal fistula (TEF) produced by pressure of the cuff against the “party 
wall,” often abetted by an indwelling firm nasogastric tube. E: One type of tracheoinnominate 
fistula (TIF) as the result of a high-pressure cuff erosion. The more common type, but also rare, 
is that seen with a low-placed tracheostomy stoma, which rests against the innominate artery 
itself. (Reproduced with permission from Grillo HC. Surgical treatment of postintubation tra¬ 
cheal injuries. / Thorac Cardiovasc Surg 1979;78:860-875.) 
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TABLE 80.8 


CLASSIFICATION OF AIRWAY STENTS 

■ Silicone stents 

Advantages 
Adjustable 
Removable 
Minimal Granulation 
Disadvantages 

Gen. Anesthesia/Rigid bronch to place 
Migrates 

Secretions adhere to stent 
Interferes with ciliary clearance 
Smaller inner diameter 

■ Metal stents 

Advantages 
Less migration 
Larger inner diameter 
Less ciliary interference 
Flexible bronch to place 
Disadvantages 

May need balloon dilation 
Difficult to remove 

Granulation and tumor ingrowth in the stent 
Radial force may lead to necrosis/fistula 


vascular or spinal involvement. PET scans are increasingly 
used as they may further aid in staging. Biopsy and/or sur¬ 
gical resection is required to confirm the diagnosis in almost 
all patients. 76 


Anterior Mediastinum 

The anterior mediastinum can contain various tumors (Table 
80.9). Most common are thymomas, lymphomas, and germ 
cell tumors, in that order. Thymomas account for one fifth of 
all anterior mediastinal masses in the adult population. They 


arise from the thymus gland and can be seen with autoimmune 
diseases such as myasthenia gravis (MG) and pure red cell apla¬ 
sia. Tumors are usually classified by the Masaoka classification 
system (Table 80.10), which looks at gross and microscopic 
spread of the tumor, or the World Health Organization 
(WHO) histologic criteria, which is based on the morphology 
of the epithelial cells as well as the lymphocyte-to-epithelial 
cell ratio. Diagnosis is usually made by chest CT scan. Needle 
biopsy of a potential thymoma is not routinely recommended 
for fear of seeding the needle track. When thymomas are sus¬ 
pected, resection is the best option, via a midline sternotomy 
(Fig. 80.37) Resection must take care to remove all of the tis¬ 
sue in the anterior compartment, including all fat and tissue 
around the innominate vein. Entering the pleura should be 
avoided if possible to minimize drop metastases into either 
pleural space. 

Thoracoscopic approaches to resect thymomas have been 
described, but some surgeons question this approach due to the 
potential increased risk of drop metastases, and thus the potential 
for a poorer oncologic outcome. Neoadjuvant chemotherapy 
and radiation may be used to downstage Masaoka III and TV 
stage tumors and allow for subsequent resection. Postoperative 
radiation is recommended for Masoaka stage III tumors, 
and may be considered for stage II disease. Platinum-based 
chemotherapy is typically used in the unresectable setting. 77 
Patients with MG present with diplopia, ptosis, fatigue, and 
weakness. One-third to one half of patients with thymomas have 
MG, but only 10% of patients with MG have thymomas. 
Anti-acetylcholine receptor antibody levels may be measured to 
evaluate for MG in patients with suspected thymomas. 78 Thymic 
carcinomas and thymic carcinoids are other tumor types that can 
also arise from the thymus. 

Germ cell tumors can present as benign teratomas, semi¬ 
nomas, and embryonal tumors, which include nonsemino- 
matous germ cell tumors and malignant teratomas. Benign 
teratomas have a good prognosis, and resection is the best 
treatment. Seminomas constitute up to half of mediastinal 
germ cell malignant tumors. Patients may have symptoms 
from local compression or systemic symptoms such as fever, 
weight loss, and even gynecomastia. These tumors are 
radiosensitive, but in locally advanced disease, chemother- 



Paravertebral 

sulcus 


FIGURE 80.35. The mediastinal subdivisions. Note that the paraver¬ 
tebral sulcus encompasses the posterior compartment. (Reproduced 
with permission from Shields TW, ed. General Thoracic Surgery , 6th ed. 
2005:Fig. 154-1.) 


TABLE 80.9 


LOCATION OF PRIMARY MEDIASTINAL MASSES IN 
ADULTS AND CHILDREN 

ANTEROSUPERIOR MEDIASTINUM 

Thymoma 

Lymphoma 

Germ cell tumor 

Lymphangioma 

Hemangioma 

Lipoma 

Carcinoma 

Thyroid adenoma 

Parathyroid adenoma 

MIDDLE MEDIASTINUM 

Pericardial cyst 

Bronchogenic cyst 

Lymphoma 

POSTERIOR MEDIASTINUM 

Neurogenic tumor 
Enteric cyst 
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FIGURE 80.36. Normal mediastinal anatomy as shown with com¬ 
puted tomography scans. A: Scan at level of the aortic arch and midtra¬ 
chea. T, trachea; E, esophagus; AA, aortic arch; SVC, superior vena 
cava. B: Scan at level of carina. RULB, right upper-lobe bronchus; 
LMB, left mainstem bronchus; AA, ascending aorta; DA, descending 
aorta; A, azygos vein; E, esophagus; SVC, superior vena cava; PA, main 
pulmonary artery; LPA and RPA, left and right pulmonary arteries. C: Scan 
at the level of the left atrium. LA, left atrium; RA, right atrium; LVOT, 
left ventricular outflow tract; RV, right ventricle; A, azygos vein; E, esoph¬ 
agus; DA, descending aorta. 



apy with later surgical resection is the favored treatment. 
Nonseminomatous tumors include a wide variety of histo¬ 
logic malignancies. They usually occur in young men and are 
often symptomatic (Fig. 80.38). Elevated alpha-fetal pro- 
tein(AFP) and beta-human chorionic gonadotropin (/3-hCG) 
levels are seen with these tumors and should be measured. 
Chemotherapy is the best treatment, but patients have a 


1 TABLE 80 

.10 1 

MASAOKA STAGING SYSTEM FOR THYMOMA 

■ STAGE 

■ DEFINITION 

I 

Macroscopically, completely encapsulated; 
microscopically, no capsular invasion 

IIA 

Macroscopic invasion in surrounding fatty 
tissues or mediastinal pleura 

IIB 

Microscopic invasion into the capsule 

III 

Macroscopic invasion into a neighboring 
organ, such as pericardium, great vessels, or 
lung 

IVA 

Pleural or pericardial dissemination 

IVB 

Hematogenous or lymphogenous metastases 


Adapted from Masaoka A, Monden Y, Nakahara K, et al. Follow-up 
study of thymomas with special references to their clinical stages. 
Cancer 1981;48:2485, with permission. 


poorer prognosis when compared to those with seminomas. 
Lymphomas in the mediastinum are usually part of a wider 
spectrum of disease. Two thirds of cases are Hodgkin disease. 
Most patients present with symptoms of fevers, night sweats, 
and even weight loss. Treatment is always chemotherapy 
based, and surgery in the form of a biopsy is used only to 
help make the diagnosis. 78 


Middle and Posterior Mediastinum 


Middle mediastinal masses include esophageal and bron¬ 
chogenic cysts, pericardial cysts, lymphangiomas, and lym¬ 
phomas (Fig. 80.39). For cystic lesions, surgical resection is the 
best treatment option. Posterior lesions include neurogenic 
tumors, which may be benign or malignant. Almost 95% of 
tumors come from the sympathetic chain or intercostal nerve 
rami. Up to two thirds of these tumors are benign nerve sheath 
tumors and are usually discovered incidentally. An MRI scan 
may be used to evaluate intraspinal extension. 78 


Pediatric Mediastinum 


The presentation of mediastinal masses in the pediatric popu¬ 
lation varies from what is observed in adults. The rate of 
malignancy is slightly lower in children, and while thymomas 
are the most common adult masses seen, neurogenic tumors 
are more common in children (Table 80.11). Just over half of 
all mediastinal tumors arise in the posterior compartment. 79 
Anterior masses may include the normal thymus in a young 
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FIGURE 80.37. Thymic resection. (Reproduced with permission from 
Scott-Conner CE, Dawson DL, Shirazi MK, et al. Operative Anatomy , 
3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2008:Fig. 21-3.) 


TABLE 80.1 1 


MEDIASTINAL TUMORS IN CHILDREN 


■ TYPE OF TUMOR 

■ INCIDENCE REPORTED 
IN SERIES (%) 

Neurogenic 

35 

Lymphoma 

25 

Germ cell 

11 

Primary malignancy 

2 

Cysts 

25 

From Davis RD Jr, Oldham HN Jr, Sabiston DC Jr. The mediastinum. 

In: Sabiston DC Jr, Spencer FC, eds. Surgery of the Chest , 5th ed. 
Philadelphia: WB Saunders; 1990:507. 


child. Teratomas are the most common germ cell tumor seen. 79 
Vascular anomalies may be seen in children and include 
hemangiomas and cystic hygromas. 80 Middle compartment 
tumors are usually foregut cysts, as in the adult population. 
Posterior tumors are most often malignant neurogenic tumors, 
compared to more benign pathology in adults. 79 


Mediastinitis 


Mediastinal inflammation can arise from different sources, but 
it is most often infectious in nature. Acute mediastinitis is life 
threatening and usually results from a perforated esophagus, 
postcardiac procedure, or trauma. Oral infections can also 
result in organisms traveling through the neck into the medi¬ 
astinum along fascial planes. These infections can travel as 
quickly as necrotizing fasciitis in other parts of the body. A wide 
variety of organisms can cause mediastinitis. Patients will have 
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FIGURE 80.38. Computed tomography scan of a malignant non- 
seminomatous germ cell tumor of the anterior mediastinum reveals the 
inhomogeneous anterior mediastinal mass in contrast to the homoge¬ 
neous density of a seminoma. Pleural effusion is also demonstrated in 
the right hemithorax. (Reproduced with permission from Shields TW. 
Primary lesions of the mediastinum and their investigation and treat¬ 
ment. In: Shields TW, ed. General Thoracic Surgery. Baltimore: 
Williams & Wilkins; 1994:1724-1769.) 


chest pain, dyspnea, and fevers. Radiographic films may show 
pneumomediastinum or pneumothoraces. If an esophageal per¬ 
foration is suspected, an esophagogram should be performed. 
Treatment is broad-spectrum antibiotics and surgical drainage 
via a cervical incision and/or thoracotomy. Quick debridement 
and drainage are key to patient survival. Minimally invasive 
approaches to the chest may be adequate, but surgeons should 
have a low threshold to perform a posterolateral thoracotomy, 
which may give the best exposure and opportunity to debride 
the chest. Sternal infections after cardiac surgery can also be a 
serious problem requiring drainage and debridement. Ultimate 
repair of the defect following debridement may involve muscle 
or omental flaps for sternal reconstruction. 

Chronic mediastinitis is a separate entity from acute medi- 
astinitis and may arise from infectious sources or autoimmune 



FIGURE 80.39. Computed tomography scan reveals a bronchogenic 
cyst located in the subcranial area with compression of the left main- 
stem bronchus with hyperinflation of the left lung and a mediastinal 
shift to the right. (Reproduced with permission from Shields TW. Pri¬ 
mary lesions of the mediastinum and their investigation and treat¬ 
ment. In: Shields TW, ed. General Thoracic Surgery. Baltimore: 
Williams & Wilkins; 1994:1764-1769). 


disorders. Patients may be asymptomatic until a mass effect is 
seen on their mediastinal organs. CT scans are the best imag¬ 
ing modality to diagnose this condition, and surgery is 
reserved only for diagnosis or in the end stages of the disease 
to relieve compression on other organs. Sclerosing mediastini¬ 
tis may be seen in patients with retroperitoneal fibrosis. 81 


Superior Vena Cava (SVC) Syndrome 

Superior vena cava syndrome is a rare condition seen when a 
mediastinal mass compresses the SVC, resulting in facial and 
upper body edema. Only 15,000 cases per year are seen in the 
United States. Patients may present with cough, dyspnea, or 
even stridor from upper airway edema. When patients start to 
have symptoms, collateral venous drainage develops to drain 
into the azygos vein or inferior vena cava. This process usually 
takes weeks. Malignant tumors are the most common cause, 
but venous thrombosis and nonmalignant lesions cause up to 
one third of cases. CT scans are the best diagnostic test. Treat¬ 
ment is based on supportive care and addressing the underly¬ 
ing condition causing the obstruction. If a malignant tumor is 
causing the obstruction, chemotherapy or radiotherapy may 
shrink the tumor and lessen symptoms. Surgical resection with 
SVC reconstruction may be used in specific tumors such as 
locally advanced thymomas. Angioplasty and stenting may be 
of benefit but is usually palliative. 82 Although it is often felt to 
be an emergency, most cases of SVC syndrome have a slowly 
progressive course. When a patient develops symptoms, sup¬ 
portive care, including possible intubation, will allow time for 
collateral venous drainage to develop and symptoms to 
improve without other interventions. Although the median 
survival is typically 6 months or less in patients with SVC syn¬ 
drome from malignant obstruction, some have seen long-term 
survivors when the primary tumors have responded to appro¬ 
priate treatment. 83 When patients present with severe symp¬ 
toms, it is a mistake to rush to surgical intervention without a 
long-term plan. Symptoms should be managed and the etiol¬ 
ogy discovered and treated appropriately. 
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KEY POINTS 


Q The first successful treatment of a congenital lesion was the 
closure of a patent ductus arteriosus (PDA) by Gross and 
Hubbard in 1938. Prostaglandin inhibitors, such as 
indomethacin and ibuprofen, can be used to induce closure 
of a PDA in the premature newborn with a success rate of 
80%. When this is not successful, surgical closure may be 
necessary in small infants. Coil occlusion can be performed 
in older children presenting with a PDA. 

Q An atrial septal defect (ASD) is a hole in the atrial septum. 
ASDs are the third most common congenital heart defect, 
occurring in 1 out of 1,000 live births and representing 
10% of congenital heart defects. ASDs cause right heart 
volume overload and can lead to pulmonary vascular 
obstructive disease later in life. The majority of ASDs are 
now closed with a device in the catheterization laboratory. 

Q Ventricular septal defects (VSDs) are the most common 
congenital heart defect (with the exception of bicuspid aor¬ 
tic valve, which occurs in about 1.3% of the population). 
VSDs cause left heart volume overload. 

Q Over 50% of children with trisomy 21 have a congenital 
heart defect. The most common heart defect in this patient 
population is an atrioventricular septal defect. All infants 


with trisomy 21 should have an echocardiogram to rule 
out congenital heart disease. 

Q Tetralogy of Fallot (TOF) is the most common cyanotic 
congenital heart defect. It occurs in 0.6 per 1,000 live births 
and has a prevalence of about 5 % among all patients with 
congenital heart disease. The pathologic anatomy is fre¬ 
quently described as having four components: ventricular 
septal defect, overriding aorta, pulmonary stenosis, and 
right ventricular hypertrophy. 

Q Transposition of the great arteries is a congenital cardiac 
anomaly in which the aorta arises from the right ventricle 
and the pulmonary artery originates from the left ventricle 
(ventriculoarterial discordance). It is the most common 
congenital heart defect presenting with cyanosis in the first 
week of life. This malformation accounts for approxi¬ 
mately 10% of all congenital cardiovascular malforma¬ 
tions in infants. 

Upper extremity hypertension with diminished femoral 
pulses are hallmark clinical findings in patients with aortic 
coarctation. 

Q Coronary arteriovenous fistula is the most common major 
coronary anomaly. 


HISTORY 


Cardiac surgery, as a specialty, is notable for the rapid technical 
advances that have been made during the past few decades. 
Much of the original interest was focused on attempts to treat 
congenital heart defects associated with cyanosis and early mor- 
Q tality. The first successful treatment of a congenital lesion was 
the closure of a patent ductus arteriosus (PDA) by Gross and 
Hubbard in 1938. 1 The description of the subclavian artery- 
to-pulmonary artery (PA) shunt by Blalock and Taussig in 
1945 2 introduced the palliation of many complex cyanotic 
lesions—most notably, tetralogy of Fallot (TOF). The 1950s 
represented the decade of greatest advances, which laid the 
foundation for the field of cardiac surgery. Lewis and Taufic in 
1952 3 performed the first open closure of an atrial septal defect 
(ASD) by using surface hypothermia and inflow occlusion. In 
1953, Gibbon 4 performed the first repair of an ASD with the use 
of a pump oxygenator that became the model for modern car¬ 
diopulmonary bypass. Next, Warden et al. 5 used controlled 
cross-circulation with an adult as the oxygenator during intra¬ 
cardiac repairs. Building on the work of Gibbon, Kirklin et al. 6 
then published the first series of eight intracardiac operations 
performed at the Mayo Clinic with the use of cardiopulmonary 
bypass. With these landmark efforts focused on congenital heart 
disease, the field of cardiac surgery was established. 


ATRIAL SEPTAL DEFECT 


Cardiac septation occurs between the third and sixth weeks of 
fetal development. The septum primum, which arises from the 


roof of the common atrium and descends inferiorly, initially 
divides the common atrium. The ostium primum is the open¬ 
ing below the inferior edge of the septum primum, which is 
obliterated as the septum primum fuses with the endocardial 
cushions. The ostium secundum forms in the midportion of 
the septum primum prior to closure of the ostium primum. 
The septum secundum also arises from the roof of the atrium 
and descends along the right side of the septum primum and 
covers the ostium secundum. This creates a flap valve whereby 
blood from the inferior vena cava may preferentially stream 
beneath the edge of the septum secundum and through the 
ostium secundum into the left atrium. After birth, the increase 
in left atrial pressure usually closes this pathway. 

Q An ASD is a hole in the atrial septum (Fig. 81.1). ASDs are 
the third most common congenital heart defect, occurring in 1 
out of 1,000 live births and representing 10% of congenital 
heart defects. 7 The most common ASD is the secundum defect, 
which occurs when the ostium secundum is too large for com¬ 
plete coverage by the septum secundum. Ostium secundum 
defects account for about 80% of ASDs. An ostium primum 
ASD, representing 10% of ASDs, occurs from failure of fusion 
of the septum primum with the endocardial cushions. The 
ostium primum defect is discussed later in the section on atri¬ 
oventricular septal defects (AVSDs). A third type of ASD is the 
sinus venosus defect, seen in about 10% of cases. Sinus veno- 
sus ASDs are caused by abnormal fusion of the venous path¬ 
ways with the atrium and are characterized by defects high in 
the atrial septum near the orifice of the superior vena cava or, 
less commonly, low in the atrial septum near the inferior vena 
cava. Sinus venosus defects are frequently associated with par¬ 
tial anomalous pulmonary venous connection, usually with 
the right upper pulmonary vein draining into the superior vena 
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Cleft anterior 
mitral leaflet 


FIGURE 81.1. The anatomy of atrial septal defects. In the sinus veno- 
sus type (A), the right upper and middle pulmonary veins frequently 
drain to the superior vena cava or right atrium. B: Secundum defects 
generally occur as isolated lesions. C: Primum defects are part of a 
more complex lesion and are best considered as incomplete atrioven¬ 
tricular septal defects. 


cava near the cavoatrial junction. The rarest type of ASD is the 
unroofed coronary sinus septal defect. This occurs when there is 
loss of the common wall between the coronary sinus and the left 
atrium adjacent to the atrial septum. This unroofing of the coro¬ 
nary sinus leads to a communication between the right and left 
atria at the site of the coronary sinus. 

Failure of postnatal fusion of the septum secundum to the 
septum primum results in a persistent slitlike communication 
known as a patent foramen ovale (PFO). PFOs are extremely 
common in the general population, and autopsy studies have 


demonstrated a prevalence of 27%. 8 PFOs are generally con¬ 
sidered separate from other ASDs due to the absence of signif¬ 
icant shunting, but they remain important clinically due to the 
occurrence of paradoxical embolization. A paradoxical embo¬ 
lus is a blood clot arising from a systemic vein that would nor¬ 
mally pass to the lungs, but in the presence of a septal defect, 
may instead cross into the systemic circulation. 

ASDs lead to increased pulmonary blood flow (PBF) sec¬ 
ondary to left-to-right shunting. Shunting at the atrial level is 
determined by the size of the defect and by the relative ven¬ 
tricular compliance (i.e., blood preferentially fills the more 
compliant ventricle). At birth, both chambers are equally com¬ 
pliant, but as pulmonary vascular resistance (PVR) falls, the 
right ventricle remodels and becomes more compliant. Shunt¬ 
ing across the atrial septum causes a volume load on the right 
heart. A volume load is created by additional venous return to 
a chamber during diastole. 

The volume overload from an ASD is usually well toler¬ 
ated, and patients are frequently asymptomatic. Symptoms 
tend to develop when the ratio of pulmonary to systemic blood 
flow (Qp/Qs) exceeds two. The most common symptoms are 
fatigue, shortness of breath, exercise intolerance, and recur¬ 
rent respiratory infections. Older patients with untreated 
ASDs tend to develop atrial dysrhythmias, and adults may 
develop congestive heart failure (CFiF) and right ventricular 
dysfunction. Pulmonary vascular obstructive disease may 
occur rarely as a late complication of an untreated ASD. Para¬ 
doxical embolization is also an important potential complica¬ 
tion of an ASD. 

The classic physical findings in patients with ASDs include 
fixed splitting of the second heart sound and a systolic ejection 
murmur at the left upper sternal border due to relative pul¬ 
monary stenosis (PS) (increased flow across a normal pul¬ 
monary valve). A diastolic flow murmur across the tricuspid 
valve is occasionally audible. A prominent right ventricular lift 
and increased intensity of the pulmonary component of the 
second heart sound may occur with pulmonary hypertension. 
Chest radiography shows cardiomegaly, with enlargement of 
the right atrium, right ventricle, and pulmonary artery. Elec¬ 
trocardiography frequently demonstrates right axis deviation 
and an incomplete right bundle branch block. When right 
bundle branch block occurs with a leftward or superior axis, 
the diagnosis of AVSD should be considered. Echocardiogra¬ 
phy confirms the diagnosis of ASD and defines the anatomy. 
Cardiac catheterization is important in selected cases to assess 
PVR in older patients, but it is used more frequently with ther¬ 
apeutic intent for device closure of ASDs. 

Due to the long-term complications associated with ASDs, 
repair is recommended for all patients with symptomatic defects 
and in asymptomatic patients in whom the Q p /Q s is greater than 
1.5. Repair is usually performed in children prior to school age. 
Closure of ASDs may be performed surgically or using a device 
deployed in the cardiac catheterization laboratory. 

Surgical repair is usually recommended for large secundum 
defects and for most other types of ASDs. The heart is exposed 
by median sternotomy. Other surgical approaches have been 
proposed, including minimally invasive techniques, but there 
are technical drawbacks associated with each of the alternative 
approaches. In most cases, a limited midline incision with a 
partial lower sternal split provides adequate exposure and a 
cosmetically acceptable scar. The heart is carefully inspected 
for anomalies of systemic and pulmonary venous return. 

Cardiopulmonary bypass is required with cooling to 
between 32°C and 35°C. The superior and inferior vena cava 
are separately cannulated for venous drainage, and the arterial 
cannula is placed in the ascending aorta. Following aortic 
clamping and arrest of the heart with cardioplegia, the atrial 
septum is exposed through a right atriotomy. Small secundum 
defects or PFOs may sometimes be closed primarily by sutur¬ 
ing the edge of the septum primum to the edge of the septum 
secundum. More commonly, larger defects are closed using a 
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patch (polytetrafluoroethylene or autologous pericardium) and 
a running polypropylene suture. When anomalous pulmonary 
venous drainage is present, a baffle is created to redirect the 
flow across the ASD. In all cases, care is taken to de-air the left 
atrium to avoid the complication of air embolization. Surgical 
closure of an ASD can be accomplished with a mortality 
approaching zero and minimal morbidity. 9 Common postoper¬ 
ative complications include atrial arrhythmias and postpericar¬ 
diotomy syndrome. 

The first transcatheter device closure of an ASD was per¬ 
formed in 1976. 10 A number of devices are currently available 
for percutaneous closure of secundum ASDs. 11 The contempo¬ 
rary success rate for device deployment is 96% with complete 
closure at 24 hours of 99% or greater. 12,13 The presence of a 
deficient rim is the most common reason for failed implanta¬ 
tion. 13 Device closure has the advantages of fewer complica¬ 
tions and a shorter hospitalization. Device closure of small to 
moderate secundum ASDs and PFOs has now become the 
standard of care at most large centers. Surgical closure remains 
the procedure of choice for large or multiple defects, insuffi¬ 
cient rims, sinus venous-type defects, and primum ASDs. 

The long-term survival for patients undergoing ASD repair 
in childhood is normal. 14,15 The major long-term complication 
following surgical closure of ASD is the development of 
supraventricular arrhythmias, although the risk is lowered 
when the ASD is closed in childhood. 15,16 The persistence of 
this risk despite relief of right-sided volume overload is 
thought to be related to incomplete atrial remodeling or due to 
the presence of the atriotomy scar. Longer follow-up will be 


required to determine whether device closure alters the risk of 
atrial dysrhythmias. 

Occasionally, adults will present with a newly diagnosed 
ASD. Many studies have confirmed that ASD closure in adults 
over the age of 40 increases survival and limits the develop¬ 
ment of heart failure. 17,18 When the Q p /Q s is less than 1.5 and 
the ratio of pulmonary to systemic vascular resistance (R p /R s ) 
is greater than 0.7, significant pulmonary vascular obstructive 
disease is usually present. A PVR in excess of 10 to 12 Woods 
units/m 2 represents a contraindication to ASD closure. 


VENTRICULAR SEPTAL DEFECT 


Ventricular septation is a complex process that requires accu¬ 
rate development and alignment of a number of structures 
including the muscular interventricular septum, the atrioven¬ 
tricular (AV) septum (arising from the endocardial cushions), 
and the infundibular septum (which divides the outflow tracts 
of the right and left ventricles). The membranous septum is a 
fibrous portion of the ventricular septum that is adjacent to the 
central fibrous body (where the mitral, tricuspid, and aortic 
valve annuli make contact). 

Ventricular septal defects (VSDs) are the most common 
congenital heart anomalies (with the exception of bicuspid 
aortic valve, which occurs in about 1.3% of the population). 
VSDs are present in about 4 of 1,000 live births and represent 
about 40% of congenital heart defects. 7 VSDs are classified 
based on their location in the ventricular septum (Fig. 81.2). 



FIGURE 81.2. The anatomy of ventricular septal defects 
(VSDs) as seen through the right ventricle. A: Outlet, or 
subarterial, VSDs are generally bordered superiorly by 
the pulmonary valve annulus. B: Perimembranous VSDs 
are most common, extending from the membranous 
septum into the infundibular septum. C: Inlet defects are 
located predominantly beneath the septal leaflet of the 
tricuspid valve. D: Muscular VSDs are situated away 
from the valves, toward the cardiac apex. 
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The most common defects are perimembranous (80%), which 
are located in the area of the membranous septum. Inlet 
defects (5%) are located beneath the septal leaflet of the tri¬ 
cuspid valve and are sometimes called AV canal-type defects. 
Defects located high in the ventricular septum are outlet 
defects (10%). Outlet VSDs are typically adjacent to both the 
pulmonary and aortic valves. Outlet defects are also known by 
several other names, including supracristal, infundibular, or 
doubly committed subarterial. Outlet defects are more com¬ 
mon in the Asian population. Trabecular (or muscular) VSDs 
(5%) are completely bordered by muscle. Trabecular VSDs are 
frequently multiple and may be associated with perimembra¬ 
nous or outlet defects. The size of VSDs varies. By definition, a 
VSD is nonrestrictive when its size (or the cumulative size of 
multiple defects) is greater than or equal to the size of the aor¬ 
tic annulus. 

A VSD causes increased PBF due to left-to-right shunting 
primarily during systole. This creates a volume load on the left 
heart (the left atrium and ventricle receive the increased 
venous return during diastole). The right ventricle is not vol¬ 
ume loaded (blood is ejected from the left ventricle [LVj 
through the VSD and directly into the pulmonary circulation); 
however, it does experience a pressure load. The volume of 
shunt flow is determined by the size of the defect and by the 
ratio of pulmonary to systemic vascular resistance. After birth 
the PVR is still high and shunting across a VSD is sometimes 
minimal. Over the first several weeks of life, shunting tends to 
increase as the PVR normally falls. Therefore, a patient with a 
large VSD may be asymptomatic at birth and develop severe 
CHF symptoms over the first 6 weeks of life. 

The natural history for patients with isolated VSDs is 
highly variable. Most VSDs are restrictive and tend to close 
spontaneously during the first year of life. Large VSDs are 
nonrestrictive, resulting in right ventricular and pulmonary 
pressures that are systemic or nearly systemic, and high PBF 
with Qp/Q s ratios greater than 2.5 to 3. Moderate VSDs are 
restrictive, with pulmonary pressures that are one-half sys¬ 
temic (or less) and Q p /Q s ratios of 1.5 to 2.5. Small VSDs are 
highly restrictive; right ventricular pressures remain normal, 
and the Q p /Q s is less than 1.5. Patients with large VSDs tend to 
develop symptoms of CHF by 2 months of age. Patients with 
smaller VSDs may remain asymptomatic. In patients with out¬ 
let VSDs, prolapse of the aortic valve may occur, producing 
aortic insufficiency. 19 Untreated, excessive PBF leads to pul¬ 
monary vascular obstructive disease by the second year of life. 
The histologic changes associated with pulmonary vascular 
obstructive disease have been classified by Heath and Edwards 
based on severity. 20 Grade 1 consists of medial hypertrophy; 
grade 2 reflects intimal proliferation; grade 3 is characterized 
by intimal fibrosis and vascular occlusion; and grades 4 
through 6 describe progressive vessel dilatation, angiomatoid 
malformation, and necrotizing arteritis. Grades 1 and 2 are 
considered reversible, whereas the latter stages are irreversible. 

Signs of heart failure in infants with large VSDs include 
tachypnea, hepatomegaly, poor feeding, and failure to thrive. 
On physical examination, there is a holosystolic murmur at 
the left sternal border. Usually, the murmur is louder with 
smaller defects. The precordium is active. The pulmonary 
component of the second heart sound is accentuated in the 
presence of pulmonary hypertension. Chest radiography 
shows increased pulmonary vascular markings and car- 
diomegaly. Electrocardiography is significant for right ventric¬ 
ular hypertrophy. Patients with small VSDs have little shunt¬ 
ing and are usually asymptomatic, having only a pansystolic 
murmur. Patients with moderate VSDs manifest symptoms 
and signs that are proportional to the degree of shunting. In 
patients who have developed significant pulmonary vascular 
obstructive disease, the volume of left-to-right shunting is 
decreased, and the murmur may disappear. Eisenmenger phys¬ 
iology results when the shunt flow reverses to right to left, cre¬ 
ating cyanosis. 


The diagnosis of VSD is confirmed by echocardiography, 
which accurately defines the anatomy and excludes the pres¬ 
ence of associated defects. Cardiac catheterization is used 
selectively in older children and adults in whom elevated PVR 
is suspected. PVR is calculated by the following formula: 

PVR = (PA mean - LA)/Q p 

where PA mean is the mean pulmonary artery pressure and LA is 
the left atrial pressure. The units of resistance by this formula¬ 
tion (using pressures in millimeters of mercury and pulmonary 
flow in liters per minute) are Woods units (which can be 
expressed in dynes/s per cm 5 by multiplying by 80). In the 
pediatric population, vascular resistance is frequently calcu¬ 
lated using the cardiac output indexed to the body surface area 
(in square meters) with the resulting indexed resistance units 
of Woods units/m 2 . PVR may be fixed or reactive, and, at the 
time of cardiac catheterization, response to nitric oxide or 
100% fraction of inspired oxygen (Fi0 2 ) may be assessed. 

The management of a patient with a VSD depends on the 
size of the defect, the type of defect, the shunt volume, and the 
PVR. In general, patients with large defects who have 
intractable CHF or failure to thrive should undergo early sur¬ 
gical repair. If the congestive symptoms can be moderated by 
medical therapy, then surgery may be deferred until 6 months 
of age. Patients with moderate VSDs may be safely followed. If 
closure has not occurred by school age, then surgical closure is 
indicated. Small VSDs with a Q p /Q s ratio of less than 1.5 do 
not require closure unless there is evidence of left-sided cham¬ 
ber enlargement. There is a small long-term risk of endocardi¬ 
tis for these patients, but this can be minimized with the 
appropriate use of prophylactic antibiotics. 21 Patients with 
outlet VSDs have a risk of developing aortic insufficiency due 
to leaflet prolapse, and, therefore, all of these patients should 
undergo surgical closure. 22 Older children and adults must 
undergo catheterization to assess the pulmonary circulation. 
When there is a fixed PVR greater than 8 to 10 Woods units/m 2 , 
then surgery is contraindicated. 

Surgical closure is performed through a median ster¬ 
notomy. Cardiopulmonary bypass is employed with bicaval 
cannulation, and the patient is typically cooled to 32°C. After 
aortic cross-clamping, cold cardioplegia is delivered through 
the aortic root to arrest the heart. Exposure of the ventricular 
septum is most often achieved by making a right atriotomy 
and retracting the leaflets of the tricuspid valve. This provides 
access to perimembranous, inlet, and most trabecular VSDs. 
Outlet VSDs are frequently best exposed via a pulmonary arte- 
riotomy because the defect lies just beneath the valve. Trabec¬ 
ular VSDs located near the ventricular apex can be very diffi¬ 
cult to expose, and an apical ventriculotomy may be necessary. 
Once the defect is exposed, it is closed using a polytetrafluo- 
roethylene patch and a running polypropylene suture, 
although other centers may prefer other patch material or 
interrupted suture technique. It is important to understand the 
anatomy of the conduction tissue when closing VSDs. The AV 
node is an atrial structure that lies at the apex of an anatomic 
triangle (known as the triangle of Koch) formed by the coro¬ 
nary sinus, the tendon of Todaro (a prominent band leading 
from the inferior vena cava and inserting in the atrial septum), 
and the septal attachment of the tricuspid valve. The node then 
gives rise to the bundle of His, which penetrates the AV junc¬ 
tion beneath the membranous septum. The bundle of His then 
bifurcates into right and left bundle branches, which pass 
along either side of the muscular ventricular septum. In the 
presence of a perimembranous VSD, the bundle of His passes 
along the posterior and inferior rim of the defect, generally on 
the left ventricular side. In this critical area, sutures must be 
placed superficially on the right ventricular side a few millime¬ 
ters from the edge of the defect. The bundle of His also tends 
to run along the posterior and inferior margin of inlet VSDs. 
The conduction tissue is usually remote from outlet and tra¬ 
becular VSDs. 
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PA banding is a palliative maneuver that is used to protect 
the pulmonary circulation from excessive blood flow. PA 
banding is currently performed only in patients who are felt to 
be poor candidates for VSD closure, either due to associated 
illness or due to anatomic complexity, such as multiple trabec¬ 
ular VSDs (“Swiss cheese” septum). Banding is performed 
without the need for cardiopulmonary bypass. A band is 
placed around the main PA and tightened to achieve a distal 
PA pressure of about one-half systemic. The band is secured to 
the adventitia of the PA to prevent its migration. Distal migra¬ 
tion may result in narrowing and poor growth of one or both 
branch pulmonary arteries, whereas proximal migration can 
cause deformity of the pulmonary valve. Later, when the 
patient is a candidate for VSD closure, the band must be 
removed. Repair of the main PA at the band site is also usually 
necessary and can typically be accomplished by scar resection 
and primary closure or patch repair. 

Surgical closure of a VSD is associated with a mortality of 
about 1%. 23 Potential complications include injury to the con¬ 
duction tissue and injury to the tricuspid or aortic valves. 
Transient heart block may result from tissue swelling or injury 
from retraction, but permanent heart block occurs in less than 
1% of cases. When heart block develops after surgery, patients 
are usually observed for a period of 7 to 10 days prior to per¬ 
manent pacemaker implantation. Closure of perimembranous 
and inlet VSDs may result in distortion of the tricuspid valve, 
which may cause significant regurgitation. Aortic valve injury 
may occur as a result of inaccurate suturing, especially in peri¬ 
membranous and outlet defects. A residual VSD is seen in 
about 5% of cases, and reoperation is indicated when signifi¬ 
cant shunting persists (Q p /Q s ratio >1.5). The Q p /Q s ratio can 
be calculated by measuring oxygen saturations and using the 
following formula derived from the Fick equation: 

Q p /Q s = (Ao - SVC)/(PV - PA) 

where Ao is the aortic (or systemic) saturation, SVC is the sat¬ 
uration in the superior vena cava, PV is the saturation in the 
pulmonary veins (which is usually estimated to be 95% to 
100%), and PA is the saturation in the pulmonary arteries. 
Intraoperative echocardiography is used routinely to identify 
residual defects, which can then be repaired before the patient 
leaves the operating room. 

Recently, transcatheter devices have been developed to 
allow closure of some VSDs in the cardiac catheterization lab¬ 
oratory or by perventricular deployment without the use of 
cardiopulmonary bypass. 24,25 Device closure is optimal for 
large muscular defects with sufficient rims for securing the 
device. These defects are often difficult to visualize and close 
surgically. Perventricular closure allows the use of VSD device 
closure in smaller infants with symptomatic muscular VSDs 
with excellent results without the challenges of transvenous 
access in this population. 25 The use of devices for perimem¬ 
branous VSDs remains limited by the risk of damage to the 
conduction system or impingement on the function of the tri¬ 
cuspid or aortic valves. A recent series demonstrated a 22% 
rate of complete heart block, which is prohibitively high in 
comparison to the surgical rate of complete heart block of less 
than 1%. 26 


ATRIOVENTRICULAR 
SEPTAL DEFECT 


Defects in the embryologic development of the endocardial 
cushions may result in a variety of morphologic abnormalities 
in the AV valves and the atrial and ventricular septa. These 
anomalies range from ostium primum ASD to complete AVSD 
(or AV canal defect), with a spectrum of intermediate forms. 
PDA and TOF are occasionally seen in association with these 
Q defects. A high percentage of patients with abnormalities of 


ITABLE 

81.1 E 

RASTELLI CLASSIFICATION OF ATRIOSEPTAL 

VENTRICULAR DEFECTS 

■ TYPE 

■ DESCRIPTION 

A 

The anterior bridging leaflet is divided and 
attached to the septum by multiple chordae. 

B 

The anterior bridging leaflet is attached to a 
papillary muscle in the right ventricle. 

C 

The anterior bridging leaflet is free-floating, with 
no attachments except to the valve annulus. 


the AV structures have trisomy 21 (Down syndrome). All infants 
with trisomy 21 should have an echocardiogram to rule out con¬ 
genital heart disease given a prevalence of 50%. 

Complete AVSD is an anomaly characterized by a common 
AV orifice, rather than separate mitral and tricuspid orifices, 
and a deficiency of endocardial cushion tissue, which results in 
a primum ASD and an inlet type of VSD. Complete AVSDs 
were subclassified by Rastelli et al. 27 into three types according 
to the morphology of the anterior leaflet of the common AV 
valve (Table 81.1). Incomplete AVSDs are variants in which 
there is partial fusion of the AV valves, resulting in separate 
right and left AV valve orifices. The ostium primum ASD is a 
type of incomplete AVSD in which the VSD component is 
absent. 

When both left and right AV valves equally share the com¬ 
mon AV valve orifice, the AVSD is termed balanced. Occasion¬ 
ally, the orifice may favor the right AV valve (right dominance) 
or the left AV valve (left dominance). In marked right domi¬ 
nance, the left AV valve and LV are hypoplastic, and frequently 
coexist with other left-sided abnormalities, including aortic 
stenosis, hypoplasia of the aorta, and coarctation. Conversely, 
marked left dominance results in a deficient right AV valve 
with associated hypoplasia of the right ventricle, pulmonary 
stenosis or atresia, and TOF. Patients with severe imbalance 
require staged single-ventricle reconstruction. 

The conduction tissue is displaced in an ASVD and is at 
risk during surgical repair. The AV node is located posteriorly 
and inferiorly of its normal position toward the coronary sinus 
in what has been termed the nodal triangle. This triangle is 
bounded by the coronary sinus, the posterior attachment of 
the inferior bridging leaflet, and the rim of the ASD. The bun¬ 
dle of His courses anteriorly and superiorly to run along the 
leftward aspect of the crest of the VSD, giving off the left bun¬ 
dle branch and continuing as the right bundle branch. 

A number of other cardiac anomalies are associated with 
AVSDs including a PDA (10%) and TOF (10%). 28 Important 
abnormalities of the left AV valve include single papillary mus¬ 
cle (parachute mitral valve) (2% to 6%) and double orifice 
mitral valve (8% to 14%). 29 A persistent left superior vena 
cava with or without an unroofed coronary sinus is encoun¬ 
tered in 3% of patients with an AVSD. DORV (2%) signifi¬ 
cantly complicates or may even preclude complete surgical 
correction. 28 Left ventricular outflow tract obstruction from 
subaortic stenosis or redundant AV valve tissue occurs in 4% 
to 7%. 30,31 

Patients with an incomplete AVSD generally present in a 
similar fashion as a patient with a large secundum ASD. 
Patients with a complete AVSD with both atrial and ventricu¬ 
lar level shunting generally present early in infancy with signs 
and symptoms of CHF. In addition, moderate or severe left AV 
valve regurgitation occurs in approximately 10% of patients 
with an AVSD, worsening the clinical picture. On physical 
examination, the precordium is hyperactive, often with a 
prominent thrill. Auscultatory findings include a systolic mur¬ 
mur along the left sternal border, a high-pitched murmur at the 
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apex from left AV valve regurgitation, and a middiastolic flow 
murmur across the common AV valve. In the presence of ele¬ 
vated PVR, there may be a split first heart sound. Significant 
cardiomegaly and pulmonary overcirculation are found on the 
chest radiograph. Electrocardiography (ECG) reveals biven¬ 
tricular hypertrophy, atrial enlargement, prolonged PR inter¬ 
val, leftward axis, and counterclockwise frontal plane loop. 
Doppler/echocardiography is diagnostic, defining the atrial 
and ventricular level shunting, valvular anatomy, and any 
associated anomalies. Cardiac catheterization should be per¬ 
formed for patients older than 1 year of age, for patients with 
signs or symptoms of increased PVR, or in some cases to fur¬ 
ther evaluate other associated major cardiac anomalies. If the 
PVR is high, it is important to remeasure it while the child is 
breathing 100% oxygen with and without nitric oxide. If the 
pulmonary resistance falls, it implies that much of the elevated 
resistance is dynamic and can be managed in the perioperative 
period by ventilatory manipulation, supplemental oxygen, and 
nitric oxide. More recently, sildenafil has been shown to 
decrease elevation in PVR in children with CHF. 32 Markedly 
elevated pulmonary resistance (>10 Woods units/m 2 ) that 
does not respond to oxygen administration is generally con¬ 
sidered a contraindication to repair. 

Operative treatment is almost always necessary as soon as 
symptoms are observed to prevent further clinical deteriora¬ 
tion. Even in the absence of symptoms, operation is best per¬ 
formed before 6 months of age. PA banding, which permits 
delaying the repair until the child is larger, is no longer used 
today except in select complex or single-ventricle cases, 
extremely low birth weight or prematurity, and very poor clin¬ 
ical condition. This approach exposes the child to the risks of 
two operations, and the overall mortality exceeds that of pri¬ 
mary repair in infancy. 

Correcting AVSDs requires patch closure of both septal 
defects, with any necessary valve reconstruction. Separate 
atrial and ventricular patches or a single patch for both cham¬ 
bers can be used. 33 During closure of the ventricular defect, the 
surgeon must carefully avoid injury to the conduction system, 
which passes along the posterior and inferior rim of the ven¬ 
tricular septum. 

The short- and long-term success of the operation is highly 
dependent on the status of the PVR and the surgeon’s ability to 
maintain competence of the mitral valve. Although earlier 
reports recommend that the cleft in the left AV valve should 
not be closed and the valve treated as a trileaflet structure, 
most surgeons now believe that closure of the cleft is an impor¬ 
tant mechanism in preventing postoperative left AV valve 
regurgitation. Significant AV valve regurgitation at the conclu¬ 
sion of surgery, severe dysplasia of the left AV valve, and fail¬ 
ure to close the cleft of the left AV valve have been identified as 
important risk factors for reoperation. 34 Significant postoper¬ 
ative left AV valve regurgitation is also a risk factor for opera¬ 
tive and long-term mortality. 30,34 The cleft should not be com¬ 
pletely closed in the presence of a single papillary muscle to 
avoid causing left AV valve stenosis. In the case of a double¬ 
orifice valve, the bridging tissue should not be divided to cre¬ 
ate a single opening in the valve. 

Operative mortality is related largely to associated cardiac 
anomalies and left AV valve regurgitation. Mortality for repair 
of uncomplicated incomplete AVSDs ranges from 0% to 
0.6%, and the addition of left AV valve regurgitation increases 
mortality to 4% to 6%. 30,35 For complete AVSDs, the mortal¬ 
ity without left AV valve regurgitation is approximately 5%, 
compared with 13% when significant degrees of regurgitation 
are present. 30 

The majority of reoperations after repair of AVSD are due 
to left AV valve regurgitation or subaortic stenosis with reop¬ 
eration rates at 5 years of 11% and 10%, respectively. 36 
Significant postoperative AV valve regurgitation occurs in 
10% to 15% of patients, necessitating reoperation for valve 
repair or replacement in 7% to 12%. 34,37,38 Long-term survival 


is excellent with rates at 1, 3, and 5 years of 98%, 95%, and 
95%, respectively. 36 


TETRALOGY OF FALLOT 

| TOF is the most common cyanotic congenital heart defect. It 
occurs in 0.6 per 1,000 live births and has a prevalence of 
about 5% among all patients with congenital heart disease. 7 
The pathologic anatomy is frequently described as having four 
components: VSD, overriding aorta, PS, and right ventricular 
hypertrophy (Fig. 81.3). Embryologically, the anatomy of 
TOF is thought to result from a single defect: anterior 
malalignment of the infundibular septum. 39 The infundibular 
septum normally separates the primitive outflow tracts and 
fuses with the ventricular septum. Anterior malalignment of 
the infundibular septum creates a VSD due to failure of fusion 
with the ventricular septum and also displaces the aorta over 
the VSD and right ventricle. Infundibular malalignment also 
crowds the right ventricular outflow tract, causing PS and, 
secondarily, right ventricular hypertrophy. Prominent muscle 
bands also extend from the septal insertion of the infundibular 
septum to the right ventricular free wall and contribute to the 
obstruction of the right ventricular outflow tract. The pul¬ 
monary valve is usually stenotic and is bicuspid in 58% of 
cases. 40 Pulmonary atresia occurs in about 7% of cases of 
TOF The branch pulmonary arteries in TOF may exhibit mild 
diffuse hypoplasia or discrete stenosis (most frequently of the 
left PA at the site of ductal insertion). Coronary artery anom¬ 
alies are frequently present. The origin of the left anterior 
descending from the right coronary artery, which occurs in 5 % 
of cases, is clinically important because the vessel crosses the 
right ventricular infundibulum and is vulnerable to injury at 
the time of surgery. A right aortic arch is present in 25% of 
patients with TOF. Associated defects include ASD, complete 
AVSD, PDA, or multiple VSDs. 

Patients with TOF develop cyanosis due to right-to-left 
shunting across the VSD. The degree of cyanosis depends on 
the severity of obstruction of the right ventricular outflow 
tract. Frequently, cyanosis is mild at birth and may remain 
undetected for weeks or months. Neonates with severe 
infundibular obstruction or pulmonary atresia will develop 
symptoms shortly after birth and will require a prostaglandin 
infusion to maintain ductal patency to ensure adequate PBF. In 
other patients, the right ventricular outflow tract obstruction 
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FIGURE 81.3. The four anatomic features of tetralogy of Fallot. The 
primary morphologic abnormality, anterior and superior displacement 
of the infundibular septum, results in a malalignment ventricular sep¬ 
tal defect, overriding of the aortic valve, and obstruction of the right 
ventricular outflow. Right ventricular hypertrophy is a secondary 
occurrence. 
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is minor, and the predominant physiology is that of a large 
VSD with left-to-right shunting and CHF. 

The occurrence of intermittent cyanotic spells is a well- 
known feature of TOF. The etiology of spelling is still contro¬ 
versial but is clearly related to a transient imbalance between 
pulmonary and systemic blood flow. A spell may be triggered 
by hypovolemia or peripheral vasodilation (e.g., after a bath 
or vigorous physical exertion). Spells may occur in neonates, 
but are most frequently reported in infants between the ages of 

3 and 18 months. Most spells resolve spontaneously within a 
few minutes, but some spells may be fatal. Older children have 
been observed to spontaneously squat to terminate spells. The 
squatting position is thought to increase systemic vascular 
resistance, which thereby favors PBF. 

Cyanosis is the most frequent physical finding in tetralogy. 
Auscultation reveals a normal first heart sound and a single 
second heart sound. A systolic ejection murmur is present at 
the left upper sternal border. Older children may develop club¬ 
bing of the fingers and toes. Chest radiography typically 
demonstrates a boot-shaped heart due to elevation of the car¬ 
diac apex from right ventricular hypertrophy. Pulmonary vas¬ 
cular markings are usually reduced. A right aortic arch may be 
present. An ECG shows right ventricular hypertrophy. 
Echocardiography is definitive, and catheterization is not nec¬ 
essary in most cases. 

The medical management of TOF is directed toward the 
treatment and prevention of cyanotic spells. The immediate 
treatment of the spelling patient includes administration of 
oxygen, narcotics for sedation, and correction of acidosis. 
Transfusion is indicated for anemic infants. a-Agonists are 
useful for increasing systemic vascular resistance (which favors 
PBF). Some centers have used beta-blockers as a form of long¬ 
term therapy to suppress the incidence of spells. 

All patients with TOF should undergo surgical repair. 
Asymptomatic patients should be repaired electively between 

4 and 6 months of age. Early repair is indicated for neonates 
with severe cyanosis and for infants who have had a docu¬ 
mented spell or worsening cyanosis. 

Classically, the repair of TOF was accomplished in two 
stages. During the first stage, PBF was augmented by creating 
a connection (or shunt) between a systemic artery and the PA. 
At the second stage, the shunt was taken down, and a com¬ 
plete repair was performed. The first shunt procedure was the 
Blalock-Taussig shunt, in which the subclavian artery was 
mobilized and divided distally, and an end-to-side anastomosis 
was created between the inferiorly deflected subclavian and 
the ipsilateral PA. Other shunt operations were subsequently 
developed and involved connections between the ascending 
aorta and right PA (Waterston shunt) or between the descend¬ 
ing aorta and left PA (Potts shunt). The modified Blalock- 
Taussig shunt is the most common type of shunt used today 
and consists of an interposition graft (polytetrafluoroethylene) 
between the innominate or subclavian artery and the ipsilat¬ 
eral PA. Creation of a shunt may be accomplished with or 
without the use of cardiopulmonary bypass. 

Currently, one-stage repair of TOF is preferred by most 
centers. Initial palliation with a shunt is still indicated for some 
patients who are at high risk for early complete repair, such as 
those with multiple congenital anomalies, severe concurrent 
illness, intracranial hemorrhage, or an anomalous coronary 
artery crossing a hypoplastic infundibulum. In the absence of 
these risk factors, complete repair in the symptomatic neonate 
can be performed with lower mortality and reoperation rate 
compared to staged palliation. 41,42 

Complete repair of TOF is performed using a median ster¬ 
notomy and cardiopulmonary bypass with bicaval venous 
cannulation. By a transatrial approach, the right ventricular 
outflow tract can be examined through the tricuspid valve. 
Muscle bundles obstructing the right ventricular outflow tract 
are divided or rarely resected. The VSD is closed with a patch. 
Pulmonary valvotomy is performed, when indicated, via a ver¬ 


tical incision in the main PA. When the pulmonary valve annu¬ 
lus or infundibulum is severely hypoplastic, a transannular out¬ 
flow tract patch may be necessary to relieve the obstruction. 
When an anomalous coronary artery crosses the infundibulum, 
a transannular incision may be contraindicated. In these cases, 
and in patients with pulmonary atresia, placement of a conduit 
(cryopreserved homograft, valved xenograft, or bioprosthetic 
heterograft) between the right ventricle (via a separate ven¬ 
triculotomy) and main PA will be necessary. Patients who have 
a transannular patch develop pulmonary insufficiency as a con¬ 
sequence. This is surprisingly well tolerated in most infants and 
children, as long as the tricuspid valve is competent. As these 
patients grow older, some will develop right ventricular failure 
due to chronic pulmonary insufficiency, and pulmonary valve 
implantation may be necessary, often in the second or third 
decade of life. 43,44 

The early mortality following repair of TOF is between 1% 
and 5%. 40,45 The results are worse for patients with TOF and 
pulmonary atresia. Long-term complications include recurrent 
obstruction of the right ventricular outflow tract and develop¬ 
ment of right ventricular dysfunction due to chronic pul¬ 
monary insufficiency. Actuarial survival at 20 years is 86% 
with excellent functional status. 46 


DOUBLE-OUTLET 
RIGHT VENTRICLE 


Double-outlet ventricle includes a variety of malformations in 
which, by 50% or more, both great arteries arise from one 
ventricle. Although double-outlet LVs occur, a far more com¬ 
mon anomaly is the double-outlet right ventricle (DORV). A 
VSD is usually present in DORV, in addition to other defects, 
including discordant ventriculoarterial connections, valvar or 
subvalvar stenosis of the PA and aortic outflow, and single 
ventricle. 

The physiologic consequences of DORV vary depending on 
the associated defects. The three most critical factors deter¬ 
mining the net effects on the circulation are the size of the 
VSD, the presence or absence of PS, and the presence and 
degree of left-sided obstruction. As a result, DORV may clini¬ 
cally resemble an isolated VSD, TOF, or transposition of the 
great arteries. 

The size and location of the VSD are important considera¬ 
tions in planning operative management. The VSD may be 
primarily directed toward the aorta, toward the PA, equally 
toward both arteries (doubly committed), or remote from both 
great vessels (noncommitted). The location of the VSD affects 
the direction of flow of oxygenated blood and thus affects the 
degree of cyanosis. VSDs in DORV seldom close sponta¬ 
neously. This is fortunate, as closure would result in severe 
hemodynamic decompensation or death. 

If the VSD is large, nonrestrictive, and committed to the 
aorta, it can be closed with a tunnel-like patch that directs left 
ventricular flow into the aorta. A restrictive VSD must be 
enlarged to avoid creating subaortic stenosis. For patients with 
DORV and PS, repair requires right ventricular outflow tract 
reconstruction with a patch or a valved allograft conduit, in 
addition to patch closure of the VSD. 

DORV with transposition-type physiology (malposed great 
vessels with the VSD committed to the PA), also known as a 
Taussig-Bing anomaly, may be treated by a variety of methods, 
depending on the specific anatomic details. The preferred 
approach would be to perform an arterial switch operation, 
thus making the VSD committed to the aorta, and baffling the 
left ventricular outflow from the VSD to this neoaorta. 
Another preferred approach, which depends on a favorable 
orientation of the two great vessels and VSD, would be an 
intraventricular tunnel from the VSD to the aorta. A third 
approach utilizes the Damus-Kaye-Stanzel operation (DKS). 
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During the DKS, the proximal PA is anastomosed end to side 
into the aorta. The VSD is baffled to both semilunar valves, 
which both connect to the aorta. An extracardiac conduit is 
then placed to reconstruct right ventricle-to-PA continuity. 
This approach may also be useful when the VSD is doubly 
committed or noncommitted, so that making a direct connec¬ 
tion to either single great vessel is problematic. 

The current results for correction of DORV with subaortic 
VSD are excellent, with a 15-year survival, including hospital 
mortality, of 96%. 47,48 Mortality for the more complex repairs 
tends to be slightly higher. Hospital mortality for an arterial 
switch operation with VSD closure for DORV ranges from 
3.7% to 14.3%. 49,50 


TRANSPOSITION OF THE 
GREAT ARTERIES 


Q Transposition of the great arteries (TGA) is a congenital car¬ 
diac anomaly in which the aorta arises from the right ventricle 
and the PA originates from the LV (ventriculoarterial discor¬ 
dance; Fig. 81.4). Looping refers to the right or left looping of 
the primitive heart tube during fetal development, which 
determines whether the atria and ventricles are concordant 
(right atrium attaches to right ventricle and left atrium 
attaches to LV) or discordant. Levo-TGA (1-TGA) is associated 
with AV discordance (right atrium attaches to LV and left 
atrium attaches to right ventricle), and is also termed congeni¬ 
tally corrected TGA. 1-TGA is a rare variant of TGA and is 
beyond the scope of this chapter, which will focus on dextro- 
TGA (d-TGA). The defect can be subdivided into d-TGA with 
intact ventricular septum (IVS) (55% to 60%) and d-TGA 
with VSD (40% to 45%), one third of which are hemodynam- 
ically insignificant. Pulmonic stenosis (PS), causing significant 
left ventricular outflow tract obstruction, occurs rarely with an 
IVS and in approximately 10% of d-TGA/VSD. 51 

d-TGA is a relatively common cardiac anomaly and is the 
most common form of congenital heart disease presenting as 
cyanosis in the first week of life. The malformation accounts 
for approximately 10% of all congenital cardiovascular mal¬ 
formations in infants. 52 The degree of cyanosis depends on the 
amount of mixing between the pulmonary and systemic circu¬ 
lations. In d-TGA, oxygenated pulmonary venous blood is 
returned to the lungs and desaturated systemic blood is 
returned to the body. Because the two circulations exist in 
parallel, some mixing between them must occur to allow 
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FIGURE 81.4. Anatomy of the most common type of transposition of 
the great arteries. The location of the ascending aorta is usually ante¬ 
rior to and to the right of the pulmonary artery. 


oxygenated blood to reach the systemic circulation and the 
desaturated blood to reach the lungs. Mixing may occur at a 
number of levels, most commonly at the atrial level through an 
ASD or a PFO. Generally, two levels of mixing are necessary to 
maintain adequate systemic oxygen delivery with a VSD or 
PDA serving as an additional site for cardiac mixing. In d- 
TGA, there can be no fixed shunt in one direction without an 
equal amount of blood passing in the other direction; other¬ 
wise, one circulation would eventually empty into the other. 
Therefore, the amount of desaturated blood reaching the lungs 
(effective PBF) must equal the amount of saturated blood 
reaching the aorta (effective systemic blood flow). Clinical 
characteristics are dependent on the degree of mixing and the 
amount of PBF. These factors relate to the specific anatomic 
subtype of d-TGA. Neonates with d-TGA with IVS (or small 
VSD) have mixing limited to the atrial level and PDA. The 
ASD may be restrictive and the PDA generally will close over 
the first days to week of life. As the degree of mixing decreases, 
the patient becomes increasingly cyanotic and will eventually 
suffer cardiovascular collapse. Fortunately, the majority of 
these neonates will manifest cyanosis early in life, which is rec¬ 
ognized by a nurse or physician within the first hour in 56% 
and in the first day in 92%. 53 In d-TGA with a large VSD, 
there is additional opportunity for mixing and increased PBF. 
The neonate with d-TGA/VSD may only manifest mild 
cyanosis, which may be initially overlooked. However, gener¬ 
ally within 2 to 6 weeks signs and symptoms of CHF will 
emerge. Tachypnea and tachycardia become prominent, 
whereas cyanosis may remain mild. Auscultatory findings are 
consistent with CHF with increased PBF, including a pansys- 
tolic murmur, third heart sound, middiastolic rumble, gallop, 
and narrowly split second heart sound with increased pul¬ 
monary component. Neonates with d-TGA and significant PS 
present with severe cyanosis at birth. Lesser degrees of PS will 
result in varying levels of cyanosis. The ECG is normal at 
birth, demonstrating the typical pattern of right ventricular 
dominance. Although the classic chest radiographic appear¬ 
ance of an egg-shaped heart with a narrow superior medi¬ 
astinum may be seen, this finding is often obscured by an 
enlarged thymic shadow. The abnormal ventriculoarterial con¬ 
nection is clearly seen on echocardiography, which demon¬ 
strates that the posterior great vessel arising from the LV is a 
PA that bifurcates soon after its origin. The anterior great ves¬ 
sel is the aorta and arises from the right ventricle. Associated 
lesions, including VSD, left ventricular outflow tract obstruc¬ 
tion, and coarctation, may also be diagnosed. Although used 
less frequently, cardiac catheterization may be helpful to con¬ 
firm the basic anatomy, discern associated lesions, define the 
coronary anatomy, and improve cardiac mixing by means of 
balloon atrial septostomy. 

The infant with d-TGA and severe cyanosis requires 
prompt diagnosis and treatment to improve mixing and 
increase the arterial oxygen saturation. The first intervention 
to improve mixing in a cyanotic newborn suspected of having 
d-TGA is to ensure ductal patency by beginning an infusion of 
prostaglandin Ej (PGEj). In the presence of a restrictive ASD, 
a balloon atrial septostomy, a technique developed by William 
Rashkind 54 in 1966, is performed. The procedure involves 
inserting a balloon-tipped catheter across the foramen ovale 
into the left atrium. Inflation and forcible withdrawal of the 
catheter tears the septum primum and enlarges the ASD. Mix¬ 
ing generally increases immediately, with a substantial increase 
in arterial oxygen saturation. 

Without intervention, d-TGA is universally fatal. Untreated, 
30% of neonates will die in the first week of life, 50% by the 
first month, 70% within 6 months, and 90% by 1 year. 55 The 
definitive surgical treatment of patients with d-TGA has 
changed dramatically in the past decade with the advent of the 
arterial switch operation. Before this procedure, repair of 
d-TGA was generally delayed until patients were at least 
6 months of age. Historically, palliative procedures were often 
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FIGURE 81.5. The Mustard operation 
for transposition of the great arteries. In 
this procedure, the atrial septum is 
excised and replaced with a pericardial 
baffle, so that pulmonary venous blood 
is redirected over the baffle to the tri¬ 
cuspid valve. Superior and inferior vena 
caval blood then drains to the mitral 
valve. 


necessary to improve the systemic saturation or protect the 
pulmonary vascular bed before definitive repair. If balloon 
atrial septostomy failed to enlarge the ASD adequately, a 
Blalock-Hanlon septectomy was performed. Rarely used 
today, this operation is a method of surgically enlarging the 
ASD without cardiopulmonary bypass. In patients with large 
VSDs, significant CHF and pulmonary hypertension are pres¬ 
ent early in life. Historically, the main PA was banded to 
reduce distal PA pressure and prevent the development of pul¬ 
monary vascular occlusive disease. Changes of pulmonary vas¬ 
cular disease may develop in about 25% of patients with 
hemodynamically large VSDs by 3 months of age; therefore, 
early reduction of PA pressure was essential. In those cases of 
transposition with severe left ventricular outflow tract 
obstruction, total pulmonary flow is reduced and systemic-to- 
PA shunting was undertaken until definitive repair could be 
accomplished. 

Historically, definitive repair was achieved by redirecting 
venous inflow at the atrial level. First successfully performed 
by Senning 56 in 1959, the operation was further modified by 
Mustard 57 in 1964 (Fig. 81.5). In both techniques, the atrial 
septum is repositioned such that superior and inferior vena 
caval blood is rerouted to the mitral valve and then to the LV 
and PA. Pulmonary venous blood is redirected to the tricuspid 
valve and right ventricle. The right ventricle then ejects the 
oxygenated blood to the systemic circulation. The Mustard 
operation uses a large patch of pericardium or prosthetic 
material to create the intra-atrial baffle. In the Senning proce¬ 
dure, the patient’s atrial tissue is used, and little or no foreign 
material is necessary. Although physiologic repair at the atrial 
level is associated with a low operative mortality rate (<5%), 
even in infants, a number of late problems have occurred. 
Obstruction to vena caval inflow, particularly at the junction 
of the superior vena cava and the right atrium, still occurs in 
about 5% of patients and may be more common when the 
procedure is performed in an infant. Additionally, pulmonary 
venous obstruction may develop and is often difficult to repair. 
Perhaps because of the complex atrial suture lines, atrial dys¬ 
rhythmias are common and occur in more than half of patients 
observed on a long-term basis. In addition, pacemakers may 
be necessary for troubling bradyarrhythmias in as many as 
10% of these patients. 

The most serious long-term complication of repair by either 
the Senning or Mustard technique has been right ventricular 
dysfunction. Right ventricular failure with an enlarged, poorly 
contractile chamber and secondary tricuspid regurgitation has 


been found in a significant number of these patients in long¬ 
term follow-up studies. The true incidence of significant right 
ventricular failure in these cases remains difficult to define and 
is clearly influenced by an earlier era of operation with differ¬ 
ent methods of myocardial protection and surgical technique. 
The fact that many of these infants underwent definitive repair 
after many months of significant cyanosis may also have influ¬ 
enced right ventricular function. 

The long-term complications of atrial repair prompted a 
reexamination of direct arterial repair for transposing the 
great arteries. The “arterial switch” operation, first success¬ 
fully performed by Jatene in 1975, has become the optimal 
surgical procedure for infants with this condition. 58 Current 
techniques have reduced the operative mortality to levels com¬ 
parable with those of atrial repair. Additionally, because the 
operation is performed early in life, this approach has virtually 
eliminated the interim morbidity and mortality associated 
with postponement of surgery until at least 6 months of age. 
The operative technique involves transection of both great ves¬ 
sels and direct reanastomosis to reestablish ventriculoarterial 
concordance (Fig. 81.6). Additionally, the coronary arteries 
are removed from the anterior aorta and relocated to the pos¬ 
terior great vessel (neoaorta). The extensive experience gained 
with this procedure has confirmed that any variant of coro¬ 
nary artery anatomy can be successfully repaired. Certain 
coronary anatomy variants were previously felt to be associ¬ 
ated with higher risk; however, this concern has been neutral¬ 
ized in recent series. 59,60 Many patients with d-TGA have an 
IVS, and left ventricular pressure falls early in life as PVR 
decreases. In this situation, it is essential that the arterial repair 
be performed within the first 1 to 2 weeks of life, while the LV 
is still able to meet systemic workloads. In patients presenting 
later, the LV can be retrained with a preliminary PA banding 
and an aorticopulmonary shunt, if necessary, followed by the 
definitive arterial repair. Although patients with large VSDs do 
not require early repair because they maintain systemic left 
ventricular pressures, experience has indicated that, even in 
this subgroup, the operation is best performed within the first 
month of life, before secondary complications such as pul¬ 
monary hypertension, CHF, or infection develop. 

Patients with fixed left ventricular outflow tract obstruction 
are not candidates for the arterial repair because correction 
would result in systemic ventricular outflow tract obstruction. 
Most of these patients also have large VSDs. Palliation early in 
life with systemic-to-PA shunting is an option, with definitive 
repair postponed until somatic growth results in cyanosis as 
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FIGURE 81.6. Arterial switch procedure for transposition of the great arteries. A: Division of aorta and pulmonary artery. 
B: LeCompte maneuver; posterior translocation of the aorta. C: Mobilization of the coronary arteries. D: Placement of 
pantaloon-shaped pericardial patch. E: Proper alignment of the coronary arteries on the neoaorta. F: Completed repair. 











































Chapter 81: Congenital Heart Disease 


1435 



Subaortic obstruction 


Dacron patch closure of 
ventricular septal defect 

Allograft reconstruction of 
right ventricular outflow tract 


FIGURE 81.7. The Rastelli procedure for transposition of the 
great arteries with ventricular septal defect and pulmonary 
stenosis. A prosthetic patch placed within the right ventricle 
directs left ventricular blood through the defect to the aorta. 
The main pulmonary artery is ligated, and right ventricular 
blood then passes through a conduit to the distal pulmonary 
arteries. 


the shunt is outgrown. At that time, the Rastelli procedure is 
performed, in which left ventricular blood is redirected 
through the VSD and to the anterior aorta by placement of an 
intraventricular patch (Fig. 81.7). The PA is ligated, and right 
ventricle-to-distal PA continuity is reestablished with a valved 
conduit. An increasing number of experienced centers cur¬ 
rently recommend early complete repair in the neonatal period 
using a Rastelli procedure. Early repair eliminates the interim 
morbidity and mortality associated with a systemic-to-PA 
shunt and chronic cyanosis. 

Current hospital survival for the arterial switch operation 
ranges from approximately 90% to 98%. 51,59-62 In earlier eras, 
d-TGA/IVS had a lower operative mortality than d-TGA/VSD; 
however, recent studies have neutralized this difference. 59,60 
Complex d-TGA including d-TGA/VSD/PS and d-TGA/VSD 
with aortic arch hypoplasia are independent predictors of 
increased operative mortality. 63,64 Coronary artery anatomy 
does not affect mortality. 59 Long-term survival at 5 to 10 years 
and 15 years ranges from 87% to 93% and 86% to 88%, 
respectively. 60-62 The most common cause for reintervention is 
supravalvar pulmonic stenosis, occurring in 3.9% to 16%. 61,62 
Late follow-up of arterial switch operation patients has led to 
increased concern regarding coronary artery patency and 
neoaortic root dilation. 65 


TRUNCUS ARTERIOSUS 


Truncus arteriosus is a rare anomaly that accounts for 0.4% to 
4% of all cases of congenital heart disease. 66-68 A single arter¬ 
ial vessel arises from the heart, overriding the ventricular sep¬ 
tum and giving rise to the systemic, coronary, and pulmonary 
circulations. Two classification schemes have been proposed: 
one by Collett and Edwards 69 in 1949 and the other by Van 
Praagh and Van Praagh 70 in 1965 (Fig. 81.8). The Collett and 
Edwards classification focused on the origin of the pulmonary 
arteries from the common arterial trunk (Table 81.2). The sys¬ 
tem offered by Van Praagh and Van Praagh, a somewhat more 
surgically oriented scheme, is based on the presence or absence 
of a VSD, the degree of formation of the aorticopulmonary 
septum, and the status of the aortic arch (Table 81.3). 

Persistent truncus arteriosus is the result of failed develop¬ 
ment of the aorticopulmonary septum and subpulmonary 
infundibulum (conal septum). Normal septation leads to the 
development of both pulmonary and systemic outflow tracts, 
division of the semilunar valves, and formation of the aorta 
and pulmonary arteries. Failure of septation results in a VSD 
(absence of the infundibular septum), a single semilunar valve, 
and a single arterial trunk. Most cases are associated with a 
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FIGURE 81.8. Truncus arteriosus: 
classification schemes as described by 
Collett and Edwards 69 and by Van 
Praagh and Van Praagh. 70 (Adapted 
from Hernanz-Schulman M, Fellows 
KE. Persistent truncus arteriosus: 
pathologic, diagnostic, and therapeu¬ 
tic considerations. Semin Roentgenol 
1985;20:121.) 
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ITABLE 

81.2 1 

COLLETT AND EDWARDS CLASSIFICATION OF 

TRUNCUS ARTERIOSUS 

■ TYPE 

■ DESCRIPTION 

I 

Common arterial trunk gives rise to a main 
pulmonary artery and the aorta. 

II 

Right and left pulmonary arteries arise directly 
and in close proximity from the posterior wall of 
the truncus. 

III 

Right and left pulmonary arteries arise from 
more widely separated orifices on the posterior 
truncal wall. 

IV 

Branch pulmonary arteries are absent. Pulmonary 
blood flow is derived from aorticopulmonary 
collaterals. 


VSD reminiscent of the VSD associated with TOF. However, in 
this anomaly, the superior margin of the defect is formed by 
the truncal valve. The truncal valve leaflets are generally dys¬ 
morphic, and their motion may be restricted. Leaflet number is 
highly variable, with about 65% tricuspid, 22% quadricuspid, 
9% bicuspid, and rarely unicuspid or pentacuspid. 71 As a 
result of these abnormally developed valve leaflets, a moderate 
or greater degree of truncal insufficiency is present in 20% to 
26% of patients. 72,73 Mild stenosis is common; however, sig¬ 
nificant stenosis is present in only 4% to 7%. 72,73 Significant 
obstruction is predicted by gradients of more than 30 mm Hg 
in the presence of a normal cardiac output. 74 The PAs are usu¬ 
ally of normal size and most often arise from the left postero¬ 
lateral aspect of the truncal artery, often in close proximity to 
the truncal valve and ostium of the left coronary artery. 

Other cardiac anomalies are common, with a PFO usually 
present. A true ASD is found in 9% to 20%, a persistent left 
superior vena cava in 4% to 9%, and mild tricuspid valve steno¬ 
sis in 6%. 28,75 An interrupted aortic arch, most commonly type 
B, is present in association with truncus arteriosus (Van Praagh 
type A4/B4) in approximately 10% to 20%. 76,77 The arch is 
rightward, generally with mirror-image branching, in 21% to 
36%. 75,77 Aberrant origins of the brachiocephalic vessels are 


TABLE 81.3 


VAN PRAAGH AND VAN PRAAGH CLASSIFICATION OF 
TRUNCUS ARTERIOSUS 


■ TYPE 

■ DESCRIPTION 

A 

With a VSD 

B 

Without a VSD 

1 

The aorticopulmonary septum is partially 
developed (partially separate main pulmonary 
artery). 

2 

The aorticopulmonary septum is absent (no 
main pulmonary artery segment); both branch 
pulmonary arteries arise from the common trunk. 

3 

Either branch pulmonary artery is absent. 

4 

Hypoplasia, coarctation, atresia, or absence of 
the aortic isthmus is associated with a large PDA. 

PDA, patent ductus arteriosus; VSD, ventricular septal defect. 


reported, most commonly an aberrant right subclavian artery in 
4% to 10%. 75,78 Coronary ostial abnormalities are of particular 
surgical significance and occur in 37% to 49% of cases. 79 The 
left coronary artery is frequently noted to have a high origin, 
not uncommonly near the takeoff of the pulmonary arteries. 
Rarely, the left coronary can originate from the main pul¬ 
monary trunk or a branch PA. 78 Extracardiac anomalies are 
reported in approximately 28% of patients with truncus arte¬ 
riosus. 72 Described abnormalities include skeletal, genitouri¬ 
nary, and gastrointestinal deformities. As mentioned earlier, 
monoallelic microdeletion of chromosome 22qll is common, 
with DiGeorge syndrome diagnosed in at least 11%. 72 

The anatomy of truncus arteriosus results in the obligatory 
mixing of systemic and pulmonary venous blood at the level of 
the VSD and truncal valve, which produces arterial saturations 
of 85% to 90%. The systemic arterial saturation depends on 
the volume of pulmonary blood flow, which in turn is deter¬ 
mined by the PVR. As the PVR begins to fall, excessive pul¬ 
monary circulation ensues and leads to pulmonary congestion 
and signs and symptoms of CHF. This nonrestrictive left-to- 
right shunt may cause early development of irreversible pul¬ 
monary vascular obstructive disease. 

The presence of truncal valve abnormalities poses further 
hemodynamic burdens. Truncal valve regurgitation leads to 
ventricular dilatation and low diastolic coronary perfusion 
pressures that can result in myocardial ischemia. Truncal valve 
stenosis promotes ventricular hypertrophy, increases the 
myocardial oxygen demand, and limits coronary and systemic 
perfusion, especially with the large volume of runoff into the 
pulmonary vascular bed. 

Neonates with truncus arteriosus present with signs of 
CHF and collapsing peripheral pulses. Chest radiography 
shows marked cardiomegaly; pulmonary plethora, often with 
minimal thymus shadow; and a right aortic arch. The ECG 
most often depicts biventricular hypertrophy. Echocardiogra¬ 
phy is the diagnostic procedure of choice and can demonstrate 
the truncal vessel, the structure and function of the truncal 
valve, associated lesions such as interrupted aortic arch, and 
often the pulmonary arterial anatomy. Cardiac catheterization 
is not performed unless the anatomy is unclear, further infor¬ 
mation is needed about the status of the truncal valve, or the 
status of the pulmonary vasculature is unclear (i.e., infants 
older than 3 months at diagnosis). 

The natural history of patients born with truncus arteriosus 
is early demise. Approximately 40% of infants are dead within 
1 month, 70% by 3 months, and 90% by 1 year. 80 Early death 
is caused by CHF. Survivors may do well for a period of time 
until the development of pulmonary vascular obstructive dis¬ 
ease and Eisenmenger syndrome. The ultimate treatment of 
truncus arteriosus is surgical correction in the neonatal period. 
Medical treatment is palliative and directed toward controlling 
CHF with fluid restriction, diuretics, digitalis, and afterload 
reduction. Complete repair entails separating the pulmonary 
arteries from the truncus, repairing the resulting defect in the 
aorta, closing the VSD, and restoring the continuity of the right 
ventricular outflow tract with an extracardiac conduit. Severe 
truncal valve regurgitation requires truncal valve repair 81 or 
replacement, which is best done with a cryopreserved allograft. 
An associated interrupted aortic arch is repaired by construct¬ 
ing a primary end-to-end anastomosis of the distal ascending 
aorta with proximal augmentation if necessary. 

The results of truncus arteriosus repair have improved 
greatly during the last two decades. Before the importance of 
early operation to avoid irreversible PVR was appreciated, 
patients underwent repair at most institutions at an average 
age of 2 to 5 years with high mortality rates. Ebert et al. 
showed that repair in the first 6 months of life is not only pos¬ 
sible, but also preferable, reporting a mortality rate of 9%. 82 
Current hospital mortality for the neonatal repair of truncus 
arteriosus ranges between 4.3% and 17%, with the majority of 
deaths occurring in complex truncus arteriosus or in truncus 
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arteriosus with associated severe truncal valve regurgita¬ 
tion. 72-74,83-85 Risk factors for poor outcome identified in 
various studies include significant truncal regurgitation, need 
for truncal valve replacement, birth weight less than 2.5 kg, 
presence of interrupted aortic arch or coronary artery anom¬ 
alies, pulmonary reconstruction with a technique other than 
valved heterograft or allograft, and age older than 100 
days. 72-74,83-87 Other recent studies have demonstrated that 
interrupted aortic arch has been neutralized as a risk factor. 74,84 


AORTIC STENOSIS 


Aortic stenosis (AS) refers to a form of left ventricular outflow 
tract obstruction that may occur at the valvar (70%), subval¬ 
var (25%), or supravalvar (5%) level (Fig. 81.9). Aortic steno¬ 
sis occurs in about 4% of patients with congenital heart dis¬ 
ease. 7 The severity of AS may be graded by echocardiography 
or catheterization. Classification by echocardiography peak 
instantaneous pressure gradient is mild (<40 mm Hg), moder¬ 
ate (40 to 70 mm Hg), and severe (>70 mm Hg). Classification 
by catheterization peak-to-peak pressure gradient is mild 
(<30 mm Hg), moderate (30 to 50 mm Hg), and severe 
(>50 mm Hg). 

Valvar AS occurs secondary to maldevelopment of the aor¬ 
tic valve. Most commonly, a bicuspid valve is present, 
although tricuspid and unicuspid valves are also represented. 
In valvar AS, the leaflets are thickened and frequently dysmor¬ 
phic, and there is a variable degree of leaflet fusion along the 
commissures. The aortic annulus may be hypoplastic. In 20% 
of cases, valvar AS is associated with other cardiac defects, 
most commonly coarctation of the aorta, PDA, VSD, or mitral 
stenosis. Males with valvar AS outnumber females by a ratio 
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FIGURE 81.9. Anatomy of the types of congenital aortic stenosis. 
A: Valvar aortic stenosis. B: Supravalvar aortic stenosis and its repair 
[inset). C: Diffuse (tunnel) subvalvar aortic stenosis. D: Discrete sub¬ 
valvar aortic stenosis. 


of 4:1. There is a wide spectrum of clinical presentation of val¬ 
var AS, but patients tend to present in one of two groups: 
younger patients (neonates and infants) with severe AS develop 
symptoms of rapidly progressive CHF, whereas older patients, 
with less severe obstruction at birth, have a more indolent 
course. 

Severe AS is usually well tolerated during fetal development. 
Although left ventricular output and antegrade flow across the 
aortic valve are decreased, the right ventricle compensates with 
increased output, and systemic perfusion is maintained by flow 
across the ductus. After birth, there is increased venous return 
to the left heart, and this exacerbates the pressure load created 
by the stenotic aortic valve, leading to left ventricular dysfunc¬ 
tion. As the ductus closes during postnatal life, systemic 
malperfusion may develop with resulting hypotension, acido¬ 
sis, and oliguria. Coronary perfusion is also impaired due to 
the combination of systemic hypotension and elevated left ven¬ 
tricular end-diastolic pressure. Patients with critical AS typi¬ 
cally exhibit severe left ventricular dysfunction. These patients 
show signs of distress soon after birth. On examination, there 
is impaired distal perfusion with poor capillary refill and 
diminished, thready pulses. A systolic ejection murmur may be 
absent if the cardiac output is severely diminished. Differential 
cyanosis may be observed due to perfusion of the lower body 
with desaturated blood shunting through the ductus. The ECG 
shows left ventricular hypertrophy, and the chest radiograph 
displays cardiomegaly and pulmonary congestion. Echocardiog¬ 
raphy establishes the diagnosis. 

Fetal echocardiography has allowed for early diagnosis of 
critical aortic stenosis. For some, this may predict the progres¬ 
sion to hypoplastic left heart syndrome or may result in irre¬ 
versible left ventricular dysfunction. A few centers in the 
United States have been able to successfully balloon dilate the 
aortic valve in utero to promote left ventricular growth and 
preserve function in select cases. 88-90 

The neonate or infant with critical AS represents a true 
emergency. Endotracheal intubation and inotropic support are 
routine. Ductal patency is maintained with prostaglandins, 
and acidosis is corrected. All patients with critical AS require 
some form of urgent intervention. The approach is deter¬ 
mined by the valve morphology and by the presence of 
associated defects. In its most extreme form, critical AS may 
be associated with underdeveloped left-sided cardiac cham¬ 
bers and therefore may represent a form of hypoplastic left 
heart syndrome. In these cases, single-ventricle palliation 
must be undertaken. For patients with adequate left-sided 
chambers, relief of AS may be achieved by one of the follow¬ 
ing three approaches: percutaneous balloon valvuloplasty, 
surgical valvotomy, or aortic valve replacement. Balloon 
valvuloplasty is generally considered the procedure of choice 
when the aortic valve annulus is adequate and there are no 
associated cardiac defects. Alternatively, surgical valvotomy 
may be accomplished by closed or open techniques. The 
closed approach is performed using cardiopulmonary bypass, 
but without aortic cross-clamping. Dilators of increasing size 
are passed through a ventriculotomy in the left ventricular 
apex and advanced across the aortic valve. Some centers pre¬ 
fer open surgical valvotomy, which allows a precise valvot¬ 
omy under direct vision, although aortic cross-clamping with 
cardioplegia is necessary and results are similar to transven- 
tricular dilation. In all cases, the goal of therapy is to relieve 
stenosis without creating excessive aortic insufficiency. Dra¬ 
matic clinical improvement is expected following balloon or 
surgical valvotomy, and early survivals of greater than 80% 
have been reported regardless of approach. 91,92 The incidence 
of aortic insufficiency is slightly higher following balloon 
valvotomy. In most cases, however, stenosis will recur and 
repeat valvotomy or aortic valve replacement will eventually 
be required. Aortic valve replacement is problematic in the 
neonate due to small patient size. In these cases, many con¬ 
sider the best valve replacement to be a pulmonary autograft 
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(Ross procedure) 93 with enlargement of the aortic annulus 
(Konno aortoventriculoplasty). 94 The Ross-Konno procedure 
has been used successfully for neonates with critical AS in 
whom the aortic annulus is hypoplastic and for selected 
patients in whom valvuloplasty was unsuccessful. Survival 
following the Ross-Konno procedure in infants has been 
shown to be excellent. 95 Growth of the pulmonary autograft 
has been documented, thereby making it an ideal valve 
replacement for children. Unfortunately, as part of the Ross 
procedure, the pulmonary valve must be replaced using a cry- 
opreserved homograft that does not grow, and homograft 
replacement must be anticipated at intervals as the patient 
grows. 

In contrast to infants with critical AS, older children with 
valvar AS usually present with less severe stenosis (mild or 
moderate), and most are asymptomatic. Symptoms of angina, 
syncope, and CHF are not commonly reported. Congenital 
valvar AS is a progressive lesion, however, and survival is 
dependent on the severity of stenosis and the rate of its pro¬ 
gression. Sudden cardiac death is the most common cause of 
mortality. Endocarditis occurs in less than 1% of patients. The 
diagnosis of valvar AS in older children can frequently be 
made on physical exam. There is a classic systolic crescendo- 
decrescendo murmur at the upper sternal border, which radi¬ 
ates to the neck. An ejection click is often present. A visible 
apical impulse is suggestive of significant left ventricular 
hypertrophy. In severe cases, the pulse may be weak and 
delayed (pulsus tardus et parvus). The ECG shows left ventric¬ 
ular hypertrophy. The chest radiograph is usually normal. 
Echocardiography accurately defines the level of stenosis and 
its severity. Using Doppler techniques, the pressure gradient 
across the stenotic valve may be estimated using a simplified 
form of Bernoulli’s equation, P = 4V 2 , where P is the pressure 
gradient and V is the peak flow velocity. Cardiac catheteriza¬ 
tion is generally reserved for therapeutic intervention. 

All patients with severe valvar AS should undergo interven¬ 
tion, as should all symptomatic patients with moderate steno¬ 
sis. Asymptomatic patients with mild or moderate stenosis are 
generally observed. As described previously for critical AS, the 
techniques used to relieve AS in older patients include percuta¬ 
neous balloon valvuloplasty, surgical valvulotomy, and valve 
replacement. Balloon valvuloplasty is usually performed as the 
primary intervention, and is associated with a success rate of 
nearly 90% and a mortality of less than 1%. 96 Open surgical 
valvotomy is an alternative approach with similar results. 97 
For valves that are severely dysplastic, develop restenosis after 
intervention, or become insufficient as a result of prior inter¬ 
vention, valve replacement may be necessary. For older chil¬ 
dren, there are more options for valve replacement. The 
choices include mechanical prostheses, bioprosthetic valves, 
and tissue substitutes, such as porcine xenografts, cryopre- 
served human allografts, and pulmonary autografts (Ross pro¬ 
cedure). The mechanical valves are the most durable, but 
require chronic anticoagulation. The bioprosthetic and tissue 
valves do not require long-term anticoagulation, but tend to 
deteriorate over time (with the exception of the pulmonary 
autograft). The pulmonary autograft has the potential advan¬ 
tage of growth but the homograft used to replace the pul¬ 
monary valve will require replacement. Selection of the appro¬ 
priate replacement valve is a complex decision that requires 
input from all involved parties. 

Subvalvar AS occurs below the level of the aortic valve and 
may be discrete (80%) or diffuse (20%). Discrete (or membra¬ 
nous) subaortic stenosis is rarely seen in infants and tends to 
progress over time. This lesion consists of a crescentic or cir¬ 
cumferential fibrous or fibromuscular membrane that pro¬ 
trudes into the left ventricular outflow tract. The pathogenesis 
of discrete subaortic stenosis is unknown, but it is thought to 
be an acquired lesion that develops secondary to a congenital 
abnormality of the left ventricular outflow tract in which 
abnormal flow patterns lead to endocardial injury with resul¬ 


tant fibrosis. Although the aortic valve leaflets are usually nor¬ 
mal in discrete subaortic stenosis, the turbulent flow created 
by the obstruction can cause leaflet thickening and progressive 
aortic insufficiency. Diffuse subaortic stenosis is a more severe 
form that creates a long, tunnel-like obstruction. Diffuse 
subaortic stenosis should be distinguished from hypertrophic 
cardiomyopathy. Both forms of subaortic stenosis are associ¬ 
ated with a high risk of endocarditis. The clinical findings in 
subvalvar AS are similar to those for valvar stenosis. 

Intervention for discrete subvalvar stenosis is usually under¬ 
taken when the gradient exceeds 30 to 50 mm Hg or when aor¬ 
tic insufficiency is present. In these patients, resection of the 
membrane is readily performed by a transaortic approach. To 
reduce the incidence of restenosis, we advocate concurrent per¬ 
formance of a septal myomectomy to alter the geometry of the 
left ventricular outflow tract. 98 Operative mortality approaches 
zero. The recurrence rate of discrete stenosis following mem¬ 
brane resection and myomectomy has been reported to be as 
low as 4%. 99 Complications associated with membrane resec¬ 
tion can include heart block, VSD, or damage to the aortic or 
mitral valve leaflets. 

The indications for operative intervention in diffuse 
subaortic stenosis are similar to those for valvar stenosis. 
When diffuse subaortic stenosis is associated with hypoplasia 
of the aortic annulus, repair is best achieved with a Konno aor¬ 
toventriculoplasty, whereby an incision is carried across the 
aortic annulus and subjacent ventricular septum, the opening 
patched, and an aortic valve implanted. Patients with an ade¬ 
quate aortic annulus may undergo a septoplasty (modified 
Konno), in which the septal incision is confined to the imme¬ 
diate subvalvar area and a patch is used to widen the left ven¬ 
tricular outflow tract without replacing the aortic valve. 
Despite the technical complexity of repair for diffuse subaortic 
stenosis, excellent results have been reported with high sur¬ 
vival and freedom from reoperation. 100 

Supravalvar AS is characterized by thickening of the wall 
of the ascending aorta. The lesion may be localized (80%) to 
the region of the sinotubular ridge (at the level of the valve 
commissures), creating an hourglass deformity, or it may be 
more diffuse (20%), extending into the aortic arch and its 
branches. In both varieties, the aortic valve leaflets may be 
abnormal. The free edges of the aortic valve leaflets may 
adhere to the aortic wall in the region of intraluminal thick¬ 
ening, and this may lead to reduced coronary blood flow dur¬ 
ing diastole. Aortic wall thickening may also extend into the 
coronary ostia and further impair coronary blood flow. Asso¬ 
ciated cardiac lesions are common, particularly branch PA 
stenoses. A genetic basis for supravalvar AS has been estab¬ 
lished. 101 About 50% of cases of supravalvar AS are associ¬ 
ated with Williams syndrome, in which a partial deletion of 
chromosome 7 (including the elastin gene) leads to the triad 
of supravalvar stenosis, mental retardation, and a characteris¬ 
tic “elfin” facies. Isolated mutations in the elastin gene have 
also been shown to produce familial supravalvar AS with an 
autosomal dominant pattern of transmission. There is a sig¬ 
nificant incidence of endocarditis in patients with supravalvar 
AS. Sudden death is frequently reported and is probably 
related to coronary obstruction. 

The signs and symptoms of supravalvar AS are similar to 
those in other forms of left ventricular outflow tract obstruc¬ 
tion. The diagnosis is made by echocardiography, but cardiac 
catheterization (and more recently magnetic resonance imag¬ 
ing [MRI]) is essential to define the aortic, coronary, and pul¬ 
monary arterial anatomy prior to surgical intervention. 

Operative intervention is indicated for patients with 
supravalvar AS in whom the gradient exceeds 50 mm Hg. A 
number of operations have been proposed for the treatment of 
localized supravalvar stenosis. The classic repair involves a 
longitudinal incision across the obstruction in the ascending 
aorta, which is extended into the noncoronary sinus. The 
thickened, hypertrophic ridge is resected by endarterectomy 
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and the aortotomy is augmented with an elliptical patch. A 
variation of this repair involves creation of an inverted-Y aor¬ 
totomy with one limb of the Y extended into the noncoronary 
sinus and the other into the right coronary sinus. A Y-shaped 
patch is then used to augment the aortotomy. Finally, the Brom 
repair is performed by transection of the ascending aorta 
beyond the supravalvar ridge. Separate incisions are then 
made through the supravalvar ridge into each sinus of 
Valsalva. Triangular patches are placed to augment each of 
these incisions, thereby relieving the supravalvar obstruction. 
Reconnection of the aortic root to the ascending aorta com¬ 
pletes the repair. The repair of the diffuse type of supravalvar 
stenosis is performed under circulatory arrest with extensive 
patching of the ascending aorta, transverse arch, and involved 
arch arteries. Branch pulmonary stenoses are best managed 
using transcatheter techniques. 

The results of surgery for localized supravalvar AS are gen¬ 
erally good with low operative mortality and excellent long¬ 
term survival. 102-104 The diffuse form is more difficult to treat, 
and recurrence is more likely. Overall results are much worse 
when severe bilateral PA stenoses are present. 


COARCTATION OF THE AORTA 


Coarctation of the aorta is a narrowing of the proximal 
descending thoracic aorta distal to the origin of the left sub¬ 
clavian artery, near the insertion of the ductus arteriosus (or 
ligamentum arteriosum). The severity of luminal narrowing 
and the length of the aorta affected are variable. Coarctation is 
thought to occur as a result of ectopic tissue from the ductus 
arteriosus, which migrates into the wall of the adjacent aorta. 
After birth, as the ductus closes, the ectopic tissue in the aorta 
also constricts. Frequently, a posterior shelf of tissue is present 
at the point of most severe obstruction. The aortic obstruction 
caused by coarctation creates a pressure load on the LV. 

The incidence of coarctation is about 0.5 per 1,000 live 
births, and its prevalence is 5% of congenital heart defects. 7 
Coarctation is commonly associated with other heart defects 
including bicuspid aortic valve (in more than 50% of cases), 
PDA, and VSD. Other left-sided obstructive lesions may also 
be present, such as aortic arch hypoplasia, AS, mitral stenosis, 
and left ventricular hypoplasia. Coarctation is also recognized 
to occur in association with Turner syndrome. 

Patients with severe coarctation present in the newborn 
period. Aortic obstruction is so significant that perfusion of 
the lower body is dependent on flow from the ductus arterio¬ 
sus. Spontaneous ductal closure typically worsens the aortic 
obstruction and may lead to malperfusion of tissues distal to 
the coarctation. The pressure load on the LV may precipitate 
CHF. Patients may develop shock with severe acidosis, olig¬ 
uria, and diminished distal pulses. Infants with severe coarcta¬ 
tion will generally not survive without intervention. 

Older children with coarctation are usually asymptomatic. 
The diagnosis is commonly made on the basis of hypertension 
in the upper extremities with decreased pulses in the lower 
extremities. Noninvasive blood pressure measurements in all 
four extremities help to quantify the severity of aortic obstruc¬ 
tion. These older patients tend to develop extensive collateral 
arteries that bypass the obstruction. Life expectancy for these 
patients is limited due to the development of heart failure later 
in life. Other long-term complications of coarctation include 
chronic hypertension, endocarditis (frequently involving a 
bicuspid aortic valve), endarteritis (in the poststenotic area of 
the aorta at the site of the jet of turbulent flow), aortic dissec¬ 
tion, aortic aneurysm, and intracranial hemorrhage (from 
Berry aneurysms, which occur more commonly in patients 
with coarctation). 105 

The diagnosis of coarctation can usually be made clinically. 
The infant with significant coarctation is frequently asympto¬ 
matic at birth, but following closure of the ductus develops 


signs of heart failure such as irritability, tachypnea, and poor 
feeding. Lower extremity pulses are absent, and upper extrem¬ 
ity pulses may be weak. Chest radiography shows car- 
diomegaly and pulmonary venous congestion. There is a left 
ventricular strain pattern on the ECG. Echocardiography is 
usually diagnostic, demonstrating narrowing of the aorta at 
the coarctation site with a loss of pulsatility in the descending 
aorta. 

In older children and adults with coarctation, there is usu¬ 
ally a pressure gradient between the arms and legs, which can 
be demonstrated by measuring cuff pressures in all four 
extremities. On chest radiography, rib notching may be evi¬ 
dent, secondary to erosion of the inferior rib borders from the 
development of large intercostal collateral vessels. Echocardio¬ 
graphy usually confirms the diagnosis. Anatomic details may 
also be clarified with computed tomography (CT) and MRI. 
Cardiac catheterization is usually not necessary. 

Generally, all patients with coarctation should undergo 
surgical repair. For neonates, the acute medical management 
includes initiation of PGEj for the purpose of reopening the 
ductus; this maneuver partially relieves the aortic obstruction 
and augments perfusion of the lower body due to improved 
antegrade flow across the arch, as well as right-to-left flow 
across the ductus. Prostaglandins are usually effective for 
reopening the ductus when initiated within 7 to 10 days of life, 
but are less successful thereafter. 

Surgical repair of coarctation is usually performed through 
a left posterolateral thoracotomy via the third or fourth inter¬ 
costal space. Neonates with an associated hypoplastic aortic 
arch may require sternotomy for extended arch augmentation 
with either primary extended end-to-end repair or patch aug¬ 
mentation. For repair via thoracotomy, the descending tho¬ 
racic aorta, ductus (or ligamentum), transverse aortic arch, 
and brachiocephalic vessels are mobilized. Care is taken to 
preserve the vagus nerve and its recurrent laryngeal branch. 
The preferred surgical approach to coarctation in infants and 
children is a resection with end-to-end anastomosis or 
extended end-to-end repair if there is associated mild distal 
arch hypoplasia. 106 In older children and adults, it may not be 
possible to perform a resection with primary repair without 
creating excessive tension on the anastomosis, which may 
lead to hemorrhage or scarring with recurrent coarctation. An 
alternative strategy is necessary in these cases. Patch aorto- 
plasty may be performed in children in whom further growth 
is anticipated. 107,108 The subclavian flap repair augments the 
narrowed aorta using native arterial tissue. Blood flow to the 
left arm is maintained by collateral vessels, although long¬ 
term studies have demonstrated a slight discrepancy in limb 
length in some patients. Prosthetic patch material may also be 
used. By avoiding circumferential prosthetic material, growth 
potential of the native aorta is preserved. The disadvantage of 
patch repair is a high risk of aneurysm formation. In adults, 
in whom growth is no longer a concern, resection of the 
coarctation may be performed with subsequent placement of 
a prosthetic interposition graft (either Dacron or polytetraflu- 
oroethylene). 

One of the principal concerns during coarctation repair is 
interruption of distal aortic blood flow, especially to the spinal 
cord. The anterior spinal artery is fed by major radicular 
branches from intercostal arteries. In patients without well- 
formed collaterals, ischemia of the spinal cord may be precip¬ 
itated by aortic cross-clamping, and paraplegia may result. 
Protective measures include induction of mild hypothermia, 
maintenance of a high proximal aortic pressure, and mini¬ 
mization of cross-clamp time. In older patients, distal aortic 
perfusion may be maintained by the technique of left heart 
bypass, in which oxygenated blood is taken from the left 
atrium and delivered to the femoral artery or distal aorta using 
a centrifugal pump. 109 This is usually not necessary due to the 
presence of significant collaterals. Overall, the incidence of 
paraplegia following coarctation repair is less than 1%. 110 


VASCULAR 




1440 


Part Two: Surgical Practice 


Following repair, patients may develop severe hyperten¬ 
sion. This can be managed using intravenous beta-blockers 
(e.g., esmolol). Uncontrolled hypertension can lead to the 
complication of mesenteric arteritis. Hypertension usually 
resolves within days to weeks after repair, although older chil¬ 
dren and adults may require lifelong antihypertensive therapy. 
Repair of coarctation during infancy is thought to minimize 
the risk of late hypertension. 111 

Transcatheter intervention for primary therapy of discrete 
coarctation in young children and adolescents remains contro¬ 
versial. Technical success rates range from 80% to 98%, with 
reintervention rates of 10% to 20%. 112-114 Placement of a 
stent has been associated with higher success rates and lower 
restenosis rates 114 ; however, the long-term outcome of stents in 
this population remains unknown, and stents are not an ideal 
option in younger children. There is no evidence to date, there¬ 
fore, that demonstrates superiority or equivalence of catheter 
intervention compared to surgery. In addition, there is a high 
complication rate of 5% to 11.7%, including recurrent coarc¬ 
tation, need for multiple interventions, injury to the femoral 
vasculature (for access), aortic dissection, and aneurysm for¬ 
mation. 113,115-117 On the other hand, balloon angioplasty is 
widely accepted for the treatment of recurrent coarctation fol¬ 
lowing surgery, in which the success rate is on the order of 
90% with low recurrence rates. 118-120 

The early mortality following repair of coarctation in 
neonates is 2% to 10%, whereas the risk in older children and 
adults is about 1%. 106,121 The incidence of recurrent coarcta¬ 
tion following resection and end-to-end repair is about 4% to 
8%. 106,122,123 The long-term survival following repair of coarc¬ 
tation is determined by the presence of associated defects and 
the persistence of hypertension. 


PATENT DUCTUS ARTERIOSUS 


The ductus arteriosus is a normal fetal vascular structure that 
allows blood from the right ventricle to bypass the high- 
resistance pulmonary vascular bed and pass directly to the sys¬ 
temic circulation. The ductus communicates between the main 
PA (or proximal left PA) and the proximal descending thoracic 
aorta. Histologically, the media of the ductus contains a pre¬ 
dominance of smooth muscle cells, whereas the media of the 
aorta and PA contain well-developed elastic fibers. Vasocon- 
trol of the ductus is mediated by two important mechanisms: 
oxygen tension and prostaglandin levels. During fetal develop¬ 
ment, low oxygen tension and high levels of circulating 
prostaglandin maintain ductal patency. During the final 
trimester, the ductus becomes less sensitive to prostaglandins 
and more sensitive to the effects of oxygen tension. Following 
birth, the rise in oxygen tension and a fall in prostaglandins 
(which were previously supplied principally by the placenta) 
lead to ductal closure, which is usually complete by 12 to 
24 hours. After closure, the ductus becomes a fibrous cord 
known as the ligamentum arteriosum. Failure of closure of the 
ductus leads to the condition called patent ductus arteriosus. 
PDA occurs in about 1 out of 1,200 live births and accounts 
for 7% of congenital heart defects. 7 The incidence is much 
higher in premature infants (>20%). 124 This elevated inci¬ 
dence is thought to be related to immaturity of the ductal wall 
resulting in impaired sensitivity to oxygen tension. 

PDA may occur as an isolated defect, or it may occur in 
association with a number of other anomalies. Patency of the 
ductus arteriosus is desirable in a number of defects in which 
there is either inadequate PBF (such as pulmonary atresia) or 
inadequate systemic blood flow (as in severe coarctation of the 
aorta). The discovery that extrinsic delivery of prostaglandins 
can maintain ductal patency has played a critical role in 
improving the survival of these patients. 125 

The physiologic manifestation of PDA is shunting of blood 
across the ductus. The shunt volume is determined by the size 


of the ductus and by the ratio of pulmonary to systemic vascu¬ 
lar resistance. At birth, the PVR drops dramatically and con¬ 
tinues to decline over the first several weeks of life. As a result, 
shunting across a PDA is from left to right. Excessive PBF can 
lead to CHF. In extreme cases, hypotension and systemic 
malperfusion may result. Patients with a large PDA who sur¬ 
vive infancy tend to develop pulmonary vascular obstructive 
disease. Eisenmenger physiology results when the PVR exceeds 
the systemic vascular resistance, producing a reversal of shunt¬ 
ing across the ductus to right to left. This leads to cyanosis 
and, eventually, right ventricular failure. Small PDAs may per¬ 
sist to adulthood without producing any symptoms or physio¬ 
logic derangement. Endocarditis and endarteritis have been 
reported as long-term complications of PDA. 126 

In patients with PDA, symptoms are proportional to the 
shunt volume and the presence of associated defects. Left-to- 
right shunting produces volume overload of the left heart. 
Infants with CHF demonstrate symptoms of tachypnea, tachy¬ 
cardia, and poor feeding. Older children may present with 
recurrent respiratory infections, fatigue, and failure to thrive. 
Physical findings include a widened pulse pressure and a con¬ 
tinuous “machinery” murmur heard best along the left upper 
sternal border. Chest radiography shows increased pulmonary 
vascular markings and left heart enlargement. Left ventricular 
hypertrophy and left atrial enlargement may be evident on the 
ECG. Echocardiography is the diagnostic method of choice. 
Diagnostic cardiac catheterization is performed only in older 
patients with suspected pulmonary hypertension to evaluate 
for pulmonary vascular obstructive disease. More frequently, 
catheterization is utilized for transcatheter occlusion of the 
ductus in selected cases. 

PDA closure is performed for all symptomatic patients. Clo¬ 
sure is also recommended for asymptomatic patients due to the 
risk of heart failure, pulmonary hypertension, and endocardi¬ 
tis. Closure of the ductus may be accomplished by one of three 
approaches: pharmacologic, surgical, and endovascular. 
Indomethacin and ibuprofen, which are cyclooxygenase 
inhibitors, stimulate PDA closure in premature infants. 127,128 
Both are rarely effective in full-term infants. Due to improved 
side effect profile of gastrointestinal bleeding and renal dys¬ 
function, ibuprofen is the current drug of choice. 128 The dosing 
regimen is 10 mg/kg intravenously, followed by 5 mg/kg intra¬ 
venously at 24-hour intervals for a total of three doses. This is 
effective in about 70% to 80% of premature babies. 128,129 Due 
to their side effects, indomethacin and ibuprofen are con¬ 
traindicated in patients with sepsis, renal insufficiency, 
intracranial hemorrhage, or bleeding disorders. Failure of 
ibuprofen after two complete courses results in referral for sur¬ 
gical closure. 

The surgical approach to PDA is through a left posterolat¬ 
eral thoracotomy via the third or fourth intercostal space. The 
pleura is incised over the proximal descending thoracic aorta. 
This allows medial retraction of the vagus nerve. The recurrent 
laryngeal nerve curves behind the ductus and should be pro¬ 
tected throughout the procedure. Dissection is then performed 
to demonstrate the pertinent anatomy. In many cases, the duc¬ 
tus is the largest vascular structure present, and it must not be 
confused with the aorta. Ductal tissue is extremely friable, so 
direct manipulation is minimized. In premature infants, the 
ductus is controlled with a single surgical clip; this procedure 
is commonly performed in the neonatal intensive care unit, 
thereby avoiding problems associated with patient trans¬ 
fer. 130,131 In older patients, occlusion of the ductus is achieved 
with simple silk ligature, or, preferably, by division between 
ligatures to minimize recurrence. 

Thoracoscopic techniques have been developed to perform 
PDA ligation. 132 This approach has the potential benefits of 
decreased pain and quicker recovery. Disadvantages include a 
substantial learning curve and increased operating time. 

A number of endovascular devices have been developed for 
the purpose of transcatheter occlusion of the PDA. 133-135 This 
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approach is very successful in older infants, children, and 
adults with small and moderate-sized PDAs and has become 
the treatment of choice at many centers. Surgical therapy is 
reserved for PDAs having a large diameter or very short 
length. 

Rarely, an adult will present with a significant PDA. These 
patients must be carefully evaluated for the presence of 
pulmonary vascular obstructive disease prior to ductal closure. 
If the patient is not a candidate for device closure, surgical clo¬ 
sure can be problematic. Calcification of the ductal wall is 
common in adults, making ligation hazardous. In some cases, 
cardiopulmonary bypass may be required with closure of the 
ductus from within the PA. 136 ’ 137 

Closure of the ductus by surgical or transcatheter tech¬ 
niques is achieved with a mortality that approaches zero. 130 
Potential complications include pneumothorax, phrenic nerve 
injury, recurrent laryngeal nerve injury, and chylothorax (from 
injury to the thoracic duct). Long-term survival should be nor¬ 
mal following PDA ligation in most patients. Survival in pre¬ 
mature infants depends primarily on the extent of prematurity 
with its attendant complications. 


VASCULAR RINGS 


Vascular rings comprise a spectrum of vascular anomalies of 
the aortic arch, pulmonary artery, and brachiocephalic vessels. 
The clinically significant manifestation of these lesions is a 
varying degree of tracheoesophageal compression. These vas¬ 
cular anomalies can be divided into complete vascular rings 
and partial vascular rings. Incomplete vascular rings include 
aberrant right subclavian artery, innominate artery compres¬ 
sion, and pulmonary artery sling. The incidence of clinically 
significant vascular rings is 1% to 2% of all congenital heart 
defects. 7 

Vascular rings and pulmonary slings have been described in 
conjunction with other cardiac defects, including tetralogy of 
Fallot, atrial septal defect, branch pulmonary artery stenosis, 
coarctation, atrioventricular septal defect, ventricular septal 
defect, interrupted aortic arch, and aortopulmonary window. 
Significant associated cardiac anomalies occur in 11% to 20% 
of patients with a vascular ring. 138,139 A right aortic arch is 
generally associated with a greater incidence of coexisting 
anomalies. 

By the end of the fourth week of embryonic development, 
the six aortic or branchial arches have formed between the 
dorsal aortae and ventral roots. Subsequent involution and 
migration of the arches results in the anatomically normal or 
abnormal development of the aorta and its branches. The 
majority of the first, second, and fifth arches regress. The third 
arch forms the common carotid artery and proximal internal 
carotid artery. The right fourth arch forms the proximal right 
subclavian artery. The left fourth arch contributes to the por¬ 
tion of the aortic arch from the left carotid to left subclavian 
arteries. The proximal portion of the right sixth arch becomes 
the proximal portion of the right pulmonary artery, while the 
distal segment involutes. Similarly, the proximal left sixth arch 
contributes to the proximal left pulmonary artery, and the dis¬ 
tal sixth arch becomes the ductus arteriosus. 

Children with a complete vascular ring generally present 
within the first weeks to months of life. Typically, children 
with a double aortic arch present earlier in life than those with 
a right arch and retroesophageal left ligamentum. In the 
younger age group, respiratory symptoms predominate, as liq¬ 
uids are generally well tolerated. Respiratory symptoms may 
include stridor, nonproductive cough, apnea, or frequent res¬ 
piratory infections. The cough is classically described as a 
“seal bark” or “brassy.” These symptoms may mimic asthma, 
respiratory infection, or reflux, and children with vascular 
rings are often initially misdiagnosed. With the transition to 
solid food, dysphagia becomes more apparent. 


The presentation of a patient with an incomplete vascular 
ring is variable. Children with innominate artery compression 
usually present within the first 1 to 2 years of life with respira¬ 
tory symptoms. Aberrant right subclavian artery is the most 
common arch abnormality, occurring in approximately 0.5% 
to 1% of the population, and it rarely causes symptoms. Clas¬ 
sically, when symptoms do occur, they present in the seventh 
and eighth decades, as the aberrant vessel becomes ectatic and 
calcified, causing dysphagia lusoria due to impingement of the 
artery on the posterior esophagus. 

Children with pulmonary artery slings generally present 
with respiratory symptoms within the first few weeks to 
months of life. As with complete rings, respiratory symptoms 
may include stridor, nonproductive cough, apnea, or frequent 
respiratory infections and may mimic other conditions, lead¬ 
ing to misdiagnosis. Pulmonary artery slings are associated 
with complete tracheal rings in 30% to 40% of patients, lead¬ 
ing to focal or diffuse tracheal stenosis. 

The methods for diagnosing a vascular ring are variable, 
due to the variability in presentation and the spectrum of diag¬ 
nostic tests available. A child with a presumptive diagnosis of 
asthma or tracheomalacia may be referred to a pulmonologist 
and a diagnosis of vascular ring made or suspected initially by 
chest radiograph and bronchoscopy. In some situations, the 
diagnosis is made by echocardiography during evaluation for 
concurrent cardiac defects. Regardless, the diagnosis generally 
begins with a chest radiograph. Complementary studies may 
include barium esophagogram, CT, MRI, and bronchoscopy. 
CT, MRI, and bronchoscopy are important modalities to 
define the tracheal anatomy in a patient with a pulmonary 
artery sling. Echocardiography may be diagnostic, and may be 
used to rule out other cardiac anomalies. Tracheograms and 
cardiac catheterizations, which have been used extensively in 
the past, are rarely currently indicated. 

A double aortic arch occurs when the distal portion of the 
right dorsal aorta fails to regress. The two arches form a com¬ 
plete ring, encircling the trachea and esophagus. The right arch 
is dominant in the majority of the cases, followed by left dom¬ 
inant, with codominant arches being the least common. The 
left and right carotid and subclavian arteries generally arise 
from their respective arches. The ligamentum arteriosum and 
descending aorta usually remain on the left. 

The approach to repair of a double aortic arch is via a left 
posterolateral thoracotomy. The pleura is incised, after identi¬ 
fying the vagus and phrenic nerves. The ligamentum or ductus 
arteriosum is divided while preserving the recurrent laryngeal 
nerve. The nondominant arch is then divided between two vas¬ 
cular clamps at the point where brachiocephalic flow is opti¬ 
mally preserved. If there is concern regarding the location for 
division, the arches can be temporarily occluded at various 
points while monitoring pulse and blood pressure in each 
limb. If there is an atretic segment, the division is done at the 
point of the atresia. Dissection around the esophagus and tra¬ 
chea in the regions of the ligamentum/ductus and nondomi¬ 
nant arch allows for retraction of the vascular structures and 
lysis of any residual obstructing adhesions. 

The surgical approach for a right aortic arch with retroe¬ 
sophageal left ligamentum arteriosum is the same as for a dou¬ 
ble arch. The ligamentum is divided and any adhesions around 
the esophagus and trachea are lysed. Rarely, the Kommerell 
diverticulum has been reported to cause compression even 
after division of the ligamentum. As such, it may be prudent to 
resect or suspend the diverticulum posteriorly. 

In innominate artery compression syndrome, the aortic 
arch and ligamentum are in their normal leftward position. 
However, the innominate artery arises partially or totally to 
the left of midline. As the artery courses from left to right ante¬ 
rior to the trachea, it causes tracheal compression. The symp¬ 
toms of innominate artery compression may be mild to severe. 
With mild symptoms and minimal tracheal compression on 
bronchoscopy, children can be observed expectantly as the 
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symptoms may resolve with growth. Indications for surgery 
include apnea, severe respiratory distress, significant stridor, 
and recurrent respiratory tract infection. Several approaches 
for the correction of innominate artery compression syndrome 
have been described. These include simple division, division 
with reimplantation into the right side of the ascending aorta, 
and suspension to the overlying sternum. 

An aberrant right subclavian artery occurs when there is 
regression of the right fourth arch between the right common 
carotid and right subclavian arteries. The right subclavian then 
arises from the leftward descending aorta, laying posterior to 
the esophagus as it crosses from left to right. Although the 
artery can compress the esophagus posteriorly, it is rarely the 
cause of symptoms in children. Surgical treatment involves 
simple division via a left posterolateral thoracotomy. Rarely, 
reimplantation or grafting from the right carotid or aortic arch 
may be necessary. 

Normally, the right and left sixth aortic arches contribute 
to the proximal portions of their respective pulmonary arter¬ 
ies. If the proximal left sixth arch involutes and the bud from 
the left lung migrates rightward to meet the right pulmonary 
artery, a pulmonary artery sling is formed. Pulmonary artery 
slings are associated with complete tracheal rings and tracheal 
stenosis in 30% to 40% of patients. 

Initial attempts at the repair of a pulmonary artery sling Q 
involved reimplantation after division of the left pulmonary 
artery (LPA) and translocation of the trachea without car¬ 
diopulmonary bypass. These early reports had a high inci¬ 
dence of LPA thrombosis. This has led some authors to advo¬ 
cate division of the trachea and translocation of the LPA. This 
approach would seem sensible if the trachea were being 
divided in the course of tracheal reconstruction. However, cur¬ 
rently most authors advocate the reimplantation of the LPA, 
which has resulted in excellent results. The procedure is done 
via a median sternotomy on cardiopulmonary bypass to ensure 
optimal visualization of the repair. Aortic cross-clamping is 
not necessary. The LPA is divided off of the right pulmonary 
artery, translocated anterior to the trachea, and reimplanted 
into the main pulmonary artery. 

Any necessary reconstruction of the trachea is done con¬ 
currently with bronchoscopic assistance. Many techniques for 
tracheal reconstruction have been described, the most com¬ 
mon of which are resection with primary reanastomosis and 
sliding tracheoplasty for short-segment stenosis, and rib carti¬ 
lage or pericardial patch for long areas of narrowing. 140 

Over 95% of vascular rings without concurrent cardiac 
defects can be performed through a left thoracotomy. A right 
thoracotomy is indicated for the rare cases where there is a 
right ligamentum arteriosum. In addition, a double aortic arch 
with an atretic segment proximal to the right carotid artery is 
more easily divided through a right thoracotomy. The 
approach to these anomalies is the same as for a left-sided ring 
division, with the caveat that the right recurrent laryngeal 
nerve will loop around the right ligamentum. 

Repair of vascular rings has been described using video- 
assisted thoracoscopic surgery (VATS) both with and without 
robotic assistance. Candidates for thoracoscopic division are 
limited to those patients requiring only the division of non¬ 
patent vascular structures. In general, VATS is used for 
patients greater than 15 kg due to current size limitations of 
the instruments. 141 

Mortality for the repair of a vascular ring is 0% to 4%, 
with improved survival occurring in more recent 
series. 138,139,142 The majority of deaths are related to other 
cardiac defects or respiratory infection and failure. Backer et 
al. reported a series of 16 patients repaired utilizing LPA divi¬ 
sion and reimplantation for pulmonary artery sling, all of 
whom also required tracheal reconstruction. There were no 
operative mortalities and one late death due to respiratory 
complications. 140 The major source of morbidity, as well as 


mortality, in this and other series is related to the tracheal 
reconstruction. 


CORONARY ARTERY ANOMALIES 

Coronary artery anomalies occur in 0.3% to 1.3% of the pop¬ 
ulation. 143,144 They can be classified as minor, secondary, or 
major based on their clinical significance. 145 Minor defects have 
no functional significance and are usually detected as incidental 
findings at cardiac catheterization. Secondary defects have no 
intrinsic significance, but alter surgical management when they 
are present. An example of a secondary defect is an anomalous 
origin of the left anterior descending artery from the right coro¬ 
nary artery that crosses the hypoplastic infundibulum in a 
patient with TOF. The presence of this vessel may prevent the 
safe performance of a transannular incision and thereby man¬ 
date the use of a conduit. Major defects are the most important 
form of coronary anomaly, because they exert an intrinsically 
adverse effect on the myocardium. Major anomalies can be 
subdivided based on anatomy: coronary arteriovenous fistula, 
anomalous pulmonary origin of a coronary artery, anomalous 
aortic origin of a coronary artery, myocardial bridging, or 
coronary artery aneurysm. 

Coronary arteriovenous fistula is the most common major 
coronary anomaly. An abnormal connection exists between a 
coronary artery (usually the right) and another vascular struc¬ 
ture (usually one of the right heart chambers). Most fistulas 
are isolated and solitary. The fistula leads to left-to-right 
shunting, which can produce CHF. Other symptoms include 
angina, endocarditis, myocardial infarction, arrhythmia, and 
sudden death. The diagnosis is suggested by echocardiography 
and confirmed by catheterization. All symptomatic fistulas 
should be occluded, either surgically or by transcatheter tech¬ 
niques. In some cases, coronary bypass grafting may be neces¬ 
sary when distal flow is compromised by fistula occlusion. 
Treatment of asymptomatic fistulas is controversial, but occlu¬ 
sion should probably be undertaken when significant left-to- 
right shunting is present. 

The second most common major coronary anomaly is ori¬ 
gin of a coronary artery from the PA. The most common man¬ 
ifestation is the anomalous left coronary artery arising from 
the pulmonary artery (ALCAPA). The right coronary (or both 
coronaries) may also arise anomalously from the PA, but only 
in very rare cases. ALCAPA is usually well tolerated during 
fetal development, but after birth, the pulmonary systolic pres¬ 
sure usually drops (following ductal closure and decline in 
PVR) and the anomalous coronary is perfused with desatu- 
rated blood at low pressure. Collateral vessels develop 
between the normal right coronary artery and the abnormal 
left coronary, but the benefit is negated due to the development 
of coronary steal, whereby the collateral blood shunts left to 
right by retrograde flow in the anomalous coronary into the 
low-pressure PA. Most patients will present between 6 weeks 
and 3 months of life. Typical symptoms include irritability, dif¬ 
ficulty in feeding, and other signs of CHF. Untreated, ALCAPA 
is nearly always fatal. Rarely, patients will survive to adult¬ 
hood and present with symptoms of angina or sudden death. 
On examination, patients with ALCAPA frequently have a 
holosystolic murmur of ischemic mitral regurgitation. The pul¬ 
monary component of the second heart sound may be pro¬ 
nounced due to pulmonary hypertension. Chest radiography is 
significant for cardiomegaly and pulmonary edema. Electro¬ 
cardiographic evidence of ischemia and infarction is usually 
present. Echocardiography is usually diagnostic and is useful 
for assessing the severity of left ventricular dysfunction and 
ischemic mitral regurgitation, which are commonly present. 
Catheterization is occasionally necessary to clarify the 
anatomy, but this technique is used less frequently due to the 
risk of inducing life-threatening arrhythmias. 
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Surgical repair is indicated for all patients with ALCAPA. 
Historically, the initial surgical approach involved ligation of 
the proximal left coronary artery. This served to eliminate 
coronary steal and allow perfusion of the left coronary system 
by collaterals from the right. Despite the ease of simple liga¬ 
tion, most centers have abandoned this approach in favor of 
establishment of a two-coronary system, which offers better 
long-term freedom from ischemia. In older patients, this may 
be achieved by proximal ligation of the left coronary artery in 
conjunction with coronary artery bypass, ideally with a left 
internal mammary graft. Coronary bypass is technically diffi¬ 
cult in neonates, and a number of alternative operations have 
been devised to create a direct connection between the aorta 
and the anomalous coronary artery. Most commonly, this can 
be achieved by removing the origin of the left coronary artery 
(along with a button of adjacent PA) and reimplanting the ves¬ 
sel directly into the side of the aorta. Another approach 
involves creation of a side-to-side connection between the 
aorta and PA with placement of an intrapulmonary baffle to 
direct flow from this connection to the anomalous left coro¬ 
nary ostium. With improved coronary transfer techniques 
learned from the arterial switch operation, direct reimplanta¬ 
tion of the anomalous coronary artery is always feasible and 
preferred. Survival following surgical repair of ALCAPA has 
improved over the years. 146 Recent reports have suggested an 
operative mortality of 6% or less. 147,148 Ventricular function 
tends to normalize after surgery. 149 In most patients, mitral 
valve function also improves, 147,149 but for patients with severe 
mitral regurgitation, concurrent mitral valve repair may rarely 
be indicated. 

Anomalous aortic origins of the coronary arteries are usu¬ 
ally minor defects, but a potentially dangerous abnormality 
exists when the left main coronary artery arises from the right 
coronary sinus and passes between the PA and aorta. This 
defect has been associated with cardiac symptoms and sudden 
death, as has the origin of the right coronary artery from the 
left coronary sinus (usually when the right coronary is domi¬ 
nant). 150,151 The etiology of ischemia in both defects is 
thought to be related to the acute angle of origin and slitlike 
orifice of the anomalous vessel often with an intramural 
course and the extrinsic compression created by the opposing 
walls of the aorta and PA. These defects usually present in 
older patients. Symptomatic patients are treated surgically by 
unroofing the coronary ostia into the aorta or by coronary 
artery bypass. 

Myocardial bridging occurs when a segment of an epicar- 
dial coronary artery (usually the left anterior descending) takes 
an intramyocardial course over a short segment. Although this 
is a common incidental finding at cardiac catheterization, this 
defect has been associated in some cases with myocardial 
ischemia. Treatment involves dividing the muscle bridge to 
free the coronary, coronary bypass beyond the bridge, or trans¬ 
catheter stenting. 

Coronary aneurysms occur rarely, usually in conjunction 
with an inflammatory condition such as Kawasaki syndrome, 
polyarteritis nodosa, Takayasu arteritis, or syphilis. Coro¬ 
nary aneurysms may thrombose or lead to distal coronary 
stenosis or embolization. Rupture occurs uncommonly. 
Treatment ranges from antiplatelet therapy to coronary bypass 
grafting. 


UNIVENTRICULAR HEART 


In the univentricular heart, only one ventricular chamber is 
connected to the atria. To be classified as a ventricle, a cham¬ 
ber must receive at least half of an inlet valve. In the most com¬ 
mon form of univentricular heart, both the mitral and tricus¬ 
pid valves connect to a morphologic LV (double-inlet LV), 
which ejects blood through a hypoplastic outlet chamber and 


then, due to malposition of the great arteries, to the aorta. The 
outlet chamber is not considered to be a ventricle, regardless of 
its size, because it does not receive an inlet valve. Similarly, the 
intracardiac communication is not termed a VSD, but a bul- 
boventricular foramen. Univentricular hearts are frequently 
associated with malpositions of the great vessels and varying 
degrees of obstruction to PBF. In double-inlet LV, the aorta is 
usually anterior and to the left of the PA. 

The presentation of infants with univentricular heart is 
variable, depending on the amount of PBF. 152 When the pul¬ 
monary flow is excessive, cyanosis may be mild, and the dom¬ 
inant feature is CHF. Associated PS decreases the PBF, and the 
degree of cyanosis is increased. Associated lesions may further 
complicate the picture, such as coarctation, subaortic stenosis, 
or a restrictive ASD. Patients with moderate PS may achieve a 
well-balanced circulation with acceptable systemic oxygena¬ 
tion and normal PA pressure. These patients may be symptom- 
free well into adolescence. Most patients, however, require 
intervention early in life to reduce excessive PBF or to increase 
it in the presence of significant PS. Pulmonary vascular 
obstructive disease develops early when PBF is excessive. With 
the possible exception of patients in whom the pulmonary and 
systemic blood flow is well balanced, the prognosis for 
patients with unoperated univentricular hearts is poor, with 
more than half dying early of CHF or dysrhythmias. 

In the presence of excessive PBF and pulmonary hyperten¬ 
sion, operation should be performed early in life to control 
PBF and prevent the development of pulmonary vascular 
occlusive disease. Options include PA banding or division of 
the main PA in conjunction with a controlled aortopulmonary 
shunt. PA banding is a less complicated procedure; however, it 
is often difficult to adjust the pulmonary flow accurately, and 
too proximal or too distal a band can lead to distortion of the 
pulmonary valve or branch pulmonary arteries, which further 
complicates later operations. Simple division of the PA with 
placement of a modified Blalock-Taussig shunt can be under¬ 
taken in the presence of an adequate bulboventricular foramen 
providing unobstructed flow to the aorta. This option avoids 
the problems associated with a PA band, and more accurately 
controls the PBF. Another similar technique is division of the 
main PA, side-to-side anastomosis of the proximal PA with the 
native aorta, and placement of a modified Blalock-Taussig 
shunt (modified Damus-Kaye-Stanzel procedure). It is not 
uncommon for the bulboventricular foramen to decrease in 
size over time due to progressive ventricular hypertrophy. 
Maintaining continuity from both the outlet chamber and the 
LV eliminates the possibility of subaortic obstruction, which 
can occur when the systemic blood flow depends entirely on 
egress through a bulboventricular foramen. In infants who are 
well balanced and can be safely managed medically until the 
age of 4 to 6 months, a hemi-Fontan or bidirectional Glenn, in 
which the superior vena caval flow is directed into the pul¬ 
monary arteries, can be used to increase the effective PBF. This 
procedure maximizes pulmonary flow without causing a vol¬ 
ume overload to the single ventricle. It is most commonly used 
as part of an interim stage to a complete atriopulmonary con¬ 
nection or Fontan procedure. 

The ultimate goal of surgical correction in patients with a 
univentricular heart is the total diversion of all vena caval 
blood directly into the pulmonary arteries. The Fontan proce¬ 
dure was first successfully performed in a patient with tricus¬ 
pid atresia, but has since evolved as an excellent way to estab¬ 
lish physiologic repair for patients with more complex forms 
of univentricular heart. 153 The superior vena caval blood 
returns directly via an end-to-side anastomosis with the PA 
(bidirectional Glenn) or through a right atrial-PA connection 
(hemi-Fontan). The inferior vena caval flow is directed to the 
PA with an intra-atrial baffle (lateral tunnel technique, Fig. 
81.10) or an extracardiac conduit. All oxygenated pulmonary 
venous flow empties into the ventricular chamber through the 
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centers have continued to apply this procedure in carefully 
selected patients. 

The current results for the Fontan are excellent, with hos¬ 
pital mortality ranging from 2% to 9%. 154-158 The condition 
of survivors is generally good and most attain a functional sta¬ 
tus of New York Heart Association class I or II. The long-term 
results have been reported with a 93% to 97% 5-year survival 
and a 91% 10-year survival. 156,157 Although long-term results 
are encouraging, late complications may be seen. Continued 
surveillance for arrhythmias, CHF, protein-losing enteropathy, 
and hepatic dysfunction remains important. 


FIGURE 81.10. Total cavopulmonary connection for univentricular 
heart. The internal orifices of the superior and inferior venae cavae are 
connected in the right atrium with a patch cut of polytetrafluoroethyl- 
ene. The superior vena cava is divided just above its junction with the 
right atrium, and both ends are anastomosed to the right pulmonary 
artery. The main pulmonary artery is ligated. 


AV valves to be ejected to the systemic circulation, while supe¬ 
rior and inferior vena caval blood flows directly to the lungs to 
acquire oxygen prior to returning to the heart. For the Fontan 
procedure to be performed with a low operative mortality and 
an acceptable functional result, certain criteria must be met. 
Normal PA pressure (<20 mm Hg) and PVR (<2 Woods 
units/m 2 ) are the most important prerequisites. Additionally, it 
is essential that ventricular function and AV valve function be 
normal. Many of the criteria originally proposed, including 
normal cardiac rhythm, right atrial hypertrophy, normal sys¬ 
temic venous return, and age older than 4 years, are of little or 
no importance in the current era. Although the Fontan proce¬ 
dure cannot be considered a truly corrective operation, it 
offers benefits that cannot be equaled by any of the other pal¬ 
liative procedures. The major advantages include restoration 
of normal systemic oxygen saturation and reduction of ven¬ 
tricular volume overload. 

Ventricular septation procedures have also been success¬ 
fully performed in patients with univentricular hearts. The 
subset of patients with a double-inlet LV, anterior and left¬ 
ward aorta, nonrestrictive outlet foramen, and mild or no PS 
are best suited for septation. This anatomy allows placement 
of a relatively direct and straight prosthetic patch in the ven¬ 
tricle that separates the pulmonary and systemic circula¬ 
tions. The septation procedure has been associated with a 
relatively high morbidity, primarily related to complete 
heart block, so that its overall effectiveness is reduced. Few 


HYPOPLASTIC LEFT- 
HEART SYNDROME 


Hypoplastic left-heart syndrome (HLHS) refers to a constella¬ 
tion of congenital cardiac anomalies characterized by marked 
hypoplasia or absence of the LV and severe hypoplasia of the 
ascending aorta. The systemic circulation is dependent on the 
right ventricle via a PDA and there is obligatory mixing of pul¬ 
monary and systemic venous blood in the right atrium. There is 
associated aortic valve stenosis or atresia, and mitral valve 
stenosis or atresia. The descending aorta is essentially a contin¬ 
uation of the ductus arteriosus, and the ascending aorta and 
aortic arch are a diminutive branch from this vessel. Initial 
management includes a prostaglandin infusion to maintain 
ductal patency and correction of metabolic acidosis. The 
patient may require intubation and ventilator adjustment to 
reduce supplemental oxygen and maintain a partial pressure of 
carbon dioxide (PC0 2 ) of about 40 mm Hg to avoid excessive 
pulmonary flow. 

Treatment options for this problem include cardiac trans¬ 
plantation and staged reconstructive surgery. Transplantation 
for HLHS is generally performed with the same techniques 
that are standard for transplantation in older children and 
adults. However, it is necessary to have a generous amount of 
donor aortic arch that can be used to augment the hypoplastic 
recipient arch. Results of transplantation in neonates have 
been excellent in centers with extensive experience in this area, 
and a 2-year survival as high as 70% has been reported. 159 In 
the context of improving results for staged reconstruction, 
risks of immunosuppression, and limited donor availability, 
competing risk analysis favors staged repair, and most centers 
pursue this option as primary therapy for HLHS. 160 Trans¬ 
plantation is generally reserved for very high-risk patients, 
such as those with depressed right ventricular function or 
severe tricuspid regurgitation. 

The first successful palliation of HLHS was reported by 
Norwood et al. on a series of infants operated on between 
1979 and 1981. 161 This procedure has been technically refined 
over the years, but three essential components remain: atrial 
septectomy, anastomosis of the proximal PA to the aorta with 
homograft augmentation of the aortic arch, and aortopul¬ 
monary shunt or right ventricle-PA conduit (Fig. 81.11). As 
described previously for the univentricular heart, subsequent 
reconstructive management of HLHS includes an interim 
hemi-Fontan procedure or bidirectional Glenn anastomosis at 
4 to 6 months of age, followed by a Fontan procedure at about 
18 to 24 months. 

Universally fatal only two decades ago, tremendous strides 
have been made in improving the outcomes for patients with 
HLHS. Of the three stages, the highest-risk stage of the repair 
remains the Norwood operation. During the 1990s, the hospi¬ 
tal survival for the Norwood procedure across the United 
States was approximately 40%. 162 Currently, select centers 
have reported hospital survivals of 90% or greater. 163-167 
Reported survivals for the hemi-Fontan and Fontan procedures 
have also been excellent at 98% for both operations. 155,157,168 
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FIGURE 81.11. Steps in the Norwood procedure for hypoplastic left- 
heart syndrome. A: Cannulation for bypass. B: Division of pulmonary 
artery and ductus arteriosus. C: Aortic arch opened from the origin to 
beyond the ductus. D: Pulmonary allograft used to enlarge arch and 
connect to the ventricle. E: Completed repair. 
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CHAPTER 82 ■ VALVULAR HEART DISEASE AND 

CARDIAC TUMORS 

TOMISLAV MIHALJEVIC, CRAIG M. JARRETT, AND A. MARC GILLINOV 


KEY POINTS 


Q The most common cause of aortic stenosis is degenerative 
calcific disease, followed by congenital aortic stenosis due 
to bicuspid valve anatomy. 

Q Two-dimensional echocardiography with Doppler allows 
precise real-time analysis of valvular anatomy and func¬ 
tion, and is the study of choice for the diagnosis and man¬ 
agement of valvular lesions. 

Q The current indication for cardiac catheterization in 
patients with valvular heart disease is limited to preopera¬ 
tive evaluation of coronary artery disease. 

Q There is no effective medical therapy for patients with 
severe aortic stenosis. Mechanical relief of the obstruction 
to blood flow is the only effective treatment. 


Q The most common causes of aortic regurgitation include 
bicuspid valve disease, rheumatic fever, and endocarditis. 

Q Mitral stenosis is almost exclusively caused by rheumatic 
fever. 

Q The most common cause of mitral regurgitation is degen¬ 
erative mitral valve disease. Other causes include rheumatic 
valve disease, endocarditis, certain drugs, and collagen vas¬ 
cular diseases. 

Q The most common cardiac tumors are secondary tumors, 
which usually originate from the lung in men and from the 
breast in women. 


VALVULAR HEART DISEASE 


Valvular Anatomy 

The basic structural framework of all heart valves is provided 
by the fibrous cardiac skeleton (Fig. 82.1). The skeleton is a 
collection of dense connective tissue in the shape of four inter¬ 
connected rings in the plane between the atria and the ventri¬ 
cles. The interconnecting areas include the right fibrous 
trigone, which is between the aortic and tricuspid rings and 
contiguous with the membranous septum, and the left trigone 
and fibrous continuity, which are between the aortic and mitral 
rings and form the posterior wall of the left ventricular (LV) 
outflow tract. The cardiac skeleton maintains the integrity of 
the valve orifices and provides points of attachment for the 
valve leaflets. It also serves as a partition by electrically isolating 
the atria and ventricles except at the atrioventricular bundle, 
which passes through the right fibrous trigone near the septal 
leaflet of the tricuspid valve. 

The normal aortic valve (AV) consists of three semilunar 
leaflets or cusps projecting outward and upward into the 
lumen of the ascending aorta (Fig. 82.2). The space between 
the free edge of each leaflet and the points of attachment to the 
aorta comprise the sinuses of Valsalva. Since the coronary 
arteries arise from two of the three sinuses, the sinuses and the 
respective leaflets are named the right coronary, left coronary, 
and noncoronary (or posterior) sinuses and leaflets. 

The properties of the AV ensure minimal obstruction to 
flow when open and minimal flow reversal when closed. 
Opening and closing of the valve are passive, as it functions 
only in response to pressure differences between the left ven¬ 
tricle and aorta during the cardiac cycle. The pressure gener¬ 
ated from ventricular contraction forces the valve open, and 
the subsequent recoil of blood from the aorta fills the sinuses 
of Valsalva and forces the leaflets closed. 

There are two structures in close proximity to the AV and, 
therefore, susceptible to injury during AV surgery (Fig. 82.2). 


First, the anterior leaflet of the mitral valve (MV) is posi¬ 
tioned under the commissure between the left and noncoro¬ 
nary leaflets. Second, the left bundle of His is positioned 
under the commissure between the right and noncoronary 
leaflets. 

In contrast to the simplistic anatomy and passive opening 
and closing mechanism of the AV, the anatomy and active 
valve mechanism of the MV are more complex. Indeed, proper 
functioning of the MV depends on the organized interaction 
of all components of the MV apparatus, which consists of 
the leaflets, annulus, LV papillary muscles, and chordae 
tendineae. 

The normal MV consists of two leaflets: the anterior and 
posterior leaflets. The anterior leaflet is semicircular in shape, 
extends from the anteromedial aspect of the mitral annulus, 
and encompasses approximately one third of the annular cir¬ 
cumference. The posterior leaflet is rectangular in shape, 
extends from the posterolateral aspect of the mitral annulus, 
and encompasses approximately two thirds of the annular cir¬ 
cumference. The leaflets are separated from one another at 
the annulus by the posteromedial and anterolateral commis¬ 
sures. Both leaflets are divided by clefts into three scallops, 
named laterally to medially Al, A2, and A3, and PI, P2, and 
P3, and together comprise an average cross-sectional area of 
5 to 11 cm 2 . 

The mitral annulus is formed anteriorly by the confluence 
of the right, left, and intervalvular fibrous trigones and pos¬ 
teriorly by a fibrous band. Since the anterior aspect of the 
mitral annulus is composed of the fibrous trigones, it has lim¬ 
ited flexibility. Conversely, the posterior aspect of the annu¬ 
lus, which is not surrounded by any rigid structures, has 
more flexibility. This increased flexibility of the posterior 
aspect relative to the anterior aspect has important implica¬ 
tions during the cardiac cycle. In systole the mitral annulus 
contracts (primarily the posterior aspect) and adopts an ellip¬ 
tical shape (shortening occurs perpendicular to the line of 
leaflet coaptation), and in diastole it relaxes and adopts a cir¬ 
cular shape. 1,2 This dynamic motion of the annulus provides 
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FIGURE 82.1. Schematic diagram of the Anterior 

fibrous cardiac skeleton. 
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increased leaflet coaptation during systole and increased ori¬ 
fice area during diastole. 

Two papillary muscles arise directly from the ventricular 
wall: the anterolateral and posteromedial papillary muscles. 
Importantly, the anterolateral papillary muscle usually is 
supplied by two coronary arteries, the left anterior descend¬ 
ing artery and branches of the circumflex artery. On the 
other hand, the posteromedial papillary muscle is usually 
supplied by a single coronary artery, either from the right 
coronary or the circumflex artery, which makes it twice as 
likely to rupture from ischemia and infarction as the antero¬ 
lateral papillary muscle. The papillary muscles play an 
important role in the proper function of the MV. MV clo¬ 
sure and appropriate leaflet coaptation are permitted by 


end-diastolic and early systolic lengthening of the papillary 
muscles. 3 

Chordae tendineae attach the leaflets to the papillary muscles 
or directly to the ventricular wall and can be categorized based 
on the attachments. Primary chordae attach to the leaflets at the 
free edge to ensure proper coaptation without prolapse or flail. 
The secondary chordae attach along the line of coaptation and 
are more prominent on the anterior leaflet. Tertiary chordae 
arise directly from the ventricle or trabeculae carneae and are 
only present on the posterior leaflet. Lastly, commissural chordae 
attach to both leaflets and arise from either papillary muscle. 

The structures in close proximity to the MV and, therefore, 
susceptible to injury during MV surgery include the AV, the atri¬ 
oventricular node, and the circumflex coronary artery (Fig. 82.3). 


FIGURE 82.2. Schematic diagram of the relation¬ 
ship of the aortic valve to the underlying structures. 
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FIGURE 82.3. Schematic diagram of the relationship of the mitral 
valve to the underlying structures. 


AORTIC STENOSIS 


Prevalence and Etiology 

Aortic stenosis (AS) is the most prevalent valvular heart dis- 
Q ease in developed countries. The most common cause of AS is 
degenerative calcific disease, followed by congenital AS due to 
bicuspid valve anatomy. Rheumatic AS is becoming exceed¬ 
ingly uncommon in developed countries due to efficient pre¬ 
vention of rheumatic heart disease. 

Degenerative Calcific Aortic Stenosis. The most fre¬ 
quent cause of AS is degenerative calcification of the AV. The 
prevalence of degenerative AS in persons older than 65 years, 
which is the most commonly affected age group, is 2%. 4 The 
degenerative process that leads to stiffening of the aortic 
leaflets is the result of proliferative and inflammatory changes 
with lipid accumulation and infiltration of macrophages and 
T lymphocytes. 4-9 Fibrosis and calcification initially affect the 
base of the leaflets, but ultimately progress to immobilization 
of the leaflets due to large calcific deposits that can extend 
deep into the annulus. These deposits may also extend onto 
the ventricular surface of the anterior leaflet of the MV, as well 
as into the wall of the ascending aorta. The risk factors for the 
development of calcific AS are similar to those for atheroscle¬ 
rosis and include elevated serum levels of low-density lipopro¬ 
tein (LDL) cholesterol, diabetes, smoking, and hyperten¬ 
sion. 10,11 

Bicuspid Aortic Stenosis. Calcification of bicuspid AVs, 
which are present in approximately 2% of the general popula¬ 
tion, represents the most common form of congenital AS. In 
patients with bicuspid AVs, the left and right coronary cusps 
are usually fused, while the noncoronary cusp is freestanding. 
Gradual calcification of the bicuspid valve results in AS with 
typical onset of symptoms in the fifth or sixth decade of life, in 
contrast to degenerative AS, which causes symptoms in elderly 
individuals. Bicuspid AS is frequently associated with degener¬ 
ative changes in the wall of the ascending aorta with resultant 
dilatation or aneurysm formation. 

Rheumatic Aortic Stenosis. Introduction of effective 
antibiotic therapy has resulted in a decline in the prevalence of 
rheumatic fever and rheumatic valve disease. Rheumatic AS is 
caused by inflammation and thickening of the AV leaflets, 


producing a mixture of AS and regurgitation. Rheumatic AS is 
rarely an isolated disease, and usually occurs in conjunction 
with MV stenosis. 12 


Pathophysiology 

Regardless of the etiology of AS, the pathophysiologic conse¬ 
quences are similar. Narrowing of the AV to one quarter of its 
normal area of 3.0 to 4.0 cm 2 produces a significant pressure 
gradient between the left ventricle and aorta. There is a resultant 
increase in LV workload and compensatory LV hypertrophy. 

Even though this hypertrophy is an appropriate response to 
the increased afterload, there are numerous harmful effects. 
First, the increased wall thickness makes the ventricle stiff and 
less compliant. This leads to diastolic dysfunction and 
increased wall tension. In addition to diastolic dysfunction, 
systolic dysfunction, typically occurring later in the course of 
the disease, can develop from chronic ischemia. All of the fol¬ 
lowing contribute to increased myocardial oxygen demand: 
increased LV muscle mass, increased wall tension, increased 
systolic ventricular pressure, and increased systolic ejection 
time. There is also decreased coronary artery perfusion, which 
occurs during diastole, due to increased wall tension, increased 
diastolic ventricular pressure, and decreased diastolic aortic 
pressure. 13,14 The subsequent ischemia of the subendocardium 
due to increased oxygen demand and decreased perfusion 
leads to cell death and fibrosis. Chronically, this ischemia 
results in systolic dysfunction. 


Diagnosis 

Symptoms. The most common symptoms of AS are angina 
pectoris, syncope, and heart failure. 15 Angina pectoris occurs 
in 30% to 50% of patients with severe AS. It is a reflection of 
myocardial ischemia caused by increased metabolic demands 
and decreased coronary perfusion. Coronary artery disease, 
which affects more than 70% of elderly patients with degener¬ 
ative AV disease, causes further deterioration of myocardial 
perfusion and lowers the threshold for angina. 

Syncope is most commonly due to reduced cerebral perfu¬ 
sion that occurs during exertion. Reduced cerebral perfusion is 
a result of decreased mean arterial pressure from peripheral 
vasodilation in the presence of a fixed cardiac output. Approx¬ 
imately 15% of patients present with syncope and only 50% 
of these survive for 3 years. 

Congestive heart failure in patients with severe AS is typi¬ 
cally a sign of advanced and longstanding disease. It is marked 
by shortness of breath and dyspnea with exertion, and results 
from ongoing LV outflow obstruction. Heart failure is a con¬ 
sequence of the aforementioned diastolic and systolic dysfunc¬ 
tion from decreased compliance and ischemia, respectively. In 
addition, as the left ventricle becomes less compliant, atrial 
systole becomes more important for maintaining cardiac out¬ 
put and the onset of atrial fibrillation may result in worsening 
of congestive heart failure. 

Some patients with severe AS may develop serious gas¬ 
trointestinal bleeding secondary to angiodysplasias, occurring 
predominantly in the right colon, and also in the small bowel 
and stomach. These result from shear stress-induced platelet 
aggregation with reduction in high-molecular-weight multi- 
mers of von Willebrand factor. 

Signs. Signs of AS include a loud systolic ejection murmur 
that radiates to the neck and is often accompanied by a thrill. 
“Pulsus parvus et tardus” describes a weak and prolonged 
arterial pulse characteristic of advanced AS. The weak pulse is 
a reflection of a narrowed pulse pressure, while the slow rise in 
pulse reflects a prolonged ejection of blood volume through a 
stenotic valve. 16 
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ITABLE 82.1 


DIAGNOSIS | 

CLASSIFICATION OF AORTIC STENOSIS SEVERITY 

■ INDICATOR 

■ MILD 

■ MODERATE ■ SEVERE 

Jet velocity (m/s) 

<3.0 

3.0-4.0 >4.0 

Mean gradient 
(mm Hg) 

<25 

25-40 >40 

Valve area (cm 2 ) 

>1.5 

1.0-1.5 <1.0 

Valve area index 
(cm 2 /m 2 ) 


<0.6 

Adapted from Bonow RO, Carabello BA, Chatterjee K, et al. 2008 
focused update incorporated into the ACC/AHA 2006 guidelines for 
the management of patients with valvular heart disease. J Am Coll 

Cardiol 2008;52(13):el-el42. 



Electrocardiogram and Imaging. The electrocardiogram 
typically shows signs of LV hypertrophy, which is found in the 
majority of patients with AS. Echocardiography represents the 

Q “gold standard” modality for the diagnosis of AS. Two- 
dimensional (2D) echocardiography with Doppler allows pre¬ 
cise real-time analysis of ventricular and valvular anatomy and 
function. The most important objective of echocardiography is 
correct assessment of the severity of AS using Doppler 
echocardiography to calculate jet velocity, mean transvalvular 
pressure gradient, and valve orifice area (Table 82.1). It is also 
used to assess valve thickening and calcification, as well as 
reduced leaflet motion. Distinction between bicuspid and tri¬ 
cuspid valves is often possible, particularly when the amount 
of calcification is small. 

Two-dimensional echocardiography is also invaluable in 
detecting associated MV disease and in assessing LV hypertrophy, 
systolic function, and diastolic performance. Ejection fraction is 
used to measure LV systolic function. However, a severe decrease 
in ejection fraction can falsely lower estimates of severity of AS 
due to low-pressure gradients. Stress echocardiography with 
dobutamine administration may be required to properly assess 
the severity of valvular disease and to distinguish it from primary 
contractile dysfunction with lack of contractile reserve. 17 

Cardiac catheterization with direct measurement of the 
pressure gradients across the AV to calculate the severity of 
stenosis has been replaced by less invasive echocardiography. 

Q The current indication for cardiac catheterization is limited to 
preoperative evaluation of coronary artery disease. 


Natural History 

The natural history of AS is marked by a prolonged latent 
period with few symptoms and minimal morbidity. Even 



FIGURE 82.5. St. Jude Medical Regent Valve. 


patients with moderately severe AS have a slow decrease in AV 
area, generally by approximately 0.1 cm 2 per year. 18,19 The 
natural history of severe AS correlates well with the onset and 
severity of symptoms. Life expectancy of patients with severe, 
untreated AS and angina is approximately 5 years. Patients 
presenting with syncope have life expectancies of 3 years. Pres¬ 
ence of congestive heart failure in patients with severe, 
untreated AS is associated with a worse prognosis, with the 
time of death occurring less than 2 years from the onset of 
symptoms (Fig. 82.4). 20 


Treatment 

Q There is no effective medical therapy for patients with severe 
AS. Diuretics and digitalis may improve the symptoms of con¬ 
gestive heart failure. Mechanical relief of AS is accomplished 
by surgical AV replacement (AVR), percutaneous AVR, or per¬ 
cutaneous balloon aortic valvotomy. 

Surgical Aortic Valve Replacement. The primary indi¬ 
cation for surgery is the presence of symptoms in patients 
with severe AS. AVR is also indicated in patients with severe 
AS and reduced LV function and in patients with moderate to 
severe AS who also require coronary, other valve, or aortic 
surgery. 17 Recent studies suggest that AVR may also be bene¬ 
ficial in patients with asymptomatic severe AS and severe LV 
hypertrophy. 21 

Choice of valve prosthesis for AVR is primarily influenced 
by the patient’s age. Mechanical prostheses are made of car¬ 
bon, require lifelong anticoagulation, and are very durable 
(Fig. 82.5). Mechanical prostheses are therefore indicated in 
patients younger than 65 years old. Stented biologic prostheses 


FIGURE 82.4. Natural history of aortic stenosis without 
operative treatment. Onset of symptoms identifies patients 
at high risk of death over the next 2 to 5 years. 


Onset of severe 
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FIGURE 82.6. St. Jude Medical Epic Valve. 


are most commonly made of bovine pericardium or porcine 
valve leaflets, do not require anticoagulation, and have a lim¬ 
ited durability of approximately 15 years (Fig. 82.6). Biologic 
prostheses are used in elderly patients (older than 65 years) 
and in younger patients in whom long-term anticoagulation 
with warfarin is contraindicated (bleeding diathesis, peptic 
ulcer disease, etc.). 

Percutaneous Aortic Valve Replacement. Percutaneous 
AVR is a novel form of AVR that uses a bioprosthesis sutured 
to a balloon-expandable stainless steel or nitinol stent (Fig. 
82.7). The prosthesis is introduced through the femoral artery 
retrogradely into the aorta and placed at the midpart of the 
native stenotic AV by balloon inflation. The radial forces of the 
stent push the native AV aside to increase the valve orifice area. 
In patients with severe peripheral vascular disease, the retro¬ 
grade arterial approach cannot be used. In these patients, sim¬ 
ilar prostheses can be inserted directly into the beating heart 
through the LV apex (transapical approach). Safety and effi¬ 
cacy of percutaneous AVR in high-risk and inoperable patients 
is currently being evaluated in clinical trials. 

Percutaneous Balloon Aortic Valvotomy. Percutaneous 
balloon aortic valvotomy (PBAV) is a procedure in which a 
balloon is placed across a stenotic AV and inflated in order to 
decrease the degree of valve narrowing. This procedure is a 
valuable tool for treatment of AS in children and young adults. 
Rapid development of restenosis and clinical deterioration 
limits its application in the treatment of adults to those with 
severe AS who are not candidates for conventional surgical 
AVR. 


AORTIC REGURGITATION 


Prevalence and Etiology 

Aortic regurgitation (AR) results from the improper coapta¬ 
tion of the AV leaflets due to either intrinsic leaflet abnormali- 
Q ties or aortic root distortion. The most common causes of AR 
include bicuspid valve disease, rheumatic fever, and endocardi¬ 
tis. Regurgitant bicuspid AVs are often partly calcified, which 
results in limited opening and closing of the valve and a mix¬ 
ture of AR and AS. Rheumatic fever causes inflammation and 
fibrosis of the leaflets, while endocarditis causes destruction 
of leaflets. In addition, AR can occur as a secondary phe¬ 
nomenon of aortic root enlargement due to Marfan syn¬ 
drome, anuloaortic ectasia, or aortic dissection. Most of 
these causes produce chronic AR with a slow increase in LV 
size. Some lesions, in particular acute aortic dissection and 
endocarditis, cause acute AR with a sudden decrease in car¬ 
diac output. 


Pathophysiology 

In patients with AR, inappropriate coaptation of the aortic 
leaflets causes diastolic reflux of blood from the aorta into the 
left ventricular with a consequent increase in LV end-diastolic 
volume and pressure. In chronic AR, compensatory mecha¬ 
nisms of the left ventricular result in dilatation and hypertrophy. 
LV hypertrophy and dilatation ultimately result in a decrease in 
LV function and heart failure. 


Diagnosis 

Symptoms. Chronic AR is usually well tolerated and 
patients with even severe AR often remain asymptomatic for 
years. Initial symptoms of severe AR include fatigue, shortness 
of breath, and dyspnea on exertion. Advanced AR is marked 
by the onset of congestive heart failure, syncope, and angina. 
Acute onset of severe AR, such as in cases of aortic dissection 
or endocarditis-induced valve destruction, causes a sudden 
increase in LV end-diastolic volume and pressure with subse¬ 
quent cardiogenic shock and pulmonary edema. 

Signs. Lateral displacement of the point of maximum 
impulse is seen in chronic AR due to LV dilation and hyper¬ 
trophy. The classic auscultatory findings of AR are best heard 
at the right sternal border of the second intercostal space and 
include a high-pitched, blowing holodiastolic decrescendo 
murmur; an S 3 heart sound; and a systolic ejection murmur. 



FIGURE 82.7. Schematic diagram of percuta¬ 
neous aortic valve replacement. A: Balloon 
valvuloplasty. B: Balloon catheter with valve in 
the native diseased valve. C: Balloon inflation to 
secure the valve. D: Valve in place. 
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ITABLE 82.2 



DIAGNOSIS | 

CLASSIFICATION OF AORTIC REGURGITATION SEVERITY 

■ INDICATOR 

■ MILD 

■ MODERATE 

■ SEVERE 

Angiographic grade 

1 + 

2 + 

3-4 + 

Jet width 

<25% LVOT 

25%-65% LVOT 

>65% LVOT 

Regurgitant volume (mL/beat) 

<30 

30-59 

>60 

Regurgitant fraction (%) 

<30 

30-49 

IV 

o 

Regurgitant orifice area (cm 2 ) 

<0.10 

0.10-0.29 

>0.30 


LVOT, left ventricular outflow tract. 

Adapted from Bonow RO, Carabello BA, Chatterjee K, et al. 2008 focused update incorporated into the 
ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll Cardiol 
2008;52(13):el-el42. 


Additionally, the widened pulse pressure leads to a number of 
interesting findings, such as bounding pulses (water-hammer 
pulse), Quincke pulse (pulse in fingernail bed), De Musset sign 
(rhythmic bobbing of the head), Duroziez sign (systolic and dias¬ 
tolic murmurs heard over the femoral artery when it is gradually 
compressed), and Muller sign (pulsations of the uvula). 16 

Imaging. Echocardiography represents the diagnostic “gold 
standard” for patients with AR. It allows assessment of the 
valvular and aortic anatomy, the severity of regurgitation, and 
the size and function of the left ventricle. Assessment of the 
severity of AS is determined by color Doppler jet width, regur¬ 
gitant volume, regurgitant fraction, and regurgitant orifice 
area (Table 82.2). The role of coronary angiography is reduced 
to the preoperative diagnosis of coronary artery disease. 


Natural History 

The natural history of AR is strongly dependent on the pres¬ 
ence of symptoms and LV dysfunction at the time of presenta¬ 
tion. Asymptomatic patients with normal LV function develop 
symptoms and/or LV dysfunction at 6% per year. Asympto¬ 
matic patients with LV dysfunction at presentation develop 
cardiac symptoms at 25% per year. Lastly, the mortality rate 
of symptomatic patients is 10% per year. 17 


Treatment 


Management of patients with AR depends on the severity of 
symptoms and the size and function of the left ventricle. 
Asymptomatic patients with chronic severe AR and preserved 
LV size and function are treated with vasodilator medical ther¬ 
apy, which reduces afterload and improves forward flow. 

Surgery is indicated in symptomatic patients with chronic 
severe AR and in asymptomatic patients with severe AR and 
evidence of LV dilatation (end-systolic LV diameter >55 mm) or 
dysfunction (ejection fraction <50%). Additionally, acute 
severe AR with consequent pulmonary edema and shock caused 
by endocarditis or aortic dissection is a surgical emergency. 

AVR should be performed before irreversible changes in LV 
function occur. Mechanical valves are indicated for patients 
younger than 65 years of age. Stented bioprostheses are used 
for AVR in patients older than 65 and in younger patients with 
contraindications to long-term anticoagulation. AV repair can 
be performed in patients with severe AR caused by bicuspid 
valve disease or connective tissue disorders. Replacement of 
the ascending aorta with AV repair is indicated in younger 
patients with aortic root dilatation and secondary AR. 


MITRAL STENOSIS 


Prevalence and Etiology 

Q Mitral stenosis (MS) is predominantly caused by rheumatic 
fever. The steady rate of decline of rheumatic fever in developed 
countries has resulted in a similar decline in the prevalence of 
MS. Other far less common causes of MS include severe annu¬ 
lar and leaflet calcification, congenital malformations, malig¬ 
nant carcinoid, left atrial myxoma, left atrial thrombus, and 
endocarditis. A definitive history of rheumatic fever can only be 
obtained in 50% to 60% of cases and women are affected more 
often than men by a 2:1 ratio. 22,23 Rheumatic fever commonly 
occurs in childhood or adolescence and can lead to a postinfec- 
tive pancarditis, affecting to various degrees the valves, endo¬ 
cardium, myocardium, and pericardium. In MS due to 
rheumatic fever, there is leaflet thickening and calcification, 
chordal shortening and fusion, and commissural fusion, which 
all lead to a smaller, funnel-shaped mitral orifice. This defor¬ 
mation can also prevent complete closure of the valve, which is 
evidenced by concomitant regurgitation in about half of 
patients with MS. 


Pathophysiology 

The cross-sectional area of the normal MV is 4 to 5 cm 2 . Nor¬ 
mally, there is a trivial diastolic pressure gradient present to 
move blood across the MV from the left atrium into the left 
ventricle. An increasing gradient is required as the MV 
becomes more narrowed, and a significant transvalvular gradi¬ 
ent first develops when there is reduction of the mitral orifice 
to less than 2.5 cm 2 , which represents mild MS. The increased 
atrial pressure leads to left atrial enlargement and the pressure 
is subsequently transmitted retrograde into the pulmonary 
veins, capillaries, and arteries. The determinants of the trans¬ 
valvular gradient, and therefore the determinants of the left 
atrial pressure, are atrial contractility, cardiac output, and 
heart rate. Consequently, the gradient and atrial pressure are 
increased if atrial kick is lost (decreased atrial contractility), 
flow rate across the valve increases (increased cardiac output), 
or transit time across the valve is shortened (increased heart 
rate). 


Diagnosis 

Symptoms. Symptoms of left-sided heart failure, such as 
dyspnea, orthopnea, and paroxysmal nocturnal dyspnea, are 






















Chapter 82: Valvular Heart Disease and Cardiac Tumors 


1455 


the primary indicators of MS and are typically triggered by 
exertion, stress, infection, pregnancy, or the abrupt onset of 
atrial fibrillation. The increased heart rate and cardiac output 
that can occur under these circumstances, and the mechanical 
obstruction inherent to MS, lead to an increased transvalvular 
gradient and left atrial pressure. The ensuing pulmonary con¬ 
gestion results in dyspnea. Likewise, the loss of atrial kick with 
atrial fibrillation increases the gradient and atrial pressure. 
Patients with atrial fibrillation may also present with palpita¬ 
tions or systemic embolization. 

Patients infrequently present with hoarseness, dysphagia, 
hemoptysis, and symptoms of right-heart failure. Hoarseness 
and dysphagia may result if left atrial enlargement is sufficient 
to compress surrounding structures. Hemoptysis may occur 
from significant pulmonary venous hypertension. Symptoms 
of right-sided heart failure arise when right ventricular func¬ 
tion is impaired due to an increased afterload from the stenotic 
MV and secondary pulmonary hypertension. Still, other 
patients may present without symptoms but have an abnormal 
physical examination. 

Signs. The left ventricle is typically not enlarged; thus, the 
point of maximum impulse is not displaced. The typical aus¬ 
cultatory findings of MS are best heard at the apex and include 
a low-pitched, rumbling mid-diastolic murmur; an accentuated 
first heart sound; and an opening snap. These findings may be 
absent with a heavily calcified immobile valve, severe pul¬ 
monary hypertension, or low cardiac output. Physical findings 
of pulmonary hypertension, such as a loud pulmonic compo¬ 
nent of the second heart sound (P 2 ), a right ventricular heave, 
distended neck veins, hepatomegaly, ascites, and peripheral 
edema, can also be observed with MS. 16 

Imaging. Echocardiography is the principal tool used in the 
diagnosis of MS. It is used to assess the morphologic charac¬ 
teristics of the valve apparatus, which include leaflet mobility, 
flexibility, and thickness; presence of calcifications and sub¬ 
valvular fusion; and appearance of the commissures. Addi¬ 
tionally, Doppler echocardiography is utilized to determine the 
hemodynamic severity by measurement of the mean trans¬ 
valvular pressure gradient, pulmonary artery systolic pressure, 
and valve area (Table 82.3). This morphology and severity 
information is fundamental in determining the timing and type 
of intervention to be used. 17 

The enlarged left atrium gives rise to characteristic findings 
on the chest radiograph, which includes displacement of the 
left main-stem bronchus superiorly and displacement of the 
esophagus posteriorly. Additionally, calcification of the mitral 
leaflets and enlarged pulmonary arteries with cephalization of 
pulmonary blood flow can be seen. 


ITABLE 82.3 


DIAGNOSIS | 

CLASSIFICATION OF MITRAL STENOSIS SEVERITY 

■ INDICATOR 

■ MILD 

■ MODERATE ■ SEVERE 

Mean gradient 
(mm Hg) 

<5 

5-10 >10 

Pulmonary artery 
systolic pressure 
(mm Hg) 

<30 

30-50 >50 

Valve area (cm 2 ) 

>1.5 

1.0-1.5 <1.0 

Adapted from Bonow RO, Carabello BA, Chatterjee K, et al. 2008 
focused update incorporated into the ACC/AHA 2006 guidelines for 
the management of patients with valvular heart disease. J Am Coll 
Cardiol 2008;52(13):el-el42. 


Similar to the diagnosis of other valvular heart disease, car¬ 
diac catheterization with direct pressure measurement has 
largely been replaced by echocardiography. 


Natural History 

The natural history of MS is that of a continuous decline usu¬ 
ally consisting of a slow, stable course followed by a progres¬ 
sive acceleration. The latent period from rheumatic fever to 
the onset of symptoms is typically 20 to 40 years, with another 
decade before symptoms become disabling. Depending on the 
symptoms at presentation, the overall 10-year survival of 
untreated patients presenting with MS is 50% to 60%. Once 
disabling symptoms occur, the 10-year survival is a bleak 0% 
to 15%. 22-25 Mortality in untreated patients is due to pul¬ 
monary and systemic congestion, systemic embolism, pul¬ 
monary embolism, and infection. 24,26 


Treatment 


For the asymptomatic patient with mild MS in sinus rhythm, 
prophylaxis against rheumatic fever is the only therapy indi¬ 
cated. A yearly history, physical examination, chest radi¬ 
ograph, and electrocardiogram should be obtained; serial 
echocardiograms are only warranted in patients with severe 
MS or when there is a change in symptoms. 17 

Mechanical relief is considered in symptomatic patients 
with moderate to severe MS. In symptomatic patients with 
mild MS, further exercise testing or dobutamine stress testing is 
useful to determine whether or not mechanical relief is war¬ 
ranted. Patients with a significant elevation of mean transmitral 
gradient (>15 mm Hg), pulmonary artery systolic pressure 
(>60 mm Hg), or pulmonary artery wedge pressure (>25 mm 
Hg) during provocative testing have hemodynamically signifi¬ 
cant MS and should be considered for mechanical relief. 17 The 
options for mechanical relief of MS include percutaneous bal¬ 
loon mitral valvotomy, open mitral commissurotomy, and MV 
replacement. 

Percutaneous Balloon Mitral Valvotomy. Percutaneous 
balloon mitral valvuloplasty (PBMV), where one or more large 
balloons are inflated across the MV by a catheter-based 
approach, is the treatment of choice for select patients with 
MS. 17 Patients with pliable, noncalcified valves and minimal 
fusion of the subvalvular apparatus are the best candidates for 
PBMV. Contraindications to this procedure include the presence 
of a left atrial thrombus, moderate to severe MR, heavy annular 
or leaflet calcification, and severe subvalvular distortion. 

Procedural mortality of PBMV is 1% to 2% in large series. 
Rare risks of the procedure include MR, iatrogenic creation of 
an atrial septal defect, perforation of the left ventricle, embolic 
events, and myocardial infarction. 27-31 Overall, 80% to 95% 
of patients have a successful initial outcome with a doubling of 
the MV area and a 50% to 60% reduction in the transvalvu¬ 
lar gradient. 

Open Mitral Commissurotomy. Open mitral commis¬ 
surotomy (OMC) permits direct inspection of the MV appara¬ 
tus and allows debridement of calcium deposits, division of the 
commissures, and splitting of fused chordae tendineae under 
direct vision. Additionally, the left atrial appendage can be sur¬ 
gically oversewn from within the left atrium, reducing the risk 
of postoperative embolization. The contraindications to OMC 
are similar to those of PBMV. 

The operative mortality of OMC is less than 2%, 32,33 and 
complication rates are similar to those of PBMV. 34,35 Short- 
and long-term hemodynamic results and symptomatic results 
are similar between PBMV and OMC in younger patients with 
less severe valve pathology (lower Wilkins scores). 34 More 
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favorable results are seen with OMC in older patients with 
subvalvular fusion, leaflet calcification, and less valve flexibil¬ 
ity (higher Wilkins scores). 35 

Mitral Valve Replacement. MV replacement (MVR) is 
necessary in symptomatic patients with moderate to severe MS 
when there is a significant amount of calcification or sub¬ 
valvular fusion, since PBMV and OMC are less likely to be 
successful. MVR is also necessary in symptomatic patients 
with moderate to severe MS and concomitant moderate to 
severe MR. 17 The choice of valve prosthesis for MVR is deter¬ 
mined in a similar manner as choosing the prosthesis for AVR. 
Biologic prostheses are used in the elderly and those in whom 
long-term warfarin is contraindicated. Regardless of the pros¬ 
thesis used, it is well established that preservation of the papil¬ 
lary muscle attachments to the annulus plays an important roll 
in the maintenance of LV function. 36-40 

The operative mortality of MVR is 5% to 6% and freedom 
from reoperation at 15 years is 50% to 75%. 41 


MITRAL REGURGITATION 


Prevalence and Etiology 

Since competency of the MV is dependent on the entire MV 
apparatus, dysfunction of any one of the components can lead 
Q to mitral regurgitation (MR). The most common overall cause 
of MR is degenerative MV disease. Other causes of MR include 
rheumatic valve disease, endocarditis, certain drugs, and colla¬ 
gen vascular disease. In some cases, functional MR develops as 
a result of dilatation of the left ventricular from cardiomyopathy 
or severe ischemic heart disease. Lastly, rupture of a papillary 
muscle from myocardial infarction or endocarditis, or rupture 
of a chord can lead to the onset of acute, severe MR. 


Pathophysiology 

MR is caused by deficient coaptation of the MV leaflets, which 
results in blood flow from the left ventricle into the left atrium 
during systole. Regardless of etiology, the pathophysiology of 
chronic MR is similar. MR results in gradual enlargement of 
the left atrium as a result of volume overload. Decrease in the 
functional stroke volume causes an increase in LV size with a 
subsequent decrease in LV function. 

On the other hand, the pathologic process that takes place 
in acute MR is quite different. Sudden volume overload results 
in an increase in LV preload and a decrease in forward stroke 
volume, since compensatory LV eccentric hypertrophy has not 


had time to develop. Similarly, acute volume overload of the 
left atrium results in an increase in left atrial pressure and pul¬ 
monary congestion. 


Diagnosis 

Symptoms. Symptoms of chronic MR include fatigue, dysp- 
nea on exertion, and shortness of breath. More advanced 
stages of disease are characterized by the development of heart 
failure. Acute, severe MR is characterized by acute pulmonary 
edema and cardiogenic shock. 

Signs. The point of maximum impulse is typically laterally 
displaced. The classic auscultatory findings of MR are best 
heard at the apex and include a high-pitched, blowing, holosys- 
tolic murmur radiating to the axilla; a diminished Si; and an S 3 . 

Imaging. Echocardiography is used to assess the severity of 
MR, morphology of the MV, and size and function of the left 
ventricular and atrium. Assessment of the severity of MR is 
determined by the jet area/left atrial area, regurgitant volume, 
regurgitant fraction, and regurgitant orifice area (Table 82.4). 
Additionally, magnetic resonance imaging allows accurate 
measurements of the severity of regurgitation and quantifica¬ 
tion of regurgitant volumes, along with assessment of LV size 
and function. 


Natural History 

Patients with mild to moderate MR usually remain asympto¬ 
matic with little or no hemodynamic compromise for many 
years. In patients with severe MR caused by flail leaflets, mor¬ 
tality is 6% to 7% per year, and 90% of patients die or require 
an MV operation within 10 years. 42 


Treatment 


Medical therapy is indicated in asymptomatic patients with 
mild to moderate chronic MR and preserved LV function. 

Surgery is indicated in symptomatic patients with severe 
MR as well as in asymptomatic patients with severe MR and 
LV dysfunction. MV repair is the preferred surgical therapy for 
most patients with MR, since it preserves the native valve and 
avoids the need for anticoagulation, which is required in the 
majority of patients who undergo valve replacement. 43 
Preservation of the MV and chordae preserves LV function and 
improves survival. Success rates of MV repair depend on the eti¬ 
ology of regurgitation. Durable MV repair can be accomplished 


1 TABLE 82.4 



DIAGNOSIS 

CLASSIFICATION OF MITRAL REGURGITATION SEVERITY 

■ INDICATOR 

■ MILD 

■ MODERATE 

■ SEVERE 

Angiographic grade 

1 + 

2 + 

3-4+ 

Jet size 



Wall-impinging jet 
of any size 

Jet area/left atrial area (%) 

<20 

20-40 

>40 

Regurgitant volume (mL/beat) 

<30 

30-59 

>60 

Regurgitant fraction (%) 

<30 

30-49 

>50 

Regurgitant orifice area (cm 2 ) 

<0.20 

0.20-0.39 

>0.40 


Adapted from Bonow RO, Carabello BA, Chatterjee K, et al. 2008 focused update incorporated into the 
ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll Cardiol 
2008;52(13):el-el42. 
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in more than 90% of patients with degenerative MV disease. 
Standard techniques for MV repair include resection of the pro¬ 
lapsed portion of the MV leaflet, leaflet reconstruction, and 
insertion of an annuloplasty ring (Fig. 82.8). 

Mortality of isolated MV repair is less than 1%, with 
greater than 90% freedom from reoperation at 10 years. Func¬ 
tional MR is usually repaired with the use of an undersized 


annuloplasty ring to reduce the diameter of the mitral annulus 
and restore valve competency. MV repair is also the preferred 
surgical therapy in patients with MV endocarditis. Resection 
of all infected valve tissue is the mainstay of valvular recon¬ 
struction in patients with endocarditis. This is followed by 
leaflet reconstruction, commonly with the use of an autolo¬ 
gous pericardial patch and an annuloplasty (Fig. 82.9). 



FIGURE 82.9. Schematic diagram of mitral valve repair with autologous pericardial patch and insertion of an annuloplasty ring. 
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FIGURE 82.10. Surgicalapproaches to the mitral valve. A: Full sternotomy. B: Partial sternotomy. C: 
Limited right anterolateral mini-thoracotomy. D: Robotically assisted. 


MVR is indicated for patients in whom adequate MV 
repair cannot be accomplished. Mechanical valve replace¬ 
ments are indicated in patients younger than 65 years of age 
and stented bioprostheses are indicated in the elderly. 

Isolated MV repair and replacement are most commonly 
performed through a full sternotomy. Minimally invasive 
approaches, which include the partial upper and lower ster¬ 
notomy and limited right thoracotomy, decrease the degree of 
surgical trauma and blood loss and allow faster recovery. 
Robotically assisted MV repair, which is performed through 
small port-like incisions, is the least invasive surgical approach 
and eliminates the need for sternotomy or thoracotomy (Fig. 
82.10). 44 


TRICUSPID VALVE DISEASE 


Tricuspid valve (TV) disease is less common than AV and MV 
disease. Tricuspid regurgitation (TR), the most common form 
of TV dysfunction, can occur with anatomically normal or 
abnormal valves. Functional TR is caused by right ventricular 
dilatation and consequent leaflet malcoaptation in an other¬ 
wise anatomically normal valve. Right ventricular enlarge¬ 
ment occurs in patients with pulmonary hypertension, most 
commonly caused by longstanding MV dysfunction. TV endo¬ 
carditis most commonly occurs in intravenous drug users and 
causes TR by destruction of the leaflets. 

Echocardiography is used to assess the degree of TR, 
anatomy of the TV, right ventricular function, and pulmonary 
pressures. 


Mild to moderate degrees of TR often resolve sponta¬ 
neously once the MV disease causing the pulmonary hyperten¬ 
sion is corrected. Severe functional TR is corrected by reduc¬ 
tion in the diameter of the tricuspid annulus, most commonly 
using an annuloplasty ring. Severe endocarditis requires com¬ 
plete resection of infected valve tissue, followed by TV 
replacement with a bioprosthesis. In active drug users, inser¬ 
tion of a valve prosthesis may be delayed by several months to 
decrease the risk of recurrent endocarditis. 


VALVE PROSTHESES 


Development of valve prostheses has transformed the treat¬ 
ment of valvular heart disease. Numerous types of prostheses 
are currently available for clinical use, and they differ in 
design, biocompatibility, and hemodynamic characteristics. 
They are broadly classified into mechanical and bioprosthetic. 

Contemporary mechanical valves are bileaflet valves com¬ 
posed of carbon material that is mounted on a sewing ring 
(Fig. 82.5). Mechanical valve prostheses are durable and have 
excellent hemodynamic performance. Patients with mechani¬ 
cal prostheses require lifelong anticoagulation with warfarin, 
which results in a 1% to 3% risk of bleeding per year. These 
characteristics make mechanical valves the prosthesis of choice 
for younger patients with no contraindications to long-term 
anticoagulation. 17 

Biologic prostheses are composed of valve leaflets created 
from bovine pericardium or porcine valve leaflets mounted on 
a sewing ring (Fig. 82.6). Biologic prostheses have slightly 
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inferior hemodynamic characteristics when compared with 
mechanical prostheses and a limited durability of 10 to 15 years. 
However, bioprostheses are not thrombogenic and therefore 
do not require anticoagulation. Bioprostheses are generally 
indicated in older individuals and younger patients who have 
contraindications to long-term anticoagulation. There has 
been an increased use of bioprostheses in younger individuals 
due to recent improvements in design of the prostheses, 
expected increases in valve durability, and decreased risk of 
reoperations. 

Aortic homografts are cryopreserved allografts that are 
composed of AVs and ascending aortas. Homografts are not 
thrombogenic, have excellent hemodynamic characteristics, 
and have high resistance to infection. Homografts are indi¬ 
cated in patients with AV endocarditis. Their use for primary 
AVR is limited due to the complexity of the operation and lim¬ 
ited durability (10 years). 


CARDIAC TUMORS 


Cardiac tumors can be located in the epicardium, myocardium, 
endocardium, or any combination of the three. In general, 
tumors that involve the parietal pericardium are not classified 
as cardiac tumors. 

Tumors of the heart are classified as either primary or sec¬ 
ondary. Primary tumors arise in the heart and are either benign 
or malignant. Secondary tumors are metastases from primary 
tumors arising elsewhere and hence are always malignant. Pri¬ 
mary tumors are rare, with an autopsy incidence of less than 
Q 0.1%. 45 Secondary tumors are observed more commonly, with 
a postmortem incidence of about 1%. 46 

Cardiac tumors present with variable symptoms. Symp¬ 
toms are frequently determined by the intracardiac location of 
the tumor. Intracavitary tumors can obstruct blood flow, caus¬ 


ing signs and symptoms that mimic those of valvular heart dis¬ 
ease. Intracavitary tumors can also cause embolic events, result¬ 
ing in symptoms related to the site of embolization. Intramy- 
ocardial tumors can trigger cardiac rhythm disturbances, 
including sudden death. 47 Cardiac tumors can also cause sys¬ 
temic symptoms mimicking collagen vascular disease, malig¬ 
nancy, or infective endocarditis. 47 


BENIGN PRIMARY 
CARDIAC TUMORS 


Myxomas 

Definition, Incidence, and Prevalence. Myxomas are 
the most common primary cardiac tumors. They are benign. 
Although myxomas have been reported in both genders and in 
all age groups, they most often occur in women in the third to 
sixth decades of life. Myxomas are usually sporadic, but at 
least 7% occur as part of an autosomal dominant syndrome. 

Morphology. Arising from the endocardium, myxomas 
usually extend into a cardiac chamber. They are generally 
polypoid, pedunculated lesions with a smooth surface that 
may be covered with thrombus (Fig. 82.11 A). The tumors 
range in size from 1 to 15 cm, but are most commonly about 
5 cm. 48-51 Myxomas are thought to arise from pluripotent 
mesenchymal cells. Histologically, myxomas consist of a 
matrix of acid mucopolysaccharide (Fig. 82.1 IB). 45 Myxomas 
most commonly occur in the atria. Approximately 75% arise 
in the left atrium, and 15% to 20% arise in the right atrium. 50 
The remainder of myxomas are located in the ventricles. 

Clinical Characteristics. Many patients with myxomas 
are asymptomatic. The myxoma may be detected by routine 



FIGURE 82.11. Left atrial myxoma. A: Gross photograph showing large pedunculated lesion arising from the left atrium and 
extending into the mitral valve orifice. B: Microscopic appearance, with abundant acid mucopolysaccharide, scattered collections 
of myxoma cells, and abnormal vascular formations (arrow). (Reproduced with permission from Kumar V, Abbas AK, Fausto N. 
Robbins and Cotran Pathologic Basis of Disease, 7th ed. Philadelphia: Elsevier; 2005.) 
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screening echocardiography performed for other indications. 
Asymptomatic myxomas should be excised in order to prevent 
emboli, valvular dysfunction, or constitutional symptoms. 

Patients with myxomas can have a variety of symptoms. In 
the sporadic form, classic findings include emboli, congestive 
heart failure caused by obstruction of cardiac blood flow, and 
constitutional symptoms. These sequelae are related to the 
location, size, and mobility of the tumor. Because most myxo¬ 
mas arise in the left atrium, systemic embolization is common, 
occurring in 30% to 50% of cases. 52-54 

Myxomas also can display signs and symptoms related to 
cardiac obstruction. Typically, the findings are related to the 
tumor’s ability to impede filling of the ventricles; in such 
instances, signs and symptoms may mimic those of mitral or 
tricuspid valve stenosis. Constitutional symptoms include 
fever, malaise, rash, weight loss, and myalgia. 

Diagnosis. Echocardiography is the imaging modality of 
choice for diagnosis of myxomas. In cases of diagnostic uncer¬ 
tainty, magnetic resonance imaging (MRI) and computed 
tomography (CT) may be helpful. Final diagnosis is confirmed 
by pathologic examination. 

Management. Surgical resection is the mainstay of treatment. 
Great care must be taken to minimize manipulation of the heart 
before cross-clamping the aorta to reduce the risk of intraoper¬ 
ative tumor embolization. A variety of approaches are available 
for resection of left atrial tumors. In the absence of other cardiac 
disease, a minimally invasive or robotically assisted operation 
can be employed to speed postoperative recovery. The tumor is 
resected en bloc. Tumors that arise from a relatively well- 
defined pedicle can be excised without full-thickness excision of 
a button of atrial wall. The results of surgical excision are good 
with a low risk of morbidity and mortality (0% to 3%). 55-57 


Other Benign Primary Tumors 

Rhabdomyoma. Rhabdomyoma is the most common car- 
diac tumor in children and the second most common benign 
cardiac tumor overall. 50 Most occur in children younger than 
1 year of age. Rhabdomyoma is a benign tumor composed of 
cardiac myocytes. About one half of patients with rhabdomy¬ 
oma have tuberous sclerosis, and about one half of patients 
with tuberous sclerosis develop rhabdomyomas. 58 These 
tumors occur sporadically or in conjunction with other rare 
congenital heart malformations. 

Rhabdomyomas usually are found deep in the myocardium; 
they may extend into the cardiac chambers. They are of variable 
size, ranging from 1 mm to several centimeters. Most rhabdomy¬ 
omas are multicentric and involve both ventricles. Because of their 
morphologic appearance and multicentric nature, rhabdomyomas 
are classified as hamartomas rather than as true tumors. 59 
Pathologically, they are distinguishable from the surrounding 
myocardium by their firm, gray, nodular characteristics. 60 

Most children with rhabdomyomas display cardiac 
arrhythmias or obstructive symptoms in the first few days or 
weeks of life. Rhabdomyomas causing significant intracardiac 
obstruction to blood flow can result in death within 24 hours 
of birth; patients with less severe disease may be asymptomatic 
for years. The diagnosis is usually made by echocardiography. 
One of the curiosities of this tumor is the well-documented 
tendency for these tumors to regress. 61,62 

In most cases these tumors are not resected. Surgical resec¬ 
tion is reserved for masses that cause significant cardiac 
obstruction. 63,64 Given the multicentricity of the lesions and 
their limited growth potential, the operative approach is con¬ 
servative debulking, with the goal being relief of outflow 
obstruction with preservation of electrical conduction and 
myocardial and valvular function. 


Lipomas. Lipomas are encapsulated masses of adipose tissue 
that usually arise from the myocardium or pericardium. 50 
They are usually small but can grow to be massive. Lipomas 
involving the pericardium may be mistaken for pericardial 
cysts and may be associated with pericardial effusions. 
Although most of these tumors are identified after death, they 
can be diagnosed by echocardiography and MRI. Most car¬ 
diac lipomas can be observed. However, lipomas causing 
obstructive symptoms or arrhythmias should be resected. 

Papillary Fibroelastoma. Papillary fibroelastomas are the 
most common tumors affecting cardiac valves. 65,66 They usu¬ 
ally involve the valves of the left side of the heart, and typically 
occur in adult patients. 67 Although papillary fibroelastomas 
usually are asymptomatic, when symptoms occur, they are 
most frequently related to embolization. The tumors are iden¬ 
tified by echocardiography. Surgical excision is advised, even 
in asymptomatic patients. 65,68,69 When resection is performed, 
a minimally invasive surgical approach is generally possible. 


MALIGNANT PRIMARY 
CARDIAC TUMORS 


Angiosarcoma 

Most malignant cardiac tumors are metastases from other 
malignancies. 51 Almost all primary malignant tumors of the 
heart are sarcomas 70 ; angiosarcoma is the most common 
malignant primary cardiac tumor. 50 Angiosarcomas are usu¬ 
ally solitary, large bulky masses that originate in the right 
atrium (Fig. 82.12). They may extend into the right atrial cav¬ 
ity, causing valvular obstruction, right-sided heart failure, or 



FIGURE 82.12. Gross photograph of angiosarcoma of the right ven¬ 
tricle. (Reproduced with permission from Kumar V, Abbas AK, Fausto 
N. Robbins and Cotran Pathologic Basis of Disease, 7th ed. Philadel¬ 
phia: Elsevier; 2005.) 
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hemorrhagic pericardial effusion with tamponade. 70 Most of 
these tumors metastasize, most commonly to the lung, liver, or 
brain. 71 Angiosarcomas are very aggressive, and survival after 
diagnosis ranges from 3 to 15 months. 59 Given their rapid 
growth and poor prognosis, surgical resection is rarely suc¬ 
cessful. 


Rhabdomyosarcoma 

Rhabdomyosarcoma is the second most common cardiac sar¬ 
coma. Like angiosarcoma, it is more common in men. 72-74 
Unlike angiosarcoma, rhabdomyosarcoma does not have a 
predilection for a particular cardiac chamber. 50 It may occur at 
multiple sites and extend into the pericardium. Patients may 
have cardiac obstructive or constitutional symptoms. Progno¬ 
sis is poor, and surgical resection is usually ineffective. 


SECONDARY CARDIAC TUMORS: 
METASTASES TO THE HEART 


Metastatic tumors to the heart, or secondary tumors, are much 
more common than are primary cardiac tumors. Secondary 
tumors are usually carcinomas rather than sarcomas because 
of the relative frequency of these cancers. 70 Hematogenous 
spread is the most common mode of metastasis, but lymphatic 
spread and direct extension also occur. 

Symptoms occur most commonly in patients with pericar¬ 
dial metastases rather than intramural or intracavitary 
involvement. The symptoms associated with metastases are 
congestive heart failure and arrhythmias. Metastases to the 
heart should be suspected in patients with known neoplasms 
who develop congestive heart failure. 

Carcinoma of the lung and breast may directly invade the 
parietal and visceral pericardium, causing myocardial restriction 
and pericardial effusion. 70 Melanoma commonly metastasizes to 
the myocardium, as do leukemia and lymphoma. The treatment 
of metastatic tumors depends on the tumor type and symptoms. 
Given the late stage at which cardiac metastases occur and the 
poor prognosis, few of these patients are candidates for cardiac 
surgical intervention. Lymphoma and leukemia may respond to 
chemotherapy or radiotherapy. Symptomatic malignant pericar¬ 
dial effusions may be drained by creation of a pericardial win¬ 
dow, temporarily relieving symptoms. 
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CHAPTER 83 ISCHEMIC HEART DISEASE 

JONATHAN W. HAFT 


KEY POINTS 


Q Because of its unique physiology, the heart is particularly 
susceptible to ischemic injury. 

Q Atherosclerotic plaques cause ischemia from chronic flow 
limitations or from unstable plaque rupture. 

Q Patients with coronary artery disease will present with either 
chronic stable angina or an acute coronary syndrome, which 
consists of unstable angina, a non-ST-segment myocardial 
infarction, or an ST-segment myocardial infarction. 

Q Several well-described complications from myocardial in¬ 
farctions must be anticipated and recognized early. 

Q Medical treatment of coronary artery disease includes 
lifestyle modifications and medications to slow the progres¬ 
sion and stabilize atherosclerotic plaques. 


Q Percutaneous intervention (PCI) of coronary lesions has 
improved dramatically in recent years to include drug-eluting 
intracoronary stents. 

Q Coronary artery bypass grafting (CABG) involves creation 
of alternative conduits from the systemic circulation to the 
epicardial coronary arteries. 

Q The left internal mammary artery is the superior conduit 
for CABG. 

Q CABG remains superior to both medical treatment and 
PCI for patients with left main or three-vessel disease or for 
patients with two-vessel disease involving the left anterior 
descending artery associated with left ventricular dysfunc¬ 
tion. 


CORONARY ANATOMY 
AND PHYSIOLOGY 


The right and left coronary arteries originate from the aorta 
just above the aortic valve cusps (Fig. 83.1). The orifices of 
the two arteries within the sinuses of Valsalva designate the 


right and left coronary cusps. The third aortic valve cusp is 
referred to as the noncoronary cusp. The coronary circula¬ 
tion is traditionally divided into three major territories: the 
left anterior descending (LAD) and the circumflex territo¬ 
ries originate from the left coronary artery, and the right 
coronary territory usually comes from the right coronary 
artery. 
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FIGURE 83.1. Anatomy of the cardiac circulation. 
A: Anterior view. B: Posterior view. 
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The origin of the left coronary artery is referred to as the 
left main and travels posterolaterally to the left behind the pul¬ 
monary artery, where it divides into two main branches, the 
LAD and the circumflex coronary artery. The length of the left 
main coronary artery is variable, but rarely exceeds 2 cm. 
Unusually, the left main is absent, where the circumflex and 
LAD originate from the aorta via two separate ostia. 

The LAD coronary artery emerges from behind the pul¬ 
monary artery and travels inferiorly within the interventricular 
groove to the cardiac apex, sometimes wrapping around it onto 
the posterior interventricular groove. The LAD gives off two 
different types of branches: diagonals and septals, both of which 
are highly variable in size and number. The diagonals take off at 
acute angles and perfuse the anterolateral surface of the left ven¬ 
tricle. Septal branches, the first of which is typically quite promi¬ 
nent, emerge at a right angle from the LAD and supply the inter¬ 
ventricular septum. The LAD is the most prominent of the three 
coronary territories described, and carries approximately 50% 
of left ventricular myocardial blood flow, supplying the anterior, 
anterolateral, septal, and apical walls. 

The circumflex coronary artery continues from the left main 
coronary and travels within the posterior atrioventricular 
groove. Branches from the circumflex are called obtuse mar¬ 
ginal arteries, and also vary greatly in size and number. In 80% 


to 90% of people, the terminal branch of the circumflex sup¬ 
plies the posterolateral wall of the left ventricle. In the remain¬ 
ing 10% to 20%, the circumflex continues to the posterior 
interventricular septum and terminates as the posterior descend¬ 
ing artery (PDA). This is referred to as a left dominant heart, 
where the left main coronary artery is supplying the posterior 
interventricular septum. Some patients will have a third branch 
of the left main referred to as the ramus intermedius, or inter¬ 
mediate branch. If present, this vessel is typically large, and 
supplies much of the anterolateral wall of the left ventricle. 

The right coronary artery originates from the anterior right 
sinus of Valsalva and descends in the right atrioventricular 
groove. One or more acute marginal branches feed the right 
ventricular free wall. In 80% to 90% of patients, the right 
coronary artery continues to the posterior interventricular sep¬ 
tum and supplies the PDA and often a variable-sized right pos¬ 
terolateral artery. This is referred to as a right dominant heart. 
Near the origin of the posterior descending branch, a small 
characteristic vessel can be seen supplying the atrioventricular 
node. This branch can become important in acute right coro¬ 
nary artery occlusions, resulting in life-threatening heart block 
and bradycardia. A small proximal branch of the right coro¬ 
nary artery supplies the sinus node on the anterolateral surface 
of the superior vena cava. 
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Anomalous origin of the coronary arteries is common, occur¬ 
ring in 0.3% to 1% of the population, and their anatomy is var¬ 
ied and complex. Rarely, the left coronary arises from the pul¬ 
monary artery. This pathology is diagnosed in infancy, as the 
myocardium becomes profoundly ischemic when pulmonary vas¬ 
cular resistance falls and myocardial perfusion decreases. If left 
uncorrected, it is universally fatal. The coronaries may also origi¬ 
nate from atypical aortic root sinuses, and their trajectory is vari¬ 
able. The most worrisome problem occurs when the left anterior 
descending or left main coronary artery originates from the right 
sinus of Valsalva. When the LAD travels posteriorly and to the 
left, it courses between the pulmonary artery and the aortic root. 
This trajectory is described as “malignant” because of the poten¬ 
tial for compression between the great vessels, particularly during 
accentuated wall stress, such as with exercise. Although there is 
little evidence, it is generally accepted that a revascularization 
strategy should be considered in symptomatic patients with 
“malignant” coronary anomalies or in asymptomatic patients 
with demonstrable ischemia on noninvasive testing. 1 

Venous anatomy is more predictable, and very little pathol¬ 
ogy within this system is encountered. Three named venous 
branches can be identified: the middle cardiac vein in the poste¬ 
rior interventricular groove, the posterior cardiac vein along the 
obtuse margin of the heart, and the great (or anterior) cardiac 
vein along the anterior interventricular groove. All three drain 
into one confluence known as the coronary sinus along the pos¬ 
terior atrioventricular groove (Fig. 83.1). The coronary sinus 
empties posteriorly into the right atrium between the inferior 
vena cava and the annulus of the tricuspid valve. In addition to 
these identifiable named veins, the myocardium also drains 
directly into all chambers of the heart via thebesian veins. 

Myocardial work consumes an enormous amount of 
energy substrate. In fact, only 10% to 20% of myocardial 
energy requirements are related to basal functions; the remain¬ 
der is utilized during the continuous energy-dependent calcium 
mobilization and myofilament cross-linking from cyclic con¬ 
traction and relaxation. Even at rest, the heart maximally 
extracts oxygen delivered from the bloodstream, leaving 
venous saturation in the coronary sinus typically 20% or less. 
Thus, increased energy requirements must be met with aug¬ 
mentation in blood oxygen delivery. Contrarily, other less 
oxygen-dependent tissues, where venous saturation can be as 
high as 80%, can extract additional oxygen during stress. 
When insufficient supply of oxygen is available, as may be the 
case with extreme consumption or limited blood flow, anaero¬ 
bic metabolism cannot generate enough energy substrate to 
perform myocardial contraction. 2 As a result, cardiac function 
deteriorates immediately and can be observed clinically essen¬ 
tially within heartbeats. Increases in cardiac oxygen consump¬ 
tion must be met with proportional increases in myocardial 
blood flow. 

The heart and its coronary circulation have a unique capacity 
to dramatically increase blood flow, and thus oxygen delivery, 
during periods of increased needs. 3 While basal coronary blood 
flow is approximately 10 mL/kg, this value can increase up to 
sixfold with exercise by autoregulatory mechanisms and feed¬ 
back loops. Specifically, adenosine accumulates from the break¬ 
down of the energy substrate adenosine triphosphate (ATP). 
Vasodilatory receptors within the media of coronary arteries are 
particularly avid for adenosine, increasing blood flow to myocar¬ 
dial regions with increased energy consumption. In addition, 
increased myocardial activity activates nitric oxide synthase 
within coronary endothelial cells, producing the powerful 
vasodilator nitric oxide. By immediately altering the vessel 
diameter and thus changing the resistance properties of epicar- 
dial vessels, these two short-acting mediators can rapidly alter 
coronary flow rates to meet changing energy requirements. 

In addition to the high metabolic requirements of the heart 
and its dependence on responsive changes in blood flow, the 
coronary circulation is further uniquely challenged. During sys¬ 
tole, increased cavitary pressure compresses intramyocardial 


vessels and virtually eliminates forward flow. As a result, blood 
flow to the left ventricle occurs only during diastole, so that 
myocardial perfusion depends not only on coronary arterial 
patency and caliber, but also on the diastolic pressure gradient 
and the duration of diastole. Tachycardia not only increases 
oxygen consumption, but also reduces the time available for 
myocardial perfusion, increasing the demands for epicardial 
flow. The rise in ventricular diastolic pressure seen in heart fail¬ 
ure also reduces perfusion pressure and can jeopardize ischemia 
in vulnerable territories. With an understanding of cardiac per¬ 
fusion needs and mechanics, it is apparent why occlusive lesions 
in coronary arteries can restrict blood flow, producing ischemia 
and infarction. 


CORONARY ATHEROSCLEROSIS 


Atherosclerosis is a progressive multifocal disease of medium 
and large muscular arteries of the systemic circulation. Athero¬ 
sclerotic plaques or atheromas can occur anywhere in the sys¬ 
temic circulation, but tend to present clinically in varying quan¬ 
tities in the coronary circulation, carotid arteries, splanchnic 
vessels, and lower extremities. The lesions tend to occur pre¬ 
dominantly at vessel bifurcations, sharp curvatures, and other 
regions creating pressure wave reflections and recirculation. 4 
All plaques consist of smooth muscle proliferation and intra¬ 
cellular and extracellular lipid deposition within the arterial 
intima (Fig. 83.2). The predecessor “fatty streaks” seen in the 
first two decades of life are small and unobstructing. However, 
under certain clinical circumstances, endothelial injury from 
cigarette smoke, hypercholesterolemia, hyperglycemia, hyper¬ 
tension, or other causes of inflammation initiates a cascade of 
events. These include endothelial dysfunction with expression 
of adhesion molecules, which bind circulating inflammatory 
cells like monocytes. The activated monocyte transmigrates 
into the vessel wall and ingests accumulated lipids. In turn, they 
release cytokines, which enhance endothelial cell adhesion mol¬ 
ecule expression; alter endothelial cell nitric oxide production, 
promoting vasoconstriction and platelet activation; and stimu¬ 
late activation of other inflammatory cells including neu¬ 
trophils and T lymphocytes. The activated monocytes acceler¬ 
ate further lipid accumulation and smooth muscle cell 
proliferation. The end result is an enlarging plaque encroaching 
on the arterial lumen, separated from the bloodstream by a 
collagen-rich fibrous plaque. 

Within the coronary circulation, atherosclerotic stenotic 
lesions are generally restricted to the proximal regions of the 
large epicardial coronary arteries. In particular, stenosis 
found in the LAD and circumflex vessels are frequently iso¬ 
lated, short, and in the proximal segments. The right coro¬ 
nary artery, however, develops diffuse obstructions, although 
rarely extending into the posterior descending or intramural 
branches. For reasons that are unclear, atherosclerosis is 
rarely found within intramyocardial segments of the coronary 
arteries. Symptoms from these atherosclerotic plaques can 
occur from a variety of proposed mechanisms. First, the 
lesion can cause flow limitations, particularly when the lumi¬ 
nal cross-sectional area is reduced by at least 75%. With this 
degree of obstruction, the vasodilatory reserve required dur¬ 
ing increased myocardial demand is restricted, resulting in 
transient myocardial ischemia until demand returns to base¬ 
line, also known as exertional angina. The atherosclerotic 
plaque also causes coronary ischemia when the lesion 
becomes unstable. The fibrous plaque can fracture or rupture, 
exposing the bloodstream to the highly thrombogenic internal 
plaque contents. This can lead to complete epicardial throm¬ 
bosis, the presumed mechanism of ST-segment elevation 
myocardial infarction (STEMI). Additionally, subtotal plaque 
disruption can cause vasoconstriction, platelet activation, and 
embolization, resulting in ischemia without total occlusion of 
the epicardial vessel. This is the presumed mechanism of 
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FIGURE 83.2. The atherosclerotic plaque. A: The normal muscular 
artery consists of an internal intima with endothelium and internal 
elastic lamina. The smooth muscle of the vessel wall is in the media, 
and the thin adventitial layer contains connective tissue and the vasa 
vasorum. B: The first phase of an atherosclerotic lesion consists of 
focal thickening of the intima with smooth muscle cells and extracellu¬ 
lar matrix and an initial accumulation of intercellular lipid deposits. C: 
Extracellular lipid may also develop. D: Intercellular and extracellular 
lipid in the earliest phase is referred to as a fatty streak. E: A fibrous 
plaque results as fibroblasts that cover the proliferating smooth muscle 
cells laden with lipids and cell debris continue to accumulate. The 
lesion becomes more complex as continuing cell degeneration leads to 
an ingress of blood constituents and calcification. 


unstable angina and non-ST-segment elevation myocardial 
infarction (NSTEMI). Some plaques are more prone to rup¬ 
ture than others, and the composition of the fibrous cap may 
be an identifiable feature of an unstable lesion. Activation of 
inflammatory cells may increase the activity of matrix metal- 
loproteinases, which degrade components of the fibrous cap. 
Some theorize that certain stressors can stimulate activation 
of these inflammatory cells, such as acute infections, extreme 
cold, and even emotional distress. 5 The inflammatory compo¬ 
nent of coronary artery disease has been demonstrated by the 
strong relationship between C-reactive protein and the inci¬ 
dence of acute myocardial infarctions. 6 

Although the characteristics, locations, and severity of 
lesions in each person can vary, a number of established risk 
factors appear to predispose to atherosclerosis. These include 
advanced age, family history, male sex, hypertension, diabetes 
mellitus, dyslipidemia, and cigarette smoking. Recognizing the 
presence of these risk factors can help identify patients at risk 
of coronary atherosclerosis. In addition, some of these risk fac¬ 
tors are modifiable, and simple interventions can reduce their 
risk of future cardiac events. 


Hypertension is strongly associated with the development of 
atherosclerotic heart disease and the risk of death from cardio¬ 
vascular causes. Although the mechanism is uncertain, it has 
been suggested that an increase in shear stress at particular ves¬ 
sel locations may injure the vascular endothelium, predisposing 
to lipid deposition and plaque development. Systolic hyperten¬ 
sion appears to be more predictive than diastolic hypertension, 
particularly in elderly patients. Numerous interventions can 
control hypertension, but the most effective appears to be 
lifestyle modifications including reduction in dietary sodium, 
exercise, and weight loss. Several classes of medications are used 
for blood pressure control, and each is variably efficacious in 
different populations of patients. 7 Unequivocally, reduction in 
elevated systolic blood pressure reduces the risk of death from 
cardiovascular disease, and in particular of atherosclerotic coro¬ 
nary artery disease. 

Patients with diabetes are two to four times more likely to 
have coronary artery disease, and even more so when they are 
insulin dependent and in diabetic women. In addition, patients 
with diabetes and coronary disease have worse outcomes than 
age-matched nondiabetics. Unfortunately, rigorous control of 
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elevated blood glucose concentrations by insulin does not 
appear to affect coronary mortality as well as control of other 
risk factors such as hypertension, dyslipidemia, and smoking 
cessation does. 8 

Dyslipidemia is associated with accelerated coronary artery 
disease. This includes both elevation of total cholesterol levels 
and an imbalance in the ratio of the subcomponents of choles¬ 
terol: high-density lipoprotein (HDL) and low-density lipopro¬ 
tein (LDL). 9 HDL levels appear to be protective, as the total 
HDL level is inversely proportional to the risk for the develop¬ 
ment of coronary artery disease. Conversely, LDL levels are 
directly proportional to cardiovascular risk. Importantly, alter¬ 
ation in total cholesterol and the ratio of HDL to LDL by 
dietary changes, medications, and exercise can reduce the risk 
of cardiovascular events. 10 

Cigarette smoking is one of the most important risk factors 
for coronary artery disease. Carbon monoxide and nicotine 
directly adversely affect endothelial cell function. In addition, 
cigarette smoke can increase LDL levels, reduce HDL levels, 
increase fibrinogen levels, and increase platelet aggregation. 
Regular smokers have a four to five times higher rate of cardio¬ 
vascular death than nonsmokers, and there appears to be a dose 
relationship, with heavier smokers having a higher prevalence 
of coronary disease than lighter smokers. Fortunately, the risk 
of developing coronary artery disease is reduced by 50% after 
1 year of smoking abstinence, and at 10 years the risk is no dif¬ 
ferent from that of those who never smoked. 11 


PATIENT PRESENTATION 


The clinical manifestations of ischemic heart disease result 
from an imbalance of myocardial oxygen supply and consump¬ 
tion. The symptoms and acuity depend on the severity and 
nature of the patient’s occlusive lesions, but also on his or her 
other medical comorbidities. As many as 25% of patients diag¬ 
nosed with coronary artery disease have no clear symptoms. 
The diagnosis is often made based on abnormalities identified 
on screening tests obtained because of the presence of worri¬ 
some risk factors. 

Chronic stable angina is the most frequent complaint of the 
patient with coronary artery disease. At rest, coronary blood 
flow is adequate to meet myocardial demand, and patients are 
without symptoms. However, during exercise or stress, as 
myocardial oxygen demand increases, the autoregulatory 
mechanisms to vasodilate and increase myocardial blood flow 
are constrained. Significant coronary obstructing atheromas 
become flow limiting, resulting in an imbalance of oxygen 
demand and supply. Chest pain develops rapidly and builds up 
quickly, typically described as tightness, squeezing, constrict¬ 
ing, or aching. It is usually midsternal and radiates to the left 
shoulder, arm, jaw, or neck. The classically described Levine 
sign with a clenched fist over the sternum is a common finding. 
Some patients, however, will describe symptoms that are 
collectively referred to as “anginal equivalents.” These include 
dyspnea, diaphoresis, nausea, abdominal pain, heartburn, and 
dizziness or presyncope. Although the differential diagnoses 
of these “atypical” symptoms are broad, they should prompt 
the clinician to think of coronary disease, particularly if risk 
factors predominate. Interestingly, women are more likely to 
describe atypical symptoms, resulting in late or missed diag¬ 
nosis of coronary atherosclerosis. Although the clinical 
manifestations of angina are variable, the pathognomonic fea¬ 
ture of chronic stable angina is that the symptoms occur pre¬ 
dictably with exertion and are always relieved with rest. Symp¬ 
toms of patients with coronary atherosclerosis can be 
categorized according to the Canadian Heart Association 
Classification scheme. Class I patients have no symptoms, 
class II patients have angina with significant exertion, class III 
patients describe angina with mild exertion, and class IV 
patients have angina at rest. 


Acute coronary syndromes (ACSs) refer to a spectrum of 
accelerated coronary occlusive disease states and include 
unstable angina, NSTEMI, and STEMI. Approximately 1 mil¬ 
lion people are hospitalized in the United States each year with 
a diagnosis of ACS. Unstable angina refers to patients with 
chest pain or an anginal equivalent that is new in onset, occurs 
at rest, or occurs with increasing severity and frequency from 
their baseline chronic stable symptoms, also referred to as 
crescendo angina. Patients who develop an NSTEMI have evi¬ 
dence of myocardial injury with elevated blood levels of 
myocardial enzymes (troponin and the MB fraction of creatine 
kinase). Unstable angina and NSTEMI are important prognos¬ 
tic indicators, as 10% of patients will die of cardiovascular 
causes within 6 months. 

STEMI represents the consequences of large epicardial ves¬ 
sel occlusion, typically associated with plaque rupture. Patients 
describe a severe retrosternal pain that persists for at least 
30 minutes, but usually for several hours. The pain is fre¬ 
quently characterized as crushing, squeezing, or boring, and 
can radiate down the left arm or into the jaw. Patients with 
previous chronic stable angina will report that the current pain 
is similar to but more intense than their baseline symptoms and 
has not resolved with rest or nitroglycerine. However, many 
patients that present with an STEMI never had chronic stable 
angina. Patients will often describe additional symptoms such 
as diaphoresis, nausea, dizziness, and epigastric pain. In emer¬ 
gency departments, the pain is often mistaken for gastroenteri¬ 
tis or indigestion, particularly in women. Often in elderly 
patients and those with diabetes, chest pain may not be present 
at all, and the only symptom associated with STEMI is heart 
failure from progressive loss of myocardial contractile func¬ 
tion. Although improvements in health systems have drastically 
increased survival from myocardial infarction, mortality for 
STEMI remains near 10%. 


COMPLICATIONS OF ACUTE 
MYOCARDIAL INFARCTIONS 


STEMIs can create widespread myocyte necrosis, often result¬ 
ing in catastrophic complications that require urgent interven¬ 
tion. Anticipation and early diagnosis can improve outcomes. 
These complications include cardiogenic shock, postinfarct 
ventricular septal defect, free wall rupture, and acute mitral 
valve regurgitation (Table 83.1). 


Cardiogenic Shock 

Cardiogenic shock is a state in which cardiac output is insuffi¬ 
cient to meet metabolic demands, despite adequate intravascu¬ 
lar filling pressures. Between 5% and 10% of patients with 
acute myocardial infarctions develop cardiogenic shock. A 
large proportion of these patients progress to shock not upon 
arrival, but more than 24 hours after initial presentation. 12 
Overall mortality is approximately 60%, with very little 
improvement over recent decades. Treatments include fluids 
and inotropic agents to optimize myocardial contraction. 
Insertion of an intra-aortic balloon counterpulsation pump 
(IABP) can improve coronary perfusion by diastolic augmen¬ 
tation of perfusion pressure. This can have a profound impact 
by improving contractile function of peri-infarct territories. 
Although there is significant afterload reduction afforded by 
the IABP, cardiac output typically increases by only 15% to 
20%. Emergent salvage revascularization can reduce mortal¬ 
ity, with sustained benefits seen over long-term follow-up. 13 
When shock persists despite using these aggressive strategies, 
consideration must be made regarding the patient’s candidacy 
for mechanical circulatory support using ventricular assist 
devices or extracorporeal membrane oxygenation. 14 While 
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ITABLE 83.1 i 

COMPLICATIONS OF ACUTE MYOCARDIAL INFARCTIONS 

■ COMPLICATION 

■ DIAGNOSIS 

■ TREATMENT 

Cardiogenic shock 

Echocardiography, pulmonary 
artery catheter 

Inotropes, intra-aortic balloon 
pump, VAD 

Ventricular septal defect 

Echocardiography, cardiac 
catheterization 

Surgical ventricular septal 
defect repair 

Papillary muscle rupture 

Echocardiography 

Surgical valve replacement 

Ventricular free wall rupture 

Echocardiography, 

ventriculography 

Emergent repair of ventricular 
defect 


these options may only be available in selected regional med¬ 
ical centers, durable long-term survival can be obtained in a 
highly selected patient population. 15 


Postinfarction Ventricular Septal Defect 

A postinfarction ventricular septal defect (VSD) is an infre¬ 
quent complication occurring after fewer than 1% of acute 
myocardial infarctions. The infarct is most commonly in the 
LAD territory, with the defect in the distal septum. Alterna¬ 
tively, a postinfarct VSD can form from acute right coronary 
occlusion, with the infarct predominantly in the posterobasilar 
septum. They typically present 5 to 10 days following initial 
presentation, but can occur earlier, particularly if late throm¬ 
bolytic therapy was administered. The diagnosis should be 
considered in a patient in whom cardiogenic shock with 
refractory hypotension and pulmonary edema develops sud¬ 
denly following a myocardial infarction. On physical exami¬ 
nation, an unmistakable holosystolic murmur can be heard 
over the entire precordium. The diagnosis is confirmed with 
echocardiography using Doppler techniques to demonstrate 
flow across the interventricular septum. Right heart catheteri¬ 
zation will reveal a step-up in oxygen saturation from the right 
atrium to the pulmonary artery. Medical therapy involves 
stabilization to optimize cardiac output and end-organ perfu¬ 
sion. Refractory hypotension is typical, excluding the use of 
afterload reducing agents. Intra-aortic balloon counterpulsa¬ 
tion can occasionally be helpful for afterload reduction and to 
optimize coronary perfusion. Emergent surgical intervention is 
required if there is any hope of survival. Infarcted muscle is 
debrided, and the defect is typically closed using prosthetic 
material. For surgical candidates, survival rates of approxi¬ 
mately 50% can be expected. 16 


Papillary Muscle Rupture 

Severe regurgitation of the mitral valve can occur after acute 
myocardial infarctions, with a frequency of less than 1%. The 
mechanism is related to infarction of the tip or trunk of one of 
the papillary muscles, with resultant disruption of the mitral 
subvalvar apparatus and failed leaflet coaptation. Posteroinfe- 
rior Mis lead to this complication two to three times more fre¬ 
quently than anterior infarctions, presumably because there is 
more collateral blood flow to the anterolateral papillary mus¬ 
cle compared to the posteriomedial. While chronic mitral 
regurgitation can be well tolerated through adaptive changes 
in the left atrium and pulmonary vascular bed, severe acute 
mitral regurgitation results in immediate heart failure, as the 
small left atrium offers little compliance for the massive vol¬ 
ume overload. Papillary muscle rupture develops typically 
between the third and fifth days following myocardial infarc¬ 


tion, when infarcted myocardium is at its weakest. However, it 
can present within the first 24 hours. Patients will describe 
acute-onset dyspnea, pulmonary edema, and possibly signs of 
cardiogenic shock. The diagnosis should be suspected in any 
patient after myocardial infarction with a new holosystolic 
murmur heard at the apex, associated with dyspnea and 
hypotension. Bedside surface echocardiography typically 
demonstrates the mitral regurgitation, and the flail leaflet may 
be seen. For more definitive imaging, transesophageal echocar¬ 
diography (TEE) can be performed. Not only will the mitral 
valve pathology be clearly seen, but also alternative diagnoses 
such as a postinfarct VSD can be excluded. In addition to the 
treatments typically employed for myocardial infarctions, 
immediate medical therapy of ruptured papillary muscles 
involves afterload reduction when tolerated, with infusions of 
nitroglycerine or nitroprusside. If cardiac output cannot be 
maintained, intra-aortic balloon counterpulsation can be help¬ 
ful. Definitive therapy involves prompt surgical correction. 
Although mortality rates are generally high, there are no sur¬ 
vivors without surgical correction. 17 If coronary angiography 
demonstrated occlusive epicardial lesions in territories other 
than the acute infarction, simultaneous coronary bypass graft¬ 
ing can be performed. Under most circumstances, the diseased 
mitral valve is excised and replaced. Because the ventricular 
cavity is typically small, the valve is usually replaced with a 
low-profile mechanical prosthesis to avoid left ventricular out¬ 
flow obstruction from the protruding struts of stented bio- 
prosthetic valves. 


Ventricular Free Wall Rupture 

Ventricular free wall rupture after myocardial infarction is infre¬ 
quently encountered clinically, likely because of the exceedingly 
high mortality. The actual incidence is unknown, but may rep¬ 
resent up to 30% of all deaths after acute myocardial infarc¬ 
tions. Like postinfarct VSD and papillary muscle ruptures, they 
tend to occur between the third and sixth days after infarction, 
when the myocardium is at its weakest. Free wall ruptures can 
present in essentially one of two ways: (a) a simple full-thickness 
tear with catastrophic hemorrhage and death from tamponade 
or (b) a complex serpiginous tear, partially contained. The latter 
is more likely to require surgical intervention, often presenting 
weeks from the initial infarction with symptoms of delayed car¬ 
diac tamponade. In rare cases, it is completely contained and 
may go unrecognized until a pseudoaneurysm develops, which 
is often diagnosed at a later date. Patients with free wall rupture 
will typically present with cardiogenic shock and may have fea¬ 
tures suggesting tamponade. Echocardiography will demon¬ 
strate a large pericardial effusion, frequently with echo-dense 
clot or ventricular wall defects. Urgent surgical intervention is 
required, often without coronary angiography or other time- 
consuming diagnostic tests. Once the pericardium is opened and 
cardiac tamponade is relieved, hemodynamic stability is often 
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FIGURE 83.3. The electrocardiogram in an acute myocardial infarction. 


achieved. The site of hemorrhage is identified by the necrotic- 
appearing myocardium and adherent thrombus. The defect can 
be closed with large mattress sutures reinforced with Teflon felt 
strips. Care must be taken while tying the suture, as the necrotic 
muscle is weak and friable. Some have advocated covering the 
defect with a large Teflon felt patch using biologic adhesives, 
avoiding sutures altogether. 18 Whatever the technique, out¬ 
comes are likely determined by the hemodynamic status of the 
patient prior to arrival in the operating room and the quality of 
the remaining viable myocardium. 


DIAGNOSIS 


The initial diagnostic tool for patients presenting with chest 
pain is the resting electrocardiogram (ECG). Although the 
majority of patients with chronic stable angina will have a nor¬ 
mal ECG pattern, evidence of previous myocardial infarctions 
may be identified, either with the presence of Q waves or con¬ 
duction abnormalities. Patients with an acute myocardial 
infarction may demonstrate ST-segment elevation (Fig. 83.3), 


prompting urgent intervention. Occasionally, more subtle ECG 
findings may provide clues that the chest pain is ischemic in eti¬ 
ology. Although nonspecific, these changes may include mild 
ST-segment depression or T-wave inversions. 

During a myocardial infarction, the dying myocytes release 
enzymes specific to cardiac muscle into the bloodstream. These 
enzymes can be detected from laboratory analysis and are 
pathognomonic of myocardial infarction. The MB fraction of 
creatine kinase is cardiac specific and rises within 8 to 24 hours 
of infarction and returns to baseline within 2 days. Cardiac 
troponin has even greater specificity and serum levels rise 
faster than creatine kinase, improving both the speed and 
accuracy in the laboratory diagnosis of an acute myocardial 
infarction in the absence of clear ECG changes. 19 

For asymptomatic patients, or those with chronic stable 
angina, the most widely used diagnostic test to evaluate for 
coronary artery disease is exercise electrocardiography, or a 
“stress test.” Using standardized protocols, patients are exer¬ 
cised on a treadmill while the 12-lead ECG is continuously 
recorded. Alternatively, for those patients unable to walk, a 
bicycle ergometer may be used. Testing is continued until 
patient symptoms are noted or until the development of signifi¬ 
cant downward-sloping ST-segment depression, suggesting 
myocardial ischemia (Fig. 83.4). The diagnostic accuracy of 
exercise stress ECG testing can be enhanced with myocardial 
perfusion imaging. Several radioactive tracers are used clini¬ 
cally, the most frequent of which is thallium-201. Because of its 
similarities to potassium ions, it is taken up preferentially by 
viable cardiac myocytes. Its distribution within the myocardium 
is proportional to the rate of perfusion. During stress, regions of 
underperfused myocardium will take up less thallium, resulting 
in a visible defect. Following a period of rest and reperfusion, 
thallium uptake normalizes, demonstrating a “reversible 
defect. ” 

In some cases, patients are unable to exercise because of 
additional physical or psychological limitations. Pharmaco¬ 
logic agents can substitute for exercise by increasing myocar¬ 
dial oxygen demand (dobutamine) or by directly vasodilating 
coronary arteries (adenosine or dipyridamole), thus demon¬ 
strating regions with fixed restrictions in myocardial blood 
flow. Echocardiography can be used as an alternative to nuclear 
perfusion imaging to improve the accuracy of exercise ECG 
testing. Regional changes in wall motion will be observed dur¬ 
ing myocardial ischemia, followed by restoration of normal 
myocardial contraction after rest or discontinuation of dobuta¬ 
mine. Echocardiography can also identify valvular abnormali¬ 
ties or other conditions that may influence treatment choices. 

Coronary angiography, also known as cardiac catheteriza¬ 
tion, is the definitive tool for diagnosing coronary atherosclerotic 


FIGURE 83.4. Electrocardiogram during an exer¬ 
cise test showing precordial leads V 1 through V 6 . 
A: During exercise, depression of the ST segment 
and ischemia are seen in leads V 4 through V 6 . 
B: These resolve after exercise is stopped. 
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disease. Indications include symptomatic patients with typical 
angina refractory to medical treatments, patients with signifi¬ 
cant ischemia on exercise or pharmacologic stress testing, 
patients with an STEMI, or patients with an NSTEMI and per¬ 
sistent pain despite medical treatment. Patients with valvular 
heart disease who are scheduled to undergo surgical correction 
should also undergo coronary angiography to identify coexist¬ 
ing coronary occlusions, which can be addressed at the time of 
the valve surgery. After percutaneous access is obtained in the 
femoral, brachial, or radial arteries, preformed catheters of 
varying sizes are advanced fluoroscopically to selectively engage 
the ostia of the left and right coronary arteries. Radio-opaque 
contrast is injected with imaging of the opacified coronary 
artery. Standardized views are obtained of both the right and 
left coronary systems to provide different projections to clearly 
define the vascular anatomy and to quantify the severity of 
occlusive lesions (Fig. 83.5). Automated computer analysis sys¬ 
tems can calculate area reduction, improving interobserver 


consistency. Additionally, catheters can be inserted across the 
aortic valve into the left ventricular cavity, providing informa¬ 
tion about ventricular pressure throughout the cardiac cycle. 
Contrast injection for ventriculography can illustrate ventricu¬ 
lar systolic function, cavity size, and the presence of left-sided 
valvular abnormalities. New microtipped pressure sensors can 
be advanced across coronary lesions and document a clinically 
significant drop in perfusion pressure, either at rest or after 
provocation with vasodilating agents. 20 In addition, intravas¬ 
cular ultrasound imaging sensors can now be loaded onto tiny 
catheters and advanced into the left main coronary artery, help¬ 
ing to clarify the significance of lesions that may appear equiv¬ 
ocal in severity on standard angiography. 21 

Newer imaging techniques using high-resolution multislice 
computed tomography (CT) scanning with three-dimensional 
reconstruction and magnetic resonance imaging are increasingly 
being utilized. These noninvasive approaches have the potential 
to improve the safety and convenience of coronary imaging; 




FIGURE 83.5. Coronary angiography. A: Left anterior oblique view 
of the left coronary artery. B: Right anterior oblique view of the left 
coronary artery. C: Left anterior oblique view of the right coronary 
artery. (Images courtesy of Brahmajee Nallamothu.) 
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however, resolution remains inferior to standard coronary 
angiography. These techniques are often used as screening tests 
and are frequently followed up with traditional angiography. 22 


MEDICAL TREATMENT 

^ Medical therapy of coronary artery disease is designed to slow 
the rate of progression of coronary artery atherosclerosis, to 
reduce the rate of complications from these lesions, and to con¬ 
trol symptoms. Treatments are aimed at slowing plaque growth, 
reducing risk of plaque rupture, and reducing myocardial oxy¬ 
gen consumption. While advances in pharmacologic agents 
have improved the treatment of atherosclerosis and reduced 
mortality, lifestyle modification remains the most important 
intervention and the most difficult to achieve. These lifestyle 
modifications include cessation of cigarette smoking, weight 
loss, dietary control of diabetes, salt restriction, reduction in the 
consumption of foods high in cholesterol and fat, and exercise. 

Medical therapy begins with controlling risk factors that 
contribute to formation and destabilization of the atheroscle¬ 
rotic plaque. Medical treatment alone is often satisfactory for 
many patients with coronary artery disease affecting only one or 
two epicardial vessel territories. Statins can decrease cholesterol 
levels and improve the ratio of low- to high-density lipoproteins 
and have been demonstrated to reduce rates of myocardial 
infarction and death. 23 Statins also appear to reduce 
macrophage accumulation within atheromatous plaques, 
matrix metalloprotease activity, and collagen degradation. 
Angiotensin-converting enzyme (ACE) inhibitors have been 
shown to reduce mortality and myocardial infarction in patients 
with coronary artery disease. 24 Aspirin inhibits cyclooxygenase- 
1 (COX-1) activity and thromboxane production, irreversibly 
inhibiting platelet aggregation by inhibiting platelet activity, and 
should be prescribed to all patients unless significant con¬ 
traindications exist. Aspirin has been shown to reduce death 
and myocardial infarctions in patients with significant coronary 
artery disease. By binding the catecholamine-mediated B1 
receptor on cardiac myocytes, beta-blocking agents reduce 
myocardial oxygen consumption by reducing heart rate and 
contractility, and increase perfusion by extending diastolic per¬ 
fusion time. Beta-blockers are effective at controlling angina 26 
and, in selected patients, reduce cardiovascular mortality. 27 
Nitrates also reduce myocardial oxygen demand by decreasing 
cardiac preload via venodilation and by reducing afterload via 
arterial vasodilation. Some epicardial coronary vasodilation 
will occur, improving coronary blood flow. Nitrates can be 
given sublingually for immediate relief or as an oral long-acting 
agent for continuous control of symptoms. Headaches and tol¬ 
erance are notable side effects. For patients who have refractory 
angina despite all revascularization and traditional medical 
options, a newer agent, ranolazine, has recently been 
introduced. It alters cardiac myocyte membrane ion channel 
permeability and can relieve angina with few side effects. 28 

A patient admitted to the hospital with a diagnosis of acute 
myocardial infarction or possible acute coronary syndrome 
should be placed in an environment with continuous ECG mon¬ 
itoring and the capacity to perform emergent defibrillation, 
since these patients are at risk of life-threatening malignant ven¬ 
tricular arrhythmias. Patients with evidence of ST-segment eleva¬ 
tion should undergo emergent cardiac catheterization when pos¬ 
sible, as will be discussed later. For those patients in which the 
ECG is normal but an acute coronary syndrome is suspected, a 
stress test should be performed expeditiously to identify their 
risk for future coronary events and to identify patients in need of 
urgent cardiac catheterization. 

Unless there is a strong contraindication, aspirin should be 
administered immediately, ideally chewed to increase the rate 
of bioavailability. Typically, aspirin is given by emergency 
transport personnel. Patients may be instructed by 911 opera¬ 
tors to take aspirin if they describe chest pain. Institution of 


oxygen therapy is important to maximizing oxygen delivery, 
particularly for patients in whom hypoxemic respiratory dys¬ 
function is also present. Intravenous nitroglycerine as a con¬ 
tinuous infusion is typically effective at controlling symptoms 
of pain, which is essential in reducing unnecessary myocardial 
strain. Small randomized trials have suggested that nitroglyc¬ 
erine can reduce hospital mortality, although this has not been 
validated in larger trials. 29 When necessary, narcotics should 
be added, as unrelenting pain not only increases myocardial 
oxygen consumption, but also may contribute to plaque insta¬ 
bility. Beta-blocking agents can reduce myocardial oxygen con¬ 
sumption but can also exacerbate heart failure, particularly in 
the setting of severely decreased systolic ventricular function. 
They should be considered cautiously in hemodynamically sta¬ 
ble patients. ACE inhibitors reduce mortality after acute 
myocardial infarctions, particularly those with decreased ven¬ 
tricular function. 30 Benefits are not just restricted to the after¬ 
load reduction effects. Some evidence suggests they have a role 
in alteration of the myocardial intercellular matrix and scar 
formation. 31 

Anticoagulation is among the most important interventions 
in patients presenting with an acute myocardial infarction. In 
recent years, patients with myocardial infarctions were placed on 
newer antiplatelet glycoprotein (Gp) Ilb/IIIa inhibitors, which 
affect adenosine diphosphate (ADP)-mediated platelet adhesion. 
Thienopyridines are a newer class of antiplatelet agents that act 
by binding to the ADP receptors on the platelet surface and 
inhibiting the GpIIb/IIIa pathway. Specific agents include clopi- 
dogrel (Plavix) and ticlopidine (Ticlid). There is strong evidence 
that the addition of clopidogrel to aspirin reduces death, 
myocardial infarction, and stroke in the setting of ACS. 32 Clopi¬ 
dogrel is irreversible and has a long half-life, resulting in bleeding 
complications, particularly if surgery is required. Surgical inter¬ 
vention should ideally be delayed for 3 to 5 days. 33 Abciximab 
(ReoPro) is a murine antibody that binds directly to the 
GpIIb/IIIa receptor on platelet surfaces, preventing fibrinogen 
binding and activation. The half-life is short, and platelet activity 
generally returns to normal within 24 hours. Eptifibatide (Inte- 
grilin) is a synthetic antagonist of the GpIIa/IIIb receptor and has 
a half-life of 3 to 4 hours. The benefit of these agents in patients 
with ACS treated medically is unclear, but they have become rou¬ 
tine in the setting of percutaneous treatment of coronary 
stenoses. Unless contraindications exist, inhibition of the coagu¬ 
lation cascade is also recommended for patients with acute 
myocardial infarctions. Although standard unfractionated 
heparin has been used for many years, newer low-molecular- 
weight agents and direct Xa inhibitors may have advantages and 
are used with increasing frequency. 34,35 

With STEMI, significant myocardium is at risk, potentially 
resulting in either cardiogenic shock or ventricular arrhyth¬ 
mias. Emergency recanalization of acutely occluded vessels 
can salvage cardiac function and save lives. Various fibrinolytic 
drugs, which convert plasminogen to plasmin, can be given 
emergently and restore flow in vessels obstructed by acute 
thrombus. A number of clinical trials were performed in the 
1980s using streptokinase and demonstrated reduced survival 
when it was given within 12 hours. 36 Newer agents are now 
available including tissue plasminogen inhibitor (tPA) and 
reteplase, which are faster in onset and may further improve 
outcomes, although they are more costly. 

The main drawbacks of fibrinolytic therapy are bleeding 
complications and failure of recanalization. Systemic intra¬ 
venous thrombolytic therapy unquestionably decreases mor¬ 
bidity and mortality after MI and continues to be used in 40% 
to 50% of eligible patients. The earlier the treatment, the 
greater the impact, with the greatest benefit accruing in patients 
treated within 1 to 2 hours after the onset of symptoms. 

In 1977, Dr. Andreas Gruentzig performed the first percu¬ 
taneous intervention with balloon angioplasty on a stenotic 
lesion in the LAD. This pioneer laid the foundation for a revo¬ 
lution in the treatment of coronary artery disease worldwide. 
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Percutaneous treatment of acute STEMI is now standard prac¬ 
tice in centers in which this therapy is available, with outcomes 
that are superior to pharmacologic reperfusion. 37 Although 
percutaneous intervention may be better than fibrinolysis, the 
treatment requires numerous experienced personnel and 
highly technologic equipment, which is not always available in 
every facility. Complex interhospital and intrahospital systems 
are now in place to improve the efficiency and application of 
this treatment strategy, and guidelines have defined minimum 
“door to balloon” times to salvage myocardium at risk. 38 


PERCUTANEOUS CORONARY 
_ INTERVENTIONS _ 

Q Since the inception of percutaneous transcoronary balloon 
angioplasty (PTCA), catheter-directed treatment of coronary 


Lesion 

\ 


A 



artery disease has evolved into one of the most commonly per¬ 
formed procedures worldwide. Advances in technology have 
improved outcomes and expanded the indications, particularly 
for the acutely ischemic heart. Using the same techniques 
described for cardiac catheterization, small, highly flexible and 
steerable guide wires can be advanced through the lumen of epi- 
cardial coronary arteries. Over this guide wire, balloon-tipped 
catheters can be advanced and centered across discrete stenotic 
lesions and inflated to 4 to 10 atmospheric pressures, stretching 
and dilating the affected vessel (Fig. 83.6). Typically, the vessel 
tears or cracks at the junction of the plaque and the normal 
vessel wall. Acute thrombosis or coronary dissection could 
result in immediate closure of the vessel, often necessitating 
emergent surgical coronary bypass grafting in approximately 
5% of cases. Restenosis is common, occurring in nearly 40% 
to 50% of patients, either from mechanical elastic recoil or 
progressive neointimal hyperplasia. 



FIGURE 83.6. Percutaneous coronary intervention. A: A stenotic 
midright coronary artery lesion. B: Balloon angioplasty. C: Postinter¬ 
vention result. (Images courtesy of Brahmajee Nallamothu.) 
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The addition of stents, nitinol scaffolding devices, has 
nearly eliminated acute vessel occlusion, and the need for sal¬ 
vage surgical revascularization is below 1%. In addition, stents 
have greatly reduced restenosis rates down to nearly 20% and 
are used in nearly 90% of percutaneous procedures in the 
United States. The stents are delivered crimped onto a deflated 
balloon. With balloon inflation, the stent expands, restoring 
the vessel lumen to its anatomic dimensions. The stent prevents 
elastic recoil and coronary dissection, improving immediate 
outcomes, but the problem of neointimal hyperplasia remains, 
resulting in the persistent rates of restenosis. Stents have been 
improved even further by impregnating antiproliferative drugs 
onto the scaffolds. Sirolimus and paclitaxel are immunosup¬ 
pressants that act by different mechanisms. Paclitaxel is a mitotic 
inhibitor, which retards microtubule breakdown. Sirolimus binds 
intracellularly to FK-binding protein and inhibits interleukin-2 
(IL-2) production via the target of rapamycin pathway. Both 
sirolimus- and paclitaxel-eluting stents have further reduced 
the rate of target vessel restenosis and the need for repeat inter¬ 
ventions. 39 However, reports of late stent thrombosis have 
raised concerns, and indefinite use of antiplatelet regimens has 
been recommended. 40 


CORONARY BYPASS GRAFTING 


Indications 


Coronary artery bypass grafting (CABG) is one of the most 
common and most studied surgical procedures performed in 
the United States. As one might expect, CABG consumes more 
resources than any other single cardiovascular procedure. 
Dozens of multicenter, prospective, randomized trials have 
been performed comparing the surgical treatment of coronary 
artery disease to both medical and percutaneous options. Some 
of these landmark studies will be discussed in detail later in the 
chapter, as proper understanding of these trials is important in 
determining appropriate treatment strategies for individual 
patients. In summary, these studies consistently demonstrate 
that CABG continues to be the best revascularization strategy, 
reducing rate of both myocardial infarctions and the need for 
repeat revascularization in patients with a broad degree of 
occlusive disease. A task force made up of numerous medical 
societies including the American College of Cardiology, the 
American Heart Association, the Society of Thoracic Surgeons, 
and the American Association of Thoracic Surgeons recently 


published guidelines on the indications for coronary artery 
revascularization and made recommendations regarding the 
mode of revascularization. 41 The group considered a number of 
variables, including clinical symptoms and mode of presenta¬ 
tion, the degree of ischemia determined by noninvasive imag¬ 
ing, and the severity of coronary disease based on angiographic 
imaging. In summary, patients are more likely to benefit from 
surgical revascularization if they have worse symptoms, more 
severe myocardial ischemia, and more extensive coronary 
artery occlusions. The recommendations are summarized in 
Figure 83.7, where recommendations are categorized as 
“appropriate,” “uncertain,” and “inappropriate.” Interest¬ 
ingly, these guidelines have not changed markedly over the last 
several decades, despite vast improvements in both medical 
treatment and percutaneous technology. Today, CABG remains 
the best mode of cardiac revascularization in symptomatic 
patients. 


Standard Technique 

The basic principles in coronary bypass grafting are to restore nor¬ 
mal unimpeded perfusion of ischemic myocardial territories by 
providing alternative routes for blood flow. Previous approaches 
to surgically revascularize the myocardium included creation of 
intramyocardial tunnels and arterialization of the coronary sinus. 
However, it was the aortocoronary bypass pioneered by a surgeon 
named Rene Favaloro at the Cleveland Clinic in the late 1960s 
that revolutionized the treatment of coronary atherosclerosis. 
The technique has evolved considerably over the decades, and 
there remains significant variability in how this complex proce¬ 
dure is conducted even today. 

The heart is typically exposed via a median sternotomy. This 
incision allows exposure of the anterior surface of the heart, as 
well as the great vessels, for initiation of cardiopulmonary 
bypass. Except for the severely hypertrophic heart, the entire 
epicardial surface can be exposed with manipulation and trac¬ 
tion on the left ventricle. Alternatively, a left lateral thoraco¬ 
tomy can be used. This limits visualization to the obtuse mar¬ 
gin of the heart but can be advantageous, particularly if the 
patient has previously had a median sternotomy with dense 
adhesions hazarding catastrophic injury during sternal reentry. 
Another alternative has been a limited left anterior thoraco¬ 
tomy, which exposes only a small portion of the anterior wall 
of the left ventricle, usually limited to revascularization of the 
LAD. This approach will be discussed later in the section 
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FIGURE 83.7. 2009 consensus recommendations regarding coronary artery revascularization. A, appropriate; CABG, coronary artery bypass 
grafting; I, inappropriate; LAD, left anterior descending; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; U, 
uncertain. (Reproduced with permission from Patel MR, Dehmer GJ, Hirshfeld JW, et al. ACCF/SCAI/STS/AATS/AHA/ASNC 2009 appropri¬ 
ateness criteria for coronary revascularization. Circulation 2009;119:1330-1353.) 
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describing minimally invasive approaches to surgical revascu¬ 
larization. 

The key to constructing a durable and reproducible anasto¬ 
mosis to small diseased epicardial vessels is creation of a quiet 
and bloodless surgical field. The advent of cardiopulmonary 
bypass (CPB) using extracorporeal circulation along with 
cardiac standstill using cardioplegia has allowed precisely this 
environment. The epicardial vessels are motionless and can be 
brought directly into the surgical field. Epicardial blood flow is 
eliminated, allowing direct visualization of the lumen without 
arterial control, avoiding potential clamp or snare injury to the 
fragile vessels. 

After anticoagulation with 300 IU/kg of heparin is confirmed 
with an activated clotting time (ACT), the patient is cannulated 
in the distal ascending aorta. Patients may have significant ath¬ 
erosclerotic disease, and the cannulation site should be carefully 
inspected for mobile lesions using transesophageal echocardiog¬ 
raphy and manual palpation. Some centers advocate epiaortic 
ultrasonic imaging for more accurate visualization. After inser¬ 
tion, the cannula is manually deaired and connected to the arte¬ 
rial limb of the CPB circuit (Fig. 83.8). Venous drainage is 
accomplished with a cannula in the right atrium, typically in the 
atrial appendage. Bleeding from the cannulation sites is con¬ 
trolled by pursestring sutures around the cannulas. Bypass is ini¬ 
tiated by venous drainage into a reservoir, emptying the heart of 
venous return. Blood is pumped into a membrane oxygenator 
and returned into the aortic cannula, typically at a blood flow 
rate of 2.4 L/min per m 2 of body surface area. With full flow, 
ventilation of the patient can be discontinued, further improv¬ 


ing visualization and minimizing motion in the surgical field. 
The extracorporeal blood is cooled, creating mild hypothermia, 
varying from 28°C to 32°C. Systemic cooling minimizes end- 
organ injury from relative hypotension or hypoperfusion from 
nonpulsatile blood flow. 

After adequate cardiopulmonary bypass is confirmed, the 
heart is arrested by applying a clamp across the midascending 
aorta, proximal to the aortic cannulation site. This clamp iso¬ 
lates the native coronary vessels from the remainder of the sys¬ 
temic circulation. Cardioplegia is then delivered to the 
myocardium via a needle or catheter in the aortic root. There 
are a variety of cardioplegia solutions commercially available, 
but the most important components are dilute blood, cold tem¬ 
perature (8°C to 15°C), potassium at 15 to 30 mM/L, citrate for 
calcium binding, dextrose for myocardial substrate, and pH 
buffers. The cold temperature and potassium maintain the heart 
in diastolic arrest, reducing myocardial oxygen consumption. 
Cardioplegia is typically delivered intermittently, approximately 
every 15 to 20 minutes, to provide adequate oxygen and nutri¬ 
ent delivery and to minimize myocardial activity. Additionally, 
some surgeons utilize cardioplegia delivered in a retrograde 
fashion via a specially designed balloon-tipped catheter inserted 
into the coronary sinus. Protocols relying entirely upon 
antegrade delivery of cardioplegia hazard incomplete myocar¬ 
dial protection, particularly in territories of severe coronary 
artery stenosis or total occlusions. In addition, an incompetent 
aortic valve will limit cardioplegia delivery down the coronar¬ 
ies, and leaking into the left ventricle will result in significant 
ventricular distention. Furthermore, antegrade cardioplegia 
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FIGURE 83.8. Instrumentation for cardiopul¬ 
monary bypass. 
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can be delivered under supraphysiologic pressures from the 
extracorporeal mechanical blood pumps. This can result in epi- 
cardial vessel injury and embolization of atheromatous debris, 
particularly in the reoperative setting in which old vein grafts 
often contain mobile and highly friable lesions. The use of ret¬ 
rograde cardioplegia can overcome these limitations, and some 
evidence suggests outcomes can be improved. 

Conduits used for coronary bypass grafting are variable. 
The oldest and most frequently chosen conduit is the greater 
saphenous vein because of its availability, accessibility, reason¬ 
able size match, the facility with which vascular anastomoses 
can be created, and the avoidance of morbidity in harvesting 
the vein. The adequacy and size of the vein can be assessed pre- 
operatively using ultrasound techniques. Generally, a conduit 
of 2 to 4 mm in diameter is considered suitable. Alternative 
veins, such as the lesser saphenous vein and cephalic vein, are 
infrequently used for coronary bypass grafting because patency 
rates have been reported to be low. The greater saphenous vein 
can be exposed with a single long incision, beginning at the 
ankle, midway between the medial malleolus and the anterior 
tibial tendon. It is important to handle the vein gently and 
avoid electrocautery directly on the vein to minimize traumatic 
or thermal injury to the endothelial cells. The side branches are 
carefully ligated, and the vein is preserved in a solution of cold 
heparinized blood, often with vasodilating agents such as 
papaverine and nitroglycerine. If dissection is minimized and 
hemostasis is meticulously ensured, the incidence of infection 
and wound healing complications is generally low. Patients will 
complain of pain along the length of the incision, but this typi¬ 
cally resolves after several weeks. 

In more recent years, minimally invasive approaches using 
endoscopic techniques can harvest the entire length of the 
greater saphenous vein with three small incisions. After expo¬ 
sure of the vessel at the knee, a blunt dissector is used to create 
a tissue plane, which is then expanded with C0 2 insufflation. 
Direct visualization with magnifying endoscopic lenses allows 
identification and ligation of side branches (Fig. 83.9). The dis¬ 
section proceeds both proximally and distally, until the vein has 
been fully mobilized. Small stab incisions allow ligation at the 
groin and the ankle, and extraction of the vein from the initial 
incision. This technique has reduced pain, has improved 
patient satisfaction, and appears to reduce hospital readmis¬ 
sion from wound healing complications. However, the tech¬ 
nique is more time consuming, which can be aggravating for 
the impatient surgeon. In addition, the disposable equipment is 


expensive, increasing the costs by approximately $500 to 
$1,000, depending on the manufacturer and negotiated con¬ 
tract pricing. More importantly, a recent nonrandomized 
report described the use of endoscopic vein harvesting as an 
independent predictor of vein graft occlusion, hospital read¬ 
mission for major cardiac adverse event, and mortality, as com¬ 
pared to open saphenous vein harvesting techniques. 42 This 
study was in contrast to the previous smaller randomized trials 
but raises concerns about the use of this strategy. Proponents of 
endoscopic vein harvesting argue that the observational trial 
did not describe the operator’s previous experience using mini¬ 
mally invasive harvesting and suggest that many centers 
remained on the early part of their learning curve. In addition, 
newer technology now allows for safer delivery of bipolar elec¬ 
trocautery, minimizing the potential for heat transmission and 
endothelial injury. In addition, many centers are now adminis¬ 
tering low doses of heparin before initiating the dissection to 
reduce the likelihood of in situ thrombus during manipulation 
of the vein. It is likely that the debate regarding minimally inva¬ 
sive saphenous vein harvesting will continue in the near future. 

Arterial conduits for coronary bypass grafting have been 
increasingly utilized because of early neointimal hyperplasia 
and late accelerated atherosclerosis seen in saphenous vein 
J grafts. The most important of these arterial conduits is the left 
internal mammary artery, which originates from the left sub¬ 
clavian artery and descends caudally behind the chest wall, 
just lateral to the sternal edge. It gives off intercostal branches 
until it terminates distally as the bifurcation into the superior 
epigastric and musculophrenic arteries. The artery is typically 
mobilized as a pedicle, left intact at its origin from the subcla¬ 
vian artery. After completion of the median sternotomy, the 
left hemisternum is retracted anteriorly using an elevating self- 
retaining retractor (Fig. 83.10). Under direct visualization, the 
mammary artery, its accompanying paired veins, and a small 
swath of chest-wall soft tissue are gently separated from the 
remaining chest wall. Intercostal branches are controlled with 
clips and divided sharply or with cautery. The dissection pro¬ 
ceeds proximally to the subclavian vein and distally to the ter¬ 
minal bifurcation of the internal mammary. A helpful marker 
identifying the distal extent of the dissection is the appearance 
of muscular transverse thoracic fibers. Caution must be taken 
during the proximal extent of the dissection, as the phrenic 
nerve traverses close posteriorly to the origin of the left inter¬ 
nal mammary artery. Once fully mobilized, the internal mam¬ 
mary is divided at the distal bifurcation after heparinization 



FIGURE 83.9. Endoscopic vein harvesting. A: Endoscope is inserted 
through a small incision in the knee. B: Excellent visualization of the 
saphenous vein with ample working space. (Images courtesy of Maquet.) 
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FIGURE 83.10. Elevation of the left hemisternum for visualization of 
the left internal mammary artery. 


and soaked in a solution of vasodilating agents to overcome 
spasm from manipulation. 

Other arterial conduits are also increasingly utilized, such as 
the right internal mammary artery, the radial artery, the gas¬ 
troepiploic artery, and the inferior epigastric artery. The internal 
mammary artery tends to be spared of atherosclerotic disease, 
and its patency rates are excellent many years following 
bypass surgery. As such, many surgeons routinely harvest both 
internal mammary arteries to take advantage of this biologic 
privilege. However, utilization of both internal mammary 
arteries can devascularize the sternum and increase the risk of 
postoperative sternal wound infections, particularly in obese 
diabetics. 43 The radial artery can be harvested safely in the 
majority of patients, as a complete palmar arch allows collat¬ 
eral flow to the hand from the ulnar artery. Preoperative ultra¬ 
sound in addition to a bedside Allen test can reliably identify 
patients in which hand ischemia precludes radial artery use. 
Although the radial artery is more resistant to late occlusions 
typical in saphenous vein grafts, it tends to be prone to spasm 
from competitive flow originating from subcritically stenosed 
native coronary vessels. Radial arteries should only be used on 
coronary targets with at least 70% proximal stenoses. The 
inferior epigastric artery has been used as an arterial conduit, 
but limitations in length and the need for an abdominal inci¬ 
sion have diminished enthusiasm. The right gastroepiploic 
artery can be used, since it has more than adequate length after 
mobilization off of the greater curve of the stomach. It is left 
on its pedicle from the gastroduodenal artery and tunneled 
through a hole in the diaphragm. It is most frequently used to 
revascularize the posterior descending coronary branch, but will 
easily reach posterolateral branches as well. Patency has gener¬ 
ally been reported to be excellent, but its widespread use is 
restricted by the additional morbidity of laparotomy and risks 
of intra-abdominal complications. 

Once conduits have been harvested, cardiopulmonary 
bypass has been instituted, and cardioplegia infusion has 
resulted in adequate diastolic arrest, the heart is manipulated to 
expose the epicardial vessels of interest. Occasionally, the coro¬ 
nary arteries are in fact not on the epicardial surface but run 
within the epicardial fat or deep within the myocardium. This 
is common for intermediate branches and the LAD. Careful 
dissection is often required. If the midportion of the LAD can¬ 
not be found, the vessel can be opened at the apex and a small 
coronary probe can be inserted proximally and palpated to bet¬ 
ter localize the vessel. Care must be taken to ensure the target 
has been properly identified. Even the most seasoned cardiac 
surgeons have mistakenly anastomosed grafts to epicardial 
veins. Once the target vessel is properly located, an appropriate 
site for anastomotic construction should be identified. It is 



FIGURE 83.11. Distal coronary anastomosis with saphenous vein 
conduit. Excellent visualization in a quiet bloodless field is required to 
achieve a hemostatic and unobstructed graft. 


important to have a thorough understanding of the angio¬ 
graphic location of significant obstructions to ensure the graft 
is bypassing all significant lesions. The anastomotic site should 
ideally be relatively spared of atherosclerotic disease, although 
in patients with advanced diabetes this is not always possible. 
The vessel is dissected using a #64 sharp scalpel and opened ver¬ 
tically in the midline. This maneuver is among the most essen¬ 
tial and challenging, and requires precision and experience. 
Eccentric incisions, inadvertent incisions in the posterior wall, 
or incisions in friable plaques can result in stenotic or leaky con¬ 
structions. The arteriotomy is extended using fine Potts scissors 
3 to 4 mm in length. The conduit is beveled to the appropriate 
length and the anastomosis is created with a continuous run¬ 
ning polypropylene suture, usually size 7-0 or 8-0 (Fig. 83.11). 
Absolute technical precision is crucial, and skills required for 
these distal coronary anastomoses take practice and experi¬ 
ence. A motionless and dry surgical field, 2.5 to 3.5 magnifying 
loupes, experienced assistance, and a steady hand are essential. 
Some surgeons use gentle insufflation of C0 2 to clear the field 
of obscuring blood and to distend the coronary artery to 
improve visualization of the toe and heal. After completion of 
the anastomosis, saphenous vein grafts or free arterial grafts 
can be hand injected with cold saline to visualize patency of the 
vessel and competence of the construction. Pedicled arterial 
grafts can be opened, and flow down the target will be easily 
visualized. 

The proximal ends of the grafts are usually connected to 
the ascending aorta. The grafts are cut to the appropriate 
length. This maneuver also requires experience, as a short 
graft will create tension, potentially impinging upon the distal 
anastomosis, and an excessively long graft may kink. The graft 
is distended to prevent twisting, and the aortic root is filled by 
infusing antegrade cardioplegia to help determine optimal 
graft length. One must take into account the change in geom¬ 
etry as the heart fills after weaning from cardiopulmonary 
bypass. In general, the conduits should take a straight trajec¬ 
tory toward their target (Fig. 83.12). An aortotomy is created 
using a specially designed punch of 4 or 5 mm diameter. The 
grafts are beveled, and the proximal anastomosis is created 
with continuous running 5-0 or 6-0 polypropylene. Alterna¬ 
tively, the aortic cross-clamp can be removed after completion 
of all of the distal coronary anastomoses, and a side-biting 
partial aortic clamp can be placed. This technique can reduce 
total cardioplegia time but may increase risk of atheroembolic 
complications from additional aortic manipulation. 

After completion of all distal and proximal anastomoses 
and the aortic cross-clamp has been removed, the temperature 
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FIGURE 83.12. Bypass grafts take gentle curving but a direct approach 
to the coronary targets. The pericardium is typically left open to avoid 
kinking. 


of extracorporeal circulation is warmed. Ventricular fibrilla¬ 
tion often occurs but can easily be defibrillated with a single 
internal shock. Ventilation of the lungs is resumed, and CPB 
flow is gradually reduced. Careful inspection of myocardial 
contractility and volume is required during weaning, as tran¬ 
sient dysfunction often occurs. It is important to avoid disten¬ 
tion of ventricular chambers, which causes unnecessary 
increased myocardial strain. A period of empty beating reper¬ 
fusion is often helpful, particularly if the aortic cross-clamp 
period was prolonged or if the heart was severely ischemic pre- 
operatively. Temporary sinus node or atrioventricular node 
conduction abnormalities are common, and it is standard to 
place temporary pacemaker leads on the ventricle, although 
permanent conduction abnormalities are very rare. Suture 
lines should be inspected for hemostasis, and cannulas for car¬ 
diopulmonary bypass are removed. Although not essential for 
routine CABG, pulmonary artery catheters and transesophageal 
echocardiography are helpful in weaning from CPB. Excessive 
pulmonary artery pressures or new regional wall motion 
abnormalities can suggest perfusion abnormalities and should 
prompt careful inspection of the bypass grafts. Once satisfac¬ 
tory hemodynamics are achieved, protamine is administered to 
reverse the anticoagulation of heparin. A notch in the peri¬ 
cardium to the left of the pulmonary artery must be created to 
allow unhindered passage of the pedicled left internal mam¬ 
mary artery to its distal target. The pericardium is typically left 
open after coronary bypass grafting to avoid graft kinking or 
compression; however, mediastinal and thymic fat can be care¬ 
fully placed over the aorta and proximal anastomoses to pro¬ 
tect them from future sternal reentry. Drains are left within the 
mediastinum to collect shed blood, and the sternum is closed 
with steel wires, cables, or plates. 


Off-pump Technique 

While the use of cardiopulmonary bypass was essential in 
allowing safe and reproducible coronary anastomoses, it is now 
well understood that extracorporeal circulation incites a power¬ 
ful inflammatory response, activating neutrophils and mono¬ 
cytes to release cytokines and inhibiting the clotting cascade and 


platelet function. Occasionally, these inflammatory changes can 
produce clinically relevant capillary leak, pulmonary edema, 
renal dysfunction, hemodynamic instability, and coagulation 
dysfunction. In addition, iatrogenic cardiac arrest induced by 
cardioplegia can infrequently result in myocardial injury and 
dysfunction. In order to avoid some of these adversities, attempts 
to perform CABG without the use of CPB have become increas¬ 
ingly popular in the last decade. Interestingly, CABG was origi¬ 
nally performed without CPB in the early 1960s; however, it was 
largely abandoned because technically sound anastomoses could 
not be reliably constructed. Newer technologies are now avail¬ 
able that have made creation of surgical bypass grafts more fea¬ 
sible on the full and beating heart. 

The heart is exposed via a median sternotomy, identical to 
the approach used for standard coronary bypass grafting with 
cardiopulmonary bypass. Additional sutures are placed deep 
within the posterior pericardium, which can be used to facili¬ 
tate retraction of the heart anteriorly and rightward, exposing 
the anterior, anterolateral, and obtuse marginal surfaces. Typi¬ 
cally, the vessel with the most severe occlusion is grafted first, 
since occlusion of the vessel will result in the least myocardial 
ischemia and revascularization of this territory may collateral¬ 
ize other regions and improve tolerance to alternate vessel 
occlusion. For saphenous vein and free arterial grafts, the prox¬ 
imal anastomoses are performed first to allow immediate revas¬ 
cularization of ischemic territories following completion of the 
distal anastomoses. A dose of heparin is administered, typically 
150 IU/kg, and adequate anticoagulation is confirmed with an 
ACT. A partial occlusion clamp is placed on the ascending 
aorta for control. Alternatively, newer sealing systems allow 
clampless control of the ascending aorta during construction of 
the proximal anastomoses, and sutureless connectors are avail¬ 
able that can variably create satisfactory graft-aorta con¬ 
structs. Once the proximal connections are complete, the grafts 
are carefully cut to the appropriate length after identification of 
the anticipated sites of the distal targets. 

Of the potential epicardial vessels, the LAD is the easiest to 
expose, since it lies anteriorly. Gentle retraction on the peri¬ 
cardial sutures, occasionally along with a pad placed behind 
the heart, will usually expose the vessel adequately. The diag¬ 
onal branches are exposed with slightly further rightward 
retraction. The obtuse marginal vessels can be exposed with 
the help of a suction device placed on the apex of the heart and 
slowly and gently retracting the apex anteriorly and right- 
ward. This maneuver must be performed carefully, as cardiac 
chamber and/or outflow tracts can become compressed. The 
anesthesiologist must be alerted to and familiar with these 
maneuvers, as temporary vasoactive infusions may be required. 
Exposure of the right coronary artery and its branches is often 
the most challenging. The right ventricle can become com¬ 
pressed with retraction superiorly. The suction apparatus 
placed on the acute margin can facilitate exposure, as can stiff 
retraction of the right-sided pericardial edges. 

Once the epicardial vessel of interest is identified, a U- 
shaped epicardial suction stabilizing device is applied around 
the vessel (Fig. 83.13). This device can reduce myocardial 
motion in a small region of interest, maintaining reasonable 
contractility. Silastic tapes loaded on blunt needles are care¬ 
fully encircled around the proximal and distal portions of the 
coronary artery and gently retracted for blood flow control. A 
variable degree of ischemia may be seen on the electrocardio¬ 
gram and transesophageal echocardiogram. The vessel is dis¬ 
sected and opened in the same way as is done for on-pump 
techniques. If ischemia is pronounced, small shunts can be 
inserted in the arteriotomy and the silastic snares released to 
reestablish some distal flow. Continuous insufflation of C0 2 
can reduce obscuring blood from the field. The anastomosis is 
constructed, and competency is assessed. Electrocardiographic 
normalization should be seen immediately, confirming graft 
patency. Once all the grafts are complete, protamine is given to 
reverse the anticoagulation effect of heparin. Hemostasis is 
confirmed and closure proceeds routinely. 
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FIGURE 83.13. Suction-stabilizing devices allow isolation and immo¬ 
bilization of epicardial coronary targets. 


Despite early enthusiasm for off-pump coronary bypass 
surgery, concerns regarding long-term patency of bypass grafts 
have prompted investigation into its true benefits and general 
application. A large multicenter randomized trial recently pub¬ 
lished investigated short- and midterm outcomes of patients 
undergoing either standard coronary bypass surgery with car¬ 
diopulmonary bypass or off-pump bypass. 44 Over 2,000 
patients referred for coronary bypass grafting were randomly 
assigned to undergo standard versus off-pump CABG. All 
patients were felt to be suitable candidates for both 
approaches, and all surgeons had previously completed a 
median of 50 off-pump procedures to ensure competency. The 
primary endpoints were morbidity and mortality at 30 days 
and 1 year, and secondary endpoints were graft patency and 
neuropsychologic testing. Thirty-day mortality was similar in 
both groups (1.6% vs. 1.2% in off-pump vs. on-pump, respec¬ 
tively; p = 0.47), as was the rate of perioperative stroke (1.3% 
vs. 0.7%; p = 0.28). However, at 1 year, there was a higher 
rate of cardiac death in the off-pump group (2.7% vs. 1.3%; 
p = 0.03). At 1 year, 65% of patients underwent routine car¬ 
diac catheterization, revealing a significantly reduced rate of 
graft patency in the off-pump group (82.6% vs. 87.8%; p < 
0.01), particularly for saphenous vein grafts (76.6% vs. 
83.8%; p < 0.01). Neuropsychologic testing was performed to 
attempt to quantify benefits from eliminating proposed neu- 
rocognitive dysfunction attributed to cardiopulmonary 
bypass. Fifty-four percent of randomized patients completed 
neuropsychologic testing at baseline and at 1 year, and inter¬ 
estingly, there were no significant differences observed from 
baseline to 1 year between off-pump and on-pump strategies. 
In summary, this important and well-conducted study showed 
no advantages and potential disadvantages of off-pump surgi¬ 
cal revascularization in this selected cohort of patients. While 
there are valid criticisms of this study, these data certainly sug¬ 
gest that routine use of off-pump CABG is not superior, and 
perhaps should be reserved to selected populations. This 
author uses off-pump techniques for patients with a heavily 
calcified or atheromatous ascending aorta or those with severe 
renal or hepatic dysfunction. 

In addition to off-pump CABG, a variety of “minimally 
invasive” approaches have been conceptualized. The minimally 
invasive direct coronary bypass (MIDCAB) involves creating a 
small left anterior thoracotomy. After entering the chest in the 
fourth intercostal space and resecting a portion of the fourth 
costal cartilage, a portion of the left internal mammary artery is 


mobilized under direct vision. Using off-pump techniques and 
stabilizing equipment, the internal mammary artery is anasto¬ 
mosed to the LAD using conventional open instruments. 
Although experiences at selected single centers have described 
satisfactory patency and reduced cost, complications, and post¬ 
operative length of stay, 45 the MID CAB has not achieved wide¬ 
spread application. Technical considerations and exposure have 
raised concerns about graft patency, and in the era of increased 
percutaneous intervention, very few patients are referred with 
isolated single-vessel disease. Some groups have advocated for a 
hybrid approach, in which the LAD is surgically grafted using 
the MIDCAB approach and the right coronary and circumflex 
branches are treated percutaneously. 46 Robotic systems, such as 
the da Vinci (Intuitive Surgical, Sunnydale, CA), benefit from 
high-definition three-dimensional video visualization and pre¬ 
cise remotely controlled instruments with 6- or 7-degree free¬ 
dom of motion. They have been increasingly used in noncardiac 
surgery, particularly in gynecology and urologic specialties. 
Some centers have begun using robotic technology to harvest 
the internal mammary artery along its entire length, followed by 
a MIDCAB, also known as robotically assisted CABG (RAS- 
CAB). 47 Others have gone one step further, performing com¬ 
plete coronary revascularization using robotic instruments: the 
totally endoscopic coronary artery bypass (TECAB). 48,49 The 
procedure has been performed with or without cardiopul¬ 
monary bypass and cardiac arrest. Although in selected centers 
the procedure appears feasible, the widespread utilization of 
minimally invasive coronary artery bypass remains in question 
because of concerns regarding patency, particularly in light of 
recent evidence regarding off-pump surgery in general. Despite 
changes in technology, there has been little growth in minimally 
invasive coronary artery bypass procedures. 


POSTOPERATIVE CARE 


Most patients after undergoing coronary bypass grafting 
require very little physician intervention, particularly if the 
operation was conducted according to the preoperative plan. 
The use of clinical care pathways is now routine, and they 
have been demonstrated to reduce morbidity, cost, and length 
of hospital stay. However, complications can occur, which 
must be anticipated for early recognition and treatment. 

Patients after cardiac surgery are routinely admitted to the 
intensive care setting. Most centers delay extubation until sys¬ 
temic warming is complete, typically within 4 to 6 hours. This 
also gives ample opportunity to ensure adequate hemostasis and 
hemodynamic stability. Many centers routinely use pulmonary 
artery catheters, or Swan-Ganz catheters, for assessment of 
intracardiac filling pressures as well as calculation of cardiac 
output. Cardiac output (CO) can be calculated in one of two 
ways: thermodilution or the modified Fick technique. Using 
thermodilution, room temperature saline of a known quantity is 
injected briskly into the right atrium. As the saline mixes with 
blood traveling through the right ventricle, blood is cooled. The 
blood temperature is then recorded in the pulmonary artery 
over time. A curve is generated, denoting the change in temper¬ 
ature from baseline, and the area under this curve is inversely 
proportional to the cardiac output (e.g., the higher the cardiac 
output, the lower the impact the small saline aliquot has on 
blood temperature). Clinicians should be aware that severe tri¬ 
cuspid regurgitation can interfere with the validity of the ther¬ 
modilution technique, typically underestimating forward flow. 
The Fick technique relies on the principle of mass balance pro¬ 
posed by Adolph Fick in 1870. Oxygen consumption (V0 2 ) 
must equal the difference in oxygen content of arterial and 
venous blood times the cardiac output. Assumptions can be 
made about oxygen consumption at rest, and arterial and 
venous oxygen content (Ca0 2 and CV0 2 ) can be calculated by 
the hemoglobin concentration and oxyhemoglobin saturation: 

CO = V0 2 /(Ca0 2 - CV0 2 ) 
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Goals for hemodynamic stability generally include mainte¬ 
nance of a mean arterial pressure between 65 and 75 mm Hg 
and a cardiac index of at least 2 L/min per m 2 . Outcomes 
should be individualized, as a chronically hypertensive patient 
may require a higher arterial pressure to maintain satisfactory 
tissue perfusion, and a postoperative patient with bleeding 
from a tenuous aortic suture line may benefit from a more 
restrictive blood pressure approach. Hypotension is quite 
common following cardiac surgery and is often related to 
hypovolemia, as well as vasodilation from systemic warming 
and an inflammatory response from extracorporeal circulation 
with activation of vasodilatory mediators. Intravascular hypo¬ 
volemia is extremely common in the immediate perioperative 
period. Causes are multifactorial and include capillary leak 
from inflammation, venodilation from warming, unrecognized 
and unreplaced blood loss, and excessive diuresis, particularly 
if osmotic diuretics such as mannitol are given during car¬ 
diopulmonary bypass. Patients may require 2 to 3 liters of 
fluid in the first several hours after surgery. Those with ven¬ 
tricular hypertrophy and diastolic dysfunction may require 
additional fluid to maintain cardiac output. Although not 
essential, the pulmonary artery catheter can be instrumental in 
guiding fluid resuscitation. While colloids, such as albumin 
and hetastarch, can reduce the total volume required to main¬ 
tain stability, there are no prospective randomized data clearly 
demonstrating its superiority with regard to outcome benefits. 

Vasoconstrictors are used to treat hypotension, but should 
only be initiated if the patient has been adequately fluid resus¬ 
citated and myocardial function and cardiac output is pre¬ 
served. u-Agonists, such as Neo-Synephrine, will increase vas¬ 
cular tone without increasing contractility or heart rate and do 
not exacerbate dysrhythmias. Similarly, vasopressin has no 
effect on cardiac function, but uniquely will not increase pul¬ 
monary vascular resistance, as there are no vasopressin recep¬ 
tors in the pulmonary vascular bed. Additionally, vasopressin 
preferentially constricts efferent renal arterioles rather than 
afferent arterioles, resulting in maintained glomerular filtra¬ 
tion and urine output. Norepinephrine, epinephrine, and 
dopamine are also frequently used to counteract a vasodila¬ 
tory state. These catecholamines are also inotropic agents, 
which can be useful if myocardial function is depressed. How¬ 
ever, they all increase heart rate and myocardial oxygen con¬ 
sumption and can be arrhythmogenic. 

Myocardial dysfunction can occur from stunning after car- 
dioplegic arrest, particularly if the cross-clamp period was long. 
This can be problematic if systolic function is severely depressed 
preoperatively. Inadequate myocardial protection from insuffi¬ 
cient cardioplegia can also result in catastrophic and unrecover¬ 
able postoperative heart failure. Unless the heart is acutely 
ischemic at the time of surgery, it is unusual to expect immediate 
improvement in contractility after surgical revascularization. In 
fact, the acutely ischemic heart often tolerates cardiopulmonary 
bypass and cardioplegia poorly. Contractility can be globally 
severely depressed after emergent coronary bypass grafting in the 
setting of a sizable STEMI, especially if the patient was in preop¬ 
erative shock. If cardiac dysfunction and low cardiac output are 
detected intraoperatively, careful assessment of bypass graft 
position and patency should be undertaken. This is especially 
true if new wall motion abnormalities are regional. 

Once surgical problems have been corrected, efforts are 
made to optimize myocardial contractility. Inotropic agents 
will improve cardiac function and can be easily titrated to the 
desired effect. Catecholamines, such as dopamine, epineph¬ 
rine, and dobutamine, are frequently used. All of these agents, 
through their effects on (3 receptors, will increase heart rate, 
predispose to arrhythmias, and increase myocardial oxygen 
consumption. Nonetheless, these agents are generally safe, 
particularly at low doses. Phosphodiesterase inhibitors, such 
as milrinone, also improve contractility and have less effect on 
heart rate or myocardial contractility. These agents are also 
vasodilators, and should be used with caution in patients who 
are hypotensive. Both catecholamines and phosphodiesterase 
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FIGURE 83.14. Intra-aortic balloon pump positioned within the descend¬ 
ing thoracic aorta. The device must be positioned to not occlude the 
left subclavian artery or the abdominal aortic branches. (Images cour¬ 
tesy of Datascope Corporation.) 


inhibitors exert their inotropic effects by increasing cytosolic 
calcium. For these agents to be effective, there must be ade¬ 
quate calcium stores. Infusion of supplemental calcium often 
potentiates the effect of both classes of drugs. Likewise, acido¬ 
sis decreases the effectiveness of inotropic agents, and normal¬ 
ization of blood pH, either by replacement of sodium bicar¬ 
bonate or hyperventilation, can have an immediate effect on 
myocardial function. 

When postoperative ventricular dysfunction is entirely 
related to myocardial stunning, inotropes should be weaned 
within the first 24 hours. However, if postoperative cardio¬ 
genic shock is severe and refractory to high-dose inotropic 
infusions, insertion of an intra-aortic balloon pump should be 
considered. Positioned within the thoracic aorta (Fig. 83.14), 
balloon pump actuation is timed with the patient’s electrocar¬ 
diogram or arterial pressure tracing. Inflation occurs during 
diastole, augmenting coronary perfusion, and deflates during 
systole, reducing afterload and increasing cardiac output. 
Insertion of a ventricular assist device may be beneficial; how¬ 
ever, many of these patients subsequently require heart trans¬ 
plantation, so careful patient selection is essential. 

Postoperative bleeding is infrequent but can occur, espe¬ 
cially when patients are taking irreversible platelet inhibitors. 
Output from mediastinal chest drains is monitored closely, and 
markers of coagulation are assessed. Coagulopathy should be 
corrected with appropriate blood component transfusions. 
Retransfusion of shed blood is generally avoided, as it may exac¬ 
erbate coagulopathy. Return to the operating room should be 
considered if drainage exceeds 600 to 800 mL in 4 to 5 hours, 
without signs of slowing. 
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Inhibitors of plasminogen can be helpful in reducing post¬ 
operative coagulopathy and bleeding complications. There are 
three agents in this class of drug: £-aminocaproic acid (Amicar, 
Xanodyne Pharmaceuticals, New Port, KY), tranexamic acid, 
and aprotinin (Trasylol, Bayer Leverkusen, Germany). The first 
two agents are synthetic binders of plasminogen or plasmin. 
Aprotinin is a naturally occurring serine protease inhibitor that 
can inhibit plasminogen, as well as many other proteases. 
Although meta-analysis suggested that aprotinin was superior 
to the other agents, 50 concerns regarding the safety of aprotinin 
have been raised, suggesting a higher incidence of renal fail¬ 
ure 51 and even mortality. 52 A subsequent prospective random¬ 
ized trial concluded that aprotinin was independently associ¬ 
ated with a higher rate of death, 53 and as such its approval has 
been halted by the U.S. Food and Drug Administration. 

There has recently been great enthusiasm for using a blood 
conservation strategy. Transfusion of as little as a single unit of 
packed red cells is independently associated with increased mor¬ 
bidity after coronary bypass surgery. 54 Efforts to minimize 
hemodilution using retrograde priming and hemofiltration can 
be very effective at reducing transfusion rates, but the most 
important adjunct to reduce blood usage is reduced transfusion 
triggers. Evidence exists that hemoglobin concentrations as low 
as 7 g/dL can be safe and are very well tolerated in intensive care 
unit patients. 55 

Cardiac tamponade is an infrequent but feared complication 
that can be fatal and is often difficult to diagnose. The classic 
scenario is a patient with initially high chest drainage that sud¬ 
denly ceases. The patient then insidiously develops oliguria, fol¬ 
lowed by low cardiac output and refractory hypotension. Signs 
such as bulging neck veins, elevated central venous pressure, 
pulsus paradoxus, and widened mediastinal silhouette on chest 
radiography may be variably present. Echocardiography can 
establish the diagnosis by demonstrating a pericardial effusion 
with right atrial and right ventricular compression. However, it 
is important to note that echocardiography cannot rule out the 
diagnosis. Timely diagnosis usually requires experience and a 
low index of suspicion. Treatment involves immediate return to 
the operating room, where removal of the obstructing fluid and 
clot results in immediate relief of constriction and normaliza¬ 
tion of hemodynamic parameters. When tamponade occurs 
late, it may be treatable with percutaneous drains if the pericar¬ 
dial fluid content is thin and without significant clot burden. 

Atrial fibrillation is extremely common following CABG, 
with a frequency of 25% to 30%. Its occurrence is higher for 
older patients and those with lung disease, and after combined 
CABG and valve surgery, decreased ventricular function, pro¬ 
longed aortic cross-clamp period, and more severe hypother¬ 
mia. Interestingly, the rate of atrial fibrillation does not appear 
to be reduced after off-pump CABG. 56 It most frequently 
occurs between the second and fourth postoperative day, and 
can be precipitated by electrolyte imbalances, particularly 
hypokalemia or hypomagnesemia. If the rate is excessively high 
or the patient has significant ventricular hypertrophy, atrial fib¬ 
rillation can result in hemodynamic compromise producing 
hypotension and oliguria. The most frequently used treatment 
for postoperative atrial fibrillation is amiodarone. It can 
achieve adequate rate control after an intravenous load of 
150 mg in the majority of patients, with minimal effect on 
blood pressure or contractility. As a class III antiarrhythmic, 
amiodarone is also very effective at facilitating conversion to 
sinus rhythm. When given preoperatively, amiodarone can also 
reduce the rate of postoperative atrial fibrillation, although 
bradycardia is more common in protocols that use higher 
doses. 57 Beta-blocking agents are also effective at achieving rate 
control, and when given routinely preoperatively and reiniti¬ 
ated immediately after surgery, they have reduced the occur¬ 
rence of atrial fibrillation. 58 Diltiazem is immediately effective 
at controlling rapid atrial fibrillation, and is typically given as a 
5- to 10-mg load, followed by a continuous infusion of 5 to 
10 mg/h. Although it is associated with hypotension, its short 
half-life makes this complication quite manageable. For atrial 


fibrillation with rapid ventricular response refractory to amio¬ 
darone, beta-blockers, and diltiazem, it may be reasonable to 
add digoxin. This drug should be used with caution, because it 
is pr oar rhythmic. Drug concentrations should be followed and 
potassium levels maintained aggressively. If rapid ventricular 
response results in significant hemodynamic instability, electri¬ 
cal cardioversion should be performed. Cardioversion may also 
be considered if atrial fibrillation persists after 24 to 36 hours 
because of the risk of clot formation within the left atrial append¬ 
age. Cardioversion should not be performed if atrial fibrillation 
has been present for more than 48 hours. If atrial fibrillation is 
persistent, anticoagulation must be considered and weighed 
against the potential for postoperative bleeding complications. 
The vast majority of patients who develop atrial fibrillation 
after CABG will revert to sinus rhythm, and the complication 
rate is generally low. However, atrial fibrillation does increase 
the length of stay and cost of hospitalization, so efforts to 
reduce its incidence are necessary. 

Deep sternal wound infection involving the bone occurs in 
approximately 0.5% to 1% of patients. Independent risk factors 
are obesity, diabetes, immunosuppression, use of both internal 
mammary arteries, chronic lung disease, and malnutrition. The 
most frequent organism is Staphylococcus aureus , although 
gram negatives can be seen in diabetics and immunosuppressed 
patients. Helpful preventative strategies include decontamina¬ 
tion of nasal Staphylococcus species with mupirocin, preopera¬ 
tive Hibiclens wash, and tight postoperative glucose control. The 
diagnosis is established with sternal wound drainage and palpa¬ 
ble sternal instability. Systemic antibiotics should be initiated and 
the patient returned to the operating room expeditiously for ster¬ 
nal debridement. Delay could result in mediastinitis with sepsis 
and shock. Under most circumstances, the chest wall is recon¬ 
structed with myocutaneous flaps based on the pectoralis and 
rectus abdominus muscles. 


RESULTS OF CORONARY 
BYPASS GRAFTING 


Overall, the mortality rate following coronary bypass grafting 
is between 2% and 3%. This number has been progressively 
declining despite rising median age and worsening severity of 
disease (Fig. 83.15). Improved outcomes can be attributed to 
advances in surgical technique, anesthetic approaches, preop¬ 
erative timing and patient selection, sophistication of intensive 
care systems, and superior pharmacology, including antiplatelet 
agents, beta-blockers, and statins. Increased competition, both 
between cardiac surgeons and with percutaneous intervention- 
alists, and public reporting of data have undoubtedly improved 
efficiency and contributed significantly to better outcomes. 
Major morbidity is estimated to be 10% to 12%. Risk of 
stroke is approximately 1% to 2%, renal failure requiring 
renal replacement therapy is 0.5% to 1%, deep sternal wound 
infection is 0.5% to 1%, and need for urgent reoperation is 
3% to 5%. Overall median length of hospital stay is approxi¬ 
mately 6 days. 

The Society of Thoracic Surgeons (STS) maintains a volun¬ 
tary registry for cardiac surgery outcomes. Participation 
throughout the United States is extremely high, and the data¬ 
base is generally considered an excellent representation of car¬ 
diac surgery outcomes. Overall, coronary bypass procedures 
have increased in volume, although at a slower pace in recent 
years, presumably as a result of expanded medical and percu¬ 
taneous treatments. In 2008, 163,000 isolated coronary 
bypass procedures were submitted to the STS database. With 
over 1.4 million individual cases embedded in the dataset, 
enormous information can be obtained regarding risk factors 
for mortality and morbidity. Independent predictors of death 
are listed in Table 83.2 and include coronary reoperation, pre¬ 
operative shock, dialysis dependence, immunosuppressed 
state, advanced age, diabetes mellitus, nonwhite race, female 
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Unadjusted Isolated CAB Operative Mortality 
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FIGURE 83.15. Unadjusted isolated coronary artery bypass operative 
mortality: 2000-2009. (This graph is reprinted from the Society of 
Thoracic Surgeons adult cardiac database 4th 2009 harvest report 
executive summary, http://www.sts.org/documents/pdf/ndb2010/ 
20094thHarvestExecutiveSummary.pdf. © The Society of Thoracic 
Surgeons. Used with permission. All rights reserved.) 


gender, previous stroke, advanced heart failure symptoms, 
peripheral vascular disease, and chronic lung disease. While 
the presence of these predictors are not contraindications for 
coronary bypass grafting, these prognostic tools are helpful 
both in balancing potential benefits from predicted risks and in 
correctly informing patients, families, and referring physi¬ 
cians. There are two well-described predictive models that can 
be used to estimate risk of death following coronary bypass 
surgery. Each model has been created using large voluntary 
registry data, one from the Society of Thoracic Surgeons, and 
one created from the European registry from 128 hospitals 
across eight countries. Both models incorporate features 
related to the patients, the nature of their clinical presentation, 
and the planned operative intervention. Although far from 


TABLE 83.2 


INDEPENDENT PREDICTORS OF MORTALITY FOLLOWING 
CORONARY BYPASS PROCEDURES 


■ VARIABLE ■ ODDS RATIO 


Age 

1.05 (1.05, 1.05) 

African American race 

1.34 (1.23, 1.45) 

Chronic lung disease 

1.41 (1.35, 1.48) 

Diet controlled diabetes 

1.15 (1.09, 1.21) 

Insulin requiring diabetes 

1.50 (1.42, 1.58) 

First reoperation 

2.76 (2.72,2.91) 

Immunosuppression 

1.75 (1.1.57, 1.95) 

Renal failure 

1.88 (1.80, 1.96) 

Shock 

2.04 (1.90, 2.19) 

Male gender 

0.84 (0.80, 0.89) 

NYHA class IV symptoms 

1.15 (1.10, 1.20) 


perfect, both models can be very helpful in determining patient 
selection and preoperative optimization and in tailoring the 
therapy to the unique clinical circumstances. 

Another risk factor for death after coronary bypass grafting 
that is not included in either stratification model is incomplete 
revascularization. Incomplete revascularization refers to fail¬ 
ure to construct a bypass graft to a territory natively perfused 
by a vessel with at least a 50% proximal stenosis. Under most 
circumstances, the revascularization is incomplete because tar¬ 
get vessels were unsuitable for bypassing because they were 
small, inaccessible, or too heavily diseased. The differences 
observed are typically not apparent in 30-day survival but man¬ 
ifest as a reduced long-term prognosis. Although the angio¬ 
graphic appearance of potential coronary targets may suggest 
unsuitability, interpretation of vessel quality is extremely sub¬ 
jective and very difficult to quantify, which is why it has not 
been incorporated into the two large risk creation models. 
Nonetheless, the quality of the bypass targets should be consid¬ 
ered when weighing the options for treatment of advanced 
coronary artery disease. 

The purpose of coronary bypass surgery is to create unim¬ 
peded blood flow to ischemic myocardial territories. While 
short- and long-term mortality may reflect the adequacy of 
revascularization, bypass graft patency is a more precise assess¬ 
ment of the technical success of the operation. Patency rates are 
typically reported based on clinical trials in which routine 
angiography is performed at regular intervals, excluding biases 
from studies in which angiography is only performed in symp¬ 
tomatic patients. Saphenous vein grafts are hampered by a 
higher early graft loss, as much as 20% in the first year. Mech¬ 
anisms include technical anastomotic problems, graft kinking, 
inadequate epicardial run-off, vein graft endothelial dysfunc¬ 
tion from injury or chronic stasis, competitive flow from rela¬ 
tively unobstructed native coronary flow, and early develop¬ 
ment of neointimal hyperplasia. Late vein graft occlusion 
develops at a rate of approximately 5 % per year from progres¬ 
sive native vessel disease and the development of accelerated 
vein graft atherosclerosis. Patency at 10 years is generally 40% 
to 50%. It remains to be seen if these outcomes improve with 
advances in statin and antiplatelet agents. As described previ¬ 
ously, the internal mammary artery is generally spared of both 
atherosclerotic disease and early development of neointimal 
hyperplasia. Not surprisingly, its patency is vastly superior, 59 
although these outcomes may be biased by the fact that the left 
internal mammary artery is typically placed on the LAD. The 
higher outflow of this target results in greater flow rates, reduc¬ 
ing the risk of stagnation from limited run-off. In addition, its 
anterior location make it less likely to kink. Patency at 1 year is 
approximately 95%, and there is very little attrition over time, 
with 85% to 90% patency at 10 years. In fact, the use of the 
internal mammary artery is an independent predictor of long¬ 
term survival, presumably because of better graft outcomes. 60 
The radial artery is generally intermediate to saphenous vein 
grafts and the internal mammary artery. Patency rates have 
been described as 90% at 1 year and 80% to 90% at 5 years. 
The radial artery is particularly prone to spasm from competi¬ 
tive flow, resulting in a patent but dysfunctional graft, referred 
to as a string sign. The radial artery should be avoided when 
stenotic lesions are less than 70%. 


COMPARATIVE TRIALS 


With the advent of coronary bypass surgery in the late 1960s, 
questions arose as to which patients are appropriate to offer 
this highly invasive and costly treatment. Three landmark 
randomized trials were constructed comparing CABG with 
Q medical treatment for a variety of patient populations. The Vet¬ 
erans Administration Cooperative Study, 61 the European Coro¬ 
nary Surgery Study, 62 and the Coronary Artery Surgery Study 63 
all demonstrated that CABG improves survival as compared to 
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medically treated patients, and the benefits of CABG are 
enhanced by more severe disease, as well as left ventricular dys¬ 
function. Although these trials are now more than 30 years old 
and medical and surgical treatments have evolved considerably, 
the principles continue to apply and are repeatedly described in 
more contemporary series. 

Although these clinical trials definitively demonstrated the 
superiority of CABG over medical therapy for patients with 
advanced coronary artery disease, the advent and widespread 
adoption of intracoronary balloon angioplasty raised the possi¬ 
bility that a less invasive approach to revascularization may be 
as beneficial as the surgical approach. Several multicenter clin¬ 
ical trials were conducted comparing CABG with angioplasty 
for a variety of patient populations. The most notable of these 
studies was the Bypass Angioplasty Revascularization Investi¬ 
gation, or BARI trial. 64 A total of 1,829 patients were deemed 
eligible and were randomized to angioplasty or CABG in 18 
centers across the United States and Canada. While there were 
no differences for in-hospital death or 5-year survival, the rate 
of repeat revascularization was significantly higher in the per- 
cutaneously treated patients. Only 8% of patients in the CABG 
group required repeat revascularization within the first 5 years, 
as compared to 54% in the angioplasty group. Although sur¬ 
vival analysis was intention to treat, 31% of patients in the 
angioplasty group underwent subsequent CABG. Importantly, 
subgroup analysis demonstrated a survival advantage at 5 years 
for diabetic patients treated with CABG as opposed to angio¬ 
plasty (80.6% vs. 65.5%; p = 0.003). The BARI study demon¬ 
strated that surgical revascularization was more durable and 
resulted in improved survival for diabetic patients with 
advanced coronary artery disease. 

Angioplasty alone carries a restenosis rate of 30% to 40% 
from at least two mechanisms. One is entirely mechanical, 
related to elastic recoil, and is seen within weeks of intervention. 
The other mechanism is related to progressive neointimal hyper¬ 
plasia, likely occurring as a result of local trauma. Intracoronary 
stents have reduced the restenosis rate and improved outcomes 
of percutaneous intervention. In the setting of these advances, 
several multicenter, prospective, randomized trials were per¬ 
formed, again with the hypothesis that percutaneous interven¬ 
tion would be superior or equivalent to surgical revasculariza¬ 
tion for patients with advanced coronary artery disease. Among 
the most prominent of these studies was the SoS, or Surgery or 
Stent, trial. 65 A total of 988 patients from 53 medical centers in 
11 countries were enrolled based on eligibility criteria, including 
the presence of multi vessel coronary artery disease. Patients were 
randomly assigned to receive either coronary bypass surgery or 
percutaneous intervention using intracoronary stents. At a 
median follow-up of 2 years, 20.7% of patients in the stent arm 
required repeat revascularization, as compared to only 6% in the 
CABG arm (p < 0.001). Surprisingly, there was also a survival 
advantage seen with surgery (mortality 4.5% vs. 1.6%, stent vs. 
surgery, respectively; p = 0.01). These mortality advantages per¬ 
sisted with a median follow-up of 6 years (10.9%vs.6.8%;p = 
0.02). 66 Consistent with previous clinical trials, the survival 
advantage was even more pronounced for diabetics (17.6% vs. 
5.4%). The SoS trial was similar to other randomized trials com¬ 
paring coronary stents with CABG with respect to superior rates 
of repeat revascularization. However, SoS was unique in describ¬ 
ing a mortality benefit. Some have argued that enrollment crite¬ 
ria were much less stringent in SoS, enrolling sicker patients with 
more complex anatomic lesions. SoS may therefore better reflect 
“real world” practice. 

Among the biggest limitations of bare metal intracoronary 
stents is the development of obstructing neointimal hyperplasia 
resulting in in-stent restenosis, which occurs at a rate of 15% to 
30%. Recently, antiproliferative drugs have been incorporated 
into the platform of stents to inhibit this occlusive process. 
These drug-eluting stents have been demonstrated in prospec¬ 
tive randomized fashion to reduce the rate of repeat revascu¬ 
larization, when compared to bare metal stents. Because of 


improved outcomes using this new technology, a prospective, 
multicenter, randomized trial was conducted comparing coro¬ 
nary bypass grafting with a strategy using drug-eluting stents 
for patients with left main or three-vessel coronary stenosis. 67 
Eighty-five centers in the United States and Europe enrolled 
patients who met these criteria and whose anatomic disease 
was determined by both the surgeon and interventional cardi¬ 
ologist to be amenable to either strategy. A total of 3,075 
patients were enrolled, but only 1,800 patients were random¬ 
ized, 897 to CABG and 903 to PCI with the Taxus drug-eluting 
stent (Boston Scientific). The remaining patients were not felt 
to be good candidates for both procedures, and 1,077 under¬ 
went CABG and 198 underwent PCI. Outcomes of these 
excluded patients were collected into a separate registry. Of the 
randomized patients, more patients in the PCI arm had major 
cardiac or cerebrovascular events at 12 months (12.4% vs. 
17.8%, CABG vs. PCI, respectively; p = 0.002). The majority 
of these differences were seen in the rate of repeat revascular¬ 
ization (5.9% vs. 13.5%; p < 0.001). The authors also created a 
numerical system to comparatively describe the complexity of 
the coronary anatomy. This “syntax” score was higher for 
chronic total occlusions, bifurcation lesions, heavily calcified 
vessels, and lesions greater than 20 mm in length. The differ¬ 
ences in major cardiac or cerebrovascular events between 
CABG and PCI were even more pronounced in the subgroup of 
patients with a high “syntax” score (10.9% vs. 23.4%). This 
study once again demonstrated that despite improved outcomes 
of percutaneous treatment of coronary artery disease with drug¬ 
eluting stents, CABG remains the best therapy for patients with 
significant left main and three-vessel coronary artery disease. 
The benefits of CABG are accentuated for patients with more 
severe and complex disease. 

These important randomized trials have consistently demon¬ 
strated that surgical coronary artery revascularization is the 
ideal technique to reduce symptoms, myocardial infarctions, 
cardiac-related future hospitalizations, and death in patients 
with advanced coronary artery atherosclerosis. Improvements 
in nonsurgical therapy, both medical and percutaneous, have 
prompted recurring investigations into the comparative efficacy 
of coronary bypass surgery. Surgical treatment continues to suc¬ 
cessfully compete, largely because of simultaneous advances in 
surgical technique, intraoperative patient care, and postopera¬ 
tive management. Despite concerns raised every year that 
CABG will no longer be performed in the future, outcomes 
remain superior and as a result, volumes continue to rise. It is 
likely that surgical revascularization of the ischemic heart will 
continue to be the dominant strategy for many years to come. 
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CHAPTER 84 ■ MECHANICAL CIRCULATORY 

SUPPORT FOR CARDIAC FAILURE 

SANJEEV AGGARWAL, KEITH D. AARONSON, AND FRANCIS D. PAGANI 


KEY POINTS 


Q The term “mechanical circulatory support” (MCS) refers 
to a broad array of cardiac support devices that are distin¬ 
guished by a number of important features including the 
location of the pumping chamber of the device, ventricle 
being supported, and pumping mechanism. 

Q Indications for MCS include bridge to recovery, bridge to 
transplantation, and destination therapy (permanent implan¬ 
tation as an alternative to transplantation). 

Q The major types of devices utilized for bridge to recovery 
are temporary, extracorporeal systems that can be placed 
utilizing percutaneous techniques. 

Q Devices utilized for bridge to transplantation or destina¬ 
tion therapy are durable, long-term devices that require 
major operative implantation and permit patient hospital 
discharge with untethered “hands free” mobility. 

Q Delay in instituting any type of MCS increases the need for 
biventricular support as opposed to just left ventricular sup¬ 
port alone. As the severity of illness and organ dysfunction 


increases, patients are more likely to require biventricular 
support and have a decreased survival secondary to the 
greater degree of organ failure present at implant. 

Q Patient selection is the single most crucial factor in deter¬ 
mining outcome of patients who receive mechanical circu¬ 
latory support. 

Q Major adverse events following initiation of MCS include 
stroke, infection, bleeding, right heart failure, and device 
malfunction. 

Q The Interagency Registry of Mechanically Assisted Circu¬ 
latory Support (INTERMACS) is a National Institutes of 
Health-funded data registry to study outcomes for patients 
receiving durable, long-term implantable ventricular assist 
devices. 

Q Major technologic advances in device design for both tem¬ 
porary and long-term durable devices have incorporated 
continuous flow rotary pumps with axial or centrifugal 
design. 


Q The term “mechanical circulatory support” (MCS) refers to a 
broad array of cardiac support devices. These devices are distin¬ 
guished by a number of important features including (a) the 
location of the pumping chamber of the device, whether located 
outside the body or inside the body (extracorporeal vs. intra- 
corporeal or “implantable”) (Fig. 84.1), (b) the ventricle being 
supported (left ventricular assist device [LVADj vs. right ven¬ 
tricular assist device [RVAD] vs. biventricular assist device 
[BiVAD] vs. total artificial heart [TAH]) (Fig. 84.2), and (c) the 
pumping mechanism (pulsatile, volume displacement device vs. 
continuous flow rotary device with axial or centrifugal design) 
(Algorithm 84.1). Generally, systems designed for short-term 
use have the pumping chamber located outside the body (extra¬ 
corporeal or paracorporeal location), while “durable” systems 
intended for long-term (months to years) use have the pumping 
system located within the body. 


INDICATIONS FOR MECHANICAL 
CIRCULATORY SUPPORT AND 
DEVICE SELECTION 


The spectrum of MCS therapy is complex due to multiple indi¬ 
cations for use and availability of numerous types of MCS 
Q devices. Currently, there are three accepted indications for 
MCS. These treatment paradigms have been developed based 
on regulatory oversight by the U.S. Food and Drug Adminis¬ 
tration (FDA) and historical use of the therapy. 

“Bridge to recovery” (BTR) refers to the use of MCS in 
patients who are presenting with acute cardiogenic shock or 
decompensated heart failure, despite the use of optimal medical 
therapy including intravenous inotropes and/or vasoconstric¬ 


tors, with a reasonable expectation that the myocardial injury 
is reversible and that myocardial function will recover during a 
short period of temporary MCS (generally days to several 
weeks). The short-term utilization of MCS for BTR is the most 
common application of MCS in the United States. 1 Examples 
of reversible forms of myocardial injury include acute myocar¬ 
dial infarction, viral myocarditis, and postcardiotomy cardio¬ 
genic shock with failure to wean from cardiopulmonary bypass 
(CPB) following open heart cardiac procedures due to ischemic 
myocardial stunning or inadequate valvular repair or replace- 
Q ment. Several types of devices can provide temporary MCS in 
these circumstances and include an intra-aortic balloon pump 
(IABP), extracorporeal ventricular assist device (VAD), and 
extracorporeal membrane oxygenation (ECMO, or preferably 
referred to as extracorporeal life support [ECLS], which pro¬ 
vides both cardiac and pulmonary support). Generally, tempo¬ 
rary MCS devices are placed percutaneously to facilitate rapid 
initiation of cardiac support and, alternatively, ease of removal 
when cardiac function returns. Some types of extracorporeal 
VAD systems require major operative procedures with ster¬ 
notomy for access and placement and are more frequently uti¬ 
lized at the time of postcardiotomy failure to wean while the 
heart is exposed through sternotomy from the prior open heart 
procedure. 

The second indication for MCS applies to patients present¬ 
ing with cardiogenic shock or decompensated advanced heart 
failure refractory to optimal medical management in whom 
myocardial function is unlikely to recover and the patients are 
considered candidates for heart transplantation (long-standing 
ischemic, valvular, or idiopathic cardiomyopathy; severe acute 
Q myocardial infarction or myocarditis). Durable MCS devices 
designed for long-term use that are implantable and permit 
untethered patient mobility and discharge from the hospital are 
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Classification of MCS Devices by Intended Duration of Support and Pump Design 
Temporary Mechanical Circulatory Support Devices 


Pulsatile Devices 


Continuous Flow 
Devices 


Other Devices 


Abiomed BVS5000 
Abiomed AB5000 


IABP 

Extracorporeal Life Support 


Axial Blood Flow 

Impella 2.5 LP 
Impella 5.0 LP 


Centrifugal Blood Flow 

TandemHeart pVAD 
CentriMag VAD 


Long-term Durable Mechanical Circulatory Support Devices 


Pulsatile Devices 



Continuous Flow Devices 








1 st Generation Devices: 
Pulsatile, volume displacement 

Thoratec XVL 
Thoratecp VAD 
Thoratec IVAD 

CardioWest TAH-t 


2 nd Generation Devices: 

Axial flow with contact bearing 
design 

HeartMate II 
DeBakey 

Jarvik Plowmaker 


3 rd Generation Devices: 
Centrifugal flow with non-contact 
bearing design-magnetic levitation 


Magnetic levitation: 
Direct Motor System 

DuraHeart 


Magnetic Levitation: 
Bearingless motor drive system 

HVAD 


ALGORITHM 84.1 


ALGORITHM 84.1. Classification of mechanical circulatory support devices by the pumping mechanism (pulsatile, volume displacement, or 
continuous flow rotary pumps) (Abiomed BVS 5000, Abiomed AB 5000, Impella 2.5 LP, Impella 5.0 LP, Abiomed Corporation, Danvers, MA; 
HeartMate XVE, Thoratec pVAD, Thoratec IVAD, HeartMate II, Thoratec Corporation, Pleasanton, CA; CardioWest TAH, Syncardia Systems, 
Tucson, AZ; Tandem Heart pVAD, Cardiac Assist Corporation, Pittsburgh, PA; CentriMag VAD, Levitronix LLC, Waltham, MA; HeartAssist 5 
[DeBakey LVAD], Micromed Cardiovascular Corporation, Houston, TX; Jarvik LVAD, Jarvik Heart Corporation, New York, NY; DuraHeart 
LVAD, Terumo Heart Corporation, Ann Arbor, MI; HVAD LVAD, Heart Ware Corporation, Miami, FL). 


appropriate devices for a “bridge to transplantation” (BTT) 
indication. Implantable pumps require a major operative proce¬ 
dure for placement, including CPB in many instances, and are 
ideally placed in patients with significant symptoms of heart 
failure who are dependent on intravenous inotropes but with 
stable hemodynamics and end-organ function. 

The third indication for MCS applies to patients with 
chronic refractory symptoms of advanced heart failure due to 
irreversible forms of either nonischemic or ischemic cardiomy¬ 
opathy and who are not eligible for heart transplantation. The 
application of MCS in this setting is termed “destination ther¬ 
apy” (DT). Implantable devices with proven long-term relia¬ 
bility permitting untethered “hands free” patient mobility at 
home are appropriate devices in this clinical situation. 2 Again, 
these implantable pumps require a major operative procedure 
for placement and are ideally placed in patients with signifi¬ 
cant symptoms of heart failure but with stable hemodynamics. 
The survival, functional, and quality-of-life benefit of MCS for 
DT for the treatment of chronic advanced heart failure was 
established in a prospective randomized trial known as 
REMATCH (Randomized Evaluation of Mechanical Assis¬ 
tance in the Treatment of Congestive Heart Failure). 2 
REMATCH evaluated the use of an implantable LVAD com¬ 
pared to optimal medical therapy for refractory chronic 


advanced heart failure. LVAD therapy halved (relative risk, 
0.52; 95% confidence limit, 0.34-0.78) the mortality seen in 
the control population treated with optimal medical therapy, 
which was 92% at 2 years. Despite serious adverse events 
attributable to MCS from infection, bleeding, and device mal¬ 
function, LVAD recipients had an improved survival rate and 
experienced a superior quality of life than the medical therapy 
group. Currently, patients evaluated for DT must meet specific 
criteria that include (a) New York Heart Association (NYHA) 
class IV or stage D heart failure symptoms, (b) a left ventricu¬ 
lar ejection fraction of less than 25%, (c) a peak exercise oxy¬ 
gen consumption of less than 14 mL/kg per minute, and (d) 
significant functional limitations despite the use of maximally 
tolerated doses of drugs outlined in the recent guidelines for 
heart failure treatment for at least 60 of 90 days. 

The intended use and indication for MCS has significant 
influences on the appropriate device selection and use. The deci¬ 
sion to initiate MCS must include an analysis of the intended 
use, clinical setting, patient variables and condition, type of 
MCS devices available, and FDA approval and guidelines for 
use of the device. The paradigms of BTR, BTT, and DT have 
become integrated into the way that MCS is currently delivered 
by clinicians, regulatory agencies, and insurance payers. These 
paradigms do not consistently describe all clinical situations and 
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Extracorporeal Devices 


* Pumping mechanism located 
outside the patient 

* Designed for temporary MGS 
support 

* Patient not able to discharge 
from hospital 

* Ambulation possible with 
some devices 

* Percutaneous or operative 
placement depending on device 



Paracorporeal Devices 


• Pumping mechanism located 
outside the patient 

• Designed for temporary MCS 
support 

• Patient able to discharge 

from hospital with some devices 

• Ambulation possible - tethered 
to pneumatic drive console 

• Requires operative placement 




Implantable Devices 


► Pumping mechanism located 
within the patient 

► Designed for long-term or 
permanent support 

► Patient able to discharge 
from hospital 

► Very good ambulatory potential 
with “hands-free" untethered 
mobility 

► Requires operative placement 


Devices 


Devices 


Devices 


Abiomed BVS 5000 

Abiomed AB5GQ0 

HeartMate XVE 

CentriMag VAD 

Thoratec pVAD 

HeartMate II 

Tandem Heart pVAD 


Thoratec IVAD 

Impella 2.5 LP or 5.0 LP 


DeBakey LVAD 
DuraHeart LVAD 
HVAD 

Jarvik LVAD 


FIGURE 84.1. Classification of mechanical circulatory support devices by location of pumping mechanism (extracorporeal, 
paracorporeal, and implantable). 



FIGURE 84.2. Classification of mechanical circulatory support devices by the ventricle being assisted (right ventricular assist, left ventricular 
assist, and biventricular assist). ( continued) 
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FIGURE 84.2. ( Continued) 


realities of patient care, and it is likely that changes in indica¬ 
tions for MCS will continue to evolve in the future. 3 


coronary anatomy and unstable angina not amenable to revas¬ 
cularization, and are at risk of imminent death (hours, days, or 
weeks), may be considered for MCS without necessarily meet¬ 
ing hemodynamic criteria. 

In the setting of postcardiotomy shock, data from the Abio- 
med BVS 5000 registry demonstrated that delay in initiating 
temporary MCS for more than 6 hours after the initial wean¬ 
ing from CPB was associated with a significant decrease in 
^ survival, 44% versus 14%. 6-8 Delay in instituting any type of 
MCS increases the need for biventricular support as opposed 
to just LV support alone. As the severity of illness and organ 
dysfunction increases, patients are more likely to require biven¬ 
tricular support and have a decreased survival secondary to 
the greater degree of organ failure present at implant. 9-14 An 
episode of cardiac arrest prior to the initiation of MCS signifi¬ 
cantly reduces survival, from 47% to 7%. 6,7 


PATIENT SELECTION AND 
INFLUENCE OF COMORBIDITIES 
_ ON OUTCOMES _ 

Q Patient selection is a crucial factor in determining outcome of 
patients who receive MCS. Generally, patients should be 
excluded for consideration for MCS in situations where cardiac 
recovery is unlikely and the options of heart transplantation 
and DT are not feasible. Under these circumstances, MCS sup¬ 
port is generally considered futile. More general contraindica¬ 
tions for initiating MCS include irreversible renal, hepatic, or 
respiratory failure; sepsis; or a significant cognitive deficit. 


TIMING OF MECHANICAL 
CIRCULATORY SUPPORT 
INTERVENTION 


Timing the initiation of MCS is crucial to patient outcome. 
There are no absolute hemodynamic criteria to meet in order to 
initiate MCS for any indication. Generally, patients presenting 
with acute forms of myocardial injury have recognizable 
changes in hemodynamics. A cardiac index less than 1.8 to 
2.2 L/min per m 2 , systolic blood pressure less than 90 mm Hg, 
pulmonary capillary wedge pressure greater than 20 mm Hg, 
right atrial pressure greater than 18 to 20 mm Hg, and evidence 
of poor tissue perfusion, reflected by oliguria, rising creatinine 
and liver transaminases, mental status changes, or cool extrem¬ 
ities, despite the use of optimal medical therapy, are general 
guidelines to initiate MCS. Patient history and overall clinical 
setting also need to be considered in the decision. When 
patients reach this degree of hemodynamic compromise, the 
risk of death is substantial and is in excess of 50% at 30 days 
despite the availability of optimal medical therapy, invasive cir¬ 
culatory monitoring, thrombolysis, and IABP support. 4,5 

More subtle indications to initiate MCS may be present, par¬ 
ticularly in the group of patients suffering from chronic 
advanced heart failure who are being evaluated for BTT or DT. 
These indications include resting tachycardia, progressive organ 
dysfunction, persistent significant symptoms of heart failure 
resulting in limited functional capacity, and poor quality of life 
despite optimal medical management with or without inotrope 
therapy. Deterioration in end-organ function or progressive 
decline in functional performance may occur in the absence of a 
significant change in hemodynamic parameters (chronic adapta¬ 
tion to low cardiac output). In addition, patients who do not tol¬ 
erate optimal medical management for advanced heart failure 
and experience renal insufficiency or hypotension in the setting 
of optimal dosages of angiotensin-converting enzyme (ACE) 
inhibitors or beta-blockers may need evaluation for MCS ther¬ 
apy. Patients who do not tolerate inotrope therapy as a result of 
refractory ventricular arrhythmias or have life-threatening 


Renal Function 


Renal dysfunction has consistently been one of the greatest risks 
for morbidity and mortality with the use of MCS. 15-20 Renal dys¬ 
function is often secondary to decreased perfusion of the kidney 
in cardiogenic shock, but may also be due to nephrotoxic effects 
of drugs utilized for heart failure therapy. In patients with shock 
or advanced heart failure, it is difficult to assess the reversibility 
of renal dysfunction. Acute onset of renal failure requiring renal 
replacement therapy is not necessarily a contraindication to ini¬ 
tiate short-term MCS, but may be more of an obstacle to suc¬ 
cessful long-term support with implantable devices for BTT and 
in particular DT. In the setting of cardiogenic shock with acute 
renal failure, establishing normal hemodynamics with MCS may 
resolve the renal failure in a relatively short period of time. Thus, 
the degree and duration of cardiogenic shock along with the 
patient’s baseline renal function must be considered in estimating 
the probability of recovery of renal function. 


Pulmonary Function 

Heart failure may be associated with a restrictive pattern on pul¬ 
monary function testing. However, this often improves with 
removal of interstitial fluid and intrathoracic effusions after 
placement of an MCS device and resolution of lung congestion. 
Patients with a long history of smoking or a history of other 
intrinsic lung disease with significant abnormalities on pul¬ 
monary function testing (i.e., <50% of normal in forced vital 
capacity [FVCj, forced expiratory volume in 1 second [FEVd, or 
diffusing lung capacity for carbon dioxide [DECO]) warrant 
high-resolution computerized tomography (CT). Patients with 
low oxygen saturation (<92%) on room air also warrant 
evaluation with echocardiography to rule out a right-to-left 
shunt from an atrial septal defect or patent foramen ovale (PFO) 
and, if negative, a spiral CT or nuclear scan to rule out throm¬ 
boembolic disease. Patients with severe pulmonary disease may 
have an elevated pulmonary vascular resistance that is fixed (not 
responsive to pulmonary artery vasodilators). High fixed pul¬ 
monary vascular resistance (generally >6 Wood units) represents 
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a contraindication to heart transplantation and thus BTT indi¬ 
cation. Perioperative hypoxia as a result of significant underly¬ 
ing lung disease may also contribute to pulmonary vasocon¬ 
striction leading to right ventricular (RV) failure following 
institution of LVAD support. Moderate elevations in pulmonary 
vascular resistance can be encountered in patients with cardio¬ 
genic shock and does not preclude successful use of MCS if 
reversibility or lowering of the pulmonary vascular resistance is 
achieved with inotropes or pulmonary vasodilators. 


Liver Function 


Previous studies have reported that total bilirubin levels and 
hepatic cellular enzymes more than three times normal are inde¬ 
pendent risk factors for adverse outcomes. 15-18 The etiology of 
the hyperbilirubinemia may be multifactorial, including “car¬ 
diac congestion” or cirrhosis, cholestatic jaundice, or a combi¬ 
nation of etiologies. Abnormal liver function is often associated 
with abnormal coagulation factors, as well as low serum albu¬ 
min. Attempts should be made to normalize all measurements 
of liver function and their cause(s) preoperatively. The presence 
of portal hypertension with liver cirrhosis is a contraindication 
to initiating MCS support. A history of significant alcohol use 
should be reviewed in all potential candidates for MCS therapy, 
especially those with abnormal liver function. Patients should 
also be tested for previous infection with hepatitis A, B, or C or 
other viruses. Ultrasound visualization of the liver is a good 
screen for patients with significant hepatomegaly to rule out 
infiltrative disease, mass, or other pathology that may warrant 
biopsy. Improvement in hepatic congestion and recovery of syn¬ 
thetic functions of the liver can occur with institution of MCS. 


Right Ventricular Failure 

Patients with advanced heart failure frequently have coexisting 
RV failure. RV failure may be one of the most prominent causes 
of mortality or morbidity following initiation of MCS. 10-14,21-23 
RV failure in most patients is due to LV failure. Patients with a 
nonischemic etiology often present with significant RV failure 
and may have a three- to fourfold increased risk of requiring 
both LV and RV support. Patients who require BiVAD support 
have significantly higher preoperative creatinine and total 
bilirubin levels and a greater need for mechanical ventilation 
before MCS device insertion as compared to patients requiring 
LVAD support only. The institution of BiVAD support adversely 
influences survival for both short-term and long-term MCS 
devices as a consequence of worse preoperative organ func¬ 
tion. 10-14,21-23 RV failure is a prominent factor leading to renal 
dysfunction after LVAD implantation, as right atrial pressures 
greater than 20 mm Hg lead to changes in glomerular filtration 
from cortical to medullary nephrons, with secondary reduction 
in urine output and resistance to diuretic therapy. 24 Preoperative 
optimization of RV function with a goal right atrial pressure 
ideally less than 15 mm Hg is important for reducing the need 
for postoperative RV support. The higher the left atrial or 
wedge pressure at the time of device implantation, the greater is 
the benefit to the RV and pulmonary artery pressure when the 
LV is totally unloaded and left atrial pressure falls. However, the 
recovery of the right ventricle may lag for several days as total 
decompression of the left ventricle allows a significant shift of 
the interventricular septum toward the left ventricle, with fur¬ 
ther distention and dysfunction of the right ventricle. 25-27 


Coagulation Parameters 

Coagulopathy is a significant risk factor and a common abnor¬ 
mality noted in patients with refractory heart failure. An abnor¬ 
mal international normalized ratio (INR) in the absence of war¬ 
farin use is of added concern, as it may reflect chronically high 


right atrial pressures, leading to hepatic congestion and, ulti¬ 
mately, to hepatic fibrosis and cirrhosis. Prolonged abnormal 
INR and low platelet count combined with use of anticoagula¬ 
tion or antiplatelet therapy are associated with significant peri¬ 
operative bleeding, requiring multiple transfusions, leading to 
increased pulmonary vascular resistance, RV failure, decline in 
renal function, hemodynamic instability, and multiple organ 
failure. 28 In addition, patients with severe heart failure com¬ 
monly have a nutritional basis for abnormal coagulation due to 
depletion of several specific coagulation factors, such as factor 
VII. The minimum preoperative screen for coagulation abnor¬ 
malities should include prothrombin time (PT), partial throm¬ 
boplastin time (PTT), INR, platelet count, platelet aggregation 
studies, and possibly a heparin-induced thrombocytopenia 
(HIT) assay. The presence or development of HIT is associated 
with a high risk of bleeding as well as thrombosis of MCS 
devices. 29 


Nutrition 


Nutrition is an important contributor to overall outcome with 
MCS. A low serum albumin (<3.3 mg/dL) was the prominent 
risk factor for mortality and was associated with a relative 
increase in risk of 6.6-fold in the study by Lietz et al., 30,31 who 
evaluated outcomes with LVAD therapy for DT. Significant 
nutritional deficiency is often associated with poor wound 
healing and an increased risk of infection and impaired T- 
lymphocyte cell function, as manifest by cutaneous skin test 
anergy. Body habitus is a marker of nutrition and an impor¬ 
tant consideration in patient selection and is reliably defined 
by body mass index (BMI). Patients whose BMI is either less 
than 22 or greater than 36 are at risk for perioperative com¬ 
plications, but outcomes are more adversely impacted by 
cachexia than obesity. 32-34 Cachexia is often due to poor 
appetite due to elevated tumor necrosis factor (TNF) and other 
cytokines, limitations in exertion and work of breathing, and 
early satiety in those with significant hepatomegaly. 35 Cessa¬ 
tion of calorie intake for as little as 24 hours may be associated 
with a 50% reduction in production of critical proteins needed 
for wound repair. Delay in instituting MCS therapy may be 
warranted for several weeks when feasible to allow improve¬ 
ment in nutritional status, either by ingestion of various oral 
nutritional supplements or enteral feedings using a small feed¬ 
ing tube, preferentially with nocturnal feeding in those unable 
to consume adequate calories during the day. Early, aggressive 
caloric supplementation in the postoperative period is also 
critical to preventing or reversing malnutrition. 


OTHER IMPORTANT MEDICAL 
CONSIDERATIONS IN 
INSTITUTING MECHANICAL 
CIRCULATORY SUPPORT 


Valvular Heart Disease 


Abnormalities of the cardiac valves have important adverse con¬ 
sequences in patients being considered for MCS and may 
require repair or replacement in order to initiate successful MCS 
or achieve weaning from support. Mild to moderate aortic steno¬ 
sis in the absence of insufficiency is not a contraindication to 
placement of a VAD. Severe aortic stenosis should be corrected 
prior to placement of a VAD, preferably with a bioprosthetic 
valve, to facilitate future weaning or optimize native heart func¬ 
tion in the event of device failure. The presence of even mild to 
moderate aortic insufficiency can have a significant impact on 
the effectiveness of MCS therapy. In cases where LV assistance 
is initiated with left atrial to aortic cannulation, aortic insuffi¬ 
ciency will result in LV distention in the presence of significant 
LV dysfunction. LV distention adversely affects subendocardial 
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blood flow and can prevent weaning from MCS. In cases where 
MCS support is initiated with devices that require LV apical to 
aortic cannulation, reductions in LV pressure elicited by MCS 
increase the pressure gradient across the aortic valve and 
increase the degree of aortic insufficiency. Blood pumped into 
the aorta by the LVAD will flow backward across the incompe¬ 
tent aortic valve (aortic insufficiency), decreasing net forward 
flow and compromising end-organ perfusion. Mild to moderate 
aortic insufficiency may become more severe with initiation of 
MCS from an LVAD because the elevated LV end-diastolic pres¬ 
sure will be significantly reduced by emptying of the LV cavity 
by the device and the aortic root pressure will be elevated above 
baseline because of device flow. The presence of significant aor¬ 
tic insufficiency can be confirmed by echocardiography. Patients 
with a mechanical valve prosthesis in the aortic valve position 
should have the mechanical valve replaced with a bioprosthetic 
valve prior to institution of LV assistance. During complete 
unloading of the left ventricle by a VAD, the aortic valve may 
not open and the mechanical valve may be prone to thrombus 
formation. 

Patients with significant mitral stenosis at the time of initi¬ 
ation of device support may require correction of the valvular 
problem before implantation of a device depending on device 
selection and site of cannulation. In the setting of significant 
mitral stenosis, LV filling is impaired. VADs that utilize apical 
ventriculotomy for cannula placement for ventricular drainage 
may experience limitations in device filling due to mitral steno¬ 
sis. This problem can be circumvented by either choosing a 
device that can utilize left atrial drainage or by correcting the 
underlying valvular pathology (mitral valve repair or replace¬ 
ment with a bioprosthetic valve). Mitral regurgitation does not 
have an impact on the filling of a VAD. In situations where 
weaning from MCS may be feasible, correction of the mitral 
pathology, either stenosis or regurgitation, is necessary in 
order to optimize ventricular function. 

Adequate RV function is extremely important to maintain 
LVAD flow in the early postoperative period. Severe tricuspid 
regurgitation can significantly impair the forward flow of 
blood from the right ventricle, particularly in situations of 
high pulmonary vascular resistance. Severe tricuspid regurgita¬ 
tion contributes to elevated central venous pressure, hepatic 
congestion, and renal dysfunction. Severe tricuspid regurgita¬ 
tion may be present preoperatively in the setting of volume 
overload and biventricular failure or may develop following 
institution of LVAD support as a consequence of RV dilation 
from leftward shift of the interventricular septum. 25-27 If 
severe tricuspid regurgitation is present during the initiation of 
LVAD support, tricuspid valve repair should be performed to 
improve RV performance. 


Coronary Artery Disease 

Patients with significant obstructive coronary artery disease or 
patients with postcardiotomy shock following failed coronary 
bypass operations may experience angina during MCS. Gener¬ 
ally, coronary artery disease does not have adverse hemody¬ 
namic consequences during the period of MCS. However, the 
presence of obstructive coronary disease with ongoing ischemia 
may limit the degree of myocardial recovery and impact the 
ability to wean from temporary MCS. 

Perioperative ischemia of the right ventricle may be of 
hemodynamic significance during institution of LVAD sup¬ 
port. RV ischemia causing myocardial stunning or infarction 
that occurs during or soon after implantation of an LVAD can 
elicit RV failure, resulting in decreased flow to the LVAD. In 
patients who have had coronary bypass surgery and are candi¬ 
dates for MCS, patent bypass grafts, particularly to the right 
coronary artery or left anterior descending coronary artery, 
should be preserved in order to reduce the risk of perioperative 
RV failure and arrhythmias. In selected situations it may be 
important to perform a coronary artery bypass to the right 


coronary artery or left anterior descending coronary artery 
systems to optimize RV function in the perioperative period if 
significant obstructive coronary lesions amenable to bypass 
are present in the distribution of these arteries. 


Arrhythmias 

Atrial and ventricular arrhythmias are common in patients 
with cardiogenic shock and underlying ischemic or idiopathic 
cardiomyopathies. These arrhythmias generally persist in the 
immediate postoperative period and subsequently resolve with 
time as the hemodynamic condition of the patient improves 
and inotrope therapy is weaned. Some patients will have per¬ 
sistent arrhythmias due to their underlying pathology (i.e., 
giant cell myocarditis). Severe ventricular arrhythmias have 
traditionally been thought to be a contraindication to uni- 
ventricular support. However, recent experience has revealed 
that the hemodynamic consequences in patients in whom these 
arrhythmias develop in the late postoperative period are gen¬ 
erally not life-threatening. 36-38 In the absence of pulmonary 
hypertension and elevated pulmonary vascular resistance in 
the postoperative period, patients maintain adequate LVAD 
flows during ventricular fibrillation. This situation is analo¬ 
gous to a Fontan (systemic vein to pulmonary artery) circula¬ 
tion. In the early perioperative period, some patients with 
refractory ventricular arrhythmias may require biventricular 
support until the pulmonary vasculature resistance drops and 
a Fontan circulation is tolerated. The addition of RV support 
for hemodynamic compromise due to refractory ventricular 
arrhythmia is unusual. In situations where weaning from MCS 
is feasible or planned, elimination of the ventricular arrhyth¬ 
mias with antiarrhythmic therapy is essential. 


Intracardiac Shunts 


Intracardiac shunts, such as a patent foramen ovale or atrial 
septal defect, should be closed at the time of implantation of an 
LVAD to prevent right-to-left shunting. These anomalies should 
be identified prior to surgery using transesophageal echocardio¬ 
gram. 39 During the initiation of LV assistance, left atrial pres¬ 
sure is reduced compared to right atrial pressure. This gradient 
causes shunting of deoxygenated blood from the right atrium 
into the left, resulting in significant systemic hypoxemia. 


PATIENT OUTCOMES AND 
MAJOR ADVERSE EVENTS 
FOLLOWING INITIATION OF 
MECHANICAL CIRCULATORY 
SUPPORT 


Survival, as well as the occurrence of significant adverse events 
following the initiation of MCS therapy, is dependent on the 
clinical presentation, indication for MCS therapy, and type of 
device utilized. Generally, adverse outcomes are associated 
with a greater acuity and severity of illness and are generally 
higher when temporary MCS devices are utilized in the emer- 
Q gent situation. Bleeding, stroke and thromboembolism, infec¬ 
tion, and RV failure are the most frequent complications that 
occur in the early postoperative period following initiation of 
MCS. Major adverse events most common in the late postop¬ 
erative period include infection and device failure. 


Bleeding 

Bleeding is a frequent, early complication in patients supported 
by MCS and generally requires reoperation in the early postop¬ 
erative period. Risk factors for bleeding include preoperative 
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hepatic congestion and failure, poor preoperative nutritional 
status, prolonged CPB times, extensive surgical dissection, reop¬ 
erative surgery, multiple cannulation sites, decreased platelet 
function, and induction of fibrinolysis as a result of contact 
with biomaterial surfaces during CPB and MCS devices. In the 
early experience of MCS, about 50% of patients required reop¬ 
eration for bleeding. The rate still remains significant even with 
the incorporation of new device technology. 


Right Ventricular Failure (see Right 
Ventricular Failure under Patient Selection 
and Influence of Comorbidities on Outcomes) 

RV failure occurs in approximately 7% to 20% of patients 
supported by LV assistance alone. The etiology of RV failure is 
multifactorial and includes pathologies within the pulmonary 
vascular bed and/or right ventricle. Factors contributing to RV 
failure include impaired RV function as a result of intraopera¬ 
tive air embolism, myocardial stunning as a result of poor 
intraoperative myocardial protection, ischemia and infarction 
from coronary artery disease, arrhythmias, volume loading, 
and alteration of RV septal geometry induced by LV unload¬ 
ing. Several studies have demonstrated that factors, such as 
elevated central venous pressure, reduced RV stroke work 
index, low preoperative pulmonary artery pressures, transpul- 
monary gradient greater than 16 mm Hg, acute decrease in 
pulmonary artery pressures equal to or greater than 10 mm Hg 
at the onset of LVAD support, degree of preoperative pul¬ 
monary edema, increased need for perioperative transfusions, 
increasing degree of renal and hepatic dysfunction, female gen¬ 
der, nonischemic etiology, and preoperative temporary MCS 
support, all increase the need for RV MCS following LVAD 
implantation. 12-14 ’ 23,40 ’ 41 Acute unloading of the left ventricle 
by MCS may cause the septum to shift leftward, increasing RV 
volume loading and reducing its function. 25-27 The negative 
consequences of this phenomenon may be offset by the reduc¬ 
tion in pulmonary artery pressures and RV afterload caused by 
device-mediated LV decompression. 25-27 Hemodynamic stabil¬ 
ity can be attained with isolated mechanical LV support in 
approximately 90% of patients, even in those patients with 
substantial RV dysfunction, if there is effective replacement of 
left-sided heart function and aggressive treatment of pul¬ 
monary hypertension. More recently, the improved periopera¬ 
tive management of elevated pulmonary vascular resistance 
including the use of inhaled nitric oxide, a specific, potent pul¬ 
monary vasodilator, in combination with milrinone, isopro¬ 
terenol, or dobutamine has significantly reduced the need for 
placement of a RVAD. 42-44 In patients with marked elevation 
of central venous pressure, multiorgan failure, or severe RV 
dysfunction with low pulmonary artery pressures, early biven¬ 
tricular support may be indicated. 12-14,23 


Stroke and Thromboembolism 


The occurrence of thromboembolic events following MCS is 
variable and depends on a number of factors including the type 
of device, duration of support, location and number of cannula¬ 
tion sites, and presence of prosthetic valves within the heart. 
Approximately 10% of patients receiving MCS with implantable 
devices will experience a thromboembolic event or stroke. 45,46 
This rate is in the range of 20% for patients on short-term extra¬ 
corporeal MCS devices. Improvement in the rate of thromboem¬ 
bolic events has come from more aggressive antiplatelet therapy 
in conjunction with warfarin, improved device design, and more 
frequent use of LV apical as compared to left atrial cannulation. 
In patients supported for short durations only, anticoagulation is 
usually achieved with heparin and antiplatelet therapy. Longer- 
term support usually requires transition to warfarin and anti¬ 
platelet therapy for most, but not all, devices. 


Infection 


Infections can be device related (i.e., device endocarditis, per¬ 
cutaneous lead or cannula site infection, pocket infection 
[infection external to an implanted device]) or non-device 
related (i.e., pneumonia, urinary tract infection). The incidence 
of early nosocomial non-device-related or device-related infec¬ 
tions in patients undergoing MCS is approximately 30% to 
40% in many series and is related to the acuity of illness in this 
population of patients. 46-54 Patients with persistent or recurrent 
sepsis and those patients with device-related infections tend to 
have a higher mortality than patients without these complica¬ 
tions. In patients on long-term MCS, infection remains the sin¬ 
gle most significant obstacle to successful outcome. Infection 
was the most common cause of mortality during LVAD support 
seen in the REMATCH trial, with infection contributing to 
41% of deaths. 3 Within 3 months after implantation, the prob¬ 
ability of infection with the device was 28%. Most of these late 
infections began in the percutaneous tube (driveline) tract and 
pocket of the device. However, clinical experience has revealed 
that VAD infection rates can be minimized with attention to 
infection control guidelines, optimal implantation techniques, 
meticulous wound care, and the utilization of new continuous 
flow rotary pump technology. 46,55,56 

Risk factors for development of infection that are present 
before device insertion include preoperative infection at 
remote sites (not in the area of implantation), malnutrition, 
prolonged hospitalization, immobilization, broad-spectrum 
antibiotic therapy, immunosuppressive medications (i.e., 
steroids), mechanical ventilation, and the presence of central 
venous catheters. The percutaneous lead of the device can be a 
portal of entry for bacterial and fungal pathogens. Intracorpo- 
real device infections can occur within the pumps themselves 
and on their outer surfaces, which are generally caused by 
biofilm-forming bacteria and fungi (e.g., Staphylococcus 
species). Device-related infections can sometimes be success¬ 
fully treated with antibiotic suppression and device exchange 
or removal. Infections involving the preperitoneal pocket (sub¬ 
fascial space created for device placement) surrounding 
implantable VADs require more aggressive treatment, includ¬ 
ing open drainage, debridement, and rerouting of the percuta¬ 
neous lead through a fresh exit site. However, patients who are 
device dependent and awaiting transplantation generally can¬ 
not tolerate device removal as a therapeutic option to eradi¬ 
cate the infection. Antibiotic suppression and transplantation 
remain the only chance for cure of device-related infections in 
these instances. These infections do not generally preclude 
heart transplantation, and transplant outcomes and survival 
are generally not significantly affected in this situation. 50,56 


Device Malfunction 


As with any mechanical device, malfunction is an anticipated 
occurrence. The types and severity of device malfunctions vary 
with each of the devices. Many devices have built-in backup sys¬ 
tems that, in the event of catastrophic device failure, provide 
support to the patient. Also, most patients supported by a VAD 
have enough residual LV function to help sustain them until cor¬ 
rective measures can be taken. New technology incorporating 
continuous flow rotary pump design presents new challenges to 
device malfunction. These devices do not contain valves to 
direct the flow of blood, and stoppage of the pump is associated 
with significant regurgitation of blood through the device, 
resulting in significant LV distention. This phenomenon is simi¬ 
lar to the development of acute aortic insufficiency. Fortunately, 
the reported frequency of this event is low. 46 Device malfunc¬ 
tions in total artificial hearts are more problematic as there is no 
native heart to provide hemodynamic support in the event of a 
total device failure. Stringent quality control measures in fabri¬ 
cation and testing and very low mechanical failure rates are 
therefore even more essential with total artificial hearts. 
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FIGURE 84.3. Survival analysis for patients on mechanical 
circulatory support by Interagency Registry for Mechani¬ 
cally Assisted Circulatory Support (INTERMACS) profile 
and entered into the INTERMACS registry from June 2006 
through December 2009. (Figure adapted from the INTER¬ 
MACS Registry website: http://www.uab.edu/ctsresearch/ 
intermacs/presentations.htm and previously presented at 
the International Society of Heart and Lung Transplanta¬ 
tion, 28th Meeting and Scientific Sessions, April 2008. 
Reproduced with permission.) 59 


Survival by Device Type 


Intermacs: June 2006 - March 2009 
All implants: n = 1420 



Event: Death (censored at transplant or explant recovery) 

LVAD, left ventricular assist device; RVAD, right ventricular assist device; Bi-VAD, 
biventricular assist device; TAH, total artificial heart 


Interagency Registry for Mechanically 
Assisted Circulatory Support 

Q The Interagency Registry for Mechanically Assisted Circula¬ 
tory Support (INTERMACS) database, funded by the U.S. 
National Heart, Lung and Blood Institute (NHLBI), is a reg¬ 
istry for patients who receive implantable or “durable” VAD 
devices that are approved by the FDA. 57-60 The INTERMACS 
registry represents one of the largest available data reposito¬ 
ries for the study of VAD outcomes intended for BTT or DT. 
The most recent published data analysis of MCS outcomes for 
VAD therapy reviews the nearly 3 years of data entry into the 


registry and largely represents outcomes from patients under¬ 
going implantation with the first generation of pulsatile, vol¬ 
ume displacement technology, such as the HeartMate XVE 
(Thoratec Corporation, Pleasanton, California), Thoratec 
pVAD (Thoratec Corporation, Pleasanton, California), Thor¬ 
atec IVAD (Thoratec Corporation, Pleasanton, California), 
and Novacor LVAD (World Heart Corporation, Oakland, 
California), and second-generation technology with continu¬ 
ous flow rotary pumps. 57-60 Survival with LVAD support 
alone at 2 years was approximately 50% and was signifi¬ 
cantly worse for those patients requiring BiVAD support or 
support with a TAH 57-60 (Figs. 84.3 and 84.4 and Table 84.1). 
Patients undergoing implantation of an MCS device in the 


FIGURE 84.4. Survival analysis for patients on mechanical 
circulatory support by INTERMACS Profile and entered 
into the INTERMACS Registry from June 2006 through 
December 2009. (Figure adapted from the INTERMACS 
Registry Web site: http://www.uab.edu/ctsresearch/intermacs/ 
presentations.htm and previously presented at the Interna¬ 
tional Society of Heart and Lung Transplantation, 28 th Meet¬ 
ing and Scientific Sessions, April 2008. Reproduced with 
permission.) 5 


Survival by Device Type 


Intermacs: June 2006 - March 2009 
Primary LVAD: n = 1092 



Event: Death (censored at transplant or explant recovery) 

LVAD, left ventricular assist device; RVAD, right ventricular assist device; Bi-VAD, 
biventricular assist device; TAH, total artificial heart 
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TABLE 84.1 


DESCRIPTION OF INTERMACS PROFILES DESCRIBING DEGREE OF HEART FAILURE SYMPTOMS AND HEMODYNAMIC 
STATUS AT THE TIME OF MECHANICAL CIRCULATORY SUPPORT IMPLANTATION AND INCLUDING THE TIME FRAME 
FOR INTERVENTION 57 


■ INTERMACS PROFILE DESCRIPTIONS 

■ TIME FRAME FOR 

INTERVENTION 

Profile 1: Critical cardiogenic shock 

Patients with life-threatening hypotension despite rapidly escalating inotropic support, 
critical organ hypoperfusion, often confirmed by worsening acidosis and/or lactate levels. 
“Crash or burn. ” 

Definitive intervention needed within 
hours. 

Profile 2: Progressive decline 

Patient with declining function despite intravenous inotropic support, may be manifest 
by worsening renal function, nutritional deprivation, inability to restore volume balance. 
“Sliding on inotropes.” Also describes declining status in patients unable to tolerate 
inotropic therapy. 

Definitive intervention needed within 
few days. 

Profile 3: Stable bu inotrope dependent 

Patient with stable blood pressure, organ function, nutrition, and symptoms on 
continuous intravenous inotropic support (or a temporary circulatory support device or 
both), but demonstrating repeated failure to wean from support due to recurrent 
symptomatic hypotension or renal dysfunction. “Dependent stability .” 

Definitive intervention elective over a 
period of weeks to few months. 

Profile 4: Resting symptoms 

Patient can be stabilized close to normal volume status but experience daily symptoms 
of congestion at rest or during ADL. Doses of diuretics generally fluctuate at very high 
levels. More intensive management and surveillance strategies should be considered, 
which may in some cases reveal poor compliance that would compromise outcomes 
with any therapy. Some patients may shuffle between 4 and 5. 

Definitive intervention elective over 
period of weeks to few months. 

Profile 5: Exertion intolerant 

Comfortable at rest and with ADL but unable to engage in any other activity, living 
predominantly within the house. Patients are comfortable at rest without congestive 
symptoms, but may have underlying refractory elevated volume status, often with renal 
dysfunction. If underlying nutritional status and organ function are marginal, patient 
may be more at risk with INTERMACS 4, and require definitive intervention. 

Variable urgency, depends upon 
maintenance of nutrition, organ 
function, and activity. 

Profile 6: Exertion limited 

Patient without evidence of fluid overload is comfortable at rest, and with ADLs and 
minor activities outside the home but fatigues after the first few minutes of any 
meaningful activity. Attribution to cardiac limitation requires careful measurement of 
peak oxygen consumption, in some cases with hemodynamic monitoring to confirm 
severity of cardiac impairment. “ Walking wounded. ” 

Variable, depends upon maintenance of 
nutrition, organ function, and activity 
level. 

Profile 7: Advanced NYHA III 

A placeholder for more precise specification in future, this level included patients who 
are without current or recent episodes of unstable fluid balance, living comfortably with 
meaningful activity limited to mild physical exertion. 

Transplantation or circulatory support 
may not currently be indicated. 

Modifiers for Profiles 

TCS: Temporary Circulatory Support can modify only patients in hospital (other 
devices would be INTERMACS devices). Includes IABP, ECMO, TandemHeart, 

Levitronix, BVS 5000 or AB5000, Impella 

A-Arrhythmia: can modify any profile. Recurrent ventricular tachyarrhythmias that 
have recently contributed substantially to clinical compromise. This includes frequent 

ICD shock or requirement for external defibrillator, usually more than twice weekly. 

FF: Frequent Flyer can modify only outpatients, designating a patient requiring 
frequent emergency visits or hospitalizations for diuretics, ultrafiltration, or temporary 
intravenous vasoactive therapy. 

Possible Profiles to Modify 

1, 2, 3 in hospital. 

Any profile. 

3 if at home, 4, 5, 6. A frequent flyer 
would rarely be profile 7. 


INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support. 

From Stevenson LW, Pagani FD, Young JB, et al. INTERMACS profiles of advanced heart failure: the current picture. J Heart Lung Transplant 
2009;28:535-541. 

presence of critical cardiogenic shock (i.e., INTERMACS at the time of MCS device implant, accompanied by a greater 
level 1) had worse outcomes compared to device implantation degree of hemodynamic compromise, have a significantly 

in patients with more stable forms of advanced heart failure higher risk of requiring BiVAD support, higher risk of major 

(INTERMACS levels 2 through 7) 57-60 (Figs. 84.3 and 84.4 adverse events, and significantly higher risk of death during 
and Table 84.1). These observations highlight the importance VAD support. 

of proper patient selection and timing of initiation of MCS Since May 2008, following FDA approval of the Heart- 

therapy on outcomes. Patients with significant organ dysfunction Mate II LVAD, an increasing number of patients entered into 
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the INTERMACS registry have received MCS device support 
with the new generation of continuous flow rotary pump tech¬ 
nology. Subsequent reports from the INTERMACS registry 
will highlight outcomes from new continuous flow rotary 
pump technology and offer unique insight with comparison to 
older technology for BTT indications. 


WEANING PATIENTS 
FROM MECHANICAL 
CIRCULATORY SUPPORT 

Weaning from Short-term 
Mechanical Circulatory Support 

A number of factors are considered when weaning patients 
from MCS. The first consideration is an assessment of patho¬ 
logic abnormalities of the heart, such as valvular disease or 
severe coronary disease, that have not been addressed and cor¬ 
rected. If the underlying pathology that has caused the patient 
to require MCS is not corrected, then the chances of weaning 
from MCS will be negligible. Cardiac tamponade must also be 
excluded. Bleeding is a major early complication of MCS and 
reoperation for cardiac tamponade and bleeding is frequent. 
Transesophageal echocardiogram may not reliably identify 
cardiac tamponade in the early postoperative period. Thus, a 
high index of suspicion and low threshold for reoperation is 
critical to rule out tamponade. Volume status, preload and 
afterload, cardiac rhythm, and degree of inotropic support 
should be optimized for weaning. Noncardiac causes can con¬ 
tribute to failure to wean from MCS. Pulmonary edema, ele¬ 
vated pulmonary vascular resistance, acute respiratory distress 
syndrome (ARDS), and pneumonia may hinder RV function. 

Once a patient’s status has been optimized, weaning from 
MCS with the use of transesophageal echocardiogram is ideal. 
As device flows are reduced, transesophageal echocardiogram 
provides information on ventricular filling and performance 
and valve function. If patients can maintain satisfactory hemo¬ 
dynamics with reduction of pump flow, they can be considered 
for weaning. In the setting of biventricular support, it is impor¬ 
tant that device flows on the right side be reduced prior to 
turning down left-sided device flows to prevent pulmonary 
edema in the event of inadequate LV function. As device flows 
are reduced, native heart function will begin to support the 
circulation. If hemodynamics are unsatisfactory during the 
weaning trial, the patient will require continued support and 
subsequent weaning trials. When weaning from MCS is not 
possible, patients should be evaluated for heart transplanta¬ 
tion and bridged to a long-term MCS device if feasible. 


Weaning from Long-term 
Mechanical Circulatory Support 

Anecdotal observations from the cumulative experience with 
long-term MCS for BTT and recent small clinical studies have 
demonstrated that long-term MCS, associated with sustained 
mechanical unloading of the left ventricle, can improve 
myocardial function in those patients thought to have irre¬ 
versible, dilated, end-stage nonischemic cardiomyopathies. 61-63 
Several studies have demonstrated that long-term MCS can 
restore ventricular geometry; improve myocyte function, orien¬ 
tation, and size; reduce myocyte apoptosis; reduce myocardial 
cytokine gene and protein expression; reverse abnormal neuro- 
hormonal patterns associated with advanced heart failure; and 
improve myocardial mitochondrial function. 61-63 These obser¬ 
vations have led clinicians to consider MCS alone, or in con¬ 
junction with other future possible therapies (novel medica¬ 
tions, gene therapy, myocyte or stem cell implantation), as a 
potential modality to reverse end-stage cardiomyopathy. 




FIGURE 84.5. Intra-aortic balloon pump. A: Catheter-mounted bal¬ 
loon is positioned within the thoracic aorta through a percutaneous 
insertion in the groin. B: Console for the intra-aortic balloon pump. 


Whether these observations hold under future rigorous experi¬ 
mental scrutiny remains unknown at this time. 


MECHANICAL CIRCULATORY 
SUPPORT DEVICES 

There are two broad categories of MCS devices separated by 
the intent of the duration to support patients and their ability 
to discharge patients safely to home. 


Devices Intended for Short-term 
Mechanical Circulatory Support 

Intra-aortic Balloon Pump. The most frequent MCS 
device in utilization today is the IABP (Figs. 84.5 and 84.6). 



FIGURE 84.6. Aortic pressure tracing during intra-aortic balloon 
pump support. Balloon counterpulsation is occurring after every other 
heartbeat (1:2 counterpulsation). With correct timing, balloon inflation 
(IP) begins immediately after aortic valve closure, signaled by the dicrotic 
notch (DN). Compared with unassisted ejection, the pump augments 
diastolic blood flow by increasing peak aortic pressure during diastole 
(PDP). Balloon deflation before systole decreases ventricular afterload, 
with lower aortic end-diastolic pressure (balloon aortic end-diastolic 
pressure [BAEDP] vs. patient aortic end-diastolic pressure [PAEDP]) and 
lower peak systolic pressure (assisted peak systolic pressure [APSP] vs. 
peak systolic pressure [PSP]). (Courtesy of St. Jude Medical, Inc., Cardiac 
Assist Division, Minneapolis, MN.) 
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The first clinical use of the IABP was reported by Kantrowitz 
et al. in 1968. 64 The IABP can be inserted percutaneously and 
is positioned within the descending thoracic aorta. The IABP 
may augment cardiac output by 10% to 25% depending on the 
balloon size, patient size, degree of aortic compliance, cardiac 
rhythm, blood pressure, and IABP settings and timing. The 
concept for the IABP was based on the observation that the 
area under the arterial pressure trace (time-tension index) was 
an indirect estimation of the heart’s oxygen consumption. 
Deflation just before ejection effectively decreases afterload 
and thus the work of the heart during systole. Balloon inflation 
during diastole increases diastolic pressure and hence coronary 
perfusion. Cardiac output improves from enhanced myocardial 
contractility as a result of increased coronary blood flow and 
reduced afterload and preload. Patients with ischemic car¬ 
diomyopathy have the greatest potential in increase in cardiac 
output from improved cardiac contractility resulting from 
enhanced coronary perfusion during diastole. Complications 
from use of the IABP include leg ischemia, balloon rupture, 
thrombosis within the balloon, sepsis, infection at the insertion 
site, bleeding, false aneurysm formation, lymph fistula, femoral 
neuropathy, vessel perforation with hemorrhage, and aortic 
dissection from catheter passage below the intima. Depending 
on the extent of peripheral vascular disease, balloon position 
can occlude major branches of the aorta and elicit ischemia of 
the tissues supplied by these vessels. Female gender, peripheral 
vascular disease, diabetes, smoking, advanced age, obesity, and 
cardiogenic shock are risk factors for the development of leg 
ischemia. The IABP has several disadvantages. In the best of 
circumstances, cardiac output is augmented by 25% as com¬ 
pared to LVADs, which can augment cardiac output by three to 
five times baseline flows. Mobilization and ambulation of the 
patient is limited while the IABP is being utilized. 

Extracorporeal Life Support. ECLS, traditionally referred 
to as ECMO, is a temporary form of MCS that provides circu¬ 
latory assistance as well as oxygenation and carbon dioxide 
removal from blood. 65-67 The ECLS circuit is similar in concept 
to cardiopulmonary bypass routinely used in the operating 
room for cardiac procedures. However, with ECLS, safe appli¬ 
cation for extended periods of time (days) has required certain 
modifications, particularly the inclusion of membrane or hol¬ 
low-fiber oxygenators. The first successful use of prolonged 
ECLS was reported by Hill et al. in 1972. 68 Subsequently, ECLS 
has been used in an increasing number of indications including 
neonatal, pediatric, and adult respiratory support; neonatal, 
pediatric, and adult postcardiotomy support; and as a bridge to 
a LVAD or heart and lung transplantation. 

ECLS supports the circulation by unloading the right ven¬ 
tricle and draining blood from the venous circulation, oxy¬ 
genating it, and returning it to the arterial circulation. ECLS 
does not unload the left ventricle, although LV preload is 
reduced by decreasing pulmonary venous return. In patients 
with severe LV dysfunction, the use of an IABP helps reduce 
LV afterload during systole and improves myocardial contrac¬ 
tility. The use of the IABP and inotrope therapy can maintain 
sufficient cardiac contractility to prevent stasis within the ven¬ 
tricle where clot formation is possible. 69 If LV function is so 
severely reduced that there is no ejection, an atrial septostomy 
can be performed to vent pulmonary venous return. Alterna¬ 
tively, a left-sided vent can be connected to the venous line to 
relieve LV distention. It is important during ECLS support to 
maintain some degree of pulmonary blood flow to prevent 
thrombosis. Additionally, it is important to continue ventila¬ 
tion of the lungs to maintain the oxygen saturation of the 
blood ejected from the left ventricle above 90%. Poorly oxy¬ 
genated blood ejected from the left ventricle will perfuse the 
coronary arteries and add hypoxic damage to the already 
injured heart. Venovenous ECLS, unlike venoarterial ECLS, 
maintains flow through the heart. Venoarterial ECLS is used 
primarily for cardiac or cardiorespiratory support, while ven¬ 
ovenous ECLS is used for pulmonary support. 


Current ECLS circuits are typically composed of a centrifugal 
pump with either a hollow fiber or membrane oxygenator, an 
oxygen blender, a pump console, a heat exchanger, and a pump 
cart. A roller pump is used by some centers. Cannulation for 
ECLS is extremely variable and depends on the clinical situation 
and whether venoarterial or venovenous circuit is desired. Percu¬ 
taneous cannulation of the femoral vein and artery can be per¬ 
formed in emergent situations where institution of MCS is needed 
within minutes (acute cardiac and/or respiratory arrest). In less 
urgent situations, cut-down on the internal jugular and carotid 
artery or respective femoral vessels can be performed. In cases of 
postcardiotomy failure in the operating room, venous access can 
be obtained by insertion of the cannula in the right atrium and 
arterial outflow obtained by cannulation of the ascending aorta. 

Numerous large clinical series have reported successful use 
of ECLS for cardiac and/or respiratory support in adult, pedi¬ 
atric, and neonatal patients. In the largest series reported to 
date, Bartlett et al. at the University of Michigan reported on 
the outcome of 1,000 patients supported with ECLS from 
1980 through 1998. 70 Survival to hospital discharge was 88% 
for 586 cases of neonatal respiratory failure, 70% for 132 
cases of respiratory failure in children, and 56% for 146 cases 
of respiratory failure in adult patients. Venovenous ECLS was 
the preferred method of respiratory support since 1988. For 
patients with cardiac failure, 33% of adult patients (31 cases) 
and 48% of pediatric patients (105 cases) survived to hospital 
discharge. Survival in adult patients was improved by utilizing 
ECLS as a bridge to longer-term implantable devices in 
patients who did not demonstrate early recovery of myocar¬ 
dial function. 71-74 Conversely, the availability of long-term 
implantable devices has extended the use of ECLS in situations 
where recovery of myocardial function is unlikely. 71-74 

Tandem Heart pVAD. The Tandem Heart pVAD (Cardiac 
Assist Technologies, Inc., Pittsburgh, Pennsylvania) is a percuta¬ 
neous left atrial-to-femoral artery VAD 75 (Pigs. 84.7 and 84.8). 
The pump is a low-speed, continuous flow, centrifugal pump. It is 
a dual-chamber pump composed of an upper housing and a lower 
housing assembly. The upper housing provides a conduit for 
inflow and outflow of blood. The lower housing assembly pro¬ 
vides communication with the controller, the means for rotating 
the impeller of the VAD, and an anticoagulation infusion line inte¬ 
gral to the pump to provide a hydrodynamic bearing, cooling of 
the bearing, and local anticoagulation. The controller is a micro¬ 
processor-based electromechanical drive and infusion system that 
is designed to be operated on AC current or on internal batteries. 

Implantation of the device is performed percutaneously 
through the right femoral vein. A standard Brockenbrough 
catheter is inserted into the superior vena cava and the intera¬ 
trial septum is punctured in the fossa ovalis using a Ross nee¬ 
dle. The Brockenbrough catheter is then exchanged for a stiff 
guide wire with a distal soft wire loop identical to the device 
used for mitral valvuloplasty by the Inoue method. The 
transseptal puncture site is then dilated to 21 Lrench with a 
two-stage dilator followed by insertion of a venous inflow 
cannula, which is sutured to the skin of the thigh. An arterial 
perfusion catheter of 14 French to 19 French is inserted percu¬ 
taneously into the right femoral artery or two arterial perfu¬ 
sion catheters of 12 French into both femoral arteries. 

In a randomized comparison of IABP with the Tandem 
Heart pVAD, Thiele et al. reported a more effective improve¬ 
ment in cardiac power index as well as other hemodynamic 
and metabolic variables with the Tandem Heart pVAD 
compared to the IABP. However, complications such as severe 
bleeding and limb ischemia were encountered more frequently 
after VAD support. Thirty-day mortality was similar between 
the groups. 75 The Tandem Heart pVAD is FDA approved for 
temporary MCS for cardiogenic shock in patients refractory to 
optimal medical therapy and IABP. 

CentriMag VAD. The CentriMag VAD (Levitronix LLC, 
Waltham, Massachusetts) is an extracorporeal system composed 
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FIGURE 84.7. A: The Tandem Heart pVAD centrifugal pump. The 
Tandem Heart pVAD is an extracorporeal, continuous flow rotary 
pump providing temporary mechanical circulatory support (left ven¬ 
tricle). The Tandem Heart pVAD utilizes a bearing design in the pump 
for impeller positioning and rotation. B: Electrical control console for 
the Tandem Heart pVAD centrifugal pump. (Photographs courtesy of 
Cardiac Assist Corporation, Pittsburgh, PA.) 



FIGURE 84.8. Schematic representation of the cannulation of the femoral artery and femoral vein with the transseptal 
placement of the inflow catheter within the left atrium from the femoral vein. The centrifugal pump of the Tandem Heart 
pVAD is secured to the patient’s right thigh. (Photographs courtesy of Cardiac Assist Corporation, Pittsburgh, PA.) 
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FIGURE 84.9. The CentriMag VAD. The CentriMag VAD is an extracorporeal, continuous flow rotary pump with centrifugal design utilized for tem¬ 
porary mechanical circulatory support. The CentriMag can provide univentricular or biventricular support. A: The CentriMag console (background) 
and pump/motor (foreground). B: Schematic representation of the CentriMag pump. The rotor located within the upper pump housing is magneti¬ 
cally coupled to the lower motor housing to produce rotor levitation and spin. (Photograph courtesy of Levitronix LLC, Waltham, MA; copyright 
IHC 2004.) 


of a centrifugal blood pump, a motor, a console, a flow probe, 
and a circuit 76 (Fig. 84.9). The device is based on a magnetically 
levitated “bearingless motor” design. The rotor located within 
the upper pump housing is magnetically coupled to the lower 
motor housing to produce rotor levitation and spin, which com¬ 
bines the drive, the magnetic bearing, and the rotor function into 
a single unit. The motor generates the magnetic bearing force that 
levitates the rotor into the pump housing while also generating 
the torque necessary to produce the unidirectional flow. This 
device can produce flows of up to 10 L/min under normal physi¬ 
ologic conditions, with a priming volume of 31 mL. Single-center 
reports have demonstrated successful use of the CentriMag 
device as a BTR or bridge to long-term implantable VAD. 76,77 

Impella Recover LP 2.5. The Impella Recover LP 2.5 (Abio- 
med Corporation, Danvers, Massachusetts) is a catheter-based, 
impeller-driven, axial flow pump with a maximal flow of 2.5 
L/min from the left ventricle to the ascending aorta. The device 
is positioned across the aortic valve with the inlet port below the 
valve and outlet port above the aortic valve. The device can be 
implanted via a percutaneous approach. 78,79 In a prospective ran¬ 
domized clinical trial comparing the Impella Recover LP 2.5 to 
IABP, cardiac index was significantly increased in patients with 
the LP 2.5 compared to patients supported with an IABP. Over¬ 
all mortality at 30 days was similar in both groups. 80 The Impella 
is also available in a larger model, LP 5.0, that is capable of up to 
5 L/min flow. The Impella LP 5.0 can be placed directly into the 
ascending aorta through the femoral artery or axillary artery. 81 

Extracorporeal Pulsatile Flow Circulatory 
Support Devices 

Abiomed BVS 5000 and AB 5000. The Abiomed BVS 5000 
(Abiomed Corporation, Danvers, Massachusetts) is an auto¬ 
mated ventricular support device intended to provide complete 
temporary LV and/or RV support 6-8 (Figs. 84.10 and 84.11). 
The Abiomed BVS 5000 is FDA approved for short-term 
MCS as a bridge to recovery in cases of cardiogenic shock due 
to postcardiotomy failure to wean, acute myocarditis, and 
myocardial infarction. Positioned externally, this pulsatile 



FIGURE 84.10. A: The Abiomed BVS 5000 (Abiomed Corporation, 
Danvers, MA) is an extracorporeal, pulsatile, displacement pump 
designed for temporary biventricular or univentricular mechanical cir¬ 
culatory support. Shown are the drive console and blood pumps. 
(continued) 
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system simulates normal physiologic mechanical cardiac func¬ 
tion. A microprocessor-based drive console is used to supply 
power to a disposable, pneumatically driven two-chambered 
blood pump that supports one side of the heart. Left atrial 
blood inflow is returned to the ascending aorta and right atrial 
inflow is returned to the pulmonary artery in the case of biven¬ 
tricular support. Transthoracic cannulas are used to connect 
the external system to the patient. Each blood pump consists 
of two Angioflex polyurethane atrioventricularlike chambers. 
Trileaflet polyurethane valves are strategically positioned to 
separate (a) atrial and ventricular bladders and (b) ventricular 



FIGURE 84.11. Abiomed AB 5000 (Abiomed Corporation, Danvers, 
MA). The AB 5000 is a pneumatically driven, pulsatile, volume dis¬ 
placement blood pump designed for a paracorporeal location. 


bladders and outflow cannulas. One or two disposable blood 
pumps are operated by a single BVS console, which automati¬ 
cally adjusts beat rate and systolic-to-diastolic ratio based on 
compressed air flow into and out of the external system. The 
blood pump is a dual-chamber device that incorporates an 
atrial (filling) chamber and a ventricular (pumping) chamber. 
Unidirectional flow is ensured by two trileaflet polyurethane 
valves fabricated from Angioflex, a biomaterial. The durations 
of pump systole and diastole are calculated automatically by 
the microprocessor to optimize pump filling and maintain a 
stroke volume of 83 mL. The console drives and adjusts left 
and right sides independently of each other. In addition to the 
traditional blood pumps and console, new blood pump 
designs and console, designated the AB 5000, have recently 
been introduced and approved by the FDA for short-term cir¬ 
culatory support. These blood pumps are connected to the 
patient in a paracorporeal configuration to enhance patient 
mobility (Fig. 84.11). 


Implantable Devices Intended for Long-term 
Mechanical Circulatory Support for Out-of- 
hospital Use (Bridge to Transplantation and 
Destination Therapy Indications) 

The majority of patients receiving long-term MCS have been sup¬ 
ported by devices engineered with pulsatile, volume displacement 
designs that are represented by the HeartMate VE and XVE 
(Thoratec Corporation, Pleasanton, California), Thoratec 
pVAD and IVAD (Thoratec Corporation, Pleasanton, Califor¬ 
nia), or Novacor (World Heart Corporation, Oakland, Cali¬ 
fornia). 82-87 These first-generation devices are engineered with 
an internal reservoir chamber and inflow and outflow valves 
that permit cyclic filling and emptying of the device with pump 
actuation elicited by either pneumatic (Thoratec pVAD and 
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IVAD) or electrical (HeartMate VE and XVE and Novacor) 
drive systems. The inlet cannula of these devices is generally 
sewn to the left ventricular apex and the outflow graft sewn to 
the ascending aorta. Blood entering the left ventricle is 
diverted to the pump chamber and exits to the ascending 
aorta. The pump lies in a preperitoneal pocket created by sur¬ 
gical dissection below the diaphragm adjacent to the apex of 
the left ventricle. A percutaneous cable carrying the power 
supply to the pump, either pneumatic or electrical, is tunneled 
from the preperitoneal pocket to an external power source 
through the abdominal wall in the right upper quadrant. 

Extended periods of MCS have highlighted limitations in 
the design of pulsatile, volume displacement pumps and 
include a large pump size restricting mobility, requirement for 
extensive surgical dissection for implant leading to bleeding 
and infection complications, a large body habitus of the 
recipient limiting options for device therapy for women, the 
presence of a large-diameter percutaneous lead for venting air, 
and audible pump operation. A critical limitation of these 
devices, particularly the HeartMate VE device and the subse¬ 
quent later model, the HeartMate XVE, was the high inci¬ 
dence of reoperation for device exchange because of device 
malfunction. 88 Reports on the HeartMate VE and XVE have 
Q demonstrated a greater than 50% rate of device failure at 2 
years. To overcome these limitations, newer device designs 
incorporating continuous flow rotary pump technology with 
an axial or centrifugal blood path represent the next genera¬ 
tion of devices for long-term MCS therapy. 88 

Implantable, Pulsatile, Volume Displacement 
Mechanical Circulatory Support Devices 

HeartMate XVE Left Ventricular Assist Device. The Heart- 
Mate XVE is an implantable, pulsatile, volume displacement 
LVAD designed for long-term MCS 82,83 (Fig. 84.12). The unique 
feature of this device is that its blood-contacting surfaces of the 
pump are textured with sintered titanium spheres on the rigid 
surface and integrally textured polyurethane on the movable 
surfaces to encourage the deposition of circulating cells with the 
formation of a biologic layer, obviating the need for anticoagu¬ 
lation with warfarin. The HeartMate blood pump consists of a 
flexible polyurethane diaphragm within a ridged outer titanium 
alloy housing. The inflow and outflow conduits of the Heart- 
Mate device each contain a 25-mm porcine valve within a tita¬ 
nium cage to ensure unidirectional blood flow. Diaphragm 
movement and blood ejection depend on an electric motor posi¬ 
tioned below the diaphragm. The electric rotary motor within 
the titanium housing drives a cam up and down (translational 
movement) causing diaphragm movement. An external vent 
equalizes the air pressure and permits emergency pneumatic 
actuation in the event of electrical failure. The drive line is cov¬ 
ered with a polyester velour that promotes tissue bonding and 
anchoring to the skin. The XVE LVAD is powered by two 
rechargeable batteries. The wearable electrical devices currently 
available have external backup mechanisms to continue support 
without the need for reoperation in case of failure of the device. 
The maximum pump flow is 9.6 L/min for the HeartMate XVE. 

Thoratec IVAD. The Thoratec IVAD is a small implantable 
ventricular assist device (IVAD) based on the Thoratec 
pVAD 89-93 (Figs. 84.13 and 84.14). The IVAD is a pneumati¬ 
cally driven pulsatile, volume displacement VAD that has a 
polyurethane blood pumping sac housed within a smooth- 
contoured, polished titanium alloy outer shell. The IVAD is 
controlled with the Thoratec TLC-II portable VAD driver, 
which is a small, briefcase-sized, battery-powered, pneumatic 
control unit that permits patient discharge from the hospital. 
A small flexible (9-mm outside diameter) percutaneous pneu¬ 
matic driveline for each VAD is tunneled out of the body from 
the LVAD or RVAD in a pre- or intraperitoneal position. The 
major feature of this small pump is that it can be implanted to 
provide left, right, or biventricular support. 




FIGURE 84.12. A: The HeartMate XVE (Thoratec Corporation, 
Pleasanton, CA) is an implantable, electrically driven, pulsatile, vol¬ 
ume displacement left ventricular assist device designed for long-term 
mechanical circulatory support for bridge to transplant or destination 
therapy. B: Schematic representation of the preperitoneal pump place¬ 
ment for left ventricular assist and percutaneous drive line, external 
controller, and power source (batteries). 


Implantable, Continuous Flow Mechanical Circula¬ 
tory Support Devices (Rotary Pumps with Axial Flow 
Design). Implantable, continuous flow rotary pumps with 
axial flow design represent the second generation of implantable 
VAD technology and have now replaced first-generation, pul¬ 
satile devices for long-term MCS indications. 46,94-96 The term 
“second-generation rotary pump” has largely been used to 
describe those continuous flow rotary pumps, typically with an 
“axial” blood flow path, that have an internal rotor within the 
blood flow path that is suspended by contact bearings. Rotary 
pumps with axial flow design offer several advantages over pul¬ 
satile, volume displacement pumps. These advantages include 
smaller size, fewer moving parts, durability, absence of valves 
to direct blood flow, smaller blood-contacting surfaces, and 
reduced energy requirements. Blood flow is accomplished by 
the spinning of an internal rotor at high speed that imparts sig¬ 
nificant kinetic energy to the blood. The spinning of the rotor is 
accomplished by actuating an electrical current and magnetic 
field around the rotor that contains internal magnets. Blood 
flow from the left ventricle to the aorta occurs continuously 
during the systolic and diastolic phases of the cardiac cycle. 
Although blood flow is continuous during the cardiac cycle, 
phasic changes in the flow of blood occur during the cardiac 
cycle due to changes in ventricular pressure and aortic after¬ 
load. These phasic changes in blood flow impart a diminished 
pulsatility to the aortic waveform. The ability to design smaller 
pumps using axial flow technology is a result of the elimination 
of a large blood chamber necessary with pulsatile systems. An 
additional important feature of these pumps is the lack of need 
for a compliance chamber. This feature alleviates the problem 
of internal compensation that is associated with conventional 
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FIGURE 84.13. A: The Thoratec pVAD (Thoratec Corporation, 
Pleasanton, CA) is a pneumatically driven, paracorporeal, pulsatile, 
volume displacement pump designed for temporary univentricular or 
biventricular support for bridge to recovery or bridge to transplanta¬ 
tion. B: Schematic representation of the Thoratec pVAD for biven¬ 
tricular support. LVAD, left ventricular apex to aorta; RVAD, right 
atrium to pulmonary artery. 




FIGURE 84.14. The Thoratec IVAD (Thoratec Corporation, Pleasan¬ 
ton, CA) is an implantable version of the Thoratec pVAD. The device 
is designed for longer-term univentricular or biventricular support for 
bridge to transplantation. 


pulsatile pumps that, to date, has significantly hindered total 
internalization. 

Device designs incorporating second-generation rotary 
pump technology with an axial blood path have accumulated 
significant human clinical experience and are either currently in 
late stages of clinical trials in the United States or have been 
recently been approved by the FDA for BTT. Reports from clin¬ 
ical trials of the second-generation rotary pumps have demon¬ 
strated efficacy in providing hemodynamic support, a favorable 
risk-to-benefit assessment, and improvement in mechanical 
performance. 46,96 Further, the human experience with second- 
generation rotary pumps with axial design has established the 
long-term safety of mechanical circulatory support with minimal 
pulse pressure. 97,98 Results from clinical studies have demon¬ 
strated early improvement followed by long-term stability of 
renal and hepatic function and no adverse effects on neurocog- 
nitive performance. 46 These improvements in device technology 
with the second-generation of continuous flow rotary pumps 
with axial design have increased the acceptance of LVAD therapy 
for long-term MCS indications. 

ITeartMate II. The HeartMate II is a continuous flow rotary 
pump with axial design that is representative of the second gen¬ 
eration of LVAD technology in clinical use in the United States 46 
(Fig. 84.15). The HeartMate II recently completed an FDA eval¬ 
uation for BTT therapy in the United States in a cohort of 133 
patients. To date, over 400 patients have been evaluated with the 
HeartMate II LVAD for BTT therapy and the device has received 
approval by the FDA for BTT indication in May 2008. In an 
extended follow-up report of 280 patients evaluated for BTT 
therapy with the HeartMate II device, 222 patients (79%) either 
received a transplant, recovered cardiac function and underwent 
device explantation, or remained alive with ongoing LVAD sup¬ 
port at 18-month follow-up. 99 At 18 months, 157 (55.8%) 
patients had received a heart transplant, 58 (20.6%) remained 
alive with ongoing LVAD support, 56 (19.9%) died, 7 (2.5%) 
recovered cardiac function and underwent device explantation, 
and 3(1%) were withdrawn from the study after device explan¬ 
tation and exchange for another type of LVAD. Overall survival 
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FIGURE 84.15. A: The HeartMate II LVAD (Thoratec Corporation, Pleasanton, CA) is an implantable, continuous flow 
rotary left ventricular assist device with axial design intended for long-term mechanical circulatory support for bridge to 
transplantation or destination therapy. Schematic drawing shows internal rotor, stators, and bearings and external motor 
coils. (Drawing courtesy of Thoratec Corporation, Pleasanton, CA.) B: Schematic representation of the HeartMate II in the 
preperitoneal position with associated percutaneous lead, external controller, and power source (batteries). 


for the patients who continued on LVAD support was 82% 
(95% confidence interval [Cl]: 77% to 87%) at 6 months, 73% 
(95% Cl: 66% to 80%) at 1 year, and 72% (95% Cl: 65% to 
79%) at 18 months. 

Jarvik 2000. The Jarvik 2000 (Jarvik Heart, Inc., New York, 
New York) is an implantable, continuous flow rotary pump 
with axial flow design. 100-102 The unique feature of the Jarvik 
device is the placement of the pump within the left ventricle to 
eliminate the inflow cannula along with orientation of the out¬ 
flow graft to the descending aorta (Fig. 84.16). The Jarvik 
2000 pump is inserted through a sewing cuff sewn into the 
apex of the left ventricle. The outflow orifice of the pump is 
attached to a Dacron graft for anastomosis to the descending 
thoracic aorta. The current adult version of the Jarvik 2000 
measures 2.5 cm in diameter by 5.5 cm in length, with a 
weight of 85 g and a displacement volume of 25 mL. The adult 
pump functions at speeds of 8,000 to 12,000 rpm, achieving 
blood flow up to 8 L/min. Percutaneous power is delivered 
from external batteries via a controller unit. Internal electrical 
wires are brought via the left pleural cavity to the apex of the 
chest and then subcutaneously across the neck to the base of 
the skull, where a percutaneous titanium pedestal transmits 
fine electrical wires through the skin of the scalp. The Jarvik 
2000 LVAD is currently in clinical trial. 

DeBakey Left Ventricular Assist Device. The DeBakey is an 
axial flow pump that measures approximately 86 mm long and 
25 mm wide (about the size of an AA battery). 95,103-105 It weighs 
95 g and has a displacement of 15 cm 3 . The pump is designed to 
produce flows of 5 L/min against 100 mm Hg pressure with a 
rotor speed of 10,000 rpm with less than 10 W of power. The 
DeBakey LVAD is currently under investigation in clinical trial. 

Implantable, Continuous Flow Mechanical Circula¬ 
tory Support Devices (Rotary Pumps with Centrifugal 
Flow Design). Although significant improvements in pump 
design have occurred with the second generation of rotary 
pumps with an axial blood flow path, there remain potential 
concerns with this technology. The presence of contact bearings 
in the blood path that suspend the rotor represents a potential 
point of frictional wear resulting in device failure and subse¬ 


quent need for device exchange. 94,106 The second-generation 
rotary pumps with axial design still demonstrate the potential 
for thrombus formation on the device rotor and bearing inter¬ 
face due to the presence of stasis and incomplete “wash” of the 
bearings. 46,95,107 The presence of stators to suspend and redirect 
blood flow also represents an obstruction within the blood flow 
path. Clinical studies have documented the problem with device 
thrombus requiring device exchange or treatment with throm¬ 
bolytic therapy, and have also shown a reduced but persistent 
risk of stroke. 46,107 In addition, this technology still requires 
long-term antithrombotic therapy and, subsequently, hemor¬ 
rhagic complications are observed with this therapy. 46,95,96 



FIGURE 84.16. The Jarvik 2000 (Jarvik Heart Corporation, New 
York, NY) is an implantable, continuous flow rotary left ventricular 
assist device with axial design intended for long-term mechanical cir¬ 
culatory support for bridge to transplant or destination therapy. 
Schematic representation of the placement of the Jarvik 2000 within 
the left ventricle. 
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An additional potential concern of second-generation rotary 
pumps with axial design is related to their hydrodynamic per¬ 
formance. To observe changes in pump flow at a fixed rotor 
speed, significant changes in pressure across the inlet and outlet 
orifices of the pump must occur. 108,109 This relative degree of 
insensitivity of the hydrodynamic performance of the pump or 
“steep” pressure-flow relationship can result in left ventricular 
collapse and “suction” when filling pressures are abruptly 
reduced, as in the case of a sudden onset of a ventricular 
arrhythmia, or result in elevated filling pressures with dyspnea 
when return to the left atrium is abruptly increased, as with 
exercise. Left ventricular collapse or “suction” events can, by 
themselves, precipitate serious ventricular arrhythmias, 110 and 
the inability to significantly increase pump flow with exercise 
may limit exercise performance in patients with axial pumps. 

Implantable LVADs that are rotary pumps of centrifugal flow 
design represent the third generation of VADs. These devices 
provide continuous flow at rotational speeds that are much 
slower, about 2,000 to 4,000 rpm, compared to 8,000 to 15,000 
rpm for pumps with axial flow design. The same general advan¬ 
tages and disadvantages of design features that apply to rotary 
pumps with axial flow design apply to centrifugal flow design. 
The major feature of the third generation of rotary pumps with 
centrifugal flow design is that the impeller is rotated and levi¬ 
tated in a magnetic field, eliminating the need for bearings and 
the subsequent problems associated with bearing wear; these 
pumps have a potential for very long durability 94,106,111 (Fig. 
84.17). Impeller rotation to elicit blood flow is achieved through 
magnetic coupling to the pump motor. Levitation systems uti¬ 
lized in third-generation rotary pumps suspend the moving 
impeller within the blood field without any mechanical contact, 
thus eliminating frictional wear and reducing heat generation 
that would normally take place at the contact surface with a 
contact bearing design. These levitation forces may be achieved 
through magnetic or hydrodynamic bearing design. Magnetic 
forces may be passive without the consumption of power (per¬ 
manent magnet) or active (induction of magnetic field with elec¬ 
tricity) in design. 94,106,111,112 Hydrodynamic levitation depends 
on fluid forces generated by the rotating impeller to levitate the 
internal impeller. Pump designs can be further distinguished by 
the utilization of hydrodynamic levitation only, hydrodynamic 
levitation working in synergy with magnetic levitation for sus¬ 
pension, or variations of active and/or passive magnetic levita¬ 
tion. Active magnetic levitation of the impeller typically utilizes 
complex position sensing and control systems that increase 
requirements for a larger pump size. Hydrodynamic suspension 
does not utilize position sensors, resulting in a less complicated 
electronic design and ability to miniaturize pump size. The 
design of any levitation system must be adequate to control the 
6 degrees of freedom of movement of the suspended impeller. 


FIGURE 84.17. Schematic representation of a third-generation con¬ 
tinuous flow rotary pump utilizing magnetic coupling of the internal 
impeller for levitation and rotation that obviates the need for bearings 
in the blood flow path. 


The third generation of rotary pumps with centrifugal 
design have a more sensitive pressure-flow relationship as 
compared to the second generation of rotary pumps with axial 
design. 111,113 This greater sensitivity of the pressure-flow rela¬ 
tionship results in greater changes in flow for any given change 
in pressure across the inlet and outlet orifices of the pump. 
This greater pump response to changes in flow may increase 
the margin of safety from creating suction events and improves 
pump flow during increases in left atrial return, potentially 
enhancing exercise response. 114,115 The improvements in the 
design attributes of the third generation of rotary pumps with 
centrifugal design, such as mechanical wear, operation at low 
flow, and perceived improved potential for hemocompatibility 
while still maintaining a manageable size warrant further clin¬ 
ical investigation. Whether these attributes will result in signif¬ 
icant improvement in clinical outcomes over that observed 
with the second generation of rotary pumps with axial design 
is not known at this time. 

DuraHeart. The DuraHeart (Terumo Heart Corporation, 
Ann Arbor, Michigan) is a continuous flow rotary pump with 
centrifugal and noncontact bearing design 106,112,113,116 (Fig. 
84.18). The device has a displacement volume of 180 cm 3 and 
a weight of 540 g. Its external dimensions are 72 mm in width 
and 45 mm in height. The pumping unit consists of an upper 
housing with the levitation system, an impeller, and a bottom 
housing containing the external drive motor. The device is 
designed with active magnetic levitation of the impeller along 
with hydrodynamic bearings to support impeller levitation in 
case of failure of the magnetic levitation system. The impeller 
is rotated through magnetic coupling between permanent 
magnets embedded on the motor side of the impeller and an 
external drive motor that utilizes a bearing design. Three elec¬ 
tromagnets and three position sensors are mounted in the 
upper housing. Tilting and axial displacements of the impeller 
are monitored and controlled using a 3-degrees-of-freedom 
control. The ferromagnetic ring on the opposite side of the 
impeller is levitated by the electromagnet, and position sensors 


xvoocw 


FIGURE 84.18. The DuraHeart (Terumo Heart Corporation, Ann 
Arbor, MI) is an implantable, continuous flow rotary pump with cen¬ 
trifugal design intended for long-term left ventricular assist for bridge 
to transplant or destination therapy. The device uses active magnetic 
coupling of the internal impeller for levitation and rotation. (Photo¬ 
graph courtesy of Terumo Heart Corporation, Ann Arbor, MI.) 
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FIGURE 84.19. A: The HVAD left ventricular assist device (HeartWare Corporation, Miami, FL) is an implantable, continuous flow 
rotary pump with centrifugal design. The device incorporates passive magnetic and hydrodynamic forces for impeller levitation and rota¬ 
tion. B: Schematic representation of the HVAD with the inlet cannula inserted into the apex of the left ventricle. The outflow cannulas 
and graft are anastomosed to the ascending aorta. (Photograph courtesy of Heart Ware Corporation, Miami, FL.) 


control the impeller so that it is always positioned at the cen¬ 
ter of the blood chamber. Radial impeller movement is pas¬ 
sively suspended with a bias flux through the electromagnetic 
rotor and drive magnet rotor. 

Clinical evaluation of the DuraHeart device has recently con¬ 
cluded in Europe and the device is undergoing clinical evaluation 
in the United States. A preliminary report of the European expe¬ 
rience was recently presented at the International Society of 
Heart and Lung Transplantation in April 2008. 116 Thirty-five 
patients with advanced heart failure (NYHA class IV, 14 
ischemic, 5 females) who were eligible for heart transplantation 
underwent implantation of the DuraHeart device from January 
2004 through September 2007. Median age of the patients was 
56 (range, 29 to 73) years. The average duration of device sup¬ 
port was 330 ± 220 (17 to 808) days with a cumulative duration 
of 21 years. Fourteen patients (40%) underwent heart trans¬ 
plantation at 194 ± 146 days. Nineteen patients (54%) were 
supported for at least 6 months and seven (20%) patients were 
supported for greater than 1 year. Fourteen patients (40%) 
remained alive with ongoing device support (330 ± 292 days). 
Kaplan-Meier survival at 2 years was 78%. There were seven 
deaths (median time to deaths, 29 days). Six early deaths 
occurred in the initial 11 patients and 4 were associated with 
excessive anticoagulation/antiplatelet therapy that resulted in 
fatal intracerebral hemorrhage or subdural hematoma. After 
implementing less intensive anticoagulation and antiplatelet 
therapy comparable to mechanical heart valves, there was no 
ischemic or hemorrhagic stroke for the last 24 patients. Stroke- 
free survival for the last 24 patients was 94% at 2 years. Twenty- 
six patients (86% of 1-month survivors) were discharged home, 
and the readmission rate was 1.5 patients per year. 

HVAD. The HVAD (HeartWare Corporation, Miami, Florida) 
is a small continuous flow rotary pump with centrifugal and 


noncontact bearing design. The unique feature of the HVAD is 
its small design size 117,118 (Fig. 84.19). It has a displacement vol¬ 
ume of 45 mL and weighs 145 g with a flow capacity of up to 10 
L/min. The device is small enough to place within the pericardial 
cavity without the need for dissection and creation of a preperi- 
toneal pocket. The impellor of the HVAD is suspended in place 
by combination of passive magnetic and hydrodynamic bearing 
systems. The impeller suspension system uses a passive magnetic 
bearing for radial stiffness. Axial magnetic preload and hydro- 
dynamic bearings on top of each impeller blade provide axial 
constraint. The magnetic bearing consists of a stack of rare-earth 
ring magnets near the impeller’s inside diameter that repel the 
magnetic force of a similar stack of magnets inside the center 
post. The axial alignment of the center-post magnet stack is set 
to provide an axial force that pushes the impeller toward the for¬ 
ward housing (the assembly with the inflow cannula). Physical 
contact between the housing and the impeller is prevented by a 
thin blood film generated by the hydrodynamic bearings. 

The HVAD has undergone clinical evaluation in Europe and 
Australia and is undergoing clinical evaluation in the United 
States. In a multi-institutional trial in Europe and Australia, 20 
patients underwent implantation of the HVAD from March 
2006 through September 2007. 117 Mean age of the patients was 
46 ± 12 (range, 28 to 68) years. Mean duration of HVAD device 
support was 167 ± 143 days (range, 13 to 425 days). Range of 
blood flow provided by the pump was 4.0 to 6.5 L/min. Three 
patients were successfully transplanted after 426, 349, and 157 
days, respectively. One patient was weaned from pump support 
on postoperative day 266, two patients died on device (postop¬ 
erative days 13 and 203), and 14 patients remained alive with 
ongoing device support. Actuarial survival at 1 year was 80%. 

Levacor. The Levacor (World Heart Corporation, Oakland, 
California) device is a continuous flow rotary pump with 
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FIGURE 84.20. A: The CardioWest total artificial heart 
(Syncardia Systems Corporation, Tucson, AZ) is a pneu¬ 
matically driven, pulsatile, volume displacement device. 
B: The device is positioned orthotopically as a complete 
replacement of the native heart. The device is powered by 
drivelines that exit the anterior abdominal wall and con¬ 
nect to a large drive console. 



centrifugal and noncontact bearing design. 106,119 The pump is 
35 mm high and 75 mm in diameter and weighs 440 g. The 
magnetic levitation system utilizes a combination of perma¬ 
nent magnets that provide passive levitation and a magnet coil 
that provides active levitation along 1 degree of freedom of 
movement of the impeller. Aside from rotation, the other 5 
degrees of freedom of movement of the pump rotor are all pas¬ 
sively controlled except axial movement in the ^-direction, 
which is actively controlled by the coil and electronics. The 
motor is integrated directly into the pump housing and rotor 
and no external motor is required for rotation. 

Clinical evaluation of the Levacor device has been initiated 
in Europe and Canada with successful results reported in a 
BTR protocol. 119 Clinical evaluation in the United States is 
scheduled for 2010. 


Total Artificial Hearts 

CardioWest Total Artificial Heart. The CardioWest 
TAH (SynCardia Systems Corporation, Tucson, Arizona) is a 
pulsatile, volume displacement, total artificial heart 120-123 (Fig. 
84.20). The rigid polyurethane pump contains a flexible 
polyurethane diaphragm that separates blood and air cham¬ 
bers. Two Medtronic-Hall mechanical valves located at the 
inflow and outflow orifices ensure unidirectional blood flow. 
Compressed air from the external drive console moves the 
diaphragm upward, pressurizing the blood chamber and caus¬ 
ing ejection of blood. The pump has a maximum stroke vol¬ 
ume of 70 mL and a maximum flow rate of 15 L/min, although 
the average flow rate is less than 8 L/min. Pump rate, duration 
of systole, and driving pressure can be adjusted to achieve 
optimal flow conditions. The TAH is surgically implanted in 
the mediastinal space after the ventricles have been excised, 
while the atrial cuffs are retained. The pneumatic drivelines 
are externalized percutaneously and attached to the drive con¬ 
sole. Patients may be ambulatory, but their mobility is fre¬ 
quently restricted by the large drive console. A portable drive 
console is in clinical trial evaluation. The CardioWest TAH is 
approved by the FDA for bridge to heart transplant indication. 
In a recent study, Copeland et al. reported a 79% survival to 
heart transplantation compared to 46% for the observational 
arm. 121 One-year posttransplant survival was 86%. 

Abiomed Total Replacement Heart. The AbioCor TAH 
(Abiomed, Inc., Danvers, Massachusetts) is an orthotopically 
positioned total artificial heart pump. 124 The system uses brush¬ 
less DC motors that are powered by TETS (transcutaneous 


energy transmission system), and the system is completely 
implantable with no need for percutaneous leads. Implanted 
nickel-cadmium batteries can also drive the system in case the 
external coils detach. The Abiomed TAH shifts hydraulic fluid to 
pump blood in a one-to-one fashion. A unidirectional centrifugal 
pump combined with a rotating valve transmits hydraulic fluid 
against one of the pump’s diaphragms while simultaneously 
withdrawing fluid from the contralateral side. In this fashion, 
alternating filling and emptying of the pumps with blood occurs. 
The system incorporates 24-mL polyether urethane trileaflet 
valves in both the inlet and outlet orifices. The control schemes 
of this system demonstrate so-called Starling behavior so that 
increases in venous return elicit a commensurate increase in left 
pump output until a maximum output is reached. Optimal 
pumping rate is made a function of right atrial pressure, inferred 
from transducer-measured pressure readings within the right 
hydraulic chamber. Compensation for right and left flow imbal¬ 
ances depends on a flexible, 20-mL hydraulic chamber posi¬ 
tioned against the left atrium. This compliance chamber, in con¬ 
tinuity with the right pump’s hydraulic chamber, exerts negative 
feedback on right pump filling. As left atrial pressure rises, 
hydraulic fluid shifts into the right hydraulic chamber, limiting 
the passive diastolic filling of the right pump’s blood chamber. 
Less blood is then delivered to the left side until left atrial pres¬ 
sure decreases. The AbioCor TAH has received humane device 
exemption in the United States for clinical use for permanent 
replacement for patients not eligible for heart transplantation 
and at imminent risk of death from advanced heart failure. 


FUTURE DIRECTIONS 


Recent rapid technologic advancements and successful clinical 
applications of MCS have made the future of this field opti¬ 
mistic, but uncertain. It is possible that long-term MCS will 
provide a viable alternative to heart transplantation and med¬ 
ical therapy for patients with advanced heart failure. Due to the 
technologic advancements, it will be difficult to predict what 
devices will ultimately prove to be the most efficacious. It is 
likely that a variety of devices will become available for use 
depending on clinical circumstances and patient characteristics. 
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CHAPTER 85 ■ PERICARDIUM 


JULES LIN 


KEY POINTS 


Q Prompt recognition and treatment of cardiac tamponade 
can be lifesaving. 

Q The echocardiogram is the most useful noninvasive test in 
evaluating pericardial disease. 

Q The electrocardiogram is important in the diagnosis of acute 
pericarditis and classically shows diffuse ST elevations. 

^The hemodynamic significance of a pericardial effusion 
depends on the volume and the rate of accumulation. 


Q Postoperative tamponade should always be in the dif¬ 
ferential diagnosis with low cardiac output after cardiac 
surgery. 

Q Distinguishing constrictive pericarditis from restrictive car¬ 
diomyopathy can be difficult, but is important since the 
treatment is significantly different. 

Q Metastatic disease is the most common cause of pericardial 
effusion. 


The pericardium supports and protects the heart. The smooth 
pericardial surface and the small amount of normal pericardial 
fluid provide a frictionless chamber, which improves cardiac 
efficiency and serves as a barrier to infection. The pericardium 
can be susceptible to a variety of disease processes including 
Q inflammation, infection, malignancy, and trauma. Changes in 
compliance and the accumulation of pericardial fluid can 
impair cardiac function, and its prompt recognition and treat¬ 
ment can be lifesaving. 


HISTORY 


Hippocrates first described the pericardium in 460 BC. Three 
hundred years later, Galen described a pericardial effusion and 
the inflammatory changes associated with pericarditis. Lower 
first reported pericardial tamponade in humans in 1669. 
Lancisi and Morgagni described constrictive pericarditis, and 
Laennec wrote of the “bread and butter” appearance of acute 
pericarditis in 1819. 1 Kussmaul described the hemodynamic 
changes known as pulsus paradoxus, and Beck and Griswald 
performed experimental studies in the 1930s leading to a bet¬ 
ter understanding of the pathophysiology of pericardial effu¬ 
sion. 2,3 Karanaeff first described relieving the symptoms of 
tamponade using pericardiocentesis in 1840, 4 and Rehn 
reported methods to resect the pericardium in 1913. 5 


EMBRYOLOGY AND ANATOMY 


The pleuropericardial membranes fuse during the fifth week of 
gestation, dividing the thoracic cavity into pleural and pericar¬ 
dial spaces and forming the fibrous pericardium. 6 The serous 
pericardium is a single layer of mesothelial cells that produce 
and reabsorb pericardial fluid. The serous and fibrous peri¬ 
cardium form the parietal pericardium, which is normally 2 mm 
in thickness. The visceral pericardium covers the heart and the 
intrapericardial great vessels. The phrenic nerves are contained 
in the parietal pericardium, and there is a risk of diaphrag¬ 
matic paralysis with any operation on the pericardium. The 
pericardial folds form the oblique sinus, a blind cul-de-sac 
behind the left atrium, and the transverse sinus between the 
aorta and pulmonary artery superiorly and the left and right 
atrium inferiorly (Fig. 85.1). Lymphatic drainage is to the 
bronchial and tracheal lymph nodes and the thoracic duct. The 


pericardium normally produces 15 to 50 mL of serous fluid 
with a protein level lower than plasma. 7 


NORMAL PHYSIOLOGY 


Although there are no significant consequences of the congen¬ 
ital absence or surgical resection of the pericardium as long as 
the defect does not lead to cardiac herniation, the pericardium 
has some function in the normal patient. The pericardium 
anchors the heart and prevents torsion and acute distention. 8 
The pericardium also contributes to the diastolic coupling of 
the ventricles along the Starling curve. Mechanoreceptors in the 
pericardium may also regulate blood pressure and heart rate. 
The pericardium stretches up to 20% with small changes in 
pressure but becomes abruptly stiff and resistant with larger 
volumes. Compliance depends on the rate of fluid accumula¬ 
tion, and the hemodynamic response is also partially depen¬ 
dent on intravascular volume status. 

The normal pericardial pressure is less than atmospheric 
pressure and is the same as the intrapleural pressure. With 
inspiration, right-sided venous return and preload increase. 
Blood pools in the lungs and decreases left-sided venous return 
and aortic blood flow. The arterial pressure normally decreases 
less than 10 mm Hg with inspiration. The normal jugular 
waveforms are shown in Figure 85.2. The a wave is the normal 
atrial contraction. The c wave reflects the bulging of the atri¬ 
oventricular valve into the atrium during isovolumic ventricu¬ 
lar systole. The v wave represents passive atrial filling from the 
vena cava. The x descent occurs with systolic collapse during 
ventricular systole and atrial relaxation. The y descent reflects 
diastolic collapse with opening of the atrioventricular valve 
and passive ventricular filling. Inspiration decreases intratho- 
racic pressure and leads to a lower x descent compared to the y 
descent. 


DIAGNOSTIC STUDIES 


While the electrocardiogram (ECG) is nonspecific, it can be help¬ 
ful in suggesting the diagnosis. In acute pericarditis, the ECG 
classically shows diffuse ST elevations, and a low-voltage QRS is 
seen with a large pericardial effusion. The chest radiograph in a 
patient with a pericardial effusion shows an enlarged cardiac sil¬ 
houette described as a water bottle. Pericardial calcification can 
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FIGURE 85.1. This drawing illustrates the pericardial 
attachments of the great vessels and pulmonary veins. The 
oblique sinus forms a blind cul-de-sac behind the left atrium, 
and the transverse sinus is a space between the aorta and 
pulmonary artery superiorly and the left and right atrium 
inferiorly. (Reproduced with permission from Bradley SM. 
Pericardium. In: Mulholland MW, Lillemoe KD, eds. Green¬ 
field’s Surgery: Scientific Principles and Practice , 4th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2006: 
1521.) 
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be seen in chronic constrictive pericarditis secondary to tubercu¬ 
losis. 

The echocardiogram is the most useful noninvasive test in 
evaluating pericardial disease. The echocardiogram can iden¬ 
tify an effusion, pericardial thickening, or masses. By using 
Doppler and assessing changes in chamber size, the echocar¬ 
diogram is useful in assessing hemodynamics and can help dif¬ 
ferentiate tamponade, constriction, and restriction. It can also 
be used to help guide procedures such as pericardiocentesis. 
Computed tomography (CT) and magnetic resonance imaging 
(MRI) can identify pericardial masses and pericardial thicken¬ 
ing or calcification. 9 Cardiac catheterization provides pressure 
tracings that help to distinguish cardiac tamponade, constric¬ 
tion, and restriction. Endomyocardial biopsy can also be use¬ 
ful in diagnosing restrictive cardiomyopathy. 


CONGENITAL ABNORMALITIES 


Congenital absence of the pericardium is usually partial, but 
can be complete. It is most common on the left side and is more 
frequent in males. Associated congenital cardiac defects include 
atrial septal defect, a bicuspid aortic valve, and pulmonary 
malformations. Defects on the right side can lead to cardiac 
herniation. Patients can present with chest pain, syncope, or 
death. The electrocardiogram can show a right bundle branch 
block. The pericardial defect can be appreciated on CT or 
MRI. The treatment of a partial defect is total pericardiectomy 
or patch closure with polytetrafluoroethylene or bovine peri¬ 
cardium. Total pericardial absence is usually asymptomatic and 
is found incidentally. 

Pericardial cysts are rare benign cysts that generally mea¬ 
sure 1 to 15 cm in size. They are most commonly found at the 
right cardiophrenic angle and are asymptomatic. Patients may 
present with mediastinal compression and respiratory symp¬ 
toms. The differential diagnosis includes a Morgagni hernia, 


lipoma, mediastinal tumor, or bronchogenic cyst. CT scans are 
used to confirm the location and relationship to surrounding 
structures. The cyst is excised if the patient is symptomatic or 
the diagnosis is unclear. 


ACUTE PERICARDITIS 


Acute pericarditis is an inflammatory process that has involved 
the pericardium for less than 2 weeks (Table 85.1). Patients 
often present with a 3- to 7-day prodrome of low-grade fevers, 
malaise, and muscle aches. Acute pericarditis occurs in 5% of 
those who present to the emergency department with nonis¬ 
chemic chest pain 10 and in 1% of those with ST elevation. 11 It 
is important to distinguish pericarditis from the chest pain of 
an acute myocardial infarction. Acute pericarditis usually 
causes sharp, pleuritic pain that can last several days. The pain 
most commonly radiates to the trapezius ridge and is improved 
by leaning forward. Patients can present with shortness of 
breath, a nonproductive cough, and clear lung fields. The dif¬ 
ferential diagnosis also includes aortic dissection and pneu¬ 
mothorax. On physical examination, a friction rub may be 
heard and is sometimes intermittent. The classic friction rub 
has three components during systole, early diastolic filling, and 
atrial contraction. 

The electrocardiogram is important in the diagnosis and 
classically shows diffuse ST elevations without Q waves or T- 
wave inversion. PR depression can also be seen. There is a 
four-stage progression in the changes seen on ECG, with dif¬ 
fuse ST elevations followed by normalization of ST segments 
with flattening of T waves. The ECG then evolves with T-wave 
inversions prior to normalization of the ECG. Pericarditis and 
associated myocarditis can cause elevations in creatinine 
kinase and troponin I. 12 The minimal workup should include 
an ECG, complete blood count, cultures, chemistry profile, 
and antibody titers for collagen diseases. 


FIGURE 85.2. The jugular venous 
pulse waveform. (Reproduced with per¬ 
mission from Bradley SM. Pericardium. 

In: Mulholland MW, Lillemoe KD, eds. 

Greenfield’s Surgery: Scientific Princi- venous pul$$ 
pies and Practice , 4th ed. Philadelphia, 

PA: Lippincott Williams & Wilkins; 

2006:1522.) 
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TABLE 85.1 ETIOLOGY 


CAUSES OF PERICARDITIS 

Idiopathic 

Infectious 

Neoplastic 

Hemopericardium 

Blunt and penetrating trauma 
Post-cardiac surgery 
Aortic dissection 
Autoimmune and inflammatory 
Connective tissue disorders 
Post-myocardial infarction 
Medication induced 
Miscellaneous 

Radiation induced 

Hypothyroidism 

Uremic 


Idiopathic and Viral Pericarditis 

Idiopathic causes of pericarditis are the second most common 
after neoplastic disease. The majority are likely viral, although 
routine testing is not usually performed. A virus is only identified 
in 15% to 20% of cases, with the most common being coxsack¬ 
ievirus, echo virus, adenovirus, influenza, and cytomegalovirus. 
Patients present with chest pain, malaise, and fever and often 
have an elevated erythrocyte sedimentation rate. The episode is 
self-limited in 70% to 90% of cases. 10 Initial treatment is with 
nonsteroidal anti-inflammatory drugs (NSAIDs). There is a 15% 
to 30% relapse rate, at which point specific causes, such as 
autoimmune disorders, should be investigated. 10,13 A repeat 
course of NSAIDs, colchicine, or steroids is generally successful. 
Pericardiectomy is recommended if the patient is unresponsive to 
medical treatment or constriction develops. 


Acquired Immunodeficiency Syndrome 

A pericardial effusion develops in up to 20% of patients with 
human immunodeficiency virus (HIV) and is usually a poor 
prognostic sign. 14 This may be partly due to a generalized cap¬ 
illary leak syndrome as well as increased cytokine expression 
seen in the more advanced stages of HIV. Other contributing 
factors include tubercular and mycobacterial infections, lym¬ 
phoma, Kaposi sarcoma, or congestive heart failure. The 
majority are idiopathic and do not require further therapy if 
asymptomatic. Symptomatic effusions are drained. 


Tuberculous Pericarditis 

Tuberculous pericarditis occurs in 1% to 8% of patients. 15 In 
immunocompromised patients, infection by Mycobacterium 
avium or Mycobacterium intracellulare can lead to pericardi¬ 
tis. The incidence of tuberculous pericarditis has decreased, 
although it continues to be a significant issue in immunocom¬ 
promised patients, particularly HIV patients in Africa. Patients 
present with fever, night sweats, cough, dyspnea, and weight 
loss. While infection usually results from hematogenous spread, 
it can also extend directly from lymph nodes or through lym¬ 
phatics. Pericardial changes occur in four stages: fibrinous, effu¬ 
sive, fibrous, and constrictive fibrous. Making the diagnosis 


from pericardial fluid alone is rare. Pericardial biopsy with acid- 
fast staining provides the diagnosis 80% to 90% of the time. 
Treatment includes multidrug antitubercular therapy and peri¬ 
cardiocentesis. Steroids have not been shown to be beneficial 
for mortality or progression to constriction, but lead to a 
faster resolution of symptoms and reaccumulation. 16 If 
patients present with late constriction, pericardiectomy may 
be required. 


Purulent Pericarditis 


Bacteria can be introduced into the pericardial space by direct 
injury, pneumonia, extension from head and neck infections, or 
hematogenous and lymphatic spread. Patients present with 
chest pain, fever, and leukocytosis. The most common organ¬ 
isms in adults are staphylococcus, pneumococcus, and strepto¬ 
coccus. Purulent pericarditis can evolve rapidly into tamponade 
and can be confused with septic shock. Fungal infections are less 
common, but immunocompromised patients and drug addicts 
are at greater risk. Pericardial fluid in purulent pericarditis has 
low glucose, high protein, and elevated lactate dehydrogenase 
(LDH) and neutrophils. An air-fluid level may be seen on chest 
radiography with gas-producing organisms. Treatment includes 
antibiotics and drainage. Surgical drainage may be needed for 
thick fluid or refractory effusions. The prognosis for purulent 
pericarditis is poor, with a survival of 30%. 10,17 


Uremic Pericarditis 


Fifty percent of patients with untreated renal disease develop 
pericarditis. The incidence is decreased to approximately 20% 
in patients on hemodialysis. The exact cause is unknown but is 
not directly related to the blood urea nitrogen (BUN) or crea¬ 
tinine. Other possible etiologies include hypercalcemia, viral 
infection, and autoimmune disease. Chest pain is usually less 
common, and the large effusions accumulate gradually. Treat¬ 
ment includes more intensive dialysis, NSAIDs, and steroids. 
The fluid is generally bloody and care should be taken in 
heparinizing these patients for dialysis. If patients develop 
tamponade or the effusion is unresponsive, pericardiocentesis 
or surgical drainage is performed. 


Vasculitis, Connective Tissue 
Disease, and Drugs 

Pericarditis can result from a variety of vasculitic and connective 
tissue diseases, including rheumatoid arthritis, Wegener granulo¬ 
matosis, rheumatic fever, lupus, scleroderma, Reiter syndrome, 
Behget disease, dermatomyositis, polyarteritis nodosa, dermato- 
myositis, sarcoidosis, and amyloidosis. Treatment includes man¬ 
agement of the underlying disease process and NSAIDs. Pericar¬ 
diocentesis is performed if necessary. Several medications can 
also lead to pericarditis including warfarin, hydralazine, isoni- 
azid, procainamide, phenytoin, dantrolene, cromolyn, and 
methysergide. 


Dressier and Postpericardiotomy Syndrome 

Pericarditis can occur following acute myocardial infarction in 
3% to 5% of patients. 18 Pericarditis can develop early in the 
first 1 to 3 days, particularly with transmural infarction. Forty 
percent of large Q-wave infarctions cause pericardial inflam¬ 
mation, although the incidence is decreasing with the use of 
thrombolytics and early revascularization. Patients are usually 
asymptomatic and are found to have a pericardial rub on 
examination, although they can present with pleuritic chest 
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pain. Treatment is usually with NSAIDs. Steroids can prevent 
conversion of infracted myocardium to scar, leading to greater 
thinning and risk of rupture. 19,20 

Patients can also present with pericarditis 1 week to a few 
months after a myocardial infarction with a friction rub, typi¬ 
cal ECG changes, and chest pain, although the incidence has 
decreased with increased revascularization. Pericardial inflam¬ 
mation is thought to be from an autoimmune reaction to 
myocardial cells. 20 Similar symptoms can also occur after car¬ 
diac surgery, blunt trauma, and pacemaker placement. Patients 
can develop a pericardial effusion and even tamponade. Treat¬ 
ment includes NSAIDs and colchicine for 2 to 3 weeks and 
occasionally steroids. The syndrome is usually self-limited. 


Radiation-induced Pericarditis 


Pericarditis can result from mediastinal and thoracic radiation 
for cancer, including lymphoma and breast carcinoma, and is 
related to the dosage delivered. With modern techniques, the 
incidence is 2%, but can be as high as 20% if the entire peri¬ 
cardium is treated. Patients may develop chest pain and fever. 20 
Symptoms are usually self-limited, and tamponade is rare. 
Delayed symptoms can develop years later and can result in 
pericardial constriction. Due to the history of malignancy, the 
etiology can be confused with a malignant effusion. If pericar¬ 
dial constriction develops, the treatment is pericardiectomy, 
although the mortality is higher than for other etiologies. 


PERICARDIAL EFFUSION 
AND TAMPONADE 


Any of the etiologies mentioned previously for pericarditis can 
also lead to pericardial effusion. Other causes include blunt or 
penetrating trauma, retrograde bleeding from an aortic dissec- 
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tion, and a transudative effusion from congestive heart failure. 
Effusions due to a bacterial or fungal infection, HIV, or malig¬ 
nancy have a higher incidence of progressing to tamponade. 
Twenty percent of large symptomatic effusions of unknown 
cause are due to an undiagnosed cancer. 21 

Normally there is only a small reserve volume before peri¬ 
cardial fluid causes significant cardiac compression and prevents 
adequate cardiac filling. The hemodynamic significance of a 
pericardial effusion depends on the volume and the rate of accu¬ 
mulation. The compensatory adrenergic response to a pericar¬ 
dial effusion leads to tachycardia and increased contractility, 
and patients on beta-blockers are less likely to compensate. 
Tamponade usually occurs when filling pressures reach 15 to 20 
mm Hg, although tamponade can occur at lower pressures in 
conditions where blood volume is reduced, including dialysis, 
with diuretic therapy, and bleeding. Cardiac pressures become 
elevated and are most closely equalized during inspiration. 
Tamponade generally affects right heart filling first, which then 
leads to underfilling of the left heart. 22 

Patients may present with dyspnea, tachycardia, and 
diaphoresis. The three classic signs of Beck’s triad are hypoten¬ 
sion, jugular venous distention, and muffled heart sounds, 
although each may be absent in patients with tamponade. 23 
Symptoms can be confused with right heart failure and pul¬ 
monary embolus. The jugular waveform changes characteristi¬ 
cally with loss of the y descent. 24 Since the total heart volume 
is fixed in tamponade, blood only enters the heart when blood 
leaves. The y descent represents opening of the tricuspid valve 
and is lost since no blood is ejected from the heart. Pulsus 
paradoxus is also noted with a fall in the systolic blood pres¬ 
sure of greater than 10 mm Hg with inspiration. Pulsus para¬ 
doxus is absent in left ventricular dysfunction, atrial septal 
defect, positive-pressure ventilation, aortic insufficiency, and 
regional tamponade. The ECG shows variation in the mor¬ 
phology of every other QRS complex, or electrical alternans, 
due to swinging of the heart in the pericardial effusion (Fig. 
85.3). Chest radiography shows an enlarged, rounded cardiac 
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FIGURE 85.3. The 12-lead electrocardiogram shows electrical alternans with variation in the morphology of every other QRS complex in a 
patient with a large pericardial effusion. (Reproduced with permission from Joffe II, Jacobs LE, Kotler MN. Pericardial tamponade. Circulation 
1996;94:2667.) 




















Chapter 85: Pericardium 


1509 



FIGURE 85.4. The echocardiogram shows a large pericardial effusion 
with diastolic right atrial collapse (arrow). (Reproduced with permis¬ 
sion from Joffe II, Jacobs LE, Kotler MN. Pericardial tamponade. Cir¬ 
culation 1996;94:2667.) 


silhouette. The pericardial fat pad sign is seen when the peri¬ 
cardial fat is separated from the heart by the effusion. 

Echocardiography is the most useful test in diagnosing 
pericardial effusion and tamponade. Signs of tamponade 
include early diastolic right ventricular and right atrial col¬ 
lapse during diastole (Fig. 85.4) and distention of the cava 
that does not diminish with inspiration. Doppler is useful in 
evaluating blood flow and shows exaggerated respiratory 
variation with an increase with inspiration on the right and a 
decrease on the left side of the heart. Echocardiography is 
also useful in identifying localized atrial compression, which 
can lead to tamponade with the other changes described pre¬ 
viously. 

The approach to a patient with a large pericardial effusion 
is outlined in Algorithm 85.1. If there are significant hemody¬ 


namic changes, emergent pericardiocentesis should be per¬ 
formed. Intravenous fluid and inotropes can temporize the 
hypotension but should not delay pericardiocentesis. If the 
effusion is loculated or contains blood clots, open drainage 
may be necessary. There should be a higher suspicion for tam¬ 
ponade in situations involving bleeding, bacterial or tubercu¬ 
lous pericarditis, or an acute or increasing moderate to large 
effusion. 


Postoperative Cardiac Tamponade 

Q Postoperative tamponade should always be in the differential 
diagnosis with low cardiac output after cardiac surgery. 
Patients may have rising filling pressures, hypotension, and 
decreased urine and cardiac output. Mediastinal chest tube 
output may increase or abruptly stop. Hypovolemia during the 
postoperative period can limit the increase in filling pressures. 
Pulsus paradoxus may also be masked by positive-pressure 
ventilation. On chest radiography, the cardiac silhouette is 
enlarged. In the postoperative cardiac patient, the epicardial 
pacing wires may move farther from the pericardium with 
increasing tamponade on chest films. Tamponade can result 
from relatively small amounts of blood with localized atrial 
compression from blood clots. There should be a low threshold 
for reexploration, which also provides a definitive diagnosis. 
Patients can also present with delayed tamponade after being 
started on anticoagulants. 


PERICARDIAL CONSTRICTION 


Constriction develops when the heart becomes constrained by 
a fibrotic pericardium. The process can progress over years, 
and the most common causes in the developed world are radi¬ 
ation treatment, postsurgical changes, and idiopathic. Tuber¬ 
culosis was the most common cause before antitubercular 
drug therapy. Other causes include amyloidosis, scleroderma, 
sarcoidosis, hemochromatosis, and malignant disease. Patients 
develop signs and symptoms of right heart failure due to 
obstruction of the right ventricular outflow tract including 
hepatomegaly, ascites, and peripheral edema. Patients can also 



Is cardiac tamponade present or threatened? 


(History, exam, echocardiography) 

Yes 

| No 

Emergent pericardiocentesis 

Consider diagnostic tests if etiology unknown 


NSAID’s or corticosteroids 


If no response, consider pericardiocentesis 


ALGORITHM 85.1 


ALGORITHM 85.1. This algorithm outlines the initial approach to a patient with a large pericardial effusion. 
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FIGURE 85.5. A: Chest computed tomography (CT) shows extensive pericardial calcification. (Reproduced with permis¬ 
sion from Cavendish JJ, Linz PE. Constrictive pericarditis from a severely calcified pericardium. Circulation 2005; 
112:el38.). B: Chest CT shows thickening of the pericardium in a patient with constrictive pericarditis. (Reproduced with 
permission from Tom CW, Oh JK. A case of transient constrictive pericarditis. Circulation 2005;lll:e364.). 


have dyspnea, pleural effusions, fatigue, and weight loss. On 
physical examination, a pericardial knock, or a loud third 
heart sound, can be heard, which corresponds to the abrupt 
cessation of diastolic filling. The Kussmaul sign is increased 
jugular venous distention with inspiration. Atrial fibrillation 
or flutter is present in up to 25% of patients, and tricuspid 
regurgitation is also common. 

Pericardial calcification is pathognomonic but is only seen 
in 40% of cases. Thickened pericardium can be seen on CT or 
MRI (Fig. 85.5), although the pericardium was normal in 
thickness in 18% of patients in one series. 25 The normal peri¬ 
cardial thickness is 2 mm on CT and 4 mm on MRI. Echocar¬ 
diography shows thickened pericardium and a septal bounce 
due to the abrupt displacement of the septum during early 
diastole. The ventricles are small with good function. Ventric¬ 
ular filling halts abruptly in diastole due to the limits of the 
stiff, fibrotic pericardium. There are signs of systemic venous 
congestion with a distended inferior vena cava. In contrast to 
tamponade, there is no decrease in early diastolic filling but a 


sudden decrease in late diastole (Table 85.2). 24 When the 
myocardium is involved by fibrosis, ventricle dysfunction is 
present, which is associated with a poorer response to peri- 
cardiectomy. 

On right heart catheterization, the y descent is deeper and 
more rapid than normal. The right atrial waveform is M- or 
W-shaped. The right ventricular tracing is described as the 
“square root” sign with an early diastolic decrease with a 
rapid increase and plateau (Fig. 85.6). Pulmonary artery and 
right ventricular pressures can be moderately elevated, but 
more severe pulmonary hypertension suggests a different dis¬ 
ease process. In addition, hypovolemia can mask these find¬ 
ings, and patients may need to be volume challenged to see the 
diagnostic changes. 26 

Distinguishing constrictive pericarditis from restrictive car¬ 
diomyopathy can be difficult, but is important since the treat¬ 
ment is significantly different (Table 85.3). In restrictive car¬ 
diomyopathy, there is no pericardial thickening. Decreased 
systolic function, mitral regurgitation, and left heart pressures 


1 TABLE 85.2 


DIAGNOSIS 1 

DISTINGUISHING CARDIAC TAMPONADE AND CONSTRICTIVE PERICARDITIS 


■ TAMPONADE 

■ CONSTRICTION 

Pulsus paradoxus 

Usually present 

Present in one third of cases 

Jugular venous waveform 

Absent y descent 

Prominent y descent (M or W) 

Inspiratory changes in 
venous pressure 

Decrease 

Increase (Kussmaul sign) 

Equal right and left pressures 

Present 

Present 

“Square-root” sign of 
ventricular pressure 

Absent 

Present 
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EKG 
Lead II 
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RV 

Pressure 
(mm Hg) 


40 

20 
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FIGURE 85.6. A: The right ventricular 
(RV) pressure tracing shows elevated RV 
diastolic pressure with the dip-and-plateau 
waveform known as the “square-root” 
sign. The electrocardiogram tracing shows 
a large P wave indicative of right atrial 
enlargement. B: The postoperative RV 
tracing shows normalization of the RV 
waveform. (Reproduced with permission 
from Correa SD, Amsterdam EA. Con¬ 
strictive pericarditis. Circulation 1998;97: 
806.) 


A 


B 


greater than right are more common in restrictive cardiomy¬ 
opathy. Early diastolic filling is slower. In addition, left and 
right ventricular pressures move in the same direction on inspi¬ 
ration rather than in opposite directions. 27 

Constrictive pericarditis is generally progressive, although it 
can be transient after cardiac surgery and should be observed 
for several months. Diuretics with fluid and salt restriction help 
initially, but pericardiectomy is the only definitive treatment. 
Tachycardia is a compensatory response, and beta-blockers 
and calcium channel blockers should be avoided. 


NEOPLASTIC 
PERICARDIAL DISEASE 


Primary tumors of the pericardium are rare and include benign 
fibromas, hemangiomas, lipomas, lymphangiomas, leiomyomas, 
and neurofibromas. Malignant pleural tumors include mesothe¬ 
lioma, teratoma, and fibrosarcoma. Surgical resection is thera¬ 
peutic and diagnostic. Malignancies can also extend directly 
Q from the mediastinum, esophagus, and lung. Metastatic disease 
is the most common cause of pericardial effusion. Cardiac 
involvement is found in 5% to 10% of patients dying of cancer, 


with 85% of those having pericardial involvement. The most 
common cancers are lung and breast carcinoma, lymphoma, 
melanoma, and leukemia. Patients often present with tampon¬ 
ade. The diagnosis is made on echocardiography or CT. Cytol¬ 
ogy of pericardial fluid is negative in 20% to 50% of cases, and 
pericardial biopsy may be helpful. Palliation includes sclerosing 
agents such as tetracycline, radiotherapy, intrapericardial 
chemotherapy, and catheter drainage. 


PERICARDIOCENTESIS 


Pericardiocentesis can be diagnostic and therapeutic. Ideally, it 
should be performed in the catheterization lab so the hemody¬ 
namic response can be monitored. Normal pericardial fluid is 
an ultrafiltrate with an LDH 2.4 times serum and protein 0.6 
times serum. 28 Uremic fluid is bloody. Rheumatic effusions are 
high in protein and leukocytes and low in glucose. Cholesterol 
crystals are seen with myxedema, tuberculosis, and rheuma¬ 
toid arthritis. 

Generally, a 16- to 22-gauge needle is inserted to the left 
of the xiphoid. The needle is angled at 45 degrees toward the 
left shoulder (Fig. 85.7). An ECG lead may also be attached 
to the needle to monitor for an injury current, although 


ITABLE 85.3 


DIAGNOSIS | 

DISTINGUISHING CONSTRICTIVE PERICARDITIS FROM RESTRICTIVE CARDIOMYOPATHY 


■ RESTRICTION 

■ CONSTRICTION 

Pericardial knock 

Absent 

Present 

Pulsus paradoxus 

Absent 

Present in one third of cases 

Thickened pericardium 

Absent 

Present 

Atrial enlargement 

Biatrial 

Possibly left atrial 

Septal bounce 

Absent 

Present 

Equal right and left pressures 

Left 3-5 mm Hg > 
than right 

Present 

Filling pressures >25 mm Hg 

Present 

Uncommon 

Pulmonary artery SBP 
>60 mm Hg 

Present 

Absent 

“Square root” sign of 
ventricular pressure 

Variable 

Present 

Prominent y descent 

Variable 

Present 

SBP, systolic blood pressure. 
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Pericardium 

Cardiac 

tamponade 


Xiphoid 


To ECG- 

Pericardium- 

Cardiac tamponade 


To ECG 




FIGURE 85.7. Pericardiocentesis is performed by inserting a needle to 
the left of the xiphoid and toward the left shoulder at a 45-degree angle. 
An electrocardiogram lead may be attached to the needle to monitor for 
Q waves indicating contact with the epicardium. (Reproduced with per¬ 
mission from Bradley SM. Pericardium. In: Mulholland MW, Lillemoe 
KD, eds. Greenfield’s Surgery: Scientific Principles and Practice, 4th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2006:1526.) 


echocardiography is more commonly used for guidance. There 
is a 97% success rate with a complication rate of 4.7% (Table 
85.4). 29 If the effusion is anterior, a parasternal approach is 
used 1 to 2 cm to the left of the sternum in the fourth or fifth 
intercostal space. The removal of even a small amount of fluid 
can lead to significant hemodynamic improvement. For longer- 
term drainage, a catheter can be placed over a guide wire. Peri¬ 
cardiocentesis may not be effective for purulent or bloody 
effusions, which may require open drainage. 


TABLE 85.4 COMPLICATIONS 


POTENTIAL COMPLICATIONS FROM PERICARDIOCENTESIS 

Injury to surrounding organs 
Liver laceration 
Lung (pneumothorax) 

Coronary arteries 
Myocardium 
Arrhythmias 

Pulmonary edema from acute left ventricular failure 
Recurrence 



Xiphoid - 
Skin 

incision — 
Pericardium 


Diaphragm 


FIGURE 85.8. Open pericardial biopsy or drainage is performed 
through an upper midline incision. The xiphoid is retracted or 
removed, providing exposure to the pericardium. (Reproduced with 
permission from Bradley SM. Pericardium. In: Mulholland MW, Lille¬ 
moe KD, eds. Greenfield’s Surgery: Scientific Principles and Practice, 
4th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2006:1527.) 


PERICARDIAL BIOPSY AND 
SURGICAL DRAINAGE 


Pericardial biopsy is useful when pericardiocentesis is nondi¬ 
agnostic, which is not uncommon in neoplastic and tubercular 
effusions. This can be approached through a subxiphoid inci¬ 
sion, through an anterior thoracotomy, or thoracoscopically 
(Fig. 85.8). Open drainage may be useful if the fluid is viscous, 
including bloody or purulent effusions or in patients who have 
recurrent effusions. Loculated effusions may also require open 
drainage. The subxiphoid approach is better for purulent effu¬ 
sions to prevent contamination of the pleural space. Chronic 
or malignant effusions can be drained through a pericardial 
window into the left pleura. Preinduction pericardiocentesis or 
intravenous fluids may be necessary for patients to tolerate 
general anesthesia. 


PERIC ARDIECT OM Y 


Pericardiectomy is most commonly performed for constrictive 
pericarditis. It can be performed through a median sternotomy 
or a left anterior thoracotomy in the fifth intercostal space. 
Anterior thoracotomy allows removal of the pericardium over 
the left ventricle with minimal manipulation. Femoral cannula- 
tion is used if bypass is necessary. Median sternotomy is the 
most common approach (Fig. 85.9). Cardiopulmonary bypass 
increases the risk of bleeding and is used when significant car¬ 
diac manipulation is needed or the dissection is difficult. The 
pericardium over the left ventricle is resected first to avoid pul¬ 
monary edema from the right ventricle ejecting against a con¬ 
stricted left ventricle. The pericardium is removed from phrenic 
nerve to phrenic nerve. Some patients have an immediate 
improvement in hemodynamics and symptoms, while others do 

































Pulmonary artery 
Thymus 


Chapter 85: Pericardium 


1513 




B 

FIGURE 85.9. Pericardiectomy is most commonly approached through a median sternotomy. A: The pericardium is 
incised and the fibrous pericardium dissected from the left ventricle. B: The heart is retracted to the right so that the peri¬ 
cardium can be resected from phrenic nerve to phrenic nerve. (Reproduced with permission from Bradley SM. Pericardium. 
In: Mulholland MW, Lillemoe KD, eds. Greenfield’s Surgery: Scientific Principles and Practice, 4th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2006:1527.) 


Thymus 


Aorta 

Lung 


Pericardium 


Epicardium 

Pericardium 


not improve until weeks or months later. A delayed or incom¬ 
plete response is thought to be due to an incomplete resection of 
the visceral pericardium or myocardial atrophy and fibrosis. 
Left ventricular function returned to normal in 40% of patients. 

Perioperative mortality has been reported between 5 % and 
15% and is due to low cardiac output, sepsis, bleeding, and 
renal or respiratory failure. 30 Seventy percent of mortality is 
due to low cardiac output. Mortality is directly related to the 
patient’s preoperative status 31 and is 1% for New York Heart 
Association class I to II, 10% for class III, and 46% for class 
IV. 32 Five-year survival is 84%, and 99% of late survivors 
were class I or II. Patients with constriction due to radiotherapy 
have a higher mortality rate, which may be due to radiation- 
induced myocardial injury. Other poor prognostic factors are 
renal failure, advanced age, pulmonary hypertension, hypona¬ 
tremia, and reduced cardiac output. 30,33 
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CHAPTER 86 VASCULAR DIAGNOSTICS 


GREGORY L. MONETA 


KEY POINTS 


The noninvasive vascular laboratory in many ways is the 
scientific basis for the modern practice of vascular surgery. 

Q Ultrasound techniques and in particular duplex ultra- 
sound-based techniques have largely eclipsed plethysmo- 
graphic techniques in most vascular laboratories. 

Q Detecting carotid stenosis involves a combination of spec¬ 
tral analysis, color and grayscale imaging, and, in selected 
cases, power Doppler. 

Q The noninvasive vascular laboratory, in combination with 
the history and physical examination, has a critical role in 
providing objective diagnosis of lower extremity arterial 
occlusive disease in asymptomatic patients, those with 
intermittent claudication, and those with critical arterial 
insufficiency. 

Q The ankle-brachial index (ABI) is a very useful measure of 
overall lower extremity perfusion. 

Q Arterial duplex scanning provides detailed anatomic and 
hemodynamic information from the infrarenal aorta to the 
distal tibial vessels that cannot be determined by indirect 
testing. The role of duplex ultrasound scanning in the sur¬ 


veillance of lower extremity vein grafts has been well doc¬ 
umented. 

Q Digital pressure measurements and digital plethysmogra¬ 
phy are extremely useful in the diagnosis of upper extrem¬ 
ity arterial disease and can be as accurate as arteriography 
in assessing patients with hand ischemia. 

Q Duplex ultrasonography can serve as a valuable noninva¬ 
sive screening test for splanchnic artery stenosis in patients 
with possible chronic mesenteric ischemia and for follow¬ 
up of mesenteric artery reconstructions. 

Physical examination is not sensitive or specific for the 
detection of acute deep venous thrombosis (DVT). At a 
minimum, vascular laboratory duplex ultrasound evalua¬ 
tion for lower extremity DVT should include examination 
of the common femoral, profunda femoral, femoral, and 
popliteal veins. 

€> Vascular laboratory ultrasound screening of males older 
than 65 years with a history of cigarette smoking for 
abdominal aortic aneurysm (AAA) has been shown to be 
effective in preventing aneurysm-related deaths. 


Q The noninvasive vascular laboratory in many ways is the scien¬ 
tific basis for the modern practice of vascular surgery. It pro¬ 
vides accurate, safe, and objective evidence of the presence of 
vascular disease throughout the body and, in many cases, its 
physiologic significance. There are two broad categories of test¬ 
ing available in the noninvasive vascular laboratory: plethysmo- 
graphic techniques and ultrasound-based techniques. 


PLETHYSMOGRAPHY 


Plethysmography is based on the detection of limb volume 
changes in response to arterial inflow. In addition to volume 
flow, the technology can be modified to determine digital pres¬ 
sures and produce pulse waveforms. Mercury strain gauge 
plethysmography, air plethysmography (pulse volume record¬ 
ings), and photoplethysmography are examples of plethysmo- 
graphic techniques used clinically. 


_ ULTRASOUND _ 

Q Ultrasound techniques and in particular duplex ultrasound- 
based techniques have largely eclipsed plethysmographic tech¬ 
niques in most vascular laboratories. Duplex ultrasound was 
introduced in 1974 and was applied first to the carotid artery. 
The term “duplex” derives from the fact that the technique 
combines information from ultrasound-generated images 
(B mode) and Doppler analysis of blood flow direction and 
velocity. Duplex ultrasound is used extensively in the modern 
evaluation of carotid arteries, intra-abdominal arteries, and 
veins as well as upper and lower extremity arteries and veins. 
Since its inception, the technique has been advanced by (a) 
improved B-mode imaging; (b) better low-frequency scan 
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heads, permitting deeper penetration of the ultrasound beam 
from the skin surface; (3) improvements in online computer- 
based microprocessor software; and (4) perhaps most impor¬ 
tantly, the addition of color flow to the B-mode image. 

In essence, color flow is superimposing a real-time color 
image of blood flow onto a standard grayscale B-mode picture. 
Returning echoes from stationary tissues generate the B-mode 
image, while those interacting with moving substances (blood) 
generate a significant enough phase shift that they can be 
processed separately and color-coded by operator selection to 
give information on the direction and velocity of blood flow 
according to the magnitude and direction of the Doppler fre¬ 
quency shift. It is color flow, combined with the ability of the 
current generation of duplex scanners to detect very low blood 
flow velocities (<5 cm/s), that makes duplex scanning practi¬ 
cal on a routine basis throughout the body. Color flow dra¬ 
matically reduces the time required to perform duplex exami¬ 
nations by allowing more rapid identification of vessels to be 
examined. It appears essential for duplex examination of some 
vessels such as tibial arteries and veins. 


BASICS OF DUPLEX ULTRASOUND 

An ultrasonic wave is produced in tissue by placing a vibrating 
source in contact with the tissue. This vibrating source is the 
ultrasound transducer. The transducer is contained within the 
ultrasound scan head. The purpose of the scan head is to steer 
and focus the sound beam arising from the transducer. These 
functions are crucial in deriving an ultrasound image from the 
returning echoes. 

The transducer converts electrical energy into vibrational 
energy and, conversely, turns the vibrational energy of return¬ 
ing echoes into electrical signals that can be analyzed by the 
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software of the duplex machine. The frequency of the vibra¬ 
tions, which determines the wavelength of the resulting sound 
wave, is determined by the design of the transducer. The rela¬ 
tionship between frequency and wavelength is expressed 
mathematically as follows: 

A = c/f (86.1) 

where A is the wavelength, c is the speed of sound in tissue, and 
f is the frequency. 

The speed of sound in soft tissues averages 1,540 m/s and 
varies only minimally from this average in the soft tissues 
insonated in the clinical application of duplex ultrasound. The 
wavelength of the sound beam as it moves through the tissue 
is the principal physical determinant of how well the ultra¬ 
sound beam penetrates the tissue. Because the speed of sound 
within tissue is, for all practical purposes, constant (1,540 m/s), 
the ability of ultrasound to penetrate tissue depends on the fre¬ 
quency of the vibrating source (transducer). As noted earlier, 
transducer frequency is determined by the design of the trans¬ 
ducer and is thus controlled by the manufacturer of the duplex 
device. For examination of the carotid artery, transducer fre¬ 
quencies of 5 to 7.5 MHz provide optimal tissue penetration 
for clinical purposes. 

As noted earlier, the term “duplex” refers to the combina¬ 
tion of Doppler and B-mode (“B” stands for “brightness”) 
ultrasound in the same device. Both types of ultrasound 
require analysis of reflected echoes of the original sound beam 
initially created by placing the ultrasound transducer in con¬ 
tact with the tissue. The B-mode component of the duplex 
machine is most concerned with analyzing the strength (inten¬ 
sity) and origin of the reflected echo, while the Doppler com¬ 
ponent is most concerned with analyzing shifts in frequency of 
an original sound wave produced by the transducer. 


B-mode Ultrasound 


As a sound wave passes through tissue, its relative strength at 
any point as it moves away from the transducer depends on 
the degree to which the beam has been attenuated, scattered, 
and reflected up to that point. The strength of the reflected 
echo depends in part on relative differences in acoustic imped¬ 
ance between two different media. Major differences in 
acoustic impedance reflect a large proportion of the sound 
beam back to the transducer, while small differences result in 
little reflection and continued propagation of the beam through 
the tissue. 

In B-mode ultrasound, the strength of the returning echo is 
reflected in the brightness of the individual pixels comprising 
the ultrasound image. This is the ultrasound grayscale and the 
resulting image is termed a grayscale image. (As we will see 
later, the primary purpose of the grayscale image in duplex 
ultrasonography is to aid in properly positioning the Doppler 
sample volume.) 

Very bright pixels represent sites of large differences in 
acoustic impedance between media, while less dramatic differ¬ 
ences are represented by proportionally less bright pixels on 
the B-mode image. Thus, gallstones, which differ dramatically 
in acoustic properties from soft tissue, result in strong echoes 
and proportionally brighter pixels on an ultrasound image, 
while blood, which differs little from soft tissue in acoustic 
characteristics, frequently cannot be distinguished from soft 
tissue in a grayscale image. 

Of course, the strength of the reflected echo will also be 
dependent on the strength of the sound beam at the point of its 
reflection. Grayscale images do not show the percentage of the 
beam reflected, but rather represent the absolute strength of 
the reflected echo arriving back at the transducer. Thus, if the 
sound beam is very weak at the site of its reflection, even areas 
of significant differences in acoustic impedance will not result 
in a bright pixel on the ultrasound image. 


In addition to reflection, the strength of the ultrasound 
beam at any point also depends on the degree to which the 
beam has been attenuated as it passes through the tissue. Atten¬ 
uation of a sound wave in tissue depends on both the tissue tra¬ 
versed and the frequency of the wave. The frequency of the 
wave depends on the frequency of the transducer used to gen¬ 
erate the wave (see discussion earlier and Equation 86.1). In 
any given tissue, sound waves resulting from higher-frequency 
transducers are attenuated more rapidly than sound waves 
resulting from lower-frequency transducers. Higher-frequency 
transducers therefore provide a relatively weak echo to be 
reflected from a deep structure and thus a comparatively poor 
B-mode image compared to a lower-frequency transducer. 

The linear resolution of an ultrasound image depends on 
the ability to focus the beam. Sound beams emanating from 
high-frequency transducers can be more precisely focused than 
those from low-frequency transducers and thus provide clearer 
B-mode images of more superficial structures. Because the 
carotid artery is superficial, higher-frequency transducers can 
be used to provide much clearer B-mode images than is possi¬ 
ble with deeper vessels such as the aorta or iliac arteries. 


Doppler Ultrasound 

In a continuous wave Doppler, a transducer continually emits 
vibrations into the tissue. Echoes are therefore continually 
reflected back to the transducer. A transducer cannot, how¬ 
ever, simultaneously generate and receive an echo. A continu¬ 
ous wave Doppler therefore must have separate transmitters 
and receivers to both generate and receive echoes. 

Duplex devices utilize pulse Doppler. A pulse Doppler uses 
the same transducer to generate and receive echoes. Because 
the speed of sound is relatively constant in tissue, and with a 
pulse Doppler it is possible to know when an echo is generated 
and when it is received, it is possible to tell from what depth in 
the tissue a reflected echo originated. The sample volume of 
the duplex device is thus determined by specifying from what 
depth one wishes the pulse Doppler to receive reflected echoes. 

The transducer is gated, based on the total time from orig¬ 
inal sound wave generation to arrival of the reflected echo 
back at the transducer, to only receive echoes from the speci¬ 
fied depth of the sample volume. The “position” of the sample 
volume is determined from the B-mode image, and in duplex 
examination of a blood vessel corresponds to particular points 
within the lumen of the vessel examined. Because B-mode 
images and Doppler waveforms cannot be generated simulta¬ 
neously, the technologist must continually update the B-mode 
image during the course of the examination to ensure proper 
placement of the sample volume. 

When a sound wave encounters moving reflectors, such as 
red blood cells within the lumen of an artery or vein, the fre¬ 
quency of the reflected wave changes from that of the original 
wave generated by the transducer. The magnitude of this fre¬ 
quency shift depends on the velocity of the moving reflector 
and its angle with the incident sound beam. Because the fre¬ 
quency of the original sound wave is known and the frequency 
of the received echo can be determined by the software of the 
duplex machine, the velocity of the moving reflectors (red 
blood cells) can be calculated provided the angle of the inci¬ 
dent sound beam with the moving reflectors is also known. 
This relationship is reflected in the Doppler equation: 

f r - f 0 = [(2f o v)/c]cos0 (86.2) 

where f r is the received frequency, f 0 is the originating fre¬ 
quency, v is the velocity of the reflector, c is the speed of sound 
in tissue, and 0 is the angle of the incident sound beam with the 
moving reflectors, the so-called Doppler angle. 

To solve the Doppler equation for the velocity of the mov¬ 
ing reflectors, the Doppler angle must be known. To standard¬ 
ize the results of duplex scanning, it has been traditionally 
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FIGURE 86.1. Color flow image of a normal carotid 
bifurcation. The color bar on the right of the image 
indicates that flow toward the probe is blue and away 
from the probe is red. Note that the black line sepa¬ 
rating the blue and red on the color bar indicates no 
Doppler shift. Therefore, when the color on the image 
goes from red to black to blue, this indicates true flow 
reversal. The area of reverse flow on the lateral wall of 
the carotid bulb opposite the flow divider in this image 
is a normal finding and indicates a carotid bulb free of 
significant atherosclerosis. 



recommended that examinations be conducted as close as pos¬ 
sible to a Doppler angle of 60 degrees. At this angle, errors in 
velocity calculations secondary to misreading of the Doppler 
angle are small as a percentage of the true velocity. When the 
Doppler angle approaches 70, these errors become much more 
significant. Small errors in determining the Doppler angle when 
the angle of insonation is less than 60 degrees have little over¬ 
all impact on the calculation of the velocity of the moving red 
cells. Indeed, Doppler angles from 45 to 60 degrees are accept¬ 
able for most clinical studies. Most often an angle of 60 degrees 
can be easily obtained in carotid artery duplex examinations 
and, in line with traditional teaching, 60 degrees is chosen 
whenever possible as the Doppler angle in carotid duplex stud¬ 
ies. In examination of other vessels, it may be much more dif¬ 
ficult to adhere to a 60-degree angle. 

As noted earlier, pulse Doppler both transmits and receives 
echoes with the same transducer. This dual function places lim¬ 
its on the frequencies that can be displayed in the spectral 
waveform. The maximum frequency that can be displayed is 
half the pulse-transmitting frequency or pulse-repetition fre¬ 
quency (PRF), and is known as the Nyquist limit. If frequencies 
are encountered that exceed the Nyquist limit, they are flipped 
and appear on the reverse flow side of the spectrum. This is 
termed “aliasing.” If aliasing is encountered, the PRF should be 
increased to increase the Nyquist limit. The PRF is adjusted by 
changing the scale displayed on the right side of the spectral 
waveform or by adjusting the baseline. If aliasing still occurs, 
the operator should consider switching to a lower-frequency 
transducer or to the use of a continuous wave Doppler. A con¬ 
tinuous wave Doppler is not affected by aliasing. 


Color Flow 


A color flow image is produced by assigning color to Doppler 
shifts. Returning echoes that are not Doppler shifted are shown 
in grayscale. The net result is what appears to be color superim¬ 
posed on a grayscale image. The hue and intensity of the color 
are determined by the direction and magnitude of the Doppler 
shifts. The technologist can adjust the color settings as desired. 
Varying shades of red and blue are used to distinguish flow 
away from or toward the transducer. By convention, most tech¬ 
nologists assign red to arterial flow and blue to venous flow. 

When the Doppler angle is 90 degrees, there is no Doppler 
shift. When this occurs, the assigned color is black and corre¬ 
sponds to the horizontal black bar serving as the baseline on 
the color scale that appears on the right side of a color flow 
image (Fig. 86.1). Aliasing can be readily recognized on a color 
flow image as a mosaic pattern or as a transition from red to 
blue or blue to red without an intervening black line. In areas 
of actual reverse flow, the blue and red colors are separated by 
a black border. Just as with pulsed Doppler, color aliasing can 
be reduced by increasing the PRF. This is often quite important, 


as an extensive mosaic pattern can obscure clear visualization 
of a stenotic site. 

Power Doppler is a variant of color Doppler. Power 
Doppler, however, assigns no direction of flow to the color 
image and velocity information is not calculated. Any detected 
Doppler shift is colorized without consideration of the direc¬ 
tion of the Doppler shift or the magnitude of the Doppler shift. 
It is therefore not subject to aliasing or affected by Doppler 
angle. Its principal utility lies in the ability to detect blood 
moving at very low velocity and in outlining the course of tor¬ 
tuous vessels. It can be useful in detecting flow in small distal 
veins and flow in arteries distal to a very high-grade stenosis. 

It is tempting to try and directly estimate the severity of a 
stenosis from the color flow image. It is generally agreed, how¬ 
ever, that such estimates are probably less accurate than mea¬ 
surements of stenosis derived from spectral analysis. Color 
serves primarily as a guide in locating the vessels and selecting 
specific sites for examination with the pulse Doppler. The 
absence of color can indicate extensive mural calcification and 
difficulty in obtaining a pulse Doppler waveform. 


CAROTID AND 
VERTEBRAL ARTERIES 


Historically, the vascular laboratory began with assessing internal 
carotid artery (ICA) stenosis. Duplex diagnosis of ICA stenosis, 
and arterial stenoses in general, is based on duplex ultrasound 
and focuses on three areas, the prestenotic region, the stenosis 
Q itself, and the poststenotic region. Detecting carotid stenosis 
involves a combination of spectral analysis, color and grayscale 
imaging, and, in selected cases, power Doppler. The primary inter¬ 
est is in the detection of increased flow velocities within the area 
of suspected stenosis and therefore, in most cases, spectral analy¬ 
sis dominates in the detection of carotid stenosis. The exception is 
in distinguishing ICA occlusion from a very high-grade stenosis 
where color flow or power Doppler flow can identify very low 
flow in the area of the stenosis or distal to the stenosis that may 
not be detected by pulse Doppler. 

In all cases, the pulsed Doppler and color flow findings 
should be cross-checked for concordance. If there is disagree¬ 
ment between the impression obtained with the color and 
pulsed Doppler examinations (i.e., color Doppler suggests high- 
grade stenosis but velocities are only moderately elevated), the 
findings of both should be reviewed to resolve the discrepancy. 


COMMON CAROTID 
ARTERY WAVEFORMS 


In the majority of cases, carotid stenosis or occlusion occurs in 
the proximal ICA at or just beyond the carotid bifurcation. A 
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FIGURE 86.2. A normal internal carotid artery (ICA) waveform has 
low resistance; therefore, flow is relatively high at the end of diastole 
(A). The external carotid artery (ECA) supplies primarily the scalp and 
face, a higher-resistance circulation, and therefore end-diastolic flow is 
lower (B). Normally, 80% of common carotid artery (CCA) flow is 
directed to the ICA. Normal CCA end-diastolic flow is therefore gen¬ 
erally well above baseline (C) and more closely resembles an ICA 
rather than an ECA waveform. 



normal internal carotid artery waveform reflects the low resis¬ 
tance of the cerebral circulation with high flow at the end of the 
diastolic component of the waveform (Fig. 86.2A). The external 
carotid artery (ECA) supplies the relatively higher-resistance 
circulation of the scalp and face and therefore has a low end- 
diastolic flow component (Fig. 86.2B). The common carotid 
artery waveform reflects the fact that normally 80% of com¬ 
mon carotid artery (CCA) flow is directed to the ICA. CCA 
end-diastolic flow is therefore generally well above baseline 
and exceeds ECA diastolic flow (Fig. 86.2C). In the presence of 
a very high-grade ICA stenosis or ICA occlusion, outflow is 
primarily through the higher-resistance external carotid circu¬ 
lation. The CCA waveform then takes on the high flow resis¬ 
tance characteristics of an ECA, with flow to zero, or nearly 
zero, in end diastole 1 (Fig. 86.3). In addition, the peak systolic 
velocity (PSV) and the overall flow velocity may be substan¬ 
tially lower than normal due to reduced carotid artery flow. By 
observing these changes in the CCA, one can reliably predict 
the presence of high-grade stenosis or occlusion of the ICA. 

The CCA contralateral to an ICA stenosis or occlusion may 
demonstrate an increased flow velocity with particular eleva¬ 
tion of the velocity at the end of diastole, so-called end- 
diastolic velocity (EDV). These changes represent a compen¬ 
satory increase in blood flow volume in the nonobstructed ICA 
in response to reduced contribution to cerebral perfusion from 
the opposite carotid artery. This compensatory hemodynamic 
change can be substantial and stenosis-related flow velocities 
may be artificially elevated on the side with compensatory 
high-volume flow. 2 

In the presence of a significant stenosis at the origin of a 
CCA or the innominate artery, the ipsilateral CCA waveform 
may be dampened, with low overall PSVs and EDVs and a 


slower rise to peak systole when compared with the contralat¬ 
eral CCA waveform (Fig. 86.4). The CCA flow changes seen 
with proximal stenosis are also important in the diagnosis of 
ICA stenosis because the overall reduction in flow velocity 
may artificially lower velocities in an ipsilateral ICA stenosis, 
leading to underestimation of the severity of ICA stenosis. In 
some cases of proximal CCA or innominate artery stenosis, 
the ipsilateral CCA waveform may exhibit poststenotic turbu¬ 
lence low in the neck, representing disturbed flow distal to the 
more proximal stenosis. 



FIGURE 86.3. Common carotid artery waveform from a patient with 
an internal carotid artery occlusion. There is essentially no end-diastolic 
flow, indicating that flow in this common carotid artery is now sup¬ 
plying the high-resistance circulation of the external carotid artery. 
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FIGURE 86.4. Common carotid artery (CCA) wave¬ 
form distal to a more proximal high-grade CCA steno¬ 
sis. The systolic upstroke is delayed and the amplitude 
of the waveform depressed, reflecting the presence of 
the proximal lesion. Diastolic flow is still well above 
baseline as the ipsilateral internal carotid artery was 
not significantly narrowed in this patient. 



INTERNAL CAROTID 
ARTERY WAVEFORMS 


As noted earlier, the normal ICA spectral waveform is indica¬ 
tive of high flow in a low-resistant circulation. The systolic 
upstroke is rapid, PSV is less than 125 cm/s, and flow is main¬ 
tained throughout diastole 3 (Fig. 86.2A). In the absence of 
plaque there is generally a clear spectral window under the out¬ 
line of the spectral waveform, as there is little turbulent flow. 
The presence of color shifts, indicating high-velocity flow, and 
color mosaics, indicating poststenotic turbulence, aids in select¬ 
ing potential areas for examination with the pulsed Doppler. 

Hemodynamic quantification of the severity of ICA stenosis 
is primarily achieved by analysis of Doppler spectral wave¬ 
forms and measurements of peak systolic and end-diastolic 
velocity or comparison of peak systolic velocities in the ICA to 
those in the CCA just proximal to the carotid bifurcation, the 
ICA/CCA ratio. As a stenosis develops, the PSV first becomes 
elevated. PSV is the principal measure of stenosis severity. EDV 
lags behind, relatively speaking, as stenosis severity progresses 
but rises rapidly as the stenosis becomes severe (diameter 
reductions of >60%). Thus, elevation of EDV is a good marker 
for high-grade stenosis 4 (Fig. 86.5). The ICA/CCA ratio is also 
a very important measure of stenosis severity. 5 Because it is a 
ratio, it compensates for abnormally high and low flow states 
that may skew the PSV and EDV upward or downward. 

To accurately measure flow velocity, the sample volume 
must be placed within the area of greatest stenosis. Color flow 
imaging has demonstrated that the orientation of the stenotic 
jet within a stenosis is frequently not along the longitudinal 
axis of the vessel. This finding has resulted in controversy with 
regard to the proper technique of obtaining velocity wave¬ 
forms at sites of stenosis. In areas of mild to moderate steno¬ 
sis, use of a Doppler angle of 60 degrees to the long axis of the 
vessel is recommended. However, in areas of more severe steno¬ 
sis and/or wall abnormalities, the Doppler angle of 60 degrees 
should be defined by the long axis of the stenotic flow jet, as 
demonstrated by color flow. 


The sample volume size should be kept as small as possible, 
usually 1.5 mm, to detect discreet changes in flow velocity. 
This is important as the highest velocities may be localized to 
a small area in the flow stream that emanate from the stenosis. 
A large sample volume that incorporates flow from many 
points within the vessel in the generation of the spectral wave¬ 
form may give the false impression of disturbed flow, poten¬ 
tially leading to the misdiagnosis of moderate disease in an 
otherwise normal vessel. In practice, the sonographer, having 
identified the stenosis, gently moves a small sample volume 
around until the point of highest velocity is found. 

Damping of spectral Doppler waveforms may be seen in the 
region distal to the carotid stenosis when the lesion is severe 
enough to be flow reducing. The most common abnormality 
seen distal to a carotid stenosis is spectral broadening caused 
by disturbed blood flow or frank turbulence. At best, post¬ 
stenotic flow disturbance is a qualitative measure of arterial 
stenosis; nevertheless, its detection is important. With proper 
gain settings “fill-in” of the Doppler spectral waveform gener¬ 
ally indicates the presence of carotid stenosis with diameter 
reduction of at least 50%. However, this level of disturbed 
flow occasionally can be seen with nonstenotic disease. Diag¬ 
nostically, the most significant poststenotic flow disturbance 
produces a simultaneous forward and reverse spectral Doppler 
signal, accompanied by poor definition of the upper spectral 
border. Such disturbed flow implies the presence of severe 
carotid stenosis. Severely disturbed flow distal to a highly cal¬ 
cified plaque may be the only substantial evidence for the pres¬ 
ence of clinically significant stenosis if calcification prevents 
direct insonation of the stenosis. 


Vertebral Artery 

On rare occasions, a stenosis may be found in the cervical 
portion of the vertebral artery associated with cervical 
osteoarthritis. However, the origin of the vertebral artery from 
the subclavian artery is by far the most common site of disease 
in the vertebral artery. The vertebral artery origin lies deep in 


FIGURE 86.5. Internal carotid artery (ICA) wave¬ 
form from the site of a greater than 80% ICA stenosis. 
Both peak systolic and end-diastolic velocities are very 
elevated. 
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FIGURE 86.6. Color flow image of a vertebral artery. The Doppler can¬ 
not penetrate the vertebral bodies; therefore, there is no Doppler shift 
and no color where the artery passes through the vertebral foramen. 


the base of the neck and may be difficult to access. Mean 
vertebral artery diameter is about 4 mm but the vertebral 
arteries are frequently asymmetric in size, with one, most com¬ 
monly the left, being larger than the other. 

The vertebral artery is most commonly interrogated with 
ultrasound further distally in the neck, from an anteroposte¬ 
rior window, as it threads through the transverse processes of 
the cervical spine. The vertebral bodies serve as a reference to 
ensure the vertebral artery is actually under examination 
(Fig. 86.6). The artery is usually seen deeper but adjacent to 
the vertebral vein. Color Doppler is helpful to locate the ves¬ 
sel. A spectral waveform from the vertebral artery in the mid¬ 
neck provides information about direction of flow, waveform 
shape, and velocity but does not rule out disease at the origin. 
The normal vertebral artery waveform is similar to that of the 
ICA with normal PSVs reported to be 20 to 40 cm/s. 6 Veloci¬ 
ties up to 80 cm/s are, however, frequently seen without appar¬ 
ent clinical importance and may represent collateral flow 
through a dominant vertebral artery, or a small but disease- 
free vertebral artery. Evaluation of disturbed flow distally may 
help determine which elevated velocities are associated with a 
vertebral artery stenosis and which are not. Velocity patterns 
are usually similar in the two vertebral arteries, but systolic 
and diastolic velocities may differ if vertebral artery diameters 
are asymmetric. For this reason, if there is concern for stenosis 
based on an elevated peak systolic velocity in a vertebral 
artery, recording of vertebral artery diameters is important. 

Flow in the vertebral artery flow is normally antegrade with 
a rapid upstroke and continuous diastolic flow. In cases of 
anatomic subclavian steal, color flow provides an important 
initial clue to the diagnosis as flow in the artery will be retro¬ 
grade in the same direction as the vein (Fig. 86.7). Spectral 
Doppler must still be used to verify arterial flow and will 
demonstrate reverse or bidirectional flow in cases of subcla¬ 
vian steal. 


External Carotid Artery 

The ECA is smaller in diameter than the ICA at the level of the 
carotid bulb but similar in diameter beyond the bulb. It has lit¬ 
tle clinical significance in most cases but can serve as an impor¬ 
tant source of collateral flow to the brain in cases of ICA very 
high-grade stenosis or occlusion. The ECA may also serve in 
such cases as a conduit for emboli to the brain, so-called 
carotid stump syndrome. 7 



FIGURE 86.7. This patient has reverse flow in the vertebral artery 
(systolic flow below the baseline), indicating the presence of a high- 
grade ipsilateral subclavian artery or innominate artery stenosis, so- 
called subclavian steal syndrome. In the absence of symptoms this 
finding is of uncertain significance. 


The ECA waveform has a sharp upstroke, a prominent 
dicrotic wave in late systole or early diastole, and velocity that 
is near or at the zero baseline in end diastole. The PSV of the 
ECA is normally higher than the ICA. The ECA may adopt the 
characteristics of the ICA in end diastole as the resistance in 
the face and scalp decreases with temperature change and/or in 
the presence of disease. 


CLASSIFYING CAROTID STENOSIS 

Duplex criteria for quantifying carotid artery stenosis were 
developed by comparing duplex-derived spectral waveforms 
and contrast arteriograms. Duplex-derived categories of steno¬ 
sis are relatively broad. Sensitivities and specificities for spec¬ 
tral analysis of duplex-derived waveforms for detecting an 
ICA stenosis of greater than 50% to 99% are between 90% 
and 95%. There are numerous spectral criteria for classifying 
ICA stenosis. Some focus on categories of stenosis, while oth¬ 
ers focus on threshold levels of stenosis. 

One of the most widely accepted classification schemes for 
categories for ICA stenosis was developed at the University of 
Washington under the direction of Dr. Eugene Strandness. 
These criteria were useful in the study of the natural history of 
carotid atherosclerosis and in clinical practice. In the Univer¬ 
sity of Washington system, velocity waveform analysis and 
spectral criteria were used to classify ICA angiographic steno¬ 
sis as normal; 1% to 15%, 16% to 49%, 50% to 79%, or 
80% to 99% stenosis; and occlusion. Prospective validation of 
these criteria has demonstrated an overall agreement of 82% 
with contrast angiography. The ability of the criteria to detect 
carotid disease is 99% sensitive and the ability of the criteria 
to recognize normal arteries is 84% specific. 3 

Criteria for detecting carotid artery stenosis scanning have 
undergone reevaluation to remain relevant to current clinical 
practice. This reevaluation was stimulated by the randomized 
trials testing the efficacy of carotid endarterectomy (CEA) that 
took place over the last two decades (Table 86.1). 8-12 These tri¬ 
als have had a profound impact on validating the indications 
for CEA in patients with carotid bifurcation atherosclerosis. 
The trials identified significant benefit, in terms of stroke 
reduction, for CEA in patients with specific levels of ICA 
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TABLE 86.1 


MAJOR RANDOMIZED TRIALS ASSESSING EFFICACY 
OF CAROTID ENDARTERECTOMY 

Symptomatic stenosis 

North American Symptomatic Carotid Endarterectomy 
Trial (NASCET) 8 

European Carotid Surgery Trial (ECST) 9 
Veterans Affairs Cooperative Study 309 10 
Asymptomatic stenosis 

Asymptomatic Carotid Atherosclerosis Study (ACAS) 11 
Asymptomatic Carotid Surgery Trial (ACST) 12 


stenosis. In particular, patients with symptomatic ICA stenosis 
greater than 70% to 99% had dramatic benefit from CEA, 
while patients with symptomatic ICA stenosis between 50% 
and 69% and patients with asymptomatic ICA stenosis 
between 60% and 99% also benefited, albeit to a lesser extent, 
from CEA. 

In the North American trials of CEA, ICA stenosis was cal¬ 
culated from arteriograms by comparing the diameter of the 
minimal residual lumen to the diameter of the distal cervical 
ICA. 13 The University of Washington duplex criteria for cate¬ 
gories of stenosis preexisted the endarterectomy trials and 
were developed comparing the diameter of the residual ICA 
lumen at its narrowest point with an estimate of the diameter 
of the ICA bulb if it were free of atherosclerosis. Because the 
bulb has a greater diameter than the distal ICA, the two meth¬ 
ods of measurement do not give the same calculated percent¬ 
age of angiographic stenosis for the same lesion. Calculations 
of angiographic stenosis using the distal ICA as the reference 
vessel result in lower calculated stenosis percentages than cal¬ 
culations using the bulb as the reference site. This effect is par¬ 
ticularly striking for modest lesions. 

In a review of 1,001 internal carotid angiograms, 34% of 
the ICAs were classified as stenosis of 70% to 99% using the 
ICA bulb as the reference vessel. In contrast, when the distal 
cervical ICA was used as the reference site, only 16% of the 
ICAs were classified as 70% to 99% stenosis. 14 More than 
99% of distal ICA-based calculations of stenosis were less 
than bulb-based calculations. Thus, the duplex stenosis crite¬ 
ria using the bulb as the reference vessel are not and were not 
directly applicable to the results of the clinical trials. 


CURRENT CRITERIA FOR 
INTERNAL CAROTID 
ARTERY STENOSIS 


Since the randomized CEA trials were completed, additional 
duplex criteria were developed comparing duplex scans to 
angiographic ICA stenosis using the distal ICA as the reference 
vessel in calculating angiographic stenosis. Such criteria are 
considered more useful by many in selection of patients for 
carotid intervention because they are directly applicable to the 
threshold levels of carotid stenosis addressed in the CEA trials. 

The initial studies addressing the issue of duplex criteria 
relevant to the CEA trials were performed at the Oregon 
Health & Science University (OHSU) 5,15 with subsequent pub¬ 
lications from many different institutions, most of which pro¬ 
posed different criteria for the identification of the clinically 
relevant threshold levels of ICA stenosis. 16-21 

Recognizing that duplex criteria from different centers dif¬ 
fered for the threshold levels of angiographic stenosis deter¬ 
mined by the CEA trials, a panel of authorities from a variety 


of medical specialties assembled to review the carotid ultra¬ 
sound literature. The panel developed a consensus regarding 
the key components of the carotid ultrasound examination 
and reasonable criteria for stratification of ICA stenosis. 22 

The consensus committee recommended that all carotid 
examinations be performed with grayscale imaging, color 
Doppler, and spectral Doppler. Examinations should be per¬ 
formed by a credentialed vascular technologist in accordance 
with the standards of one of the accrediting bodies. Doppler 
waveforms should be measured with an insonation angle as 
close to 60 degrees as possible but not exceeding 60 degrees, 
and the sample volumes should be placed within the area of 
maximal stenosis. The panelists recommended the consistent 
use of relatively broad diagnostic strata to estimate the degree 
of ICA stenosis. The panel also concluded that Doppler is rel¬ 
atively inaccurate for subcategorizing ICA stenoses less than 
50% and recommended that these lesions be reported under a 
single category as less than 50% stenosis and that the subcate¬ 
gories for minor degrees of stenosis not be used. 

The consensus panel noted that PSV is easy to obtain. 
However, data suggest that reproducibility of PSV, even 
among experienced vascular technologists, has sufficient prob¬ 
lems that PSVs should not be used as a continuous variable in 
clinical carotid duplex scanning. Even so, the degree of steno¬ 
sis estimated by ICA PSV and the degree of narrowing of the 
ICA lumen seen on grayscale and color Doppler should corre¬ 
late with PSV as the primary parameters for determining ICA 
stenosis. Additional parameters such as the ICA/CCA PSV 
ratio and ICA EDV are secondary parameters and should be 
employed as internal checks. They are especially useful when 
ICA PSV may not be representative of the extent of disease. 
After their discussions the consensus panel recommended cri¬ 
teria, stratifying ICA stenosis into specific categories relevant 
to the CEA trials (Table 86.2). These criteria have not been 
subjected to retrospective or prospective evaluation and do not 
represent the results of any one laboratory or study. They are 
not meant to serve as a substitute for continuous quality assur¬ 
ance in individual laboratories. 


BILATERAL HIGH-GRADE 
INTERNAL CAROTID 
ARTERY STENOSIS 


Doppler-derived flow velocities from the ICA opposite an ICA 
occlusion or high-grade stenosis may suggest a higher degree 
of narrowing than is observed angiographically. 2 This is likely 
due to compensatory flow. Duplex scan overestimation of 
stenosis is more common in less severe categories of stenosis 
than in higher-severity categories. 23 


STENTED CAROTID ARTERIES 


Carotid artery stenosis is increasingly treated with an intralu¬ 
minal stent. However, ultrasound criteria developed for native 
ICAs are likely not applicable to stented carotid arteries, espe¬ 
cially to more modest lesions in the stented arteries. With rare 
exceptions, the number of patients in studies of stented carotid 
arteries that have actually had severe in-stent restenosis is 
small. No study has correlated the degree of stenosis or 
increase in ICA velocities within a stented carotid artery with 
clinical symptoms or outcomes. Studies have also not evalu¬ 
ated the effect of the stented carotid artery on the opposite 
nonstented artery. Currently, it appears that for more modest 
lesions, higher PSVs (i.e., >125 cm/s) will be needed to iden¬ 
tify a greater than 50% stenosis in a stented ICA, whereas cri¬ 
teria to detect high-grade stenosis in native ICAs still work 
reasonably well to identify high-grade stenosis in stented 
ICAs. 24 
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TABLE 86.2 


CONSENSUS PANEL RECOMMENDATIONS FOR 
CLASSIFICATION OF INTERNAL CAROTID ARTERY STENOSIS 

Normal: The ICA PSV is <125 cm/s and there is no visible 
plaque or intimal thickening. Normal arteries should also 
have an ICA/CCA PSV ratio of <2.0 and ICA EDV of 
<40 cm/s. 

ICA stenosis <50% is present when the ICA PSV is <125 cm/s 
and there is visible plaque or intimal thickening. Such arteries 
should also have an ICA/CCA PSV ratio of <2.0 and an ICA 
EDV of <40 cm/s. 

ICA stenosis of 50%-69% is present when the ICA PSV is 
125 cm/s to 230 cm/s and there is visible plaque. Such arteries 
should also have an ICA/CCA PSV ratio of 2.0-4.0 and an 
ICA EDV of 40-100 cm/s. 

ICA stenosis >70%-99% but less than near occlusion is 
present when the ICA PSV is >230 cm/s and there is visible 
plaque with lumen narrowing on grayscale and color Doppler 
imaging. The higher the PSV, the more likely (higher positive 
predictive value) it is to have severe disease. Such stenoses 
should also have an ICA/CCA PSV ratio of >4.0 and an ICA 
EDV of >100 cm/s. 

Near occlusion of the ICA: The velocity parameters may not 
apply. “Preocclusive” lesions may be associated with high, 
low, or undetectable velocity measurements. The diagnosis 
of near occlusion is therefore established primarily by 
demonstration of a markedly narrowed lumen with color 
Doppler. In some near-occlusive lesions, color Doppler can 
distinguish between near occlusion and occlusion by 
demonstrating a thin wisp of color traversing the lesion. 

Occlusion: There is no detectable patent lumen on grayscale 
imaging and no flow with spectral, color, and power Doppler. 
Near-occlusive lesions may be misdiagnosed as occlusions 
when only grayscale ultrasound and spectral Doppler are used. 


CCA, common carotid artery; ICA, internal carotid artery; EDV, end- 
diastolic volume; PSV, peak systolic velocity. 

From Grant EG, Benson CB, Moneta GL, et al. Carotid artery 
stenosis: gray-scale and Doppler US diagnosis—Society of 
Radiologists in Ultrasound Consensus Conference. Radiology 2003; 
229:340-346. 


COMMON CAROTID ARTERY 
AND EXTERNAL CAROTID 
ARTERY STENOSIS 


Criteria used for classifying disease in the ICA have not been 
tested for application to the ECA or the CCA. However, as with 
the ICA, relative degrees of stenosis may be determined by the 
presence of plaque with B-mode imaging, aberration in color 
flow on duplex examination, spectral broadening, and increases 
in PSV. Although not specifically tested, stenosis of more than 
50% can be inferred by the presence of a focally increased PSV 
followed by poststenotic turbulence. As noted earlier, the CCA 
waveform normally has attributes of the ICA and ECA. The 
CCA will take on the quality of the “normal” vessel (ICA or 
ECA) when the other is occluded. If there is a proximal CCA (or 
innominate artery) high-grade stenosis or occlusion, the ipsilat- 
eral CCA Doppler flow quality will be dampened with low 
PS Vs, as compared with the contralateral side. Poststenotic tur¬ 
bulence also may be seen. There are no widely employed vali¬ 
dated criteria to give a diameter reduction for stenosis in the 
CCA or ECA. Stenosis of more than 50% is inferred by a PSV 
of more than 125 cm/s associated with poststenotic turbulence. 


LOWER EXTREMITY 
ARTERIAL DISEASE 


The noninvasive vascular laboratory, in combination with the 
history and physical examination, has a critical role in provid¬ 
ing objective diagnosis of lower extremity arterial occlusive dis¬ 
ease in asymptomatic patients, those with intermittent claudi¬ 
cation, and those with critical arterial insufficiency. Both 
plethysmographic and ultrasound techniques are used in the 
evaluation of peripheral arterial disease. 

In many patients the clinical history and physical examina¬ 
tion is all that is necessary to establish a diagnosis of intermit¬ 
tent claudication (IC). Almost all patients with IC have dimin¬ 
ished or absent lower extremity pulses. However, palpation of 
pulses is subjective and poorly reproducible. Therefore, in 
almost all cases, the pulse examination in a patient suspected of 
having arterial disease should be supplemented with objective 
testing in the noninvasive vascular laboratory. On occasion, a 
patient will give a history suggesting IC yet have what appear 
to be normal resting pedal pulses. Exercise testing with postex¬ 
ercise Doppler-measured ankle-brachial systolic blood pressure 
ratios is crucial to confirm the diagnosis of IC secondary to 
arterial disease (see later). 

Many patients with peripheral arterial disease (PAD) have 
atypical leg symptoms or are asymptomatic. Such patients 
have similar increased risk of cardiovascular death as patients 
with typical IC symptoms. The recognition of these patients has 
resulted in an increased interest in screening for the presence of 
PAD in patients with atypical leg symptoms and/or atheroscle¬ 
rotic risk factors. 

Patients with exercise-induced lower extremity and/or but¬ 
tock pain should be asked the location of the pain, its rela¬ 
tionship to walking, severity and duration of symptoms, and 
symptom progression over time. Only exercise-induced mus¬ 
cular pain of the calf, thigh, or buttock, relieved within a few 
minutes of rest and reproduced by additional walking, can be 
reliably improved by lower extremity arterial revasculariza¬ 
tion. There are no data on the response of atypical leg symp¬ 
toms to revascularization in patients with evidence of PAD. 

Ischemic pain is a clinical diagnosis. It is suspected when a 
patient complains of pain and/or numbness in the forefoot, 
toes, or instep at rest. In such patients the vascular laboratory 
can objectively confirm and quantify the magnitude of arterial 
insufficiency. 


PLETHYSMOGRAPHIC 

TECHNIQUES 

Volume Flow 


Calf or foot blood flow can be recorded with a mercury- 
in-silastic strain gauge. Electrical resistance of the mercury col¬ 
umn depends on the length of the column and changes in elec¬ 
trical resistance reflecting. Changes in the volume of the 
extremity, are based on detection of minute changes in the 
length of the column. However, neither calf nor foot blood 
flow at rest differs between normal subjects and patients with 
even rather severe IC. 25 Hyperemic volume flow is often lower 
in patients with occlusive disease, but such testing can be quite 
painful for the patient. 26 Measurements of volume flow there¬ 
fore are not very useful in the evaluation of lower extremity 
ischemia. 


Pulse Volume Recordings 

Air plethysmography can be used to display pulse volume 
waveforms. 27 Pulsed volume recordings are obtained with 
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FIGURE 86.8. The pulse volume 
recordings (PVRs) are normal on the 
right with rapid upstrokes and a di¬ 
crotic notch on the downstroke of the 
waveform. PVRs on the left are abnor¬ 
mal with loss of amplitude, delay in 
rise of the waveform, and absence of 
the dicrotic notch. 



partially inflated blood pressure cuffs that detect volume 
changes sequentially down a limb. Volume changes beneath 
the cuffs resulting from the pulse wave result in small pressure 
changes within the cuffs. These changes are displayed as arte¬ 
rial waveforms with the use of appropriate transducers. A nor¬ 
mal pulse volume waveform has a sharp systolic upstroke and 
peak, as well as a prominent dicrotic notch on the downward 
portion of the curve. With increasing proximal arterial occlu¬ 
sion, the dicrotic notch is lost. The peak of the pulse wave 
becomes rounded and there is loss of amplitude of the wave as 
disease is more severe. With even more severe disease there are 
nearly equal upstroke and downstroke times, and in very 
severe proximal disease the pulse wave is absent 28 (Fig. 86.8). 
Evaluation of pulse volume waveforms is qualitative based on 
the shape of the curve, the presence or absence of the dicrotic 
notch, and the amplitude of the waveform. 29 Lack of quantita¬ 
tive data limits the utility of pulse volume recordings. More 
quantitative data for the evaluation of lower extremity arterial 
disease are available using ultrasound-based techniques. 


ULTRASOUND TECHNIQUES 

Ankle-Brachial Index 

Q The ankle-brachial index (ABI) is a very useful measure of 
overall lower extremity perfusion. The test is performed with 
the patient supine and having rested for a few minutes. A 
pneumatic pressure cuff is placed just above the ankle and 
inflated to suprasystolic levels. A continuous wave Doppler 


probe is positioned over the posterior tibial or dorsalis pedal 
artery distal to the cuff. The cuff is deflated and the pressure 
reading when the Doppler signal returns is recorded. The 
sequence is repeated for the other ankle artery and the values 
compared with the highest brachial artery systolic pressure, 
also obtained with the Doppler. For clinical purposes, the 
higher ipsilateral dorsal pedal or posterior tibial pressure is 
divided by the higher brachial artery systolic pressure, yielding 
an ABI for that lower extremity. The use of a ratio makes the 
test relatively independent of day-to-day variations in arterial 
blood pressure. 

A normal ABI is 1.0 to 1.2, with progressively lower values 
corresponding to worsening arterial disease (Table 86.3). ABIs 


1 TABLE 86 

.3 ! 

CORRELATION BETWEEN ANKLE-BRACHIAL INDEX (ABI) 

AND CLINICAL SEVERITY OF LOWER EXTREMITY 

ARTERIAL ISCHEMIA 

■ ABI 

■ CLINICAL STATUS 

>1.3 

Abnormal, significant arterial wall calcification 

1.1 ± 0.1 

Normal 

0.6 ± 0.2 

Intermittent claudication 

0.3 ± 0.1 

Ischemic rest pain 

0.1 ± 0.1 

Impending tissue necrosis 





















Chapter 86: Vascular Diagnostics 


1523 



FIGURE 86.9. Placement of blood pressure cuffs for measurement of 
lower extremity segmental pressures using the four-cuff technique. 


below normal indicate relative lower extremity arterial insuffi¬ 
ciency and increased risk of cardiovascular death, with the risk 
increasing with the magnitude of depression of the ABI. This 
test has several limitations. Significant bilateral subclavian or 
axillary artery occlusive disease results in a falsely elevated ABI. 
Calcified tibial arteries that can occur with diabetes or renal 
failure may be inadequately compressed by the pressure cuff. 
This also results in a falsely elevated (suprasystolic) ankle pres¬ 
sure. An ABI greater than 1.4 should also be considered abnor¬ 
mal. Such patients have severe arterial disease and are also at 
increased risk of cardiovascular death. When the ABI may be 
falsely elevated, qualitative analysis of Doppler-derived ana¬ 
logue or plethysmographic waveforms or measurement of dig¬ 
ital systolic pressures is a more appropriate indicator of the 
arterial status of the lower extremity. Other problems with the 
ABI include confusion with venous signals when the ankle arte¬ 
rial pressure is low or unmeasurable and relative insensitivity 
to certain patterns of progression of arterial disease. A tibial 
artery can occlude without a change in ABI if the remaining 
tibial vessels remain patent. High-grade stenosis may also 
progress to occlusion without a change in ABI. 


Segmental Limb Pressures 

Multiple pneumatic cuffs may be used along the lower extremity 
to determine the arterial blood pressure at each level (Fig. 86.9). 


These segmental leg pressures are compared with the higher 
brachial artery systolic pressure, with other locations in the 
ipsilateral leg, and with the corresponding levels in the con¬ 
tralateral extremity. Three or four cuffs may be used. In the 
four-cuff technique cuffs are placed (a) as far proximal on the 
thigh as possible, (b) immediately above the knee, (c) just 
below the knee, and (d) just proximal to the ankle. Each cuff 
width should be 20% greater than the diameter of the limb at 
the point of application to avoid falsely elevated pressure read¬ 
ings induced by too narrow a cuff. 30 In the thigh, this would 
generally necessitate a single, wide, thigh cuff. Use of two cuffs 
above the knee, however, can permit assessment of inflow at or 
proximal to the common femoral artery with the proximal 
cuff and permit evaluation for the presence of superficial 
femoral artery disease with the distal thigh cuff. With two 
thigh cuffs the most proximal thigh cuff is often too narrow. 
An artificially elevated pressure in the proximal thigh is then 
expected. Therefore, the high-thigh index, comparing the 
proximal thigh pressure to the brachial pressure, is normally 
about 1.4 with the four-cuff technique and 1.0 to 1.1 with the 
three-cuff technique. 

A hand-held Doppler is used to detect the most prominent 
Doppler signal at the ankle. Examination proceeds proximal to 
distal. First, the high-thigh cuff is inflated until the ankle Doppler 
signal is no longer audible. The cuff is then deflated and the pres¬ 
sure where there is return of the Doppler signal at the ankle is 
the high-thigh pressure. The above-knee, below-knee, and ankle 
pressures are similarly determined. If there is no audible ankle 
Doppler signal, the popliteal artery is insonated with the Doppler 
to determine high-thigh and above-knee pressures. Comparison 
of the pressures measured at each location permits an estimation 
of the location of occlusive lesions (Fig. 86.10). 

There are limitations in the interpretation of segmental 
limb pressures. The high-thigh pressure is subject to particular 
interpretation difficulties. A diminished high-thigh pressure 
can reflect an occlusive lesion anywhere at or proximal to the 
common femoral artery bifurcation. Low high-thigh pressures 
therefore may reflect a pressure-reducing stenosis in the ipsi¬ 
lateral common or external iliac artery, a common femoral 
artery lesion, tandem pressure-reducing lesions in the profunda 
femoris and the proximal superficial femoral artery, or any 
combination of such lesions. The accuracy of segmental pres¬ 
sures is also affected by mural calcification resulting in artifi¬ 
cially elevated pressures. Diminished proximal pressures may 
also mask gradients that exist further down the leg. Segmental 
pressures do not allow differentiation between short- and 


FIGURE 86.10. Segmental pressures indicate the pres¬ 
ence of a significant occlusive lesion at or proximal to 
the common femoral artery bifurcation on the right 
and a significant superficial femoral artery lesion on 
the left. See text for explanation. 
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long-segment occlusions or between occluded and patent, but 
highly stenotic, arteries. 


Exercise Testing 

Doppler-determined pressures can be combined with treadmill 
exercise testing in patients without a contraindication to exer¬ 
cise. After determination of resting supine ankle pressures and 
ABIs, the patient walks on a treadmill with a predetermined 
incline at a predetermined rate. The test continues for 5 min¬ 
utes or until the patient is forced to stop. The type, time to 
onset, and location of symptoms are recorded. At completion 
of the test, the patient is immediately placed supine and 
absolute ankle pressures and ABIs determined. 

In most patients exercise testing serves only to confirm a 
diagnosis of claudication. It is not required in a patient with 
classic symptoms of claudication, absent peripheral pulses, 
and a diminished ABI. In some cases exercise testing can doc¬ 
ument a physiologic response to revascularization or provide 
an objective assessment of the potential postoperative physio¬ 
logic benefit. 

Exercise testing is particularly useful in the patient with 
symptoms of claudication and who has palpable pedal pulses 
and a normal ABI. Patients with exercise-induced leg pain 
occurring on the basis of arterial insufficiency will show a 
decrease in the postexercise ABI. Exercise testing can also be 
used to document an ischemic response to exercise in patients 
with PAD and other conditions that may limit their ability to 
walk. Patients with COPD, arthritis, venous disease, and PAD 
are often more limited in their walking ability by these coex¬ 
isting conditions than by their PAD. If the patients cannot 
complete a treadmill examination, but no ischemic pressure 
response to exercise occurs, it is highly unlikely their walking 
ability would be improved by a revascularization procedure. 

The precise endpoints and techniques of exercise testing are 
controversial. Some laboratories exercise patients at low 
speeds with no inclination of the treadmill, while others utilize 
various inclines and graded increases in treadmill speed. Both 
initial and absolute claudication distances can be determined. 
Initial claudication distance is the point where the patient ini¬ 
tially experiences claudication-type pain. The absolute claudi¬ 
cation distance is where the patient can no longer continue to 
walk on the treadmill. 

Criteria for a positive exercise test include a decrease in the 
ankle pressure of 20 mm Hg or 20%, a decrease in the ABI of 
0.2 in the symptomatic extremity, or failure of the ankle pres¬ 
sure to return to baseline within 3 minutes of completing the 
treadmill portion of the examination. Because systemic pres¬ 
sure and therefore arm pressures, depending on workload, will 
increase with exercise, use of the ABI alone to indicate a posi¬ 
tive exercise test is incorrect. The ABI decrease should be 
accompanied by an absolute pressure drop at the ankle. 

Failure of the ankle pressure to drop with exercise along 
with failure of the ABI to decrease 20% with exercise, com¬ 
bined with a normal resting ABI, substantially rules out arter¬ 
ial insufficiency as the etiology of the patient’s exercise- 
induced leg pain. An exception is the rare patient with buttock 
claudication secondary to isolated internal iliac disease. 

Neurogenic claudication may be confused with arterial 
ischemia. Patients present with symptoms of exercise-induced 
leg or calf pain. Careful questioning, however, reveals atypical 
characteristics for vascular-induced exercise-associated pain. 
Such characteristics include occurrence of pain with standing, 
pain relief leaning forward, worsening with coughing, and 
prolonged time for pain to resolve following exercise. These 
patients have normal ankle pressures at rest that do not 
decrease with exercise despite onset of symptoms. Failure of the 
ankle pressures to decrease with exercise may also be a clue to the 
presence of other uncommon conditions, such as venous claudi¬ 
cation and chronic exercise-induced compartment syndromes. 


Doppler Analogue Waveform Analysis 

Similar to plethysmographic waveforms, continuous wave 
Doppler waveforms may also be analyzed qualitatively. Nor¬ 
mal lower extremity Doppler waveforms are described as 
triphasic with a sharp systolic upstroke and an end-systolic 
reverse flow component followed by low flow forward through 
diastole. The shape of the waveform changes with increasing 
severity of proximal obstruction. Initially, the reverse flow 
component is lost. As proximal stenosis increases, the rate of 
rise of the systolic upstroke is decreased, the amplitude of the 
waveform is diminished, and diastolic flow increases relative to 
systolic flow. 

Continuous wave Doppler waveforms are generally used in 
conjunction with measurement of segmental Doppler pres¬ 
sures similar to the use of pulse volume recordings. Doppler 
waveform analysis can also be used to assess iliac artery inflow 
to the common femoral artery. An attenuated common 
femoral artery waveform indicates proximal disease. 


Peripheral Artery Duplex Scanning 

Q Arterial duplex scanning provides detailed anatomic and 
hemodynamic information from the infrarenal aorta to the 
distal tibial vessels that cannot be determined by indirect test¬ 
ing. Arterial duplex scanning has been prospectively compared 
with angiography to establish standard criteria for normal and 
diseased arteries. 31 Sensitivity of duplex examination for 
detecting the presence of a hemodynamically important lesion 
(>50%) ranges from 89% at the iliac artery to 68% at the 
popliteal artery. Overall sensitivities for predicting interrup¬ 
tion of patency are 90% for the anterior and posterior tibial 
arteries and 82% for the peroneal artery. The technique is ver¬ 
satile and does not appear to be influenced by the presence of 
previous operations or multilevel disease (Fig. 86.11). 


Velocity Patterns and 
Classification of Percent Stenosis 

Tower extremity waveforms from normal resting peripheral 
arteries are triphasic. End-diastolic flow is near zero, reflecting 
the high end-organ resistance associated with the peripheral 
circulation. Triphasic waveforms are maintained throughout 
the length of the lower extremity, but PSV decreases from the 
iliac to the tibial vessels. There is no significant difference in 
velocity measurements among the three tibial arteries in nor¬ 
mal subjects. 

Important changes in the velocity waveforms that signify 
disease include the absence of an end-systolic reverse flow 
component and elevation of the peak systolic velocity. A 50% 
reduction in arterial diameter (equivalent to a cross-sectional 
surface area reduction of 75%) is associated with a pressure 
drop across the lesion. The University of Washington criteria 
for classification of peripheral arterial stenoses is shown in 
Table 86.4. 32 

A PSV ratio, comparing the velocity within the stenosis to 
the velocity just proximal to the stenosis, is also useful for grad¬ 
ing degree of stenosis. PSV ratios are independent of changes in 
blood pressure, cardiac output, and vascular compliance. Typ¬ 
ically, grading stenoses using the PSV ratio has been found to 
be highly reproducible. 33,34 Fifty percent stenoses in lower 
extremity arteries correlate with a PSV ratio from 1.4 to 
3.0. 31, 35-38 a velocity ratio of 2.0 is a reasonable compromise 
and is used by many vascular laboratories as indicative of a 
50% peripheral arterial stenosis. 

Fower extremity duplex scanning can serve as an alterna¬ 
tive to contrast arteriography in the preoperative assessment 
of candidates for arterial intervention. In selected centers, 
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FIGURE 86.11. Duplex waveforms and a corresponding angiogram in a patient with acute lower extremity ischemia. Note 
the absence of ultrasound-detected flow in the area of the popliteal artery occlusion. 


TABLE 86.4 


UNIVERSITY OF WASHINGTON DUPLEX CRITERIA 
FOR DETERMINATION OF STENOSIS IN LOWER 
EXTREMITY ARTERIES 

■ DEGREE OF ■ DUPLEX ULTRASOUND 


STENOSIS (%) CRITERIA 


0 

Normal waveform and velocities 

1-19 

Normal waveform and velocities with 
spectral broadening 

20-49 

Marked spectral broadening, 30% 
increase in PSV 

50-99 

Marked spectral broadening, 100% 
increase in PSV 


Loss of reverse-flow component of 
waveform 

Occluded 

No detectable flow signal in well- 
visualized artery 


PSV, peak systolic velocity. 


successful lower extremity revascularization either by open 
arterial bypass grafting or with catheter-based techniques has 
been reported using only arterial duplex in a high percentage 
of cases. 39-41 The limiting factor with preoperative arterial 
duplex is the ability to accurately identify the best site for the 
distal anastomosis of a bypass graft, especially when the distal 
anastomotic site is below the knee. 42 

The role of duplex ultrasound scanning in the surveillance of 
lower extremity vein grafts has been well documented (Figs. 
86.12 and 86.13). Detection and repair of graft-threatening 
stenoses detected by duplex scanning appear to improve sec¬ 
ondary graft patency. 43-46 Twenty to thirty percent of vein grafts 
will develop a severe enough stenosis that revision is recom¬ 
mended. 47 Approximately 80% of these graft stenoses develop 
in the first postoperative year. However, graft-threatening 
lesions can develop at any time. Surveillance is therefore gen¬ 
erally recommended for the life of the graft. A widely utilized 
protocol for vein graft duplex surveillance is every 3 months 
for the first year and every 6 months thereafter. The examina¬ 
tion involves insonation of the proximal inflow artery, proxi¬ 
mal anastomosis, midgraft, distal anastomosis, and distal out¬ 
flow artery. A PSV ratio of 4, or a PSV above 300 cm/s, 
indicates a critical graft stenosis, and repair of the lesion by 
open or catheter-based techniques should be considered. 48 If 
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FIGURE 86.12. A peak systolic velocity of almost 300 cm/s is worri¬ 
some for the presence of a more than 50% stenosis at the origin of the 
patient’s femoral popliteal bypass. 


the PSV ratio is between 2 and 4, the patient should be reeval¬ 
uated in 3 months with a duplex examination. 


Upper Extremity Arterial Evaluation 

Upper extremity arterial disease is a small but important com¬ 
ponent of vascular surgical practice. Both ultrasound and 
plethysmographic techniques are important in the evaluation 
of upper extremity arterial disease. 


SEGMENTAL ARM PRESSURES 


Upper extremity segmental pressures are obtained by measur¬ 
ing blood pressure with pneumatic cuffs above the elbow, 
below the elbow, and above the wrist while insonating the 
radial or ulnar artery at the wrist using a continuous wave 
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FIGURE 86.13. The peak systolic velocity in this patient’s lower 
extremity bypass graft is normal and the waveform exhibits normal 
triphasic flow. There is no evidence of stenosis in the graft at this 
point. The graft must, however, be examined along the entire length of 
the graft as stenoses can exist distally with normal proximal wave¬ 
forms and velocity measurements. 


Doppler. Doppler-derived or plethysmographic waveforms can 
also be recorded at the different levels. Abnormal waveforms 
or pressures will help diagnose arterial disease proximal to the 
wrist. 

A 12-cm blood pressure cuff is usually sufficient for mea¬ 
suring the brachial artery pressure, while a 10-cm blood pres¬ 
sure cuff is used at the wrist to measure the systolic pressure 
from the radial and ulnar arteries. A systolic pressure mea¬ 
surement is taken from the upper arm (brachial artery) and at 
the wrist (radial and ulnar arteries). Normally, there is not a 
recordable gradient between any of these sites and a normal 
wrist/brachial blood pressure ratio is 1.0. If there is a blood 
pressure difference between the two arms of more than 15 mm 
Hg, it is likely that there is a stenosis or occlusion somewhere 
on the side of the lower pressure. Abnormal waveforms and 
decreased pressures at the above-elbow cuff site indicate axil¬ 
lary, subclavian, or brachiocephalic arterial occlusive disease. 
Similarly, abnormalities at the below-elbow and above-wrist 
sites indicate brachial and proximal ulnar/radial arterial occlu¬ 
sive disease, respectively. If there is a blood pressure difference 
between levels, or between the radial and ulnar arteries, of 
more than 15 mm Hg, it is likely due to a stenosis or occlusion 
(Fig. 86.14). 


DIGITAL PRESSURES AND 
PLETHYSMOGRAPHY 


Q Digital pressure measurements and digital plethysmography 
are extremely useful in the diagnosis of upper extremity arter¬ 
ial disease and can be as accurate as arteriography in assessing 
patients with hand ischemia. 49 Either photoplethysmography 
(PPG) or strain-gauge plethysmography can be used to mea¬ 
sure digital blood pressure and to obtain pulse waveforms. 
PPG is preferred because the equipment is easier to use and 
more durable. An additional advantage of PPG is that it is pos¬ 
sible to record the volume pulses from the tips of the digits. 
This may also be useful in documenting obstruction within the 
digit arteries themselves. 

The photo cell is attached to the fingertip pulp with double¬ 
sided tape or small strain gauges are placed around the finger¬ 
tip. One-inch (2.5 cm) blood pressure cuffs are placed around 
the proximal phalanx (Fig. 86.15). Waveforms are recorded 
using pulse tracings obtained at high speed to evaluate the 
shape of the waveform. Waveforms are normal if the upstroke 
time is less than 0.2 seconds (Fig. 86.16A, B). They may or may 
not have a dicrotic notch. An abnormal obstructive waveform 
will have a rounded peak, as opposed to the normal notched 
peak. Upstroke time is prolonged. The amplitude of the wave¬ 
form is not important. Finger PPG waveforms are not quanti¬ 
tative. The amplitude of the waveform is dependent on the gain 
setting, not blood flow. 

Patients with vasospasm will often have an abnormally 
shaped waveform termed a “peaked pulse,” which is thought 
to represent abnormal elasticity and rebound of the palmar 
and digital vessels (Fig. 86.17). 

Finger blood pressures are measured by inflating the cuffs 
placed at the base of the fingers. At reduced chart recorder 
speed the pulsations are recorded while the blood pressure cuffs 
are inflated. When digit pulsations are obliterated, the cuff is 
slowly deflated until the pulsation returns. The pressure reading 
at this point is recorded and represents the digital artery 
pressure. 

It is extremely important to measure and record finger tem¬ 
perature before performing digital plethysmography and 
obtaining finger blood pressures. If the finger temperature is 
less than 28°C to 30°C, false-positive results may be obtained 
secondary to cold-induced vasospasm. It is recommended that 
hand and/or whole body warming be performed in patients 
with low finger temperatures. The technologist should record 
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Doppler 



FIGURE 86.14. Upper extremity segmen¬ 
tal pressures and Doppler-derived wave¬ 
forms. Pressures and waveforms are nor¬ 
mal on the right but indicate the presence 
of radial artery occlusive disease and 
ulnar artery occlusion on the left. The 
normal axillary and subclavian artery 
waveforms on the left suggest the absence 
of significant occlusive disease proxi- 
mally on the left. The study is compatible 
with embolization from a left subclavian 
artery aneurysm. 



FIGURE 86.16. Normal (A) and obstructive (B) digital photoplethysmographic (PPG) waveforms. The normal waveform has a rapid upstroke 
and a sharp apex, while the obstructive waveform demonstrates a delayed upstroke and rounded apex. 
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FIGURE 86.17. A so-called peak pulse digital PPG waveform demon¬ 
strating a dicrotic notch high on the systolic down-slope of the wave¬ 
form. This type of waveform can be seen in patients with the purely 
vasospastic form of Raynaud’s syndrome. 


the finger temperatures to ensure the interpreting physician 
that chances of vasospasm have been minimized. 

Digital blood pressure is normally within 20 to 30 mm Hg 
of brachial pressure. A ratio of finger systolic pressure to 
brachial systolic pressure of greater than 0.80 is normal but 
does not necessarily rule out digital artery occlusive disease. It 
is important to remember that there are occasional patients 
with very distal digital artery occlusive disease with normal 
finger pressures since the digital cuff is around the proximal 
phalanx. Also, occlusive disease in a single digital artery can be 
missed if the other digital artery in that finger is normally 
patent. 



FIGURE 86.18. Device for performance of digital hypothermic chal¬ 
lenge or Nielsen test. The cuff on the second finger is used to cool the 
test finger and measure digital pressure. This allows controlled appli¬ 
cation of cold to induce a vasospastic response. The fourth finger is the 
reference finger. Strain gauges on the finger tips are used to measure 
the digital pressures. See text. 


COLD CHALLENGE TESTING 


The simplest cold intolerance test is to measure the digital tem¬ 
perature recovery time after immersion of the hand in ice 
water for a short time period. Preimmersion digital tempera¬ 
tures must be above 30°C. Hand and body warming may be 
required prior to immersion. 

Using a thermistor probe to measure finger temperatures, 
the patient’s hand is immersed in a container of ice water for 
30 to 60 seconds. After the hand is dried, the fingertip pulp 
temperatures are measured every 5 minutes for 45 minutes, or 
until the temperature returns to preimmersion levels. Normal 
individuals will have a recovery time to preimmersion levels of 
less than 10 minutes. This test is very sensitive for detecting 
cold-induced vasospasm but is nonspecific, with approxi¬ 
mately one half of patients with a positive test having no clin¬ 
ical symptoms of cold sensitivity. 50 Cold immersion testing is 
also uncomfortable and poorly tolerated by patients with sig¬ 
nificant Raynaud’s syndrome symptoms. Pressures often fall to 
unrecordable levels in such patients. 

A better test for cold sensitivity is the digital hypothermic 
challenge test as described by Nielsen and Lassen 51 (Fig. 
86.18). This test involves placing a finger cuff around the 
proximal phalanx on the test finger and perfusing the cuff with 
progressively cooler fluid. The pressure in the test finger is then 
compared with that in a reference finger that is not cooled. The 
Nielsen test is interpreted as positive for abnormal cold- 
induced vasospasm if the test finger pressure is reduced by 
more than 17% compared with the reference finger. 

Other tests for cold-induced vasospasm include thermal 
entrainment, digital laser Doppler response to cold, ther¬ 
mography, venous occlusion plethysmography, and digital 
artery caliber measurement. None is widely accepted or 
employed. 52-54 


UPPER EXTREMITY 
DUPLEX SCANNING 


Duplex scanning of the upper extremity is carried out in a 
manner similar to arterial examination elsewhere. The origins 
of the brachial cephalic vessels can be difficult to visualize with 
duplex scanning. For examination of the origin of the subcla¬ 
vian artery, a 3- or 5-MHz transducer with a small footprint 
probe using the sternal notch as a window generally gives the 
best images. A recent study found that 48 of 50 right subcla¬ 
vian artery origins (96%) and 25 of 50 left subclavian artery 
origins (50%) could be visualized by color duplex scanning. 55 

Criteria for stenosis at the origins of brachial cephalic arter¬ 
ies are slightly different than those used elsewhere. A peak sys¬ 
tolic velocity ratio of 2 or more indicates stenosis at the origin 
of a brachial cephalic artery. Stenosis can also be implied by 
monophasic flow without actual visualization of a high-velocity 
jet and by reverse flow in a vertebral artery. Such additional 
criteria are necessary to assess the origins of the brachio¬ 
cephalic vessels. If only peak systolic velocity ratios were uti¬ 
lized, there would be higher numbers of both false-positive 
and false-negative results. 55 

More distally the upper extremity arteries are relatively 
superficial and fairly constant in location. They are best scanned 
with a higher-frequency probe such as a 7.5- or 10-MHz probe. 
Either a sector or linear scan head may be used, but in either 
case a standoff or mound of acoustical gel is helpful to visual¬ 
ize the vessel clearly and to assess the flow pattern within it. 
Color facilitates identification of the vessels (Fig. 86.19A, B), 
and tortuosity of the upper extremity arteries may be more 
easily seen with color flow imaging. 
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FIGURE 86.19. A peak systolic velocity of almost 250 cm/s (A) suggests a moderate to severe stenosis in the proximal subclavian artery. The 
hemodynamic significance of the lesion can be ascertained by comparing brachial blood pressures in the right and left upper extremities and 
inspecting distal waveforms. In this case, the ipsilateral brachial artery (B) has a normal velocity and a normal triphasic waveform, suggesting that 
the subclavian lesion is unlikely to be pressure reducing. 


The interpretation of duplex findings in the upper extrem¬ 
ity beyond the origins of the vessels is similar to the interpre¬ 
tation of B-mode images and Doppler signals gathered in other 
arterial systems. 56 Normal waveforms in the upper extremity 
arteries are usually triphasic. As elsewhere in the arterial sys¬ 
tem, stenoses will produce high-velocity jets, poststenotic tur¬ 
bulence, and dampened distal waveforms. There are, however, 
at present no specific frequency or velocity criteria with which 
to gauge the severity of stenoses in the upper extremity arter¬ 
ies. Some general guidelines are listed in Table 86.5. The diag¬ 
nosis of arterial occlusion is made by imaging the artery and 
using the pulsed Doppler to show that there is no flow within 
the lumen. 

For patients with unilateral symptoms who may have a sur¬ 
gically correctable lesion such as a subclavian artery aneurysm 


or stenosis, duplex scanning is quite useful. 57 The duplex eval¬ 
uation of aneurysms is based on the B-mode image appear¬ 
ance, with the most important feature being the size of the 
enlarged artery and the presence of intraluminal thrombosis 
that may serve as a source of distal embolization. Presence or 
absence of flow within the aneurysm can be determined by the 
Doppler component. 

Duplex scanning may be of use in patients with suspected 
embolization to identify proximal aneurysms, but the evalua¬ 
tion should also include echocardiography to look for mural 
thrombi and valvular lesions. While duplex scanning alone 
cannot be used to make the diagnosis of Takayasu arteritis, it 
can be a helpful adjunct in following the progression or regres¬ 
sion of arterial involvement in response to treatment. 58 


VISCERAL ARTERIES 


I TABLE 86.5 9 

DUPLEX ULTRASOUND CRITERIA FOR EVALUATION OF 

UPPER EXTREMITY ARTERIAL STENOSIS 

■ CONDITION 

■ CHARACTERISTICS 

Normal 

Uniform waveforms; biphasic or 
triphasic waveforms; clear window 
beneath systolic peak 

<50% diameter 
reduction 

Focal velocity increase; spectral 
broadening; possibly triphasic or 
biphasic flow 

>50% diameter 
reduction 

Focal velocity increase; loss of 
triphasic or biphasic velocity 
waveform; poststenotic flow (color 
bruit) 


Mesenteric Arteries 


Q Duplex ultrasonography can serve as a valuable noninvasive 
screening test for splanchnic artery stenosis in patients with pos¬ 
sible chronic mesenteric ischemia and for follow-up of mesen¬ 
teric artery reconstructions. Despite the accuracy of duplex 
detection of mesenteric artery stenoses, angiographic confirma¬ 
tion of high-grade stenoses or occlusion of the splanchnic ves¬ 
sels and appropriate history and physical examination are still 
required for the diagnosis of chronic mesenteric ischemia. The 
examination is technically difficult and is best performed by vas¬ 
cular technologists with extensive experience in intra-abdominal 
ultrasound techniques. 

Interpretation of Mesenteric Duplex Ultrasound 
Studies. In healthy individuals, fasting blood flow velocity 
waveforms differ in the superior mesentery artery (SMA) ver¬ 
sus the celiac artery (CA). Arterial waveforms reflect end- 
organ vascular resistance. The liver and spleen have relatively 


Occlusion 


No flow detected 
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FIGURE 86.20. A normal fasting superior mesenteric artery (SMA) 
waveform may exhibit reverse flow at the end of systole and relatively 
low end-diastolic velocity, reflecting relatively high resistance of the 
intestinal circulation in the fasting state. 



FIGURE 86.22. Color flow image and duplex-derived superior mesen¬ 
teric artery (SMA) waveform in a patient with possible chronic mesen¬ 
teric ischemia. A peak systolic velocity of 547 cm/s indicates a high- 
grade SMA stenosis and is compatible with a clinical picture of chronic 
mesenteric ischemia. 


high constant metabolic requirements and are therefore low- 
resistance organs. As a result, CA waveforms are generally 
biphasic, with a peak systolic component, no reversal of end- 
systolic flow, and a relatively high end-diastolic velocity. The 
normal fasting SMA velocity waveform is triphasic, reflecting 
the high vascular resistance of the intestinal tract at rest. There 
is a peak systolic component, often an end-systolic reverse 
flow component, and a minimal diastolic flow component 59 
(Fig. 86.20). 

Changes in Doppler-derived arterial waveforms in response 
to feeding are also different in the CA and SMA. Because the 
liver and spleen have basically fixed metabolic demands, there 
is no significant change in CA velocity waveform after eating. 
Blood flow in the SMA, however, increases markedly after a 
meal, reflecting a marked decrease in intestinal arterial resis¬ 
tance. The postprandial waveform changes in the SMA include 
a near doubling of systolic velocity, tripling of the end-diastolic 
velocity, and loss of end-systolic reversal of blood flow 60 (Fig. 
86.21). These changes are maximal at 45 minutes after inges- 



FIGURE 86.21. Postprandial superior mesentery artery (SMA) wave¬ 
form. There has been, in comparison to Figure 86.20, loss of end- 
systolic reverse flow and an increase in end-diastolic flow as resistance 
in the intestinal arterial circulation falls following feeding. 


tion of a test meal and depend on the composition of the meal 
ingested. Mixed-composition meals produce the greatest flow 
increase in the SMA when compared with equal caloric meals 
composed solely of fat, glucose, or protein. 61 

Detection of Splanchnic Arterial Stenosis. Duplex 
ultrasound can detect hemodynamically significant stenoses 
in splanchnic vessels. In a blinded prospective study of 100 
patients who underwent mesenteric artery duplex scanning 
and lateral aortography, a PSV in the SMA of 275 cm/s or 
more indicated an SMA stenosis of 70% or more with a sensi¬ 
tivity of 92%, a specificity of 96%, a positive predictive value 
of 80%, a negative predictive value of 99%, and an accuracy 
of 96% (Fig. 86.22). In the same study, a PSV of greater than 
or equal to 200 cm/s identified an angiographic celiac artery 
stenosis of 70% or more with a sensitivity of 87%, a specificity 
of 80%, a positive predictive value of 63%, a negative predic¬ 
tive value of 94%, and an accuracy of 82%. 62 

Other duplex criteria for mesenteric artery stenoses are also 
in use. An SMA EDV greater than 45 cm/s correlates with an 
SMA stenosis of 50% or more with a specificity of 92% and a 
sensitivity of 100%, while a CA EDV of 55 cm/s or greater pre¬ 
dicts a CA stenosis of 50% or more with a sensitivity of 93%, 
specificity of 100%, and accuracy of 95%. 63 

Surgical revascularization of the mesenteric arteries is stan¬ 
dard treatment for chronic mesenteric ischemia. Most often 
bypass grafts are constructed to the superior mesenteric and/or 
celiac arteries. Mesenteric artery bypass grafts can be followed 
postoperatively with mesenteric artery duplex scanning (Fig. 
86.23). Flow velocities within mesenteric artery bypass grafts 
vary little with the origin of the graft (supraceliac or infrarenal 
aorta or a common iliac artery) and remain stable over time. 
Serially increasing velocities over time in a mesenteric bypass 
likely suggest the development of a graft or anastomotic 
stenosis. 64 

Placement of an intraluminal stent is emerging as a viable 
alternative to surgical bypass in the treatment of mesenteric 
artery stenosis. Similar to the carotid artery (see earlier), there 
is reason to suspect duplex criteria developed for stenosis in 
native mesenteric arteries may not be applicable to stented 
superior mesenteric arteries. Flowever, to date, only a single 
study has examined this issue. Mesenteric duplex scans pre- 
and postplacement of a superior mesenteric artery stent were 
compared and correlated with pressure gradients measured at 
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FIGURE 86.23. Color flow image of a common iliac-to-superior 
mesenteric artery (SMA) bypass graft. 


the time of angiography. The data indicate that SMA stenting 
provides good anatomic results and significantly reduces angio- 
graphically measured pressure gradients. Duplex-measured 
SMA PSVs are reduced after stent placement but, despite good 
angiographic results, seem to remain in most cases above cri¬ 
teria predicting high-grade native artery SMA stenosis. 65 


Renal Arteries 

Indirect Assessment of Renal Artery Stenosis. Indirect 
methods to assess renal artery stenosis evaluate interlobar 
arteries. Decreased acceleration times and/or presence of tar¬ 
dus/parvus waveforms (waveforms with delayed or slowed 
upstrokes) may suggest the presence of a main renal artery 
stenosis. These techniques are quicker and easier to perform 
than direct examination of the main renal artery but have not 
been widely validated. Improved visualization of the main 
renal arteries with modern duplex scanners has made indirect 
methods of assessing the main renal artery essentially obsolete. 
These techniques are even less accurate in patients with bilat¬ 
eral stenoses and are not applicable in patients with a single 
patent renal artery. 

Direct Assessment of Renal Artery Stenosis. Normal 
renal arteries have a PSV less than 180 cm/s and low-resistance 
waveforms reflecting the high metabolic demands of the kid¬ 
ney. A ratio of the PSV in the renal artery to that in the aorta 
(renal-to-aortic ratio [RARb of 3.5 or higher indicates a 
greater than or equal to 60% diameter-reducing renal artery 
stenosis (84% to 88% sensitivity, 97% to 99% specificity, 
94% to 98% positive predictive value) 66 (Fig. 8.24). A PSV of 
greater than or equal to 200 cm/s has also been suggested to 
indicate a renal artery stenosis of 60% or more, while a veloc¬ 
ity in the renal artery of greater than 185 cm/s has been sug¬ 
gested to indicate a less than 60% renal artery stenosis. There¬ 
fore, a renal artery can be considered normal when the PSV is 
less than 180 cm/s and the RAR is less than 3.5. With a PSV 
greater than 180 cm/s and a RAR less than 3.5, the renal artery 
can be considered to have a less than 60% stenosis. RARs of 
greater than 3.5 indicate a greater than 60% renal artery 
stenosis regardless of whether the renal artery PSV is less than 



FIGURE 86.24. Renal artery waveform in a patient with severe hyper¬ 
tension. The high peak systolic velocity is compatible with a high- 
grade stenosis of the right renal artery. 


or more than 180 cm/s. 67 When the end-diastolic velocity 
exceeds 150 cm/s, data suggest a greater than 80% renal artery 
stenosis. 68 The same criteria have been used to evaluate the 
patency of renal arterial reconstructions but, similar to stented 
carotid and mesenteric arteries, may need modification for 
stented renal arteries. 69 

Predicting Success of Renal Artery Interventions. 

EDVs tend to be lower in patients with renal insufficiency, 
indicating decreased diastolic flow and suggesting increased 
parenchymal resistance to blood flow. Decreased parenchymal 
diastolic velocities may therefore suggest renal parenchymal 
disease (Fig. 86.25). Many patients, 20% to 40%, treated with 
renal artery angioplasty and stenting or open surgical recon¬ 
structions do not have postprocedure blood pressure or renal 
function improvement. An estimate of resistance to flow 
within the renal parenchyma can be made by comparisons of 
EDVs and PSVs of renal artery waveforms obtained from renal 



FIGURE 86.25. Low diastolic flow from the parenchyma of this 
transplanted kidney suggests parenchymal renal disease. 
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FIGURE 86.26. Venous flow is typically depicted below 
the baseline. Venous flow in the proximal lower 
extremity veins should be spontaneous, vary with res¬ 
piration, and augment with distal compression. 



parenchymal arteries. The so-called resistive index (RI) is cal¬ 
culated as follows: 

RI = [1 - (EDV/PSV)] X 100 

In effect, a high resistive index, greater than 0.7, is bad, 
suggesting renal parenchymal disease, while a low resistive 
index is good, indicating healthy renal parenchymal tissues. 
Evaluation of parenchymal resistance has been suggested as a 
possible preprocedure predictor of clinical success of renal 
artery interventions. 70 


VENOUS DISEASE 


Acute Deep Venous Thrombosis 

Q Physical examination is not sensitive or specific for the detec- 
tion of acute deep venous thrombosis (DVT). 71 Prior to the 
acceptance and widespread use of venous duplex scanning, 
impedance plethysmography (IPG) was employed as the initial 
noninvasive test for patients with suspected acute lower 
extremity DVT. IPG is a reasonably sensitive (87%) and spe¬ 
cific (up to 100%) test for proximal lower extremity DVT in 
symptomatic patients. 72-74 However, lower sensitivities for 
proximal DVT (65%) have been reported in studies that 
exclude clinical outcomes and only report in comparison to 
venography. IPG may not detect nonocclusive proximal DVT 
or occlusive proximal DVT present in parallel venous systems, 
such as duplicated femoral or popliteal veins, and cannot 
detect DVT isolated to the calf veins. 75,76 While IPG is still 
sometimes used for clinical situations felt to require serial eval¬ 
uations of the proximal veins, the limitations noted here make 
it a substandard examination for routine clinical assessment of 
lower extremity DVT. 77 Currently, color flow duplex scanning 
performed by skilled operators provides the most practical and 
cost-effective method for assessment of DVT of the lower 
and upper extremity veins as well as for superficial venous 
thrombosis. 

At a minimum, vascular laboratory duplex ultrasound eval¬ 
uation for lower extremity DVT should include examination 
of the common femoral, profunda femoral, femoral, and 
popliteal veins. Venous waveforms from the right and left 
common femoral veins should always be compared. A normal 
lower extremity examination will show patency of the veins on 
color flow imaging, collapsing of the veins with application of 
pressure by the ultrasound probe, and venous flow patterns in 
the common femoral and femoral veins that decrease with 
inspiration and increase with expiration. Flow within a patent 


vein should also increase with application of compression dis¬ 
tal to the site of examination (Fig. 86.26). 

The primary ultrasound diagnostic criteria for acute venous 
thrombosis is failure of the vein to collapse with application of 
pressure with the ultrasound probe (Fig. 86.27). A continuous 
flow pattern in one common femoral vein and not the other 
suggests ipsilateral iliac vein thrombosis or external compres¬ 
sion of the ipsilateral iliac vein. Bilateral pulsatile common 
femoral waveforms suggest volume overload, tricuspid regur¬ 
gitation, or heart failure. 

Not all venous ultrasound examinations for DVT are the 
same. Some vascular laboratories do not include evaluation of 
the calf veins as part of their routine evaluation for lower 
extremity DVT, even in symptomatic patients. This results 
from outdated perceptions of inaccuracy of calf vein ultra¬ 
sound evaluation for DVT. Failure to perform a complete ini¬ 
tial examination necessitates serial ultrasound examinations 
or alternative strategies to detect possible extension of venous 
thrombi initially isolated to the calf veins. Such strategies are 
inefficient, ineffective for noncompliant patients, and not cost- 
effective compared to a single stand-alone color flow duplex 
study of the proximal and calf veins in patients with suspected 
lower extremity DVT. 



FIGURE 86.27. Failure of the common femoral vein to compress with 
pressure applied by the ultrasound scanhead indicates the presence of 
thrombus in the common femoral vein. 
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Limited ultrasound studies for acute DVT may include 
compression ultrasound (B-mode imaging only), duplex ultra¬ 
sound (B-mode imaging and Doppler waveform analysis), and 
color Doppler alone. The sensitivities and specificities for 
detecting acute DVT differ among the examinations, and dif¬ 
ferent examinations are appropriate for different veins. Com¬ 
pression ultrasound is typically performed for evaluation of 
proximal deep veins, specifically the common femoral, 
femoral, and popliteal veins. A combination of duplex ultra¬ 
sound and color Doppler is more often used for calf and iliac 
veins. Color flow alone may be used to assess patency of the 
calf veins as they are difficult to reliably compress especially in 
subjects with larger legs. 

Many factors will influence which venous segments can be 
evaluated in an individual examination. These include the 
presence of morbid obesity, lower extremity edema or tender¬ 
ness, and the presence of immobilization devices and ban¬ 
dages. Overall, a complete color and Doppler examination has 
become the standard of care for assessment of lower extremity 
DVT. It is recommended that whenever possible, a venous 
duplex examination to exclude the presence of DVT consist of 
an evaluation of both the proximal and calf veins. 

A well-trained technologist can interrogate calf veins in 
80% to 98% of cases using a combination of B mode, Doppler 
waveform analysis, and color Doppler. 78,79 Overall accuracy of 
venous ultrasonography in comparison to venography has 
been well established. The weighted mean sensitivity and 
specificity of venous ultrasonography (including all types) for 
the diagnosis of symptomatic proximal DVT are 97% and 
94%, respectively. 77 As suggested earlier, in technically ade¬ 
quate studies, the sensitivity and specificity of color Doppler to 
identify isolated calf vein thrombosis exceeds 90%. 79 The high 
specificity of venous ultrasonography allows treatment for 
DVT to be initiated without further confirmatory tests, and 
the high sensitivity in diagnosing proximal DVT makes it pos¬ 
sible to withhold treatment if the examination is negative. 

Some ultrasound examinations are limited by practical con¬ 
straints. Inability of the patient to fully cooperate with regard 
to positioning for the examination and/or intolerance of the 
pressure of the ultrasound scan head on the skin, or inability 
of the examiner to obtain a complete examination secondary 
to bandages, casts, or extremity wounds, may lead to a 
requirement for serial examinations. An alternative diagnostic 
procedure, such as catheter-based contrast, magnetic reso¬ 
nance (MR), or computed tomography (CT) venography, may 
be indicated when a complete ultrasound examination is not 
possible or if the patient cannot or is unlikely to return for a 
follow-up examination. Currently, repeat or serial venous 
ultrasonography is advisable for negative examinations in 
symptomatic patients highly suspicious for DVT in whom an 
alternative form of imaging is unavailable or contraindicated. 

The diagnosis of pulmonary embolism (PE), like that for 
DVT, also cannot be established without objective testing. 
Several studies have evaluated lower extremity venous ultra¬ 
sound examinations in patients suspected of PE. These studies, 
often employing ultrasound of only the proximal veins and 
nuclear medicine-based ventilation-perfusion (V/Q) scanning, 
unfortunately have little relevance to modern practice where 
complete proximal and distal vein ultrasound examinations 
are usually routine, and where CT pulmonary angiography 
(CTPA) or MR pulmonary angiography (MRPA) have largely 
supplanted V/Q scanning. 

The rationale for venous ultrasonography in patients who 
present with symptoms of PE is that a diagnosis of DVT may 
indirectly suggest a diagnosis of PE, making additional investi¬ 
gation to exclude PE unnecessary in some clinical settings. 
However, ultrasound cannot make a definitive diagnosis of PE. 
Patients can have DVT and pulmonary symptoms or hemody¬ 
namic instability from causes other than PE. 

Normal bilateral proximal venous ultrasound scans do not 
rule out PE. When PE is definitively present, DVT of the 


proximal lower extremity veins is detectable by compression 
ultrasound in only 50% of patients. 80 When a PE is objectively 
diagnosed with no evidence of lower extremity DVT, the PE 
may have originated from pelvic veins or arm veins, or possi¬ 
bly embolized completely from a lower extremity vein. An 
objective diagnostic test for PE is therefore indicated in most 
cases. Currently, in most centers this would be a CT pulmonary 
angiogram. 


Chronic Venous Insufficiency 

The presence of venous insufficiency can also be evaluated 
with either air or photoplethysmography and with duplex 
scanning. 81 In theory, air plethysmography (APG) can provide 
an analysis of overall venous hemodynamics including evalua¬ 
tion of the individual components of venous function, reflux, 
and the efficacy of the calf muscle pump. A flexible chamber is 
placed on the calf and volume changes are then induced by a 
series of positional and exercise maneuvers. Measurements 
derived from these maneuvers are then used to calculate mea¬ 
sures of venous reflux (venous filling index [VFIj) and calf 
muscle pump function (ejection fraction [EF]) as well as a mea¬ 
sure of overall venous function, termed the residual volume 
fraction. Of these values, VFI has the potential for being the 
most important. A VFI of greater than 2 mL/s indicates abnor¬ 
mal reflux, with values greater than 10 mL/s indicating 
increased risk of cutaneous changes associated with chronic 
venous insufficiency. APG, while theoretically interesting, is 
used only infrequently in clinical practice. 

PPG is a variant of plethysmography techniques to assess 
venous reflux. It detects changes in the blood content of the 
skin that theoretically reflect venous volume. It consists of a 
light-emitting diode and a photosensor. The diode transmits 
light into subcutaneous tissues. Blood attenuates light in pro¬ 
portion to its content in tissue. The PPG machine amplifies the 
difference between the transmitted and reflected signal and 
converts it into a waveform. To assess for venous reflux the sen¬ 
sor is typically applied to the medial ankle area (Fig. 86.28). 
The patient performs a series of plantar and dorsal flexions of 



FIGURE 86.28. Placement of photoplethysmographic (PPG) probes 
for assessment of venous reflux. See text. 
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FIGURE 86.29. Venous photoplethysmographic (PPG) 
waveforms in a patient with superficial venous reflux. The 
patient is asked to perform 10 dorsal and plantar flexions 
of the ankle, resulting in emptying the leg of venous blood. 
In the top panel the veins refill very rapidly, indicating the 
presence of venous reflux. Refill slows with application of 
a tourniquet to occlude the superficial veins, indicating this 
patient likely has only reflux in the superficial venous sys¬ 
tem and no deep venous reflux. 



the foot, decreasing the venous volume of the extremity. The 
time for the waveform to return to baseline is termed the 
“venous recovery time” (VRT). A normal venous recovery is 
20 seconds or greater. Shorter times indicate the presence of 
venous reflux. If the VRT returns to normal with the applica¬ 
tion of a superficial venous tourniquet, then the reflux is con¬ 
fined to the superficial venous system (Fig. 86.29). If the VRT 
does not correct with a superficial venous tourniquet, deep 
venous reflux is present. Neither APG nor PPG can provide 
information about the specific venous segments that are 
abnormal. That information can be provided by duplex ultra¬ 
sound. 

Duplex ultrasound can provide important physiologic and 
anatomic information in patients with possible chronic venous 
insufficiency. Both sites of reflux and of venous obstruction 
can be determined in deep, superficial, and perforating veins. 
In patients with valve incompetence, reflux can be stimulated 
and then detected with duplex using a Valsalva maneuver, 
manual compression proximal to the transducer, or release of 
compression distal to the transducer. The examination has 
been standardized with the patient upright and using deflation 
of a series of pneumatic cuffs at specific sites on the leg with 
the leg under examination not bearing weight. In the upright 
position, reflux stimulated by cuff deflation that lasts more 
than 0.5 second is indicative of pathologic reflux. 82 The tech¬ 
nique allows localization of reflux to specific venous segments 
and can serve as a valuable preoperative planning tool to 


target specific venous segments for removal or reconstruction 
(Fig. 86.30A, B). It has a sensitivity of 82% and specificity of 
100% for the identification of competent and incompetent 
perforating veins. Duplex determination of reflux sites and 
sites of venous occlusion as a means of assessing overall 
venous hemodynamics is not established. Currently, duplex 
assessment of venous reflux provides the basis of planning for 
the large majority of venous procedures designed to treat the 
manifestations of superficial venous reflux. 


SELECTED MISCELLANEOUS 
EXAMINATIONS 


Evaluation for Abdominal Aortic Aneurysm 

© Vascular laboratory ultrasound screening of males older than 
65 years with a history of cigarette smoking for abdominal 
aortic aneurysm (AAA) has been shown to be effective in pre¬ 
venting aneurysm-related deaths in this cohort. 83 Ultrasound is 
highly accurate and reproducible in measuring the diameter of 
infrarenal AAAs (Fig. 86.31). Typically, patients with AAA 
diameters below accepted threshold levels for repair are fol¬ 
lowed with serial ultrasound examinations to monitor for 
enlargement of the aneurysm to a diameter where repair is 
indicated. 



FIGURE 86.30. Technique (A) and popliteal venous waveform (B) with cuff deflation for duplex assessment and localization of venous reflux. 
Reflux lasting longer than 0.5 to 1 second is abnormal. 
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FIGURE 86.31. Ultrasound image of an infrarenal abdominal aortic 
aneurysm. 



FIGURE 86.32. Color flow image of a groin pseudoaneurysm. See 
text. 


Evaluation of Aortic Endografts 

Placement of endoluminal stent grafts is now standard therapy 
for most patients with AAA. With stent grafting of an AAA, 
the aneurysm is left in situ and blood flow diverted through the 
stent graft. Some stent grafts eventually leak at proximal or 
distal attachment sites. AAAs with these so called type I 
endoleaks are at risk for rupture. In addition, AAAs treated 
with stent grafts may also occasionally enlarge because of 
back-pressure in the aneurysm sac from patent lumbar vessels, 
type II endoleak. Patients whose AAAs enlarge in association 
with type II endoleaks after endografting are also considered 
at risk for aneurysm rupture. 

Standard monitoring of endoluminal stent grafts is with 
serial CT scans to detect endoleak and changing sac diameter. 
However, there are increasing concerns about repeated doses 
of contrast and radiation exposure associated with serial CT 
scans. It now appears that many stent grafts can be followed 
with serial duplex ultrasound examinations. Duplex ultra¬ 
sound is capable of measuring sac diameter and detecting both 
type I and II endoleaks. Even if an endoleak cannot be detected 
by ultrasound, an increase in sac diameter following stent 
grafting should prompt further investigation. In some centers 
duplex ultrasound has replaced CT scanning as the preferred 
method of follow-up of AAA stent grafts. 84,85 


body of the pseudoaneurysm for injection of small amounts of 
thrombin to induce thrombosis of the pseudoaneurysm. 86,87 
All of these techniques are effective, but currently direct 
thrombin injection is favored in most cases as it is relatively 
noninvasive, less painful, and more effective than prolonged 
compression alone. 


Transcutaneous Oxygen Measurements 

Measurements of transcutaneous oxygen (TCp0 2 ) can be per¬ 
formed as an aid in predicting healing of pedal lesions or heal¬ 
ing of an amputation at the site where the measurement is taken 
(Fig. 86.33). In general, a TCp0 2 greater than 30 mm Fig 
indicates that healing is likely, measurements between 20 and 
30 mm Fig are equivocal for healing, and measurements below 
20 mm Fig indicate that healing is unlikely. 88 Measurements 
are not influenced by the presence of diabetes, but it has been 
suggested that the level for predicting healing be increased to 
40 mm Fig in patients with diabetes. The test is less accurate in 
the presence of edema, cellulitis, or hyperkeratosis and in older 
patients. 


Evaluation and Treatment 
of Groin Pseudoaneurysms 

Pseudoaneurysms can occur as a complication of an arterial 
puncture in the groin performed for diagnostic or therapeutic 
angiography. Groin pseudoaneurysms are readily detected 
with duplex ultrasound (Fig. 86.32). Color flow demonstrates 
a typical collection of flowing blood usually anterior to the 
artery from which the pseudoaneurysm originates. The native 
artery and pseudoaneurysm are connected by a so-called “neck.” 
To-and-fro flow within the neck of the pseudoaneurysm is char¬ 
acteristic and pathognomonic of a pseudoaneurysm arising from 
an arterial puncture. 

Treatment of pseudoaneurysms may be with direct surgical 
repair or, utilizing the vascular laboratory, direct compression 
of the pseudoaneurysm until it thromboses using the ultra¬ 
sound scanhead to both locate the pseudoaneurysm and apply 
pressure. Alternatively, the pseudoaneurysm is visualized with 
the ultrasound scanhead and a needle introduced into the 



FIGURE 86.33. Device for measuring transcutaneous oxygen 
pressures. 
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CHAPTER 87 ENDOVASCULAR TREATMENT 

OF DISEASE 


MATTHEW J. EAGLETON AND SUNTTA D. SRIVASTAVA 


KEY POINTS 


^The treatment of vascular disease has progressed signifi¬ 
cantly over the past several years with the evolution and 
application of endovascular procedures. 

Q Endovascular treatment of carotid artery stenosis is less 
invasive and thus may be associated with a lower morbid¬ 
ity and mortality compared with carotid endarterectomy 
(CEA). 

Q In order for carotid artery stenting to gain full acceptance, 
it must provide clinical outcomes that rival CEA. 

Q With the advent of lower-profile sheaths, wires, and stents, 
percutaneous interventions have become more feasible and 
often the first-line treatment in the setting of mesenteric 
occlusive disease. 

Q Percutaneous transluminal angioplasty is the treatment of 
choice for nonorificial atherosclerotic lesions and fibro- 
muscular dysplasia. 


Q Results from surgical revascularization and renal interven¬ 
tions are comparable. 

^The most important aspect of aortic endograft placement 
takes place prior to graft placement in determining whether 
a patient is indeed a suitable candidate for endograft place¬ 
ment, choosing an appropriate endograft device, and prop¬ 
erly determining the size graft to be placed. 

Q Postoperative surveillance is extremely important in patients 
undergoing endovascular abdominal aortic aneurysm repair. 

Q Endovascular treatment of aortoiliac occlusive disease has 
become increasingly prominent over the past several years 
and has assumed a dominant role in the treatment of this 
disease. 

© There have been mixed results reported for outcomes of 
patients treated with percutaneous balloon angioplasty of 
femoropopliteal artery stenosis. 


Q The treatment of vascular disease has progressed significantly endovascular procedures. In particular, the endovascular treat- 

over the past several years with the evolution and application of ments of aortic aneurysm disease and carotid artery stenosis 
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have received intense scrutiny. Intravascular treatment of dis¬ 
ease, however, is not a new concept. In the 1960s, radiologist 
Charles Dotter pioneered the concept of endovascular therapy. 1 
He conceived the idea of using dilators of varying diameters to 
serially expand stenotic atherosclerotic lesions in the iliac arter¬ 
ies. Since then, the technology has continued to evolve. The 
development of guide wire-directed catheter technology has 
allowed physicians to percutaneously access nearly any blood 
vessel in the body. This combined with the development of the 
angioplasty balloon revolutionized percutaneous interventions 
and allowed for the treatment of stenotic lesions through a per¬ 
cutaneous arterial puncture. This procedure has been further 
enhanced by the development of metallic stents to assist in main¬ 
taining long-term patency of percutaneous angioplasty. With 
advancing technology, more endovascular procedures are being 
applied to the treatment of peripheral vascular disease. The goal 
of this chapter is to outline many of the applications of endovas¬ 
cular therapies for the treatment of peripheral vascular disease 
including technical aspects, complications, and outcomes. 


BASIC CONCEPTS 


The basic concept of most endovascular procedures is to obtain 
percutaneous access of a blood vessel and then to gain access 
across the lesion (either a stenosis or aneurysm) with a guide 
wire. This allows for endovascular treatment of the disease. 
Most arterial and venous access is obtained through a percuta¬ 
neous puncture over the femoral vessels. From this location, 
most other branches of the arterial tree can be reached. Access 
from the femoral vessels, however, is not always possible or 
ideal, and in those instances percutaneous access is generally 
obtained through an alternate site, such as the brachial artery 
or the jugular vein. Once blood vessel access is obtained, a 
guide wire is inserted through the needle and into the artery or 
vein. Generally, the needle is then removed and a sheath is 
placed into the vessel over the wire. A sheath is a specialized 
piece of equipment, with a valve on one end, which allows con¬ 
tinuous access to the blood vessel. This allows for continued 
introduction and removal of a variety of pieces of equipment 


FIGURE 87.1. A: An example of two 
different endovascular wires. The one 
on the left has a straight tip, and it is 
coated with a hydrophilic substance, 
which increases its maneuverability in 
stenotic lesions. The wire on the right 
has a J-tip on the end, which allows it 
to be less traumatic to the arterial wall. 
B: An example of two different types of 
sheaths. The smaller sheath on the left 
is representative of the standard access 
sheath used for many endovascular 
procedures, whereas the larger one on 
the right demonstrates a more special¬ 
ized sheath of a larger size with a pre¬ 
shaped curve. C: An example of angio¬ 
graphic catheters. The catheter on the 
left represents a straight catheter that 
is hydrophilic coated. It is an end-hole 
catheter that is used for selective 
catheterization of vessels. The catheter in 
the middle is a nonselective catheter that 
has a “pigtail” shape. It has multiple side 
holes and is most generally used for non¬ 
selective angiography. The catheter on 
the right is also a selective catheter that 
has a preformed shape that allows the 
interventionalist the ability to access ves¬ 
sels in unique anatomic locations. 
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while protecting the vessel wall from repeated trauma. Sheaths 
are available in a variety of sizes and a variety of shapes, and 
the exact sheath used depends on the procedure being per¬ 
formed and the blood vessel being accessed (Fig. 87.1). 

The next tool to consider once a secured entry into the 
blood vessel is obtained is the guide wire, which allows remote 
access across the lesion. Guide wires are constructed in a vari¬ 
ety of sizes; the three most commonly used sizes are 0.035, 
0.018, and 0.014 inches in diameter. The length of the guide 
wire is also important and generally varies from 145 to 300 cm. 
The guide wire length needs to be long enough to cover the 
cumulative distance required both inside and outside the 
patient. This will vary based on lesion location, the type of 
procedure performed, and the type of other pieces of technol¬ 
ogy being used. There are several factors that are important in 
guide wire construction, including the stiffness of the wire, the 
coating on the wire, and the tip shape (Fig. 87.1). Some of 
these factors affect the steerability and trackability of the wire. 
Steerability refers to the ability to direct the intravascular tip 
of the wire by manipulating the extravascular portion, and 
trackability refers to the ability of the wire to allow a catheter 
to follow its course. The tip of the wire may be straight, 
angled, or J-tipped, and the tip may be stiff or floppy, making 
it less traumatic. Many wires have a tightly wound inner steel 
core that confers differing magnitudes of stiffness to the body 
of the guide wire. A surrounding wrap of lighter, more flexible 
wire helps prevent fracture and fragmentation while the guide 
wire is in use. Most guide wires have a hydrophilic coating of 
either polytetrafluoroethylene or silicone, which decreases the 
coefficient of friction during catheter exchange or while tra¬ 
versing a stenosis. 

Catheters are another vital piece of equipment important 
in performing endovascular procedures. They are used to 
perform diagnostic procedures, maintain access across a 
lesion while a more suitable wire is exchanged, and support 
devices, such as balloons and stents, that are delivered to the 
lesion attached to the catheter. Catheters are constructed 
from a variety of materials including polyurethane, polyeth¬ 
ylene, polypropylene, and nylon. Catheters are also available 
in a variety of diameters (measured in French) and lengths. 
Catheters constructed from polyethylene have a low coeffi¬ 
cient of friction and are pliable with good shape memory. They 
are useful for selective catheterization. Polyurethane catheters 
are softer, are more pliable, and follow guide wires more eas¬ 
ily but have a higher coefficient of friction. Nylon catheters are 
stiffer but tolerate higher flow rates. The construction of the 


catheter affects several important properties, including tracka¬ 
bility (the ability of the catheter to follow the direction of the 
wire), pushability (the ability of force applied on one end of 
the catheter to induce movement on the other end), crossabil¬ 
ity (the facility with which a catheter will follow the wire 
across a lesion), and steerability. The shape of the catheter’s 
head is variable and dictates the catheter’s function (Fig. 87.1). 
Functionally, catheters are classified as selective or nonselec- 
tive. Nonselective catheters, also known as flush catheters, 
often have multiple side holes that allow large amounts of con¬ 
trast to exit in a short period of time. These catheters’ head 
shapes are usually either straight or curved. Selective catheters 
have only one end hole but are available in a variety of shapes, 
including straight, angled, reverse curved, and double-curved. 
The choice of catheter used depends on the type of procedure 
being performed. 

An important tool in endovascular procedures is the angio¬ 
plasty balloon. This is a balloon mounted on the end of a 
catheter that has the ability to be inflated and deflated through 
a port on the extravascular portion of the catheter (Fig. 87.2). 
The function of the angioplasty balloon is to provide a dilating 
force on the endoluminal surface of a blood vessel. As with all 
catheters, angioplasty balloon catheters are constructed with a 
number of variables, most specific to the balloon itself. Bal¬ 
loons vary in sizes that range from 1.5 to 40 mm, and they are 
selected with the intent to slightly overdilate the vessel being 
treated. The length of the balloon is also variable and can 
range from one to several centimeters in length. Typically, 
there are radiopaque markers on either end of the balloon that 
allow for accurate placement at the site of the lesion. The 
rounded area of the balloon that extends beyond the markers 
is termed the shoulder of the balloon. The length of the shoul¬ 
ders of the balloon varies from balloon type to balloon type. In 
addition, balloons are constructed of a variety of types of 
material, which alters the way in which the balloons respond 
to inflation. Most balloons are constructed of polyethylene, 
polyethylene terephthalate, or other low-compliance poly¬ 
mers. These allow for a low or noncompliant balloon, which 
allows the balloon at high inflation pressures to exert more 
radial force without increasing the balloon diameter. Other 
balloons, particularly those used in aortic endografting, are 
more compliant and will continue to change diameter with 
increases in pressure, thus reducing the radial force applied. 
Furthermore, specialized balloons have been developed that 
provide specific functions while performing an angioplasty. 
One such balloon is a “cutting balloon.” This is a balloon that 



FIGURE 87.2. A-C: These pictures depict a self¬ 
expanding stent at various stages of deployment. A: 
The stent ensheathed on the catheter prior to deploy¬ 
ment. B: The stent partially deployed. Note the expan¬ 
sion of the stent in the unsheathed portion. C: The 
self-expanding stent fully deployed. D-F: These pic¬ 
tures depict a balloon-expandable stent at various 
stages of deployment. D: The balloon-expandable stent 
mounted on a catheter prior to deployment and (E) at 
the start of expansion. F: A fully expanded balloon- 
expandable stent adjacent to the inflated balloon used 
to deploy it. 
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has strips of metal, or blades, along the length of the balloon 
that can cut the area of stenosis, assisting in the balloon’s abil¬ 
ity to dilate the region. 

As discussed in more detail later, balloon angioplasty is 
often supplemented with the placement of an intravascular 
stent. The evolution of stents has occurred along two funda¬ 
mental design philosophies: balloon-expandable stents and 
self-expanding stents (Fig. 87.2). Stents are composed of a 
variety of metals including steel, nitinol, tantalum, platinum, 
and various metal alloys. The construction is also variable and 
includes laser cut, woven, knitted, coiled, or welded. The con¬ 
struction of the stent helps to determine its properties. The 
ideal stent properties are high radial force, minimal induction 
of neointimal hyperplasia, longitudinal flexibility, high 
radiopacity, radial elasticity, ability to conform to the vessel, 
low profile with high expansion ratio, no foreshortening, 
durable, and affordable. 2 Balloon-expandable stents are best 
exemplified by the prototypical Palmaz stent. The basic mech¬ 
anism is a metal tube (stent) placed around a balloon. The bal¬ 
loon is expanded, thus dilating the metal tube, which then 
maintains the nominal diameter of the balloon. Most are made 
of stainless steel alloy, providing greater radial and hoop 
strength with minimal foreshortening, which allows for exact 
placement. These same properties, however, allow little flexi¬ 
bility and render the stents susceptible to irreversible deforma¬ 
tion when subjected to external compressive forces. The pro¬ 
totype of the self-expanding stents is the Wallstent. These 
stents function on the principle of elasticity, as the stents self- 
expand to their nominal diameter when released from a con¬ 
strained state within the delivery catheter. A stent of a larger 
nominal diameter than the target vessel is chosen so that it 
exerts a continuous outward expansile force. The final diame¬ 
ter is the equilibrium that is reached between the elastic recoil 
of the vessel and the expansile force of the stent. Some general 
properties of self-expanding stents are that they are flexible, 
track better than balloon-expandable stents, and have crush 
resistance. Unfortunately, these stents foreshorten during 
placement and thus can only be accurately positioned at one 
end. With improving technology and the development of bet¬ 
ter alloys (e.g., nitinol, a nickel and titanium alloy), many of 
the adverse properties of both balloon- and self-expanding 
stents are overcome and they approach closer the properties of 
the ideal stent. As discussed in more detail later, the specific 
choice of stent to use in a given situation depends on the pro¬ 
cedure being performed. 


CAROTID ARTERY 
INTERVENTIONS 


Stroke occurs in nearly 700,000 patients annually in the 
United States resulting in an estimated 164,000 deaths and 
contributing $54 billion in health care costs. 3 Nearly one third 
of strokes are attributable to carotid artery stenosis, and 
nearly 200,000 carotid endarterectomies (CEAs) are per¬ 
formed each year in the United States to help prevent this 
debilitating problem. 4 The value of CEA to reduce the risk of 
stroke has been proven in a number of randomized, prospec¬ 
tive clinical trials. CEA has been documented to reduce the 
incidence of both stroke and combined stroke and death in 
symptomatic patients with a stenosis greater than 70%. 5 In the 
North American Symptomatic Carotid Endarterectomy Trial, 
life-table estimates of the cumulative risk of any ipsilateral 
stroke at 2 years were 26% in patients treated with aspirin 
alone versus 9% in those patients treated with CEA. For major 
or fatal ipsilateral stroke the estimates were 13.1% and 2.5% 
for medical versus surgical treatment, respectively. For 
patients with asymptomatic disease, although the results are 
not as dramatic, there is a significant decrease in stroke risk 
with CEA versus medical therapy. The Asymptomatic Carotid 


Atherosclerosis Study randomized 4,657 patients with greater 
than 60% stenosis to receive either CEA or medical therapy. 4 
The aggregate risk over 5 years for ipsilateral stroke and any 
perioperative stroke or death was 5.1% for surgical patients 
and 11.0% for patients treated medically. The results from the 
Asymptomatic Carotid Surgery Trial were very similar. 6 CEA 
has also proven durable, with reoperation for recurrent steno¬ 
sis reported from as low as 1% to as high as 9%. 

Endovascular treatment of carotid artery stenosis is less 
invasive and thus may be associated with a lower morbidity and 
mortality compared with CEA. The underlying indications for 
treatment of carotid artery stenosis do not change with the 
application of percutaneous techniques. However, carotid 
artery stenting must at least demonstrate clinical equipoise with 
CEA to become an accepted alternative. In the United States, 
most applications of carotid artery stenting currently are 
reserved for patients who are characterized as “high risk” for 
conventional CEA or in patients who are enrolled in ongoing 
clinical trials. In May 2007, the Centers for Medicare and Med¬ 
icaid Services (CMS) expanded coverage of carotid angioplasty 
and stenting to those patients at high risk for carotid 
endarterectomy with symptomatic high-grade stenosis of 50% 
to 70% and asymptomatic stenosis of greater than 80%. 

Percutaneous treatment of carotid artery stenosis was first 
described in 1980 by Kerber et al., 7 at which time they 
described the application of percutaneous transluminal bal¬ 
loon angioplasty (PTA) of an atherosclerotic lesion. Since that 
time the procedure has evolved tremendously and now 
includes the application of either a balloon-expandable or self¬ 
expanding stent. Currently, patients are premedicated with 
aspirin and either ticlopidine or clopidogrel at least 1 day prior 
to the procedure. Heparin anticoagulation is standard once 
arterial access has been obtained. The majority of the proce¬ 
dure does not differ significantly from the performance of PTA 
and stent placement at other sites. Percutaneous arterial access 
is obtained through a common femoral artery puncture. 
Brachial artery access is possible, although more difficult, if 
femoral access is prohibitive. Selective catheterization of the 
common carotid artery is performed utilizing one of a vari¬ 
ety of preformed catheters that best fit the anatomic vari¬ 
ability. The common carotid artery is cannulated with a 6- or 
7-French introducer sheath or guide catheter. An inability to 
access the common carotid artery with these devices due to 
vessel tortuosity or anatomic variation is the principle cause of 
procedure failure. During advancement of the sheath, distal 
guide wire access is maintained in the external carotid artery. 
Guide wire access across the lesion in the internal carotid 
artery is then obtained. A wire with a filter or net for cerebral 
protection is advanced to allow for embolic protection prior to 
carotid intervention. In cases where there is thrombus, ulcer¬ 
ated plaque, or higher risk of embolization with initial wire 
placement, reversal of flow devices can be utilized. This tech¬ 
nique involves placement of a special balloon catheter allow¬ 
ing occlusion of both the common carotid artery and the exter¬ 
nal carotid artery. A separate 9-French sheath is placed in the 
femoral vein and reversal of flow through the internal carotid 
is initiated to facilitate protected carotid stenting. 

Typically, the lesion requires predilation with a smaller 
angioplasty balloon to facilitate placement of the stent. Little 
outcome variability has been described when comparing the 
placement of a balloon-expandable versus a self-expanding 
stent, although most often self-expanding stents are placed due 
to the balloon-expandable stents’ vulnerability to compres¬ 
sion. 8 If necessary, the stent is extended from the internal 
carotid artery into the common carotid artery, effectively “jail¬ 
ing” the external carotid artery ostia. 

One of the most catastrophic complications of carotid 
artery stenting is stroke, which is most often due to atheroem- 
boli or thromboemboli dislodged at the time of the procedure. 
Unfortunately, unlike in peripheral interventions when a sur¬ 
gical therapy can often be used to correct an interventional 
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FIGURE 87.3. Angiograms from a patient undergoing a carotid artery stent. A: There is an 85% recur¬ 
rent stenosis within the internal carotid artery [arrow). The patient had undergone a carotid endarterec¬ 
tomy 1 year prior. B: After wire access was obtained across the lesion, a balloon occlusion protection 
device was placed prior to angioplasty and stenting. This current angiogram shows placement of a self¬ 
expanding stent at the site of the internal carotid narrowing (top arrow). The balloon occlusion device can 
be seen in the distal internal carotid artery [bottom arrow). Note the absence of contrast beyond the pro¬ 
tection device. After stent deployment and prior to balloon deflation, the contents of the common carotid 
artery and proximal internal carotid artery will be aspirated and discarded. C: After stent deployment, 
there is resolution of the internal carotid artery narrowing. 


complication, it is rare that an operation can correct distal 
cerebral embolization. To decrease the incidence of these 
complications, several cerebral protection devices have been 
developed and are utilized at the time of stent placement. Sev¬ 
eral series evaluating the efficacy of cerebral protection 
devices have shown up to an 80% reduction in the rate of 
acute neurologic events related to embolic complications 
compared with unprotected procedures. 9-12 There are a num¬ 
ber of different types of cerebral protection devices, including 
distal occlusive balloons, distal filter systems, and proximal 
protection systems. The distal protection devices must cross 
the lesion prior to stent placement and before they are 
opened; thus, some embolization may occur as they cross the 
lesion. Distal occlusive balloons consist of a 0.014-inch guide 
wire with the balloon on the distal portion. The balloon is 
inflated in the extracranial internal carotid artery distal to 
the lesion occluding blood flow (Fig. 87.3). After placement 
of the stent, stagnant blood and debris is suctioned from the 
region before blood flow is resumed by deflating the balloon. 
Distal filter systems are placed in a similar location, but allow 
for continuous blood flow through the filter while it traps 
emboli. Proximal protection systems provide protection by 
occluding flow in the common carotid artery and external 
carotid artery. The collateral flow through the circle of Willis 
then provides a “back-pressure” that prevents distal emboliza¬ 
tion during the procedure. After stent placement, the blood in 
the internal carotid artery is then evacuated to prevent 
embolization of debris when antegrade flow is reestablished. 

Carotid artery stent placement complications can be 
divided into three stages. 13 Stage I complications occur pri¬ 
marily during access of the common carotid artery. Stage II 
complications occur during positioning of the distal protection 
device in a straight cervical segment of the internal carotid 
artery. Stage III complications occur during predilation, stent 
deployment, and postdilation of the stent. When a neurologic 
event does occur, one should have an understanding of the 
cerebral circulation to proceed with neurologic rescue proce¬ 
dures. 14 In patients with a transient ischemic attack (TIA) or 
minor stroke and a normal angiogram, medical management 
should ensue. In patients with minor or major strokes and evi¬ 
dence of occlusion of an intracranial vessel, catheter-directed 


thrombolysis should be initiated and glycoprotein platelet 
receptor antagonists administered. 13 

In order for carotid artery stenting to gain full acceptance, 
it must provide clinical outcomes that rival CEA. Early studies 
evaluating carotid stent outcomes were derived from single¬ 
institution case series and registries. The first large series 
reported was by Yadav et al. 15 and included 126 carotid stent¬ 
ing procedures performed in 107 patients that were at high 
risk for CEA due to medical comorbidities. The 30-day inci¬ 
dence of ipsilateral major stroke and death was only 1.6%. At 
6 months, however, there was a 4.9% incidence of asympto¬ 
matic restenosis. Lai et al. 16 reported their results from 122 
carotid stent procedures performed in 118 patients. Similarly, 
there was a low 30-day stroke and death rate of 3.3%. This 
analysis applied Kaplan-Meier curves and predicted cumula¬ 
tive in-stent restenosis, defined as a recurrent stenosis of 
greater than 80%, in 6.4% of the patients at 5 years. None 
was associated with onset of symptoms. 

The largest collection of patients undergoing carotid artery 
stenting comes from a review of the Global Carotid Artery 
Stent Registry. 17 This report, from 53 participating centers in 
Europe, South and North America, and Asia, is based on a sur¬ 
vey questioning the performance and complications of carotid 
artery stenting. The registry began in 1997 and since then has 
accrued 12,392 procedures in 11,243 patients. The technical 
success rate was 98.9%, with technical success defined as less 
than 30% residual stenosis. Thirty-day complication rates 
were 3.07% for TIA, 2.14% for minor strokes, 1.2% for 
major strokes, and 0.64% for deaths. Thirty-day combined 
stroke and procedure-related death rate was 3.98%. In sup¬ 
port of the use of cerebral protection devices, 4,221 patients 
underwent carotid artery stenting with cerebral protection, 
which resulted in a stroke and procedure-related death rate of 
2.23%, compared with 6,753 patients who underwent a pro¬ 
cedure without cerebral protection and had a rate of 5.29%. 
This difference was consistent even when patients were strati¬ 
fied into those who were treated for symptomatic disease and 
those who were asymptomatic. Restenosis rates of 5.6% were 
reported at 48 months, although because of the registry format 
Kaplan-Meier curves were not possible. A 48-month neuro¬ 
logic event rate was reported at 4.5%. 
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There are several other registries, including ARCHER 
(Acculink for Revascularization of the Carotids in High Risk 
Patients), CABERNET (Carotid Artery Revascularization 
using the Boston Scientific EPI Filter Wire EX/EZ and the 
EndoTex Nex Stent), BEACH (Boston Scientific EPI-A Carotid 
Stenting Trial for High Risk Surgical Patients), SHELTER 
(Stenting of High Risk Patients Extracranial Lesions with 
Emboli Removal), and MAVERIC (Evaluation of the Medtronic 
AVE Self-Expanding Carotid Stent with Distal Protection in the 
Treatment of Carotid Stenosis), that are based on high-risk 
entry criteria. More recent trials under way include EMPiRE 
(Embolic Protection with Flow Reversal) Clinical Trial, evalu¬ 
ating the reversal of flow device, and the ViVA (ViVEXX Car- 
toid Revascularization) trial, employing the Bard ViVEXX 
carotid stent platform with the Emboshield filter device. 

To better evaluate the outcomes of carotid artery stenting, 
in particular compared with CEA, several randomized trials 
have been organized and are currently under way. The first 
large trial of carotid angioplasty was the Carotid and Verte¬ 
bral Artery Transluminal Angioplasty Study (CAVATAS). 18 
This study enrolled a total of 504 patients with 251 in the 
endovascular arm and 253 in the carotid endarterectomy arm. 
Within the endovascular cohort, only 55 patients underwent 
stent placement with the remaining (158) being treated with 
balloon angioplasty alone. Distal embolic protection was not 
available at the time of the trial and thus not utilized for the 
percutaneous procedures. There were no major differences in 
30-day outcomes and no difference in ipsilateral stroke in 
3 years between the groups. The trial has been criticized for 
the lack of embolic protection, high incidence of restenosis in 
the balloon angioplasty arm, and higher stroke rate overall for 
both CEA and carotid interventions. 

The Stenting and Angioplasty with Protection in Patients at 
High Risk for Endarterectomy (SAPPHIRE) was the first 
prospective randomized trial reported for carotid artery stent¬ 
ing. 19 The goal of this trial was to compare the safety and 
effectiveness of carotid artery stenting with embolic protection 
to CEA in high-risk patients. Patients were eligible if they had 
a greater than 50% stenosis and were symptomatic or had a 
greater than 80% stenosis and were asymptomatic. High risk 
was defined as patients with at least one of the following crite¬ 
ria: contralateral carotid artery occlusion, radiation therapy to 
the neck, previous CEA with recurrent stenosis, contralateral 
laryngeal nerve injury, difficult surgical access, heart failure, 
open heart surgery within the previous 6 weeks, myocardial 
infarction within the preceding 4 weeks, unstable angina, 
severe pulmonary disease, tandem lesions, or age older than 
80 years. The primary outcome evaluated were rates of death, 
stroke, or myocardial infarction at 30 days. At 30 days, the 
CEA group (n = 151) had a composite endpoint rate of 
12.6%, whereas the carotid stent group (n = 156) (performed 
with cerebral protection) had a rate of 5.8% (p = 0.047). At 
1 year, carotid artery stenting was not statistically superior to 
CEA but it also wasn’t inferior in the 1-year endpoints of 
stroke, myocardial infarction, and death. The 1-year major 
adverse event rate was 12.1% for carotid artery stenting and 
20% for CEA. However, when the incidence of non-Q-wave 
myocardial infarction was removed, the difference in adverse 
events was not statistically different. The inclusion of myocar¬ 
dial infarction as a composite endpoint was controversial for 
several reasons. The two groups differed in types of anesthesia 
(general for CEA and local for carotid artery stenting) admin¬ 
istered, as well as antiplatelet regimen (Plavix in the carotid 
artery stenting group and none in the CEA group). These dif¬ 
ferences may have accounted for the reduced incidence of 
myocardial infarction in the carotid artery stenting group. 
Another major criticism of the trial has been the larger number 
of patients assigned to the registry group (406) rather than 
stenting (344) due to the rationale that patients who were unfit 
for surgery should be directly assigned to the stent registry. 
The trial was halted due to the lack of enrollment and, 


notably, less than 50% of patients actually underwent ran¬ 
domization. 

As was stated earlier, in order for carotid artery stenting to 
gain full acceptance, it must provide clinical outcomes that 
rival CEA. Randomized trials comparing the outcomes in 
patients considered to be of conventional risk, either sympto¬ 
matic or asymptomatic, are under way. The Carotid Revascu¬ 
larization Endarterectomy versus Stent Trial (CREST) is a 
prospective randomized trial of symptomatic patients with 
carotid stenosis of greater than 50% by angiography or 
greater than 80% by duplex ultrasound (US). It was expanded 
to also include an asymptomatic arm for stenoses greater than 
60% by angiography and 70% by duplex US. The enrollment 
goal is listed as 1,500 patients. In 2004, the CREST investiga¬ 
tors published the interim results from the lead-in phase of 
CREST. 20 It showed that the periprocedural risk of stroke and 
death after carotid artery stenting increased with age. In this 
group of 749 patients, a 12.1% incidence of stoke and death 
was reported in patients aged 80 and older. 

Recently, two European trials have been published evaluat¬ 
ing CEA and carotid artery stenting. The Stent-Protected Per¬ 
cutaneous Angioplasty of the Carotid versus Endarterectomy 
(SPACE) trial was a European study comparing carotid artery 
stenting with CEA in symptomatic patients. 21 Thirty-five 
multinational sites participated with randomization of 1,200 
patients and 1,183 patients analyzed. With stroke and death as 
endpoints, this study failed to demonstrate the noninferiority 
of carotid artery stenting. The study was terminated due to 
lack of funding and poor results of carotid artery stenting. 
Interestingly, despite a large stent group of 567 patients, only 
27% were treated with embolic protection devices and the 
majority of patients underwent stenting without protection. 
Critics of the study blame the poor outcome of carotid artery 
stenting on the inconsistent and infrequent use of embolic pro¬ 
tection. Similarly, the Endarterectomy Versus Angioplasty in 
Patients with Symptomatic Severe Carotid Stenosis (EVA-3S) 
study reported data comparing carotid artery stenting with 
CEA in high-grade symptomatic patients. 22 Thirty-five sites in 
France enrolled 259 patients for CEA and 261 patients for 
carotid artery stenting. The decision to employ cerebral protec¬ 
tion and dual-antiplatelet therapy in the carotid artery stenting 
group was left to the discretion of the individual investigators. 
The 30-day incidence of stroke or death was 9.6% in the 
carotid artery stenting group and 3.9% in the CEA group, and 
the study failed to prove noninferiority of carotid artery stent¬ 
ing. It was halted prematurely due to the significantly higher 
stroke and death rates in the carotid artery stenting group. The 
study was widely criticized for the level of investigator experi¬ 
ence and variability of carotid artery stenting technique. Pro¬ 
ponents of carotid artery stenting felt that the operators were 
not appropriately skilled in the devices and procedures, which 
resulted in poorer outcomes for carotid artery stenting than in 
other studies where investigators were more experienced. 

While CREST was to complete enrollment by 2008, other 
prospective randomized trials, such as the Transatlantic 
Asymptomatic Carotid Intervention Trial (TACIT), the Asymp¬ 
tomatic Carotid Trial (ACT-1), and the Asymptomatic Carotid 
Surgery Trial (ACT-2), are under way to evaluate optimal 
therapy with respect to asymptomatic stenosis. 


MESENTERIC ARTERY 
INTERVENTIONS 


Chronic and acute mesenteric ischemia are well-described con¬ 
ditions resulting from occlusive disease of the splanchnic 
vessels. The prevalence of mesenteric occlusive disease among 
the elderly has been reported at 17.5%. 23 Symptomatic disease 
is usually a result of occlusion or stenosis of two of the three 
mesenteric vessels. A delay in diagnosis and treatment of this 
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FIGURE 87.4. A: Lateral aortogram 
demonstrating occlusion of the supe¬ 
rior mesenteric artery (SMA, arrow ) 
in a patient with postprandial abdom¬ 
inal pain and weight loss. B: The 
occlusion was crossed with a guide 
wire [arrow) and subsequently balloon 
angioplastied and stented. C: Comple¬ 
tion angiography reveals resolution 
of the occlusion with antegrade flow 
in the SMA. The patient’s symptoms 
resolved. 


clinical syndrome can result in bowel infarction and death. 
Surgical therapy with revascularization and bowel resection 
has been the traditional mode of treatment. 

Percutaneous therapy for mesenteric occlusive disease was 
first described in 1980 by Furer et al. and Uflacker et al. in two 
separate reports. 24,25 Furer et al. reported the first balloon 
angioplasty of a superior mesenteric lesion with success. The 
early experience with percutaneous treatment favored balloon 
angioplasty, and several small series reported excellent initial 
results. 26-28 They were limited, however, by early restenosis 
ranging from 17% to 25% with a mean follow-up of 25 to 
39 months. Failures were attributed to extrinsic compression, 
elastic recoil, and refractory disease. This led to the applica¬ 
tion of primary stenting, particularly in the setting of ostial 
disease. 

Early series evaluating the efficacy of mesenteric stenting 
were limited by the small numbers of patients and short 
follow-up. 29-31 Later series have emerged with larger numbers 
of patients and interventions. The Cleveland Clinic experi¬ 
ence reported by Kasirajian et al. 32 compared outcomes in 
28 patients treated with endovascular therapy with those in 
85 patients treated with open surgical therapy. Both groups were 
matched in comorbid risk factors, number of occlusive vessels 
involved, and duration of symptoms. They differed, however, 
in the age of onset and presentation. The median age for the 
endovascular group was 72, whereas in the open surgery 
group it was 65. Although both groups had similar postproce¬ 
dure complication rates and 3-year restenosis rates, the percu¬ 
taneous group had a higher incidence of recurrent symptoms. 
This may have been related to the number of lesions treated in 
the percutaneous group, which was one, compared to the sur¬ 
gical group, who had more than one vessel revascularized. 
Rose et al. 33 found similar results in 1995 in their retrospective 
review of surgical and percutaneous revascularization modes 
in patients. The mortality and complication rates were similar 
and the open surgical group underwent multivessel revascular¬ 
ization in the Kasirajian review. 32 Long-term pain relief was 
67% at 9 months in the endovascular group and 82.7% at 
34.5 months in the surgical group. The authors suggested that 
the differences in symptomatic relief stemmed from the num¬ 
ber of vessels revascularized. A series by Sharafuddin et al. ret¬ 
rospectively evaluated 25 patients in whom 28 procedures 
were performed with 96% technical success and found no dif¬ 
ference in clinical outcome or patency rates in patients who 
were treated for simple stenotic lesions, occlusions, or com¬ 
plex lesions. 33a The patency rates and complication rates were 
similar to other recent studies. 34,35 

Recently, Sarac et al. investigated the results of percutaneous 
mesenteric revascularization and evaluated predictors of out¬ 
comes including morbidity and death. 36 Sixty-five patients 


underwent 87 mesenteric interventions with cumulative 1-year 
patency rates that included primary patency of 65%, primary 
assisted patency of 97%, and secondary patency of 99%. Symp¬ 
tomatic relief was immediate in 85% of patients and 75% expe¬ 
rienced relief beyond 1 year. Diminished patency rates were 
associated with hypertension, chronic obstructive pulmonary 
disease (COPD), and bowel dysfunction. Patency, complica¬ 
tions, and survival were no different despite number of vessels 
treated or types of stents used. Decreased survival was noted in 
patients with COPD, and no patient who underwent bowel 
resection after intervention survived. This series supports the 
endovascular treatment of occluded mesenteric vessels with sim¬ 
ilar patency and survival as stenotic visceral vessels. 

With the advent of lower-profile sheaths, wires, and stents, 
percutaneous interventions have become more feasible and 
often the first-line treatment in the setting of mesenteric 
occlusive disease (Fig. 87.4). As with renal disease, the lesions 
are often ostial and respond best to stent placement. In the set¬ 
ting of multiocclusive lesions, solitary treatment of the supe¬ 
rior mesenteric lesion will often suffice. The role of stent grafts 
and biodegradeable stents in the visceral vessels have yet to be 
evaluated. 


RENAL ARTERY INTERVENTIONS 

Renovascular hypertension is the most common cause of sec¬ 
ondary hypertension, and obstructive renal lesions account for 
5% of such cases. 37,38 Without treatment, such lesions can 
result in progressive renal dysfunction with ischemic nephropa¬ 
thy, congestive heart failure, and renal atrophy. 39 Renal revas¬ 
cularization options include both surgical and percutaneous 
interventions. Although both therapies offer similar technical 
results, the morbidity and mortality of surgical revasculariza¬ 
tion ranges from 17% to 31% and 2% to 7%, respectively. 40-43 
Transcatheter therapy offers similar patency, with fewer com¬ 
plications and shorter hospital stay. 

Percutaneous transluminal angioplasty is the treatment of 
choice for nonorificial atherosclerotic lesions and fibromuscu- 
lar dysplasia. The first percutaneous transluminal angioplasty 
of the renal artery was reported by Gruntzig et al. in 1978. 44 
Technical success for percutaneous transluminal angioplasty 
in this setting has been reported at 90% in several series. 45-47 
The incidence of restenosis in the setting of angioplasty, how¬ 
ever, is high. Reports from Martin et al. and Weibull et al. in 
separate series have reported a 30% incidence of resteno¬ 
sis. 40,45 Elastic recoil and extensive atherosclerotic aortic and 
orificial plaque limit the application of balloon angioplasty in 
patients with ostial disease and account for the high recurrence 
rate afterwards. 
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FIGURE 87.5. Angiograms from a 
patient undergoing angioplasty and 
stenting of a right renal artery steno¬ 
sis. A: Flush aortogram that reveals a 
high-grade right renal artery stenosis 
{arrow). B: Wire access is obtained 
across the lesion, and a sheath is 
advanced up to the origin of the 
renal artery. A balloon-expandable 
stent {arrow, prior to deployment) is 
placed at the level of the stenosis 
{arrow). C: After deployment of the 
stent, there is no residual stenosis. 



Selective placement of stents in the renal arteries (Fig. 87.5) 
evolved following the first report by Palmaz et al. 48 in animal 
models. Although first used in the setting of elastic recoil or 
dissection after balloon angioplasty, the use of stenting has 
become a primary modality for renal artery stenosis, particu¬ 
larly in the setting of ostial disease. 49,50 Several studies have 
evaluated the efficacy of stenting for ostial disease. The Erasme 
study prospectively assessed the safety and results of Palmaz 
stenting of the renal artery in 10 centers with 106 patients. 
The investigators demonstrated technical success in 95% of 
arteries and a 16.9% restenosis rate at 8 months, of which 10 
out of 15 lesions were successfully redilated. 51 Rees et al. 52 
reported similar success in the United States with a multicen¬ 
ter trial evaluating the Palmaz stent in ostial renal stenosis. 
Single-center reports have also verified the high technical 
success rate of primary stenting with restenosis rates of 15% 
to 20%. 53,54 

Despite the high procedural success rate and lower resteno¬ 
sis rate than balloon angioplasty, the effects of renal artery 
stenting on hypertension and renal function have varying 
results. Improvements in hypertension control after renal 
artery stenting have been demonstrated in several series and 
vary from 49% to 80%, whereas azotemic benefit is more 
variable, with most centers reporting stabilization of renal 
function rather than improvement. 50,53,55-57 A multicenter reg¬ 
istry report by Dorros et al. 56 evaluated the 4-year follow-up in 
1,058 patients and found significant improvement in blood 
pressure control, a decrease in the number of antihypertensive 
medications from 2.4 to 1.9, and stabilization of serum creati¬ 
nine levels. 

Results from surgical revascularization and renal interven¬ 
tions are comparable. Higher complication rates are reported 
with concurrent repair of aneurysmal disease or other visceral 
stenosis. 53,58 Cambria et al. 59 reviewed 285 renal revascular- 
izations and reported an operative mortality of 5.6% and an 
8.1% mortality in procedures that involved an aortic anasto¬ 
mosis. Hallett et al. 42 documented an operative mortality of 
7.1% in a series of 652 renal operations. In contrast, compli¬ 
cations related to renal interventions are most commonly 
groin hematoma and puncture site trauma, although atheroem- 
bolic phenomena and contrast nephropathy also occur. 51,60 
Lower-profile systems, embolic protection devices, meticulous 
technique, increased experience, and nonnephrotoxic radi¬ 
ographic agents have been used to reduce the incidence of 
emboli and renal failure. 61-63 

Recently, Kashyap et al. 64 evaluated PTA and stenting in 
patients with renal artery stenosis and declining renal func¬ 
tion. This study evaluated 125 patients, and 67% experienced 
improvement or stabilization of their glomerular filtration rate 
(GFR). The fate of the incidental renal artery stenosis with per¬ 
cutaneous treatment was evaluated in a retrospective series by 
Suliman et al. 65 This study evaluated 128 patients, of which 78 


underwent intervention for high-grade renal artery stenosis. 
The authors concluded that isolated renal artery stenting 
resulted in the lowering of systolic and diastolic pressures in 
patients who had an increase in the number of antihyperten¬ 
sive medications. Other parameters, however, such as GFR 
and serum creatinine, were not affected. The management of 
isolated renal artery stenosis with percutaneous intervention is 
not clear and is not supported. Renal artery interventions have 
been shown to have excellent technical results and patency 
comparable to open surgical revascularization. The modest 
recurrent stenosis rate can be treated adequately with repeat 
intervention and balloon angioplasty. However, its long-term 
effect on preservation of renal function remains to be proven. 
Long-term outcomes with both surgery and percutaneous 
therapy are better in patients with normal renal function, and 
success with either intervention is limited in the setting of 
parenchymal loss and elevated serum creatinines. 66-68 


AORTIC INTERVENTIONS 


Endografting for Aortic Aneurysms 

Abdominal aortic aneurysm (AAA) repair has had favorable 
results, but a less invasive procedure with fewer physiologic 
stresses has evolved over time. Parodi et al. 69 reported the first 
clinical use of endovascular AAA repair. Since that time, the 
application of aortic endografting for the treatment of AAA 
has significantly progressed and continues to do so. The cur¬ 
rent indications for endovascular repair of AAA remain the 
same as for conventional operative repair. It provides many 
potential benefits over conventional repair, however. It 
requires small groin incisions instead of a large abdominal 
one, which may decrease the incidence of postoperative pul¬ 
monary complications. There is decreased retroperitoneal dis¬ 
section and thus a lower risk of perioperative bleeding. There 
is no or minimal aortic occlusion, which reduces the intraop¬ 
erative hemodynamic stresses compared with open aneurysm 
repair. 70 These benefits may broaden the scope of aneurysm 
repair to patients who previously were deemed unbeatable 
due to comorbidities. 

Endograft Construction. The design of an aortic endo- 
graft can greatly affect the ability to place the device in a 
patient. One design component that is important for effective 
endograft placement is the delivery system. This is the equip¬ 
ment that houses the endograft in a compact fashion allowing 
it to be delivered to the proper anatomic location. Most endo- 
grafts are placed through the common femoral artery and iliac 
artery system. The size of the delivery system must be smaller 
than the lumen through which it must pass. Inadequate vessel 
diameter or the presence of extensive calcifications can inhibit 
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endograft placement. The majority of available endografts eas¬ 
ily traverse an iliofemoral segment of 7 to 8 mm in diameter. 
Another feature of the endograft delivery system is its flexibil¬ 
ity, which allows it to traverse a tortuous iliac artery. Some tor¬ 
tuosity can be corrected or “straightened” with the use of a 
stiff guide wire; however, this is not always possible or desir¬ 
able. Delivery systems composed of long, flexible, tapered tips 
pass more easily than those with short, stiff, blunt tips. 71 

Two general classifications of endograft construction exist: 
unibody and modular. A unibody device is a single-piece graft. 
This single piece includes the main body and both limbs. This 
composition decreases the risk of endoleaks as there are fewer 
sites of component apposition. However, a larger delivery sys¬ 
tem is often required, and there is less flexibility in obtaining 
the correct length of the graft. The modular system includes 
endografts that are composed of two to three pieces. Generally 
there is a main body that may have one attached limb and one 
or two docking limbs. These types of devices can be intro¬ 
duced through smaller delivery systems and offer a greater 
degree of flexibility with regard to placement. With multiple 
sites of graft-graft apposition, however, there is increased risk 
of endoleak. 

Graft composition further varies by the material that is 
used to construct the graft and the metal “skeleton” that is 
used to support it. Graft material ranges from thin-walled 
polytetrafluoroethylene to polyester. The graft material is sup¬ 
ported by a metal framework (stent) that is composed of stain¬ 
less steel, Elgiloy, or nitinol. The graft support can be placed 
inside the graft material, an endoskeleton, or outside the graft 
material, an exoskeleton. Grafts can be fully supported, hav¬ 
ing stent material throughout, or only partially supported, 
with portions of the graft having only material and no metal¬ 
lic support. The graft skeleton provides several key elements to 
endograft construction. The metal skeleton provides some 
degree of radial force that helps to provide a seal to prevent 
blood flow around the graft and a point of fixation. Some 
devices have hooks or barbs in the proximal aspect of the 
skeleton that help to anchor the graft onto the aortic wall and 
prevent migration. Other grafts have a bare stent that extends 
above the level of the fabric that helps to anchor the graft in 
the pararenal and suprarenal portion of the aorta, at a point 
where less disease may be present. The other function of the 
metal skeleton is to provide columnar strength to the graft, 
which helps to prevent migration. The skeleton may play an 
important role in prevention of graft kinking as it crosses tor¬ 
tuous anatomy, but the lack of a skeleton may be important in 
allowing a graft to adapt more readily to morphologic changes 
that occur after aneurysmal exclusion, without dislodgment of 
attachment sites. 

Anatomic Requirements for Graft Placement. There 
are several anatomic requirements for the successful placement 
of an aortic endograft. Exact requirements vary with specific 
device design, but the key aspects remain the same. These 
include an appropriate aortic neck, a distal sealing zone, and a 
suitable path for the endograft to be placed through. The aor¬ 
tic neck is defined as the area of the aorta cephalad to the 
aneurysm, below the level of the renal arteries, in which the 
aortic endograft will be placed. This area is important for two 
reasons: (a) it is the site of proximal fixation that will prevent 
the device from migrating distally and (b) a circumferential 
seal must be obtained in this region to prevent blood leakage 
around the graft and into the aneurysm sac. In general, a 
15-mm length of aortic neck is required below the level of the 
most caudal renal artery and above the level of the aneurysm 
to meet these needs. Several devices employ the use of a 
suprarenal, uncovered stent to provide additional protection 
against graft migration. Other aortic neck characteristics are 
important in determining whether a patient is an ideal endo¬ 
graft candidate. These include neck angulation, the shape of 
the neck, and the quality of the neck. Acute angulation of the 


neck can greatly affect the ability to obtain a proximal seal. 
Aortic neck angulation greater than 60 degrees compared with 
the centerline is often considered prohibitive for endovascular 
aneurysm repair. The shape of the aortic neck will also affect 
the ability to obtain a seal and fixation. A conical-shaped neck, 
defined as an increase in diameter over the course of 15 mm by 
more than 10%, is felt to be a contraindication to routine aor¬ 
tic endografting. In addition, the presence of circumferential 
thrombus or severe aortic wall calcification can negatively 
affect the ability to obtain a seal and fixation. 

The iliofemoral arterial system is important for endograft 
placement because it provides the route for graft placement, as 
well as the site for obtaining a distal seal. Many of the features 
important in an aortic neck for obtaining a seal and fixation 
are also important in the iliac arteries. The presence of throm¬ 
bus, calcification, and tortuosity can significantly hinder the 
iliac limb seal. Most available endograft systems require at 
least a 15-mm segment of iliac artery to be of adequate caliber 
and free of significant disease to obtain a distal seal. 

Endograft Placement. The most important aspect of aortic 
endograft placement takes place prior to graft placement in 
determining whether a patient is indeed a suitable candidate 
for endograft placement, choosing an appropriate endograft 
device, and properly determining the size graft to be placed. 
These determinations are best made based on thin-cut helical 
computed tomography scans and in some cases with the addi¬ 
tion of diagnostic angiography. The majority of endografts are 
placed through the femoral arteries that have been operatively 
exposed. The aorta is cannulated with a guide wire and 
catheter. Small boluses of contrast agent are delivered to iden¬ 
tify the renal arteries to avoid covering them. Due to the often 
angulated nature of an aneurysmal aorta, it can be necessary 
to focus the image intensifier at an oblique cranial-caudal view 
to obtain the best view of the renal arteries. The device is gen¬ 
erally placed over a stiff guide wire and positioned to allow the 
most extensive coverage within the aortic neck without intrud¬ 
ing on the ostia of the renal arteries. Every device has its own 
unique deployment instructions and discussion of them is 
beyond the scope of this chapter. Depending on the construc¬ 
tion of the endograft, following deployment of the main body 
(which may include an attached ipsilateral limb), the ipsilat- 
eral limb and contralateral limbs are placed. 

Postoperative surveillance is extremely important in 
patients undergoing endovascular AAA repair. Complications 
may be asymptomatic at first and not present clinically for sev¬ 
eral years. 72-74 Protocols for graft surveillance vary from insti¬ 
tution to institution, but most entail four-view abdominal 
plain film radiographic evaluation and intravenous contrast, 
thin-cut computed tomography (CT) scanning. Major imaging 
generally occurs at 1, 6, and 12 months and then yearly there¬ 
after. From these images, assessment can be made to evaluate 
for migration, changes in aneurysm size, and the presence of 
endoleaks. An alternative method used to track aneurysms fol¬ 
lowing endograft repair is via calculation of aneurysm volume. 
Aneurysm volume is determined from three-dimensional 
reconstructions of spiral CT scans. Aneurysm morphology can 
change after endograft exclusion, and thus a measurement of 
the volume may be a more accurate assessment of changes in 
aneurysm size. 75,76 Duplex US would provide a less invasive 
and less costly means of following aortic aneurysms following 
endovascular exclusion, but it does not yet provide the sensi¬ 
tivity and specificity obtained by CT scans. 77 The addition of 
US contrast agents may improve its efficacy; however, its use 
currently is not routine. 78 

Complications Associated with Aortic Endograft 
Placement. A number of problems can arise during the 
placement of an aortic endograft, and there are several that 
can arise in the follow-up period. The following paragraphs 
outline some of the more common problems encountered. 
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Iliac Artery Disease. As the primary route of insertion for most 
endografts is via the iliofemoral arterial system, the presence of 
atherosclerotic disease, aneurysmal disease, and tortuosity in 
the iliac arteries can greatly affect the ease with which these 
grafts are placed. In cases of iliac artery lumen narrowing sec¬ 
ondary to atherosclerotic disease and severe vessel tortuosity, 
advancement of the device despite the presence of resistance 
can result in vessel rupture. Iliac rupture occurs in 1% to 2% of 
cases of endograft placement. 79,80 Occasionally, iliac artery nar¬ 
rowing can be dealt with by predilation of an occlusive lesion 
with balloon angioplasty. Preprocedural iliac stent placement, 
however, can be prohibitive to endograft placement and is dis¬ 
couraged. An alternative is to use an iliac conduit. An iliac con¬ 
duit involves suturing a prosthetic graft to the iliac artery (and 
occasionally the aorta), even if it is aneurysmal. The device is 
placed through the conduit and into the aorta. The ipsilateral 
limb is then “landed” in the conduit and the end of the conduit 
is anastomosed to the common femoral artery. The distal end 
of the common iliac artery can be oversewn at a level to allow 
continued perfusion of the hypogastric artery in a retrograde 
fashion. Alternatively, the hypogastric artery can be anasto¬ 
mosed to the iliac conduit. 

Iliac artery ectasia and aneurysmal disease can cause a prob¬ 
lem obtaining a distal seal. Enlarged common iliac arteries are 
present in up to 30% of patients presenting for endovascular 
aneurysm repair. 81-83 Some endografts allow for the placement of 
larger iliac limbs, or flared limbs, that can obtain seals in ecstatic 
iliac arteries. In those that do not, however, the distal seal may 
need to be obtained in the external iliac artery. This generally 
requires sacrifice of the hypogastric artery by coil embolization 
prior to the procedure. The presence of a hypogastric artery 
aneurysm requires the same approach. Rarely is bilateral 
hypogastric artery exclusion required, but, when it is, it is per¬ 
formed in a staged fashion. Hypogastric embolization is associ¬ 
ated with side effects in up to 50% of patients. Buttock claudica¬ 
tion is the predominant complaint, occurring in 12% to 50% of 
patients, but it generally resolves within several months. 81-83 
Patients requiring embolization of the more distal branches of the 
hypogastric artery are at an increased risk for developing symp¬ 
toms, although bilateral hypogastric embolization has not been 
reported. 83,84 Coil embolization of the hypogastric artery is not 
necessary in the presence of a common iliac artery aneurysm pro¬ 
vided that there is a 5-mm neck of iliac artery proximal to the 
hypogastric origin as well as a 15-mm neck in the external iliac 
artery. 85 This anatomic arrangement allows for an adequate seal 
and can be successful in up to two thirds of patients requiring 
coverage of the hypogastric artery. 


1 TABLE 87.1 1 

ENDOLEAK CLASSIFICATION COMPLICATIONS 

■ TYPE OF 
ENDOLEAK 

■ DEFINITION 

I 

Arise secondary to inadequate sealing at 
either proximal aortic or distal aortic/ 
iliac attachment sites 

II 

Arise secondary to patent branch 
vessels off of the aortic sac (i.e., inferior 
mesenteric artery or lumbar artery) 

III 

Arise secondary to defects in the fabric 
of the graft or at the junction zone 
between modular components 

IV 

Arise secondary to diffuse “leaking” of 
blood between the interstices of the 
fabric, or from suture holes at the sites 
where the graft is attached to the stent 


V Applied to the scenario in which the 

aneurysm sac remains pressurized in 
the absence of a discernible endoleak— 
termed endotension 

Endoleaks. An endoleak is the persistence of blood flow out¬ 
side of the endograft within the aneurysm sac. Endoleaks are 
classified according to their etiology, and currently five differ¬ 
ent types have been described (Table 87.1). 86-88 Type I 
endoleaks arise from inadequate sealing at either proximal 
aortic (allowing antegrade flow) or distal iliac (allowing retro¬ 
grade flow) attachment sites. Type II endoleaks arise from 
patent branch vessels off of the aortic sac that allow for retro¬ 
grade flow into the aneurysm. Such branches include patent 
lumbar arteries and a patent inferior mesenteric artery (Fig. 
87.6). Type III endoleaks develop from defects in the fabric of 
the graft or at the junction zone between modular compo¬ 
nents. Type IV endoleaks develop secondary to diffuse “leak¬ 
ing” of blood between the interstices of the fabric or where the 
graft is sutured to a stent. Type V endoleaks are applied to the 
scenario in which the aneurysm sac remains pressurized result¬ 
ing in subsequent aneurysmal enlargement, despite no demon¬ 
strable evidence of blood flow into the aneurysm sac. The 
pressure applied to the aneurysm sac causing it to continue to 
expand, in this situation, has been termed endotension , 89 



FIGURE 87.6. Radiologic images from a patient who underwent an endograft repair of an abdominal aortic aneurysm (AAA). The patient had 
a known type II endoleak, but subsequently developed an increase in the size of the aneurysm. A: Computed tomography scan revealing a type II 
endoleak. B: Angiogram revealing the branch off the hypogastric artery that was contributing to the endoleak {arrow). C: Subsequent coil 
embolization of this vessel {arrow) led to resolution of the endoleak. 
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Controversy with regard to this concept exists. Some argue 
that this merely represents a type I, II, III, or IV endoleak in 
which the defect is large enough to allow blood flow into the 
aneurysm sac, but it either occurs intermittently or is too small 
to be visualized by conventional means. 71 

Types I and III endoleaks are associated with an increased 
risk of aneurysm expansion and possible rupture, and thus 
should be treated. 90,91 Treatment of these lesions can be accom¬ 
plished with the placement of an extension cuff over the site of 
the leak. Alternatively, for type I endoleaks, placement of a 
large balloon-expandable stent at the level of the leak may 
increase the radial force at that level and seal the leak. Failure 
to resolve a type I or III endoleak in an endovascular fashion 
should result in the conversion to an open procedure with stan¬ 
dard repair of the aneurysm and removal of the endovascular 
device. Type II endoleaks are rarely associated with aneurysm 
rupture. 92 At least 10% to 15% of patients will be identified 
with a type II endoleak during follow-up. 93-96 Type II endoleaks 
are generally observed unless they are associated with an 
increase in aneurysm size or are associated with aortic pulsatil- 
ity on physical examination. Arteriography is the next step in 
the evaluation of a patient with a type II endoleak associated 
with these findings. Superselective arterial canalization can be 
performed with embolization of feeding vessels. An alternative 
approach is via direct aneurysm sac puncture, during which sac 
pressures can be measured as well as the injection of contrast to 
identify the feeding vessels precisely. 97 Sac pressure measure¬ 
ments may be an indicator of the presence of an endoleak, even 
if it is not detected by routine imaging. The use of implantable 
intrasac pressure transducers to monitor patients following 
endovascular repair is currently under investigation. 98 

Limb Thrombosis. Thrombosis of an iliac limb of an aortic 
endograft occurs in up to 11% of patients. 99-102 There are a 
number of factors that have been suggested to place patients at 
increased risk for developing graft limb thrombosis. The lack 
of stent support within an iliac limb has been shown to increase 
the risk of thrombosis by nearly eightfold compared with 
intrinsically supported limbs. 101 Intuitively, the presence of ath¬ 
erosclerotic disease and luminal narrowing within the iliac 
artery increases the risk of limb thrombosis. 100 Oversizing of 
the iliac limb causes the graft material to have a significant 
amount of infolding, thus narrowing the intraluminal diameter 
and placing the limb at increased risk for thrombosis. 102 Exten¬ 
sion of the limb into the external iliac artery can contribute to 
the risk of limb thrombosis due to the change in vessel diame¬ 
ter, as well as due to kinking caused by the acute angulation the 
artery takes as it exits the pelvis. 100 Most patients present with 
limb thrombosis within the first 6 months following endograft 
repair. Management of patients with acute limb thrombosis is 
dictated by the presenting symptoms. As many as one third of 
patients remain asymptomatic and require no intervention. 100 
Most patients, however, are symptomatic and are managed 
with a femoral-femoral artery bypass. Few patients are success¬ 
fully treated with thrombolysis or graft thrombectomy fol¬ 
lowed by endovascular repair of the underlying problem. 

Migration. Stent graft migration complicates abdominal aor¬ 
tic endografting in 9% to 45% of cases. 96,103-105 Migration is a 
known risk factor for the delayed development of a type I 
endoleak and subsequent delayed aneurysm rupture or late 
conversion. 105 Blood flow is the main displacing force that 
causes graft migration. This force is counteracted by the fric¬ 
tional forces of the graft against the aortic wall, particularly at 
the aneurysm neck. These frictional forces can be affected by 
the length of the neck or the presence of thrombus and calcifi¬ 
cations. Albertini et al. 104 evaluated patients that developed 
migration or a delayed type I endoleak. Neck angulation and 
neck diameter were the two factors associated with their devel¬ 
opment. Morphologic changes in the aortic aneurysm and 
aneurysm neck have been suggested to contribute to graft 
migration. Aneurysm neck dilation occurs mostly in the first 


2 years after graft placement and has been shown to be inde¬ 
pendently associated with device migration. 105,106 This finding, 
however, has not been supported by all series. 107 

Outcomes. Endograft repair of AAA has a low mortality rate 
(less than 3%) and subsequent rates of aneurysm rupture are 
reduced to 1% per year. 91,96,108,109 The need for a secondary 
intervention, however, is not insignificant. 110 In the EUROSTAR 
registry, reporting on 1,023 patients with follow-up of 12 
months or longer, 186 (18%) of patients required a secondary 
intervention. The majority of these (76%) were accomplished 
through a transfemoral approach, and the rest required an 
intra-abdominal or extra-anatomic procedure. The rates of free¬ 
dom from intervention at 1, 3, and 4 years were 89%, 67%, 
and 62%, respectively. Mortality was higher in those patients 
requiring a secondary procedure and was more frequently asso¬ 
ciated with those requiring an intra-abdominal intervention. 
Similar results have been reported from single-institution series. 
Montefiore Medical Center reported secondary procedure rates 
of 10%, whereas the Cleveland Clinic Foundation had a sec¬ 
ondary intervention rate of 15%. 108,111 Univariate analysis 
revealed that secondary procedures were more common in 
patients with large major and minor sac axes, in patients who 
received a large aortic stent because of a proximal endoleak pre¬ 
sent at the initial repair, and in patients who received treatment 
later in the course of the review. This latter finding is thought to 
be secondary to the increased complexity of cases. 

There have been several studies comparing the results of 
aortic endograft repair of AAA with conventional surgery. 
Early studies that compared outcomes of endografting with 
historic controls or concomitant surgical arms suggested that 
endovascular repair is associated with a shorter initial hospital 
stay compared with open surgery. This difference, however, is 
negated if the total number of hospital days, including subse¬ 
quent ones for secondary procedures, is taken into considera¬ 
tion. 112 Schermerhorn et al. 113 evaluated quality-adjusted life 
expectancy after endovascular AAA repair compared with open 
surgical repair using a Markov decision-analysis model. 
Endovascular data were derived from the EURO STAR registry, 
whereas the open aneurysm repair data came from the 1995 
Medicare claims for elective repair of nonruptured AAA. 
A case-based analysis of 70-year-old men revealed the life 
expectancy after endovascular AAA repair was 7.09 quality- 
adjusted life years compared with open AAA repair of 7.03 
quality-adjusted life years. This represents a difference of 
approximately 3 weeks. Sensitivity analysis, however, revealed 
that for individuals younger than 64 years, open surgical repair 
results in a significantly greater quality-adjusted life expectancy. 

There have been two direct comparisons of abdominal aor¬ 
tic endografting to conventional surgery. 114,115 The Dutch 
Randomised Endovascular Aneurysm Management (DREAM) 
trial group reported on the outcomes of a randomized 
prospective trial comparing open repair with endovascular 
repair in 345 patients with AAA. 114 This study demonstrated 
clinical equipoise between conventional surgery and endovas¬ 
cular aneurysm repair. Operative mortality was 4.6% in the 
open surgical arm and 1.2% in the endovascular arm (p = 
0.10). The rate of moderate and severe systemic complica¬ 
tions, however, was significantly lower in the endovascular 
arm (11.7%) compared to the open surgical arm (26.4%, 
p <0.001). Endovascular Aneurysm Repair (EVAR) trial 1 eval¬ 
uated a randomized controlled trial of 1,082 patients deemed 
anatomically suitable for endovascular repair and fit for open 
surgery. 115 While all-cause mortality did not differ between the 
two arms, there were significantly lower aneurysm-related death 
rates in the EVAR group (4%) compared to the surgical arm 
(7%, p = 0.04) at 4 years. This is directly related to lower oper¬ 
ative mortality rates. There were, however, higher rates of long¬ 
term complications requiring reintervention in the EVAR group. 
This improvement in aneurysm-related mortality, however, does 
not necessarily lead to improved outcomes in those patients 
deemed too high risk for conventional surgery. 116 
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Thoracic Aortic Endografting. Aortic endografting is no 
longer limited to the abdominal aorta. To date, in the United 
States, three thoracic aortic endografts have been approved for 
commercial use, and several more are undergoing clinical 
investigation. The construction and delivery of these devices is 
very similar to that of abdominal aortic endografts, and the 
general principles of endografting as outlined previously 
apply. Some differences, however, do exist. These devices are 
often larger in diameter than their abdominal counterparts, 
and thus require a larger sheath for delivery. This increased 
delivery system diameter can lead to more difficulty in travers¬ 
ing the iliac arteries and a higher rate of conversion to an iliac 
conduit. In addition to the size and tortuosity of the iliac arter¬ 
ies, the thoracic aorta can often provide an additional site of 
tortuosity and angulation, making it more difficult to maneu¬ 
ver the device into position. There can often be a significant 
size differential between the proximal and distal landing 
zones, thus requiring multiple tubular pieces in order to cross 
a lesion. Despite these increased difficulties, thoracic aortic 
endografting has been very successful. Five-year results of the 
Gore TAG device have been published. 117 In this trial, 140 tho¬ 
racic aortic endografts were compared to standard open surgi¬ 
cal controls {n = 94). At 5 years, aneurysm-related mortality 
was lower for the endograft arm (2.8%) compared to the sur¬ 
gical arm (11.7%, p = 0.008). In addition, major adverse 
events were lower in the endograft arm (57.9% vs. 78.7%, 
p = 0.001). As more data on the outcomes of thoracic aortic 
endografting are collected, we will be better able to assess its 
usefulness and long-term clinical limitations. 

Thoracoabdominal Aortic Aneurysms. The current 
commercially available endograft systems are limited in their 
application to patients with suitable anatomy. This predomi¬ 
nantly means that they are limited to patients who have suffi¬ 
cient normal aorta on either side of the aneurysm that will 
allow for the apposition of the endograft to the aortic wall, 
without covering any significant side branches. The future of 
aortic endografting, however, revolves around the develop¬ 
ment of grafts that will allow exclusion of an aneurysm but 
preservation of blood flow to critical branch vessels, thus 
allowing treatment of such complex anatomy as thoracoab¬ 
dominal aortic aneurysms. Advanced endovascular technolo¬ 
gies that allow treatment of more complex aneurysms that 
involve or abut the visceral segment use devices termed fenes¬ 
trated or branched aortic endografts. These endovascular 
devices overcome problems with inadequate sealing zones by 
extending the sealing and fixation regions of the stent graft 
proximally or distally without sacrificing branch vessels. These 
devices require a detailed understanding of imaging studies, 
adjunctive endovascular devices, interventional techniques, 
and high-level operative/interventional facilities. 

Fenestrated endografts are grafts that have a hole, or fenes¬ 
tration, that accommodate a single or multiple side branches. 
These devices are ideal for increasing the landing zone of an 
aortic endograft that has some neck, just not enough. The typ¬ 
ical type of aneurysm treated with these devices would be a 
juxtarenal aneurysm. The wall of the endograft is in apposi¬ 
tion to the aortic wall at the level of the vessel ostia. As this 
distance increases, such as when the critical vessel arises from 
the aneurysm itself, a branched endograft is necessary. A 
branched endograft allows for a cuff of fabric to bridge the 
gap between the endograft and the branch vessel (Fig. 87.7). 
The cuff or branch creates an overlap zone between the stent 
graft and the branch artery. The branch is often mated with 
the target vessel using an additional covered stent (Fig. 87.7). 
These types of systems have only been employed, in the United 
States, in clinical trials. The largest series was presented by the 
Cleveland Clinic. 118 This series describes the use of branched 
endografts in 73 patients treated for thoracoabdominal aortic 
aneurysms. Technical success was achieved in 93% of the 
patients, and there were no conversions to open repair. Five 
technical failures occurred: one was secondary to a death 
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FIGURE 87.7. Three-dimensional reconstructions of an aorta from a 
patient with a thoracoabdominal aortic aneurysm (A) prior to repair 
and (B) after endovascular repair with a branched aortic endograft. 
The arrows demonstrate the branches arising from the endograft that 
supply the superior mesenteric artery and the celiac artery. SMA, supe¬ 
rior mesenteric artery. 


within 24 hours, and the others were related to the inability to 
gain access to one of the target vessels. Major complications 
occurred in 14% of patients and included paraplegia (2.7%), 
new-onset dialysis (1.4%), myocardial infarction (5.5%), and 
stroke (1.4%). Although this aspect of aortic endografting is 
still in its infancy, it is clear that the refinement of this tech¬ 
nique will break down almost all current anatomic barriers of 
aortic endografting and allow for the treatment of the aorta 
from its origin through its bifurcation. 


Aortoiliac Angioplasty and Stenting 

Q Endovascular treatment of aortoiliac occlusive disease has 
become increasingly prominent over the past several years and 
has assumed a dominant role in the treatment of this disease. 
Factors including decreased morbidity compared with conven¬ 
tional surgery, shorter hospital stays, and equivalent patency 
rates have contributed to this change. 

The specific indications for treatment of aortoiliac occlusive 
disease are independent of the approach to treatment, either 
endovascular or conventional surgery. An intervention is gener¬ 
ally indicated if disabling claudication or limb-threatening 
ischemia is present. Clinically, pain starts in the thighs and but¬ 
tocks and is often present in combination with lower extremity 
discomfort. Erectile dysfunction may be present in men. Weak¬ 
ened femoral pulses and decreased segmental blood pressures 
are indications of proximal disease. Indications for PTA, as 
opposed to PTA with primary stenting, are changing. Histori¬ 
cally, PTA was the first approach and the application of a stent 
was reserved for suboptimal results of primary PTA, defined as 
a persistent reduction of the lumen diameter of 30% or more. A 
resting mean blood pressure gradient of 5 mm Hg or greater or 
a systolic blood pressure gradient exceeding 10 mm Hg is also 
considered significant. Provocative testing performed by the 
intra-arterial injection of a vasodilatory agent (25 mg papaver¬ 
ine or 100 to 200 fji g nitroglycerine) may unmask a lesion and 
reveal a significant blood pressure gradient. Other indications 
for stent placement include eccentric stenosing plaque, arterial 
dissection, and when recanalization of an occluded segment is 
performed. With the ease with which stent placement can be 
performed, a more liberal approach to stenting is occurring. 

Balloon dilation of iliac arteries is a relatively simple proce¬ 
dure. A retrograde transfemoral approach is the most widely 
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FIGURE 87.8. Angiograms from a patient who presented with disabling claudication of his left lower extremity. A: Aortogram revealed an area 
of stenosis in the proximal common iliac artery on the left [arrow). A pressure gradient was measured across this lesion and was found to be 
30 mm Hg. B: The patient underwent placement of a balloon-expandable left iliac artery stent. To preserve the lumen of the right common iliac artery, 
a “kissing” balloon technique was performed in which a balloon was expanded in the right common iliac artery as the balloon-expandable stent 
was placed in the left common iliac artery [arrow). C: Angiographic resolution of the stenosis. There was also resolution of the pressure gradient. 


used approach, although crossover procedures from the con¬ 
tralateral side can be performed. Following the use of angiog¬ 
raphy to identify the site of the lesion, a guide wire is advanced 
across the lesion. Once this is performed, the dilation balloon, 
sized to match or slightly exceed the normal vessel diameter, is 
inflated. The inflation device allows for the measurement of 
pressure within the PTA balloon, and often dilations to a pres¬ 
sure of 6 to 8 atmospheres of pressure are performed. Balloon 
dilation causes a fracture in the arterial plaque creating a local 
dissection, stretching the media and adventitia. Completion 
arteriography with or without pressure measurements is gener¬ 
ally performed. The exact mechanism of stent deployment 
varies depending on the type of stent placed (balloon expand¬ 
able or self-expanding) and the manufacturer. Stents are 
advanced across a lesion in a “protected” fashion. This entails 
the advancement of a sheath across the lesion, the advancement 
of the stent within the sheath to the level of the lesion, and then 
the retraction of the sheath. This protects the stent from being 
dislodged as it crosses a tight stenosis. If primary stent place¬ 
ment is considered, predeployment balloon angioplasty may be 
necessary to allow for advancement of the sheath and the stent. 

Percutaneous treatment of chronic iliac artery occlusions is 
technically feasible. This is approached in a similar fashion as 
in a stenotic, nonocclusive lesion. Access to the artery is 
obtained in either a retrograde or antegrade fashion. The rate- 
limiting step in this scenario is obtaining wire access across the 
lesion. This is often accomplished with a combination of a 
catheter and a hydrophilic wire. Long areas of occlusion, as 
well as densely calcified lesions, can hinder the technical feasi¬ 
bility. Once wire access across the lesion is obtained, the steno¬ 
sis can undergo balloon angioplasty to obtain a flow channel. 
This is best supported with the use of a stent after predilation. 

Aortic bifurcation lesions present a unique situation as bal¬ 
loon angioplasty or stent placement in the origin of a common 
iliac artery may cause occlusion of the contralateral artery ori¬ 
fice. To overcome this problem, a technique termed kissing 
balloon or kissing stent placement is used (Fig. 87.8). This is 
the simultaneous placement of PTA balloons or stents that tra¬ 
verse the ostia of both common iliac arteries. If stents are used, 
it is mandatory that the proximal ends of both stents are par¬ 
allel so that the flow into one stent is not hindered by the other. 
In most cases, the use of noncompressible, balloon-expandable 
stents are most beneficial in this procedure. Below the level of 
the aortic bifurcation, however, self-expanding stents are per¬ 
fectly acceptable. 

Iliac artery stent placement is technically successful in up to 
97% of patients. 119 Technical complications occur in less than 
6% of interventions and include subintimal dilation, dissec¬ 


tion, arterial rupture, inability to cross the lesion with a wire, 
and distal embolization. Belli et al. 120 reported in their series 
that only 2.8% of patients developed complications requiring 
surgery, and only 0.9% required reconstructive bypass. Clini¬ 
cally significant distal embolization occurs in up to 1% of 
patients undergoing iliac artery PTA and stent placement. 
Silent peripheral embolization has been detected by Doppler 
ultrasound in 90% of patients immediately following iliac 
artery PTA, but this decreases with time. 121 Symptomatic 
embolization can be treated by a variety of endovascular meth¬ 
ods, including suction thrombectomy and thrombolytic ther¬ 
apy. If these methods are unsuccessful, surgical thromboem- 
bolectomy is necessary. 

Iliac artery dissection during PTA is reported in less than 1 % 
of patients. 122 Half of the patients develop significant lumen 
compromise. Dissections are treated with prolonged balloon 
inflation to “tack down” the flap, or with placement of an intra¬ 
arterial stent. If endovascular therapy is unsuccessful, operative 
treatment includes iliac endarterectomy, iliofemoral artery 
bypass, femoral-femoral artery bypass, and aortobifemoral 
artery bypass grafting. Arterial dissection has been reported in 
10% of patients undergoing iliac artery stent placement. 123 
Nearly two thirds of the dissections caused a flow-limiting 
lesion that required the placement of an additional stent. Vessel 
injury is related to balloon oversizing and the degree of arterial 
calcification. Iliac artery rupture during balloon dilation and 
stent placement has been reported in up to 0.9% of cases. 124,125 
Vessel disruption can present with uncontained hemorrhage, 
contained hemorrhage, or pseudoaneurysm formation. The key 
to initial management is to maintain guide wire access across 
the site of disruption. Control of the hemorrhage can be 
obtained with the insertion of an angioplasty balloon to tam¬ 
ponade the site of injury. If prolonged balloon tamponade does 
not achieve hemostasis, the placement of a covered stent is war¬ 
ranted. Uncontrolled hemorrhage demands operative interven¬ 
tion, but balloon occlusion proximal to the site of injury can 
afford time to prepare for surgery. Risk factors for rupture are 
similar to those for dissection and include the presence of a 
high-grade stenosis with heavy calcifications. Other risk factors 
include the use of oversized balloons and manual inflation 
without manometric control. 

Results of iliac artery balloon angioplasty have been well 
documented. Johnston et al. 126 prospectively analyzed the 
results of 984 patients who underwent PTA, 684 of whom had 
aortoiliac angioplasty. Outcomes were assessed by Kaplan- 
Meier analysis. Twelve percent of the patients were treated for 
iliac artery occlusions, and the rest had nonocclusive stenoses. 
Initial success, defined as a combination of clinical factors and 
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ankle-brachial index, was achieved in 88.6% of patients. This 
dropped to 48.2% at 60 months. Predictors of success included 
the indication for operation (with better results in patients 
treated for claudication vs. limb-threatening ischemia), site of 
angioplasty (common iliac artery lesions favoring external iliac 
artery lesions), and lesion severity (stenoses favoring occlu¬ 
sions). Becker et al. 127 reported a meta-analysis involving 2,679 
procedures. Five-year patency rates for this group were 72%. 
More recently, Tegtmeyer et al. 119 reported a single-institution 
experience in 200 patients with a technical success rate of PTA 
alone of 88% and a 5-year patency of 85%. 

Outcomes from treatment of iliac artery stenosis with PTA 
and stent placement have also been evaluated with long-term 
clinical data. The outcome from the use of the self-expanding 
Wallstent in 140 patients was evaluated by Martin et al. 128 
Primary patency was 81% at 1 year and 71% at 2 years, and 
secondary patency was 91% and 86%, respectively. Similar 
results were obtained by Vorwerk et al. 129 They followed 118 
patients with primary patency rates of 95% at 1 year, 88% at 
2 years, and 82% at 4 years, and secondary patency rates were 
96%, 93%, and 91%, respectively. Palmaz et al. 124 evaluated 
the outcomes of the use of the balloon-expandable Palmaz 
stent in 486 patients enrolled in a multicenter trial. Technical 
success occurred in 99% of patients with clinical follow-up 
patency of 90% at 1 year and 84% after 2 years. A meta¬ 
analysis evaluating outcomes of iliac artery PTA and stent 
placement in 1,300 patients, with a variety of types of stents, 
was performed by Bosch and Hunink. 130 Four-year primary 
patency rates were 77% for stenotic lesions treated with iliac 
stenting and 61% for occlusive lesions in patients with claudi¬ 
cation, and 67% and 53%, respectively, in patients with limb- 
threatening ischemia. The risk of long-term failure was 
reduced by 39% after stent placement compared with PTA 
alone. Iliac artery stent patency rates are significantly lower in 
women and in patients with renal insufficiency and critical 
limb ischemia. 131 Kashyap et al. compared aortoiliac angio¬ 
plasty and stenting to surgical reconstruction, in a retrospec¬ 
tive fashion. 132 In this evaluation, technical success for 
PTA/stenting was 96%. Long-term outcomes for secondary 
patency, limb salvage, and survival were the same in those 
treated percutaneously compared to those treated operatively. 
These outcomes hold true even for patients with complex 
lesions and long-segment occlusions. 133 


LOWER EXTREMITY 
ARTERIAL INTERVENTIONS 


Lower extremity atherosclerotic disease affects a substantial 
portion of the population. For a more in-depth discussion on 
the pathophysiology and clinical presentation of the disease, 
please refer to Chapter 95. Patients presenting with disabling 
claudication and who have failed nonoperative therapy, or 
those patients presenting with limb-threatening ischemia, are 
considered for more invasive intervention. Treatment has tradi¬ 
tionally been bypass grafting for femoral artery, popliteal artery, 
and tibial artery disease. With the development of improved 
angioplasty and stent technology, more and more endovascular 
procedures are being applied to infrainguinal arterial disease. 


Femoropopliteal Angioplasty and Stenting 

The approach to femoropopliteal artery interventions can 
proceed via one of three routes. The antegrade approach via 
an antegrade puncture of the ipsilateral common femoral 
artery is perhaps one of the most utilized approaches. Alter¬ 
natively, a retrograde approach through the contralateral 
common femoral artery can be used, with the catheters and 
wires traversing the aortic bifurcation. A less frequently used 


approach is via puncture of the ipsilateral popliteal artery. 
This approach is often used in patients who have had a failed 
attempt at an antegrade approach or in those who have severe 
stenotic or occlusive changes in the proximal part of the super¬ 
ficial femoral artery. Once arterial access is obtained, princi¬ 
ples of wire access, balloon dilation, and stent placement 
(when necessary) are similar to those described for aortoiliac 
artery PTA and stent placement. 

0 There have been mixed results reported for outcomes of 
patients treated with percutaneous balloon angioplasty of 
femoropopliteal artery stenosis. Initial technical success occurs 
in 88% to 93% of patients. 134-138 Primary patency rates for 
femoropopliteal interventions have been reported as 43% to 
58% at 1 year, 41% to 46% at 2 years, 38% to 41% at 
3 years, and 26% to 38% at 5 years. 134-139 Several factors have 
been shown to affect outcome of femoropopliteal angioplasty. 
The length of the lesion has a negative effect on long-term 
patency. Lofberg et al. 138 evaluated outcomes of 92 patients 
who underwent 121 PTA procedures. They reported a primary 
patency at 5 years of only 12% in those with occlusions longer 
than 5 cm and 32% in those with occlusions shorter than 
5 cm. Similar results were found by Matsi et al., 134 but they had 
some success with PTA of lesions up to 10 cm in length. Others 
have shown that treatment of patients with stenoses fared better 
than those with occlusions, and those with claudication fared 
better than those with limb-threatening ischemia. 136 The quality 
of outflow also affects outcome. 139 Due to the poor outcomes of 
femoropopliteal PTA, some argue that it should not be recom¬ 
mended as a first-line treatment in patients with infrainguinal 
occlusive disease but reserved for those who would not tolerate 
surgery or have no surgical options. Others, however, argue that 
it does not preclude surgery and may be a viable first option, 
reserving surgery for those who eventually fail PTA. Given the 
poor outcomes of PTA, few studies have attempted to evaluate 
whether the placement of a stent, either primarily or after failed 
PTA, would improve outcomes of endovascular procedures in 
the femoropopliteal arteries. Outcomes from many of these 
studies have not been shown to significantly improve patency 
rates. Primary patency rates for femoropopliteal artery stenting 
have been reported as 54% to 86% at 1 year and 29.9% to 
48% at 3 years. 140-143 Secondary patency rates at 3 years 
increase to 68.3%. 143 Complications during PTA and stenting 
of the femoropopliteal arteries include arterial disruption, 
thrombosis, distal embolization, and arterial dissection. Com¬ 
plications occur more frequently in this branch of the arterial 
tree as compared with the aortoiliac system, and half of these 
complications require operative intervention. 

Another technique to revascularize the lower extremity in a 
percutaneous fashion is the use of percutaneous intentional 
extraluminal (or subintimal) angioplasty and recanalization. 
This method overcomes some of the problems associated with 
conventional PTA in that the subintimal plane that is developed 
has a smooth neolumen, which may be less prone to thrombo¬ 
sis. The technique was originally described in 1990 by Bolia 
et al. 144 This procedure is accomplished by using a wire to enter 
the subintimal space of a native artery proximal to an area of 
hemodynamic significant stenosis or occlusion. The wire is 
advanced in this plane past an area of severe disease and then 
reenters the true lumen. The channel is then enlarged by balloon 
angioplasty. In the femoropopliteal region it has been specifi¬ 
cally applied to long lesions, greater than 10 cm in length. Initial 
technical success rate of the procedure has varied from 82% to 
90%. 145-148 Initial failure of the procedure is primarily due to 
inability to gain reaccess to the true lumen. Primary patency 
rates have been reported to be 27% to 62% at 1 year. Long¬ 
term patency rates are not known, and the application of this 
technique is controversial. It generally carries a low morbidity 
and may represent a mode of revascularization in patients with 
limb-threatening ischemia who do not have a surgical option. 

Many failures of PTA and stenting are due to the develop¬ 
ment of neointimal hyperplasia leading to recurrent in-stent 
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stenosis. In an attempt to address this problem, stents covered 
with graft material have been placed. Saxon et al. 149 reported 
the largest experience as part of a U.S. multicenter prospective 
randomized trial of PTA versus PTA and expanded polytetra- 
fluoroethylene-covered stents. The total number of patients 
treated was only 28, with 13 patients receiving PTA alone and 
15 patients randomized to PTA and covered stent placement. 
At 2-year follow-up, primary patency in the covered stent 
group was 87%, whereas in the PTA-alone group it was only 
2 5% (p = 0.002). Further investigation is certainly warranted 
into the application of this technology. In addition, drug¬ 
eluting stents are being investigated for the treatment of 
femoropopliteal disease. One such study evaluated the use 
of sirolimus-eluting stents. 150 Sirolimus acts as an anti¬ 
inflammatory and cytostatic antiproliferative agent that dimin¬ 
ishes smooth muscle cell proliferation, which may prevent 
the development of neointimal hyperplasia. Duda et al. 150 
reported on the outcome of 36 patients recruited for the par¬ 
ticipation in a randomized, double-blind, prospective trial 
evaluating drug-eluting stents versus uncoated stents in the 
treatment of femoropopliteal occlusive disease. The in-stent 
mean lumen diameter was significantly larger in the sirolimus- 
eluting stent group compared with the uncoated stent at 
6 months. Long-term patency rates are not yet known, and fur¬ 
ther investigation with this stent, as well as others, is under way. 

Alternatives to PTA and stenting have been developed for 
percutaneous intervention of the lower extremity arterial tree, 
specifically utilizing debulking technologies. These entail two 
main technologies: directional mechanical atherectomy and 
laser atherectomy. Mechanical atherectomy was originally 
used in the coronary circulation, but has recently found new 
applications to the lower extremity arterial tree. These devices 
use either a rotational blade or a “plane”-like device that 
shaves the atherosclerotic debris from the arterial wall (Fig. 
87.9). Most of the results for these devices are presented in 
small retrospective series or registry data, with the primary 



FIGURE 87.9. Radiographic picture of an atherectomy catheter 
within the superficial femoral artery. The “blade” (arrow) shaves por¬ 
tions of the atheroma, thus opening up the flow channel. The shaved 
atheroma is collected in the chamber of the catheter (solid triangular 
arrow). Multiple passes of the catheter are made to allow for a large 
enough flow channel and to remove the stenosis. 


endpoint evaluated often being freedom from target vessel 
revascularization. Zeller et al. 151 reported a 76% technical suc¬ 
cess rate with these devices (defined as obtaining <30% resid¬ 
ual stenosis). Over half of these lesions, however, required 
adjunctive balloon angioplasty or stent placement. The major¬ 
ity of data, however, come from the self-reported multicenter 
Treating Peripherals with Silver Hawk: Outcomes Collection 
(TALON) registry. 152 Similar to other series, there was a 74% 
technical success rate, but one quarter of patients required an 
adjunctive procedure. Freedom from target vessel revascular¬ 
ization was 80% at 12 months. Multiple lesions and increasing 
Rutherford stage were predictors of less favorable outcomes. 

Lasers have also been used to treat peripheral atheroscle¬ 
rotic disease. Excimer laser technology uses photochemical 
energy, which is absorbed over a very short distance and 
potentially eliminates any heat generation. It is ideally suited 
for treating long, concentric, chronic occlusions that cannot be 
traversed by other means. Often, however, the bore size of the 
laser is small (2.5 mm) and thus almost always requires the use 
of adjunctive procedures once the lesion is traversed. Laser 
atherectomy has demonstrated usefulness in specific situa¬ 
tions. Scheinert et al. 153 reported outcomes of its use in 318 
patients with 411 chronic superficial femoral artery occlu¬ 
sions. Initial technical success was 83%, and all of these 
required an adjunctive PTA or stent. Primary patency at 1 year, 
however, was only 34%, but improved to a 76% secondary 
patency. While long-term data demonstrate its usefulness in 
maintaining patency, its use in crossing difficult, long, chronic 
occlusions appears to be beneficial. 


Crural Artery Angioplasty and Stenting 

Treatment of critical limb ischemia resulting from tibial vessel 
occlusion remains a challenge. In most situations, patients are 
elderly or have multiple comorbidities, which place them at 
high risk for surgery. Early application of angioplasty and 
stenting techniques to tibial vessel lesions was limited. With 
increased experience, however, the lack of emergent surgery to 
“rescue” tibial interventions has led to wider application. The 
technical aspects of the procedure do not differ too significantly 
from angioplasty in other arterial locations. Guide wire access 
is obtained across the lesion. Typically, a smaller guide wire is 
required such as one that is of 0.018 or 0.014 inches in diame¬ 
ter. Angioplasty is performed primarily, with stents rarely being 
placed as the risk of thrombosis is too great. Immediate techni¬ 
cal success occurs in 87% to 92% of patients. 154,155 Complica¬ 
tions related to tibial PTA that subsequently require emergent 
surgical intervention only occur in 0.7% of patients. 

The two largest series reported on the outcomes of tibial 
PTA were reported by Faglia et al. 155 in 2002 and by Dorros 
et al. 154 in 2001. Faglia reported on the outcomes of 191 tib¬ 
ial PTA procedures performed in patients with critical limb 
ischemia (rest pain or tissue loss). Clinical recurrence occurred 
in 7.3% of patients at a mean time to recurrence of 4.6 
months. The majority of these recurrences were successfully 
treated with repeat angioplasty. Major amputation was 
required in only 5.2% of patients. Dorros reported on the out¬ 
come of 270 PTA procedures in patients with critical limb 
ischemia. Over a 5-year follow-up, only 8% required a subse¬ 
quent surgical revascularization and only 9% required a major 
amputation. Survival, however, was only 56% at 5 years. In 
some centers, tibial PTA for isolated tibial lesions is being con¬ 
sidered as the primary intervention prior to tibial artery 
bypass, particularly in patients with multiple comorbidities. 

More recently, Giles et al. 156 reported the results of 
infrapopliteal angioplasty in 176 limbs from 163 patients. In this 
series, technical success was achieved in 93% of the cases. At 1 
and 2 years primary patency was 53% and 51%, respectively, 
while freedom from secondary restenosis and reintervention was 
63% and 61%, respectively. Patients with less severe and less 
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FIGURE 87.10. Venograms from a patient who presented with left common iliac vein thrombosis. After thrombolysis, areas of residual stenosis 
were placed in the left common iliac and external iliac veins. A: Balloon angioplasty of a stricture noted in the left external iliac vein. Note the 
“waist” depicting the stenosis that is being treated during the balloon angioplasty [arrow). B: Self-expanding stents were placed in the left com¬ 
mon iliac and external iliac veins. Depicted is the deployment of the most distal self-expanding stent [arrow). C: Completion venogram shows res¬ 
olution of the stenosis and excellent flow within the venous system. 


extensive disease fared better than those with more extensive 
disease. As more experience is gained with this procedure, a 
better understanding of its outcomes and its potential applica¬ 
tions will be attained. 


VENOUS INTERVENTIONS 


The pathophysiology of chronic venous disease is complex and 
generally results from a combination of contributing factors, 
such as reflux, as well as outflow obstruction. The application 
of angioplasty and stenting to the venous circulation is gaining 
increased popularity. In particular, it is being applied to the 
treatment of iliac venous outflow obstruction. The etiology of 
outflow obstruction may be secondary to previous iliac vein 
thrombosis or due to a primary cause of obstruction, such as 
May-Thurner syndrome. A more thorough discussion of venous 
disease is presented in Chapter 102. The technique of venous 
angioplasty and stenting is similar to that applied to the arterial 
system. Guide wire access is obtained across the area of stenosis 
and PTA performed to eliminate the obstruction. Placement of a 
stent is often necessary, and intravascular ultrasound can play 
an instrumental role in accurate placement (Fig. 87.10). 157 

Raju et al. 158 reviewed the results of balloon dilation and 
stent placement for the relief of iliac vein stenosis in 304 
patients with symptomatic iliac vein stenosis. Of these 
patients, 57% had symptoms that were also associated with 
symptoms attributable to reflux disease. Approximately half 
of the patients had stenoses due to nonthrombotic causes 
(i.e., May-Thurner syndrome), whereas the other half were 
postthrombotic in nature. Forty-four limbs required a rein¬ 
tervention because of restenosis of the treated segment. Pri¬ 
mary and secondary patency rates at 24 months were 71% 
and 97%, respectively. Sixty-two percent of patients with 
venous ulceration had healing by 2 years, and after stent 
placement limbs that were free from swelling increased from 
12% to 47%, and limbs that were free from pain increased 
from 17% to 71%. Treatment of patients with occluded iliac 
veins is technically feasible. In general, however, these proce¬ 
dures require the stenting of longer segments (mean length 22 
cm) and multiple in-line stents (mean stents equal to three). 159 


THROMBOLYSIS 


Thrombolytic therapy is generally used to treat acute arterial or 
venous occlusions. There are a variety of agents that have been 


used for thrombolytic therapy, including streptokinase com¬ 
pounds, urokinase compounds (UKs), and tissue plasminogen 
activator and its recombinant forms (rt-PA). These agents are all 
plasminogen activators, which do not directly degrade fibrino¬ 
gen, but rather are trypsinlike serine proteases that have high 
specific activity directed at the cleavage of a single peptide bond 
in the plasminogen zymogen, converting it to plasmin. Plasmin is 
the molecule that then cleaves fibrin polymer, resulting in the dis¬ 
solution of thrombus. In the majority of cases of peripheral vas¬ 
cular disease in which thrombolytic agents are used, it is deliv¬ 
ered in a catheter-directed fashion. Access to the blood vessel is 
obtained either on the contralateral side or in an “upstream” 
location. Best results are obtained if the area of thrombosis can 
be crossed with an infusion wire or catheter and the throm¬ 
bolytic agent delivered directly into the thrombus burden. Spe¬ 
cialized catheters and wires, with multiple small side holes, have 
been developed to allow for this. Other techniques of thrombol¬ 
ysis include the delivery of low-dose continuous infusion, the 
delivery of high-dose graded infusion, or pulse spray infusion in 
which periodic forceful injection of the drug into the clot is per¬ 
formed. Progress is assessed angiographically on a regular basis 
until thrombolysis is complete or no further progress is attained. 
In cases of acute limb ischemia, thrombolysis can generally be 
applied safely only to patients with category I and Ha limb 
ischemia, as it takes several hours to attain lysis. Patients with 
more severe ischemia may not tolerate the delay in recanalization 
and thus may require more urgent surgical intervention. 

There have been two major randomized trials evaluating the 
use of thrombolytic therapy for lower extremity ischemia: 
Surgery versus Thrombolysis for Ischemia of the Lower Extrem¬ 
ity (STILE) and Thrombolysis or Peripheral Artery Surgery 
(TOPAS). 160,161 In the STILE trial thrombolytic therapy was suc¬ 
cessful at restoring patency in 81% of bypass grafts and 69% of 
native arteries. One of the successes of thrombolytic therapy was 
that it reduced the extent of the planned surgical procedure in 
55.8% of the patients. At 6-month follow-up, only 5.7% of 
patients undergoing thrombolysis required an amputation, 
whereas 17.9% of those randomized directly to surgery required 
one. In the TOPAS trial, complete lysis was obtained in 67.9% 
of patients. Of those treated with thrombolysis, approximately 
one third had underlying lesions treated percutaneously and 
avoided a conventional operation. Treatment was most effective 
in patients whose thrombosis was less than 14 days in duration. 

The main risks associated with the use of thrombolytic ther¬ 
apy are an increased risk of bleeding. In the STILE and TOPAS 
trials, complications occurred at an incidence of 22% to 41% of 
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patients and included hemorrhage, distal embolization, and 
catheter-related problems. Life-threatening hemorrhage occurred 
in 6.2% of patients undergoing thrombolytic therapy in the 
STILE trial and in 12.5% of patients treated with thrombolytics 
in the TOPAS trial. The TOPAS trial did reveal that when aspirin 
and therapeutic heparin were withheld during thrombolytic ther¬ 
apy, the rate of intracranial hemorrhage was decreased from 5 % 
to 0.5%. In addition, aggressive control of hypertension is also 
beneficial at decreasing the risk of intracranial hemorrhage. 162 An 
analysis of data collected in a prospective, single-institution reg¬ 
istry at the Cleveland Clinic Foundation revealed an overall com¬ 
plication rate of 55.9% in patients undergoing thrombolytic ther¬ 
apy for both arterial and venous disease. Complications rates 
were also analyzed according to the type of thrombolytic agent 
used (either UK or rt-PA). In patients receiving thrombolytic ther¬ 
apy for arterial disease, the complications reported were the 
development of a hematoma or pseudoaneurysm (30.6% UK vs. 
57.7% rt-PA), any bleeding requiring a transfusion (11.9% UK 
vs. 18.7% rt-PA), and intracranial bleeding (0.8% UK vs. 1.6% 
rt-PA). Mortality rates were 2.9% for UK and 1.6% for rt-PA. 
For patients treated with venous thrombolysis, the complications 
reported were hematoma formation (18.4% UK vs. 28.6% rt-PA) 
and any bleeding requiring a transfusion (14.3% UK vs. 42.9% 
rt-PA). There were no cases of intracranial bleeding in patients 
undergoing venous thrombolysis. 

To minimize the risks of thrombolytic therapy, several criteria 
have been universally accepted as contraindications to its use. 
Absolute contraindications include stroke or transient ischemic 
attack within the past 2 months, gastrointestinal bleeding within 
the past 10 days, and neurosurgery or intracranial trauma within 
the past 3 months. Relatively major contraindications include 
cardiopulmonary resuscitation within the past 10 days, major 
nonvascular surgery or trauma within the past 10 days, uncon¬ 
trolled hypertension, intracranial tumor, and recent eye surgery. 
From a technical standpoint, the use of micropuncture needles 
and small catheters may decrease the risk of bleeding complica¬ 
tions. Monitoring of laboratory values, such as fibrinogen levels, 
has been of no value in predicting which patients are at increased 
risk of bleeding. 163 In the presence of hemorrhage, heparin and 
thrombolytic agents should be discontinued. If necessary, throm¬ 
bolytic agents can be reversed with cryoprecipitate, fresh frozen 
plasma, tranexamic acid, aminocaproic acid, or aprotinin. These 
interventions are rarely necessary as most thrombolytic agents 
have short half-lives, in the range of minutes. 


SUMMARY 


Endovascular therapy is an exciting field that offers an alter¬ 
nate modality of treatment to patients with a variety of periph¬ 
eral vascular disorders. In most cases, the indications for the 
procedure are the same whether an open or endovascular 
option is being considered. The field of endovascular therapy 
continues to grow at a rapid pace and will continue to do so 
with the development of improving technologies. These 
improvements may, in the future, allow many procedures to 
attain clinical equipoise with open surgical procedures and in 
such instances may replace them. In cases in which this is not 
true, the endovascular interventions may remain the procedure 
of choice in high-risk patients. 
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CHAPTER 88 ■ VASCULAR INFECTIONS 


G. PATRICK CLAGETT 


KEY POINTS 


^Vascular infections are among the most challenging and 
difficult problems encountered by surgeons. 

^The overall incidence of clinically overt prosthetic infec¬ 
tions varies according to anatomic site. 

Q The majority of vascular prosthetic infections are initiated 
at the time of operation. 

^The principal organism responsible for infections of all 
implanted medical devices, including vascular prostheses, 
is Staphylococcus epidermidis. 


Q The clinical presentations of vascular prosthetic infections 
can be protean and subtle, so that the diagnosis is difficult. 

Q Imaging tests are important because the consequences of a 
missed diagnosis may be lethal. 

Q The primary goals of treatment are to save life and limb, 
and this is best accomplished by eradicating infection by 
excision of all infected prosthetic material and vascular tis¬ 
sues combined with appropriate arterial reconstruction. 


Q Vascular infections are among the most challenging and diffi¬ 
cult problems encountered by vascular surgeons. Patients are 
often elderly, frail, desperately ill with multiple medical 
comorbid conditions, and unable to tolerate the extensive, 
complex operations usually required to treat the problem. 
Medical treatment based on specific antibiotic therapy is rarely 
successful when used alone, and complete resection and exci¬ 
sion of all infected vascular structures are usually necessary to 
eradicate infection. Immediate restoration of blood flow to 
critical vascular beds by alternate anatomic routes or with 
replacement vascular conduits that minimize the risk for recur¬ 
rent infection present additional challenges that tax the skill 
and ingenuity of vascular surgeons. Despite a great deal of 
progress in the treatment of vascular infections, morbidity and 
mortality remain among the highest of all vascular condi¬ 
tions. 1-3 


VASCULAR PROSTHETIC 
INFECTIONS 


Pathogenesis 

Vascular prostheses are foreign bodies that can be primarily 
infected by contamination at the time of placement or secon¬ 
darily infected after implantation by hematogenous, lymphatic, 
Q or contiguous spread of microorganisms. The overall incidence 
of clinically overt prosthetic infection varies according to 
anatomic site. Aortic prostheses confined to the abdominal or 
thoracic cavity rarely become infected; the incidence ranges 
from 0.5% to 2%. 2 The incidence is higher, from 2% to 6%, in 
proximal or distal anastomotic sites at the femoral level (e.g., 
aortofemoral or femoral-popliteal bypasses). 4 

Several features of the femoral area predispose to infectious 
complications. The groin is a relatively dirty area that is diffi¬ 
cult to clean, and incisions placed in the groin are prone to 
infection and healing problems. Vertical groin incisions cut 
obliquely across the inguinal crease, tend to gape, and in obese 
patients lie buried in moist folds of skin. Furthermore, superfi¬ 
cial inguinal lymph nodes are usually transected during expo¬ 
sure of the common femoral artery and, if not ligated, will 
bathe a vascular prosthesis in lymph fluid that may contain 
bacteria. Potential sources of prosthetic contamination in this 
circumstance include open, infected ischemic ulcers of a lower 
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extremity; gangrenous toes; and wounds in any other area 
drained by the inguinal lymphatics, such as the perineum and 
perianal area. Another factor implicating the groin wound in 
the etiology of vascular prosthetic infections is transient local 
ischemia during placement of an aortic cross-clamp, which 
may render the wound more susceptible to infection. 

Most authorities agree that the majority of vascular pros¬ 
thetic infections are initiated at the time of operation. 2,3,5 
Although direct proof of this tenet is difficult to obtain, the 
prevalence of Staphylococcus epidermidis among offending 
organisms suggests that skin contamination with the patient’s 
own flora is an important mechanism. 6,7 Mucosal colonization 
of nasal, oropharyngeal, and gastrointestinal sites are also 
potential sources of S. epidermidis and other coagulase-negative 
staphylococci bacteremia and contamination. 8 

The presence of Staphylococcus aureus and other nosoco- 
mially acquired bacteria is also common and points to envi¬ 
ronmental sources of contamination. Other intraoperative 
sources of contamination include intestinal flora when the gas¬ 
trointestinal tract is entered or when operations, such as chole¬ 
cystectomy, are performed concomitantly. Laminated throm¬ 
bus lining the wall of aneurysms has been implicated as a 
source of contamination and, when cultured, yields bacteria in 
about 10% of specimens. S. epidermidis is the most common 
isolate. 9,10 

Postoperative sources of vascular prosthetic infection 
include wound complications, urinary tract infections, and 
invasive line sepsis. Early and late hematogenous seeding of 
prostheses can occur during transient bacteremia associated 
with remote, noncontiguous infections or dental procedures. 

Although bacteria are most often cultured from infected 
arterial prostheses, other, less common microorganisms, such 
as fungi, Mycoplasma , and Mycobacterium, have been encoun¬ 
tered. S. epidermidis is the most common pathogen reported in 
modern series and outnumbers S. aureus infections two to one. 
Gram-negative and polymicrobial infections are increasingly 
encountered, but remain less prevalent than gram-positive infec¬ 
tions. In many cases, negative cultures are reported despite con¬ 
vincing local evidence of infection, including a nonincorporated 
prosthesis surrounded by grossly purulent fluid. 11 These cases 
are most likely due to S. epidermidis or other low-virulence 
organisms that are exposed to perioperative antibiotics at the 
time of sampling and require fastidious microbiologic tech¬ 
niques for growth. Sonication of infected prosthetic material, 
growth in tryptic soy broth, and prolonged incubation for 
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several days have been reported to increase the yield of cultures 
positive for S. epidermidis. 12 

The presence of a foreign body, such as an implanted 
device, increases the risk for infection. Early investigations 
documented that it takes only 10 2 S. aureus organisms to cause 
an abscess at the site of a subcutaneous silk suture, but 10 6 
organisms to cause an infection in normal skin with no foreign 
body present. The explanations of why foreign materials are 
prone to infection involve physicochemical properties of the 
material, impairment of host defenses, and special properties 
of bacteria that facilitate their growth in the presence of a bio¬ 
material. 13 

The biologic reaction to an implanted vascular prosthesis 
consists of an acute inflammatory response in the early stages 
and progresses to formation of a fibrous capsule or tissue 
growth into porous materials. Neutrophils rapidly become 
associated with any implanted biomaterial in vivo, become pre¬ 
maturely activated by contact with the material, and rapidly 
lose the capacity to become activated in response to subsequent 
stimuli, such as the presence of bacteria. Neutrophils in contact 
with biomaterials rapidly lose their ability to produce superox¬ 
ide and other reactive oxygen species and become relatively 
impotent in their microbicidal activity. 14,15 In a sense, the bio¬ 
material becomes a massive “decoy” that averts and diverts the 
ability of neutrophils to respond normally to bacteria in the 
microenvironment. In addition, neutrophil products released in 
these circumstances may promote dysfunction of new neu¬ 
trophils entering the microenvironment. 16 

Vascular prosthetic biomaterials may vary in their suscepti¬ 
bility to infection by different microorganisms. Highly textured 
or rough-surfaced biomaterials, such as textiles manufactured 
from Dacron (woven or knitted), are more prone to bacterial 
adherence than smooth-surfaced biomaterials, such as 
expanded polytetrafluoroethylene (ePTFE) or polyurethane. 17 
In vivo, adherence of platelets, plasma proteins, and other blood 
constituents and varying conditions of shear may dramatically 
alter the responses of different biomaterials to microorganisms, 
and all biomaterials remain susceptible to infection. 18,19 

The principal organism responsible for infections of all 
implanted medical devices, including vascular prostheses, is 
S. epidermidis. It is one species of coagulase-negative staphy¬ 
lococci that is a major cause of nosocomial infections and of 
nosocomial bacteremias in particular. 20 The organism is a 
ubiquitous skin commensural of relatively slow growth and 
low virulence. It causes chronic infections with local manifes¬ 
tations, but little or no systemic toxicity. Pivotal in the patho¬ 
genesis of S. epidermidis infection is the production of multi¬ 
layered biofilms composed of exopolysaccharides, usually 
referred to as “slime.” 

The elaboration of biofilms takes place following the 
adherence of S. epidermidis to biomaterials and usually occurs 
when organisms adhere to one another in microcolonies. 21 
Both adherence of organisms to polymer surfaces and to each 
other (cell-cell adhesion) is mediated by capsular polysaccha¬ 
ride adhesins. 21,22 Mutant bacteria that do not produce 
adhesins lack cell-cell adhesion and do not produce biofilms. 23 
Once elaborated, biofilms form a protective shield that allows 
continued bacterial growth in relatively hostile environments. 
Bacterial nutrients and metabolic wastes freely traverse the 
polysaccharide biofilm, but antibiotics do not. Biofilms also 
alter inflammatory changes, impair host defenses, and pro¬ 
mote tenacious adherence of microbial colonies to the bioma¬ 
terial. 24 S. epidermidis infections tend to be persistent and 
refractory to antibiotics, and the implant must be removed to 
clear the infection. 

The phenotypic transformation of S. epidermidis to an indo¬ 
lent, low-virulence organism that produces a protective biofilm 
is due to a phenomenon known as quorum sensing. 25 Quorum 
sensing is the regulation of gene expression in response to 
fluctuations in cell density. S. epidermidis and other quorum¬ 
sensing bacteria release autoinducers or pheromones that vary 


in concentration proportional to cell density. Oligopeptide 
autoinducers attach to cell surface receptors and induce tran¬ 
scriptional changes, resulting in dramatic changes in gene 
expression. In the case of S. epidermidis, organisms circulating 
alone (planktonic state) produce a low level of autoinducer in 
the microenvironment. Planktonic S. epidermidis organisms 
have aerobic metabolism and secrete multiple virulence and 
proinflammatory factors that produce signs and symptoms of 
sepsis. However, when these organisms attach to and aggregate 
in close proximity on polymer surfaces, quorum sensing results 
in the activation of multiple genes that result in a low-virulence 
organism that has anaerobic metabolism and produces abun¬ 
dant biofilm. 26 In addition, genes that are involved in the pro¬ 
duction of virulence factors are suppressed. In essence, the S. 
epidermidis microorganism goes into a kind of “hibernation.” 

Once established, bacterial infection spreads throughout a 
vascular prosthesis and eventually involves anastomotic sites. 
The eventual destruction of vascular tissue leads to the forma¬ 
tion of an anastomotic false aneurysm. The first manifestation 
of a vascular prosthetic infection is often an anastomotic false 
aneurysm or its most frequent complication, prosthetic limb 
thrombosis in the case of an aortobifemoral bypass. When the 
false aneurysm involves the aortic anastomosis, rupture into 
the duodenum may occur and produce an aortoduodenal fis¬ 
tula with catastrophic hemorrhage. 

Although all microorganisms producing vascular prosthetic 
infections are associated with false aneurysms, they vary in 
their propensity to destroy vascular tissue. Gram-negative 
organisms, such as Pseudomonas aeruginosa, Proteus species, 
and Escherichia coli are particularly notorious for their ability 
to digest vascular tissue. 27 These organisms elaborate elastase 
and alkaline protease, which break down elastin, collagen, 
fibronectin, and fibrin. S. epidermidis and other coagulase- 
negative staphylococci also secrete proteolytic proteins that 
can degrade vascular tissue. The mechanisms underlying pro¬ 
tease elaboration and activation are highly regulated and com¬ 
plex. 28 In addition to causing vascular disruption and the for¬ 
mation of false aneurysms, many bacteria produce substances 
that are highly thrombogenic and may induce thrombosis that 
is the first manifestation of a vascular prosthetic infection. 


Clinical Presentation 


The clinical presentations of vascular prosthetic infections can 
be protean and subtle, so that the diagnosis is difficult. The 
tempo and severity of the clinical manifestations often depend 
on the microorganism. A patient whose infection is caused by a 
virulent organism, such as S. aureus, P. aeruginosa, or E. coli, 
presents with systemic signs of sepsis. As an example, a patient 
with a vascular prosthesis who has persistent fever, chills, and 
an elevated white blood cell count with a left shift should be 
suspected of having a vascular prosthetic infection. Virulent 
microorganisms also tend to cause earlier manifestations of 
infection, with the interval between implantation of the pros¬ 
thesis and diagnosis of infection often being months. Very early 
prosthetic infections, diagnosed within weeks of implantation, 
are most often associated with wound infections that involve 
the vascular prostheses by contiguous spread. 

In contrast, patients with infection caused by a low-virulence 
organism, such as S. epidermidis , present later, often years 
after placement. 7 Systemic signs and symptoms are usually mild 
or absent. These patients most often present with local mani¬ 
festations, such as a chronic groin sinus that discharges small 
amounts of pus, a chronic wound infection exposing the pros¬ 
thesis, femoral anastomotic false aneurysm, or aortofemoral 
bypass limb thrombosis. They may have low-grade fever and 
mild constitutional symptoms, but overt systemic signs of sep¬ 
sis are absent. The white blood cell count is usually normal 
or only mildly elevated, but the erythrocyte sedimentation 
rate is often abnormal. A patient presenting with a femoral 
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Part Two: Surgical Practice 
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ALGORITHM 88.1 


ALGORITHM 88.1. Diagnosis and treatment of prosthetic infection. 


anastomotic false aneurysm or limb thrombosis who has an 
elevated erythrocyte sedimentation rate should be suspected of 
having a vascular prosthetic infection. 

Patients presenting with massive gastrointestinal hemor¬ 
rhage from aortoduodenal or aortoenteric fistula frequently 
have had lesser episodes of bleeding hours to days before the 
major episode. These are often referred to as “herald” or “sen¬ 
tinel” episodes of bleeding and offer a window of opportunity 
for diagnosis and management that may avert exsanguinating 
hemorrhage. Any patient with an intra-abdominal vascular 
prosthesis who has an episode of upper or lower gastrointesti¬ 
nal bleeding should be suspected of having an underlying aor¬ 
toenteric fistula, and an expeditious workup is important. 

Chronic gastrointestinal bleeding can also occur in patients 
with an aortoenteric fistula, but is more often associated with 
an enteric erosion. This condition, often referred to as “graft- 
enteric erosion,” differs from aortoenteric fistula in that the 
body or limb of the vascular prosthesis erodes into bowel and 
the aortic suture line is not involved. This produces chronic 
bleeding from the eroded bowel mucosa, analogous to bleed¬ 
ing from an ulcer, and patients may present with chronic ane¬ 
mia. The diagnosis should be suspected in a patient with an 
intra-abdominal vascular prosthesis who has anemia, stool 
positive for occult blood on guaiac testing, and fever. 

Another manifestation of aortofemoral and aortoiliac pros¬ 
thetic infections is hydroureteronephrosis. This can develop if 
the ureter becomes obstructed as a result of periprosthetic 
inflammation and may be bilateral or unilateral, depending on 
the extent of infection. It is unusual for hydroureteronephrosis 
to be the initial manifestation of vascular prosthetic infection 
because the urologic condition is usually asymptomatic. This 
complication most often is noted during the workup of a 
patient with an infected vascular prosthesis who presents with 
other symptoms, such as a groin sinus or gastrointestinal 
bleeding. 


Diagnosis 

Q Because the manifestations of vascular prosthetic infections are 
so varied and subtle and because the consequences of a missed 
diagnosis may be lethal, imaging tests are important (Algorithm 
88.1). 29 The types of imaging and other diagnostic tests used 
are based on the clinical presentation. Computed tomography 
(CT) scanning has long been the mainstay of diagnostic imag¬ 
ing for suspected vascular prosthetic infection. CT findings sug¬ 
gestive of infection include ectopic gas, periprosthetic fluid, loss 
of tissue planes, periprosthetic inflammatory changes, thicken¬ 
ing of adjacent bowel, hydroureteronephrosis, and anasto¬ 
motic false aneurysm (Fig. 88.1). 30 These findings are most spe¬ 
cific and useful for late infections. During the immediate period 


following implantation, periprosthetic fluid, air, and inflamma¬ 
tory changes may be present for 2 to 3 months. After 3 months, 
postoperative hematoma and gas should resolve and tissue 
planes return to normal. 31 

Magnetic resonance imaging (MRI) has provided an alter¬ 
native to CT scanning for cross-sectional imaging. In addition 
to demonstrating the same features seen on CT (periprosthetic 
air, fluid and structural abnormalities), MRI is particularly 
helpful in assessing periprosthetic inflammatory changes. These 
are seen as high-intensity signals on T2-weighted images in the 
tissues surrounding the prosthesis and accurately portray tissue 
edema (Fig. 88.2). 32 Such images can be particularly helpful in 
assessing the extent of infection, which may determine the 
operative approach. For example, in a patient with an infection 
localized to a single, distal limb of an aortobifemoral bypass, 
removal of the entire prosthesis may not be required for ade¬ 
quate treatment of the infection. 

Radionuclide scanning has also been used in the diagnosis 
of vascular prosthetic infections. Scintigraphy with the use of 
autologous white blood cells labeled with indium oxine m In is 
the most common technique currently used, although the use 
of white cells labeled with 67 gallium, technetium, and other 
isotopes have been reported. 33,34 In addition, scintigraphy 
based on labeled human immunoglobulin G has been used and 
may be more sensitive than scintigraphy with white blood 
cells. 35 Most recently, positron emission tomography (PET) 
imaging has been found to be useful in imaging graft infection. 



FIGURE 88.1. Computed tomography (CT) scan of lower pelvis 
demonstrating fluid and an enhancing ring around the left limb of an 
aortobifemoral bypass [arrow). 
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FIGURE 88.2. Magnetic resonance imaging (MRI) of the lower pelvis 
of the patient in Figure 88.1. The arrow points to high-intensity sig¬ 
nals on T2-weighted images characteristic of inflammation and tissue 
edema. 


Arteriography is of limited usefulness in the diagnosis of vas¬ 
cular prosthetic infection, but it may, on occasion, demonstrate 
an aortic false aneurysm or even active leakage of contrast into 
the bowel lumen, which is pathognomonic for aortoenteric fis¬ 
tula. Arteriography is helpful in planning reconstruction after 
removal of the prosthesis and is most useful in late infection, 
when the vascular anatomy may have been altered by progres¬ 
sive occlusive disease. 

In patients presenting with gastrointestinal bleeding and 
suspected aortoenteric fistula, complete upper gastrointestinal 
endoscopy with visualization of the third and fourth portions 
of the duodenum, the most common site of fistula, is necessary. 
Even if this study is incomplete, with inability to visualize the 
distal duodenum or the finding of gastrointestinal lesions (e.g., 
chronic peptic ulcer) that are not actively bleeding, an aortoen¬ 
teric fistula may still be present. Continued, unexplained bleed¬ 
ing mandates operative exploration to rule out aortoenteric 
fistula. At the time of operation, the duodenum, proximal 
jejunum, and any other bowel in contact with a vascular pros¬ 
thesis must be dissected free to make or exclude this diagnosis. 


Increased levels of fluorodeoxyglucose (FDG) tagged with iso¬ 
tope may be seen in areas of activated granulocytes. FDG-PET 
appears to have greater sensitivity and specificity in the diag¬ 
nosis of graft infections in comparison to other imaging 
modalities. 36 

A problem with all scintigraphic methods in diagnosing 
vascular prosthetic infections is a lack of specificity caused by 
uptake in other organs or tissues that may be contiguous. In 
addition, faint or no uptake in the presence of limited or low- 
virulence infection can result in false-negative results. Scintig¬ 
raphy is most helpful when occult prosthetic infection is sus¬ 
pected. An example would be a patient with a vascular 
prosthesis presenting with a fever of unknown origin or a com¬ 
plex of other nonspecific symptoms in whom white blood cell 
scintigraphy “lights up” the prosthesis. 

Ultrasonography can be useful and is noninvasive and inex¬ 
pensive. The finding of an echo-lucent rim or “halo” sign sur¬ 
rounding a vascular prosthesis is highly suggestive of a vascular 
prosthetic infection 37 (Fig. 88.3). In addition, duplex ultrasonog¬ 
raphy may uncover other findings such as anastomotic false 
aneurysms that are frequently associated with vascular pros¬ 
thetic infections. 



FIGURE 88.3. Duplex, color-flow scan demonstrating echo lucent 
rim or “halo” sign surrounding the limb of an aortofemoral bypass 
graft. 


Treatment 


Q The primary goals of treatment are to save life and limb, and 
this is best accomplished by eradicating infection and main¬ 
taining adequate circulation to portions of the body perfused 
by the infected prosthesis. Secondary goals include minimizing 
morbidity, restoring normal function, and maintaining long¬ 
term function without the need for repeated intervention and 
risk of amputation. 

These goals are best achieved by excision of all infected pros¬ 
thetic material and vascular tissues combined with appropriate 
arterial reconstruction. The currently favored methods of 
arterial reconstruction for aortic prosthetic infection include 
extra-anatomic bypass 38-54 and in situ replacement with the use 
of autogenous femoral-popliteal veins, 52,55-63 arterial allo¬ 
grafts, 64-76 and vascular prostheses that are often treated or 
soaked in antibiotic solutions. 52,77-82 A recent meta-analysis of 
pooled data demonstrated several advantages of in situ graft 
replacement over extra-anatomic bypass. 83 In situ graft replace¬ 
ment is becoming increasingly popular because it is expedient, 
avoids an aortic stump with potential for lethal blowout, and is 
associated with a low amputation rate. 

Pooled outcome data from contemporary series reported 
since 1985 are presented in Table 88.1. Direct comparisons 
of these data to judge the relative success of the various 
approaches are difficult because of the heterogeneity of patients 
with different degrees of illness and different comorbid condi¬ 
tions in the reported series. All of these approaches are valid 
and useful depending on patient-specific characteristics and 
circumstances. It is a mistake to think that a single surgical 
approach is applicable to all patients with this condition. 
These complicated and multifaceted patients with varying 
degrees of illness require individualized attention. The pros 
and cons of each approach are also outlined in Table 88.1. 

Extra-anatomic bypass, usually involving an axillofemoral 
bypass, is an excellent choice for infected aortoiliac recon¬ 
structions in which femoral sites are free of sepsis and arterial 
runoff is good (Fig. 88.4). It is also possibly less of a physio¬ 
logic insult than other procedures, particularly when the oper¬ 
ations can be staged so that extra-anatomic bypass precedes 
removal of the infected aortic prosthesis by a period of days. 39 
This approach has the advantage of preserving lower extrem¬ 
ity blood flow during removal of the aortic prosthesis, so that 
ischemic time is minimized. 

Unfortunately, the durability of an extra-anatomic bypass 
is limited in patients with multilevel occlusive disease and poor 
runoff. Most patients with infected aortic prostheses have an 
aortobifemoral bypass, and extra-anatomic bypass in such 
patients usually requires bilateral axillofemoral procedures 
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FIGURE 88.4. Standard treatment for an infected aortic vascular 
prosthesis. An axillobifemoral bypass is performed first. This is fol¬ 
lowed a few days later by removal of the infected aortic prosthesis and 
careful oversewing of the aortic stump as illustrated. This operation 
has its greatest usefulness in patients with infected aortoiliac prosthe- 
ses and who have femoral areas free of infection and good runoff. 


with distal anastomoses to diseased and, often, small profunda 
femoral or popliteal arteries. These are disadvantaged recon¬ 
structions with poor long-term patency despite the administra¬ 
tion of antithrombotic agents (Table 88.1). They are prone to 
sudden thrombotic occlusion without warning, and amputa¬ 
tion rates are high, even after thrombectomy and multiple revi¬ 
sions. In one large series, one third of patients required major 
amputation during long-term follow-up. 40 In addition, reinfec¬ 
tion of the extra-anatomic bypass prostheses occurs in 10% to 


20% of patients, and this condition is often lethal. A final 
problem with extra-anatomic bypass is continuing infection at 
the site of aortic closure, or aortic “stump.” Although an 
infrequent occurrence (<10% of cases), aortic stump blowout 
is almost always fatal. 

Dissatisfaction with the long-term patency of extra- 
anatomic bypass led to the development of in situ autogenous 
venous reconstruction. 52,55-63 Early experiences were with 
greater saphenous veins, but the use of femoral-popliteal veins 
rapidly evolved because of their large caliber and superior 
patency (Figs. 88.5 and 88.6). 55 This reconstruction is most 
applicable in patients with extensive occlusive disease and 
poor runoff, a circumstance in which the patency of an auto¬ 
genous venous reconstruction would theoretically be better 
than the patency of a prosthetic bypass. The situation is anal¬ 
ogous to the use of vein grafts for femoral-popliteal and distal 
bypasses because of their superior patency in comparison with 
prosthetic conduits. This advantage has been realized, with 
excellent 5-year cumulative rates of 85% to 90% for primary 
patency and 100% for secondary/assisted patency in superfi¬ 
cial femoropopliteal vein aortofemoral reconstructions. 57,58,63 
Long-term amputation rates have been reported to be corre¬ 
spondingly low. 

The principal disadvantage of using femoral-popliteal veins 
for aortofemoral reconstruction is that the procedure is tech¬ 
nically demanding and long. The lower extremity ischemic 
time is longer than with other approaches, but can be mini¬ 
mized by carefully sequencing the procedure to shorten aortic 
cross-clamp time. To minimize open body cavity exposure and 
lower extremity ischemia, the operation is carried out in the 
following order: (a) dissect femoral-popliteal veins and leave 
in situ until needed, (b) isolate and control femoral vessels, (c) 
enter abdomen and obtain aortic control, (d) remove infected 
prosthesis, and (e) perform reconstruction with femoral- 
popliteal veins. 84 

Acute venous hypertension can result in the need for leg 
fasciotomy in up to 20% of limbs following harvest of the 
femoral-popliteal vein. 85 Special risk factors that predict the 
need for fasciotomy include preexisting, advanced limb 
ischemia (preoperative ankle-brachial index <0.40) and con¬ 
comitant ipsilateral harvest of the greater saphenous vein. 
Acute muscle swelling from venous hypertension coupled with 
ischemia-reperfusion injury is a major pathogenetic factor. 85 

Long-term lower extremity venous morbidity is also a 
potential drawback to harvesting the femoral-popliteal veins. 
However, venous morbidity has been surprisingly infrequent 
and mild. 57,63 The benign course following removal of the 
femoral-popliteal veins is a consequence of several compensat¬ 
ing mechanisms. 86 First, the junction of the profunda femoral 



FIGURE 88.5. Multiple reconstructions using the superficial femoropopliteal vein after removal of an infected vascular prosthesis. 
A: Standard in situ aortobifemoral replacement. B: Left in situ aortofemoral bypass with left-to-right femoral crossover bypass. C: In situ 
aortoiliac reconstruction. D: Unilateral transobturator aorta profunda bypass. E: Femoral crossover bypass. 
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FIGURE 88.6. Lateral (A) and anteropos¬ 
terior (B) arteriogram of a superficial 
femoropopliteal vein in situ replacement 
after removal of an infected aortobifemoral 
bypass. The left-to-right femoral crossover 
bypass with superficial femoropopliteal 
vein is not shown. The figure illustrates the 
excellent size match between the large- 
caliber superficial femoropopliteal vein and 
the infrarenal aorta. 




and common femoral veins is carefully preserved after discon¬ 
nection of the proximal femoral vein to allow unimpeded 
drainage via the profunda system. Second, several anatomic 
collateral connections are found between the remaining distal 
popliteal vein and the profunda system, and many of these col¬ 
laterals enlarge to accommodate the increase in volume flow 
following removal of the femoral-popliteal vein. Finally, the 
valves in the tibial veins and collateral circuits remain func¬ 
tional, so that distal venous reflux does not occur. 87 

A final concern is that placing femoral-popliteal veins in an 
infected field may lead to reinfection and disruption. Experi¬ 
ence with this approach has documented that these vein grafts 
resist gram-positive, gram-negative, and fungal infections, and 
disruption of anastomoses has been rare. In a recent large 
series of in situ graft replacement for infected aortic prosthe- 
ses, the overall incidence of graft disruption was 5%. 58 Most 
were in reconstructions for aortoenteric erosion or fistula 
where there was breakdown of the duodenal repair. Previous 
experience has documented that femoral-popliteal vein graft 
disruption usually occurs in settings where there is ongoing 
contamination of the graft, severe malnutrition, immunosup¬ 
pression, and a debilitated patient. 88 

Vein graft stenosis of femoral-popliteal grafts requiring 
endovascular or open surgical intervention is rare, occurring 
in approximately 5% of patients on long-term follow-up. 89 
Special risk factors for vein graft stenosis include small-caliber 
graft (<6 to 7 mm in diameter), heavy smoking history, and 
significant coronary artery disease. Long-term aneurysmal 
degeneration has also been studied for up to 10 years after 
placement of these vein grafts, and has not occurred. 57 

In situ allograft replacement has been reported with vary¬ 
ing degrees of success. 64-76 Acute and delayed aortic allograft 
disruption has been reported and is a distinct limitation of 
using allografts in infected fields 66,90 (Table 88.1). In addition, 
long-term deterioration leading to thrombosis and aneurysmal 
degeneration has been reported. Ready availability of allograft 
material is another limitation of this approach in situations in 
which emergency or urgent operations are often required. 

Replacement of the infected aortic prosthesis with a new 
prosthesis has also been reported. 52,77-82 Most often, the new 
prosthesis is soaked in an antibiotic solution, usually rifampin 
(60 mg/mL for 15 minutes), before implantation. 79,80 This 
approach is most often successful in patients with limited 
infections of low virulence following aggressive debridement 


of all infected vascular and surrounding tissues to create a 
clean field. Despite these precautions, the potential for reinfec¬ 
tion is a serious drawback and patients treated in this manner 
require close and vigilant follow-up with frequent imaging 
studies such as CT or MRI. They also are usually treated with 
lifelong oral antibiotics. 

In situ prosthetic and allograft reconstructions may be most 
useful in very ill and unstable patients and in those with 
actively bleeding aortoenteric fistulas. Expeditious in situ 
replacement in these circumstances can be lifesaving and may 
be used as a “bridge” procedure, with definitive reconstruction 
(extra-anatomic or femoral-popliteal vein) carried out at a 
later date when the patient has been rendered fit for such a 
reconstruction. 

Conservative approaches that do not involve removal of 
the infected prostheses have also been reported. 91-96 These are 
based on aggressive drainage and debridement of infected tis¬ 
sues; intensive, culture-specific antibiotic therapy; meticulous 
wound care to achieve coverage of exposed prosthetic mater¬ 
ial; and coverage of exposed prosthetic material with muscle 
flaps. Conservative approaches are most appropriately used 
when infection is extracavitary and limited in extent, systemic 
signs of sepsis are absent, the virulence of the infecting organ¬ 
isms is low, and anastomotic sites are uninvolved. 94 Elderly 
and frail patients with multiple medical comorbidities who 
would most likely not survive conventional operations for aor¬ 
tic graft infection should be considered selectively for less inva¬ 
sive procedures. 95 Like those who have undergone in situ pros¬ 
thetic replacement, these patients require close follow-up and 
indefinite oral antibiotic treatment. 

If an infection involves only one limb of a bifurcated aortic 
prosthesis, the limb is usually resected. 12,97-100 Revasculariza¬ 
tion is often carried out via obturator bypass or another pros¬ 
thetic reconstruction performed in a clean field. Autogenous 
femoral-popliteal or greater saphenous veins have also been 
used for this purpose. 99 It is important that the extent of infec¬ 
tion be assessed with imaging studies in addition to direct 
visual inspection. In the case of a unilateral femoral infection 
of an aortofemoral bypass, the general approach is to begin 
the operation by inspecting the intra-abdominal portion of the 
prosthesis. If the infection grossly involves the main body of 
the bifurcated prosthesis, complete removal is necessary. If the 
suspected limb is well incorporated and free of gross infection, 
division of the limb, closure of the tunnel, and obturator or 
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other extra-anatomic bypass are performed. The final portion 
of this operation is removal of the infected limb from below, 
with care taken to prevent cross-contamination of other, 
freshly placed incisions that have been closed. 


Infection of Femoropopliteal/Distal 
Prosthetic Bypasses 

In general, the management principles for infected infrain- 
guinal prosthetic bypasses are similar to those for infected aor¬ 
tic prostheses. Excision of all infected prosthetic material and 
creation of a new bypass through clean tissue planes are opti¬ 
mal. 101 Venous autografts are preferable to vascular prostheses 
because of the low risk of reinfection. Unfortunately, many of 
these patients have limited sources of adequate vein for a new 
vein graft bypass. Additionally, because of the limited anatomic 
area, cross-contamination and infection of a new prosthetic 
conduit are probable. In selected patients, it may be possible to 
couple removal of the infected lower extremity bypass graft 
with an endovascular intervention to revascularize and main¬ 
tain viability of the limb. Endovascular treatment under these 
circumstances should probably avoid stenting procedures 
because of the possibility of infecting stents. 

The overall mortality of patients undergoing operations for 
infected prosthetic infrainguinal bypasses approaches 20% 
and may be higher in patients undergoing limb salvage proce¬ 
dures. 101,102 These considerations have led some experts to rec¬ 
ommend excision of the infected prosthesis and amputation in 
circumstances in which the limb remains in jeopardy after 
removal of the infected prosthesis. The rate of major amputa¬ 
tion is approximately 40%. 101,102 If assessment with Doppler 
ultrasonography indicates that the limb remains viable (audi¬ 
ble arterial signals present at the ankle level), removal of the 
infected prosthesis with vein patch closure of anastomotic sites 
is preferred. If only a limited portion of the prosthesis is 
involved, nonresectional, conservative measures have been 
successfully used. 91,103 Results with this approach are best 
when virulence of the infection is low, sepsis is absent, and 
anastomoses are free of infection. 


Prevention of Vascular Prosthetic Infections 


The benefit of short-term antibiotic prophylaxis in preventing 
wound infections after vascular surgery has been demonstrated 
in randomized trials. 104-106 Most often, a first-generation 
cephalosporin is administered intravenously shortly before 
operation, during operation if blood loss is extensive or the 
operation is prolonged, and 2 hours after operation. Evidence 
suggests that a more prolonged course, for up to 4 to 5 days 
after operation or until all invasive lines have been removed, 
may provide additional protection. 107 When patients have 
infected ischemic lesions of a lower extremity, culture-specific 
antibiotics should be administered perioperatively. Also, the 
use of more specific prophylactic antibiotic therapy should be 
considered in hospitals where certain organisms are prevalent, 
especially when exposure is increased by prolonged preopera¬ 
tive hospitalization. 

Attention to intraoperative factors is also important in pre¬ 
venting vascular prosthetic infections. Patients undergoing 
repeated and emergency operations are especially prone to 
wound infections and present additional risks. Meticulous 
attention to hemostasis and avoidance of wound hematomas 
and seromas that can become secondarily infected are impor¬ 
tant surgical tenets that are often difficult to achieve in patients 
given anticoagulants during the operation and who are also 
taking antithrombotic agents, such as aspirin or clopidogrel. If 
possible, these agents should be discontinued 1 week before 
the operation. Ligation and control of the femoral lymphatics 



FIGURE 88.7. Patient had an uneventful endovascular aortic 
aneurysm repair 1 year prior to teeth cleaning. Two weeks after teeth 
cleaning, he presented with high fevers, chills, back pain, and an ele¬ 
vated white cell count. Computed tomography scan with intravascular 
contrast demonstrates an infected aortic stent graft with retroperitoneal 
extension and psoas abscesses. On explant, the aortic stent graft grew 
Streptococcus viridans , the most common microorganism found in the 
oral cavity. 


are also probably important technical features in preventing 
vascular prosthetic infections. Electrocautery of lymphatic tis¬ 
sue leads to coagulation necrosis of lymphatic vessels, but does 
not prevent extravasation of lymph fluid. 

Patients undergoing aortic operations are prone to intraop¬ 
erative hypothermia, and this condition has been shown to 
impair neutrophil function and increase the incidence of post¬ 
operative wound infection. 108 Maintenance of normal body 
temperature should be the goal during major vascular opera¬ 
tions. Additional procedures on the gastrointestinal or biliary 
tract that may result in intraoperative contamination of a vas¬ 
cular prosthesis should be avoided unless the additional pro¬ 
cedure is deemed necessary to avoid life-threatening postoper¬ 
ative complications. Hematogenous seeding of a vascular 
prosthesis is a continuing risk for as long as the prosthesis is in 
place. Dental work, procedures on the gastrointestinal and 
genitourinary tracts, and angiographic procedures should be 
carried out with the patient protected by prophylactic antibi¬ 
otics (Fig. 88.7). 


INFECTED (MYCOTIC) 
ANEURYSMS 


Pathogenesis 

In the late 19th century, Osier first used the term mycotic to 
describe the peripheral, infected aneurysms occurring in 
patients with bacterial endocarditis. 109 The beaded gross 
appearance of the multiple aneurysms in these patients resem¬ 
bled a fungus growth, hence the term mycotic. However, he 
delineated the pathogenesis to be destruction of the arterial wall 
subsequent to embolization of bacteria-laden material from the 
heart. In the era before antibiotics, the presence of such lesions 
indicated a malignant form of endocarditis because death was 
inevitable. 

Mycotic aneurysms, as described by Osier, are now rare, 
and a more comprehensive term is infected aneurysm or 
microbial arteritis. 110 Infected aneurysms encompass preexist¬ 
ing aneurysms that are secondarily infected by hematogenous 
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or contiguous spread and infections of the arterial wall that 
subsequently cause aneurysmal degeneration. 111 When the 
arterial wall is completely disrupted and a contained rupture is 
present, the aneurysm may be termed an infected false 
aneurysm or pseudo aneurysm. Currently, fewer than 10% of 
infected aneurysms are caused by bacterial endocarditis. 112 

It is difficult to infect the normal arterial wall during bac¬ 
teremia, but such a mechanism has been postulated in severely 
immunocompromised patients. Special risk factors for micro¬ 
bial arteritis include long-term steroid use, chemotherapy for 
malignancy, severe alcoholism, chronic renal failure, and exten¬ 
sive radiation therapy. 113,114 Such infections may be initiated by 
hematogenous spread of bacteria through the vasa vasorum. 
Much more common is infection of abnormal arterial walls 
with irregular luminal surfaces, to which microorganisms 
attach during bacteremia. 110 Arterial wall defects and irregular¬ 
ities associated with infected aneurysms include atherosclerotic 
plaque, degenerative arterial aneurysms, and congenital abnor¬ 
malities, such as aortic coarctation and patent ductus arterio¬ 
sus. Host compromise, malnutrition, and advanced age are also 
seen in many of these patients. 

Contiguous spread of infection is common in infected aortic 
aneurysms and is seen in such conditions as spinal osteomyelitis, 
pancreatitis, and retroperitoneal abscess associated with diver¬ 
ticulitis and other gastrointestinal and severe urinary infec¬ 
tions. 110 Trauma is becoming an increasingly common mecha¬ 
nism by which infected aneurysms develop; bacteria are 
introduced at the time of intra-arterial drug injection with con¬ 
taminated needles (drug abuse) 115 or the placement of arterial 
catheters for diagnostic and therapeutic interventions or for 
monitoring. 116 Almost all infected arterial aneurysms associ¬ 
ated with trauma are false aneurysms in which arterial wall 
continuity is lost. 

In reports of infection of preexisting aortic aneurysms, 
gram-positive organisms predominate over gram-negative 
organisms and are present in about 60% of cases. 110,117 Of 
these, Staphylococcus species are the most prevalent, with 
S. aureus being the most commonly encountered overall. 
Streptococci are also etiologic agents, with Streptococcus viri- 
dans being the most common subtype. In iatrogenic arterial 
infections associated with indwelling arterial catheters, methi- 
cillin-resistant S. aureus and other nosocomial organisms are 
being seen with increasing frequency. 

Salmonella is the most prevalent organism associated with 
infection of a nonaneurysmal aorta. 110,114,117,118 The diseased, 
plaque-ridden aorta has a unique susceptibility to Salmonella 
infections. Salmonella choleraesuis and Salmonella enteritidis , 
especially the subtype Salmonella typhimurium, account for 
more than half of reported cases of Salmonella aortitis. 110 

Gram-negative arterial infections are much more virulent 
than gram-positive infections, and arteries infected with gram¬ 
negative organisms are much more prone to rupture. Gram¬ 
negative organisms, such as P. aeruginosa , can elaborate alka¬ 
line proteinase and a variety of elastases that cause vascular wall 
neurosis. 27 In addition, many bacteria, both gram positive and 
gram negative, produce collagenases. 119-121 Bacteria can also 
upregulate collagenases and metalloproteinases in inflamma¬ 
tory cells associated with aneurysms. 121 Recent interest has cen¬ 
tered on neutrophil elastase in the pathogenesis of aneurysms. 122 
According to this view, bacteria may play an indirect role, act¬ 
ing principally through the recruitment of acute inflammatory 
cells, which subsequently release neutrophil elastase. 

Once the arterial wall is infected, rapid, focal, and progres¬ 
sive deterioration occurs. This process results in the character¬ 
istic saccular or multiloculated appearance of these aneurysms 
and often leads to locally contained rupture and the formation 
of a false aneurysm. In aortas without a preexisting aneurysm, 
infected aneurysms tend to occur in the posterior wall of the 
suprarenal or supraceliac aorta 110,113,114 (Fig. 88.8). When a 
preexisting aortic aneurysm becomes secondarily infected, the 
infrarenal location is the most common site. 117,123,124 



FIGURE 88.8. Infected aneurysm involving the posterior wall of the 
supraceliac aorta. 


Clinical Presentation 


The clinical presentation of an infected aneurysm depends on 
the virulence of the organism, the anatomic location, and the 
duration of infection. Salmonella aortic infections may appear 
after a febrile gastrointestinal illness. The presence of a tender 
abdominal aortic aneurysm in such a patient in association 
with continued fever and positive blood cultures strongly sug¬ 
gests this diagnosis. Infection of a preexisting aortic aneurysm 
may present as fever of unknown origin, malaise, or back and 
flank pain. Such patients are frequently debilitated, malnour¬ 
ished, and immunocompromised as the result of chronic ill¬ 
ness, and the presence of an aortic aneurysm and positive 
blood cultures in this setting should arouse suspicion of an 
infected aneurysm. Chronic osteomyelitis or other retroperi¬ 
toneal infectious processes contiguous to the aorta may also be 
present. 

Infected aortic aneurysms are prone to rupture, even when 
small. 117,118 They may have been unsuspected before rupturing, 
and the diagnosis of infection may not be obvious at the time of 
emergency operation. 123 The diagnosis should be entertained in 
a patient presenting with a ruptured aortic aneurysm who has 
a fever and an elevated white blood cell count, especially when 
the aneurysm is small (<5 cm in diameter). At operation, addi¬ 
tional clues include the presence of chronically inflamed 
retroperitoneal tissues with indistinct dissection planes and a 
focal aneurysm with relatively normal aorta above and below 
the site. Gram stains of smears from involved tissues and 
thrombus may be diagnostic, and cultures should be obtained 
even if the results of Gram stains are negative. 

In contrast to aortic and other central aneurysms, periph¬ 
eral infected aneurysms are usually readily apparent and the 
diagnosis obvious. A painful, cellulitic, warm pulsatile mass 
over a major artery in a febrile patient is a common clinical 
presentation. 115 An elevated white blood cell count and posi¬ 
tive blood cultures are usual. The patient may have a history of 
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drug abuse, and inadvertent or deliberate arterial injection 
with a contaminated needle should be suspected. 115 The com¬ 
mon femoral artery is the most common site, and a prior his¬ 
tory of arterial catheterization or the presence of an indwelling 
angiographic catheter or sheath for endovascular procedures is 
being increasingly seen. 116 Many of these procedures require 
repeated angiography and manipulation during prolonged 
periods, and femoral arterial sheaths or catheters are left in 
place for access. This increases the opportunity for arterial 
infection, and the risk is proportional to catheter residence 
time. Femoral puncture closure devices may also be sources of 
infection. 116 


Diagnosis 

Infected aortic aneurysms can be difficult to diagnose. Leuko¬ 
cytosis is sensitive, but not specific, for an infected aneurysm. 
Blood cultures are important but may be negative in as many 
as 50% of patients with an infected aortic aneurysm. 110 Posi¬ 
tive blood cultures in the presence of an abdominal aortic 
aneurysm should be considered evidence of an infected 
aneurysm until they are proven otherwise. 

Radiologic studies are useful in confirming the diagnosis; 
CT and aortography are the most important tests. 118 MRI may 
also be helpful. CT and MRI will demonstrate the aneurysm 
and may show perivascular retroperitoneal inflammation and 
edema. A contained rupture may be present and suggests the 
diagnosis. The presence of periaortic air along with inflamma¬ 
tory changes is diagnostic (Fig. 88.9). Arteriography may aid 
in the diagnosis but is most useful in planning arterial reconstruc¬ 
tion. A saccular aneurysm in an otherwise normal-appearing 
vessel or a multilobulated aneurysm strongly suggests the pres¬ 
ence of aortic infection (Fig. 88.10). 110 


Treatment 


Although culture-specific antibiotic therapy is important in the 
treatment of an infected aneurysm, surgical therapy is almost 
always necessary and lifesaving. Antibiotic therapy is started 
preoperatively and continued for at least 6 weeks after opera¬ 
tion. 113 Surgical treatment must be expeditious because of the 
risk for aneurysm rupture and death. In stable patients who 
are dramatically improving on antibiotic therapy, withholding 
surgical treatment for a period to minimize, and possibly elim¬ 
inate, local infection may be appropriate. However, there are 



FIGURE 88.9. Computed tomography scan of infected aortic 
aneurysm with gas {arrow) present within the aorta and adjacent soft 
tissue. 



FIGURE 88.10. Computed tomography (CT) angiogram demonstrat¬ 
ing focal, saccular infrarenal aortic aneurysm infected with Staphylo¬ 
coccus aureus in a human immunodeficiency virus-positive patient. 


reports of rupture during prolonged antibiotic therapy and the 
timing of operative intervention is a matter of careful judg¬ 
ment. 110 

The principles of treatment for an infected aneurysm are 
similar to those of surgical therapy of an infected arterial pros- 
theses: eradication of infection by resection of the infected 
aneurysm and surrounding tissues and creation of a new 
bypass to restore circulation. Most authorities favor creating a 
new bypass through clean tissues. For infected aortoiliac 
aneurysms, axillofemoral bypass is most commonly per¬ 
formed. 112,114 ’ 118 ’ 123-125 For infected femoral aneurysms, an 
obturator bypass from the common iliac to the distal superfi¬ 
cial femoral artery with a vascular prosthesis or vein graft 
routed through the obturator foramen successfully avoids the 
infected groin and restores distal circulation (Fig. 88.11). 115,116 

Prosthetic reconstruction in situ has been successfully used 
for infected aortic aneurysms when gross purulence is absent 
and contamination is minimal. 113,117,124,126-129 It is especially 
appropriate in patients with an aortic aneurysm that ruptures 
into the overlying duodenum, a condition usually referred to 
as primary aortoduodenal fistula. Contamination is minimal 
in this condition, and long-term results with prosthetic recon¬ 
struction in situ are good. 117,126-130 Patients treated in this 
manner require close follow-up because of the risk for recur¬ 
rent infection, and most should be treated with lifelong oral 
antibiotics. Prosthetic reconstruction in situ is usually neces¬ 
sary for unstable patients with ruptured, infected aortic 
aneurysms. 117 Extra-anatomic bypass is not feasible in this cir¬ 
cumstance because of the prolonged lower extremity ischemia 
time, especially when hypotension has been present. Overall 
mortality for patients with an infected aortic aneurysm is 
approximately 25% and is higher when rupture is present. 110 

A promising new approach involves harvesting femoral- 
popliteal veins to reconstruct the aortoiliac system after resection 
of an infected aneurysm and debridement of retroperitoneal 
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FIGURE 88.11. Extra-anatomic bypass options using superficial 
femoral-popliteal vein grafts for restoring lower extremity circulation 
for treatment of infected femoral aneurysms. 


tissues. 57 These vein grafts have also been used to replace 
infected common femoral arterial aneurysms associated with 
drug abuse 115,116 (Fig. 88.11). The large vein grafts appear to 
be resistant to infection by most organisms, and disruption 
when they are placed in infected fields is rare. Because of the 
additional operative time for harvesting veins, reconstruction 
in situ with femoral-popliteal veins should be used in relatively 
stable patients. 

There are reports of endovascular aortic stent graft place¬ 
ment to exclude and treat infected aneurysms. However, con¬ 
tamination of the stent graft with resultant graft infection is a 
major drawback to this approach. Stent graft treatment of 
patients with infected aneurysms should be reserved for only 
the most desperately ill patients with ruptured, infected 
aneurysms. Even in these individuals, stent graft treatment 
should be considered a “bridge” in anticipation of definitive 
treatment when the patient stabilizes. 


SEPTIC THROMBOPHLEBITIS 


Septic thrombophlebitis most commonly involves upper extrem¬ 
ity and neck veins after the insertion of intravenous catheters and 
needles or intravenous drug abuse. However, venous thrombi 
can become secondarily infected during bacteremia or contiguity 
with areas of infection. Examples of contiguous infection include 
pelvic septic thrombophlebitis developing after obstetric infec¬ 
tions, 131 internal jugular thrombophlebitis associated with severe 
pharyngitis and peritonsillar abscesses, 132 and visceral throm¬ 
bophlebitis stemming from appendicitis. S. aureus is the most 
common organism cultured from patients with peripheral septic 
thrombophlebitis, and gram-negative and polymicrobial infec¬ 
tions are common when a contiguous infection is the cause. 
Regardless of the source, infected thrombus propagates through¬ 
out the lumen of the involved vein, and septicemia with high 
spiking fevers and chills quickly develops. An intense perivascu¬ 
lar inflammatory response accompanies the spread of intralumi¬ 
nal infection and is clinically manifested by marked edema, pain, 
tenderness, and erythema overlying the involved vein. S. aureus 
and other virulent organisms infecting clot can rapidly form an 
intravascular abscess. In this circumstance, the lumen of the vein 
becomes a “closed space,” and excision or surgical drainage is 
necessary to treat the infection. Propagation of the infected clot 


can also give rise to septic pulmonary embolism resulting in 
pneumonia, metastatic pulmonary abscess, and septic pleural 
effusion. 

The clinical diagnosis is readily apparent when peripheral 
veins in the extremities are involved. In addition to pain, 
swelling, and redness along the course of the vein, pus may be 
expressed at the site of catheter or needle insertion. When deep 
or central veins are involved, the diagnosis is more difficult. 
These patients may present with clinical signs of severe sepsis 
and occasionally with complications of septic pulmonary 
embolization. CT or MRI can be particularly helpful and may 
demonstrate enlarged, dilated veins with intravenous throm¬ 
bus and perivascular inflammatory changes. These imaging 
modalities are most useful for septic thrombophlebitis involv¬ 
ing ileofemoral, caval, axillary-subclavian, and pelvic veins. 

The treatment of septic thrombophlebitis depends on its 
anatomic location. Along with antibiotic therapy, excision of a 
superficial vein in an extremity is curative. 133-135 One must 
take care to remove the entire length of involved vein to erad¬ 
icate infection. When deep veins of an extremity or central 
veins of the chest or pelvis are involved, vein excision is diffi¬ 
cult and associated with large losses of blood and severe mor¬ 
bidity. The mainstays of therapy for septic deep or central vein 
thrombophlebitis are intensive antibiotic therapy and heparin 
anticoagulation to halt the thrombotic process and prevent 
embolization. 136 Therapy may have to be continued for 2 to 
3 weeks and is successful in most cases. If it is not successful 
and sepsis continues despite medical therapy, surgical inter¬ 
vention is indicated. Venous thrombectomy and vein excision 
have been reported to be successful in cases refractory to med¬ 
ical therapy. 131 When thrombectomy of the iliocaval system is 
undertaken, placement of a stainless steel caval filtration 
device (Greenfield filter) for protection against pulmonary 
embolism may be advisable. 137 Sepsis does not preclude place¬ 
ment of these devices. In advanced cases in which abscess 
forms within large veins that cannot be subjected to thrombec¬ 
tomy because of organization of thrombus and vein scarring, 
abscess drainage and debridement are indicated. 
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CHAPTER 89 ■ ATHEROSCLEROSIS AND 

THE PATHOGENESIS OF 
OCCLUSIVE DISEASE 

ANTON N. SIDAWY, ROBYN R. MACSATA, MATTHEW A. GOETTSCH, NITEN SINGH, AND SUBODH ARORA 


KEY POINTS 


Q Susceptibility to atherosclerosis might be determined by 
both intrinsic (numbers of intimal masses) and extrinsic 
factors (hypercholesterolemia, hypertension, diabetes, cig¬ 
arette smoking). 

^The initial event might be the accumulation of lipid by 
insudation in regions of increased susceptibility. This 
would lead to the production of macrophage chemotactic 
factors and the influx of monocytes from the blood that 
together with the smooth muscle cells (SMCs) would 
sequester lipid and become foam cells. 

Q Low-density lipoprotein oxidized in the wall, as well as 
other extrinsic injurious agents, could produce some 
degree of endothelial injury and perhaps later even lim¬ 
ited denudation. Growth factors might then be released 
from the endothelium, activated macrophages and other 
leukocytes, and the SMCs, as well as from adherent 
platelets. 


Q Growth factors could then stimulate proliferation and 
migration of susceptible SMCs to form isolated smooth 
muscle clones and fibrous lesions. 

Q Further production of matrix by the smooth muscle would 
permit continued accumulation of lipid. 

Q Like a growing tumor, these fibrous lesions would enlarge, 
develop ischemic cores, and thereby induce an angiogenic 
response. 

^The thickened plaque with its necrotic lipid core (the 
atheroma) might not withstand the rigors of continued arter¬ 
ial pulsation and might develop hemorrhage within the lesion 
on account of the shearing forces on the new capillaries. 

Q Breakdown of the surface and a change in the coagulation 
function of the endothelium would render the plaque more 
thrombogenic. Such changes would lead to the terminal 
thrombotic event, the hallmark of all ischemic complica¬ 
tions in atherosclerotic patients. 


Atherosclerosis is a disease of the intima of large arteries that 
causes luminal narrowing, thrombosis, and occlusion associ¬ 
ated with ischemia of the end organ. Throughout much of its 
course, the disease is not detectable. Thrombosis, including 
vascular occlusion and embolization, produces the clinical 
events of importance, such as myocardial infarction, stroke, 
and ischemic gangrene of the extremities. The widespread 
prevalence of lesions in arteries of asymptomatic people, the 
chronicity of the process, the suddenness of the terminal vas¬ 
cular events, and the lack of a single etiologic factor make it 
impossible to give a simple explanation for atherogenesis and 
atherosclerosis progression. In fact, atherosclerosis might be a 
form of nonspecific adaptation on the part of large blood ves¬ 
sels to a variety of harmful stimuli and the clinical conse¬ 
quences, or what we might call the true disease process, appear 
when the compensatory mechanisms are overwhelmed. 


NORMAL STRUCTURE 
OF BLOOD VESSELS 


Normal arteries and veins, both large and small, are formed 
from endothelium, smooth muscle, and extracellular matrix 
synthesized by these vascular wall cells. The vascular wall is 
invariably organized into layers (Fig. 89.1). The intima, 
defined as the part of the wall between the blood and the inter¬ 
nal elastic lamina, is composed of a monolayer of endothelium 
at the luminal surface and may overlie one or more layers of 
smooth muscle. The media, lying beneath the intima, consti¬ 
tutes the bulk of the vessel and contains smooth muscle cells 
arranged in layers and dispersed in a matrix made of elastin, 
collagen, and proteoglycan. The adventitia lies outside the 


external elastic lamina and forms the outer coat. It is com¬ 
posed of loose connective tissue, fibroblasts, capillaries, neural 
fibers, and occasional leukocytes. In very large arteries with 
greater than 28 elastic layers, a microvasculature (vasa vaso- 
rum) penetrates the media from the adventitial side and pro¬ 
vides an alternative nutrient supply to the flux from the lumi¬ 
nal surface. 1 Atherosclerotic lesion formation is associated 
with the proliferation of vaso vasorum at the site of lesion for¬ 
mation. 2 In thickened, atherosclerotic vessels the vasa vasora 
are extensive and penetrate into the diseased intima. 3,4 


EMBRYOLOGY 


In the fetus, the vessel wall is derived from mesoderm. A brief 
review of this process is of interest because many aspects of 
wound healing and atherogenesis in adult vessels represent a 
recapitulation of the fetal program of vasculogenesis and angio¬ 
genesis. The earliest vascular primordia in the embryo are isolated 
“hemangioblasts” that display endothelial and hematopoietic 
immunologic markers. 5,6 The hemangioblasts cluster and form 
cords and, later, tubes that become the major vascular conduits. 
Some of the clusters become blood islands, the precursors for 
hematopoietic tissues. These structures sprout, grow, and 
remodel to form the primitive vascular system. 7 

Endothelial cells probably play a central role in the organi¬ 
zation and building of vascular structures. They are derived 
from the hemangioblasts, organize at sites of later vessel devel¬ 
opment, and are followed by local mesenchymal cells that 
form the outer layers of the emerging blood vessels. These 
mesenchymal cells are the precursors of smooth muscle cells 
(SMCs) and fibroblasts. Once associated with the vessel wall, 
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FIGURE 89.1. The artery wall is made 
of multiple layers (intima, media, and 
adventitia) that vary in composition 
depending on the artery. 
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many of these cells begin to express smooth muscle-specific a 
actin. SMCs recruited to developing coronary arteries are 
derived from a unique progenitor population within the 
proepicardial organ. These cells are distinct from cells 
recruited to coat peripheral arteries. SMCs recruited to the 
wall of the developing arch and great vessels are thought to 
derive from neural crest cells, and those of the more distal 
aorta and visceral and lower extremity arteries are recruited 
from adjacent mesenchyme. 8 This pattern of endothelial inva¬ 
sion followed by smooth muscle recruitment is reactivated in 
later life during angiogenesis in the presence of tumors and in 
wounds undergoing repair. 

The adult form of blood vessels appears to be established 
by birth. In large vessels, the number of elastic and smooth 
muscle layers remains constant, although wall mass increases 
due to smooth muscle proliferation and matrix synthesis. 9,10 
The vascular architecture is probably genetically determined 
because alterations in animal size by hormonal manipulations 
(e.g., excess growth hormone) are associated with increased 
wall mass but no change in the number of cell layers. 11 It is 
likely that the primitive endothelial cell regulates wall archi¬ 
tecture because it is involved in the recruitment of the corre¬ 


sponding primitive SMC. These activities of the endothelial 
cell in the embryo presage its role in determining vascular 
diameter and mass in normal and diseased adult arteries. 

These observations on the embryologic origin of vascular 
wall cells and the development of blood vessels provide many 
insights into vascular wall organization and function in the 
adult and provoke numerous questions for which at present 
there are few answers. In the last decade, the answers to these 
questions and a rudimentary understanding of how vascular 
cells interact in normal and disease states have begun to be 
realized. In the next section, recent evidence that vascular wall 
function and structure depend absolutely on cell-cell interac¬ 
tions is reviewed. 


REGULATION OF LUMINAL AREA 

This description of the usual arterial wall anatomy gives no 
clue to how a vessel adjusts its mass and dimensions in 
response to external stimuli (hypertension, increased blood 
flow, vascular injury) or to how it maintains a nonthrombo- 
genic state at the luminal surface. For this, the array of possible 
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FIGURE 89.2. Changes in blood flow and pressure can have pro¬ 
found effects on arterial wall structure. In part, the response to hemo¬ 
dynamic changes might be mediated by the endothelium. (Adapted 
from Clowes AW. Theories of atherosclerosis. In: White RA, ed. Ath¬ 
erosclerosis and Arteriosclerosis: Human Pathology and Experimental 
Animal Methods and Models. Boca Raton, FL: CRC Press; 1989:3.) 


physiologic functions of the wall and its cellular components 
under normal and abnormal conditions must be considered. 

Blood vessels, both large and small, become larger during 
growth and development and as a compensatory mechanism 
to increased blood flow or, more appropriately, increased 
blood velocity (Fig. 89.2). A particularly striking example of 
this is found in an artery proximal to an arteriovenous fistula; 
if the fistula is not treated, the artery can become frankly 
aneurysmal. 12 Similarly, a vessel undergoing stenosis experi¬ 
ences an increase in blood velocity at the point of luminal nar¬ 
rowing. When the stenosis is attributable to intimal thickening 
or to an atherosclerotic plaque, the vessel dilates at the site of 
the lesion. For example, a diseased coronary vessel dilates and 
can maintain the correct luminal dimensions despite changes 
in wall structure as long as the intimal lesion does not occupy 
more than 40% of the area inside the internal elastic lamina 
(Fig. 89.3). 13 At this point, pathologic narrowing begins to 
take place. Why vessels should dilate in each of these instances 
when the velocity of flow increases has not been determined. 
One possibility is that the cells in the wall, particularly the 
endothelium, are somehow capable of sensing changes in 
blood velocity and shear and can translate this biomechanical 
information into biochemical signals that then regulate the 
contractile state of the artery. 14-17 The effect of shear stress on 
the regulation of arterial vasomotility is described in more 
detail later in this section. Endothelial cell secretory products 
play a critical role in SMC function. 18 Endothelial cells secrete 
vasodilating (prostaglandin I 2 and E 2 , adenosine, and nitric 
oxide) and vasoconstricting substances (endothelin). Where 
endothelium is damaged or absent, adherent platelets release 
the vasoconstrictor thromboxane A 2 . 

Nitric oxide (NO), previously called endothelium-depen¬ 
dent relaxing factor, is an important regulator in normal and 
diseased vessels. 19 It is a short-acting substance that is derived 
from the metabolic breakdown of arginine. 20-22 It is syn¬ 
thesized by nitric oxide synthase (NOS) by the oxidation of 
L-arginine. NO regulates vascular tone, downregulates 
endothelin, increases SMC apoptosis, and decreases SMC pro¬ 
liferation. 23 A number of factors stimulate endothelial cells to 
secrete NO, including thrombin, acetylcholine, bradykinin, 
serotonin, and products of platelet release. More recently it has 
been shown that shear stress, cyclic strain, and repetitive defor¬ 
mation consistently induce NO directly or increase NOS levels 
from vascular cells. 24 Hence, when the endothelium is present 
and functional, neighboring thrombotic events are likely to 
cause vasodilation, whereas when the endothelium is absent or 
dysfunctional, these same factors cause vasoconstriction. In 
addition, endotoxin lipopolysaccharides are a potent NOS 
inducer, resulting in pathologic NO production. Moreover, 
when the endothelium is missing, the vessel does not respond 




FIGURE 89.3. A: Coronary arteries dilate as atherosclerotic plaques 
form and maintain normal luminal dimensions. Luminal narrowing 
begins only after the plaque occupies more than 40% of the cross- 
sectional area within the internal elastic lamina and bulges outward at 
sites of medial atrophy. B: The course of lesion formation and luminal 
narrowing. (Adapted from Glagov S, Weisenberg E, Zarins CK, et al. 
Compensatory enlargement of human atherosclerotic coronary arter¬ 
ies. N Engl J Med 1987;316:1371.) 


normally to changes in blood flow, either in the short term or 
the long term. 25 Changes in blood flow affect wall mass. 26-28 In 
this regard, it is interesting to note that various factors that 
affect smooth muscle contraction or relaxation also modulate 
growth (NO, endothelin, thrombin, and prostaglandins). 29-33 
These observations may be the first preliminary evidence that 
transient signals affecting the diameter of vessels might have, 
in the long term, more permanent effects on wall structure. 
Certain pathologic conditions in which endothelium either is 
missing or is abnormal are associated with acute and chronic 
vasospasm; it is quite possible that the acute problems of atyp¬ 
ical angina (coronary vasospasm) and cerebrovasospasm after 
cerebral hemorrhage are manifestations of abnormal endothe¬ 
lial function and decreased NO. 34 There is a relationship 
among shear stress exerted on the arterial lumen, the produc¬ 
tion of NO, and the development of atherosclerosis. Normal 
shear stress in arteries (usually >15 dynes/cm 2 ) is protective, 
whereas low shear stress (<4 dynes/cm 2 ) induces the forma¬ 
tion of atherosclerotic lesions. 35 In addition, Malek et al. 36 
have found that increasing shear stress led to an increase in the 
expression of endothelial NO synthase (eNOS) mRNA, lead¬ 
ing to an increase in NO production, resulting in vasodilata¬ 
tion. Areas of low shear stress in the arterial tree, such as the 
carotid bifurcation, are foci for the formation of atheroscle¬ 
rotic lesions. 35 

Endothelial dysfunction underlies and is the earliest change 
in the development and progression of atherosclerosis. This 
role of endothelial dysfunction has been emphasized recently. 
It probably begins in childhood and extends through clinical 
events later in life. Most studies have shown that impaired 
endothelial function exists very early in the development of 
atherosclerosis, before the appearance of visible lesions. In 
children of parents with genetic defects of lipid transport or in 
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children living with smokers, there is clear evidence of 
endothelial dysfunction. As these children grow, the endothe¬ 
lial dysfunction becomes more pronounced, and it continues 
to exist after atherosclerosis is established. 37 It is present in 
numerous conditions associated with an increased risk for car¬ 
diovascular disease including hypertension, hypercholes¬ 
terolemia, cigarette smoking, diabetes mellitus, and estrogen 
deficiency in postmenopausal women. 38 

The endothelium is a very active organ. Endothelial cells 
have the ability to transduce signals from the flow of blood 
and from chemicals and then to convert these signals into 
actions in the underlying vessel wall. The surface of endothe¬ 
lial cells has a wide variety of receptors, including those for 
shear stress, oxidized low-density lipoproteins (LDLs), and 
inflammatory mediators, to name a few. Through these recep¬ 
tors, endothelial cells orchestrate actions that affect not only 
the endothelium, but also the entire vascular wall. In diseased 
state, such actions include adverse changes in vascular tone, 
proliferation of SMCs resulting in hypertrophy, and recruit¬ 
ment and adhesion of mononuclear cells, which are early steps 
in the development and progression of atherosclerosis. One of 
the most important defenses that the endothelium possesses 
for maintaining vascular health is NO, which has been shown 
to inhibit the expression of receptors that mediate substances 
implicated in the formation of atherosclerosis, such as oxi¬ 
dized LDL, inflammatory mediators, and angiotensin II. 39 In 
addition, NO prevents platelet aggregation and platelet adhe¬ 
sion and leukocyte chemotaxis. 23 

The chief role of NO in reversing pathologic changes 
appears to be its ability to counteract oxidative stress, a com¬ 
mon pathogenic pathway for most major risk factors for ath¬ 
erosclerosis. Reduced eNOS may be the result of reactive oxy¬ 
gen species (ROS) that form peroxynitrite, which leads to 
oxidation of LDL and DNA injury. Peroxynitrite is known to 
cause accelerated SMC apoptosis and to play a significant role 
in vascular remodeling. Peroxynitrite and subsequent DNA 
injury activate poly (adenosine diphosphate [ADPj-ribose) 
polymerase (PARP), a nuclear enzyme that is involved in DNA 
damage repair and cell death via the necrotic route. PARP also 
regulates the release of the mitochondrial cell death factor, 
apoptosis-inducing factor (AIL), in cardiac myocytes during 
oxidative stress. AIL appears to be an important factor 
involved in the regulation of caspase-independent cell death in 
neurons and cardiac myocytes in vitro during oxidative stress. 
Excess PARP activation depletes nicotinamide adenine dinu- 
cleotide + (NAD + ) and adenosine triphosphate stores, blocks 
apoptosis, and results in necrosis. 40 In addition, peroxynitrite 
leads to degradation of tetrahydrobiopterin (BH 4 ), an essential 
cofactor of eNOS. 41,42 The classical atherosclerotic risk fac¬ 
tors, such as hypertension, smoking, and hyperlipidemia, all 
act at the endothelial level by increasing oxidative stress, 
which inactivates NO and upsets the balance between endoge¬ 
nous vasodilators and vasoconstrictors, growth promoters 
and growth inhibitors, anti-inflammatory and proinflamma- 
tory mediators, and other factors important to endothelial 
function and vascular health. 43 

The normal endothelium functions in an inhibitory mode, 
maintaining relaxed vascular tone and inhibiting SMC 
growth, platelet and leukocyte adhesion and aggregation, and 
thrombosis. In hypertensive, hypercholesterolemic, and dia¬ 
betic patients, endothelial dysfunction has been associated 
with decreased production or decreased activity of NO. 44 In 
studies of apolipoprotein E knockout mice, eNOS was ablated 
and accelerated atherosclerosis was noted. 45 Endothelial dys¬ 
function is associated with most of the known risk factors for 
atherosclerosis and cardiovascular disease and may constitute 
a contributing cause for such disease. This concept has impor¬ 
tant clinical implications, especially in terms of preventive 
strategies. 

Angiotensin-converting enzyme (ACE) acts both to pro¬ 
duce angiotensin II, a potent vasoconstrictor, from angiotensin 


I and to degrade bradykinin. Angiotensin II is highly athero¬ 
genic, stimulating the synthesis of various growth and chemo- 
tactic factors and promoting superoxide anion generation, 
which degrades NO. In contrast, bradykinin is a vasodilator 
that exerts its effect via NO. Within the endothelium, excess 
angiotensin II is not only a vasoconstrictor, but also a pro¬ 
moter of SMC proliferation and migration 46 and a potent 
stimulator of inflammatory mediators and growth factors, 
such as tumor necrosis factor-u (TNF-u), interleukin (IL)-l, 
IL-6, IL-8, insulinlike growth factor 1 (IGF-/3), platelet-derived 
growth factor (PDGF), transforming growth factor-/3 (TGF-/3), 
and basic fibroblast growth factor (bFGF). 46 All these pro¬ 
cesses can be inhibited or reversed by ACE inhibition therapy 
because it decreases the level of angiotensin II and inhibits the 
degradation of bradykinin. ACE inhibitors prevent not only 
the adverse effects of hypertension, but also the effects of 
oxidative stress from other mechanisms. Clinical trials have 
shown that 6 months of ACE inhibition therapy, using 
quinapril, is associated with a significant improvement in 
endothelial function in normotensive patients with coronary 
artery disease. 47 ACE inhibition at the tissue level appears to 
be critical to prevent oxidative stress within the endothelium. 
This is the reason why tissue-avid ACE inhibitors, like 
quinapril, may have advantages over other drugs in their class. 
Restoring endothelial function through ACE inhibitors has 
become an attractive therapeutic target. 


REGULATION OF MEDIAL AND 
INTIMAL THICKENING 


Earlier it was observed that, for embryonic vessels to form, 
primitive endothelial cells must migrate and become aligned 
and then recruit smooth muscle precursors from the surround¬ 
ing mesenchyme. Because endothelial cells grow as a mono- 
layer, they can proliferate only when the vascular structure is 
enlarging in circumference, during vascular elongation (angio¬ 
genesis), or when injured endothelium is being replaced. Mas¬ 
sive denudation and endothelial loss is not a normal event and 
probably occurs only during pathologic degeneration of the 
intima or during surgical instrumentation of the vessel. In any 
event, endothelial proliferation does not contribute signifi¬ 
cantly to an increase in wall mass; however, SMC proliferation 
does. 

Under several circumstances, vessels of adult animals 
respond by becoming thicker. In hypertensive animals and 
humans, arteries exhibit medial thickening, whereas after 
endothelial denudation or in the presence of hypercholes¬ 
terolemia, they develop a thick intima. 48,49 Exactly how these 
responses are regulated is not clear, although it is certain that 
in each instance proliferation of SMCs and accumulation of 
extracellular matrix are important components. In addition, in 
hypercholesterolemic subjects, the accumulation of lipid and 
lipid-filled macrophages contributes to the intimal lesion. 50 

Vessel wall mass is largely determined by the accumulation 
of SMCs and matrix synthesized by SMCs. Hence, how 
smooth muscle number is regulated needs to be considered. 51 
Under normal circumstances, SMCs proliferate in the vessels 
of young animals and enter a quiescent state at maturity. For 
example, SMCs in adult rat carotid artery do not increase in 
number and turn over at a rate of 0.06% per day. 52 In animal 
models of disease, these cells can readily be stimulated to enter 
the growth cycle by induction of hypertension or direct vascu¬ 
lar injury. Observations made in these models provide us with 
insights into possible mechanisms for initiation and progres¬ 
sion of vascular disease in humans. 

Although hypertension has its greatest impact on the small 
“resistance vessels,” in fact large arteries are equally affected. 
In response to increased pressure the wall thickens. 48,53 Mor¬ 
phometric studies have shown that this increase is largely a 
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medial process and involves all components of the vessel wall, 
including the mass of SMCs and matrix. In some forms of 
hypertension, there is an increase in smooth muscle number, 
whereas in others there is an increase in the DNA content per 
cell. Tetraploid and octaploid cells have been detected. In 
venous grafts transposed from a relatively hypotensive venous 
environment into the normotensive arterial circulation, there 
is an increase in wall thickness and a corresponding increase in 
smooth muscle number. 51 In each instance, the change in pres¬ 
sure affects the mass of cells and associated matrix. 

How a change in pressure might induce SMCs to prolifer¬ 
ate, to change their ploidy, or to synthesize matrix is not 
known. In some circumstances (e.g., severe hypertension, vein 
grafting), there is a detectable but small amount of endothelial 
loss. 54 However, this is not a usual feature in more moderate or 
chronic forms of hypertension. Leung et al. have suggested 
that increased tension and stretch have a direct effect on 
matrix protein synthesis, but not on cell proliferation. 55 Alter¬ 
natively, increased wall tension might affect the endothelium, 
and the endothelium might in turn secrete factors regulating 
smooth muscle mass. 

Of the models of smooth muscle growth in vivo, perhaps 
the best studied is the balloon injury model first developed by 
Baumgartner. 52,56 ’ 57 In this model, smooth muscle proliferation 
is stimulated by the passage of an inflated balloon catheter 
along an artery. The artery is at once stretched and denuded of 
its endothelium. Immediately thereafter, platelets begin to 
adhere to the wall wherever endothelium is missing; they then 
spread and degranulate. In most situations, endothelial 
denudation and platelet adherence are followed 1 to 2 days 
later by the onset of medial smooth muscle proliferation. In the 
ballooned rat carotid (Fig. 89.4), this can be a most dramatic 
response with a 3-log increase in the thymidine labeling index 
(a measure of proliferation). This early proliferation in the 
media does not lead to an increase in wall thickness; the wall 
thickens only after SMCs migrate from the media and prolifer¬ 
ate in the intima. In normal animals, this process continues for 
a period of time and subsides spontaneously whether or not 
endothelium reappears at the luminal surface. The intimal mass 
is further increased by the accumulation of extracellular matrix 
synthesized by the SMCs. 58 



A link between smooth muscle proliferation and earlier 
platelet granule release has been proposed. Among the pro¬ 
teins released are several growth factors including PDGF, 
TGF-/3, and an epidermal growth factor-like protein. 59 Where 
these granule proteins go after being released from the 
platelets is not known. One hypothesis suggests that these fac¬ 
tors accumulate in the artery wall and stimulate subsequent 
smooth muscle growth. 49 This hypothesis (the reaction to 
injury hypothesis) was first proposed many decades ago as a 
general mechanism for atherogenesis and has been refined in 
view of recent information. Although attractive in theory, it is 
based on rather slim evidence mainly derived from experi¬ 
ments in thrombocytopenic animals. 59 Injured arteries in these 
animals show very little intimal thickening. 

The hypothesis that the decrease in intimal thickening in 
injured arteries of thrombocytopenic animals is attributable to 
decreased proliferation of SMCs has proven to be incorrect. 60 
In the ballooned rat carotid model, even though intimal thick¬ 
ening is diminished in thrombocytopenic animals, smooth 
muscle proliferation and early cell cycle gene expression are 
the same as in controls. The interpretation of these findings is 
that platelet products play a role in the movement of SMCs 
from one vascular compartment to the next (media to intima) 
but do not affect the initiation of proliferation. Whether 
platelet factors can influence the growth of intimal smooth 
muscle has yet to be determined. 

Although little is known of what starts or stops the intimal 
thickening process, there are several observations that are 
interesting and are perhaps important when we consider the 
current theories of atherosclerosis. The first is that the surface 
of the injured artery accumulates a single layer of platelets. 
Fibrin and microthrombi are seen only at the luminal surface 
when the artery is reinjured after an intimal thickening has 
formed or in small craters in association with adherent 
macrophages in hypercholesterolemic animals. 61-64 Active, ful¬ 
minant thrombosis is not a usual feature of injured vessels; 
when it occurs, it must represent a major aberration of vessel 
function. Second, in models demonstrating early reendothe- 
lialization or partial deendothelialization without medial 
injury, intimal thickening does not develop, although one or 
two rounds of medial smooth muscle proliferation can occur. 65 



FIGURE 89.4. Elastic arteries injured by the passage of a balloon embolectomy catheter develop sub¬ 
stantial intimal thickenings. In this series of histologic cross sections of rat carotid artery before (A) and 
after ballooning (B-D), the endothelium is stripped away and the inner layer of medial smooth muscle 
cells is damaged (B). C: By 2 weeks, the intima is thickened by the migration and proliferation of 
smooth muscle cells derived from the media. The mass of cells does not change significantly after this 
time; nevertheless, the intima is thicker at 3 months (D) because of matrix synthesis and accumulation. 
(From Clowes AW, Reidy MA, Clowes MM. Kinetics of cellular proliferation after arterial injury. 
I. Smooth muscle growth in the absence of endothelium. Lab Invest 1983:49:327, with permission.) 
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FIGURE 89.5. Diagram depicts the 
complexity of the interactions between 
vascular wall cells (endothelium 
and smooth muscle), platelets, and 
blood-borne leukocytes (monocyte/ 
macrophage and lymphocyte). Each 
cell is capable of synthesizing and re¬ 
leasing several smooth muscle growth 
factors and inhibitors. 
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This result suggests that endothelium might play a role in sup¬ 
pressing smooth muscle growth and migration from the media 
to the intima. It is known that smooth muscle growth 
inhibitors can be extracted from the vessel wall, that endothe¬ 
lium can synthesize a heparinlike molecule that inhibits SMC 
growth in vitro, and that heparin itself can suppress both pro¬ 
liferation and migration of SMC in vitro and in vivo. 66 Taken 
together, these findings suggest that the endothelium can 
inhibit smooth muscle proliferation and that the quiescent 
state of SMCs in the normal arteries of adult animals might be 
an actively maintained one rather than one attributable to the 
lack of growth factors (Fig. 89.5). 


REGULATION OF SMOOTH 
_ MUSCLE GROWTH _ 

Q Platelets have long been considered the major source of mito¬ 
gen for proliferating smooth muscle. Fiowever, SMCs are able 
to proliferate in injured and hypertensive arteries when 
platelets are absent. If platelet factors are not important, what, 
then, is the stimulus for smooth muscle growth? Three alter¬ 
natives present themselves: (a) growth factors from vascular 
wall cells or resident leukocytes; (b) exogenous, neuroen¬ 
docrine factors; or (c) loss of local inhibitors of smooth muscle 
proliferation. All three mechanisms might be important. Let us 
consider the first alternative. It is of some interest that when a 
rat carotid is denuded of endothelium with a balloon catheter, 
a substantial fraction of the medial SMCs proliferate (around 
20% to 30%), but when denudation is accomplished with a 
fine nylon wire, there is very little proliferation (around 2% to 
4%). 67 These procedures differ only in regard to the degree to 
which the media is damaged. Ballooning destroys 20% of the 
medial smooth muscle, as well as the endothelium, whereas 
passage of the nylon wire destroys only the endothelium. The 
observations become more interesting if we note that cultured 


cells, when damaged, release growth-promoting activity. 68,69 
The predominant growth-promoting activity is due to fibrob¬ 
last growth factors (FGFs). 70,71 These factors have been found 
in a wide variety of tissues and cell types and are synthesized 
by endothelium and SMCs. They are distinguished from other 
polypeptide mitogens by their ability to bind strongly to 
heparin. Furthermore, both acidic and basic FGFs are potent 
smooth muscle mitogens in vitro. Finally, FGFs can bind to 
heparinlike molecules so that released FGFs might readily be 
“stored” in the heparan sulfate proteoglycan-containing 
matrix at sites of cell death. 72 The experiments of Lindner et al. 
provide strong evidence to support the conclusion that basic 
FGF is the important growth factor for the first wave of pro¬ 
liferation in balloon-injured rat carotid artery. 73,74 This mech¬ 
anism of tissue repair is probably quite relevant for the devel¬ 
opment of the fibrous cap in advanced atherosclerotic lesions. 
At these sites, toxic oxidized lipids accumulate, and there is 
clear evidence of injury and necrosis. 50 The release of cellular 
FGF could provide the stimulus for smooth muscle prolifera¬ 
tion in the overlying fibrous cap. 

Because cell death is not necessarily a prominent feature of 
growing tissues, there must be other means for controlling 
smooth muscle proliferation. SMCs not only respond to fac¬ 
tors from dead cells, platelets (PDGF, TGF-/3, EGF-like mole¬ 
cules), and plasma (thrombin, lipoproteins, IGF-1), but also 
synthesize and respond to their own secreted factors. 51 Both 
endothelial and SMCs, as well as macrophages, are potential 
sources of mitogen. In addition to the FGFs, these cell types 
synthesize and secrete PDGF, IL-1, TGF-jS, and IGF-1. 

PDGF in particular has been studied in detail. 75 The origi¬ 
nal studies on PDGF stemmed from the observation that 
serum prepared from whole blood contains substantially more 
growth-promoting activity than serum prepared from plasma. 
These findings led to the discovery of PDGF, a basic dimeric 
protein with a molecular weight of approximately 30,000. It is 
transported in the blood in the a granule of the platelet and is 
released along with other ct-granule proteins. PDGF is by itself 
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extremely potent and is active as a smooth muscle mitogen in 
trace amounts (nanogram per milliliter). It also exhibits a 
range of other activities on smooth muscle and other types of 
cells (stimulates smooth muscle migration, contraction, and 
matrix synthesis), although it is not a mitogen for endothe¬ 
lium. When placed in a wound chamber in vivo, it induces a 
granulation tissue response. 76 

An important development in the field of growth factor 
research in the last decade was the demonstration that the 
structure of the gene for PDGF is nearly identical to that of the 
oncogene v-sis, a gene associated with cellular transformation 
by the simian sarcoma virus. 77,78 This discovery, coupled with 
the finding that a variety of cells including normal cells synthe¬ 
size and secrete active PDGF, raises the possibility that normal 
wound healing and malignant, unscheduled growth of tumor 
cells might have striking similarities with subtle differences in 
gene regulation. It also led to a search for growth factors in vas¬ 
cular wall cells. We now have solid evidence that endothelium, 
SMCs, and leukocytes, including macrophages, can express the 
PDGF gene (c-sis or PDGF B chain) in vitro and in vivo. 75 
PDGF research is complicated by the observation that PDGF is 
not a single molecule, but is either a heterodimer or homodimer 
of two isoforms, PDGF A and PDGF B. The cellular receptors 
are also dimers of two isoforms, a and /3, such that PDGF B 
binds to both a and /3, but PDGF A binds only to the a form of 
the receptor. The implications of this complexity of growth fac¬ 
tor and receptor expression have yet to be understood. At pre¬ 
sent, we know that human platelets transport mainly PDGF 
AB, whereas cultured SMC from human plaques, baboon graft 
intima, and injury-induced rat intimal thickening express 
mainly PDGF A-chain mRNA. This observation is probably 
not an artifact of cell culture because the primary lesions from 
which the cells are derived contain relatively large amounts of 
A-chain mRNA. Macrophages in atherosclerotic lesions 
express PDGF B protein. What role PDGF plays in wall func¬ 
tion remains to be determined. It is not clear how the expres¬ 
sion of the protein is regulated, nor is it clear whether regula¬ 
tion also occurs at the level of receptor expression. These 
findings suggest the intriguing possibility that the vascular wall 
cells, as well as the platelets, are a source of growth factors in 
the artery wall, and through the endogenous production of 
growth factors thus might be able to regulate their own growth 
(autocrine control) or their neighbor’s growth (paracrine con¬ 
trol). Alternatively, PDGF might control some other function 
than proliferation. At least after injury and in atherosclerotic 
mouse arteries, PDGF may act as a chemoattractant and regu¬ 
late the movement of SMCs from the media into the intima or 
from the wall into the overlying thrombus. 79,80 In SMC migra¬ 
tion, PDGF uses a different signaling pathway than that used 
for proliferation. 81 

Another alternative for regulation, in addition to factors 
from the blood and the cells themselves, is neuroendocrine 
control of smooth muscle growth. 82,83 Several neurotransmit¬ 
ters affect smooth muscle hypertrophy and proliferation (sero¬ 
tonin, neurokinin A, substance K, substance P). Furthermore, 
sympathectomy or inhibitors of sympathetic nerve function 
inhibit the increase in DNA in the media of developing arteries 
and arteries subjected to hypertension. 84,85 In injury models, 
prazosin (an a 1 antagonist) and cilazapril (an ACE inhibitor) 
both inhibit intimal thickening. 86,87 These recent observations 
provide some support for the possibility that neuroendocrine 
factors also influence intimal smooth muscle proliferation. 

Although smooth muscle mass may be determined in large 
measure by the presence or absence of growth factors (i.e., pos¬ 
itive effectors of growth), smooth muscle mass might also be 
influenced by endogenous inhibitors. Growth might be viewed 
as release from quiescence. Earlier, it was pointed out that 
endothelial regeneration in injured arteries is associated with 
cessation of underlying intimal smooth muscle growth. On the 
other hand, in healing vascular grafts, intimal SMCs proliferate 
only underneath the newly formed endothelial surface. 88 These 


observations are in parallel with studies of endothelial and 
SMCs in culture demonstrating that vascular wall cells can 
synthesize and secrete both inhibitors and promoters of 
smooth muscle growth. 15 The growth-promoting factors have 
already been described. Both cell types synthesize heparan sul¬ 
fate, which, when released from the larger proteoglycan, can 
inhibit the growth of cultured SMCs. 89,90 Both cell types syn¬ 
thesize and secrete a TGF-/3 precursor, 90 and TGF-/3 can be 
found in the arterial wall after injury. 91 The precursor mole¬ 
cule can then be activated. In general, TGF-/3 acts as an 
inhibitor, although at times it can promote smooth muscle 
growth. Antibody to TGF-/3 administered to rats suppresses 
injury-induced intimal thickening. 92 There are other growth 
inhibitors in vivo that might be released by leukocytes present 
in the vascular wall. Although this mechanism is not impor¬ 
tant for the regulation of mass in normal artery, it is probably 
very important in diseased vessels. In atherosclerotic plaques 
there are large numbers of macrophages and lymphocytes. 
Hansson et al. 93 have shown that resident T cells secrete inter- 
feron-y and induce the expression of class II major histocom¬ 
patibility antigens. Interferon-y also inhibits smooth muscle 
growth in culture, and in the injured rat carotid, there is a signif¬ 
icant population of I a -positive, growth-inhibited intimal SMCs. 94 
Although SMCs make up the bulk of the intimal thickening, 1 % 
or less of the intimal cells are T cells. Because I a expression is 
absolutely dependent on the presence of interferon-y, these 
observations strongly support the view that interferon-y is an 
endogenous regulator of intimal smooth muscle growth. A 
recent study of the effects of interferon-y refutes this conclu¬ 
sion and suggests that it may at times promote SMC growth. 95 
Finally, growth of vascular wall cells might be regulated not 
only by secreted soluble factors, but also by direct cell-cell 
contact. This inhibitory mechanism is very important for 
endothelium and perhaps less so for SMCs. 

These growth factors exert their effects via specific recep¬ 
tors located in the cell membrane. The majority of growth fac¬ 
tor receptors belong to a family of peptide receptors called 
receptor tyrosine kinases (RTKs). A growth factor’s function 
can be endocrine, paracrine, or autocrine in nature. A growth 
factor’s function is said to be endocrine when it is released in 
the circulation and exerts its function after attaching to recep¬ 
tors located on cells in a distant organ. A growth factor acts in 
a paracrine manner when it affects cells located in the vicinity 
of the cell that secreted it. A growth factor can also cause its 
effect on the same cell that secretes it in an autocrine manner. 
In each of these situations, the growth factor interacts with its 
own specific receptors located on distant cells, on adjacent 
cells, or on the same cells that secreted it. The paracrine and 
autocrine functions are important in case of arterial injury. 
When endothelial cells and SMCs are injured, they secrete 
growth factors, such as PDGF, that bind to receptors on the 
same or adjacent cells, causing SMC proliferation and migra¬ 
tion to form intimal hyperplasia. 49 

Once the growth factor binds to the extracellular domain 
of its receptor, the kinase function becomes activated and 
phosphorylates specific cytoplasmic substrates to activate 
pathways required for the function of the growth factor. Vari¬ 
ous growth factor receptors use different specific substrates for 
their actions and the same growth factor may use a different 
substrate depending on the ultimate action required, whether 
it is cell division, motion, or differentiation. Therefore, the 
most important events in signal transduction take place in the 
cytoplasm of the cell. 96 Triggered by growth factor attach¬ 
ment, the intracellular domains interact on a molecular level. 
Then, intracellular protein molecules belonging to various 
protein families bind to specific sites along the intracellular 
cytoplasmic domain of the phosphorylated receptor. These 
proteins carry specific recognition sites that allow a certain 
family of proteins to bind to a specific area of the intracellular 
domain. By doing so, various cellular signaling pathways are 
activated. Each pathway controls a specific function of the 
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growth factor. The recognition sites found on the cellular pro¬ 
teins are called src homology-2 (SH-2) or src homology-3 (SH-3) 
domains. In addition, the SH-2 and SH-3 phosphorylated sites 
of the protein serve to bind them to other cellular proteins that 
belong to the signaling cascade. Proteins that are involved in 
these pathways include guanosine triphosphatase-activating 
protein (GAP), phospholipase C (PLC), and phosphatidylinos- 
itol-3-kinase (PI-3-K)-binding protein. These cascades of 
phosphorylation and specific protein binding eventually lead 
to a specific function of the growth factor; the function may be 
one of differentiation, proliferation, cell shape changes, or 
motility. 97 

The signaling pathways or cascades rely on the proteins’ 
phosphorylation for the signal to be transmitted to the nucleus 
and cause gene activation. One of these pathways is called the 
Ras pathway. Once the growth factor attaches to its receptor, 
the receptor phosphorylates itself. Ras, a protein that attaches 
to the cytoplasmic aspect of the cellular membrane, undergoes 
phosphorylation and activates Raf-1 protein, which indirectly 
phosphorylates mitogen-activated protein kinase (MAPK). 
MAPK phosphorylates transcription factors inside the nucleus 
(e.g., Myc, jun) that stimulate gene activity. 97 The Jak-STAT 
pathway is another important signaling pathway that was 
recently described. 98,99 Signal transducers and activators of 
transcription (STATs) are families of proteins that have been 
found to be phosphorylated by Jaks, kinase enzymes activated 
in response to growth factor interaction with its receptor. The 
two pathways, Ras and Jak-STAT, may intersect on the way to 
the nucleus to cause gene activation. It is believed that MAPK 
from the Ras pathway enhances STAT activity by causing 
additional phosphorylation. 100 

Direct cell-to-cell communication and the presence of gap 
junctions have been demonstrated in monolayers of endothe¬ 
lium 101 and in mixed cell populations between endothelium 
and SMCs. 102 The significance of these direct links has not 
been defined, although a recent study has demonstrated that 
cultured pericytes or SMCs can inhibit endothelial growth 
when the cells are in contact with one another. In vivo capil¬ 
lary endothelial cells appear to grow when pericytes are absent 
and to stop growing when pericytes reappear. Endothelial cells 
can also regulate the growth of one another. Plasma membrane 
preparations from confluent large-vessel endothelium actively 
inhibit growing endothelial cells. 103 The intercellular links 
might help to regulate endothelial proliferation and endothe- 
lial-mediated vascular relaxation in collateral vessels by prop¬ 
agating signals from one cell to the next upstream from a large 
vessel occlusion. Direct cell-cell communication would also 
provide a mechanism for a local response in a vessel without 
the need for the release and wide dissemination of potent 
vasoactive or growth regulatory substances. 

In summary, the size of a vessel wall is dependent on the 
mass of cells and matrix. Because SMCs and associated matrix 
proteins make up the bulk of the tissue, an understanding of 
the regulation of smooth muscle growth during development 
and in diseased states is extremely important. Smooth muscle 
number and distribution are affected by growth factors from 
the blood (particularly from platelets and leukocytes), growth 
factors and inhibitors from the vascular wall cells themselves, 
and neuroendocrine factors particularly from sympathetic 
innervation of the vessel wall. Smooth muscle quiescence in the 
normal adult artery might be maintained by heparinlike 
inhibitors synthesized by vascular wall cells or the absence of 
growth factor. Growth initiation might be due to a shift in the 
balance of these negative and positive stimuli (Fig. 89.5). For 
example, any condition causing injury of vascular wall cells or 
inducing the influx of macrophages would be expected to set 
up a favorable environment for smooth muscle growth. Hyper¬ 
cholesterolemia, a significant risk factor for atherosclerosis, is 
associated with macrophage migration and the accumulation 
of toxic oxidized FDF in susceptible large arteries. Release of 
endogenous FGF from dying foam cells as well as release of 


other growth factors (possibly PDGF) from stimulated endothe¬ 
lium, smooth muscle, and macrophages would increase the 
local concentration of growth-promoting activity. SMCs would 
be expected to respond by proliferating and migrating into the 
intima; if collections of these cells were already present in the 
intima as a consequence of fetal development, they might be 
even more responsive. These factors might also regulate the traf¬ 
fic of other leukocytes (macrophages, T cells) in and out of the 
wall, and these activated cells would in turn amplify or retard 
the initial smooth muscle response by the production of growth 
factors or inhibitors. The extent and complexity of these inter¬ 
actions between the cells of the wall and the blood have yet to 
be unraveled. 


REGULATION OF THE 
ANTICOAGULATED STATE 


Blood does not clot in normal arteries even when flow is stopped 
for prolonged periods. On the other hand, endothelial injury or 
loss provokes a dramatic thrombotic response. These observa¬ 
tions define the importance of the endothelial layer in the main¬ 
tenance of the anticoagulated state. 104,105 Studies performed pri¬ 
marily on cultured cells have demonstrated that endothelial cells 
possess an array of anticoagulant and antithrombotic functions, 
and it is certain that many of these are of importance in vivo. 
Endothelial cells also have several procoagulant functions, and 
the balance between procoagulant and anticoagulant functions 
is regulated by signals from the blood, as well as from neighbor¬ 
ing cells. 

On the anticoagulant side of the balance, the endothelium 
synthesizes a membrane-associated heparan sulfate that, like 
heparin, increases the affinity of antithrombin III for throm¬ 
bin. 106 Because this interaction requires the binding of heparan 
sulfate to antithrombin III, the complex must be active at the 
level of the endothelial surface. Heparin-antithrombin III then 
rapidly inactivates circulating thrombin and other activated ser¬ 
ine proteases in the clotting cascade, including factors VII, IX, 
and X. Thus, endothelial-derived heparin sulfate can act to 
impede two aspects of the injury response: the activation of the 
clotting cascade and the stimulation of smooth muscle prolifer¬ 
ation, which we referred to earlier. In addition, endothelial cells 
can inhibit clotting by means of the protein C pathway. 100 
Endothelium synthesizes and secretes a protein called thrombo¬ 
modulin, which in turn is bound to a surface receptor. The 
receptor-thrombomodulin complex binds thrombin and in so 
doing inactivates the proteolytic activity for fibrinogen. The 
thrombomodulin-thrombin complex activates protein C, and 
the activated protein C binds to protein S on the endothelial sur¬ 
face. The protein C-protein S complex then can inactivate 
factor Va, thereby inhibiting the clotting cascade. That this path¬ 
way is important is amply demonstrated in homozygous protein 
C-deficient patients who develop spontaneous thrombosis. 
Finally, endothelial cells can inhibit platelet adhesion and aggre¬ 
gation through the synthesis of prostaglandin I 2 (PGI 2 ) and can 
degrade formed fibrin by activating plasminogen to plasmin. 

On the procoagulant side, endothelial cells synthesize and 
secrete tissue factor, platelet-activating factor, a plasminogen 
activator inhibitor, and von Willebrand factor, and they express 
a number of receptors for factors of the clotting cascade. 104 
When the cells are exposed to a variety of inflammatory medi¬ 
ators derived from the blood or from resident macrophages 
(e.g., endotoxin, IL-1, TNF), endothelial cells respond by 
changing the balance of anticoagulant-procoagulant activities 
to favor coagulation. As well, the cells synthesize and express 
IL-1, which potentially could affect the underlying SMCs. 107 At 
present, these conclusions are largely based on in vitro experi¬ 
ments; although they have relevance mainly for the microvas¬ 
culature, they also may prove to be important for large vessels 
in view of the recent evidence that not only macrophages but 
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also different populations of lymphocytes are present in the 
atherosclerotic plaque. Furthermore, the ability of the vascular 
wall cells to maintain the anticoagulant state at the luminal sur¬ 
face must have a direct bearing on the thrombotic complica¬ 
tions associated with end-stage atherosclerosis. 


LESIONS OF ATHEROSCLEROSIS 


Atherosclerosis is a disease of the intima characterized by the 
accumulation of SMCs and lipid. 107,108 The earliest lesion 
appears to be a local accumulation of lipid in the vessel wall 
located either in the extracellular matrix or inside “foam cells” 
(lipid-filled SMCs or macrophages). The relationship between 
the so-called fatty streak (Fig. 89.6) made up of foam cells and 
the pathologic process of atherosclerosis, the fibrous plaque, 
and the complicated lesion has been the subject of some 
debate. 109 Fatty streaks are found even in young children. 
Although atherosclerosis has a predilection for certain coun¬ 
tries, the extent of fatty streaks of the aorta and coronary 
arteries in young people is about the same in countries that 
have low mortality rates from heart attack as in countries with 
high rates. The lipid streaks have been found to be just as com¬ 
mon in females as in males, although atherosclerosis is more 
prevalent in males. Finally, even though the lipid streaks are 
distributed throughout the aorta, end-stage disease is mostly 
confined to the abdominal segment. Hence, if the fatty streak 
is the precursor of the more advanced lesion, then there must 
either be a selection process or the whole concept must be 
wrong. The issue remains unresolved. 

An alternative precursor for the atherosclerotic plaque is the 
intimal cell mass. 110,111 These focal accumulations of SMCs are 
frequently found in the vessels of children in locations that later 
develop fibrous plaques. In fat-fed swine, the intimal cell 
masses enlarge and become atherosclerotic. 112 Although the 
concept of the intimal cell masses as the initial lesion is attrac¬ 
tive, there are several problems with it. First, this initial lesion 
is present in people throughout the world regardless of even¬ 
tual risk for atherosclerosis. Second, as a general rule there is a 
gradual thickening of the intima throughout the arterial tree as 
part of the aging process; this has little to do with atheroscle¬ 
rosis. Finally, it has been difficult to find animal models of ath¬ 
erosclerotic change in intimal masses, whereas the formation of 
fibrofatty lesions from fatty streaks has been rather easily mod¬ 
eled by cholesterol feeding in a number of species. For these 
reasons, support for the intimal cell mass as the initial lesion 
has not achieved wide acceptance. 

Q Whatever the initial lesion might be in atherosclerosis, it is 
widely agreed that the lesions characteristic of late atheroscle¬ 



rosis are the fibrous and the complicated plaques. The fibrous 
plaque is characterized by a thick fibrous luminal cap contain¬ 
ing SMCs and leukocytes overlying a central core of necrotic 
debris and lipid (the “atheroma”). Animal studies have sug¬ 
gested that there might be either denudation or nondenuding 
injury of the endothelium at the surface. 63 The functional state 
of the endothelial cells and SMCs and leukocytes in these 
lesions is not known. Macrophages, by becoming foamy, 
clearly play a role in the metabolism of lipid, and activated 
macrophages also secrete a range of factors that modulate 
the metabolic and growth state of the vascular wall cells. 
Macrophages also proliferate locally in the lesions. 113,114 In 
addition, other leukocytes, particularly T lymphocytes, are pre¬ 
sent; because some adjacent SMCs express the class II antigen 
human leukocyte antigen (HLA)-DR, they must be exposed to 
interferon-y presumably derived from the neighboring T 
cells. 115 In addition to inducing the expression of HLA-DR, 
interferon-y inhibits smooth muscle proliferation. Hence, in 
the advanced atherosclerotic lesion these leukocytes might play 
a critical role in regulating smooth muscle proliferation and 
accumulation. 116,117 

The complicated lesion of atherosclerosis is a fibrous 
plaque with the additional features of ulceration, luminal 
thrombosis, calcification, and wall hemorrhage (Fig. 89.6). It 
is the source of the thromboembolic activities associated with 
symptomatic disease. Why a fibrous lesion evolves into a com¬ 
plicated plaque is not understood. This process might be accel¬ 
erated by such risk factors as hypertension, whereas atheroge- 
nesis might be affected more by hypercholesterolemia and 
cigarette smoking. More importantly, the advent of the inflam¬ 
matory cells and the release of potent mediators of inflamma¬ 
tion must play a role in the development of the complicated 
lesion. Earlier it was pointed out that growth factors for 
smooth muscle not only were liberated from platelets, but also 
were synthesized and secreted by macrophages and the vascu¬ 
lar wall cells themselves. In addition, potent cytokines, such as 
IL-1, TNF, and interferon-y, alter the growth state and metab¬ 
olism of the vascular wall cells. In particular, the balance of 
anticoagulation-coagulation at the surface of the endothelium 
might be shifted away from anticoagulation and toward coag¬ 
ulation. In the plaque, large amounts of tissue factor and plas¬ 
minogen activator-1 (PAI-1) are present. 118-120 These changes, 
in addition to frank endothelial desquamation in response to 
injurious agents, including oxidized LDL, homocystinemia, 
and tobacco products, could promote thrombosis in the vessel, 
an event that is decidedly unusual. Small accretions of throm¬ 
bus with subsequent fibrotic remodeling together with hemor¬ 
rhage from new blood vessels in the ischemic central region of 
the plaque could account for the relatively rapid increase in 
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FIGURE 89.6. Histologic cross sections of a fatty streak containing foam cells stained dark with oil red O (A) and atherosclerotic plaque with a 
fibrous cap (B). (Courtesy of David Gordon, MD, Department of Pathology, University of Washington School of Medicine, Seattle, WA.) 
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plaque size and luminal narrowing that has been observed in 
some arterial beds. 


THEORIES OF ATHEROSCLEROSIS 

Some of the information on vascular wall structure and function 
might be relevant to general theories of atherosclerosis. From 
the foregoing, it should be evident that an artery is not just an 
inert nonthrombogenic conduit for blood; rather, it is an organ 
whose structure and function are very carefully modulated by 
interactions between vascular wall cells themselves and between 
vascular wall cells and the blood. Bearing this in mind, we can 
reexamine the prevailing theories of atherosclerosis. 

Over the last century, a number of theories have been 
advanced to explain how atherosclerosis evolves. In reality, 
these theories attempt to account for one or more aspects of 
the disease and are therefore not mutually exclusive. Much of the 
controversy over these theories has to do with individual opin¬ 
ion concerning which of the aspects of atherosclerosis is most 
important. 


Lipid Insudation Hypothesis 

Perhaps the oldest hypothesis, termed the “lipid insudation” 
hypothesis, states that the lipid in the atherosclerotic lesion is 
derived from lipoproteins in the blood 50,121 ; it thereby links the 
risk factor hypercholesterolemia directly to the development of 
the plaque foam cell, the atheroma, and eventually the compli¬ 
cated lesion. There is good evidence now that the lipid in the 
plaque comes from the blood; there is also substantial evidence 
correlating the severity of hypercholesterolemia (particularly 
elevated LDL cholesterol) with the severity of atherosclerosis 
both in human and in animal models. When animals are made 
hyperlipidemic, the initial change is a migration of macro¬ 
phages through the endothelium into the subintima and media. 
These cells then engorge the lipids carried into the wall by 
lipoproteins to form foam cells. These foam cells presumably 
secrete chemoattractants, growth factors, and cytokines, which 
trigger off complex events that lead to the formation of an ath¬ 
erosclerotic plaque. 122 The most important study to demon¬ 
strate that blood cholesterol level is a risk factor for coronary 
artery disease and hence atherosclerosis is the Framingham 
study. A large group of healthy men and women were studied 
and it was found that the risk for developing clinically evident 
coronary artery disease was related to cholesterol levels. 123 
Although a high level of LDL cholesterol is an important risk 
factor for atherosclerosis, epidemiologic studies have shown 
that levels of apolipoprotein B, the primary protein constituent 
of LDL, very low-density lipoprotein (VLDL), and chylomi¬ 
crons, correlate more accurately with the risk of atherosclero¬ 
sis. Particles resembling VLDL and intermediate LDL have 
been identified within the atherosclerotic plaque. 124 High-density 
lipoproteins (HDLs) oppose the deposition of cholesterol by 
transporting cholesterol to the liver. Thus, low levels of HDL 
correlate with an increased risk of atherosclerosis and high lev¬ 
els of HDL are protective. The lipid insudation theory states 
that the lipid in the atherosclerotic lesion is derived from the 
lipoproteins in the blood. 50,125 The earliest lesions induced by 
elevated plasma cholesterol levels are the fatty streaks, which 
have an impressive accumulation of lipids in them. For a con¬ 
siderable period of time it was thought that the lipid-containing 
foam cells were derived from SMCs, but there is considerable 
evidence now that most of these cells originate from circulating 
monocytes/macrophages and only a fraction represent choles¬ 
terol-laden SMCs. Although not all fatty streaks become 
fibrous plaques, results from the Pathological Determinants of 
Atherosclerosis in Youth program have shown that atheroscle¬ 
rosis commences as a fatty streak, which progresses to the 
complicated lesion, namely, the fibrous plaque. 126 


It is still unclear as to how the monocytes penetrate the 
endothelium to reach the subendothelial space. The endothelial 
injury hypothesis postulates that there is endothelial denuda¬ 
tion that allows this penetration, but a number of experimental 
studies have failed to show any damage to the endothelium 
over the fatty streaks. Once in the subendothelial space of the 
intima, the monocytes take up lipoprotein cholesterol to 
become foam cells. Denudation of endothelial cells probably 
occurs later in the development of the lesion, exposing the 
underlying foam cells. Brown et al., 127 however, showed that 
even the highest concentration of LDL could not induce the 
accumulation of cholesterol in monocytes/ macrophages or in 
SMCs, the precursors of arterial foam cells. Thus, it is not the 
circulating LDL that causes lipid accumulation in the mono¬ 
cytes/macrophages, but the oxidized LDL that is taken up 
avidly by the macrophages. Oxidized LDL is more atherogenic 
than native LDL, and in animal models antioxidant com¬ 
pounds can slow the rate of atherosclerotic lesion progression 
by 50% or more. 128 In addition, two antioxidant enzymes are 
associated with HDL, paraoxonase and platelet-activating fac¬ 
tor acetylhydrolase. These factors are believed to degrade dele¬ 
terious oxidized phospholipids associated with LDL. 129 There 
is a good deal of epidemiologic evidence correlating high intake 
of antioxidant vitamins with decreased risk of coronary artery 
disease in humans. 130 However, the results of randomized clin¬ 
ical trials have not demonstrated a decrease in progression of 
atherosclerosis. These trials have failed to demonstrate a con¬ 
sistent significant effect of single or multivitamin regimens on 
the incidence of death from coronary vascular disease. 131,132 

Regarding the role of genetic background in the develop¬ 
ment and progression of atherosclerosis, Dansky et al. 133 have 
demonstrated that expression of the human apo A-I transgene 
on the apo E-deficient background increases HDL cholesterol 
and greatly diminishes fatty streak lesion formation. They also 
demonstrated that increases in apo A-I and HDL cholesterol 
inhibit foam cell formation in apo E-deficient/human apo A-I 
transgenic mice at a stage following lipid deposition, endothe¬ 
lial activation, and monocyte adherence, without increases in 
HDL-associated paraoxonase. 

The role of “statins” in delaying the progression of the ath¬ 
erosclerotic lesion has been investigated. Several studies, such 
as the Coronary Primary Prevention trial and the Helsinki 
Heart Study, have shown a relation between reduction in the 
lipoprotein profile and a reduction in the cardiac events. In the 
first study, a 20% reduction in LDL cholesterol yielded a more 
than 30% reduction in coronary events, and in the second 
study, gemfibrozil reduced LDL cholesterol by 8% and triglyc¬ 
erides by more than 35%, while causing a 15% increase in 
HDL and reduced coronary events by 34%. 134,135 

The discovery of the statin (e.g., simvastatin, lovastatin) 
group of drugs was a major advance in the pharmacologic 
management of hypercholesterolemia. The statins are ana¬ 
logues of 3-hydroxy-3-methylglutaryl (HMG)-coenzyme A 
(CoA) reductase; therefore, they block its action and inhibit the 
synthesis of cholesterol. Statins are highly effective agents for 
the primary and secondary prevention of coronary artery dis¬ 
ease. Although lowering of cholesterol, especially LDL choles¬ 
terol, appears to be the most important mechanism for the ben¬ 
eficial effects of statins, other effects including improvement in 
endothelial function may also play an important role. The inhi¬ 
bition of cholesterol synthesis increases hepatic expression of 
the LDL receptor, leading to increased clearance of circulating 
LDL. Several studies have shown that lipid-lowering statin ther¬ 
apy leads to a reduction in cardiovascular events and mortality 
from cardiac events. 129 These studies also showed a reduction 
in the incidence of stroke, which has a relatively weak associa¬ 
tion with cholesterol levels. In the preliminary results of the 
Heart Protection Study, there is evidence that long-term statin 
use reduces the incidence in cardiovascular events in patients 
with coronary artery disease, carotid artery disease, peripheral 
vascular disease, or diabetes regardless of baseline LDL 
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cholesterol level. 136,137 Simvastatin and lovastatin have been 
shown to reduce vascular injury from experimental stroke in a 
rodent model, independent of lipid changes. 138 Decreasing 
inflammation by lowering LDL cholesterol, and thus oxidized 
LDL cholesterol, is one theory on the mechanism of action of 
statins. Studies using C-reactive protein (CRP) as a marker of 
inflammation have shown a decrease in CRP along with a 
decrease in LDL in patients on statin therapy. However, other 
studies have not shown the same correlation and this has fostered 
a lipid-independent theory. Further studies are being conducted to 
elucidate the mechanism of the statins’ effect. 139 


The Encrustation Hypothesis 

Like the lipid insudation hypothesis, the encrustation hypothe¬ 
sis focuses on one aspect of the disease. 140 This hypothesis pro¬ 
poses that plaque initiation and progression are the conse¬ 
quence of repeated cycles of thrombosis and remodeling. 
However, autopsy studies of vessels of children and experiments 
with cholesterol-fed animals have shown that thrombosis is not 
the initial event in atherogenesis; in fact, thrombosis appears to 
be a feature of advanced disease. Hence, this hypothesis is 
applicable only to the problem of plaque progression. Further¬ 
more, it does not explain how lipid and SMCs accumulate in the 
lesion. 


The Reaction to Injury Hypothesis 

This hypothesis attempts to explain how smooth muscle 
growth is regulated in atherogenesis. 49 As originally proposed, 
it stated that the initial event is some form of injury to the 
endothelium. In regions denuded of endothelium, platelets 
adhere and release growth factors; these growth factors accu¬ 
mulate in the wall and stimulate medial smooth muscle prolif¬ 
eration and migration into the intima. As discussed previously, 
this theory is based on the observation that platelets carry 
potent smooth muscle mitogens in their granules and that the 
injury-induced arterial lesion closely resembles the fibrous cap 
found in the atherosclerotic plaque. A modified version of this 
theory suggests that injuries to the endothelium, which do not 
produce denudation, might also cause smooth muscle growth 
by stimulating damaged endothelium to synthesize and release 
growth factors. Alternatively, monocytes might be attracted to 
the zone of injury; the monocyte/macrophage might then be 
activated and start to elaborate growth-promoting activity. The 
reaction to injury hypothesis suggests a possible mechanism for 
the accumulation of connective tissue cells and matrix; it fails 
to provide an explanation for the lipid accumulation or the 
monoclonal nature of the advanced atherosclerotic plaque. 


The Monoclonal Hypothesis 

This hypothesis focuses attention on smooth muscle accumu¬ 
lation in the lesion. 141 It states that the cells of any particular 
plaque are likely to arise as a clone from a single progenitor 
SMC. This hypothesis is based on the observation that indi¬ 
vidual plaques of human females heterozygote for the X- 
linked marker glucose-6-phosphate dehydrogenase (G-6-PD) 
frequently exhibit one, but not both, of the G-6-PD isotypes. 
At a certain moment in time, single cells might be stimulated to 
enter the growth cycle and undergo several rounds of division 
leading to the formation of a monoclonal lesion. The mecha¬ 
nism of cell activation leading to such lesions is not evident as 
yet; the only other known monoclonal cell masses in humans 
are neoplasias (e.g., leiomyomas). This would tend to suggest 
carcinogens or possibly viruses as possible etiologic agents and 
thereby might explain the link between cigarette smoking and 
atherosclerosis. An alternative to carcinogenesis as an expla¬ 


nation for monoclonality is the possibility of activation of a sus¬ 
ceptible population of stem cells. 142,143 SMCs might have limited 
replicative capacity, and there might be only a small population 
of stem cells in the wall capable of responding to growth fac¬ 
tors. Whatever the mechanism of activation might be, any the¬ 
ory attempting to provide a mechanism for the accumulation of 
SMCs in atherosclerotic plaques must take into account this 
observation of monoclonality. 


The Intimal Cell Mass Hypothesis 

This hypothesis was mentioned earlier and states that the accu¬ 
mulations of intimal SMCs are one of the two possible initial 
lesions in atherosclerosis. 110,111 These small accumulations of 
SMCs are found in children at sites where atherosclerosis later 
develops. How they happen to get there is unclear, nor is it evi¬ 
dent what makes them susceptible to atherogenic stimuli. It could 
be that these cells are primordial rests and really are a form of 
stem cell capable of responding to external mitogenic stimuli. 
Because the intimal cell masses are found in the vessels of children 
throughout the world regardless of the prevalence of atheroscle¬ 
rosis, it is likely that the atherosclerotic change is largely deter¬ 
mined by extrinsic risk factors, such as hypercholesterolemia. 


The Infection Hypothesis 

Although the role of infection in the development of atheroscle¬ 
rosis has been debated for many years, only recently this role 
has been emphasized due to a panel convened by the National 
Heart, Lung, and Blood Institute (NHLBI). 144 The expert panel 
examined the evidence linking infections to the development of 
the atherosclerotic process, in particular the role of cyto¬ 
megalovirus (CMV) and Chlamydia pneumoniae. The panel 
reported on the seroepidemiologic evidence and the reports 
localizing those infectious agents to the human plaque. In addi¬ 
tion, they examined animal studies aiming to show cause and 
effect among CMV, C. pneumoniae , and the development of 
atherosclerotic lesions in animal models. 

CMV belongs to the herpesvirus family, which also 
includes the Epstein-Barr virus. Approximately 15% of ado¬ 
lescents, 50% of adults by age 35, and 70% of patients older 
than 75 years have evidence of past infection with this virus. 145 
Melnick et al. 146 found significantly higher titers of CMV anti¬ 
bodies in patients undergoing coronary artery bypass surgery 
(70%) compared to matched controls (43%). Cardiac trans¬ 
plant recipients with CMV exposure, as evidenced by 
increased serum CMV immunoglobulin G (IgG) antibodies, 
are more likely to develop posttransplantation atherosclerosis 
than patients without exposure to CMV. 147 CMV infection has 
been associated with restenosis following coronary angio¬ 
plasty. 141 In addition, CMV has been implicated in the devel¬ 
opment of carotid atherosclerosis. CMV antigens have been 
isolated from carotid plaque, and increased levels of CMV 
antibody titers are associated with carotid intimal-medial 
thickening. 148 Although it has been difficult to culture viral 
particles from atherosclerotic lesions, this by itself does not 
constitute strong evidence against the role of CMV infection in 
atherosclerosis because it is possible that the virus triggers the 
infection without persisting in the tissue. 145,146,148 Because of 
the ubiquitous nature of CMV, it is difficult to ascertain 
whether it is a pathogen in atherosclerosis. 149 

Three species of Chlamydia , Chlamydia trachomatis, 
Chlamydia psittaci, and C. pneumoniae , which are gram-negative 
bacteria, are known to cause human disease. C. pneumoniae 
cause upper respiratory infections and 10% of all cases of 
pneumonia. The prevalence of antibodies to C. pneumoniae is 
around 50% in adults. 149 C. pneumoniae organisms have been 
isolated from atherosclerotic plaque from both carotid 
and coronary arteries. 150,151 In a rabbit model, infection 
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with C. pneumoniae has been shown to accelerate the forma¬ 
tion of the atherosclerotic lesion. In addition, treatment with 
azithromycin prevented the formation of the lesion. 152 To gain 
insight into the mechanism by which C. pneumoniae infection 
affects the process of atherogenesis, Kol’s group studied ather¬ 
osclerotic plaques for the presence of chlamydial heat shock 
protein 60 (HSP60). 153,154 Studying plaques from human 
carotid atherosclerotic arteries, these investigators found that 
chlamydial and human HSP60 colocalize within macrophages 
located in the atherosclerotic lesions. They have also shown 
that both chlamydial and human HSP60 induced the produc¬ 
tion of TNF-u and matrix metalloproteinase (MMP) by 
macrophages. They concluded that, by inducing the production 
of such factors by macrophages, chlamydial HSP60 may repre¬ 
sent the mechanism by which infection with C. pneumoniae 
promotes atherosclerosis. 153 In addition, the same investigators 
have shown that chlamydial and human HSP60 activate 
human endothelial cells, SMCs, and macrophages to secrete 
factors (e.g., E-selectin, intercellular adhesion molecule-1 
fICAM-1], and vascular cell adhesion molecule-1 [VCAM-1]) 
important to the pathophysiology of atherosclerosis. 154 

In addition to CMV and Chlamydia , Helicobacter pylori 
and herpes simplex virus are also being investigated as possi¬ 
ble agents in atherosclerosis. 155 More work needs to be done 
to definitively establish the relationship between these and 
other agents and atherosclerosis. Establishing the role of infec¬ 
tious agents in the development of atherosclerosis is very 
important because it suggests that anti-infectious agents, such 
as known antibiotics, may play a role in preventing or slowing 
the atherosclerotic process. 


Inflammatory and Immune Hypothesis 

Mediators of inflammation, such as cytokines and growth fac¬ 
tors, have been found in the atherosclerotic plaques. These 
mediators are involved in the synthesis and degradation of col¬ 
lagen by vascular SMCs. Such mediators include TGF-a and 
interferon-y. 156 IL-2 receptors are markers suggesting the acti¬ 
vation of T lymphocytes, and interferon-y is produced and 
secreted by activated T lymphocytes. 157 

The involvement of macrophages and T lymphocytes in 
atherogenesis also suggests both an immune and an inflamma¬ 
tory response. The lymphocytes found in atherosclerotic 
lesions are polyclonal, indicating that these cells do not 
develop in response to a single antigen. Several different sub¬ 
classes of T lymphocytes have been identified in atheroscle¬ 
rotic plaque, including both CD4 (helper-inducer cells) and 
CD8 (cytotoxic T cells). 158 In addition, accelerated coronary 
artery atherosclerosis is a unique variant of atherosclerosis 
that develops and progresses rapidly in transplanted hearts, 
suggesting an immunologic etiology. The lesions seen in trans¬ 
planted hearts involve the entire coronary tree, and these 
lesions contain all the cellular elements characteristic of ather¬ 
osclerosis; in addition, they have increased numbers of T lym¬ 
phocytes and macrophages compared to the typical athero¬ 
sclerotic lesion. 159 Mouse transplant models, using heterotopic 
heart transplants and arterial interposition grafts, produced 
arterial lesions that resembled transplant arteriosclerosis. 160,161 

Activation of the complement system is an important step in 
the immune process causing immune complexes to deposit in 
the arterial wall or precipitating the binding of specific anti¬ 
bodies to antigens found in vascular tissues. Cholesterol parti¬ 
cles are potent activators of the complement system. 162 This 
activation of the complement system results in the production 
of proinflammatory molecules and the terminal membrane 
attack complex (MAC), which has been known to stimulate the 
production of cytokines, such as TNF-/3 and IL-8, and growth 
factors, such as basic FGF and PDGF by vascular smooth mus¬ 
cle cells (VSMCs) and endothelial cells. 162 MAC has been iden¬ 
tified in atherosclerotic lesions, particularly fibrous plaque. 163 



FIGURE 89.7. Plaque cap rupture exposing the lipid core of the 
atheroma and leading to thrombus formation. (Courtesy of Dr. Maria 
de Lourdes Higuchi, Department of Pathology, University of Sao 
Paulo, Brazil.) 


Most complications related to atherosclerotic lesions may 
be due to plaque disruption or rupture. Plaque disruption 
exposes the circulating blood to its lipid core with subsequent 
formation of thrombus (Fig. 89.7), leading to acute arterial 
occlusion. 164,165 Plaque stability is very important in preventing 
plaque rupture. This stability is provided by the integrity of the 
extracellular matrix within the plaque. Plaque instability is 
related to the degree of inflammation because inflammatory 
cells produce cytokines that decrease the production of colla¬ 
gen or increase its degradation. 166 Therefore, the balance 
between the production of MMPs, which degrade collagen, 
and that of tissue inhibitors of metalloproteinases (TIMPs) reg¬ 
ulates plaque stability. 167 The expression of both MMPs and 
TIMPs can be demonstrated in atheromas. TIMPs have been 
found in macrophages present within plaques. 167 Inflammatory 
cytokines, such as IL-1 and TNF, can induce the expression of 
MMPs by macrophages. 168 In addition, interferon-y produced 
by T lymphocytes decreases collagen production, again leading 
to weakening of plaque extracellular matrix and rupture. 169 
The foam cells express tissue factor on their surface and acti¬ 
vate factor VII, which leads to thrombin formation and platelet 
aggregation, with subsequent conversion of fibrinogen to fibrin 
leading to thrombosis. 170 Interestingly, lipid-lowering strategies 
led to a decrease in plaque content of macrophages and a 
decrease in expression of MMP1, increasing collagen produc¬ 
tion and retention, which improve plaque stability. 168,171 

Arterial endothelial cells possess a single cilium able to 
detect the mechanical forces of blood flow that distinguish dis¬ 
turbed from laminar flow. The type of flow then dictates 
endothelial cell phenotype. Cells at plaque-susceptible sites 
have a proinflammatory phenotype. This phenotype is both 
permissive and causative of plaque development. The proin¬ 
flammatory endothelial phenotype is permissive in that it 
allows the expression of proinflammatory receptors, such as 
Toll-like receptors (TLRs). The phenotype is also causative in 
that it permits the expression of cell surface adhesion mole¬ 
cules, like VCAM-1, which foster leukocyte accumulation in 
the intima. No specific disease risk has been identified that 
would promote a proinflammatory phenotype at only arterial 
bifurcations and the lesser curve of the aortic arch; however, 
TLRs expressed by the endothelial cells at these locations may 
provide an insight. 172 
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FIGURE 89.8. Atherogenesis and progression of atherosclerosis are 
probably the consequence of multiple factors acting on the arterial 
wall. (Adapted from Clowes AW. Theories of atherosclerosis. In: 
White RA, ed. Atherosclerosis and Arteriosclerosis: Human Pathology 
and Experimental Animal Methods and Models. Boca Raton, FL: 
CRC Press; 1989:3.) 


Toll-like receptors are members of a larger superfamily of 
interleukin-1 receptors that share homology in their cytoplas¬ 
mic region. There are 10 members of the TLR family identi¬ 
fied, each with different ligands. Each member can activate 
distinct as well as overlapping signaling pathways, giving rise 
to different biologic effects. The individual ligands, as well as 
the location of the individual TLRs, are an active area of cur¬ 
rent research. It appears at this time that activation of TLRs is 
involved in the activation of the inflammatory cascade and 
possible initiator of plaque formation. 173 

Inflammation appears to be a common factor in all theories 
of atherosclerosis, and more research is being performed in 
this area and isolating inflammatory mediators that may be in¬ 
volved. 174 Each of these hypotheses attempts to explain one or 
more aspects of atherogenesis. It is reasonable to conclude that 
each might be applicable at a different time during the devel¬ 
opment of the lesion (Fig. 89.8). 
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CHAPTER 90 CEREBROVASCULAR 

OCCLUSIVE DISEASE 


PETER H. LIN AND TAM T. HUYNH 


KEY POINTS 


Q Stroke remains the third most common cause of death in the 
United States, and atherosclerotic occlusive disease of the 
extracranial portion of the carotid artery is the most com¬ 
mon cause of stroke. 

Q Atherosclerosis is the pathologic process most often respon¬ 
sible for symptoms of cerebrovascular insufficiency. 

Q Clinical risk factors for the development of carotid artery 
atherosclerotic lesions are the same as those for coronary 
artery disease: increased age, hypertension, diabetes melli- 
tus, hyperlipidemia, hypercoagulable states, positive family 
history, and tobacco use. 

Q Duplex ultrasound of the carotid artery is the preferred ini¬ 
tial diagnostic study of choice to evaluate carotid occlusive 
disease. 


The most common clinical presentations of extracranial cere¬ 
brovascular occlusive disease are transient ischemic attack 
(TIA) and hemispheric stroke. 

^The majority of asymptomatic and symptomatic carotid 
artery occlusive disease is caused by atherosclerosis. It is 
therefore important to modify risk factors to prevent pro¬ 
gression of atherosclerotic disease. 

Q Currently, carotid artery stenting should be limited to high- 
risk patients. The application of carotid artery stenting to 
patients at suitable risk to undergo endarterectomy should 
be limited to ongoing randomized clinical trials. 


Q Carotid artery occlusive disease remains the most common 
cause of cerebrovascular accident, which represents the third 
most common cause of death in the United States. 1 The mor¬ 
bidity caused by a cerebrovascular accident is more disabling 
than that encountered with other ischemic conditions, includ¬ 
ing myocardial infarction or lower extremity ischemia. Neuro¬ 
logic sequelae related to cerebrovascular accident can include 
aphasia, paralysis, blindness, and weakness. These neurologic 
sequelae uniformly diminish the patient’s ability to perform 
routine daily activities and invariably create an enormous bur¬ 
den with regard to health care costs. Consequently, prevention 
of a cerebrovascular accident, particularly the treatment of 
extracranial carotid occlusive disease, remains a paramount 
priority for all health care providers. 

Atherosclerotic occlusive plaque at the origin of the inter¬ 
nal carotid artery remains the most common cause of cere¬ 
brovascular accident. It is estimated that 40% to 60% of all 
ischemic strokes are related to atherosclerotic carotid bifurca¬ 
tion occlusive disease. Since the first reported case of carotid 
endarterectomy in 1954, 2 operative treatment of carotid 
occlusive disease has become one of the most commonly per¬ 
formed vascular operations in the United States. Various large, 
prospective, randomized clinical studies, which compared the 
efficacy of carotid endarterectomy plus optimal medical treat¬ 
ment with optimal medical treatment alone, have convincingly 
demonstrated the efficacy of carotid endarterectomy in reduc¬ 
ing stroke and improving survival. The widely adopted 
endovascular therapy in the last decade has prompted inter¬ 
ventional enthusiasts to establish a less invasive treatment 
alternative for cerebrovascular disease in selected patients. 
This chapter provides a comprehensive review of the epidemi¬ 
ology, pathophysiology, diagnosis, treatment, and relevant 
controversies in the management of cerebrovascular occlusive 
disease involving the carotid artery. 


EPIDEMIOLOGY 


Focal cerebral ischemic disease, or stroke, is responsible for 
4.5 million deaths worldwide, with the majority occurring in 
nonindustrialized countries. Within the United States, it is esti¬ 
mated that more than 700,000 patients suffer a new or recur¬ 
rent stroke annually. 1 Among them, approximately 200,000 
die due to a consequence of stroke. Of the remaining survivors 
who suffer a stroke, two thirds are disabled and are never able 
to return to the workforce, while one third require prolonged 
hospitalization due to permanent disability. The cumulative 
economic burden of health care costs for these disabled patients 
with strokes is massive, exceeding $16 trillion annually in the 
United States. 1 

The term cerebrovascular accident (CVA) is often used 
interchangeably to refer to an ischemic stroke. A transient 
ischemic attack (TIA) is defined as a temporary focal cerebral 
or retinal hypoperfusion state that resolves spontaneously 
within 24 hours after its onset. However, the majority of 
TIAs resolve within minutes, and longer-lasting neurologic 
deficits more likely represent a stroke. The incidence of 
stroke is 0.2% per year in the general population but rises 
significantly with concurrent risk factors, age, sex, and ethnic 
background. Overall, the 20-year risk for a 45-year-old male 
is 3%, but this increases to 25% for a 40-year risk. 3 The 
annual incidence of stroke doubles for each decade in 
patients older than 55 years of age. The largest incidence of 
stroke is observed in patients older than 80 years of age when 
the prevalence is 2%. In contrast, TIA occurs far more often 
in the younger population. In the United States, the preva¬ 
lence of TIAs in males aged between 65 and 69 years is 2.7%, 
which increases markedly to 3.6% for males aged between 
75 and 79 years. 3 
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PATHOGENESIS OF STROKE 


Approximately 85% of all strokes are caused by ischemic 
etiologies, while the remaining are caused by hemorrhagic 
disease. Hemorrhagic strokes can be caused by head trauma or 
spontaneous disruption of intracerebral blood vessels. Ischemic 
strokes are due to hypoperfusion from arterial occlusion or, less 
commonly, decreased flow resulting from proximal arterial 
stenosis and a poor collateral network. Patients with ischemic 
neurologic deficits can be further classified into having anterior 
or hemispheric symptoms and posterior or vertebrobasilar 
symptoms. The predominant causes of hemisphere symptoms 
arise from the occlusive lesion of the extracranial carotid 
artery, which may cause internal carotid artery thrombosis, 
flow-related ischemic events, and/or cerebral embolization. The 
Q risk factors for the development of carotid artery bifurcation 
disease are similar to those causing atherosclerotic occlusive 
disease in other vascular beds. Increasing age, male gender, 
hypertension, tobacco smoking, diabetes mellitus, homocys- 
teinemia, and hyperlipidemia are well-known predisposing fac¬ 
tors for the development of atherosclerotic occlusive disease. 4,5 
Etiologic factors that can contribute to the development of 
cerebral ischemia or infarction are listed in Table 90.1. 

Stroke due to carotid bifurcation occlusive disease is usu¬ 
ally related to atheroembolization (Fig. 90.1). The carotid 
bifurcation is an area of low flow velocity and low shear stress. 


As the blood circulates through the carotid bifurcation, there 
is separation of flow into the low-resistance internal carotid 
artery and the high-resistance external carotid artery. Athero¬ 
sclerotic plaque characteristically forms in the outer wall 
opposite to the flow divider (Fig. 90.2). Atherosclerotic plaque 
formation is complex, beginning with intimal injury, platelet 
deposition, smooth muscle cell proliferation, and fibroplasia, 
leading to subsequent luminal narrowing. With increasing 
degrees of stenosis in the internal carotid artery, flow becomes 
more turbulent, and the risk of atheroembolization escalates. 

The tendency for atherosclerotic plaque to occur at the 
carotid bifurcation is also related to various factors, including 
vessel geometry, velocity profile, and shear stress. It has been 
demonstrated that plaque formation in the carotid artery 
bifurcation is increased within areas of low flow velocity and 
low shear stress and decreased in areas of high flow velocity 
and elevated shear stress. Postmortem specimens showed that 
atherosclerosis was particularly pronounced along the outer 
or lateral aspect of the proximal internal carotid artery and 
carotid bulb. 6 This zone corresponds to areas of low velocity 
and low shear stress. Conversely, the medial or inner aspect of 
the cadaveric carotid bulb, which was associated with high 
blood flow velocity and high shear stress in the flow model, 
was relatively free of plaque formation. 

The smooth muscle cell has an important role in the initial 
stages of plaque development. Smooth muscle cells migrate 
through the intima, proliferate within the media, and promote 


ITABLE 90.1 


ETIOLOGIC FACTORS OF CEREBRAL ISCHEMIA AND INFARCTION 

■ ISCHEMIC ETIOLOGIC FACTOR 

■ HEMORRHAGIC ETIOLOGIC 
FACTOR 

1. Atherothromboembolic 

1. Intraparenchymal hemorrhage 

High-grade stenoses and occlusions 

Hypertensive encephalopathy 

Emboli 

Amyloid angiopathy 

Plaque 

Arteriovenous malformations 

Platelet-fibrin debris 

Trauma 

Intraplaque hemorrhage 

2. Subarachnoid hemorrhage 

2. Cardioembolic 

Berry aneurysms 

Arrhythmias 

Arteriovenous malformations 

Myocardial infarction with mural thrombus 

Trauma 

Mitral valve prolapse, calcified annulus 

3. Extracranial 

Rheumatic heart disease 

Atherosclerosis 

Prosthetic heart valves 

Great vessels 

3. Systemic 

Carotid artery 

Cardiac arrest and resuscitation 

Fibromuscular dysplasia 

Profound shock 

Trauma 

Cardiopulmonary bypass 

Aortic aneurysms 

4. Venous thromboses 

Dissecting 

Dural venous sinuses 

Atherosclerotic 

Bilateral jugular vein occlusions 

Traumatic 

5. Miscellaneous causes 

Takayasu panarteritis 

Lacunar infarcts 

Temporal arteritis 

Lipohyalinosis 

Carotid dissections 

Fibrinoid necrosis 

Spontaneous 

Charcot-Bouchard aneurysms 

Trauma 

Diabetes 

Carotid aneurysms 

Moyamoya disease 

Kawasaki syndrome 

Fibromuscular disease 

Giant cell arteritis 

Spontaneous dissections 

Trauma (extracranial cerebral vessels) 
Hypercoagulable states 

Binswanger encephalopathy 

Substance abuse 
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Part Two: Surgical Practice 



Internal 
carotid artery 


Emboli 


Ulcer 


Plaque 


FIGURE 90.1. Stroke due to carotid bifurcation occlusive disease is 
usually caused by atheroemboli arising from the internal carotid 
artery, which provides the majority of blood flow to the cerebral hemi¬ 
sphere. With increasing degrees of stenosis in the carotid artery, flow 
becomes more turbulent, and the risk of atheroembolization escalates. 


accumulation of cholesterol and other lipid molecules within 
the evolving lesion. Thereafter, the macrophage becomes a 
source of growth factor production that stimulates further 
smooth muscle cell proliferation and extracellular matrix pro¬ 
duction. Smooth muscle cells and macrophages initiate a sec¬ 
ondary inflammatory cell reaction and are capable of ingesting 
lipid and of being transformed into vacuolated foam cells that 
are characteristic of atherosclerotic lesions. 

In addition to these cellular components, the majority of 
carotid plaques have a necrotic core consisting of loose cellular 
debris and cholesterol crystals. The necrotic core is separated 
from the carotid lumen by a fibrous cap, which is composed of 
a rim of variable thickness comprising cellular components and 
extracellular matrix. The structural integrity of the fibrous cap 
is crucial to the final stage of plaque disruption and its clinical 
and pathologic sequelae. It is now generally accepted that acute 
changes within the plaque with exposure of the deeper lipid 
contents predispose toward thromboembolization. Another 
feature characteristic of advanced atherosclerotic plaques is 
intraplaque hemorrhage, which can occur in the absence of a 
disrupted fibrous cap. Symptomatic carotid disease is associ¬ 
ated with increased neovascularization within the atheroscle¬ 
rotic plaque and fibrous cap. These vessels are larger and more 
irregular and may contribute to plaque instability and the onset 
of thromboembolic events. 


CLINICAL MANIFESTATIONS 
OF CEREBRAL ISCHEMIA 


A TIA is a focal loss of neurologic function, lasting for less 
than 24 hours. Crescendo TIAs refer to a syndrome consisting 
of repeated TIAs within a short period of time that is charac¬ 
terized by complete neurologic recovery in between. At a min¬ 
imum, the term should probably be reserved for those with 


FIGURE 90.2. A: The carotid bifur¬ 
cation is an area of low flow velocity 
and low shear stress. As the blood 
circulates through the carotid bifur¬ 
cation, there is separation of flow into 
the low-resistance internal carotid 
artery and the high-resistance exter¬ 
nal carotid artery. B: The carotid ath¬ 
erosclerotic plaque typically forms in 
the outer wall opposite to the flow 
divider due in part to the effect of the 
low shear stress region, which also 
creates a transient reversal of flow 
during the cardiac cycle. 
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either daily events or multiple resolving attacks within 24 
hours. Hemodynamic TIAs represent focal cerebral events that 
are aggravated by exercise or hemodynamic stress and typi¬ 
cally occur after short bursts of physical activity, postprandi- 
ally, or after getting out of a hot bath. It is implied that these 
are due to severe extracranial disease and poor intracranial 
collateral recruitment. Stroke in evolution refers to progressive 
worsening of the neurologic deficit, either linearly over a 24- 
hour period or interspersed with transient periods of stabiliza¬ 
tion and/or partial clinical improvement. 7 

The patients who suffer cerebrovascular accidents typically 
present with three categories of symptoms: ocular symptoms, 
sensory/motor deficit, and/or higher cortical dysfunction. The 
common ocular symptoms associated with extracranial carotid 
artery occlusive disease include amaurosis fugax and the pres¬ 
ence of Hollenhorst plaques. Amaurosis fugax, commonly 
referred to as transient monocular blindness, is a temporary 
loss of vision in one eye, which patients typically describe as a 
window shutter coming down or gray shedding of the vision. 
This partial blindness usually lasts for a few minutes and then 
resolves. Most of these phenomena (>90%) are due to embolic 
occlusion of the main artery or the upper or lower divisions. 
Monocular blindness progressing over a 20-minute period sug¬ 
gests a migrainous etiology. Occasionally, the patient will recall 
no visual symptoms while the optician notes a yellowish plaque 
within the retinal vessels, which is also known as the Hollen¬ 
horst plaque. These are frequently derived from cholesterol 
embolization from the carotid bifurcation and warrant further 
investigation. Additionally, several ocular symptoms may be 
caused by microembolization from the extracranial carotid dis¬ 
eases including monocular visual loss due to retinal artery or 
optic nerve ischemia, the ocular ischemia syndrome, and visual 
field deficits secondary to cortical infarction and ischemia of 
the optic tracts. Typical motor and/or sensory symptoms asso¬ 
ciated with cerebrovascular accidents are lateralized or focal 
neurologic deficits. Ischemic events tend to have an abrupt 
onset, with the severity of the insult being apparent from the 
onset and not usually associated with seizures or paraesthesia. 
In contrast, they represent loss or diminution of neurologic 
function. Furthermore, motor or sensory deficits can be unilat¬ 
eral or bilateral, with the upper and lower limbs being variably 
affected depending on the site of the cerebral lesion. The com¬ 
bination of a motor and sensory deficit in the same body terri¬ 
tory is suggestive of a cortical thromboembolic event, as 
opposed to lacunar lesions secondary to small-vessel disease of 
the penetrating arterioles. However, a small proportion of the 
latter may present with a sensorimotor stroke secondary to 
small-vessel occlusion within the posterior limb of the internal 
capsule. Pure sensory and motor strokes and those strokes 
where the weakness affects one limb only or does not involve 
the face are more typically seen with lacunar as opposed to cor¬ 
tical infarction. A number of higher cortical functions, includ¬ 
ing speech and language disturbances, can be affected by 
thromboembolic phenomena from the carotid artery; the most 
important clinical example for the dominant hemisphere is dys¬ 
phasia or aphasia, while visuospatial neglect is an example of 
nondominant hemisphere injury. 


DIAGNOSTIC EVALUATION 

Q Duplex ultrasonography is the most widely used screening tool 
to evaluate for atherosclerotic plaque and stenosis of the 
extracranial carotid artery. It is also commonly used to moni¬ 
tor patients serially for progression of disease or after inter¬ 
vention (carotid endarterectomy or angioplasty). Duplex 
ultrasound of the carotid artery combines B-mode gray-scale 
imaging and Doppler waveform analysis. Characterization of 
the carotid plaque on gray-scale imaging provides useful infor¬ 
mation about its composition. However, there are currently no 
universal recommendations that can be made based solely on 


the sonographic appearance of the plaque. On the other hand, 
criteria have been developed and well refined for grading the 
degree of carotid stenosis based primarily on Doppler-derived 
velocity waveforms. 

The external carotid artery has a high-resistance flow pat¬ 
tern with a sharp systolic peak and a small amount of flow in 
diastole. In contrast, a normal internal carotid artery will have 
a low-resistance flow pattern with a broad systolic peak and a 
large amount of flow during diastole. The flow pattern in the 
common carotid artery resembles that in the internal carotid 
artery, as 80% of the flow is directed to the internal carotid 
artery, with waveforms that have broad systolic peaks and 
moderate amount of flow during diastole. Conventionally, 
velocity measurements are recorded in the common carotid 
artery, external carotid artery, carotid bulb, and the proximal, 
mid-, and distal portions of the internal carotid artery. Char¬ 
acteristically, the peak systolic velocity is increased at the site 
of the vessel stenosis. The end-diastolic velocity is increased 
with greater degrees of stenosis. In addition, stenosis of the 
internal carotid artery can lead to color shifts, with color 
mosaics indicating a poststenotic turbulence. Dampening of the 
Doppler velocity waveforms is typically seen in areas distal to 
severe carotid stenosis where blood flow is reduced. It is well 
known that occlusion of the ipsilateral internal carotid artery 
can lead to a “falsely” elevated velocity on the contralateral side 
due to an increase in compensatory blood flow. In the presence 
of a high-grade stenosis or occlusion of the internal carotid 
artery, the ipsilateral common carotid artery displays high-flow- 
resistance waveforms, similar to that seen in the external carotid 
artery. If there is a significant stenosis in the proximal common 
carotid artery, its waveforms may be dampened with low 
velocities. 

The Doppler grading systems of carotid stenosis were ini¬ 
tially established by comparison to angiographic findings of 
disease. Studies have shown variability in the measurements of 
the duplex properties by different laboratories, as well as het¬ 
erogeneity in the patient population, study design, and tech¬ 
niques. One of the most commonly used classifications was 
established at the University of Washington School of Medicine 
in Seattle. Diameter reduction of 50% to 79% is defined by 
peak systolic velocity greater than 125 cm/s with extensive spec¬ 
tral broadening. For stenosis in the range of 80% to 99%, the 
peak systolic velocity is greater than 125 cm/s and peak diastolic 
velocity is greater than 140 cm/s. 8 The ratio of internal carotid 
artery to common carotid artery (ICA/CCA) peak systolic veloc¬ 
ity has also been part of various ultrasound diagnostic classifi¬ 
cations. A ratio greater than 4 is a great predictor of angio¬ 
graphic stenosis of 70% to 99%. A multispecialty consensus 
panel has developed a set of criteria for grading carotid stenosis 
by duplex examination (Table 90.2). 8 

Magnetic resonance angiography (MRA) is increasingly 
being used to evaluate for atherosclerotic carotid occlusive dis¬ 
ease and intracranial circulation. MRA is noninvasive and 
does not require iodinated contrast agents. MRA utilizes phase 
contrast or time-of-flight, with either two-dimensional or 
three-dimensional data sets for greater accuracy. Three-dimen¬ 
sional contrast-enhanced MRA allows data to be obtained in 
coronal and sagittal planes with improved image quality due 
to shorter study time. In addition, the new MRA techniques 
allow for better reformation of images in various planes to allow 
better grading of stenosis. There have been numerous studies 
comparing the sensitivity and specificity of MRA for carotid dis¬ 
ease to duplex and selective contrast angiography. 9 Magnetic res¬ 
onance imaging (MRI) of the brain is essential in the assessment 
of acute stroke patients. MRI with diffusion-weighted imaging 
(DWI) can differentiate areas of acute ischemia, areas still at risk 
for ischemia (penumbra), and chronic cerebral ischemic changes. 
However, computed tomography (CT) imaging remains the 
most expeditious test in the evaluation of acute stroke patients to 
rule out intracerebral hemorrhage. Recently, multidetector 
computed tomography angiography (CTA) has gained 
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TABLE 90.2 


CAROTID DUPLEX ULTRASOUND CRITERIA FOR GRADING INTERNAL CAROTID ARTERY STENOSIS 


■ DEGREE OF STENOSIS (%) 

■ ICA PSV (cm/s) 

■ ICA/CCA PSV 
RATIO 

■ ICA EDV (cm/s) 

■ PLAQUE 
ESTIMATE (%Y 

Normal 

<125 

<2.0 

<40 

None 

<50 

<125 

<2.0 

<40 

<50 

50-69 

125-230 

2.0-4.0 

40-100 

>50 

>70 to less than near occlusion 

>230 

>4.0 

>100 

>50 

Near occlusion 

High, low, or not 
detected 

Variable 

Variable 

Visible 

Total occlusion 

Not detected 

Not applicable 

Not detected 

Visible, no lumen 


^Plaque estimate (diameter reduction) with gray-scale and color Doppler ultrasound. 

CCA, common carotid artery; EDV, end-diastolic velocity; ICA, internal carotid artery; PSV, peak systolic velocity. 


increasing popularity in the evaluation of carotid disease. 10 
This imaging modality can provide volume rendering, which 
allows rotation of the object with accurate anatomic structures 
from all angles (Fig. 90.3). The advantages of CTA over MRA 
include faster data acquisition time and better spatial resolu¬ 
tion. However, at the time of this writing, grading of carotid 
stenosis by CTA requires further validation before it can be 
widely applied. 

Historically, digital substraction angiography (DSA) has been 
the “gold standard” test to evaluate the extra- and intracranial 
circulation (Fig. 90.4). This is an invasive procedure, typically 
performed via a transfemoral puncture, and involves selective 
imaging of the carotid and vertebral arteries using iodinated con¬ 
trast. The risk of stroke during cerebral angiography is generally 
reported at approximately 1 % and is typically due to atheroem- 
bolization related to wire and catheter manipulation in the aor¬ 
tic arch or proximal branch vessels. Over the past decades, how¬ 
ever, the incidence of neurologic complications following 
angiography has been reduced due to the use of improved guide 
wires and catheters, better-resolution digital imaging, and 


increased experience. Local access complications of angiography 
are infrequent and include development of hematoma, pseudoa¬ 
neurysm, distal embolization, or acute vessel thrombosis. Cur¬ 
rently, selective angiography is particularly used for patients with 
suspected intracranial disease and for patients in whom percuta¬ 
neous revascularization is considered. The techniques of carotid 
angioplasty and stenting for carotid bifurcation occlusive disease 
are described in detail later in this chapter. We generally use CTA 
or MRA to gather information about the aortic arch anatomy 
and presence of concomitant intracranial disease and collateral 
pathway in planning our strategy for carotid stenting or 
endarterectomy. 


TREATMENT OF CAROTID 
OCCLUSIVE DISEASE 


Conventionally, patients with carotid bifurcation occlusive 
disease are divided into two broad categories: patients without 



FIGURE 90.3. A: Carotid computed tomography angiography is a valuable imaging modality that can provide a three-dimensional image recon¬ 
struction with high image resolution. A carotid artery occlusion is noted in the internal carotid artery {arrow). B: The entire segment of extracra¬ 
nial carotid artery is visualized from the thoracic compartment to the base of the skull. 
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FIGURE 90.4. A carotid angiogram with digital subtraction angiog¬ 
raphy reveals an ulcerated carotid plaque (arrow) in the proximal 
internal carotid artery, which also resulted in a high-grade internal 
carotid artery stenosis. 


reanalyzed in many subsequent publications. The main conclu¬ 
sions of the trials remain validated and widely acknowledged. 
Briefly, the NASCET study showed that for high-grade carotid 
stenosis, the cumulative risk of ipsilateral stroke was 26% in the 
medically treated group and 9% in the surgically treated group 
at 2 years. For patients with moderate carotid artery stenosis 
(50% to 69%), the benefit of carotid endarterectomy is less but 
still favorable when compared to medical treatment alone; the 
5-year fatal or nonfatal ipsilateral stroke rate was 16% in the 
surgically treated group versus 22% in the medically treated 
group. 16 The risk of stroke was similar for the remaining group 
of symptomatic patients with less than 50% carotid stenosis, 
whether they had endarterectomy or medical treatment alone. 
The ECST reported similar stroke risk reduction for patients 
with severe symptomatic carotid stenosis and no benefit in 
patients with mild stenosis when carotid endarterectomy was 
performed versus medical therapy. 14 

The optimal timing of carotid intervention after acute stroke, 
however, remains debatable. Earlier studies showed an increased 
rate of postoperative stroke exacerbation and conversion of a 
bland to hemorrhagic infarction when carotid endarterectomy 
was carried out within 5 to 6 weeks after acute stroke. The dis¬ 
mal outcome reported in the early experience was likely related 
to poor patient selection. The rate of stroke recurrence is not 
insignificant during the interval period and may be reduced with 
early intervention for symptomatic carotid stenosis. Contempo¬ 
rary series have demonstrated acceptable low rates of perioper¬ 
ative complications in patients undergoing carotid endarterec¬ 
tomy within 4 weeks after acute stroke. 16 In a recent retrospective 
series, carotid artery stenting when performed early (<2 weeks) 
after acute stroke was associated with higher mortality than when 
delayed (>2 weeks). 17 


prior history of ipsilateral stroke or TIA (asymptomatic) and 
those with prior or current ipsilateral neurologic symptoms 
(symptomatic). It is estimated that 15% of all strokes are pre¬ 
ceded by a TIA. The 90-day risk of a stroke in a patient pre¬ 
senting with a TIA is 3% to \7%} According to the Cardio¬ 
vascular Health Study, a longitudinal population-based study 
of coronary artery disease and stroke in men and women, the 
prevalence of TIA in men was 2.7% between the ages of 65 
and 69 and 3.6% for ages 75 to 79; the prevalence in women 
was 1.4% and 4.1%, respectively. 11 There have been several 
studies reporting on the effectiveness of stroke prevention with 
medical treatment and carotid endarterectomy for sympto¬ 
matic patients with moderate to severe carotid stenosis. Early 
and chronic aspirin therapy has been shown to reduce stroke 
recurrence rate in several large clinical trials. 12 


Symptomatic Carotid Stenosis 

Currently, most neurologists prescribe both aspirin and clopi- 
dogrel for secondary stroke prevention in patients who have 
experienced a TIA or stroke. 1 In patients with symptomatic 
carotid stenosis, the degree of stenosis appears to be the most 
important predictor in determining risk for an ipsilateral stroke. 
The risk of a recurrent ipsilateral stroke in patients with severe 
carotid stenosis approaches 40%. Two large, multicenter, ran¬ 
domized clinical trials, the European Carotid Surgery Trial 
(ECST) and the North American Symptomatic Carotid 
Endarterectomy Trial (NASCET), have both shown a significant 
risk reduction in stroke for patients with symptomatic high- 
grade stenosis (70% to 99%) undergoing carotid endarterec¬ 
tomy when compared to medical therapy alone. 13,14 There has 
been much discussion regarding the different methodology used 
in the measurement of carotid stenosis and calculation of the 
life-table data between the two studies leading to similar 
results. 15 Findings of these two landmark trials have also been 


Asymptomatic Carotid Stenosis 

Whereas there is universal agreement that carotid revasculariza¬ 
tion (endarterectomy or stenting) is effective in secondary stroke 
prevention for patients with symptomatic moderate and severe 
carotid stenosis, the management of asymptomatic patients 
remains an important controversy. Generally, the detection of 
carotid stenosis in asymptomatic patients is related to the pres¬ 
ence of a cervical bruit or based on screening duplex ultrasound 
findings. In one of the earlier observational studies, the authors 
showed that the annual occurrence rate of neurologic symptoms 
was 4% in a cohort of 167 patients with asymptomatic cervical 
bruits followed prospectively by serial carotid duplex scan. 18 
The mean annual rate of carotid stenosis progression to a 
greater than 50% stenosis was 8%. The presence of or progres¬ 
sion to a greater than 80% stenosis correlated highly with the 
development of either a total occlusion of the internal carotid 
artery or new symptoms. The major risk factors associated with 
disease progression were cigarette smoking, diabetes mellitus, 
and age. This study supported the contention that it is prudent 
to follow a conservative course in the management of asympto¬ 
matic patients presenting with a cervical bruit. 

One of the first randomized clinical trials on the treatment 
of asymptomatic carotid artery stenosis was the Asymptomatic 
Carotid Atherosclerosis Study (ACAS), which evaluated the 
benefits of medical management with antiplatelet therapy ver¬ 
sus carotid endarterectomy. 19 Over a 5-year period, the risk of 
ipsilateral stroke in individuals with a carotid artery stenosis 
greater than 60% was 5.1% in the surgical arm. On the other 
hand, the risk of ipsilateral stroke in patients treated with med¬ 
ical management was 11%. Carotid endarterectomy produced 
a relative risk reduction of 53% over medical management 
alone. The results of a larger randomized trial from Europe, the 
Asymptomatic Carotid Surgery Trial (ACST), recently con¬ 
firmed similar beneficial stroke risk reduction for patients with 
asymptomatic greater than 70% carotid stenosis undergoing 
endarterectomy compared to medical therapy. 20 An important 


VASCULAR 








1590 


Part Two: Surgical Practice 


point derived from this latter trial was that even with improved 
medical therapy, including the addition of statin drugs and 
clopidogrel, medical therapy was still inferior to endarterec¬ 
tomy in primary stroke prevention for patients with high-grade 
carotid artery stenosis. It is generally agreed that asymptomatic 
patients with severe carotid stenosis (80% to 99%) are at sig¬ 
nificantly increased risk for stroke and stand to benefit from 
either surgical or endovascular revascularization. However, 
revascularization for asymptomatic patients with a less severe 
degree of stenosis (60% to 79%) remains controversial. 


CAROTID ENDARTERECTOMY 
VERSUS ANGIOPLASTY 
AND STENTING 


Currently, medical therapy alone is inferior to surgical 
endarterectomy in stroke prevention for severe carotid stenosis. 
Now, the debate revolves around whether carotid angioplasty 
and stenting produces the same benefit that has been demon- 
Q strated by carotid endarterectomy. Since carotid artery stenting 
was approved by the Food and Drug Administration for clini¬ 
cal application in 2004, this percutaneous procedure has 
become a treatment alternative in patients who are deemed 
“high risk” for endarterectomy (Table 90.3). In contrast to 
many endovascular peripheral arterial interventions, percuta¬ 
neous carotid stenting represents a much more challenging pro¬ 
cedure, because it requires complex catheter-based skills utiliz¬ 
ing a “0.014” guide wire system and distal embolic protection 
device. Moreover, current carotid stent devices predominantly 
utilize the monorail guide wire system, which requires more 
technical agility, in contrast to the over-the-wire catheter sys¬ 
tem that is routinely used in peripheral interventions. This per¬ 
cutaneous intervention often requires balloon angioplasty and 
stent placement through a long carotid guiding sheath via a 
groin approach. Poor technical skills can result in devastating 
treatment complications, such as stroke, which can occur due 
in part to plaque embolization during the balloon angioplasty 
and stenting of the carotid artery. Because of these various pro¬ 
cedural components that require high technical proficiency, 
many early clinical investigations of carotid artery stenting, 
which included physicians with little or no carotid stenting 
experience, resulted in alarmingly poor clinical outcomes. A 
recent Cochrane review noted that, before 2006, a total of 
1,269 patients had been studied in five randomized controlled 
trials comparing percutaneous carotid intervention and surgical 
carotid reconstruction. 21 Taken together, these trials revealed 
that carotid artery stenting had a greater procedural risk of 
stroke and death when compared to carotid endarterectomy 
(odds ratio 1.33; 95% confidence interval [Cl] 0.86-2.04). 


Additionally, a greater incidence of carotid restenosis was noted 
in the stenting group than the endarterectomy cohorts. How¬ 
ever, the constant improvement of endovascular devices, proce¬ 
dural techniques, and adjunctive pharmacologic therapy will 
likely improve the treatment success of percutaneous carotid 
intervention. Critical appraisals of these trials comparing the 
efficacy of carotid stenting versus endarterectomy are available 
for review. 22 Several ongoing clinical trials will undoubtedly 
provide more insight on the efficacy of carotid stenting in the 
near future. 


Surgical Techniques of 
Carotid Endarterectomy 

Although carotid endarterectomy is one of the earliest vascu¬ 
lar operations ever described and its techniques have been per¬ 
fected in the last two decades, surgeons continue to debate 
many aspects of this procedure. For instance, there is no uni¬ 
versal agreement with regard to the best anesthetic of choice, 
the best intraoperative cerebral monitoring, whether to “rou¬ 
tinely” shunt, open versus eversion endarterectomy, and patch 
versus primary closure. Various anesthetic options are avail¬ 
able for patients undergoing carotid endarterectomy, including 
general, local, and regional anesthesia. Typically, the anesthe¬ 
sia of choice depends on the preference of the surgeon, anes¬ 
thesiologist, and patient. However, depending on the anes¬ 
thetic given, the surgeon must decide whether intraoperative 
cerebral monitoring is necessary or intra-arterial carotid shunt¬ 
ing will be used. In general, if the patient is awake, then his or 
her ability to respond to commands during the carotid clamp 
period determines the adequacy of collateral flow to the ipsilat- 
eral hemisphere. On the other hand, intraoperative electroen¬ 
cephalogram (EEG) or transcranial power Doppler (TCD) has 
been used to monitor for adequacy of cerebral perfusion during 
the clamp period for patients undergoing surgery under general 
anesthesia. Focal ipsilateral decreases in amplitudes and slow¬ 
ing of EEG waves are indicative of cerebral ischemia. Similarly, 
a decrease to less than 50% of baseline velocity in the ipsilat¬ 
eral middle cerebral artery is a sign of cerebral ischemia. For 
patients with poor collateral flow exhibiting signs of cerebral 
ischemia, intra-arterial carotid shunting with removal of the 
clamp will restore cerebral flow for the remaining part of the 
surgery. Stump pressures have also been used to determine the 
need for intra-arterial carotid shunting. Some surgeons prefer 
to shunt all patients on a routine basis and do not use intraop¬ 
erative cerebral monitoring. 

To perform a carotid endarterectomy, the patient’s neck is 
slightly hyperextended and turned to the contralateral side, with 
a roll placed between the shoulder blades. An oblique incision is 
made along the anterior border of the sternocleidomastoid 


ITABLE 90.3 1 

CONDITIONS QUALIFYING PATIENTS AS "HIGH SURGICAL RISK" FOR CAROTID ENDARTERECTOMY 

■ ANATOMIC FACTORS 

■ PHYSIOLOGIC FACTORS 

■ High carotid bifurcation (above C2 vertebral body) 

■ Low common carotid artery (below clavicle) 

■ Contralateral carotid occlusion 

■ Restenosis of ipsilateral prior carotid endarterectomy 

■ Previous neck irradiation 

■ Prior radical neck dissection 

■ Contralateral laryngeal nerve palsy 

■ Presence of tracheostomy 

■ Age >80 y 

■ Left ventricular ejection fraction <30% 

■ New York Heart Association class III/IV congestive heart failure 

■ Unstable angina: Canadian Cardiovascular Society class III/IV 
angina pectoris 

■ Recent myocardial infarction 

■ Clinically significant cardiac disease (congestive heart failure, 
abnormal stress test, or need for coronary revascularization) 

■ Severe chronic obstructive pulmonary disease 

■ End-stage renal disease on dialysis 
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FIGURE 90.5. To perform carotid endarterectomy, the patient’s neck 
is slightly hyperextended and turned to the contralateral side. An 
oblique incision is made along the anterior border of the sternocleido¬ 
mastoid muscle centered on top of the carotid bifurcation. 



muscle centered on top of the carotid bifurcation (Fig. 90.5). 
The platysma is divided completely. Typically, tributaries of the 
anterior jugular vein are ligated and divided. The dissection is 
carried medial to the sternocleidomastoid. The superior belly 
of the omohyoid muscle is usually encountered just anterior to 
the common carotid artery. This muscle can be divided. The 
carotid fascia is incised and the common carotid artery is 
exposed. The common carotid artery is mobilized cephalad 
toward the bifurcation. The dissection of the carotid bifurcation 
can cause reactive bradycardia related to stimulation of the 
carotid body. This reflex can be blunted with injection of 1% 
lidocaine into the carotid body or reversed with administration 
of intravenous atropine. A useful landmark in the dissection of 
the carotid bifurcation is the common facial vein. This vein can 
be ligated and divided. Frequently the 12th cranial nerve 
(hypoglossal nerve) traverses the carotid bifurcation just 
behind the common facial vein. The external carotid artery is 
mobilized just enough to get a clamp across. Often, a branch of 
the external carotid artery crossing to the sternocleidomastoid 
can be divided to allow further cephalad mobilization of the 
internal carotid artery. For high carotid bifurcations, division 
of the posterior belly of the digastric muscle is helpful in estab¬ 
lishing distal exposure of the internal carotid artery. 

Intravenous heparin sulfate (1 mg/kg) is routinely adminis¬ 
tered just prior to carotid clamping. The internal carotid artery 
is clamped first using a soft noncrushing vascular clamp to pre¬ 
vent distal embolization. The external and common carotid 
arteries are clamped subsequently. A longitudinal arteriotomy 
is made in the distal common carotid artery and extended into 
the bulb and past the occlusive plaque into the normal part of 
the internal carotid artery. Endarterectomy is carried out to 
remove the occlusive plaque (Fig. 90.6). If necessary, a tempo¬ 
rary shunt can be inserted from the common carotid artery to 



FIGURE 90.6. A: During carotid endarterectomy, vascular clamps are applied in the common carotid, external carotid, and internal carotid arteries. 
Carotid plaque is elevated from the carotid lumen. B: Carotid plaque is removed and the arteriotomy is closed either primarily or with a patch angioplasty. 
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FIGURE 90.7. A temporary carotid shunt is inserted from the com¬ 
mon carotid artery (long arrow) to the internal carotid artery (short 
arrow) during carotid endarterectomy to provide continuous ante¬ 
grade cerebral blood flow. 



FIGURE 90.8. The distal transition line (left side of the picture) in the 
internal carotid artery where the plaque had been removed must be 
examined carefully and should be smooth. Tacking sutures ( arrows) 
are placed when an intimal flap remains in this transition to ensure no 
obstruction to flow. 


the internal carotid artery to maintain continuous antegrade 
cerebral blood flow (Fig. 90.7). Typically, a plane is teased out 
from the vessel wall and the entire plaque is elevated and 
removed. The distal transition line in the internal carotid 
artery where the plaque had been removed must be examined 
carefully and should be smooth. Tacking sutures are often 
placed when an intimal flap remains in this transition to ensure 
no obstruction to flow (Fig. 90.8). The occlusive plaque is usu¬ 
ally removed from the origin of the external carotid artery 
using the eversion technique. The endarterectomized surface is 
then irrigated and any debris removed. A patch (autogenous 
saphenous vein; synthetic material, such as polyester or poly- 
tetrafluoroethylene; or biologic material) is sewn to close the 
arteriotomy (Fig. 90.9). Whether patch closure is necessary in 
all patients and which patch is the best remain controversial. 
However, most surgeons agree that patch closure is indicated 
particularly for the small vessel (<7 mm). The eversion tech¬ 
nique has also been advocated for removing the plaque from 
the internal carotid artery. In the eversion technique, the inter¬ 
nal carotid artery is transected at the bulb, the edges of the 
divided vessel are everted, and the occluding plaque is 
“peeled” off the vessel wall. The purported advantages of the 
eversion technique are no need for patch closure and a clear 
visualization of the distal transition area. Reported series have 


not shown a clear superiority of one technique over the oth¬ 
ers. 23 Surgeons will likely continue to use the technique of their 
choice. Just prior to completion of the anastomosis to close the 
arteriotomy, the vessel is flushed of any potential debris. When 
the arteriotomy is closed, flow is restored to the external 
carotid artery first and to the internal carotid artery second. 
Intravenous protamine sulfate can be given to reverse the effect 
of heparin anticoagulation following carotid endarterectomy. 
The wound is closed in layers. After surgery, the patient’s neu¬ 
rologic condition is asserted in the operating room prior to 
transfer to the recovery area. 


Complications of Carotid Endarterectomy 

Most patients tolerate carotid endarterectomy very well and 
typically are discharged home within 24 hours after surgery. 
Complications after endarterectomy are infrequent but can be 
potentially life threatening or disabling. Acute ipsilateral stroke 
is a dreaded complication following carotid endarterectomy. 
Cerebral ischemia can be due to either intraoperative or postop¬ 
erative events. Embolization from the occlusive plaque and pro¬ 
longed cerebral ischemia are potential causes of intraoperative 




FIGURE 90.9. A: An autologous or synthetic patch can be used to close the carotid arteriotomy incision, which maintains the luminal patency. 
B: A completion closure of carotid endarterectomy incision using a synthetic patch. 
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FIGURE 90.10. A: Carotid angio¬ 
gram demonstrated a high-grade 
stenosis of the left internal carotid 
artery. B: Completion angiogram 
demonstrated a satisfactory result 
following a carotid stent placement. 


stroke, with the most common cause of postoperative stroke 
being embolization. Less frequently, acute carotid artery occlu¬ 
sion can cause acute postoperative stroke. This is usually due to 
carotid artery thrombosis related to closure of the arteriotomy, 
an occluding intimal flap, or distal carotid dissection. When 
patients experience acute symptoms of neurologic ischemia 
after endarterectomy, immediate intervention may be indicated. 
Carotid duplex scan can be done expeditiously to assess patency 
of the extracranial internal carotid artery. Reexploration is 
mandated for acute carotid artery occlusion. Cerebral angiogra¬ 
phy can be useful if intracranial revascularization is considered. 

Local complications related to surgery include excessive 
bleeding and cranial nerve palsies. Postoperative hematoma 
in the neck after carotid endarterectomy can lead to devastat¬ 
ing airway compromise. Any expanding hematoma should be 
evacuated and active bleeding stopped. Securing an airway is 
critical and can be extremely difficult in patients with a large 
postoperative neck hematoma. The reported incidence of 
postoperative cranial nerve palsies after carotid endarterec¬ 
tomy varies from 1% to 30%. 24 Well-recognized injuries 
involve the marginal mandibular, vagus, hypoglossal, supe¬ 
rior laryngeal, and recurrent laryngeal nerves. Often these are 
traction injuries, but they can also be due to severance of the 
nerve. 


TABLE 90.4 


UNFAVORABLE CAROTID ANGIOGRAPHIC APPEARANCE 
IN WHICH CAROTID STENTING SHOULD BE AVOIDED 

■ Extensive carotid calcification 

■ Polypoid or globular carotid lesions 

■ Severe tortuosity of the common carotid artery 

■ Long-segment stenoses (>2 cm in length) 

■ Carotid artery occlusion 

■ Severe intraluminal thrombus (angiographic defects) 

■ Extensive middle cerebral artery atherosclerosis 


Techniques of Carotid 
Angioplasty and Stenting 

Percutaneous carotid artery stenting has become an accepted 
alternative treatment in the management of “high-risk” 
patients with carotid bifurcation disease (Fig. 90.10). The per¬ 
ceived advantages of percutaneous carotid revascularization 
are related to the minimal invasiveness of the procedure com¬ 
pared to surgery. There are anatomic conditions based on 
angiographic evaluation in which carotid artery stenting 
should be avoided due to increased procedural-related risks 
(Table 90.4). In preparation for carotid stenting, the patient 
should be given oral clopidogrel 3 days prior to the interven¬ 
tion. The procedure is done in either the operating room with 
angiographic capabilities or in a dedicated angiography room. 
The patient is placed in the supine position. The patient’s blood 
pressure and cardiac rhythm are closely monitored. 

To gain access to the carotid artery, a retrograde trans- 
femoral approach is most commonly used as the access site for 
carotid intervention. Using the Seldinger technique, a diagnos¬ 
tic 5- or 6-French sheath is inserted in the common femoral 
artery. A diagnostic arch aortogram is obtained. The carotid 
artery to be treated is then selected using a 5-French diagnos¬ 
tic catheter and contrast is injected to show the carotid 
anatomy. It is important to assess the contralateral carotid 
artery, vertebrobasilar circulation, and intracranial circulation 
if these are not known based on the preoperative noninvasive 
studies. Once the decision is made to proceed with carotid 
artery stenting, with the tip of the diagnostic catheter still in 
the common carotid artery, a 0.035-inch 260-cm-long stiff 
glide wire is placed in the ipsilateral external carotid artery. 
Anticoagulation with intravenous bivalirudin bolus (0.75 
mg/kg) followed by an infusion rate of 2.5 mg/kg/h or heparin 
(1 mg/kg) for the remainder of the procedure is routinely 
administered. Next, the diagnostic catheter is withdrawn and 
a 90-cm 6-French guiding sheath is advanced into the common 
carotid artery over the stiff glide wire. It is critical not to 
advance the sheath beyond the occlusive plaque in the carotid 
bulb. The stiff wire is then removed and preparation is made 
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TABLE 90.5 


COMMONLY USED EMBOLIC PROTECTION DEVICES (EPDs) 


■ MECHANISM 

■ NAME OF EPD 

■ PORE SIZE (MICRONS) 

Distal balloon occlusion 

PercuSurge Guard Wire, 

Export catheter (Medtronic) 

NA 

Distal filter 

Angioguard (Cordis) 

100 


Accunet (Abbott) 

150 


Emboshield (Abbott) 

140 


FilterWire (Boston Scientific) 

110 


SpiderRx (EV3) 

<100 

Flow reversal^ 

Parodi Neuro Protection (Gore) 

NA 


^Currently in clinical trial (EMPIRE) in United States. 


to deploy the distal embolic protection device (EPD). Several 
distal EPDs are available (Table 90.5). The EPD device is care¬ 
fully deployed beyond the target lesion. With regard to the 
carotid stent, there are several stents that have received approval 
from the Food and Drug Administration and are commercially 
available for carotid revascularization (Table 90.6). All current 
carotid stents use the rapid-exchange monorail 0.014-inch plat¬ 
form. The size selection is typically based on the size of the com¬ 
mon carotid artery. Predilatation using a 4-mm balloon may be 
necessary to allow passage of the stent delivery catheter. Once 
the stent is deployed across the occlusive plaque, postdilatation 
is usually performed using a 5.5-mm or smaller balloon. It’s 
noteworthy that balloon dilation of the carotid bulb may lead to 
immediate bradycardia due to stimulation of the glossopharyn¬ 
geal nerve. The EPD is then retrieved and the procedure is com¬ 
pleted with removal of the sheath from the femoral artery. The 
puncture site is closed using an available closure device or with 
manual compression. Throughout the procedure, the patient’s 
neurologic function is closely monitored. The bivalirudin infu¬ 
sion is stopped or heparin is reversed with protamine, and the 
patient is maintained on clopidogrel (75 mg daily) for at least 1 
month and on aspirin indefinitely. 


Complications of Carotid Stenting 

Although there have been no randomized trials comparing 
carotid stenting with and without EPD, the availability of 
embolic protection devices appears to have reduced the risk of 
distal embolization and stroke. The results of the various clini¬ 
cal trials and registries of carotid stenting have been reported 
and compared. It is well known that distal embolization as 


detected by TCD is much more frequent with carotid stenting 
even with EPD when compared to carotid endarterectomy. 
However, the clinical significance of the distal embolization 
detected by TCD is not clear as most are asymptomatic. Acute 
carotid stent thrombosis is rare. The incidence of in-stent 
carotid restenosis is not well known but is estimated at 10% to 
30%. Duplex surveillance frequently shows elevated peak sys¬ 
tolic velocities within the stent after carotid stenting. However, 
velocity criteria are being formulated to determine the severity of 
in-stent restenosis after carotid stenting by duplex ultrasound. 25 
It appears that systolic velocities exceeding 300 to 400 cm/s 
would represent greater than 70% to 80% restenosis. Bradycar¬ 
dia and hypotension occur in up to 20% of patients undergoing 
carotid stenting. 26 Systemic administration of atropine is usually 
effective in reversing the bradycardia. Other technical complica¬ 
tions of carotid stenting are infrequent and include carotid artery 
dissection and access site complications, such as groin 
hematoma, femoral artery pseudoaneurysm, distal embolization, 
and acute femoral artery thrombosis. 


NONATHEROSCLEROTIC DISEASE 
OF THE CAROTID ARTERY 


Carotid Coil and Kink 


A carotid coil consists of an excessive elongation of the internal 
carotid artery producing tortuosity of the vessel (Fig. 90.11). 
Embryologically, the carotid artery is derived from the third 
aortic arch and dorsal aortic root, and is uncoiled as the heart 
and great vessels descend into the mediastinum. In children, 


TABLE 90.6 


CURRENTLY APPROVED CAROTID STENTS IN THE UNITED STATES 


■ NAME OF STENT 

■ MANUFACTURER 

■ CELL 
DESIGN 

■ TAPERED 
STENT 

■ DELIVERY SYSTEM 
SIZE (FRENCH) 

Acculink 

Abbott 

Open 

Yes 

6 

Exact 

Abbott 

Closed 

Yes 

6 

NexStent 

Boston Scientific 

Closed 

Self-tapering 

5 

Protege RX 

EV3 

Open 

Yes 

6 

Precise RX 

Cordis 

Open 

No 

6 

Exponent 

Medtronic 

Open 

No 

6 
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FIGURE 90.11. Excessive elongation of the carotid artery can result 
in carotid kinking {arrow), which can compromise cerebral blood flow 
and lead to cerebral ischemia. 



FIGURE 90.12. A carotid fibromuscular dysplasia with typical char¬ 
acteristics of multiple stenosis with intervening aneurysmal outpouch¬ 
ing dilatations. The disease involves the media with the smooth mus¬ 
cle being replaced by fibrous connective tissue. 


carotid coils appear to be congenital in origin. In contrast, 
elongation and kinking of the carotid artery in adults is asso¬ 
ciated with the loss of elasticity and an abrupt angulation of 
the vessel. Kinking is more common in women than men. 
Cerebral ischemic symptoms caused by kinks of the carotid 
artery are similar to those from atherosclerotic carotid lesions, 
but are more likely due to cerebral hypoperfusion than 
embolic episodes. Classically, sudden head rotation, flexion, or 
extension can accentuate the kink and provoke ischemic symp¬ 
toms. Most carotid kinks and coils are found incidentally on 
carotid duplex scan. However, interpretation of the Doppler 
frequency shifts and spectral analysis in tortuous carotid arter¬ 
ies can be difficult because of the uncertain angle of insonation. 
Cerebral angiography, with multiple views taken in neck flex¬ 
ion, extension, and rotation, is useful in the determination of 
the clinical significance of kinks and coils. 


Fibromuscular Dysplasia 

Fibromuscular dysplasia (FMD) usually involves medium-sized 
arteries that are long and have few branches (Fig. 90.12). 
Women in the fourth or fifth decade of life are more commonly 
affected than men. Hormonal effects on the vessel wall are 
thought to play a role in the pathogenesis of FMD. FMD of the 
carotid artery is commonly bilateral, and in about 20% of 
patients, the vertebral artery is also involved. 27 An intracranial 
saccular aneurysm of the carotid siphon or middle cerebral 
artery can be identified in up to 50% of the patients with FMD. 
Four histologic types of FMD have been described in the litera¬ 
ture. The most common type is medial fibroplasias, which may 
present as a focal stenosis or multiple lesions with intervening 
aneurysmal outpouchings. The disease involves the media with 
the smooth muscle being replaced by fibrous connective tissue. 
Commonly, mural dilations and microaneurysms can be seen 


with this type of FMD. Medial hyperplasia is a rare type of 
FMD with the media demonstrating excessive amounts of 
smooth muscle. Intimal fibroplasia accounts for 5% of all cases 
and occurs equally in both sexes. The media and adventitia 
remain normal and there is accumulation of subendothelial 
mesenchymal cells with a loose matrix of connective tissue caus¬ 
ing a focal stenosis in adults. Finally, premedial dysplasia repre¬ 
sents a type of FMD with elastic tissue accumulating between the 
media and adventitia. FMD can also involve the renal and exter¬ 
nal iliac arteries. It is estimated that approximately 40% of 
patients with FMD present with a TIA due to embolization of 
platelet aggregates. 27 DSA demonstrates the characteristic 
“string of beads” pattern, which represents alternating segments 
of stenosis and dilatation. The string of beads can also be shown 
noninvasively by CTA or MRA. FMD should be suspected when 
an increased velocity is detected across a stenotic segment with¬ 
out associated atherosclerotic changes on carotid duplex ultra¬ 
sound. Antiplatelet medication is the generally accepted therapy 
for asymptomatic lesions. Endovascular treatment is recom¬ 
mended for patients with documented lateralizing symptoms. 
Surgical correction is rarely indicated. 


Carotid Artery Dissection 

Dissection of the carotid artery accounts for approximately 
20% of strokes in patients younger than 45 years of age. The 
etiology and pathogenesis of spontaneous carotid artery dis¬ 
section remains incompletely understood. Arterial dissection 
involves hemorrhage within the media, which can extend into 
the subadventitial and subintimal layers. When the dissection 
extends into the subadventitial space, there is an increased risk 
of aneurysm formation. Subintimal dissections can lead to 
intramural clot or thrombosis. Traumatic dissection is typically 
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FIGURE 90.13. Carotid ultrasound reveals a patient with a carotid 
artery dissection in which carotid flow is separated in the true flow 
lumen (long arrow ) from the false lumen (short arrow). 


the result of hyperextension of the neck during blunt trauma, 
neck manipulation, strangulation, or penetrating injuries to the 
neck. Even in supposedly spontaneous cases, a history of pre¬ 
ceding unrecognized minor neck trauma is not uncommon. 
Connective disorders, such as Ehlers-Danlos syndrome, Mar¬ 
fan syndrome, aj-antitrypsin deficiency, and fibromuscular 
dysplasia, may predispose to carotid artery dissection. Iatro¬ 
genic dissections can also occur due to catheter manipulation 
or balloon angioplasty. 

Typical clinical features of carotid artery dissection include 
unilateral neck pain, headache, and ipsilateral Horner syn¬ 
drome in up to 50% of patients, followed by manifestations of 
cerebral or ocular ischemia and cranial nerve palsies. Neuro¬ 
logic deficits can result because of either hemodynamic failure 
(caused by luminal stenosis) or an artery-to-artery thromboem¬ 
bolism. The ischemia may cause TIAs or infarctions, or both. 
Catheter angiography has been the method of choice to diag¬ 
nose arterial dissections, but with the advent of duplex ultra¬ 
sonography, MRI/MRA, and CTA, most dissections can now be 
diagnosed using noninvasive imaging modalities (Fig. 90.13). 
The dissection typically starts in the internal carotid artery 


distal to the bulb. Uncommonly, the dissection can start in the 
common carotid artery or be an extension of a more proximal 
aortic dissection. Medical therapy has been the accepted pri¬ 
mary treatment of symptomatic carotid artery dissection. Anti¬ 
coagulation (heparin and warfarin) and antiplatelet therapy 
have been commonly used, although there have not been any 
randomized studies to evaluate their effectiveness. The progno¬ 
sis depends on the severity of the neurologic deficit but is gen¬ 
erally good in extracranial dissections. The recurrence rate is 
low. Therapeutic interventions have been reserved for recurrent 
TIAs or strokes or failure of medical treatment. Endovascular 
options include intra-arterial stenting, coiling of associated 
pseudoaneurysms, or, more recently, deployment of covered 
stents. 


Carotid Artery Aneurysms 

Carotid artery aneurysms are rare, encountered in less than 
1% of all carotid operations (Fig. 90.14). The true carotid 
artery aneurysm is generally due to atherosclerosis or medial 
degeneration. The carotid bulb is involved in most carotid 
aneurysms, and bilaterality is present in 12% of patients. 
Patients typically present with a pulsatile neck mass. The avail¬ 
able data suggest that, untreated, these aneurysms lead to neu¬ 
rologic symptoms from embolization. Thrombosis and rup¬ 
ture of the carotid aneurysm are rare. Pseudoaneurysms of the 
carotid artery can result from injury or infection. Mycotic 
aneurysms often involve a past history of syphilis but are now 
more commonly associated with peritonsillar abscesses caused 
by Staphylococcus aureus infection. Fibromuscular dysplasia 
and spontaneous dissection of the carotid artery can lead to the 
formation of true aneurysms or pseudoaneurysms. Whereas 
conventional surgery has been the primary mode of treatment 
in the past, carotid aneurysms are currently being treated more 
commonly using endovascular approaches. 28 


Carotid Body Tumor 

The carotid body originates from the third branchial arch and 
from neuroectodermal-derived neural crest lineage. The 



FIGURE 90.14. A: An anteroposterior angiogram of the neck revealing a carotid artery aneurysm. B: A lateral projection of the carotid artery 
aneurysm. C: Following endovascular stent graft placement, the carotid artery aneurysm is successfully excluded. 
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FIGURE 90.15. A: A carotid body tumor {arrow) located adjacent to the carotid bulb. B: Following periadventitial dis¬ 
section, the carotid body tumor is removed. 


normal carotid body is located in the adventitia or periadven¬ 
titial tissue at the bifurcation of the common carotid artery 
(Fig. 90.15). The gland is innervated by the glossopharyngeal 
nerve. Its blood supply is derived predominantly from the exter¬ 
nal carotid artery but can also come from the vertebral artery. 
Carotid body tumor is a rare lesion of the neuroendocrine sys¬ 
tem. Other glands of neural crest origin are seen in the neck, 
parapharyngeal spaces, mediastinum, retroperitoneum, and 
adrenal medulla. Tumors involving these structures have been 
referred to as paraganglioma, glomus tumor, or chemodectoma. 
Approximately 5% to 7% of carotid body tumors are malig¬ 
nant. Although chronic hypoxemia has been invoked as a stim¬ 
ulus for hyperplasia of the carotid body, approximately 35% of 
carotid body tumors are hereditary. The risk of malignancy is 
greatest in young patients with familial tumors. 

Symptoms related to the endocrine products of the carotid 
body tumor are rare. Patients usually present between the fifth 
and seventh decades of life with an asymptomatic lateral neck 
mass. The diagnosis of carotid body tumor requires confirma¬ 
tion on imaging studies. Carotid duplex scanning can localize 
the tumor to the carotid bifurcation, but CT or MRI is usually 
required to further delineate the relationship of the tumor to the 
adjacent structures. Classically, a carotid body tumor will widen 
the carotid bifurcation. The Shamblin classification describes 
the tumor extent: I, tumor is less than 5 cm and relatively free of 
vessel involvement; II, tumor is intimately involved but does not 
encase the vessel wall; and III, tumor is intramural and encases 
the carotid vessels and adjacent nerves. 29 With good-resolution 
CT and MRI, arteriography is usually not required. However, 
arteriography can provide an assessment of vessel invasion and 
intracranial circulation, and allows for preoperative emboliza¬ 
tion of feeder vessels, which has been reported to reduce intra¬ 
operative blood loss. Surgical resection is the recommended 
treatment for suspected carotid body tumor. 


Carotid Trauma 

Blunt or penetrating trauma to the neck can cause injury to the 
carotid artery. Notwithstanding the massive bleeding from 


carotid artery transection, injury to the carotid artery can result 
in carotid dissection, thrombosis, or pseudoaneurysm forma¬ 
tion. Carotid duplex ultrasound can be useful to locate the site 
of injury in the cervical segment of the carotid artery. Spiral 
CTA has become the modality of choice to detect extracranial 
carotid artery injury. Confirmation of carotid injury by con¬ 
trast cerebral angiography remains the “gold standard” diag¬ 
nostic test. Injuries to the cervical segment of the common and 
internal carotid arteries can be repaired surgically. Acute 
carotid artery thrombosis is usually treated medically with 
anticoagulation if the patient is asymptomatic. Revasculariza¬ 
tion should be considered for patients presenting with ongoing 
cerebral ischemia related to carotid artery thrombosis. Trau¬ 
matic carotid artery dissection can cause cerebral ischemia due 
to thromboembolization, decreased flow, or thrombosis. Com¬ 
monly, the dissection involves the distal portion of the cervical 
and petrous segment of the internal carotid artery. Medical 
management with antiplatelet or anticoagulation therapy is 
usually adequate for uncomplicated traumatic carotid dissec¬ 
tion. In patients with pseudoaneurysms of the carotid artery 
that are located in a segment that is out of surgical reach, the 
use of selective coil embolization of the pseudoaneurysm or 
exclusion of the pseudoaneurysm by a covered stent graft has 
been reported. Bare-metal stents have been used with success in 
the treatment of traumatic carotid artery dissection. 


References 


1. Donnan GA, Fisher M, Macleod M, et al. Stroke. Lancet 2008;371: 
1612-1623. 

2. Debakey ME, Crawford ES, Cooley DA, et al. Cerebral arterial insuffi¬ 
ciency: one to 11-year results following arterial reconstructive operation. 
Ann Surg 1965;161:921-945. 

3. O’Rourke F, Dean N, Akhtar N, et al. Current and future concepts in 
stroke prevention. CMAJ 2004;170:1123-1133. 

4. Kastrup A, Schnaudigel S, Wasser K, et al. Carotid artery disease: stenting 
versus endarterectomy. Curr Atheroscler Rep 2008;10:391-397. 

5. Cucchiara B, Ross M. Transient ischemic attack: risk stratification and 
treatment. Ann Emerg Med 2008;52:S27-S39. 

6. Naylor AR, Mehta Z, Rothwell PM, et al. Carotid artery disease and 
stroke during coronary artery bypass: a critical review of the literature. Eur 
J Vase Endovasc Surg 2002;23:283-294. 


VASCULAR 










1598 


Part Two: Surgical Practice 


7. Touze E. Natural history of asymptomatic carotid artery stenosis. Rev 
Neurol (Paris) 2008;164:793-800. 

8. Grant EG, Benson CB, Moneta GL, et al. Carotid artery stenosis: grayscale 
and Doppler ultrasound diagnosis—Society of Radiologists in Ultrasound 
consensus conference. Ultrasound Q 2003;19:190-198. 

9. Wardlaw JM, Chappell FM, Stevenson M, et al. Accurate, practical and 
cost-effective assessment of carotid stenosis in the UK. Health Technol 
Assess 2006;10:iii-iv, ix-x, 1-182. 

10. Saba L, Mallarini G. MDCTA of carotid plaque degree of stenosis: evaluation 
of interobserver agreement. AJR Am J Roentgenol 2008;190:W41-W46. 

11. Price TR, Psaty B, O’Leary D, et al. Assessment of cerebrovascular disease 
in the Cardiovascular Health Study. Ann Epidemiol 1993;3:504-507. 

12. Chen ZM, Sandercock P, Pan HC, et al. Indications for early aspirin use in 
acute ischemic stroke: a combined analysis of 40 000 randomized patients from 
the Chinese Acute Stroke Trial and the International Stroke Trial. On behalf 
of the CAST and 1ST collaborative groups. Stroke 2000;31:1240-1249. 

13. Kita MW. Carotid endarterectomy in symptomatic carotid stenosis: 
NASCET comparative results at 30 months of follow-up. J Insur Med 
1992;24:42-46. 

14. Warlow CP. Symptomatic patients: the European Carotid Surgery Trial 
(ECST). J Mai Vase 1993;18:198-201. 

15. Strandness DE, Eikelboom BC. Carotid artery stenosis—where do we go 
from here? Eur J Ultrasound 1998;7(suppl 3):S17-S26. 

16. Roth well PM, Eliasziw M, Gutnikov SA, et al. Analysis of pooled data 
from the randomised controlled trials of endarterectomy for symptomatic 
carotid stenosis. Lancet 2003;361:107-116. 

17. Topakian R, Strasak AM, Sonnberger M, et al. Timing of stenting of symp¬ 
tomatic carotid stenosis is predictive of 30-day outcome. Eur J Neurol 
2007;14:672-678. 

18. Roederer GO, Langlois YE, Jager KA, et al. The natural history of carotid 
arterial disease in asymptomatic patients with cervical bruits. Stroke 1984; 
15:605-613. 


19. Fisher M, Martin A, Cosgrove M, et al. The NASCET-ACAS plaque pro¬ 
ject. North American Symptomatic Carotid Endarterectomy Trial. Asymp¬ 
tomatic Carotid Atherosclerosis Study. Stroke 1993;24:124-125; discussion 
131—132. 

20. Halliday A, Mansfield A, Marro J, et al. Prevention of disabling and fatal 
strokes by successful carotid endarterectomy in patients without recent 
neurological symptoms: randomised controlled trial. Lancet 2004;363: 
1491-1502. 

21. Coward LJ, Featherstone RL, Brown MM. Safety and efficacy of endovas¬ 
cular treatment of carotid artery stenosis compared with carotid 
endarterectomy: a Cochrane systematic review of the randomized evidence. 
Stroke 2005;36:905-911. 

22. Lin PH, Barshes NR, Annambhotla S, et al. Prospective randomized trials 
of carotid artery stenting versus carotid endarterectomy: an appraisal of 
the current literature. Vase Endovasc Surg 2008;42:5-11. 

23. Crawford RS, Chung TK, Hodgman T, et al. Restenosis after eversion vs 
patch closure carotid endarterectomy. J Vase Surg 2007;46:41-48. 

24. Organ N, Walker PJ, Jenkins J, et al. 15 year experience of carotid endarterec¬ 
tomy at the Royal Brisbane and Women’s Hospital: outcomes and changing 
trends in management. Eur J Vase Endovasc Surg 2008;35:273-279. 

25. Zhou W, Felkai DD, Evans M, et al. Ultrasound criteria for severe in-stent 
restenosis following carotid artery stenting. J Vase Surg 2008;47:74-80. 

26. Lin PH, Zhou W, Kougias P, et al. Factors associated with hypotension and 
bradycardia after carotid angioplasty and stenting. J Vase Surg 2007;46: 
846-853; discussion 853-854. 

27. Plouin PF, Perdu J, La Batide-Alanore A, et al. Fibromuscular dysplasia. 
Orphanet J Rare Dis 2007;2:28. 

28. Zhou W, Lin PH, Bush RL, et al. Carotid artery aneurysm: evolution of man¬ 
agement over two decades. J Vase Surg 2006;43:493-496; discussion 497. 

29. Athanasiou A, Liappis CD, Rapidis AD, et al. Carotid body tumor: review 
of the literature and report of a case with a rare sensorineural symptoma¬ 
tology. J Oral Maxillofac Surg 2007;65:1388-1393. 


CHAPTER 91 ■ UPPER EXTREMITY 

ARTERIAL DISEASE 

MARK D. MORASCH 


KEY POINTS 


Q Presenting symptoms of upper extremity occlusive disease 
include evidence of arterial emboli, Raynaud phenomenon, 
pain, and exercise-related forearm fatigue. 

Q Physical examination should include the thoracic outlet 
and the entire upper extremity. 

Q In severe bilateral hand ischemia, a systemic cause of the 
arterial lesions should be sought. 

Q Several noninvasive tests, including plethysmography, 
transcutaneous Doppler examination, and duplex scan, 


are available for the objective evaluation of patients with 
upper extremity ischemia. 

Q Atherosclerosis is the most common cause of upper 
extremity occlusive lesions. 

Q Thoracic outlet syndrome is the most common condition 
producing upper extremity vascular complications in 
young adults. 


In the upper extremity, a broad spectrum of arterial occlusive 
processes can lead to ischemic symptoms. An accurate diagno¬ 
sis requires obtaining a very thorough patient history, per¬ 
forming careful physical examination, and applying the liberal 
use of ancillary testing. Appropriate endovascular or open sur¬ 
gical intervention depends on the location of the vascular 
lesion and the nature of the underlying occlusive process. 


ANATOMY 


The supra-aortic vessels normally develop as three separate 
trunks taking origin from the arch of the aorta within the supe¬ 
rior mediastinum. The conventional definition includes the 
innominate artery, the subclavian arteries to involve the origins 
of the vertebral arteries, and the common carotid arteries prox¬ 
imal to their bifurcations. The left subclavian artery is the third 


of three trunks and it originates posterior to and to the left of 
the left common carotid. There may be as few as one great ves¬ 
sel or as many as six arising from the transverse aorta. 1 The 
most common variation is the bovine-type aortic arch, where 
the first and second branches arise from a common ostium 
(16%) or as a single trunk (8%). The arch configuration with 
an aberrant right subclavian artery that arises as the fourth of 
four vessels occurs in approximately 0.5% of individuals. 2,3 

The subclavian artery crosses the thoracic outlet and 
becomes the axillary artery. As the continuation of the subcla¬ 
vian, the axillary vessel commences at the outer border of the 
first rib and ends at the lower border of the teres major tendon. 
Beyond the teres major tendon, the axillary becomes the 
brachial artery, which runs medial to the humerus. At the bend 
of the elbow, the brachial artery lies midway between its two 
epicondyles, and below the bend of the elbow, it divides into 
the radial and ulnar arteries. 
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FIGURE 91.1. Incomplete palmar arch and ulnar dominant anatomy. 
Given radial artery occlusion, the thumb and forefinger are poorly per¬ 
fused. 


The anatomic variability of the upper extremity arteries, 
especially the palmar arches (superficial and deep), is well 
known, 4 and incomplete palmar arches (Fig. 91.1) play a sig¬ 
nificant role in ischemic disease. The deep palmar arch is 
formed by the terminal part of the radial artery and the super¬ 
ficial arch by the ulnar artery. In a study of 500 hand arteri¬ 
ograms, the deep palmar arch appeared complete in 95.2% of 
cases. 5 Because the ulnar artery predominates in supplying 
blood to the hand, the completeness of the superficial palmar 
arch is the determining factor in hand ischemia. In contrast to 
the deep arch, the superficial palmar arch exhibits many vari¬ 
ations (Fig. 91.2). Six types of complete arch are known; a 
complete superficial palmar arch was seen in only 42.4% of 
cases in the angiographic study. 5 


MEDICAL HISTORY 

Obtaining an appropriate patient history is an extremely 
important initial step in arriving at a diagnosis in patients with 



IV 3.3% V 0.9% VI 0.5% 

FIGURE 91.2. Different types of complete superficial palmar arch found on 500 hand arteriograms. (Reproduced 
with permission from Janevski BK. Angiography of the Upper Extremity. Amsterdam, The Netherlands: Martinus 
Nijhoff; 1982.) 
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TABLE 91.1 

ETIOLOGY 1 

CONDITIONS AND RISKS FOR UPPER EXTREMITY ISCHEMIA 

Occupational injury 

Medical conditions 

Vibration syndrome 

Atherosclerosis 

Pneumatic tools 

Arteritis 

Chainsaws 

Collagen disease 

Grinders 

Scleroderma 

Electrical burns 

Rheumatic arteritis 

Hypothenar hammer 

Systemic lupus erythematosus 

syndrome 

Dermatomyositis 


Mechanical work or 
auto repair 

Lathe operation 
Carpentry 
Electrical work 

Occupational acroosteolysis- 
polyvinylchloride exposure 


Athletic activities 

Thoracic outlet compression 
Baseball pitching 
Kayaking 
Weight lifting 
Rowing 

Butterfly swimming 
Golfing 

Hand ischemia 
Baseball catching 
Frisbee 
Karate 
Handball 


Pharmacologic history 
Ergot poisoning 
Beta-blockers 
Drug abuse, cocaine use 
Cytotoxic drugs 
Dopamine overdose 


Allergic necrotizing arteritis 
Takayasu disease 
Giant cell arteritis 
Blood dyscrasias 
Cold agglutinins 
Cryoglobulins 
Polycythemia vera 
Behget syndrome 
Antiphospholipid syndrome 
Thoracic outlet syndrome 
Congenital arterial wall defects 
Pseudoxanthoma elasticum 
Ehlers-Danlos syndrome 
Fibromuscular dysplasia 
Iatrogenic injury 

Arterial blood gas and pressure monitoring 
Cardiac catheterization 
Arteriography 
Frostbite 

Renal transplantation and related problems 
Azotemic arteriopathy 
Hemodialysis shunts 
Radiation 

Breast carcinoma 
Hodgkin disease 

Aneurysms of the upper extremity 


upper extremity ischemia. In addition to a careful delineation 
of symptoms, appropriate inquiries include occupational, phar¬ 
macologic, and athletic risks and a pertinent medical history. 
Table 91.1 lists conditions and activities that can be related to 
the development of upper extremity ischemic symptoms. 


SIGNS AND SYMPTOMS 

Q Presenting signs and symptoms of upper extremity occlusive dis¬ 
ease can include digital gangrene, evidence of arterial emboli, 
persistent wounds, Raynaud phenomenon, pain, and exercise- 
related forearm fatigue. Signs of embolic phenomena include 
gangrene of the tips of the fingers, petechiae of the skin, splinter 
hemorrhages of the nail bed, and livedo reticularis. 

The term Raynaud phenomenon refers to episodic digital 
color changes provoked by stimuli, such as cold or emotion. 
The digits first exhibit pallor, then cyanosis, and finally rubor. 
The pathophysiology of the color changes from white to blue 
to red is thought to be digital ischemia (resulting from 


vasospasm), followed by desaturation of hemoglobin (which 
produces cyanosis), and finally a reactive hyperemia. Raynaud 
phenomenon should not be confused with Raynaud disease. 
The former is a secondary process, whereas the latter is a pri¬ 
mary disease without a known cause. The diagnosis of pri¬ 
mary Raynaud disease is made only after all the etiologic fac¬ 
tors listed in Table 91.1 have been excluded and after 
symptoms persist for at least 2 years. In patients with unilat¬ 
eral Raynaud phenomenon, organic arterial occlusive disease 
should be suspected. In contrast, bilateral symptoms are often 
the consequence of a systemic process that causes vasospasm. 
Raynaud phenomenon should also be distinguished from 
acrocyanosis, a disorder characterized by painless, persistent, 
diffuse cyanosis of the fingers and hands. 


CLINICAL EXAMINATION 


Large-artery occlusion is usually not difficult to diagnose. 
Careful pulse examination will usually confirm the diagnosis. 
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Distal arterial lesions causing hand or finger ischemia can be 
more difficult to delineate. 

Physical examination should include the thoracic outlet 
and the entire upper extremity. Bilateral brachial artery cuff 
pressure measurement and auscultation for subclavian bruits 
should be performed at every initial patient encounter. Palpa¬ 
tion of the supraclavicular region may detect a subclavian 
artery aneurysm or a cervical rib. Auscultation with the stetho¬ 
scope placed in the supraclavicular region and in the infraclav- 
icular fossae while listening for a bruit with the patient’s arm 
placed in both neutral and hyperabducted positions can help 
to establish the diagnosis of thoracic outlet compression. Pulse 
examination begins with the subclavian artery in the supra¬ 
clavicular fossa and continues with the axillary artery under 
the armpit, the brachial artery at the upper arm and elbow, 
and the radial and ulnar arteries at the wrist level. A decreased 
or absent pulse in any site other than the supraclavicular fossa 
indicates more proximal occlusion. Conversely, a readily pal¬ 
pable pulse in the supraclavicular fossa may represent a sub¬ 
clavian artery aneurysm. 

Complete examination includes an Allen test. The radial 
and ulnar arteries of one wrist are compressed tightly by the 
examiner’s fingers. The patient then opens and closes the hand 
until the hand is devoid of blood. The fingers are extended and 
either the radial or the ulnar artery is released. The hand is 
observed for capillary return of color. The test result is judged 
normal if refilling of both sides of the hand is complete within 
a short period. If a portion of the hand does not reperfuse, 
continuity of the palmar vascular arch is incomplete. Exami¬ 
nation of the hand should also include palpation of the palm 
for aneurysms. 


IMAGING 


Along with laboratory testing, a combination of noninvasive 
vascular imaging and radiologic testing may be needed to 
establish the proper diagnosis. Plain radiographs can be help¬ 
ful in delineating systemic disease. Soft tissue radiographs of 
the hand may reveal calcinosis seen in the CREST (calcinosis 
cutis, Raynaud phenomenon, esophageal motility disorder, 
sclerodactyly, and telangiectasia) syndrome or diffuse calcified 
arteries noted in diabetic or azotemic arteriopathy (Fig. 91.3). 
A chest film can detect pulmonary fibrosis consistent with sys¬ 
temic sclerosis or bony anomalies of the thoracic outlet, such 
as cervical ribs (Fig. 91.4), anomalous first ribs, or healed frac¬ 
tures of the first rib or clavicle. 

Several noninvasive tests, including plethysmography, trans¬ 
cutaneous Doppler examination, and duplex scan, are avail¬ 
able for the objective evaluation of patients with upper 
extremity ischemia. 7 Doppler examination consists of audible 
signal interpretation, waveform recording with spectral analy¬ 
sis, and systolic pressure measurements. Bilateral examina¬ 
tions should be performed for comparative purposes. Systemic 
diseases will usually result in bilateral abnormalities, while 
unilateral disease indicates a more focal problem such as 
embolic occlusion or unilateral aneurysm. 

Doppler is helpful in determining the patency of the ulnar 
artery, which may be difficult to palpate. In the hand, Doppler 
examination of the palmar arches is performed best at the 
midthenar and hypothenar regions. The common digital ves¬ 
sels should be examined at the base of the fingers, where they 


LABORATORY TESTING 

Q In severe bilateral hand ischemia, a systemic cause for occlu¬ 
sion should be sought. Laboratory tests (Table 91.2) include 
serologic, immunologic, and hematologic studies to help 
establish the diagnosis. 

The erythrocyte sedimentation rate can be a useful screen¬ 
ing test to aid in the diagnosis of various forms of arteritis. A 
positive antinuclear antibody test result suggests connective 
tissue disease or other arteritides. When the antinuclear anti¬ 
body titer is abnormal, immunofluorescent pattern analysis of 
antibodies can help to establish the diagnosis of various con¬ 
nective tissue disorders. The speckled pattern antibody is more 
specific for systemic lupus erythematosus. A nucleolar pattern 
suggests scleroderma. A positive anticardiolipin antibody is 
diagnostic for antiphospholipid syndrome, which is character¬ 
ized by thromboembolic events in young adults. 6 


TABLE 91.2 DIAGNOSIS 


LAB TESTS FOR SYSTEMIC CAUSES FOR HAND ISCHEMIA 

Erythrocyte sedimentation rate 
Rheumatoid factor 
Antinuclear antibody 
Immunoglobulin electrophoresis 
Cryoglobulins 
Cold agglutinins 

VDRL (Venereal Disease Research Laboratory) test 
Complement (C3, C4) 

Anticardiolipin antibody 
Blood cell counts 



FIGURE 91.3. Typical appearance of azotemic arteriopathy (calci- 
phylaxis) in a diabetic patient with a renal transplant. All the digital 
arteries are distinctly seen on plain film. The radial artery has a “lead 
pipe” appearance. An arteriogram shows multiple digital artery occlu¬ 
sions. (Reproduced with permission from Yao JST. Arterial surgery of 
the upper extremity. In: Haimovici H, Callow AD, DePalma RG, et al., 
eds. Vascular Surgery: Principles and Techniques, 3rd ed. Norwalk, 
CT: Appleton & Lange; 1989:863.) 
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FIGURE 91.4. Cervical rib (arrow) in a patient with subclavian artery 
aneurysm caused by thoracic outlet compression. 


divide into the proper digital arteries. The use of noninvasive 
testing to detect digital artery occlusion helps distinguish Ray¬ 
naud phenomenon from disease and can pinpoint the sites of 
occlusive lesions. 

Segmental upper extremity pressures commence with a 
pneumatic cuff placed on the upper arm as in routine blood 
pressure recording. The brachial recording reflects the pressure 
in all arteries proximal to the cuff. A difference of greater than 
10 to 20 mm Hg compared to the other arm signifies innomi¬ 
nate, subclavian, axillary, or brachial artery stenosis. The cuff 
is next applied to the forearm with the radial artery used for 
signal detection. A pressure drop of 20 to 30 mm Hg signifies 
an obstruction distal to the brachial artery. Finger pressures 
are measured using a 2.5-cm cuff placed at the base of the 
digit. Return of Doppler signals after cuff deflation is moni¬ 
tored at the fingertip. An arterial occlusion distal to the palmar 
arch is defined by a pressure gradient between the fingers of 
more than 15 mm Hg or a wrist-to-digit difference of 30 mm 
Hg. The Doppler technique is of particular value in determin¬ 
ing palmar arch patency in a patient who is unconscious or 
uncooperative with an Allen test. Before arterial line place¬ 
ment, this simple test may help to avoid hand ischemia. 

Plethysmography is used to record finger pulse contours for 
analysis and to differentiate between a normal state and 
obstructive or vasospastic disease. 7 The duplex scan is helpful 
in establishing the diagnosis of aneurysm. 

Imaging using traditional catheter-directed contrast injection 
should be performed bilaterally and include all arteries from the 
aortic arch to the hand. Multiplanar angiographic views of the 
aortic arch utilizing digital subtraction angiography are useful 
for planning proximal vessel revascularization. Specific empha¬ 
sis should be placed on the vessel’s origins with delayed views to 
show vascular reconstitution from steal. Arteriography is useful 
in defining the vascular anatomy of the hand. The use of intra¬ 
arterial vasodilators can help break spasm and lead to better 
delineation of the smallest hand vessels. 



FIGURE 91.5. Focused magnetic resonance angiogram of the hand. 


Magnetic resonance and computed tomography (CT) 
angiography provide multiplanar images of the proximal vessels 
that rival those of biplanar digital subtraction angiography. 
Gadolinium-enhanced magnetic resonance angiography and 
certain noncontrast magnetic resonance imaging sequences are 
being developed for the vessels in the hand (Fig. 91.5). CT scan¬ 
ning provides information regarding the extent of calcification 
in the aortic arch and can help delineate adjacent bony struc¬ 
tures and their relationship to the vessels (Fig. 91.6). Trans¬ 
esophageal echocardiography (TEE) is used to assess myocar¬ 
dial function, to rule out a cardioembolic source, and, like CT, 
to identify significant calcific lesions or atheromata within the 
arch. 


Proximal Arterial Lesions 


Q Atherosclerosis is the most common disease affecting the 
supra-aortic trunk vessels. The first part of the subclavian 
artery is the most frequent site of involvement. The innomi¬ 
nate artery is also a common site of disease. Lesions include 
total occlusion with or without associated steal phenomena, 
high-grade stenoses, and ulcerating plaques, which may be the 
source of emboli. 



FIGURE 91.6. Thoracic outlet computed tomography scan showing 
bony relationship. 
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FIGURE 91.7. Large subclavian artery aneurysm. 


Occlusive lesions less commonly result from congenital 
anomalies, arteritis, or exposure to therapeutic radiation. 
More distally, the subclavian arteries can be damaged from 
dissection, aneurysm, or the long-term effects of thoracic out¬ 
let syndrome. Symptoms from nonatherosclerotic processes 
account for less than 20% of the disease that requires inter¬ 
vention. 8-12 The more common atherosclerotic lesions tend to 
cause occlusive and embolic symptoms equally, while vessel 
obliteration from arteritis tends only to cause symptoms related 
to hemodynamic insufficiency. 

Single-vessel atherosclerotic occlusive disease involving the 
great vessels is often seen in younger adults (fifth decade), 
while patients with extensive or multiple trunk involvement 
tend to be older. Cigarette smoking is certainly a significant 
risk factor for the development of atherosclerotic occlusive 
disease involving these vessels. 

Subclavian artery aneurysms can develop proximally 
(intrathoracic aneurysms) or distally (extrathoracic aneurysms). 
Extrathoracic subclavian artery aneurysms usually develop 
distal to the vertebral artery origin and present in the form of 
a poststenotic dilatation or as the result of repetitive trauma 
to the artery in patients with arterial thoracic outlet syn¬ 


drome 13 (Fig. 91.7). Causes of proximal subclavian artery 
aneurysm formation include atherosclerosis, infection (includ¬ 
ing those that are the result of syphilis or tuberculosis), cystic 
medial necrosis, Marfan syndrome, and a few other rare 
genetic disorders. Subclavian artery aneurysms have the 
potential to thrombose, embolize, and cause symptoms from 
local compression or rupture. 

Forms of arteritis producing upper extremity ischemic symp¬ 
toms include such diverse processes as Takayasu arteritis, giant 
cell arteritis, temporal arteritis, and polymyalgia rheumatica. 
Takayasu arteritis is a nonspecific inflammatory process that seg- 
mentally affects the aorta and its main branches. The process can 
involve the carotid, subclavian, axillary, and pulmonary arter¬ 
ies. 14 Takayasu arteritis frequently involves all three great vessels 
proximally. The true etiology of this nonspecific inflammatory 
disease has not been elucidated, but it is known to predomi¬ 
nantly affect women in their second or third decades of life. The 
arteriographic appearance is often diagnostic. The tapered 
involvement of multiple arteries and a well-developed network 
of collaterals are characteristic. The pulmonary artery will be 
affected in 45% of patients. The hypertrophic occlusive lesions 
of Takayasu disease carry low embolic potential, and most 
symptoms relate to low flow as the disease progresses to multi¬ 
vessel occlusion (Fig. 91.8). The histopathologic appearance of 
the lesions depends on the phase of the disease. They appear 
intensely inflammatory during the acute phase and more scle¬ 
rotic when the disease is “burned out.” The inflammatory 
process is characterized by fibrosis and thickening of the arterial 
wall with pathologic changes usually most noticeable in the 
adventitial and medial layers of the involved vessels. Aneurysmal 
changes with embolic potential can develop during the chronic 
phase of the disease. 

Giant cell arteritis can involve the more distal subclavian 
arteries and may be differentiated from Takayasu arteritis by 
location and by the fact that it affects an older patient popula¬ 
tion. Characteristic arteriographic findings include long seg¬ 
ments of smooth stenosis or occlusion alternating with areas 
of normal or dilated artery and the absence of irregular 
plaques or ulceration (Fig. 91.9). The most frequently recog¬ 
nized clinical features of giant cell arteritis (cranial, temporal, 
and granulomatous arteritis) are related to involvement of the 
cranial arteries. The subclavian and axillary arteries are 



FIGURE 91.8. Young woman with severe, symptomatic Takayasu arteritis. (Reproduced with permission from Berguer R, 
Keiffer E. Surgery of the Arteries to the Head. New York: Springer-Verlag; 1992.) 
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FIGURE 91.9. Characteristic long, segmental narrowing of the sub¬ 
clavian artery in a patient with giant cell arteritis. (Reproduced with 
permission from Yao JST. Arterial surgery of the upper extremity. In: 
Haimovici H, Callow AD, DePalma RG, et al., eds. Vascular Surgery: 
Principles and Techniques, 3rd ed. Norwalk, CT: Appleton & Lange; 
1989:858.) 



FIGURE 91.10. Severe arterial damage following high-dose cervical 
thoracic irradiation. 


common sites of involvement. 15 In addition to upper extremity 
ischemic symptoms, patients with arteritis often present with 
fever, malaise, headache, and joint pain. The erythrocyte sedi¬ 
mentation rate is often elevated. The results of serologic tests 
may be positive, but none is sufficiently sensitive or specific to 
be considered diagnostic. 

The subclavian artery can develop an accelerated form of 
atherosclerosis as a result of radiation injury (Fig. 91.10). 
The rate at which the process develops depends on the radia¬ 
tion dose and may follow radiotherapy for, among other dis¬ 
eases, breast cancer, intrathoracic tumors, or Hodgkin lym¬ 
phoma. 

Q Thoracic outlet syndrome is the most common condition 
producing upper extremity vascular complications in young 
adults. Possible sites of compression include the costoclavicu¬ 
lar space, formed by the first thoracic rib and clavicle (Fig. 
91.11); the interscalene triangle; the angle between the inser¬ 
tion of the pectoralis minor tendon and the coracoid process 
in the axilla; and the head of the humerus in extreme external 
rotation. Thoracic outlet compression may be caused by bony 
anomalies, such as a cervical rib or an abnormal first thoracic 
rib, or it may be secondary to hypertrophy of the anterior sca¬ 
lene muscle. Although a cervical rib is found in 0.5% to 1% 
of the population, fewer than 10% of such persons have symp¬ 
toms of neurovascular compression (Fig. 91.12). Arterial 
complications include subclavian aneurysm formation, post¬ 
stenotic dilation, thrombosis, and distal embolisms. 

Aneurysmal changes can also develop in either the anterior 
or, more commonly, the posterior circumflex humeral arteries 
due to repetitive athletic activities. Tethering of the axillary 
artery between the chest and the loop of circumflex arteries, 
around the humeral neck, can lead to traction injuries. Intimal 
damage, subsequent thrombosis, or aneurysm formation can 
result. Continued excessive arm activity can result in distal 
embolization as clot is extruded from these side branch 
aneurysms. 16-19 Aneurysm formation in the suprascapular and 
subscapular arteries has also been reported. 17 Direct trauma 


from the head of the humerus can also cause compression to 
the axillary artery with similar sequelae. 19,20 


Distal Arterial Lesions 


Several collagen vascular disorders can produce systemic 
signs as well as upper extremity symptoms ranging from 



FIGURE 91.11. Thoracic outlet computed tomography scan. 
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FIGURE 91.12. Arteriogram in a patient with subclavian artery 
aneurysm (black arrows ) caused by a cervical rib. Multiple distal arte¬ 
rial occlusions have developed as a result of embolism (white arrow). 



FIGURE 91.13. Arteriogram of a patient with scleroderma and digi¬ 
tal gangrene. Extensive small-artery occlusion involves the palmar 
arch and digital arteries. 


Raynaud phenomenon to gangrene of the digits. These disor¬ 
ders include scleroderma, rheumatoid arthritis, systemic 
lupus erythematosus, polyarteritis nodosa, and dermato- 
myositis. Occlusions of the palmar arches or digital arteries 
are common (Fig. 91.13). 

Buerger disease (thromboangiitis obliterans) was initially 
described in male patients of Mediterranean origin who pre¬ 
sented with digital gangrene but no occlusion of the larger 
arteries. Contemporary practice recognizes that men and 
women of many ethnic backgrounds can be affected. A persis¬ 
tent characteristic is a strong association with heavy smoking 
of a particularly addictive nature. The diagnosis of Buerger 
disease is based on histologic evidence of the involvement of 
both arteries and veins. Venous involvement can be manifested 
clinically as migrating phlebitis. Characteristic arteriographic 
findings include occlusion of the small arteries of the digits and 
the presence of abundant collaterals. The typical corkscrew 
appearance of the collaterals and lack of the large-vessel 
plaques characteristic of atherosclerosis are strongly sugges¬ 
tive. Like the symptomatic hand, the asymptomatic hand may 
demonstrate digital artery occlusions. 

Polycythemia vera, cryoglobulinemia, and the presence of 
cold agglutinins are common blood dyscrasias associated with 
occlusion of the arteries of the hand. Occlusion of the small 
arteries is generally thought to be caused by local thrombosis 
or embolism. Specific immunologic and blood tests help to 
establish the diagnosis. 

Iatrogenic injuries to the radial and brachial arteries have 
become more common because of the increasing use of diag¬ 
nostic and therapeutic catheterization. These can be particu¬ 
larly troublesome when an incomplete palmar arch is not 
recognized before placement of a catheter in the radial 
artery. Gangrene or severe ischemia can result from the 
injury. 


Vibration syndrome, characterized by blanching and numb¬ 
ness of the hands after the use of pneumatic drills, is a well- 
recognized clinical entity causing hand ischemia. The so-called 
vibratory white finger is a form of occupational trauma. Repet¬ 
itive trauma to the digital arteries that initially causes spasm 
but ultimately causes thrombosis and permanent occlusion is 
believed to be the primary factor responsible for ischemic 
symptoms. 

Hypothenar hammer syndrome is another form of occupa¬ 
tional trauma, commonly seen in mechanics and carpenters. 
Injury follows repetitive use of the palm in activities that 
involve pounding, pushing, or twisting. The anatomic location 
of the ulnar artery at the area of hypothenar eminence makes 
it vulnerable to stress. When this area is repeatedly trauma¬ 
tized, ulnar artery occlusion (Fig. 91.14) or aneurysm forma¬ 
tion can result (Fig. 91.15). Digital artery occlusion is a conse¬ 
quence of embolism from the injured artery. 

Calciphylactic arteriopathy (heavily calcified arteries) in 
patients with diabetes or chronic renal failure can lead to gan¬ 
grene or severe ischemia of the hand. The so-called azotemic 
arteriopathy (calciphylaxis) is characterized by calcification of 
the media of the digital arteries, which produces a “lead pipe” 
pattern on plain film. 


TREATMENT 


The type of reconstructive procedure depends on the underly¬ 
ing cause of ischemia, as well as the nature and location of the 
lesion. The results of bypass grafting in the upper extremity 
are similar to those of lower extremity revascularization—that 
is, proximal grafts fare better than distal grafts. In a recent 
report, the overall 5-year patency rate was 52.2% in 43 
patients. 21 The patency rate for anastomosis proximal to the 
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FIGURE 91.14. Occlusion of the ulnar artery over the hamate bone in 
a patient with hypothenar hammer syndrome. 


brachial artery bifurcation was better than that for more distal 
placement (61.9% vs. 34.8%). Major amputation is not often 
required, even after graft occlusion, as it is in lower extremity 
surgery. 

Cervical reconstruction via transposition is the surgical 
technique of choice for single proximal occlusive lesions 
involving the subclavian arteries. Multiple remote cervical 
bypasses or arch-based reconstruction should also be consid¬ 
ered for patients with multiple supra-aortic trunk occlusive 
lesions. Arterial transpositions are completed through a short, 
transverse cervical incision above the clavicle. Not only is 
preservation of the vertebral artery critical, but also it is equally 
important to mobilize and preserve the valuable internal mam¬ 
mary artery when performing a subclavian transposition. The 
long-term patency rate for arterial transposition, when per¬ 
formed by surgeons with experience, is virtually 100%. 9,22,23 



Occasionally, it is not feasible to do a straightforward arte¬ 
rial transposition so the use of a bypass from the ipsilateral 
carotid to the subclavian becomes necessary. Care must be 
taken to avoid injury to the phrenic nerve during this more lat¬ 
eral approach. The bypass is completed to the retroscalene 
portion of the subclavian artery, usually using prosthetic con¬ 
duit, by performing sequential clamping and serial anasto- 

24 2 ^ 

moses. ’ 0 

Endoluminal treatment using balloon angioplasty and 
stenting of isolated innominate or subclavian artery disease 
is becoming more commonplace. Patients with atheroscle¬ 
rotic occlusive disease, as well as patients with inflammatory 
arteriopathies, have been treated with endovascular therapy. 
Endovascular recanalization is performed fluoroscopically 
via remote arterial access with wires, catheters, and angio¬ 
plasty balloons that are directed to the target lesion. Ther¬ 
apy can be undertaken in antegrade fashion from the 
femoral artery or, in the case of innominate or subclavian 
lesions, a retrograde fashion, from the brachial artery. The 
routine use of metallic intravascular stents has become an 
adjuvant to balloon angioplasty in the proximal segments of 
these vessels and covered stent grafts may have a role as 
well. 26 Stents should not be placed in the postvertebral sub¬ 
clavian artery because of the risk of stent compression. 
Endoluminal treatment of arteritis results in marginal suc¬ 
cess at best. 

In general, no operation should be undertaken on patients 
with Takayasu arteritis while in an active phase signaled by the 
presence of the constitutional symptoms, acute inflammation, 
and an elevated erythrocyte sedimentation rate. Steroid ther¬ 
apy can treat the acute inflammatory process and may make 
surgical reconstruction much safer. The indications for vascu¬ 
lar reconstruction in patients with Takayasu disease are the 
same as those for treating patients with atherosclerosis. 

Arterial complications of thoracic outlet obstruction often 
require a bypass procedure. After resection of a subclavian 
artery aneurysm and removal of the cervical rib, the damaged 
subclavian artery is reconstructed with either venous or pros¬ 
thetic conduit. 27 

A bypass graft with autogenous vein (saphenous or 
cephalic) often relieves occlusion of the brachial artery and 
its major branches. 28 A short segmental occlusion of either 
the radial or ulnar artery may be treated by thrombectomy or 
endarterectomy with a vein patch. An aneurysm in the hand 
can be resected and continuity restored by end-to-end anas¬ 
tomosis or with an interposed lesser saphenous vein graft. 

Distal lesions with occlusion at or distal to the palmar arch 
may not be amenable to direct surgical treatment. Conservative 
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FIGURE 91.15. Thrombosed ulnar aneurysm (in situ) (A) and pathologic specimen (B). 
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FIGURE 91.16. Bypass to the superficial palmar arch. 


treatment with the use of a calcium blocker (e.g., nifedipine) 
may reduce the severity and frequency of attacks. A host of 
medications have been recommended. 29 Occasionally, a rea¬ 
sonable distal target for bypass is identified in the hand (Fig. 
91.16). Microvascular reconstruction, with or without digital 
sympathectomy, may also be effective in particularly recalci¬ 
trant cases. 

In all patients with upper extremity ischemia of any cause, 
cessation of smoking is important. Many of the constituents of 
tobacco smoke cause adverse vascular effects, particularly 
vasoconstriction, with particularly prominent effects in the 
upper extremity. Protective measures, such as avoiding expo¬ 
sure to cold temperatures and mechanical trauma, have bene¬ 
ficial effects when scrupulously applied. 

The author would like to extend many thanks to James S.T. 
Yao, M.D., for his contributions to previous chapters upon 
which this one was based. 
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CHAPTER 92 ■ RENAL ARTERY OCCLUSIVE AND 

ANEURYSMAL DISEASE 

GILBERT R. UPCHURCH, Jr., PETER K. HENKE, JOHN E. RECTENWALD, JONATHAN L. ELIASON, 

AND JAMES C. STANLEY 


KEY POINTS 


Q Renal artery disease is recognized with increasing fre¬ 
quency with the advent of less invasive imaging modalities. 

Q Renovascular hypertension secondary to renal artery 
occlusive disease is the most common form of surgically 
correctable hypertension, and is more common in adult 
patients with more severe diastolic blood pressure eleva¬ 
tions; as many as 5% of such patients are found to have a 
renovascular cause of their hypertension. 

Q Arteriosclerotic renal artery occlusive disease accounts for 
about 95% of reported cases of renovascular hypertension. 


Q Medial fibroplasia is the most commonly diagnosed nonar- 
teriosclerotic renal artery disease, accounting for 85% of 
dysplastic lesions. 

Treatment of renovascular hypertension is in evolution. 

Q Aneurysms of the renal artery are unusual and poorly under¬ 
stood vascular lesions and should generally be repaired in 
woman of childbearing age, when their diameter exceeds 
1.5 cm, or when they are associated with hypertension. 


Q Renal artery diseases is recognized with increasing frequency 
with the advent of less invasive imaging modalities. The clini¬ 
cal importance of renal artery occlusive disease, be it due to 
arteriosclerosis, fibrodysplasia, or a developmental anomaly, 
warrants individual discussion. Similarly, renal artery 
aneurysms, be they true aneurysms or dissections, also war¬ 
rant separate consideration. 

The consequence of renal artery occlusive disease causing 
elevated blood pressure is well recognized and may be one of 
the most untreated vascular diseases in contemporary times. 
While true renal artery aneurysms and dissecting aneurysms 
are relatively uncommon, evidence suggests that they too may 
contribute to a hypertensive state in certain patients. The role 
of renal artery occlusive and aneurysmal disease as a cause of 
diminished renal function is less well defined. 


RENAL ARTERY 

_ OCCLUSIVE DISEASE _ 

Q Renovascular hypertension secondary to renal artery occlusive 
disease is the most common form of surgically correctable 
hypertension. Systemic blood pressure elevations in these 
patients follow reductions in renal perfusion with activation of 
the renin-angiotensin system. This physiologic response tends 
to restore the renal artery perfusion pressures toward normal, 
although it does so in a pathologic manner by producing 
hypertension in the systemic circulation. 


Pathophysiology of 
Renovascular Hypertension 

The physiologic basis of renovascular hypertension is well 
defined. This form of hypertension was first recognized more 
than 60 years ago by Goldblatt et al., 1 who produced sustained 
hypertension in a canine model after gradual reductions in 
renal artery blood flow using an externally controlled vascular 
clamp. Subsequent studies have discounted the importance of 


renal ischemia per se as the cause of renovascular hypertension, 
with other hemodynamic signals appearing essential in increas¬ 
ing renin release, the most obvious being a decrease in mean 
renal artery perfusion pressure. A stenosis causing an 80% 
reduction in renal artery cross-sectional area (a so-called criti¬ 
cal stenosis) induces a pressure gradient sufficient to cause 
increased renin release from the kidney. Renin and its effects on 
angiotensin and aldosterone account for the elevated blood 
pressure of renovascular hypertension (Fig. 92.1). 

Renin is produced by the juxtaglomerular apparatus of the 
kidney. This anatomic area consists of a variety of cells, includ¬ 
ing myoepitheloid cells or granular cells , located on the wall of 
the afferent arterioles; the macula densa, which is composed of 
specialized tubular epithelial cells in the glomerular hilus at the 
transition of the loop of Henle to the distal convoluted tubule; 
and lacis cells, located in the region of the efferent glomerular 
arteriole and the macula densa. Lacis cells are intimately asso¬ 
ciated with the glomerulus and are anatomically similar to 
mesangial cells. The interrelations between the macula densa, 
glomerular arteriole vasomotion, and renal tubular function 
are important in understanding renin kinetics. 

Regulation of renin production and its release from the 
kidney at the cellular and molecular level is complex. Renal 
baroreceptors, acting as stretch receptors, affect the release of 
renin from juxtaglomerular cells. Activation of these receptors 
appears to involve the calcium ion, with increasing evidence 
that renin release and intracellular levels of calcium are 
inversely related. Alternatively, renin release can occur with 
changes in pressure at the afferent renal arteriole level, as well 
as with changes in renal interstitial volume and pressure. 

Renin is a proteolytic enzyme, active at a neutral pH on its 
only known substrate, angiotensinogen. Renin is a single-chain 
polypeptide with a molecular weight of about 38 kD. 2 It is 
stored as granules within the juxtaglomerular cells and, in 
some instances, as granules within the arteriolar wall. Renin 
has a half-life of 20 to 30 minutes. Under usual circumstances 
of normal sodium balance, the sum of renin activity measured 
in both renal veins is about 48% greater than that in the 
infrarenal vena cava or peripheral arterial and venous circula¬ 
tions. 3 The renin levels in the peripheral circulation appear to 
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FIGURE 92.1. Renin-angiotensin system interrelation with aldosterone and bradykinin in regulation of blood pressure. 
(Adapted from Stanley JC, Graham LM, Whitehouse WM Jr. Renovascular hypertension. In: Miller TA, Rowland BJ, 
eds. Physiologic Basis of Modern Surgical Care. St. Louis, MO: CV Mosby; 1988:734.) 


be in a steady state because of this relatively constant 48% con¬ 
tribution of renin from the kidneys. The liver is the primary site 
for removal and clearance of renin. 4 Extrarenal renin or reninlike 
enzymes (isorenins) exist in the submaxillary salivary gland, 
uterus, placenta, and brain, but there is no evidence that these 
substances are functionally important in elevating blood pressure. 

The biochemistry of the renin-angiotensin system has been 
well defined (Fig. 92.2). The primary, if not sole, function of 
renin is the hydrolysis of renin substrate (a circulating peptide 
known as angiotensinogen) to form angiotensin I. Angiotensino- 
gen is an a 2 -globulin with a molecular weight of 60 kD. It is 
produced in the liver. Expression of the angiotensinogen gene is 
subject to a variety of physiologic and pathophysiologic stimuli, 
including steroid hormones, angiotensin II, salt loading, and var¬ 
ious drugs. Angiotensinogen itself has no vasoactive properties. 

Angiotensin I, a decapeptide produced by the renin-renin 
substrate reaction, has little vasoactivity. It does exert an effect 
on the adrenal medulla, the sympathetic and central nervous 
systems, and the renal arterioles. Angiotensin II is formed 


Asp - Arg - Val - Tyr - lie - His - Pro - Phe- His - Leu - R 



FIGURE 92.2. Biochemical composition of renin substrate and the 
angiotensins. (Adapted from Stanley JC, Graham LM. Renovascular 
hypertension. In: Miller TA, ed. Physiologic Basis of Modern Surgical 
Care , 2nd ed. St. Louis, MO: Quality Medical Publishing; 1998:918.) 


when two C-terminal peptides are cleaved from angiotensin I 
by the carboxypeptidase angiotensin-converting enzyme 
(ACE). Angiotensin II, an octapeptide, represents the vasocon¬ 
strictive element of renovascular hypertension. Although 
angiotensin II stimulates liver production of renin substrate, in 
normal subjects, it provides a continuous negative feedback on 
renal release of renin. 5 Angiotensin II has a half-life of about 
4 minutes. Angiotensin III, a heptapeptide, is produced with the 
aminopeptidase cleavage of angiotensin II to I-des-aspartyl- 
angiotensin II. Angiotensin III is known to inhibit angiotensin 
II, but its most relevant effect is to increase aldosterone syn¬ 
thesis. Nevertheless, angiotensin III has little biologic activity 
of physiologic importance. 

Aldosterone is secreted from the zona glomerulosa of the 
adrenal cortex and represents the volume element of renovas¬ 
cular hypertension. The biosynthesis of this mineralocorticoid 
includes cleavage of a side chain of cholesterol to form preg¬ 
nenolone. This step is facilitated by both angiotensin II and III. 
Aldosterone increases renal conservation of sodium and water, 
with a subsequent extracellular fluid volume expansion and an 
eventual increase in blood pressure. 

ACE (dipeptidyl carboxypeptidase) is a zinc metallopepti- 
dase responsible for producing angiotensin II from angiotensin 
I by removing C-terminal peptides from angiotensin I. ACE has 
its highest concentration in the endothelium of the pulmonary 
circulation. Conversion of angiotensin I to angiotensin II, at 
physiologic concentrations, occurs in a single passage through 
the lungs. 6 ACE has been found at lower levels in the blood and 
kidney as well as in other vascular beds. ACE is also important 
in the metabolism of the vasodepressor bradykinin. At least 
two enzymes appear to inactivate bradykinin. The first, kinase 
I, acts by cleaving the carboxy-terminal arginine of bradykinin. 
The second, kinase II, acts by cleaving the carboxy-terminal 
dipeptide group Phe-Arg. Kinase II and ACE appear to be sim¬ 
ilar in that they have nearly identical substrate specificities, 
cofactor requirements, and antigenic specificities. 7 

The actions of angiotensin on cardiac activity, vascular 
smooth muscle reactivity, and sodium and water metabolism 
contribute to increased arterial pressure (Fig. 92.3). The most 
important consequence of renal artery occlusive disease is the 
production of angiotensin II, which is one of the most potent 
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FIGURE 92.3. Effects of angiotensins contributing to increased arterial pressure. (Adapted from Stanley JC, Graham LM. Renovas¬ 
cular hypertension. In: Miller TA, ed. Physiologic Basis of Modern Surgical Care, 2nd ed. St. Louis, MO: Quality Medical Publishing; 
1998:918.) 


pressor substances known. Angiotensin II acts directly on arte¬ 
riolar smooth muscle of nearly all vascular beds; the splanch¬ 
nic, renal, and cutaneous circulations are most sensitive to its 
effects. There is a general acceptance of the central importance 
of angiotensin in the generation of renovascular hypertension. 

Hemodynamic responses to an activated renin-angiotensin 
system depend on the rate of alterations in renal blood flow as 
well as on whether one or both kidneys are affected. Acute 
reductions in renal blood flow result in rapid increases in 
plasma renin and blood pressure. In the case of unilateral reno¬ 
vascular disease with a normal opposite kidney, the hyperten¬ 
sion is characterized by renin hypersecretion from the affected 
kidney and suppression of renin production in the contralateral 
kidney. 8,9 Sodium retention within the affected kidney is coun¬ 
terbalanced by continuous sodium excretion from the normal 
contralateral kidney, resulting in a relative intravascular vol¬ 
ume depletion. This vasoconstrictive form of hypertension is 
angiotensin II dependent and responds to ACE inhibitors. 

Pathophysiologic alterations accompanying bilateral reno¬ 
vascular disease, or unilateral disease of a solitary kidney, 
relate to changes other than vasoconstriction. Angiotensin II 
causes sodium retention, diminutions in glomerular filtration, 
stimulation of aldosterone production, and stimulation of nor¬ 
epinephrine release from the adrenergic nervous system. In 
chronic bilateral or unilateral renovascular hypertension in 
patients with only one kidney, sodium retention accounts for 
late reductions in renin secretion, although it is possible that 
absolute renin activity is abnormally high with regard to the 
existing sodium balance. Blood pressure elevations do not 
appear as dependent on the renin-angiotensin system in 
sodium-replete chronic renovascular hypertension. In this set¬ 
ting, ACE inhibitors are more effective in reducing elevated 
blood pressures with sodium depletion. 10 


Pathology of Renal Artery Occlusive Disease 

Different macrovascular occlusive diseases affect the renal 
arterial circulation. 11,12 The most common are arteriosclerosis 
and arterial fibrodysplasia. Developmental renal artery nar¬ 
rowings are a rare cause of renovascular hypertension. 
Although uncommon, renal artery emboli and traumatic 


occlusions are occasionally associated with acute renin-mediated 
hypertension. 

O Arteriosclerosis. Renal artery occlusive disease due to arte¬ 
riosclerosis accounts for 95% of reported cases of renovascu¬ 
lar hypertension (Fig. 92.4). This type of renovascular hyper¬ 
tension may be even more common because many earlier 
reported experiences were surgical series that excluded older 
patients who were not open operative candidates and thus not 
evaluated for this disease. A recent study using a large admin¬ 
istrative database showed that the diagnosis of renovascular 
hypertension and renal artery atherosclerosis in the United 
States has increased 46% over the years 1988 to 2001. 13 Arte¬ 
riosclerotic renovascular disease most commonly presents dur¬ 
ing the sixth decade of life. Men are affected twice as often as 
women. Although some degree of arteriosclerotic renal artery 
stenotic disease affects nearly half of the elderly population, it 
is not always associated with elevated blood pressures. Many 
of these patients exhibit occlusive disease of the coronary, 
cerebral, mesenteric, or extremity circulation. 14-16 This is par¬ 
ticularly the case in black patients, who exhibit more severe 
extrarenal arteriosclerotic vascular disease. 17 

Arteriosclerotic renal artery occlusive disease characteristi¬ 
cally affects the proximal third of the vessel in the form of 
eccentric or concentric stenosis. In nearly 80% of cases, these 
lesions represent spillover of diffuse aortic atherosclerosis. 
Arteriosclerotic renal artery lesions are bilateral in three quar¬ 
ters of patients. When unilateral, these lesions affect the right 
and left renal arteries with equal frequency, although the left 
renal artery often appears more severely diseased. Intimal and 
medial accumulations of cholesterol-laden foam cells and 
fibrous tissue are typical of these lesions. Necrosis, hemor¬ 
rhage, calcification, and luminal thrombus are characteristic of 
complicated atherosclerotic plaques associated with more 
advanced disease. 

Arterial Fibrodysplasia. The second most common type of 
renal artery disease is arteriofibrodysplasia, accounting for 
about 5% of reported cases of renovascular hypertension. 11,12 
Dysplastic renal artery stenosis represents a heterogenous 
group of lesions. They are classified by the specific pathologic 
process and vessel wall region most affected. Included among 
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FIGURE 92.4. Renal artery arteriosclerosis. A: Intrinsic focal lesion of proximal renal artery. B: Severe aortic spillover disease affecting renal 
artery orifice and entire abdominal aorta. C: Complicated renal artery plaque exhibiting collections of cholesterol, extensive fibrosis, and calci¬ 
fication (hematoxin-eosin, X60). (A and C reproduced with permission from Stanley JC. Morphologic, histopathologic and clinical characteris¬ 
tics of renovascular fibrodysplasia and arteriosclerosis. In: Bergan JJ, Yao JST, eds. Surgery of the Aorta and Its Body Branches. New York: 
Grune & Stratton; 1979:355; B reproduced with permission from Stanley JC, Graham LM, Whitehouse WM Jr. Renovascular hypertension. In: 
Miller TA, Rowland BJ, eds. Physiologic Basis of Modern Surgical Care. St. Louis, MO: CV Mosby; 1988:734.) 


these lesions are intimal fibroplasia, medial fibroplasia, and 
perimedial dysplasia. 18 The last two entities appear to be a 
continuum of the same disease process. Each category has cer¬ 
tain characteristic features deserving individual comment. 

Intimal fibroplasia accounts for about 5% of all dysplastic 
renal artery stenosis (Fig. 92.5). These lesions occur in children 
and young adults more often than in the elderly, and they affect 
both genders equally. The cause of primary intimal fibroplasia 
is unknown but may be related to persistent embryonic myoin- 
timal cushions. Secondary intimal fibroplasia has been attrib¬ 
uted to flow disturbances, blunt abdominal trauma, and the 
sequela of an earlier arteritis, such as occurs with rubella. Pro¬ 
gression of intimal fibroplasia may cause turbulent blood flow 
and a rapidly accelerated fibroproliferative response that com¬ 
promises the arterial lumen. 

Intimal fibroplasia usually presents as a smooth, focal steno¬ 
sis of the distal main renal artery. In some patients, these lesions 
produce long, tubular stenosis, and in rare cases, they present as 
webs affecting segmental arteries. Proximal ostial lesions most 
often represent the secondary form of this disease, associated 
with abdominal aortic hypoplasia and coarctation. Subendothelial 
accumulations of irregularly arranged mesenchymal cells sur¬ 
rounded by loose fibrous connective tissue are typical of all inti¬ 
mal fibrodysplastic lesions. The internal elastic lamina is usually 
intact, but partial fragmentation may occur. Medial and adventi¬ 
tial structures are normal in primary intimal fibrodysplasia. 

Medial fibroplasia is the most commonly diagnosed dys¬ 
plastic renal artery disease, accounting for 85% of these lesions 
(Fig. 92.6). Medial fibroplasia is invariably found in women, 
with cases in men being anecdotal. The clinical presentation of 
this disease is most common between 25 and 45 years of age. 


Medial fibroplasia appears to be a systemic arteriopathy, with 
the internal carotid arteries representing the extrarenal vessels 
most often affected. The cause of medial fibroplasia remains 
poorly understood but appears to be associated with modifi¬ 
cation of smooth muscle to myofibroblasts caused by estro¬ 
genic stimuli during the reproductive years, unusual traction 
forces on affected vessels, and mural ischemia from impair¬ 
ment of vasa vasorum blood flow. 18 The physical forces con¬ 
tributing to medial fibroplasia may be attributed to ptotic kid¬ 
neys with stretching of the renal arteries (Fig. 92.7). The fact 
that renal ptosis occurs more often in women than in men may 
explain the almost unique involvement of the renal artery with 
medial fibroplasia in women. 

Morphologic appearances of medial dysplasia range from a 
solitary stenosis to multiple constrictions with intervening 
mural dilations affecting the middle and distal main renal 
artery. The latter are responsible for this lesion’s classic string- 
of-beads appearance. Actual macrovascular aneurysms occur¬ 
ring at branchings affect a little more than 10% of patients 
with arterial fibrodysplasia. Stenotic disease of segmental 
branches occurs in about 25% of cases. Bilateral disease 
affects nearly 60% of patients and is usually most severe on 
the right. Unilateral lesions affect the left and right renal arter¬ 
ies in 10% and 30% of cases, respectively. Progression of dis¬ 
ease occurs in about 20% of premenopausal women. 

Perimedial dysplasia accounts for nearly 10% of dysplastic 
renal artery stenotic disease (Fig. 92.8). These lesions invari¬ 
ably occur in women, usually between the ages of 30 and 
50 years. Perimedial dysplasia is bilateral in 20% of patients 
and appears to be more progressive than medial fibrodysplasia. 
Perimedial dysplasia is characterized by solitary or multiple 
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FIGURE 92.5. Intimal fibroplasia. A: Focal stenosis of main renal artery midportion. B: Subendothelial mesenchymal 
cells within a loose fibrous connective tissue matrix are noted above an intact internal elastic lamina, normal media, 
and normal adventitial tissues (hematoxin-eosin, X120). (A reproduced with permission from Stanley JC, Fry WJ. 
Renovascular hypertension secondary to arterial fibrodysplasia in adults: criteria for operation and results of surgical 
therapy. Arch Surg 1975;110:922-928; B reproduced with permission from Stanley JC. Morphologic, histopathologic 
and clinical characteristics of renovascular fibrodysplasia and arteriosclerosis. In: Bergan JJ, Yao JST, eds. Surgery of 
the Aorta and Its Body Branches. New York: Grune & Stratton; 1979:355.) 


constrictions, without intervening dilations. Most stenoses 
involve the distal main renal artery, without segmental branch 
involvement. Certain histologic features are common to both 
perimedial dysplasia and medial fibroplasia, and they may rep¬ 
resent different manifestations of the same pathologic entity. 
Although unusual accumulations of elastic tissue in inner 
adventitial regions is the most prominent abnormality in peri¬ 


medial dysplasia, increases in medial ground substances may 
also accompany this type of dysplastic disease. 18 

Developmental Renal Artery Disease. Narrowings of 
the renal artery occurring during fetal growth are a rare 
cause of renovascular hypertension. They are often associ¬ 
ated with both abdominal aortic coarctation and splanchnic 



FIGURE 92.6. Medial fibroplasia. A: Serial stenoses alternating with mural aneurysms, producing a string-of-beads appearance in the midpor¬ 
tion and distal main renal artery. B: Diffuse form of medial fibroplasia exhibiting regions of excess fibroproliferation with intervening area of 
medial thinning (Masson stain, X60, longitudinal section). (Reproduced with permission from Stanley JC. Morphologic, histopathologic and clin¬ 
ical characteristics of renovascular fibrodysplasia and arteriosclerosis. In: Bergan JJ, Yao JST, eds. Surgery of the Aorta and Its Body Branches. 
New York: Grune & Stratton; 1979:355.) 
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FIGURE 92.7. Medial fibrodysplasia manifested as irregular narrow¬ 
ings to ptotic kidneys affecting the midportion of the main renal arter¬ 
ies, which appear stretched during upright aortography. (Reproduced 
with permission from Stanley JC, Wakefield TW. Arterial fibrodyspla¬ 
sia. In: Rutherford RB, ed. Vascular Surgery, 5th ed. Philadelphia, PA: 
WB Saunders; 2000:387.) 


arterial stenoses 19-24 (Fig. 92.9). These lesions are encountered 
most often in children and young adults. About 40% of chil¬ 
dren with renovascular hypertension are thought to have 
developmental renal artery stenosis. Similarly, nearly 20% of 
adults with primary intimal fibroplastic renal artery disease 
have stenoses that can be attributed to developmental defects. 
Boys slightly outnumbered girls. These stenotic lesions repre¬ 
sent true hypoplasia of the renal artery, exhibiting an external 
hourglass appearance. Developmental lesions usually occur at 
the aortic origin of the artery. Sparse medial tissue, intimal 
fibroplasia, fragmentation and duplication of the internal elas¬ 
tic lamina, and disproportionate excesses in adventitial elastic 
tissue are the most common histologic abnormalities in these 
diminutive vessels. 20,21,23 

Developmental renal artery narrowings may be attributed 
to certain embryonic events occurring as the two fetal dorsal 
aortas fuse and all but one of their metanephric branches to 
the kidney regress. Abnormal transition of mesenchymal to 
medial smooth muscle at that time, or later impairment of its 
growth, can cause both aortic and renovascular anomalies. 
Vessels to the mesonephros within mesenchymal tissue around 
the two dorsal aortas are replaced during fetal growth by a 
more cephalic group of vessels to the metanephros. That a soli¬ 
tary artery to each kidney evolves from these arteries in 75% 
of people has been attributed to its obligate hemodynamic 
advantage over adjacent channels. Flow changes in the region 
where single central renal arteries usually arise may afford 
coexisting polar arteries hemodynamic advantages that ensure 
their persistence. Supporting such a hypothesis concerning the 
cause of developmental lesions is the fact that multiple stenotic 
renal arteries exist in more than half of those patients with 
central abdominal aortic coarctation or hypoplasia. 



FIGURE 92.8. Perimedial dysplasia. A: Multiple stenoses without mural aneurysms in the midportion of the renal artery are charac¬ 
teristic of these lesions. B: These lesions are due to excessive accumulations of elastic tissue at the medial-adventitial junction (Verho- 
eff stain, X120). (Reproduced with permission from Stanley JC. Morphologic, histopathologic and clinical characteristics of renovas¬ 
cular fibrodysplasia and arteriosclerosis. In: Bergan JJ, Yao JST, eds. Surgery of the Aorta and Its Body Branches. New York: Grune & 
Stratton; 1979:355.) 
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FIGURE 92.9. Developmental renal artery stenoses. A: Proximal vessel stenosis in a patient with neurofibromatosis and infrarenal aortic 
hypoplasia. B: Fragmentation and duplication of the internal elastic lamina and deficient medial tissues characterize these lesions. Intimal fibro¬ 
plasia encroaches on the vessel lumen, which is less than 1 mm in diameter. Adventitial elastic tissues appear excessive (Movat stain, XlOO). (A 
reproduced with permission from Stanley JC, Fry WJ. Pediatric renal artery occlusive disease and renovascular hypertension: etiology, diagnosis, 
and operative treatment. Developmental occlusive disease of the abdominal aorta and the splanchnic and renal arteries. Arch Surg 
1981;116:669-676; B reproduced with permission from Stanley JC, Graham LM, Whitehouse WM Jr, et al. Developmental occlusive disease of 
the abdominal aorta and the splanchnic and renal arteries. Am J Surg 1981;142:190-196.) 


Clinical Features of 
Renovascular Hypertension 

The frequency of renovascular hypertension among adult 
patients who have diastolic blood pressures higher than 100 mm 
Fig is about 2%. It is much more common in patients with 
more severe diastolic blood pressure elevations; as many as 
5% of such patients are found to have a renovascular cause of 
their hypertension. It is the second most common cause of 
hypertension in childhood, being outnumbered only by tho¬ 
racic isthmic aortic coarctation. 

Findings suggestive of renovascular hypertension include 
upper abdominal bruits during both systole and diastole, initial 
diastolic blood pressures greater than 115 mm Hg, a sudden 
worsening of mild to moderate essential hypertension, develop¬ 
ment of hypertension during childhood, or rapid onset of high 
blood pressure after the age of 50 years. Hypertension resistant 
to drug therapy and malignant hypertension are also more likely 
to be associated with this form of secondary hypertension. Sim¬ 
ilarly, patients who exhibit deterioration in renal function while 
receiving multiple antihypertensive drugs, especially ACE 
inhibitors, may have underlying renal artery stenotic disease. The 
costs and errors incumbent to indiscriminate evaluations for 
this form of hypertension that lead to unnecessary interventions 
are prohibitive. A useful decision algorithm in contemporary 
practice is based on the presenting degree of hypertension and 
presence or absence of clinical and laboratory evidence suggesting 
the existence of renovascular hypertension (Algorithm 92.1). 


Diagnosis of Renal Artery Occlusive 
Disease and Secondary Hypertension 

Most diagnostic and prognostic tests for renovascular hyper¬ 
tension assess either the anatomic stenosis or derangements of 


renal function attributed to the stenosis. The usefulness and 
limitations of these tests become relevant in the selection of 
patients for open surgical or endovascular interventions. 

Deep abdominal renal artery ultrasonography may identify 
hemodynamically significant renal artery narrowings by imag¬ 
ing the renal arteries and characterizing flow velocity patterns 
through these vessels 25,26 (Fig. 92.10). Ultrasonography is a 
reasonable initial screening test. Existence of a stenosis appears 
established when peak systolic velocities are in the range of 180 
to 200 cm/s and the ratio of these velocities to those in the aorta 
approaches 3.5. Unfortunately, ultrasonography does not dis¬ 
criminate among renal artery stenosis exceeding 60% cross- 
sectional narrowing. Failure to identify a main renal artery in 
the absence of any parenchymal flow signal suggests main renal 
artery occlusion. An occluded accessory or segmental renal 
artery, however, may not be recognized and, thus, contributes 
to this technology’s false-negative assessments. 

Computed tomographic arteriography (CTA) is another 
frequently used means of assessing coexistent renal artery dis¬ 
ease (Fig. 92.11). It allows computer-generated visualization 
of the vessels from many different angles not possible with 
conventional biplanar arteriography. However, CTA carries 
the risk of contrast-induced nephrotoxicity. 

Arteriography was central to past evaluations of patients 
suspected of having hypertension. Oblique aortography and 
multiple-plane selective renal arteriography have improved the 
recognition of the morphologic character and extent of renal 
artery stenosis in this disease entity. Collateral vessels circum¬ 
venting a renal artery stenosis are evidence of the lesion’s 
hemodynamic importance. A pressure gradient approaching 
10 mm Hg is necessary for collateral vessel development, and 
the same degree of pressure change is associated with activa¬ 
tion of the renin system. Thus, the functional importance of an 
otherwise benign-appearing stenosis is established when col¬ 
lateral vessels are evident (Fig. 92.12). Intra-arterial digital 
subtraction angiography allows use of smaller quantities of 
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hypertension 


Renal 

revascularization 


ALGORITHM 92.1 


ALGORITHM 92.1. Management of renovascular hypertension. (Adapted from Stanley JC. Renal artery stenosis and hypertension. In: Brew¬ 
ster DC, ed. Common Problems in Vascular Surgery. Chicago, IL: Year Book; 1989:187.) 


iodinated contrast agents compared with conventional arteri¬ 
ography, and it lessens the potential of contrast-induced 
nephrotoxicity. This is of particular relevance in patients with 
compromised renal function. The use of carbon dioxide in the 
latter circumstances is also appealing, but may not always 
provide sufficient anatomic detail for clinical decision making 
in patients with more distal segmental arterial disease. 27 

Magnetic resonance angiography (MRA), especially with 
breath-hold techniques and gadolinium enhancement, provides 
reasonable images of diseased renal arteries. 28,29 A normal 
study usually confirms absence of disease, but because of phase 
dropout with vessel tortuosity, a study may appear abnormal in 
a patient having a relatively minor stenotic disease. Neverthe¬ 
less, MRA’s noninvasiveness and lack of nephrotoxicity make it 
an attractive diagnostic test. The documentation of nephro¬ 
genic dermatofibrosis following the administration of gadolin¬ 
ium in patients with renal insufficiency has lessened the enthu¬ 
siasm for the use of MRA in studying patients suspected of 
having renal artery stenosis. 30 

The use of physiologic tests to confirm the importance of 
anatomic narrowings is performed less frequently for a number 
of reasons, including the significant expense of the preparation 


required prior to these studies, as well as lack of sensitivity for 
certain tests. 

Renin activity comparing peripheral and renal venous blood, 
in the past, was a recognized means of detecting functionally 
important renal artery disease. Today, renin assessments are 
undertaken in the rare patient with complex but equivocal dis¬ 
ease, when the risk of an intervention demands a confirmed 
diagnosis. The renal vein renin ratio (RVRR) is calculated by 
dividing the renin activity in venous blood from the affected 
kidney by that from the contralateral kidney. An RVRR of 
greater than 1.48 is indicative of functionally important reno¬ 
vascular stenotic disease. 8,9 Because this test compares one 
kidney to another, it may not be useful in patients with bilat¬ 
eral disease if both kidneys exhibit elevated but equal degrees 
of excessive renin secretion. The renalisystemic renin index 
(RSRI) avoids this problem, and is calculated by subtracting 
systemic renin activity from individual renal vein renin activ¬ 
ity and dividing the remainder by systemic renin activity. 8 It is 
an expression of individual kidney renin release. In nonreno- 
vascular essential hypertensive patients, renal vein renin activ¬ 
ity from each kidney is usually 24% higher than systemic 
activity. 3,9 Thus, the total of both kidneys’ activity is usually 
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FIGURE 92.10. Renal artery ultrasonog¬ 
raphy depicting velocity measurements 
(A) used to calculate the aortic-to-renal 
artery ratio, percent stenosis by image 
with grayscale and color images (B), 
and resistive index. 





FIGURE 92.11. Computed tomographic arteriography of renal artery 
affected with fibromuscular dysplasia (arrow), exhibiting typical 
string-of-beads characteristic of medial fibroplasia. 


48% higher than systemic activity and represents a steady 
state of normal renal renin release. The usefulness of ischemic 
kidney renin hypersecretion (RSRI more than 0.48) and con¬ 
tralateral kidney renin suppression (RSRI less than 0.24, 
approaching 0) as a means of discriminating between 
expected cured and improved operative outcomes has been 
well established. 8,31 

Hypertensive urography is not a good diagnostic test for 
renovascular hypertension because of its limited sensitivity. 32 
Bilateral or segmental disease may interfere with the recogni¬ 
tion of gross differences in contrast excretion between the two 
kidneys. In a large series of patients with proven renovascular 
hypertension, urograms were abnormal in only 27% of chil¬ 
dren with developmental disease, 48% of adults with arterial 
fibrodysplastic disease, and 72% of adults with atherosclerotic 
lesions. 33 Thus, use of hypertensive urography as a diagnostic 
or prognostic test for renovascular hypertension appears 
unjustified. 

Isotopic renography allows both renal imaging and analy¬ 
sis of the washout curve of a number of radioactive tracers. A 
number of compounds have been used for these studies, 
including 99m technetium-diethylenetriamine pentaacetic acid, 
iodine 123-orthoidohippurate or iodine 131-orthoidohippurate, 
99m technetium mercaptoacetyltriglycine, 99m technetium- 
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FIGURE 92.12. Arteriogram of a benign-appearing stenosis (black 
arrow) associated with a large collateral vessel (white arrow ) circum¬ 
venting the lesion, defining hemodynamic significance of the stenosis 
and implicating its functional importance. (Reproduced with permis¬ 
sion from Stanley JC, Graham LM, Whitehouse WM Jr. Limitations 
and errors of diagnostic and prognostic investigations in renovascular 
hypertension. In: Bernhard VM, Towne JM, eds. Complications in 
Vascular Surgery. Orlando, FL: Grune & Stratton; 1984:213.) 


dimercaptosuccinic acid, and 99m glucoheptonate. These stud¬ 
ies provide an assessment of renal blood flow as well as excre¬ 
tory function. Unfortunately, different states of hydration and 
intrarenal vascular resistance often contribute to flow abnor¬ 
malities and false-positive studies in nonrenovascular hyper¬ 
tensives. The specificity and sensitivity of these studies are 
both about 75%. Administration of ACE inhibitors improves 
the sensitivity and specificity by blocking the compensatory 
change in glomerular filtration, causing it to fall in the affected 
kidney. The widespread use of this modified technology has 
not occurred, although some view ACE inhibitor-modified 
studies to be of greater value. 34 Renal perfusion/excretion 
ratios and more sophisticated computer analyses offer a poten¬ 
tial means of increasing the predictive value of radionuclide 
screening for renovascular hypertension. 


Treatment of Renal Artery Occlusive Disease 

Q Treatment of renovascular hypertension is in evolution. Ther- 
apeutic results in the management of renovascular hyperten¬ 
sion relate to both the proper selection of patients having 
clinically relevant renal artery disease as well as the execution 
of an appropriate intervention. Treatment options include 
drug therapy, percutaneous transluminal angioplasty (PTA) 
with or without stent placement, transcatheter renal ablation, 
arterial reconstructive surgery, and nephrectomy. 

Drug Therapy of Renal Artery Occlusive Disease. Anti¬ 
hypertensive drugs are often used in the initial management of 
patients with renovascular hypertension. Beta-blocking agents, 
such as propranolol and atenolol, are commonly used as first-line 
therapy. Refractory hypertension, especially that caused by bilat¬ 
eral disease or unilateral lesions in patients with a solitary kidney 
or contralateral parenchymal disease, may respond to the addi¬ 
tion of a thiazide diuretic, although with impaired renal function, 
the use of a loop diuretic, such as furosemide, is more effective. 

ACE inhibitors, such as captopril and enalapril, have proved 
to be relatively effective drugs in treating renovascular hyper¬ 
tension. Unfortunately, ACE inhibitors may have a deleterious 
effect on renal function by preferentially dilating the glomerular 
efferent arterioles, critically decreasing the intraglomerular 
blood pressure, and reducing glomerular filtration. Certainly, 
ACE inhibitors must be used cautiously in renovascular hyper¬ 
tensive patients who have bilateral disease or a solitary kidney. 
Monitoring of renal function is mandatory after initiating treat¬ 
ment with ACE inhibitors. Use of angiotensin receptor blockers 
has not been well defined in this subgroup of hypertensive 
patients. Similarly, direct renin inhibitors, which have been 
shown to stabilize atherosclerotic plaque progression, have not 
been examined in the treatment of renovascular hypertension. 35 

Because stenotic disease of the renal artery often progresses 
with concomitant loss of renal mass and function, a definitive 
means of restoring normal renal blood flow may be more log¬ 
ical therapy than drug treatment, once a diagnosis of renovas¬ 
cular hypertension has been established. 

Endovascular Therapy of Renal Artery Occlusive 
Disease. In 1978, Griintzig was the first to report the use of 
PTA in the management of renovascular hypertension. 36 The 
less invasive nature of renal artery PTA offers certain advan¬ 
tages over operative intervention and this therapy is now used 
widely. Most renal artery stenoses can be traversed with a 
guide wire and subsequently dilated with or without a stent, 
with minimal morbidity and mortality (Fig. 92.13). To justify 



FIGURE 92.13. Arteriosclerotic renal artery stenosis (A) above an aortic endograft. Following selective cannulation of the right renal artery and 
stent deployment, completion angiogram documents widely patent, stented right renal artery (B). 
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TABLE 92.1 RESULTS 


PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY FOR FIBRODYSPLASTIC 
RENOVASCULAR HYPERTENSION 


■ INSTITUTION 

■ PATIENTS 

■ POSTPROCEDURAL BLOOD 
PRESSURE RESPONSE (%) 

■ CURED ■ IMPROVED ■ FAILED 

Mayo Clinic 

105 

22 

41 

37 

University of Virginia 

66 

39 

59 

2 

University Hospital, 

28 

50 

39 

11 

Zurich, Switzerland 





University of Florida 

23 

52 

22 

26 

University Hospitals, 

22 

95 

— 

5 

Feuven, Belgium 





Hospital Broussais, Paris 

20 

68 

16 

15 


PTA, the clinical significance of the renal artery stenosis should 
be documented prior to initiating endovascular therapy. In 
addition, it is important that the patient should have adequate 
renal cortical reserve to recover renal function postinterven¬ 
tion. A recent study has confirmed an explosive increase of 
endovascular therapy compared with open surgical therapy. 13 
In many regards this therapy has been applied to what some 
considered functionally irrelevant renal artery narrowings, 
with resultant benefits being less than would occur with more 
carefully selected individuals for such interventions. 

Arterial Fibrodysplasia. Patients with renal artery fibrodysplasia 
benefit the most and incur the fewest complications following 
renal PTA, compared to those with other types of renal artery dis¬ 
ease. Medial dysplastic stenoses are most amenable to PTA, and 
this is most often the primary therapy for lesions limited to the 
main renal artery. Excellent early technical and clinical results 
usually follow renal artery PTA in these patients. 37-42 Similarly, 
these patients have experienced excellent long-term clinical 
results, with primary patency rates of around 85% (Table 92.1 ). 43 

Developmental Disease. In contrast, renal artery ostial 
stenoses in pediatric patients associated with developmental 
aortic anomalies represent true hypoplastic vessels that are less 


likely to be successfully dilated. 21,44 In a like fashion, less com¬ 
mon causes of renovascular hypertension in children, including 
those associated with inflammatory arteriopathies and neu¬ 
rofibromatosis, do not respond to renal artery PTA. 

Arteriosclerosis. The largest experience with renal artery PTA 
has been in treating arteriosclerotic disease. 45-60 The presence 
of aortic spillover arteriosclerosis versus isolated renal artery 
arteriosclerosis has had an important impact on long-term 
clinical results. Historically, PTA alone, without stent place¬ 
ment, has resulted in a technical success rate of only 70% to 
80%. In fact, aortic spillover lesions, treated by PTA alone, 
have technical success rates of 30% to 50%. These latter 
stenoses often manifest excessive recoil and many exhibit acute 
dissections. As a result of high early post-PTA restenosis rates, 
stenting of atherosclerotic lesions is considered appropriate 
in these patients. 

PTA with stenting for atherosclerotic renal artery disease 
results in outcomes that vary widely, but this therapy provides 
reasonable long-term technical results 61 (Table 92.2). For exam¬ 
ple, Palmaz stents placed in 64 renal arteries in 59 patients 
resulted in a 2-year secondary patency rate of 92%. 52 Others 
have documented 5-year primary and secondary patency rates 
of 84% and 92%, respectively. 46 


TABLE 92.2 RESULTS 


PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY WITH STENTING FOR ARTERIOSCLEROTIC RENOVASCULAR HYPERTENSION 


■ INSTITUTION 

■ PATIENTS 

■ POSTPROCEDURAL RENAL 
FUNCTION RESPONSE (%) 

■ POSTPROCEDURAL BLOOD 
PRESSURE RESPONSE (%) 

University Utrecht, Netherlands 

40 

17 

55 

28 

15 

— 

2 

14 

Iowa Heart Center, Des Moines 

63 

36 

46 

18 

4 

35 

1 

14 

University Freiburg, Germany 

68 

(No change in mean serum creatinine) 

16 

62 

2 

17 

Arizona Heart Institute 

82 

(No change in mean serum creatinine) 

13 

55 

2 

26 

Wake Forest University 

99 

28 

65 

7 

1 

21 

8 

Not 









reported 

The Heart Institute of Spokane 

129 

16 

75 

9 

2 

46 

2 

14 

and Sacred Heart Medical 









Center, Spokane, Washington 









Multicenter (G. Dorros: senior 

163 

(No change in mean serum creatinine) 

1 

42 

7 

Not 

author) 








reported 

Duke University and University of 

300 

8 

78 

14 

70 

43 

0 

21 

Michigan 
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PTA with stenting for progressive ischemic nephropathy is not 
as effective at reversing renal failure. In these cases, as with open 
surgical interventions, benefits appear related to the degree and 
duration of ischemic nephropathy prior to PTA, with those hav¬ 
ing a relative rapid onset of renal insufficiency and serum creati¬ 
nine of less than 3 mg/dL demonstrating the best response. 62-66 A 
number of prospective trials comparing PTA and medical therapy 
have concluded that PTA has only a modest but significant effect 
on blood pressure control. 67 The results of the prospective, ran¬ 
domized Angioplasty and Stenting for Renal Artery Lesions 
(ASTRAL) trial and Cardiovascular Outcomes in Renal Athero¬ 
sclerotic Lesions (CORAL) trials comparing renal artery stenting 
versus best medical therapy may define the incremental value of 
PTA revascularizations. 54,68,69 Publication of their outcomes are 
being awaited by clinicians and health care insurers. Clearly, 
existing guidelines for renal PTA are controversial. 70 

Complications accompanying renal artery PTA for fibrodys- 
plastic disease are uncommon. PTA for arteriosclerotic disease 
carries a 5% to 15% risk of complications, although most are 
not life-threatening. Intimal disruption occurs more often with 
proximal renal artery dilation, where the vessel elasticity is 
greater and medial disruption is less likely. Medial tears are 
more common with distal renal artery dilation where vessel 
elasticity is less. The exact usefulness of embolic protection 
devices has yet to be defined, but they may provide improved 
functional outcomes following renal artery stenting and PTA 
for arteriosclerotic disease. 48,71,72 

Surgical interventions following failed renal artery PTA are 
much more hazardous than primary surgical procedures, being 
associated with a higher incidence of emergent repair and 
nephrectomy. Blood pressure benefits occurred in 57% of 
cases after secondary operations for a failed renal artery PTA, 
compared to 89% following primary operations. 73 

A prospective Scandinavian, randomized controlled trial 
comparing endovascular treatment with open surgery was per¬ 
formed in 1993 for the treatment of renovascular hyperten¬ 
sion. 74 The study documented a 2-year patency rate of 75% in 
the PTA group versus 96% in the surgical group, but benefits 
regarding hypertension were equal (90%) in each group. The 
former study included a large number of patients crossing over 
from the PTA to the surgical group, leading the authors to sug¬ 
gest that PTA should be first-line therapy, with repeat endovas¬ 
cular or open surgical intervention as necessary. 

Arterial Reconstructive Surgery for Renal Artery 
Occlusive Disease. Despite the well-documented benefits 
of the open surgical treatment of renovascular occlusive dis¬ 
ease, the number of such procedures performed in the United 
States is declining. 11,13,31,33,75-80 It is important that the primary 
revascularization procedure be successful. This point is under¬ 
scored by the fact that nephrectomy accompanies nearly half 
of the reoperations for failed initial reconstructions. The oper¬ 
ative mortality following primary renal artery bypass surgery 
in the United States has been reported to approach 10%, a fig¬ 
ure significantly higher than that documented by most large 
series from individual centers. 81 Operative details vary when 
treating the different subgroups of renal artery disease. 

Aortorenal Bypass. Aortorenal bypass in adults with arte¬ 
riosclerotic and fibrodysplastic occlusive disease is most often 
performed using autologous reversed saphenous vein (Fig. 
92.14). 11,12 Dacron or extruded Teflon conduits may also be used 
in reconstructing these vessels in appropriately chosen patients. 
Because vein grafts in children often become aneurysmal, autol¬ 
ogous hypogastric artery grafts and direct aortic reimplantations 
of the renal artery are favored to reconstruct the renal arteries in 
pediatric-aged patients 21,23,82 (Figs. 92.15 and 92.16). 

Nonanatomic Bypass Procedures. Nonanatomic bypass proce¬ 
dures are important in treating certain patients with renovas¬ 
cular hypertension. 77,83-86 The hepatic, splenic, or iliac arteries 



FIGURE 92.14. Autogenous saphenous vein aortorenal graft. (Repro¬ 
duced with permission from Stanley JC, Graham LM. Renovascular 
hypertension. In: Miller DC, Roon AJ, eds. Diagnosis and Manage¬ 
ment of Peripheral Vascular Disease. Menlo Park, CA: Addison- 
Wesley; 1981.) 



FIGURE 92.15. Autogenous iliac artery aortorenal graft in a child. 
(Reproduced with permission from Stanley JC, Zelenock GB, Messina 
LM, et al. Pediatric renovascular hypertension: a thirty-year experi¬ 
ence of operative treatment. J Vase Surg 1995;21:212-227.) 


VASCULAR 












1620 Part Two: Surgical Practice 



FIGURE 92.16. Aortic reimplantation of main renal arteries, beyond 
orificial stenoses in a child. (Reproduced with permission from Stanley 
JC, Zelenock GB, Messina LM, et al. Pediatric renovascular hyperten¬ 
sion: a thirty-year experience of operative treatment. J Vase Surg 1995; 
21:212-227.) 


may be used as sites of origin for bypass grafts to the renal 
artery, especially when originating a graft from the aorta 
would entail unacceptable risks. Use of the hepatic artery for a 
right-sided reconstruction or the splenic artery for a left-sided 
splenorenal bypass is appropriate in adults, but only after 
ascertaining that these vessels and the celiac trunk are free of 
stenotic disease. Splenorenal bypasses are not recommended in 
children because of potential celiac artery growth arrest that 
may evolve as the child becomes older, but which is not pre¬ 
dictable at the time of the initial reconstruction. 

Ex Vivo Renal Artery Reconstruction. Ex vivo renal artery 
reconstruction is an alternative means of treating select cases 
of renovascular hypertension, especially those involving revas¬ 
cularization of multiple distal segmental branches. 80,87,88 
Disadvantages of ex vivo reconstructions include the necessity 
to cool the kidney, longer operating times, and perhaps most 
important, the disruption of preexisting collateral channels. 


Fortunately, most renal artery reconstructions can be success¬ 
fully performed in situ. 

Endarterectomy. Endarterectomy is often performed for proxi¬ 
mal renal artery arteriosclerotic disease. 11,12,89-91 The two tech¬ 
niques most often used are (a) transaortic renal endarterectomy 
through an axial aortotomy or the transected infrarenal aorta 
and (b) direct renal artery endarterectomy. The extent of aortic 
and renal artery disease, as well as the need to perform coexis¬ 
tent aortic reconstructive surgery, dictates which of these proce¬ 
dures is most appropriate. In most cases, a linear aortotomy is 
begun just to the left of the superior mesenteric artery and 
extended in the midline to below the renal arteries. The diseased 
aortic arteriosclerotic tissues are elevated, and with gentle trac¬ 
tion, the renal artery atheroma is extracted. This type of 
endarterectomy is particularly useful in treating bilateral disease 
(Fig. 92.17) or when the disease affects multiple renal arteries. 
Extensive plaque affecting the more distal renal artery, espe¬ 
cially when involving bifurcations, may be better treated by a 
direct renal artery endarterectomy with a patch-graft closure. 

Results of Operative Therapy for Renal Artery 
Occlusive Disease. Renal preservation and maintenance of 
renal function are important in assessing clinical experiences. 
Nephrectomy clearly does not offer as much benefit as renal 
revascularization. Even when nephrectomy provides good 
early results, it leaves the patient at considerable risk if con¬ 
tralateral disease evolves later. Cumulative primary and sec¬ 
ondary nephrectomy rates for alleged unreconstructable renal 
artery disease in any given practice should not exceed 5%. 

Surgical treatment of renovascular hypertension affords 
excellent outcomes. 11,12 Differences among most individual 
experiences reflect variations in the prevalence of different reno¬ 
vascular disease categories (Table 92.3). Renovascular hyperten¬ 
sion in childhood is most likely to exhibit a salutary outcome 
after restoration of normal renal blood flow (Table 92.4). Arter¬ 
ial fibrodysplastic renovascular hypertension (Table 92.5) is 
more likely to benefit from an open operation than is arterioscle¬ 
rotic renovascular hypertension (Table 92.6), which is probably 
a reflection of coexistent essential hypertension in older patients 
with arteriosclerotic disease. Arteriosclerotic renovascular 
hypertension occurs in two subgroups of patients: (a) those with 
focal renal artery disease whose only clinical manifestation of 


FIGURE 92.17. Transaortic bilateral renal artery 
endarterectomy. Preoperative (A) and postoperative 
(B) aortography. (Reproduced with permission from 
Stanley JC, Messina LM, Wakefield TW, et al. Renal 
artery reconstruction. In: Bergan JJ, Yao JST, eds. 
Techniques in Arterial Surgery. Philadelphia, PA: WB 
Saunders; 1990:247.) 
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TABLE 92.3 RESULTS 


RESULTS OF SURGICAL TREATMENT OF RENOVASCULAR HYPERTENSION IN SPECIFIC PATIENT SUBGROUPS, THE EARLY 
UNIVERSITY OF MICHIGAN EXPERIENCE 


■ POSTOPERATIVE STATUS (%)“ 


■ SUBGROUP MORTALITY 

■ PATIENTS 

■ CURED 

■ IMPROVED 

■ FAILURE 

■ MORTALITY 

Pediatric disease 

34 

85 

12 

3 

0 

Arterial fibrodysplasia 

144 

55 

39 

6 

0 

Arteriosclerosis 






Focal renal artery disease 

64 

33 

58 

9 

0 

Overt extrarenal disease 

71 

25 

47 

28 

8.5 


^Represents outcome of 415 operations (346 primary, 59 secondary), including initial nephrectomy in 17 patients. 

Cure: Blood pressures were 150/90 mm Hg or less for a minimum of 6 months postoperatively, during which no antihypertensive medications were 
administered. Improvement: Normotensive while on drug therapy, or if diastolic blood pressures ranged between 90 and 100 mm Hg but were at 
least 15% lower than preoperative levels. Failure: Diastolic blood pressures greater than 90 mm Hg but less than 15% lower than preoperative levels 
or greater than 110 mm Hg. Lower pressure standards were used in evaluating children. 

From Stanley JC, Whitehouse WM Jr, Graham LM, et al. Operative therapy of renovascular hypertension. Br J Surg 1982;63(Suppl):S63. 


TABLE 92.4 RESULTS 


RENOVASCULAR HYPERTENSION IN CHILDREN, OPEN SURGICAL TREATMENT 




■ OPERATIVE OUTCOME (%) 

■ SURGICAL 
MORTALITY 
RATE (%) 

■ INSTITUTION 

■ PATIENTS 

■ CURED 

■ IMPROVED 

■ FAILED 

University of Michigan 

97 

70 

27 

3 

0 

Cleveland Clinic 

27 

59 

18.5 

18.5 

4 

University of California, Los Angeles 

26 

84.5 

7.5 

4 

4 

Vanderbilt University 

21 

68 

24 

8 

0 

University of Pennsylvania 

17 

76.5 

23.5 

0 

0 

Argentinean Institute, Buenos Aires 

15 

53 

13 

27 

7 

University of California, San Francisco 

14 

86 

7 

0 

7 

Modified from Stanley JC. The evolution of surgery for renovascular occlusive disease. Cardiovasc Surg 1994;2:195-202. 


TABLE 92.5 





RESULTS 

FIBRODYSPLASTIC RENOVASCULAR HYPERTENSION IN ADULTS, OPEN SURGICAL TREATMENT 



■ OPERATIVE OUTCOME (%) 

■ SURGICAL 
MORTALITY 
RATE(%) 

■ INSTITUTION 

■ PATIENTS 

■ CURED 

■ IMPROVED 

■ FAILED 

University of Michigan 

144 

55 

39 

6 

0 

Baylor College of Medicine 

113 

43 

24 

33 

0 

Cleveland Clinic 

92 

58 

31 

11 

Unstated 

University of California, San Francisco 

77 

66 

32 

1.3 

0 

Mayo Clinic 

63 

66 

24 

10 

Unstated 

University Hospital Leiden, The Netherlands 

53 

53 

34 

13 

2 

Vanderbilt University 

44 

72 

24 

4 

2.3 

Columbia University 

42 

76 

14 

10 

Unstated 

Bowman Gray 

40 

33 

57 

10 

0 

University of Lund, Malmo, Sweden 

40 

66 

24 

10 

0 

Modified from Stanley JC. The evolution of surgery for renovascular occlusive disease. Cardiovasc Surg 1994;2:195-202. 
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TABLE 92.6 RESULTS 


ARTERIOSCLEROTIC RENOVASCULAR HYPERTENSION IN ADULTS, OPEN SURGICAL TREATMENT 




■ OPERATIVE OUTCOME (%) 

■ SURGICAL 
MORTALITY 
RATE(%) 

■ INSTITUTION 

■ PATIENTS 

■ CURED 

■ IMPROVED 

■ FAILED 

Wake Forest University 

500 

12 

73 

15 

4.6 

University of Michigan 

135 

29 

52 

19 

4.4 

University of California, San Francisco 

84 

39 

23 

38 

2.4 

Cleveland Clinic 

78 

40 

51 

9 

2 

Columbia University 

67 

58 

21 

21 

Unstated 

University of Lund, Malmo, Sweden 

66 

49 

24 

27 

0.9 

Hospital Aiguelongue, Montpellier, 

France 

65 

45 

40 

15 

1.1 

Vanderbilt University 

63 

50 

45 

5 

9 

Modified from Stanley JC. The evolution of surgery for renovascular occlusive disease. Cardiovasc Surg 1994;2:195-202. 


arteriosclerosis is secondary hypertension and (b) those with 
clinically overt extrarenal arteriosclerosis affecting the coronary, 
carotid, aorta, or extremity vessels. The severity and duration of 
hypertension, age, and gender in these two subgroups are simi¬ 
lar, yet the surgical outcome regarding amelioration of hyperten¬ 
sion is worse in patients with overt extrarenal arteriosclerotic 
disease. Open revascularization of a kidney with an occluded 
renal artery offers recovery of renal function and improvement 
in blood pressure control in nearly half the patients. 92,93 


RENAL ARTERY 
ANEURYSMAL DISEASE 


Aneurysms of the renal artery are unusual, but with more fre¬ 
quent imaging modalities are being encountered with increasing 
frequency. 94-102 Complications of these aneurysms, often 
detected in the setting of other renal vascular disease, may have 
been overestimated in surgical series rather than population- 
based experiences. Other misperceptions regarding the impor¬ 
tance of these aneurysms reflect unrecognized differences among 
their four principal types: (a) true renal artery aneurysms, (b) dis¬ 
secting renal artery aneurysms, (c) aneurysmal mural dilations 
occurring with medial fibrodysplastic disease, and (d) arteritis- 


related microaneurysms. The two renal artery macroaneurysms 
most relevant to surgical practice are the true aneurysms and 
those associated with dissections (Table 92.7). 


True Renal Artery Aneurysms 

The precise incidence of true renal artery aneurysms in the 
general population is estimated to be between 0.10% and 
0.7%. 101,103 Large reported series of these aneurysms are uncom¬ 
mon (Table 92.8). The group being studied bears greatly on the 
reported frequency of these lesions. For example, macroan¬ 
eurysms have been identified in 0.7% of patients undergoing 
arteriographic studies directed at renal disease 104 and in 2.5% of 
those being evaluated for hypertension. 101 Women are affected 
with true renal artery aneurysms slightly more often than men. 
However, when aneurysms in patients with arterial fibrodyspla- 
sia are excluded, there appears to be no gender predilection. The 
predisposition of these aneurysms to affect the right renal artery 
may be a reflection of the greater incidence of right-sided medial 
fibrodysplastic disease in women. 

True renal artery aneurysms are usually located at renal 
artery bifurcations (Fig. 92.18). Most of these aneurysms are 
saccular. The average diameter of true aneurysms at the time of 
their clinical recognition is 1.5 cm. Extraparenchymal 


TABLE 92.7 TREATMENT 


TRUE AND DISSECTING RENAL ARTERY ANEURYSMS 


■ LESION 

■ MALES/ 
FEMALES 

■ CONTRIBUTING 
FACTORS 

■ RATE OF 
RUPTURE 

■ MORTALITY 

WITH RUPTURE 

■ USUAL 

TREATMENT 

True aneurysm 

1/1.2 

Congenital defects 
Arterial fibrodysplasia 
Hypertension 

3% 

10% (during pregnancy: 
55% maternal, 55% fetal) 

Aneurysmectomy 
with renal artery 
reconstruction 

Aneurysmorrhaphy 

Endovascular exclusion 
or embolization 

Nephrectomy for 
ruptured aneurysms 

Dissecting 

aneurysm 

10/1 

Blunt trauma 

Arterial catheterization 
Arterial fibrodysplasia 
Arteriosclerosis 

Uncommon 

Undefined 

Renal artery 
reconstruction 

Endovascular stenting 























w 

P 

Q 

w 

u 

o 

eu 

H-l 

< 

u 

HH 

a 

P 

C/3 

H-l 

2 

HH 

u 

z 

HH 


CO 

00 

£ 


c^ 


o' 

< 


o' 

X 

oo 

LU 

u 


Q_ 

X 


Q 

LU 
I— 

U 


£3 

< H-l 

u r < 
u£ 
*o 

c/3 § 


- S 
g o 
S H 

I w 
< 

hJ w 

eo £ 

Z S3 
P Z 


is 

5| 


Q 

Z 

< 

Z w 

O g 

3 S 
u o 
x H 

w u 


<* H 

o E 

p 


zg 

as 

b z 



VO 



o 

H 

O 

o 

o 

o 

CO 

CO 


OO 


•o 


<N 



vo 

oo 

o 

l\ 

^i- 

^1" 



i\ 

H 

o 

VO 

CO 

a 

£ 

o 

t—1 

T—1 


\C 

\0 

xO 

cO 

Ch 

H 

T _i 

oo 


H 

oo 


P 




Co 




CO 

<N 

rp 

rn 

H 


vo^ 


^|- 

<N 

VO 

ov 

OV 

VO 

oo 

CO 

.£* 




C/5 

5-1 




<u 

> 

’ C/5 

o 

X 

'3 

5-1 

<U 

c 

'S 

p 


o 

U 

5-1 

<D 

iU 

'3 

r o 



P 

H 

’S 

’53 

hH 

C/5 

Mh 

o 

p 

P 

-3 

<U 

Sh 

O 

£ 

3 

'V 

'u 

_C 

'53 

X 

PO 

<u 

C/5 

5h 

<u 

> 

'3 

p 

u 

<u 

T3 

a 

£ 


u 

O 

c3 


1623 


VASCULAR 
















1624 
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FIGURE 92.19. Saccular renal artery aneurysm occurring at the pri¬ 
mary bifurcation of a main renal artery exhibiting medial fibroplasia. 
(Reproduced with permission from Stanley JC, Whitehouse WM Jr. 
Renal artery macroaneurysms. In: Bergan JJ, Yao JST, eds. Aneurysms. 
New York: Grune & Stratton; 1982:417.) 


FIGURE 92.18. Renal artery aneurysm at a second-order branch. 
(Reproduced with permission from Stanley JC, Whitehouse WM Jr. 
Renal artery macroaneurysms. In: Bergan JJ, Yao JST, eds. Aneurysms. 
New York: Grune & Stratton; 1982:417.) 


aneurysms are very common, accounting for more than 90% of 
these lesions, with more than 75% occurring at first- or second- 
order branchings of the main renal artery. 

Two distinct histologic categories of true renal artery 
aneurysms exist. The first type appears to be associated with a 
congenital elastic tissue defect or medial degenerative process. 
The second type of aneurysm exhibits arteriosclerosis. 
Atheromatous changes often occur at irregular intervals in these 
aneurysms, with intervening areas composed of thin, collagenous 
acellular fibrous tissue. In most instances, arteriosclerosis is con¬ 
sidered a secondary event rather than a primary etiologic event. 

The high frequency of renal artery aneurysms associated 
with medial fibrodysplasia is well recognized (Fig. 92.19). In 
the latter disease state, further fragmentation and disruption 
of elastic tissue with loss of smooth muscle at bifurcations 
leaves little more than a thin layer of fibrous connective tissue 
to contain blood flow. The greater incidence of aneurysms 
among patients with hypertension secondary to dysplastic 
renal artery stenoses, in comparison with those with arte¬ 
riosclerotic stenoses, supports the tenet that arterial fibrodys¬ 
plasia is a direct contributor to aneurysmal changes. 

Clinical Manifestations of the True Renal Artery 
Aneurysms. Most renal artery aneurysms are asympto¬ 
matic, being discovered incidentally. 85-87,91 Aneurysm expan¬ 
sion or renal infarction from dislodged thrombus may cause 
flank or abdominal pain. Hematuria and abdominal bruits 
have been attributed to some lesions, but are more likely due 
to nonaneurysmal disease. Although very uncommon, covert 
rupture of renal artery aneurysms into an adjacent vein may be 
associated with hematuria and hypertension. 

Once a renal artery aneurysm is suspected, conventional 
catheter-based arteriography becomes the definitive diagnostic 
studies. However, gadolinium-enhanced magnetic resonance 
arteriography (MRA) and multislice three-dimensional recon¬ 
structed CT scanning (Fig. 92.20) have an increasing role in 
the anatomic delineation of these aneurysms. 103,105,106 


The theory that renal artery aneurysms contribute to the 
80% incidence of hypertension in these patients has been a sub¬ 
ject of continual controversy. 96,97,99,100 Embolization of aneurys¬ 
mal thrombus or thrombotic occlusion of an adjacent artery 
may result in renal ischemia and renovascular hypertension, but 
this is uncommon. More often, coexisting renal artery occlu¬ 
sive disease in the vicinity of aneurysms may account for sec¬ 
ondary hypertension in these patients. Indeed, renal artery 
stenosis may be masked by the aneurysm. 107 Because of this 
possibility, one should search for existence of occult stenoses 
in hypertensive patients with aneurysms. 

Rupture is the most serious complication attending renal 
artery aneurysms. Exsanguinating hemorrhage from a ruptured 
renal artery aneurysm occurs rarely. 96,108,109 Mortality with 
rupture is approximately 10%, but loss of a kidney is a near- 
universal outcome of rupture. Overt extraparenchymal rupture 
occurred in 2% of patients harboring these lesions, and covert 
rupture causing renal arteriovenous fistulas occurred in an 
additional 1.5%, in one of the largest reported series from a 
surgical group. 96 Rupture of renal artery aneurysms during 
pregnancy is an exception to the generally accepted benign 
nature of most bland aneurysms. 110-112 Rupture of renal artery 
aneurysms is responsible for fetal death in nearly 85% of cases 
and is associated with a 55% maternal mortality rate. 

An increased risk of renal artery aneurysm rupture has been 
attributed to large size, absence of calcification, and elevated 
blood pressure. However, overt rupture often has occurred in 
normotensive patients, as well as with calcific atherosclerotic 
aneurysms. 96,110 Although greater rupture rates occurring in 
larger aneurysms have been only inconsistently reported, a larger 
size remains a logical reason to assign a greater risk of rupture. 

Treatment of True Renal Artery Aneurysms. Indica¬ 
tions for surgical intervention for true renal artery aneurysms 
appears indicated in the following situations: (a) aneurysms 
with functionally important renal artery stenoses; (b) 
aneurysms harboring thrombus, especially with evidence of 
distal embolization and cortical infarcts; (c) aneurysms in 
women who plan to have children; (d) aneurysms with diame¬ 
ters greater than 1.5 cm in otherwise healthy patients; and (e) 
patients with flank pain attributed to their aneurysms. Size is 
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FIGURE 92.20. Computed tomography angiogram of a large renal artery aneurysm in axial cut (A, arrows) and in three-dimension (B). 


the softest indication for surgical therapy. Cautious surgical 
intervention by those experienced in renovascular surgery in 
properly selected patients with renal artery aneurysms appears 
justified because of the small, but unpredictable, incidence of 
rupture with its attendant loss of kidney and life. 

The objective of surgical therapy is to eliminate the 
aneurysm without losing the kidney or compromising its func¬ 
tion. 96,113,114 Most aneurysms are best approached with a 
transabdominal, extraperitoneal exposure of the renal vascu¬ 
lature following medial displacement of the overlying colon 
and foregut viscera. Large aneurysms of the main renal artery 
can usually be excised with simple primary closure of the 
artery, but excision of smaller aneurysms may require arterial 
closure with a vein patch (Fig. 92.21). More extensive renal 
artery reconstructions using autogenous saphenous vein or 
internal iliac artery as aortorenal grafts are favored for bifur¬ 


cation aneurysms, especially those associated with function¬ 
ally important stenoses of the renal artery (Fig. 92.22). 

Nephrectomy is the usual therapy for managing ruptured 
aneurysms and extensive intraparenchymal aneurysms. Long¬ 
term outcome is actually quite good following nephrectomy in 
carefully selected cases. No patients treated in this manner at 
the University of Michigan required hemodialysis during a 20- 
year follow-up. 96 Nevertheless, arterial reconstruction should 
be considered in those instances in which the kidney does not 
appear to have been irreparably injured from ischemia caused 
by the rupture. 

Endovascular treatment of renal artery aneurysms has an 
evolving role. 115-121 Although endoluminal therapy appears to 
carry a higher risk of parenchymal infarction, no prospective 
comparison trials between endovascular and surgical treat¬ 
ments exist. Certainly, main renal artery aneurysms may be 



FIGURE 92.21. A: Renal artery aneurysm located at the bifurcation of the main renal artery. B: Surgical treatment included 
aneurysmectomy and vein patch graft closure of the artery. (Reproduced with permission from Stanley JC. Renal artery 
aneurysms and dissections. In: Veith FJ, ed. Current Critical Problems in Vascular Surgery , vol. 3. St. Louis, MO: Quality 
Medical Publishing; 1991:311.) 
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FIGURE 92.22. Aortorenal bypass with reversed autogenous saphe¬ 
nous vein, following excision of an aneurysm in a fibrodysplastic ves¬ 
sel, with end-to-end anastomosis to one first-order segmental branch 
{large arrow) and end-to-side implantation of the other first-order seg¬ 
mental branch (small arrow). (Reproduced with permission from 
Ernst CB, Stanley JC, Fry WJ. Multiple primary and segmental renal 
artery revascularization utilizing autogenous saphenous vein. Surg 
Gynecol Obstet 1973;137:1023-1026.) 


successfully excluded by stent graft placement, and peripheral 
branch aneurysms can be successfully embolized. Embolization 
of intraparenchymal aneurysms is an appropriate alternative to 
partial nephrectomy in those patients with evidence of cortical 
infarction. Lastly, endovascular proximal arterial occlusion 
may be useful in hemodynamically unstable patients having a 
ruptured renal artery aneurysm in whom open attempts to sal¬ 
vage the kidney would place the patient’s life at risk. 

Renal artery aneurysms not treated by operation should be 
subjected to long-term surveillance. Because of the relatively 
low incidence of complications attending most renal artery 
aneurysms, noninvasive studies, such as abdominal ultra¬ 
sonography, CT, or MRA, performed on a regular basis are 
favored over repeated arteriographic studies, which may carry 
risks exceeding those of the aneurysmal disease itself. 


Renal Artery Dissections 

Isolated renal artery dissections causing aneurysms are 
rare. 122-126 Dissections are usually classified into two categories: 
(a) those due to blunt abdominal trauma or intraluminal 
catheter-induced injury and (b) those occurring spontaneously 
(Fig. 92.23). Nearly one third of renal artery dissections are 
bilateral. Dissections of the renal artery affect men nearly 10 
times as often as women. In part, this reflects the greater likeli¬ 
hood of trauma-induced dissections that occur in men. Blunt 
abdominal trauma contributes to renal artery dissections by two 
specific mechanisms. The first is violent displacement of the kid¬ 
ney with deceleration causing marked stretching of the artery 
with fracture of the intima, which is the least elastic vessel wall 
component. This event commonly results in subintimal dissec¬ 
tions. The second mechanism relates to traumatic compression 



FIGURE 92.23. Saccular dissecting main renal artery aneurysm. 
(Reproduced with permission from Gewertz BL, Stanley JC, Fry WJ. 
Renal artery dissections. Arch Surg 1977;112:409-414.) 


of the renal arteries against the unyielding vertebral bodies, 
resulting in medial hemorrhage and false aneurysm formation. 

Iatrogenic, catheter-related, renal artery injury occurring 
during diagnostic arteriography is another recognized cause of 
these aneurysms. This complication is uncommon. Iatrogenic 
dissections usually occur within the inner media or subintimal 
tissues. Dissections accompanying therapeutic catheteriza¬ 
tions, such as balloon angioplasty, are common, although only 
a few cause critical narrowings or occlusion of the renal artery. 
In these instances, stent placement usually restores normal 
renal artery blood flow. 

Primary or spontaneous dissections causing pseudoan¬ 
eurysms affect the renal arteries more than any other periph¬ 
eral artery. Most are related to coexistent arteriosclerotic or 
dysplastic renovascular disease. A 0.5% incidence of dissec¬ 
tions in patients with fibrodysplastic renal arteries has been 
reported. 127 Spontaneous dissections usually occur within the 
outer media adjacent to the external elastic lamina. 

Clinical Manifestations of Renal Artery Dissection. 

Flank and back pain, hematuria, ileus, and elevated blood 
pressure frequently accompany acute dissections regardless of 
the cause. 123,124 Chronic renal artery dissections, when clini¬ 
cally relevant, are usually associated with renovascular hyper¬ 
tension or impaired renal function. An incorrect initial clinical 
diagnosis is common, occurring in more than half of patients 
having renal artery dissections. CT angiography can accu¬ 
rately define dissections and is the primary modality used most 
in the setting of trauma. Arteriography is used most often to 
diagnose and define the extent of renal artery dissections. 

Treatment of Renal Artery Dissection. Trauma-related 
dissections warrant emergent primary arterial reconstructions 
once a hemodynamic narrowing or occlusion of the main renal 
artery or a major segmental branch is recognized. Delayed repair 
is necessary for less obvious trauma-related injuries if hyperten¬ 
sion persists or renal function deteriorates. Spontaneous dissect¬ 
ing aneurysms, when acute, are technically easier to treat than 
traumatic lesions and should be subjected to surgical therapy 
soon after hemodynamically significant stenoses or occlusions 
are recognized. Operative intervention is also pursued for 








Chapter 92: Renal Artery Occlusive and Aneurysmal Disease 


1627 


chronic spontaneous dissections associated with severe renovas¬ 
cular hypertension or deteriorating renal function. Endovascular 
stent placement is an appropriate alternative therapy for short 
proximal renal artery dissections with a defined distal endpoint 
and is useful for dissections following catheter-related injuries. 128 
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AND JAMES C. STANLEY 


KEY POINTS 


Q Occlusive and aneurysmal diseases of the splanchnic ves¬ 
sels are relatively uncommon problems in clinical practice. 

Q Approximately 50% of acute mesenteric ischemia cases are 
caused by an embolus, typically from a cardiac source. 
Atrial fibrillation and a myocardial infarction with mural 
thrombus formation are the most common embolic sources. 

Q Acute mesenteric embolism usually results in sudden and 
severe epigastric or midabdominal pain, followed promptly 
by evacuation of the gut, with emeses or explosive diarrhea. 

Q Complications of certain catheter-related procedures and 
operations are an increasingly common cause of acute 
ischemia. 

Q Intestinal angina is most often a consequence of aortic 
spillover arteriosclerosis affecting origins of the celiac, supe¬ 
rior mesenteric, and inferior mesenteric arteries. 


Q In patients with chronic mesenteric ischemia, progression 
from minor symptoms to intestinal infarction is unpre¬ 
dictable. 

Q Splanchnic artery aneurysms are uncommon, but the more 
frequent use of computed tomography, magnetic reso¬ 
nance imaging, and ultrasonography has resulted in an 
increase in their clinical recognition. 

Q Splenic artery aneurysms are the most common splanchnic 
artery aneurysm, accounting for 60% of all splanchnic 
artery aneurysms. 

^The role of endovascular treatment of visceral artery 
aneurysms is becoming increasingly important, but is cur¬ 
rently poorly defined. 


Q Occlusive and aneurysmal diseases of the splanchnic vessels 
are relatively uncommon problems in clinical practice. How¬ 
ever, it is important that physicians recognize the clinical pre¬ 
sentations of these diseases and be knowledgeable regarding 
contemporary diagnostic studies and newer treatment options. 
For example, the “gold standard” diagnostic study, aortogra¬ 
phy with selective visceral arteriography, is being replaced 
with high-resolution computed tomographic angiography 
(CTA) or high-quality magnetic resonance angiography 
(MRA). In addition, endovascular techniques are displacing 
conventional open surgical treatment modalities for patients 
with these diseases. 


SPLANCHNIC VASCULAR 
ANATOMY AND PHYSIOLOGY 


The complex functions of the splanchnic viscera are supplied by 
a circulation uniquely adapted for absorbing and distributing 
nutrients. Persistence or regression of parts of the primitive vis¬ 
ceral circulation results in important variations in the splanch¬ 
nic arteries and their collateral circulation. Thus, a common 
celiacomesenteric trunk, replaced hepatic branches from the 
celiac artery to the superior mesenteric artery (SMA), and a per¬ 
sistent ventral anastomosis between the proper hepatic and a 
replaced right hepatic artery from the SMA denoted as an arch 
of Buhler are anatomic variations that are relevant in assessing 
occlusive diseases of the splanchnic circulation. 1 

The vascular anatomy of the splanchnic viscera follows 
well-described patterns 2 (Figs. 93.1 to 93.4); however, the 
right hepatic artery has a replaced origin from the SMA in 
approximately 15% to 20% of the population and the left 


hepatic artery is derived from the left gastric artery in about 
25% of the population. In the event of occlusion or stenosis of 
either the celiac artery or SMA, the gastroduodenal artery 
becomes an important collateral vessel. 

The SMA originates from the anterior surface of the aorta 
1 or 2 cm below the celiac trunk. Extensive large-vessel anas¬ 
tomotic arcades occur among the 10 to 20 jejunal and ileal 
SMA branches. In addition, a well-defined anastomosis exists 
between the middle and left colic branches of the SMA and 
inferior mesenteric artery in the region of the splenic flexure. 
The inferior mesenteric artery arises 5 to 6 cm below the SMA, 
typically supplying the left half of the transverse colon and the 
entire descending colon through the left colic artery. The infe¬ 
rior mesenteric artery gives off a variable number of sigmoid 
branches and terminates as paired superior hemorrhoidal 
arteries. The marginal artery of Drummond and the arch of 
Riolan are discrete branch vessels capable of significant 
enlargement, as important collateral vessels, in the face of 
occlusion or stenosis of the proximal splanchnic arteries. 

The venous anatomy of the gastrointestinal tract tends to 
parallel the arterial blood supply and drains into the portal 
venous system, thus perfusing the liver. The confluence of the 
splenic vein with the superior mesenteric vein forms the portal 
vein. Hepatic venous blood is drained by right, middle, and 
left hepatic veins, which enter the vena cava. Portal-systemic 
anastomoses are common and are of considerable importance 
in the presence of portal hypertension. 

Intestinal blood flow in humans has been estimated to be 
between 500 and 1,200 mL/min, or about 10% to 20% of the car¬ 
diac output. Duplex ultrasound, which combines Doppler blood 
flow velocity determinations with B-mode grayscale images, 
allows precise measurement of cross-sectional areas and enables 
calculation of volumetric flows (Fig. 93.5). Baseline intestinal 
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FIGURE 93.1. The celiac artery distributes blood to the stomach, duodenum, pancreas, liver, and spleen; in addition, 
the gastroduodenal artery and pancreaticoduodenal arcades provide important collateral flow between the celiac and 
superior mesenteric arteries. The superior mesenteric artery is retropancreatic but crosses anteriorly to the fourth por¬ 
tion of the duodenum. It supplies blood to the duodenum and head of the pancreas, jejunum, ileum, ascending colon, 
and right half of the transverse colon (see Fig. 93.2). Large anastomotic arcades course between the jejunal and ileal 
branches. 


blood flow and the response to standard meals have been estab¬ 
lished, with significant increases in SMA blood flow 20 to 30 
minutes after the ingestion of food that persist for up to 90 min¬ 
utes. Changes in celiac artery blood flow occur with all meal 
types; however, these changes are not significant (Table 93.1). 


SPLANCHNIC ISCHEMIC 
SYNDROMES 


The intestinal mucosa represents 50% of the mass of the intes¬ 
tine, but receives 75% of the resting blood flow. The muscular 
and serosal layers of the intestine receive the remaining 25%. 
Control of blood flow in the splanchnic circulation is affected 
by the sympathetic nervous system and also by metabolic, myo¬ 
genic, and extrinsic factors. Stimulation of sympathetic nerves 
increases vascular tone and decreases splanchnic blood flow, 
whereas parasympathetic nerve stimulation appears to have lit¬ 
tle direct effect on blood flow. Numerous intrinsic hormones, 
such as secretin, gastrin, cholecystokinin, glucagon, and vasoac¬ 
tive intestinal peptide, in addition to substances such as hista¬ 
mine, serotonin, bradykinin, and the prostaglandins, all have 


physiologic roles in regulating intestinal blood flow. Other sub¬ 
stances, such as epinephrine, norepinephrine, and angiotensin, 
as well as many commonly used pharmaceuticals, also have 
important effects on the splanchnic circulation (Table 93.2). 

The potential for bacterial translocation and toxin absorp¬ 
tion add to the complexity of ischemia and reperfusion within 
the gut. These adverse effects exacerbate local injury and have 
important systemic effects, including myocardial depression and 
increased capillary permeability with edema formation and 
organ dysfunction. 3-7 Loss of mucosal barrier function is clearly 
present in acute splanchnic ischemia, with three predisposing 
factors: (a) physical disruption of the mucosa, (b) a change in 
the normal intestinal microflora (usually resulting from treat¬ 
ment with broad-spectrum antibiotics), and (c) impairment of 
host immune defenses. The repair of mucosal damage and 
enhancement of host defenses appear to be facilitated by early 
enteral feeding and by specific nutrients, such as glutamine. 

Splanchnic ischemic syndromes are most conveniently cate¬ 
gorized as acute or chronic. However, the designation of 
chronic ischemia is perhaps a misnomer because even in this 
setting, the underlying pathophysiology is characterized by 
repetitive, near-critical ischemic events. Acute splanchnic 
syndromes include mesenteric arterial embolism, mesenteric 
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Superior mesenteric artery 
Inferior mesenteric artery 
Marginal artery 
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FIGURE 93.2. The inferior mesenteric artery (IMA) supplies blood to the left half of the transverse colon and the entire descend¬ 
ing colon, including the sigmoid colon and rectum (via sigmoid and superior hemorrhoidal branches). The left branch of the 
middle colic artery, from the superior mesenteric artery, and the ascending portion of the left colic artery, from the IMA, form a 
collateral network in the region of the splenic flexure. The IMA serves as an important source of collateral blood supply when 
the proximal two visceral vessels are occluded. 


Median arcuate ligament 



FIGURE 93.3. A: The collateral circulation to the 
intestine occurs at several levels. Well-recognized 
visceral-visceral and visceral-parietal collateral 
branches and anastomoses are important. The 
unnamed intestinal arcades (B) and the intramural 
anastomoses (C) are effective short-segment col¬ 
laterals. 
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FIGURE 93.3. ( Continued ) 




straight arteries 


arterial thrombosis, nonocclusive mesenteric ischemia (NOMI), 
iatrogenic ischemia, and venous thrombosis. Splanchnic 
ischemia severe enough to cause intestinal infarction is three 
times as lethal as myocardial infarction and five times as lethal 
as a stroke. Chronic splanchnic ischemic syndromes include ^ 
arteriosclerotic mesenteric occlusive disease and the median © Approximately half of acute mesenteric ischemia cases are 
arcuate ligament syndrome. caused by an embolus, typically from a cardiac source. Atrial 
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FIGURE 93.4. Inferior mesenteric artery angiography demon¬ 
strates (A) the arc of Riolan, or central anastomotic artery, (B) 
coursing through the left upper quadrant of the abdomen, and 
(C) ultimately supplying the superior mesenteric artery circula¬ 
tion. 


O 


fibrillation and myocardial infarction with mural thrombus 
formation are the most common embolic sources; however, 
any arrhythmia or anatomic cardiac defect may result in a 
mesenteric embolus. Embolism of an intracardiac tumor, such 
as an atrial myxoma, and a paradoxic embolus resulting from 
venous thromboembolism and a right-to-left cardiac commu¬ 
nication are rare causes of mesenteric ischemia. 

Acute mesenteric embolism usually results in sudden and 
severe epigastric or midabdominal pain, followed promptly 
by evacuation of the gut, with emeses or explosive diarrhea. 
The patient can often precisely pinpoint the onset of pain, and 
fully 25% of patients have had previous embolic events. A 


cardiac source of the embolus may be clinically evident if the 
patient has irregular heart rhythm, indicating atrial fibrilla¬ 
tion, the classic murmur of mitral stenosis, or an enlarged 
heart. The abdominal examination may be normal initially, 
with signs of an acute abdomen evolving later. Slight to mod¬ 
erate abdominal distention is common. Bowel sounds are 
highly variable and not useful as a diagnostic finding. The 
classic presentation of acute mesenteric ischemia is severe 
abdominal pain that is out of proportion to minimal or absent 
physical findings. The presence of peritoneal signs and blood 
in the stool are late and ominous signs, implying intestinal 
infarction. 
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FIGURE 93.5. A: Duplex scan of the aorta and celiac 
and superior mesenteric arteries. Vessel diameter, flow 
velocity, calculated volumetric blood flow, spectral 
analysis, and the response to physiologic stimuli allow 
a precise assessment of the visceral circulation. B: 
Color flow Doppler scanning allows rapid identifica¬ 
tion of flow disturbances. (Courtesy of Dr. Phillip Ben- 
dick, William Beaumont Hospital, Royal Oak, MI.) 




No laboratory tests are pathognomonic of acute mesenteric 
ischemia. Standard hematologic and biochemical studies are 
unrewarding early in the clinical course. 8 Later, hemoconcen- 
tration, acidosis, leukocytosis, and elevated serum phosphorus 
or transaminases may be evident, yet none of these abnormal¬ 
ities need be present, even with a major mesenteric embolus. 
The diagnosis usually depends on clinical suspicion followed 
by characteristic anatomic findings demonstrated by angiogra¬ 
phy, computed tomography (CT) scan, or, occasionally, ultra¬ 
sound. The site of embolic lodging in the SMA is often just 
past the inferior pancreaticoduodenal and middle colic arter¬ 
ies, thus isolating the small bowel from its major collateral 
circulation (Fig. 93.6). 

In the case of a suspected diagnosis, the patient should be 
anticoagulated with heparin, volume resuscitated, and taken 
to the operating room for an emergent embolectomy. Prophy¬ 
lactic antibiotics and full hemodynamic monitoring are 
mandatory. The SMA is exposed beneath the transverse 
mesocolon followed by achievement of proximal and distal 
control of the vessel. A Fogarty catheter embolectomy is then 
performed through either a transverse or longitudinal arteri- 
otomy. Primary closure with interrupted sutures can typically 
be performed if a transverse arteriotomy is used. Patch closure 
of the SMA is used if the artery is small or a longitudinal inci¬ 
sion has been made. Intestinal viability is assessed after 
restoration of blood flow. 


Acute Mesenteric Arterial Thrombosis 


A less common cause of acute splanchnic ischemia follows 
thrombosis of an underlying diseased SMA. The presentation is 
usually less abrupt than what is typically seen with an SMA 
embolus, with eventual development of severe midabdominal 
pain. These symptoms may occur de novo, as the majority of 
patients with chronic mesenteric artery occlusive disease are 
asymptomatic, or be superimposed on a background of chronic 
intestinal angina. A history of motility disturbances causing 
nausea, diarrhea, or constipation are common but of little diag¬ 
nostic value. 

Urgent angiography with an anteroposterior and lateral 
aortogram is appropriate to establish a diagnosis of mesenteric 
thrombosis (Fig. 93.7). The occlusive process is usually more 
extensive than what is readily apparent on angiography. CTA 
is also being used more frequently to recognize mesenteric 
ischemia, and in addition to excellent vascular anatomic detail 
for both arterial and venous phase imaging, offers additional 
relevant information such as changes in the bowel wall or the 
presence or absence of ascites. 9 

Reperfusion of the splanchnic circulation is the major pri¬ 
ority in these acutely ill patients. Chronic weight loss with its 
attendant nutritional, wound-healing, and immunologic com¬ 
promise makes any operative procedure hazardous. In some 
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TABLE 93.2 




EFFECTS OF VARIOUS SUBSTANCES ON MESENTERIC CIRCULATION AND 

MOTOR ACTIVITY 


■ INTESTINAL 

■ INTESTINAL 

■ INTESTINAL 

■ SUBSTANCE 

BLOOD FLOW 

0 2 UPTAKE 

MOTILITY 

Acetylcholine 

Increase 

Increase 

Increase 

Adenosine 

Increase 

Variable 

— 

Angiotensin II 

Decrease 

— 

Increase 

Bradykinin 

Variable 

— 

Increase 

Ca 2+ , high levels 

Decrease 

— 

Increase 

Ca 2+ antagonists 

Increase 

— 

Decrease 

Dopamine 

Variable 

Decrease 

— 

Epinephrine 

Variable 

Variable 

— 

Gastrin 

Increase 

Increase 

Increase 

Glucagon 

Increase 

Increase 

Decrease 

Histamine 

Increase 

Increase 

Increase 

Isoproterenol 

Increase 

Variable 

— 

K + , high levels 

Decrease 

— 

Increase 

Mg 2+ 

Increase 

— 

— 

Nitroprusside 

Increase 

— 

— 

Norepinephrine 

Decrease 

Decrease 

— 

Papaverine 

Increase 

No change 

— 

PGEi 

Increase 

Increase 

— 

PGF 2a 

Decrease 

Variable 

Increase 

pgi 2 

Increase 

— 

— 

Secretin 

Variable 

No change 

— 

Serotonin 

Variable 

Variable 

Variable 

Somatostatin 

Decrease 

— 

Decrease 

Vasopressin 

Decrease 

Decrease 

Variable 

Vasoactive intestinal 

Increase 

Increase 

— 


PG, prostaglandin. 

From Wakefield TW, Stanley JC. The intestine. In: Zelenock GB, D’Alecy LG, Schlafer M, et al., eds. 
Clinical Ischemic Syndromes: Mechanisms and Consequences of Tissue Injury. St. Louis, MO: Mosby; 
1990. 


cases reperfusion can be quickly accomplished by angioplasty 
with or without stenting. 10-12 These endovascular interven¬ 
tions may have potential benefit, even if an open revascular¬ 
ization were required at a later time. Nevertheless, this 
approach is not appropriate when peritoneal signs suggest 
frankly necrotic bowel requiring resection. 

Operations for an acute SMA thrombosis must be individ¬ 
ualized. Options include (a) antegrade bypasses originating 
from the supraceliac aorta, (b) retrograde bypasses with inflow 
from the iliac arteries, (c) single versus multivessel revascular¬ 
ization, and (d) the use of either prosthetic or autogenous 
venous conduit. In the presence of frankly necrotic bowel 
requiring resection, autogenous vein is the preferred conduit 
for revascularization. 


Low-flow Nonocclusive Mesenteric Ischemia 


Nonocclusive mesenteric ischemia remains a problem in con¬ 
temporary practice. 13,14 Vasoconstriction of the mesenteric 


blood vessels is common, occurring in response to diminished 
cardiac output, shock, hypovolemia, dehydration, or the use of 
vasoactive medications (Table 93.2). This form of intestinal 
ischemia occurs most often in critically ill patients who are 
hemodynamically unstable secondary to shock or congestive 
heart failure. Gastrointestinal mucosal sloughing and bleeding 
may be present. A diagnosis in these instances may be estab¬ 
lished with angiography (Fig. 93.8). Typical findings include dif¬ 
fuse vasoconstriction and nonopacification of branch artery ves¬ 
sels. The focus of intervention is the treatment of the underlying 
cause of shock or cardiac dysfunction. Pharmacologic support 
of the circulation may also aid in relieving splanchnic vasocon¬ 
striction. Patients should receive optimization of their hemody¬ 
namic and volume status, correction of contributing medical 
conditions, and, when possible, elimination of adverse pharma¬ 
cologic agents. Selective intra-arterial infusion of vasodilators 
such as intra-arterial papaverine (30 to 60 mg/h) 15 or intra¬ 
venous infusion of glucagon (2 to 4 mg/h) or prostaglandin E 1? 
which selectively increases splanchnic blood flow, has been 
advocated in treating this form of intestinal ischemia. 16,17 
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FIGURE 93.6. Axial section from thin slice contrasted CT demon¬ 
strates an obvious filling defect (white arrow) within the superior 
mesenteric artery due to an SMA embolus. 


Iatrogenic Acute Splanchnic Ischemia 

Q Splanchnic ischemia may also result from iatrogenic injury. 
Increased utilization of endovascular techniques for the treat¬ 
ment of occlusive and aneurysmal pathologies of the aorta and 
its branches may result in arterial dissections or thromboem¬ 
bolic events. These events are not limited to selective catheter¬ 
ization of the splanchnic vessels. Indeed, an atheroembolic 
shower from wire and/or catheter manipulation may result in 



FIGURE 93.7. Lateral aortogram demonstrating acute celiac and 
superior mesenteric artery thrombosis, which results in widespread 
necrosis of the abdominal viscera. 



FIGURE 93.8. Low-flow nonocclusive ischemia causes profound 
vasoconstriction within the mesenteric arcades, which may be suffi¬ 
cient to cause mucosal necrosis or transmural infarction if not 
relieved. 


multifocal ischemic necrosis of the intestine and is a highly 
morbid event. 

Open abdominal aortic aneurysm repair is the prototypical 
surgical procedure associated with iatrogenic intestinal 
ischemia. 18 Intraoperative ligation of the inferior mesenteric 
artery (IMA) prior to aortic graft implantation is a typical step 
in this operation. The majority of patients tolerate IMA liga¬ 
tion without significant sequelae. Fiowever, colonic ischemia 
may be clinically apparent in 1% to 2% of cases and has been 
detected endoscopically in 6% to 8% of cases. These patients 
present with postoperative diarrhea and the stool is usually 
grossly bloody or guaiac positive. When such an event occurs, 
immediate colonoscopy is indicated. If the ischemia is confined 
to the mucosa and submucosa and subsequently heals, a stric¬ 
ture may form (Fig. 93.9). If the ischemia is more profound 
and transmural infarction occurs requiring resection, there is a 
16-fold increase in mortality. 19 Intestinal ischemia is also more 
common with ruptured aneurysms, when occlusive and 
aneurysmal disease coexist, and when important collateral 
vessels are compromised by the aortic procedure itself. 


Other Types of Acute Splanchnic Ischemia 

Ischemia of the intestines may also accompany aortic dissec¬ 
tions, traumatic injuries, or the inflammatory arteritides. The 
clinical presentation and diagnosis depends on the underlying 
cause, with superimposed symptoms of abdominal distention, 
an acute abdomen, or gastrointestinal bleeding. 20 Treatment 
must be highly individualized. In the setting of acute aortic dis¬ 
section, branch revascularization or fenestration is essential. 
Traumatic injuries also require urgent surgical intervention. 
Inflammatory arteritides require treatment of the underlying 
medical condition, with operation reserved only for resection 
of clearly nonviable bowel. Intraoperative recognition of 
intestinal viability, the appropriate limits to resection, and 
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FIGURE 93.9. Stricture formation resulting from sigmoid colon 
ischemia after repair of a ruptured aortic aneurysm. A loss of haustra- 
tions is seen through the descending colon and the fixed narrowing in 
the midportion of the sigmoid colon (arrows). 


consideration of a “second-look” procedure are critical. 21-23 
Clinical parameters of color, spontaneous peristalsis, and 
palpable pulses are not sensitive or specific enough to provide 
a basis for precise and confident clinical decisions. The most 
common adjunctive technique to determine the extent of nec¬ 
essary bowel resection is Doppler ultrasonography. Fluores¬ 
cein dye and Wood lamp analyses are also frequently used to 
assess bowel viability. 

If large segments of ischemic small bowel are resected, the 
potential exists for the development of short-gut syndrome, in 
which insufficient intestine remains for adequate nutrient 
absorption. Contemporary clinical practice is to not resect mar¬ 
ginally viable intestine and resect only unequivocally necrotic 
tissue at the initial operation. A planned “second-look” surgical 
procedure 24 to 48 hours later is undertaken to evaluate the 
status of the remaining intestine. 


Mesenteric Venous Thrombosis 


Thrombosis of mesenteric veins is most often subacute in its 
presentation. A vague prodrome of crampy abdominal pain, 
abdominal distention, nausea, and malaise may occur for a few 
days to several weeks before the disease is recognized. How- 
ever, in the presence of widespread and major venous occlu¬ 
sions, the presentation can be acute and catastrophic. Mesen¬ 
teric venous thrombosis may be secondary to an associated 
condition, including an intra-abdominal inflammatory process, 
peritonitis, portal hypertension, a hypercoagulable state, and 
the use of oral contraceptives. Plain films often reveal bowel 
wall edema. The venous phase of a selective mesenteric arteri¬ 
ogram may reveal the thrombus, and CT studies often demon¬ 
strate thrombus within the portal and superior mesenteric 
veins. In many instances, the diagnosis is made intraopera- 
tively, with the presence of bloody ascites and dusky-appearing 
intestine that is thick and rubbery. The small mesenteric veins 


are often cordlike and exude clot when cut. Surgical therapy 
consists of resection of nonviable intestine, occasional large 
vessel venous thrombectomy, and administration of anticoagu¬ 
lants. Correction of any predisposing hypercoagulable state is 
mandatory, such as deficiency of antithrombin III and proteins 
C and S, as well as the presence of factor V Leiden and anticar- 
diolipin antibodies (the lupus anticoagulant). In cases of pri¬ 
mary mesenteric venous thrombosis, postoperative anticoagu¬ 
lant therapy is continued indefinitely, because if untreated, 
venous thrombosis recurs in 30% to 40% of patients. Antico¬ 
agulation reduces the incidence of recurrence to 3% to 5%. In 
cases secondary to a treatable cause, such as peritonitis, rela¬ 
tively short-term anticoagulation is recommended, similar to 
that used when treating venous thrombosis. 


CHRONIC SPLANCHNIC 
ISCHEMIA 


Chronic Arteriosclerotic Splanchnic Ischemia 

Intestinal angina is most often a consequence of aortic spillover 
arteriosclerosis affecting the origins of the celiac, superior 
mesenteric, and inferior mesenteric arteries. The responsible 
anatomic lesions invariably involve at least two of these three 
arteries (Fig. 93.10). The occlusive process may also be wide¬ 
spread throughout the mesenteric arcades, especially in diabetics. 
The patient is either typically affected with generalized clinical 
overt arteriosclerosis or is a relatively young woman with an 
extensive cigarette-smoking habit. 

These patients develop “food fear” and modify their pattern 
of eating so that they only consume small quantities of food at 
any one time. Intestinal angina may manifest as periumbilical 
discomfort, developing 15 to 30 minutes after eating and often 
lasting 1 to 4 hours. Patients with chronic splanchnic ischemia 
almost always have a profound weight loss, which raises the 
specter of an intra-abdominal malignancy. Many times, gas¬ 
trointestinal contrast studies, endoscopy, various scans, and 
nonproductive exploratory laparotomies have been undertaken 
before a diagnosis of intestinal ischemia is considered. 

Q The progression from minor symptoms to intestinal infarc¬ 
tion is unpredictable. Frequently, patients with intestinal 
infarction are discovered, in retrospect, to have had preexist¬ 
ing symptoms of intestinal angina. Although delayed recogni¬ 
tion is commonplace, therapeutic interventions must proceed 
expeditiously, because if intestinal angina progresses to trans¬ 
mural infarction, it is attended by an 80% mortality rate. 

Duplex scanning, MRA, and CT scans support the diagno¬ 
sis of this form of intestinal vascular disease. Aortography, 
including both anteroposterior and lateral views, however, has 
most commonly been used to assess this disease (Fig. 93.11). 
In some clinical series, 85% of the celiac, superior mesenteric, 
and inferior mesenteric arteries were totally occluded or 
severely stenotic. 24 Although often diseased, the inferior 
mesenteric artery frequently serves as the major remaining 
source of blood flow to the gut, with an occluded celiac artery 
and SMA. At the very least, duplex scanning of the aorta and 
visceral vessels should be undertaken in suspected cases. 
MRA, CTA, or conventional angiography can then be pursued 
when appropriate. 25-27 

Elective intestinal revascularization using an endovascular 
or open surgical approach is standard therapy in the treat¬ 
ment of arteriosclerotic chronic mesenteric ischemia. 20,28-37 
For open revascularization, multiple-vessel revascularization 
with short, antegrade conduits of either autogenous saphe¬ 
nous vein or prosthetic material is favored (Fig. 93.12). A 
variety of other bypass techniques have also resulted in long¬ 
term relief of symptoms (Fig. 93.13). Endarterectomy 
through a “trapdoor” aortotomy with a thoracoabdominal 
exposure (Figs. 93.14 and 93.15) is particularly effective 










FIGURE 93.10. (A) Celiac artery stenosis and superior mesenteric artery occlusion are apparent in this lateral 
aortogram. (B) Lateral aortogram following primary stenting of the celiac artery, and recanalization and stenting 
of the superior mesenteric artery. 




FIGURE 93.11. Chronic visceral ischemia produces visceral 
angina when multiple occlusions of major splanchnic blood 
vessels are present. Lack of apparent intestinal blood flow (A) 
and an unusually prominent inferior mesenteric artery (B) are 
angiographic signs of chronic visceral ischemia. Selective celiac 
injection (C) also fills the superior mesenteric artery distribu¬ 
tion secondary to occlusions of the proximal superior and infe¬ 
rior mesenteric arteries. 
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FIGURE 93.12. Bypass grafts to the visceral vessels may originate 
from the supraceliac aorta. Short antegrade conduits and multiple- 
vessel revascularization are favored. 


when multiple proximal intestinal arterial stenoses or occlu¬ 
sions, as well as concomitant renal artery lesions, are present. 
Percutaneous angioplastic procedures with or without endolu- 
minal stenting are often used. Although long-term follow-up 
data are lacking when compared to follow-up for open repair, 
initial results suggest a favorable morbidity and mortality pro¬ 
file with perhaps higher rates of symptom recurrence in the 
endovascular group. 34,38-50 


dial periumbilical abdominal pain, but this symptom may or 
may not represent intestinal ischemia. Arteriography in these 
patients reveals a significant compression of the celiac artery 
by the median arcuate ligament of the diaphragm (Fig. 93.16). 
Lysis of the overlying median arcuate ligament and surround¬ 
ing neural tissue affords relief of symptoms in approximately 
half of these patients, with celiac axis revascularization 
required, either surgical or endovascular, in an occasional case. 


SPLANCHNIC ARTERY 
ANEURYSMAL DISEASE 

Q True splanchnic artery aneurysms are uncommon, but the 
more frequent use of CT, magnetic resonance imaging (MRI), 
and ultrasonography has resulted in an increase in their clini¬ 
cal recognition (Table 93.3). Prompt recognition of these 
aneurysms is clearly clinically important considering that 
nearly 22% present as surgical emergencies, including 8.5% 
that result in the patient’s death. The splanchnic vessels 
involved with these macroaneurysms, in decreasing order of 
frequency, are the splenic, hepatic, superior mesenteric, celiac, 
gastric-gastroepiploic, jejunal-ileal-colic, pancreaticoduode¬ 
nal-pancreatic, and gastroduodenal arteries (Table 93.3). The 
general clinical manifestations and management of these 
aneurysms, including the more widespread use of endovascu¬ 
lar interventions, have been addressed in a number of recent 
reviews. 51-60 Although surgical management of splanchnic 
artery aneurysms remains the mainstay of treatment, endovas¬ 
cular techniques are being increasingly applied to these 
aneurysms in the setting of rupture 60 and may be the preferred 
treatment in those patients who are deemed high surgical risk, 
or for aneurysms in locations that are difficult to approach 
surgically. 61 However, the specifics of each of these splanchnic 
artery aneurysms deserve individual consideration. 


- ; - ; - Splenic Artery Aneurysm 

Median Arcuate Ligament Syndrome - 

- O Spl en i c artery aneurysms account for 60% of all splanchnic 

Symptomatic entrapment of the celiac artery by the median artery aneurysms. The occurrence of these lesions in the gen- 
arcuate ligament is controversial. Symptoms include postpran- eral population is probably similar to the 0.78% incidence in 


FIGURE 93.13. Retrograde con¬ 
duits are an alternative bypass, and 
even single-vessel revascularization 
may provide effective long-term 
relief of symptoms in selected cir¬ 
cumstances. A: Retrograde right 
external iliac artery to superior 
mesenteric artery (SMA) vein graft. 
Filling is excellent throughout the 
distribution of the SMA and in the 
branches of the celiac artery as a 
result of collateral flow through the 
gastroduodenal artery. B: A left 
common iliac artery-SMA bypass. 
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FIGURE 93.14. Endarterectomy of the celiac and superior mesenteric arteries is performed through a longitudinal trapdoor aortotomy. 
(Adapted from Wylie EJ. Manual of Vascular Surgery , vol 1. New York: Springer-Verlag; 1980:216-217.) 



FIGURE 93.15. A: Preoperative lateral aortogram demonstrates total occlusion of the celiac and superior mesenteric arteries. B: Anteroposterior 
view with selective injection demonstrates large inferior-to-superior mesenteric artery collateral flow. C: Postoperative angiography demonstrates 
widely patent celiac and superior mesenteric arteries after transaortic endarterectomy. 
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FIGURE 93.16. The median arcuate ligament syndrome is controver¬ 
sial. The anatomic fibrous tissue within the crura of the diaphragm is 
extraordinarily strong and may significantly narrow the celiac axis. 


nearly 3,600 consecutive patients undergoing abdominal 
arteriographic studies for reasons other than suspected 
aneurysmal disease. 62 Women are four times more likely than 
men to develop splenic artery aneurysms. 

The predilection for these aneurysms to affect the splenic 
artery reflects a peculiar group of associated disorders having 
an effect on the vasculature. Three distinct factors may con¬ 
tribute to the development of splenic artery aneurysms, includ¬ 
ing two that account for their unusual female predilection. The 
first factor is medial fibrodysplasia, which usually occurs in 
women and is most often manifested by renal artery stenosis 
and secondary hypertension. Approximately 2% of patients 
with renal artery fibrodysplasia have splenic artery aneurysms, 
and all of these patients have been women. 62 Systemic hyper¬ 
tension may contribute to aneurysm expansion in these 
patients. The second factor relates to the vascular consequences 
of pregnancy, with its known increase in splenic blood flow and 
reproductive hormone-related changes in elastic tissue. This 
factor becomes a particular problem with repeated pregnan¬ 
cies. Approximately 40% of women harboring these lesions 
have completed six or more pregnancies. 62,63 The third factor is 
evident in the nearly 10% of patients with portal hypertension 
and splenomegaly who develop splenic artery aneurysms. 62,64,65 
In these cases, the vessel wall integrity may be compromised by 
increased splenic blood flow 66,67 and excessive estrogen activity 
occurring as a consequence of the underlying cirrhosis. 
Although splenic artery aneurysms have been described with 
regularity among patients after orthotopic liver transplanta¬ 
tion, 68-71 it is speculative as to whether these represent preex¬ 
isting aneurysms associated with portal hypertension or have 
arisen as a consequence of the transplant and attendant drug 
therapy, such as steroids. 68 Aneurysms in the latter patients are 
more likely to affect women and appear directly related to the 
severity of the preexisting portal hypertension. 70 Rare splenic 
artery aneurysms appear associated with developmental anom¬ 
alies of the foregut arterial circulation. 72,73 



FIGURE 93.17. Splenic artery aneurysm exhibiting marked fibrosis 
cholesterol clefts and with calcific arteriosclerosis (hematoxylin-eosin, 
decalcified, X32). 


Certain splenic artery aneurysms exhibit extensive arte¬ 
riosclerosis (Fig. 93.17). The fact that calcific arteriosclerotic 
changes appear limited to the aneurysm and not the interven¬ 
ing artery suggests that this is more likely a secondary event, 
rather than a primary etiologic process. Arterial disruptions 
caused by periarterial inflammatory disease, such as chronic 
pancreatitis, or penetrating trauma are less common causes of 
these aneurysms. Microaneurysms of smaller intraparenchy- 
mal splenic arteries are usually caused by a systemic vasculitis, 
such as polyarteritis nodosa, and appear to be of less clinical 
importance as a vascular disease than extraparenchymal 
aneurysms attributed to other causes. 

Most aneurysms involving the distal splenic artery are sac¬ 
cular and occur at branchings. At such sites, discontinuities 
exist in the internal elastic lamina of normal vessels, and any 
subsequent degenerative events involving elastic tissue, as 
might occur with arterial fibrodysplasia or pregnancy, are likely 
to produce aneurysmal changes (Fig. 93.18). Such aneurysms 
are multiple 20% of the time, in contrast to those in patients 
undergoing liver transplantation for cirrhosis-related portal 
hypertension where multiple aneurysms occur in 90% of 
patients. Proximal aneurysms of the main splenic artery are 
usually solitary and are frequently associated with arterial ero¬ 
sions by pancreatitis-related pseudocysts (Fig. 93.19). 



FIGURE 93.18. Splenic artery aneurysm exhibiting fragmentation of 
internal elastic lamina and medial dysplasia in a patient having renal 
arterial fibrodysplasia (Masson stain, X32). 
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FIGURE 93.19. Splenic artery aneurysm. Arteriogram documents a 
pancreatitis-related aneurysm affecting the mid-splenic artery. (Stanley 
JC, Frey CF, Miller TA, et al. Major arterial hemorrhage: a complica¬ 
tion of pancreatic pseudocysts and chronic pancreatitis. Arch Surg. 
1976;111:435-440, with permission.) 


Vascular calcifications on plain abdominal radiographs 
may be the first clinical evidence of a splenic artery aneurysm. 
The most characteristic of these findings are signet-ring calcifi¬ 
cations (Fig. 93.20). However, contemporary diagnoses of 
splenic artery aneurysms usually follow their arteriographic 
demonstration during studies for nonvascular diseases. Color 
flow Doppler ultrasonography, CT, and MRI often establish 
the presence of these lesions and are often useful in identifying 
bleeding aneurysms. 74,75 These studies are also useful in fol¬ 
lowing asymptomatic splenic artery aneurysms. 

Left upper quadrant or epigastric pain may occur in 
patients with an intact splenic artery aneurysm. In a recent 
review, nearly half the patients with these aneurysms com¬ 
plained of abdominal pain. 58 However, the literature tends to 
include more spectacular cases and most bland aneurysms are 
likely to be asymptomatic. 

In cases of splenic artery aneurysm rupture, bleeding is usu¬ 
ally initially contained within the lesser sac, with later hemor¬ 
rhage into the peritoneal cavity, and causes vascular collapse. 



FIGURE 93.20. Splenic artery aneurysm. Curvilinear signet ring-like 
calcification in the left upper quadrant characteristic of a splenic artery 
aneurysm. (Reproduced with permission from Stanley JC, Thompson 
NW, Fry WJ. Splanchnic artery aneurysms. Arch Surg 1970;101: 
689-697.) 


This represents the so-called double-rupture attributed to 
splenic artery aneurysms. Pancreatitis-related aneurysms are 
not usually associated with intraperitoneal bleeding. They are 
more commonly a source of intestinal hemorrhage after rup¬ 
ture into the stomach or pancreatic ductal system. 76-80 Arteri¬ 
ovenous fistula formation after splenic artery aneurysm rup¬ 
ture into an adjacent splenic vein is rare. 81 Gastrointestinal 
hemorrhage from esophageal varices due to left-sided portal 
hypertension may accompany these fistulas. 

The risk of splenic artery aneurysm rupture depends on a 
number of confounding and poorly defined factors. In general, 
rupture of bland aneurysms occurs in less than 2% of cases. 62 
Contrary to prior tenets, rupture appears just as likely when 
the aneurysm is calcified, occurs in a normotensive patient, or 
occurs in the very elderly patient. Bland aneurysms associated 
with liver transplants rupture twice as often as in other 
patients, 68,69 and such is a fatal complication in over half of 
transplant patients. 82 

Nearly 95% of aneurysms recognized during pregnancy 
have ruptured. 62,83-86 The maternal mortality rate approaches 
75%, and the fetal mortality rate exceeds 95% in these cases. 87 
Pregnancy-related rupture occurs most often during the third 
trimester (69%) and is less common during the first two 
trimesters (12%), during labor (13%), or postpartum (6%). 85 
Given the fact that most women develop these aneurysms with 
repeated pregnancies, it is reasonable to assume that most 
aneurysms in pregnant women go unrecognized and do not 
rupture. Nevertheless, splenic artery aneurysms in pregnant 
patients must be considered a threat to the life of the mother 
and fetus. 

The reported mortality rate accompanying an open opera¬ 
tion for rupture of a bland splenic artery aneurysm unassoci¬ 
ated with pregnancy is 25%. 63 Thus, it would seem ill advised 
to undertake elective operative intervention for an asympto¬ 
matic splenic artery aneurysm if the surgical mortality rate 
exceeds 0.5%. This latter figure represents the product of the 
predicted 2% rupture rate of bland aneurysms and the known 
25 % risk of operative death when treating a patient following 
aneurysmal rupture. If intervention becomes necessary in 
higher-risk patients, then percutaneous transcatheter emboliza¬ 
tion of the aneurysm may represent a more appropriate 
therapy. 

Splenectomy has been the most common form of open sur¬ 
gical therapy for splenic artery aneurysms in the past. How¬ 
ever, because of the immunologic importance of the spleen 
even in the aged, simple ligature obliteration or excision of 
these aneurysms appears preferable to splenectomy. 88 Laparo¬ 
scopic ligation of these aneurysms in certain instances may 
prove quite feasible. 89,90 Treatment of splenic artery aneurysms 
embedded in pancreatic tissue, especially those associated with 
pancreatitis, may require distal pancreatectomy. 91 In some of 
these cases, especially false aneurysms caused by pseudocyst 
erosion into the artery, treatment may entail incising the 
aneurysmal sac and ligating entering and exiting vessels from 
within. Pancreatic resection or cyst drainage in these latter 
cases must be individualized and depends on the extent and 
chronicity of the associated pancreatic inflammatory disease. 

Percutaneous transcatheter embolization of splenic artery 
aneurysms (Fig. 93.21) often is preferred over an open opera¬ 
tive intervention. 92-95 However, careful follow-up of endovas- 
cular-treated patients is mandatory. Splenic infarction, splenic 
abscess formation, and late rupture are legitimate concerns 
after splenic artery coil embolization. Further concerns center 
around issues such as transient obliteration of the aneurysm or 
coil migration and erosion into the adjacent viscera. 96,97 For 
example, coil migration into the stomach after splenic artery 
aneurysm treatment has been decribed. 96 Patients with multi¬ 
ple splenic artery aneuryms, especially near the hilum of the 
spleen, appear to be at particular risk for major complica¬ 
tions. 98 Stent graft exclusion of an aneurysm with maintenance 
of splenic artery flow has been used in select cases, 99-101 but 
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FIGURE 93.21. A: A 3.5 cm saccular splenic artery aneurysm on selective mesenteric angiogram. B: Completion splenic artery angiogram after 
embolization of the splenic artery. Vascular plugs (white arrows) in the splenic artery proximal and distal to the aneurysm. 


can be particularly challenging and can result in dissection or 
thrombosis of the splenic artery from placement of the large- 
diameter catheters currently required for stent graft delivery 
into the tortuous artery or from apposition of the posterior 
wall of the artery to the relatively stiff stent lumen occluding 
the lumen of the stent graft (“T-bar” phenomenon). 


Hepatic Artery Aneurysm 

Hepatic artery aneurysms account for 20% of all previously 
reported splanchnic artery aneurysms (Fig. 93.22). These 
aneurysms are being encountered more frequently in contem¬ 
porary times, and in some series outnumber splenic artery 
aneurysms. 58,102 Men have been twice as likely to be affected 
as women in the past, although gender differences are not as 
apparent in recent experiences. 58,103 Hepatic artery macroan¬ 
eurysms are usually solitary. Large aneurysms tend to be sac¬ 
cular, and aneurysms less than 2 cm are usually fusiform. 
These aneurysms are extrahepatic in nearly 80% of cases and 
intrahepatic in 20%. More than one third of patients with 
hepatic artery aneurysms have other splanchnic aneurysms. 104 

Most noninfectious and nontraumatic hepatic artery 
aneurysms are usually recognized after the sixth decade of life. 



FIGURE 93.22. Hepatic artery aneurysm. Selective celiac arteriogram 
demonstrates a large saccular aneurysm at the bifurcation of the 
proper hepatic artery. (Reproduced with permission from Zelenock 
GB, Stanley JC. Splanchnic artery aneurysms. In: Rutherford RB, ed. 
Vascular Surgery. Philadelphia, PA: WB Saunders; 2000:1369.) 


The cause of many hepatic artery aneurysms is poorly defined. 
Two facts regarding the cause of these aneurysms are note¬ 
worthy. First, arteriosclerosis most likely represents a sec¬ 
ondary event rather than a primary cause of these aneurysms. 
Most of these lesions probably occur as a result of medial 
degeneration. Second, with increasing societal violence 
and intravenous substance abuse, the number of reported 
traumatic and infection-related aneurysms has markedly 
increased 58 (Fig. 93.23). Another common cause of intrahep¬ 
atic pseudoaneurysms is arterial injury accompanying invasive 
percutaneous diagnostic and therapeutic procedures involving 
penetration of the liver. 105,106 Nearly 17% of these aneurysms 
encountered more recently have occurred in orthotopic liver 



FIGURE 93.23. Traumatic hepatic artery aneurysm. Blunt abdominal 
injury and gunshot wounds cause most traumatic lesions. (Repro¬ 
duced with permission from Whitehouse WM Jr, Graham LM, Stanley 
JC. Aneurysms of the celiac, hepatic, and splenic arteries. In: Bergan 
JJ, Yao JST, eds. Aneurysms: Diagnosis and Treatment. New York: 
Grune & Stratton; 1981:405.) 
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transplant patients. 58 Systemic arteriopathies, such as periar¬ 
teritis nodosa, have been incriminated as a cause of occasional 
macroaneurysms, but are more often associated with intra- 
parenchymal microaneurysms. 107 

Hepatic artery aneurysms may be suspected because of dis¬ 
placement of or indentations on intestinal structures noted on 
barium contrast studies. Most contemporary diagnoses of 
these aneurysms result from their incidental recognition dur¬ 
ing arteriography, CT, or ultrasonography for nonvascular dis¬ 
ease. Few hepatic artery aneurysms are symptomatic. When 
they become symptomatic, most present with right upper 
quadrant or epigastric pain. Rapid expansion of these 
aneurysms may cause severe discomfort similar to that of 
acute pancreatitis. Large aneurysms have been reported to 
cause obstructive jaundice, although most hepatic artery 
aneurysms are too small to compress the major bile ducts. 
These lesions rarely present as pulsatile abdominal masses. 

The reported incidence of hepatic artery aneurysm rupture 
approaches 20%, but the contemporary rate may be less. It 
is certainly less than the often-quoted rupture rate of 44% in 
cases reported a few decades ago. 63 Aneurysm rupture is asso¬ 
ciated with a 35% mortality rate, although in recent times the 
mortality appears less. 58 Bleeding from a ruptured hepatic 
artery aneurysm occurs with equal frequency into the biliary 
tract and peritoneal cavity. Hemobilia accompanies the 
former, being manifest by biliary colic, hematemesis, and jaun¬ 
dice. 108 Chronic, relatively asymptomatic hemorrhage is an 
uncommon sequela of aneurysm rupture into the biliary tract. 
Intraperitoneal bleeding is usually caused by rupture of 
inflammatory-related false aneurysms. 

Common hepatic artery aneurysms are often treated by 
aneurysmectomy or aneurysm exclusion, without arterial 
reconstruction. The extensive hepatic arterial collateral circu¬ 
lation and parallel portal venous circulation often ensure ade¬ 
quate blood flow to the liver with interruption of the proximal 
common hepatic artery. Liver necrosis is more likely to follow 
ligation of arteries in the more distal hepatic circulation. Nev¬ 
ertheless, even in the latter vessels, complex arterial recon¬ 
structions should be avoided and simple ligation undertaken if 
temporary intraoperative occlusion of the involved artery does 
not result in obvious hepatic ischemia. If liver blood flow 
appears inadequate with such a maneuver, then hepatic artery 
reconstruction should be undertaken using either prosthetic or 
autologous vein grafts. In the case of rapidly bleeding ruptured 
intraparenchymal aneurysms, hepatic territory resection may 
be necessary therapy. 

Percutaneous transcatheter obliteration of hepatic artery 
aneurysms with balloons, coils, or thrombogenic particulate 
matter is often a preferred alternative to open surgical inter¬ 
vention. 58 ’ 92 ’ 106,109 ’ 110 One must realize that transcatheter 
embolization may be only transiently successful, and repeated 
embolization or surgical therapy may subsequently be required 
to adequately treat these patients. 94,109 Hepatic artery coil 
embolization may be the preferred treatment for small intra- 
hepatic pseudoaneurysms, especially in those patients with 
malignancies. 111 The reported 42% recanalization rate follow¬ 
ing hepatic artery embolic occlusion is noteworthy and man¬ 
dates thoughtful postembolization follow-up. Stent graft repair 
of hepatic artery aneurysms has been described in the litera¬ 
ture. 111,112 In the author’s limited experience, stent grafts placed 
in the hepatic artery for treatment of aneurysm cause slowly 
progressive stenosis of the hepatic artery and the artery eventu¬ 
ally occludes. In a small number of cases sufficient hepatic col¬ 
laterals to the liver develop by the time of occlusion and the 
liver parenchyma remains viable. The potential for migration 
of embolic material or stent graft occlusion with central lobu¬ 
lar necrosis and abscess formation is also a recognized compli¬ 
cation of transcatheter treatment of these aneurysms. Percuta¬ 
neous thrombin injection of a hepatic artery pseudoaneurysm 
has been reported in a liver transplant patient following repair 
of a perforated duodenum in the setting of bile peritonitis. 113 


Transcatheter thrombin injection, coil embolization, and endo- 
graft exclusion of select aneurysms may prove useful in care¬ 
fully chosen patients. 113-115 


Superior Mesenteric Artery Aneurysm 

Aneurysms of the proximal SMA account for 5.5% of all 
splanchnic artery aneurysms. These lesions affect men twice as 
often as women. Infection from a cardiac source has been a 
common cause of these aneurysms in the past, 63,115 but are less 
common in recent times. 116 Nonhemolytic streptococci, as well 
as many common pathogens accompanying parenteral sub¬ 
stance abuse, cause bacterial endocarditis and are the underly¬ 
ing source of infection in most cases. Many of these aneurysms 
are associated with intramural dissections (Fig. 93.24). 117 SMA 
aneurysms may also be caused by medial degeneration, periar¬ 
terial inflammation, and trauma. Arteriosclerosis, as in the case 
of other splanchnic aneurysms, is usually a secondary process. 
SMA aneurysms are often recognized during arteriographic 
studies for nonvascular disease (Fig. 93.25). 59,116 

Although many patients with SMA aneurysms are asympto¬ 
matic, the majority of patients have abdominal discomfort, 
often suggestive of intestinal angina. SMA aneurysm rupture is 
not common, and in the past was considered rare. 116,117 The 
mortality rate with rupture approaches 50%. 118 Gastrointesti¬ 
nal hemorrhage associated with these aneurysms often accom¬ 
panies their acute occlusion with bleeding into areas of intesti¬ 
nal infarction. Location of most aneurysms near the origins of 
the inferior pancreaticoduodenal and middle colic arteries iso¬ 
lates the distal mesenteric circulation when dissections or occlu¬ 
sions occur. In these circumstances, intestinal ischemia develops 
because the usual collateral network from the adjacent celiac 
and inferior mesenteric arterial circulations is obstructed. 



FIGURE 93.24. Superior mesenteric artery aneurysm. Microscopic 
cross section of a dissecting aneurysm affecting the proximal superior 
mesenteric artery (hematoxylin-eosin, X20). 
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FIGURE 93.25. A: A 4-cm fusisform aneurysm of the superior mesenteric artery on three-dimensional computed tomographic angio¬ 
graphic imaging. There is an incidental finding of a 1.5 cm celiac artery aneurysm as well. B: Cross-sectional imaging of the same supe¬ 
rior mesenteric aneurysm (between white arrows). 


Operative management of SMA aneurysms is best accom¬ 
plished by aneurysmectomy or aneurysm exclusion, followed by 
intestinal revascularization if needed with an aortomesenteric 
graft. Because of potential infection when bowel ischemia is pres¬ 
ent, autologous vein or artery is favored over prosthetic con¬ 
duits for these reconstructions. SMA aneurysm ligation without 
arterial reconstruction may be successful in patients who have 
developed an adequate collateral circulation to their midgut. In 
fact, ligation and aneurysmorrhaphy have been the most com¬ 
monly reported means of managing these aneurysms. 114,119-121 
Temporary intraoperative occlusion of the SMA with Doppler 
documentation of adequate intestinal blood flow should be 
undertaken before proceeding with SMA ligation. 

Endovascular stent graft placement for select SMA 
aneurysms has appeal, 122,123 although infection and thrombo¬ 
sis may compromise this type of treatment. Obliteration of 
these aneurysms by coils or direct thrombin injection may be 
preferred in high-risk patients having discrete aneurysm necks 
and adequate collateral circulation to the distal SMA. 116,124 


Celiac Artery Aneurysm 

Celiac artery aneurysms account for 4% of all splanchnic 
artery aneurysms. Men and women appear equally affected. 
Those aneurysms encountered before 1950 were usually infec¬ 
tious in etiology, but in contemporary times have been associ¬ 
ated with medial degeneration. 125,126 Arteriosclerosis is a com¬ 
mon histologic finding that is considered a secondary event 
rather than an etiologic process. Other splanchnic artery 
aneurysms affect nearly 40% of these patients. Celiac artery 
aneurysms are usually saccular, and most are located in the 
distal vessel (Fig. 93.26). 

Most celiac artery aneurysms are asymptomatic or appear to 
be associated with vague abdominal discomfort. 58,59 These 
aneurysms are usually recognized during ultrasonography, 
angiography, or other imaging studies for nonvascular diseases. 


In more recent times, rupture has affected 13% of these 
aneurysms and carried a mortality rate of 50%. 125 In contrast, 
rupture rates published before 1950 were often higher than 
80%. Rupture usually causes exsanguinating intraperitoneal 
hemorrhage. Although rare, gastrointestinal bleeding may fol¬ 
low rupture of the aneurysm into the stomach or pancreatic 
ductal system. 

Aneurysmectomy with celiac artery reconstruction is the 
preferred treatment for these lesions, although aneurysm 
exclusion with ligation of its branches has been performed 
successfully in select patients. 125-128 When simple ligature is 


r 
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FIGURE 93.26. Celiac artery aneurysm. Aortogram reveals saccular 
aneurysm that exhibited medial degenerative changes and secondary 
arteriosclerosis. (Reproduced with permission from Stanley JC, White- 
house WM Jr. Aneurysms of the splanchnic and renal arteries. In: 
Bergan JJ, Yao JST, eds. Surgery of the Aorta and Its Body Branches. 
Orlando, FL: Grune & Stratton; 1979:497.) 
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undertaken, the adequacy of the liver’s collateral circulation 
must be documented. If liver ischemia is apparent after tempo¬ 
rary intraoperative celiac artery occlusion, then hepatic revas¬ 
cularization becomes mandatory. An aortoceliac or aortohep- 
atic artery bypass in these circumstances is best performed 
with either an autologous vein or prosthetic graft. Surgical 
therapy of celiac artery aneurysmal disease has been successful 
in more than 90% of cases. 

Endovascular obliteration of a celiac artery aneurysm is not 
often considered because of the need to occlude the hepatic, 
splenic, and left gastric arteries, and perhaps the inferior 
phrenic arteries, in order to isolate the aneurysms. Neverthe¬ 
less, in select cases catheter-based therapy may be successful. 129 
Embolic occlusion of the celiac trunk with glue and treatment 
with coil embolization and stent graft placement have been 
described in the literature as viable techniques for endovascular 
management of celiac artery aneurysms. 111,129-131 One report 
describes celiac artery occlusion in a variety of aneurysms 
including thoracoabdominal aortic aneurysms and dissections, 
as well as celiac artery aneurysms. The authors report treat¬ 
ment of three true aneurysms of the celiac artery with coil 
embolization of the celiac branch vessels in two cases and of 
the celiac artery alone in one. There were no treatment-related 
complications in any case, but care was taken to ensure that 
collateralization to the proper hepatic artery remained intact 
after celiac artery or branch embolization. Normal liver func¬ 
tion was considered a prerequisite for embolic treatment of 
these aneurysms. 130 Successful treatment of a large (10-cm) sac¬ 
cular celiac artery pseudoaneurysm in a high-risk surgical 
patient by exclusion of the celiac artery with an aortic stent 
graft has also been described. 131 


Most reported gastric or gastroepiploic artery aneurysms 
have been symptomatic when initially recognized, frequently 
presenting as emergencies. 132-134 Rupture has accompanied 
more than 90% of reported cases, with gastrointestinal bleed¬ 
ing occurring slightly more than twice as often as intraperi- 
toneal hemorrhage. Rupture carries a 70% mortality rate. 63 
These figures may overestimate the seriousness of these 
aneurysms, with reported cases often spectacular and unrepre¬ 
sentative of the usual case. 

Surgical treatment is recommended for all gastric and gas¬ 
troepiploic artery aneurysms. 8 Vascular reconstructive surgery 
is not required in these cases. Intramural gastric aneurysms 
may be excised with a small segment of involved stomach, 
whereas extramural aneurysms can be treated by arterial liga¬ 
tion alone, with or without aneurysm excision. Certain lesions 
may be treated by a laparoscopic approach. 135 Intraoperative 
identification of these small aneurysms is often tedious if pre¬ 
operative localization has not been established by arterio- 
graphic studies. 

Endovascular occlusion of life-threatening bleeding from a 
ruptured aneurysm may be appropriate as a prelude to defini¬ 
tive open surgical aneurysmectomy or as potentially definitive 
treatment in select cases. There are multiple case reports in the 
literature describing catheter-based treatment of gastric artery 
aneurysms including treatment with embolization, 53,136 throm¬ 
bin injection, 137 and even stent graft placement with preserva¬ 
tion of arterial flow through the vessel. 138 The role of endovas¬ 
cular techniques in treatment of gastric and gastroepiploic 
artery aneurysms is evolving and will likely not be well defined 
in the near future due to the infrequent occurrence of these 
aneurysms. 


Gastric and Gastroepiploic Artery Aneurysms 

Gastric and gastroepiploic artery aneurysms account for 4% 
of all splanchnic artery aneurysms (Fig. 93.27). Gastric artery 
aneurysms occur 10 times more often than gastroepiploic 
artery aneurysms. Men are three times more likely than 
women to develop these aneurysms. Most of these perigastric 
lesions have been encountered in patients older than 50 years 
of age. These aneurysms usually are solitary, occurring as a 
result of periarterial inflammation or medial degeneration. In 
many cases, there is an antecedent history of peptic ulcer dis¬ 
ease. Arteriosclerosis, when present, is considered a secondary 
event, not a cause of these lesions. 



FIGURE 93.27. Gastroepiploic artery aneurysm. Selective celiac arte¬ 
riogram revealing small aneurysm responsible for massive gastroin¬ 
testinal hemorrhage. (Reproduced with permission from Stanley JC, 
Thompson NW, Fry WJ. Splanchnic artery aneurysms. Arch Surg 
1970;101:689-697.) 


Jejunal, Ileal, and Colic Artery Aneurysms 

Aneurysms of the jejunal, ileal, and colic arteries account for 
3% of all splanchnic artery aneurysms (Fig. 93.28). They usu¬ 
ally occur in patients older than 60 years of age. Men and 
women are affected equally. Multiple aneurysms have been 
encountered in 10% of cases. Acquired medial defects cause 
most of these lesions. Although arteriosclerosis is present with 
20% of these aneurysms, it is considered to represent a sec¬ 
ondary event, not an etiologic process. An increasing number 
of mycotic aneurysms affect these vessels, developing as the 



FIGURE 93.28. Ileal artery aneurysm. Mesenteric arteriogram docu¬ 
menting saccular aneurysm of distal ileal artery. (Reproduced with per¬ 
mission from Zelenock GB, Stanley JC. Splanchnic artery aneurysms. 
In: Rutherford RB, ed. Vascular Surgery. Philadelphia, PA: WB Saun¬ 
ders; 2000;1369.) 
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sequela of infected emboli originating from subacute bacterial 
endocarditis. 139 Periarteritis nodosa is also a common underly¬ 
ing cause of multiple aneurysms affecting these intestinal 
branch arteries. 140 Most aneurysms of these vessels have been 
reported to cause abdominal pain, yet many are first recognized 
as incidental findings during arteriography for gastrointestinal 
bleeding. 63,141 Jejunal, ileal, and colic artery aneurysms are 
reported to have ruptured in 30% of cases, but actual rupture 
rates are probably a third of that figure. Rupture is associated 
with a mortality rate of 20%. Aneurysmal rupture usually 
occurs into the gastrointestinal tract. Rupture into the mesen¬ 
tery or peritoneal cavity is uncommon. 

Operation for intestinal branch aneurysms is recommended 
in all instances, except for bland aneurysms associated with 
connective tissue diseases. Expeditious surgical therapy 
requires careful preoperative localization with arteriographic 
studies. Arterial ligation, with or without aneurysmectomy, is 
recommended in treating extraintestinal lesions, whereas 
intramural aneurysms and those associated with bowel infarc¬ 
tion require resection of the involved intestine. In select 
patients transcatheter embolization may be undertaken, 
although intestinal necrosis with perforation or late stricture 
formation is a recognized complication of such therapy. 142 
Inferior mesenteric artery aneurysms represent a unique subset 
of these mesenteric aneurysms. 143,144 They are quite rare and 
their etiology so varied that the clinical importance of them 
has not been clearly established. 

Endovascular treatment of this subset of visceral artery 
aneurysms is present but poorly described in the litera¬ 
ture. 145,146 However, embolization of jejunal, ileal, and colic 
arterial vessels is certainly a well-described and accepted 
method of treatment in the setting of gastrointestinal bleeding 
and treatment of endoleaks after endovascular abdominal aor¬ 
tic aneurysm repair. Furthermore, given the difficulties associ¬ 
ated with open surgical approaches in locating and surgically 
repairing these aneurysms, endovascular treatment of these 
aneurysms remains an attractive and increasingly utilized 
method of treatment. 


Pancreaticoduodenal, Pancreatic, and 
Gastroduodenal Artery Aneurysms 

Pancreatic and pancreaticoduodenal artery aneurysms (Fig. 
93.29) account for 2% of all splanchnic artery aneurysms, and 



FIGURE 93.29. Inferior pancreaticoduodenal artery aneurysm. Selec¬ 
tive superior mesenteric arteriogram revealing false aneurysm sec¬ 
ondary to pseudocyst erosion of artery. (Reproduced with permission 
from Stanley JC, Frey CF, Miller TA, et al. Major arterial hemorrhage: 
a complication of pancreatic pseudocysts and chronic pancreatitis. 
Arch Surg 1976;111:435-440.) 


gastroduodenal artery aneurysms (Fig. 93.30) represent an 
additional 1.5% of these aneurysms. Men are four times more 
likely than women to develop these lesions. Most patients with 
these aneurysms are older than age 50 years. Most of these 
lesions are associated with pancreatitis-related vascular necro¬ 
sis or vessel erosion by an adjacent pancreatic pseudocyst. 
Medial degeneration and trauma are less common causes of 
these aneurysms. Arteriosclerosis is invariably a secondary, 
not a causative, process. Many recently reported aneurysms 
have been associated with celiac artery stenoses or occlusions, 



FIGURE 93.30. Gastroduodenal artery aneurysm. A: Selective celiac arteriogram. B: Computed tomography scan of a pancreatic pseudocyst 
{short arrow) containing the aneurysm (long arrow). (Reproduced with permission from Eckhauser FE, Stanley JC, Zelenock GB, et al. Gastro¬ 
duodenal and pancreaticoduodenal artery aneurysms: a complication of pancreatitis causing spontaneous gastrointestinal hemorrhage. Surgery 
1980;88:335-344.) 
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and likely represent the effect of inordinately high-volume 
blood flow on branchings of the collateral circulation, 147,148 
where preexisting discontinuities of elastin are known to exist 
in normal arteries. A similar scenario contributing to aneurysm 
formation may exist in instances of an SMA occlusion or 
severe stenosis. 149 

Pancreatitis-related aneurysms are often difficult to diagnose 
and treat. Most are associated with epigastric pain and discom¬ 
fort, which may be caused by the underlying pancreatic inflam¬ 
matory disease that accompanies about 60% of gastroduodenal 
and 30% of pancreaticoduodenal artery aneurysms. Arteriogra¬ 
phy usually establishes the presence of these aneurysms, but CT 
scanning and MRI are of increasing importance in their recog¬ 
nition. These latter noninvasive studies are especially important 
in detecting rupture or associated pancreatic pathology. 

Gastroduodenal and pancreaticoduodenal aneurysm rup¬ 
ture has affected more than 50% of the reported cases, occur¬ 
ring in 75% of inflammatory and 50% of noninflammatory 
lesions. Hemorrhage usually occurs into the stomach, biliary 
tract, or pancreatic ductal system. Bleeding of pancreatitis- 
related aneurysms into the peritoneal cavity is less likely, 
affecting approximately 15% of cases. The overall mortality 
rate with rupture, including pancreatitis-related aneurysms, 
approaches 25% despite operative intervention, but is nearly 
double that figure in the case of true pancreaticoduodenal 
artery aneurysms. 

Surgical intervention is appropriate in all but the poorest- 
risk patients with gastroduodenal, pancreaticoduodenal, or 
pancreatic arterial aneurysms. 63,150-154 Pancreatitis-related false 
aneurysms are usually treated by arterial ligation from within 
the aneurysmal sac, rather than extra-aneurysmal arterial liga¬ 
tion. Extensive dissection of the pancreas affected by dense 
inflammatory adhesions in such circumstances is hazardous. In 
situations in which a pancreatic pseudocyst or abscess has 
eroded the artery, a drainage procedure should be undertaken. 
Distal pancreatectomy, or even pancreaticoduodenectomy, may 
be the safest mode of treatment in select cases. 

Q Transcatheter embolization with coils 155 and glue 156 and 
electrocoagulation have an important role in treating very 
high-risk patients. 157-161 Thrombin injection may serve as 
another means of occluding small aneurysms. 162-165 Neverthe¬ 
less, rebleeding and late aneurysmal rupture with these thera¬ 
pies can occur and restrict their universal use. 150,163,165 In select 
patients, however, endovascular occlusion of the bleeding 
aneurysm may be an appropriate lifesaving measure, followed 
by a later definitive open resection. 
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CHAPTER 94 ■ AORTOILIAC DISEASE 


DANIEL J. REDDY, MITCHEL L R. WEAVER, AND ALEXANDER D. SHEPARD 


KEY POINTS 


^Atherosclerotic occlusive disease of the aorta and iliac 
arteries is one of the most common problems encountered 
by surgeons. 

^The aortic bifurcation is the location where the earliest 
atherosclerotic changes are first noted in young adults. 

Q Risk factors for aortoiliac occlusive disease are those for ath¬ 
erosclerosis in general: smoking, hypertension, lipid abnor¬ 
malities, diabetes mellitus, male sex, older age, and genetic 
predisposition. 

Q Smoking appears to be a particularly important risk factor 
for the development of lower extremity atherosclerotic 
occlusive disease. 

^ Claudication is the most common presenting symptom of 
patients with significant aortoiliac disease. 

Q Physical examination typically reveals diminished or absent 
femoral pulses in patients with aortoiliac occlusive disease. 


Q In the majority of cases, a diagnosis of significant aortoiliac 
occlusive disease can be made on the basis of the history 
and physical examination alone. 

Q Since the very first transarterial dilation procedures, percu¬ 
taneous transluminal angioplasty has become a commonly 
performed and, in some cases, the preferred therapy for 
iliac artery occlusive disease. 

combined open operation with endovascular surgery 
appears to have promising results in the treatment of aor- 
toiliac occlusive disease. 

€> Aortofemoral bypass is the most durable and reliable of all 
treatment options, for which reason it is the reference stan¬ 
dard for the reconstruction of advanced aortoiliac occlusive 
disease. 


Q Atherosclerotic occlusive disease of the aorta and iliac arteries 
is one of the most common problems encountered by vascular 
surgeons. Alone or in combination with femoropopliteal or 
tibial occlusive disease, it is the most frequent cause of 
chronic lower extremity arterial insufficiency. Because a 
greater number of muscle groups are affected by aortoiliac 
atherosclerosis than by infrainguinal disease, the resulting 
symptoms may be particularly disabling. The treatment of 
symptomatic aortoiliac disease also represents one of the 
major success stories of modern vascular surgery. Since the 
first reconstructive procedures on the abdominal aorta 
were performed nearly five decades ago, treatment has 
undergone significant progress. Advances in noninvasive vas¬ 
cular diagnosis, arteriography, preoperative assessment, 
anesthesia, and critical care, in addition to those in surgical 
technique, have contributed to improved outcomes. The wide 
availability of magnetic resonance angiography (MRA) and 
multidetector computed tomography angiography (MDCTA) 
have facilitated even greater and earlier interventions for a 
variety of clinical presentations of occlusive aortoiliac arterial 
conditions. Endovascular and reconstructive procedures for 
aortoiliac disease have become routine, with low perioperative 
morbidity and mortality and excellent early and long-term 
outcomes. The excellent durability of such reconstructions is 
undoubtedly in large part related to the large caliber and 
high flow rates of the vessels involved. In recent years, 
endovascular methods have been added with both increasing 
frequency and success. This fact has broadened the scope of 
lesions treated and the patients’ ability to undergo treatment 
with minimal morbidity and time lost from work and family 
life. 

Depending on the pattern of the occlusive process and 
patient risk, a variety of revascularization techniques are cur¬ 
rently available. Selection of a patient-specific treatment strat¬ 
egy from an increasing array of alternatives, although challeng¬ 
ing, frequently will alleviate symptoms, avoid an amputation, 
and prevent or reverse organ dysfunction. 


ANATOMY 


The arteries supplying blood to the lower extremities are fre¬ 
quently divided into abdominal, or “inflow,” arteries (the 
aorta and iliac arteries) and infrainguinal, or “outflow,” arter¬ 
ies (the femoropopliteal and tibial arteries). The aorta enters 
the abdomen from the chest through the aortic hiatus, located 
between the 12th thoracic and first lumbar vertebrae, and ends 
at the level of the fourth lumbar vertebra, where it bifurcates 
into the right and left common iliac arteries. This terminal 
bifurcation roughly corresponds to the level of the umbilicus. 
Each common iliac artery curves posteriorly into the sacral 
hollow and divides into an internal and an external iliac 
branch. The external iliac artery then curves anteriorly and 
continues along the psoas muscle under the inguinal ligament 
to become the common femoral artery, which in turn bifur¬ 
cates into the superficial and deep (profunda) femoral arteries. 
The internal iliac (hypogastric) artery follows the curve of the 
pelvic side wall and branches repeatedly to supply the pelvic 
viscera and gluteal musculature (Fig. 94.1). 

The branches of the abdominal aorta can be divided into 
three groups: 

1. Three unpaired arteries to the gut arise from its anterior wall; 
the celiac trunk supplies the foregut, the superior mesenteric 
artery supplies the midgut, and the inferior mesenteric artery 
perfuses the hindgut. 

2. Arteries to the three paired genitourinary glands arise close 
together from the lateral wall of the aorta—the adrenal, 
renal, and gonadal branches. 

3. Branches to the “roof” and walls of the abdominal cavity 
include the phrenic, lumbar, and median sacral arteries. 
These branches assume varying degrees of importance in the 
formation of collateral perfusion channels around occlusive 
lesions in the aorta and iliac arteries. 

Because the abdominal aorta and its iliac branches are 
retroperitoneal structures coursing through the deepest portions 
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FIGURE 94.1. Anatomy of the abdom¬ 
inal aorta and iliac arteries. 
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of the abdominal cavity, a sophisticated operative technique is 
required to directly expose them. The proximal (suprarenal) 
abdominal aorta is rendered particularly inaccessible by the 
overlying stomach, pancreas, and colon. Occlusive lesions of 
this portion of the aorta are relatively uncommon, however, in 
comparison with those of the distal (infrarenal) aorta. The 
crossing left renal vein serves as a useful surgical landmark 
defining the usual boundary between these two segments of 
the abdominal aorta. Although transabdominal exposure of 
the infrarenal aorta is fairly routine, it requires reflection of the 
transverse colon superiorly and of the small bowel and its 
mesentery and distal duodenum to the right. The iliac bifurca¬ 
tions can also be difficult to expose because of their location 
deep in the pelvis; in addition, the bifurcation of the left iliac 
artery lies directly behind the sigmoid colon. When appropri¬ 
ate, indirect exposure with images derived from angiography 
or ultrasound alone may be sufficient to accomplish recon¬ 
struction percutaneously or through a remotely placed mini¬ 
mal incision. 


PATHOPHYSIOLOGY 

Although atherosclerosis is a generalized disease, the earliest 
and most severe lesions tend to occur at arterial bifurcations 
and in areas of relative fixation, where the disruption of nor- 
Q mal laminar flow is greatest. The aortic bifurcation is in fact 
the location where the earliest atherosclerotic changes are first 
noted in young adults. In persons predisposed to the develop¬ 
ment of more advanced disease, plaque gradually extends 
proximally into the infrarenal aorta and distally into the com¬ 
mon iliac arteries, usually along the posterior wall first. With 
progressive worsening of the occlusive process, hemodynamic 
alterations lead to the enlargement of a network of auxiliary 
or collateral channels around the involved segments. Impor¬ 
tant collateral arterial pathways around the aortic bifurcation 


and common iliac segments are the intercostal and lumbar 
arteries to circumflex iliac and iliolumbar arteries, the superior 
to inferior epigastric arteries, and the superior and inferior 
mesenteric arteries to rectal and internal pudendal arteries. 
Collateral pathways around occlusive lesions of the external 
iliac arteries include the hypogastric to circumflex femoral 
channels (Figs. 94.2 and 94.3). 

With slowly developing occlusive lesions, this collateral 
network is usually sufficient to provide enough blood flow to 
meet the resting metabolic needs of the lower extremities. 
These channels, however, do not have the capacity to increase 
blood flow to the levels necessary to meet the exercise 
demands of the leg musculature. Claudication (from the Latin 
verb claudicare , “to limp”) is the term used to denote the char¬ 
acteristic exercise-induced, cramping pain in the muscles of the 
lower extremity that results. With acute arterial occlusions 
and multiple-level disease (occlusive disease in both the aor- 
toiliac and infrainguinal segments), collateral pathways may 
be inadequate to meet even the basal metabolic needs of 
nonexercising tissue. The outcome is critical limb ischemia 
associated with pain at rest, tissue loss (gangrene, nonhealing 
ulceration), and threatened limb viability. 


PRESENTATION 


Risk factors for aortoiliac occlusive disease are those for ath¬ 
erosclerosis in general—smoking, hypertension, lipid abnor¬ 
malities, diabetes mellitus, male sex, older age, and genetic 
predisposition. Smoking appears to be a particularly impor¬ 
tant risk factor for the development of lower extremity ather¬ 
osclerotic occlusive disease. 1 Patients with symptoms of aor¬ 
toiliac occlusive disease usually present in their 50s and 60s, 
whereas patients with symptoms of infrainguinal disease are 
generally in their 70s. 2 Patients with critical limb ischemia sec¬ 
ondary to multiple-level disease are also generally in this older 
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FIGURE 94.2. Major pathways of 
parietal-visceral collateral circulation in 
aortoiliac occlusive disease. 
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FIGURE 94.3. Major visceral collateral 
network available to compensate for 
occlusive aortoiliac disease. 
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FIGURE 94.4. Clinical manifestations of critical limb ischemia. A: Patient with ischemic rest pain. Note the absence of hair on 
the atrophic shiny skin of the feet and the rubor at dependency. B: First-toe ischemia and dermal discoloration of blue-toe syn¬ 
drome. C: Ischemic ulceration. D: Digital gangrene. 


age group. The differential diagnosis includes spinal stenosis, 
hip arthritis, and nerve root compression. 

Claudication is the most common presenting symptom of 
patients with significant aortoiliac disease. Induced by ambu¬ 
lation and quickly relieved by rest, claudication is usually 
described as a cramping pain, tiredness, or easy fatigability 
of the involved muscle groups. Although patients with aor¬ 
toiliac disease classically present with claudication of the 
thighs, hips, and buttocks, a significant minority may com¬ 
plain of only calf claudication. Erectile dysfunction in men 
secondary to reduced hypogastric perfusion is another com¬ 
mon complaint. The combination of bilateral lower extrem¬ 
ity claudication, atrophy of the leg muscles, impotence, and 
diminished or absent femoral pulses is known as Leriche syn¬ 
drome, after the French physician who first described these 
classic manifestations of aortoiliac disease. 3 Critical limb 
ischemia associated with rest pain or tissue loss may be a 
manifestation of aortoiliac occlusive disease, but almost always 
occurs in combination with more distal femoropopliteal dis¬ 
ease (Fig. 94.4). In the absence of infrainguinal disease, aor¬ 
toiliac collaterals are almost always able to maintain ade¬ 
quate resting tissue perfusion. An exception to this rule is 
atheroembolic disease, or “blue toe” syndrome. Degenera¬ 
tive plaque(s) in the aortoiliac (or any proximal arterial) seg¬ 
ment can ulcerate or rupture to release platelet microthrombi 
and atheromatous debris into the arterial lumen. Down¬ 
stream embolization into the microcirculation of the lower 
extremities can produce digital ischemia and gangrene and 
dermal discoloration in a characteristic reticular pattern (livedo 
reticularis) (Fig. 94.4). Such patients usually have palpable 
pedal pulses. 

Physical examination typically reveals diminished or absent 
femoral pulses. Severely diseased, calcified femoral arteries 
may be palpable as firm, tubular masses. Normal femoral and 
distal pulses may be palpable, however, even in the presence of 
hemodynamically significant aortoiliac stenoses. Such pulses 
rapidly disappear following ambulation as the increased flow 
demands of the exercising leg muscles lead to lowered periph¬ 
eral vascular resistance. Bruits heard over the lower abdomen 
or groins suggest the presence of turbulent flow resulting from 
occlusive plaque. Patients with longstanding aortoiliac athero¬ 
sclerosis may have disuse atrophy of the lower extremity mus¬ 
culature. Other common signs of lower extremity arterial 
occlusive disease include trophic changes, such as hair loss on 
the legs or toes and thin, shiny skin on the feet, in addition to 
rubor on limb dependency coupled with pallor on elevation. 
Such chronic advanced changes in addition to gangrene and 
nonhealing ulceration(s) are unusual in the absence of multiple- 
level disease. 


Classically, different patterns of aortoiliac disease have 
been identified on preoperative arteriographic studies (Fig. 
94.5). 4 Disease confined to the distal infrarenal aorta and com¬ 
mon iliac arteries, classified as type I, accounts for only 10% 
of patients with inflow disease. Patients with type I disease are 
younger and more frequently female than patients with other 
forms of aortoiliac disease, and they usually present with com¬ 
plaints of disabling claudication in the buttocks, hips, and 
thighs. 5 Such localized disease may be amenable to endarterec¬ 
tomy or percutaneous transluminal angioplasty. More exten¬ 
sive disease is the rule; atherosclerotic plaque extends distally 
into the external iliac artery and not infrequently to the com¬ 
mon femoral bifurcation in more than 80% of patients. In 
somewhat less than half this group, no significant occlusive 
disease is present in the femoropopliteal and tibial segments 
(type II disease) (Fig. 94.6). Such patients experience worse 
claudication than persons with more localized, type I disease. 
In the remaining patients, occlusive disease in the aortoiliac 
segment is combined with femoropopliteal or tibial disease 
(type III disease) (Fig. 94.7). As outlined previously, patients 
with such multiple-level disease are usually older than those in 
the other two groups and more frequently present with symp¬ 
toms of critical limb ischemia. 

In all groups, the atherosclerotic process progresses unpre¬ 
dictable but the end result in a small percentage of patients 
(approximately 5% to 6% in our experience) is occlusion of 
the terminal infrarenal aorta with propagation of clot proxi- 
mally to the levels of the renal arteries (Figs. 94.8 and 94.9). In 
the absence of significant renal artery stenoses, propagation 
proximally to the renal arteries is an unusual event. One other 
pattern worthy of mention is aortoiliac hypoplasia, an uncom¬ 
mon variant usually encountered in young to middle-aged 
women who smoke cigarettes. The infrarenal aorta and iliac 
arteries are unusually small in caliber and hence prone to sig¬ 
nificant narrowing, even with modest disease. Operative treat¬ 
ment in such patients can be particularly challenging. 

In response to the evolving pattern of aortoiliac occlusive 
disease (AIOD) treatment, namely, the prominent role of 
endovascular methods, the Inter-Society Consensus for the 
Management of PAD (peripheral arterial disease) (TASC II) 
has reclassified AIOD into four types, A through D 6 : 

Type A: Fimited stenoses of the common or external iliac 
arteries 

Type B: Short stenosis of the infrarenal aorta and short 
stenosis or occlusion of the iliac arteries 

Type C: Advanced stenosis and/or occlusions of the iliac 
arteries, especially when calcified 

Type D: Infrarenal aortic occlusion sometimes with multi¬ 
ple iliac occlusions and stenoses 
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artery 


FIGURE 94.5. Common sites of arteriosclerotic lesions in aortoil- 
iofemoral occlusive disease. Although often a generalized process, par¬ 
tially segmental distribution of major disease, most prominent at arte¬ 
rial bifurcations, usually allows surgical revascularization. 



FIGURE 94.6. Abdominal aortograms demonstrating type II disease. 
A: Left common and external iliac occlusion can be seen, with recon¬ 
stitution of the ipsilateral internal iliac and common femoral arteries 
through visceral and lumbar collaterals. B: The right external iliac 
artery is also occluded, and the right common femoral artery is recon¬ 
stituted through right hypogastric-to-circumflex femoral channels. 


The value of this and other classifications derives from its 
power as a template for reporting standards. Stratification of 
the severity and pattern of the AIOD treated measured by the 
matching outcomes serves to identify appropriate treatment 
modalities in individual patients. To simplify, the surgeon 
could apply endovascular treatment methods for types A and 
B patients and lean toward open treatment for types C and D. 
Nonetheless, the velocity of change in endovascular devices 
and their successful application has weakened the value of any 
classification owing to the fact that confounding variables can¬ 
not, then, be anticipated or controlled. Therefore, the vascular 
specialist must be conversant and expert with all methods and 
offer a recommendation based on evaluation, risk assessment, 
and preference of the individual informed patient. 


EVALUATION 

In the majority of cases, a diagnosis of significant aortoiliac 
occlusive disease can be made on the basis of the history and 
physical examination alone. A clinical diagnosis can and 
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FIGURE 94.7. Abdominal aortograms demonstrating type III disease. A: Extensive atherosclerotic disease has produced both 
ulcerated plaques and aneurysmal degeneration in the aorta and common iliac arteries bilaterally. B: Preocclusive stenoses in the 
proximal right external and internal iliac arteries and in the left internal iliac artery. C: Lateral aortagram highlights the aneurys¬ 
mal degeneration of the aorta. 


should be supplemented by noninvasive vascular testing. Such 
testing provides valuable information to the treating clinician 
by confirming the presence of disease and objectively docu¬ 
menting the degree of ischemia and the arterial segment(s) 
involved. A baseline is established according to which the 
patient can be followed and interventions planned. Treatment 
results can be assessed by repeated testing. Such information is 
particularly useful in a patient with an equivocal history or 
pulse examination. Arteriography, MRA, and CTA may then 
be reserved for those patients considered suitable candidates 
for operative or endovascular (catheter-based) intervention. 


Segmental Pressure Measurements 

Measurement of the systolic arterial pressures at different lev¬ 
els of the lower extremity with a hand-held, pencil-sized, con¬ 
tinuous wave Doppler flow probe is the simplest and most 
useful noninvasive method to assess arterial occlusive disease. 
The ratio of the ankle systolic pressure to the brachial systolic 
pressure is the ankle-brachial index (ABI), or pressure ratio, 
and is a good indicator of the degree of ischemia present. 
With the Doppler probe used as an ultrasonic stethoscope, the 



FIGURE 94.8. A, B: Abdominal aortograms demonstrating juxtarenal aortic occlusion and an extensive collateral network 
reconstituting the femoral arterial segments. IC, intercostal; ILC, iliac circumflex; IMA, inferior mesenteric artery; LC, left 
colic; MM, meandering mesenteric; SBC, subcostal; SMA, superior mesenteric artery. 
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FIGURE 94.9. Pelvic aortogram showing a large collateral from the 
left hypogastric artery to left profunda artery. 


systolic pressures in the dorsalis pedis and posterior tibial 
artery are measured at the ankle, and each of these values is 
then the numerator of a simple fraction in which the higher of 
the two brachial pressures is the denominator. Normal ABIs 
are generally equal to or slightly greater than 1. Patients with 
claudication usually have ABIs ranging from 0.5 to 0.9, 
whereas patients with rest pain and tissue loss have ABIs of 
less than 0.5. 


Determination of limb systolic pressures at different loca¬ 
tions (with the “four-cuff” technique, pressures are measured 
at the upper thigh, lower thigh, calf, and ankle) provides infor¬ 
mation about which arterial segments are involved with occlu¬ 
sive disease (Figs. 94.10 and 94.11). A pressure drop of more 
than 20 mm Hg between consecutive levels is indicative of sig¬ 
nificant disease within the intervening arterial segment. A 
reduced upper thigh pressure signifies occlusive disease in the 
aortoiliac or common femoral segments. 

In patients with extensive calcification in the walls of the 
tibial arteries (as is frequently seen in diabetes mellitus or end- 
stage renal disease), the ankle pressures may not be inter¬ 
pretable because the vessels are too “stiff” to be compressed 
by the externally applied cuff. In this situation, the pressure in 
the digital arteries of the great toe can be measured because 
these small vessels are generally spared calcification. A toe 
pressure of less than 30 mm Fig indicates severe ischemia. 
Inspection of the Doppler-derived arterial waveforms can pro¬ 
vide additional information when tibial vessels are incom¬ 
pressible. 

Patients with claudication occasionally have a normal or 
nearly normal ABI. As described previously, in such cases the 
arterial stenosis is not severe enough to cause a pressure drop 
while the limb is at rest, but does produce a hemodynamic 
effect under conditions of higher rates of flow, as during exer¬ 
cise. Higher rates of flow through a moderately stenotic seg¬ 
ment increase the energy lost at the site, so that a significant 
distal pressure drop results. Exercise stress testing can be used 
to evaluate patients suspected of having such disease. ABIs are 
measured before and after a treadmill exercise protocol; a 
drop of 15% or more in the ABI following exercise is indica¬ 
tive of hemodynamically significant occlusive disease. 


Duplex Scanning 

Duplex scanning of the aorta and iliac arteries has been advo¬ 
cated by some as a more precise noninvasive diagnostic tool. 7 
Some authorities have even suggested that duplex scanning 
can be used to plan therapeutic interventions without the need 



FIGURE 94.10. Noninvasive testing to evaluate lower extremity 
ischemia. A: Segmental pressure measurements with cuffs placed at the 
upper thigh, lower thigh, calf, and ankle. B: Stress testing with treadmill 
ergometry. 
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FIGURE 94.11. Segmental pressure 
measurements typical of normal 
results (A) and aortoiliac occlusive 
disease (B). 




for arteriography. Imaging of the abdominal arteries, however, 
is difficult because of their deep retroperitoneal and pelvic 
locations. Many patients are not candidates for such studies 
because of body habitus and overlying bowel gas; even in 
experienced hands, this procedure is time consuming. These 
problems have limited the widespread use of this modality. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of aortoiliac disease is usually straightforward, 
but occasional diagnostic confusion may arise when other 
causes of lower extremity pain are present. Irritation of lum¬ 
bosacral nerve roots by spinal stenosis or intervertebral disc 
herniation may cause buttock and leg pain that is associated 
with activity. Such symptoms (neurogenic claudication), 
however, usually cannot be reproduced at the same level of 
activity and frequently occur when the patient is standing, so 
that the patient must sit or lie down to obtain relief. In addi¬ 
tion, the pain is usually in a classic sciatic distribution. Degen¬ 
erative arthritis of the hip joints may produce similar buttock, 
hip, and referred thigh pain. Physical examination typically 
reveals pain directly over the hip joint that is exacerbated by 
movement of the joint. Peripheral neuropathy, particularly 
that associated with diabetes mellitus, may masquerade as 
ischemic rest pain. In all these situations, segmental limb pres¬ 
sure measurements, with or without stress testing, can be help¬ 
ful in determining the contribution of arterial occlusive disease 
to the patient’s symptoms. 


TREATMENT 


The aims of therapy in aortoiliac occlusive disease are to 
relieve symptoms and, in cases of critical limb ischemia, pre¬ 
vent limb loss (Algorithm 94.1). Medical therapy should 
be instituted in all patients with symptomatic disease, but is 


insufficient as sole therapy in patients with limb-threatening 
ischemia. 


Medical Therapy 

Risk factor modification, including smoking cessation and the 
follow-up and treatment of diabetes mellitus, systemic arterial 
hypertension, and hyperlipidemia, should be an important 
component of primary care for all these patients. 8 Although 
control of these factors will not reverse the atherosclerotic 
process, it may limit the progression of disease. Furthermore, 
some data indicate that smoking cessation lessens the severity 
of symptoms in many patients. Also, a daily exercise program 
of regular walking may improve collateral development and 
increase the anaerobic tolerance of ischemic skeletal muscle. 
Finally, pharmacotherapy with medications, such as pentoxi¬ 
fylline and cilostazol, can be a valuable adjunct in selected 
patients. 9,10 Although the mechanisms of action of these agents 
are unclear, both have effected a modest but significant reduc¬ 
tion in claudication symptoms in controlled trials. Some form 
of platelet inhibition, usually with aspirin, should also be 
considered for all patients. Although no specific data have 
demonstrated that antiplatelet therapy is helpful in the treat¬ 
ment of lower extremity arterial occlusive disease, abundant 
evidence has shown it to be beneficial in the treatment of ath¬ 
erosclerotic occlusive disease in other vascular territories (e.g., 
coronary and cerebral vessels). 


Revascularization 

Indications. Revascularization is clearly indicated in 
patients with critical limb ischemia; without intervention, the 
vast majority progress to limb loss in a fairly short period of 
time. Patients with significant or repetitive atheroembolism 
from an aortoiliac source represent another group who clearly 
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ALGORITHM 94.1 


Moderate 

(claudicant/rest pain) 


Severe 

(rest pain/tissue loss) 

Risk factor modification 
+ 

Revascularize 


ALGORITHM 94.1. Management of aortoiliac disease. 


benefit from operative therapy. Removal or bypass of the cul¬ 
prit lesion(s) eliminates the risk for further macroembolism 
and microembolism. The treatment for patients with claudica¬ 
tion secondary to aortoiliac occlusive disease remains some¬ 
what controversial and must be individualized. Patients with 
mild to moderate symptoms can be treated medically with satis¬ 
factory results. Patients with severe, disabling, lifestyle-limiting 
symptoms of claudication can benefit from revascularization 
therapy. The current safety and long-term durability of direct 
aortic reconstruction make this approach acceptable even for 
older, higher-risk patients with significant symptoms. For 
patients who cannot tolerate such procedures, a variety of 
other methods of revascularization are available that have had 
good long-term success rates. 


Arteriography and Computed 
Tomography Angiography 

Once a decision has been made to proceed with revasculariza¬ 
tion therapy, contrast digital subtraction arteriography is used 
for a detailed anatomic evaluation of the arterial circulation of 
the lower extremities. Such information is necessary to choose 
the most appropriate method of revascularization (operative 
or endovascular) and plan the procedure. Biplane abdominal 
aortography with demonstration of the arterial tree below the 
inguinal ligament (“runoff”) is required. This procedure is 
most commonly performed from the femoral artery with the 
best pulse by means of a retrograde Seldinger technique. When 
neither femoral artery is available, a transaxillary or translum- 
bar approach provides good access. Anteroposterior views of 
the aortoiliofemoral segments demonstrate the extent of the 
occlusive process and the pattern of collateral formation. 
Oblique views of the iliac and femoral arteries are frequently 


necessary to document posterior wall plaque and stenoses at 
the origins of the deep femoral arteries. Lateral aortography 
provides information about the origins of the visceral arter¬ 
ies, whereas anteroposterior views demonstrate the renal 
arteries. Views of the runoff to at least the midcalf level are 
required to assess the degree of associated occlusive disease; 
in cases of critical limb ischemia, visualization of the pedal 
circulation is usually necessary. CTA with reformatting also 
requires the administration of contrast. However, it may be 
administered intervenously. Access to and familiarity with 
sophisticated computer-based protocols is required for both 
image acquisition and postprocessing reformatting when 
CTA is the chosen imaging method. One of the added values 
of CTA is the ability to survey and retrieve a practically lim¬ 
itless array of images, allowing endovascular treatment plan¬ 
ning and follow-up. 

Occasionally, the hemodynamic effect of a stenosis or series 
of stenoses along an iliac arterial segment may be difficult to 
determine, even with oblique views. When the significance of a 
stenosis remains in question, pressures proximal and distal to 
the lesion(s) can be measured. A systolic drop of more than 5 
to 10 mm Hg across the stenosis is indicative of a hemody- 
namically significant lesion. For borderline cases, distal pres¬ 
sure measurements can be obtained before and after interarte- 
rial injection of a vasodilator to simulate the hyperemic 
hemodynamics of exercise. A pressure drop of 20 mm Hg or 
more during hyperdynamic flow is considered to indicate 
hemodynamic significance. 

The information supplied by arteriography is crucial to the 
success of a revascularization procedure. In addition to pro¬ 
viding a detailed “road map” of the exact arterial segments 
involved and the pathology present, arteriography identifies 
associated anatomic variations (e.g., accessory renal arteries) 
and aortic wall characteristics (e.g., extensive calcification, 
ulcerated plaque), which may alter the operative approach and 
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the conduct of the procedure. For example, an operating sur¬ 
geon who knows that the aortic wall just below the renal arter¬ 
ies is heavily diseased with ulcerated plaque may decide to 
control the aorta at a more proximal level rather than risk dis¬ 
lodging atheromatous debris with standard infrarenal aortic 
clamping. Similarly, documented occlusive lesions in the vis¬ 
ceral or renal arteries (e.g., a patent inferior mesenteric artery 
with a large “meandering mesenteric artery”) may best be 
addressed at the time of aortic reconstruction or require par¬ 
ticular attention to avoid complications. 

The major risks of arteriography, allergic reactions and 
contrast-induced renal dysfunction have been greatly reduced 
during the last several years by the introduction of newer non¬ 
ionic contrast agents and recognition of the importance of ade¬ 
quate hydration before the procedure. Nevertheless, interest 
has been increasing in the use of magnetic resonance imaging 
(MRI) to avoid some of these complications of angiography. 
MRA technology does not always provide sufficient image 
detail or accuracy to supplant traditional angiography in the 
evaluation of aortoiliac occlusive disease. 11 Once considered 
appropriate, MRA in patients with moderately severe renal 
dysfunction (glomerular filtration rate <60 mL/min/1.72 m 2 ), 
for whom the burden of radioactive contrast in a complete 
aortogram with runoff study is considered too risky, is now 
being questioned owing to the recognition of a unique pattern 
of inflammatory systemic and nephrotoxic risks associated 
with administration of paramagnetic agents in a small number 
of patients. 


Choice of Revascularization Technique 

A variety of surgical procedures, both endovascular and open, 
are available for revascularization of the patient with aortoil¬ 
iac occlusive disease. Selection depends on a number of fac¬ 
tors, including the pattern of the occlusive process, patient 
risk, and surgeon experience. Commonly used techniques 
include (a) catheter-based balloon dilation, with or without 
luminal stenting; (b) aortoiliac endarterectomy; (c) arterial 
reconstruction with an anatomically placed bypass prosthesis 
(aortofemoral or iliofemoral); and (d) arterial reconstruction 
with a remote or extra-anatomically placed bypass prosthesis 
(axillofemoral or bifemoral, femorofemoral, thoracofemoral). 
Catheter-based techniques are best suited for focal lesions of 
the common iliac arteries. Endarterectomy is limited to good- 
risk patients with focal occlusive disease at the aortic bifurca¬ 
tion and common iliac arteries. Prosthetic aortobifemoral 
bypass is the procedure of choice for most patients with 
advanced, extensive aortoiliac involvement and is considered 
the “gold standard” technique for aortoiliac revascularization. 
Axillofemoral or bifemoral bypass is reserved for the small 
subpopulation of patients in whom standard direct aortic 
reconstruction is considered too risky, either for medical rea¬ 
sons (usually severe pulmonary or cardiac disease) or technical 
reasons (aortic reoperations, multiple prior abdominal proce¬ 
dures with dense adhesions, prior abdominal irradiation, pros¬ 
thetic graft infections). The descending thoracic aorta can be 
considered as an alternative arterial source for the construc¬ 
tion of a thoracofemoral bypass in good-risk patients with a 
“hostile” abdomen. 12 Femorofemoral or iliofemoral bypass 
can be used in poor-risk patients with diffuse unilateral iliac 
disease or bilateral iliac involvement when the stenosis in one 
of the iliac arteries can be appropriately treated by balloon 
angioplasty, with or without intraluminal stenting. 


Preoperative Evaluation 

The evaluation of patients for whom aortoiliac reconstruction 
is being considered should include a careful assessment of 
overall operative risk. Age per se is not a contraindication to a 


standard direct aortic reconstruction, if it is needed. A “lesser” 
procedure of more limited durability, however, may provide a 
similarly excellent outcome in a patient with reduced life 
expectancy. Patients with significant aortoiliac disease may 
have atherosclerotic occlusive disease in other vascular territo¬ 
ries (e.g., coronary, cerebral) that affects their operative risk. 
The detection and treatment of significant coronary artery dis¬ 
ease is particularly important because myocardial infarction is 
the leading cause of both perioperative and late mortality. 13 
More than 50% of patients with aortoiliac occlusive disease 
have clinical or electrocardiographic evidence of coronary dis¬ 
ease. 13 Selected patients may require cardiac catheterization 
and even occasional coronary angioplasty or bypass grafting 
before undergoing aortic reconstruction. 14 Pulmonary and 
renal function should also be routinely assessed because of the 
higher mortality associated with postoperative dysfunction of 
these organ systems. 


Endovascular Treatment 


Since the very first transarterial dilation procedures, percuta¬ 
neous transluminal angioplasty (PTA) has become the most 
commonly performed and, in some cases, the preferred ther¬ 
apy for iliac artery occlusive disease. 20 Like operative recon¬ 
struction, PTA when properly selected in this anatomic seg¬ 
ment is likely to be successful owing to the large caliber of the 
vessels and high rates of flow in the aortoiliac segment. Accep¬ 
tance of endovascular treatment by surgeons and patients for 
aortoiliac disease continues to advance at a rapid pace. Many 
factors must be taken into consideration before selecting aor¬ 
toiliac angioplasty or stent placement for the treatment of aor¬ 
toiliac occlusive disease. The continuum from claudication to 
limb-threatened ischemia, and patient comorbidities are pri¬ 
mary considerations. Usually patients with mild to moderate 
aortoiliac disease are easily amenable to angioplasty or stent. 
The best results are obtained with short, focal, nonocclusive 
lesions in the common iliac arteries. 15 Patients with severe ath¬ 
erosclerotic lesions, long (>10 cm) and complex aortoiliac 
stenosis, or occlusions would benefit from revascularization, 
although many anecdotes illustrate short-term success with 
endovascular approaches (Fig. 94.12). Complications (throm¬ 
bosis, dissection, perforation, and distal embolism) in experi¬ 
enced hands are uncommon and can frequently be remedied 
with intraluminal stenting or thrombolytic therapy. Stents 
have made it possible to apply angioplasty in a larger number 
of lesions (e.g., longer occlusions) and may improve long-term 
patency rates by reducing rates of restenosis. 16 This technique 
is particularly useful in high-risk patients, those with critical 
ischemia secondary to multiple-level disease, and patients in 
whom iliac PTA can be combined with an infrainguinal bypass 
for limb salvage. Even in good-risk patients with focal iliac 
disease, however, PTA may be the preferred initial approach, 
with surgical intervention reserved for the more difficult cir¬ 
cumstances following endovascular failures. If the presence of 
an appropriate lesion is suspected, PTA may be considered at 
the same time that the diagnostic arteriogram is performed. 
Open surgery involves an up-front risk in the initial stages, 
with anesthesia and longer hospital stays. The endovascular 
model involves the continued surveillance and initial lower up¬ 
front risk. These patients will require follow-up angiography 
and repeat interventions as the disease continues to progress 
and, ultimately, more investment in time and resources. Com¬ 
plications are usually local. Long-term results depend on the 
initial extent of aortoiliac disease, but usually will not be as 
good as open surgery. Results from angioplasty of iliac arteries 
range from 70% to 90% over a 3-year span. This continues to 
decrease to as low as 50% patency at 5 years. Iliac artery 
occlusion with resultant endovascular recanalization shows 
patency of 70% at 1 year and 60% at 3 years. Nonetheless, the 
results of endovascular treatment are improving and the 
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FIGURE 94.12. A: Abdominal aortogram demonstrating bilateral iliac and femoral artery stenosis. B: Bilateral iliac and femoral artery 
endarterectomies. C: Bilateral common iliac artery stenosis. D: Placement of bilateral common iliac artery stents. E: Digital subtraction view of 
bilateral common iliac artery stents. 


proportion of patients being treated by endovascular methods 
has increased in recent years. Many vascular specialists now 
prefer endovascular treatment over open treatment. Open 
surgery involving an aortobifemoral bypass has been a durable 
operation for decades. Patency is usually greater than 85% at 
5 years. Of course, the prudent vascular specialist is thor¬ 
oughly conversant with both open and endovascular treatment 
modes and, ordinarily, will be capable of providing whichever 
alone or in combination is best for the patient. Clinical follow¬ 
up of the patient by the treating vascular specialist is ordinar¬ 
ily routine as well. 

A combined open operation with endovascular surgery 
appears to have promising results and demonstrates that ideal 
patient care outcomes remain in the hands of the vascular sur¬ 
geon (Fig. 94.13). Preliminary results show that infrainguinal 


bypass with concomitant aortoiliac angioplasty or stenting, or 
both, have a slightly higher patency of the distal bypass. 17 
With the continued advancement of stents, smaller delivery 
devices, fluoroscopy equipment, and operator skills, endovas¬ 
cular intervention will continue to be a major component of 
care of the patient with aortoiliac occlusive disease. 


Endarterectomy 

Endarterectomy was more commonly performed in the era 
before prosthetic graft conduits were developed. Currently, 
direct arterial repair is reserved for the management of focal 
atheroocclusive disease (type I) limited to the distal aorta and 
common iliac arteries (Fig. 94.14). When performed for this 
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FIGURE 94.13. A: Initial angiogram revealing significant right iliac system occlusive disease with a chronic total occlusion of the proximal right 
external iliac artery. B: Follow-up digital subtraction arteriogram after percutaneous balloon angioplasty and stenting of right external iliac artery, 
revealing successful recannulization with a widely patent lumen. 


specific indication, aortoiliac endarterectomy can produce 
excellent long-term results, similar to those of aortofemoral 
grafting. Endarterectomy is less well suited for disease extend¬ 
ing in the external iliac arteries and is to be avoided when 
aneurysmal degeneration complicates the primary atherooc- 
clusive aortoiliac process. 

The aorta and common iliac arteries are exposed and vas¬ 
cular control is secured. During dissection, care is taken to pre¬ 
serve the autonomic nerves overlying the aortic bifurcation so 
that normal sexual function is not disturbed. The patient is 
then heparinized and atraumatic occlusion clamps or tapes are 
applied. Arteriotomies are made over the aorta and the com¬ 
mon iliac arteries to expose the diseased lumen. The athero¬ 
sclerotic plaque, along with the overlying intima and inner 
portion of the involved media, is removed. Good “breakoff” 
points for the removed plaques are needed to prevent postop¬ 


erative thrombosis that results from the formation of an 
occluding flap of retained atheroma. The arteriotomies are 
closed by direct suture or with patch angioplasty, depending 
on vessel caliber. 


Aortofemoral Prosthesis 

E> Aortofemoral bypass is the most durable and reliable of all 
treatment options, for which reason it is the reference standard 
for the reconstruction of advanced aortoiliac occlusive dis¬ 
ease (Figs. 94.15 and 94.16). The operative sequence 
starts with exposure of the abdominal aortic segment 
between the renal and inferior mesenteric arteries by 
means of appropriate retroperitoneal dissection and cepha- 
lad mobilization of the fourth portion of the duodenum and 



FIGURE 94.14. A: Preoperative aortogram demonstrating severe artherosclerosis. B: Large amount of plaque 
removal. C: Completion operating room photo of closed, repaired aorta and iliacs. 
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FIGURE 94.15. A: Preoperative angiogram demonstrates severe stenosis of the infrarenal aorta with mild stenosis bilaterally at the origin of the 
common iliac arteries (type I disease). B: Long arteriotomy over the infrarenal aorta and proximal right common iliac artery reveals advanced 
ulcerated luminal disease. A second, separate arteriotomy over the left common iliac artery was also created to approach plaque in that vessel. 
C: Aortic component of the atherosclerotic plaque. D: The two arteriotomies are closed, and polytetrafluoroethylene patches are used for angio¬ 
plasty. 


the left renal vein. Care is taken during dissection to avoid 
injury to the lumbar veins. Moreover, gentle handling of the 
dissected segment may lessen the risk for atheroembolism 
during the operation. The common, superficial, and deep 
femoral arteries are secured through separate groin inci¬ 
sions. Retroperitoneal tunnels are then developed between 
the exposed infrarenal aorta and the groins by means of 
blunt dissection. Care is taken to avoid injury to the bowel, 
particularly the rectosigmoid on the left. The tunnels are 
directed posterior to the ureter to avoid postoperative 
obstructive uropathy from graft limb compression of the 
ureter. A prosthesis of the appropriate size (polytetrafluo¬ 
roethylene or Dacron) is selected, and the patient is 
heparinized. With an occluding clamp below the renal arter¬ 
ies and another just above the inferior mesenteric artery, the 
proximal anastomosis is performed as either an end-to-end 
or end-to-side graft to the aorta. The end-to-side technique 
has been found to be just as good, depending on the pattern 


of occlusive lesions and opportunity to perfuse the internal 
iliac arteries. The proximal anastomosis is placed as close to 
the renal arteries as practical to prevent future compromise 
of the bypass resulting from progression of atherosclerosis 
in the remaining infrarenal cuff. The limbs of the prosthesis 
are then delivered through the retroperitoneal tunnels into 
the groins. The distal anastomoses are performed to the 
common femoral arteries and may be carried into the deep 
femoral arteries as needed. The technique for distal femoral 
anastomosis is chosen to ensure adequate graft outflow, par¬ 
ticularly if superficial femoral artery disease is present. In 
the patient with tissue loss secondary to type III or multiple- 
level aortoiliac disease associated with occluded superficial 
femoral arteries and compromised deep collaterals, con¬ 
comitant distal reconstruction should rarely be required 
(Fig. 94.17). 

Aortofemoral bypass has excellent 5- and 10-year graft 
patency rates of approximately 85% and 75%, respectively. 



FIGURE 94.16. A, B: Preoperative biplane aortograms demonstrate advanced preocclusive disease of the 
infrarenal aorta and its bifurcation with occlusion of the left common and external iliac arteries (type II dis¬ 
ease). C: The patient was treated with placement of an aortobifemoral prosthesis. The short shaft and limbs 
of the prosthesis are in a retroperitoneal location and are partially covered with a layer of posterior parietal 
peritoneum. The two groin incisions are kept open to display the anastomoses of the two limbs to the com¬ 
mon femoral arteries. 
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FIGURE 94.17. A: Preoperative aortogram demonstrates advanced 
preocclusive disease of the infrarenal aorta and its bifurcation with 
occlusion of the left common and external iliac arteries (type II dis¬ 
ease). B: Aortogram after placement of an aortobifemoral prosthesis. 


Perioperative morbidity and mortality are reported to be 
below 10% and 5%, respectively, in many centers. 13,18 


Axillofemoral Prosthesis 


Axillofemoral extra-anatomic reconstruction has been used 
for revascularization in poor-risk patients and in those with 
a hostile abdomen and has been reported to be an acceptable 
alternative to aortofemoral prosthesis. The axillary artery 
supplying the arm with the higher systolic blood pressure is 
usually chosen as the inflow vessel. The operative sequence 
starts with exposure of the most proximal part of the axil¬ 
lary artery through an infraclavicular incision and splitting 
of the pectoralis major muscle between its sternal and clav¬ 
icular heads. The common, superficial, and deep femoral 
arteries are then dissected through groin incisions. The axil¬ 
lary or long limb of an externally supported polytetrafluo- 
roethylene graft is then advanced behind the pectoralis 
major muscle and through a subcutaneous tunnel in the 
anterior axillary line connecting the axillary artery and the 
ipsilateral groin. Next, a cross-femoral-to-femoral limb of 
the graft is delivered through a subcutaneous suprapubic 
tunnel connecting the two groins. An anastomosis between 
the proximal axillary artery and the prosthesis is con¬ 
structed in an end-graft-to-side-of-artery fashion. The graft 
is positioned parallel to the axillary artery and behind the 
pectoral muscles for the first 10 cm, before it enters the sub¬ 
cutaneous channel along the anterior axillary line. Follow¬ 
ing this plan seems to minimize traction on the anastomosis 
during arm movement and reduces the incidence of anasto¬ 
motic disruption. The distal anastomoses are performed to 
the common femoral arteries and may be carried over or 
onto the deep femoral arteries to ensure adequate graft out¬ 
flow (Fig. 94.18). 



FIGURE 94.18. This diabetic patient presented with gangrene of 
the right first and second toes. A: The preoperative angiogram 
revealed aortic bifurcation disease, right external iliac and superfi¬ 
cial femoral arterial occlusion, and reconstitution of a heavily dis¬ 
eased right deep femoral artery. On the left, occlusion of the super¬ 
ficial femoral artery is seen, with a patent left deep femoral artery 
supplying the left leg (multiple-level type III disease). B: The patient 
underwent an aortobifemoral bypass with a concomitant right 
femoral-to-below-knee popliteal bypass to bring pulsatile flow to 
the diseased forefoot. 


The reported 5-year patency of the axillofemoral graft 
varies widely (30% to 80%), but is generally accepted to be 
lower than the patency of an aortofemoral prosthesis. The 
axillobifemoral bypass should therefore be reserved for 
patients with bilateral advanced aortoiliac disease who are 
either poor surgical risks or have a hostile abdomen. 19 


Other Prosthetic Reconstructions 


For high-risk patients with diffuse advanced disease limited to 
one iliac artery, unilateral femorofemoral or iliofemoral 
bypass may be used to revascularize the ischemic extremity. If 
the contralateral iliac artery is normal or bears a lesion that is 
well treated by angioplasty or stenting, cross-femoral-to- 
femoral artery bypass is worthy of consideration. Iliofemoral 
bypass has a modest graft patency advantage over femoro¬ 
femoral bypass (70% vs. 60%, respectively), but the main 
advantage is avoidance of a second groin incision and its asso¬ 
ciated complications. Femorofemoral bypasses are reserved 
for patients with occluded or heavily diseased common iliac 
arteries, in whom iliofemoral bypass is not advisable (Fig. 
94.19). 
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FIGURE 94.19. A unilateral axillary to 
ipsilateral femoral artery bypass graft is 
supplemented with a cross-femoral-to- 
femoral artery bypass graft limb. This 
extra-anatomic graft is frequently 
implanted on the right (although the 
artist’s depiction shows the left) to allow 
unimpeded access to the thoracoabdom¬ 
inal aorta when necessary. 
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CHAPTER 95 FEMOROPOPLITEAL AND TIBIAL 

OCCLUSIVE DISEASE 

WILLIAM P. ROBINSON, MATTHEW T. MENARD, AND MICHAEL BELKIN 


KEY POINTS 


Q Infrainguinal arterial bypass surgery remains the signature 
operation distinguishing vascular surgeons from other 
specialists involved in the treatment of peripheral vascular 
disease. 

Q Chronic obliterative atherosclerosis of the infrainguinal 
vessels is the most prevalent manifestation of arterial occlu¬ 
sive disease encountered by the vascular surgeon. 

Q The most common lesion seen below the inguinal ligament 
is that of a short-segment total occlusion of the superficial 
femoral artery. 

Q The diagnosis of infrainguinal occlusive disease is generally 
made based on patient symptomatology, physical exami¬ 
nation, and noninvasive tests, such as segmental pressure 
measurements and pulse volume recordings. 

Q A particularly virulent form of atherosclerotic arterial dis¬ 
ease is often found in young female smokers. 


Q Typically, half of patients proceeding to surgery for arterial 
occlusive disease have significant coronary artery disease, 
even more have hypertension, and almost 80% are current 
or prior cigarette smokers. 

Q Percutaneous therapy is often applied as first-line therapy 
in appropriate patients with more limited extent of anatomic 
disease and/or high operative risk. 

Q Open surgical revascularization remains the “gold stan¬ 
dard” for those patients with disabling claudication, 
ischemic rest pain, and ischemic ulceration or gangrene. 

Q Infrainguinal bypass surgery is best performed with autog¬ 
enous vein conduit, preferably the ipsilateral greater saphe¬ 
nous vein if available. 

© Many of the patients undergoing surgical reconstruction 
for arterial insufficiency will require one or more adjunc¬ 
tive operative procedures for salvage of their foot. 


Arterial occlusive disease is highly prevalent in Western society 
and constitutes the leading overall cause of death in the United 
States. With the aging of the American population, the preva¬ 
lence of lower extremity occlusive disease has steadily 
increased in recent decades. Not surprisingly, therefore, the 
clinical manifestations and complications of atherosclerosis are 
the most common therapeutic challenge encountered and 
treated by vascular surgeons. 

The tendency for atherosclerotic lesions to develop at spe¬ 
cific anatomic sites and follow recognizable patterns of pro¬ 
gression was first appreciated in the late 1700s by the British 
anatomist and surgeon John Hunter. Considered one of the 
forefathers of vascular surgery, his dissections of atheroscle¬ 
rotic aortic bifurcations are preserved at the Hunterian 
museum in London and presage the disease process that 
Leriche would give his name to 150 years later. 1 The modern 
era of surgical reconstruction for complex atherosclerotic occlu¬ 
sive disease began in earnest in 1947, when the Portuguese sur¬ 
geon J. Cid dos Santos successfully endarterectomized a heavily 
diseased common femoral artery. 2 Four years later, building on 
the pioneering work of Alexis Carrel, 3 Kunlin 4 would report the 
first long-segment vein bypass in the lower extremity. It would 
be another 10 years before the initial efforts to extend vein 
grafting to the tibial level were described by McCaughan. 5 The 
last three decades have seen tremendous advances in both the 


understanding of atherosclerosis biology and refinement in the 
techniques of infrainguinal revascularization that greatly 
improved surgeons’ ability to preserve limbs and improve qual¬ 
ity of life in patients with femoropopliteal and tibial occlusive 
disease. In more recent years, advances in percutaneous treat¬ 
ment have revolutionized the treatment of infrainguinal occlu¬ 
sive disease. The concept of intravascular intervention was 
pioneered in the late 1960s by the radiologist Charles Dotter, 6 
and advanced greatly with the advent of the angioplasty bal¬ 
loon by Gruntzig in the early 1970s. 7 Nevertheless, endovascular 
intervention for infrainguinal disease was not utilized signifi¬ 
cantly until the 1990s. The technology remains in rapid devel¬ 
opment and surrounded by ongoing controversy as to its 
proper role. 

Although a diverse range of technical skill is required of the 
contemporary vascular and endovascular surgeon, it is worth 
noting that infrainguinal arterial bypass surgery remains the 
signature operation distinguishing vascular surgeons from 
other specialists involved in the treatment of peripheral vascu¬ 
lar disease. This distinction stems primarily from the fact that 
the outcome of infrainguinal reconstruction is highly depen¬ 
dent on the judgment and technical skill of the surgeon, with 
the end result being either successful limb salvage or major 
limb amputation. This chapter reviews the surgical manage¬ 
ment of femoropopliteal and tibial arterial occlusive disease 
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and details standard and advanced techniques underlying suc¬ 
cessful infrainguinal operative revascularization. It also briefly 
discusses the emerging role of endovascular surgery in the 
management of infrainguinal occlusive disease, though a thor¬ 
ough review of these techniques is beyond the scope of the 
chapter. 


INFRAINGUINAL ARTERIAL 
OCCLUSIVE DISEASE 


Epidemiology and Risk Factors 

The prevalence of peripheral arterial disease (PAD) is between 
3% and 10% overall and 15% and 20% in those over age 
70. 8,9 Symptomatic PAD in the form of claudication affects 
approximately 10 million Americans, including 1% to 2% of 
those younger than 50 years, 5% of those ages 50 to 70, and 
10% of those older than 70 years. 10 Of those older than 50 years 
of age with PAD, 1% to 3% will have critical leg ischemia 
(CLI) in the form of rest pain or gangrene. 11,12 The incidence 
of CLI ranges from 220 to 1,000 new cases per year in a Euro¬ 
pean or American population of 1 million people. 13 The clas¬ 
sic risk factors for infrainguinal occlusive disease are the same 
as those for the development of atherosclerosis in general and 
include age, male gender, hypertension, diabetes mellitus 
(DM), smoking, dyslipidemia, family history, and homocys- 
teinemia. The propensity for heavy smokers to develop super¬ 
ficial femoral artery disease and for diabetics to develop tibial 
disease should be noted. More recent evidence indicates that 
nonwhite ethnicity, inflammatory markers such as C-reactive 
protein, and perhaps chronic renal insufficiency (CRI) are also 
associated with an increased risk of PAD. 14-16 


Presentation and Natural History 

Q Chronic obliterative atherosclerosis of the infrainguinal vessels 
is the most prevalent manifestation of arterial occlusive disease 
encountered by the vascular surgeon. Patients are classified into 
two broad categories depending on their symptomatology: 
claudicants and those with CLI. Claudication, the reproducible 
ischemic muscle pain resulting from inadequate oxygen deliv¬ 
ery during exercise, is the cardinal presenting symptom. Nat¬ 
ural history studies indicate patients with claudication have 
increased rates of cardiovascular mortality, but an overall low 
risk of limb loss. 17,18 Seventy to 80% of patients with claudica¬ 
tion demonstrate a stable pattern of disease throughout their 
lifetime or have improvement in their symptoms as a result of 
risk factor modification, whereas 20% to 30% undergo opera¬ 
tion within 5 years as a result of disease progression. Claudica¬ 
tion will progress to critical limb ischemia in only 5% to 10% 
of patients over their lifetime. However, claudication is a 
marker for increased cardiovascular morbidity and mortality, 
with 20% of patients experiencing a nonfatal myocardial 
infarction or stroke and 10% to 15% dying of cardiovascular- 
related mortality at 5 years. 12 The annual rates of mortality and 
limb loss in patients with claudication are approximately 2% 
to 5% and 1%, respectively. 12,19 

Q The most common atherosclerotic disease pattern encoun¬ 
tered distal to the inguinal ligament is that of a short-segment 
total occlusion of the superficial femoral artery. Isolated dis¬ 
ease of this nature typically presents as calf muscle claudica¬ 
tion. It is not uncommon, however, for patients with signifi¬ 
cant single-level lesions, even those with long-segment arterial 
occlusions, in the superficial femoral artery or more distal arte¬ 
rial beds to be only minimally symptomatic or even asympto¬ 
matic. While this can sometimes be the result of exercise limi¬ 
tations imposed by concomitant coronary arterial disease or 
other physiologic impairments such as lung disease or arthri¬ 


tis, it is more often a result of compensatory collateral flow. 
Collateral perfusion from the profunda femoral artery around 
a heavily diseased or occluded superficial femoral artery fre¬ 
quently reconstitutes the distal superficial femoral artery or 
popliteal artery with enough well-perfused arterial blood to 
ensure sufficient resting tissue perfusion. Similarly, the rich 
network of geniculate collaterals can sometimes compensate 
for a diseased popliteal arterial segment to a sufficient degree 
to prevent rest pain or overt tissue loss, but will usually prove 
insufficient to meet the increased metabolic demands of ambu¬ 
lation and forestall claudication. 

Critical limb ischemia, which must be differentiated from 
acute limb ischemia, refers to the presence of either rest pain or 
tissue loss in the lower limb. Rest pain occurs when blood flow 
is inadequate to meet resting metabolic requirements. In the 
lower extremity, ischemic rest pain is localized to the foot, fre¬ 
quently in the instep, and should be easily distinguishable from 
benign muscle cramps in the calf commonly seen in older 
patients. Patients with rest pain are often awakened by severe 
discomfort in the forefoot and hang the affected extremity over 
the edge of the bed for temporary symptomatic relief. Trophic 
changes, such as muscle wasting, thinning of skin, thickening 
of nails, and hair loss are frequently also seen in the distal 
affected limb. Rest pain is an ominous symptom and usually 
requires revascularization given the tendency for progression to 
tissue loss. Ischemia ulcerations usually begin as small, dry 
ulcers of the toes or heel area and progress to frankly gan¬ 
grenous changes of the forefoot or heel with greater degrees of 
arterial insufficiency (Fig. 95.1). Patients with diabetes or renal 
failure are more susceptible to the development of ischemic 
pedal ulcers. Disease progression can be very rapid, as up to 
50% of patients with CLI are asymptomatic 6 months before 
onset of pain or ulceration. 10 Such progressive disease, affect¬ 
ing multiple levels of the peripheral vasculature tree, is more 
frequently encountered in the elderly. 

The natural history of CLI is dismal as these patients are 
generally of advanced age and possess significant comorbidities 
contributing to their advanced limb ischemia. Overall, approx¬ 
imately 25% of patients with CLI will die at 1 year, 30% will 
undergo major amputation, and 45% will be alive with two 
limbs. 12 The rate of amputation is 10 times higher in diabetics 
than nondiabetics and 5- and 10-year mortality in patients with 
CLI have been reported to be 60% and 85%, respectively. 10 
CLI mandates revascularization for limb salvage when feasible 
as limb salvage with medical therapy and wound care is virtu¬ 
ally futile; success rates for rest pain and tissue loss have been 
reported to be as low as 27% and 5%, respectively. 10 

Patients with rest pain or ischemic tissue loss typically man¬ 
ifest more extensive involvement of the femoral, popliteal, or 
tibial arteries than patients with claudication. Those with tis¬ 
sue loss also more commonly have multilevel disease involving 
the femoropopliteal system in combination with occlusive dis¬ 
ease of the aortoiliac vessels or the infrageniculate runoff. 20 

Several identifiable patterns of infrainguinal occlusive dis¬ 
ease are well recognized. Patients with an extensive history of 
cigarette smoking typically have lesions limited to the superfi¬ 
cial femoral artery and corresponding symptoms of calf claudi¬ 
cation (Fig. 95.2). Diabetes, in contrast, most often targets the 
tibial vessels, and patients may present with frank tissue necro¬ 
sis in the presence of a palpable popliteal pulse and no prior 
history of claudication. Alternatively, the so-called “blue toe 
syndrome” is a situation in which atherosclerotic debris breaks 
free from a more proximal source, for example, an aortoiliac or 
femoropopliteal plaque or a thrombus-lined aneurysm, and 
embolizes to the distal vessels. 21,22 Wire manipulation during 
coronary or peripheral angiographic procedures and cross¬ 
clamping across a calcific aortic plaque during cardiac surgery 
are common sources of such emboli. The terminal target of the 
microembolic particles, whether cholesterol crystals, calcified 
plaque, thrombus, or platelet aggregates, is typically the small 
vessels of the toes and heel. 
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FIGURE 95.2. Long-segment total occlusion of superficial femoral artery in a patient with a long history of cigarette smoking 
and severe claudication. 
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A particularly virulent form of atherosclerotic arterial dis¬ 
ease is often found in young female smokers. 23,24 Radiographic 
imaging in this subset of patients typically reveals atretic, nar¬ 
rowed vasculature with diffusely calcific atherosclerotic changes. 
Such patients invariably have an extensive smoking history, 
with or without other typical risk factors for atherosclerosis. 
Given the diminutive size of the inflow and outflow vessels, the 
durability of endovascular intervention is generally inferior in 
these patients, particularly in the face of continued cigarette 
use. 

Typically, half of patients proceeding to surgery for arterial 
occlusive disease have significant coronary artery disease, even 
more have hypertension, and almost 80% are current or prior 
cigarette smokers. 25,26 The low mortality and morbidity associ¬ 
ated with operative intervention in recent years is in large part a 
result of advances in the management of concomitant coronary 
disease. Specifically, the importance and benefit of better preop¬ 
erative identification of patients in need of initial coronary 
revascularization, awareness of the benefit of waiting an inter¬ 
val period following coronary stenting prior to proceeding 
with major noncoronary vascular surgery, improved perioper¬ 
ative pharmacologic management of patients with impaired 
myocardium, and more focused efforts to tailor operative and 
postoperative fluid administration to the individual patient’s 
myocardial reserve are all well recognized. 27,28 Appropriate beta 
blockade and the use of statins have been shown to reduce car¬ 
diovascular events and improve survival in patients undergoing 
vascular surgery, including infrainguinal bypass. 29,30 General 
advances in postoperative management, including pulmonary 
care, infection control, and blood product utilization, have fur¬ 
ther contributed to the progress seen. 


Diagnosis 

Q The diagnosis of infrainguinal occlusive disease is generally 
based on patient symptomatology, physical examination, and 
noninvasive tests, such as segmental pressure measurements 
and pulse volume recordings. Accurate history taking and 
physical examination are crucial to clarifying the diagnosis 
and guiding a treatment management aimed at maximizing 
symptom relief and limb preservation. Intermittent claudica¬ 
tion (IC) indicative of infrainguinal occlusive disease is typi¬ 
cally a cramping, aching discomfort consistently reproducible 
at a given distance and relieved soon after cessation of ambu¬ 
lation. This must be differentiated from lower extremity pain 
secondary to nerve root compression or spinal stenosis, which, 
in contradistinction to vasculogenic pain, often develops when 
patients maintain a stationary standing posture. Vasculogenic 
claudication must also be distinguished from venous claudica¬ 
tion, hip and ankle arthritis, symptomatic Baker cyst, and 
chronic compartment syndrome. IC patients with isolated 
infrainguinal disease will likely have palpable femoral pulses 
but diminished popliteal and/or pedal pulses. 

As is true with claudication, ischemic rest pain must be 
carefully distinguished from other sources of pain in the 
elderly population, most commonly arthralgia and neuropa¬ 
thy. Although tissue necrosis and gangrene are usually self- 
evident when caused by critical ischemia, similar lesions asso¬ 
ciated with venous stasis, severe anemia, decubitus ulcers, and 
diabetic neuropathy must be excluded. 

Measurement of the ankle-brachial index (ABI) is fre¬ 
quently a useful diagnostic adjunct. A properly performed ABI 
in a claudicant without significant evidence for vascular calci¬ 
fication would be expected to be between 0.5 and 0.9. Seg¬ 
mental pressure measurements at the level of the upper thigh, 
lower thigh, upper calf, ankle, and metatarsal level also aid in 
localizing the level of hemodynamically significant disease. In 
patients with diabetes mellitus or CRI leading to extensive vas¬ 
cular calcification, the ABI will often be erroneously elevated 
due to noncompressibility of the vessels. In such circum¬ 


stances, pulse volume recordings should remain a reliable indi¬ 
cator of perfusion to the various levels of the lower extremity. 
Measurement of toe pressures also effectively quantitates dis¬ 
tal perfusion. 

Only after the diagnosis of significant infrainguinal disease 
and the decision to pursue intervention have been made is fur¬ 
ther imaging warranted. Duplex ultrasonography, magnetic 
resonance angiography (MRA), and computed tomographic 
angiography (CTA) are increasingly being utilized as first-line 
modalities in planning the optimal revascularization approach, 
and have supplanted contrast angiography as the initial imag¬ 
ing study of choice in many centers. Nevertheless, due to inher¬ 
ent limitations with each of these techniques, digital subtrac¬ 
tion angiography remains the “gold standard” technique for 
imaging of the vascular tree prior to intervention. 

Although a growing literature supports the use of duplex 
scanning as a standalone preoperative mapping modality, 31 
this use requires a highly dedicated vascular laboratory and to 
date has not gained wide acceptance. CTA is increasingly 
being utilized as a preoperative road mapping technique in 
institutions able to provide high-quality three-dimensional 
reconstructions. MRA is also particularly useful as a noninva¬ 
sive screening test to determine the suitability for percutaneous 
therapy, as advances have solved many of the technical limita¬ 
tions of earlier studies (Fig. 95.3). Should a lesion amenable to 
percutaneous therapy be identified, angiography is then pur¬ 
sued. Alternatively, in some instances of femoropopliteal recon¬ 
struction, operative planning may be based solely on MRA 
scanning if high-quality time-of-flight and gadolinium-enhanced 
images are obtained. 32-34 In many cases, however, surgeons are 
reluctant to proceed to surgery without the confirmation 
afforded by standard contrast angiography. This reluctance is 
particularly true if the distal target is at the tibial or pedal 
level, where anatomic detail provided by CTA and MRA 
remains more limited. 

When digital subtraction angiography is undertaken for 
preoperative planning, a retrograde femoral approach is typi¬ 
cally utilized from the contralateral limb. In patients in whom 
noninvasive imaging indicates a widely patent common 
femoral and proximal superficial femoral artery and body 
habitus is not prohibitive, an antegrade approach can serve as 
a useful alternative. In ambiguous lesions, pull-back pressure 
measurements, both before and after the administration of a 
systemic vasodilator such as papaverine or nitroglycerine or 
the application of a tourniquet to induce reactive hyperemia, 
can be useful in documenting the hemodynamic significance of 
a particular stenotic zone. 35 The utilization of gadolinium 36 or 
carbon dioxide 37 as contrast agents in patients with compro¬ 
mised renal function, although perhaps less effective in the 
periphery than in the aortoiliac vasculature, can minimize or 
eliminate the nephrotoxic effects associated with standard 
iodinated contrast medium. 


Medical Treatment 


Risk factor modification remains a cornerstone of the manage¬ 
ment of lower extremity occlusive disease. Smoking cessation 
has been shown to reduce the risk of disease progression, ampu¬ 
tation, and cardiovascular mortality, and may lead to symptom 
relief in some patients. Smoking cessation has been best 
achieved with repeated physician assistance, group counseling, 
nicotine replacement or nicotinic receptor agonists, and antide¬ 
pressant drug therapy in some patients. Weight and blood pres¬ 
sure reduction and aggressive efforts at lipid control should be 
addressed with every patient with atherosclerotic disease. Lipid¬ 
lowering therapy involves dietary modifications first and utiliza¬ 
tion of hydroxymethylglutaryl-coenzyme A reductase inhibitors 
to lower low-density lipoprotein (LDL) cholesterol and fibrates 
or niacin to raise high-density lipoprotein (HDL) cholesterol. 
Patients with lower extremity occlusive disease should have a 
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FIGURE 95.3. Magnetic resonance angiogram identifying 
short-segment occlusion of right superficial femoral artery, 
a lesion amenable to attempt at percutaneous therapy. 





goal LDL cholesterol of less than 70 mg/dL. 38 Patients with dia¬ 
betes should have aggressive control of blood glucose toward a 
goal hemoglobin A1C of less than 7%. Antiplatelet therapy in 
the form of either aspirin or clopidogrel is a critically important 
element of the treatment of established occlusive disease, 39 given 
its documented ability to prevent thrombosis and embolization 
and possibly even to arrest the progression of atherosclerosis. 
Aspirin and clopidogrel have both been shown to reduce car¬ 
diovascular morbidity and mortality in patients with PAD. 40,41 

Strong evidence exists supporting the benefit of a supervised 
structured walking program 42 in increasing the walking distance 
of patients with claudication. The benefit of walking outside of 
a structured regimen with close follow-up is more debatable. 43 
Nevertheless, patients should be encouraged to “walk through” 
the onset of lower extremity pain, resting intermittently as 
required. Overall, pharmacotherapy has not had a significant 
impact on relieving symptoms of infrainguinal occlusive disease. 
There is some evidence to suggest cilostazol, a phosphodiesterase 
inhibitor, improves walking distance and quality of life. 44,45 


While early studies showed that pentoxifylline, a rheologic 
agent, had beneficial effects on walking distance, later studies 
have questioned its clinical benefit. 46-47 Similarly, although older 
studies suggested that prostanoids improved healing of ischemic 
ulcers, the current evidence does not support the utility of any 
systemic drug for the relief of ischemic rest pain or the treatment 
of ischemic ulcerations. 48-50 


Indications for Revascularization 


The two major indications for intervention of infrainguinal 
arterial occlusive disease are lifestyle-limiting claudication and 
limb-threatening critical ischemia. Less common indications 
for infrainguinal arterial reconstruction include trauma-related 
vessel disruption, popliteal artery entrapment syndrome, and 
femoropopliteal arterial aneurysm with thromboembolism. 
Infrainguinal revascularization for the treatment of peripheral 
vascular occlusive disease has been increasingly successful for 
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both long-term palliation of intermittent claudication and for 
the salvage of limbs threatened by critical ischemia. 

Critical ischemia is associated with inevitable amputation 
for most patients unless revascularization is undertaken. 
Although there are certainly cases in which primary amputa¬ 
tion represents the safest and most advisable solution in the 
face of irreversible ischemia, particularly for cases in which 
extensive infection or tissue necrosis is present, an attempt at 
revascularization is almost always indicated when a limb is 
threatened by severe ischemia. Improvements in endovascular 
technology and techniques as well as perioperative management 
and surgical technique have allowed progressively more distal 
revascularizations to be successfully completed in an older, 
sicker, and challenging patient population. In general, high rates 
of relief for claudication and up to an 80% to 90% limb salvage 
rate may be anticipated for patients with critical ischemia at 
institutions devoted to peripheral bypass surgery. 51,52 Though 
the long-term durability of various endovascular revasculariza¬ 
tion approaches is not clear, similar rates of limb salvage in the 
short term to midterm have been demonstrated. 

Claudication is a relative indication for intervention given 
the natural history of the disease, and it remains a subjective 
assessment on the part of both patient and surgeon as to the 
relative degree of disability a particular level of claudication 
pain represents. For example, two-block claudication in a 
younger patient whose livelihood depends on walking toler¬ 
ance constitutes a more significant disability than the same 
degree of claudication in an older, retired individual able to 
attend to his or her daily affairs without significant conse¬ 
quence. Thus, proximal above-knee surgical reconstruction in 
a patient with disabling claudication and a patent popliteal 
artery with intact runoff may be justified in view of its minimal 
operative mortality, excellent long-term palliation, and absence 
of added risk of limb loss beyond that expected from the nat¬ 
ural history of the disease process. Classically, it has been 
thought that the benign natural history of claudication does 
not warrant aggressive femorotibial reconstruction in patients 
with diffuse superficial femoropopliteal and tibioperoneal dis¬ 
ease, though reconstruction will often provide symptomatic 
benefit and can be considered in a good-risk patient. 

In recent years, the low morbidity of endovascular revascu¬ 
larization in combination with patient desire for intervention 
seems to have lowered the threshold for offering catheter-based 
revascularization for claudication. Patients once considered 
appropriate only for risk factor modification, exercise therapy, 
and medical treatment are now increasingly being offered percu¬ 
taneous revascularization. Similarly, occlusive disease of the tib¬ 
ial vessels, once thought to be the exclusive domain of operative 
bypass, is increasingly being treated percutaneously. 53 Neverthe¬ 
less, endoluminal revascularization is not without risk and is at 
present of limited durability. It is therefore prudent to follow the 
classical surgical axiom that because most patients with claudi¬ 
cation remain stable for years, it is important to allow sufficient 
time for collaterals to develop; some patients may improve to 
such an extent that intervention proves unnecessary. 11 


Approach to Revascularization 

The last two decades have seen increasing utilization of 
endovascular revascularization of infrainguinal occlusive dis¬ 
ease. In this light, it cannot be overemphasized that symptom 
status and not anatomic findings should serve as the basis for 
revascularization. Once the decision to intervene has been 
made, a variety of factors should be considered in choosing 
whether to proceed with an endovascular, surgical, or combined 
(hybrid) approach. The goals and outcomes of revascularization 
should be considered in the context of the individual patient’s 
comorbidities, operative risk and overall life expectancy, the 
extent of the occlusive disease present, and the expected dura¬ 
bility of the procedure. 


Anatomic variables appear to be the key determinant of the 
success and durability of endovascular therapy. With the pro¬ 
mulgation of endovascular therapy has arisen the need to clas¬ 
sify the anatomic severity of disease in order to guide potential 
therapy and compare outcomes between various modes of 
revascularization. The Trans-Atlantic Intersociety Consensus 
Document on Management of Peripheral Arterial Disease 
(TASC) was published as the result of a multidisciplinary col¬ 
laboration between key medical and surgical vascular societies 
in 2000 and an abbreviated update was published in 2007. 13,54 
This document classified infrainguinal occlusive lesions into 
classes A, B, C, and D based on the location of the lesion and 
the number, length, and severity of the stenoses and/or occlu¬ 
sions present. Their recommendations, which reflect current 
practice to a variable extent, include initial endovascular treat¬ 
ment for TASC A lesions, primary surgical treatment for TASC 
D lesions, and individualized tailoring of treatment for TASC B 
and C lesions depending on endovascular suitability and surgi¬ 
cal risk. While a complete description of this classification 
schema and specific outcomes of endoluminal revascularization 
according to lesion severity are beyond the scope of this chap¬ 
ter, a few general principles are worth noting. The patency of 
endoluminal revascularization in general decreases the more 
distal the disease is and is less in patients with stenoses that are 
multiple, longer, and more severe. 


Role of Endoluminal Therapy 

A marked increase in the number and versatility of available 
balloons and stents has helped to fuel the increasing application 
of percutaneous technology. While a complete description of 
endoluminal treatment options and outcomes is beyond the 
scope of this chapter, a brief introduction is necessary. Percuta¬ 
neous transluminal angioplasty is generally performed under 
local anesthesia with minimal intravenous sedation and as 
either a day surgical procedure or involving an overnight admis¬ 
sion. Associated morbidity and mortality has significantly 
declined in recent years and overall complication rates are low. 
It is currently unclear whether technical failure changes the 
available surgical options. Contrast-induced acute renal failure 
remains the most common complication. With the development 
of hypo-osmolar and iso-osmolor contrast agents, the overall 
incidence has fallen to less than 6%, 55 although higher rates are 
found in patients with preexisting renal failure and diabetes. 56,57 

Access site complications, predominately pseudoaneurysms 
and arteriovenous malformations (AVMs), occur in 1% of 
patients. 58 Most of them can be managed conservatively, with 
close observation, serial hematocrit checks, and fluid and blood 
product replacement. Surgery is reserved for those patients with 
ongoing bleeding effecting hemodynamic instability or distal 
ischemia, or pseudoaneurysms or arteriovenous fistulas that fail 
to resolve on serial ultrasound imaging with several weeks of 
careful observation. Stable pseudoaneurysms in patients with¬ 
out coagulopathy can also be managed with ultrasound-guided 
compression therapy; more recently, ultrasound-guided throm¬ 
bin injection into the sac has been used with good success. 59 
Infection related to the placement of newer percutaneous clo¬ 
sure devices utilized for puncture site control typically present 
several weeks to months after the percutaneous procedure. 
Rarely, maldeployment of these devices can lead to embolic or 
thrombotic sequelae causing compromise of distal flow. 60 

Percutaneous transluminal angioplasty (PTA) for 
femoropopliteal lesions has generally yielded 1-year patency of 
approximately 77% and 65 % for stenoses and occlusions, 
respectively. Three-year patency after PTA has been reported 
at 55% to 68% and 40% to 55% for stenoses and occlusions, 
respectively. Five-year patency data are more limited but have 
been generally reported to be about 55% and 42% after PTA 
for femoropopliteal stenoses and occlusions, respectively. 13 
Infrapopliteal PTA is generally even less durable, with primary 
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patency of approximately 50% at 1 year. 53 Review of the liter¬ 
ature does not provide compelling evidence that stent place¬ 
ment improves the results of femoropopliteal PTA. 61 Many 
practitioners thus utilize stents selectively for failure of PTA of 
superficial femoral artery lesions, though there is some evi¬ 
dence that primary stent placement yields higher short-term 
patency than PTA alone for femoropopliteal lesions. 62 

There is a scarcity of high-level data comparing PTA and 
bypass surgery. There have been only four randomized trials, 
and these have included a heterogeneous group of patients, 
measured different outcomes, and generally included limited 
anatomic detail. 63-66 Pooled analysis of these trials demonstrates 
that surgical bypass generally had superior patency to PTA at 1 
year, but there were no differences in progression to amputa¬ 
tion. Surgery was associated with increased postprocedure 
Q complications in patients with CLI. 67 For patients with favor¬ 
able anatomy and significant operative risk, and for the treat¬ 
ment of claudication in general, percutaneous therapy has 
Q assumed a primary initial role. When medical therapy or percu¬ 
taneous treatment has proven inadequate, open surgical revas¬ 
cularization remains the “gold standard” for those patients with 
disabling claudication. Furthermore, until the efficacy and dura¬ 
bility of infrainguinal percutaneous intervention is better 
defined, surgical revascularization remains the “gold standard” 
for any patient with critical limb ischemia, especially those with 
extensive tissue loss. The relative roles of surgical and percuta¬ 
neous intervention are actively being refined. It nevertheless 
appears that the rising popularity and success of femoral and 
tibial wire-based interventions may be reducing the volume, or 
ultimately just delay the timing, of subsequent infrainguinal 
reconstructive surgery. Furthermore, many patients are best 
treated with a combination of percutaneous and open surgical 
therapy, often in a single procedure (hybrid procedure). In many 
instances, endoluminal and open surgical revascularization are 
thus complementary modes of therapy. 


Operative Management 

Successful infrainguinal bypass grafting requires adequate arte¬ 
rial inflow. While aortobifemoral, femorofemoral, and axil- 
lofemoral bypass grafting remain routinely performed inflow 
procedures, aortoiliac angioplasty and stenting are increasingly 
becoming the preliminary procedures performed to attain suffi¬ 
cient inflow prior to construction of a more distal bypass graft. 
At times, the necessity of improving the inflow to support an 
infrainguinal graft is determined intraoperatively, either by 
direct visual assessment of the arterial flow at the desired donor 
site or by comparison of a transduced pressure tracing from the 
donor site with that of a systemic pressure tracing, typically 
obtained from a radial arterial line. Of equal importance to the 
outcome of any infrainguinal graft is target vessel selection. In 
general, the target vessel should be the least diseased artery that 
is the dominant supply to the foot. If tissue necrosis is present, 
restoration of pulsatile flow to the foot is often required to 
obtain full and sustained wound healing. 

Infrainguinal surgical bypass can be performed under gen¬ 
eral anesthesia or, in the appropriate patient, regional spinal or 
epidural anesthesia. In cases involving multiple sites of dissec¬ 
tion, such as those necessitating more tedious arm vein or lesser 
saphenous vein harvesting, the procedures are particularly 
amenable to a two-team approach, with the time saved having 
direct benefit in minimizing the total anesthetic load and phys¬ 
iologic insult. The patient is sterilely prepped and draped from 
the midabdomen down to the foot. It is our practice to work 
from proximal to distal, first exploring the inflow artery and 
exposing the venous conduit. We then explore the site pro¬ 
posed for the distal anastomosis, as high-quality preoperative 
imaging has already defined a suitable target vessel. 

For patients with superficial femoral artery disease, the ini¬ 
tial dissection is most commonly at the level of the common 
femoral artery. This vessel is exposed through a longitudinal or 



FIGURE 95.4. In the setting of orificial profunda femoral artery dis¬ 
ease, extending the common femoral arteriotomy into the origin of the 
profunda and performing a profundaplasty will maximize profunda 
flow in the event of graft thrombosis. 


oblique incision centered directly over the femoral pulse. Lym¬ 
phatic tissue overlying the femoral vessels is best ligated and 
divided to prevent the postoperative development of lymph fis¬ 
tulas or lymphoceles. The severity of any concomitant common 
femoral and profunda femoral disease and the level of recon¬ 
struction planned dictate the extent of exposure of the femoral 
vessels. In most instances, the dissection extends from the 
inguinal ligament to the common femoral artery bifurcation, 
where the origins of the superficial and profunda femoral arter¬ 
ies are individually isolated. 

If a profundaplasty is required, the dissection is extended dis- 
tally along a sufficient length of the profunda femoral artery to 
attain an endpoint suitable for clamping and sewing (Fig. 95.4). 
Similarly, the inguinal ligament can be partially divided to facili¬ 
tate access to the distal external iliac artery in cases in which a 
more extensive proximal endarterectomy is necessary. In these 
circumstances, it is customary to close the endarterectomized 
bed with a vein, bovine pericardial, or Dacron patch, onto which 
the proximal anastomosis can subsequently be attached. 68 In 
patients with a hostile groin crease from prior surgery or radia¬ 
tion therapy or in obese, diabetic patients with an intertriginous 
rash at the inguinal crease, meticulous skin preparation, close 
attention to draping, careful surgical technique, and judicious 
use of a short course of intravenous antibiotic therapy help min¬ 
imize the chances of a postoperative wound or graft infection. 

If all or part of the superficial femoral artery is spared of sig¬ 
nificant atherosclerotic involvement, the proximal anastomosis 
can be moved distally as dictated by the particular anatomic 
pattern of disease, and a so-called “distal origin graft” can be 
fashioned 69 (Fig. 95.5). This situation is particularly applicable 
to the diabetic population, in whom infrapopliteal disease is the 
rule and sparing of the superficial femoral and popliteal arteries 
is not uncommon. It is also utilized in situations in which con¬ 
duit is sparse and a moderately diseased proximal vessel is 
accepted as an inflow source for a more distal origin bypass 
graft in the interests of performing a fully autologous vein graft 
rather than utilizing prosthetic material. An increasingly popu¬ 
lar approach when only limited conduit is available is to com¬ 
bine, either concurrently in the operating room or as a staged 
preoperative procedure, catheter-based treatment of the superfi¬ 
cial femoral or popliteal artery inflow with more distal bypass. 70 

The above-knee popliteal vessel is easily exposed through a 
medial thigh incision, with subsequent posterolateral retraction 
of the Sartorius muscle. The popliteal artery with its accompa¬ 
nying vein and nerve is found just posterior to the femur. The 
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FIGURE 95.5. Arteriogram indicat¬ 
ing preservation of the superficial 
femoral artery and popliteal arteries 
with midcalf occlusions of all three 
infrageniculate vessels. This anatomic 
pattern of disease is amenable to 
“distal origin” vein grafting from the 
below-knee popliteal or proximal 
posterior tibial artery to the dorsalis 
pedis artery. 



vessel is palpated to determine the presence of atherosclerotic 
plaque, which will guide the extent of dissection and the optimal 
bypass target site. The below-knee popliteal artery is also exposed 
through a medial incision in the proximal calf (Fig. 95.6). If the 
saphenous vein is to be harvested, the incision is made directly 
over the vein to minimize the creation of devascularized skin 
flaps. With the exposed vein carefully protected, the incision is 
carried through the deep muscular fascia and the medial head 
of the gastrocnemius is reflected posterolaterally to expose the 
below-knee popliteal fossa. The distal popliteal artery is then 
dissected free from the adjacent tibial nerve posteriorly and 
popliteal vein medially. If the distal target is the tibioperoneal 
trunk, the dissection is continued along the anteromedial sur¬ 
face of the distal popliteal artery after dividing the origin of the 
soleus muscle from the tibia (Fig. 95.7). In instances in which 
the below-knee popliteal artery has previously been exposed or 


where sepsis is involved, a lateral approach with excision of a 
segment of proximal fibula is a useful alternative approach to 
the below-knee popliteal artery. 

Although exposure of the proximal posterior tibial and per¬ 
oneal vessels can be gained by extending the tibioperoneal 
trunk dissection distally, more distal exposure of these vessels is 
best gained through targeted medial incisions. The posterior 
tibial artery is found beneath the divided musculotendinous 
origin of the soleus muscle, and the peroneal artery is deeper 
and more lateral. The posterior tibial artery at the level of the 
ankle is a relatively easier target given the proximity of the ves¬ 
sel to the skin surface. The initial incision is made just posterior 
to the medial malleolus, and the artery exposed by division of 
the overlying retinaculum. Further distal dissection allows 
access to the bifurcation and medial and lateral plantar 
branches. 71 The more distal peroneal artery may be approached 
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FIGURE 95.6. Exposure of the popliteal artery below the knee. The 
medial incision is made directly overlying the course of the greater 
saphenous vein. 


laterally via an incision placed over the distal fibula. Excision of 
a short segment of fibula will expose the underlying artery. 

The anterior tibial artery is typically approached from the 
anterolateral aspect of the calf (Fig. 95.7) and is found deep 
within the anterior compartment with the adjacent deep per¬ 
oneal nerve and anterior tibial veins. It is best identified by 
developing the intermuscular plane between the tibialis ante¬ 
rior muscle belly medially and the extensor digitorum longus 




Anterior tibial 
Peroneal 


Dorsal pedal 


FIGURE 95.7. Placement of incisions for femoropopliteal and 
femorotibial bypass and for greater saphenous vein harvest. These 
should avoid the incision lines for a below-knee amputation. 


laterally. The dorsalis pedis artery is easily exposed through an 
axial incision on the dorsum of the foot just lateral to the 
extensor hallucis longus tendon (Fig. 95.7). The artery lies just 
deep to the extensor retinaculum. 


Autogenous Vein Bypass 

Q In general, infrainguinal bypass surgery is best performed with 
autogenous vein conduit, preferably the ipsilateral greater saphe¬ 
nous vein if available. 72 This preference is particularly true for 
grafts extending below the knee, where prosthetic conduits of 
Dacron or polytetrafluoroethylene have significantly poorer 
patency rates. The first report of a femoropopliteal bypass graft 
using autogenous greater saphenous vein in a reversed orienta¬ 
tion was by Kunlin in 1951. 4 Given the orientation of the vein 
valves, the vein can be reversed such that the distal end of the 
vein is sewn to the proximal inflow artery and the larger proxi¬ 
mal end of the vein is sewn to the distal outflow artery. However, 
it is our general practice to utilize the greater saphenous vein in 
the nonreversed orientation, as will be discussed shortly. The 
vein is harvested through a long incision overlying the course of 
the vein or by more tedious but less invasive sequential skip inci¬ 
sions with intervening cutaneous skin bridges (Fig. 95.7). All side 
branches are ligated and after harvest, the vein is cannulated and 
gently dilated with a solution containing heparin and papaverine 
to assess its suitability. Veins with chronic fibrosis or that fail to 
dilate to a diameter of 3 mm or greater will likely have poor long¬ 
term function. 

An alternative and less invasive approach to saphenous vein 
harvest involves the use of endoscopic technology. In the case of 
harvesting of the greater saphenous vein, small skin incisions are 
made over the saphenofemoral junction and the distal vein, and 
guided by a videoscope inserted distally and advanced proxi- 
mally, the side branches of the vein are serially identified and 
either cauterized or clip-ligated. The vein is then divided distally 
and proximally and removed, leaving the overlying skin undis¬ 
turbed. Advocates of this method cite a significant reduction in 
wound complication rates and reduced rates of hospital stay. 73 
Although it has not been widely adopted by vascular surgeons, 
the technique does have particular theoretical appeal in cases, for 
example, when contralateral saphenous vein is to be utilized or 
the healing potential of the donor leg is compromised. 

For prosthetic grafts, a tunnel is usually fashioned through 
the subsartorial plane between the groin incision and the 
above-knee popliteal space in the interests of protecting the 
graft from subsequent infection. For vein conduits, it remains 
the surgeon’s preference as to whether the graft is tunneled 
deeply or in a superficial location in the subcutaneous space. 
The more superficial configuration greatly facilitates ongoing 
clinical examination and ultrasonographic surveillance as well 
as later surgical revision, but carries a risk of graft exposure 
should there be wound healing problems. Occlusion from 
trauma to grafts placed superficially has been of theoretic, but 
not practical, concern. 

It is our practice to perform the proximal anastomosis prior 
to the distal anastomosis. First, this allows confirmation of ade¬ 
quate inflow before the bypass is performed. Second, perfor¬ 
mance of the proximal anastomosis first allows the graft to be 
tunneled and tailored to appropriate length under arterial pres¬ 
sure. This is of critical importance to prevent kinking along the 
length of the graft. Some surgeons also prefer to mark the dis¬ 
tended graft to ensure against mechanical twisting of the graft 
during the tunneling process. An additional benefit of perform¬ 
ing the proximal anastomosis first is that adequacy of flow 
through the graft can be assessed, both before and after tunnel¬ 
ing, with brief release of the clamp. 

Prior to occluding the target vessel, the patient is systemically 
anticoagulated with 5,000 to 10,000 units of heparin. Additional 
heparin is given throughout the procedure to maintain the acti¬ 
vated clotting time near the target range of 250 to 300 seconds. 
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After allowing sufficient time for the heparin to circulate, atrau¬ 
matic vascular clamps are placed proximally and distally and the 
artery is incised. The vein is then spatulated and a beveled anas¬ 
tomosis carried out. Typically, a 5-0 monofilament suture of 
polypropylene is used for the femoral anastomosis, a 6-0 used at 
the popliteal level, and a very fine 7-0 suture used at the tibial or 
pedal level. If the target tibial vessel is deep within the calf and 
visibility is challenging, a technique of “parachuting” the heel of 
the distal anastomosis is often employed. After completing the 
proximal anastomosis, the graft is carefully tunneled under arte¬ 
rial pressure. Occasionally, such extensive calcification of the tar¬ 
get vessel is encountered that the risk of a significant injury from 
clamping, even with the minimally traumatic clamps in use 
today, is prohibitively high. In such cases, proximal inflow and 
distal artery backbleeding can be controlled by occlusion bal¬ 
loons placed intraluminally. For distal anastomoses at the knee 


or more distal level, another alternative technique is the use of a 
proximally placed sterile pneumatic tourniquet. This technique 
is particularly advantageous when sewing to diminutive distal 
tibial or pedal targets, where the impact of a crush injury or 
plaque dislodgment on graft function could be considerable. 
Removing the need for clamps by using the tourniquet has two 
further advantages. First, it improves the operative visibility. Sec¬ 
ond, and more importantly, given that less longitudinal and cir¬ 
cumferential dissection is needed, the degree of vessel spasm and 
venous bleeding that frequently accompanies vessel exposure at 
this level is kept to a minimum. 

Flow through the graft and the outflow arteries is assessed 
following completion of the bypass with a continuous wave 
Doppler. Ideally, a contrast angiogram is also performed after 
directly cannulating the proximal graft (Fig. 95.8); this allows 
for immediate repair of any technical defects that are identified, 



FIGURE 95.8. Intraoperative completion arteri¬ 
ograms of distal anastomoses to the above-knee 
popliteal (A), below-knee popliteal (B), distal pos¬ 
terior tibial (C), and dorsalis pedis (D) arteries. 
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TABLE 95.1 RESULTS 


FIVE-YEAR PATENCY AND LIMB SALVAGE RESULTS OF INFRAINGUINAL BYPASS GRAFTING 


■ STUDY 

■ PATIENTS, n 

■ CONDUIT 

■ PRIMARY 
PATENCY 

■ SECONDARY 
PATENCY 

■ LIMB 
SALVAGE 

Conte et al., 2001 79 

1,642 

Autogenous vein 

63 

73 

85 

Belkin et al., 1996 51 

568 

In situ vein 

72 

82 

90 


189 

Nonreversed vein 

65 

65 

82 

Shah et al., 1995 52 

2,058 

In situ vein 

72 

81 

95 

Taylor et al., 1990 77 

564 

Reversed vein 

75 

81 

90 

Veith et al., 1986 72 

338 

PTFE to popliteal 

38 


70 


254 

PTFE to tibial 

12" 


61" 

PTFE, polytetrafluoroethylene. 

Tour-year data. 


such as intraluminal thrombus, twisting or kinking of the 
graft, or retained valve cusps. 74 Intraoperative completion 
duplex ultrasonography is an additional sensitive screen for 
hemodynamically significant abnormalities within the graft, 75,76 
and its use further serves to prevent early graft loss caused by 
correctable technical problems. 

Current reports of the 5-year results of reversed saphe¬ 
nous vein graft using modern techniques have been excellent, 
with primary and secondary patency rates of up to 75% and 
80%, respectively, and limb salvage rates as high as 90% 77-79 
(Table 95.1). 

In Situ Grafting. There has been ongoing enthusiasm in 
some circles for in situ vein bypass grafting, whereby except for 
its proximal and distal extent, the greater saphenous vein is left 
undisturbed in its native bed. This technique was first described 
in 1962, 80 but was later popularized by Leather et al. in the late 
1970s. 81 Recent reports of in situ saphenous vein grafting have 
indicated 5-year graft patency rates of up to 80% and limb sal¬ 
vage rates of 84% to 95% 51,52,78,82 - 84 (Table 95.1). 

The in situ approach minimizes trauma to the vein during 
excision and handling and in theory enhances preservation of 
the vasa vasorum and endothelium. It further lowers the con¬ 
siderable risk of wound healing complications seen with tradi¬ 
tional vein harvesting, increases vein utilization, and facilitates 
the creation of more technically precise anastomoses because the 
proximal and distal vein diameters are more closely matched to 
those of the inflow and outflow target vessels (Fig. 95.9). The 
extent of the proximal vein mobilization is dictated by the loca¬ 
tion of the saphenofemoral junction relative to the proposed site 
of the proximal anastomosis. It may at times be necessary to per¬ 
form an endarterectomy of the superficial femoral artery if the 
length of proximal vein is insufficient. Lysis of the valve cusps is 
obligatory given the nonreversed configuration and is facilitated 
by newer, less traumatic valvulotomes that function safely 
through the blinded segments of undissected graft. Critics of this 
technique argue that the advantages listed previously have not 
translated into improved graft function or patency. They further 
argue that the time required and dissection involved in finding 
and ligating substantial side branches that can develop into phys¬ 
iologically important arteriovenous fistulas that “steal” distal 
flow obviates the stated benefits of this approach. Newer tech¬ 
niques using angioscopy and endoluminal coiling 85 of larger side 
branches may help to minimize these concerns. 

Angioscopic assisted valve lysis has been employed for over 
a decade, but has not gained widespread favor. Although there 
is a significant learning curve with this technology and operative 
times, at least initially, are significantly prolonged, advocates 
cite fewer wound complications, shorter hospital stays, and 
decreased recuperative periods as potential benefits. Proponents 


of routine angioscopy for direct visualization of valve lysis stress 
its particular utility in demonstrating such unsuspected endolu¬ 
minal venous pathology as phlebitic strictures, webs, and 
fibrotic valve cusps. 86 This adjunct may be particularly useful in 
cases in which arm vein is used because endoluminal pathology 
is more frequently encountered and is presumably responsible in 
part for suboptimal results. 87 

Nonreversed Saphenous Vein Grafts. Recognizing the 
many practical advantages inherent to the in situ technique, 
some surgeons have modified the approach to infrainguinal 
bypass grafting with venous conduit to incorporate several of the 
same principles. 51 In particular, if the harvested vein is tapered to 
any significant extent, it is used in a nonreversed fashion. By 
optimizing the size matching between the artery and vein at both 
the proximal and distal anastomosis sites as discussed previously, 
one can often accept for use smaller veins than would be suitable 
for reversed vein grafting. The nonreversed configuration also 
allows preservation of the saphenous vein hood, which both 
extends the available conduit length and is especially beneficial 
when the femoral artery is thick walled and diseased. 

The vein is harvested and dilated in a similar fashion to 
reversed vein grafts and the cusps of the proximal valve of the 
greater saphenous vein are excised under direct vision with fine 
Potts scissors. There are currently two main types of valvulo¬ 
tomes available. The modified Mills valvulotome is a short, 
metal, hockey stick-shaped cutter that can be introduced 
through the distal end of the vein or through the side branches. 
After the proximal anastomosis is performed, and with the per¬ 
fused conduit on gentle stretch, the valves are carefully lysed in 
a sequential fashion by pulling the valvulotome inferiorly. An 
alternative, recently designed self-centering valvulotome allows 
lysis of all valves in a single pass and is thought by some to be 
less traumatic. Once acceptable pulsatile flow is ensured, the 
distal anastomosis is performed in the standard fashion. 

It is important to note that similar patency rates have con¬ 
sistently been demonstrated regardless of which technique is 
applied, 83,84 and so surgeon preference and comfort level is an 
acceptable reason for choosing one method over another. 

Prosthetic Bypass. It is recommended that infrainguinal 
bypass surgery be performed with saphenous vein or an autolo¬ 
gous substitute whenever feasible given the clearly demonstrated 
enhanced patency rates. 51,88 Some institutions more frequently 
rely on prosthetic grafts. When the distal target is the above-knee 
popliteal artery and the tibial outflow is relatively well preserved, 
this is an acceptable approach, as patency rates in this situa¬ 
tion approach those of vein grafts. 89 A variety of surgical 
adjunctive procedures, from patching the distal anastomotic 
target vessel to the creation of a distal arteriovenous fistula or 
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various autogenous vein cuffs interposed between the distal 
prosthetic and the target artery, have all been attempted as a 
means of improving the patency rates of grafts extending below 
the knee. 90 More recently, flared grafts designed to minimize tur¬ 
bulence and shear stress between the prosthetic and native vessel 
have gained some popularity. Polyester (Dacron) and polytetra- 
fluoroethylene (Teflon) grafts are the two main types of prosthetic 
available and, as in other anatomic positions, available data show 
generally equal results with either choice. The entire procedure 
is carried out through two small proximal and distal incisions 
between which the graft is tunneled anatomically. The selection 
of a 6- or 8-mm graft is dictated by the size of the native vessels. 

Reoperative Bypass Surgery. As the patient population 
treated by vascular surgeons has increased in age, and more 
and more challenging cases are accepted for primary treatment, 
there has been a corresponding increase in the incidence of 
reoperative bypass surgery performed for infrainguinal arterial 
occlusive disease. Such reoperative procedures are particularly 
challenging, both because of the scarring present at the inflow 
and outflow target sites and because there is typically a lack of 
ipsilateral greater saphenous vein. Whenever possible, the first 



FIGURE 95.9. A: In the in situ method of infrainguinal reconstruc¬ 
tion, the saphenous vein is left undisturbed in its native bed except for 
at the proximal and distal anastomotic sites, in this case the common 
femoral artery and the tibioperoneal trunk, respectively. B: The 
saphenofemoral junction is transected in the groin, the venotomy in 
the femoral vein is oversewn, and the proximal end of the saphenous 
vein spatulated in preparation for anastomosis. C: After the first 
venous valve is excised under direct vision, the graft is anastomosed 
end to side to the femoral artery. Flow is then restored through the 
vein graft and the valvulotome passed from the distal end to lyse the 
residual valves (D) before the distal anastomosis is performed (E). 


problem is addressed by choosing anastomotic sites just above 
or below the previous touchdown points, thereby avoiding dis¬ 
section through often densely scarred tissue planes. When ipsi¬ 
lateral greater saphenous vein is absent because of prior 
infrainguinal or coronary artery bypass surgery or prior saphe¬ 
nous vein stripping, there are a number of alternative conduit 
sites available. Investigators examining the consequence of 
using the contralateral greater saphenous vein in these situa¬ 
tions found it to be the optimal conduit; despite the presumably 
high incidence of contralateral lower extremity as well as coro¬ 
nary occlusive disease in this population, the short- and long¬ 
term impact was found to be minimal. 91 

In the absence of any greater saphenous vein, preoperative 
venous duplex ultrasonography is employed to evaluate the 
cephalic and basilic veins of the arms and the lesser saphenous 
veins of the legs in an effort to determine the best conduit avail¬ 
able. Often the veins distal to the antecubital crease are scarred 
and of small caliber, but their more proximal counterparts are 
often of excellent size and quality. The use of arm veins in general 
can be extremely technically challenging and for that reason has 
not been universally adopted. The dissection of the basilic vein 
can be particularly tedious as it has multiple side branches and 
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FIGURE 95.10. Creation of a composite graft from two or more seg¬ 
ments of arm vein or lesser saphenous vein is sometimes necessary to 
obtain the desired length of fully autogenous conduit for infrainguinal 
bypass. A widely spatulated venovenostomy is optimal. 


lies adjacent to several important nerves. As arm veins are often 
relatively short, a venovenostomy is often required to create com¬ 
posite grafts long enough to complete the arterial reconstruction 
(Fig. 95.10). This is performed with generous spatulation of each 
vein hood to create a widely patent vein-to-vein anastomosis. 
Given their thin-walled nature, arm vein grafts are also quite 
prone to twisting and kinking, and special care must be taken 
during the tunneling process to avoid these problems. The more 
proximal arm veins can be relatively large, and it is often advan¬ 
tageous to use one or more of the segments in a nonreversed fash¬ 
ion to better match the graft to the inflow vessel size. 

Not surprisingly, the results of reoperative infrainguinal 
bypass surgery do not match those of primary reconstruction. 
With autogenous vein, 5-year patency rates of 60% and limb sal¬ 
vage rates of 70% to 80% have been reported. 26,91 Coumadin is 
often used postoperatively in patients with compromised out¬ 
flow or in whom the conduit was of marginal quality and has 
been associated with improved long-term patency. 92 


Postreconstruction Management 

© Many patients undergoing surgical reconstruction for arterial 
insufficiency require one or more adjunctive operative proce¬ 
dures of their foot. Small, uninfected ulcerations of the toe or 
foot often can be safely managed conservatively. However, 


larger, gangrenous lesions of the toe, forefoot, or heel usually 
require debridement of all necrotic tissue at the completion of 
the revascularization procedure. If the ischemia is particularly 
severe or infection is present, a toe or transmetatarsal amputa¬ 
tion may be necessary in order to achieve a margin of healthy 
tissue. This is particularly important in patients with diabetes 
or end-stage renal disease, in whom persistent infection or 
necrosis can result in limb loss despite the presence of a well- 
revascularized extremity. The wounds are usually left open 
and treated with saline wet-to-dry dressings or newer, vacuum 
sponge dressings. Serial debridements on the ward or in the 
operating room are often necessary for the larger wounds, 
which can then be surgically closed after an interval healing 
period or allowed to slowly close via secondary intention over 
time. 

Unless otherwise contraindicated, all patients are main¬ 
tained indefinitely on an antiplatelet regimen with either 
aspirin or clopidogrel following surgical bypass. As stated pre¬ 
viously, in cases in which a graft is at increased risk of failure, 
such as in the setting of reoperation or in cases in which com¬ 
promised outflow or a marginal conduit was accepted, the 
antiplatelet agent may be supplemented with heparin and then 
warfarin. 92 Patients with distal calf or pedal incisions should 
be placed on bed rest with leg elevation in the early postoper¬ 
ative period to minimize leg swelling and wound healing com¬ 
plications. Thereafter, aggressive rehabilitation maximizes the 
chances of and shortens the time to a return to full function 
after extensive reconstructive surgery. Ongoing risk factor 
modification in the form of smoking cessation, lipid reduction, 
exercise, blood pressure management, and diabetic blood 
sugar control is of further paramount importance in minimiz¬ 
ing the risk of disease progression or recurrence. 93 


Graft Failure and Surveillance 


Postoperative graft failures are typically classified according to 
the time interval from surgery as early, intermediate, or late. 
Graft thrombosis occurring within 30 days, so-called “early 
graft failures,” are generally thought to be a result of technical 
or judgment errors by the surgeon. Included in this list would 
be such technical errors as twists, kinks, incompletely lysed 
valves, or anastomotic defects, as well as judgment errors in 
using a poor-quality vein or targeting an outflow vessel with 
inadequate runoff to support the graft. Intermediate graft fail¬ 
ures include those between 30 days and 2 years and are gener¬ 
ally attributed to the proliferation of intimal hyperplasia at the 
anastomoses or prior valve sites within the graft (Fig. 95.11). 
Late graft failures occurring beyond 2 years are typically a 
result of the progression of atherosclerotic occlusive disease 
within the inflow or outflow arteries. 

Given the known incidence of graft failure and the poten¬ 
tially dire consequence in terms of limb salvage or preservation 
of limb function in a patient with limited options for sec¬ 
ondary or tertiary bypass, the ability to maintain graft patency 
through early identification and prompt correction of graft 
stenoses is of paramount importance. 94 Serial postoperative 
surveillance scanning with a duplex ultrasound has proven an 
excellent means of accurately identifying hemodynamically 
significant stenoses within the vein graft that threaten the graft 
patency. 95 Velocity criteria have been developed for high-grade 
lesions that may warrant either more intensive surveillance or 
prophylactic intervention. Absolute velocities less than 40 cm/s 
or greater than 300 cm/s or a threefold increase in velocity in 
one segment compared with that of an adjacent segment are 
all indicative of impending graft failure. Confirmation by 
angiography and expeditious treatment by percutaneous cut¬ 
ting balloon angioplasty, surgical patch angioplasty, or inter¬ 
position grafting of such significant lesions minimizes the risk 
of graft thrombosis and ensures optimal long-term graft 
patency. 
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FIGURE 95.11. Arteriogram demonstrating severe stenosis of distal 
graft from intimal hyperplasia, likely at the prior valve site. 


Complications 

The most commonly seen major complications of infrainguinal 
bypass surgery are cardiac in nature and include myocardial 
infarction, congestive heart failure, and arrhythmias. In a 
recent review spanning 20 years and involving more than 1,600 
procedures, the perioperative myocardial infarction rate was 
3%, and the rate of cerebrovascular accident was 1%. 79 
Patients with diabetes mellitus or preoperative renal insuffi¬ 
ciency are at particular risk for developing postoperative renal 
failure (defined as an elevation of serum creatinine >3 mg/dL, 
doubling of the serum creatinine, or the need for hemodialy¬ 
sis), which is seen in up to 2% of patients overall. Patients 
undergoing lower extremity revascularization are also prone 
to wound complications, given the length of incisions and the 
prolonged operating times often required. Wound infection, 
including cellulitis, abscess formation, wound dehiscence, and 
skin flap necrosis, are most commonly seen and can best be 
avoided by gentle handling of the tissue, the use of skin bridges, 
and careful avoidance of skin flaps during vein harvesting. 
Postoperative hematomas, usually caused by slow capillary or 
venous oozing, or seromas are seen in 5 % of patients, and less 
commonly encountered hemorrhage, typically a result of either 
a slipped vein branch ligature or anastomotic disruption, is 
seen in less than 1% of cases. 
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CHAPTER 96 ■ LOWER EXTREMITY AMPUTATION 


MATTHEW J. SIDEMAN, KEVIN E. TAUBMAN, AND BRADLEY D. BEASLEY 


KEY POINTS 


^More than 105,000 lower extremity amputations are per¬ 
formed in the United States annually. 

Q The vast majority of lower extremity amputations are per¬ 
formed for complications of diabetes or arterial insuffi¬ 
ciency. 

@ Emergent amputation is indicated in the face of uncon¬ 
trolled or ascending infection. 

Q Primary amputation is occasionally indicated in cases of 
treatment for lower extremity trauma. 


Q Revascularization is often performed in conjunction with a 
minor amputation, either simultaneously or as a staged 
procedure. 

Q The choice of amputation level depends on the indication 
for the procedure, the condition of the patient, and the 
rehabilitation potential of the patient. 

Q The energy required to ambulate following a lower extrem¬ 
ity amputation increases with ascending level of amputation. 


Surgeons are often involved in treating patients requiring 
lower extremity amputation. An increasing incidence of dia¬ 
betes, peripheral arterial disease, and the aging population has 
put more patients at risk for amputation. Advances in the 
treatment of vascular disease, both surgical and endovascular, 
have worked to counteract these trends and keep the number 
of amputations performed relatively stable. Feinglass et al. 
demonstrated a decrease in major amputation rates in the 
1980s after widespread adoption of distal bypass surgery. 1 It is 
believed that the substantial increase in percutaneous interven¬ 
tions may further contribute to improved limb salvage rates. 

Q Despite these advances, recent estimates show that more than 
105,000 lower extremity amputations are performed in the 
United States annually. 2 Clinical judgment is critical to a suc¬ 
cessful outcome. Factors to consider are primary versus staged 
amputation, initial versus redo revascularization, and timing 
and level of amputation. The surgeon must remember that the 
goal is to maintain maximal function of the patient, not neces¬ 
sarily maximal length of the limb. Consequently, experience of 
the surgeon has been shown to be key to a successful out¬ 
come. 3 


_ INDICATIONS _ 

Q Most lower extremity amputations are performed for compli¬ 
cations of diabetes or arterial insufficiency (Table 96.1). 
Chronic infection and trauma account for less than 10% of the 
total number of amputations. Other indications include neu¬ 
roma, frostbite, malignancy, chronic pain, arterial emboliza¬ 
tion, venous insufficiency, and cryoglobulinemia. 4 

Elective lower extremity amputation in diabetic and vascu¬ 
lar patients is indicated for gangrene (dry gangrene), gangrene 
with infection (wet gangrene), unremitting and nonrecon- 
structable rest pain, and nonhealing ulcers. The goal of the 
operation is to remove all nonviable tissue, relieve ischemic 
rest pain, ensure primary wound healing, and facilitate reha¬ 
bilitation. Elective amputation should only be performed fol¬ 
lowing an evaluation for revascularization procedure by a sur¬ 
geon capable of performing such procedures. Veith et al. 5 
reported that 96% of patients who underwent lower extremity 
arteriography for limb-threatening infrainguinal arteriosclero¬ 
sis were candidates for arterial reconstruction. Advances in 
percutaneous management have expanded treatment options 
to patients who were not otherwise operative candidates. Not 


all patients are candidates for arteriography, including those 
with chronic renal insufficiency, organic brain syndrome, non¬ 
functional limbs, fixed joint contractures, insensate feet, and 
extensive gangrene. 

Spinal cord stimulation (SCS) may offer a chance for limb 
salvage for patients with chronic ischemia in whom recon¬ 
struction is not an option. Based on Melzack and Wall’s theory 
for treatment of chronic pain, 6 the mechanism of pain relief 
and increased blood flow in end-stage peripheral vascular dis¬ 
ease is unclear. Despite this, there is peripheral vasodilatation 
on the microvascular level, which leads to pain relief, 7 
increased claudication distance, 8 ulcer healing, 9 and possible 
limb salvage. 7,10,11 The 1-year foot salvage rate is 60% to 70% 
on average, according to a review of the literature. 12 SCS is 
only appropriate when surgery for revascularization is no 
longer possible. Furthermore, SCS only dilates microvascula¬ 
ture and does nothing for the underlying, progressive periph¬ 
eral vascular disease that is causing the ischemia. SCS, there¬ 
fore, is only a temporizing measure, but can potentially give an 
extended functional period with a procedure that is well toler¬ 
ated and relatively simple to perform. 12 Recently, Gersbach 
et al. have shown that the benefits of SCS persist longer than 
initially thought. 13 

Emergent amputation is indicated in the face of uncon¬ 
trolled or ascending infection. In the case of uncontrolled sep¬ 
sis, it may be a lifesaving maneuver. Similarly, a diabetic 
patient with a foot abscess constitutes a surgical emergency. 
Frequently, incision and drainage with or without a toe or a 
combined toe and metatarsal resection is sufficient to control 
the acute problem. The wounds should be left open in the set¬ 
ting of acute infection. If the process extends beyond the foot, 
a staged amputation should be performed proximal enough to 
control the infection. This can include an ankle disarticulation, 
a guillotine below-knee amputation (BKA), a knee disarticula¬ 
tion, or a guillotine above-knee amputation (AKA). Disarticu¬ 
lations have the advantage of preserving limb length and 
avoiding an open bone in the incision. After the infection is 
controlled, the appropriate amputation can be completed. A 
one-stage primary above-knee amputation can be considered 
in patients who are nonambulatory, have infection involving 
the entire lower leg, have a fixed knee contracture, or have a 
nonfunctional limb. Patients who are too unstable for surgery 
can be temporized with a cryoamputation. 14 

Primary amputation is occasionally indicated as treatment 
for severe lower extremity trauma. Both penetrating and blunt 
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TA B LE 9 I INDICATIONS/CONTRAINDICATIONS 


INDICATIONS FOR LOWER EXTREMITY AMPUTATION 


■ INDICATION 

■ PERCENTAGE 

Complications of diabetes mellitus 

60-80 

Nondiabetic infection with ischemia 

15-25 

Ischemia without infection 

5-10 

Chronic osteomyelitis 

3-5 

Trauma 

2-5 

Miscellaneous (neuroma, frostbite, 
tumor, pain, nonhealing wound) 

5-10 

From Malone JM. Lower extremity amputation. In: Moore WS, ed. 
Vascular Surgery : A Comprehensive Review. Philadelphia, PA: WB 
Saunders; 1993:810. 


injuries of the lower extremities are frequently associated with 
vascular, nerve, bone, and extensive soft tissue injuries. Several 
treatment guidelines have been developed for lower extrem¬ 
ity trauma. Lange 15 recommended primary amputation for 
open tibial fractures with associated vascular injuries if the 
posterior tibial nerve was disrupted in an adult or if the 
duration of warm ischemia was greater than 6 hours in a 
crush injury. In addition, he suggested that primary amputa¬ 
tion was relatively indicated in patients with polytrauma, 
severe ipsilateral foot injuries, and an expected protracted 
postoperative course. These suggestions are supported in work 
by Bosse et al. 16 demonstrating that, in the case of high-energy 
lower extremity trauma, amputation and reconstruction have 
equal functional outcomes at 2 years. Additional guidelines 
have been provided by Johansen et al., 17 who devised a Man¬ 
gled Extremity Severity Score (MESS) to predict the need for 
amputation based on the extent of skeletal or soft tissue dam¬ 
age, limb ischemia, shock, and age. Unfortunately, none of 
these guidelines are predictive of functional recovery in 
patients who undergo limb salvage. 18 Therefore, treatment 
with primary amputation is an extremely difficult decision and 
requires extensive clinical judgment, as well as multidiscipli¬ 
nary input. Contributing factors include the severity of the 
injury, the overall clinical status, and the ultimate rehabilita¬ 
tion potential of the patient. 


EVALUATION FOR 
REVASCULARIZATION 


Modern vascular surgery techniques allow successful limb sal¬ 
vage in situations not previously possible. All patients who pre¬ 
sent for possible lower extremity amputation, including minor 
amputations, should have their peripheral vascular circulation 
evaluated preoperatively. Any patient with absent pedal pulses 
or abnormal ankle-brachial indices should be evaluated by a 
vascular surgeon skilled in both open and endovascular revas¬ 
cularization techniques. The evaluation may require only a 
thorough history and physical examination if there is an obvi¬ 
ous contraindication to revascularization (e.g., nonfunctional 
limb, severe organic brain syndrome). Noninvasive vascular 
laboratory examinations are a mandatory minimum for 
patients with abnormal vascular examinations. Additional 
imaging with either multidetector, helical computed tomogra¬ 
phy angiography (CTA), magnetic resonance angiography 
(MRA), or contrast angiography can be done based on the 
patient’s initial evaluation and vascular laboratory results. The 
information obtained from these tests is heavily dependent on 
the quality of the machinery, the skill of the technologist, and 
the knowledge of the interpreting physician. All of these factors 


must be taken into account when deciding which test to order. 
Contrast arteriography should not be considered a diagnostic 
examination. It may, however, be necessary to fully define the 
patient’s anatomy and determine suitability for reconstruction. 
It is preferred to perform this invasive procedure for preoper¬ 
ative planning or for planned percutaneous intervention. 

Exponential advances in endovascular techniques have 
occurred over the past 10 years. These have found their way into 
the peripheral circulation and have applicability in limb salvage. 
Percutaneous techniques include conventional balloon angio¬ 
plasty, stenting (including balloon-expandable, self-expanding 
nitinol, and covered stents), CryoPlasty, and percutaneous 
atherectomy (including laser, directional, and rotational). The 
Bypass versus Angioplasty in Severe Ischaemia of the Leg 
(BASIL) trial showed no significant difference in amputation-free 
survival among patients with critical limb ischemia when ran¬ 
domized to open or percutaneous revascularization. 19 

In terms of surgical reconstruction, upper extremity 20 and 
cryopreserved cadaver vein 21 have increased the options for 
conduit in limb salvage situations. Prosthetic grafts with vein 
cuffs 22,23 provide other alternatives when appropriate autoge¬ 
nous conduit is not available. More recently, a heparin-bonded 
prosthetic graft has been introduced and early studies show 
promising results. 24 An operation for limb salvage should 
never be denied only for lack of conduit. 

Revascularization is often performed in conjunction with a 
minor amputation, either simultaneously or as a staged proce¬ 
dure. This allows management of the acute problem of sepsis 
and the underlying chronic ischemia. Caution must be taken if 
there is active infection and the only available conduit is pros¬ 
thetic for fear of infecting the graft. Amputation with control 
of infection followed by revascularization is the more prudent 
course. In extreme cases, a limited amputation can be com¬ 
bined with revascularization and a tissue transfer (free or rota¬ 
tional flap) to achieve limb salvage. 25,26 


SELECTION OF 
AMPUTATION LEVEL 


General 


Q The choice of amputation level depends on the indication for 
the procedure, the condition of the patient, and the rehabilita¬ 
tion potential of the patient. The most common amputation 
levels are illustrated in Figure 96.1. Because most amputations 
are performed for complications of diabetes or arterial insuffi¬ 
ciency, the selected level must remove all nonviable, painful 
tissue; allow primary healing; and maximize rehabilitation 
potential. Selection of the amputation level for malignant dis¬ 
ease is dependent on the biologic characteristics of the neo¬ 
plasm and is beyond the scope of this chapter. 

The general medical condition and the rehabilitation poten¬ 
tial of the patient are important factors in deciding to proceed 
with amputation and in selecting the appropriate level. If a 
patient is ambulatory and independent preoperatively, the 
level with the greatest likelihood of maintaining function 
should be selected. If the patient is not ambulatory or has sig¬ 
nificant comorbid conditions, the primary wound-healing rate 
should be the determining factor. 


Specific Situations 

Aggressive attempts to salvage a distal amputation level are 
not indicated for patients who are unlikely to ambulate with a 
prosthesis. 27 For example, patients with fixed joint contrac¬ 
tures greater than 15 degrees at the knee or 10 degrees at the 
hip are unlikely to ambulate with a prosthesis. Below-knee 
amputations are relatively contraindicated in patients with 
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Hip disarticulation 


High thigh 


Mid thigh 


Supracondylar 


Knee disarticulation 


Below knee 


Syme’s 


Trans metatarsal 
Digital/Ray 


FIGURE 96.1. Common amputation levels for the lower extremity. 


paraplegia because flexion contractures at the knee can lead to 
stump ulceration. 


Energy Requirement 

Q The energy required to ambulate following a lower extremity 
amputation increases with ascending level of amputation. The 
more proximal the amputation, the less likely a patient will be 
able to ambulate postoperatively. Table 96.2 illustrates the 
increased energy cost of the common lower extremity amputa¬ 
tions. In clinical practice, the most significant increase is 
between below- and above-knee amputations. Ambulation on 
an above-knee prosthesis requires the use of muscle groups 
poorly suited for that purpose. These increased energy costs 
are minor issues for young trauma or cancer patients; however, 
they may represent a considerable obstacle for the older dia¬ 
betic or vascular patient. 


ITABLE 96.2 

RESULTS | 

REHABILITATION ENERGY COST OF AMPUTATION AT 
VARIOUS LEVELS 

■ AMPUTATION LEVEL 

■ ENERGY COST 

Digital or ray 

Minimal (except first ray) 

Transmetatarsal 

Minimal during normal walking 

Below knee 

30%-60% increase in energy 
required for ambulation 

Above knee 

60%-100% increase in energy 
required for ambulation 

Hip disarticulation 

100%-110% increase in energy 
required for ambulation 


Clinical Assessment 


The primary preoperative consideration for wound healing is 
the status of the skin and muscle blood flow. Operative tech¬ 
nique, the patient’s nutritional status, and the presence of 
infection also affect wound healing. Clinical judgment by an 
experienced surgeon accurately predicts healing of a BKA in 
approximately 80% of cases. 28 A palpable pulse at the level 
immediately proximal to the proposed amputation essentially 
ensures healing 29 ; however, the converse is not true. Noninva- 
sive arterial testing is the most common adjunctive test used to 
predict healing of a specific amputation level. Its usefulness is 
limited when medial sclerosis prevents vessel compression, a 
condition common in diabetic patients. Because the digital ves¬ 
sels are often spared from this process, digital pressure read¬ 
ings may be helpful in this setting. Transcutaneous oxygen 
measurement has been shown to predict primary healing, 
although it is less able to predict failure to heal. 30,31 It has 
become more widely available and has supplanted previous 
less reliable tests that were more limited in availability. Tables 
96.3 to 96.6 summarize the results of various preoperative 
tests to predict wound healing for toe, foot and forefoot, 
below-knee, and above-knee amputations, respectively. 


ITABLE 96.3 

RESULTS | 

PREOPERATIVE LEVEL SELECTION: TOE AMPUTATION 

■ SELECTION 

CRITERIA 

■ SUCCESSFUL HEALING, 
PRIMARY AND 
SECONDARY PER TOTAL 

Empiric 

86/115 (75%) 

Presence of pedal pulses 

357/365 (98%) 

Doppler toe pressure 
>30 mm" 

47/60 (78%) 

Doppler ankle pressure 
>35 mm* 

44/46 (96%) 

Photoplethysmographic digit 
or TMA pressure 
>20 mm* 

20/20 (100%) 


^Systolic pressure (mm Hg). 

TMA, transmetatarsal. 

Modified from Durham JR. Lower extremity amputation levels: 
indications, methods of determining appropriate level, technique, 
prognosis. In: Rutherford RB, ed. Vascular Surgery, 3rd ed. 
Philadelphia, PA: WB Saunders; 1989:1693. 
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ITABLE 96.4 

RESULTS | 

PREOPERATIVE LEVEL SELECTION: FOOT AND FOREFOOT AMPUTATION 


■ SUCCESSFUL HEALING, PRIMARY 

■ SELECTION CRITERIA 

AND SECONDARY PER TOTAL 

Empiric 

11/24 (46%) 

36/50 (72%) 

Doppler ankle systolic pressure 


<40 mm Hg 

5/9 (56%) 

>40 mm Hg 

20/60 (33%) 

40-60 mm Hg 

4/5 (80%) 

>50 mm Hg 

14/21 (66%) 

>60 mm Hg 

68/91 (75%) 

>70 mm Hg 

70/93 (75%) 

Doppler toe systolic pressure 


>30 mm Hg 

4/5 (80%) 

Doppler ankle-brachial pressure index 


>0.45 (nondiabetic) 

>0.50 (diabetic) 

58/60 (97%) 

Photoplethysmographic toe systolic pressure 


>55 mm Hg 

14/14 (100%) 

>45 and <55 mm Hg 

2/8 (25%) 

<45 mm Hg 

0/8 (0%) 

Transcutaneous P0 2 


>10 mm (or a >10-mm increase on Fi0 2 >1.0) 

6/8 (75%) 

>28 mm Hg 

3/3 (100%) 

Transcutaneous PC0 2 


<40 mm Hg 

3/3 (100%) 

Modified from Durham JR. Lower extremity amputation levels: indications, methods of determining 
appropriate level, technique, prognosis. In: Rutherford RB, ed. Vascular Surgery, 3rd ed. Philadelphia, PA: 

WB Saunders; 1989:1695. 


OPERATIVE TECHNIQUE 

General Considerations 


Diabetic patients who present septic require adequate fluid 
resuscitation, broad-spectrum antibiotics (including anaerobic 
coverage), and an emergent operation. Whereas maintenance 
of limb length and function is admirable, control of sepsis and 
wide debridement of all nonviable tissue is essential and poten¬ 
tially lifesaving. All patients require atraumatic tissue han¬ 
dling. Avoid forceps on the skin edge. Excessive skin flaps and 
dead space are also not desired. Amputations done in the face 
of active infection are kept open and treated with dressing 
changes. Consider delayed primary closure in cases where per¬ 
fusion is intact. 

Postoperatively, the limb is elevated to minimize tissue edema 
and promote healing. Weight bearing on the amputation is 
delayed until healing is ensured. This patient population requires 
effective prophylaxis against deep venous thrombosis and 
venous thromboembolism. 


Digital and Ray Amputations 

Digital amputations are indicated for some severe and irre¬ 
ducible deformities as well as gangrene or osteomyelitis local¬ 


ized distal to the base of the proximal phalanx. A technique 
for partial digital amputation is illustrated in Figure 96.2A. 
The circumferential or racquet-shaped skin incision is made 
over the distal end of the proximal phalanx and carried down 
to bone. Nerves and tendons are transected under tension and 
allowed to retract. The proximal phalanx is divided with bone 
shears or a power saw and the transected end smoothed with 
a rongeur. Soft tissue coverage can be performed with either 
medial/lateral flaps or dorsal/plantar flaps depending on skin 
tension and viability. The wound is closed only with simple 
interrupted skin sutures. Judicious use of subcutaneous 
sutures is advised due to danger of vascular compromise to the 
small remaining flaps. Non-weight-bearing restrictions or pro¬ 
tected weight bearing on the heel only in a rigid soled postop¬ 
erative shoe or walking boot until the wound heals is recom¬ 
mended. 

A ray amputation is indicated when the disease process 
extends to the metatarsal phalangeal joint. The technique is 
similar to a digital amputation and is illustrated in Figure 
96.2B. A circumferential incision is made at the base of the in¬ 
volved toe and extended proximally on the dorsum of the foot 
over the metatarsal. The incision is extended to bone. The 
periosteum is cleared circumferentially and the bone is tran¬ 
sected using a power saw at a level that will allow tension- 
free closure of the wound. In the case of the first or fifth toe, 
the incision is extended on the medial or lateral aspect of the 
foot, respectively. Care should be taken to bevel the distal 
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ITABLE 96.5 

RESULTS | 

PREOPERATIVE LEVEL SELECTION: BELOW-KNEE AMPUTATION 

■ SELECTION CRITERIA 

■ SUCCESSFUL HEALING, PRIMARY AND 
SECONDARY PER TOTAL 

Empiric 

794/974 (82%) 

Doppler ankle systolic pressure 
>30 mm Hg 

66/70 (94%) 

Doppler calf systolic pressure 
>50 mm Hg 

36/36 (100%) 

>68 mm Hg 

96/97 (99%) 

Doppler thigh systolic pressure 
>100 mm Hg 

31/31 (100%) 

>80 mm Hg 

104/113 (92%) 

Transcutaneous P0 2 = 0 

0/3 (0%) 

>10 mm Hg 

76/80 (95%) 

(or >10-min increase on Fi0 2 = 1.0) 

>10 and <40 mm Hg 

5/7 (71%) 

>20 mm Hg 

25/26 (96%) 

>35 mm Hg 

51/51 (100%) 

Transcutaneous P0 2 index >0.59 

17/17 (100%) 

Transcutaneous PC0 2 <40 mm Hg 

7/8(88%) 

Modified from Durham JR. Lower extremity amputation levels: indications, methods of determining 

appropriate level, technique, prognosis. In: Rutherford RB, ed. Vascular Surgery. 3rd ed. Philadelphia, PA: 

WB Saunders; 1989:1700. 



metatarsal stump to minimize any prominence that may lead 
to skin breakdown with weight bearing or shoe gear wear. 
Typically, the first metatarsal is beveled from proximal medial 
to distal lateral and proximal plantar to distal dorsal. 
Metatarsals 2, 3, and 4 should be beveled from proximal plan¬ 
tar to distal dorsal. The fifth metatarsal is beveled from 


TABLE 96.6 

RESULTS 1 

PREOPERATIVE LEVEL SELECTION: ABOVE-KNEE 
AMPUTATION 

■ SELECTION CRITERIA 

■ SUCCESSFUL HEALING, 
PRIMARY AND 
SECONDARY PER TOTAL 

Empiric 

390/430 (91%) 

Transcutaneous P0 2 


>10 mm Hg (or 10-mm 
increase on Fi0 2 = 1.0) 

15/23 (65%) 

>20 mm Hg 

12/12 (100%) 

>23 mm Hg 

2/2 (100%) 

>35 mm Hg 

21/24 (100%) 

Transcutaneous PC0 2 


<38 mm Hg 

5/5 (100%) 

Modified from Durham JR. Lower extremity amputation levels: 
indications, methods of determining appropriate level, technique, 
prognosis. In: Rutherford RB, ed. Vascular Surgery , 3rd ed. 

Philadelphia, PA: WB Saunders; 1989:1707. 


proximal lateral to distal medial and proximal plantar to dis¬ 
tal dorsal. 

In selected cases of neuropathic ulcers, the metatarsal head 
can be resected leaving the toe intact. A dorsal longitudinal 
incision is made over the metatarsal bone and the metatarsal 
head is resected with a power saw. Pulsed lavage and careful 
soft tissue inspection will help guide appropriate care for the 
plantar wound (i.e., packing, negative-pressure therapy, or 
ellipse of wound with closure). The dorsal wound is typically 
closed unless severe infection is encountered. 


Transmetatarsal Amputation 

Transmetatarsal amputation (TMA) is a useful procedure that 
maintains a patient’s ability to ambulate without the aid of a 
prosthesis. It is indicated when the gangrenous or infectious 
process involves multiple digits or a portion of the forefoot. 
Care must be taken to plan for the appropriate soft tissue cov¬ 
erage if primary closure is desired. Maximizing the plantar flap 
is most common, but coverage can also be gained from medial 
or laterally based flaps and even filleted toe flaps. If adequate 
soft tissue coverage is not available and a more proximal foot 
amputation (i.e., Chopart joint amputation) is not desired, 
then an open amputation through the metatarsal bones can be 
performed. The wound is allowed to close secondarily or cov¬ 
ered with a skin graft. Skin grafts in this position, however, are 
susceptible to breakdown secondary to the pressure related to 
ambulation. 

The TMA technique is demonstrated in Figure 96.3. A skin 
incision is made on the dorsum of the foot immediately proxi¬ 
mal to the metatarsal heads and extended medially and later¬ 
ally to a point midway between the plantar and dorsal sur¬ 
faces. The plantar incision is made along the digital crease and 
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FIGURE 96.2. A: Digital amputation. A 
circumferential skin incision is made 
proximal to the gangrenous process. The 
proximal phalanx is transected and the 
soft tissue approximated. B: Metatarsal 
head resection (ray amputation). A rac¬ 
quet-shaped skin incision is made with 
the circular component extending cir¬ 
cumferentially around the digit and the 
longitudinal component extending prox¬ 
imal to the metatarsal head. The 
metatarsal is transected proximal to the 
head and the soft tissue approximated. 




extended diagonally medially and laterally to connect to the 
dorsal incision. The dorsal incision is deepened to the perios¬ 
teum, which is cleared with a small periosteal elevator. The 
metatarsal bones are transected 0.5 to 1.0 cm proximal to the 
dorsal skin incision. The plantar flap is fashioned by contin¬ 
uing the dissection just superficial to the metatarsal heads. 
Care is taken to maintain plantar flap thickness. The nerves 
and tendons are transected sharply under tension and 
allowed to retract. The plantar flap is rotated anteriorly and 
assessed for length. Excess tissue is excised sharply and the 
deep tissue is approximated with absorbable suture. The skin 
is closed without tension using monofilament suture or skin 
staples. 

Weight bearing is delayed for 1 month to allow adherence 
of the plantar flap. Either a soft dressing or a short leg cast can 
be used for a postoperative dressing. 

Staging a tendo-Achilles lengthening (TAL) is important to 
consider following (or at the same time if no infection is present) 
a partial foot amputation. Ulcer formation at the TMA stump site 
is often related to equinus formation due to the ensuing flexion/ 
extension imbalance that occurs after resection of the forefoot. A 
simple triple hemisection percutaneous TAL can effectively 
lengthen the Achilles and reduce future pressures at the stump 
site. 32 Other tendon-balancing procedures may be needed to con¬ 
trol varus and valgus contraction deformities that can develop. 


Syme Amputation 

The Syme amputation is a foot amputation that preserves limb 
length and the epiphyseal growth plates and allows occasional 
ambulation without a prosthesis. It is indicated in cases of 
extensive foot trauma or other nonviable tissue conditions dis¬ 
tal to the hindfoot. The Syme amputation is contraindicated if 
a supple intact heel pad and a well-vascularized hindfoot tissue 
flap are not available. 

The procedure can be performed in one or two stages, as 
illustrated in Figure 96.4. The initial steps for both procedures 
are identical, except that the skin incision for the two-stage 
procedure is located 1.5 cm more distally. The skin incision for 
the one-stage procedure extends from the medial to the lateral 
malleolus in the horizontal and vertical planes. The dorsal 
incision is extended to the bone, and the tendons are tran¬ 
sected under tension. The anterior tibial artery is identified, 
divided, and suture ligated. The dissection is carried into the 
tibiotalar joint space as the foot is forcibly plantar flexed. The 
ligaments are transected and the talus is dislocated. The plan¬ 
tar aspect of the incision is deepened to the calcaneus, and the 
calcaneus is sharply dissected from the plantar fascia. The 
plantar fascia is densely adherent and care must be taken to 
prevent damage to the heel pad, especially at the level of the 
Achilles tendon. The posterior tibial artery must be preserved, 
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FIGURE 96.3. A: Skin incision for the transmetatarsal amputation is made on the dorsum of the foot immediately proximal to the metatarsal 
heads and on the plantar surface within the digital crease. B: Metatarsal heads are transected proximal to the skin incision and separated from 
the plantar soft tissue flap along a plane adjacent to the bone. C: Plantar soft tissue flap is rotated anteriorly and approximated. 


because it perfuses the heel pad. The foot is then removed. The 
two procedures differ from this point forward. 

In the one-stage procedure, the medial and lateral malleoli 
are transected flush with the tibiotalar joint space, and the heel 
pad is rotated over the ends of the tibia and fibula. The deep 
fascial layers are approximated with absorbable suture and the 
skin is closed with monofilament suture or skin staples. Secur¬ 
ing the distal end of the remaining plantar fascia to a small drill 
hole in the distal anterior tibia will help anchor the plantar flap 
and reduce posterior migration. In the two-stage procedure, the 
heel pad is similarly positioned and the wound is closed with¬ 
out further bone transection. In 6 weeks, elliptical incisions are 
made over the medial and lateral malleoli and the distal ends of 
the tibia and fibula are transected flush with the ankle joint. In 
addition, the distal flares of the tibia and fibula are transected, 
creating the rectangular stump of the two-stage procedure. The 
wound is closed in a similar fashion. For both procedures, 
weight bearing is delayed for at least 4 weeks to allow heel pad 
fixation. A soft dressing or a short leg cast can be used. 


Below-knee Amputation 

The complications of diabetes and arterial insufficiency consti¬ 
tute most of the indications for below-knee amputations. 


Tables 96.5 and 96.6 outline the criteria used to decide 
between a BKA and an AKA in this setting. 

The most common technique, using a long posterior flap, is 
illustrated in Figure 96.5. When gangrene, wounds, or incisions 
preclude the use of a posterior flap, equal anteroposterior or 
sagittal flaps can be used; however, the posterior flap is associ¬ 
ated with the highest incidence of primary healing and is thus 
preferred whenever possible. This higher rate of healing 
reflects the fact that the posteriorly located gastrocnemius and 
soleus muscles are supplied by the sural arteries that originate 
proximal to the knee. 

The proposed skin incision is drawn on the leg with a 
marker. The tibia should be transected 10 cm distal to the tib- 
ial tuberosity and the anterior aspect of the skin incision 
should be 1 cm distal to the site selected for the tibial transec¬ 
tion. The anterior incision is extended medially and laterally. 
The length of the anterior incision should equal two thirds of 
the circumference of the leg at the proposed level of the tibial 
transection. The incision is then extended longitudinally along 
the medial and lateral aspects of the leg. The length of the lon¬ 
gitudinal incisions should equal one third of circumference of 
the leg at the level of the tibial transection. It is prudent to err 
on the side of making the posterior flap too long and trim 
excess length at the time of closure. The medial and lateral 
incisions are connected posteriorly. Curving the transitions of 
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FIGURE 96.4. A: Skin incision for the one-stage Syme amputation connects the medial and lateral malleoli in both the horizontal 
and vertical planes. The skin incision for the two-stage procedure is located approximately 1.5 cm further distally. B: Incision is 
extended into the tibial-talar joint space, and the foot is placed in forced plantar flexion. C: Calcaneus is sharply dissected from the 
adherent plantar fascia along a plane adjacent to the bone. D: Heel pad is rotated anteriorly and approximated after the calcaneal 
dissection in the two-stage procedure and after the additional transection of the medial and lateral malleoli in the one-stage proce¬ 
dure. E: Elliptic incisions are made over the medial and lateral malleoli during a second operation for the staged procedure. The 
medial and lateral malleoli are transected flush with the ankle joint, and the distal flares of the tibia and fibula are removed. F: Two- 
stage procedure results in a less bulbous, more cosmetically acceptable residual limb. 
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FIGURE 96.5. A: Skin incision for a below-knee amputation based on a posterior flap is made 11 cm distal to the tibial tuberosity and extended 
medially and laterally to the midpoint of the calf. The length of the posterior flap is about 2 cm longer than the diameter of the calf at the point 
of the proximal incision. B: Tibia is transected 1 cm proximal to the skin incision. The fibula is transected an additional 1 cm proximal to the 
level of the tibial transection, and the posterior calf muscles are incised along the plane of the skin incision. C: Anterior aspect of the tibia is 
beveled at an angle of about 45 degrees, and the bone edges are filed. D: Posterior flap is rotated anteriorly and approximated. 


the incision prevents the accumulation of redundant tissue 
at the medial and lateral aspects of the completed amputation. 
The skin incisions should be down to the fascia to allow sepa¬ 
ration of the skin edges. This step decreases the chance of inad¬ 
vertent injury to the posterior flap later in the procedure; how¬ 
ever, the greater and lesser saphenous veins need to be ligated 
and transected. 

The anterior aspect of the incision is deepened through the 
periosteum of the tibia. The muscles of the anterior compart¬ 
ment are divided at the level of the skin incision and the ante¬ 
rior tibial neurovascular bundle is identified and suture li¬ 
gated. The proximal tibia is circumferentially cleared of 
periosteum, and transected 1 cm proximal to the skin incision. 
The anterior aspect of the tibia is cut on a 45-degree angle. The 
fibula is cleared and transected 1 cm proximal to the transected 
tibia. The bones are divided with either a power-driven recip¬ 
rocating saw or a manual saw. Regardless, care must be taken 
to avoid trauma to the anterior skin flap. 


The posterior tibial and peroneal neurovascular bundles 
are identified and suture ligated. The tibia is retracted anteri¬ 
orly and the posterior musculature is divided along the plane 
of the longitudinal skin incisions using an amputation knife. 
Extreme caution must be taken to avoid injury to the skin 
edges of the posterior flap during this step. Often a scalpel is 
needed to complete the division of the gastrocnemius tendon 
distally. The specimen is removed; manual compression 
achieves temporary hemostasis while the remaining vascular 
structures are identified and ligated. The posterior tibial nerve 
is retracted distally, ligated, transected sharply, and allowed to 
retract. The posterior flap is rotated anteriorly to assess thick¬ 
ness and length. Frequently, the musculature needs to be 
debulked to allow a tension-free closure. Rough edges of the 
bones are filed smooth and the wound is irrigated. Bone wax 
is not used. A closed-system drain may be placed to prevent a 
hematoma. The end of the tibia is covered and stabilized with 
the deep posterior musculature using absorbable sutures. The 
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gastrocnemius fascia is approximated to the anterior fascia 
using absorbable suture. The subcutaneous tissue is closed 
with absorbable suture to minimize tension on the skin edges 
and the skin is closed with monofilament suture or staples. 

The length of the BKA may be shortened if required by the 
infectious or gangrenous process. Although not ideal, a short 
BKA is functionally superior to an AKA. In the extreme case, 
the tibia can be transected at the level of the tibial tuberosity 
and the stump can still be fit with a prosthesis. If a BKA is nec¬ 
essary at this level, the biceps tendon and collateral ligament 
should be sutured to the tibia, the common peroneal nerve 
should be transected above the knee, and the fibula should be 
removed. 

In the face of extensive foot infection, an open (guillotine) 
amputation should be performed as the first part of a staged 
procedure. A circumferential incision is made in the distal leg 
just proximal to the malleoli. The fascia is divided, and the tibia 
and fibula are dissected free. The bones are divided at the level 
of the skin incision. All major neurovascular bundles are suture 
ligated and the remaining soft tissue is divided to complete the 
amputation. Several sutures are placed through the skin and 
underlying fascia to prevent retraction. The wound is left open 
and dressed. A negative-pressure dressing may be used and sim¬ 
plifies wound care. A definitive BKA is delayed until the infec¬ 
tious process has resolved, which typically occurs within a 
week. Ankle disarticulation is an alternative to a guillotine 
BKA. An incision is made at the level of the ankle joint. Vascu¬ 
lar structures are suture ligated. The tendons are divided sharply 
entering the ankle joint. The capsule is circumferentially incised 
removing the foot from the leg. The wound is packed open. 


Above-knee Amputation 

An AKA is indicated for patients requiring an amputation with 
a fixed-knee contracture, a nonfunctional limb, or insufficient 
circulation to heal a BKA. Typically, a transverse fish-mouth 
incision is made in the lower thigh. The initial skin incision 
should be carried through the subcutaneous tissue to allow the 
edges to separate. This step will decrease the likelihood of 
inadvertent injury to the posterior skin flap during transection 
of the posterior muscle groups. The greater saphenous vein 
needs to be identified and ligated. The dissection is carried 
down to the femur, which is cleared using a periosteal elevator 
to a level 2 to 3 cm proximal to the skin incision. The superfi¬ 
cial femoral artery is dissected free and suture ligated. The 
bone is transected with a reciprocating or manual saw, and the 
posterior muscle flap is divided with an amputation knife. 
Manual compression with a laparotomy pad on the newly 
divided stump will easily control hemorrhage while vessels are 
identified and ligated or electrocoagulated. The sciatic nerve is 
identified and placed on gentle traction. It is then highly li¬ 
gated, sharply divided, and allowed to retract into the wound. 
The flaps should be power irrigated and hemostasis ensured. 
The fascia is then closed with absorbable suture. The subcuta¬ 
neous tissue is closed with absorbable suture to minimize ten¬ 
sion on the skin edges and the skin is closed with monofila¬ 
ment suture or staples. Alternative incisions can be made to 
accommodate surgical wounds. Most AKA wounds will heal 
even when the femoral pulse is nonpalpable. More proximal 
thigh amputations are performed when arterial perfusion is in 
question. 


Hip Disarticulation 

Lower extremity amputation at the level of the hip is an 
uncommon operation. The indications include malignancy, 
trauma, infection, and, rarely, complications of arterial insuf¬ 
ficiency. Hip disarticulation performed for an ischemic AKA is 


often associated with complications in the absence of revascu¬ 
larization. 33 The technique is well described. 


Cryoamputation 

Rarely, a patient may require an emergent amputation yet 
have overwhelming medical problems that preclude any oper¬ 
ative intervention. In this situation, a temporizing cryoampu¬ 
tation (aka, medical or physiologic amputation) is indicated. 14 
A tourniquet is placed proximal to the infectious or gan¬ 
grenous process and the extremity is packed in dry ice. This 
prevents the systemic release of muscle degradation products 
and allows the required procedure to be delayed while the 
patient’s condition can be stabilized. This technique can be 
performed at any level on the extremity. Consideration of the 
level of tourniquet application is extremely important to pre¬ 
serve as much viable tissue as possible and avoid higher levels 
of limb loss. The dry ice should be placed about 3 inches below 
the tourniquet to reduce the chance of the “freeze line” 
extending proximal to the tourniquet. Adequate pain manage¬ 
ment should always be employed. 

It should be noted that the use of cryoamputation consti¬ 
tutes a commitment to eventual surgical amputation (primary 
or staged). Once initiated, maintenance of the physiologic 
amputation is vital until definitive surgical removal is possible. 
As the frozen tissues thaw, a systemic inflammatory response 
syndrome (SIRS) or sepsis with hemodynamic instability may 
occur as inflammatory mediators are liberated back into the 
circulatory system. The ideal timing to proceed to the operat¬ 
ing room would be as soon as reasonably possible. However, 
the literature describes the successful maintenance of this tech¬ 
nique over many days if necessary. 14,34,35 


Other Lower Extremity Amputations 

Three additional partial foot amputations have been well 
described. A Lisfranc amputation is performed at the tar¬ 
sometatarsal joint level and may be an option if there is inade¬ 
quate soft tissue coverage for a transmetatarsal amputation. 36 
A Chopart amputation is performed at the level of the calca¬ 
neocuboid-talonavicular bones. Consideration of adding a 
percutaneous heel cord lengthening with these amputations 
has been recommended. 37 A partial calcanectomy hindfoot 
amputation has shown good utility for chronic posterior heel 
wounds and calcaneal osteomyelitis. 38,39 This amputation 
involves removal of the posterior body of the calcaneus behind 
the posterior facet of the subtalar joint. Primary closure is typ¬ 
ically possible and patients can ambulate following this 
procedure using a custom orthotic with a heel filler. Knee dis¬ 
articulation is a useful amputation for patients with immature 
growth plates. It is superior to an AKA and allows end weight 
bearing, improved proprioception, and improved prosthetic 
control. The required prosthesis is bulky and less cosmetically 
appealing than that used for a BKA. The technique is well 
described. 40 Rotationplasty is an uncommon procedure per¬ 
formed primarily for treatment of osteogenic sarcoma of the 
thigh. 41 It involves nerve-sparing resection of the femur and 
knee, 180-degree rotation of the leg, and reattachment of the 
leg. This results in a functional, sensate foot that can easily be 
fit with a prosthesis. 


Wound Dressings 

An important consideration after amputation is the type of 
wound dressings applied to the stump. Two important factors 
in the success of an amputation are time to rehabilitation and 
complete wound healing, both of which are influenced by 
postoperative wound care. 42 With transtibial amputations, 
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there are a number of options, such as soft gauze dressings 
with elastic wrap, rigid plaster dressings without immediate 
prosthesis, rigid plaster with immediate postoperative prosthe¬ 
sis, and prefabricated pneumatic postoperative prosthesis. Sev¬ 
eral studies have compared two or more of these options. End 
points are not standardized, however, and most studies are not 
randomized and prospective, making comparisons and meta¬ 
analysis difficult. 42 

Benefits and drawbacks are found for each postoperative 
option. 42 Gauze dressings with elastic wrap are simple and low 
cost and provide good accessibility to evaluate wound healing. 
On the other hand, they may lead to higher rates of joint con¬ 
traction and increased time to ambulation, and risk pressure 
ischemia from poorly placed elastic wrap. Despite these draw¬ 
backs, no convincing data show that soft gauze dressings are 
inferior to other options. 42,43 A removable knee immobilizer 
may be used in conjunction with gauze dressings to minimize 
the risk of joint contracture. 

Rigid plaster helps with joint contracture and helps protect 
the wound from trauma. With addition of a temporary pros¬ 
thesis, the rigid plaster also promotes early ambulation. The 
plaster, however, does not provide easy access to evaluate and 
care for the wound and if not fitted properly will result in sheer 
stress and thereby break down the wound. Consequently, a 
level of skill in plaster placement is required of the surgical 
team to make appropriate and often frequent plaster 
changes. 42 

Finally, a prefabricated pneumatic postoperative prosthesis 
allows early ambulation and weight bearing, easy wound 
access for examination, prevention of joint contracture, and 
wound protection. The prosthesis, however, is bulky and up 
front is more expensive than the simple gauze. Prospective 
studies have demonstrated statistically fewer postoperative 
complications with the pneumatic prosthesis and statistically 
fewer limbs requiring higher revisions. 44 


Complications and Outcome 

Morbidity and Mortality. Operative mortality depends 
on the indication and the level. Mortality rates for major lower 
extremity amputations in vascular and diabetic patients have 
been reported to be up to 35%. 45 Combined mortality rates 
from multiple series are shown in Table 96.7. 46 Cardiovascular 
causes account for two thirds of these deaths, with myocardial 
infarction responsible for one third. 46 This data is further sup¬ 
ported by recent studies by Sandnes et al. 47 and Aulivola et al. 48 
Table 96.8 lists known complications after lower extremity 
amputation. 

Long-term survival following major amputation in the vas¬ 
cular population is shown in Table 96.9. The 5-year survival 
rate is only 37% compared with 85% for age-matched con¬ 
trols. 49 


ITABLE 96.7 


RESULTS 

AMPUTATION MORTALITY 

■ CATEGORY 

■ PERCENTAGE 

■ NUMBER 

Below knee 

2 

25/1,200 

Above knee 

9 

54/609 

Diabetic vs. nondiabetic 

No difference 


After amputation revision 

5.5 

12/218 


From Frang RD, Tayor LM, Porter JM. Amputations. In: Porter JM, 
Taylor LM, eds. Basic Data Underlying Clinical Decision Making in 
Vascular Surgery. St. Louis, MO: Quality Medical; 1994:154. 


TABLE 96.8 

COMPLICATIONS | 

COMPLICATIONS OF LOWER EXTREMITY AMPUTATIONS 

■ SYSTEM 

■ COMPLICATION 

Cardiac 

Arrhythmia, congestive heart failure, 
myocardial infarction 

Pulmonary 

Pneumonia, pulmonary embolism 

Renal 

Renal failure, urinary tract infection 

Cerebrovascular 

Stroke 

Hematologic 

Deep venous thrombosis, pulmonary 
embolism 

Wound 

Hemorrhage, hematoma, infection, failure 
to heal 


Deep Venous Thrombosis 
and Pulmonary Embolism 

The incidence of deep venous thrombosis following lower 
extremity amputation ranges from 4% to 38%. 50-52 Prophy¬ 
lactic measures including subcutaneous heparin, low-molecular- 
weight heparins, early mobilization, and pneumatic compres¬ 
sion devices should be used as indicated. 


Stump Complications 

Stump complications include nonhealing, infection, hematoma, 
contractures, ulceration, phantom pain, and trauma. Although 
most amputations heal primarily, a small percentage do not. 
Amputation at a more proximal level usually is successful. 
Postoperative infections complicate 12% to 28% of all ampu¬ 
tations, with the percentage higher in cases performed for 
infection. 53 Local wound care with drainage, debridement and 
dressing changes, and systemic antibiotics should be instituted. 
Wound hematomas are best treated with prevention. Meticu¬ 
lous hemostasis and avoidance of subcutaneous cavities 
decrease their incidence. Hematomas should be treated in the 
operating room with evacuation, irrigation, and closure of the 
wound. 

Joint contractures complicate 1% to 3% of all amputa¬ 
tions. 45,49 These contractures can occur rapidly postopera- 
tively and are best treated by prevention. Rehabilitation spe¬ 
cialists and physical therapists should evaluate patients 
preoperatively. Active and passive range of motion should be 


TABLE 96.9 RESULTS 


SURVIVAL AFTER AMPUTATION FOR ISCHEMIA 


■ TIME (y) 

■ SURVIVAL RATE (%) 

1 

75 

2 

60 

3 

50 

4 

45 

5 

37 

From Frang RD, Taylor LM, Porter JM. Amputations. In: Porter JM, 
Taylor LM, eds. Basic Data Underlying Clinical Decision Making in 
Vascular Surgery. St. Louis, MO: Quality Medical; 1994:115, with 
permission. 
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initiated immediately postoperatively. Adequate pain medica¬ 
tion, ideally with patient-controlled or epidural anesthesia, 54,55 
is crucial. Pillows and bed positions that result in hip or knee 
flexion are to be strictly avoided. 

Ulcers tend to develop over bony prominences. Poorly fit¬ 
ting prostheses or shoes are the most common causes. Diabetic 
patients with peripheral neuropathy are especially susceptible 
to the development of ulcers following toe and limited foot 
amputations. They can also form on the anterior aspect of 
AKAs secondary to the disproportional contraction of the hip 
flexors relative to the hip extensors. Local wound care and bed 
rest usually lead to healing if the ulcer is superficial. Deep skin 
ulcers with involvement of the soft tissue and the underlying 
bone are more complicated. They often suggest borderline per¬ 
fusion of the stump and require formal revision to a higher 
level to treat definitively. 

Another option in complicated wound closure is negative- 
pressure wound dressing, which has been used for a wide 
range of difficult-to-heal lesions. Studies indicate that this 
dressing technique decreases wound volume, whereas tradi¬ 
tional moist gauze dressings do not. 56 The dressings result in 
granulation tissue and healing in otherwise difficult tissue 
beds, such as diabetic foot ulcers 57 and decubitus pressure 
ulcers. 58 In addition to helping contract the size of the wound, 
negative-pressure dressings also decrease the number and fre¬ 
quency of dressing changes drastically when compared with 
wet-to-dry dressings. They can also be used following open 
amputations to help prepare the wound bed for delayed pri¬ 
mary closure, skin graft application, or other wound closure 
techniques. 

Neuromas are regenerative nerve tissue that forms in 
response to transection. They can lead to pain if trapped in the 
fibrous scar or if irritated by a prosthesis. Proximal nerve divi¬ 
sion under tension during the original operation decreases the 
incidence of this complication. Symptomatic neuromas should 
be treated with proximal resection of the nerve because local 
excision of the neuroma is rarely adequate. 

Some element of phantom extremity pain occurs in nearly 
all amputations, 59 although these complaints are not always 
directed to the treating surgeon. It is necessary to describe 
these common symptoms to the patient and specifically inquire 
about their presence. The pain is disabling in 5% to 30% 60 of 
patients surveyed. Currently, pain is felt to be a component of 
a central pain syndrome and unrelated to either a neuroma or 
the perception of an intact extremity. Although there is no uni¬ 
versally effective treatment, Malone 45 has reported a low inci¬ 
dence with an aggressive rehabilitation program, including 
immediate prosthetic fitting. 

Trauma to a limb following an amputation can convert a 
healed amputation to a nonhealing wound requiring a more 
proximal amputation. Perioperatively, patients with a BKA 
have to be observed closely to prevent attempted ambulation. 
Diabetic patients with retinopathy should not walk barefoot 
following toe and foot amputations secondary to the risk that 
minor trauma may lead to a major wound healing problem. 


Additional Amputation 

The incidence of future amputation in vascular patients is not 
insignificant. Snyder et al. evaluated outcomes after forefoot 
amputations and found that 26% underwent a subsequent 
forefoot amputation and 37% had a more proximal amputa¬ 
tion over 2 years. 61 Cruz et al. demonstrated 17% contralat¬ 
eral amputation in their series. 62 These dismal figures reflect 
the systemic nature of the underlying diseases and emphasize 
the importance of appropriate foot care, patient education, 
close follow-up, and early intervention. 63 A concerted multi¬ 
disciplinary approach can dramatically decrease the incidence 
of initial and subsequent lower extremity amputation. 64 


Special Situations 

In selected cases, hyperbaric oxygen (HBO) therapy can pro¬ 
vide benefit in treating nonhealing amputation sites. Patients 
require thorough evaluation of their cardiopulmonary status 
before initiating such treatment. In addition, the treating sur¬ 
geon has to determine that revascularization is completed or is 
not indicated. Patients may benefit from treatment if there is a 
substantial increase in transcutaneous oxygen pressure 
(TcP 0 2 ) near the wound with administration of 100% oxy¬ 
gen. Daily treatments are typically continued for 30 days. 
Platelet-derived growth factor (becaplermin, Regranex) is 
approved for use in the United States and has been effective in 
the management of diabetic foot ulcers and following open 
foot amputations or debridements. The wound must be clear 
of all necrotic tissue before initiating therapy. 


REHABILITATION AND 
PROSTHETIC MANAGEMENT 


General Considerations 


Rehabilitation must be individualized. For some patients, suc¬ 
cessful rehabilitation means ambulation on a prosthesis and 
resumption of an independent lifestyle. For others, success 
may mean being able to pivot on the contralateral limb to be 
able to assist with transfer. Ambulating with a prosthesis 
depends on the physiologic status of the patient. Table 96.2 
illustrates the dramatic increase in energy requirement with 
increasing level of the amputation. As expected, the chance of 
ambulating on a prosthesis decreases with ascending amputa¬ 
tion level. The percentages of diabetic and vascular patients 
who can ambulate with amputations at various levels are 
shown in Table 96.10. The likelihood of ambulating postoper¬ 
atively is inversely related to the patient’s age and the length of 
the rehabilitation process. 65 Consideration should be given to 
inpatient rehab immediately after the acute care of the ampu¬ 
tation is complete. Not only does this allow strengthening of 
the upper extremities and improved transfers, but it has also 
been shown to reduce 1-year mortality in amputees. 66 


Specific Considerations 

Digital and Ray Amputations. All patients who were 
ambulatory preoperatively should be able to achieve their 


TABLE 96.10 RESULTS 


AMBULATION AFTER LOWER EXTREMITY AMPUTATION FOR 
DIABETES OR OCCLUSIVE DISEASE 


■ AMPUTATION LEVEL 

■ POSTOPERATIVE 
AMBULATION (%) 

Digit or ray 

100 

Transmetatarsal 

100 

Syme amputation 

90-100 

Below knee 

75 

Above knee 

39 

Hip disarticulation 

<100 

From Frang RD, Taylor LM, Porter JM. Amputations. In: Porter JM, 
Taylor LM, eds. Basic Data Underlying Clinical Decision Making in 
Vascular Surgery. St. Louis, MO: Quality Medical; 1994:155, with 
permission. 
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preoperative functional status following a digital or ray ampu¬ 
tation. The first digit and metatarsal head are important for 
weight bearing and for power. A shoe orthosis should effec¬ 
tively compensate for these functions when the patient has 
some training. 

The most important component of postoperative rehabili¬ 
tation for patients following a digital or ray amputation is edu¬ 
cation. The rate of repeat amputation (other toe, more proxi¬ 
mal level, contralateral limb) is extremely high. Several studies 
have indicated that the rate of repeat amputation is diminished 
with a coordinated education program. 67,68 

Transmetatarsal Amputation. A transmetatarsal ampu¬ 
tation minimally increases the energy requirement of ambula¬ 
tion; therefore, postoperative ambulation is expected follow¬ 
ing successful healing. The absence of the toes and metatarsal 
heads results in the loss of some forward thrust during the 
push-off phase of ambulation. This deficit can be overcome 
with either a steel shank or a rigid, roller-soled shoe. The void 
in the distal shoe is filled with an insert. 

Syme Amputation. The prognosis for return to bipedal 
ambulation following a Syme amputation is excellent. The 
required energy expenditure is only 10% more than base¬ 
line. 69 A significant advantage of this amputation is the ability 
to ambulate on the stump with only a cup slipper. Even 
though this activity is permitted on only a limited basis in the 
home, it is much more convenient for the patient, especially 
when arising at night. For routine activity the patient uses a 
prosthesis composed of a nonmotion foot attached to a leg 
shaft. The shaft has a cutout on the medial aspect to allow 
passage of the flared distal end of the stump. The configura¬ 
tion of the distal end of the stump results in a bulbous ankle, 
which is less aesthetically pleasing than the typical below- 
knee prosthesis. 

Below-knee Amputation. The rehabilitation potential 
following a BKA is very good. Even when the indication for 
amputation is arterial insufficiency, approximately 75% of 
patients are able to ambulate with a prosthesis. 46 Multiple 
design options are available; however, the patellar tendon 
and the medial and lateral tibial flares are the weight-bearing 
surfaces for most prostheses. A variety of foot designs are 
possible to permit extension, flexion, rotation, and energy 
storage. 

Above-knee Amputation. Ambulation on an above-knee 
prosthesis is achieved by less than 40% of patients with arte¬ 
rial insufficiency. 46 In this patient population, the rate of 
ambulation on bilateral above-knee prostheses is less than 
10%. 70 Most above-knee prostheses use the ischial tuberosity 
as the primary weight-bearing surface and are secured either 
by a belt or a suction socket. For younger patients, a suction 
socket works well. Patients with groin scars from previous 
revascularization attempts may benefit from a belt mecha¬ 
nism. The knee design depends on the patient’s general condi¬ 
tion and thigh strength. A knee that engages during the stance 
phase of gait is more stable and is frequently used in older 
patients. 
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CHAPTER 97 PATHOGENESIS OF ANEURYSMS 

B. TIMOTHY BAXTER AND G. MATTHEW LONGO 


KEY POINTS 


Q The principle risk factors for abdominal aortic aneurysm 
(AAA) are smoking, increasing age, male gender, and fam¬ 
ily history of AAA. 

Q Population studies reveal a strong genetic predisposition to 
AAA formation, the mechanism of which is currently 
unknown. 

Q Chronic inflammation, macrophages in particular, play a 
key role in the degenerative process. 


Q AAAs are the result of aortic wall degeneration and defec¬ 
tive aortic wall remodeling. 

Q Digestion of elastin and collagen by proteolytic enzymes, 
such as the matrix metalloproteinases, is crucial to aneurysm 
formation. 

Q Structural and hemodynamic factors unique to the infrarenal 
abdominal aorta most likely play a role in aneurysm patho¬ 
genesis. 


An aneurysm is a permanent, localized dilation encompassing 
all three layers of a blood vessel wall. The Committee on 
Reporting Standards of the major North American vascular 
societies more precisely defines an aneurysm as a 50% 
increase in the diameter of a vessel in comparison with its 
expected normal diameter. 1 Aneurysms are usually classified 
based on their etiology and anatomic location. The most com¬ 
mon etiology of an aneurysm is vessel wall degeneration. 
Other less common causes include infection, poststenotic 


dilation, trauma, arteritis, and various connective tissue 
defects (e.g., the high incidence of thoracic aneurysms in 
Marfan syndrome). Despite the occurrence of aneurysms 
throughout the arterial tree, the predominant extracranial 
location for aneurysms is the infrarenal aorta. Intracranial 
aneurysms, although common, appear to be etiologically dis¬ 
tinct from extracranial aneurysms. This chapter focuses on 
the pathogenesis of the degenerative, infrarenal, abdominal 
aortic aneurysm (AAA). 
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CLINICAL RISK FACTORS 

Large-scale studies have shown that patients with AAA pos¬ 
sess many of the same risk factors as those who develop ather- 
Q osclerosis. Increasing age, male gender, and smoking are the 
three chief risk factors for AAA recently identified within the 
Aneurysm Detection and Management (ADAM) cohort. 2 Of 
all the risk factors implicated in this cohort, the strongest modi¬ 
fiable risk factor appeared to be smoking. Although not all stud¬ 
ies of AAA concur, other clinical features associated with 
aneurysms include hypertension, the presence of coronary 
artery disease, hyperlipidemia, and chronic obstructive pul¬ 
monary disease. 3-9 


Abdominal Aortic Aneurysm 
and Atherosclerosis 

Until recently, degenerative AAAs were usually referred to as 
atherosclerotic because of the strong clinical and histopatho¬ 
logic associations between the two disease processes. AAA and 
atherosclerosis share some of the same clinical risk factors, 
and atherosclerotic plaque is almost always present in resected 
aneurysm wall. 10 Some arteries are also known to undergo 
compensatory remodeling in response to atherosclerotic lumi¬ 
nal narrowing. 11 Furthermore, in human autopsy studies, 
increasing amounts of atherosclerotic plaque in the infrarenal 
aorta were associated with localized aortic dilation and thin¬ 
ning of the aortic media. 12,13 

Animal experiments lend support to the hypothesis that 
AAA may be caused by atherosclerosis. In monkeys, Zarins 
et al. 14 demonstrated that withdrawal of an atherogenic diet 
resulted in aortic atherosclerotic plaque regression and an 
associated development of AAAs. In another model primarily 
used to study atherosclerosis, transgenic mice with apolipopro- 
tein E deficiency were found to spontaneously develop aortic 
aneurysms. 15 This characteristic can be augmented by giving 
prolonged subcutaneous infusions of angiotensin II, which has 
many effects including increases in blood pressure. 16 In addi¬ 
tion, recent work has identified a sequence on 9p21 that is 
associated with a clinical phenotype of AAA and myocardial 
infarction providing evidence of a common etiologic factor in 
some individuals with AAA. 

Although atherosclerosis may appear to be directly linked 
with AAA, other evidence suggests that AAA may be its own 
distinct pathologic process. In 1980, Tilson and Stansel 17 
pointed out four important clinical differences seen in groups 
of AAA and aortic occlusive disease patients. They observed 
that AAA patients (a) exhibit a higher ratio of men to 
women, (b) are 10 years older on average, (c) rarely manifest 
symptoms of lower extremity vascular insufficiency, and (d) 
rarely experience problems with late graft patency compared 
with the aortic occlusive disease patients. In addition to these 
observations, multiple studies have also failed to show a con¬ 
sistent, positive association linking AAA with diabetes melli- 
tus, one of the principle modifiable risk factors for athero¬ 
sclerosis. 2-4 In fact, the aforementioned ADAM cohort trial 
found a negative relationship between AAA and diabetes 
mellitus. 

Examination of pathologic specimens reveals histologic dif¬ 
ferences as well. A transmural process is seen with AAA; how¬ 
ever, atherosclerosis is mainly confined with erosion into the 
media in advanced cases. Some researchers have proposed that 
atherosclerosis may even be an incidental finding in AAA, cit¬ 
ing specimens obtained from poststenotic and syphilitic 
aneurysms that can show atherosclerotic changes as well. 18 

In summary, it appears that the development of AAA is not 
simply the end result of the atherosclerotic process. Most 
likely, other factors of equal or greater importance are influ¬ 
encing aneurysm formation. Although the potential role of 


atherosclerosis in initiating a local inflammatory process that 
could lead to AAA in susceptible individuals should not be dis¬ 
missed, other avenues of research aimed at sorting out the 
inflammatory response that leads to this susceptibility may 
prove to be more fruitful in understanding the pathogenesis of 
AAA. Identification of the protein(s) encoded by the sequence 
variant in 9p21 may provide critical new insight into the rela¬ 
tionship between AAA and atherosclerosis. 


CLINICAL AND BASIC 
SCIENCE RESEARCH IN 
ABDOMINAL AORTIC 
ANEURYSM PATHOGENESIS 

Abdominal Aortic Aneurysm 
as a Distinct Pathologic Entity 

Recognizing AAA as a distinct pathologic entity with signifi¬ 
cant morbidity, mortality, and health care costs, the National 
Heart, Lung, and Blood Institute has sponsored efforts to fur¬ 
ther understand its pathogenesis. These efforts are focused on 
four areas: (a) molecular genetics, (b) inflammation and 
immune responses, (c) proteolytic degradation of the aortic 
wall connective tissue, and (d) biomechanical wall stress. 19 
The remainder of this chapter highlights past and current 
research in each of these four areas. 


Challenges in Aneurysm Research 

Before a discussion of AAA research can be fully understood 
and appreciated, there are two important problems that must 
be considered. The first is that almost all of the human AAA 
tissue available for study is sampled late in the course of the 
disease. The early changes in the human aorta during AAA 
pathogenesis are essentially unknown and can only be approx¬ 
imated through the use of animal models. The second problem 
is the lack of a single, well-accepted animal model that repro¬ 
duces the entire spectrum of pathology found in human AAA. 
Currently, there are a variety of animal models, each of which 
develops an aneurysm through a different inciting mechanism. 
Although many of the models and even late-stage human AAA 
disease seem to ultimately converge to similar end-stage 
processes, the events leading to the end-stage disease may in 
fact be very different. Consequently, all AAA research should 
be evaluated within the context of these two problems and the 
limitations of this research should be recognized. 


MOLECULAR GENETICS 


The study of the genetics of AAA serves two purposes. The 
first is that by locating and characterizing genes suspected in 
AAA pathogenesis, investigators may uncover additional path¬ 
ways for more detailed study. These pathways may also pro¬ 
vide potential new targets for pharmacologic intervention. The 
second, and perhaps most important, purpose is to develop a 
means for genetic testing to help identify patients at risk for 
developing AAA early in the course of the disease. 

Although clinicians treating large numbers of patients 
with AAA were undoubtedly aware of clusters of aneurysms 
within families, Clifton 20 was the first to describe three 
affected siblings in 1977. Data supporting this observation 
did not appear until 7 years later, when Tilson and Seashore 21 
described 50 families with more than one affected member. 
In 1986, Johansen and Koepsell 22 reported the incidence of 
AAA at 19% among first-degree relatives of matched con¬ 
trols. A more recent study examining first-degree relatives 
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using ultrasonography corroborated these findings, with 18% 
of affected siblings older than age 60 years harboring AAAs. 23 

Although these studies demonstrated a familial tendency to 
develop AAA, they did not use genetic models to determine the 
specific inheritance pattern of AAA. Two of the more conclu¬ 
sive studies to date have used segregation analyses of large 
pedigrees and both have concluded that the genetic transmis¬ 
sion of AAA is best explained by a single gene rather than by 
multiple factors. However, these studies do not agree on 
whether the gene inheritance is recessive 24 or dominant. 25 In 
contrast, Kuivaniemi et al. 26 published their pedigree analysis 
of 233 families with at least two affected members in 2003. 
They concluded that AAA is a multifactorial disorder without 
a single inheritance mode. 

In addition to traditional pedigree analysis, new tech¬ 
niques in molecular biology and computer technology have 
become available to help investigators study the genetic 
aspects of AAA formation. Two studies using complemen¬ 
tary DNA microarrays analyzed the gene expression profiles 
of human AAA tissue compared to normal and atheroscle¬ 
rotic aortas. AAA tissue demonstrated a pattern showing 
chronic inflammation, smooth muscle cell depletion, athero¬ 
sclerosis, and extracellular matrix degradation that was sig¬ 
nificantly different from the normal aortas. 27,28 Another 
study using whole genome scanning and linkage analysis of 
36 AAA families found possible susceptibility loci on chro¬ 
mosomes 4 and 19, recommending further study of nearby 
candidate genes. 29 

In searching for a gene that might explain AAA, consider¬ 
able work has focused on the genes regulating matrix protein 
metabolism, inflammation, and immune function. With the 
exception of rare cases of collagen mutations, 30 no known 
mutations in matrix proteins can account for the majority of 
AAAs. 19 Helgadottir et al. 30a have recently identified a 
sequence variant on 9p21 associated with a complex of 
myocardial infarction, intracranial aneurysm, and AAA. 
Research has implicated a multitude of polymorphisms in pro¬ 
tease, cytokine, and other immunoregulatory genes thought to 
be associated with AAA (Table 97.1). However, most of these 
studies are small and lack the statistical power to provide 
definitive information, so the contribution of each factor to 
AAA pathogenesis remains to be clarified. Given the multifac¬ 
torial nature of AAA, it is possible and even likely that a com¬ 
bination of polymorphisms may be interacting to bring about 
the AAA phenotype. If so, new analytical approaches will be 
required to identify these combinations. 

Gender differences in AAA offer perhaps the most obvious 
clinical risk factor associated an increased incidence of AAAs. 
Lederle et al. as part of the ADAM trial documented that 
female gender was considered a negative risk factor for devel¬ 
oping a small AAA (odds ratio [ORj 0.47 [confidence interval 
(Cl) 0.32-0.69j for aortic diameter (AD) 3.0-3.9 cm, OR 0.18 
[Cl 0.07-0.48] for AD >4.0 cm). 1 In contrast, the prevalence 
of AAAs among males older than 50 years is four to five times 
greater than age-matched females. 2 After analyzing population- 
based screening studies, Bengtsson et al. demonstrated that 
AAAs also develop 10 to 15 years later in women. 8 Specula¬ 
tion as to why this occurs may be due to decreased circulating 
levels of estrogen in postmenopausal women, as has been sug¬ 
gested by studies in rodents. 


INFLAMMATION AND 
IMMUNE RESPONSES 


Importance of Inflammation 

Q Histologic examination of human AAA tissue demonstrates an 
inflammatory cell infiltrate consisting of T cells, B cells, dendritic 
cells, plasma cells, natural killer cells, and macrophages. 31-33 


These cells are typically located throughout the intima, media, 
and adventitia, and in extreme cases produce what is termed 
inflammatory AAA. In contrast to the panmural inflammation 
of AAA, the microscopic appearance of an atherosclerotic 
aorta shows an infiltrate of T cells and macrophages located 
within the intima and media. 33 In comparing larger versus 
smaller AAAs, Freestone et al. 34 found that as aneurysm 
size increased, so did the intensity of the inflammatory cell 
infiltrate. 

Animal models of AAA confirm the importance of inflam¬ 
mation in the aorta during aneurysm formation. In the elastase 
infusion model, transient infusion of the infrarenal rat aorta 
with porcine pancreatic elastase immediately renders the aorta 
slightly larger than its preperfusion diameter through the 
mechanical disruption of the elastic lamellae. The aorta then 
remains stable in size for nearly 3 days. When examined after 
3 days, however, a 300% increase in size is seen with a con¬ 
current inflammatory cell infiltrate. 35 This model has been 
adapted to mice, with the inflammation and secondary 
enlargement occurring closer to 2 weeks following elastase 
infusion. 36 A second commonly used mouse model employing 
the periaortic application of calcium chloride also shows an 
intense inflammatory cell infiltrate preceding aortic enlarge¬ 
ment. 37 Further evidence that invading inflammatory cells play 
a key role in AAA progression comes again from the elastase 
infusion model. In these experiments, rats treated with either 
cyclosporine or methylprednisolone failed to develop aortic 
inflammation and subsequently did not develop AAAs in com¬ 
parison to placebo-treated control rats. 38 


Recruitment of the 
Inflammatory Cell Infiltrate 

The stimulus for the recruitment of the inflammatory cells into 
the aorta is currently unknown and is an area of ongoing 
research. The elastin degradation product hypothesis suggests 
that as the elastin in the aortic wall breaks down, specific epi¬ 
topes are exposed generating an immune response with subse¬ 
quent inflammatory cell invasion. Supporting experimental 
evidence comes from Hance et al., 39 who studied soluble 
elastin degradation fragments from human AAA tissue. They 
found that these peptides are able to attract mononuclear 
phagocytes in vitro through a specific interaction with a 67-kD 
elastin-binding protein receptor on the phagocytes. Elastin 
degradation products have also been found to induce angio¬ 
genesis in the adventitia of rat aortas. 40 What remains to be 
explained is the inciting event leading to elastin breakdown 
and whether these peptides initiate or help amplify the 
immune response in AAAs. 

Studies of human AAA tissue reveal characteristics consis¬ 
tent with an autoimmune process, namely large amounts of 
immunoglobin G 41 and the presence of plasma cells. 31 Addi¬ 
tionally, a proposed autoantigen has been identified and char¬ 
acterized by Gregory et al. 42 It is a 40-kD protein similar to an 
extracellular matrix component that specifically binds to anti¬ 
bodies isolated from human AAA. However, two more recent 
studies have cast doubt on this autoimmune hypothesis, char¬ 
acterizing the immune response in AAA tissue as relatively 
nonspecific. 43,44 

Infection with Chlamydia pneumoniae has been suggested 
as a possible contributor in the formation of AAA. In one early 
study, investigators found that chlamydial antigens were pres¬ 
ent in a majority of human AAA tissue samples compared with 
healthy control aortas. 45 Subsequent studies have confirmed 
that chlamydia, or chlamydial antigens, are frequently present 
in AAA tissue. 46,47 In another study by Tambiah and Powell 48 
using a rabbit model of AAA, topical treatment of the aorta 
with chlamydial antigens enhanced aneurysm formation 
through a process that could be attenuated by treatment with 
azithromycin. In this instance, the mere presence of the 
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TABLE 97.1 


POLYMORPHISMS ASSOCIATED WITH AAA 


■ REFERENCE 

■ POLYMORPHISM 

■ PATIENTS WITH AAA 

■ PATIENTS WITHOUT AAA 

Schillinger et al. 114 

Heme oxygenase-1 

Homozygous or heterozygous for less 

Homozygous or heterozygous for less 


promotor gene 

than 25 GT repeats, 41% 

than 25 GT repeats, 59% 

Pola et al. 115 

Angiotensin-converting 

Normotension: DD genotype frequency, 

Normotensive controls 


enzyme gene 

70%; II genotype frequency, 5% 

Hypertension: DD genotype frequency, 
32%; II genotype frequency, 21% 

DD genotype frequency, 25% 

II genotype frequency, 32% 

Gerdes et al. 116 

Apolipoprotein E gene 

E3E3 genotype: expansion rate, 2.1 mm/y 
E3E4 genotype: expansion rate, 1.3 mm/y 
E2E3 genotype: expansion rate, 3.1 mm/y 
E2E4 genotype: expansion rate, 4.2 mm/y 


Rossaak et al. 117 

Plasminogen activator 

Familial AAA 

Healthy control subjects 


inhibitor-1 gene promoter 

4G4G genotype frequency, 20% 

5G5G genotype frequency, 26% 
Nonfamilial AAA 

4G4G genotype frequency, 38% 

5G5G genotype frequency, 14% 

4G4G genotype frequency, 35% 

5G5G genotype frequency, 13% 

Wang et al. 118 

TIMP-1 and TIMP-2 

Female TIMP-1 nt 434 

Female TIMP-1 nt 434 


genes 

C allele frequency, 62% 

T allele frequency, 38% 

Male TIMP-2 nt 573 

G allele frequency, 91% 

A allele frequency, 9% 

C allele frequency, 27% 

T allele frequency, 73% 

Male TIMP-2 nt 573 

G allele frequency, 79% 

A allele frequency, 21% 

Kotani et al. 119 

Endothelial nitric oxide 

Patients with AAA requiring operation 

Healthy control subjects 


synthase gene 

5 repeat intron 4 allele frequency, 79% 

4 repeat intron 4 allele frequency, 21% 

Patients with AAA under observation 

5 repeat intron 4 allele frequency, 96% 

4 repeat intron 4 allele frequency, 4% 

5 repeat intron 4 allele frequency, 90% 

4 repeat intron 4 allele frequency, 10% 

Rasmussen et al. 120 

HLA-DR B1 gene 

Patients with inflammatory AAAs 

HLA-DR Bl*15 allele frequency, 47% 
HLA-DR Bl*0404 allele frequency, 14% 

Healthy control subjects 

HLA-DR Bla allele frequency, 27% 
HLA-DR B0404 allele frequency, 3% 

Jones et al. 121 

MMP9 gene 

MMP-9 nt 1562 

CC genotype frequency, 62% 

CT genotype frequency, 35% 

TT genotype frequency, 2.9% 

MMP-9 nt 1562 

CC genotype frequency, 72% 

CT genotype frequency, 28% 

TT genotype frequency, 0.5% 

Brown et al. 122 

IL-10 gene 

IL-10 nt 1082 

G allele frequency, 41% 

A allele frequency, 59% 

IL-10 nt 1082 

G allele frequency, 53% 

A allele frequency, 47% 

Strauss et al. 123 

MTHFR gene 

MTHFR nt 677 

C allele frequency, 63% 

T allele frequency, 37% 

MTHFR nt 677 

C allele frequency, 79% 

T allele frequency, 21% 

AAA, abdominal aortic aneurysm; GT, genotype; HLA, human leukocyte antigen; IL, interleukin; MTHFR, methylenetetrahydrofolate reductase; 

TIMP, tissue inhibitors of metalloproteinases. 

Adapted from Ailawadi G, Eliason JL, Upchurch GR Jr. Current concepts in the pathogenesis of abdominal aortic aneurysm. J Vase Surg 2003;38: 
584-588. 
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chlamydial antigens was sufficient to enhance aneurysm devel¬ 
opment without active infection, leading the investigators to 
suggest that azithromycin most likely worked through an anti¬ 
inflammatory mechanism. Altogether, however, considering 
the high prevalence of chlamydial infection in the general pop¬ 
ulation, 49 strong evidence of specificity for AAA is currently 
lacking. 

Another possible recruitment mechanism involves the 
action of chemokines, a related family of low-molecular- 
weight cytokines that control leukocyte trafficking. Com¬ 
pared with controls, human AAA tissue contains greater 
amounts of the chemokines interleukin-8 (IL-8) and mono¬ 
cyte chemoattractant protein-1. 50 In mice, work using the 
elastase infusion model has demonstrated an increased pro¬ 
duction of the chemokine monocyte chemoattractant protein- 
1 and chemokines regulated on activation (normal T-cell 
expressed and secreted) in aneurysmal tissue. Notably, the 
expression of these chemokines by the aortic smooth muscle 
cells preceded the influx of inflammatory cells during 
the experimental AAA development. 51 Mactaggart et al. 51a 
have investigated the role of three different chemokine recep¬ 
tors using a murine AAA model and mice with targeted dele¬ 
tions of these receptors. CCR2, but not CCR5 or CXCR3, 
was found to be the critical chemokine receptor for aneurysm 
formation. 


Cytokines and Abdominal Aortic Aneurysm 

Once inflammatory cells are present in the aorta, they can 
produce a multitude of effects. One of the most critical func¬ 
tions is that of coordination and direction of the ongoing 
immune response. This effect is achieved through the action 
of cytokines, which can be produced both by invading 
inflammatory cells and by resident mesenchymal cells. The 
cytokine profile of human AAA tissue has been extensively 
examined. Studies of homogenized AAA tissue, as well as 
AAA tissue culture explants, have found overexpression of 
proinflammatory cytokines, such as tumor necrosis factor-u, 
IL-6, and IL-1/3. 52,53 The Thl cytokine interferon-y (IFN-y) 
in conjunction with other Thl cytokines, IL-2, IL-12, and IL- 
18, 4 has also been implicated in human AAA, 52 and elevated 
circulating levels of IFN-y appear to correlate with more 
rapid aneurysm expansion. 54 Furthermore, a recent study 
using the calcium chloride AAA model in mice demonstrated 
that transgenic mice deficient in IFN-y were unable to pro¬ 
duce aneurysms. The ability to generate aneurysms was 
regained with the transplantation of splenocytes capable of 
producing IFN-y. 55 

These findings contrast with recent work implicating 
the Th2 cytokine response. Schonbeck et al. 56 examined the 
cytokine profile of human AAA tissue and found no evidence for 
Thl or IFN-y pathway activation, but rather an abundance of 
IL-4, IL-5, and IL-10, all Th2 cytokines. 56 Extending these 
observations into an animal model, researchers transplanted 
wild-type mouse aortas into mice deficient in IFN-y receptors. 
Despite the absence of IFN-y receptors in all cells save for the 
transplanted aorta, these chimeric mice were able to form large 
aneurysms. Upon treatment with anti-IL-4 antibody, however, 
these transplanted mice were unable to form aneurysms, a find¬ 
ing confirmed in IL-4 knockout mice. 57 These findings had sug¬ 
gested that invading inflammatory cells depend on Th2 signal¬ 
ing pathways for aneurysm development. Recent studies have 
discovered the presence of natural killer (NK) and natural killer 
T (NKT) cells present within the media and adventitia of 
abdominal aortic aneurysms. These cells display a ThO cytokine 
profile, and thus can produce both Thl and Th2 cytokines. 
Based on this finding, it is possible that NK and NKT cells may 
play a role in the pathogenesis of aortic aneurysms rather than 
a Th2-specific cytokine response. 56,57 


Smooth Muscle Cell Depletion 

The presence of inflammatory cells and the cytokine environ¬ 
ments they produce are thought to be responsible for another 
unique feature found in AAA—decreased medial smooth mus¬ 
cle cell density. Histologic examination of AAA specimens 
reveal a paucity of medial smooth muscle cells as well as frag¬ 
mentation of the remaining vascular smooth muscle cells com¬ 
pared with normal and atherosclerotic aortas. 58,59 In addition, 
many of the smooth muscle cells present show features consis¬ 
tent with apoptosis. 58 The significance of these findings is clear, 
as smooth muscle cells are primarily responsible for the depo¬ 
sition and maintenance of the aorta’s normal extracellular 
matrix. This concept was recently illustrated using an aortic 
xenograft rat model, where seeding of the graft with vascular 
smooth muscle cells resulted in protection of the graft from 
inflammation, proteolysis, and aneurysm formation. 60 


Role of Prostaglandins 

Several studies have examined the role of prostaglandin E 2 
(PGE 2 ) in aneurysm formation. In these studies, researchers 
have found an increased expression of cyclooxygenase-2 
(COX-2) localizing primarily to infiltrating macrophages. 
COX-2 is thought to be responsible for the increased PGE 2 lev¬ 
els found in both human aneurysm tissue and conditioned 
media from aortic tissue culture. 61,62 PGE 2 may be important 
in aneurysm pathogenesis by virtue of its ability to alter matrix 
metalloproteinase (MMP) activity, cytokine expression, and 
smooth muscle cell viability. Indomethacin, a nonspecific 
cyclooxygenase inhibitor, decreases PGE 2 in aortic tissue cul¬ 
ture and also has been shown to decrease the size of experi¬ 
mental aneurysms in the rat elastase infusion model. 63 


Oxidative Stress 


Inflammatory cells can also be a significant source of reactive 
oxygen species. These toxic substances, which may also be 
produced by mesenchymal cells and endothelial cells, are capa¬ 
ble of inducing apoptosis of smooth muscle cells and activat¬ 
ing proteases. 64,65 Miller et al. 66 have shown that reactive oxy¬ 
gen species and evidence of oxidative damage are increased in 
human AAA tissue. In rats, using the elastase infusion model, 
investigators have shown that genes associated with oxidative 
stress, such as those coding inducible nitric oxide synthase and 
heme oxygenase, are upregulated during aneurysm develop¬ 
ment. 67 In addition, using the same rat model, inhibition of 
inducible nitric oxide synthase, one of many enzymes capable 
of producing nitric oxide, attenuated aneurysm develop¬ 
ment. 68 Researchers studying mice using the elastase infusion 
model have confirmed that elevated inducible nitric oxide syn¬ 
thase expression and nitric oxide-mediated tissue damage are 
seen during aneurysm formation. However, this same study 
also found that mice lacking the gene for inducible nitric oxide 
synthase were able to form aneurysms in a similar manner to 
controls, casting doubt on the importance of this enzyme in 
AAA pathogenesis. 69 Xiong et al. 69a recently demonstrated 
that inducible nitric oxide synthase-null mice were resistant to 
aneurysm formation using the calcium chloride aneurysm 
model. Among the pathways that generate reactive oxygen 
species, the nicotinamide adenine dinucleotide phosphate oxi¬ 
dase pathway was found to be the critical pathway. 


Protease Production 

Finally, and possibly most importantly, invading inflamma¬ 
tory cells are capable of producing proteases, or inducing 
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surrounding mesenchymal cells to produce proteases, that 
have the ability to destroy the extracellular matrix structures 
necessary for maintaining aortic wall integrity. This concept 
has been extensively studied and is another one of the main 
categories of AAA pathogenesis research. 


PROTEOLYTIC DEGRADATION 
OF AORTIC WALL 
CONNECTIVE TISSUE 


The two principle functions of the aorta, blood transport and 
O transmission of pulsatile energy, demand both tensile 
Q strength and elasticity in its structure. These properties are 
provided mainly by collagen and elastin, two connective tis¬ 
sue proteins synthesized and maintained primarily by resi¬ 
dent mesenchymal cells in the aortic wall. Because the nor¬ 
mal structure and function of the aorta are so dependent 
upon these two proteins, the study of elastin, collagen, and 
their metabolism has provided valuable insight into the 
pathogenesis of AAA. 


Collagen 

Collagen is present both in the aortic media and the adventi¬ 
tia, and is chiefly responsible for imparting tensile strength to 
the aorta. 70 The predominant forms of collagen in the aorta 
are types I and III. 71 When comparing human AAA tissue 
with normal control aortas and aortas with occlusive disease, 
it is clear that the expression of both type I and type III colla¬ 
gens are increased in aneurysmal tissue. 72,73 Moreover, the 
mass of collagen has been shown to increase progressively 
with increasing aneurysm size. 74 This increased expression, 
which appears to be regulated by a soluble tissue factor, 74 
localizes to adventitial fibroblasts, medial smooth muscle cells 
adjacent to inflammatory infiltrates, and transformed myofi¬ 
broblasts within atherosclerotic plaque. 75 Further evidence of 
increased collagen metabolism in AAA was demonstrated by 
finding elevated plasma levels of the aminoterminal propep¬ 
tides of type III procollagen, a marker of type III collagen 
turnover, in AAA patients compared to controls. 76 Mutations 
in type III collagen have been identified and linked to AAA 30 ; 
however, these mutations are rarely the cause of degenerative 
AAA. 19 


Elastin 


Elastin, which comprises approximately 50% of the dry 
weight of the normal aorta, 77 is the other major aortic connec¬ 
tive tissue protein and is responsible for the aorta’s viscous and 
elastic properties. 78 It is synthesized and secreted as a soluble 
monomer, tropoelastin, which is organized and cross-linked 
into insoluble fibers on a preformed scaffold of microfibrillar 
proteins forming the medial lamellae. 79 The unique structure 
of elastin fibers confers resistance to proteolytic degradation 
and the half-life of elastin in human tissues is measured in 
decades. 80 Most elastin is thought to be produced by the early 
postnatal period, although elastin production does continue at 
very low levels into adulthood. 73 Recently, Krettek et al. 81 
identified macrophages within human AAA tissue as a source 
of additional tropoelastin synthesis. This elastogenesis appeared 
ineffective, however, as markers of mature, organized elastin 
were greatly diminished. 

In examining histologic sections of human AAA tissue, one 
of the most striking features is the fragmentation of the medial 
lamellae and the decreased concentration of elastin. 82,83 Para¬ 


doxically, biochemical studies looking at the absolute mass of 
elastin in aneurysmal aortas compared with normal aortas 
have shown larger amounts of elastin in the diseased tis¬ 
sue. 84,85 This finding is most likely explained by poor uptake of 
stain by the newly synthesized and unorganized elastin and 
also by the redistribution of the elastin over a larger aortic 
diameter. Nevertheless, despite an overall increase in elastin 
content, the increase does not keep pace with aortic expansion 
and its concentration is markedly decreased relative to that of 
collagen. 82,85 This effect results in increased stiffness in the 
aneurysmal aortic wall. 


Proteolytic Enzymes 

Because disruption of collagen and elastin is necessary for and 
well documented in AAA pathogenesis, investigators have 
focused intensely on studying the enzymes capable of degrad¬ 
ing them. In the early 1980s, researchers began studying the 
proteolytic activity within human AAA tissue. 86-88 Since then, 
numerous studies have demonstrated the importance of the 
enzymatic degradation of the aortic wall in the development of 
AAA (Table 97.2). 124 Although there are many enzymes capa¬ 
ble of degrading these proteins in vivo, particular emphasis has 
been placed on the study of metalloproteinases. 

Matrix Metalloproteinases. Matrix metalloproteinases 
(MMPs) are a family of structurally related enzymes that are 
capable of digesting the various components of the extracellu¬ 
lar matrix. They are produced by most of the cell types native 
to the aorta, such as endothelial cells, smooth muscle cells, and 
adventitial fibroblasts, and are also produced by invading 
inflammatory cells, such as macrophages. The normal physio¬ 
logic function of these enzymes is thought to be primarily 
extracellular matrix remodeling, although participation in 
other functions, such as cell motility and cell signaling, are also 
known. 89 Most MMPs are secreted from cells in a proenzyme 
form and require some form of processing to become fully acti¬ 
vated. Other MMPs are anchored to cell surfaces to help con¬ 
centrate their activities close to the cell. Regulation of MMP 
synthesis and activity occurs through a number of mechanisms. 
MMP synthesis is primarily regulated at the level of transcrip¬ 
tion. Activity level may be regulated by the processing of the 
proenzyme form to its active form. Endogenous inhibitors (tis¬ 
sue inhibitors of metalloproteinases) and interaction with spe¬ 
cific extracellular matrix components can also affect activity. 90 
Dysregulation of MMP activity has been linked with not only 
vascular disease but also malignancy, rheumatoid arthritis, and 
a host of other pathologic conditions. 

Matrix Metalloproteinase 9. MMP-9, also known as gelati- 
nase B, is one of the most extensively studied MMPs within 
AAA research. MMP-9 has the capacity to degrade both 
elastin and partially hydrolyzed collagen. Using zymography 
and immunohistochemistry, studies of human AAA tissue 
have demonstrated increased amounts of MMP-9 compared 
with control tissue. 91 Furthermore, this MMP-9 localizes to 
areas surrounding infiltrating macrophages in the aortic wall. 
Using the elastase infusion model in mice, Pyo et al. 36 showed 
that mice lacking the gene for MMP-9 were resistant to AAA 
formation. In addition, they were able to show that the key 
source of MMP-9 was in fact the infiltrating macrophage, as 
infusion of bone marrow cells from mice with the MMP-9 
gene into the MMP-9 knockout mice permitted aneurysm 
formation. 

Matrix Metalloproteinase 2. MMP-2, also known as gelati- 
nase A, is another MMP found to be important in AAA patho¬ 
genesis. MMP-2 has the capacity to degrade elastin, but unlike 
MMP-9, MMP-2 can degrade intact fibrillar collagen. 92 MMP-2 
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TABLE 97.2 


ENZYMES ALTERED IN AAA 



■ PRIMARY 



■ REFERENCE 

■ ENZYME 

SUBSTRATE 

■ ALTERATION IN AAA 

■ CELLS OF ORIGIN 

MATRIX METALLOPROTEINASES 




Irizarry et al. 125 

MMP-1 

Collagen I, III 

Increased protein localized to 

Epithelial, inflammatory, 




adventitia 

mesenchymal cells 

Davis et al. 94 

MMP-2 

Collagen I, IV, elastin 

Increased mRNA and protein 

SMCs, fibroblasts 


(gelatinase A) 


localized to mesenchymal cells 


Carrell et al. 126 

MMP-3 

Collagen 

Increased mRNA 

Macrophages 

Thompson et al. 91 

MMP-9 

Collagen, elastin 

Increased protein localized to 

Macrophages, SMCs 


(gelatinase B) 


aortic macrophages 


Curci et al. 95 

MMP-12 

Elastin 

Increased mRNA and protein 
localized to aortic macrophages 

Macrophages 

Mao et al. 127 

MMP-13 

Collagen I, II, III, IV 

Increased mRNA and protein 
localized to mesenchymal cells 

SMCs 

Nollendorfs 

MT-MMP-1 

Activates pro-MMP-2 

Increased mRNA and protein 

Macrophages, SMCs 

et al. 128 

(MMP-14) 


localized to macrophages and 
SMCs 


Tamarina et al. 129 

TIMP-1 

Inhibitor of MMPs 

Increased mRNA levels 

SMCs 

Tamarina et al. 129 

TIMP-2 

Inhibitor of MMP-2 

Increased mRNA levels 

SMCs 

Carrell et al. 126 

TIMP-3 

Inhibitor of MMPs 

Increased mRNA levels 

Macrophages 

CYSTEINE PROTEASES 




Shi et al. 96 

Cathepsin S 

Elastin 

Increased protein 

Macrophages, SMCs 

Shi et al. 96 

Cathepsin K 

Elastin 

Increased protein 

Macrophages, SMCs 

Gacko et al. 130 

Cathepsin D 

Not elastin or collagen 

Increased activity in AAA tissue 

Inflammatory cells? 

Gacko et al. 130 

Cathepsin L 

Not elastin or collagen 

Increased activity in AAA tissue 

Inflammatory cells? 

Shi et al. 96 

Cystatin C 

Inhibitor of cysteine 
proteases 

Decreased protein 

SMCs, fibroblasts 

SERINE PROTEASES 




Jean-Claude et al. 131 

Plasmin 

Activates MMPs 

Increased protein 

Macrophages 

Reilly et al. 132 

Tissue- 

Activates MMPs, 

Increased protein 

Macrophages 


plasminogen 

plasminogen 




activator 




Schneiderman 

Urokinase- 

Activates MMPs, 

Increased mRNA 

Macrophages 

et al. 133 

plasminogen 

plasminogen 




activator 




AAA, abdominal aortic aneurysm; MMP, matrix metalloproteinase; SMC, smooth muscle cell; TIMP, tissue inhibitors of metalloproteinases. 

Adapted from Ailawadi G, Eliason JL, Upchurch GR Jr. Current concepts in 

the pathogenesis of abdominal aortic aneurysm. J Vase Surg 2003;38: 

584-588. 124 






also differs from MMP-9 in that processing of MMP-2 to its 
activated form requires the presence of other membrane-bound 
MMPs. 89 Like MMP-9, MMP-2 levels and activity have been 
found to be greater in human AAA tissue compared with con¬ 
trols 93,94 ; however, whereas MMP-9 is typically not present in 
disease-free aortas, 91 MMP-2 is constitutively produced by res¬ 
ident mesenchymal cells even in histologically normal aortas. 93 
Confirmation of the importance of MMP-2 to AAA develop¬ 
ment has come from the calcium chloride mouse model of 
AAA. In this study, Longo et al. 37 were able to show that the 
targeted deletion of the MMP-2 gene inhibited AAA formation 
and that the key source of MMP-2 production was not invad¬ 
ing inflammatory cells but resident mesenchymal cells. The 
stimulus for the increased production and activation of MMP-2 
in aneurysmal aortas remains unknown. 

Other Matrix Metalloproteinases. MMP-12, also referred to as 
macrophage elastase , is also elevated in human AAA tissue 


compared with controls. Importantly, immunohistochemical 
analysis has localized the enzyme to areas of elastin destruc¬ 
tion. 95 In contrast to MMP-9 and MMP-2, however, MMP-12 
has not been shown to be absolutely required for aneurysm gen¬ 
eration in knockout mice. 36 Levels of other MMPs are altered in 
AAA as well, but current studies have not documented a defini¬ 
tive role for these enzymes in AAA development. 

Other Proteases. In addition to MMPs, other proteases and 
their endogenous inhibitors have been suggested as potential 
contributors to AAA pathogenesis. Cystatin C, an endogenous 
inhibitor of cysteine proteases, appears to be reduced in 
human AAA tissue. 96 Serine proteases, particularly neutrophil 
elastase, have been hypothesized to play a role in AAA forma¬ 
tion because of their potent elastase activities. However, there 
is currently no supporting experimental evidence. Other serine 
proteases, such as those from the plasminogen activator fam¬ 
ily, have been shown to play a role in AAA formation, 
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TABLE 97.3 


POTENTIAL MEDICAL THERAPIES FOR TREATING SMALL AAA 


■ INTERVENTION 

■ REFERENCE 

■ EFFECT ON 

AAA GROWTH 

■ LEVEL OF 
EVIDENCE 

■ CLASS OF 
RECOMMENDATION 

Propranolol 

12, 13 

No inhibition 

A 

III 

Macrolides 

14 

Inhibition 

B 

Ha 

Tetracycline^ 

15 

Inhibition 

B 

Ila 

Statins 

16, 134 

Inhibition 

B 

lib 

ACE inhibitors 

27, 39, 52, 53 

No inhibition 

B and C 

lib 

AR blockers 

48,50 

Animal data 

C 

lib 


ACE, angiotensin-converting enzyme; AR, angiotensin receptor. 
^Inhibition at 6 and 12 months following 3 months of treatment. 


although the main pathogenic mechanism involving these observations are plausible reasons for the development and 
enzymes appears to be activation of MMPs. 97 progression of disease in the infrarenal aorta. 


Potential Medical Therapy. In addition to adding to the 
basic knowledge of AAA pathogenesis, the study of MMPs 
has also led to the realization that inhibition of their activity 
may prevent or slow aneurysm growth. Tetracycline and its 
derivatives are potent inhibitors of MMPs in vitro 98 and in 
animal studies have inhibited aneurysm expansion. 99,100 Small 
trials in human AAA patients have been performed 101,102 ; 
however, definitive evidence for their efficacy awaits large- 
scale randomized trials. Thus, medical therapy for the treat¬ 
ment of AAA, especially smaller aneurysms, may very well be 
an alternative to surgical therapy in the future. 

Overall, four major classes of drugs have been studied as 
therapies for decreasing aneurysm growth rates: beta-blockers, 
antihypertensives (diuretics, angiotensin-converting enzyme 
inhibitors, calcium channel blockers), antibiotics with inhibitory 
function on MMPs, and anti-inflammatory agents (statins, 
nonsteroidal anti-inflammatory drugs) (Table 97.3). A meta¬ 
analysis of the available cohort studies suggests that beta- 
blockers and statins may reduce AAA growth rates. However, 
the results of three randomized control trials for beta-blockers 
do not support the conclusion that beta-blockers have an 
inhibitory effect on AAA growth rates. 6 To date, there are no 
randomized control trials investigating statins and AAA 
growth. 7 The human trials investigating the results of antibi¬ 
otics inhibiting MMPs exhibit promise; however, they were not 
powered adequately to demonstrate statistical significance. 
Interestingly, recent data do indicate that statins also possess an 
inhibitory effect on MMPs, in addition to anti-inflammatory 
properties. 8 


BIOMECHANICAL WALL STRESS 


Unique Conditions in the Infrarenal Aorta 

Q The infrarenal aorta is subjected to unique hemodynamic flow 
patterns and also possesses specific structural characteristics 
that are thought to predispose it toward aneurysm formation. 
Reflected pressure waves from the aortic bifurcation and the 
presence of large renal and splanchnic artery takeoffs result in 
disturbed flow patterns. 103 The elastin-to-collagen ratio 
decreases distally, translating into increased stiffness in this 
section of the aorta. 104 In addition, the absence of vasa vaso- 
rum in the normal abdominal aortic media 105 and the presence 
of a thick intraluminal thrombus are thought to impair oxygen 
and nutrient delivery to the aneurysmal aorta. 106 All of these 


Aortic Wall Stress 


Stress on the aortic wall is one of the key factors involved in 
the rupture of AAAs. Peak wall stress has been demonstrated 
as superior to maximal diameter for predicting the risks of 
AAA rupture. 9 The law of Laplace is often used to explain the 
propensity for larger aneurysms to rupture because it predicts 
wall tension to be directly proportional to the product of the 
radius of a tubular, thin-walled structure (AAA diameter) and 
its intraluminal pressure (patient blood pressure). This expla¬ 
nation may be an oversimplification, however, because AAAs 
are often asymmetric and thick walled with major and minor 
wall curvatures, 10 and become more spherical in shape as their 
size increases. 107 Because of these factors, researchers are 
developing improved methods to help determine patterns of 
stress on the aneurysmal aortic wall, as well as the effect of 
stress on the pathogenesis of AAA. 

Raghavan et al. 108 have recently used a method termed 
finite element analysis to noninvasively determine AAA wall 
stress distribution and AAA rupture risk. Application of this 
method comparing calculated stress values obtained from 
patients near the time of AAA rupture with patients who have 
size-matched electively repaired AAA showed significantly ele¬ 
vated stress values in the ruptured AAA group. 109 Although 
still investigational, these methods could have an important 
impact on determining the indications for operative repair of 
AAAs in the future. 

More recent studies have moved beyond looking at wall 
stress alone and have also focused on aortic wall strength. 
These two elements in combination provide a more accurate 
predictor of rupture, primarily due to the fact that as aortic size 
increases, wall stress increases with a concomitant decrease in 
wall strength. 11 Another element that remains poorly under¬ 
stood is the role of intraluminal thrombus. Models still need to 
be constructed that incorporate intraluminal thrombus to bet¬ 
ter understand its role in the rupture risk of AAA. 


Hemodynamics 

In addition to influencing rupture, hemodynamic factors may 
play an important role in aneurysm initiation and growth. Using 
the elastase infusion model in rats, research has established that 
increases in flow through the injured aorta decrease macrophage 
infiltration into the aortic media 110 and increase macrophage 
antioxidative gene expression. 111 AAAs in these high-flow 
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Part Two: Surgical Practice 


groups also demonstrated a significant reduction in diameter 
compared with the low- and normal-flow groups. Expression of 
MMPs 112 and reactive oxygen species 113 is also influenced by 
hemodynamic factors in experimental aneurysm formation. 


CONCLUSION 


Significant progress has been made over the past 20 years in 
delineating the pathogenesis of AAA. Both clinicians and basic 
scientists will continue to play important roles in studying this 
disease process. It is hoped that by enhancing our knowledge 
of the underlying pathology of AAA, new and improved meth¬ 
ods of diagnosis and treatment will follow. 
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CHAPTER 98 THORACIC AORTIC ANEURYSMS 


GORAV AILAWADI 


KEY POINTS 


Q The risk of thoracic aneurysm disease increases with age. 
Thoracic aortic aneurysms in young patients are most likely 
due to genetic predisposition or familial syndromes. 

Q Careful planning by experienced centers is paramount to 
provide optimal treatment in patients with thoracic aortic 
aneurysms as the morbidity and mortality for surgical 
intervention is significant. 

Q Open surgical repair remains the mainstay for aortic root, 
ascending aortic, and aortic arch aneurysms with very 


acceptable outcomes and low morbidity when performed 
in centers with experienced staff. 

Q Endovascular techniques for the descending thoracic aorta 
have become the preferred treatment approach not only 
for aneurysms but for dissections and traumatic aortic 
injuries as they often can be performed with less morbidity 
than that associated with open surgical treatment. 

Q Endovascular repair still carries the risk of endoleak. In addi¬ 
tion, spinal cord complications are similar with endovascular 
compared to open approaches. 


Aortic diseases constitute the 13th leading cause of death in the 
developed world. Aneurysms can affect the ascending, arch, 
descending, or abdominal aorta. Aneurysms of the thoracic 
aorta, including the ascending, arch, and descending aorta, in 
particular, are associated with high morbidity and mortality 
(Fig. 98.1). An aortic aneurysm is defined as a dilation of the 
diameter of at least 50% greater than baseline. True aortic 
aneurysms affect all the layers of the aortic wall—intima, 
media, and adventitia—and should be distinguished from false 
aneurysms , which occur after trauma or other injury and con¬ 
sist of the media and adventitia. Aortic dissections are intimal 
tears resulting in blood propagating within the medial layer. 
Intramural hematoma is the presence of blood within the wall 
of the aorta without a definite intimal tear. 

Although understanding of the pathogenesis of aortic 
aneurysms is rapidly evolving, degradation of the aortic extracel¬ 
lular matrix proteins, collagen and elastin, and loss of smooth 
muscle cells are hallmark pathologic findings. In contradistinc¬ 
tion to abdominal aortic aneurysms, ascending aneurysms less 


commonly display manifestations of atherosclerosis or an inflam¬ 
matory infiltrate. Thoracic aortic disease is associated with high 
morbidity and mortality. Treatment decisions concerning opera¬ 
tive intervention in terms of both timing and extent of resection 
are often complex and involve multidisciplinary management. 


HISTORY 

The first known description of an arterial aneurysm was by 
Galen, a Greek physician (A.D. 126-216), who described false 
aneurysms in injured gladiators. 1 It was not until 1895 that an 
etiology for aneurysms was hypothesized, when Dohle identi¬ 
fied syphilitic aortitis. 2 Aneurysms were originally treated with 
external or internal ligation via opening the aneurysm. In the 
later 19th century, Rudolph Matas developed an alternate 
technique of obtaining proximal and distal control, aneurysm 
resection, and primary reconstruction. These techniques were 
successful in only a limited number of patients. 
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FIGURE 98.1. A: Sagittal CT scan showing an ascend¬ 
ing aortic aneurysm. B: Computed tomography and 
angiogram of a patient with a fusiform descending tho¬ 
racic aortic aneurysm. 


The modern surgical treatment of aortic disease began in 
the 1950s, and the ensuing 20 to 30 years saw the develop¬ 
ment and failures of many novel techniques. In the early 
1950s, the first resection of a descending thoracic aneurysm 
and replacement with homograft was reported. 3,4 The first 
excision of a saccular ascending aortic aneurysm without car¬ 
diopulmonary bypass was performed by Michael DeBakey 
and Denton Cooley in Houston in 1952. 5 In 1953, Dubost et al. 
in Paris and DeBakey and Cooley in Houston reported suc¬ 
cessful resection and reconstruction of the abdominal aorta 
with human aortic allograft. 6,7 The same duo performed a 
repair of an acute traumatic aortic transection in 1954 through 
a left thoracotomy with the patient’s core temperature reduced 
to 28°C using surface cooling. They subsequently reported the 
first successful resection of an ascending aneurysm with car¬ 
diopulmonary bypass in 1956 and the first successful arch 
aneurysm repair in 1957. 8,9 


Dacron grafts, introduced by DeBakey, 2 largely replaced 
human allografts, avoiding the need for maintaining large tissue 
banks and allowing more facilities the ability to treat these 
patients. In addition, the development and refinement of the 
cardiopulmonary bypass machine, in large part by John Gibbon 
at Thomas Jefferson, revolutionized the open surgical repair of 
thoracic aortic disease. The importance of hypothermia for 
cerebral protection and specifically the use of hypothermic cir¬ 
culatory arrest was established by Randy Griepp et al. at Yale 
University. 10 With these techniques in place, modern surgical 
practice to treat aortic disease was established. 


PREVALENCE 


The true incidence and prevalence of thoracic aortic aneurysms is 
likely underreported. In a Swedish autopsy study, the prevalence 
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ITABLE 98.1 E 

RISK FACTORS FOR THORACIC AORTIC ANEURYSMS 

Anatomic 

Vascular disease 

Annulo aortic ectasia 

Uncontrolled hypertension 

Aortic wall abnormalities 

Inflammation 

Bicuspid aortic valve 

Aortic aneurysm 

Chromosomal/genetic 

Aortic arteritis 

Marfan syndrome 

Arthrosclerosis 

Ehlers-Danlos syndrome (type IV) 

Behcet disease 

Noonan syndrome 

Giant cell arteritis 

Polycystic kidney disease 

Ormond disease 

Turner syndrome 

Syphilis 

Congenital 

Takayasu arteritis 

Aortic arch hypoplasia 

Iatrogenic/idiopathic 

Aortic coarctation 

Aortic cannulation/cross-clamping 

Congenital aortic stenosis 

Endoluminal transcatheter therapy 

Demographic 

Graft anastomosis 

Age (>60 years) 

Instrumentation 

Lifestyle 

Sheehan syndrome 

Cocaine 

Valvular surgery 

Dyslipidemia 


Pregnancy (preeclampsia) 


Smoking 



of thoracic aortic aneurysms was reported as 489 per 100,000 
men and 437 per 100,000 women. 11 Stratified by age, 65-year- 
olds had approximately 400 asymptomatic thoracic aneurysms 
per 100,000 autopsies, whereas 80-year-olds had a prevalence 
of 670 per 100,000 autopsies. 11 The mean age at diagnosis is 
between 60 and 70 years. Men are diagnosed 10 years earlier on 
average and have a 2:1 to 3:1 predominance compared to 
women. 12 In a study of residents in Olmstead county, the preva¬ 
lence of thoracic aneurysms was 5.9 cases per 100,000 people- 
years prior to 1980. 13 This number increased to 10.4 cases per 
100,000 people-years between 1980 and 1994. 14 

Interestingly, during the first half of the 20th century, 
thoracic aneurysms were far more common than abdominal 
aortic aneurysms because of the predominance of infectious 
aneurysm in the thoracic aorta. By 1964, however, less than 
half of aneurysms were in the thorax, primarily as a result of 
the decline in the incidence of syphilitic aortitis. 15 Thoracic 
aneurysms compose 25% of all aortic aneurysms. Approxi¬ 
mately 50% of thoracic aortic aneurysms involve the ascend¬ 
ing aorta, 10% the aortic arch, and 45% the descending 
aorta. 13 True thoracoabdominal aneurysms constitute less 
than 5% of thoracic aortic aneurysms. 11 


ETIOLOGY AND RISK FACTORS 


Although there has been a long-standing belief that aortic 
aneurysms represent a late degenerative stage of atherosclero¬ 
sis, 12 this concept has been seriously challenged, and aneurysms 
are now viewed in terms of genetic and molecular mechanisms. 
Atherosclerotic disease is now thought to be associated with, 
rather than causative of, aneurysmal disease. Aneurysms asso¬ 
ciated with atherosclerosis of the aorta most commonly involve 
the descending or thoracoabdominal segments, whereas ather¬ 
osclerosis is rarely associated with ascending aortic aneurysms. 

Abnormal proteolysis, the presence of elastolytic serum 
enzymes and deficiencies of collagen and elastin have been 
implicated as factors contributing to the development of these 


aneurysms. 15 Atherosclerotic lesions of the thoracic aorta may 
ulcerate and penetrate the internal elastic lamina of the aortic 
wall, which can result in hemorrhage within the layers of the 
media leading to intramural hematoma, an entity on the con¬ 
tinuum of aortic dissection. Once aneurysmal dilatation of the 
aorta has begun, it tends to progress. Whether this is due to a 
gradual but constant increase in size or episodic incremental 
increases is unknown. Associated chronic obstructive pul¬ 
monary disease, smoking, and hypertension are known to be 
risk factors and can increase the rate of aneurysm growth. 
Other disorders with genetic predisposition are also highly 
linked with thoracic aneurysms and include Marfan syn¬ 
drome, Loeys-Dietz syndrome, Ehlers-Danlos syndrome, and 
Turner syndrome (Table 98.1). 


Degenerative 

The most common etiology for thoracic aortic aneurysm for¬ 
mation is cystic medial degeneration. Although the underlying 
mechanisms for this process are unknown, pathologic features 
include elastic fiber fragmentation, smooth muscle cell apop¬ 
tosis, and local production of matrix-degrading enzymes, 
specifically matrix metalloproteinases (MMPs). The degree of 
atherosclerosis present in the aorta is dependent on the 
anatomy of the aneurysm. Ascending aortic aneurysms are 
degenerative often without extensive atherosclerosis, although 
atherosclerosis is often a feature associated with degenerative 
descending aneurysms. The pathogenesis of aortic aneurysms 
appears to be linked to a reduction in functional extracellular 
matrix proteins, elastin and collagen, either through enzymatic 
degradation or deficiencies in these structural proteins. More¬ 
over, in some diseases with genetic predisposition, there is a 
shift in the expression of MMPs as well as the tissue inhibitors 
of MMPs (TIMPs) resulting in degradation of these proteins. 
For example, patients with bicuspid aortic valves are known to 
have altered expression of MMPs and TIMPs. As such, these 
patients have degenerative ascending aortic aneurysms often 
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FIGURE 98.2. A CT reconstruction demonstrating a chronic Stan¬ 
ford type A dissection (DeBakey type I) that has undergone late 
aneurysmal degeneration of the proximal descending thoracic aorta. 


independent of any associated functional valve disease or ath¬ 
erosclerosis. 


Chronic Aortic Dissection 


A dissection occurs when blood enters the vessel wall through 
an intimal tear allowing propagation of blood between the 
medial and adventitial layers. Although ascending aortic 
aneurysms (Stanford A, or DeBakey types I and II) are treated 
emergently with open surgery, most descending thoracic 
aneurysms (Stanford B or DeBakey type III) do not rupture or 
result in malperfusion and are treated with medical manage¬ 
ment of hypertension and pain control. These aortas are prone 
to aneurysmal degeneration as the dissected aortic wall is inher¬ 
ently weak (Fig. 98.2). It is important to note that nearly all 
chronic ascending aortic dissections become aneurysmal, and 
roughly one third of descending thoracic aortic dissections 
become aneurysmal over time. Although the etiology is different 
with mechanical disruption of the medial and adventitial wall, 
the process of chronic aortic wall remodeling including produc¬ 
tion of MMPs may be similar. 


Genetically Triggered 

Q Although the risk of thoracic aortic aneurysm disease increases 
with age, thoracic aneurysms in young patients are most likely 
due to genetic predisposition or familial syndromes. Recently, 
several genetic etiologies linked to thoracic aneurysms have been 
elucidated. In particular, insights have been gained from a registry 
for the genetically triggered thoracic aortic aneurysms (TAA) and 
cardiovascular conditions (GenTAC) which has genetic informa¬ 
tion on more than 1,000 patients with thoracic aneurysms sec¬ 
ondary to hereditary or genetic predisposition. 16 The most com¬ 
mon and notorious disease is Marfan syndrome, which is an 
autosomal dominant defect of the fibrillin gene located on chro¬ 
mosome 15. Mutation of fibrillin leads to instability of the elastic 


FIGURE 98.3. Reconstruction of a CT scan of an aortic root 
aneurysm in a patient with Marfan syndrome. Commonly the sinuses 
of Valsalva are involved with sparing of the aortic valve. 


fibers in the aortic media. The prevalence of aortic dilatation in 
Marfan syndrome is 70% to 80% and most commonly involves 
the aortic root and sinuses of Valsalva, rendering the aorta prone 
to rupture or dissection (Fig. 98.3). Marfan syndrome presents at 
an early age and tends to be more common in men than women. 
The cardinal features of the disorder include tall stature, ectopia 
lends, mitral valve prolapse, aortic root dilatation, and aortic dis¬ 
section. About three quarters of patients have an affected parent, 
while new mutations account for the remainder of cases. 

Recently, mutations of transforming growth factor recep¬ 
tors I and II (TGFBR I, TGFBR II) termed Loeys-Dietz syn¬ 
drome have been linked with thoracic aneurysms. These 
patients have a classic bifid uvula. Ehlers-Danlos syndrome 
encompasses a group of more than 10 disorders characterized 
by defects of collagen synthesis. The disease can range from 
hypermobility of the joints to extremely fragile skin and 
extreme muscle weakness. The common vascular Ehlers-Danlos 
(type 4) is caused by an autosomal dominant disorder of type 
III collagen. These patients are characterized by fragility of 
their blood vessels. Familial thoracic aortic aneurysms and dis¬ 
sections (FTAAD) is caused by mutations of the a actin II or 
myosin heavy chain (MYH11). 17 Turner syndrome is defined 
by the loss of an X chromosome (XO). Patients with Turner 
are prone to aneurysmal degeneration of their ascending aorta. 


Inflammatory 

A host of rare inflammatory diseases of the aorta and great 
vessels including Takayasu arteritis, Behget disease, Kawasaki 
disease, and giant cell arteritis can result in thoracic aortic 
aneurysms and can require surgical treatment. Detailed descrip¬ 
tions of these diseases are beyond the scope of this chapter. 


Infections 


In current practice, primary infections of the aorta are rare but 
do lead to aneurysms. Mycotic aneurysms can be caused by 
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bacterial, fungal, spirochetal, or viral agents. Prior to the antibi¬ 
otic era, syphilis accounted for approximately 75% of all 
aneurysms. Mycotic aneurysms occur due to localized infections 
in the aortic or arterial walls, usually as the result of bacteremia. 
Infection of atherosclerotic plaques themselves can also result in 
mycotic aneurysms. As a result of trauma or due to infected 
lymph nodes, infection may also spread to blood vessel walls 
contiguously. Preexisting aortic aneurysms may also become 
infected, usually from bloodstream seeding. Although any 
pathogen may infect aneurysms, Salmonella species show a spe¬ 
cial proclivity for vascular tissues. Other organisms associated 
with mycotic aneurysms are Staphylococcus species, Strepto¬ 
coccus species, Pasteurella multocida , Legionella anisa , and 
Escherichia coli. Treatment consists of long-term antibiotics 
prior to and after surgical aneurysm resection. 


Traumatic Pseudoaneurysm 

Pseudoaneurysms are associated with trauma or previous 
operations on the aorta. Classically, rapid decelerating blunt 
trauma leads to aortic transection. In more than 50% of cases, 
the location of the aortic injury is just distal to the fixed liga- 
mentum arteriosum, the remnant of the ductus arteriosus. 18,19 
For the 20% of patients who survive this acute event, the rup¬ 
ture is partially contained by the aortic adventitia and pleura. 
Of survivors, aneurysmal formation around the site of injury 
can occur and often dilates faster because it is an unsuspected 
injury, and utmost care with regard to their antihypertensive 
therapy has to be taken to avoid rupture. Given multisystem 
injuries often present in these high-speed injuries, many con¬ 
sider endovascular aortic repair the preferred approach for 
most of these patients. 20 Iatrogenic pseudoaneurysms occur 
following aortic surgery and can form at anastomotic sites or 
areas where an aortic cross-clamp was placed. 


DIAGNOSIS 


Most thoracic aneurysms are asymptomatic and are found 
incidentally. Symptomatic aneurysms are often diagnosed 
based on their anatomic sequelae. Patients with aneurysms of 
the ascending aorta may also present with fullness in the chest 
or signs and symptoms of aortic valve insufficiency. Acute 
chest pain may be caused by either expansion of the aneurysm 
or dissection of the aortic wall. Arch and descending thoracic 
aneurysms can present with hoarseness secondary to stretch¬ 
ing of the left recurrent laryngeal nerve, stridor from tracheal 
compression, or dysphagia from esophageal compression. 

There are multiple imaging modalities to diagnose thoracic 
aortic aneurysms. Plain chest radiograph can be suggestive 
whereas computed tomography (CT), magnetic resonance 
imaging (MRI), and transesophageal echocardiography (TEE) 
are definitive studies. 21 CT is widely available and provides 
detailed information about the size, location, and extent of 
aortic disease as well as anatomic detail of surrounding medi¬ 
astinal and thoracic structures. In particular, CT angiography 
is useful to plan endovascular approaches to repair. This is the 
most common means of evaluating and following the thoracic 
aorta although it requires exposure to radiation and nephro¬ 
toxic contrast material. 

MRI offers detailed anatomy as CT does but does not 
require radiation. Gadolinium as a contrast agent has also 
recently been documented to be nephrotoxic. MRI requires 
lengthy image acquisition and processing times and is not as 
readily available as is CT. Moreover, MRI cannot be per¬ 
formed in patients with significant metallic implants such as 
pacemakers and defibrillators. 

TEE avoids the use of these agents and offers good visualiza¬ 
tion of the ascending and descending thoracic aorta as well as 
cardiac structures. Because of the tracheal shadowing, imaging 


of the aortic arch is limited. In addition, the technical expertise 
to perform and interpret TEE is not always readily available. 

The once-preferred diagnostic test, catheter-based angiog¬ 
raphy, images only the lumen and does not provide informa¬ 
tion regarding the aortic wall. 


MANAGEMENT AND 
NATURAL HISTORY 


In three large thoracic aortic aneurysm studies, rupture was 
the most common cause of death (42%-70% of deaths) 
among those patients who did not undergo operation at the 
time of diagnosis. 15,22,23 In all three series, the rate of rup¬ 
ture for aneurysms complicated by dissection substantially 
exceeded the rate for nondissected aneurysm. 24 Collectively, 
these studies indicate that an aggressive strategy to treat tho¬ 
racic aneurysms is needed. 

The management strategy is dictated by the aneurysm size 
and rate of growth. Aortic aneurysms that are large or that are 
rapidly enlarging are at risk of dissection or rupture. The risk 
of dissection or rupture increases in a nonlinear fashion as the 
size increases. Data from the Yale Center for Thoracic Aortic 
Disease, which has followed more than 3,000 patients with 
thoracic aortic aneurysms, has suggested that the risk of aortic 
complications in the ascending aorta increases significantly as 
the size approaches 6.0 cm, and in the descending thoracic 
aorta as the size approaches 7.0 cm. 25 Similarly, the Olmstead 
County registry (Minnesota) reported that a rupture rate of 
16% at 3 years for 6-cm aneurysms compared to 31% for 7- 
cm aneurysms. 14 The Yale group has reported the annual risk 
of death or aortic-related complication exceeds 15% in 
patients with aneurysms of 6.0 cm or greater compared to 5% 
in patients with aneurysms smaller than 5.0 cm. Other studies 
have supported this pattern, reporting a mean rate of rupture 
or dissection of 2% per year for small aneurysms, 3% for 
aneurysms 5.0 to 5.9 cm, and 6.9% for aneurysms 6.0 cm or 
greater in diameter. 26,27 These data have formed the basis for 
size criteria to intervene prior to the attainment of the previ¬ 
ously mentioned dimensions in an asymptomatic patient. 

Recent studies have evaluated the risk of aortic complications 
based on aortic size individualized to body surface area (Table 
98.2). In patients with a symptomatic aneurysm, however, surgi¬ 
cal treatment should be performed irrespective of the size. 

As for other aneurysms, the growth of thoracic aortic 
aneurysms is indolent. The typical rate of growth for ascend¬ 
ing aortic aneurysms is 0.1 cm/year and for descending 
aneurysms is 0.3 cm/year. 25 The annual growth rates for 
patients suffering from chronic dissections are significantly 
higher, ranging from 0.24 cm/year for small aneurysms to 0.48 
cm/year from large aneurysms. 26 Growth rates exceeding 5 to 
7 mm/year for aneurysms or greater than 5 mm per 6 months 
for aortic dissections are considered harbingers of aortic com¬ 
plications, and earlier intervention should be considered. 


MANAGEMENT 


Since thoracic aneurysms increase in size until they rup¬ 
ture, 12,26 the decision to intervene is critical. Preemptive surgi¬ 
cal therapy should be applied at a size of 5.5 cm for ascending 
and arch aneurysms and 6.0 cm to 6.5 cm for descending aor¬ 
tic aneurysms in suitable surgical candidates to avoid aortic 
complications or death. 26-28 These surgical threshold criteria 
should be modified for patients with Marfan syndrome or con¬ 
nective tissue disease in which preemptive surgery is appropri¬ 
ate at 4.5 cm for root and ascending aneurysms and 5.5 cm for 
descending aneurysms. 29 Some have further suggested that 
patients with Turner syndrome be treated surgically if the aor¬ 
tic diameter exceeds 4.0 cm due to the aggressive nature of 
aortic disease in these patients. Furthermore, any patient with 
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TABLE 98.2 


RISK OF COMPLICATIONS BY AORTIC DIAMETER AND BODY SURFACE AREA (BSA) WITH AORTIC SIZE INDEX 


■ BSA 





■ AORTIC SIZE (cm 

) 




■ 3.5 

■ 4.0 

■ 4.5 

■ 5.0 

■ 5.5 

■ 6.0 

■ 6.5 

■ 7.0 

■ 7.5 

■ 8.0 

1.30 

2.69 

3.08 

3.46 

3.85 

4.23 

4.62 

5.00 

5.38 

5.77 

6.15 

1.40 

2.50 

2.86 

3.21 

3.57 

3.93 

4.29 

4.64 

5.00 

5.36 

5.71 

1.50 

2.33 

2.67 

3.00 

3.33 

3.67 

4.00 

4.33 

4.67 

5.00 

5.33 

1.60 

2.19 

2.50 

2.80 

3.13 

3.44 

3.75 

4.06 

4.38 

4.69 

5.00 

1.70 

2.05 

2.35 

2.65 

2.94 

3.24 

3.53 

3.82 

4.12 

4.41 

4.71 

1.80 

1.94 

2.22 

2.50 

2.78 

3.06 

3.33 

3.61 

3.89 

4.17 

4.44 

1.90 

1.84 

2.11 

2.37 

2.63 

2.89 

3.16 

3.42 

3.68 

3.95 

4.22 

2.00 

1.75 

2.00 

2.25 

2.50 

2.75 

3.00 

3.25 

3.50 

3.75 

4.00 

2.10 

1.67 

1.90 

2.14 

2.38 

2.62 

2.86 

3.10 

3.33 

3.57 

3.80 

2.20 

1.59 

1.82 

2.05 

2.27 

2.50 

2.72 

2.95 

3.18 

3.41 

3.64 

2.30 

1.52 

1.74 

1.96 

2.17 

2.39 

2.61 

2.83 

3.04 

3.26 

3.48 

2.40 

1.46 

1.67 

1.88 

2.08 

2.29 

2.50 

2.71 

2.92 

3.13 

3.33 

2.50 

1.40 

1.60 

1.80 

2.00 

2.20 

2.40 

2.60 

2.80 

3.00 

3.20 


Full-size table (<1K) = low risk (—4% per yr); Full-size table (<1K) = moderate risk (—8% per yr); Full-size table (<1K) = severe risk (—20% per yr). 
Reproduced with permission from Davies RR, Gallo A, Coady MA, et ah, Novel measurement of relative aortic size predicts rupture of thoracic 
aortic aneurysms. Ann Thorac Surg 2006;81:169-177. Article I PDF (189 K) I View Record in Scopus I Cited By in Scopus (43) 


symptoms or rapid growth as seen on sequential CT scans 
should have surgical intervention in a timely manner. 

Once the need for intervention has been determined, a full 
cardiac evaluation should be completed including stress testing 
and angiographic evaluation of coronary arteries as indicated. 
The basic premise of open surgical repair for aneurysms, 
regardless of the situation, is replacement with an interposi¬ 
tion graft with or without cardiopulmonary bypass. Intraoper¬ 
ative management is essential with central venous pressure and 
arterial monitoring as well as large-volume intravenous infu¬ 
sion lines. Intraoperative transesophageal echocardiography is 
useful to monitor fluid status and cardiac function during the 
operation. 


Medical Management 

Medical management by aggressive antihypertensive therapy 
can be used in asymptomatic patients with thoracic aneurysms 
in whom size criteria for surgical intervention has not been 
reached. While /3-blockers and angiotensin-converting enzyme 
inhibitors/angiotensin receptor blockers are common treat¬ 
ments, studies are currently underway to indicate their efficacy 
in patients with aortic aneurysms. In mouse models of Marfan 
syndrome, ACE inhibitors prevented aneurysms. 30 Smoking 
cessation may be helpful in patients who have not developed 
chronic obstructive pulmonary disease (COPD). The diagnosis 
of COPD is a significant risk factor for aortic complications. It 
is unclear if risk factor modification of COPD once diagnosed 
can influence the likelihood of aortic rupture. Frequent imag¬ 
ing of these patients to assess changes in size should be per¬ 
formed to determine if surgery should be recommended. 


Open Surgical Management of TAA 

Q Careful planning by experienced medical personnel is para- 
mount to providing optimal treatment in patients with tho¬ 
racic aortic aneurysms as the morbidity and mortality for sur¬ 
gical intervention is significant. Over the years there have been 
substantial improvements in the intraoperative and postopera¬ 
tive management in patients with TAA. The approach and 


techniques of repair vary widely based on the location of the 
thoracic aneurysm. 

Aortic Root and Ascending Aortic Aneurysms. Open 
surgical repair remains the mainstay for aortic root, ascending 
aortic, and aortic arch aneurysms with very acceptable out¬ 
comes and low morbidity when performed in centers with 
experienced personnel. Operations to replace aortic root and 
ascending aorta are approached via a median sternotomy. All 
pathologic segments of the aorta are evaluated and replaced if 
abnormal, including the aortic valve, sinuses of Valsalva, the 
tubular portion of the ascending aorta, and the aortic arch. 
Cardiopulmonary bypass is established through right atrial 
(venous) cannulation and either aortic, femoral arterial cannu- 
lation or axillary artery cannulation. The heart is vented via the 
pulmonary artery or left atrium. The use of the axillary artery 
for cannulation allows for selective antegrade cerebral perfu¬ 
sion if circulatory arrest is needed during the replacement of 
the aorta 31 (Fig. 98.4). The axillary artery is exposed via a 4-cm 
transverse incision 2 cm below and parallel to the clavicle. 
Once through the pectoral muscles, the axillary vein is isolated 
and retracted superiorly isolating the axillary artery. After sys¬ 
temic heparinization, an 8- or 10-mm Dacron graft is anasto¬ 
mosed in an end-to-side fashion onto the artery. The arterial 
cannula is then secured to the Dacron graft. Myocardial pro¬ 
tection is achieved by infusion of antegrade blood cardioplegia 
into the coronary ostia and retrograde cardioplegia into the 
coronary sinus accompanied by a topical hypothermia. 

If the aneurysm is contained to the root or ascending aorta 
and does not involve the aortic arch or head vessels, the heart 
can be arrested with the cross-clamp proximal to the innomi¬ 
nate artery, and mild hypothermia can be used for systemic 
protection while the patient is maintained on cardiopul¬ 
monary bypass. A tube graft is then anastomosed distally then 
proximally using running monofilament suture. The aortic 
valve is also assessed with the aorta open and the valve 
repaired or replaced as necessary (Fig. 98.5). If the dilation of 
the aorta extends into the arch, deep hypothermic circulatory 
arrest (HCA) allows for complete resection and reconstruction 
of the diseased aorta and an open distal anastomosis in a 
bloodless field. Cerebral protection can be augmented by 
maintaining antegrade cerebral perfusion via the right axillary 
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FIGURE 98.4. Cannulation of the right axillary artery with direct 
arterial cannulation (A) or with the use of a side graft (B). Once estab¬ 
lished, axillary artery cannulation can allow for antegrade cerebral 
perfusion throughout the aortic replacement procedure. (Adapted 
from Sabik JF, Nemeh H, Lytle BW, et al. Cannulation of the axillary 
artery with a side graft reduces morbidity. Ann Thorac Surg 2004; 
77:1315-1320.) 


cannula and clamping the proximal innominate artery. The 
distal anastomosis is then performed in a timely manner. The 
cross-clamp is then reapplied to the graft, and full cardiopul¬ 
monary bypass can then resume. The proximal anastomosis is 
then completed encompassing all diseased portions of the 
ascending aorta and the aortic root. 

Aneurysms involving the aortic root require isolation of the 
right and left coronary ostia and reimplantation into the Dacron 
tube graft. Care must be taken to ensure the coronary arteries are 
not kinked. In this setting the native aortic valve can be spared 
(valve-sparing root replacement) if the leaflets are normal or can 
be replaced with a valved conduit (Bentall procedure). 

Aortic Arch Aneurysms. Operations involving replacement 
of the thoracic aortic arch are approached from a median ster¬ 
notomy or bilateral anterior thoracotomies (clamshell incision) 
and use hypothermic circulatory arrest (FiCA). FiCA allows for 
a bloodless field while maintaining cerebral and visceral protec¬ 
tion. In this setting, the patient is cooled to 16° to 20°C and the 
cardiopulmonary bypass circuit is turned off for up to 45 to 
60 minutes. The use of selective antegrade cerebral perfusion 
(cannulation and perfusion of the right axillary artery with a 


clamp on the proximal innominate artery) allows perfusion of 
the right carotid artery during operations of the aortic arch, 
maintains some perfusion to the brain, and reduces the risk of 
embolism and associated morbidity. 32 Individual arterial can¬ 
nulation of nondiseased arch vessels can be used as well to 
help ensure good cerebral perfusion. Replacement of the arch 
is often best performed with the use of a multibranched (tri¬ 
furcated) aortic graft to allow individual anastomoses to each 
of the three great vessels (Fig. 98.6). 32,33 This approach, rather 
than reimplanting an island of aortic tissue with all the great 
vessels, has been suggested to reduce the risk of embolization 
and minimizes the risk of late aneurysmal degeneration of the 
aortic patch. 33 

Descending Aortic Aneurysms. Open surgical repair of 
the descending thoracic aneurysm is performed through a left 
posterolateral thoracotomy. Prior to positioning, a double¬ 
lumen endotracheal tube is placed for single-lung ventilation. 
In addition, a lumbar drain is often placed for cerebral spinal 
fluid (CSF) pressure monitoring and drainage to reduce the 
incidence of paraparesis and paraplegia caused by spinal cord 
ischemia, which can accompany resection of the aorta in the 
distal thoracic area. 34 The use of left heart bypass has been 
shown to decrease the risk of visceral and spinal cord ischemia. 
Pharmacologic agents, including barbiturates, naloxone, and 
steroids, may also help reduce neurologic injury when adminis¬ 
tered during the procedure. There are two options to perform 
this procedure: sequential clamping versus hypothermic circu¬ 
latory arrest. If the arch is relatively spared and enough normal 
aorta can be identified distal to the left common carotid artery, 
a proximal clamp can be placed, which allows for left heart 
bypass. In using left heart bypass, the left atrium via the left 
inferior pulmonary vein and the femoral artery are cannulated. 
A centrifugal pump, heparin-bonded tubing, and minimal 
heparinization can be used, which can result in less bleeding 
than in traditional cardiopulmonary bypass. With this tech¬ 
nique, moderate hypothermia is used with sequential aortic 
clamping, reimplantation of critical intercostal arteries, and the 
distal anastomosis constructed with peripheral perfusion via 
the femoral artery (Fig. 98.7). 35-38 Conversely, for patients in 
whom the transverse arch cannot be safely clamped, profound 
hypothermic circulatory arrest is used for both cardiac protec¬ 
tion and central and peripheral nervous system protection. 
With this technique, full cardiopulmonary bypass with cannu¬ 
lation of the femoral artery and femoral vein allows for cooling 
of the patient and deep hypothermic circulatory arrest and the 
proximal anastomoses can be performed in a bloodless field 
(Fig. 98.8). Other modalities used to help reduce paraparesis 
and paraplegia include monitoring of sensory evoked poten¬ 
tials and motor evoked potentials. 34 Epidural catheters are 
extremely beneficial for pain control and can improve early 
mobilization and pulmonary function. There is still great 
debate regarding the use of partial versus full cardiopulmonary 
bypass with these extensive aortic replacement surgeries. 39,40 

After clamping the aorta (or initiating FiCA), the aneurysm 
is opened and the proximal cuff is fashioned. An interposition 
graft is sutured to the proximal aorta in an end-to-end fashion. 
Once completed, cardiopulmonary bypass can be reinstituted 
and the graft clamped to perform the distal anastomoses when 
using FiCA. The distal aorta and graft are then fashioned and 
an anastomosis created. Significant lumbar artery identified via 
preoperative computed tomographic aortography or intraoper¬ 
ative assessment can be reimplanted into the interposition 
graft. There is continued controversy regarding the necessity to 
perform this as this process can often take more than 30 min¬ 
utes during which the aorta may be clamped. Once the affected 
portion of aorta has been successfully replaced, the patient can 
be appropriately warmed and hemostasis ensured. The patient 
is removed from cardiac support and thoracotomy closed in the 
usual manner. If the diaphragm was taken down, it should be 
reapproximated with interrupted nonabsorbable suture. 
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FIGURE 98.5. Operative repair of an ascending aortic aneurysm with distal clamping of the aorta. A: Valve replacement, when indi¬ 
cated, is performed after cardioplegic arrest. B: A full-thickness cuff of proximal aorta is developed and the aorta is transected just 
distal of the coronary ostia. C: The posterior suture line begins to the left of the left main coronary ostium and proceeds rightward, 
over the ostium. D: Completion of the distal suture line is performed prior to release of the cross-clamp. Careful measurement of the 
graft length ensures a tension-free distal anastomosis. (Adapted from Frist WH, Miller DC. Repair of ascending aortic aneurysms and 
dissections. / Cardiac Surg 1986;1:33-52.) 


Endovascular Therapy 

Open surgical procedures on the thoracic aorta, and particu¬ 
larly on the descending thoracic aorta, have significant mortal- 
Q ity and morbidity. Endovascular techniques for the descending 
thoracic aorta have become the preferred treatment approach 
not only for aneurysms but for dissections and traumatic aortic 
injuries as they often can be performed with less morbidity 


than that associated with open surgical treatment. Endovascu¬ 
lar stent graft repair was first introduced by Parodi to treat the 
abdominal aorta. 41 In 2005, the first commercially available 
device was approved by the FDA to treat descending thoracic 
aortic aneurysms. To date, there are three such approved 
devices—Gore (WL Gore Inc., Flagstaff, AZ); Medtronic 
(Medtronic, Minneapolis, MN); and Cook (Cook Medical, 
Bloomington, IN). Current grafts are as large as 45 mm and 
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FIGURE 98.6. Repair of ascending and arch aneurysm with dissection. A: The ascending aorta is repaired first with 
the cross-clamp in place. B: While the ascending graft is placed proximally, the patient is cooled. C: During a period 
of hypothermic circulatory arrest (18°C), the distal aortic suture line is completed. D: The great vessels are reanasto¬ 
mosed separately using a trifurcated graft, or alternatively, an island of aorta containing the cerebral vessels can be 
fashioned. E: The cross-clamp is placed proximally, rewarming of the patient is instituted, and the proximal and dis¬ 
tal grafts are joined. F: The repair as seen prior to decannulation. (Adapted from Griepp RB, Stinson EB, 
Hollingsworth JF, et al. Prosthetic replacement of the aortic arch. J Thorac Cardiovasc Surg 1975;70:1051-1063.) 
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FIGURE 98.7. Schematic of left heart bypass whereby partial bypass 
is used to maintain perfusion to the viscera and lower extremities. The 
inflow to the Bio-Medicus pump is the left inferior pulmonary vein, 
and the outflow is the left femoral artery. This technique avoids the 
need for an oxygenator. 


thus can treat up to 40 to 42 mm diameter aorta. Grafts are 
made of polytetrafluoroethylene (PTFE) or woven polyester 
with steel or nitinol stents to maintain their shape. Preoperative 
CT with arterial phase contrast of the chest, abdomen, and 
pelvis is essential for operative planning. Critical elements to be 
gained from the CT include the following: 

1. Aneurysm size and extent 

2. Proximal and distal landing zones (a minimum of 2 cm of 
“normal” aorta is required) 

3. Need for coverage of the left subclavian and assessment of 
preoperative carotid subclavian bypass (performed in set¬ 
ting of dominant left vertebral artery or patent left internal 
mammary artery bypass to the heart) 

4. Angulation of the aortic arch and descending aorta 

5. Size of femoral and iliac vessels and assessment of need for 
iliac conduit 

6. Presence of thrombus along the aortic wall. 

Stent grafts are oversized by approximately 10% to 15% 
from the CT cross-sectional diameter to obtain sufficient seal 
between the aorta and the graft. With this approach, the stent 
graft needs to be advanced into the thoracic aorta. This 
requires the size of the femoral and iliac arteries to be large 
enough to allow safe passage of the delivery sheaths. In gen¬ 
eral, 8-mm vessels are required to pass a 24-Fr sheath, which 
is the current sheath size for most of the available grafts. Once 
in place, an aortogram is performed to ensure proper position¬ 
ing. A completion angiogram is performed to ensure no posi¬ 
tioning, presence of kinks or endoleaks, or continued filling of 
the aneurysm sac. Finally, the decision is made regarding the 
need for additional stent grafts (Fig. 98.9). 

The mortality with this approach has rapidly improved. In 
the first 100 patients treated at Stanford University (Stanford, 
CA), 60% of whom were nonoperative candidates, operative 
mortality was 10%. 42 Homemade devices used in that study 
have evolved greatly. Recently, a study from the University of Vir¬ 
ginia reported a 2% operative mortality in the first 50 patients in 
the FDA-approved era (2005-2006) where the treatment was 
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FIGURE 98.8. Distal arch and descending aortic aneurysm repair. A: Femoral artery perfusion with hypothermic circulatory arrest. B: The distal 
arch is replaced under hypothermic circulatory arrest. (Reproduced with permission from Tseng E, Cohen MH. Aneurysm of the aortic arch. 
In: Cohn LH, Edmunds LH, eds. Cardiac Surgery in the Adult , 2nd ed. New York: McGraw-Hill; 2003:1163.) 
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FIGURE 98.9. A reconstruction of a CT scan in a patient with a descending thoracic aneurysm (A) prior to repair, and (B) after endovascular 
stent graft repair showing successful exclusion of the aneurysm sac. 


applied to a challenging group of patients. 30 Importantly, spinal 
cord ischemia occurred in 3%, stroke in 4%, and late endoleaks 
in 7%. Moreover, the 1-year survival was 92%. 30 Another 
recent study performed at the University of Pittsburgh demon¬ 
strated that the permanent paraplegia rate of 1.6% following 
endovascular repair was significantly better than that for open 
operation (5.1%, p <0.004). 47 Multiple studies have supported 
these findings reporting lower mortality, early incidence of para¬ 
plegia, and renal failure following endovascular therapy versus 
open surgery for the descending thoracic aorta. 43 ^ 5 

These encouraging short-term and midterm data have led to 
endovascular therapy becoming the preferred technique for 
treatment of descending thoracic aneurysms. It is important to 
note that long-term data are still limited regarding device failure 
and migration. In one of the few long-term studies, a report 


from Brazil using a non-FDA-approved device in 255 patients 
over a 10-year period showed freedom from death at 3, 5, and 
9 years of 96%, 89.1%, and 85.1%, respectively. 53 Stent grafts 
have been applied in other regions of the aorta. In particular, 
there are several reports of stent grafts placed in the ascending 
aorta in patients unable to undergo open operation (Fig. 98.10). 

The most recent data from the Gore TAG multicenter trial 
show favorable implant characteristics, with decreased blood 
loss, intensive care unit stay, and total hospital stay compared to 
a nonrandomized cohort of open surgical patients. 46 Late follow¬ 
up to 2 years shows a low rate of migration (3%), low appear¬ 
ance of late endoleaks (9%) with most managed with new endo- 
grafts, and a 17% incidence of increase in size of the aneurysm 
sac. There has been one open conversion, and no late ruptures, 
prompting the conclusion that for anatomically suitable patients, 


FIGURE 98.10. Off-label stent 
graft repair of an ascending aortic 
pseudoaneurysm in an inoperable 
patient demonstrating good posi¬ 
tioning of the stent graft and exclu¬ 
sion of the pseudoaneurysm. 
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stent graft repair produced similar long-term event-free survival 
and was associated with less perioperative morbidity. 


Hybrid Procedures 

As endovascular approaches have evolved, so too have the 
options for hybrid procedures combining open and endovas¬ 
cular surgery. Patients with combined arch and descending 
thoracic aneurysms are often ideal candidates for hybrid pro¬ 
cedures. The traditional approach has been a two-stage open 
procedure (elephant trunk). In the first operation, the arch 
aneurysm is repaired under HCA via a median sternotomy. 
The distal end of the Dacron graft replacing the arch is sewn to 
the proximal descending aorta with a long cuff to allow for 
future repair of the descending aortic aneurysm in the second 
stage. In the second stage, the traditional procedure has been 
an open descending aneurysm repair using the long cuff left at 
the initial operation as the proximal new aorta. Stent graft 
therapy has allowed for the second stage to be performed less 
invasively with an endovascular approach. An alternative 
approach to these patients is revascularization of the arch ves¬ 
sels via sternotomy using a trifurcated graft off the ascending 
aorta to the great vessels. This can be performed without the 
use of cardiopulmonary bypass using a side-biting clamp on the 
ascending aorta. This is followed by endovascular repair of 
the arch and descending aorta covering the native take-off 
of the great vessels. Other patients who benefit from hybrid 
procedures include those with thoracoabdominal aneurysms 
who require debranching of visceral vessels prior to stent graft 
repair. The inflow for these debranching bypasses is tradition¬ 
ally from the iliac vessels but can include the proximal abdom¬ 
inal or descending thoracic aorta. 


OUTCOMES AND 
COMPLICATIONS 

Despite continued improvement in surgical technique and 
postoperative care, operative morbidity and mortality remain 
high for patients with thoracic aortic aneurysms. These 


patients, in addition to aneurysmal disease, often have associ¬ 
ated comorbidities including renal dysfunction, chronic 
obstructive lung disease, and ischemic heart disease. Preopera¬ 
tive assessment and management are paramount to facilitating 
good operative outcomes. Multiple studies have demonstrated 
the adverse effect on survival of emergent versus elective opera¬ 
tion. Hospital mortality rates for emergency thoracic aneurysm 
repair can be as high as 30%, whereas elective mortality rates are 
less than 5%. 48 To predict risk after elective repair of ascending 
and aortic arch aneurysms, the Mount Sinai group analyzed 
multiple variables. 49 They found that the presence of diabetes 
and manifestations of atherosclerosis emerge as extremely 
important risk factors for adverse outcome after ascending 
and arch surgery, displacing age. 

Ascending aorta replacement has relatively low mortality 
and morbidity. The need for circulatory arrest does increase 
the morbidity slightly with incrementally higher risks of 
stroke. Procedures on the aortic root, performed by experi¬ 
enced surgeons, carry mortality rates of less than 2%. 50 

Studies focusing on descending thoracic aortic replacement 
outcomes have shown that the use of left heart bypass or com¬ 
plete cardiopulmonary bypass had favorable results compared 
with the “clamp-and-sew” techniques without cardiopul¬ 
monary bypass. Renal failure appears to be decreased with the 
use of bypass. However, the rates of paraplegia and parapare¬ 
sis remain dependent on the extent of repair and clamp 
time. 48,49 Nonetheless, use of combined adjuncts including 
CSF drainage, reimplantation of intercostal arteries, and distal 
aortic perfusion have reduced the overall early neurologic 
deficits rate from 7% to as low as 0.9%. 49,51 

Endovascular therapy appears to have clear advantages 
with less operative mortality and morbidity, although it can¬ 
not be performed in all patients due to anatomic limitations. 
However, stent grafts still lead to a significant number of late 
Q complications to deal with postsurgery. The risk of spinal cord 
ischemia is not abrogated with endovascular therapy. Risk fac¬ 
tors for spinal cord ischemia include coverage of the left sub¬ 
clavian artery, prior abdominal surgery, coverage of T8 to 
T12, and previous abdominal aortic surgery. 

Moreover, endoleaks can occur late and need to be fol¬ 
lowed carefully. In our experience, early endoleaks occur in 



FIGURE 98.11. A: A proximal type I endoleak in a different patient following endovascular repair of a type B dissection. B: CT reconstruction 
demonstrates proximal type I endoleak and distal filling of the false lumen via fenestrations below the stent graft. 
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more than 25% whereas 7% have late endoleaks necessitating 
repeat procedures (Fig. 98.11). The less common complica¬ 
tions include component separation, migration, and endograft 
infection. 52 Studies are still going on as to the comparative 
durability of the various types of endografts being used for the 
endovascular repair of the TAA. 


CONCLUSIONS 


Aneurysmal disease of the thoracic aorta has a high morbidity 
and mortality. Treatment of these patients requires careful pre¬ 
operative planning, meticulous protection of the viscera and 
spinal cord, and rigorous follow-up. Endovascular therapy has 
become the preferred technique for descending thoracic aortic 
disease and offers patients less morbidity than that associated 
with open surgical treatment. Hybrid procedures allow the use 
of endovascular therapies beyond their usual anatomic limita¬ 
tions. The best outcomes for all patients who suffer from 
aneurysmal disease of the thoracic aorta are provided by a 
multidisciplinary approach with a firm understanding of the 
pathogenesis and natural history of this disease. 
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KEY POINTS 


Q Remarkable progress has been made in the surgical treat¬ 
ment of thoracoabdominal aortic aneurysms. 

Q The decline in mortality and complication rates can be attrib¬ 
uted to improvements in perioperative care and in surgical 
technique, particularly the adoption of adjunct distal aortic 
perfusion and cerebrospinal fluid drainage. 


Q Neurologic deficit is no longer a major threat to patients, 
because the use of adjuncts has lowered the incidence for 
all thoracoabdominal aortic aneurysms to less than 2.5%. 

Q Research needs to be continued that focuses on improving 
organ preservation, particularly for the most troublesome 
extent II thoracoabdominal aortic aneurysm. 


Etheredge reported the first successful repair of a thoracoab¬ 
dominal aortic aneurysm (TAAA) using a homograft tube in 
1955. 1 A year later, DeBakey used a Dacron tube graft to 
replace the descending thoracic aorta and infrarenal abdomi¬ 
nal aorta. 2 Subsequently, Crawford introduced what became 
known as the clamp-and-go technique , encompassing three 
basic principles of aortic surgery: the inclusion technique, use 
of a Dacron tube graft conduit, and reimplantation of visceral 
and renal arteries. 3 Initially, the operation to repair TAAA had 
to be performed with haste, to avoid extended periods of 
organ ischemia. TAAA surgery has since been transformed 
with the use of adjuncts that provide better organ protection 
and result in improved outcome; however, sudden fatal rup¬ 
ture of a TAAA remains a looming and unpredictable threat. 
Although emergency repair of ruptured TAAA can save lives, 
the associated morbidity and mortality remain extremely high. 
Elective surgical repair of TAAA is the only effective treatment 
for eradicating the risk of aneurysm rupture and improving 
patient survival (Fig. 99.1). This chapter provides a compre¬ 
hensive approach to the diagnosis and management of TAAA, 
as well as insight into the recent surgical results and advances 
in organ protection. 


EPIDEMIOLOGY 


Abdominal aortic aneurysm remains a major cause of death 
in the United States. Improved imaging techniques, increas¬ 
ing mean age of the population, and overall heightened 
awareness all contribute to an apparent increase in the preva¬ 
lence of aortic aneurysms. However, the incidence of TAAA 
from population studies of thoracic or abdominal aortic 
aneurysms can only be inferred. Infrarenal abdominal aortic 
aneurysms occur three to seven times more frequently than 
thoracic aortic aneurysms, as fewer than 1,000 TAAAs are 
repaired annually, compared with approximately 50,000 
infrarenal abdominal aortic aneurysms. The estimated preva¬ 
lence of abdominal aortic aneurysms varies between 2.3% 
and 10.7% depending on the population studied and the size 
used to define an aneurysm. 4-6 The incidence of TAAAs is 
estimated to be 10.4 cases per 100,000 person-years. 7 The 
mean age of patients with a TAAA is between 59 and 69 
years, with a male-to-female predominance of between 2 and 
4 to l. 8 


Fewer than 40% of patients with untreated large TAAAs 
survive beyond 5 years, with most deaths caused by rup¬ 
ture. 3,8-10 TAAA studies have shown that rupture is more likely 
to occur when aneurysms exceed 5 cm in diameter and that the 
rate of rupture rises with increasing aneurysm size. 9,11-14 The 
median size at which TAAAs rupture is around 7 cm. 15,16 
Aneurysms equal to or greater than 8 cm have an 80% risk of 
rupture within 1 year of diagnosis. 17 The lifetime probability 
of rupture for any untreated aortic aneurysm is 75% to 80%, 
but the size at which the aneurysm will rupture and how long 
it will take to reach that point cannot be easily calculated. 
However, the average overall rate of growth for TAAAs is 0.10 
to 0.42 cm per year with an exponential growth rate for 
aneurysms exceeding 5 cm in diameter. 11,16,18-20 


PATHOGENESIS 


An aortic aneurysm is defined as a localized or diffuse dilatation 
that exceeds 50% of normal aortic diameter. Most TAAAs are 
degenerative, with an underlying pathology similar to the more 
frequently encountered infrarenal abdominal aortic aneurysm. 
Arteriosclerosis has long been implicated in the development of 
aortic aneurysm; however, arteriosclerosis primarily affects the 
intima and typically causes occlusive disease, whereas aneurysm 
disease usually involves the media and adventitia. Although the 
pathogenesis of arteriosclerotic occlusive disease and that of 
aneurysm disease have been shown to be distinct, the two condi¬ 
tions commonly occur together. Histologically, degenerative aortic 
aneurysms are characterized by thinning of the media with 
destruction of smooth muscle cells and elastin, infiltration of 
inflammatory cells, and neovascularization. 21-23 A chronic inflam¬ 
matory infiltrate, composed of macrophages as well as T and B 
lymphocytes, is consistently observed in the outer layer of the 
aneurysm wall. The degree of vessel wall inflammation varies and 
the stimulus for cell migration remains unclear. These inflamma¬ 
tory cells, particularly macrophages, secrete proteases and elas- 
tases that can degrade the aortic wall; in turn, elastin degradation 
products may act as chemotactic agents for the influx of inflam¬ 
matory cells. 21 The role of matrix metalloproteinases (MMPs), the 
most prominent type of elastases, in the development of aortic 
aneurysms has emerged from both clinical and experimental stud¬ 
ies. Increased elastases MMP-2, MMP-9, and MMP-12 have been 
found in aneurysmal aortic tissue. 21,24-26 
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Years from diagnosis or surgery 


FIGURE 99.1. Thoracoabdominal aortic aneurysm: comparison of 
survival rates in untreated patients versus surgically treated patients. 


Many TAAAs result from chronic ascending and descending 
aortic dissections. Familial clustering of aortic dissections is 
evident because up to 20% of patients with ascending thoracic 
aortic aneurysms that predispose to aortic dissections have one 
or more first-degree relatives with the same affliction. 27-29 Mar¬ 
fan syndrome, characterized by skeletal, ocular, and cardiovas¬ 
cular abnormalities, is the most common inherited connective 
tissue disorder related to aortic aneurysm and dissection. Mar¬ 
fan syndrome occurs at a frequency of 1 in 5,000 to 10,000 
worldwide. Aortic dilatation observed in Marfan patients has 
been linked to mutations in fibrillin-1 protein, encoded by the 
FBN1 gene. Other known genetic syndromes that predispose 
individuals to TAAA and dissection include Loeys-Dietz syn¬ 
drome, Ehlers-Danlos syndrome, Turner syndrome, and poly¬ 
cystic kidney disease. 30-33 In addition, families with multiple 
members who have thoracic aortic aneurysms and dissections 
have been reported in the literature. 34 In most of these families, 
the phenotype for TAAA and dissection is inherited in an auto¬ 
somal dominant manner with marked variability in the age at 
onset of aortic disease and decreased penetrance. 34 Four genes 
have been identified for familial thoracic aortic aneurysms and 
dissections that account for 20% of this family condition. 
Mutations in the smooth muscle isoform of ct-actin, encoded 
by ACTA2, are responsible for 15% of familial aortic disease. 
Other genes responsible for less than 2% include MYH11, 
TGFBR2, and TGFBR1 35 ~ 3S 

A small percentage of TAAAs are the result of infection 
(mycotic aneurysms) or trauma (pseudoaneurysms). An infected 
aneurysm frequently results from bacterial or septic emboli that 
seed an atherosclerotic aorta. Another mechanism is contiguous 
spread from empyema or adjacent infected lymph nodes. 
Although any organism can infect the aortic wall, Salmonella, 
Haemophilus influenza, Staphylococcus, Mycobacterium tuber¬ 
culosis, and Treponema pallidum spirochetes species are the 
most common. 39,40 Infected aortic aneurysms are usually saccu¬ 
lar and thought to be at greater risk for rupture. Chronic trau¬ 
matic pseudoaneurysm of the aorta related to previously unrec¬ 
ognized traumatic transection is also prone to rupture, and 
surgical repair is warranted at the time of diagnosis. 

Approximately 25% of TAAAs are associated with chronic 
aortic dissection. An estimated 20% to 40% of patients will 
develop aneurysms in the thoracoabdominal aorta within 2 to 
5 years following acute aortic dissection. 41-43 Persistent 
patency of the false aortic lumen is reported to be a significant 


predictor of aneurysm formation. 42,44 Fiowever, the presence 
of chronic aortic dissection or patent false lumen has not been 
linked to a higher risk of aortic rupture. 45 Aneurysmal disease 
occurs in more than one part of the aorta in approximately 
20% of cases. The so-called “mega” aorta is an “extensive” 
aortic aneurysm involving the ascending, transverse arch, and 
entire thoracoabdominal aorta. Although associated factors 
include Marfan syndrome and chronic aortic dissection, the 
cause of extensive aortic aneurysm remains unknown. 


CLINICAL MANIFESTATIONS 


Aortic aneurysms can cause compressive symptoms, although 
most do not until they reach a large size. The most frequent 
complaint is ill-defined chronic back pain, although pain can 
also occur in the chest, flank or epigastrium. Acute changes in 
the characteristics and severity of pain can indicate sudden 
expansion or impending aortic rupture. Fioarseness, resulting 
from vocal cord paralysis caused by compression of the left 
recurrent laryngeal or vagus nerves, is frequently seen in 
patients with large aneurysms of the proximal descending tho¬ 
racic aorta. Patients may also experience dyspnea related to 
compression of the tracheobronchial tree. A large aneurysm can 
exert pressure on the adjacent esophagus or duodenum, causing 
dysphagia or weight loss related to obstruction or early satiety. 
Direct erosion of the aneurysm into the adjacent tracheo¬ 
bronchial tree, esophagus, or both can cause exsanguination, 
presenting as massive hemoptysis or hematemesis, respectively. 
Less frequently, direct erosion can cause slow intermittent blood 
loss. Rarely, paraplegia or paraparesis can occur in patients with 
TAAA as a result of acute occlusion of the intercostal or spinal 
arteries. These findings are usually associated with acute aortic 
dissection, but can also result from thromboembolization. 
Although most aneurysms have a varying amount of mural 
thrombus, distal embolization causing acute mesenteric, renal, 
or lower extremity ischemia is infrequent. 

Rupture is thought to be the first clinical manifestation of a 
TAAA in as many as 10% to 20% of patients. Figure 99.2 
shows a CT scan of a ruptured TAAA. Note stranding in the 
retroperitoneum, denoting extravasation of blood. The acute 
onset of severe chest, abdominal, or back pain associated with 



FIGURE 99.2. Computed tomography scan of a ruptured thoracoab¬ 
dominal aortic aneurysm. Note stranding in the retroperitoneum 
denoting extravasation of blood. 
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Normal I II III IV V 

FIGURE 99.3. Thoracoabdominal aortic aneurysm classification. Extent I, distal to the left subclavian artery to above the renal arteries. Extent II, dis¬ 
tal to the left subclavian artery to below the renal arteries. Extent III, from the sixth intercostal space to below the renal arteries. Extent IV, from the 12th 
intercostal space to the iliac bifurcation (total abdominal aortic aneurysm). Extent V, below the sixth intercostal space to just above the renal arteries. 


hypotension must raise the suspicion of a ruptured aneurysm. 
A pulsatile mass may be palpable in the abdomen; however, if 
the larger part of the TAAA is positioned deep within the tho¬ 
racic cage, the aneurysm may not be apparent on physical 
examination. Although most ruptured aneurysms are fatal 
unless treated emergently, the ruptured arterial wall may tem¬ 
porarily seal for several hours or days before free rupture. In 
patients who are brought to the hospital alive, rupture is usu¬ 
ally contained within the pleura or retroperitoneum. Free rup¬ 
ture is accompanied by severe hypotension and patients are 
more likely to die before reaching the hospital. 


DIAGNOSTIC IMAGING 


The diagnosis of TAAA can be confirmed by various imaging 
modalities. Currently, computed tomography angiography 
(CTA) is the imaging modality of choice in defining the extent 
of TAAA per the modified Crawford classification (Fig. 99.3) 
and for planning operative strategy. The diameter of the entire 
aorta, from the ascending segment to the bifurcation, can be 
accurately measured at various levels on axial images. The dis¬ 
tinction between the false and true lumens in aortic dissection 
can be shown on CTA images. CTA can also detect thrombus 
or inflammatory changes in the aortic wall. Furthermore, the 
presence of free (or contained) fluid or blood can indicate free 
(or contained) rupture. Thin-slice CTA image acquisition can 
also identify patent intercostal arteries. Coronal reformatting 
or three-dimensional reconstruction of axial CT images pro¬ 
vides additional views of TAAA (Fig. 99.4). Intravenous iodi- 
nated contrast can be omitted in patients with impaired renal 
function because it is not required for simple sizing of TAAA. 

Magnetic resonance angiography (MRA) has become 
widely available and is frequently used as a screening test to 
detect diseases of the aorta and its branches. The principal 
advantage of MRA over CTA is that MRA does not require 
intravenous iodinated contrast and thus can be performed 
safely in patients with impaired renal function. In addition, 
MRA avoids the radiation exposure required for CT, especially 
when serial follow-up examinations are required. Although 



FIGURE 99.4. Sagittal computed tomography image of an extent II 
thoracoabdominal aortic aneurysm. 
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MRA provides better contrast resolution, its spatial resolution 
is poorer than that of spiral CT. In addition, CT can better 
demonstrate aortic calcification and intramural thrombus com¬ 
pared with MRA. The time required to acquire images, claus¬ 
trophobia, internal metallic hardware (e.g., pacemakers, ortho¬ 
pedic rods), and higher cost are other limiting factors of MRA. 

Transesophageal echocardiography (TEE) can provide 
excellent imaging of the ascending and descending thoracic 
aorta. TEE can be performed at the bedside or in the operating 
room. TEE can be used in patients who are too unstable to be 
transported to the CT scanner. TEE can show aortic wall dis¬ 
ease, differentiating arteriosclerotic plaque from intimal tear 
due to dissection. In the operating room, TEE can also be used 
to locate the optimal area for aortic cross-clamping and to 
assess cardiac function. However, TEE is an invasive modality 
and requires an experienced operator for optimal visualization 
and interpretation. Examination of the aorta by TEE is limited 
to the supradiaphragmatic aorta because the ultrasound probe 
loses contact with the aorta as it crosses the gastroesophageal 
junction. 


PREOPERATIVE EVALUATION 


The initial consultation with the TAAA patient focuses on a 
thorough history and physical examination, primarily to detect 
comorbidities because there are generally few symptoms or 
physical signs related to the aneurysm itself. The extent of the 
TAAA is determined from imaging studies. Further evaluation 
of associated risk factors is performed, and consultation with a 
cardiologist, pulmonologist, or nephrologist is often necessary 
to aid in the stratification of risks. 

Ischemic heart disease is prevalent in this population and is 
the most common cause of death in patients with a TAAA. 
TEE provides an excellent estimate of cardiac function. Coro¬ 
nary artery revascularization for critically stenosed coronary 
artery disease, using either percutaneous intervention (balloon 
angioplasty or stent) or surgical bypass, may be indicated prior 
to TAAA surgery, but the risk of rupture of the aneurysm must 
be weighed against the risk of coronary intervention and the 
delay caused by intervention. For patients who must undergo 
coronary artery bypass prior to TAAA repair, the conduit of 
choice is the saphenous vein graft. The left internal mammary 
artery is avoided to obviate the possibility of cardiac ischemia 
should aortic cross-clamping proximal to the left subclavian 
artery be required during the TAAA repair. Moreover, the 
internal mammary artery may be an important collateral 
blood supply to the spinal cord and chest wall. 


OPERATIVE TECHNIQUES 

The patient is brought to the operating room and placed in the 
supine position on the operating table and prepared for 
surgery. The right radial artery is cannulated for continuous 
arterial pressure monitoring. General anesthesia is induced. 
Endotracheal intubation is established using a double-lumen 
tube for selective one-lung ventilation during surgery. A sheath 
is inserted in the internal jugular vein, and a pulmonary bal¬ 
loon-tipped catheter is floated into the pulmonary artery for 
continuous monitoring of the central venous and pulmonary 
artery pressures. Large-bore central and peripheral venous 
lines are established for fluid and blood replacement therapy. 
Temperature probes are placed in the patient’s nasopharynx, 
rectum, or bladder. Electrodes are attached to the scalp for 
electroencephalography and along the spinal cord for both 
motor and somatosensory evoked potential to assess the cen¬ 
tral nervous system and spinal cord function, respectively 
(Fig. 99.5). The patient is then positioned on the right side with 
the hips and knees flexed to open the intervertebral spaces. A 
lumbar catheter is placed in the third or fourth lumbar space 
to provide cerebrospinal fluid (CSF) pressure monitoring and 
drainage (Fig. 99.6). The CSF pressure is kept at 10 mm Hg or 
less by gravity drainage of CSF fluid throughout the proce¬ 
dure. The patient is then repositioned in the right lateral decu¬ 
bitus position with the hips slightly turned to allow access to 
both groins. The operative field is scrubbed using standard 
aseptic solution and draped. 

The incision is tailored to complement the extent of the 
aneurysm (Fig. 99.7). The full thoracoabdominal incision 
begins posteriorly between the tip of the scapula and the spin¬ 
ous process, curving along the sixth intercostal space to the 
costal cartilage, then obliquely to the umbilicus, and finally in 
the midline to above the symphysis pubis. The latissimus dorsi 
muscle is divided and the insertion of the serratus anterior mus¬ 
cle is mobilized. The left lung is deflated and the left thoracic 
cavity is entered. Resection of the sixth rib facilitates exposure 
and is routinely performed for all TAAAs, except extent IV. Usu¬ 
ally, a full thoracoabdominal exploration is necessary for extent 
II, III, and IV TAAAs. A modified thoracoabdominal incision 
begins similar to the full thoracoabdominal incision, but ends at 
the costal cartilage or above the umbilicus. The modified thora¬ 
coabdominal incision provides excellent exposure for surgery 
involving the descending thoracic aorta, extent I TAAA, and 
extent V TAAA when the aneurysm ends above the superior 
mesenteric artery. The thoracoabdominal incision is extended to 
the level of the umbilicus for extent I and V TAAAs that involve 
the superior mesenteric artery. A self-retaining retractor is 


FIGURE 99.5. Somatosensory and motor 
evoked potentials are recorded at three 
sites: the popliteal fossa (A, B), C5 (C), and 
the vertex (D). 
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FIGURE 99.6. Placement of the lumbar catheter in the 
third or fourth lumbar space to provide cerebrospinal 
fluid drainage and pressure monitoring. 


placed firmly on the edges of the incision to maintain full tho¬ 
racic and abdominal exposure during the procedure. 

The dissection begins at the level of the hilum of the lung 
cephalad to the proximal descending thoracic aorta. The liga- 
mentum arteriosum is identified and transected, taking care to 
avoid injury to the left recurrent laryngeal nerve. The extent of 
the distal abdominal aneurysm is assessed. Only the muscular 
portion of the diaphragm is divided and the left phrenic nerve 
preserved (Fig. 99.8A, B). A retroperitoneal plane is then devel¬ 
oped, mobilizing the spleen, bowel loops, and left kidney to the 
right side of the abdominal aorta (medial visceral rotation). To 
prepare for distal aortic perfusion, the patient is anticoagulated 
using intravenous heparin (1 mg/kg body weight). The peri¬ 
cardium is opened posterior to the left phrenic nerve to allow 
direct visualization of the pulmonary veins and left atrium. The 
left atrium is cannulated through the left inferior pulmonary 
vein or atrial appendage. A centrifugal pump with an in-line 
heat exchanger is attached to the left atrial cannula and the 
arterial inflow is established through the left common femoral 
artery, or the descending thoracic aorta, if the femoral artery is 
not accessible. Distal aortic perfusion is begun (Fig. 99.9). 

Padded clamps are applied onto the proximal descending 
thoracic aorta just distal to the left subclavian artery and the 
midthoracic aorta. When the proximal extent of the aneurysm 
is too close to the left subclavian artery, the aorta between the 
left common and left subclavian arteries is clamped. The left 
subclavian artery is clamped separately. Because of the danger 


of graft-esophageal fistula, the inclusion technique for the 
proximal anastomosis is no longer used. Instead, the aorta is 
transected to separate it from the underlying esophagus (Fig. 
99.10A). A woven Dacron graft impregnated with collagen or 
gelatin for replacement is preferred. The graft is sutured in an 
end-to-end fashion to the descending thoracic aorta, using a 
running 3-0 or 2-0 monofilament polypropylene suture. The 
anastomosis is checked for bleeding. Pledgeted polypropylene 
sutures for reinforcement are placed, if necessary. Sequential 
clamping is used for all TAAAs. After completion of the proxi¬ 
mal anastomosis, the middescending aortic clamp is moved dis- 
tally onto the abdominal aorta at the celiac axis to accommo¬ 
date intercostal reattachment. Reattachment of patent, lower 
intercostal arteries (T8 to T12) is performed routinely, except 
in cases of occluded arteries, heavily calcified aorta, or acute 
aortic dissection. After completion of intercostal reattachment, 
the proximal clamp is released from the aorta and reapplied on 
the aortic graft beyond the intercostal patch, restoring pulsatile 
flow to the reattached intercostal arteries (Fig. 99.1 OB). The 
distal clamp is moved onto the infrarenal aorta, the abdominal 
aorta is opened, and the graft is passed through the aortic hia¬ 
tus. The celiac, superior mesenteric, and renal arteries are iden¬ 
tified and perfused using 9- or 12-French balloon-tipped 
catheters, depending on the size of the ostia (Fig. 99.10C). The 
delivery of cold perfusate (4°C) to the viscera depends on the 
proximal aortic pressure, which is maintained between 300 
and 600 mL/min. Renal temperature is directly monitored and 



FIGURE 99.7. Tailoring of thoracoabdominal incisions 
for aneurysm extent. DTAA, descending thoracic aortic 
aneurysm; SMA, superior mesenteric artery; TAAA, tho¬ 
racoabdominal aortic aneurysm. 
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kept at approximately 15°C. The visceral vessels are usually 
reattached using the inclusion technique. On completion of this 
anastomosis, the proximal clamp is moved beyond the visceral 
patch, restoring pulsatile flow to the viscera and kidneys (Fig. 
99.10D). The final graft anastomosis is then completed at the 
aortic bifurcation. In most cases an island patch accommo¬ 
dates reattachment of the celiac, superior mesenteric, and 
both renal arteries. If the right or left renal artery is located at 
too great a distance from other arteries, its reattachment usu¬ 
ally requires a separate interposition bypass graft. A visceral 
patch is no longer used for Marfan patients because of the 
high incidence of recurrent patch aneurysms in such cases. 
Instead, a woven Dacron commercially available graft is used 
with side-arm grafts of 10 mm and 12 mm for separate 
attachment of the celiac, superior mesenteric, and the left and 
right renal arteries. 

The patient is weaned from partial bypass once the core 
body or nasopharyngeal temperature reaches 36°C. Protamine 
is administered (1 mg/1 mg heparin), and the atrial and 
femoral cannulae are removed. Once hemostasis is achieved, 
two or sometimes three 36-French chest tubes are placed in the 
pleural cavity for drainage. The diaphragm is reapproximated 
using running 1-0 polypropylene suture. The left lung is rein¬ 
flated. Closure of the incision is done in a standard fashion. 
The patient is placed in the supine position, and a single-lumen 
endotracheal tube is exchanged for the double-lumen tube. If 
the vocal cords are swollen, the double-lumen tube is kept in 


FIGURE 99.9. Distal aortic perfusion from the left inferior 
pulmonary vein to the left common femoral artery. 
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FIGURE 99.10. Sequential clamping and graft replace¬ 
ment. Padded clamps are placed on the proximal and 
middistal descending thoracic aorta. A: The proximal 
part of the aneurysm is opened. The aortic neck is 
completely transected and separated from the esopha¬ 
gus. The proximal anastomosis is fashioned. Subse¬ 
quently, the patent lower intercostal arteries are 
reattached via an elliptical hole in the graft. B: The 
proximal clamp is then moved onto the graft to restore 
pulsatile flow to the intercostal arteries, and the graft is 
pulled through the hiatus into the abdomen. The distal 
clamp is reapplied onto the infrarenal aorta. The 
remainder of the aneurysm is opened. Balloon-tipped 
catheters are inserted into the celiac, superior mesen¬ 
teric, and renal arteries to permit perfusion. C: An 
elliptical hole is made in the graft for reimplantation of 
the visceral and renal arteries. 


place until the swelling resolves. The patient is then transferred 
to the intensive care unit (ICU). Figure 99.11 shows an extent 
II TAAA before and after surgery. 


Elephant Trunk Technique for 
Extensive Aortic Aneurysms 

Single-stage repair of extensive aneurysms involving the 
ascending, arch, and thoracoabdominal aorta greatly increases 
operative risks. The patient undergoes a lengthy procedure that 
requires multiple incisions, a daunting array of protective sur¬ 
gical adjuncts, protracted clamp times, and considerable blood 
loss. Staged repair is a practical solution. Prior to the introduc¬ 
tion of the elephant trunk technique by Borst 46 in 1983, staged 
repair was fraught with complications, particularly excessive 
bleeding from the pulmonary artery and thoracic aorta in the 
second-stage repair of the thoracic or thoracoabdominal 
aorta. The elephant trunk technique resolves this problem 
because it allows the surgeon to avoid surgical manipulation 
and cross-clamping the proximal native descending thoracic 
aorta in the second stage. 

The first stage of the elephant trunk technique is performed, 
in a similar fashion to standard surgery of the ascending aorta 
and transverse arch, with the exception that either an inverted 
distal graft or a commercially available collared graft is inserted 
distally (Fig. 99.12A). The folded edge of the inverted graft or 
the collared portion of the elephant trunk graft is sutured to the 
descending thoracic aorta just distal to the left subclavian 


artery. When the distal anastomosis is completed, the inner 
portion of the inverted graft is retrieved. A side hole is made in 
the graft, and the aortic island containing the great vessels is 
reimplanted. The proximal anastomosis to the ascending aorta 
is completed, and the distal portion of the graft, or “elephant 
trunk,” is left dangling in the proximal descending aorta. In the 
first stage, cardiopulmonary bypass, profound hypothermia, 
circulatory arrest, and retrograde cerebral perfusion provide 
protection to the brain and guard against stroke. 

The second stage of the elephant trunk technique is much 
like standard TAAA repair, using the adjuncts distal aortic per¬ 
fusion and CSF drainage. After initiation of the pump, the dis¬ 
tal clamp is applied at the middescending thoracic aorta. The 
proximal third of the descending thoracic aorta is opened 
without a proximal clamp. The elephant trunk portion of the 
graft, inserted in the descending thoracic aorta during stage 1, 
is grasped quickly and clamped (Fig. 99.12B, C). The new 
graft is sutured to the “elephant trunk” to replace the remain¬ 
ing aneurysm. 


POSTOPERATIVE MANAGEMENT 

In the ICU, the patient’s hemodynamic status is monitored very 
closely. The patient is awakened as quickly as possible to check 
neurologic status. However, most patients are kept on mechani¬ 
cal ventilation the first postoperative night. Blood loss is liberally 
replaced using banked blood products. The patient’s mean arte¬ 
rial pressure is maintained between 80 and 90 mm Hg to ensure 
adequate organ perfusion, particularly to the spinal cord. CSF 
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FIGURE 99.11. Example of thoracoabdominal aortic aneurysm 
extent II repair. A: Preoperative computed tomography showing 
proximal part of the aneurysm with chronic dissection. Intraoper¬ 
ative photograph of the thoracoabdominal aortic aneurysm before 
(B) and after (C) graft replacement. The proximal anastomosis 
was just distal to the left subclavian artery; the patent lower inter¬ 
costal arteries were reattached; the celiac, superior mesenteric, and 
right renal arteries were reimplanted together; the left renal artery 
was reimplanted via an interposition bypass graft; and the distal 
anastomosis was to the aorta just above the bifurcation. The sepa¬ 
rate left renal artery graft was necessary because it was located far 
away from the remaining visceral arteries. 





FIGURE 99.12. Elephant trunk technique. Illustration of 
completed stage 1 elephant trunk (A). In stage 2, the proximal 
aneurysm is opened and the existing graft is quickly grasped 
(B) and clamped (C). The remainder of the surgery follows the 
standard technique for thoracoabdominal aortic aneurysm. 
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pressure is continuously monitored. Approximately 10 to 15 mL 
of CSF is drained hourly to keep CSF pressure at 10 mm Hg or 
less. Ideally, the patient is weaned off the ventilator on the first 
postoperative day. Oral diet is resumed when the patient is extu- 
bated and has bowel sounds. If the patient requires longer 
mechanical ventilation, then a nasoduodenal feeding tube is 
placed and enteral feeding begins on the second or third postop¬ 
erative day, when bowel activity returns. Some patients may 
develop postoperative ileus and require total parenteral nutri¬ 
tion. After the patient recovers from anesthesia and is moving all 
extremities, potential delayed neurologic deficit is monitored. 
Warning signs for delayed neurologic deficit are unstable arterial 
blood pressure, hypoxemia, low hemoglobin (<10 g/dL), or 
increased CSF pressure (>15 mm Hg). CSF drainage is discon¬ 
tinued on the third postoperative day. The length of stay in the 
ICU is about 3 or 4 days, depending on the neurologic and pul¬ 
monary status of the patient. The patient is subsequently trans¬ 
ferred to the telemetry floor. Physical therapy is initiated in the 
ICU and continued throughout the patient’s hospital stay. The 
median length of stay for patients following TAAA is 15 days. 47 
Annual CT scan follow-up is recommended to screen for the 
development of new aneurysm or graft-related pseudoaneurysm 
formation. The frequency of follow-up visits or CT scans varies 
based on TAAA etiology. For example, patients with remaining 
unoperated aortic dissection, connective tissue disorders (Mar¬ 
fan syndrome), a family history of aortic aneurysm, or concur¬ 
rent aneurysms may need closer surveillance. 



FIGURE 99.13. In extent II aneurysms, the probability of developing 
neurologic deficits increases with increasing clamp time, but the use of 
adjunct distal aortic perfusion and cerebrospinal fluid drainage reduces 
the chances of neurologic deficit by prolonging ischemic tolerance. 


SURGICAL OUTCOMES 


Mortality rates for patients undergoing TAAA and descending 
thoracic aortic aneurysm repair range between 4% and 
21 %. 12 ’ 48-50 The variable success rates are partly related to the 
heterogeneity of the patient population and to the expertise of 
the treating team. In the cumulative experience of the authors of 
this chapter (from January 1991 to July 2007), 1,353 patients 
underwent TAAA and descending thoracic aortic aneurysm 
repair. 51 Of these patients, 63% were men with a median age of 
65 years (range, 8 to 89 years). Approximately 7% of patients 
had emergency surgery for free or contained rupture of TAAA 
or descending thoracic aortic aneurysm. Currently, the 30-day 
mortality rate is approximately 14%, but for patients with nor¬ 
mal renal function (i.e., with a calculated glomerular filtration 
rate >90 mL/min/1.73 m 2 ), the early mortality was 5%. Using 
multivariable analysis, advanced age, renal failure, and paraple¬ 
gia have been identified as important risk factors for mortality. 52 
Overall, 70% of patients recover from TAAA without signifi¬ 
cant postoperative complications. 53 The 5-year survival for 
patients after TAAA is between 60% and 70%. Recently, nega¬ 
tive predictors for long-term survival were found to include 
advanced age, extent II TAAA, renal failure, emergency surgery, 
cerebrovascular disease, and active tobacco smoking. 52 


Neurologic Outcome 

Postoperative neurologic deficit remains the most devastating 
complication following TAAA repair. When the descending tho¬ 
racic aorta is cross-clamped, the spinal cord is quickly rendered 
ischemic because of the immediate interruption of perfusion to 
the spinal cord and consequent increased CSF pressure. There¬ 
fore, in the “cross-clamp-and-go” era the single most impor¬ 
tant predictor of neurologic deficit was the length of clamp time. 
The rationale for the present method of protection is to increase 
the spinal cord perfusion pressure directly with distal aortic per¬ 
fusion and indirectly by reducing CSF pressure to 10 mm Hg or 
less. Animal and human studies have confirmed that CSF 
drainage reduces CSF pressure and can improve spinal cord per¬ 
fusion during aortic cross-clamping. 54-56 

From January 1991 to July 2007, we performed repair of the 
descending thoracic and thoracoabdominal aorta in 1,353 


patients. 51 Nine hundred sixty-nine (71%) were male. The 
adjuncts distal aortic perfusion and CSF drainage with moder¬ 
ate hypothermia were used in 1,025 of 1,353 (76%) patients. 

In our cumulative experience, the use of combined adjunct 
distal aortic perfusion and CSF drainage has been associated 
with a 58% reduction in the risk of neurologic deficit across all 
aneurysm extents. That is, the overall incidence of neurologic 
deficit for all patients without the use of adjunct was 5.2%, 
while it was 2.2% for those with adjunct. While aortic cross¬ 
clamp time remains a major predictor of paraplegia when plot¬ 
ted on a continuum, the curve has shifted to the right, with 
longer ischemic tolerance provided by the adjuncts. In high- 
risk extent II aneurysms, adjuncts reduced neurologic deficit 
from 30% to 9% at the average aortic cross-clamp time of 75 
© minutes (Fig. 99.13). When all aneurysm extents are modeled 
together with nonadjunct cases excluded, use of adjuncts has 
pushed the rates down to the range of 1% to 5% and vastly 
increased clamp time tolerance. This combination of results 
has made the current statistical models insensitive to cross¬ 
clamp time, so that although the intercept for extent II 
aneurysms is greater, the estimates for all extents are flat across 
clamp time (Fig. 99.14). Clearly, the adoption of adjunct has 
impacted the overall incidence of neurologic deficit, and this 
has led us to recategorize “low” versus “high” risk as “extent 
non-II” versus “extent II.” 57 

Since 1991, distal aortic perfusion and CSF drainage have 
been utilized as adjuncts for all patients undergoing elective 
repair of TAAA. Overall, in a total of 1,004 patients, immedi¬ 
ate postoperative neurologic deficit (paraplegia or paraparesis 
that occurs as the patient awakens from anesthesia) occurred 
in 2.4% of patients operated with adjuncts and in 6.8% of 
patients without adjuncts. 52 This combination of adjuncts has 
reduced the cumulative rate of neurologic deficits to 0.9% for 
descending thoracic aortic repair and to 3.3% for thoracoab¬ 
dominal aortic repair. 52 Repair of the most extensive TAAAs 
(extent II) has long been known to result in the highest inci¬ 
dence of neurologic deficits. In the cross-clamp-and-go era, 
this incidence was as high as 30% to 40%. 50 With the use of 
adjuncts, the rate of immediate neurologic deficits for extent II 
TAAA has been reduced to 6.6% 52 (Fig. 99.15). In addition to 
the extent of the aneurysm, other perioperative risk factors for 
immediate neurologic deficits include age, emergency presen¬ 
tation, renal dysfunction, active smoking, and cerebrovascular 
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Aortic cross-clamp time (min) 

FIGURE 99.14. For thoracoabdominal aortic aneurysms and all 
other aneurysms, use of adjuncts has made the probability of neuro¬ 
logic deficits low and unrelated to cross-clamp time. 


disease. The use of intraoperative distal aortic perfusion and 
perioperative CSF drainage, in combination, prevents one neu¬ 
rologic deficit in 20 cases for all patients, and one in five for 
extent II TAAA. 52 

Also important in spinal cord protection is the reimplanta¬ 
tion of intercostal arteries. During the era of cross-clamp and 
go, reimplantation of intercostal arteries was found to be a 
risk factor for postoperative neurologic deficit. 58 This link was 
explained by the longer cross-clamp time required to reattach 
the intercostal arteries. The level at which the anterior radicu¬ 
lar artery, known as the artery of Adamkiewicz or arteria 
radicularis magna, originates is known to be variable. Most 
commonly this artery branches from one of the lower inter¬ 
costal arteries with or without additional collateral branches 
from nearby intercostal arteries. The anterior radicular artery 
is believed to be the major blood supply to the anterior spinal 
artery of the spinal cord. The relationship of neurologic deficit 
to ligation, reimplantation, and preexisting occlusion of inter- 



FIGURE 99.15. The probability of neurologic deficit increases with 
clamp time and is markedly higher in patients undergoing thoracoab¬ 
dominal aortic aneurysm surgery without adjuncts. 


costal arteries in patients undergoing TAAA repair using 
adjuncts has been studied. It was found that ligation of patent 
lower intercostal arteries (T9 to T12) increased the risk of 
paraplegia. 58 Therefore, all patent lower intercostal arteries 
from T9 to T12 are reattached, either together as a patch to a 
side hole made in the Dacron graft or, when the intercostal 
arteries are too far apart, separately as buttons or using inter¬ 
position bypass grafts. However, if the lower intercostal arter¬ 
ies are occluded, the patent upper intercostal arteries will be 
reimplanted, because these are thought to assume a more 
important role in the collateral system to the anterior spinal 
artery in this situation. 

Adequate spinal cord perfusion pressure should be main¬ 
tained with avoidance of hypotension during and after surgery. 
Intravenous nitroprusside, in particular, can precipitate sys¬ 
temic hypotension, and has been shown to cause a paradoxical 
increase of CSF pressure. 59 Therefore, it is no longer used. A 
detailed account of the essential anesthetic care during TAAA 
Q repair is beyond the scope of this chapter. However, the impor¬ 
tance of adequate maintenance of systemic arterial pressure 
with judicious blood transfusion cannot be overemphasized, as 
organ perfusion greatly depends on the systemic circulation. 
Clearly, the era of cross-clamp and go is over, and the spinal 
cord must be provided with some form of protection. 

Cord function can be assessed using intraoperative neuro¬ 
physiologic monitoring with motor evoked potentials (MEPs) 
and somatosensory evoked potentials (SSEPs) as performed rou¬ 
tinely in aortic surgery. 60,61 For SSEPs, probes are placed at the 
malleolus bilaterally, stimulating the posterior tibial nerve. 
Recordings are performed at three sites (Fig. 99.5), including the 
popliteal fossa, C5, and the vertex, with a positive finding 
defined as a drop in amplitude by 50% and/or a change in 
latency by 10%. For MEPs, precentral gyrus is stimulated and 
recording is measured at three sites including the abductor digit 
minimi, tibialis anterior, and abductor hallucis muscle. Com¬ 
pound muscle action potential is monitored, with a positive find¬ 
ing defined as an all-or-none potential. If there are signal changes 
as defined earlier, intraoperative corrective measures are per¬ 
formed, which include increasing the mean central pressure to 
over 80 mm Hg, increasing distal aortic perfusion pressure to 
over 60 mm Hg, lowering the CSF pressure, increasing the 
hemoglobin level, and attaching additional intercostal arteries. 

With the current use of adjunct therapy and intraoperative 
SSEP and MEP monitoring, the current rate of immediate neu¬ 
rologic deficit remains at 3.1%. 62 

Delayed Neurologic Deficits, Delayed neurologic deficit 
refers to the onset of paraplegia or paraparesis after a period of 
observed normal neurologic function. Delayed-onset neuro¬ 
logic deficit after TAAA repair was first reported in 1988, at 
which time the condition was considered irreversible and 
beyond the surgeon’s control. 63 Since then numerous reports 
have described improvements in patients’ neurologic function 
by using CSF drainage for delayed-onset neurologic 
deficits. 64-66 Delayed neurologic deficit has been observed as 
early as 2 hours and as late as 2 weeks following surgery 
(median, 3 days) in 2.7% of patients. 67 No single risk factor is 
responsible for delayed neurologic deficit. However, using mul¬ 
tivariable analysis, acute dissection, extent II TAAA, and renal 
insufficiency were identified as significant preoperative predic¬ 
tors for delayed-onset neurologic deficit. 67 In a subsequent 
case-control study, postoperative mean arterial pressure of less 
than 60 mm Hg and CSF drain complications were found to be 
predictors in the development of delayed-onset neurologic 
deficit, independent of preoperative predictors 68 (Fig. 99.16). 

As improved spinal cord protection during TAAA surgery 
has reduced the incidence of neurologic complications, 
delayed-onset neurologic deficit has emerged as an important 
clinical entity. The exact mechanisms involved in the develop¬ 
ment of delayed neurologic deficit remain unknown. It is spec¬ 
ulated that delayed neurologic deficit after TAAA repair may 
result from a “second hit” phenomenon. Adjuncts can protect 
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FIGURE 99.16. Odds of delayed neurologic deficit by lowest postop¬ 
erative mean arterial blood pressure, with or without cerebrospinal 
fluid drain complication. Odds are referenced to one. For example, a 
patient with a mean arterial blood pressure of 40 mm Hg and a cere¬ 
brospinal fluid (CSF) drain complication would have 40:1 odds of 
delayed neurologic deficit. 


the spinal cord intraoperatively and reduce the incidence of 
immediate neurologic deficit, but the spinal cord remains vul¬ 
nerable during the early postoperative period. Additional 
ischemic insults caused by hemodynamic instability, malfunc¬ 
tion of the CSF drainage catheter, or both may constitute a 
“second hit,” causing delayed neurologic deficit. Furthermore, 
in the rigid, unyielding spinal column, any rise in CSF pressure 
could lead to an increase in compartment pressure, with con¬ 
sequent decreased spinal cord perfusion. Hence, CSF is 
drained freely when delayed neurologic deficit develops to 
relieve the compartment pressure. 

To optimize postoperative spinal cord perfusion and oxygen 
delivery, mean arterial pressure is kept above 90 to 100 mm 
Hg, hemoglobin above 10 mg/dL, and cardiac index greater 
than 2.0 L/min. If delayed neurologic deficit occurs, measures 
to increase spinal cord perfusion are instituted immediately. 
The patient is placed flat in the supine position. The patency 
and function of the drain are ascertained at once. If the drain 
has been removed, the CSF drainage catheter is reinserted 
immediately and CSF is drained freely until the CSF pressure 
drops below 10 mm Hg. The systemic arterial pressure is 
raised, blood transfusion is liberally infused, and oxygen satu¬ 
ration is increased, as indicated earlier. CSF drainage is contin¬ 
ued for at least 72 hours for all patients with delayed-onset 
neurologic deficit. Using this multifaceted approach to treating 
delayed-onset neurologic deficit, an improvement in neuro¬ 
logic function is seen in 57% of patients. 67 When the CSF drain 
was still in place at the onset of delayed neurologic deficit, 75% 
of patients recovered function; 43% recovered neurologic 
function if the CSF drain had to be reinserted at the time of the 
delayed neurologic deficit. Patients who developed delayed 
neurologic deficit but did not have CSF drainage failed to 
recover function. 

Renal Failure. Acute postoperative renal failure is defined 
as an increase in serum creatinine of 1 mg/dL per day for 2 
consecutive days or by the need for hemodialysis. The reported 
rate of acute renal failure from large series of patients under¬ 
going TAAA repair falls within the range of 5% to 40% and is 
associated with mortality rates as high as 70%. Patients who 
develop acute renal failure more frequently sustain nonrenal 
complications, such as respiratory failure, central nervous sys¬ 


tem dysfunction, sepsis, and gastrointestinal hemorrhage. For 
patients who develop postoperative renal failure, early contin¬ 
uous venovenous hemodialysis or daily intermittent hemodial¬ 
ysis is initiated. In the experience of the authors of this chap¬ 
ter, approximately one third of patients who develop acute 
renal failure remain on hemodialysis, and predictably these 
patients have a prolonged length of hospital stay. Long-term 
survival for patients on hemodialysis is dismal. Preoperative 
chronic renal insufficiency and ruptured aneurysms are known 
predictors of acute postoperative renal failure. Although the 
authors of this chapter have theorized that patients with the 
most extensive extent II TAAA are at highest risk for the devel¬ 
opment of postoperative renal failure, extent of TAAA has not 
been shown to be a significant predictor. 

The goals of perioperative renal protection are to maintain 
adequate renal oxygen delivery, reduce renal oxygen utiliza¬ 
tion, and reduce direct renal tubular injury. However, good 
strategies to protect renal function during surgical TAAA 
repair remain elusive. The benefit of cold temperatures for 
metabolic suppression in organ protection is well known. 
Local hypothermia has been shown to protect against renal 
ischemia and reperfusion injury in laboratory animals, and 
there is some evidence that patients with cold visceral perfu¬ 
sion have superior survival and recovery rates. However, this 
strategy has not decreased the incidence of acute renal failure. 
The incidence of postoperative renal failure remains trouble¬ 
some and the pursuit of an optimal method of renal protection 
continues to be a top priority. 


Glomerular Filtration Rate 


Clinically apparent renal insufficiency is a known predictor of 
30-day mortality. The overall 30-day mortality was 225 of 
1,353 (16%), and the 5-year survival rate was 54%. We are 
finding increasingly that mortality cannot properly be inter¬ 
preted without knowledge of preoperative glomerular filtra¬ 
tion rate. With normal GFR (>90 mL/min/1.73 m 2 ), 30-day 
mortality was 6%, while 5-year survival was 77%. With a 
decline in GFR to the 65 to 90 range, 30-day mortality was 
10.6%. Below a GFR of 65, 30-day mortality increases to 
26%. Long-term survival stratified by quartile of GFR is 
shown in Figure 99.17. The effect of GFR on both short-term 
mortality and long-term survival was highly statistically signif¬ 
icant (p <0.0001 for both measures). 

Recently, in patients undergoing TAAA repair without appar¬ 
ent renal disease, we have found that calculated glomerular filtra¬ 
tion rate is a much stronger predictor for mortality than serum 
creatinine. 69 We have used and appraised many different forms of 
renal protection including distal aortic perfusion, warm blood 
visceral perfusion, antegrade cold blood visceral perfusion, retro¬ 
grade cold blood perfusion, and the perioperative use of a renal 
protective pharmacologic agent, fenoldopam. None of these 
yielded overly promising results. Using multivariable analyses, we 
found that preoperative renal failure (creatinine >2.8 g/dL), left 
renal artery reattachment, visceral perfusion, and the clamp-and- 
sew technique are predictors of acute renal failure. 57 

In the past, we had used visceral perfusion without cooling 
or systemic heparin, and this was likely the reason for the neg¬ 
ative effect of visceral perfusion on renal protection. We 
recently reviewed the impact of various adjuncts on renal func¬ 
tion. Distal aortic perfusion has emerged as protective but only 
for aortic repair that does not directly involve the renal arter¬ 
ies. There is evidence, however, that patients treated with cold 
blood visceral perfusion have superior survival and recovery 
rates, which may be related to improved liver protection. 
None of the adjuncts thus far evaluated has clearly prevented 
acute renal failure. The major predictors of postoperative 
renal dysfunction remain preoperative renal function, cross¬ 
clamp time, and repair extending to the renal arteries. 

Excluding patients who had clinically apparent preopera¬ 
tive renal failure, we found that acute renal failure occurred in 
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FIGURE 99.17. Long-term survival stratified by quartile of glomeru¬ 
lar filtration rate. 


344 of 1,261 (27.2%) of our patients overall. For patients 
with preoperative GFR above 90, renal failure was 62 of 367 
(17%). When GFR was between 65 and 90, postoperative 
renal failure was 70 of 310 (23%). At GFRs below 65, renal 
failure was 212 of 584 (36%). Thirty-day mortality among 
patients with acute renal failure was 34% compared to 10% 
mortality for all other patients. Aneurysms involving the vis¬ 
ceral vessels (extents II, III, and IV) were much more likely to 
produce renal failure postoperatively (39 vs. 17%, p <0.0001). 
Approximately one third of our patients who developed acute 
renal failure remained on hemodialysis, and long-term survival 
for patients on hemodialysis has been dismal. 


COMPLICATIONS 


A summary of complications is shown in Table 99.1. These fig¬ 
ures are compiled from a collection of sources. 70-80 


Elephant Trunk Technique 

The authors of this chapter have performed the two-staged ele¬ 
phant trunk procedure in nearly 200 patients with extensive 
aortic aneurysms. 81 Mortality rates range from 5% to 9% 
after stage one and 6% to 7% for stage two. During the inter¬ 
val between the two stages (approximately 31 days to 6 
weeks), mortality has averaged around 6.5%. When a 5-year 
follow-up of patients who failed to return for second-stage 
repair was performed, 32% had died. Although we were 
unable to determine the exact cause of death for many of these 
patients, it is likely that a significant number of deaths were a 
result of aneurysm rupture. Major complications for both 
stages have been relatively low, with stroke rates of 2% in the 
first stage and no neurologic deficits in the second. Determin¬ 
ing the optimum length of recovery time between stages has 
been difficult. Because these patients are vulnerable to rupture, 
it is currently recommended that the second-stage repair be 
performed after a 4- to 6-week period of recovery. 


Impact of Aortic Dissection 

Aortic dissection has long been considered a risk factor for neu¬ 
rologic deficit in patients undergoing repair of descending tho¬ 


ITABLE 99.1 

COMPLICATIONS | 



■ COMPLICATION 

■ RESULTS 

Early mortality 

4%-21% 

Immediate neurologic deficit 

2%-33% 

Delayed neurologic deficit 

2%-10% 

Acute renal failure—need for dialysis 

2%-13% 

Acute renal insufficiency 

6%-40% 

Bleeding—reoperation for bleeding 

5%-10% 

Vocal cord paralysis/paresis and 
hoarseness 

10% 

Cardiac complication—MI, CHF 

5%-15% 

Pulmonary insufficiency (prolonged 
ventilation >48 h) 

10%-41% 

Stroke or transient ischemic attack 
(reversible) 

2%-6% 

Gastrointestinal complications 
(pancreatitis, ischemic colitis, small 
bowel, cholecystitis, hepatic 
insufficiency) 

7%-10% 

Chylothorax 

<1% 

Hospital length of stay 

10-22 days 

Survival 

1 y = 60%-80% 

5 y = 65%-80% 

10 y = 40% 

CHF, chronic heart failure; MI, myocardial infarction. 


racic and TAAAs, particularly during the clamp-and-go era. 82-85 
However, in a series of 729 patients operated on for descending 
thoracic aneurysms and TAAAs, no differences were reported in 
neurologic outcome between patients with and those without 
chronic dissection; the rate of paraplegia was 3.6% with dissec¬ 
tion versus 4.7% without dissection. 86 Several factors are likely 
responsible for the good neurologic outcome of patients with 
chronic dissection; they include better surgical techniques and 
anesthetic care, moderate hypothermia, and reimplantation of 
intercostal arteries. The key element in the improved spinal cord 
protection, however, has been the use of the adjuncts distal aor¬ 
tic perfusion and CSF drainage. 

In acute aortic dissection, the risk of paraplegia following graft 
replacement of the descending thoracic or thoracoabdominal 
aorta remains substantial, with a neurologic deficit rate of 32%. 87 
Nevertheless, acute dissection aneurysm patients are usually criti¬ 
cally ill, undergoing surgery emergently with little time for prepa¬ 
ration. The method of spinal cord protection employed during 
surgery for acute dissection is often not optimal. In particular, 
reimplantation of intercostal arteries is ill advised because of the 
risk of catastrophic bleeding from the friable dissected tissues, and 
the use of the adjuncts distal aortic perfusion and CSF drainage 
may not be possible in the presence of hemodynamic instability. 


Endovascular Repair 

Since the first successful reported thoracic stent graft repair in 
1994, 88 endovascular management of thoracic aortic pathology 
has evolved at a rapid pace. Thus far, three thoracic aortic 
devices have received Food and Drug Administration (FDA) 
approval in the United States. These devices, in the order of 
approval, are the TAG (WL Gore, Flagstaff, AZ), the Talent 
Thoracic (Medtronic, Santa Rosa, CA), and the TX2 (Cook, 
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Bloomington, IN). The results of thoracic endovascular aortic 
repair (TEVAR) performed in the prospective multicenter trials 
that led to the FDA approval of these three devices compare 
favorably to open surgical controls. 89-91 Although these devices 
are approved for the treatment of thoracic aortic aneurysms, 
their off-label use for other thoracic aortic pathology is com¬ 
mon. The use of thoracic devices for treatment of a variety of 
aortic conditions, including acute and chronic type B aortic dis¬ 
sections, traumatic aortic injury, and pseudoaneurysms, has 
been reported. 92-94 Although the short-term benefits of 
endovascular therapy are clear, with less morbidity and mortal¬ 
ity compared with conventional surgery, the long-term durabil¬ 
ity of this treatment strategy remains to be determined. 

Endovascular treatment of a TAAA would require revascu¬ 
larization of visceral vessels using branched and/or fenestrated 
devices. There are currently no FDA-approved branched and/or 
fenestrated devices for TAAA repair available in the United 
States. The feasibility of a custom-designed investigational 
device for endovascular TAAA repair has been reported. 95-97 
Although the early results are encouraging, the technology is 
rapidly evolving and the widespread adoption of a custom- 
designed device is challenging. Moreover, a recent study showed 
no significant difference in mortality or spinal cord ischemia 
between endovascular and open repair. 98 

In addition to complete endovascular TAAA repair, “hybrid” 
procedures have evolved. These have combined open debranch¬ 
ing procedures with subsequent relining of the aorta with stent 
grafts. The debranching procedures entail an open retroperi¬ 
toneal or transperitoneal approach for extra-anatomic bypassing 
of the visceral and renal arteries from either iliac artery. This 
is subsequently followed by exclusion of the thoracoabdominal 
aorta with stent grafts. Although this approach is technically 
feasible, the risk of mortality remains discouragingly high. 99-102 
Indications for this approach will likely be limited to patients 
with TAAA who are unfit for open repair and those who are 
not candidates for endovascular repair (i.e., those with tortu¬ 
ous vessels, inaccessible vessels, or insufficient time to order a 
customized stent graft). Although much progress has been made 
in the endovascular repair of TAAAs, the technology is still in its 
infancy. The next generation of endografts holds a promising 
future for patients with TAAAs. 
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CHAPTER 100 ABDOMINAL AORTIC ANEURYSMS 


THOMAS S. HUBER AND W. ANTHONY LEE 


KEY POINTS 


Q An aneurysm is defined as a permanent, focal dilation of 
an artery that exceeds 1.5 times the normal, expected 
diameter. 

^The risk factors for abdominal aortic aneurysm include 
age, male gender, smoking, family history, hypertension, 
and the presence of other aortoiliac or peripheral 
aneurysms. 

Q The diameter of an aneurysm is the greatest predictor of 
rupture as predicted by the tangential stress of the vessel 
wall. 

^The natural history of abdominal aortic aneurysms is to 
increase in size with a mean growth rate of 0.4 cm/y. 

Q Computed tomography arteriography is both the diagnos¬ 
tic study of choice and the sole imaging study required for 
operative planning. 


Q The treatment of abdominal aortic aneurysm represents a 
balance between the risk of rupture and the operative mor¬ 
tality rate. 

Q Infrarenal abdominal aortic aneurysms should be repaired 
in men when the diameter reaches 5.5 cm and in women 
when the diameter reaches 5.0 cm provided they are a rea¬ 
sonable operative risk. 

Q Endovascular aneurysm repair mandates long-term follow¬ 
up with serial imaging to confirm the integrity of the device 
and repair. 

Q Randomized trials have not demonstrated an advantage 
for the endovascular approach, but it appears to be the 
preferred choice by both patients and providers in the 
United States. 


Abdominal aortic aneurysms are a common problem in devel¬ 
oped countries and represent a significant public health con¬ 
cern. Operative repair is the only means to reduce the risk of 
rupture and the associated mortality. The treatment algorithm 
represents a balance between the risk of operation and the 
future risk of rupture. The open technique has been the tradi¬ 
tional approach since its description by Dubost et al. 1 in the 
early 1950s. The endovascular approach has emerged as the 
preferred treatment since its commercial release at the turn of 
the century and has truly revolutionized the care of patients 
with abdominal aortic aneurysms. 


DEFINITIONS AND 
_ CLASSIFICATIONS _ 

Q An aneurysm is defined as a permanent, focal dilation of an 
artery that exceeds 1.5 times the normal, expected diameter. 2 
The diameter of a normal abdominal aorta in an adult male is 
approximately 2 cm (range, 1.4 to 3.0 cm), and, therefore, a 
3-cm aorta would be considered aneurysmal. 3 The abdominal 
aorta is consistently larger in men than in women and 
increases slightly with age in both sexes. 4 Abdominal aortic 
aneurysms should be differentiated from other conditions in 
which the size of the aorta is increased, including ectasia and 
arteriomegaly. In aortic ectasia, the diameter is increased by 
less than 50% of the normal expected diameter. The term arte¬ 
riomegaly refers to a diffuse (nonfocal) enlargement of several 
arterial segments with increases in diameter greater than 50% 
of the normal expected diameter. Arterial segments in patients 
with arteriomegaly may be considered aneurysmal if the diam¬ 
eter of a segment is increased by more than 50% of the diam¬ 
eter of an adjacent segment. The term aneurysmosis denotes 
the presence of multiple aneurysmal segments separated by 
either normal, occluded, or arteriomegalic segments. 

Abdominal aortic aneurysms are classified primarily 
according to how far they extend cephalad (Fig. 100.1). More 
than 95% of all abdominal aortic aneurysms are classified as 


infrarenal. 5 These aneurysms start below the orifices of the 
renal arteries and usually have a 1.5- to 2-cm proximal seg¬ 
ment of normal (i.e., nonaneurysmal) aorta. Approximately 
10% to 20% of all abdominal aortic aneurysms are associated 
with aneurysms of the iliac arteries. 6,7 Aneurysmal involve¬ 
ment of the iliac vessels is usually confined to the common or 
internal iliac arteries; aneurysmal involvement of the external 
iliac arteries is extremely rare. The management of abdominal 
aortic aneurysms associated with common iliac artery 
aneurysms is similar to the management of abdominal aortic 
aneurysms alone, and these two patterns should be considered 
basically the same disease process. The only significant differ¬ 
ence in the decision algorithm is the configuration of the graft 
for open repair (i.e., tube vs. bifurcated) and the site of the dis¬ 
tal anastomoses. Aneurysms classified as juxtarenal extend to 
the level of the renal arteries, and those classified as suprarenal 
extend to the level of the superior mesenteric or celiac arteries. 
Aneurysms involving the thoracic and abdominal aorta are 
designated as thoracoabdominal aortic aneurysms and are clas¬ 
sified (extent 1 through 4) according to how far they extend 
both cephalad and caudal. Aneurysms that extend above the 
renal arteries are more complicated to repair and associated 
with greater morbidity as might be predicted from the obliga¬ 
tory periods of renal and mesenteric ischemia. 


MAGNITUDE OF THE PROBLEM 


Abdominal aortic aneurysms and their sequelae are common 
problems in developed countries. The incidence of abdominal 
aortic aneurysms in the United States ranges from 1.5% in 
autopsy series to 3.2% among unselected adult patients screened 
with ultrasonography. 5 Predictably, the incidence increases 
among subsets of patients with defined risk factors for abdomi¬ 
nal aortic aneurysms and approximates 50% among patients 
with either femoral or popliteal artery aneurysms. 5 It should be 
emphasized that these rates have been determined with the 
broad definition of an aneurysm (i.e., 1.5 times the normal vessel 
diameter) and do not necessarily reflect aneurysms that are of 
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Thoracoabdominal 


FIGURE 100.1. Classification of abdominal aortic aneurysms. More 
than 95% of all abdominal aortic aneurysms are infrarenal. Juxtarenal 
aneurysms extend cephalad to the level of the renal arteries, and 
suprarenal aneurysms to the level of the superior mesenteric and/or 
celiac arteries. Aneurysms involving the thoracic and abdominal por¬ 
tions of the aorta are designated as thoracoabdominal aortic 
aneurysms and are classified (extent 1 through 4) according to how far 
they extend cephalad and caudal. 


sufficient size to merit repair. Furthermore, the incidence of 
abdominal aortic aneurysms appears to be increasing and this 
likely reflects an increase in the “true” incidence rather than sim¬ 
ply an increase in detection, diagnosis, or the aging population. 8 
A total of 14,751 deaths were caused by abdominal aortic 
aneurysms and/or dissections during 2003 and this corresponded 
to death rate of 5.1 per 100,000 as reported by the Centers for 
Disease Control and Prevention. 9 Notably, these numbers may be 
underestimates because a significant number of sudden deaths in 
elderly patients may be secondary to undiagnosed ruptured 
aneurysms. 


PATHOGENESIS AND 
RISK FACTORS 


The pathogenesis of abdominal aortic aneurysms remains 
unresolved, although it is an intense area of both experimental 
and clinical investigation. Multiple potential etiologic factors 
have been implicated including atherosclerosis, 10 hemodynam¬ 
ics, 11 collagen, 12 collagenase, 13 elastin, 14 elastase, 15 metallo- 
proteinases, 16 protease inhibitors, 17 programmed cell death 
(apoptosis), 18 neutrophils, 19 and inflammatory mediators. 20 


The etiology is likely multifactorial with interaction between 
both environmental and genetic factors. Unfortunately, inves¬ 
tigation into the potential mechanisms has not resulted in any 
effective therapies. Elucidation of the pathogenesis has been 
complicated by the older age of patients at presentation and 
the absence of suitable animal models. 

Multiple risk factors have been identified for the develop¬ 
ment of abdominal aortic aneurysms and include age, sex, 
smoking, hypertension, hyperlipidemia, peripheral vascular 
disease, myocardial infarction, and family history. 21-24 Identifi¬ 
cation of these risk factors is important to facilitate screening 
high-risk patient populations. Abdominal aortic aneurysms are 
a disease process of the elderly and are rare among persons 
younger than 50 years of age. Indeed, the mean age among 
patients undergoing repair across the country was 72 ±7 years 
(± standard deviation [SD]) in a recent series comprising a 
20% national sample. 25 A meta-analysis of the population- 
based screening studies for abdominal aortic aneurysms 
reported that male sex had the strongest association (odds 
ratio, 5.69). 21 The incidence of death resulting from abdominal 
aortic aneurysms for men 60 to 64 years of age is 11-fold 
higher than that for women of the same age, but it is only three¬ 
fold higher for men between 85 and 90 years of age. Further¬ 
more, men account for approximately 80% of all abdominal 
aortic aneurysm repairs performed nationally. 25 The Aneurysm 
Detection and Management Veterans Affairs Cooperative Study 
Group (ADAM) reported that smoking was the strongest mod¬ 
ifiable risk factor associated with abdominal aortic aneurysms 
greater than 4 cm (odds ratio, 5.57) among the 73,451 veterans 
screened. 26 Similarly, Wilmink et al. 26,27 reported that abdomi¬ 
nal aneurysms were 7.6 times more likely to develop in current 
smokers than in nonsmokers and that the duration of smoking 
rather than level of exposure appeared to correlate with their 
development. Darling et al. 28 prospectively analyzed patients 
undergoing repair of abdominal aortic aneurysms and reported 
that 15.1% had a first-degree relative with an aneurysm, in 
contrast to only 1.8% in the control group. Interestingly, the 
presence of a female family member with an aneurysm corre¬ 
lated with an increased risk for rupture. Larsson et al. 29 
reported from a population-based control study in Sweden that 
the relative risk of an abdominal aortic aneurysm in first-degree 
relatives was 1.9 (95% confidence interval [Cl], 1.6-2.2). 
However, the risk of an aneurysm was not affected by the gen¬ 
der of the index individual or relative. 

The presence of an aneurysm in the aortic, iliac, femoral, or 
popliteal arteries dramatically increases the risk for a new or 
additional abdominal aortic aneurysm. In patients undergoing 
abdominal aortic or iliac artery aneurysm repair, there is a 5 % to 
15% chance that an additional aneurysm will develop that mer¬ 
its another repair. 30,31 This second aneurysm may develop any¬ 
where in the remaining native aorta, commonly within the resid¬ 
ual infrarenal aortic cuff. The incidence of aortoiliac aneurysms 
in patients with popliteal or femoral artery aneurysms is approx¬ 
imately 50%. 5 Importantly, all patients found to have one of 
these peripheral artery aneurysms should undergo a computed 
tomography scan (CT) of the entire aorta and iliac vessels to 
exclude a synchronous aneurysm in addition to being screened 
for other peripheral aneurysms. Interestingly, the reverse sce¬ 
nario is not true; patients with aortic or iliac artery aneurysms 
have a less than 5% chance of having a peripheral artery 
aneurysm, and evaluation beyond physical examination is likely 
not justified. 32 

The incidence of abdominal aortic aneurysm is increased 
among patients with an aortic dissection and among patients 
with heart transplants. Late or repeated operations are 
required in approximately 20% of patients by 10 years after an 
acute aortic dissection. 33 The aneurysms may develop in either 
the thoracic or abdominal aorta, although the former site is 
more common. The term dissecting aneurysm is frequently 
used to describe bland aneurysms, although it is a misnomer; 
dissection and aneurysmal degeneration are separate processes. 
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Simply, a dissection is a tear within the aortic wall itself that 
extends for a variable length resulting in “true” and “false” 
lumen. The prevalence of abdominal aortic aneurysms and the 
rate of expansion are both increased among heart transplant 
patients. 34-36 The responsible mechanisms remain unclear, but 
the obligatory chronic immunosuppression may contribute. 
Interestingly, several transplant centers have initiated screening 
programs as part of their pretransplant evaluation. 

It is notable that the risk factors for abdominal aortic 
aneurysm are similar to those associated with the development 
of atherosclerosis with the noted exception of diabetes melli- 
tus. 22,23 Furthermore, atherosclerotic changes are found almost 
universally within the abdominal aorta at the time of repair. 
However, the processes of atherosclerosis and aneurysmal 
degeneration are likely separate and distinct. Simplistically, 
atherosclerosis is a process that leads to a narrowing of the ves¬ 
sel lumen, whereas aneurysmal degeneration leads to dilation. 
Aneurysms have historically been referred to as atherosclerotic 
aneurysms , although this is also a misnomer that has been 
appropriately replaced by the term nonspecific aneurysms. 


PRINCIPLES OF MANAGEMENT 


The treatment goals for patients with abdominal aortic 
aneurysms are to prolong life, relieve symptoms, and prevent 
rupture. Because surgical treatment is the only effective means to 
achieve these goals, the crucial question that must be answered is 
whether the patient merits operative repair. The decision algo¬ 
rithm is straightforward for patients with ruptured or sympto¬ 
matic aneurysms, but more difficult for patients with asympto¬ 
matic, intact aneurysms. The decision to recommend operative 
intervention in the elective setting is contingent on the balance 
between the risk of operation and the risk of expectant or non¬ 
operative management within the context of the patient’s 
desires or wishes. Appropriate assessment of these risks 
requires an understanding of the size-associated risk for rup¬ 
ture, the growth rate, and the mortality associated with repair. 
However, it should be emphasized that repair of an asympto¬ 
matic, intact aneurysm is a prophylactic operation. 

Understanding the natural history of untreated abdominal 
aortic aneurysms requires knowledge of the physics associated 
with the vessel wall. The tangential stress (t) of a fluid-filled 
cylindric tube is determined by the following equation: 

t = Pr/d 

where P is the pressure exerted by the blood (dyne/cm 2 ), r is 
the internal radius (cm), and d is the thickness (cm) of the arte¬ 
rial wall. 37 The tangential stress of a cylinder 0.2 cm thick with 
an internal radius of 0.8 cm and a fluid pressure of 150 mm Hg 
is 8 X 10 5 dyne/cm 2 (Fig. 100.2). An increase in the internal 
radius (diameter) of the cylinder to 2.94 cm and a concomitant 
decrease in the wall thickness, as might occur with an aneurysm, 
would increase the tangential stress to 98 X 10 5 dyne/cm 2 . 
Thus, a threefold increase in diameter would result in a 12-fold 
increase in the tangential stress. Aneurysms rupture when the 
tangential stress exceeds the tensile strength of the vessel wall. 
It should be emphasized that the tangential stress varies 
directly with the radius of the cylinder (vessel) but is indepen¬ 
dent of its length. 

The diameter of an abdominal aortic aneurysm is the great¬ 
est predictor of rupture as would be predicted by the tangen¬ 
tial stress of the vessel wall. The diameter of an aneurysm is 
determined by measuring its greatest diameter from outer wall 
to outer wall in any orientation (i.e., anterior to posterior, 
transverse) throughout the extent of the aneurysm. These mea¬ 
surements may be confounded by the tortuosity of the vessel, 
so every attempt should be made to obtain a cross-sectional 
measurement perpendicular to the long axis. The collective 
annual rupture risks per aneurysm diameter are shown in 
Table 100.1. 38 Although there is some variability in the data, it 
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FIGURE 100.2. Cross-sectional view of a 2-cm-diameter cylinder that 
expands to a diameter of 6 cm while the wall cross-sectional area 
remains constant. Expansion of a 1-cm-diameter cylinder to a diameter 
of 3 cm with no change in wall cross-sectional area increases wall tensile 
stress 12-fold, t, wall stress; d, wall thickness; r i? inside radius; r Q , outside 
radius. 


is generally appreciated that the rupture risk for aneurysms 
less than 5 cm in diameter is small, but increases considerably 
for those greater than 5.5 cm. These data may be simplified by 
using the rule of thumb that the annual rupture risk is 5 % or 
less for a 5-cm aneurysm, 10% for a 6-cm aneurysm, and 20% 
for a 7-cm aneurysm. These numbers correspond to an esti¬ 
mated 5-year rupture risk of 50% for 6-cm aneurysms and 
100% for those 7 cm. Notably, both the ADAM 26 and UK 
Small Aneurysm Trial, 39 which randomized patients with 
small aneurysms (4.0 to 5.5 cm) to open repair or surveillance, 
reported that the rupture risk for surveillance was 1 % or less 
per year. 

A variety of other factors have also been reported to 
increase the risk of aneurysm rupture including female gen¬ 
der, 40-42 chronic obstructive pulmonary disease (COPD), 40,43 
smoking, 40 hypertension, 40,43 family history, 44 and wall stress. 45 
Notably, the UK Small Aneurysm Trial reported that the 
rupture risk was increased for female gender (hazard ratio, 
3.0), current smoking (hazard ratio, 1.5), severe COPD 


TABLE 100.1 MANAGEMENT 


ESTIMATED ANNUAL RUPTURE RISK 


■ AAA DIAMETER (cm) 

■ RUPTURE RISK (%/y) 

<4 

0 

4-5 

0.5-5 

5-6 

3-15 

6-7 

10-20 

7-8 

20-40 

>8 

30-50 


AAA, abdominal aortic aneurysm. 

From Brewster DC, Cronenwett JL, Hallett JW Jr., et al. Guidelines 
for the treatment of abdominal aortic aneurysms. Report of a 
subcommittee of the Joint Council of the American Association for 
Vascular Surgery and Society for Vascular Surgery. J Vase Surg 2003; 
37:1106-1117. 
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(hazard ratio, 0.6 per liter forced expiratory volume in 1 sec¬ 
ond [FEVd), and higher mean arterial pressure (hazard ratio, 
1.2 per mm Hg). Fillinger et al. 46 used finite element analysis to 
calculate the wall stress of abdominal aortic aneurysms and 
reported that the wall stress of symptomatic/ruptured 
aneurysms exceeds those for elective aneurysms. The impact of 
the aneurysm growth rate on rupture risk remains unclear and 
has been difficult to separate from aneurysm diameter alone. 42 
However, an aneurysm expansion of greater than or equal to 
1 cm/y is generally considered worrisome and a potential risk 
factor for rupture. 

Q The natural history of abdominal aortic aneurysms is to 
increase in size. The reported mean rate of growth has varied 
from 0.2 to 0.3 cm/y in population studies 47-49 to 0.4 cm/y 
from referral practices, 50-52 with the latter figure (0.4 cm/y) 
generally quoted as a reasonable estimate. Several factors 
including female gender, current smoking, and larger original 
diameter have been associated with an increased rate of 
growth as might be predicted from the risk factors for rup¬ 
ture. 47,49,53 Interestingly, doxycycline and coenzyme A (CoA) 
reductase inhibitors (i.e., statins) may inhibit aneurysm 
growth. 53,54 It should be emphasized that these growth rates 
are mean values and that all aneurysms do not grow in a linear 
fashion as might be predicted. The growth curve may be some¬ 
what erratic or “staccato,” with no growth detected during 
consecutive 6-month intervals followed by a growth of 0.6 cm 
during the next one. 55 Furthermore, it should be emphasized 
that the past rate of growth does not predict future events; 
patients should not be lulled into a false sense of security if 
their aneurysm is relatively stable over time. 

The mortality rate associated with repair of an abdominal 
aortic aneurysm depends on the status of the aneurysm (intact/ 
asymptomatic, intact/symptomatic, ruptured) and the method 
of repair (open vs. endovascular). A recent population study 
from the Nationwide Inpatient Sample reported that the oper¬ 
ative mortality rate for open repair of intact aneurysms in the 
United States was 4.2%. 25 Predictably, the operative mortality 
rate increased with age, ranging from 2.2% among persons 50 
to 59 years of age to 9.2% among those older than age 80. 
Interestingly, the operative mortality rate was significantly 
higher among women (6.1% vs. 3.7%). Similar reports from 
other regional and national databases have consistently 
reported mortality rates less than 5% for the open repair of 
intact aneurysms. 56-58 The mortality rate for open repair in the 
randomized trials comparing operative repair with surveillance 
for small aneurysms (UK Small Aneurysm Trial, 5.8%; ADAM, 
2.7%) and open repair with endovascular repair (Dutch Ran¬ 
domized Endovascular Aneurysm Management [DREAM] 
Trial, 4.6%; Endovascular Aneurysm Repair [EVAR] Trial, 
4.6%) 59,60 are within the range of these nationwide series. Fur¬ 
thermore, a literature review examining the mortality rate of 
open abdominal aortic aneurysm repair encompassing 64 indi¬ 
vidual studies reported a collective rate of 5.5%. 61 

The reported operative mortality rate for endovascular 
repair of intact abdominal aortic aneurysms has been consis¬ 
tently less than those for the open approach. 56-58,62-65 Lee et al. 66 
reported from the Nationwide Inpatient Sample that the oper¬ 
ative mortality rate for endovascular repair was 1.3% in 2001. 
Similarly, Schermerhorn et al. 58 reported that the operative 
mortality after endovascular aneurysm repair was 1.2% 
among Medicare beneficiaries during 2001-2004. Early 
results from the DREAM Trial 52 and the EVAR Trial 59 com¬ 
paring open and endovascular repair have reported that the 
perioperative mortality rate is lower for endovascular repair 
and within the same range (DREAM, 1.2% vs. 4.6%; EVAR, 
1.7% vs. 4.7%). 

The operative mortality rate for open repair of intact/symp¬ 
tomatic aneurysms among patients undergoing emergent repair 
exceeds that for elective repair and has ranged from 9% to 
19%. 5,67,68 Various explanations have been proposed for this 
increased mortality rate relative to that for intact/asymptomatic 


aneurysms including failure to maximize preoperative medical 
conditions, increased incidence of inadvertent venous injuries, 
and less experienced operative teams, although the true expla¬ 
nation remains unclear. It is notable that the increased rate has 
been fairly consistent in the literature, in contrast to the mor¬ 
tality rate for intact/asymptomatic aneurysms, which has grad¬ 
ually decreased. Comparable data are not available for the 
endovascular repair of intact/symptomatic aneurysms, al¬ 
though the mortality rates are likely similar to those considered 
asymptomatic. 

The actual mortality rate for ruptured abdominal aortic 
aneurysms is somewhat difficult to determine because a signifi¬ 
cant number of sudden deaths in elderly patients are likely sec¬ 
ondary to ruptured aneurysms. It has been estimated that 50% 
of all patients with ruptured abdominal aortic aneurysms die 
outside the hospital, and that approximately 50% of those who 
actually undergo open repair do not survive. 5 Indeed, a recent 
meta-analysis spanning 50 years and 77 studies reported that 
the operative mortality rate for the open repair of ruptured 
aneurysms was 48%. 69 These figures correspond to an overall 
mortality rate of approximately 80%, although this may be an 
underestimate. It is remarkable that the optimization of pre¬ 
hospital and emergency room care, including a reduction in the 
mean transfer time from the emergency department to the 
operating room to 12 minutes, has not resulted in a decrease in 
the mortality rate of ruptured aneurysms. 70 Notably, the oper¬ 
ative mortality rate for ruptured aneurysms treated with the 
open approach has improved slightly over the past few 
decades, with Bown et al. 69 reporting a 3.5% reduction per 
decade. 

The mortality rate for the endovascular repair of ruptured 
abdominal aortic aneurysms appears to be lower than that 
associated with the open approach. 71-76 Rayt et al. 74 reported a 
collective mortality rate of 24% for the endovascular approach 
from 31 studies encompassing 982 patients, while other meta¬ 
analyses or systematic reviews have reported comparable 
rates. 72,75 The potential to treat ruptured abdominal aortic 
aneurysms with the endovascular approach may represent the 
greatest contribution or benefit of the technology. However, 
further validation is necessary since the reports cited previ¬ 
ously likely reflect both patient selection and publication bias. 
Notably, Giles et al. 77 reported that the annual number of 
deaths across the country from both intact and ruptured 
aneurysms has decreased significantly since the introduction of 
the endovascular approach. 


CLINICAL PRESENTATION 
AND DIAGNOSIS 


The overwhelming majority of abdominal aortic aneurysms are 
asymptomatic at the time of discovery. Most aneurysms are 
detected by abdominal or pelvic imaging studies, such as ultra¬ 
sonography and CT, performed for other indications (e.g., 
chronic back pain, renal cysts) rather than on physical exami¬ 
nation. Indeed, it is often difficult to feel an abdominal aortic 
aneurysm on physical examination because of its anatomic 
location in the posterior abdomen, and these difficulties are 
exacerbated in the presence of truncal obesity. A recent litera¬ 
ture review examining the accuracy of physical examination 
reported that the sensitivity ranged from 33% to 100%, the 
specificity ranged from 75% to 100%, and the positive predic¬ 
tive value ranged from 14% to 100%. 78 Given these fairly 
broad ranges, the authors concluded that physical examination 
could not be relied upon to exclude an abdominal aortic 
aneurysm. Predictably, the accuracy of primary care physicians 
for detecting abdominal aortic aneurysms in patients with 
known aneurysms is only fair because of the limitations noted 
earlier and the failure to actually palpate the aorta during the 
physical examination. Intact abdominal aortic and iliac artery 
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aneurysms may present with symptoms that lead to further 
investigation and the correct diagnosis, although this is the 
exception rather than the rule. Enlargement of the aneurysm 
may cause vertebral erosion and chronic back pain. Additionally, 
thrombosis of an abdominal aortic aneurysm may cause acute 
ischemia in the lower torso, and aneurysms may be a source of 
arterial macroemboli or microemboli leading to acute ischemia 
of a lower extremity or digit, respectively. 

Patients with intact/symptomatic or ruptured aneurysms 
present with abdominal or back pain related to the aneurysm 
itself. The etiology of the pain is unclear, but may be secondary 
to local nerve compression. The character of the pain is vari¬ 
able and ranges from dull to sharp. The pain is usually acute in 
onset and persistent. It may be superimposed on more chronic 
abdominal or back pain, but the presentation is usually not 
subtle, and the pain can be differentiated from more chronic 
complaints. Additionally, the pain may radiate from the 
abdomen to the back, flank, inguinal region, or genitalia. 
Approximately 10% of patients with ruptured abdominal aor¬ 
tic aneurysms present with signs and symptoms similar to those 
of ureteral colic or other acute urologic problems. 79 Indeed, the 
diagnosis of a ruptured aneurysm must be ruled out in a timely 
fashion in patients presenting with testicular pain who have a 
normal urinalysis and testicular examination. 

Patients with a ruptured abdominal aortic aneurysm may 
present anywhere along the spectrum from hemodynamically 
stable to profound shock. Their status depends on the ability 
of the tissues adjacent to the aorta to tamponade the bleeding 
and their physiologic status. If the adjacent tissues effectively 
tamponade the bleeding, the patient may present in a hemody¬ 
namically stable state with essentially normal vital signs. How¬ 
ever, it should be emphasized that this is usually a temporary 
situation, and health care providers should not be lulled into a 
false sense of security. A ruptured abdominal aortic aneurysm 
is a true medical emergency that requires immediate operative 
repair regardless of the patient’s hemodynamic status. Further¬ 
more, the vital signs may be misleading because patients can 
lose up to 15% of their blood volume (class 1 shock) without 
any appreciable change in their pulse rate or blood pressure. If 
the aneurysm ruptures freely into the peritoneal space, patients 
usually exsanguinate before they can seek medical attention. 

Patients with a ruptured abdominal aortic aneurysm may 
also present with either an aortoenteric or an aortocaval fistula, 
although both are relatively rare. Patients with an aortoenteric 
fistula may present with massive intestinal bleeding. The aorta 
may rupture through any portion of the bowel, although the 
duodenum and proximal small bowel are the most common 
sites. The overwhelming majority of aortoenteric fistulas result 
from the erosion of a prosthetic graft into the adjacent bowel 
(secondary aortoenteric fistula) rather than from unrepaired 
aneurysm (primary aortoenteric fistula). However, the diagno¬ 
sis of an aortoenteric fistula must be ruled out in all patients 
with gastrointestinal bleeding and either an abdominal aortic 
aneurysm or a previous infrarenal aortic reconstruction. 
Patients with an aortocaval fistula present with high-output 
congestive heart failure, a continuous abdominal bruit, and 
edema of the lower extremities. The severity of the heart failure 
symptoms depends on the size of the fistula and the magnitude 
of the systemic shunt. 

Several imaging studies are available to establish or confirm 
the diagnosis of an abdominal aortic aneurysm. Indeed, the 
introduction of endovascular techniques for aneurysm repair 
has resulted in an evolution of these modalities. The generic 
imaging goals for patients with an abdominal aortic aneurysm 
are to establish the diagnosis, determine the presence of rup¬ 
ture, determine the cephalad/caudal extent of the aneurysm, 
determine the feasibility of endovascular repair, appropriately 
size the aneurysm and access vessels for endovascular repair, 
screen for other visceral pathology, and screen for the presence 
of anatomic variants that would complicate operative repair, 
Q such as a left-sided vena cava or a horseshoe kidney. Although 



FIGURE 100.3. B-mode ultrasonogram showing a transverse view of 
an infrarenal abdominal aortic aneurysm. Note the vessel wall and the 
large quantity of intraluminal clot surrounding the smaller, blood- 
filled center (dark circle ). 


no imaging study satisfies every objective, ultrasound has 
emerged as the ideal screening study, with CT arteriography 
being the definitive diagnostic test and the preferred modality 
for operative planning. 

Abdominal ultrasound is a safe, simple, and inexpensive 
means of detecting abdominal aortic aneurysms (Fig. 100.3). It 
is relatively inexpensive and does not require the use of ioniz¬ 
ing radiation, intravenous contrast, or arterial cannulation. 
Furthermore, the ultrasound units are portable and almost 
universally available in the hospital setting, including the 
emergency room. 80 The sensitivity of ultrasound for detecting 
abdominal aortic aneurysms is good, and the technique is 
reproducible within 0.3 cm. 81 However, the technique is some¬ 
what operator dependent and potentially confounded by the 
presence of bowel gas. Ultrasound can accurately image the 
infrarenal aorta to its bifurcation but is less reliable for imag¬ 
ing the portions of the aorta proximal to the renal arteries and 
distal to the iliac vessels. Furthermore, it is not as reliable as 
CT for differentiating a ruptured from an intact aneurysm. It 
is an excellent tool for screening patients at high risk for an 
abdominal aortic aneurysm and for confirming the presence of 
an aneurysm suspected by physical examination or clinical 
presentation. Furthermore, it is a useful technique to follow 
patients with small aneurysms (<4 cm) when the exact mea¬ 
surement is not crucial. It should not be used to confirm the 
diagnosis of a ruptured aneurysm, nor should it be used as the 
sole imaging study before elective repair because it does not 
provide a complete image of the aorta and iliac arteries. 

CT arteriography overcomes many of the limitations of 
ultrasound and represents the current “gold standard” for 
imaging patients with abdominal aortic aneurysms (Fig. 100.4). 
The technique is more expensive than ultrasound, not univer¬ 
sally available, and potentially harmful because of the ionizing 
radiation and intravenous contrast. Indeed, the evolution of 
endovascular aneurysm repair and the requisite follow-up 
imaging studies have focused increased attention on the mag¬ 
nitude of the radiation injury. It is worth noting that the radi¬ 
ation dose associated with an abdominal CT scan is 10 mil- 
lisieverts, while that for a routine chest radiograph is only 
0.1 millisieverts. The incidence of allergic reactions to the con¬ 
trast may be reduced by a steroid preparation, while the poten¬ 
tial nephrotoxicity can be reduced by acetylcysteine or sodium 
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FIGURE 100.4. Computed tomography scan demonstrates a large 
abdominal aortic aneurysm. Note that the majority of the lumen is filled 
with contrast. 


bicarbonate. 82,83 These potential risks can be avoided alto¬ 
gether by not using contrast. However, the quality of the non¬ 
contrast images is less than optimal. CT is very sensitive for 
detecting both intact and ruptured aneurysms, and the images 
are reproducible within 0.2 cm. 81 The quality of the CT images 
has continued to improve with each new generation of scan¬ 
ners, and the image acquisition times have decreased. Cur¬ 
rently, it is possible to image the aorta and iliac vessels from 
the ascending arch to the femoral vessels during a routine 
aneurysm scan with an image acquisition time of less than 45 
seconds. CT arteriograms have essentially replaced traditional 
catheter-based diagnostic arteriograms. It is possible to recon¬ 
struct the axial CT images into three-dimensional (3D) images 
using special software and obtain images perpendicular to the 
centerline blood flow (Fig. 100.5). These 3D CT images have 
dramatically improved the accuracy and consistency of sizing 
for endovascular repair. 84 CT is also helpful for detecting other 
intra-abdominal pathology or anatomic variants that may 
impact the operative approach. Specific concerns include the 
location of the left renal vein and other associated venous 
anomalies, the location and size of the kidneys, and the char¬ 
acteristics of the aneurysm wall. CT is currently the sole diag¬ 
nostic test performed before open surgical repair in the majority 
of cases and the imaging study of choice to confirm or refute 
the diagnosis of a ruptured abdominal aortic aneurysm. Addi¬ 
tionally, CT is the serial imaging study of choice when 
aneurysms exceed 4 cm and approach the threshold for opera¬ 
tive intervention. 

Both magnetic resonance imaging (MRI) and catheter- 
based arteriography have been used as diagnostic imaging 
studies for patients with abdominal aortic aneurysms. The 
image quality and overall sensitivity of MRI is comparable to 
CT, but the technology is not as widely available and most sur¬ 
geons are less familiar with interpreting the images. Further¬ 
more, the technique is relatively contraindicated for patients 
with ferromagnetic devices (e.g., pacemakers, joints), and 
imaging critically ill patients is cumbersome, if not prohibitive. 
Aneurysms are frequently diagnosed during catheter-based 
arteriography, although this should not be viewed as a diag¬ 
nostic test. An arteriogram only delineates the lumen of the 
vessels (i.e., aortic, iliac, and femoral arteries). Abdominal aor¬ 
tic aneurysms are frequently filled with laminated thrombus 
and have a fairly normal-appearing lumen. Importantly, the 
“lumenogram” produced by the contrast reflects the patent 



FIGURE 100.5. Three-dimensional computed tomography scan of 
the aorta and the iliac, femoral, and visceral arteries is shown. Note 
the infrarenal abdominal aortic aneurysm that extends to the aortic 
bifurcation. 


lumen rather than the “true” lumen of the vessel (and the 
actual size of the aneurysm). Preoperative catheter-based arte¬ 
riography was formerly performed before endovascular repair 
to help select the appropriate-size device. Furthermore, it was 
considered helpful in the subset of patients undergoing open 
repair who had aortoiliac occlusive disease, poorly controlled 
hypertension/renal insufficiency, chronic mesenteric ischemia, 
and/or renal anomalies, including horseshoe kidneys. These 
concerns and indications are still relevant, but CT arteriogra¬ 
phy has largely supplanted any role for the catheter-based 
approach and avoids the additional inherent risks and cost. 

The diagnostic approach and initial treatment for patients 
with a potential ruptured aneurysm merit further comment. 
Because of the high attendant mortality rate, prompt diagnosis 
and emergent repair are necessary. In a study from the Cleve¬ 
land Clinic Vascular Registry, the operative mortality rate asso¬ 
ciated with ruptured abdominal aortic aneurysms increased 
from 35% when the initial diagnosis was correct to 75% when 
incorrect. 85 Admittedly, the clinical presentation may be con¬ 
fusing, and delays in diagnosis are not uncommon. The classic 
triad of hypotension, abdominal pain, and a pulsatile abdom¬ 
inal mass was present in only 50% of patients with ruptured 
aneurysms in a single institutional series. 86 

Elderly patients who present to the emergency room in a 
hemodynamically unstable state with abdominal or back pain 
require emergent exploratory laparotomy in most cases. The 
potential causes of shock (i.e., hypovolemic, cardiogenic, sep¬ 
tic, neurogenic) can usually be quickly differentiated by a brief 
history and physical examination. However, this clinical sce¬ 
nario is most suggestive of hypovolemic or hemorrhagic shock 
resulting from an intra-abdominal catastrophe. The differen¬ 
tial diagnosis is extensive and includes pancreatitis, mesenteric 
infarction, acute Addisonian crisis, and rupture of a visceral 
artery aneurysm in addition to rupture of an abdominal aortic 
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FIGURE 100.6. Contrast computed tomography scan demonstrates a 
ruptured abdominal aortic aneurysm. Note the large retroperitoneal 
hematoma and the loss of the normal fat plane anterior and lateral to 
the left psoas muscle. 


aneurysm. A myocardial infarction can mimic a ruptured 
aneurysm in this patient population and potentially confounds 
the diagnosis, although it can usually be confirmed by the find¬ 
ings on electrocardiogram. Additional diagnostic imaging has 
not traditionally been considered necessary in this setting and, 
indeed, has been considered potentially harmful due to the 
obligatory delay in getting patients to the operating room. Due 
to the dramatic reduction in CT acquisition times and the 
potential feasibility of endovascular repair, abdominal/pelvic 
CT scans are likely indicated in this scenario to confirm the 
diagnosis and plan the operative procedure, provided it can be 
performed expeditiously. This approach has the added advan¬ 
tage of reducing the number of negative laparotomies in criti¬ 
cally ill patients. A recent natural history study of patients with 
ruptured abdominal aortic aneurysms not offered operative 
repair reported that fewer than 15% of the patients died within 
2 hours of hospital admission. 87 Based on these findings, the 
authors concluded that most patients with ruptured aneurysms 
are sufficiently stable to undergo a CT scan, and this opinion 
has been echoed by a recent systemic review examining the role 
of endovascular aneurysm repair for ruptured aneurysms. 75 
Several findings on CT are suggestive of a ruptured abdominal 
aortic aneurysm including disruption of the calcium ring within 
the aortic wall, disruption of the aortic margins, retroperi¬ 
toneal hematomas, mass lesions in the psoas region, displace¬ 
ment of the kidneys, abnormal soft tissues posterior to the 
aorta, effacement of the normal fat planes between the aorta 
and adjacent viscera, and abnormal retroperitoneal fluid col¬ 
lections (Fig. 100.6). Patients undergoing an emergent CT arte¬ 
riogram to rule out a ruptured abdominal aortic aneurysm 
should not receive oral contrast because of the obligatory delay 
associated with administration and its confounding effects on 
the arteriogram or the imaging of the vessels. 

The diagnosis of a ruptured abdominal aortic aneurysm 
should be considered in elderly patients who present to the 
emergency room hemodynamically stable with abdominal or 
back pain. Admittedly, the differential diagnosis for abdominal 
or back pain in this patient population is extensive, and the 
incidence of a ruptured abdominal aortic aneurysm is small. An 
expeditious history and physical examination can usually 
determine the cause of the pain. A pulsatile abdominal aortic 
mass, an unexplained low hematocrit, or hemodynamic insta¬ 
bility before presentation is particularly worrisome and 


increases the level of suspicion. The diagnosis of an abdominal 
aortic aneurysm may be confirmed with a portable abdominal 
ultrasound in the emergency room. 80 Indeed, the current 
trauma algorithms include abdominal ultrasound as a diagnos¬ 
tic technique for blunt trauma, and many centers have ultra¬ 
sound units assigned to the emergency room. If ultrasound con¬ 
firms the diagnosis of an aneurysm, further evaluation with CT 
should be obtained to rule out rupture. Alternatively, a CT may 
be obtained as the sole imaging study. Any findings consistent 
with a ruptured aneurysm on CT mandate direct transfer to the 
operating room and immediate repair. Aggressive fluid resusci¬ 
tation should be avoided and mild hypotension (i.e., systolic 
pressure >80 mm Hg) tolerated in conscious patients due to 
the theoretical potential to cause the aneurysm to rupture into 
the peritoneal cavity and/or release the tamponade effect of the 
retroperitoneal tissue. If an intact aneurysm is found on CT 
without any suggestion of rupture, the next logical question is 
whether the aneurysm is the source of the pain. Symptomatic 
aneurysms are likely associated with an increased risk of rup¬ 
ture, although the natural history remains poorly defined. 
Patients with symptomatic/intact aneurysms greater than or 
equal to 5 cm in diameter should be admitted to a monitored 
setting and scheduled for urgent operative repair, usually the 
following day, provided no additional causes for the pain are 
identified. Additional sources of the abdominal pain should be 
sought in patients with aneurysms smaller than 4 cm in light of 
the small rupture risk. The appropriate treatment for patients 
with aneurysms 4 to 5 cm is less clear. These aneurysms have 
the potential to rupture, although the risk is small. It is recom¬ 
mended that these patients be admitted and the source of their 
pain further investigated. However, urgent operative repair is 
recommended if no additional causes are identified. 

The role of screening for abdominal aortic aneurysms in 
asymptomatic patients has been partially clarified. The U.S. 
Preventative Task Force has issued a position statement advo¬ 
cating a single screening ultrasound in males 65 to 75 years of 
age who have a smoking history. 88 These recommendations 
were based on the results of a best-evidence systematic review 
that identified four population-based, randomized, controlled 
trials demonstrating that screening resulted in a reduction of 
aneurysm-related mortality. 89 Notably, the Preventative Task 
Force stated that the literature did not substantiate screening 
for women even among those with a family history and stated 
that the harms of screening outweighed the risks. Screening for 
abdominal aortic aneurysms in this subset of elderly men has 
been shown to be both cost effective 90 and comparable to 
other screening programs in adult patients. 91 Despite the Pre¬ 
ventative Task Force’s recommendations, screening should 
likely be extended to other high-risk patient populations 
including patients with a first-degree relative with an abdomi¬ 
nal aortic aneurysm, those with evidence of a peripheral artery 
aneurysm, and those undergoing evaluation for heart trans¬ 
plantation. Medicare currently pays for a single screening 
ultrasound as part of the Welcome to Medicare physical exam¬ 
ination for men who have smoked sometime during their life 
and for both men and women with a family history of abdom¬ 
inal aortic aneurysms. Interestingly, Kim et al. 92 predicted that 
the introduction of a national screening program would reduce 
the number of emergent aneurysm repairs while increasing the 
number of elective repairs. They estimated that this would 
translate into two additional elective repairs per month for a 
typical district, general hospital, while saving 11 abdominal 
aortic aneurysm-related deaths per year. 


OPERATIVE INDICATIONS 


All patients with symptomatic or ruptured abdominal aortic 
aneurysms should undergo operative repair unless they have 
an underlying medical condition, such as metastatic cancer, 
that precludes long-term survival or their quality of life is not 
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sufficient to justify the intervention. The latter situation entails 
a difficult decision, but not offering operative repair should be 
considered in certain cases (e.g., a debilitated, demented 
patient in a nursing home) after the family has been consulted. 

The operative decision-making process for intact/asympto¬ 
matic abdominal aortic aneurysms is a complex one that needs 
to be tailored to the individual patient. Indeed, there is no single 
parameter that merits repair. The operative indications are con¬ 
tingent on the size of the aneurysm, life expectancy, comorbidi- 
Q ties, preference, and anatomic configuration. It is important to 
remember that the repair of an intact/asymptomatic abdominal 
aortic aneurysm is a prophylactic operation that represents a 
balance between the operative risk and the future risk of rupture 
with the ultimate treatment goals to prolong life, relieve symp¬ 
toms, and prevent rupture. 

The diameter of the abdominal aortic aneurysm is the best 
predictor of rupture as stated earlier and has been used as the 
most common indication for repair. There has been a change 
in the diameter-based operative criteria within the past few 
decades, although this has been clarified more recently with 
level 1 evidence. It is interesting to note that the diameter 
threshold for good-risk patients has decreased from 6 cm to as 
low as 4 cm with latter recommendation from the guidelines of 
the national vascular surgical societies. 81 Both the UK Small 
Aneurysm Trial 39 and the ADAM Trial 26 concluded that it was 
safe to follow patients with 4.0- to 5.5-cm aneurysms and that 
early operation did not confer any long-term survival benefit. 
As noted earlier, the rupture risk for patients in the surveil¬ 
lance group was less than 1 % per year. It is important to note 
that more than 60% of the patients in both studies ultimately 
underwent operative repair despite their initial randomization. 
A longer-term follow-up study from the UK Small Aneurysm 
Trial extending to 12 years did not demonstrate a survival 
benefit for the patients assigned to early surgery. 93 However, it 
is important to note that almost all of the patients who sur¬ 
vived ultimately required repair since their aneurysms contin¬ 
ued to grow and exceed the 5.5-cm threshold. Indeed, the rel¬ 
evant question may not be whether patients with small 
aneurysm need to be repaired, but rather when they need to be 
repaired. In a separate publication from the UK Small 
Aneurysm Trial, Brown et al. 40 reported that the rupture risk 
for women was over fourfold higher, as noted earlier, suggest¬ 
ing that the 5.5-cm-diameter threshold for repair may be too 
high for women. The proponents of smaller-diameter-based 
thresholds for repair (i.e., <5.5 cm) have justified their 
approach stating that even small aneurysms rupture, 
aneurysms continue to increase in diameter and will likely 
need to be repaired, the patients’ medical conditions will likely 
deteriorate with age, and the operative mortality/morbidity 
rate for small aneurysms may be less. Although the level 1 evi¬ 
dence does not support this lower threshold, it is important to 
note that the size discrepancy between a 5.2-cm and 5.5-cm 
aneurysm is very small and likely within the resolution of the 
imaging study. 

The presence of medical comorbidities predictably impacts 
the perioperative mortality rate and threshold for repair. 
Steyerberg et al. 94 identified several independent risk factors 
for operative mortality during open repair (Table 100.2), and 
these have remained consistent throughout the literature. Sim¬ 
ilarly, Beck et al. 56 developed a predictive model for both open 
and endovascular repair using a prospective registry from sev¬ 
eral northeastern states. They reported that chronic obstruc¬ 
tive pulmonary disease, suprarenal aortic clamp, renal insuffi¬ 
ciency, and advanced age (>70) were predictive of mortality at 
1 year after open repair, with the mortality ranging from 1 % 
to 67% depending on the number of risk factors. Congestive 
heart failure and larger aneurysm diameter (>6.5 cm) were the 
only predictive factors after endovascular repair, with the mor¬ 
tality ranging from 4% to 23%. The consistent, dramatic 
impact of renal insufficiency was further emphasized by a 
national series that reported a ninefold increase in mortality. 


TABLE 100.2 TREATMENT 


INDEPENDENT RISK FACTORS FOR OPERATIVE MORTALITY 
AFTER ELECTIVE ABDOMINAL AORTIC ANEURYSM REPAIR 


■ RISK FACTOR 

■ ODDS RATIO 

■ 95% Cl 

Creatinine >1.8 mg/dL 

3.3 

1.5-7.5 

Congestive heart failure 

2.3 

1.1-5.2 

ECG ischemia 

2.2 

1.0-5.1 

Pulmonary dysfunction 

1.9 

1.0-3.8 

Older age (per decade) 

1.5 

1.2-1.8 

Female gender 

1.5 

0.7-3.0 

Cl, confidence interval; ECG, electrocardiogram. 

From Steyerberg EW, Kievit J, de Mol Van Otterloo JC, et al. 
Perioperative mortality of elective abdominal aortic aneurysm surgery. 

A clinical prediction rule based on literature and individual patient 
data. Arch Intern Med 1995;155(18):1998-2004. 


Notably, the estimated glomerular filtration rate may be a bet¬ 
ter index of renal function than serum creatinine and, there¬ 
fore, likely a better predictor of adverse outcome. Life 
expectancy is inseparable from comorbidities, but it should be 
emphasized that the average life expectancy for a 60-year-old 
and 85-year-old man in the United States is 18 and 5 years, 
respectively. 95 

Patient preference should be factored into the operative 
decision-making process. Although the level 1 evidence sug¬ 
gests that it is safe to follow abdominal aortic aneurysms until 
they reach the 5.5-cm threshold, patients may not be willing to 
accept this small, finite risk and desire to have their aneurysm 
repaired at a lower threshold. Indeed, patients often echo the 
justification for early repair proposed by surgeons. 

The anatomic configuration of the aneurysm and/or the 
associated structures should factor into the operative decision¬ 
making process. Any technical factors that complicate the repair 
likely increase the perioperative mortality/morbidity including 
the need for suprarenal clamp application due to the obligatory 
renal/visceral ischemia, venous anomalies (e.g., left-sided vena 
cava), renal anomalies (e.g., horseshoe kidney), and inflamma¬ 
tory aneurysms. Admittedly, many of these technical concerns 
are relevant only to the open approach and can be overcome/ 
avoided by endovascular repair provided that it is an option 
from an anatomic standpoint. 

The introduction of the endovascular approach has chal¬ 
lenged the operative indications for intact/asymptomatic 
aneurysms. Indeed, the significant decrease in the perioperative 
mortality rate reported in both the DREAM 52 and EVAR 
Trials 59 appear to justify lowering the threshold. However, it is 
important to note that the rupture rate for aneurysms less than 
5.5 cm in the UK Small Aneurysm 39 and ADAM 26 Trials was 
less than 1 % per year, which is still lower than the perioperative 
mortality rate for endovascular repair reported from 
DREAM, 52 EVAR, 59 and most of the national databases. 57,58,66 
Similarly, Finlayson et al. 96 used a decision analysis model to 
determine the optimal diameter for open and endovascular 
aneurysm repair and concluded that the endovascular approach 
lowers the operative threshold only for older patients in poor 
health. 

The Joint Council of the American Association for Vascular 
Surgery and the Society for Vascular Surgery have released 
updated guidelines for the treatment of patients with abdomi¬ 
nal aortic aneurysms that address the concerns highlighted 
earlier. 38 They recommend that a diameter of 5.5 cm is an 
appropriate threshold for repair in the “average patient” with 
an intact infrarenal aneurysm, but emphasize the importance 
of individualizing each case. They state that rapid aneurysm 
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expansion (>1 cm/y), symptoms related to the aneurysm, and 
female gender merit repair at a smaller diameter, while consid¬ 
eration should be given to earlier repair in young patients 
provided that the operative mortality rate is acceptable. Fur¬ 
thermore, they recommend that a larger-diameter threshold is 
appropriate in higher-risk patients and emphasize that there 
does not appear to be any justification to alter the operative 
^ threshold for the endovascular approach. A reasonable 
approach, and one that we have adopted in our own practice, 
is to use 5.5 cm as a threshold for repair in men and 5.0 cm for 
women. 

Patients who do not meet the threshold for operative repair 
should be followed closely. It is important to educate the 
patients about their underlying disease process and emphasize 
the importance of long-term follow-up. Notably, Valentine 
et al. 97 reported that 32% of patients with small aneurysms 
managed by “watchful waiting” were noncompliant with their 
follow-up plan. Furthermore, it is important to counsel 
patients about the presence of symptoms associated with rup¬ 
ture and the importance of seeking urgent medical attention. 
Recent guidelines have suggested that patients with aneurysms 
less than 3 cm in diameter should be reimaged at 5 years, while 
those with aneurysms between 3.0 and 3.4 cm should be reim¬ 
aged at 3 years and those with aneurysms between 3.5 and 
3.9 cm should be reimaged at 1 year. 98 Aneurysms greater than 
4.0 cm should likely be reimaged every 6 months. As noted 
previously, abdominal ultrasound is likely the most appropriate 
imaging study for aneurysms less than 4.0 cm, with CT more 
appropriate above that threshold. It is important to note that 
up to 50% of the patients deemed a prohibitive operative risk 
and not offered elective repair will ultimately die from a rup¬ 
tured aneurysm. 99-103 These patients who are not candidates 
for elective repair should not be offered emergent repair in the 
event that their aneurysm ruptures or becomes symptomatic. 


CHOICE OF OPEN OR 
ENDOVASCULAR REPAIR 


After the decision to recommend operative repair has been 
made, the technique for the repair needs to be determined. 
Admittedly, these decisions are somewhat interrelated since the 
decision to recommend operative repair in certain subsets of 
patients is oftentimes contingent upon whether they are candi¬ 
dates for the endovascular approach. The past two decades have 
witnessed a rapid evolution of the endovascular technique, and, 
indeed, this evolution has helped define our discipline. It has 
been clearly demonstrated that the technical success rates for 
endovascular graft repair are excellent and the need for intraop¬ 
erative conversion to open repair negligible. The perioperative 
events and midterm outcomes have been defined by level 1 evi¬ 
dence. Many of the technical limitations inherent to the earlier 
endovascular devices and anatomic limitations have been over¬ 
come. Despite the lack of definitive long-term outcome data, the 
endovascular approach for treatment of abdominal aortic 
aneurysms has been widely applied. Indeed, 56% of all 
aneurysm repairs in the United States during 2005 were per¬ 
formed using the endovascular approach. 77 The choice of open 
or endovascular repair is complicated and contingent upon sev¬ 
eral factors including feasibility, outcome, comorbidities, com¬ 
pliance, cost, and preference. It is imperative that these issues, 
including their respective advantages/disadvantages or strengths/ 
weaknesses, be addressed with the patients during the decision 
process to ensure proper informed consent. 

The initial determinant of the approach is the anatomic con¬ 
figuration of the aorta, the aneurysm, and the access vessels. 
The commercially available endovascular devices come in a 
finite range of sizes and, thus, are suitable only if specific 
anatomic conditions are satisfied. Although the number of 
available devices and their specific characteristics are con¬ 


stantly evolving, the “generic” endograft consists of a fabric 
graft (i.e., polyester or expanded polytetrafluoroethylene) and 
a metallic endo/exoskeleton (i.e., stainless steel or nitinol) that 
facilitates proximal/distal fixation by the radial force of the 
stent (Fig. 100.7). In some devices, the proximal fixation is aug¬ 
mented by the presence of suprarenal hooks. The “generic” 
devices are modular and consist of either two (main body and 
contralateral iliac limb) or three (main body, contralateral iliac 
limb, and ipsilateral iliac limb) components with a variety of 
additional ancillary pieces that allow proximal or distal exten¬ 
sions at the aortic and iliac ends, respectively. The initial expe¬ 
riences with aortoaortic or “tube graft” configurations were 
unsuccessful due to problems with the distal landing site at the 
aortic bifurcation and have been abandoned. Indeed, the cur¬ 
rent strategy is to seat the proximal component of the bifur¬ 
cated system as close to the lowest renal artery as possible and 
the distal components as close to the iliac bifurcation as possi¬ 
ble. Although there is some variability among the commercially 
available devices in terms of their specific sizes and anatomic 
constraints, the general anatomic requirements are similar. The 
infrarenal abdominal aorta must have a suitable, nonaneurys- 
mal landing zone for the endograft, while the diameter of the 
aorta at that location should be greater than or equal to 15 mm 
in length and greater than or equal to 17 to 19 mm, but less 
than or equal to 26 to 32 mm in diameter (ranges reflect differ¬ 
ences between the commercial devices). Furthermore, the prox¬ 
imal neck angle should be less than or equal to 45 degrees as 
measured by the intersection of the centerline of the infrarenal 
aorta at the landing zone site and the centerline of the 
aneurysm through the aortic bifurcation. The infrarenal neck 
should be relatively free of thrombus and calcification to facili¬ 
tate a seal at the implantation site. It is notable that neck length 
requirements have increased from greater than or equal to 1 cm 
to greater than or equal to 1.5 cm since release of the original 
devices at the turn of the century. Indeed, the longer the 
infrarenal neck length and, therefore, the longer the device seal 
zone, the better. The iliac artery should have a suitable landing 
zone greater than or equal to 20 mm with an associated diam¬ 
eter between 7 and 20 mm to facilitate both anchoring the graft 
and passing the main device into the aorta. The distal landing 
zone for the iliac limbs is usually in the common iliac artery, 
although the anatomic constraints with regard to the size of the 
access vessels and the introduction of the devices are relevant 
for both the common and external iliac vessels. 

The percentage of patients who are anatomically suitable 
for an endograft remains unresolved and is likely contingent 
upon the nature of the individual surgeon/institution practice 
and the available devices. This percentage of suitable patients 
has been highly variable with reports of 30% in a nationwide 
series, 104 55% in a regional series, 105 and 14% to 66% in insti¬ 
tutional series. 106-108 Notably, the reasons cited for exclusion 
include a short infrarenal neck (54%), inadequate iliac vessels 
(47%), and a wide infrarenal neck (40%). 106 

A variety of techniques have been described to overcome 
the anatomic limitations of the endovascular approach, 
thereby extending its feasibility. Indeed, some modification has 
been described to overcome almost every anatomic contraindi¬ 
cation. Stenoses within the access vessels can be overcome by 
dilation (i.e., balloon angioplasty, serial dilators) or by the use 
of a prosthetic conduit. 109 The prosthetic conduit is usually 
anastomosed to the bifurcation of the common iliac artery and 
then tunneled through the retroperitoneal space below the 
inguinal ligament. Alternatively, an aortouniiliac endograft 
can be configured and a femorofemoral bypass performed. 
Notably, the patency rates of the femorofemoral bypass graft 
in this setting have been reported to be excellent. 110,111 
Aneurysmal degeneration of the common iliac artery can be 
overcome by a variety of techniques including simply using 
larger-diameter graft limbs, using an aortic extension as a cuff 
(i.e., “bell bottom” technique), occluding/embolizing the inter¬ 
nal iliac artery and seating the iliac limb in the external iliac 
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FIGURE 100.7. The commercially available endografts are shown: (A) AneuRx; (B) Excluder; (C) Zenith. All three are similar and consist of 
a fabric graft (polyester or expanded polytetrafluoroethylene) and a metallic exoskeleton (stainless steel or nitinol) that facilitate proximal/ 
distal fixation by radial force with or without hooks. They are modular devices consisting of either two (main body and contralateral iliac limb) 
or three (main body, contralateral iliac limb, and ipsilateral iliac limb) components with a variety of additional ones that allow proximal or dis¬ 
tal extensions at the aortic and iliac ends, respectively. 
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artery, or bypassing the internal iliac artery and seating the 
iliac limb in the external iliac artery. Although relatively sim¬ 
ple to perform, internal iliac artery embolization has been 
associated with a moderate incidence of complications includ¬ 
ing buttock/thigh claudication (30% to 40%), sexual dysfunc¬ 
tion, neurologic deficit/paraplegia, pelvic ischemia, and gluteal 
compartment syndrome. 112,113 The claudication improves with 
time in the majority of patients but can be quite debilitating, 
particularly in patients who did not claudicate preoperatively. 
Many of the other complications, although somewhat rare, are 
irreversible and can be catastrophic. Because of these con¬ 
cerns, bilateral internal iliac artery occlusion/embolization 
should likely be avoided. Bypass of the internal iliac artery 
overcomes many of these limitations and has been associated 
with excellent results in terms of long-term graft patency, 


although the procedure is somewhat challenging and adds 
significantly to the overall magnitude of the “less invasive” 
procedure. 109 Unfortunately, extending the indications for 
endovascular repair beyond those recommended by the manu¬ 
facturers (i.e., instructions for use [IFUj) has been associated 
with an increase in the incidence of adverse events including 
decreased survival and a higher need for reintervention. 114 

Consideration of the perioperative and long-term outcomes 
after endovascular aneurysm repair requires introduction of 
the concepts of endoleak and endotension. Simply, endoleak is 
the perfusion of the aneurysm sac outside the lumen of the 
endograft, while endotension is the persistent pressurization 
within the excluded aneurysm sac. Endoleaks have been classi¬ 
fied as types 1 through 4 based on the mechanism of the leak 
(Fig. 100.8). Type 1 leaks originate at either the proximal or 



FIGURE 100.8. The various endoleaks are demonstrated. A: Type 1 leaks originate at either the proximal or distal attach¬ 
ment sites. Note the large blush of contrast outside of the graft lumen at the proximal fixation site. B: Type 2 leaks are from 
the collateral circulation originating in the lumbar or inferior mesenteric arteries. Note the contrast-filled limbs of the graft 
and the rim of contrast outside the limbs of the graft, but within the lumen of the aorta. The other computed tomography 
images demonstrated that the leak originated from the inferior mesenteric artery. C: Type 3 leaks are caused by fabric tears 
or problems at the graft interfaces of the modular devices. Note the contrast blush outside of the lumen of the graft at the 
modular interface. D: Type 4 leaks are usually transient (<24 hours) trans-graft extravasations and can result from the 
porosity of the graft and needle holes. 
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distal attachment sites. Type 2 leaks come from branch vessels 
such as the lumbar or inferior mesenteric arteries. Type 3 leaks 
are caused by fabric tears or problems at the graft interfaces of 
the modular devices, whereas type 4 leaks are usually transient 
(<24 hours) trans-graft extravasations that result from the 
porosity of the graft and needle holes. It should be emphasized 
that the entire concept of an endoleak is predicated on the abil¬ 
ity to detect contrast or blood flow outside the lumen of the 
endograft and is, therefore, contingent on the sensitivity and 
specificity of the various imaging techniques. The major con¬ 
cern about both endoleaks and endotension is that the pres¬ 
sure transmitted to the aneurysm wall may cause the aneurysm 
to expand and/or rupture. The clinical significance of the vari¬ 
ous endoleak types is different. Both type 1 and 3 endoleaks 
are considered major adverse outcomes associated with an 
increased risk of rupture, and they merit urgent/emergent 
treatment. 115 Type 2 endoleaks are generally considered less 
worrisome in terms of their rupture risk, although they are 
associated with an increased risk for reintervention. 115 They 
can generally be followed with serial imaging studies, but 
merit evaluation/intervention if the aneurysm sac continues to 
enlarge. Type 4 endoleaks are self-limited and benign. The 
clinical significance of endotension is likewise unresolved. 
Indeed, the concept itself is somewhat ambiguous given the 
limitations of actually measuring the pressure within the 
aneurysm sac. It should be noted that freedom from endoleak 
does not necessarily mean freedom from endotension given the 
observation that aneurysms can continue to enlarge in the 
absence of an identifiable endoleak. 116 

The perioperative complication rates appear to be lower 
after endovascular repair. As noted earlier, the randomized con¬ 
trolled DREAM and EVAR Trials reported a significant 
decrease in the perioperative mortality rate (DREAM, 1.2% vs. 
4.6%; EVAR Trial, 1.7% vs. 4.7%). 59,60 The EVAR Trial also 
reported a trend toward a decrease in the combined operative 
mortality /severe complication rate (9.8% vs. 4.7%, p = 0.10). 
Multiple clinical trials have reported that the overall major 
complication rates after both endovascular and open repair are 
approximately 15%, although the magnitude of the complica¬ 
tions is less for the endovascular approach and primarily 
includes vascular access complications (e.g., hematoma, 
femoral artery injury). 117 These clinical trials have likewise 
demonstrated that the total hospital length of stay, intensive 
care unit length of stay, operative blood loss, and time neces¬ 
sary to resume normal activities are all lower for the endovas¬ 
cular approach. 117 Additionally, Hua et al. 57 reported from the 
private-sector National Surgical Quality Improvement Project 
(NSQIP) database that the perioperative complication rate 
after endovascular repair was 24%. Interestingly, the impact on 
sexual function remains unresolved. A survey of the DREAM 
participants demonstrated that sexual dysfunction was com¬ 
mon after both endovascular and open repair, but returned to 
the baseline state at 3 months for both groups. 118 In contrast, 
Xenos et al. 119 reported significantly less orgasmic and erectile 
dysfunction after endovascular repair. 

The midterm results after the EVAR and DREAM Trials 
have failed to document any significant benefit for the endovas¬ 
cular approach in terms of almost every outcome measure ana¬ 
lyzed. 120,121 Somewhat surprisingly, there was no difference in 
all-cause mortality at 2 years in the DREAM Trial (survival: 
open, 89.6%; EVAR, 89.7%) or at 4 years in the EVAR Trial 
(mortality: open, 29%; EVAR, 26%). There were significant 
differences in terms of aneurysm-related mortality at these 
time points, although the differences were fairly minimal and 
their relevance suspect. Both the complication rates (EVAR, 
41%; open, 9%) and costs (EVAR, £13,257; open, £9,926) 
were significantly greater for the endovascular approach, 
while there were negligible differences in the quality of life 
assessments. 120,122,123 

The midterm results from the DREAM and EVAR Trials 
have been somewhat sobering, and longer-term outcomes are 


necessary to further define the role of the endovascular 
approach. It is clear that the endovascular approach is not as 
secure a repair as the traditional, open alternative. The endovas¬ 
cular repair is associated with ongoing rupture risk that likely 
approaches 1% per year. 117,124 Notably, Schermerhorn et al. 58 
reported a 1.8% rupture risk among Medicare patients under¬ 
going endovascular repair between 2001 and 2004. The rupture 
risk has been associated with poor patient selection, operator 
error, unrecognized/untreated endoleaks, large aneurysms, and 
device migration. 117,125 Interestingly, the mortality rate associ¬ 
ated with rupture after endovascular repair may be less than for 
de novo ruptures. 126 Approximately 10% to 20% of patients 
develop an endoleak during the first year after endovascular 
repair. 127-129 Admittedly, not all of these require remediation. 
The excluded aneurysms can continue to grow and, thereby, 
represent a risk for rupture. This has been correlated not only 
with the presence of endoleak as noted earlier but also with the 
specific device and the baseline aneurysm size. 130,131 Some type 
of structural failure including fabric tears, hook fractures, and 
suture breakage has been reported for almost every device. 
Design modifications have been implemented to overcome 
many of these deficiencies, although they represent an ongoing 
concern that may not be manifest for years. As a consequence of 
all these potential limitations, reintervention is necessary in 
about 15% of the patients per year. 58,128 The majority of these 
remedial procedures are catheter based with the risk of open 
conversion approximately 1% to 2% per year. 124 Unfortunately, 
the perioperative complication rate for conversion likely 
exceeds that for open repair as might be predicted given its 
complexity. It is important to emphasize that open aneurysm 
repair is associated with a small incidence of graft-related com¬ 
plications and need for remedial procedures. Approximately 
2% of patients undergoing open repair require reintervention 
within the first 5 years, 38 while graft-related complications and 
graft-related deaths have been reported in 15% and 2% of 
patients, respectively, at 15 years. 58,132 

The presence of significant comorbidities and advanced age 
favors the endovascular approach. Although the operative thresh¬ 
old in regard to the aneurysm diameter measurement is the same, 
the endovascular approach may allow a subset of patients not 
considered suitable candidates for an open operation to have their 
aneurysms repaired. Indeed, endovascular aneurysm repair has 
been shown to be feasible in patients with hepatic insufficiency 133 
and consistently safe in octogenarians. 134,135 However, a mod¬ 
icum of clinical judgment is necessary. It is important to reem¬ 
phasize that abdominal aortic aneurysm repairs are prophylactic 
operations and that not every patient merits treatment. The 
EVAR Trial 2 randomized patients not fit for open repair to 
expectant management or endovascular repair and demon¬ 
strated no difference in aneurysm-related mortality, all-cause 
mortality, or quality of life. 122 Notably, the patients were truly 
“high risk,” with a perioperative mortality rate of 9% and a 
4-year mortality rate of almost 40%. Despite the potential 
nephrotoxicity associated with iodinated contrast, chronic renal 
insufficiency is not an absolute contraindication to endovascular 
repair. Strategies to reduce the associated risk can be employed 
including the administration of acetylcysteine and sodium bicar¬ 
bonate. 82,83 Alternatively, the procedure can be performed with¬ 
out contrast altogether by using intravascular ultrasound. Unfor¬ 
tunately, chronic renal insufficiency is a significant risk factor for 
adverse outcome after both open and endovascular repair. Fur¬ 
thermore, multiple studies have shown that both approaches are 
associated with a decrement of renal function. 136-139 The 
endovascular approach may be associated with a greater decre¬ 
ment of function postoperatively, but the findings are somewhat 
equivocal; suprarenal fixation of the endovascular device does 
not seem to be associated with a greater decrement. 139 

The known device-related complications and the uncer¬ 
tainty about the long-term outcome after endovascular repair 
mandate indefinite surveillance. It is imperative that patients 
comply with the prescribed protocol, and their ability or desire 
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to fulfill these expectations should be factored into the specific 
choice of procedure. It is important to note that although the 
incidence of complications declines with the number of nega¬ 
tive postoperative CT scans, new endoleaks have been discov¬ 
ered out as far as 7 years. Similarly, it is imperative that all 
surgeons who offer endovascular aneurysm repair provide 
conscientious, long-term follow-up. 

The cost comparisons between the open and endovascular 
approach have been somewhat inconclusive, although the endo¬ 
vascular approach is likely more expensive. Clearly, the EVAR-1, 
and EVAR-2 Trials have demonstrated that the endovascular 
approach was more expensive. 120,122 The shorter hospital 
length of stay and lower incidence of major complications asso¬ 
ciated with the endovascular approach have predictably 
resulted in a reduction in some of the hospital costs. However, 
these have been offset by increases in other hospital-related 
costs, with the cost of the device itself representing the single 
largest item. Notably, Sternbergh and Money 140 reported that 
the cost of the device accounted for 52% of the total cost of the 
endovascular repair and estimated that the costs of open and 
endovascular repair were $12,546 and $19,985, respectively, in 
the AneuRx Phase II clinical trial. Analysis of the hospital costs 
and reimbursement associated with endovascular repair among 
seven medical centers (university hospital, three; community 
hospital, four) demonstrated a net loss of $2,162. 140,141 How¬ 
ever, others have reported that the contribution to the hospital 
margin on a daily basis may be superior for endovascular 
repair given the associated shorter duration of stay that permits 
higher throughput, fuller overhead amortization, and better 
use of inpatient beds. 142 It is important to note that most of the 
analyses have focused on the hospital- and device-related costs, 
but have failed to include the associated professional fees and 
the costs associated with long-term follow-up that may be quite 
substantial. Kim et al. 143 reported that reimbursement for the 
endovascular repair is not sufficient for the long-term surveil¬ 
lance and secondary procedures. Indeed, it has been reported 
that the overall cost of endovascular repair may be twice that 
of the open approach. 117 

Despite the various advantages and disadvantages of the 
approaches outlined previously, patients and providers seem to 
prefer the endovascular approach, and these preferences appear 
to be one of the driving forces for the widespread application of 
the technique. Indeed, it is uncommon for patients who are can¬ 
didates for either approach to elect open repair. Notably, 
Williamson et al. 144 reported that 18% of all patients undergo¬ 
ing open repair would not undergo the procedure again. The 
potential to perform the endovascular repair completely percu- 
taneously (i.e., no femoral artery exposure) clearly adds to the 
appeal of the approach. 145,146 It is interesting to note that these 
patient preferences may not be sustained. A follow-up study 
from the DREAM Trial reported that patients undergoing 
endovascular repair had a better quality of life initially, but 
those undergoing open repair had a better quality at 6 months 
and beyond. 118 

The proverbial “bottom line” for the open versus endovas¬ 
cular debate remains unresolved. The Joint Council of the 
American Association for Vascular Surgery and the Society for 
Vascular Surgery have recommended that endovascular repair 
is most appropriate for patients at increased risk for open 
repair because of its uncertain long-term durability and need 
for surveillance. 38 The subset of patients at increased risk 
includes older, sicker patients and those with other mitigating 
anatomic concerns such as the proverbial “hostile abdomen.” 
The recommendations further emphasize that extending the 
limits of the endovascular approach to patients who are poor 
anatomic candidates increases the incidence of adverse out¬ 
come. Similarly, the Agency for Healthcare Research Quality 
conducted an evidence-based review and concluded that 
endovascular repair for aneurysms greater than 5.5 cm did not 
improve patient survival or health status relative to open 
repair despite the fact that the perioperative outcomes were 


improved. 147 Furthermore, they reported that the endovascular 
approach was associated with increased cost, complications, 
need for surveillance, and need for remedial procedures. Lastly, 
they concluded that it did not provide a benefit for patients 
unfit for open repair. 


OPERATIVE REPAIR 


Preoperative Evaluation 

The preoperative evaluation of patients undergoing elective 
abdominal aortic aneurysm repair is similar to that of patients 
undergoing any major general or vascular surgical procedure. 
Patients undergoing endovascular repair should likely undergo 
the same preoperative workup despite the perception that asso¬ 
ciated perioperative stresses are less. All patients should receive 
a complete history and a physical examination, an electrocar¬ 
diogram, and a chest radiograph. Routine laboratory studies, 
including a complete blood cell count with platelets, serum 
electrolytes/creatinine, and coagulation studies, should be 
obtained. A specimen should be sent to the blood bank and the 
appropriate quantity of blood products cross matched. This 
number can be determined from the historic operative transfu¬ 
sion requirements obtained from the blood bank, but usually 2 
to 4 units of packed red blood cells are sufficient. A thorough 
peripheral pulse examination should be included in the physi¬ 
cal examination and validated with formal ankle-brachial 
indices. The anesthesiologist should see the patients preopera- 
tively, and a bowel preparation with mechanical lavage should 
be performed the day before surgery. Additionally, patients 
should be started on a beta-blocker, an aspirin, and a statin (3- 
hydroxy-3-methylglutaryl [HMG]-CoA reductase inhibitors) 
agent if they are not already on them. The American College of 
Cardiology (ACC)/American Heart Association (AHA) Guide¬ 
lines on Perioperative Cardiovascular Evaluation and Care for 
Noncardiac Surgery recommend that the beta-blockers should 
be given to vascular surgery patients who are at high cardiac 
risk and probably should be given to those undergoing vascu¬ 
lar surgery with more than one clinical risk factor (risk factors: 
coronary artery disease, congestive heart failure, cerebral vas¬ 
cular occlusive disease (CVOD), diabetes mellitus, chronic 
renal insufficiency). 148 Furthermore, the ACC/AHA Guidelines 
recommend that patients undergoing vascular surgery should 
be on a statin. Notably, a recent study demonstrated that 
statins were associated with a decreased incidence of periop¬ 
erative mortality and nonfatal myocardial infarction after 
aneurysm repair. 149 Indeed, all patients with atherosclerotic 
cardiovascular disease should likely be on aspirin, beta-blockers, 
a lipid-lowering agent, and an angiotensin-converting enzyme 
(ACE) inhibitor long term as part of the AHA/ACC Guidelines 
for Preventing Heart Attack and Death in Patients with Ather¬ 
osclerotic Cardiovascular Disease. 150 

All active medical problems, including abnormalities identi¬ 
fied during the preoperative evaluation, should be controlled as 
well as possible before elective aneurysm repair. However, 
extensive diagnostic testing is probably unnecessary. Routine 
pulmonary function tests and measurement of arterial blood 
gases are not indicated, although they may be beneficial in 
selected patients with advanced chronic obstructive pulmonary 
disease. 151 The presence of chronic obstructive pulmonary dis¬ 
ease often complicates postoperative ventilator management, 
but it is unusual for a patient’s pulmonary disease to be suffi¬ 
ciently severe to preclude operation. 152 Similarly, timed urine 
collections for creatinine clearance and other assessments of 
renal function have not proved beneficial despite the dramatic 
impact of preoperative renal insufficiency on perioperative out¬ 
come, although it may be beneficial to calculate the estimated 
glomerular filtration rate. 

The appropriate cardiac workup before abdominal aortic 
aneurysm repair is evolving and is somewhat institution 
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dependent. This controversy has been further complicated by 
the publication of the Coronary Artery Revascularization Pro¬ 
phylaxis (CARP) Trial that examined the role of coronary 
artery revascularization before major vascular surgery among 
patients with significant coronary artery disease. 153 Notably, 
the study reported that preoperative coronary artery revascu¬ 
larization did not reduce the incidence of either perioperative 
myocardial infarction or long-term mortality. It is important 
to emphasize that the overall objective of the preoperative car¬ 
diac workup is to optimize the cardiovascular system and 
thereby reduce both the perioperative and long-term risk of 
myocardial infarction and death. Admittedly, the prevalence 
of coronary artery disease among patients undergoing abdom¬ 
inal aortic aneurysm repair is quite high. Hertzer et al., 154 in a 
landmark publication, reported that 25% of 1,000 patients 
undergoing evaluation for peripheral vascular surgery (cere¬ 
bral vascular occlusive disease, lower extremity arterial occlu¬ 
sive disease, abdominal aortic aneurysm) had severe, surgically 
correctable lesions detected during cardiac catheterization; 
6% had severe, uncorrectable disease; and only 8% had no 
evidence of disease. Interestingly, the incidence of surgically 
correctable disease was highest among patients undergoing 
evaluation for abdominal aortic aneurysm. The most recent 
edition of the ACC/AHA Guidelines have simplified the pre¬ 
operative evaluation before elective vascular procedures. 148 
Briefly, patients with active cardiac conditions (unstable coro¬ 
nary syndromes, decompensated congestive heart failure, sig¬ 
nificant arrhythmias, and significant valvular disease) should 
be seen in consultation by a cardiologist. Patients with good 
functional capacity as defined by the ability to generate at least 
4 metabolic equivalents (METS, 4 METS = ability to walk up 
a flight of stairs) can undergo major vascular procedures with¬ 
out additional testing. Those patients that cannot generate 4 
METS and have at least three clinical risk factors (see earlier) 
should be considered for further cardiac testing if the results 
will change the clinical management. Notably, there is insuffi¬ 
cient evidence to support a reduced cardiac workup for 
patients undergoing endovascular repair. 155 It is important to 
emphasize that although the cardiac risk of endovascular 
repair may be less, the subset of patients undergoing the pro¬ 
cedure are often older and sicker. 

All patients should undergo some type of imaging modality 
as part of their preoperative evaluation to confirm the diagno¬ 
sis and plan the procedure. Indeed, determining whether a 
patient is an endovascular candidate and appropriately sizing 
the device depend on the anatomic measurements obtained at 
the time of imaging. A CT arteriogram of the chest, abdomen, 
and pelvis is the optimal imaging study to visualize the 
aneurysm and is the only one required in most cases. Abdom¬ 
inal ultrasonography is insufficient as the sole imaging study 
before aneurysm repair in light of its inability to accurately 
define the cephalad extent of the aneurysm and the involve¬ 
ment of the iliac vessels. 


Open Repair of Intact 
Abdominal Aortic Aneurysms 

Technique. A significant amount of preparation is required 
in the operating room before making the incision, and this 
preparation needs to be coordinated among the surgical and 
anesthetic teams for both the open and endovascular 
approach. Although the decision about the choice of anesthe¬ 
sia is deferred to the anesthesiologists, inhalation agents and 
an endotracheal tube are used most frequently. Adjunctive 
epidural anesthesia may improve postoperative pain control 156 
and may be beneficial in patients with severe pulmonary dis¬ 
ease. 157 Adequate intravenous access should be established to 
facilitate resuscitation. Central venous access is usually 
obtained although not necessary. Electrocardiographic leads, 


an arterial catheter, and a Foley catheter should be placed for 
continuous monitoring of the electrocardiogram, arterial pres¬ 
sure, and urine output, respectively. Additionally, a nasogas¬ 
tric tube should be inserted. A Swan-Ganz pulmonary artery 
catheter or a transesophageal echocardiogram probe should be 
inserted in patients with significant cardiac disease. However, 
routine use of pulmonary artery catheters in patients undergo¬ 
ing aortic surgery is not recommended and may be associated 
with a higher rate of intraoperative complications. 158,159 
Peripheral arterial pulses should be interrogated with either 
palpation or continuous wave Doppler ultrasound and 
marked to facilitate confirmation after restoration of lower 
extremity perfusion. Strategies to maintain core body temper¬ 
ature should be initiated. 158,160 Specifically, the room tempera¬ 
ture should be increased, warming devices should be attached 
to all intravenous infusion lines, and either a recirculating 
alcohol blanket or forced-air blanket should be applied. Bush 
et al. 161 reported that hypothermia (<34.5°C) during abdomi¬ 
nal aortic aneurysm repair was associated with multiple phys¬ 
iologic derangements and adverse outcomes. Use of an intra¬ 
operative autologous transfusion device should be considered. 
However, a recent meta-analysis of five randomized controlled 
trials reported that there is insufficient evidence to recommend 
its use during vascular surgery, including aortic surgery. 162 
These devices should likely be used when a significant amount 
of blood loss is anticipated such as during suprarenal or tho¬ 
racoabdominal aortic aneurysm repairs. Furthermore, they 
can be helpful in patients who object to blood transfusions on 
religious principles. An extensive operative field from “nipples 
to toes” should be prepared with the use of topical antimicro¬ 
bial agents. A first-generation cephalosporin or vancomycin 
should be administered prior to the incision. 

Abdominal aortic aneurysms may be repaired through sev¬ 
eral different incisions or approaches including midline, 
retroperitoneal, or transverse (supraumbilical straight, infraum- 
bilical straight, infraumbilical curvilinear, bilateral subcostal). 
The incisions or approaches must be viewed as complementary 
since neither is perfect for every clinical scenario. Indeed, sur¬ 
geons should be familiar with the various approaches and select 
the optimal one for the clinical setting. The determinants of the 
incision include the cephalad/caudal extent of the aneurysm, 
body habitus, presence of prior abdominal incisions, presence of 
abdominal wall stomas, comorbidities, additional intraoperative 
pathology, inflammatory aneurysms, renal anomalies, require¬ 
ments for concomitant procedures, urgency of aortic control, 
and surgeon preference. The midline approach is preferable for 
patients with ruptured abdominal aortic aneurysms because aor¬ 
tic control at the level of the diaphragm can be obtained rapidly. 
The bilateral subcostal approach provides the best exposure and 
is the incision of choice for obese patients, those with extensive 
iliac artery aneurysms, those requiring concomitant renal artery 
revascularization, and those with juxtarenal aneurysms that 
require suprarenal aortic control. The retroperitoneal approach 
is optimal for patients with multiple previous abdominal inci¬ 
sions (“hostile abdomen”), abdominal wall stomas, suprarenal 
aneurysms, inflammatory aneurysms, and horseshoe kidneys. 
However, the retroperitoneal approach is limited by the inabil¬ 
ity to assess the intraperitoneal structures and the limited access 
to the right renal artery and right iliac vessels. It was previously 
contended that the retroperitoneal approach posed less of a 
physiologic insult than the transperitoneal approach and, there¬ 
fore, was ideal for patients with advanced pulmonary or cardiac 
disease. However, this has not been supported by a prospective 
randomized trial. 163 A detailed description of the retroperi¬ 
toneal approach is beyond the context of this chapter but is 
available in most standard vascular surgical texts. 

The sequence of steps used to repair an intact, infrarenal 
abdominal aortic aneurysm after a bilateral subcostal incision 
can be summarized (Fig. 100.9). The abdomen is explored 
after the peritoneal cavity is entered, and both the gallbladder 
and colon are carefully examined. The lower abdominal wall 
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FIGURE 100.9. Steps involved in the standard repair of an infrarenal abdominal aortic aneurysm extending into the 
proximal common iliac arteries. A: The proximal duodenum is mobilized and the retroperitoneum overlying the aorta 
incised. The infrarenal aorta immediately below the renal vein is dissected. The iliac bifurcations are exposed, and vas¬ 
cular clamps are applied to the infrarenal aorta and distal common iliac arteries after adequate heparinization. A longi¬ 
tudinal arteriotomy is extended from the infrarenal aorta onto the right common iliac artery. B: Back-bleeding from the 
lumbar arteries is controlled with figure-of-eight sutures. The proximal anastomosis is performed in an end-to-end con¬ 
figuration below the renal arteries. The distal anastomoses are performed at the common iliac bifurcation beyond the 
aneurysmal segments. The left limb of the graft is tunneled through the intact left common iliac aneurysm shell. C: The 
residual aneurysm shell is closed over the prosthetic graft, and the retroperitoneum is reapproximated to prevent erosion 
of the graft into the overlying bowel. 


flap is immobilized to either the drapes or the pubic towel with 
the use of penetrating towel clips. The small bowel is manually 
retracted laterally to the right, and the duodenum is mobilized 
by incising the ligament of Treitz. The inferior mesenteric vein 
may be suture-ligated at this juncture to facilitate exposure. 
The tissue adjacent to the inferior mesenteric vein should be 
palpated to rule out a large, meandering mesenteric artery. 
This artery is an important visceral collateral and should be 
preserved. The retroperitoneum over the aorta is incised with 
electrocautery, and the left renal vein is exposed. Self-retaining 
Buckwalter retractors are then placed to facilitate further 
exposure. The small bowel is placed in a bowel bag, eviscer¬ 
ated, and retracted laterally to the right with the aid of mal¬ 
leable retractors for the Buckwalter. The transverse colon and 
superior abdominal wall flap are retracted cephalad while the 
lower abdominal wall is further retracted caudal. The aorta 
immediately inferior to the renal arteries is exposed and both 
renal arteries visualized. The infrarenal aorta at this location is 
dissected circumferentially to facilitate placement of a trans¬ 
verse aortic clamp. However, this step may be omitted if a ver¬ 
tical clamp is used. It is important to identify the course of the 
renal vein and any venous anomalies on the preoperative CT 
scan to prevent inadvertently injuring these structures at this 
stage of the procedure. In the presence of a retroaortic renal 
vein or circumaortic collar, the aortic neck should not be dis¬ 
sected circumferentially and vascular control should be 
obtained with a vertical clamp. The retroperitoneum over the 
aorta is then incised further caudally and the incision extended 
along the course of the right common iliac artery. The extent 
of the caudal dissection depends on the anatomic configura¬ 
tion of the aneurysm. If the aneurysm extends to the aortic 
bifurcation, it is sufficient to dissect only the common iliac 
arteries provided a suitable site for clamp application is identi¬ 
fied. If the aneurysm extends to the distal common iliac arter¬ 
ies, both the internal and external iliac vessels should be dis¬ 


sected free. This may be facilitated on the left side by mobiliz¬ 
ing the sigmoid colon along its peritoneal reflection and 
reflecting it medially. The inferior mesenteric artery is then dis¬ 
sected free and vascular control obtained with a vessel loop. 
Patients are administered 100 units of intravenous heparin per 
kilogram, and the activated clotting time is confirmed to be 
twice the baseline value. Supplemental doses of heparin are 
administered throughout the procedure as dictated by the acti¬ 
vated clotting time. Interestingly, a recent randomized con¬ 
trolled trial reported that heparin does not reduce thrombotic 
events or increase bleeding during aneurysm repair but is asso¬ 
ciated with a significant reduction in myocardial events. 164 

During the time required for adequate mixing of the 
heparin, the availability of the necessary equipment is reviewed 
and confirmed with the operating room personnel. The appro¬ 
priately sized prosthetic graft is selected. The graft diameter is 
sized according to the infrarenal aortic neck by visual inspec¬ 
tion or with the calibrated graft rulers (i.e. “sizers”). The gen¬ 
eral “rule of thumb” is that the smaller graft should be selected 
when the aorta is between two graft sizes because the aorta 
always appears smaller after it is transected and redundant 
graft material at the proximal anastomosis is more difficult to 
correct than the opposite problem. A variety of vascular pros- 
theses are available. Despite the contentions of the various 
manufacturers, there is no clear advantage for an individual 
graft and the choice should be determined by surgeon prefer¬ 
ence as dictated by ease of handling, cost, availability, and 
requirements for preclotting. The distal vascular clamps are 
applied to the external, internal, or common iliac vessels 
depending on the extent of the aneurysm and the character of 
the vessels. Occasionally, the iliac vessels are so calcified that 
they cannot be safely occluded with a clamp. Vascular control 
may be obtained intraluminally in this setting with the use of a 
balloon thromboembolectomy catheter after the aneurysm has 
been incised. The proximal aortic clamp is applied in sequence 
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after the distal clamps. The clamp is applied immediately below 
the renal arteries to facilitate an anastomosis to the proximal 
infrarenal aorta. The length of the infrarenal aorta should be 
sufficient to permit a safe anastomosis. However, a long 
infrarenal cuff should be avoided because it may become 
aneurysmal over time. Either a vertical or horizontal aortic 
clamp may be used, although the latter is preferred because it 
simplifies the anastomosis. The aorta is then incised longitudi¬ 
nally, and the incision is extended down the right common iliac 
artery as necessary. Attempts should be made to preserve the 
autonomic nerves overlying the distal aorta and proximal left 
common iliac artery in potent men. This can usually be 
achieved by incising the left common iliac artery transversely 
beyond the aneurysmal portion and tunneling the limb of the 
graft through the residual shell. The intraluminal thrombus 
and debris are removed from within the aorta, and all back- 
bleeding from the lumbar arteries is controlled with suture lig¬ 
atures. The atheromatous debris within the aorta has been 
reported to be culture positive in approximately 25 % of cases, 
although this has not been associated with long-term graft 
infections. 165,166 The infrarenal aorta at the level of the planned 
proximal anastomosis may be completely transected, or the 
back wall may be left intact. Completely transecting the aorta 
makes the proximal anastomoses slightly easier, although leav¬ 
ing the back wall intact reinforces the anastomosis and pro¬ 
vides the equivalent of an autogenous pledget. The proximal 
anastomosis is performed in an end-to-end configuration with 
a running 3-0 cardiovascular suture. All leaks in the suture line 
are repaired with similar 5-0 sutures and felt pledgets as neces¬ 
sary. The distal anastomosis or anastomoses are performed to 
the aortic bifurcation, common iliac arteries, or iliac bifurca¬ 
tion as dictated by the anatomy of the aneurysm. A 3-0 car¬ 
diovascular suture is used for anastomoses at the aortic bifur¬ 
cation, and a similar 4-0 suture is used for the common iliac 
arteries. All anastomoses are flushed to remove any intralumi¬ 
nal debris before flow is restored. Blood flow is restored to the 
pelvis and lower extremities in sequence. Attempts should be 
made to flush initially into the internal iliac circulation to pre¬ 
vent embolization to the lower extremities. This can be facili¬ 
tated by manually compressing the common femoral arteries 
for tube graft configurations. The lower torso should be reper¬ 
fused gradually (i.e., one vessel at a time and one extremity at a 
time) to prevent hypotension and other acute sequelae associ¬ 
ated with the reperfusion of the ischemic tissues. This process 
requires significant communication and coordination between 
the surgical and anesthetic teams. It is imperative that the 
patient is resuscitated prior to reperfusion and it is frequently 
necessary to delay this process to allow the anesthesiologists to 
achieve this objective. Reperfusion of the ischemic tissue causes 
the release of acid, potassium, and a variety of inflammatory 
mediators into the systemic circulation, all of which are poten¬ 
tially detrimental. 

The inferior mesenteric artery may be reimplanted into 
either the body of the graft or the left limb if it is patent. Seeger 
et al. 167 reported that routine reimplantation of the inferior 
mesenteric artery resulted in decreased rates of colonic infarc¬ 
tion and death after aortic reconstruction. However, a more 
recent randomized controlled trial demonstrated no benefit in 
terms of morbidity or mortality, although the authors sug¬ 
gested it may be beneficial for older patients and those with 
increased blood loss. 168 The colon and lower extremities 
should be interrogated with the Doppler ultrasound after 
reperfusion, and the heparin reversed with intravenous prota¬ 
mine sulfate after confirmation of adequate signals. The prot¬ 
amine dose is estimated based on the effectiveness of prota¬ 
mine (1 mg of protamine per 100 units of heparin), the initial 
dose of heparin, the current activated clotting time, and the 
elapsed time from the administration of heparin. The prota¬ 
mine should be administered slowly to prevent any untoward 
hemodynamic events. 169 Notably, a recent randomized con¬ 
trolled trial reported that protamine effectively reverses the 


heparin effect but provides no clinical benefit during periph¬ 
eral vascular surgery, including aneurysm repair. 170 The shell 
of the aneurysm and the overlying retroperitoneum are both 
closed with absorbable suture to provide a biologic tissue layer 
between the graft and the viscera. The retractors are then 
removed, the viscera are returned to their anatomic positions, 
the nasogastric tube is confirmed to be in the antrum, and the 
abdominal wall fascia is closed with standard technique. Inter¬ 
estingly, patients undergoing aortic reconstruction for 
aneurysmal disease have been reported to have a higher inci¬ 
dence of abdominal wall hernias than those undergoing recon¬ 
struction for occlusive disease. 171-173 

The configuration of the aortic reconstruction (aortoaortic, 
aortoiliac, aortofemoral) depends on the extent of aneurysmal 
involvement and the degree of occlusive disease. Aneurysmal 
involvement of the common iliac vessels should be considered 
an extension of the aortic process and treated appropriately. 
Specifically, common iliac arteries larger than 2.0 cm should be 
considered aneurysmal and replaced. The entire common iliac 
artery must usually be replaced, although it is possible to 
replace only the proximal segment if the aneurysmal involve¬ 
ment is isolated. Conversely, common iliac arteries smaller than 
2.0 cm have a relatively benign natural history and do not need 
to be replaced since only a small percentage become aneurys¬ 
mal and require treatment. 30,31 Despite the fact that a patient 
may be a candidate for an aortic tube graft, it is often easier to 
perform an aortobiiliac graft because the terminal aorta is 
often very calcified. Aortobifemoral bypass grafts should be 
reserved for the small subset of patients who truly have con¬ 
comitant aneurysms and severe occlusive disease since the risks 
of wound complications and graft infections are significantly 
greater. Indeed, the risk for graft infections is less than 0.5% for 
aortobiiliac grafts but approximately 2% for aortobifemoral 
grafts. 30,31,174 It is important to remember the original indica¬ 
tion for the procedure and choose the appropriate aortic recon¬ 
struction (aortobiiliac bypass for aortoiliac aneurysm, aorto¬ 
bifemoral bypass for aortoiliac occlusive disease). Admittedly, 
there is a role for aortobifemoral reconstructions in patients 
with aneurysmal disease, and it is futile to attempt an aortobi¬ 
iliac reconstruction in patients with severe external iliac artery 
disease. 

The postoperative care after open repair is fairly routine and 
predictable for the majority of patients. Patients are transferred 
directly from the operating room to the intensive care unit, 
although selective use of the intensive care unit may be appro¬ 
priate. 175 Most of the patients are extubated in the operating 
room or shortly after arrival in the intensive care unit. The 
intensive care unit length of stay is usually 1 to 2 days, and the 
median total length of stay is 8 days. 25 Patients are encouraged 
to get out of bed and begin ambulating in the early postopera¬ 
tive period (i.e., 24 to 48 hours). Preoperative prophylactic 
antibiotics are continued for a total of 24 hours. Nasogastric 
decompression is continued until bowel function returns. Oral 
feedings are initiated after removal of the nasogastric tube and 
advanced quickly to solids. Patients are discharged when they 
are ambulatory, can tolerate a regular diet, have normal bowel 
function, and are sufficiently able to care for themselves. A sub¬ 
set of people require transfer to a rehabilitation or an extended 
care facility. Patients are usually seen in the clinic 2 weeks after 
discharge and then at 6 months thereafter. Additional clinic 
appointments may be necessary as dictated by any ongoing 
medical problems. Patients are not allowed to drive until their 
incisional pain has resolved and they have stopped taking pain 
medications. Furthermore, patients are discouraged from lift¬ 
ing objects heavier than 10 lbs for the first 6 months to reduce 
the incidence of incisional hernias. 

Complications and Outcome. Open repair of intact 
abdominal aortic aneurysms is associated with significant mor¬ 
tality and morbidity. 25,176,177 The attendant mortality rates have 
been discussed extensively in the preceding sections entitled 
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Principles of Management and Choice of Open or Endovascu¬ 
lar Repair. Briefly, the contemporary mortality rate across the 
country has consistently been less than 5%. 56-58 The overall 
morbidity rate remains less clear, although the specific compli¬ 
cations have been well defined. Huber et al. 25 reported that 
33% of all patients undergoing repair of intact abdominal aor¬ 
tic aneurysms across the United States develop some type of 
complication as defined by the International Classification of 
Diseases , ninth revision (ICD-9) postoperative complication 
codes. Similarly, Hua et al. 57 reported from the National Sur¬ 
gical Quality Improvement Program Private Sector that the 
overall incidence of morbidity after open repair was 35%. 

Intraoperative complications can result from injury to the 
intra-abdominal structures during dissection, although these 
technical complications are not specific to the aneurysm repair. 
The small bowel, colon, ureter, and major venous structures 
(inferior vena cava, iliac veins, left renal vein) are particularly 
susceptible. Iatrogenic bowel injury at the time of abdominal 
aortic aneurysm repair is particularly problematic due to the 
potential to infect the prosthetic graft. If the colon is injured 
before the aneurysm repair, the defect in the colon should be 
fixed and the aneurysm repair should be aborted. If the small 
bowel is injured before the aneurysm repair, the same course 
should likely be followed, although this decision requires a 
modicum of clinical judgment. The infectious concerns must 
be balanced by the fact that the small bowel contents are ster¬ 
ile, patients usually receive a preoperative bowel preparation, 
a second procedure will be required to repair the aneurysm, 
and there is a small risk of aneurysm rupture during the inter¬ 
vening delay. Injury to the bowel during or after implantation 
of the aortic graft should be treated with repair of the defect, 
extensive irrigation, and prolonged antibiotics. Admittedly, 
these approaches are very conservative and it is noteworthy 
that multiple clinical series have attested to the safety of simul¬ 
taneous aortic and gastrointestinal/urologic procedures. 178-181 
The ureter is susceptible to injury at the point where it crosses 
over the iliac bifurcation. Injury can be avoided by a height¬ 
ened awareness of this anatomic location and dissection in the 
tissue plane immediately on top of the common iliac vessels. 
Inadvertent venous injury can be associated with significant 
bleeding. This can usually be controlled by direct pressure 
using sponge sticks and suture repair. The left renal vein may 
be transected if necessary. It should be transected near its junc¬ 
ture with the vena cava, and the gonadal, adrenal, and lumbar 
branches should be preserved to maintain venous outflow 
from the kidney. Although somewhat inelegant, division of the 
left renal vein does not appear to affect renal function after 
abdominal aortic aneurysm repair. 182 Transecting the common 
iliac artery or infrarenal aorta may facilitate exposure of the 
common iliac or retroaortic renal veins, respectively. 

Excessive intraoperative bleeding may be encountered occa¬ 
sionally. Routine elective aneurysm repairs are usually associ¬ 
ated with moderate intraoperative blood loss with a mean 
transfusion requirement of 1 to 2 units of packed red blood 
cells. Excessive bleeding may be caused by either the surgical 
trauma or coagulopathy. Reversal of the heparin with prota¬ 
mine may help correct the coagulopathic bleeding. Patients 
with significant bleeding and platelet counts below 50,000/mL 
should receive a platelet transfusion, and it should be 
considered for coagulopathic bleeding and counts below 
100,000/mL. Transfusions of fresh frozen plasma are indicated 
for both patients with significant bleeding in conjunction with 
prolonged coagulation studies (>1.5 times control value) and 
those with coagulopathic bleeding. Massive bleeding, defined 
as more than 100% of the blood volume, may induce a dilu- 
tional coagulopathy with prolongation of the coagulation stud¬ 
ies. Additional blood products should be set up in the blood 
bank in the event of significant bleeding. This may require an 
additional blood bank specimen. Intraoperative autologous 
transfusion devices should also be considered if not already in 
use. 


Ischemia of the lower extremities has been reported to occur 
approximately 3% of the time after open repair. 177 The causes 
are multiple and include distal embolization, thrombosis, clamp 
injury, and technical errors. The lumen of the aneurysm is fre¬ 
quently filled with both thrombus and atheromatous debris that 
may serve as a source for both macro- and microembolization. 
The macroemboli usually lodge at the bifurcations of the major 
vessels; the microemboli usually lodge in the digital vessels and, 
unfortunately, are not amenable to mechanical extraction. 
Thrombosis may result from inadequate heparinization, hyper- 
coagulable conditions, or poor arterial runoff. The technical 
conduct of the operation outlined previously is designed to 
minimize the ischemic complications. The specific maneuvers 
include anticoagulation, selection of a suitable site for distal 
clamp application and anastomosis, intraluminal control of 
severely calcified vessels, flushing of the vessels before clamp 
removal, and sequential removal of the vascular clamps. Fur¬ 
ther intervention is mandatory if the lower extremities are 
found to be ischemic. Anastomotic defects should be corrected. 
This may simply require dissembling and redoing the anasto¬ 
mosis, but often requires relocating it further distal on the out¬ 
flow artery. If no problems are identified at the distal anasto¬ 
mosis, the femoral vessels should be explored and an 
intraluminal thrombus removed with a balloon embolectomy 
catheter. A transverse arteriotomy may be created in the com¬ 
mon femoral artery if it is anticipated that only a thrombec¬ 
tomy will be required; a longitudinal incision should be created 
if a bypass (inflow or outflow) procedure is anticipated. The 
transverse arteriotomy can simply be closed with interrupted 
sutures without narrowing the lumen in the event that an addi¬ 
tional bypass procedure is not necessary, whereas the longitu¬ 
dinal arteriotomy requires a patch closure. A bypass from the 
aortic graft to the femoral vessels is required if adequate inflow 
cannot be restored with thrombectomy alone. The popliteal 
artery below the knee should be explored and a thrombectomy 
performed if the extremity is still ischemic. This may be facili¬ 
tated by creating a longitudinal arteriotomy on the below-knee 
popliteal artery that extends to the tibioperoneal trunk. This 
allows the passage of the balloon embolectomy catheter into all 
three tibial vessels under direct vision. A below-knee popliteal 
or tibial artery bypass is required if adequate perfusion to the 
distal extremity is not restored after patch closure of the 
popliteal arteriotomy. Predictably, a complex lower extremity 
revascularization in conjunction with an aortic reconstruction 
is associated with a significant degree of morbidity and dra¬ 
matically increases the mortality rate. 183 The decision to 
proceed with an infrainguinal bypass depends on the status 
of the extremity and requires some clinical judgment. Abort¬ 
ing the procedure and allowing for a period of observation 
and rewarming is appropriate when popliteal Doppler sig¬ 
nals are detected and the foot is cool yet not severely 
ischemic. Reoperation and definitive treatment may be nec¬ 
essary in the early postoperative period unless marked 
improvement is noted. 

Many of the systemic complications that follow open 
aneurysm repair are not surprising, given the magnitude of the 
operation and the age/comorbidities of the patients. Cardiac 
complications (ischemia, infarction, arrhythmias, congestive 
heart failure) occur in up to 25% 176,177,184 and are the leading 
cause of death after open aneurysm repair in many series. Pul¬ 
monary complications (pneumonia, ventilator dependence 
greater than 48 hours, acute respiratory distress syndrome) are 
also quite common and approximately 10% of the patients 
require prolonged ventilation. 176,177 Deterioration of renal 
function, defined by an increase in serum creatinine or blood 
urea nitrogen, occurs in approximately 5 % of cases, although 
acute renal failure requiring dialysis is rare (i.e. <1%). 177 The 
potential causes of renal insufficiency in the perioperative 
period are numerous and include contrast nephrotoxicity, 
hypovolemia, atheroembolization, and the inflammatory 
response from the lower torso ischemia/reperfusion injury. 
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Postoperative bleeding requiring reexploration, intra-abdominal 
abscess, and abdominal wound complications are all relatively 
infrequent complications and are associated with all major 
intra-abdominal procedures. 

Ischemic colitis has been reported to occur in approximately 
2% to 13% of cases after open aneurysm repair. 185,186 The 
reported incidence depends on the diagnostic algorithm and 
modality (routine sigmoidoscopy vs. selective sigmoidoscopy) 
and is dramatically increased after ruptured aneurysm repair. 
Indeed, the incidence of colonic ischemia after ruptured 
aneurysm repair in patients undergoing routine colonoscopy is 
approximately 25% to 40%. 185,187 Multivariate analysis of 
patients undergoing both open and endovascular repair demon¬ 
strated that the duration of the procedure and preoperative 
renal insufficiency were also predictors of colon ischemia. 186 
The sigmoid colon is affected most frequently, although all the 
sections of the colon may be involved. The ischemia may result 
from inadequate resuscitation, disruption of collaterals, and/or 
failure to revascularize a hemodynamically significant inferior 
mesenteric artery. Patients usually present with bloody diarrhea 
in the early postoperative period. However, the diagnosis 
should be considered in the absence of bloody diarrhea in 
patients with thrombocytopenia, multiple organ dysfunction, 
increasing abdominal pain/peritonitis, and generalized “failure 
to thrive.” The diagnosis may be confirmed by endoscopy. 
Although sigmoidoscopy is used most frequently, a complete 
colonoscopy is likely optimal due to the potential involvement 
of the other colon segments. Treatment depends on the endo¬ 
scopic findings and clinical setting. The endoscopic findings 
range from mucosal ischemia to transmural necrosis. Unfortu¬ 
nately, it is often difficult to differentiate diffuse mucosal 
ischemia from transmural necrosis. Patients with mucosal 
ischemia alone should be treated with bowel rest, broad- 
spectrum antibiotics, total parenteral nutrition, and serial 
endoscopic examinations. Many of these lesions resolve spon¬ 
taneously without long-term sequelae, although colonic stric¬ 
tures may develop in a subset of patients. Patients with trans¬ 
mural colonic necrosis should undergo laparotomy with 
resection of the involved segment, a proximal diverting 
colostomy, and a distal Hartmann pouch. After laparotomy, 
they should be maintained on broad-spectrum antibiotics and 
parenteral nutrition. The reported mortality rate in patients 
with transmural necrosis may range up to 85%. 185,186 Main¬ 
taining antegrade flow through the internal iliac vessels, rou¬ 
tinely implanting the inferior mesenteric artery, and avoiding 
disruption of the colonic collateral circulation may reduce the 
incidence of this adverse outcome. 

Several other gastrointestinal complications are common 
after standard infrarenal abdominal aortic aneurysm repair. 188 
A postoperative ileus develops in essentially all patients, with 
bowel function usually returning within 3 to 5 days. An ileus 
may persist beyond this time period in a subset of patients, 
although no additional therapy is usually required. Nasogastric 
decompression should be continued, narcotics minimized, elec¬ 
trolytes normalized, and ambulation encouraged. Either calcu¬ 
lous or acalculous cholecystitis may develop after aneurysm 
repair. The mortality rates reported historically for postopera¬ 
tive cholecystitis were significant 189 and served as the catalyst 
for simultaneous cholecystectomy and aneurysm repair. 
Although this approach has been found to be safe and not asso¬ 
ciated with an increased risk for graft infections, it is usually 
reserved for patients with small stones or evidence of chronic 
cholecystitis. Pancreatitis may develop after abdominal aortic 
aneurysm repair, although the incidence is surprisingly low in 
light of the obligatory manipulation of the pancreas during 
repair. The treatment of pancreatitis in this setting is conserva¬ 
tive and includes bowel rest, parenteral nutrition, and serial 
imaging. 

Sexual dysfunction is quite common after both open and 
endovascular aneurysm repair as noted earlier. Erectile and/or 
orgasmic dysfunction have been reported to occur in 5% to 


18% of men undergoing aortoiliac reconstruction. 190 The 
responsible mechanisms include interruption of the pelvic per¬ 
fusion and injury to the autonomic nerves that overlie the 
distal aorta/proximal common iliac arteries. Injury to these 
autonomic nerves disrupts the internal sphincter mechanism of 
the bladder and results in retrograde ejaculation. Care should 
be exercised during aneurysm repair to maintain pelvic perfu¬ 
sion and avoid nerve injury to prevent these untoward compli¬ 
cations. It is imperative that these potential complications be 
discussed with patients preoperatively. 

Paraplegia after open infrarenal abdominal aortic aneurysm 
repair occurs with an incidence of 0.25%. 191 The potential 
mechanisms for this devastating complication include emboliza¬ 
tion, thrombosis of the spinal artery, and disruption of the 
spinal blood supply. Paraplegia after aneurysm repair is an irre¬ 
versible injury. Maintaining adequate prograde pelvic perfu¬ 
sion through the internal iliac arteries may minimize this 
complication. 

The long-term outcome after open repair is generally favor¬ 
able. Long-term survival is improved after aneurysm repair, 
although it falls short of the age-matched controls with survival 
rates of approximately 90%, 65%, and 40% at 1,5, and 10 years, 
respectively. 2,5,192 Cardiovascular causes account for the leading 
cause of death. 193 This underscores the importance of long-term 
medical follow-up and the AHA/ACC Guidelines for preventing 
myocardial infarction and death. 150,193 Prosthetic aortic grafts are 
associated with long-term complications with a reported inci¬ 
dence of approximately 10% to 15% at 15 years. 117,194,195 
Notably, bifurcated grafts are associated with a higher incidence 
of complications (13%) than tube grafts (5 %). 30 The long¬ 
term graft-related complications include infection, aortoenteric 
fistula, thrombosis, and pseudoaneurysm formation. Additional 
aneurysms of a sufficient size to merit intervention develop in 
approximately 5% to 15% of patients in either the iliac vessels or 
the aorta above the prosthetic graft. 30,31 It is recommended that 
patients undergo CT of the complete aorta and iliac vessels 3 to 
5 years postoperatively to screen for graft complications and 
additional aneurysms. 196 Furthermore, patients with prosthetic 
aortic grafts should receive prophylactic antibiotics before under¬ 
going invasive procedures, including colonoscopy and dental 
extractions. 


Endovascular Repair of Intact 
Abdominal Aortic Aneurysms 

Technique. The preoperative evaluation and preparation 
before endovascular abdominal aortic aneurysm repair are sig¬ 
nificantly more complicated than for the open approach. The 
various imaging studies must be reviewed before it can be 
determined whether the endovascular approach is even feasi¬ 
ble. Appropriate measurements must be taken and the neces¬ 
sary devices/components selected. An operative plan must be 
generated including specific modifications of the standard 
approach to overcome the patient’s anatomic limitations and, 
thereby, extend the feasibility of the technique. Indeed, “pre¬ 
operative planning, preoperative planning, and preoperative 
planning” have facetiously been identified as the three most 
important components of a successful repair. 

A variety of imaging techniques (i.e., CT, catheter-based 
arteriography) have been employed to determine the feasibility 
of an aneurysm for endovascular repair and select the appro¬ 
priate devices/components. However, CT arteriography with 
3D reconstructions has emerged as the optimal approach. It is 
important to emphasize that no imaging technique is perfect 
and, consequently, a certain degree of flexibility is necessary 
for the operative plan. Measurements obtained from the 3D 
CT tend to overestimate the actual renal artery-internal iliac 
artery length assumed by the graft when deployed in vivo. Sim¬ 
ilar sizing limitations are associated with the catheter-based 
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arteriography techniques, and these have been attributed to 
the course of the catheter, the presence of intraluminal throm¬ 
bus, and the conformational changes in the aorta that result 
from the stiff guide wires and/or the device itself. 

The various devices/components should be selected using 
the underlying principles that the main body of the device 
should sit as close to the orifices of the renal arteries as possi¬ 
ble, while the iliac limbs should extend to the orifices of the 
internal iliac arteries. Furthermore, the manufacturers’ recom¬ 
mendations for sizing and device selection should be followed. 
Grafts seated well below the orifices of the renal arteries have 
been associated with proximal migration, 197 while oversizing 
the graft diameter beyond that recommended has been associ¬ 
ated with both graft migration and aneurysm reexpansion. 198 
The endograft is sized according to the anatomic configuration 
of the aneurysm and adjacent arteries, and this must be per¬ 
formed in advance of the procedure to ensure that the appro¬ 
priate devices are available. The diameter and length of the 
infrarenal cuff, aneurysm, and iliac vessels must be measured 
precisely. In addition, the distance from the lowest renal artery 
to the aortic bifurcation and both renal bifurcations needs to 
be determined. The diameter of the proximal graft is chosen to 
oversize the aortic cuff and iliac arteries by approximately 
10% to 20%. Additional devices should be ordered for each 
case including two iliac limbs and an aortic extension cuff to 
allow for any discrepancy between the preoperative plan and 
the actual course of the graft in vivo. Each endograft proce¬ 
dure and device configuration is “custom fit” for an individual 
patient. Worksheets are available from the manufacturers to 
confirm the suitability of an aneurysm for endovascular repair 
and to aid in the selection of an appropriate device. Technical 
assistance is available from the various manufacturers to facil¬ 
itate every step of the process from initial assessment to com¬ 
ponent selection to deployment. Furthermore, physicians are 
required to complete a training course consisting of sizing 
exercises and monitored deployments. 

The choice of the specific endovascular device is contingent 
upon the anatomic constraints of the aneurysm, device- 
associated outcome, and surgeon preference. There are specific 
differences between the various grafts that lend themselves to 
different clinical scenarios. The specific considerations include 
neck diameter, neck length/angulation, renal-internal iliac 
artery distance, common iliac artery diameter, and access ves¬ 
sel diameter. For example, a graft with suprarenal fixation may 
be more suitable for a shorter neck, while a lower-profile sys¬ 
tem (i.e., smaller outer diameter of the delivery sheath) may be 
most appropriate for patients with smaller access vessels (i.e., 
common femoral and external iliac arteries). Despite the initial 
concerns about compromising renal function, suprarenal fixa¬ 
tion has been consistently shown to be safe. 139,199 Deployment 
of the various endografts is reasonably involved from a techni¬ 
cal standpoint; thus, it is not particularly surprising that most 
surgeons elect to concentrate on one or two devices. The ease 
of deployment and the precision of the deployment with 
regard to the location of the renal artery orifices also con¬ 
tribute to surgeon preference. 

The need for adjunctive procedures to facilitate the 
endovascular repair is usually determined by the preoperative 
imaging and should be factored into the overall plan. The major 
concerns include stenotic access vessels and the absence of a 
suitable common iliac artery landing zone due to aneurysmal 
enlargement. The remedial procedures for small access vessels 
or significant occlusive disease include serial dilation or a 
retroperitoneal prosthetic iliac conduit. Repeated attempts to 
pass the device’s sheaths through a diseased native vessel 
should be avoided and can result in vessel rupture at the com¬ 
mon iliac bifurcation. Aneurysmal degeneration of the com¬ 
mon iliac artery can be overcome by seating the iliac limb in 
the external iliac artery. This necessitates either embolizing or 
bypassing the ipsilateral internal iliac artery. Alternatively, the 
iliac limb of the endograft can simply occlude the internal iliac 


artery flush provided the iliac bifurcation is sufficiently 
tapered. 200 Several reports have documented that accessory renal 
arteries may be covered at the time of the endograft with little 
clinical sequelae. 

The intraoperative preparation for endovascular repair is 
similar to that for the open approach, although there are sev¬ 
eral significant differences. The appropriate imaging equipment 
is mandatory. Ideally, this would entail a complete endovascu¬ 
lar suite with a fixed fluoroscopic unit, although a portable unit 
with the appropriate vascular software and an imaging table is 
adequate. General endotracheal anesthesia is likely the 
standard, although a variety of techniques have been employed 
including both regional and local anesthesia. Indeed, the 
endovascular approach is well suited for these less invasive 
alternatives, particularly considering the feasibility of a com¬ 
pletely percutaneous approach. Intraoperative autologous 
transfusion devices and a nasogastric tube are unnecessary. It is 
currently quite rare to convert to an open repair at the time of 
the initial implantation despite the early experience that reported 
a rate of up to 5%. 62,63 ’ 65 ’ 201 Ftowever, it should be emphasized 
that endovascular aneurysm repair is a surgical procedure and 
should be performed in an operating room with strict aseptic 
technique. 

Although the technique for implanting the various endo¬ 
grafts is somewhat specific to the individual device, the basic 
steps for deploying a “generic” modular bifurcated device using 
an open femoral artery exposure is illustrated (Fig. 100.10). 
Briefly, the common femoral arteries are exposed and an umbil¬ 
ical tape is wrapped circumferentially around the vessels at the 
level of the inguinal ligament to facilitate vascular control. A 
variety of femoral incisions are possible, although a 2- to 3-cm 
transverse incision along the caudal border of the inguinal liga¬ 
ment is ideal and has been associated with a low incidence of 
postoperative wound complications. Approximately 2 cm of 
the common femoral artery is dissected free. It is not usually 
necessary to dissect the superficial and profunda femoral 
branches. While the dissection is being performed, the various 
device components are prepared on the back table by the surgi¬ 
cal technologist. A pursestring suture using a 5-0 cardiovascu¬ 
lar suture can be placed on the anterior aspect of the common 
femoral artery and left untied until the completion of the pro¬ 
cedure. The various catheters/sheaths may be introduced 
through the center of the pursestring, thereby facilitating a 
rapid/simple closure of the artery at the completion of the pro¬ 
cedure. The common femoral artery on the side chosen to 
introduce the main body of the device (ipsilateral groin) is 
punctured using an angiographic needle, and a 0.035-inch 
standard working wire (e.g., Bentsen) is passed into the abdom¬ 
inal aorta using fluoroscopic guidance. A 5-French introducer 
sheath is advanced over the guide wire using a Seldinger tech¬ 
nique and vessel entry is confirmed by manual contrast injec¬ 
tion. The working wire is further advanced into the thoracic 
aorta and exchanged for a longer 0.035-inch stiffened guide 
wire (e.g., Meier) using a catheter. Attention is then directed to 
the contralateral groin and in a similar manner a guide wire is 
advanced into the aorta and an appropriate-sized introducer 
sheath is inserted over the guide wire into the body of the 
aneurysm at approximately the L3 vertebral space. An angio¬ 
graphic catheter is advanced to the LI vertebral body through 
the contralateral sheath and the catheter connected to the 
power injector. The patient is then anticoagulated with heparin 
using a standard protocol (100 units/kg) and therapeutic anti¬ 
coagulation (activated clotting time twice baseline) is main¬ 
tained throughout the procedure. The main body delivery 
catheter is introduced over the stiff wire through the ipsilateral 
groin and the upper limit of the main body positioned between 
the LI-2 vertebral bodies. Devices that do not have an integral 
sheath as part of their delivery system require an 18- to 22- 
French sheath to be inserted prior to introduction of the actual 
delivery catheter. Radiopaque markers on the graft facilitate 
the positioning and orientation of the main body. 
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FIGURE 100.10. General steps involved in the 
endovascular repair of an abdominal aortic 
aneurysm. The common femoral arteries are 
exposed bilaterally and stiff wires are intro¬ 
duced into the thoracic aorta under fluoro¬ 
scopic guidance. An appropriate-sized large- 
diameter introducer sheath is inserted over 
the stiff wire into the body of the aneurysm 
at approximately the L3 vertebral space on 
the side contralateral to the one chosen for the 
main device. A: The main body delivery catheter 
is introduced over the stiff wire through the 
ipsilateral groin and the upper limit of the main 
body positioned between the LI-2 vertebral 
bodies. An aortogram is obtained and the loca¬ 
tion of the renal arteries identified. The location 
of the renal arteries is marked on the imaging 
screen and the position of the main body finely 
adjusted. B, C: The main body is deployed 
exposing the opening of the contralateral dock¬ 
ing limb. The contralateral docking limb is 
cannulated and a stiff wire advanced into the 
thoracic aorta. Deployment of the contralateral 
limb is started by obtaining a retrograde arteri¬ 
ogram through the contralateral sheath in the 
opposite oblique projection to identify the ori¬ 
fice of the internal iliac artery. D-F: The loca¬ 
tion of the orifice is marked on the imaging 
screen; the contralateral limb is then introduced 
over the stiff wire, appropriately positioned, 
and deployed. A compliant aortic occlusion bal¬ 
loon is advanced over the ipsilateral stiff wire 
and inflated in the region of the infrarenal neck 
to mold the proximal and distal attachment 
sites. ( continued ) 





An aortogram is obtained and the location of the renal arter¬ 
ies identified. The fluoroscope should be adjusted to optimize 
visualization of the infrarenal neck. A 5- to 10-degree craniocau- 
dal angulation is usually sufficient to account for the anterior 
angulation of the infrarenal neck caused by the natural lumbar 
lordosis of the spine and the posterior bulging of the aneurysm 
sac. However, the optimal angulation or orientation may be esti¬ 
mated based on the preoperative CT images. The location of the 
renal arteries is marked on the imaging screen and the position of 
the main body adjusted. The main body is now deployed expos¬ 
ing the opening of the contralateral docking limb. Using a com¬ 
bination of a hydrophilic wire and a curved catheter, the con¬ 
tralateral docking limb is cannulated. This can be challenging at 


times and requires a modest degree of catheter skills. Various 
maneuvers including different fluoroscopic projections, different 
shaped catheters, and proper orientation of the contralateral 
docking limb prior to deployment of the main body device can 
facilitate this step. It is imperative to confirm that the cannulat- 
ing guide wire is actually within the body of the main endograft. 
This can be rapidly performed by visualizing the guide wire in 
two orthogonal projections and confirming that the stents of the 
endograft can be seen on either side of the cannulating guide 
wire. Alternatively, an arteriogram can be performed using a 
catheter within the main body. The contralateral wire is 
advanced into the ascending thoracic aorta under fluoroscopic 
guidance and exchanged for a stiff wire using a catheter. 
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Deployment of the contralateral limb is started by obtaining 
a retrograde arteriogram through the contralateral sheath in 
the opposite oblique projection (e.g., right anterior oblique 
projection for left limb) to identify the orifice of the internal 
iliac artery. The location of the orifice is marked on the imaging 
screen and a marker catheter is used to measure the distance 
from the contralateral docking limb to confirm the preopera¬ 
tive measurements and device selection. The contralateral limb 
is then introduced over the stiff wire, appropriately positioned 
relative to the docking limb and the orifice of the internal iliac 
artery, and then deployed. 

After deployment of all the devices, a compliant aortic 
occlusion balloon is advanced over the ipsilateral stiff wire and 
inflated in the region of the infrarenal neck to mold the proxi¬ 
mal attachment sites. The aortic balloon is then withdrawn 
and gently expanded at the main body/iliac limb overlap zone 
and both distal iliac artery fixation sites. A completion arteri¬ 
ogram is then obtained using an angiographic catheter placed 
through one of the introducer sheaths (Fig. 100.11). The arte¬ 
riogram should adequately evaluate the proximal-distal fixa¬ 
tion sites, the graft-graft overlap zones, and the orifices of the 
renal-internal iliac arteries. Additionally, it should include a 
delayed phase to help identify any endoleaks. Problems identi¬ 
fied on the completion study should be corrected if possible. 
The potential remedial procedures include balloon dilation or 
aortic/iliac extension cuffs. 

All sheaths, catheters, and wires are removed after the com¬ 
pletion of the arteriogram. The common femoral arteriotomy 
is closed using the pursestring suture, although additional 
interrupted sutures are frequently necessary. The heparin is 
reversed with protamine (1 unit protamine/100 units heparin) 
after adequate signals are detected at the feet by Doppler ultra¬ 
sound. The groin wounds are closed in layers with a continu¬ 
ous suture and the final skin later is closed with a subcuticular 
technique. 

The immediate postoperative course is fairly uneventful. 
Patients are transferred to the general care ward after recovery 
in the postanesthesia care unit. Patients are started on an 


appropriate diet the evening of the procedure and encouraged 
to get out of bed. Plain radiographs of the abdomen (four 
views, optimized for metal) are obtained on the first postoper¬ 
ative day, and patients are discharged thereafter. Patients are 
seen in the outpatient clinic at 1 month with an abdominal/ 
pelvic CT scan. It is important to note that mild fever and the 



FIGURE 100.11. Completion arteriogram after an endovascular 
aneurysm repair is shown. The arrow marks the caudal extent of the 
stent graft. Note that the iliac limbs have been intentionally crossed to 
facilitate the cannulation of the contralateral gate. 
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FIGURE 100.12. Plain radiographs 
of an endovascular graft demonstrat¬ 
ing (A) strut fracture and (B) modular 
disruption. (Reproduced with permis¬ 
sion from Magennis R, Joekes E, 
Martin J, et al. Complications follow¬ 
ing endovascular abdominal aortic 
aneurysm repair. BJR 2002;75:700- 
707.) 



finding of air around the graft on CT are common occurrences 
immediately after endograft repair and have not been associ¬ 
ated with graft infection. 202 

It is imperative that patients are followed long term given 
the uncertainty associated with the endovascular repair and 
the need for remedial procedures. As noted previously, new 
endoleaks have been identified as late as 7 years postopera- 
tively. 203 A variety of protocols and imaging techniques have 
been described, although an abdominal/pelvic CT scan with 
contrast at 12 months and then yearly noncontrast studies 
seem reasonable in the absence of any identifiable problems 
and an aneurysm sac that is not increasing in size. Indeed, 
Sternbergh et al. 204 reported from a multicenter trial that the 
absence of an endoleak at 1 and 12 months predicted favor¬ 
able long-term outcome. More frequent imaging may be indi¬ 
cated if the aneurysm continues to grow or there is evidence of 
an endoleak. The surveillance CT scans should include non¬ 
contrast and biphasic contrast views with delayed images to 
help identify any late endoleaks. 205 Although not part of all 
surveillance protocols, early plain radiographs are very helpful 
to identify structural changes/problems with the grafts (Fig. 
100.12). Duplex ultrasound has been employed as a surveil¬ 
lance study, but its accuracy is dependent on the local expertise 
of the vascular laboratory. 206-208 

Complications and Outcome. The overall mortality and 
complication rates after endovascular repair have been reviewed 
in the sections entitled Principles of Management and Choice of 
Open or Endovascular Repair. Briefly, the mortality rate in the 
recent randomized trials and national series is approximately 
less than 2%, 58-60,66,66 the perioperative complication rate is less 
than 25%, 57,117 the rupture risk is approximately 1% per 
year, 117,124 and the incidence of remedial procedures is approxi¬ 
mately 10% per year. 128 Many of the same complications that 
can occur after open repair can occur after endovascular repair. 
However, the relative incidence of the various complications is 
significantly different, and several complications inherent to the 
endovascular repair have been identified. 

A variety of potential complications may arise during inser¬ 
tion of the delivery catheter or introducer sheath. Indeed, 


access problems secondary to iliac stenoses and/or tortuosity 
are the most common procedure-related complication. The 
outer diameters of the delivery sheaths are device dependent, 
but can range up to 24 French. These correspond to an outer 
diameter of approximately 7 mm (1 French corresponds to 
the circular cross-sectional diameter of 1/77 millimeter, e.g., 
24 French = 24/3.14 mm or 7.6 mm). A variety of techniques 
are available to correct or overcome the access vessel stenoses, 
and these should be factored into the preoperative plan. Exces¬ 
sive force during insertion of these large sheaths or delivery 
catheters can result in serious injury and perforation of the ves¬ 
sels. Predictably, this can lead to significant hemorrhage and 
hemodynamic changes. The diagnosis can be confirmed by 
arteriography and the bleeding controlled intraluminally using 
the device sheath or a balloon catheter. A variety of endovascu¬ 
lar salvage techniques are possible in this setting, including 
deployment of either the main device or a covered stent over 
the disrupted artery. Indeed, nearly all major arterial disrup¬ 
tions, with the possible exception of the proximal aorta, may 
be treated using endovascular techniques and do not necessi¬ 
tate emergent laparotomy. Safe conduct of an endovascular 
aneurysm repair is predicated by sufficient knowledge of the 
various salvage techniques, the necessary catheter and guide 
wire skills to execute them, and a complement of ancillary 
equipment. However, the adage that “prevention is better than 
the cure” holds true and endovascular surgeons should main¬ 
tain a low threshold for constructing a retroperitoneal iliac 
conduit. Dissection within the arterial wall of the iliac vessels 
or aorta may also result from misdirection or excessive force 
during cannulation of the vessels. It can usually be corrected by 
cannulating the “true” lumen and reestablishing its integrity by 
deploying a peripheral (uncovered) stent. 

Graft deployment can be associated with mechanical prob¬ 
lems related to the delivery system or inappropriate positioning. 
A host of mechanical problems have been described, and the list 
will likely expand with widespread application of the devices 
and the introduction of newer systems. Many of the mechanical 
problems are device specific and related to the actual sequence 
of events and manipulations required. Troubleshooting guide¬ 
lines and specific recommendations are available from the 

















Chapter 100: Abdominal Aortic Aneurysms 


1755 


manufacturers. Deployment of the endovascular graft below the 
proximal target site on the infrarenal aorta may be corrected 
using an aortic extension cuff. Attempting to reposition the 
graft further proximally after deployment has not been success¬ 
ful and is not recommended. Deployment of the endovascular 
graft across the orifices of the renal arteries can potentially be 
corrected by displacing the graft caudally. A guide wire can be 
passed over the flow divider and out the contralateral groin. 
The entire graft can then be retracted caudally by pulling on the 
wires. Alternatively, a large balloon can be inflated above the 
flow divider and retracted. Extreme care must be exercised dur¬ 
ing these maneuvers to prevent complete dislodgement of the 
proximal main body from the neck. Deployment of the graft 
across part of the renal orifice can be corrected by placing a 
stent within the lumen of the renal artery and thereby displacing 
part of the main body caudally. Deployment of the endograft 
across the lumen of one internal iliac artery is usually tolerated 
provided the contralateral vessel is patent and relatively free of 
occlusive disease. Indeed, it is relatively common to embolize a 
single internal iliac artery in patients with common iliac artery 
aneurysms to facilitate fixation of the graft limb in the external 
iliac artery. Occlusion of both internal iliac arteries or occlusion 
of one vessel in the presence of contralateral disease may render 
the pelvis ischemic. Occasionally, one of the iliac limbs can be 
pushed cephalad using a sheath and its dilator. It should be 
emphasized that many of these remedial procedures are not 
manufacturer approved and should only be attempted by expe¬ 
rienced endovascular surgeons. Due to the advanced age of 
many of these patients and their attendant comorbidities, open 
surgical conversion should be contemplated only as a last resort 
after the endovascular options have been exhausted, again 
emphasizing the need for advanced endovascular skills. 

It is relatively common to see an endoleak on the comple¬ 
tion arteriogram. Treatment is contingent upon the specific 
type of leak and its associated natural history, although the 
majority of these early endoleaks ultimately resolve. 209 The 
type 1 (attachment site) and type 3 (fabric tear or module 
interface) endoleaks are particularly concerning and every rea¬ 
sonable attempt to correct these defects should be made. The 
aneurysm sac is presumably still exposed to systemic pressure 
in the presence of a type 1 or type 3 endoleak, and, therefore, 
the rupture risk likely approaches that associated with the 
untreated aneurysm. Both the type 1 and 3 endoleaks can 
potentially be corrected by repeat balloon angioplasty at the 
proximal/distal attachment sites or at the modular interface. If 
these measures are not successful, additional extension devices 
can be deployed. With the exception of large proximal type 1 
endoleaks, it is reasonable to manage most perioperative 
endoleaks expectantly since many seal spontaneously after 
reversal of the anticoagulation or within the first 6 months. 
Furthermore, it should be kept in mind that the inability to 
obtain a satisfactory exclusion of the aneurysm at the time of 
endograft implantation does not mandate a surgical conver¬ 
sion at the same setting. Consideration should be given to 
completing the procedure, allowing for a brief recovery, and 
discussing potential options in an elective, outpatient setting 
with the patient and his or her family. The potential options at 
this point include referral to another center with more exper¬ 
tise, open surgical repair with removal of any or all implanted 
devices, or no further treatment if the patient is a poor surgical 
risk. Type 2 endoleaks (retrograde branch vessel related) have 
a relatively benign natural history and do not merit aggressive 
intervention unless the aneurysm continues to increase in size 
over time. Type 4 (trans-graft) endoleaks are self-limiting and 
do not merit treatment at all. They are identified as a diffuse 
contrast “blush” at the time of the completion arteriography. 
They represent a diagnosis of exclusion and mandate that the 
more worrisome type 1 endoleak be excluded. 

The spectrum of immediate postoperative complications 
after endovascular aneurysm repair is comparable to that out¬ 
lined for after open repair and will not be repeated. However, 


the incidence of major, systemic complications after endovascu¬ 
lar aneurysm repair is quite small. It is noteworthy that the inci¬ 
dence of both paraplegia and bowel ischemia are comparable 
after endovascular and open repair, although the mechanisms 
are different and likely due to atheroembolism. 186 ’ 210 ’ 211 Indeed, 
diffuse embolization to the small bowel has been reported after 
endovascular repair and is almost uniformly fatal. 210 

The long-term complications after endovascular repair 
include endoleak, structural failure, need for remedial proce¬ 
dures, need for open conversion, and rupture. These ongoing 
risks further emphasize the importance of conscientious life¬ 
long surveillance. All type 1 and 3 endoleaks identified during 
surveillance merit further evaluation and correction given their 
ongoing rupture risk. Device migration has been reported to 
cause type 1 endoleaks and has been associated with neck 
length, site of deployment below the renal arteries, and surgeon/ 
center experience. 197 The treatment of these late-occurring type 
1 and 3 leaks is identical to that for those occurring earlier and 
includes identification of the specific site and remediation with 
either balloon angioplasty or an additional endovascular 
device, although the latter is most common. Type 2 endoleaks 
merit intervention and treatment if the aneurysm continues to 
increase in diameter. Identification of the type 2 endoleak can 
be challenging and may require selective catheterization of the 
superior mesenteric or internal iliac arteries. 212 A variety of 
approaches have been described to treat the type 2 endoleaks 
including coil embolization, laparoscopic ligation of the feeder 
vessels, and direct translumbar injection of the aneurysm sac 
with glue or other thrombotic agents. 

Aneurysms that continue to increase in size after endovas¬ 
cular repair merit further intervention and may require open 
conversion due to their ongoing rupture risk. Continued 
aneurysm growth has been associated with the type of prosthe¬ 
sis and baseline size in addition to the presence of endoleak. 130 
It should be emphasized that the goal of aneurysm repair is to 
prevent rupture/death from rupture and that endoleak and 
even sac enlargement are surrogate markers of potential late 
failure of the therapy. Indeed, even the clinical significance of 
an enlarging sac in the absence of a visible endoleak is contro¬ 
versial as long as a secure proximal and distal fixation of the 
endograft has been demonstrated. To confound the issue fur¬ 
ther, rupture of aneurysms without an endoleak or a change in 
sac diameter has also been reported, leading some to describe 
the phenomenon teleologically as endotension. A presumed 
endoleak that is not detected on a properly performed contrast 
CT scan is typically not identified on a catheter-based arteri¬ 
ogram. The proper diagnostic investigation of an endoleak 
should include interrogation of all the fixation sites and mod¬ 
ular interfaces and selective injections of mesenteric and 
hypogastric arteries with sufficient contrast dose and proper 
acquisition techniques. It should be emphasized that open con¬ 
version and explant of the endovascular graft is technically 
more challenging than a de novo open repair and usually 
requires suprarenal or supraceliac aortic control. It is not 
always possible (or necessary) to remove the whole endovas¬ 
cular graft, particularly when the device has suprarenal fixa¬ 
tion. It is possible to transect the endovascular graft near the 
usual site of the infrarenal aortic anastomosis and incorporate 
the fabric/stents of the graft into the anastomosis. Temporary 
distal vascular control can be achieved by clamping the limbs 
of the endovascular graft. The limbs of a bifurcated surgical 
graft may be anastomosed directly to the endograft limbs if 
they are securely attached to the iliac artery. 

A variety of device-specific complications, including strut 
fracture, fabric tears, and buckling of the graft, have been iden¬ 
tified, and the list will likely increase with the introduction of 
newer systems. These may present at any time throughout the 
postoperative period. An extensive discussion of all the poten¬ 
tial device-related complications and their treatment is beyond 
the scope of this chapter. Disturbingly, regression of the 
aneurysm has been associated with significant conformational 
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changes in the endografts and has resulted in limb thrombosis 
and disruption of the distal attachment sites. 213 These adverse 
outcomes in the presence of decrease in the aneurysm size have 
been termed the “paradox of success.” 


Repair of Ruptured 
Abdominal Aortic Aneurysms 

Open Repair. The approach to the patient with a ruptured 
abdominal aortic aneurysm is similar to the elective one, 
although several points merit further comment. It is important 
to realize that operative repair is the only acceptable treatment 
and the only effective means to prevent further hemorrhage. 
The diagnosis should be made in an expeditious fashion and 
the appropriate treatment initiated. The endovascular 
approach appears to be associated with a lower mortality rate, 
but this remains to be further documented given the inherent 
bias in terms of patient selection and publication. 71 ’ 72,74-76 

The patient should be taken emergently to the operating 
room once the diagnosis of a ruptured aneurysm has been 
made. Unnecessary delays to complete the preoperative evalu¬ 
ation should be avoided. Unfortunately, the diagnosis is not 
always made in a setting where an operating room is immedi¬ 
ately available. Given this scenario, the patient should be 
transferred to a setting in which an operating room is available 
or the necessary resources should be mobilized. The decision 
to transfer or treat locally should be dictated by the ultimate 
time necessary to get the patient to the operating room and the 
institutional resources. The operating room and anesthesia 
personnel should be notified immediately upon diagnosis and 
instructed that the patient is en route. The necessary instru¬ 
ment trays should be opened, the room temperature in the 
operating room increased, adjunctive measures to maintain 
body temperature obtained, and the intraoperative autologous 
salvage device prepared. Notably, hypothermia has been 
shown to be a strong, independent predictor of mortality after 
ruptured aneurysm repair. 214 The blood bank should be noti¬ 
fied and instructed to send 6 units of blood to the operating 
room. This should be type O negative or type specific if cross 
matched units are not available. Furthermore, the blood bank 
should be instructed to expedite the cross match of additional 
red blood cells, fresh frozen plasma, and platelets. The patient 
should be prepared and draped before intubation and the 
induction of anesthesia. Simultaneously, the surgeon and assis¬ 
tants should be prepared to make the incision at the time of 
induction. Patients with ruptured aneurysms frequently 
become hypotensive after the induction of anesthesia because 
of its vasodilator effect. 

A midline incision should be made and supraceliac aortic 
control obtained. This is facilitated by bluntly dissecting the 
gastrohepatic ligament, the crus of the diaphragm, and the con¬ 
nective tissue enveloping the aorta. The latter may be some¬ 
what tenacious and requires a moderate amount of force. Vas¬ 
cular control can be achieved manually by either occluding the 
aorta between the fingers and thumb or compressing it against 
the vertebral bodies. Definitive control should be obtained with 
an aortic clamp, which can be guided along the arm, hand, and 
digits. Care should be utilized during these maneuvers to pre¬ 
vent injury to the esophagus or the aorta itself. Inexperienced 
surgeons may mistake the esophagus for the aorta in hypoten¬ 
sive patients. The presence of a nasogastric tube or pulse may 
aid in differentiating the aorta from the esophagus. Aortic con¬ 
trol can also be achieved through a variety of other means: tho¬ 
racotomy with occlusion of the descending thoracic aorta, 
intraluminal control of the infrarenal aorta with a Foley bal¬ 
loon, supraceliac control via a retroperitoneal approach, and 
intraluminal control with an aortic balloon catheter inserted 
through the femoral arteries. The aortic surgeon should be 
familiar with these various techniques because they can be 


helpful in certain clinical settings, but the midline approach 
with supraceliac control is recommended for most ruptured 
infrarenal aneurysms. After supraceliac aortic control has been 
obtained, the infrarenal aorta is dissected and vascular control 
is achieved below the level of the renal arteries. The hematoma 
from the ruptured aneurysm often facilitates the dissection by 
displacing the normal tissue planes. However, the normal tis¬ 
sues may be obscured, and care should be taken not to injure 
the venous structures, particularly the left renal vein. The 
supraceliac aortic clamp can be released after infrarenal control 
has been obtained, and flow can be restored to the visceral ves¬ 
sels. It is imperative that these various steps are coordinated 
with the anesthesia team, and it is recommended that the 
supraceliac clamp be left in position to facilitate reapplication 
if necessary. Distal vascular control can be achieved with either 
vascular clamps or intraluminal balloons, depending on the 
character of the iliac vessels. 

Patients can be heparinized after proximal and distal vascular 
control has been obtained, provided that the patient is doing well 
and the case is proceeding expeditiously. 215 However, the deci¬ 
sion to anticoagulate the patient is contingent on a variety of 
factors, including the quantity of blood lost, presence of coagu- 
lopathic bleeding, body temperature, and hemodynamic status. 
Anticoagulation potentially reduces thrombotic complications, 
but it exacerbates coagulopathic bleeding. Before completion of 
the distal anastomoses, thromboembolectomy catheters should 
be passed distally through the iliac vessels to remove any throm¬ 
bus or debris. It is recommended that the inferior mesenteric 
artery be implanted (if patent) to reduce the risk of postoperative 
colonic ischemia. The heparin effect can be reversed with prota¬ 
mine after confirmation of distal lower extremity arterial signals. 
The administration of fresh frozen plasma, platelets, or both 
should be considered at this point if any evidence of coagulo¬ 
pathic bleeding is noted. 

The postoperative course after repair of a ruptured 
aneurysm is predictably more complicated and protracted than 
the course after elective repair. 216-220 Both the intensive care unit 
and total hospital length of stay are significantly increased. The 
mortality and complication rates are likewise significantly 
increased. As noted earlier, the mortality rate for patients with 
ruptured abdominal aortic aneurysms who make it to the oper¬ 
ating room is approximately 50%. 5 The spectrum of postoper¬ 
ative complications after repair of a ruptured aneurysm is essen¬ 
tially the same as after elective repair, although the incidences 
are increased. The incidence of bowel ischemia may be as high 
as 40% and routine colonoscopy may be indicated. 187 Abdomi¬ 
nal compartment syndrome 221 and adrenal insufficiency 222 have 
been reported after ruptured aneurysm repair and merit consid¬ 
eration in patients who are not doing well. Notably, adrenal 
insufficiency was identified in almost 70% of patients with un¬ 
explained postoperative hypotension after ruptured aneurysm 
repair. 222 Predictably, long-term survival is decreased relative to 
patients undergoing elective repair, 200 although the overall qual¬ 
ity of life is comparable. 223 

Endovascular Repair. The endovascular approach has the 
potential to impact the operative mortality rate for ruptured 
abdominal aortic aneurysms. Although the worldwide experi¬ 
ence is relatively small, the early outcomes are impressive, par¬ 
ticularly given the significant mortality/morbidity associated 
with the open repair, which has remained relatively constant 
over the past few decades. 69 Despite the appeal of the endovas¬ 
cular approach, its application requires a defined protocol/ 
approach consisting of an experienced endovascular surgeon, 
a committed team, an available operating room with the 
necessary imaging equipment, and an inventory of suitable 
devices. Furthermore, the patient must be an acceptable 
anatomic candidate. Several recent studies have estimated that 
approximately 20% to 50% of patients with ruptured 
aneurysms are anatomically suitable for endovascular repair 
using conventional devices, although this number may 
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increase with the introduction of newer devices and/or the 
extension beyond the manufacturers’ instructions for 

use. 199 ’ 224 " 226 

The endovascular approach for the treatment of ruptured 
abdominal aortic aneurysms can be briefly summarized and 
has recently been described by Lee et al. 227 Patients with a pre¬ 
sumed diagnosis of a ruptured abdominal aortic aneurysm 
who are hemodynamically stable, as defined by a systolic 
blood pressure greater than 80 mm Hg and normal mentation, 
should undergo a rapid CT arteriogram to determine their 
suitability. Notably, aggressive fluid resuscitation should be 
avoided during this period to avoid the theoretical risk of 
releasing the retroperitoneal tamponade. The anatomic crite¬ 
ria for endovascular repair include an acceptable neck 
anatomy (length >10 mm, diameter <32 mm) and adequate 
access vessels (>7 mm diameter). The operative plan is gener¬ 
ated and the appropriate devices selected based on the CT 
findings, and patients are taken directly to the operating room 
from the scanner. Oversizing of the aortic neck greater than or 
equal to 20% and encroachment on the orifices of the renal 
arteries with adjunctive stenting are both tolerated in an 
attempt to limit the necessary inventory and increase the prox¬ 
imal fixation zone, respectively. Access to the common femoral 
arteries is obtained using a percutaneous approach with direct 
exposure and repair delayed until the completion of the proce¬ 
dure. The remaining conduct of the procedures is essentially 
the same as described in the elective setting. It is not usually 
necessary to occlude the aorta with an intraluminal balloon, 
although one should be readily available in the event that the 
patients become hemodynamically unstable. 228,229 It should be 
noted that the criteria for an acceptable result are somewhat 
less in this setting and persistent attempts to achieve a perfect 
radiographic result should be avoided. The ultimate goal is to 
prevent further hemorrhage and to allow the patient to be 
resuscitated. Further interventions including conversion to 
open repair may be necessary at a later date, but these can usu¬ 
ally be performed in an elective fashion. 


ADDITIONAL CONSIDERATIONS 


Isolated Iliac Artery Aneurysms 

Isolated iliac artery aneurysms are rare and have been reported 
to occur with an incidence ranging from 0.03% in autopsy 
series 6 to 2.2% in single-institution series. 230 The common 
iliac artery is involved in approximately 70% of the cases, and 
the internal iliac artery in the remainder. 231 Aneurysmal 
involvement of the external iliac artery, either in combination 
with the common iliac artery or alone, is distinctly rare. These 
isolated iliac artery aneurysms should be differentiated from 
the common iliac artery aneurysms that occur concomitantly 
with abdominal aortic aneurysms. Simultaneous aneurysmal 
involvement of the aorta and common iliac arteries occurs in 
about 10% to 20% of all abdominal aortic aneurysms 6,7 ; this 
pattern should be considered as one disease process and 
treated accordingly. 

The natural history of isolated iliac artery aneurysms is 
poorly defined because of their low incidence. The clinical risk 
factors appear to be similar to those for abdominal aortic 
aneurysms with the highest incidence seen among elderly men. 
Unlike patients with abdominal aortic aneurysms, a significant 
proportion of patients with isolated iliac artery aneurysms pre¬ 
sent with symptoms. 231 These symptoms may result from 
either rupture or compression of adjacent structures including 
the bowel, ureters, iliac veins, and nerves. The clinical presen¬ 
tation of patients with a ruptured iliac artery aneurysm is sim¬ 
ilar to that of ruptured abdominal aortic aneurysms, and the 
diagnosis should be included in the differential for patients 
with genitourinary symptoms and normal findings on urinaly¬ 
sis and testicular examination. CT arteriography is optimal for 


confirming the diagnosis of an isolated iliac artery aneurysm. 
The utility of ultrasonography is limited by the posterior course 
of the iliac vessels and the overlying bowel. Large iliac artery 
aneurysms may occasionally be palpated during rectal or gyne¬ 
cologic examination, and ruptured iliac artery aneurysms may 
present with ecchymosis of the perineum. 

The principles of treatment for asymptomatic, isolated iliac 
artery aneurysms are similar to those for abdominal aortic 
aneurysms, and operative repair is justified when the risk for 
rupture offsets the risk of repair. Unfortunately, the natural 
history of isolated iliac artery aneurysms and the appropriate 
threshold for repair remain unresolved. The reported growth 
rate for iliac artery aneurysms less than 3 cm is 0.11 cm/y, 
while that for aneurysms 3 to 5 cm is 0.26 cm/y. 232 Although 
rupture has been reported for aneurysms smaller than 2 cm, it 
is rare for aneurysms smaller than 3 cm to rupture. 230,233 Oper¬ 
ative repair is generally recommended for good-risk patients 
with isolated iliac artery aneurysms greater than or equal to 
3.5 cm. The frequency of surveillance imaging studies should 
be dictated by the size of the aneurysm, with yearly studies 
appropriate for aneurysms less than 3 cm and 6-month inter¬ 
vals appropriate for aneurysms between 3 and 3.5 cm. 230 

The treatment or repair of isolated iliac artery aneurysms 
depends on the specific vessel involved and the extent of the 
aneurysm. Theoretically, common iliac artery aneurysms can 
be repaired with an interposition graft or a covered stent pro¬ 
vided that there is a sufficient proximal and/or distal neck to 
sew the anastomosis or seat the graft. However, this is rarely an 
option because the aneurysmal involvement of the vessel usu¬ 
ally extends over its whole length. Therefore, repair necessi¬ 
tates replacing the whole common iliac artery with a bifurcated 
graft similar to the approach for patients with combined aortic 
and iliac artery aneurysms. Both open and endovascular 
approaches are available and the concerns about the individual 
choice (i.e., open vs. endovascular) are likely similar to that 
outlined for abdominal aortic aneurysms. Additionally, the 
principles of treatment for both the open and endovascular 
approach of isolated iliac artery aneurysms are similar to 
abdominal aortic aneurysms. In the case of open repair, the 
proximal anastomosis should be performed immediately below 
the renal arteries to prevent subsequent aneurysmal degenera¬ 
tion of the infrarenal cuff, while the distal anastomosis should 
be performed at the common iliac bifurcation on the involved 
side. The distal anastomosis on the uninvolved common iliac 
artery can be performed to a nonaneurysmal segment. For the 
endovascular repair, the graft should be seated immediately 
below the renal arteries and at the takeoff of the internal iliac 
artery on the side opposite the aneurysm. The iliac limb on the 
side of the aneurysm is seated in the external iliac artery and 
necessitates embolization or bypass of the ipsilateral internal 
iliac artery. 

The treatment of internal iliac artery aneurysms is exclusion. 
This can be performed using either an endovascular or open 
approach, although the former is likely preferred due to its sim¬ 
plicity. Bypass of an internal iliac artery aneurysm is not usually 
possible because there is rarely a proximal or distal neck. 
Indeed, the aneurysmal involvement usually extends to the com¬ 
mon iliac bifurcation and the distal aspect usually arborizes into 
multiple smaller vessels. The principles of the endovascular 
treatment include obliterating both the arterial inflow and the 
outflow of the aneurysm. The outflow is usually thrombosed 
using selective coil embolization, although a variety of other 
agents have been described. Placing a covered stent across its 
orifice extending from the common to the external iliac vessels 
eliminates the inflow. The open approach requires vascular 
control of the distal common iliac and proximal external iliac 
arteries. The internal iliac artery is then opened by incising the 
aneurysm, and the branches are oversewn from within. The 
proximal internal iliac artery can be either oversewn at its take¬ 
off or the resultant defect at the common iliac bifurcation can 
be repaired with patch angioplasty. The appropriate treatment 
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for patients with bilateral internal iliac arteries remains unclear. 
Exclusion of both vessels has the potential to cause severe 
pelvic ischemia that may not be remediable. A conservative 
approach is likely justified in this setting with a higher thresh¬ 
old for intervention appropriate for the second vessel. Treat¬ 
ment options include excluding only the larger vessel, attempted 
revascularization, and staged exclusion after sufficient time has 
elapsed to facilitate potential collateral development. Regard¬ 
less of the treatment option, it is important to assess the status 
of the pelvic circulation including the profunda femoral artery. 


Inflammatory Abdominal Aortic Aneurysms 

Approximately 5% of all abdominal aortic aneurysms are 
described or considered inflammatory. 234 These are character¬ 
ized by a dense inflammatory response encasing the anterior 
and lateral walls of the infrarenal aorta with sparing of the 
posterior aspect. The inflammatory response consists of a 
dense cellular infiltrate that has a white, glistening appearance 
on inspection. The inflammation results in an increase in wall 
thickness with the difference between the inner and outer diam¬ 
eters of the aorta ranging from 1 to 5 cm. The cause of this 
inflammatory process remains unresolved, but it is likely an 
autoimmune phenomenon. Indeed, some type of autoimmune 
disorder has been identified in up to 20% of patients with 
inflammatory aneurysms. 235 

Patients with an inflammatory abdominal aneurysm are pre¬ 
dominantly male and frequently present with symptoms of back 
or abdominal pain. The triad of a pulsatile abdominal aortic 
mass, abdominal pain, and an elevated sedimentation rate has 
been described. Abdominal ultrasonography or CT may confirm 
the diagnosis. The anterior and lateral aspects of the aortic wall 
are thickened and hypoechoic on the sonogram. The CT findings 
are characteristic and include a thick, contrast-enhancing wall in 
the distribution described. An inexperienced observer may con¬ 
fuse the CT findings with those of a ruptured abdominal aortic 
aneurysm. Hydronephrosis with medial displacement of the 
ureters is frequently seen in contradistinction to the lateral dis¬ 
placement seen with noninflammatory aneurysms. Indeed, this 
entity may share some pathogenetic pathways with retroperi¬ 
toneal fibrosis. 

The treatment of inflammatory abdominal aortic aneurysms 
is essentially the same as that for the more common, nonin¬ 
flammatory variety. Nonoperative treatment with corticos¬ 
teroids has been advocated in the past, although this approach 
is likely ineffective and has largely been abandoned. 236 It has 
been suggested that the rupture risk of inflammatory 
aneurysms is less than that for the noninflammatory variety 
because the wall thickness is increased. However, this is not 
true, and patients should not be lulled into a false sense of 
security. It should be emphasized that most aneurysms rupture 
through their posterior or posterolateral aspect, which is not 
involved in the inflammatory process. The open repair of an 
inflammatory abdominal aortic aneurysm is complicated by 
the fact that the adjacent structures, including the duodenum, 
colon, and ureters, may be involved in the process and densely 
adherent to the aortic wall. The operative blood loss and pro¬ 
cedure time associated with the open repair of inflammatory 
abdominal aortic aneurysms may be greater than the more 
common, uninvolved type. These potential technical difficul¬ 
ties should be factored into the operative indications and size- 
related threshold for the open approach. 

The endovascular approach may be the optimal treatment 
for patients with inflammatory abdominal aortic aneurysms 
due to the concerns about the inflammatory process and adherent 
structures outlined previously. 237-240 Notably, Puchner et al. 240 
performed a meta-analysis of patients undergoing endovascu¬ 
lar repair for inflammatory aneurysms and reported that the 
inflammatory process resolved in approximately 50% of the 
cases. The technical difficulties associated with the open repair 


can be reduced by using the retroperitoneal approach. Inflam¬ 
matory aneurysms can be repaired through a transperitoneal 
approach, and this scenario occasionally arises when the diag¬ 
nosis is not suspected preoperatively. Regardless of the open 
approach, no attempt should be made to mobilize the adherent 
structures, specifically the duodenum, because of the potential 
for accidental injury. Proximal aortic control can be achieved 
either immediately above the renal arteries or above the vis¬ 
ceral vessels. Alternatively, intraluminal aortic control can be 
achieved with a balloon catheter, although this approach is less 
appealing. Distal control can usually be achieved at the com¬ 
mon iliac arteries or at the level of their bifurcation. The duo¬ 
denum and other adherent structures should be mobilized by 
incising the wall of the aneurysm and then reflecting them lat¬ 
erally. The proximal anastomosis can usually be performed to 
the infrarenal aorta after the aneurysm wall has been incised. 
The preoperative placement of ureteral catheters may facilitate 
their identification intraoperatively and can be helpful in 
patients with hydronephrosis. An increased incidence of anas¬ 
tomotic pseudoaneurysms has been demonstrated in patients 
with inflammatory aneurysms after open repair and likely jus¬ 
tifies long-term surveillance. 241,242 


Juxtarenal and Suprarenal 
Abdominal Aortic Aneurysms 

The management of aneurysms extending to the level of the 
renal arteries or more cephalad is complicated, and, pre¬ 
dictably, the morbidity and mortality rates associated with 
open repair are increased. 243-245 Interestingly, several recent 
reports from centers of excellence have documented mortality 
rates comparable to those reported for infrarenal repairs, 
although it is unlikely that these findings are applicable 
nationwide. 246-248 Repair of these complex aneurysms is com¬ 
plicated by the obligatory period of renal and visceral ischemia 
associated with aortic occlusion during the proximal anasto¬ 
mosis. Indeed, the renal complication rates range from 15% 
to 20% even from these select centers of excellence. 246-248 
These increased morbidity and mortality rates should be fac¬ 
tored into the decision algorithm and threshold for operative 
repair. Elective operative repair is usually recommended for 
patients with aneurysms 6 cm or larger in diameter in this set¬ 
ting, although the 5.5-cm criterion may be appropriate for 
very good-risk patients and those with juxtarenal aneurysms 
who will require only a short period of suprarenal aortic 
occlusion. 

Abdominal aortic aneurysms extending to the renal arteries 
or more cephalad may be repaired via either a retroperitoneal 
or a transperitoneal approach, although the former is optimal. 
The retroperitoneal approach, with elevation of the left kid¬ 
ney, obviates the concerns about the left renal vein and simpli¬ 
fies exposure of the abdominal aorta. Furthermore, the distal 
descending thoracic aorta may be exposed by incising the 
diaphragm and its crus. Admittedly, it is more difficult to 
expose the right renal and common iliac arteries. The proxi¬ 
mal anastomosis may be fashioned as a large hood incorporat¬ 
ing the orifices of the renal and visceral arteries. Separate 
revascularization of the left renal artery is occasionally neces¬ 
sary if the orifices of the renal arteries are splayed too far apart 
by the aneurysm. The transperitoneal repair requires exposing 
the suprarenal aorta for clamp application. This is facilitated 
by retracting the left renal vein inferiorly after ligating its 
adrenal, gonadal, and lumbar branches. As noted earlier, the 
left renal vein may be ligated near its confluence with the cava 
without adverse sequelae. 182 However, the named collaterals 
of the left renal vein (e.g., adrenal) should be preserved with 
this approach. The anterior surface of the aorta at the level of 
the visceral vessels is encased by dense neural tissue that can be 
incised. Incising the crus of the diaphragm that envelops the 
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lateral aspect of the aorta further facilitates clamp application. 
The configuration of the proximal anastomosis in the setting 
of the transperitoneal approach depends on the extent of the 
aneurysm and the vessels involved. Juxtarenal aneurysms can 
be repaired by obtaining suprarenal control and sewing the 
proximal anastomosis at the level of the renal orifices. The 
proximal anastomosis for suprarenal aneurysms can be per¬ 
formed by fashioning an anastomotic hood that incorporates 
most of the visceral vessels, although this frequently requires 
separate revascularization of one renal artery. 

Endovascular aneurysm repair has been reported to be 
feasible for juxtarenal and suprarenal abdominal aortic 
aneurysms. 249-252 The approach is based on constructing a suit¬ 
able landing zone for the more traditional endograft in patients 
with an inadequate or short infernal neck. This is accomplished 
using an individually designed fenestrated endograft that con¬ 
tains orifices that correspond to the renal and visceral vessel. 
These fenestrations permit the introduction of individual cov¬ 
ered stents. Although the worldwide experience is somewhat 
limited and the devices are not commercially available in the 
United States, the technique has been shown to be feasible and 
safe and to prevent aneurysm rupture in the short term. 249-252 
The technique likely represents the proverbial “next frontier” 
for endovascular aneurysm and may dramatically impact the 
care of another group of complex patients not amenable to 
open repair. 

Combined endovascular and open (i.e., “hybrid”) ap¬ 
proaches have also been used to treat the juxtarenal and more 
complex proximal aneurysms. These techniques, somewhat 
similar to the fenestrated graft approach, are based on con¬ 
structing a suitable aortic neck to land a traditional endograft 
by “debranching” the renal or visceral vessels. For example, a 
suitable landing zone below the superior mesenteric artery 
could be created for a juxtarenal aneurysm by performing bilat¬ 
eral iliorenal bypasses. Although theoretically appealing, early 
reports have demonstrated that the mortality rates for the 
hybrid approach for complex aneurysms have been comparable 
to open repair. 253,254 Indeed, the magnitude of the revasculariza¬ 
tion procedure appears to be comparable to that of the more 
traditional open repair and, accordingly, the approach does not 
appear to extend the indications for aneurysm repair to older, 
sicker patients. 


Infected Abdominal Aortic Aneurysms 

Infected abdominal aortic aneurysms comprise a small subset 
of all abdominal aortic aneurysms, accounting for less than 1 % 
of all repairs. 255 The term mycotic aneurysm has traditionally 
been used to refer to infected aneurysms, although it is a mis¬ 
nomer that has led to a significant amount of confusion. A 
newer classification system, proposed to clarify the situation, 
consists of four groups based on the underlying mechanism: 
(a) mycotic aneurysm, in which a septic embolus from the heart 
infects an artery; (b) microbial arteritis, in which bacteria 
infects an atherosclerotic but nonaneurysmal artery and cause 
aneurysmal degeneration; (c) existing aneurysms that become 
infected; (d) traumatic pseudoaneurysm with concomitant bac¬ 
terial inoculation. 256 Microbial arteritis resulting from 
hematogenous bacterial spread currently accounts for approx¬ 
imately 80% of all cases of infected aortic aneurysms. 257,258 
Salmonella causes approximately 40% of all aneurysmal infec¬ 
tions in contemporary series with the remainder caused by 
Streptococcus, Staphylococcus, Bacteroides, Arizona hin- 
shawii, Escherichia coli, and Pseudomonas aeruginosa. 156 

The diagnosis of infected aortic aneurysm is often difficult 
and the clinical presentation insidious. Patients may present 
with fever, back/abdominal pain, or both. The physical exam¬ 
ination is often remarkable for a palpable abdominal mass and 
the presence of peripheral emboli. Laboratory studies are 
notable for an elevated leukocyte count and positive blood 


cultures, although the latter are present only 50% of the 
time 258,259 and negative blood cultures do not exclude the diag¬ 
nosis. CT is the most useful diagnostic study, and the features 
suggestive of an infected aneurysm include a periaortic mass, 
an aneurysm in an atypical location, periaortic fluid or gas, 
retroperitoneal inflammation, and frank rupture. The angio¬ 
graphic finding of a saccular or eccentric aneurysm in an atyp¬ 
ical location is also suggestive of an infected aneurysm. 

The treatment of an infected aneurysm requires control of 
hemorrhage in the presence of rupture, removal of all infected 
tissues, and restoration of perfusion to the viscera and lower 
torso. Indeed, these treatment concerns and the management 
options are identical to those for patients with infected aortic 
grafts, a far more common problem. Patients should be started 
on broad-spectrum antibiotics when the diagnosis is sus¬ 
pected, although antibiotic therapy alone is not sufficient and 
the operative intervention should not be delayed in an attempt 
to sterilize the retroperitoneum. Patients with suspected 
rupture should undergo emergent exploration through either a 
transperitoneal or retroperitoneal approach. After vascular 
control has been obtained, the retroperitoneum should be 
explored, and intraoperative cultures with an immediate Gram 
stain should be obtained. Several options for arterial recon¬ 
struction are available, including in situ replacement with a 
prosthetic or cadaveric graft, ligation of the infrarenal aorta 
with extra-anatomic bypass (axillofemoral, femorofemoral 
configuration), or in situ replacement with staged extra- 
anatomic bypass and subsequent removal of the in situ graft. 
The choice is contingent on the character of the aorta, degree 
of inflammation in the retroperitoneum, suspected organism, 
and hemodynamic status. In situ replacement of the infected 
aneurysm with a prosthetic or cadaveric graft is a reasonable 
option if retroperitoneal inflammation is minimal and the 
Gram stain is negative. Ligation of the infrarenal aorta with 
extra-anatomic bypass at the same session is the recommended 
approach in most settings, although this is a major undertak¬ 
ing. The three-stage approach of in situ replacement followed 
by extra-anatomic bypass and graft explant is reserved for 
patients who cannot tolerate the simultaneous procedure 
because of underlying comorbidities or hemodynamic instabil¬ 
ity. The integrity of the aortic stump at the time of ligation and 
the potential for dehiscence or breakdown of the suture line 
are major concerns. The aorta should be debrided back to 
grossly uninvolved tissue and sutured in two layers with a run¬ 
ning horizontal mattress and a simple continuous technique 
using nonabsorbable monofilament suture. A pedicle of omen¬ 
tum can be mobilized and approximated next to the aortic 
stump to help control the retroperitoneal inflammation and 
minimize the risk for stump dehiscence. When the diagnosis is 
suspected preoperatively and no evidence of rupture is found, 
the staged approach with extra-anatomic bypass followed by 
graft removal is recommended. The procedures are usually 
performed 2 to 3 days apart to allow the patients a period of 
recovery. Patients should be anticoagulated between proce¬ 
dures to prevent thrombosis of the extra-anatomic bypass 
resulting from competitive flow. Fortunately, the risk of graft 
thrombosis and graft infection during the intervening period is 
small. Endovascular repair of infected aortic aneurysm has 
been reported and should be considered an additional alterna¬ 
tive. 260 Although the long-term safety of the endovascular 
approach remains unclear in this setting, it may serve as a tem¬ 
porizing approach that converts an urgent problem to an elec¬ 
tive one. A recent meta-analysis by Kan et al. 261 reported that 
the endovascular approach was reasonable, but the incidence 
of subsequent endograft infection was significant in patients 
with ruptured aneurysms and those with fevers. They con¬ 
cluded that endovascular repair could be used as a bridge in 
this setting (i.e., ruptured aneurysm, febrile) prior to definitive 
open repair. Mycotic aneurysms involving the suprarenal aorta 
pose a particularly challenging problem, but fortunately they 
are uncommon. In situ replacement with a prosthetic or 
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cadaveric graft is frequently the only available option. Extra- 
anatomic bypass (hepatorenal and splenorenal) of the renal 
arteries with ligation of the suprarenal aorta is an option but 
represents a significant undertaking and should be reserved for 
select cases. 

Patients with infected aneurysms, regardless of the arterial 
reconstruction, require long-term antibiotics and follow-up. 
Patients should receive intravenous antibiotics for 6 weeks, 
with the specific choice depending on the culture results. After 
completing the intravenous antibiotics, patients should be 
started on oral antibiotics, although the duration of treatment 
remains unresolved. Patients should be treated with at least 
6 months of oral antibiotics and suppressive, lifelong therapy 
may be appropriate. Additionally, patients should undergo ser¬ 
ial CT scans to assess the retroperitoneum and the status of the 
in situ graft when applicable. A CT scan is usually performed at 
2 weeks, 3 months, and 6 months, and then at 6-month inter¬ 
vals thereafter. This is not necessary for patients with extra- 
anatomic revascularization in the absence of retroperitoneal 
inflammation. Predictably, the morbidity and mortality rates 
associated with infected abdominal aortic aneurysms are sig¬ 
nificant, with a 40% mortality rate reported in a recent publi¬ 
cation. 262 


Aortoenteric Fistulas 


An aortoenteric fistula is a communication between the aorta 
and the bowel. The duodenum is involved most commonly at 
the site where it crosses over the aorta, but the communication 
can develop between almost any portion of the intestine. Pri¬ 
mary aortic fistulas result when nonspecific abdominal aortic 
aneurysms erode into the bowel and are distinctly rare, with a 
reported incidence of 0.04% to 0.07% in autopsy series. 263 
Debonnaire et al. 264 identified 18 primary aortoenteric fistulas 
through a survey of 196 Belgian surgeons and reported a mor¬ 
tality rate of 30%. Secondary aortic fistulas result from the 
erosion of a prosthetic aortic graft into the bowel; they are sig¬ 
nificantly more common, with a reported incidence of 0.1% to 
2.0% after aortic reconstruction. 265 Notably, they can occur 
after endovascular aneurysm repair. 266 The management of 
both primary and secondary aortic fistulas is the same. 

The diagnosis of an aortoenteric fistula is often difficult and 
mandates a high index of suspicion. Patients usually present 
with gastrointestinal bleeding manifested as either hemateme- 
sis or melena. The initial episode of gastrointestinal bleeding is 
often self-limited and has been described as a “herald” bleed. 
The diagnosis of aortoenteric fistula should be foremost 
among the differential when a patient with a known aneurysm 
or prior aortic reconstruction presents with intestinal bleeding. 
Patients should undergo endoscopic evaluation of the upper 
and lower intestinal tract to determine the source of bleeding. 
It is imperative that the clinical suspicion of an aortoenteric fis¬ 
tula be communicated to the endoscopist to ensure that the 
third and fourth portions of the duodenum are adequately 
examined. This occasionally requires the use of a pediatric 
colonoscope. The endoscopic findings of erosion, thrombus, 
active bleeding, or visible prosthetic graft in the third or fourth 
portion of the duodenum are diagnostic of an aortoenteric fis¬ 
tula and mandate emergent laparotomy. Mild duodenitis and 
gastritis are frequently seen at the time of endoscopy and do 
not exclude the diagnosis of an aortoenteric fistula. Notably, 
the findings during upper endoscopy are normal in up to 30% 
of patients with a documented aortoenteric fistula. 267 A CT 
should be performed if the results of endoscopy are inconclu¬ 
sive. The findings on CT that suggest an aortoenteric fistula 
include inflammation within the retroperitoneum, an anasto¬ 
motic pseudoaneurysm, close approximation of the bowel and 
the prosthetic aortic graft or aneurysm, and loss of the normal 
tissue planes between the third portion of the duodenum and 


the aorta or prosthetic graft. Occasionally, both endoscopy 
and CT are nondiagnostic despite the clinical suspicion of an 
aortoenteric fistula. Exploratory laparotomy is recommended 
in this setting for both diagnosis and treatment. Adherence of 
the bowel to the aorta at the time of the initial exploration sug¬ 
gests an aortoenteric fistula and mandates obtaining suitable 
proximal and distal control of the aorta, iliac vessels, or pros¬ 
thetic graft before further dissection. The diagnosis cannot be 
excluded until the bowel is entirely separated from the 
retroperitoneum. 

The treatment of an aortoenteric fistula requires repair of the 
defect in the gastrointestinal tract in addition to repair of the 
aneurysm or treatment of the infected prosthetic graft. Treat¬ 
ment of the gastrointestinal defect is usually straightforward 
and is based on standard surgical principles. 268 After the fistula 
is disassembled, the edges of the bowel can be debrided and a 
primary closure performed with either a stapler or sutures. A 
limited bowel resection or diversion of the enteral tract may be 
necessary. The intraoperative and longer-term management of 
the aortic aneurysm or prosthetic graft is the same as that out¬ 
lined earlier for infected aortic aneurysms. Indeed, aortoenteric 
fistulas represent a variant of infected aortic aneurysms. In situ 
replacement of the prosthetic graft or infrarenal aorta, ligation 
of the infrarenal aorta with excision of the prosthetic graft and 
extra-anatomic bypass, and in situ replacement with staged 
extra-anatomic bypass and subsequent graft excision are all rea¬ 
sonable options. The clinical scenario usually dictates the 
choice. Ligation of the infrarenal aorta with excision of the graft 
and extra-anatomic bypass is recommended in most cases. 
However, in situ repair is appropriate for patients who are older 
or sicker, those with minimal retroperitoneal inflammation or 
evidence of hemodynamic instability, and those in whom liga¬ 
tion of the infrarenal aorta would compromise the renal arter¬ 
ies. Additionally, patients should be maintained on long-term 
antibiotics and undergo serial imaging studies, as outlined for 
infected aneurysms. 


Venous Anomalies 


Anomalies of the vena cava and renal veins are occasionally 
encountered at the time of aortic reconstruction. The common 
anomalies are related to the embryologic development of the 
iliac veins and vena cava. The four most clinically relevant 
anomalies include duplication of the inferior vena cava (0.2% 
to 3.0%), left-sided vena cava (0.2% to 0.5%), circumaortic 
left renal vein (1.5% to 8.7%), and retroaortic renal vein 
(1.2% to 2.4%). 269 Patients with a duplicated inferior vena 
cava have large veins that run parallel to the infrarenal aorta 
and join together either anterior or posterior to the aorta at the 
level of the renal vein. In the case of a left-sided inferior vena 
cava, a large vein runs parallel to the left side of the aorta, and 
the traditional right-sided vena cava is absent. The left-sided 
vena cava crosses the aorta at the level of the renal vein to 
become the suprarenal inferior vena cava. The gonadal and 
adrenal veins on the right drain directly into the renal vein in a 
mirror image of the normal anatomy. The circumaortic left 
renal vein forms a collar of veins that surrounds the aorta at 
the normal level. In the case of a retroaortic left renal vein, a 
single vein runs posterior to the aorta at a slightly more caudal 
location. Notably, both duplication of the inferior vena cava 
and left-sided vena cava can be associated with other venous 
anomalies, including a circumaortic or retroaortic renal vein. 

The diagnosis of the various venous anomalies can usually 
be made preoperatively on CT. Identification of the vena cava 
and left renal vein should be part of the mental checklist used 
when the preoperative CT scans are reviewed. The various 
anomalies may not become evident immediately in the operat¬ 
ing room if missed on the preoperative imaging studies. A very 
prominent left renal vein at the usual location or slightly inferior 
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is suggestive of a left-sided vena cava, whereas the absence of a 
left renal vein despite dissection along the anterior aspect of 
the aorta at the level of the superior mesenteric artery is sug¬ 
gestive of a retroaortic renal vein. 

The open repair of an infrarenal abdominal aortic aneurysm 
in a patient with a venous anomaly is essentially the same as the 
standard approach, although additional care should be exer¬ 
cised to prevent inadvertent injury. Exposure of the infrarenal 
neck is more difficult in the presence of a duplicated or left¬ 
sided vena cava. However, sufficient exposure can usually be 
obtained by gentle dissection and mobilization of the venous 
structures. The presence of a duplicated or left-sided vena cava 
is a relative contraindication to the left retroperitoneal ap¬ 
proach. A circumaortic left renal collar or retroaortic left renal 
vein presents a potential hazard when the proximal aortic 
clamp is applied. A vertical aortic clamp is recommended and 
obviates the dissection on the posterior aspect of the aorta. 
Transecting the aorta may facilitate exposure of a retroaortic 
renal vein when significant bleeding is encountered. 


Renal Anomalies 


Congenital variations in the renal anatomy may complicate 
the repair of an abdominal aortic aneurysm. Specifically, their 
presence may complicate the dissection during open repair 
because they are frequently associated with multiple renal 
arteries, aberrant venous return, and abnormally positioned 
ureters. The various congenital anomalies of the upper uri¬ 
nary system have been classified in an attempt to standardize 
the approach for vascular surgeons. 270 The anomalies have 
been broken down into abnormalities of position, including 
simple ectopia, and abnormalities of both form and fusion, 
including horseshoe kidney, crossed renal ectopia without 
fusion, and crossed renal ectopia with fusion. An ectopic kid¬ 
ney may be positioned anywhere from the pelvis to the tho¬ 
rax. Common forms of ectopic kidney include the pelvic kid¬ 
ney, located opposite the sacrum and below the aortic 
bifurcation; the lumbar kidney, located opposite the sacral 
promontory in the iliac fossa and anterior to the iliac vessels; 
the abdominal kidney, located above the iliac crest adjacent to 
the second lumbar vertebra; and the thoracic kidney, which 
can be located above the diaphragm in the posterior medi¬ 
astinum. In a horseshoe kidney, two distinct renal masses are 
fused together by either a bridge of renal parenchyma or 
fibrous tissue; in the overwhelming majority, the lower poles 
are fused. In crossed renal ectopia, the kidney mass is located 
on the side opposite to its insertion in the bladder. Multiple 
configurations of crossed ectopia with and without fusion 
have been described. 

The preoperative objective for the various renal anomalies 
is to image the renal mass adequately, delineate the course of 
the ureter, and establish the arterial and venous supply. The 
approach is simplified by the fact that most patients undergo 
abdominal/pelvic CT as part of the preoperative evaluation. 
The location and position of both the kidneys and ureters, like 
the position of the left renal vein, should be established as part 
of the review of every CT scan for patients with aneurysms. 
Formerly, it was recommended that patients with renal anom¬ 
alies undergo preoperative arteriography to confirm the loca¬ 
tion and number of renal arteries. However, this information 
can now be obtained from the CT arteriogram, which is now 
part of the routine preoperative evaluation. 

Patients with renal anomalies can safely undergo repair of 
an abdominal aortic aneurysm using either an open or 
endovascular approach. 271-273 However, the anomalies must be 
factored into the operative plan. The specific operative 
approach depends on the location of the renal mass, blood 
supply, course of the ureters, and presence of fusion. A left¬ 
sided retroperitoneal or transperitoneal approach with medial 


visceral rotation is the most helpful for open repair, particularly 
in patients with a horseshoe kidney. A standard transperitoneal 
approach with transection of the fused parenchyma can be 
used in patients with a horseshoe kidney, although this may be 
associated with both significant bleeding and a urine leak and, 
therefore, is discouraged. The frequently encountered multiple 
renal arteries can be handled most expeditiously by using a 
Carrel patch technique, in which a cuff of aorta including the 
renal artery orifices is reimplanted into the aortic graft after 
completion of the proximal anastomosis. Endovascular repair 
is possible in many cases, with the feasibility dictated by the 
location of the renal arteries in addition to the other standard 
anatomic considerations. Use of the endovascular approach 
may require covering at least one of the renal vessels and has 
been associated with loss of some renal parenchyma. 271 


Coexistent Renal or Visceral 
Artery Occlusive Disease 

Coexistent renal or visceral artery occlusive disease is frequently 
found in patients undergoing abdominal aortic aneurysm repair. 
The optimal management of patients with coexistent lesions 
remains unresolved. The options include repair of the aneurysm 
alone, simultaneous repair of the aneurysm and revasculariza¬ 
tion of the renal or visceral vessels, and staged repair, with 
either aneurysm repair or revascularization performed first. 
Furthermore, the specific treatment options include both open 
and endovascular alternatives for the aneurysm repair and vis¬ 
ceral/ renal revascularization (i.e., angioplasty/stent). The 
rapid expansion of the endovascular technologies has afforded 
effective, safe approaches that have widely replaced open sur¬ 
gical revascularization for both renal and visceral artery 
lesions. Regardless, the optimal approach represents a balance 
between the indications for the procedure and the associated 
added risk. 

Renal/visceral revascularization is mandatory at the time of 
open aneurysm repair if the affected vessels are involved in the 
aneurysm, as in a suprarenal aneurysm or a horseshoe kidney. 
More commonly, a lower pole or accessory renal artery may 
come off the aneurysm. The decision to perform a concomi¬ 
tant revascularization with either reimplantation or a bypass 
graft in this setting depends on the size of the vessel and the 
quantity of kidney parenchyma perfused. Revascularization is 
recommended for larger vessels (>2 mm) that supply a signif¬ 
icant portion of the renal mass. The presence of any accessory 
renal arteries should factor into the operative plan and the 
general feasibility for endovascular repair. Covering small, 
accessory renal arteries has been reported to be safe, although 
it must be appreciated that this approach sacrifices some renal 
parenchyma. 274 

Combined aneurysm repair with renal or visceral artery 
revascularization may be justified if the indications for renal or 
visceral artery revascularization are satisfied. The traditional 
indications for renal revascularization included poorly con¬ 
trolled hypertension in a patient with a significant renal artery 
stenosis and rapidly progressive renal insufficiency in a patient 
with adequate renal mass and bilateral renal artery stenoses. 
However, the antihypertensive agents have improved so much 
that renal revascularization is currently reserved for patients 
with poor blood pressure control despite optimal medical ther¬ 
apy encompassing three or more, separate medications. 275 The 
indication for renal revascularization in patients with athero¬ 
sclerotic renal artery disease and progressive renal insuffi¬ 
ciency is even less compelling although the focus of several 
ongoing randomized trials. Endovascular treatment of the 
renal artery stenoses (when indicated) can be performed prior 
to open aneurysm repair or simultaneous with the endovascu¬ 
lar approach. Although feasible, simultaneous open aneurysm 
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repair and renal artery bypass is associated with a significant 
increase in the operative mortality rate relative to the 
aneurysm repair alone. 276,277 

The traditional indications for mesenteric revascularization 
include symptoms of chronic mesenteric ischemia and critical 
stenosis of either the superior mesenteric artery alone or two 
of the three visceral vessels. Patients with chronic mesenteric 
ischemia and abdominal aortic aneurysms should have their 
visceral occlusive disease corrected prior to aneurysm repair. 
Repairing the aneurysm first potentially increases the risk of 
developing acute mesenteric ischemia, while the simultane¬ 
ous open approach is likely prohibitive given the significant 
morbidity/mortality associated with open mesenteric revascu¬ 
larization alone. 278-280 Endovascular treatment with balloon 
angioplasty and stenting is probably the optimal treatment for 
the visceral lesions in this setting because of its simplicity 
despite the concerns about its longer-term durability. 281,282 

The optimal treatment for patients with aneurysms and 
asymptomatic renal or visceral artery lesions remains even less 
clear. Natural history studies with the use of both arteriogra¬ 
phy 283 and duplex scanning 284 have suggested that significant 
renal artery stenoses are preocclusive lesions that may merit 
intervention. However, analysis of patients with asymptomatic 
renal artery stenosis who underwent aortic reconstruction 
found that the natural history of the renal artery lesions is 
fairly benign when untreated and is associated only with an 
increase in the antihypertensive requirements. 285 Little is 
known about the natural history of asymptomatic mesenteric 
occlusive lesions. However, a recent small report suggested 
that patients with asymptomatic severe mesenteric occlusive 
disease involving all three visceral vessels have a high incidence 
of bowel infarction. 286 Consideration should be given for 
mesenteric revascularization prior to aneurysm repair in 
patients with severe visceral artery occlusive disease due to the 
potential risk of mesenteric infarction at the time of aneurysm 
repair as noted earlier. 


Additional Concurrent 
Intra-abdominal Disease 

The finding of an abdominal aortic aneurysm and an addi¬ 
tional intra-abdominal process that may require operative 
repair is a frequent event. A second surgical problem may be 
identified as part of the preoperative evaluation or discovered 
at the time of the exploratory laparotomy during open 
aneurysm repair. Alternatively, an abdominal aortic aneurysm 
may be identified during the surgical treatment of another 
problem. No algorithms have been defined for the manage¬ 
ment of such concurrent problems, and the overall approach 
requires a modicum of clinical judgment. Options include 
simultaneous repair or staged repair with repair of the abdom¬ 
inal aortic aneurysm as either the first or second procedure. 
The approach depends on the risk for aneurysm rupture, nat¬ 
ural history of the second surgical problem, and potential for 
infection of the prosthetic graft during simultaneous repair. 
Notably, both the laparoscopic and endovascular approaches 
have impacted the approach to patients with combined prob¬ 
lems due to their reduced morbidity and mortality that facili¬ 
tates a more rapid, definitive treatment. 

The generic recommendation for patients with an abdomi¬ 
nal aortic aneurysm and an additional intra-abdominal surgi¬ 
cal problem is that the most life-threatening or imminent prob¬ 
lem be addressed first. The natural history of untreated 
abdominal aortic aneurysm has been defined reasonably well 
and has been outlined extensively earlier in this chapter. It has 
been suggested that the risk for aneurysm rupture is increased 
after major intra-abdominal surgery and that it is potentially 
related to an increase in collagenase activity. 287 However, this 
reported increased rupture risk is speculative and should not 


necessarily be factored into the decision algorithm. The man¬ 
agement of concurrent colon cancer and abdominal aortic 
aneurysm is a frequent treatment dilemma that provides an 
excellent illustration of the approach to these problems. 
Indeed, the reported incidence of colon cancer and an abdom¬ 
inal aortic aneurysm occurring simultaneously ranges from 
0.5% to 2.1%. 181 The treatment principles promulgated by 
Szilagyi et al. 288 include the following: (a) aneurysm repair first 
in the presence of rupture; (b) colon resection first in the pres¬ 
ence of hemorrhage, perforation, or obstruction; (c) aneurysm 
repair first in the presence of a large aneurysm and a small 
colon cancer; (d) colon resection first in the presence of a large 
colon cancer and a small aneurysm. 

Simultaneous abdominal aortic aneurysm repair and chole¬ 
cystectomy is probably safe for patients with cholelithiasis or 
evidence of chronic cholecystitis. The safety of these simultane¬ 
ous procedures has been documented in several series, and the 
concerns about an increased incidence of aortic graft infection 
have not been substantiated. 289 Advocates of the simultaneous 
approach justify the cholecystectomy by the potential require¬ 
ment for a cholecystectomy in the future and the morbidity and 
mortality associated with cholecystitis after aneurysm repair. 289 
Although a consensus is not found in the literature, simultane¬ 
ous abdominal aortic aneurysm repair and cholecystectomy are 
recommended only if evidence of chronic cholecystitis or mul¬ 
tiple small stones is present. Regardless, the cholecystectomy 
and other simultaneous procedures should not be performed 
until after the aneurysm repair is completed and the retroperi- 
toneum closed in an attempt to reduce the hypothetical risk for 
graft infection. 

The safety and utility of other simultaneous procedures 
remain poorly defined, although a wide range of procedures 
have been combined with open aneurysm repair. 178-181 The 
repair of ventral hernias is often mandatory to achieve a ten¬ 
sion-free abdominal closure and should be viewed more as an 
extension of the aneurysm repair than as a simultaneous pro¬ 
cedure. Inguinal hernias may be repaired at the time of 
aneurysm repair, but it is uncertain whether the small risk 
associated with a subsequent procedure at a later date offsets 
the obligatory additional time for the simultaneous repair. 
Appendectomy 290 and small-bowel excision for Meckel diver¬ 
ticulum 289 have been reported to be safe when performed con¬ 
comitantly with aneurysmectomy, although the natural history 
of the associated underlying problems in the usual age group 
of patients undergoing abdominal aortic aneurysm repair is 
relatively benign. 
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KEY POINTS 


Q Femoral and popliteal aneurysms may be asymptomatic, 
being an incidental finding on routine physical examina¬ 
tion, but they are potentially limb threatening and are fre¬ 
quently associated with life-threatening abdominal aortic 
aneurysms. 

Q Femoral artery aneurysms are the most common periph¬ 
eral aneurysm if both true and false aneurysms are consid¬ 
ered together. 

Q Anastomotic aneurysms result from a disrupted suture line 
between a graft and the host artery. 


Q Catheter-induced pseudoaneurysms result from failed 
hemostasis. 

Q Popliteal artery aneurysms often develop limb-threatening 
complications if not treated, and results of surgical therapy 
are much better if treatment is undertaken prior to the 
development of complications. 

Q Thrombolytic therapy is a useful adjuvant in patients pre¬ 
senting with acute limb ischemia secondary to occlusion of 
a popliteal artery aneurysm and the outflow arteries. 


PERIPHERAL ANEURYSMS 

Q Popliteal artery aneurysms are the most frequently encoun¬ 
tered peripheral aneurysm. Their significance comes from their 
potential for limb-threatening complications, rather than rup¬ 
ture, and their association with life-threatening abdominal 
aortic aneurysms. True femoral artery aneurysms are rare, 
with iatrogenic and anastomotic pseudoaneurysms being more 
common. 


Incidence 


While the exact incidence of femoral and popliteal aneurysms 
is difficult to determine, the number being recognized is 
increasing. An aging population, increased arterial trauma, 
more common use of invasive therapies for vascular disease, 
and increased use of imaging modalities all contribute to the 
rise in number of peripheral aneurysms being diagnosed. In a 
screening study of men between the ages of 65 and 74 years, 
abdominal aortic aneurysms were identified in 4.9% of 
patients. 1 In patients with abdominal aortic aneurysms, 6.8% 
had femoral artery aneurysms and 9.6% had popliteal artery 
aneurysms. 2 Screening of men between the ages of 65 and 
80 years identified popliteal artery aneurysms in 1%. 3 

An increasing number of false aneurysms—“pseudoan¬ 
eurysms”—are occurring coincident with the increased use of 
catheter-based diagnostic and therapeutic interventions in 
addition to lower extremity bypass surgery. Pseudoaneurysms 
can be iatrogenic, infectious, or traumatic in nature and are 
identified by their lack of involvement of all three vessel wall 
layers, as is typically seen in true aneurysms. The incidence of 
pseudoaneurysm after diagnostic procedures is approximately 
0.3% and slightly higher at 1.5% after therapeutic procedures, 
in general due to use of larger sheaths. 4 False aneurysms can 
also arise from trauma during surgery, such as orthopedic pro¬ 
cedures. Femoral pseudoaneurysms develop after 0.08% of 
total hip arthroplasties, and popliteal aneurysms arise follow¬ 
ing 0.17% of total knee arthroplasties. 5 

Degenerative (often called atherosclerotic) femoral and 
popliteal artery aneurysms are encountered far more fre¬ 
quently in men than women. The male-to-female ratio in 
patients with femoral and popliteal aneurysms is about 


30:l. 6,7 This predilection for men is markedly different from 
aortic aneurysms where the male-to-female patient ratio is 
approximately 4:1. 2 


Pathogenesis 

The cause of femoral and popliteal artery aneurysms has 
changed significantly since they were first recognized centuries 
ago. Once primarily mycotic or syphilitic in origin, most true 
aneurysms in the 21st century have a degenerative cause com¬ 
monly called atherosclerotic aneurysms , whereas false aneurysms 
usually follow surgery or trauma. True tibial artery aneurysms 
are rare. 

The cause of degenerative aneurysms of the femoral and 
popliteal vessels is not clear. One factor believed to contribute 
to aneurysm formation is turbulent flow beyond a relative 
stenosis resulting in poststenotic dilatation beyond the 
inguinal ligament at the groin or beyond the tendinous hiatus 
of the adductor magnus or the arcuate popliteal ligament and 
the heads of the gastrocnemius muscle at the popliteal level. 
Arterial wall fatigue resulting from vibration and turbulence 
proximal to a major branching or caused by stress during hip 
and knee flexion may also contribute to aneurysm formation. 

The frequent occurrence of multiple peripheral aneurysms 
in the same patient suggests a systemic abnormality in the arte¬ 
rial wall, which promotes aneurysmal degeneration at loca¬ 
tions where hemodynamic or mechanical factors put unusual 
stress on the arterial wall. The multiple factors that contribute 
to aneurysmal degeneration are reviewed in Chapter 100 and 
are felt to contribute to degenerative femoral and popliteal 
aneurysms, as well as aortic aneurysms. The presence of an 
inflammatory infiltrate has been noted in the wall of femoral 
and popliteal aneurysms, similar to aortic aneurysms. 8 The 
exact role of this inflammatory process, with potential release 
of reactive oxygen species and matrix metalloproteinases, is 
unknown. Apoptosis of smooth muscle cells may also play a 
role in the formation of aneurysms by limiting the ability of 
the arterial wall to respond to the degenerative process. 9 These 
factors, however, do not explain the male predilection for 
femoral and popliteal aneurysm formation. X-linked genetic 
abnormalities for aneurysm formation have not been noted in 
humans. 
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Clinical Manifestations 


Femoral and popliteal aneurysms are often asymptomatic, 
being detected on routine physical examination by a bounding, 
expansile pulse. Both femoral and popliteal artery aneurysms, 
however, may be accompanied by symptoms of local fullness, 
pain caused by pressure on the adjacent nerve, limb edema, and 
venous distention or thrombosis caused by compression of the 
adjacent vein. Patients may also present with lower extremity 
ischemia with intermittent claudication, rest pain, or gangrene 
secondary to complications of a femoral or popliteal aneurysm, 
including thrombosis or distal embolization. Because the nat¬ 
ural history and complication rate in femoral and popliteal 
aneurysms differ, they are considered separately here. 


FEMORAL ARTERY ANEURYSMS 

Q Femoral artery aneurysms are the most common peripheral 
aneurysm if both true and false aneurysms are considered 
together, with the vast majority being false aneurysms. 
Their clinical importance rests in the fact that they are limb- 
threatening lesions and can jeopardize the viability of the leg if 
thrombosis, embolization, or rupture occurs. The vast major¬ 
ity of true aneurysms are degenerative lesions commonly 
called atherosclerotic aneurysms , whereas false aneurysms 
include anastomotic, traumatic, and mycotic lesions. Rarely, 
femoral aneurysms develop secondary to connective tissue dis¬ 
orders. The femoral region is the most common site for both 
anastomotic aneurysms and mycotic aneurysms associated 
with trauma; so the presentation and surgical repair of these 
lesions are discussed. 


Degenerative (Atherosclerotic) Aneurysms 

Incidence. The exact incidence of degenerative (atheroscle- 
rotic) common femoral artery aneurysms in the general popula¬ 
tion remains undefined. They are found in 6.8% of all patients 
with abdominal aortic aneurysms, and 85% of patients with 
femoral artery aneurysms have abdominal aortic aneurysms. 2,6 

Pattern of Disease. Femoral aneurysms most frequently 
affect the common femoral artery. They may be classified as 
type I, those limited to the common femoral artery, or type II, 
those involving the orifice of the profunda femoris artery. 10 
Type I and type II aneurysms occur with nearly equal fre¬ 
quency. This classification becomes important in reference to 
vascular reconstructive procedures, with type II aneurysms 
requiring more complex reconstructions to ensure continued 
patency of both the superficial and profunda femoris arteries. 
Isolated lesions of the profunda femoris artery are rare (2% of 
femoral artery aneurysms) and are prone to rupture because 
they are difficult to diagnose at the asymptomatic stage. Iso¬ 
lated superficial femoral artery aneurysms are also uncom¬ 
mon, but one third of patients present with rupture and one 
quarter with thrombosis. 11 

Femoral artery aneurysms can be limb-threatening lesions 
and are frequently associated with limb-threatening popliteal 
aneurysms and life-threatening abdominal aortic aneurysms. 
Multiple aneurysms are common in patients with femoral 
artery aneurysms. In a series of 100 patients with degenerative 
femoral artery aneurysms seen at a single institution, 72% of 
patients had bilateral femoral artery aneurysms. 6 In addition, 
aortoiliac aneurysms were detected in 85% of patients, tho¬ 
racic aortic aneurysms in 6%, and popliteal aneurysms in 
44%, of which 55% were bilateral. 

Clinical Manifestations. The typical patient with a degen¬ 
erative femoral artery aneurysm is a male in his 60s or 70s with 
the usual risk factors for atherosclerosis. Of these patients, 86% 


are cigarette smokers, 36% have hypertension, and 14% have 
diabetes mellitus. 6 Associated cardiovascular disease is com¬ 
mon, with clinical manifestations of coronary artery disease and 
cerebrovascular disease present in 34% and 7%, respectively. 

The clinical manifestations of femoral artery aneurysms 
cover the spectrum from asymptomatic to severe ischemia of the 
lower extremity. Although 40% of patients are asymptomatic at 
the time of diagnosis, the majority present with local symptoms 
or complaints of lower extremity ischemia. 6 Local pain or 
observation of a groin mass is the only complaint in 18% of 
patients. Lower extremity venous disease is present in 8%, 
being attributable to venous obstruction by the femoral artery 
aneurysm in 4%; but venous obstruction is rarely the sole sign 
of an aneurysm. Lower extremity ischemic symptoms of claudi¬ 
cation, rest pain, or gangrene are present in 42% of patients and 
often lead to the diagnosis of the femoral artery aneurysm. 

As with aneurysms in other locations, femoral artery 
aneurysms may be complicated by embolization, thrombosis, or, 
rarely, rupture. Peripheral embolization may be identified inci¬ 
dentally on angiography or produce signs as mild as spotty dis¬ 
coloration of the toes to as severe as peripheral gangrene. 
Although embolization is reported in about 10% of aneurysms, 
the femoral artery aneurysm is not necessarily the source of these 
emboli because many patients have a concomitant popliteal 
aneurysm. 6 In larger clinical series, 1% to 16% of patients with 
degenerative femoral artery aneurysms present with an acute 
thrombosis, whereas 1% to 16% have a chronically thrombosed 
lesion. 6,10 Rupture is reported in 1% to 14% of aneurysms. 6,10 

Natural History. The natural history of degenerative 
femoral artery aneurysms is poorly defined. Most publications 
have reviewed aneurysms that were treated surgically. A small 
asymptomatic femoral artery aneurysm does not appear to 
pose the same threat to the limb as does a popliteal artery 
aneurysm. In a series of 100 patients with atherosclerotic 
femoral artery aneurysms, serious limb-threatening complica¬ 
tions were documented in only 2.9% of the 105 aneurysms 
followed nonoperatively. 6 

Diagnosis. In most cases the diagnosis of femoral artery 
aneurysm is suspected by the finding of a pulsatile groin mass on 
routine physical examination or during evaluation for vascular 
disease. If the femoral artery aneurysm is small or thrombosed, 
detection on physical examination may be difficult. Although a 
radiograph of the region may occasionally demonstrate the cal¬ 
cified rim of the aneurysm, only ultrasonography, computed 
tomography (CT), or magnetic resonance imaging (MRI) can 
reliably establish the diagnosis of the femoral aneurysm. In 
addition, these modalities are useful in accurately defining the 
size of the lesion and evaluating associated aneurysmal disease 
in the distal aorta and popliteal regions. These findings are par¬ 
ticularly important because life-threatening abdominal aortic 
aneurysms are missed on physical examination in 50% of 
patients with multiple aneurysms. 12 The diagnostic accuracy of 
arteriography is limited because it demonstrates only the resid¬ 
ual lumen and an aneurysm filled with smooth mural thrombus 
may be missed, but the definition of the vascular anatomy of the 
lower extremity provided by angiography is helpful in planning 
the appropriate operative procedure (Fig. 101.1). 

Treatment. Management of femoral artery aneurysms can 
be found in Algorithm 101.1. Operative treatment is indicated 
for aneurysms causing local symptoms and presenting with 
limb-threatening complications. Asymptomatic aneurysms 
greater than 2.5 cm in diameter should also be repaired unless 
the patient is a prohibitive risk for operative intervention. In 
patients with small, asymptomatic aneurysms, observation 
may be appropriate, particularly in the patient with multiple 
medical problems who would be high risk for surgery. When 
nonoperative management is selected, the size of the aneurysm 
should be documented by ultrasonography. The patient should 
be followed at regular intervals with ultrasound scans and 


VASCULAR 








1770 


Part Two: Surgical Practice 



FIGURE 101.1. Arteriogram demonstrating bilateral femoral artery 
aneurysms that extend into the superficial femoral arteries. Unlike 
many patients with femoral artery aneurysms, this patient did not 
have an associated aortic aneurysm or popliteal aneurysms. 


careful examination for occult complications. Operative treat¬ 
ment should be undertaken without undue delay if the femoral 
aneurysm enlarges, produces symptoms, or is complicated by 
embolization, thrombosis, or rupture. 

Surgical Strategy. The operative approach is individualized 
based on associated aneurysmal disease. In patients with mul¬ 


tiple asymptomatic aneurysms, treatment is staged. The life- 
threatening aortic lesions are treated before limb-threatening 
femoropopliteal lesions. Femoral artery aneurysms are 
addressed after popliteal lesions unless the femoral aneurysm is 
repaired in combination with treatment of the aortic or 
popliteal aneurysm. If an aortofemoral bypass is necessary, the 
femoral aneurysm should be treated at the same time, to avoid 
later anastomotic aneurysm formation. The graft limb can be 
anastomosed into an interposition graft that has replaced the 
femoral aneurysm. Similarly, if a stent graft is placed for treat¬ 
ment of an abdominal aortic aneurysm in a patient with femoral 
artery aneurysms, the aneurysm should be repaired with an 
interposition graft. In patients with severe lower extremity 
ischemia, the femoral aneurysm is treated with an interposition 
graft, from which the proximal anastomosis of the required 
femoropopliteal or femorotibial bypass is based. 

Technique. The operative procedure for treatment of an iso¬ 
lated femoral artery aneurysm is determined by aneurysmal 
involvement of the superficial and deep femoral arteries as well 
as by the existence of lower extremity occlusive disease. The 
femoral artery aneurysm is usually approached through a lon¬ 
gitudinal groin incision. When addressing an unusually large 
aneurysm or a ruptured aneurysm, however, initial proximal 
control of the external iliac artery through a retroperitoneal 
approach is advisable. After proximal and distal arterial con¬ 
trol is obtained, the aneurysm sac is opened and the athero¬ 
matous debris removed. Small aneurysms may be excised, but 
routine excision of large aneurysms is not recommended as 
these lesions can often be adherent to the adjacent vein and 
nerve. For type I aneurysms, the preferred treatment is recon¬ 
struction with an interposition graft of Dacron or expanded 
polytetrafluoroethylene with the proximal anastomosis at the 
distal external iliac artery or proximal common femoral artery 
and the distal anastomosis at the femoral bifurcation. 

For type II aneurysms with patent superficial and profunda 
femoris arteries, an interposition graft to the profunda femoris 
artery with reimplantation of the superficial femoral artery is one 
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standard configuration. If the superficial femoral artery is 
chronically occluded and the patient has minimal symptoms, 
an interposition graft to the profunda femoris artery alone is 
sufficient. If the patient has severe lower extremity ischemia, 
this is typically followed by a standard distal reconstruction. If 
recent emboli or in situ thrombosis have occluded the outflow 
tract, percutaneous mechanical thromboembolectomy or 
catheter-directed thrombolytic therapy is useful before open 
arterial reconstruction is undertaken. 

Results. Results of surgical therapy depend on the patency of 
the distal vasculature. More than 80% of asymptomatic 
patients have excellent long-term results, whereas 68% of 
those presenting with lower extremity ischemia achieve satis¬ 
factory long-term outcomes. 6 


Anastomotic Pseudoaneurysms 

Q Incidence. Anastomotic pseudoaneurysms result from a dis- 
rupted suture line between a graft and the host artery. The inci¬ 
dence varies with the location of the anastomosis and the type 
of graft that is used. Involvement of the femoral artery accounts 
for nearly 80% of these lesions, and 3% of all femoral anasto¬ 
moses or 6% of femoral anastomoses after aortofemoral bypass 
develop this complication compared with 0.2% of aortic anas¬ 
tomoses. 14,15 Patient factors that are associated with increased 
likelihood of developing a femoral anastomotic aneurysm after 
aortofemoral bypass include chronic obstructive pulmonary dis¬ 
ease, current smoking, and postoperative groin wound infec¬ 
tion. 16 After infrainguinal bypass procedures, the incidence is 
higher with prosthetic grafts than with autogenous vein grafts, 
with 6% of femoral anastomoses developing aneurysms when 
Dacron is used compared with 0.9% when a vein graft is 
placed. 14 Anastomotic pseudoaneurysms are a late complication 
of bypass procedures; the mean interval from primary proce¬ 
dure to recognition is more than 6 years. 17,18 

Pathogenesis. Several factors contributing to anastomotic 
pseudoaneurysm formation have been identified, including 
weakness of the arterial wall, the type of graft material and 
suture utilized, the presence of infection, the method of con¬ 
struction of the anastomosis, and the stress on the suture line 
from hypertension, leg motion, or excess tension on the graft 
limb. 14,17,18 Progressive degeneration of the recipient artery 
accounts for most anastomotic pseudoaneurysms, and an 
increased incidence has been noted following endarterectomy 
of the artery at the anastomosis. False aneurysms occur less 
frequently with saphenous vein grafts than synthetic vascular 
grafts, a reflection of more complete healing of autogenous tis¬ 
sue. With the use of monofilament synthetic suture, anasto¬ 
motic pseudoaneurysms rarely result from a loss of suture 
integrity, although occasionally a broken suture is a factor in 
pseudoaneurysm formation. Although most anastomotic 
aneurysms are not accompanied by overt graft infection, 
occult infections with coagulase-negative Staphylococcus 
species may be an important factor in the development of 
anastomotic aneurysms. 18 A higher incidence is noted in 
patients with wound healing complications, and the use of 
anticoagulants may increase such complications. 

Clinical Manifestations. Femoral anastomotic pseudoan¬ 
eurysms usually present as a pulsatile groin mass, which may 
or may not be accompanied by pain, redness, or symptoms of 
venous obstruction. Acute complications include hemorrhage, 
embolization, and occlusion. The latter may cause lower 
extremity ischemia with claudication, rest pain, or gangrene. 

Diagnosis. The diagnosis of a false aneurysm is usually made 
on physical examination by the presence of a pulsatile groin 



FIGURE 101.2. Arteriogram demonstrating bilateral femoral anasto¬ 
motic aneurysms after an aortofemoral bypass and a left femoropopliteal 
bypass. 


mass in a patient who has undergone a femoral arterial recon¬ 
structive procedure. The differential diagnosis includes nonpul- 
satile groin masses, such as hernia, lymphocele, or abscess, 
through which pulsation is transmitted from an underlying 
normal femoral artery. Diagnosis of an anastomotic disruption 
in one region should raise suspicion of other anastomotic 
pseudoaneurysms because multiple lesions are found in at least 
30% of patients, 17 and their presence suggests infection. Evalu¬ 
ation of an anastomotic aneurysm includes ultrasonography or 
CT of all anastomoses of the graft. Angiography done prior to 
repair of the anastomotic aneurysm is helpful in defining the 
proximal and distal arterial anatomy (Fig. 101.2). 

Treatment. Because of the progressive nature of anastomotic 
pseudoaneurysms, surgical treatment is undertaken for all lesions 
except those which are small (<2 cm) in high-risk patients. Prin¬ 
ciples of surgical therapy are those of primary aneurysms: obtain 
proximal and distal control and replace the aneurysmal segment. 
Securing proximal control often requires dividing the inguinal lig¬ 
ament to isolate the graft limb. Distal control is most easily 
obtained using intraluminal balloon catheters. If intrinsic arterial 
disease requires extension of the graft distally on the profunda 
femoris or superficial femoral artery, these arteries can be identi¬ 
fied by dissection through unscarred tissue distal to the previous 
exposure. After debridement of the degenerated artery, an inter¬ 
position graft is placed between the prosthetic graft limb and the 
healthy native artery. Cultures of the graft and vessel wall are 
essential to exclude infection as an etiologic factor in the develop¬ 
ment of the anastomotic aneurysm. If infection is obvious at the 
time of surgery, the approach is the same as that of any infected 
graft with removal of infected prosthetic material and reestab¬ 
lishment of blood flow, if necessary, with a bypass through an 
uninfected tissue route, such as an obturator, lateral femoral, or 
axillofemoral bypass. 

Results. Results of elective operations on uncomplicated 
anastomotic aneurysms are excellent with 2% operative mor¬ 
tality, 97.5% graft patency at 2 years, and 2% amputation 
within 2 years of surgery. 17 Recurrence is reported in less than 
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16% of cases. 14,15 Patients presenting with aneurysms compli¬ 
cated by hemorrhage, occlusion, or embolization have signifi¬ 
cantly increased operative morbidity and mortality. 


Femoral Pseudoaneurysms 

Incidence. The femoral artery is the preferred site for percu- 
taneous access for both diagnostic and therapeutic angiogra¬ 
phy, including endovascular grafts. In recent years, diagnostic 
studies for coronary and peripheral artery occlusive disease 
have increased as have the subsequent endovascular interven¬ 
tions, which have resulted in an increased number of femoral 
pseudoaneurysms. Because interventional techniques often 
require prolonged arterial cannulation, large-bore sheaths, 
and anticoagulation, they are accompanied by a higher rate of 
arterial complications than are diagnostic studies. Review of 
recent experience shows that pseudoaneurysms form after 
about 0.3% of diagnostic catheterizations and about 1.5% of 
catheter-based therapeutic procedures. 4 The use of percuta¬ 
neous closure devices decreases the risk of developing a 
pseudoaneurysm at the arterial access site for an interventional 
procedure by a factor of 10 to an incidence of about 0.1%. 19,20 

Pathogenesis. Pseudoaneurysms from iatrogenic catheter 
trauma are classically defined as collections of blood in continu¬ 
ity with the arterial system that is not enclosed by all three lay- 
Q ers of the arterial wall. These lesions form because of failed 
hemostasis at the arterial wall defect created by sheath insertion. 
Normally, hemostasis, aided by direct focal application of pres¬ 
sure or hemostatic devices, seals the defect promptly, and the 
arterial wall repairs itself. When hemostasis is not successfully 
obtained, blood under arterial pressure leaks from the artery, 
dissects surrounding tissue planes, and forms what is perceived 
on physical examination to be a pulsatile mass. The gross find¬ 
ings at surgery are a blood-filled cavity surrounded by a capsule. 
Like all pseudoaneurysms, these lesions can cause symptoms by 
rupture or compression of surrounding structures. 

Diagnosis. The diagnosis of femoral pseudoaneurysm is sus¬ 
pected when a pulsatile groin mass is noted after arterial 
catheterization. The differential diagnosis includes hematoma, 
lymphadenopathy, and abscess. Arterial duplex scanning or CT 


is typically used to establish the diagnosis, differentiate pseudo¬ 
aneurysm from hematoma, and aid in defining the communica¬ 
tion between the mass and the arterial lumen. Color-flow duplex 
scanning is the diagnostic test of choice, providing accurate diag¬ 
nosis, localization, and sizing of the false aneurysms. 

Natural History. Color-flow duplex scanning has been 
used to define the incidence and natural history of pseudoan¬ 
eurysms after percutaneous transluminal coronary angio¬ 
plasty. 21 Many pseudoaneurysms will thrombose sponta¬ 
neously within 4 weeks; however, this is less likely to occur in 
anticoagulated patients and those with pseudoaneurysms 
more than 2.0 cm in diameter. About 30% of patients with 
pseudoaneurysms will require intervention. 22 

Treatment. Therapy of femoral pseudoaneurysms is influ¬ 
enced by aneurysm size and symptoms, and whether the patient 
requires continuous anticoagulation (Algorithm 101.2). Surgi¬ 
cal therapy is mandatory for all pseudoaneurysms that are 
acutely expanding, compressing adjacent nerves, or compro¬ 
mising the overlying skin. Proximal and distal arterial control 
is obtained, and the arterial defect is repaired directly, rarely 
requiring placement of more than one to two sutures. 

An excellent alternative to a surgical approach, when urgent 
evacuation of the hematoma and arterial repair are not 
required, is the use of ultrasound-directed compression therapy 
or thrombin injection into the false aneurysm. The pseudo¬ 
aneurysm is identified with a color-flow ultrasound probe and 
then compressed with the scan head. Real-time observation of 
flow in the underlying artery allows compression of the 
pseudoaneurysm while maintaining flow in the native vessel to 
prevent arterial occlusion. 23 Pseudoaneurysm thrombosis is doc¬ 
umented by absence of flow signals on release of scan-head pres¬ 
sure in the case of compression therapy. While effective, this can 
often be quite uncomfortable for the patient and take upwards of 
30 minutes of compression by the vascular technologist. 

Another nonoperative treatment option of femoral pseudo¬ 
aneurysms is percutaneous ultrasound-guided injection of 0.5 to 
1.0 mL thrombin (1,000 U/mL) into the pseudoaneurysm away 
from the neck of the aneurysm. 23-25 Thrombin injection avoids 
the discomfort of prolonged compression and is effective in 
anticoagulated patients. Continuous ultrasonographic imaging 
is used to monitor thrombosis of the pseudoaneurysm. 
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Results. Ultrasound-guided compression therapy for femoral 
pseudoaneurysms results in thrombosis in 80% to 90% of 
cases. The initial success rate is similar in patients who are anti¬ 
coagulated and in those who are not, although long-term suc¬ 
cess appears to be better in patients not receiving anticoagulant 
therapy. In one of the largest series of pseudoaneurysms treated 
with ultrasound-guided compression, thrombosis was achieved 
in 86% of anticoagulated patients and in 98% of those not anti¬ 
coagulated, with a 20% recurrence rate in less than 24 hours in 
anticoagulated patients. 26 Success using this therapeutic modal¬ 
ity requires a knowledgeable ultrasonographer and meticulous 
postcompression follow-up. 

Thrombin injection to induce thrombosis of pseudoan¬ 
eurysms is successful in 94% to 98% of patients, with throm¬ 
bosis occurring in less than 1 minute. 23-25 This technique can 
be complicated by arterial thrombosis if an excessive volume 
of thrombin is used and may not be appropriate for pseudoan¬ 
eurysms with large necks. Remote thromboembolic events 
are rare and probably are not a result of a systemic effect of the 
thrombin. Allergic reactions to bovine thrombin occasionally 
occur. Large pseudoaneurysms, greater than 8 cm in diameter, 
and an associated arteriovenous fistula (AVF) are predictors of 
failure with thrombin injection. 27 


Mycotic Aneurysms 

The term mycotic aneurysm is currently used to refer to any 
infected aneurysm. Mycotic aneurysms today are often a com¬ 
plication of parental drug abuse, but can follow arterial trauma 
of any form, including invasive diagnostic and therapeutic pro¬ 
cedures. In the past, septic emboli from bacterial endocarditis 
were a major cause of mycotic aneurysmal degeneration, but 
this is less common today. With the advent of antibiotics, 
aneurysms secondary to syphilis or tuberculosis are rare. With 
the change in cause, the location of mycotic aneurysms has 
shifted from central to peripheral arteries, with the femoral 
artery being the most common site. 29,30 The importance of 
mycotic aneurysms comes from their propensity to rupture. 

Pathogenesis. The pathogenesis of mycotic aneurysms can 
be divided into four major categories, although other less com¬ 
mon causes also exist. 29 First, septic emboli from bacterial 
endocarditis may lodge in normal arteries, causing infection 
that weakens the arterial wall, resulting in aneurysm forma¬ 
tion. These lesions are often multiple. Second, during an 
episode of bacteremia, microorganisms may lodge in a preex¬ 
isting atherosclerotic plaque or aneurysm and begin to multi¬ 
ply with the same result. A third cause of mycotic aneurysms is 
the contiguous spread of bacteria from a local abscess. The 
inflammatory process destroys the arterial wall, causing 
pseudoaneurysm formation. Finally, trauma to the artery with 
concomitant contamination may result in formation of an 
infected pseudoaneurysm. This mechanism of mycotic 
aneurysm formation is being seen more frequently, coincident 
with the increased use of catheter-based procedures. Bacteria 
may be introduced concomitantly with needle puncture or by 
migration during prolonged arterial catheterization. Mycotic 
aneurysms accompanying drug abuse may be secondary to 
direct contamination of the arterial wall, or they may result 
from destruction of the vessel wall by a local abscess. 

The bacteriology of arterial infections depends on the cause 
of the lesion. Aneurysms secondary to bacterial endocarditis 
grew Pneumococcus , Streptococcus , and Enterococcus species 
most frequently in the past, but recently Staphylococcus , Sal¬ 
monella ., Escherichia coli , and Proteus organisms also have 
been cultured. 30 Staphylococcus aureus is the most common 
pathogen in mycotic femoral artery aneurysms secondary to 
trauma and drug abuse, occurring in more than 65% of 
cases. 31 In this population, at least 50% of the S. aureus organ¬ 
isms are resistant to methicillin. 


Clinical Manifestations. The typical patient with a 
mycotic femoral aneurysm presents with a history of chills and 
fever and a tender, enlarging, pulsatile groin mass. The patient 
may have a history of intravenous drug use, recent arterial 
catheterization, penetrating trauma, or bacterial endocarditis. 
Local signs of infection, including tenderness, erythema, and 
warmth, are noted on physical examination. Lower extremity 
edema may occur secondary to venous or lymphatic obstruc¬ 
tion. Petechial skin lesions, splinter hemorrhages, cutaneous 
abscesses, and septic arthritis may occur as a result of emboli 
originating from a mycotic aneurysm. A “sentinel bleed” may 
occur and signals impending rupture and life-threatening hem¬ 
orrhage. Emergency surgery is indicated. 

Diagnosis. The diagnosis of a mycotic aneurysm is usually 
straightforward, but distinguishing an abscess adjacent to the 
femoral artery from a femoral mycotic aneurysm may be diffi¬ 
cult. In the patient with a pulsatile groin mass, laboratory find¬ 
ings including a leukocytosis, elevated erythrocyte sedimenta¬ 
tion rate, and positive blood cultures are suggestive, but not 
specific, for a mycotic aneurysm. Multiple blood cultures or 
downstream arterial blood cultures may be necessary to yield 
positive results. Ultrasonography and CT angiography are help¬ 
ful in establishing the diagnosis of an aneurysm (Fig. 101.3), but 
lack precision in distinguishing infected from bland aneurysms. 
The diagnosis of a mycotic aneurysm is confirmed at operation 
by demonstration of organisms on Gram stain or by positive 
cultures of the aneurysm wall. 

Treatment. Mycotic aneurysms represent a serious life- and 
limb-threatening disease because their natural history is one of 
expansion and rupture. Therefore, mycotic aneurysms should 
be addressed surgically. The goal of treatment is eradication of 
the infection by excision of the aneurysm and debridement of 
adjacent infected tissue as well as by long-term antibiotic 
therapy. Secondly, adequate distal circulation must be restored. 
Before operative intervention is performed, the patient is 
started on antibiotics that are modified based on sensitivity 
testing of intraoperative cultures. Stent grafts have been used 
in selected cases of mycotic aneurysms when other approaches 
were not feasible; however, concern about latent infection of 
the stent graft oftentimes renders this more of a bridging tech¬ 
nique than a long-term solution. 



FIGURE 101.3. Computed tomography scan of an infected femoral 
anastomotic aneurysm that was diagnosed 5 years after aortofemoral 
graft placement. 
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The complexity of the operative procedure varies with the 
location and extent of the mycotic aneurysm. Although a direct 
approach to the femoral artery may be taken, a retroperitoneal 
exposure of the distal external iliac artery for proximal control is 
sometimes preferred for large or proximal femoral lesions to 
avoid excessive hemorrhage. When an infected femoral artery 
aneurysm is confined to only one arterial segment (common, 
superficial, or deep femoral artery), the aneurysm is excised and 
the proximal and distal arteries are ligated in emergent situa¬ 
tions. In these cases in which an isolated arterial segment is li¬ 
gated, severe ischemia resulting in amputation is unusual. In more 
than 50% of cases, however, the mycotic aneurysm involves the 
femoral artery bifurcation, and treatment requires resection of 
the femoral bifurcation and debridement to healthy arterial wall. 
The distal external iliac or proximal common femoral artery as 
well as the superficial and deep femoral arteries are oversewn 
with nonabsorbable monofilament suture. This results in signifi¬ 
cant ischemia in most patients, but with the patient heparinized, 
symptoms gradually improve as collateral circulation increases. 
The majority of patients will not need revascularization for limb 
salvage, 32 but up to one third of patients will have limb- 
threatening ischemia. 31 In patients in whom sepsis can be ade¬ 
quately controlled at the initial procedure, aggressive debride¬ 
ment may be followed by immediate revascularization using 
autogenous saphenous vein graft as the conduit and covering the 
graft with a sartorius muscle flap. 31 Another option is to observe 
patients for 24 hours after arterial ligation and selectively revas¬ 
cularize only those patients in whom limb-threatening ischemia 
persists. Use of prosthetic material is avoided because of the high 
incidence of early and late septic complications, although it can 
occasionally be necessary through uninfected tissue planes such 
as the obturator or lateral femoral route. Antibiotics are begun 
preoperatively and continued for at least 6 weeks postoperatively. 


POPLITEAL ARTERY ANEURYSMS 

Q Popliteal aneurysms are limb-threatening lesions, the vast 
majority of which are degenerative in etiology. Occasionally, 
anastomotic or traumatic popliteal aneurysms, and rarely 
mycotic aneurysms, are encountered in contemporary clinical 
practice. The remainder of this section addresses only popliteal 
aneurysms that are degenerative in etiology. 


Incidence 


Popliteal artery aneurysms are the most common degenerative 
true peripheral aneurysm. They occur slightly more frequently 
than femoral artery lesions; however, popliteal aneurysms are 
relatively unusual compared to abdominal aortic aneurysms. 
Aortic aneurysms are diagnosed with about 10 times the fre¬ 
quency of popliteal aneurysms. 33,34 


Pattern of Disease 


Like patients with femoral artery aneurysms, multiple aneurysms 
occur frequently in patients with popliteal aneurysms. About 60% 
to 70% of patients have bilateral popliteal aneurysms, and 55% 
have extrapopliteal aneurysms. 35,36 Abdominal aortic aneurysms 
are encountered in 40% to 50%, and are particularly common in 
patients with bilateral popliteal aneurysms, of whom about 70% 
have aortic aneurysms. 35-37 Femoral artery aneurysms occur in 
nearly 40% of patients. 36,37 The importance of this multiplicity of 
aneurysms is that they may be missed on physical examination. 
Therefore, their presence must be determined by other studies, 
such as ultrasonography or CT, so that potentially life-threatening 
abdominal aortic aneurysms and other limb-threatening lesions 
are identified and managed appropriately. Even when popliteal 
aneurysms are initially asymptomatic, patients will develop symp¬ 
toms at a mean rate of 14% per year, and one third will develop 


complications requiring emergent intervention within 5 years, 
resulting in poorer outcomes for both life and limb. 38,39 


Clinical Manifestations 


The typical patient with a popliteal aneurysm is a male in his 
60s or 70s with the usual risk factors for atherosclerosis. Of 
patients with popliteal aneurysms, 50% to 75% are smokers, 
40% to 60% have hypertension, and about 15% have dia¬ 
betes mellitus. 35-37,40 Other manifestations of cardiovascular 
disease are also common, with 10% of patients having mani¬ 
festations of cerebrovascular disease and more than 40% hav¬ 
ing evidence of significant cardiac disease. 37 

The clinical manifestations of popliteal artery aneurysms 
range from an asymptomatic pulsatile mass to severe lower 
extremity ischemia. About 40% of patients are asymptomatic 
at diagnosis. 7 More than 50% of patients present with symp¬ 
toms of limb ischemia, usually claudication, but the ischemia 
may be more advanced and manifested as rest pain or gan¬ 
grene. Local symptoms, including sensation of a mass, local 
pain, and leg swelling or phlebitis secondary to compression of 
the adjacent vein, account for the remainder of symptoms. A 
popliteal artery aneurysm may be complicated by thrombosis, 
embolization, or, rarely, rupture. Thrombosis is reported in 
approximately 40% of patients, 36 and embolization occurs in 
about 25% of cases. 36 Some patients present with classic “blue 
toe syndrome,” but more commonly, repeated episodes of 
embolization occlude the outflow vessels and result in throm¬ 
bosis of the aneurysm. Rupture occurs in fewer than 5% of 
popliteal aneurysms 35,36 ; in these cases, the hemorrhage is usu¬ 
ally confined to the popliteal space, thus permitting surgical 
intervention and arterial reconstruction in a timely fashion. 


Natural History 

The natural history of popliteal aneurysms is not well defined 
because most series are composed primarily of aneurysms that 
have been treated surgically. In a review of 29 reports in the 
English literature published between 1980 and 1994, sub¬ 
groups of patients were identified whose aneurysms had been 
observed. 7 A mean of 35% of patients with conservative 
follow-up developed ischemic complications, and 25 % of these 
required amputation even with modern therapy. Thus, a sig¬ 
nificant percentage of popliteal aneurysms will develop a com¬ 
plication if left untreated, and although this is not synonymous 
with limb loss, the amputation rate is high. 


Diagnosis 

The diagnosis of popliteal aneurysm is usually first suspected 
on physical examination. Palpation of the popliteal space with 
the knee flexed reveals a pulsatile mass in approximately two 
thirds of patients. Small aneurysms may not be palpable on 
physical examination, and if thrombosis has occurred the mass 
may be nonpulsatile. Radiographs of the knee demonstrating a 
calcified arterial wall occasionally suggest the diagnosis of a 
popliteal artery aneurysm, but it must be confirmed by duplex 
ultrasonography, CT (Fig. 101.4), or MRI. These diagnostic 
modalities can establish diagnosis of popliteal artery 
aneurysms and exclude other entities that could be responsible 
for a nonpulsatile popliteal fossa mass (tumor or Baker cyst). 
Ultrasonography, CT, or MRI is also useful in the detection of 
associated aneurysms, particularly abdominal aortic and 
femoral artery aneurysms. Angiography can be misleading in 
the diagnosis of aneurysms because intraluminal thrombus 
may obscure the true size of the vessel (Fig. 101.5); however, it 
is essential for visualization of the inflow and outflow vessels 
necessary for revascularization. CT angiography can be a non- 
invasive way to provide this information (Fig. 101.6). 
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FIGURE 101.4. Computed tomography of large right popliteal 
aneurysm with significant laminar thrombus present. 


Treatment 

Indications. Surgical treatment is indicated for all sympto- 
matic and many asymptomatic aneurysms. Controversy exists 
regarding the optimal management of small asymptomatic 
popliteal aneurysms because the natural history is not well 
defined. The incidence of complications with popliteal artery 
aneurysms is high, and the occurrence of complications does not 
correlate with the size of the aneurysm because the most common 
complications are embolization and thrombosis, which are not 
size related. In fact, in some reports the average diameter of symp¬ 
tomatic aneurysms is smaller than asymptomatic lesions. 41,42 
These considerations, and the significantly higher limb loss rate 
after complications develop even when intervention is under¬ 
taken, have resulted in the recommendation for operative treat¬ 
ment when a popliteal aneurysm is diagnosed. 



FIGURE 101.5. Arteriogram demonstrating a popliteal aneurysm 
associated with occlusion of the outflow tract presumably from 
repeated episodes of embolization. A bypass to the distal posterior tib- 
ial artery was successful. 



FIGURE 101.6. Computed tomography arteriogram demonstrating 
right popliteal artery aneurysm and associated inflow and outflow. 


The goals of surgical treatment are to eliminate the potential 
for complications and to preserve or restore adequate blood flow 
to the limb. In patients with multiple aneurysms, the operative 
approach must be individualized. Generally, the life-threatening 
aortic aneurysm is treated first, followed by repair of the popliteal 
aneurysm. On the other hand, if a limb-threatening complication 
has occurred, treatment of the popliteal aneurysm usually takes 
precedence, followed by expeditious aortic aneurysm repair. 

Surgical Technique. Most popliteal aneurysms are easily 
approached through standard medial thigh and calf incisions for 
exposure of the distal superficial femoral artery and the distal 
popliteal artery, respectively. The proximal anastomosis will 
need to originate from the common femoral artery if the entire 
superficial femoral artery is aneurysmal. Occasionally, the poste¬ 
rior approach is preferred for lesions confined to the popliteal 
fossa, especially when accompanied by symptoms due to com¬ 
pression of adjacent structures. Most aneurysms are left in situ, 
bypassed using a segment of saphenous vein, and ligated proxi- 
mally and distally. The conduit of choice for bypass is autolo¬ 
gous saphenous vein, which is harvested from the thigh, 
reversed, and tunneled along the course of the popliteal artery. 
The proximal and distal anastomosis may be either end to end or 
end to side in configuration, with the aneurysm excluded from 
the circulation by proximal and distal ligatures. Ligation should 
be adjacent to the aneurysm to minimize the number of patent 
collaterals that are in continuity with the aneurysm. 41,43 Late 
expansion and rupture of a bypassed and ligated popliteal 
aneurysm can occur when patent geniculate arteries continue to 
perfuse and pressurize the aneurysm. When the distal popliteal 
and proximal tibial vessels are occluded with recent emboli, they 
can sometimes be cleared using a balloon catheter or intraopera¬ 
tive thrombolytic therapy. Frequently, bypass grafts must be car¬ 
ried to the distal tibial arteries. Extensive femoral and popliteal 
aneurysms may require a femoral-popliteal or femoral-tibial 
bypass using in situ saphenous vein that originates from a pros¬ 
thetic graft replacing a common femoral artery aneurysm. 
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Popliteal aneurysms have been treated by an endovascular 
approach. Small series show a primary patency rate of about 
50% at 14 to 18 months 13,44 and a cumulative patency of 
74%, 45 suggesting that this approach should be reserved for 
the more high-risk patient who requires intervention. 

The patient who presents with an acutely ischemic extremity 
secondary to popliteal aneurysm thrombosis is a management 
challenge. Popliteal aneurysms often thrombose because of 
repeated episodes of emboli to the outflow vessels, which results 
in their occlusion. An expeditious arteriogram may identify a 
Q suitable outflow vessel for the bypass graft. If no target vessel is 
identified, intra-arterial thrombolytic therapy should be initi¬ 
ated with the goal of lysing thrombus in the tibial arteries to 
identify a suitable outflow vessel for vascular reconstruction. 
Although the embolic process may be chronic, results with 
thrombolytic therapy followed by bypass of the aneurysm have 
been much better than surgical therapy alone for the patient 
with an acutely occluded aneurysm and severe leg ischemia. 

Results. Excellent results are obtained in asymptomatic 
aneurysms with intact distal vasculature. Patients with throm¬ 
bosed aneurysms or those in whom multiple episodes of emboliza¬ 
tion have occluded the tibial arteries have less optimal results. 
Operative mortality is in the 0% to 2% range, with asymptomatic 
patients faring better than those presenting with acutely sympto¬ 
matic lesions. 46,47 In patients undergoing revascularization before 
ischemic complications occur, 5- and 10-year graft patency rates 
are greater than 80% and limb salvage is 93% to 98%. 35,48 Graft 
patency rates in patients undergoing surgery after developing com¬ 
plications of their aneurysms are 60% and 48% at 5 and 10 years, 
respectively, and limb salvage rates are 60% to 80%. 35,48,49 
Thrombolytic therapy, when successful, improves primary graft 
patency in patients presenting with acute limb ischemia. 50 
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SECTION N 

VENOUS SYSTEM 

CHAPTER 102 ■ VENOUS DISEASE 

THOMAS W. WAKEFIELD AND MICHAEL C. DALSING 


KEY POINTS 


Q The diagnosis and treatment of acute and chronic venous 
disease has made significant advances in the last few years. 

Q New drug therapies exist or are on the verge of impacting 
the treatment of acute DVT 

Q Chronic venous disease has experienced a resurgence of 
interest in the United States with new endoluminal and sur¬ 
gical interventions being investigated and used clinically. 


Q Characterization of the disease is being scrutinized to 
allow for a better understanding of how treatment impacts 
patient outcomes. 

Q The care of patients with venous disease is an active and 
maturing discipline within the realm of the surgical disci¬ 
plines. 


ACUTE VENOUS 
THROMBOEMBOLIC DISEASE 


Incidence, Risk Factors, and Categories 

Venous thromboembolism (VTE), including deep venous 
thrombosis (DVT) and pulmonary embolism (PE), is a national 
healthcare concern. DVT affects more than 250,000 patients 
annually, whereas PE affects more than 200,000 patients per 
year. The incidence has remained constant since 1980 and 
increases with age. 1 The cost of treatment for both DVT and 
PE (termed VTE) is in the billions of dollars per year. Although 
the Virchow triad of stasis, vessel wall injury, and hypercoag¬ 
ulability has defined the events that predispose to DVT forma¬ 
tion for the past 150 years, today the understanding of events 
that occur at the level of the vein wall, including the influence 
of the inflammatory response, on thrombogenesis is increas¬ 
ingly becoming recognized. 

Acquired risk factors for VTE include increasing age, malig¬ 
nancy, immobilization, surgery and trauma, oral contraceptive 
use, hormone replacement therapy, pregnancy and the puer- 
perium, neurologic disease, cardiac disease, obesity, and 
antiphospholipid antibodies. 2 Genetic risk factors include defi¬ 
ciencies of antithrombin, protein C and protein S, factor V Lei¬ 
den, prothrombin 20210 A, blood group non-O, dysfibrino- 
genemia, dysplasminogenemia, hyperhomocystinemia, reduced 
heparin cofactor II activity, elevated levels of clotting factors 
(e.g., factors XI, IX, VII, VIII, X, and II), and elevations in plas¬ 
minogen activator inhibitor-1 (PAI-1). 3 When a patient presents 
with an idiopathic VTE, there is family history of VTE, there is 
recurrent thrombosis, or there is thrombosis in unusual loca¬ 
tions, workup for a hypercoagulable state may be indicated 
(Table 102.1). 2,3 Hematologic diseases associated with VTE 
include heparin-induced thrombocytopenia and thrombosis 
syndrome (HITTS), disseminated intravascular coagulation 
(DIC), antiphospholipid antibody syndrome, thrombotic 
thrombocytopenic purpura (TTP), hemolytic uremic syndrome 
(HUS), and myeloproliferative disorders. 

Most DVT affect the iliac, femoral, or popliteal lower limb 
veins. Presenting symptoms include unilateral leg pain and 
swelling, but some DVTs are silent, with the first manifestation a 
PE. A recent study of 5,451 patients with ultrasound-confirmed 
DVT revealed the most common comorbidities to be hyperten¬ 
sion, surgery within 3 months, immobility within 30 days, can¬ 
cer, and obesity. 4 


Venous Thromboembolism Diagnosis 

^ Deep Venous Thrombosis. The diagnosis of DVT must be 
made with confirmatory laboratory testing, as patients will be 
asymptomatic at presentation in up to half the time. Patients 
complain of a dull ache or pain in the calf or leg. The most 
common physical finding is edema, although Wells et al. 5 have 
classified patients into a scoring system that emphasizes physical 
presentation. Characteristics that score points include the pres¬ 
ence of active cancer, paralysis or paresis, recent plaster immo¬ 
bilization of the lower extremity, being recently bedridden for 3 
days or more, localized tenderness along the distribution of the 
deep venous system, the entire leg being swollen, calf swelling 
that is at least 3 cm larger on the involved side as compared to 
the noninvolved side, pitting edema in the symptomatic leg, 
and a history of previous DVT. With extensive proximal 
iliofemoral DVT there may be significant swelling, cyanosis, 
and dilated superficial collateral veins. 

Massive iliofemoral DVT may result in the development of 
phlegmasia alba dolens (white swollen leg) or phlegmasia 
cerulea dolens (blue swollen leg). Venous gangrene may occur 
if the phlegmasia is not aggressively treated. This occurs when 
the arterial inflow becomes obstructed due to the effects of the 
venous hypertension. Alternatively, arterial emboli or spasm 
may occur and contribute to the pathology. Skin blisters and 
toes on the limb may turn black. Venous gangrene is often 
associated with an underlying malignancy and is always pre¬ 
ceded by phlegmasia cerulea dolens. Amputation rates of 20% 
to 50%, PE rates of 12% to 40%, and mortality rates of 20% to 
40% are associated with venous gangrene. 6 

Tests of historical interest for making the diagnosis of DVT 
include indirect flow examinations. Presently, duplex ultra¬ 
sound imaging has replaced these indirect tests due to its high 
sensitivity, specificity, and reproducibility. Duplex has also 
replaced the invasive test contrast phlebography. Duplex ultra¬ 
sound imaging includes both a B-mode image and Doppler 
flow pattern. Duplex imaging demonstrates sensitivity and 
specificity rates greater than 95%. 7 According to the grade cri¬ 
teria for the strength of medical evidence, duplex ultrasound is 
given a 2 C level of evidence. 7-9 Other tests include magnetic 
resonance imaging (especially good for assessing central pelvic 
vein and inferior vena cava fIVC] thrombosis), and spiral CT 
scanning (especially with chest imaging during examination for 
PE). 10 Even at the level of the calf, a level in which duplex imag¬ 
ing is less accurate, it has become an acceptable technique in 
symptomatic patients. Duplex imaging is painless, requires no 
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ITABLE 102.1 

DIAGNOSIS | 

HYPERCOAGULABLE TESTING 



Standard coagulation tests 

APC resistance test 

Factor V Leiden genetic analysis 

Prothrombin 2021OA genetic analysis 

Homocysteine level 

Protein C antigen/activity 

Protein S antigen 

Antithrombin antigen/activity 

Antiphospholipid/anticardiolipin antibody 

Platelet count/platelet aggregation testing 

Factor VIII, XI, IX, VII, X, II levels 

Functional plasminogen 

Heparin antibodies (if indicated) 

Mixing studies (if aPTT is elevated) 

APC, activated protein C; aPTT, activated thromboplastin time. 


contrast, can be repeated, and is safe during pregnancy. It is 
important that it also identifies other causes of a patient’s 
symptoms other than DVT. 8 

A single complete technically adequate negative duplex 
scan is accurate enough to justify withholding anticoagulation 
with liminal long-term adverse thromboembolic complica¬ 
tions. 11 This requires that all venous segments of the leg have 
been imaged and evaluated. If the duplex scan is indetermi¬ 
nate, treatment may be based on other factors, such as bio¬ 
markers, with the duplex scan repeated in 24 to 72 hours. 
Combining clinical characteristics with a D-dimer assay may 
decrease the number of negative duplex scans performed. 5 
Also, repeat imaging should be performed if the patient’s 
symptoms change or worsen. Although clinical characteristics 
and D-dimer levels are useful to rule out thrombosis, the con¬ 
verse is not true. A positive D-dimer and a positive risk assess¬ 
ment is associated with DVT in only approximately 70% of 
cases. 12 Ongoing efforts to establish a panel of biomarkers that 
may be used to make a positive diagnosis of DVT based on the 
inflammatory response to DVT are under investigation. 13 

Other conditions that may be confused with DVT include 
lymphedema, muscle strains, and muscle contusion. Iliac vein 
obstruction may lead to unilateral leg edema (May-Thurner 
Syndrome), whereas the presence of a cyst behind the knee 
may produce unilateral lower leg pain and edema. Other 
causes of leg swelling include systemic problems such as car¬ 
diac, renal, or hepatic abnormalities. However, these systemic 
problems usually lead to bilateral edema. 

Pulmonary Embolism. In the past, the diagnosis of PE was 
made with ventilation-perfusion (V/Q) scanning and pulmonary 
angiography. However, newer techniques include spiral com¬ 
puted tomographic scanning and magnetic resonance imaging. 
The sensitivity of V/Q scanning was defined in PIOPED I at 
98%, but specificity was low at 10%. 14 By combining clinical 
factors with V/Q scan, levels of sensitivity and specificity greater 
than 95% were achieved. With a high-probability V/Q scan, 
two risk factors positive for PE, the sensitivity was 97%; with 
one risk factor, 84%; and with no risk factors, 82%. Similarly, 
with a normal V/Q scan, the chance of PE was essentially 0, irre¬ 
spective of the risk factor status. 15 Thus, a normal V/Q scan or 
a high-probability scan provided good diagnostic information 
on which treatment could be based. However, only a small 


portion of V/Q scans are in one of these two categories, leaving 
many patients needing further testing. Due to its invasive nature, 
pulmonary angiography is used less often today. Pulmonary arte¬ 
riography is indicated with acute massive PE, IVC interruption, 
and when planning interventional therapy, such as thrombolysis 
or pulmonary embolectomy. 

Spiral computed tomographic scanning has demonstrated 
excellent specificity and sensitivity as the technology has 
improved. Now emboli at the subsegmental level can be iden¬ 
tified. 16 The sensitivity for isolated chest CT imaging is 
increased greater than 90% when clinical analysis is added. 
Additionally, sensitivity improved when a lower extremity 
imaging study was added to the chest scan. 10 Results from 
PIOPED II demonstrate that if the clinical presentation and 
spiral CT scan results are concordant, therapies can be safely 
recommended. However, if results are discordant between 
clinical presentation and spiral CT, then other confirmatory 
tests are necessary. For the diagnosis of PE, spiral CT imaging 
is given a 1 A level of evidence. Magnetic resonance imaging is 
currently being investigated in PIOPED III. 

Axillary/Subclavian Vein Thrombosis. Thrombosis of 
the axillary/subclavian vein accounts for less than 5% of all 
cases of acute DVT. However, it may be associated with PE in 
up to 10% to 15% of cases and additionally can also be the 
source of significant disability. 17 Primary axillary/subclavian 
vein thrombosis results from obstruction of the axillary vein in 
the thoracic outlet, the so-called Paget-von Schrotter syn¬ 
drome, noted especially in healthy muscular athletic individu¬ 
als. Such thrombosis may also occur in patients with hyperco- 
agulable states. Secondary axillary/subclavian vein thrombosis 
results include mediastinal tumors, congestive heart failure, 
and nephrotic syndrome. Patients with axillary-subclavian 
venous thrombosis often present with arm pain, edema, and 
cyanosis. Superficial venous distention may be apparent over 
the arm, forearm, shoulder, and even the anterior chest wall. 

Upper extremity venous duplex ultrasound is used to make 
the diagnosis of suspected axillary-subclavian vein thrombo¬ 
sis. Thrombolysis and phlebography are often considered 
next. If phlebography is performed, it is important that the 
patient undergo positional phlebography with arm abduction 
to 120 degrees to confirm extrinsic subclavian vein compres¬ 
sion at the thoracic outlet. Venous compromise is further evi¬ 
denced by prominent collateral veins. Since a cervical rib may 
be the cause of such obstruction, chest x-ray views should be 
obtained to exclude its presence. 


STANDARD THERAPY 
FOR VTE 


The primary treatment of VTE is systemic anticoagulation 
(Algorithm 102.1). This reduces the risk of PE, extension of 
thrombosis, and thrombus recurrence. Since it has been shown 
that the recurrence rate for VTE is higher if anticoagulation is 
not therapeutic in the first 24 hours, immediate anticoagula¬ 
tion should be undertaken. 18 However, recurrent DVT may 
still occur in up to one third of patients over an 8-year period, 
even with appropriate anticoagulant therapy. 19 

Unfractionated heparin or low-molecular-weight heparin 
(LMWH) is undertaken for 5 days during which time oral anti¬ 
coagulation with vitamin I< antagonists (usually warfarin) is 
started. It is recommended that international normalized ratios 
(INRs) be therapeutic for two consecutive days before stopping 
heparin or LMWH. 20 LMWHs, derived from the lower- 
molecular-weight range of standard heparin, have become the 
standard for treatment. They can be given by subcutaneous 
route, require no monitoring except in certain circumstances 
(morbid obesity, pregnancy, or renal insufficiency), and are 
associated with a lower bleeding potential. 21 Additionally, they 
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VTE TREATMENT 


Aggressive treatment 
for extensive iliofemoral 
thrombosis/severe swelling 
and pain 


Consider procoagulant 
workup if: 

a) Young patient 

b) Unusual location 

c) Recurrent 

d) Idiopathic 


Heparin 


LMWH 


Outpatient 
(or inpatient) 


Coumadin 


Ambulation, 
compression wraps 
or stockings 


Stop heparin/ 
LMWH when 
INR 2-3 

_l 


l- 

Duration of therapy depends on thrombotic risk/residual vein lumen scar tissue 

Alternatives: 

Fondaparinux 

PXimelagatran? 


ALGORITHM 102.1 


ALGORITHM 102.1. Treatment of venous thromboembolism. 


demonstrate less direct thrombin inhibition and more factor Xa 
inhibition. Compared to standard unfractionated heparin, 
LMWHs have significant improvement in bioavailability, less 
endothelial cell binding and protein binding as compared to 
standard unfractionated heparin, and due to this an improved 
pharmacokinetic profile. 22 Additionally, other potential advan¬ 
tages of LMWHs compared to standard unfractionated heparin 
include less bleeding, less antiplatelet activity, less frequent 
heparin-induced thrombocytopenia, less interference with pro¬ 
tein C and complement activation, and less osteoporosis. 
LMWHs are administered in a weight-based fashion subcuta¬ 
neously. However, the use in outpatient settings usually requires 
a coordinated effort of multiple healthcare providers. LMWH 
may also decrease the incidence of postthrombotic syndrome. 23 
Based on all of the available evidence, LMWH is now preferred 
over standard unfractionated heparin for the initial treatment of 
VTE with a 1 A level of evidence. 24 

Warfarin should be started after heparinization is therapeu¬ 
tic to prevent warfarin-induced skin necrosis. For standard 
unfractionated heparin, this would mean after a therapeutic 
aPTT was obtained, whereas for LMWH, this would mean 
after an appropriate weight-based dose was administered and 
had been allowed to circulate. Warfarin causes inhibition of 
protein C and S before factors II, IX, and X. Thus, patients can 
be transiently hypercoagulable on the initiation of warfarin 
therapy. The goal for warfarin dosing is an INR between 2.0 
and 3.0. The duration of anticoagulation depends on several 
factors, including the presence of continuing thrombogenic 
risk factors, the type of thrombosis (idiopathic, for example), 
the number of times thrombosis has occurred, the status of the 


veins when stopping anticoagulation, and the level of D-dimer 
noted 1 month after warfarin therapy stops. The recom¬ 
mended duration of anticoagulation after a first episode of 
VTE is 3 to 6 months. 25 Calf thrombi may be treated with a 
shorter course of warfarin, usually 6 weeks to 3 months. After 
a second episode of VTE, the usual recommendation is pro¬ 
longed warfarin unless the patient is very young at the time of 
presentation or there are other mitigating factors. In aggre¬ 
gate, criteria for discontinuation of warfarin are given a 1 A 
level of evidence. 26 

VTE recurrence is increased with homozygous factor V Lei¬ 
den and prothrombin 20210 A mutation, protein C/S defi¬ 
ciency, antithrombin deficiency, antiphospholipid antibodies, 
and cancer until resolved. In these conditions, long-term war¬ 
farin is usually recommended. However, heterozygous factor V 
Leiden and prothrombin 20210 A genetic abnormalities do not 
carry the same risk as their homozygous counterparts, and the 
length of oral anticoagulation is shortened correspondingly. 

Although the amount of scar tissue inside the venous circu¬ 
lation leading to stasis has recently been suggested to be an 
important factor, a better validated factor involves D-dimer 
testing obtained one month after warfarin is complete. If D- 
dimer is elevated above normal, warfarin should be continued, 
as this result suggests that the patient is still prothrom- 
botic. 27-29 One study demonstrated a statistically significant 
advantage to resuming Coumadin if the D-dimer assay is ele¬ 
vated over an average 1.4 year follow-up (odds ratio [OR] 
4.26, p = 0.02). 30 

Regarding idiopathic DVT, most believe this diagnosis 
requires more than 6 months of anticoagulation, but the actual 
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length is unknown. One multicenter trial suggested low-dose 
warfarin (INR 1.5-2.0) is superior to placebo with a 64% risk 
reduction for recurrent DVT after the completion of an initial 
6 months of standard therapy. 31 A second study has suggested 
that full-dose warfarin (INR 2-3) is superior to low-dose war¬ 
farin in these patients without a difference in bleeding. 32 Taken 
together, criteria for discontinuation of anticoagulation 
including thrombosis risk, residual thrombus burden, and 
coagulation system activation are given a 1 A level of evi¬ 
dence. 26-29,31,32 

Bleeding is the most common complication of anticoagula¬ 
tion. With standard heparin, bleeding occurs over the first 5 
days in approximately 10% of cases. With the addition of war¬ 
farin at an INR of 2-3, the incidence of major bleeding approx¬ 
imates 6% per year. When treating patients for DVT and PE, 
major bleeding has been reported in 0 to 7% of patients, and 
fatal bleeding has been reported in 0 to 2% of patients. 33 A 
meta-analysis showed a rate of hemorrhagic complications at 
9.1% for anticoagulation continued beyond 3 months. To 
decrease bleeding, the importance of clinics that monitor oral 
anticoagulation must be emphasized. 

Another complication of heparin is heparin-induced 
thrombocytopenia (HIT). This heparin complication occurs 
in 0.6% to 30% of patients. While historically morbidity and 
mortality have been high, it has been found that early diagno¬ 
sis and appropriate treatment have decreased these rates. 34 
The condition of HIT usually begins between 3 and 14 days 
after heparin is begun, although it may occur earlier if the 
patient has been exposed to heparin in the past. The patho¬ 
physiology involves a heparin-dependent antibody that binds 
to platelets, activates them leading to an increase in thrombo¬ 
cytopenia, and may result in both arterial and venous throm¬ 
bosis. 35 Both bovine and porcine unfractionated heparin 
(UFH), as well as LMWH, have been associated with HIT, 
although the incidence with LMWH is less, and with LMWH, 
the severity of the thrombosis is also less. Even small expo¬ 
sures to heparin, such as heparin coating on indwelling 
catheters, has caused the syndrome. The diagnosis should be 
suspected with a 50% or greater drop in platelet count, when 
the platelet count falls below 100,000 //lL during heparin 
therapy, or when thrombosis occurs during heparin or 
LMWH therapy. 36 Although there are many tests for this 
diagnosis, the most useful is an enzyme-linked immunosor¬ 
bent assay (ELISA) that detects the antiheparin antibody in 
Q plasma. This test is highly sensitive but poorly specific. The 
serotonin release assay is another test that can be used. This 
test is more specific but less sensitive than the ELISA test. 37 
When the diagnosis is made, cessation of heparin is most 
important. Warfarin should not be given until an adequate 
alternative anticoagulant has been established to prevent 
paradoxical thrombosis as warfarin-induced thrombosis has 
been reported with this condition. As LMWHs demonstrate 
high cross-reactivity with standard heparin antibodies, they 
cannot be substituted for standard heparin in patients with 
HIT. Agents that have been FDA approved as alternatives for 
HIT include the direct thrombin inhibitors hirudin (lepirudin/ 
Refludan) and argatroban. Other agents have also been found 
to be effective, such as fondaparinux, but they are not FDA 
approved for this indication. 38,39 The use of these alternative 
agents is given either a 2 C or 1 C level of evidence. 26,36,38,39 


Low-Molecular-Weight 
Heparin Special Features 

When considering once a day to twice a day LMWH dosing, a 
meta-analysis of more than 1,500 patients with VTE demon¬ 
strated a nonsignificant difference in the incidence of recurrent 
thromboembolism, thrombosis size, hemorrhagic events, and 
mortality. 40 Twice a day dosing may still be more appropriate 


than once a day dosing in patients with marked obesity and 
patients with cancer. 41 

LMWH has been suggested as a replacement for oral vita¬ 
min K antagonists. Rates of recanalization have been reported 
to be higher in certain venous segments using LMWH, and the 
use of LMWH has been found to lead to improved outcomes 
in cancer patients compared to standard heparin or LMWH/ 
warfarin therapy when used for 6 months, without differences 
in rates of major bleeding. 42 LMWH has also been found to 
provide better DVT prophylaxis than placebo when used for 
extended prophylaxis over 4 weeks in patients undergoing 
abdominal and pelvic cancer surgery. 43 


ALTERNATIVE/FUTURE MEDICAL 
TREATMENTS FOR DVT/PE 


New agents for venous thrombosis treatment include direct 
thrombin inhibitors and factor Xa inhibitors (Table 102.2). 
Ximelagatran, a direct thrombin inhibitor, caused an elevation 
in liver function tests in up to 6% of patients given the drug and 
was not approved in either the United States or in Europe. A rel¬ 
ative of this drug, dabigatran etexilate, is currently undergoing 
phase III studies in the treatment of VTE and has met a nonin¬ 
flammatory target compared to Enoxaparin in prophylaxis for 
orthopedic procedures. It is important that no elevation in liver 
enzymes or acute coronary events has been found. 44 

Fondaparinux and its relative idraparinux target factor Xa. 
These subcutaneous drugs show a 17-hour half-life for fonda¬ 
parinux and 80 to 130 hours for idraparinux. They exhibit no 
endothelial or protein binding, and neither produces thrombo¬ 
cytopenia. One disadvantage of these drugs is that no antidote 
is readily available. Fondaparinux has been tested in the pro¬ 
phylaxis of major orthopedic surgery. In a meta-analysis 


TABLE 102.2 


ALTERNATIVE ANTICOAGULANTS 


■ DRUGS 

■ MECHANISM OF ACTION 

Dabigatran etexilate 

Direct thrombin (Flla) inhibitor 

Lepirudin 

Direct thrombin (Flla) inhibitor 

Bivalirudin 

Direct thrombin (Flla) inhibitor 

Argatroban 

Direct thrombin (Flla) inhibitor 

Fondaparinux 

Indirect FXa inhibitor 

Idraparinux 

Indirect FXa inhibitor 

Rivaroxaban 

Direct FXa inhibitor 

Apixaban 

Direct FXa inhibitor 

Oral heparins/LMWH 

Same as heparin/LMWH with 
passage through GI tract 

Ancrod 

Defibrinating agent 

P-selectin inhibitors 

Anti-inflammatory preventing 
thrombus amplification 

Factor Vila inhibitors 

Competes with FVIIa for binding 
to TF 

Tissue factor pathway 
inhibitor 

FVIIa/TF complex inhibitor 

Activated protein C 

Inactivates FVa, FVIIIa, inhibitor 
to tPA 

Flla, factor Ha; FXa, factor Xa; FVIIa, factor Vila; FVIIIa, factor 

Villa; FVa; factor Va; TF, tissue factor; tPA, tissue plasminogen 
activator. 
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involving more than 7,000 patients, there was a greater than 
50% risk reduction for VTE using fondaparinux begun 6 hours 
after surgery compared to LMWH begun 12 to 24 hours after 
surgery. 45 Critical bleeding was not different, although major 
bleeding was increased. Fondaparinux has also been effective 
in prophylaxis of general medical patients, abdominal surgery 
patients, and for extended prophylaxis after hip fracture. 46-48 
For DVT treatment, fondaparinux was found equal to LMWH 
whereas for PE, it was found equal to standard heparin. 49,50 
Dosage is based on body weight—5 mg per body weight less 
than 50 kg; 7.5 mg per body weight 50 to 100 kg; and 10 mg 
per body weight greater than 100 kg. Treatment for at least 5 
days with concurrent administration of oral anticoagulation is 
recommended, until the INR is therapeutic at a level of 2 to 3. 
Fondaparinux has been approved for the treatment of DVT/PE 
and for thrombosis prophylaxis in total hip, total knee, and hip 
fracture patients; in the extended prophylaxis of hip fracture 
patients; and in abdominal surgery patients. Idraparinux with 
the longer half-life in an open label, noninferiority trial of 
2,904 DVT patients and 2,215 PE patients was found to meet 
the noninferiority requirement of DVT, but not of PE. 51 This 
may have been due to a dose problem. Additionally, in a study 
of long-term treatment, major bleeding was found with three 
intracranial bleeding episodes noted. 51 Thus, idraparinux 
development has been halted. However, biotinylated idra¬ 
parinux is being tested; this drug, called SSR 126517, can be 
reversed with avidin. Phase III trials are currently underway 
with this drug. 52 

New oral anti-factor Xa agents are being developed. 
Rivaroxaban and apixaban are the two agents furthest along in 
development. Rivaroxaban has 66% renal excretion, whereas 
apixaban has only 25% renal excretion. 44,53 Other antithrom¬ 
botic agents being evaluated include oral heparins, other direct 
thrombin inhibitors, such as lepirudin, bivalirudin, and arga- 
troban; defibrinating agents such as ancrod; anti-inflammatory 
agents, such as P-selectin inhibitors; factor Vila inhibitors; tis¬ 
sue factor pathway inhibitor; and activated protein C. 54,55 Lep¬ 
irudin and argatroban have been approved for patients with 
HIT. The use of P-selectin inhibitors, an area of ongoing 
research, uses an anti-inflammatory approach to limit thrombus 
amplification without causing anticoagulation. 


NONPHARMACOLOGIC 

TREATMENTS 


Pain and swelling after an above the knee DVT can be decreased 
by approximately 50% by the use of strong compression stock¬ 
ings. 56 Additionally, walking with good compression does not 
increase the risk of PE, while significantly decreasing the inci¬ 
dence and severity of pain and swelling after DVT. 57,58 Once 
patients are on therapeutic anticoagulants, they should ambu¬ 
late while wearing compression stockings. The use of strong 
compression and early ambulation after DVT treatment can 
significantly reduce the pain and swelling resulting from the 
DVT and carries a 1 A level of evidence. 26,56,57 


IVC Filters 


The traditional indications for the use of IVC filters include a 
complication of anticoagulation, a contraindication to antico¬ 
agulation, and failure of anticoagulation. Protection from PE 
has been greater than 95% using cone-shaped wire-based per¬ 
manent IVC filters. 59 The success achieved with filters has 
expanded the indications including free-floating thrombus 
longer than 5 cm, when bleeding risk with anticoagulation is 
excessive, when the risk of PE is felt to be very high, and to 
allow for the use of perioperative epidural anesthesia. 60-62 Fil¬ 
ters can be permanent or optional (retrievable). If a retrievable 


filter is left in to become a permanent filter, the long-term fate 
of that filter has not yet been defined. 

Filters are usually placed in an infrarenal location. How¬ 
ever, they may also be placed in the suprarenal location or in 
the superior vena cava. Indications for suprarenal placement 
include high-lying clot, pregnancy, women of childbearing 
potential, or a previous device that has failed or become filled 
with clot. Sepsis is not a contraindication to the use of wire- 
based filters since the trapped material can be sterilized with 
antibiotics. Although filters have been placed under x-ray 
guidance, percutaneous techniques for filter insertion using 
bedside external ultrasound or intravascular ultrasound are 
now being recommended. Transabdominal external ultra¬ 
sound is difficult in the setting of morbid obesity, overlying 
bowel gas, or open abdominal wounds. In these instances, 
intravascular ultrasound has been found to be more success¬ 
ful. 63 Other than one randomized prospective study on the use 
of filters as treatment of DVT (which is not how filters are tra¬ 
ditionally used), evidence for the use of filters is given a 2 C 
level of evidence. 26,64 


Thrombolytic and Surgical 
Procedures for Deep VTE 

The incidence of chronic venous insufficiency after appropriate 
anticoagulant treatment for DVT has been reported to be as 
high as 23% after 2 years, 28% after 5 years, and 29% after 8 
years. 19 Thus the use of thrombolytic agents more rapidly to 
clear venous thrombosis has been suggested (Algorithm 102.1). 
By duplex ultrasound, spontaneous lysis time is 2.3- to 7.3-fold 
longer in segments with reflux than in segments without 
reflux. 65 Systemic thrombosis in two small series revealed a 
decrease in the incidence of chronic venous insufficiency with 
streptokinase, as opposed to systemic UFH. However, results 
depend on complete thrombolysis. Because of this inability to 
predict complete lysis, combined with its bleeding potential, 
thrombolysis is recommended infrequently. However, uroki¬ 
nase administered directly into venous thrombi has led to an 
increase in enthusiasm and the publication of a national throm¬ 
bolysis registry. 66,67 In 473 patients, 287 of whom underwent 
follow-up, 312 urokinase infusions in 303 limbs were reported. 
Venous thrombi occurred in the iliofemoral segment in 71% of 
cases alone, without IVC involvement in 79%, and including 
the IVC in 21% of cases. Patients had acute disease in approx¬ 
imately two thirds of cases, 16% had chronic disease, and 19% 
had combined acute and chronic disease. Approximately 30% 
had prior DVT. Complete thrombolysis was achieved in 31% 
and partial lysis in 52% of cases. The mean amount of uroki¬ 
nase used was 7.8 million units, and the mean time of infusion 
was 53.4 hours. Successful lysis was predicated by acute DVT 
and no history of prior DVT. Complications included major 
bleeding necessitating blood products in 11 % and minor bleed¬ 
ing in 16%. The mortality rate was 0.4%, the intracranial hem¬ 
orrhage rate was 0.2%, and the subdural hemorrhage rate was 
0.2%. Total lysis was noted in only 31% of the entire series; 
however, in patients with acute iliofemoral DVT, no previous 
symptoms, and the use of the popliteal vein access site, total 
lysis was more frequent. At 12 months, patency was 79% if lysis 
was complete, 58% with greater than 50% lysis, and 32% with 
less than 50% lysis. Absence of valvular reflux was found in 
72% of cases with complete lysis, whereas overall valvular 
reflux was seen in 58% of cases. 

It is important that aggressive therapies have been found to 
improve quality of life. A small randomized study demon¬ 
strated that thrombolysis is superior to anticoagulation in 
patients with iliofemoral DVT. 68 The use of lytic agents for 
DVT is now given a 2 B level of evidence. 26 

Thrombolytic therapy for PE remains controversial. 
Although agents lysed thrombus effectively, recurrence rates and 
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patient mortality were not improved. However, the original stud¬ 
ies were not powered to address this outcome. Results are best if 
patients are young, the embolus is less than 48 hours old, and the 
embolus is large. Streptokinase, urokinase, and tissue plasmino¬ 
gen activator have all been used. 69 All agents rapidly dissolve 
clot, but by 7 days, the advantages for all three agents decrease. 
The benefit of thrombolytic agents for PE thus appears to be 
greatest in patients who would die as a result of massive PE in 
the first hour after the PE occurs, which can occur in up to 10% 
of cases. However, more recent data suggest that thrombolysis 
may be useful in patients with right ventricular dysfunction 
without hemodynamic instability, and it has been suggested that 
thrombolysis will improve outcomes if patients have evidence of 
right heart changes. 70-75 Additionally, thrombolysis therapy has 
been recommended in patients without pulmonary hyperten¬ 
sion who are judged to have a low risk of bleeding. 26 

Venous Thrombectomy. Iliofemoral venous thrombec¬ 
tomy has been advocated to prevent impending venous gan¬ 
grene. This technique results in mechanical clearing of the 
venous circulation and may be combined with a temporary 
arteriovenous fistula. Thrombectomy uses a Fogarty balloon 
catheter passed from the femoral vein during Valsalva maneu¬ 
vers. An arteriovenous fistula is constructed so that it can be 
taken down by nonsurgical techniques. Complete venography 
in the operating room is recommended, as back-bleeding is 
unreliable for the assessment of complete thrombus clearance. 
Thrombosis recurrence rates less than 20% have been 
reported. The incidence of PE during the first week after 
thrombectomy is equivalent to the incidence with anticoagula¬ 
tion only. The frequency of clinical success has been reported to 
be between 42% and 93%. 76 The largest series of 77 legs with 
a follow-up period of between 5 and 13 years revealed mainte¬ 
nance of patency but a steady decline in valvular competence 
over time. 77 

In the only comparative study of iliofemoral venous throm¬ 
bosis treatment comparing thrombectomy with anticoagulation 
(31 patients) versus anticoagulation alone (32 patients), 
iliofemoral vein patency was improved (76% vs. 35%), 
femoropopliteal patency was improved (52% vs. 26%), and the 
clinical outcome was better at 6 months (40% asymptomatic vs. 
7%). 77 At 10 years, the number of patients available for follow¬ 
up had decreased to 13 in the thrombectomy group and 17 in 
the anticoagulation-alone group. Patency remained improved in 
the thrombectomy group (83% vs. 41%), and absence of 
popliteal reflux was found in 78% of the thrombectomy-plus- 
anticoagulation group compared to 43% of the anticoagula¬ 
tion-alone group. 

Pulmonary Embolectomy. Surgical approaches for PE are 
indicated for patients with massive PE with hypotension who 
require large doses of vasopressors. These are often patients in 
whom thrombolytic agents have been unsuccessful. Open pul¬ 
monary embolectomy is associated with high rates of morbidity 
and mortality. Today, open pulmonary embolectomy is limited 
to those who require manual cardiac massage for hypotension 
or those in whom catheter pulmonary embolectomy fails. How¬ 
ever, there may be a more expanded role for pulmonary 
embolectomy in the future. 78 


Superficial Thrombophlebitis 

Superficial vein thrombophlebitis (SVT) is a well-recognized 
clinical entity characterized by a painful erythematous and 
palpable cordlike structure, usually compromising the lower 
extremities but capable of affecting any superficial vein in the 
body. Thrombophlebitis is believed to have a multifactorial 
etiology, in which the Virchow triad of altered blood flow, 
changes in the vessel wall, and abnormal coagulation are rec¬ 
ognized to play a significant role. SVT has been considered a 


benign disease requiring only conservative management with 
compression, nonsteroidal anti-inflammatory medications, 
and lower extremity elevation. Recently SVT, especially above 
the knee superficial thrombophlebitis, has been reported to 
coexist with DVT, to propagate to popliteal or femoral level, 
and even to cause PE. 79-83 A medical approach using anticoag¬ 
ulant therapy appears as the treatment of choice when there is 
above knee SVT with deep venous system involvement. 

The incidence of SVT occurs in approximately 125,000 
people in the United States per year. 84 However, the actual 
incidence is likely far greater as these statistics may be out¬ 
dated and many cases go unreported. Approximately 54% to 
65% of the reported cases affect females with an average age 
of 58 years old. 79,85 The most frequent predisposing risk factor 
for SVT is varicose veins, occurring in 62% of patients. Other 
risk factors include the following: immobilization, trauma, 
postoperative states, age older than 60 years, obesity, tobacco 
use, history of DVT or SVT, pregnancy, puerperium, autoim¬ 
mune disease, use of oral contraceptives or hormonal replace¬ 
ment therapy, and hypercoagulable state. 79,85,86 Hypercoagula- 
ble screening should be considered in patients with ascending 
or worsening thrombophlebitis despite initial treatment. 87,88 
Malignancy has been reported as a risk factor for developing 
SVT, affecting 13% to 18% of patients. 82,89 

The overall recurrence of SVT was described as 18% over 15 
months, equally frequent in varicose and nonvaricose phlebitis. 
Deep venous reflux increases the recurrence rate to 33%, 
whereas hypercoagulable states increase the recurrence rate to 
42% over the same period of time. 90 

The clinical symptoms and signs for SVT are overt. Duplex 
ultrasound imaging of the affected extremity should be per¬ 
formed to rule out extension of the process into the deep 
venous system or concomitant DVT. 87,91 Duplex ultrasound 
shows the extent of the SVT, its relation to the veins connect¬ 
ing with the deep vein system, and the presence of concomitant 
DVT. Additionally, duplex ultrasound allows checking the 
competence of the valves in the superficial and deep veins. 91 

Complete thrombophilia workup is not routinely recom¬ 
mended. However, it may be indicated in selected patients with 
recurrent primary thrombophlebitis or aggressive throm¬ 
bophlebitis. 91 Screening for underlying diseases, including malig¬ 
nancy or vasculitis, is performed if signs or symptoms suggest the 
presence of such problem. 91 

Treatment. Several therapeutic approaches have been pro¬ 
posed for patients with SVT. These include ligation or vein 
stripping of the affecting vein, elastic stockings, nonsteroidal 
anti-inflammatory drugs to reduce pain and inflammation, and 
variable doses of unfractionated heparin or LMWH followed 
by oral anticoagulant therapy. There is no consensus on the 
optimal treatment of SVT in clinical practice. 

It seems clear that the course of treatment for SVT should be 
tailored accordingly to its location, concomitant DVT and if 
there is any associated infectious process. Thrombus locations 
in trunks of either the great or small saphenous vein may have 
the highest risk of extension into the deep vein system and thus 
require more aggressive treatment than other locations. The 
treatment for primary SVT localized in the distal great saphe¬ 
nous vein and tributary veins consists of ambulation, warm 
soaks, compression, and nonsteroidal anti-inflammatory 
(NSAID) agents. 92,93 If the patient presents risk factors for DVT, 
pharmacologic prophylaxis should be considered seriously. 91 

Titon et al. 94 were among the first to compare different 
approaches in the medical treatment of SVT. In a multicenter 
study, 117 patients were randomized into three groups: fixed 
dose LMWH calcium nadroparin (n = 38), adjusted-dose 
LMWH calcium nadroparin (n = 39), and the NSAID 
naproxen (n = 40) for 6 days. At day 7, heat and redness were 
significantly less (p < 0.001) in both groups treated with 
LMWH compared to those given the NSAID. Additionally at 
8 weeks, persistence of symptoms and signs was less frequent in 
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the LMWH treated groups (p = 0.007). Efficacy did not differ 
between the fixed and weight-adjusted dose of LMWH. 

The management of SVT was further addressed in a ran¬ 
domized double-blind study describing 427 patients with doc¬ 
umented acute symptomatic SVT of the legs. 95 Patients were 
randomly assigned to receive 40 mg enoxaparin sodium subcu¬ 
taneously; 1.5 mg/kg enoxaparin sodium subcutaneously; oral 
tenoxicam 20 mg; or placebo, all once daily for 8 to 12 days. 
LMWH was associated with a lower incidence of SVT exten¬ 
sion and/or recurrence, compared with placebo (OR 0.32; 95% 
confidence interval [Cl], 0.16-0.65, and OR 0.33; 95% Cl, 
0.16-0.68, respectively), without major bleeding or HIT. There 
was no statistical difference with respect to 12-day outcomes 
between the active treatment groups. However, there was a 
trend in favor of LMWH. 

The Vesalio Investigator Group compared two regimens of 
LMWH with each other. 96 A total of 164 patients were enrolled 
and randomized into two groups: prophylaxis group (n = 81) 
and treatment group (n = 83). After completion of 3 months, 
the cumulative rate of SVT progression and venous throm¬ 
boembolism complications did not differ between the prophy¬ 
lactic (8.6%; 95% Cl, 3.5-17.0) and therapeutic (7.2%; 95% 
Cl, 2.8-15.1) groups. No patient in either group developed 
major bleeding, although one patient in each group developed 
clinically asymptomatic HIT. Clinical symptoms improved to a 
similar extent in both groups, and similar rates of minor exten¬ 
sion or recurrent thrombophlebitis were observed during the 
follow-up period. 

Prophylactic-dose intravenous (IV) ULH was compared in 
two studies. 97 Relative to elastic stocking alone, prophylactic 
IV ULH plus elastic stockings was associated with an 86% 
reduction in SVT extension and/or recurrence (OR 0.14; 95% 
Cl, 0.03-0.67). Marchiori et al. 98 compared high- versus low- 
dose IV ULH. A nonsignificant 86% reduction in VTE (OR 
0.14; 95% Cl 0.02-1.23) and a 37% (OR 0.63; 95% Cl, 
0.21-1.88) lower rate of SVT extension and/or recurrence 
were observed in those patients treated with high-dose ULH. 
There were no episodes of major bleeding or HIT. 

Low-molecular-weight heparin was compared with saphe- 
nofemoral disconnection for the treatment of proximal great 
saphenous vein thrombophlebitis in a prospective, randomized 
clinical study. 99 In this study, 84 consecutive patients diag¬ 
nosed as presenting SVT alone, were divided into two groups 
treated with either saphenofemoral disconnection under local 
anesthesia with a short hospital stay (n = 45) or enoxaparin 
on an outpatient basis for 4 weeks (n = 39). In all, 30 patients 
per group completed the study requirements. In the surgical 
group, two patients (6.7%) presented complications of the 
surgical wound, one (3.3%) had SVT recurrence, and two 
(6.7%) had nonfatal pulmonary embolism. In the enoxaparin 
group, there was no progression of the thrombosis to the deep 
venous system or PE; there were two cases (6.7%) of minor 
bleeding and three (10%) recurrences of SVT. Even when the 
study found no statistically significant difference between the 
two groups in the treatment of SVT, the LMWH group 
demonstrated a significant socioeconomic advantage and con¬ 
firmed the efficacy of LMWH treatment in resolving symp¬ 
toms and signs and preventing DVT and PE. 

Prophylactic-dose LMWH has the advantage over other 
equally efficacious techniques in resolving symptoms and signs 
and preventing DVT and PE in cases without concomitant 
DVT. Patients treated with LMWH do not require hospitaliza¬ 
tion, present less adverse effects, do not require laboratory 
monitoring in most situations, have a low risk of bleeding, and 
treatment is less expensive if hospitalization is not required. It 
is generally felt that medical management with anticoagulants 
versus surgical treatment is somewhat superior for minimizing 
complications and preventing subsequent DVT and PE devel¬ 
opment. On the other hand, surgical treatment with ligation at 
the saphenofemoral junction combined with stripping (with or 
without perforator interruption) appears to minimize superfi¬ 


cial venous thrombus extension, which ultimately provides 
improved pain relief. 100 

Septic thrombophlebitis requires treatment with broad- 
spectrum intravenous antibiotics. If rapid resolution of the cel¬ 
lulitis occurs, no treatment beyond a short course of antibiotics 
and standard treatment for the superficial thrombophlebitis are 
required. However, if the patient becomes septic, excision of 
the infected vein is required. With positive blood cultures, an 
extended course of antibiotics specific for the identified organ¬ 
ism is indicated additionally. 

Most episodes of uncomplicated superficial thrombophlebitis 
respond to conservative management. However, the recurrence 
rate for superficial thrombophlebitis has been estimated as 
between 15% and 20%. 101-103 


CHRONIC VENOUS DISEASE 


Normal Venous Anatomy 

The lower extremity venous system is composed of deep, per¬ 
forating, and superficial veins (Lig. 102.1). 104 The common 
femoral, femoral, deep (profunda) femoral veins in addition to 
the popliteal and tibial/peroneal veins make up the deep sys¬ 
tem. There is a concerted effort to replace the once named 
“superficial” femoral vein with simply “femoral vein” to alle¬ 
viate the confusion the term “superficial” implies when treating 
what is actually a deep vein. The deep veins lie beneath the 
investing fascia of the muscles of the leg and thigh (the deep 
compartment). The saphenous veins have similarly undergone 
a change in name to the great saphenous (GSV) and small 
saphenous vein (SSV) to standardize the abbreviations that are 
otherwise extremely confusing. It has also become clear that 
the GSV and SSV lie within the superficial compartment and 
also within a saphenous compartment. The saphenous nerve 
lies within the GSV compartment, which places the nerve at 
risk of injury during surgery, but if the associated sensory loss 
occurs, it appears to have little impact on the patient’s quality 
of life. 105 The sural nerve lies in close proximity to the SSV 
within its compartment. The superficial veins outside the 
saphenous compartment are called accessory saphenous veins 
and lie parallel to the GSV or SSV. The term communicating 



FIGURE 102.1. Duplex image demonstrating the superficial compart¬ 
ment, which contains the saphenous compartment with great saphe¬ 
nous vein (GSV) (straight arrow) lying within and the deep compart¬ 
ment with femoral vessels (curved arrow) lying within. 
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vein is now reserved for those veins that interconnect with 
other veins of the same system, and the term perforating vein is 
reserved for those that penetrate the muscular fascia to connect 
superficial to deep. 104 In the past, perforating veins with rather 
constant anatomic location have been named for their discov¬ 
erer (e.g., Crockett, Boyd perforators), but more descriptive 
terms designating location are now preferred. 104 

The variability of the lower extremity venous system is well 
known, but only certain anatomic variations are of importance 
for current surgical practice. The popliteal and femoral veins 
have variable anatomy and are often duplicated much like the 
tibial veins. The deep femoral vein often connects directly or 
though tributaries to the popliteal vein. Although duplication 
of the GSV has been estimated to be present in up to 50% of 
patients in some studies, it is becoming evident that duplica¬ 
tions of the true GSV lying within the saphenous compartment 
may be less common. 106,107 The saphenofemoral junction often 
has at least four branches in addition to the GSV, but the 
arrangement and precise location of the branches is quite vari¬ 
able. The most cephalic branch is generally the superficial epi¬ 
gastric vein and is of some importance in new techniques for 
managing GSV reflux. The SSV is rarely duplicated (4%). 108 
Although the SSV appears to pierce the deep fascia in the upper 
third of the calf, in reality the membranous layer forming the 
roof of the SSV compartment is thickened, while the muscular 
fascia disappears, which positions the SSV between the gas¬ 
trocnemius muscle bellies. 108 In only 62% of limbs does the 
SSV actually end in the popliteal fossa. 108 The anatomy of the 
perforating veins becomes extremely important when consider¬ 
ing surgery aimed at preventing reflux in the lower leg. Cer¬ 
tainly, removing the GSV may not prevent the impact of perfo¬ 
rator reflux if one ignores the fact that the posterior tibial vein 
perforators connect the posterior accessory GSV with the pos¬ 
terior tibial veins, rather than forming a direct connection with 
the GSV proper. Similarly, not recognizing the presence of 
paratibial perforators can result in an unsuccessful operation 
aimed at preventing calf perforator reflux. 109 

With the exception of foot veins, the valves promote blood 
flow from superficial to deep and from caudal to cephalad in 
direction. The valves are made of a fine connective tissue skele¬ 
ton covered by endothelium and are generally bicuspid, deli¬ 
cate, and extremely strong. The tibial and peroneal veins con¬ 
tain about 7 to 19 valves each. The popliteal vein contains one 
or two valves, and the femoral vein generally has three. About 
70% of common femoral veins have a valve located within 1 cm 
of the inguinal ligament. Twenty-five percent of external iliac 
and 10% of the internal iliac veins have a valve. 110 The com¬ 
mon iliac vein generally has no valves. Within like lengths of 
the superficial venous system when compared to the deep 
veins, fewer valves are found (approximately seven to nine in 
the GSV and SSV). Perforating veins and even larger venules 
have venous valves. 110 

Variable numbers of venous lakes (1 to 18 sinuses) are 
found in the soleus muscle. These sinuses are valveless, floppy 
channels linked to small-valved venous channels that prevent 
reflux to the superficial system. The sinuses empty into the 
posterior tibial vein in the proximal calf. Within the gastroc¬ 
nemius muscle, there are interlacing valved venous networks 
that coalesce to form a pair of venous channels that empty into 
the popliteal vein. These intramuscular venous chambers store 
venous blood and are crucial to calf muscle pump function. 

The veins of the abdomen and pelvis begin at the inguinal 
ligament as the external iliac vein, which is joined medially by 
the internal iliac to form the common iliac vein. The internal 
iliac veins drain the pelvis via connections, such as the obtura¬ 
tor, gluteal, and internal pudendal veins and their interconnec¬ 
tions. To the right of the fifth lumbar vertebrae and aorta, the 
common iliac veins join to form the IVC. Compression of the 
left iliac vein by the right common iliac artery can lead to a 
venous obstructive condition, the May-Thurner syndrome. 
The IVC typically ascends to the right of the aorta and verte¬ 


bral column terminating in the right atrium. Its direct tribu¬ 
taries are the lumbar veins, the right gonadal vein, the renal 
veins, the right suprarenal vein, the right inferior phrenic vein, 
and the hepatic veins. Other named veins generally join one of 
these tributaries to empty into the IVC. Because of the embry¬ 
onic evolutions that lead to the “normal” IVC and its 
branches, variations are common. Duplication of the IVC 
occurs in 0.2% to 0.3% of cases, transposition or a left-sided 
IVC can occur in 0.2% to 0.5% of cases, and a retroaortic left 
renal (1.2%-2.4%) and circumaortic left renal vein 
(1.5%—8.7%) have also been reported. 111 In the face of IVC 
occlusion, veins of the chest and abdominal wall, the azygos 
and hemiazygos systems, and vertebral plexuses may play a 
prominent role in venous decompression. 


Normal Venous Physiology 

Under conditions of low volume or external pressure, many 
veins lying within muscle are demonstrated by duplex scanning 
to collapse in an elliptical configuration consistent with a thin 
vein wall and the lack of in situ external support. 112 With mus¬ 
cular relaxation, veins within these compartments change from 
an elliptical to a circular configuration to accept venous blood 
being emptied from the superficial system and delivered to the 
lower extremity by arterial inflow. Compliance is very high; in 
fact, increasing the venous volume by over two and one half 
times results in only a 0- to 15-mm Hg increment rise in pres¬ 
sure. 113 This allows a significant amount of blood (at least 
500 mL in the standing position) to become sequestered in the 
lower limb without a significant buildup of intraluminal pres¬ 
sure. However, once a vein reaches its full circular shape, further 
increases in venous volume result in a proportional increase in 
intraluminal pressure. The capacitance of the venous system has 
been met, and sustained venous hypertension results in decom¬ 
pensation noted as edema. Normally, modest exercise of the 
muscles will expel the blood volume and reset the capacitance of 
the venous system. 

In contrast to intramuscular veins, duplex scanning demon¬ 
strates that large axial veins (e.g., femoral, popliteal) collapse in 
a circular manner. Supported/tethered on all sides by connec¬ 
tive tissue, these veins are subject to equal external pressures 
along the vein wall and expand or collapse in a direct response 
to changes in volume. 114 Their compliance mimics that of an 
artery in that pressure changes are more reflective of volume 
changes. They are conduit rather than compliance vessels. 

The calf muscle and possibly the thigh muscles act as a 
pump, the “peripheral heart,” which can generate pressures of 
up to 300 mm Hg during exercise. 110 Muscle contraction pro¬ 
pels the blood toward the heart and lungs via the cephalad con¬ 
duit veins. The valves in the proximal superficial and deep veins 
open to allow blood to move forward. The perforating vein 
valves close to prevent venous blood reflux from deep to super¬ 
ficial veins, thereby preventing high pressures generated in the 
deep system from affecting superficial structures (i.e., skin, soft 
tissues). In addition, blood moves centrally during exercise by 
compression of the superficial veins between the deep fascia and 
skin, but the pressure generated is only 100 to 150 mm Hg. 110 
As the calf muscle relaxes, the flow/pressure gradient falls and 
proximal vein valve closure prevents reflux. Arterial blood then 
slowly fills the venous system; valves in the foot veins and per¬ 
forating veins open to allow the deep veins to fill from the super¬ 
ficial system replenishing the calf muscle pump venous sinuses. 

The vein valve functions in a four-phase cycle: opening, 
equilibrium, closing, and closed phase. During equilibrium, 
flow separation occurs at the valve edge, the flow splits into 
two streams with one of the streams directed into the valve 
sinus possibly aiding in a self-cleaning step (preventing stasis). 
When maximally open, the two cusps create about a 35% nar¬ 
rowing of the outflow lumen, which may aid in outflow. 115 It is 
interesting that most of the cycle has the valve in the open 
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position. Valve closure normally occurs within 0.5 to 1.0 sec¬ 
ond in response to retrograde blood flow and the loss of a 
pressure/flow gradient. 116,117 Closure time is somewhat depen¬ 
dent on the stimulus to closure, and a flow velocity of at least 
30 cm per second is required. 118 

An intravenous catheter placed into a foot vein can mea¬ 
sure changes in venous pressure over time and with movement. 
These measurements reflect normal venous hemodynamics in 
the distal superficial venous system. 110 When lying flat, a per¬ 
son’s normal lower extremity intravenous pressure is about 
15 mm Hg, but with standing the pressure rises to reflect the 
hydrostatic pressure of a column of blood from the heart to 
the foot catheter most reflective of the patient’s height (gener¬ 
ally ±90 mm Hg). A hemodynamic study of venous function 
involves pressure measurements obtained during controlled 
exercise. The venous filling time (VFT) is the time required to 
arrive at a steady-state pressure after standing. Ten steps (one 
per second) causes a drop in pressure, and the lowest pressure, 
called the ambulatory venous pressure (AVP), is generally less 
than 45 mm Hg. The venous refilling time (VRT) is the time 
required, following exercise, to reach the baseline erect pres¬ 
sure. It is normally greater than 20 seconds. This rather sim¬ 
plistic measurement reflects a complex interaction of the 
venous conduits, the property of the veins, and the action of 
the peripheral pump. 119 If one measures the venous pressure in 
deeper veins and in more central locations, the measurements 
would be considerably different, but such measurements are 
not commonly obtained in clinical practice. 


Prevalence and Impact 

Chronic venous disease (CVD) is a common, costly malady in 
Western countries. If one considers the entire spectrum of the 
disease, it affects more than 30 million Americans (more than 
half women). 120,121 Varicose veins are observed in 15% to 25% 
of the adult population. 122,123 Chronic venous insufficiency 
(CVI) is defined as venous pathology that results in advanced 
clinical symptoms (edema to venous ulceration). Skin changes 
suggestive of venous disease are noted in 6 to 7 million U.S. cit¬ 
izens, and venous ulcers occur in up to 2% of those with CVI 
(approximately 500,000 patients). 120,124 Population studies 
confirm these earlier clinical observations. 125 The most recent 
population-based study supported by duplex imaging and 
using a modified CEAP classification (see later) demonstrated 
that 5.8% of those studied presented with edema, whereas 
6.2% had skin changes and/or prior or active venous ulcers. 123 
Furthermore, the annual cost to treat venous ulcers is estimated 
at greater than $1 billion. 126 It is interesting that similar find¬ 
ings are noted throughout Europe. 127-131 Relevant risk factors 
for varicose veins are advanced age, a positive family history, 
female gender, multiparity, and obesity based on epidemiologic 
studies. 120,123,127,128,130-132 Risk factors for CVI are advanced 
age, positive family history, and obesity. 123,127,131 


Pathophysiology and Etiology 

Three pathophysiologic states exist: obstruction, valvular 
insufficiency, and calf muscle pump malfunction. These condi¬ 
tions reflect a failure of one or more of the components of the 
normal venous system and are not mutually exclusive. 

Venous obstruction causes an increased resistance to blood 
exiting the lower extremity. It was once thought that venous 
obstruction was rarely the major underlying hemodynamic 
problem in patients with CVD. However, there are currently 
data to suggest that venous occlusive disease in combination 
with venous insufficiency is found in 55% of patients with CVI, 
especially those with the most severe symptoms. 133 Certainly, 
evidence exists that past estimates of venous occlusive disease in 
the pathophysiology of CVI were underestimates of its impor¬ 


tance and prevalence. 133-135 The result is elevated intravenous 
pressure noted clinically as pain especially after exercise. 133 If 
the deep system is primarily involved, the increased pressure 
generated with each calf compression may impact the perforat¬ 
ing veins resulting in valvular malfunction and leading to 
venous hypertension in the superficial system and its capillary 
network. Asymptomatic primary iliac venous compression is 
quite common with intraluminal (27 ± 5%) and varying 
degrees of external compression (66%- 88%) observed in the 
general population. 136-141 Left common iliac vein compression 
by the right common iliac artery, as well as external iliac vein 
compression from the internal iliac artery on either side, have 
been described. 140,142 It has been suggested that the nonthrom- 
botic iliac occlusive lesion is a “permissive lesion” not clinically 
significant until other components of the lower extremity 
venous circulation fail, often presenting as valvular insuffi¬ 
ciency. 143 The good results of iliac vein stenting in patients with 
CVI even in the presence of untreated reflux might be explained 
by eliminating this permissive lesion. In one of the largest expe¬ 
riences treating ileofemoral venous occlusive disease involving 
nearly 1,000 patients, compression of the common iliac vein 
was seen in 36%, external iliac vein in 18%, and both sites in 
46% of limbs. 143 Of these patients, 53% of limbs had non- 
thrombotic compressive lesions (absent history of DVT, no 
venographic or ultrasound findings indicating previous DVT); 
40% had postthrombotic obstruction; and 7% had a combined 
etiology. Furthermore, 20% of the patients were men, and 25% 
of the symptomatic lower limbs were on the right side. Intralu¬ 
minal webs from repetitive trauma have been reported in 14% 
to 30% of symptomatic cases of the May-Thurner syndrome. 142 
Extrinsic compression of the iliac and pelvic veins may also be 
caused by tumor, fibrosis, or infection. Contents of a femoral 
hernia can crush the femoral vein, as can soft tissue tumors of 
the thigh. Arterial aneurysms can impinge on the femoral vein. 
The popliteal vein can be obstructed by a popliteal aneurysm or 
Baker cyst. 144 Aplasia of the vein or tumors of the vein wall have 
been described. 144,145 Deep venous thrombosis is associated with 
inflammation and thrombus resolution resulting in external vein 
wall scarring with stiffening and thickening, as well as intralu¬ 
minal recannulation with webs and bands. The venous valves 
are generally incorporated in the scarring process, leading to 
even more occlusive debris within the lumen. It is a common 
cause of venous occlusive disease due to its overall prevalence 
and association with chronic venous disease and clearly can 
involve any part of the venous system. 

Valvular insufficiency may occur in any part of the lower 
extremity venous systems. It accounts for 85% of symptomatic 
CVD cases with a 70% incidence of primarily superficial and 
30% primarily deep venous insufficiency (DVI) as determined by 
clinical experiences. 134,135 Duplex imaging studies suggest that 
patients with minimal disease (varicose veins or less) have super¬ 
ficial reflux while those with edema, skin changes, and past or 
present ulcers have increasing presence of perforator and deep 
disease. In those with more advanced venous disease, reflux 
alone is observed in 80%, reflux and obstruction in 17%, and 
only 29% had obstructive disease alone. 146,147 The presence of 
obstructive and reflux disease had the worse prognosis for the 
development of skin changes. 148 No matter the clinical stage, the 
superficial system is most commonly affected (90%) with GSV 
involvement in 70% to 80%, SSV in 15% to 20%, and non- 
saphenous veins in approximately 10%. The deep veins are 
involved in about 30% and perforator veins in about 20%. 146,147 
Those with the most severe sequelae of venous disease have 
superficial reflux in 74% to 93% with 17% to 54% having only 
superficial disease. 149-153 Fifty percent of patients have superficial 
with or without perforator disease, and less than 10% have iso¬ 
lated deep venous reflux. 152-155 In those patients with venous 
ulcers, two vein systems were involved in 50% to 70% of 
patients, and all three systems were involved in 16% to 50% of 
patients. Since these duplex imaging studies mainly involve 
imaging of the lower extremity veins, the influence of proximal 
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venous occlusive disease may well be underestimated. Reflux 
allows the transmission of high venous pressures to the lower 
leg, while standing, that cannot be relieved by exercise. Primary 
valvular insufficiency may rarely be a consequence of congenital 
absence of valves. 156 More commonly, venous valve prolapse 
(elongated, floppy valves) or defects in the vein wall that cause 
the valve ring to dilate can result in malfunctioning valve cusps 
with retained valve architecture. 157,158 The muscle cell dilating 
effect of estrogens may explain the genesis of varicose veins 
noted in the first trimester. Prolonged exposure to high venous 
pressures can cause vein dilation as occurs from an arteriovenous 
fistula or occupations requiring prolonged periods of standing. 
Roughly 50% of deep vein valvular dysfunction occurs sec¬ 
ondary to DVT, whereas the remainder appears to be of a pri¬ 
mary etiology with a 10% to 20% variance depending on the 
clinical experience being reported. 134,159-161 Inflammation and 
thrombosis associated with DVT tends to cause valve scarring, 
whether or not recanalization is complete, leaving damaged 
valve architecture in contradistinction to primary valvular insuf¬ 
ficiency. This classic differentiation between primary and sec¬ 
ondary (or postthrombotic) pathology does not clearly exist 
when subjected to direct observation of the veins and valves at 
surgery. In fact, the two conditions can be present in the same 
patient as noted some 20 years ago. 162 In these cases, the vein 
wall is thickened/fibrotic at the valve station or there is thicken¬ 
ing of the valve cusps and/or intima. Pathologic study of eleven 
such veins demonstrated clear postthrombotic changes in six, 
but phlebosclerosis of a nonthrombotic origin in the remaining 
five. 163 Clearly, preservation of a rather normal valve architec¬ 
ture can be explained if primary reflux and sustained high pres¬ 
sure on the wall is the cause of the changes noted. Another the¬ 
ory is that rapid resolution of acute thrombi, an event known to 
occur, may have allowed these valves to escape damage or the 
valve itself may not have been directly involved in the throm¬ 
botic process. 164 The fibrotic process involves only the vein wall, 
and the valve cusps become floppy by virtue of a decrease in wall 
diameter resulting from a thickened, noncompliant vein wall. 163 
The valve remains architecturally intact and can be repaired sur¬ 
gically, a situation once thought impossible in the postthrombo¬ 
sis patient. 

There can be failure of calf muscle pump function. The 
pump becomes unable to generate the force needed to eject 
blood from the leg while standing, resulting in sustained 
venous hypertension. Patients with muscle disuse (e.g., para¬ 
plegia, traumatic injury, elderly or bedridden patients) may not 
have sufficient muscle for effective exercise. Pathologic condi¬ 
tions that result in muscle fibrosis (e.g., muscular dystrophy, 
multiple sclerosis) can destroy the calf muscle pump. Throm¬ 
bus and scarring in the gastrocnemius and soleal veins can pre¬ 
vent blood from entering the pump resulting in a deficient ejec¬ 
tion volume with contraction. Calf pump function and ankle 
range of motion are progressively diminished with increasing 
severity of CVI. 165-168 Physical conditioning to improve calf 
pump function as a therapeutic maneuver has been studied in a 
small, randomized controlled trial and demonstrated improve¬ 
ment in both pump function and muscle strength. 169 With the 
exception of muscle rehabilitation, very little can be offered 
patients with some of these disorders. 

Regardless of the etiology, the sequelae of venous hyperten¬ 
sion/stasis are changes observed in the lower leg skin and sub¬ 
cutaneous tissues. Originally, ischemia from various causes 
was considered the etiology of the damage noted in the skin 
and soft tissue of the lower leg, especially ulceration. 170 More 
recent observations suggest that far from being simply an 
ischemic event, the end-organ response to venous hypertension 
is highly dynamic. The final answer is likely to involve a com¬ 
plex interaction of multiple factors that favor either continued 
destruction or the ultimate healing of the ulcer. Leukocytes, 
extracellular matrix, fibroblasts, and a host of other factors 
are recruited to heal the early endothelial injury and the more 
delayed soft tissue injury. 170 The soft tissue injury may result in 


a chronic ulcer that requires growth factors to force the 
process to healing. 171 Research remains active in this compo¬ 
nent of venous pathophysiology. 


Clinical Signs and Symptoms 

Venous disease presents in many ways. A telangiectasia, spider 
vein, is a confluence of dilated intradermal venules less than 1 mm 
in caliber. A reticular vein is a dilated bluish subdermal vein, 
usually 1 mm to less than 3 mm in diameter and usually tortu¬ 
ous. These venous abnormalities may or may not be accompa¬ 
nied by a larger, more deeply located, pathologic vein. 

Hereditary varicose veins usually appear during the second 
decade of life. If a secondary etiology is involved (e.g., throm¬ 
bosis, trauma), varicosities often present several years after the 
inciting event. These veins appear alone or in clusters as 
dilated, often bluish, serpentine, and palpable protrusions of 
branches of the GSV, SSV, or collateral veins lying beneath the 
skin within the subcutaneous tissues. Symptoms may be those 
associated with any type of CVD. 

CVD can result in pain, edema, hyperpigmentation, stasis 
dermatitis or eczema, and/or venous ulcers. These changes 
often occur in the “gaiter” area just above the medial malleo¬ 
lus. Important perforating veins lie in this area. The observed 
hyperpigmentation is thought to result from extruded red 
blood cells that are degraded by macrophages leaving hemo¬ 
siderin deposits. 

Venous claudication is a pain syndrome experienced when 
walking and is associated with cyanosis, a sensation of 
increased swelling, and increased prominence of the superficial 
veins, which is relieved with rest in combination with elevation 
of the extremity. 133,172,173 It may be so severe in rare cases that 
amputation is requested. 174 The most severe form is observed 
when venous incompetence is associated with obstruction and 
when the obstructive process is in a more proximal locale. 175 

Critical to patient management and treatment evaluation is 
an accurate classification of the disease at any given time. Each 
patient should be stratified according to the clinical picture, 
the etiology, the anatomic distribution, and the pathophysiol¬ 
ogy (CEAP) classification system. 176 This classification system 
helps the physician to define the venous disease so that a 
focused and appropriate management strategy can be formu¬ 
lated. An extension of the clinical classification system is avail¬ 
able to quantify the extent of venous disease and, therefore, to 
evaluate the patient’s clinical response to treatment. 177,178 The 
anatomic and pathophysiologic improvement following a 
treatment of venous disease can be scored using the Venous 
Segmental Disease Score, 178 whereas the Venous Disability 
Score provides some information of what a person can do 
while afflicted with venous disease. 178 Quality of life (QOL) 
surveys have been developed specifically for patients with 
venous disease to help determine the impact of the disease on 
the patient’s life and the effect therapy has on the patient’s over¬ 
all well-being. 179-182 Consistent application of these surveys to 
the postsurgical outcome of patients has yet to be achieved, but 
is imperative to improve our ability to precisely determine the 
effect and benefit of a given intervention. 


Diagnostic Evaluation 

The diagnosis of CVD begins with a thorough history and 
physical examination. The history is important to provide 
hints to familial coagulation disorders or events in the patient’s 
history that may impact the care of the chronic disorder. Use of 
the CEAP clinical classification (Table 102.3) will provide a 
snapshot of the patient being examined, whereas use of the 
more detailed venous clinical severity score (Table 102.4) will 
allow some impression of how any therapy is performing on 
the patient’s behalf. 
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TABLE 102 

.3 CLASSIFICATION! 

CLINICAL CLASSIFICATION OF CHRONIC VENOUS DISEASE 

■ CLASS 

■ DESCRIPTION 

0 

No visible or palpable signs of venous 
disease 

1 

Telangiectases and/or reticular veins 

2 

Varicose veins 

3 

Edema 

4a 

Skin changes (pigmentation and/or eczema) 

4b 

Skin changes (lipodermatosclerosis and/or 
atrophie blanche) 

5 

Healed venous ulcer 

6 

Active venous ulcer 

S (in addition 
to the class) 

Symptoms including ache, pain, tightness, 
skin irritation, heaviness, muscle cramps as 
well as other complaints attributable to 
venous dysfunction 

A (in addition 
to the class) 

Asymptomatic 


Venous duplex ultrasonography provides a B-mode image 
of the vein as well as spectral analysis of the blood flow within 
it. It is essential to clarify the etiology (E of CEAP; congenital, 
primary, or secondary), better define the anatomic location (A 
of CEAP; specific veins can be imaged with spectral analysis to 
determine reflux), and aid in determining the pathophysiology 
(P of CEAP; reflux, obstruction, or both) of the venous prob¬ 
lem. Once considered unnecessary in the evaluation of patients 
with simple varicose veins, it has become common practice 
prior to intervention for superficial reflux due to anatomic vari¬ 
ability, variability in veins affected, and the need for precise tar¬ 
geting of veins during endoluminal intervention. 106,183-185 
Venous duplex imaging clearly visualizes deep and perforator 
veins and valves as well. 

Valvular insufficiency is defined as prolonged reflux time 
through a valve following a provocative test. A reflux time of 
more than 0.5 second is considered abnormal with a rapidly 
deflating distal cuff during the provocative test, whereas 
longer than 1.0 second is considered the cutoff following man¬ 
ual compression. 116,117 A recent study suggests that these val¬ 
ues may be appropriate for the deep calf veins, but that 1.0 
second should be the cutoff for larger femoropopliteal veins 
even when using the rapidly deflating distal cuff method. 186 
The latter has yet to be confirmed by other investigators. The 
examination is performed in the upright position in these 


TABLE 102.4 DIAGNOSIS 


VENOUS CLINICAL SEVERITY SCORE 


■ ATTRIBUTE 

■ ABSENT 0 

■ MILD 1 

■ MODERATE 2 

■ SEVERE 3 

Pain 

None 

Occasional, not restricting 
activity or requiring 
analgesics 

Daily, moderate activity 
limitation, occasional 
analgesics 

Daily, severely limiting 
activities, regular use of 
analgesics 

Varicose veins'* 

None 

Few, scattered: branch Ws 
with competent GS/SS 

Multiple: single-segment 
GS/SS reflux 

Extensive: multisegment 
GS/SS reflux 

Venous edema^ 

None 

Evening ankle edema only 

Afternoon edema, above 
ankle 

Morning edema above 
ankle and requiring activity 
change, elevation 

Skin pigmentation 6 

None or focal, 
low intensity 
(tan) 

Diffuse, but limited in area 
and old (brown) 

Diffuse over gaiter 
distribution (lower 1/3) or 
recent pigmentation (purple) 

Wider distribution (above 
lower 1/3) and recent 
pigmentation 

Inflammation 

None 

Mild cellulitis, limited to 
marginal area around ulcer 

Moderate cellulitis, involves 
most of gaiter area 

Severe cellulitis (lower 1/3 
and above) or venous 
eczema 

Induration 

None 

Focal, circummalleolar 
(<5 cm) 

Medial or lateral, less than 
lower third 

Entire lower third of leg or 
more 

No. of active ulcers 

0 

1 

2-4 

>4 

Active ulceration, 
duration 

None 

<3 mo 

>3 mo and <1 y 

Not healed >1 y 

Active ulcer, size^ 

None 

<2 cm diameter 

2-4 cm diameter 

>4 cm diameter 

Compressive 

therapy 6 

Not used or 
not compliant 

Intermittent use of 
stockings 

Wears elastic stockings 
most days 

Full compliance: stockings 
+ elevation 

GS, greater saphenous; SS, small saphenous; W, varicose vein. 

^Varicose veins must be >4 mm diameter to qualify so that differentiation is ensured between Cl and C2 venous pathology. Occasional or mild 
edema and focal pigmentation over varicose veins does not qualify for C3 or C4. 

^Presumes venous origin by characteristics (e.g., brawny [not pitting or spongy] edema), with significant effect of standing/limb elevation and/or other 
clinical evidence of venous etiology (i.e., varicose veins, history of DVT). Edema must be regular finding (e.g., daily occurrence). Occasional or mild 
edema does not qualify. 

c Focal pigmentation over varicose veins does not qualify. 

^Largest dimension/diameter of largest ulcer. 

e Sliding scale to adjust for background differences in use of compressive therapy. 

Reproduced with permission from Rutherford RB, Padberg FT Jr, Comerota AJ, et al. Venous severity scoring: an adjunct to venous outcome 
assessment. J Vase Surg 2000;31:1307. 
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reports. Many other provocative maneuvers to generate 
venous reflux exist (Valsalva, standardized Valsalva, etc.) in 
addition to performing the test in different positions (e.g., 
15% Trendelenburg, sitting). 187 Each may be acceptable if 
standardized for an individual laboratory and supported by 
the literature. Venous obstruction is seen as thickened, 
scarred, and constricted veins with poor flow and diminished 
augmentation following distal and/or proximal compression. 
Respiratory variation is lost as a result of local disease or 
proximal occlusion. Similar imaging and spectral analysis 
can be performed to determine obstruction or insufficiency in 
the superficial and perforator veins. Reflux in the superficial 
system is considered abnormal with parameters similar to the 
deep calf veins and is determined by provocative compres¬ 
sion. 187 Disease within the SSV should not be ignored 
because it can have a significant clinical impact as an isolated 
event. 188 Incompetent perforating veins are generally larger 
in diameter, thereby allowing a larger volume of blood flow 
during reflux, and are considered to demonstrate reflux with 
a reflux time longer than 0.5 second. 185 There is some 
thought that this cutoff should be decreased to 0.35 second, 
but currently the 0.5-second cutoff remains used in most lab¬ 
oratories. 186 By imaging the entire lower leg venous system, 
the surgeon is provided a detailed roadmap of all veins with 
confirmation of obstruction or reflux if present within seg¬ 
ments commonly separated by valves. Of course, isolated 
venous valvular insufficiency or obstruction may have little 
clinical impact on the patient, and therefore clinicians have 
attempted to quantify the pathology by adding up segmental 
disease, determining mean duration of reflux, determining 
peak reverse flow velocity, and so forth. 117,174 Although aver¬ 
age scores correlate with disease severity, individual results 
have little predictive value, and therefore, these methods 
have not been widely adapted. The issue of common stan¬ 
dards for the performance and interpretation of venous 
duplex studies still plagues efforts to define venous disease, 
but many find it the most versatile and reproducible imaging 
device currently available. 187,189 This is often the only diag¬ 
nostic evaluation needed for the evaluation of superficial and 
even perforator disease requiring treatment as a first stage in 
patient management. 

A difficult area of investigation from a noninvasive per¬ 
spective is the pelvic, abdominal, and chest veins. CT and MRI 
can provide details of anatomy and the effect of surrounding 
structures in areas not visualized by duplex evaluation. 190-192 
However, as with all vascular laboratory studies, clinical cor¬ 
relation is mandatory because anatomic presence does not nec¬ 
essarily translate into a clinical problem. For example, iliac 
vein compression is commonly seen in an asymptomatic popu¬ 
lation. 136-141 These studies can be particularly useful in evalu¬ 
ating for pelvic congestion syndrome. 193 

Plethysmography assesses the overall hemodynamics of the 
lower extremity venous system. Air plethysmography (APG) 
can measure several venous hemodynamic parameters and is 
the study currently most used. A plastic cylinder filled with air 
is fitted over the calf and foot. Changes in leg volume with 
positional change or exercise are detected by pressure changes 
in the cylinder. The venous filling index is 90% of resting 
standing venous volume (W) divided by the time it takes to 
reach 90% of VV as the patient shifts from the supine to 
standing position (mL/s). A venous filling index of 2 mL/s or 
less is indicative of a competent venous system, and higher 
values suggest venous insufficiency. 194,195 The use of tourni¬ 
quets to separate superficial from deep or perforator disease 
has not been reliable, but it can be useful in specific cases. 196 
After an erect baseline reading, patients exercise by dorsiflex- 
ion or heel raises to empty the calf veins. The ejection fraction 
is the amount of blood propelled cephalad with a single mus¬ 
cle contraction divided by W. After a series of 10 ankle flex¬ 
ions, the volume remaining in the leg is referred to as the 
residual volume and when divided by the VV is called the 


residual volume fraction. An ejection fraction of greater than 
60% and residual volume fraction of less than 35% suggests 
that the calf pump is working well. 167,197 The residual volume 
fraction is relatively equivalent to the AVP. 126,196 Significant 
outflow obstruction is determined by occluding venous out¬ 
flow until a stable plateau is reached. The thigh cuff causing 
the venous occlusion is rapidly deflated, and the difference 
between maximal volume and that volume present 1 second 
later divided by the total calf volume is called the outflow 
fraction (OF). Normally, 38% or more of venous blood is 
expelled from the leg in 1 second. 195 Several other plethysmo- 
graphic methods (e.g., impedance, photo) and even light 
reflex rheography have evaluated similar venous parameters. 
The ability of these techniques to reliably eliminate the pres¬ 
ence of significant venous occlusion in patients with CVD is 
questioned. 178,198 Although these plethysmographic methods 
can differentiate patients with severe CVI (class 3 or greater) 
from those without disease, stratification by symptom sever¬ 
ity is not possible, and therefore, its use in the treatment of 
patients with minor symptoms, such as varicose veins or 
telangiectases, is also questionable. 187 Because these studies 
do not provide an anatomic image of the venous system or 
evaluation of individual venous valve function, many physi¬ 
cians combine one of these studies as an estimate of global 
hemodynamics, in patients with advanced disease (clinical 
grade 3 or higher), with ultrasonography to complete the 
venous evaluation. 

As in acute venous disease, venography has no significant 
role in the initial evaluation of patients with CVD. Ascending 
venography can suggest venous occlusion when duplex imag¬ 
ing clearly demonstrates an open system. 189 Even the presence 
of significant collaterals on transfemoral venography may 
underestimate the degree of venous occlusion documented by 
intravascular ultrasound. 133,199 The use of ascending venogra¬ 
phy is selectively used in specific cases to complement nonin¬ 
vasive studies when considering intervention in the deep 
venous system. 

The technique of descending venography has been well 
described. 200 Descending venography is used to determine valve 
leaflet integrity and anatomic location, and to demonstrate the 
extent of reflux. 200 Assessment of the competence of the pro¬ 
funda femoris venous system in addition to the femoral system 
is imperative. If it is a competent system, it may be a source for 
a valve transposition or may predict success with an isolated 
proximal femoral vein repair. 201-203 Certainly, descending 
venography is not infallible in determining the presence or 
absence of a normal valve. 163 Raju et al. report that descending 
venography misrepresented the presence of a valve in 11 % of 
cases (a valve considered present was not at operation) and 
missed an intact valve in 25% of cases (a valve thought absent 
was actually present). 163 However, when combined with a care¬ 
ful venous duplex examination, it is currently the best method 
available to determine preoperatively if an in situ reconstruc¬ 
tion will be possible. 

Intravenous pressure measurements can aid in the diagno¬ 
sis of venous disease, but is invasive and generally used only 
when invasive surgery of the deep system is being considered. 
This study can help to determine the overall magnitude of 
reflux. 126 AVP has been shown to correlate with the presence 
of venous ulceration, with each 10-torr increase above 30 torr 
corresponding to a 10% to 15% increase in the incidence of 
venous ulceration. 204 Direct lower limb intravenous pressure 
measurements obtained prior to and after thigh cuff compres¬ 
sion and compared to arm intravenous pressure have been 
suggested as a method to determine the presence or absence of 
venous obstruction and to determine if obstruction is compen¬ 
sated or not. 163,205 The inventors of this intravenous measure¬ 
ment now question the reliability of this or any other hemody¬ 
namic studies to accurately rule out significant iliac obstruction 
and recommend intravenous ultrasonography to clarify the 
issue. 198 Although intravenous pressure measurements and 


Chapter 102: Venous Disease 


1789 


venography were once the gold standard for evaluating venous 
disease, duplex scanning with the addition of plethysmo- 
graphic or intravascular ultrasonographic techniques, in spe¬ 
cific cases, are the anatomic and functional tests of choice in 
current medical practice. 194 


Treatment Options and Results 

Medical Therapy. Compression has been the mainstay of 
the medical treatment for all stages of CVI for centuries. The 
goals are to manage clinical symptoms and to control venous 
hypertension. Roughly speaking there are two types of com¬ 
pression: elastic (e.g., support stockings or long stretch ban¬ 
dages) and inelastic (e.g., Unna paste boot, short stretch ban¬ 
dages, multilayer (four-layer) bandage or Velcro band devices). 
The degree to which any particular bandaging is one or the 
other will depend on the care provider who applies the com¬ 
pression along with other factors. The mechanical effect is 
dependent on the level and type of compression as well as the 
underlying venous pathology. Initial narrowing of deep and 
superficial calf veins on standing as determined by duplex 
imaging is observed at 20 mm Hg. 206 There is a trend to 
decreasing residual venous volume and venous filling index, 
which translates into decreased edema and improved quality of 
life (QOL) data in those with early mild disease. 207-210 Consis¬ 
tent narrowing of superficial and calf veins occurs at a median 
of 30 to 40 mm Hg pressure on standing, whereas complete 
occlusion occurs at a median pressure of 70 mm Hg. Complete 
occlusion is not the goal. At 30 mm Hg and standing, inelastic 
bandages significantly decrease the venous filling index and 
venous volume in patients with venous ulcers and deep venous 
reflux. 207 It took 40 mm Hg to decrease the venous filling index 
when using elastic stockings. The higher the pressure exerted 
up to 60 mm Hg, the more impressive the changes in residual 
venous volume and decrease in venous filling index. 207 Thera¬ 
peutic calf compression improves calf muscle pump function 
expressed as a reduction in residual volume fraction during 
walking as well. 211 Thigh compression was helpful in reducing 
great saphenous and femoral vein diameter (by duplex imag¬ 
ing) at a constant pressure of >40 mm Hg and reduced venous 
reflux (by APG) at 60 mm Hg. 212 Overall, these effects on the 
underlying veins help to improve the venous pump and decrease 
the venous volume in the lower extremity. It is interesting that 
elastic stockings maintain a rather constant pressure during 
exercise and at rest. Alternatively, inelastic wraps demonstrate a 
more dramatic increase in pressure during exercise since they do 
not stretch but have decreasing pressure with recumbence as the 
edema exits the leg and the bandage maintains its shape. 213 This 
may explain why inelastic wraps are much better tolerated 
when left on day and night. It also explains why such compres¬ 
sion should be changed more frequently early in treatment and 
less frequently later as the degree of edema requiring control 
lessens. 

There are data to suggest that extended use of elastic com¬ 
pression may impede the microcirculation and thereby jeopar¬ 
dize tissue viability. 214 However, it is also apparent that com¬ 
pression has a positive influence on the local skin and soft 
tissues in the face of edema. A compression stocking at 30 mm 
Hg of compression will significantly improve the capillary fil¬ 
tration rate in patients with C 4 _ 6 disease, and stiffer stockings 
do better. 215 By decreasing the subcutaneous pressure in the 
perimalleolar area, medium and strong compression can pro¬ 
mote extracellular fluid reabsorption and improve sodium 
subcutaneous tissue clearance. 216,217 There are data to indicate 
that skin transcutaneous oxygen tension is diminished and the 
skin capillary density depressed as a result of venous insuffi¬ 
ciency, but this can be improved with compression (edema 
reduction). 218,219 Compression can increase microcirculatory 
flow velocity and may ameliorate the inflammatory injury 
and fibrosis associated with chronic venous insuffi¬ 


ciency. 213,218,220,221 Cytokines, such as vascular endothelial 
growth factor and tumor necrosis factor, decrease with com¬ 
pression therapy and correlate with ulcer healing. 222 Further¬ 
more and in contradistinction to the first statement in this 
paragraph, standard compression can actually increase arterial 
blood flow in some circumstances. 213,223 The lymphatic system 
is involved in this derangement, which can also be improved 
with compression. 219 In those with significant arterial oc¬ 
clusive disease (especially with ABI <0.50 and even 0.80 in 
some cases), compression is contraindicated since an external 
pressure could decrease the distal perfusion to critical 
levels. 213,224-226 This may especially be true for elastic com¬ 
pression garments since constant pressure is applied. However, 
inelastic bandages applied with a resting pressure of less than 
20 mm Hg and used with active exercise reduce edema and 
increase arterial flow similar to the use of intermittent pneu¬ 
matic compression. 227 

Evidence-based medicine confirms our clinical impression 
and has been applied to the use of compression garments for 
the treatment of CVI. Two areas have substantial evidence to 
demonstrate that compression is statistically beneficial. First, 
elastic compression stockings (30-40 mm Hg) significantly 
reduce the incidence of the postthrombotic syndrome after an 
episode of DVT. 228,229 Second, compression increases ulcer 
healing rates when compared to no compression. Multilayered 
systems are more effective than single-layered systems, and 
high compression (25-35 mm Hg at ankle) is more effective 
than low compression, but there is no clear difference in the 
effectiveness of different types of high-compression dressings 
(three layer, four layer, short stretch, Unna boot) (recommen¬ 
dation grade A). 228,229 High-compression (30-40 mm Hg) 
stockings can be used to heal ulcers with an expected 90 + % 
rate of healing within 6 months. 230,231 The compliant patient 
can expect healing rates in the 90% range, whereas those non- 
compliant may have healing in only 50% of cases. 230,231 The 
evidence for the use of compression for other clinical stages of 
CVI is less clear and best studied by an initiative of the Inter¬ 
national Union of Phlebology with grade B recommendations 
defined as those based on only one large or several smaller ran¬ 
domized controlled trials (RCTs) and grade C recommenda¬ 
tions based on observational studies or consensus meetings. 
Certainly, compression aids in preventing the recurrence of 
venous ulcers, but the optimal pressure and type of compres¬ 
sion is not clearly defined (recommendation grade B). 213,229,232 
In one study, recurrence of the ulcer was nearly ensured if the 
patient was noncompliant in the use of maintenance compres¬ 
sion, whereas only 29% of those compliant experienced a 
recurrence. 230 The prophylactic use of compression in patients 
with a prior venous ulcer appears cost-effective. 233 There is 
Grade B evidence for the use of compression stockings in 
C 0 s,is ,3 afflicted patients (10-21 mm Hg in the first two and 
23-32 mm Hg in the latter) to relieve symptoms. 213,229 Patients 
with varicose veins both asymptomatic (23-32 mm Hg) and 
symptomatic (34-46 mm Hg) may be helped with compres¬ 
sion stockings (recommendation grade C). 213,229 

In the final analysis, inelastic wraps or multilayer wraps are 
preferred for the therapy phase of venous disease (ulcer healing), 
but compression stockings of sufficient strength are also effec¬ 
tive. When the ulcers are healed and the extremity is relatively 
free from edema, elastic wraps such as compression stockings are 
used to maintain a stable clinical condition (maintenance phase). 
In addition, elevating the legs when possible during the day, 
avoiding prolonged periods of standing or sitting, and elevating 
the foot of the bed 4 to 6 inches above the heart while sleeping 
are adjuvant components of conservative therapy. 234,235 

Intermittent pneumatic compression (IPC) provides pulsatile 
emptying of the venous system and can have a positive impact 
on the inflammatory injury and fibrosis associated with 
CVI. 213,220 A Cochrane review with last update in 2008 found 
conflicting results when IPC was used alone or as an adjuvant to 
compression therapy to heal venous ulcers. 236 Certainly, one 
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ALGORITHM 102.2. Treatment of chronic venous insufficiency. 


RCT of 45 patients has demonstrated its use in patients with 
long-standing ulcers (at least 3 months’ duration) comparing 
standard ambulatory compression with or without the addition 
of IPC. At 3 months, 10 of 21 ulcers healed with the addition of 
IPC, whereas only 1 of 24 healed with standard care. 237 It does 
appear to aid in healing very recalcitrant ulcers with sufficient 
raw data to allow Centers for Medicare & Medicaid Services 
(CMS) to permit payment after all other compression therapies 
have been unsuccessful. 

Structured exercise can improve dynamic muscle strength 
and calf muscle pump function in patients with essentially all 
levels of CVI from varicose veins to venous ulceration. 169,238,239 
It is unclear whether such exercise improves ulcer healing rates 
per se. 

In Europe, various oral agents (e.g., diosmin, rutoside) have 
been touted to improve the feeling of heaviness, fatigue, and 
even edema of CVD, but these agents are not available in the 
United States. Drugs potentially useful in treating patients with 
venous ulcers are available in the United States. Pentoxifylline 
provides a small incremental benefit in ulcer healing and works 
best as an adjunct to compressive therapy. 240 The trade-off 
appears to be a greater percentage of gastrointestinal adverse 
effects. Prophylactic use of systemic antibiotics in the treatment 
of venous ulcers is not recommended and may select only resis¬ 
tant organisms. One randomized clinical trial in 47 patients 
compared elastic support bandages only versus those also 
treated with systemic antibiotics. There was no statistical dif¬ 
ference in healing rates of ulcers or in changes of the microbio¬ 
logic flora. 241 Certainly, an established infection (cellulitis or 
deeper) must be treated as it would be at any site. 

Topical pharmaceuticals have been evaluated as a means of 
improving venous ulcer wound healing. Topical antibiotics have 
found little use in this capacity and may retard wound healing 
and cause allergic reactions. 242 Growth factors and cytokines, in 
addition to compression, when provided as isolated topically 


applied agents, have not demonstrated efficacy when compared 
to placebo. Reviews of the literature demonstrate inconsistent 
results or studies with insufficient data to determine with any 
certainty the efficacy of such adjuvants. 243,244 Several topical 
dressings applied on the ulcer bed and beneath the compression 
dressing have been investigated to determine if ulcer healing 
could be improved. Hydrocolloids (e.g., DuoDERM), foams 
(e.g., Allevyn), alginates (e.g., Sorbsan), hydrogels (e.g., Intra- 
Site gel or Debrisan) and others (e.g., OpSite) have been studied. 
Insufficient data are available to make firm conclusions, but it is 
clear that the nature and amount of the exudates present may 
provide a rationale for the benefit of one or the other of these 
dressings in a given patient. 245-247 The failure of medical mea¬ 
sures or patient dissatisfaction with the results being obtained 
initiates a more invasive approach. 

Surgical Therapy. The use of surgical intervention in the 
realm of venous disease as in all areas of vascular surgery is dri¬ 
ven by the documented presence of disease, the risk of the inter¬ 
vention planned, and the expected outcome (Algorithm 102.2). 

Telangectasia, Reticular Veins, Branch Varicose Veins. Percuta¬ 
neous laser energy can be used to treat telangiectasias up to 0.7 
mm in diameter with reasonable success. For matting and telang¬ 
iectasias less than 0.5 mm diameter, the flashlamp pumped dye 
laser (595-nm wavelength) is well studied. 248 The potassium 
titanylphosphate (KTP) laser of wavelength 532 nm is applicable 
to those 0.7 mm or less. 249 Since melanin is the prime competing 
light absorber to hemoglobin in the body, the increased epider¬ 
mal melanin in the tanned skin risks long-lasting hyperpigmen¬ 
tation, and therefore, percutaneous laser therapy should not be 
preformed in those with a suntan. 

Sclerotherapy (needle injection of caustic solutions directly 
into superficial veins) has long been advocated for treating 
varicosities remaining after saphenous ablation, small isolated 
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varicosities, telangiectasias, and reticular veins. 250-252 Scle¬ 
rotherapy alone appears an effective treatment for branch vari¬ 
cosities in patients without major saphenous reflux and 
appears effective when combined with GSV ablation to control 
branch varicosities. 253-255 The most common sclerosing agents 
are sodium tetradecyl sulfate, sodium morrhuate and hyper¬ 
tonic saline (23.4%) with some use of combination of 25% 
dextrose with 10% saline. Polidocanol used extensively in 
Europe is not yet commercially available in the United States. 
Most agents are not specifically approved by the FDA for scle¬ 
rosing veins but have been used for decades in many cases and 
in some were available before FDA approval was required (e.g., 
sodium morrhuate). 256 All act to damage the vein endothelium, 
inducing inflammation and scarring with ultimate lumen col¬ 
lapse. 250,256 Foam sclerotherapy is the addition of air to liquid 
sclerosing agents, particularly detergent sclerosants, to allow a 
more protracted contact of sclerosing agent to the vein wall. 
The technique is the current technique of choice for many phle- 
bologists, especially for larger veins. 253,257 Modification of the 
sclerosing agents, by producing a foam, adds a component to 
the agent that converts its use to off-label. The exact concen¬ 
tration of sclerosant, liquid or foam, used for sclerotherapy is 
dependent on vein size and agent used. 250,256 These interven¬ 
tions are generally outpatient procedures. 

Common complaints including burning, stinging, itching, 
and muscle spasm are observed with sclerotherapy injec¬ 
tions. 258,259 Extravasation of the agent can cause fat or skin 
necrosis, ulcerations, and/or hyperpigmentation of the sur¬ 
rounding skin. 258 Posttreatment veins are often brown as 
opposed to the blue-red pretreatment color. Microthrombec¬ 
tomy appears to reduce postsclerotherapy pigmentation, espe¬ 
cially in veins 1 mm or less in diameter. 260 Other potential com¬ 
plications of sclerotherapy include allergic reactions and 
toxicity if too much agent is used at one sitting. 250,258 Therefore, 
a limited amount of sclerosing agent is typically injected during 
a single setting. Rarely, ocular events or even cerebrovascular 
events have been observed following foam sclerotherapy and, 
therefore, must be discussed with the patient prior to its 
use. 259,261 

Phlebectomy (ambulatory phlebectomy, stab avulsion, stab 
phlebectomy, microphlebectomy, and microextraction are syn¬ 
onymous terms) is a technique in which varicose veins are 
removed through small stab incisions with hooks or small mos¬ 
quito clamps used to pull the vein from its bed. Several phle¬ 
bectomy instruments are available. 262 It can be performed in an 
ambulatory setting with local anesthesia or in conjunction with 
a more invasive procedure and more extensive anesthesia. One 
small randomized controlled study suggests that this approach 
may have improved results over sclerotherapy. 263 Which 
approach is best remains a point of contention in the literature. 
In some cases, the need for reintervention may be tolerable 
based on the minimally invasive nature of the procedures. 
Complications are generally minor and of low risk (<2%) 
including development of telangiectasia, blistering, hyperpig¬ 
mentation, and missed varix. 264 Tumescent anesthesia has 
allowed for extensive interventions with little pain on an ambu¬ 
latory basis. 265 Such field anesthesia allows for another method 
of phlebectomy, powered phlebectomy, involving a modified 
arthroscopic shaver with transillumination, which allows 
venous clusters to be illuminated, morcellized, and aspirated. 
When compared to ambulatory phlebectomy, there is no bene¬ 
fit in patient cosmetic scores or satisfaction, and the recurrence 
rate at one year is 15% higher. 266 The added cost and lack of 
patient preference will likely prevent this technique from 
becoming widely adopted. 

Saphenous Vein Stripping/Ablation. Duplex imaging of 
patients prior to invasive saphenous treatment has proven that 
not all saphenous veins per se are incompetent when varicosities 
exist. In such cases, saphenous preservation leads to good 
results. 267 If saphenous insufficiency is present, some method of 


controlling reflux is required for best results. Removing the 
refluxing vein from the venous system is the current best solu¬ 
tion. The vein can be stripped from its bed and discarded. The 
procedure is called saphenous vein high ligation and stripping. 
Tower leg deep venous occlusive disease is not an absolute con¬ 
traindication to removal of the saphenous system and may 
actually be indicated in patients with mixed obstruction/reflux 
disease and is often the first step in cases of combined deep and 
superficial insufficiency. 268,269 Preoperatively, with the patient 
standing to fully dilate the veins, the varicosities are marked 
with a permanent marker for later operative visualization. The 
operation includes ligation and disconnection of the GSV at the 
saphenofemoral junction followed by complete removal of 
the vein to the knee. If the below knee greater saphenous vein is 
incompetent based on preoperative diagnostic studies, it may 
also be excised. The method of vein removal may involve the 
introduction of long metal or plastic stripping wires with 
removable heads of varying size (i.e., Codman), the perforate 
invagination (PIN) stripper, or various other devices aimed at 
pulling the vein from the leg. 270,271 Both GSV and SSV can be 
treated by these methods, taking into account required patient 
positioning and anatomic variability especially of concern in the 
case of the SSV. 270 Among properly selected patients undergoing 
GSV high ligation and stripping, recurrent saphenous varicosi¬ 
ties will be noted in less than 25% of cases at 2 years, but 
increases to 41% at 5 years and 62% at 11 years depending on 
the rigor of patient evaluation. 271-273 These results serve to high¬ 
light the chronicity of varicose vein disease and places in per¬ 
spective the expectations for other forms of saphenous ablation. 

Another method of removing the GSV from the venous cir¬ 
culation is to thermally heat the inside with radiofrequency¬ 
generated heat. 274,275 Placed percutaneously or rarely by 
venous cutdown, the probe is sequentially heated throughout 
the length of the GSV. Tumescent anesthesia is administered 
within the saphenous compartment providing anesthesia, a 
heat sink, and some venous compression during the procedure. 
The cumulative vein occlusion rate reported from a venous 
registry is 87.2% at 5 years. 276 Nearly 6% of patients had SSV 
and accessory saphenous vein interventions in this registry. 
Direct comparison to standard GSV vein stripping demon¬ 
strated comparable results in terms of recurrent varicose veins 
(14.3% vs. 20.9%) with an improved quality of life score even 
2 years after surgery. 277 The newest rendition of this procedure 
involves using a 7-cm-long heating probe placed at the end of 
the catheter, which is heated to 120°C for 20-second intervals 
sequentially down the length of the vein. The time for ablation 
is significantly decreased, and early work would suggest that at 
6 months all veins were effectively removed from the venous 
circulation (99.6%). 278 Fong-term results are not available for 
this latest technical modification. 

Alternatively, laser energy of various wavelengths 
(810-1,320 nm) delivered via a 600-|xm bare-tipped fiber will 
cause a localized thermal injury to the vein wall. 279-281 Early 
success is excellent with 90% to 100% freedom from recur¬ 
rent varicosities. Elimination of reflux at a rate of 80% has 
been documented in 3-year follow-up. 282 Some have found 
utility of this newer method for the SSV. 280 High-volume 
tumescent anesthesia provides a heat sink and, therefore, pro¬ 
tection from collateral heat damage. When delivering endolu- 
minal therapy aimed at obliterating the vein lumen, energy is 
delivered beginning about 1 to 2 cm below the superficial epi¬ 
gastric vein to preserve lower abdominal wall venous drainage 
and to prevent thrombosis of the deep system, and this is true 
for any technique using thermal energy for these procedures. 

Hamel-Desnos et al. 257 found GSV ultrasonography- 
directed foam sclerotherapy to be 84% effective in eliminating 
reflux for 1 year. Midterm results with ultrasonographic- 
directed foam sclerotherapy in 175 patients reports a 2-year 
primary success rate of 55% with a 77% secondary success 
rate in preventing recurrent reflux. 283 The long-term results of 
the VEDICO trial would suggest that substantially more veins 
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are present at 10 years when foam is used as a single modality 
than when surgery or surgery and foam are used. 253 If recur¬ 
rence without reintervention is the goal, sclerotherapy appears 
to be at a disadvantage. A meta-analysis suggests that over 
time sclerotherapy loses any advantage over older methods of 
vein ablation, which is also confirmed by individual case 
series. 250,254,257 ’ 284 ’ 285 Newer techniques of sclerotherapy lack 
long-term evaluation. 

Complications of GSV surgery are rare but include wound 
infection, DVT, nerve damage, and hematoma formation to 
mention the more prominent. 272,286,287 Saphenous nerve injury 
can result in an area of numbness around the knee or foot but is 
often clinically irrelevant. 105,122 Complications from SSV strip¬ 
ping are also typically rare but include bleeding, hematoma for¬ 
mation, sural nerve damage, DVT, and wound infection. 288 
These same complications are reported for radiofrequency and 
laser ablations, possibly at a slightly lower incidence for some 
such as nerve paresthesia. DVT risk is about 1% for all proce¬ 
dures. 272,275,281,282,286,287 A complication unique to radiofre¬ 
quency and laser procedures is thermal damage to adjacent 
structures, such as nerve or skin that appear to be mitigated by 
tumescent anesthesia. 274 Complications as well as short-term 
and midterm freedom from recurrence for both radiofrequency 
and laser saphenous vein ablation compare favorably with stan¬ 
dard stripping, and both may provide some early patient bene¬ 
fit 275,281,282 

Perforator Vein Ablation. Ligation of perforating veins can be 
an effective treatment for patients with isolated perforator 
vein incompetence. This procedure can be performed in con¬ 
junction with saphenous vein removal. Perforating vein liga¬ 
tion can be performed via an open or minimally invasive endo¬ 
scopic technique. A Linton-type procedure uses an incision 
along the medial or posterior lower leg and creation of subfas¬ 
cial flaps. 289 The perforating veins are directly ligated. If a skin 
ulcer is present, this can be debrided. If a large amount of soft 
tissue and/or fascia is involved, a skin graft can be placed to 
aid healing once the diseased tissues are removed. 289 Alterna¬ 
tively, an endoscopic technique (subfascial endoscopic perfo¬ 
rator surgery [SEPS]) can be used. 290 Subfascial dissection is 
performed using sharp and blunt balloon dissection to allow 
direct video-enhanced ligation and division of perforating 
veins with or without C0 2 subfascial insufflation to increase 
visualization and decrease the risk of air embolization. The 
SEPS procedure has demonstrated decreased symptoms and a 
near 90% ulcer healing rate at 2 years. 291 Wound complica¬ 
tions are less common after SEPS (0-10%) compared to the 
open method (12%-53%) with comparable outcomes. 292 

Both of the aforementioned procedures are more invasive 
than several percutaneous methods of perforator ablation, 
which can be accomplished under local anesthesia and with min¬ 
imal skin disruption. No matter the ablating energy delivered 
(radiofrequency, laser, or chemical), ultrasonographic access, 
operative monitoring and confirmation of results is routine. Pre¬ 
vention of energy delivery to the deep system prevents unwanted 
thrombosis. Various sclerosing agents have been used with min¬ 
imal risk of DVT or skin infection, and with an immediate suc¬ 
cess of 90% to 98% and a 2-year maintenance of occlusion of 
nearly 80%. 293-295 Radiofrequency ablation demonstrates a 
greater than 90% early ablation rate with more than 90% free of 
reflux at 1 year. 296,297 Laser energy of various wavelengths have 
been used for this procedure with reports of about 100% occlu¬ 
sions immediately and 85% to 90% occlusion rate at 6 
months. 297,298 Whether perforator ligation is required in addition 
to saphenous surgery for advanced CVD when both systems 
demonstrate insufficiency remains debatable. 292 

Iliac Stenting and Venous Bypass. Endovascular stenting of iliac 
vein stenosis/obstruction has improved the symptoms of venous 
occlusive disease including decreased edema and pain symp¬ 
toms, and improved quality of life parameters. 111,133,173,299-301 It 



FIGURE 102.2. Open valvuloplasty to repair an insufficient valve can 
be accomplished by various venotomy incisions. A: The method of 
Kistner. B: The method of Raju. C: The method of Sottiurai. D: The 
method of Tripathi and his colleagues. 


will often result in healing of venous ulcers, many of which have 
associated untreated lower leg venous insufficiency, at an initial 
rate of 68% with only 8 of 101 healed ulcers recurring within 
5 years whether performed for primary or postthrombotic 
occlusion. 301 Parameters of venous reflux are not worsened fol¬ 
lowing resolution of the occlusive iliac vein occlusive disease. 301 
The primary and assisted primary stent patency rates at 3 years 
are 75% and 92%, respectively, and at 6 years 69% and 89%, 
respectively (Fig. 102.2). 301,302 Intervention was performed in 
the presence of significant clinical symptoms (C 3 or C 2 with 
pain) and greater than 50% morphologic stenosis found on 
transfemoral venography or intravascular ultrasonogra¬ 
phy. 133,301,302 Potential complications include DVT, access site 
complications, retroperitoneal hematoma, and other catheter- 
and balloon-related problems with essentially no mortality 
associated with the procedure. 198,301-303 When technically feasi¬ 
ble, endovascular intervention has replaced more invasive 
approaches. 

The open surgical procedures use native saphenous vein or 
polytetrafluoroethylene (PTFE) graft material as the conduit to 
bypass from a nondiseased distal vein to a disease-free proximal 
vein. Vena cava reconstructions often use PTFE grafts to allow 
a proper size match. 304 Preoperative venous pressure studies are 
often obtained to document venous hypertension. 305 Iliac vein 
decompression has been used in the instance of extrinsic com¬ 
pression by an overlying right iliac artery (e.g., May-Thurner 
syndrome). If the iliac vein is severely stenosed or occluded, 
cross-femoral venous bypass or direct repair of the iliac vein can 
be performed. 191,306 Patient survival should be considered prior 
to aggressive intervention if iliac vein compression is due to a 
cancerous encroachment. The cross-femoral venous bypass 
(Palma procedure) is performed by passing a vein graft or graft 
material via a suprapubic subcutaneous tunnel to the contralat¬ 
eral femoral vein. The saphenous vein or prosthetic graft is then 
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connected to the unaffected femoral vein by an end-to-side tech¬ 
nique. The key to success of this surgery may be graft diameter. 
If the native vein is less than 4.5 mm in diameter, better success 
may be achieved with a 10-mm diameter PTFE graft, although 
others would question whether PTFE is superior to vein in this 
location. 304,305 An arteriovenous fistula is generally used to 
increase flow through the graft in the immediate postoperative 
period. This fistula can then be ligated in 1 to 3 months or left 
open long-term if no unwanted sequelae are noted. In one series, 
venous reconstruction for iliofemoral and IVC obstruction 
reported a 62% 3-year patency with the Palma procedure 
demonstrating the overall patency of 83% at 4 years. 304 Mor¬ 
tality was minimal and wound complications rare. In current 
practice, these procedures are generally used only when a per¬ 
cutaneous approach has failed. 

Indications for a saphenopopliteal bypass are symptomatic 
patients with isolated femoral or popliteal vein occlusion, a 
patent common femoral and iliocaval system, a nonvaricose 
saphenous vein, and femoral phlebitis inactive for at least 1 
year. In addition, conservative therapy must have failed and 
venous hypertension must be documented. These distal to 
proximal venous bypasses use autogenous vein as the conduit 
of choice, and bypasses extend from distal to proximal 
nondiseased segments. 305 This operation is rarely performed. 

Although not yet proven as a method of treating occlusive 
venous disease due to prior thrombosis, some data suggest that 
endophlebectomy (operative removal of synechiae and septa) 
of iliac, femoral, popliteal, and even tibial veins is possible and 
can result in a 77% primary patency rate at 8 months. 307 

Venous Valve Repair or Replacement. During the conduct of 
these operations, several observations influence what the sur¬ 
geon does for a given patient. If operative handling of the sus¬ 
pect valve results in vasoconstriction and secondary compe¬ 
tence (often determined by a standard strip test), an external 
valvuloplasty or a prosthetic sleeve technique may be viable 
options. 308 For a valve station requiring in situ repair, careful 
adventitial dissection of the valve attachment lines facilitates 
proper venotomy when required and helps to verify the feasi¬ 
bility of valve repair. 160 A lack of valve attachment lines may 
signify the destruction of the valve as a postthrombotic sequela, 
prompting other than an in situ repair. 160 Valvuloplasty of any 
sort is most commonly performed in the femoral or popliteal 
location due to size and hemodynamic considerations. 

An internal valvuloplasty or an open direct valve repair has 
been the mainstay for the repair of primary venous valvular 


reflux for decades. This technique involves venotomy and sutur¬ 
ing of the elongated valve leaflets under direct visualization with 
fine polypropylene suture (7 or 6-0) to tighten the valve cusps. 
Kistner 309 reported success with a longitudinal venotomy 
extending through the valve commissure in 1968 (Fig. 102.3). 
Raju championed a supracommissural approach involving a 
transverse venotomy at least 2.5 cm above the valve. 310 Sottiu- 
rai devised a hybrid approach (a T-shaped venotomy), using a 
supravalvular transverse venotomy with distal extension into 
the valve sinus. 311 A “trapdoor” approach involving two trans¬ 
verse incisions (supravalvular and infravalvular) connected by a 
single vertical incision through the commissure has been 
described (Fig. 102.3). 312 Plication of approximately 20% of the 
valve leaflet length tends to restore valve competency in most 
cases. 313 

The technique of external valvuloplasty offers the advan¬ 
tage of valve repair without venotomy. 314 It is performed by 
placing sutures transmurally through the valve attachment 
lines, and when tied, reduces the commissural angle and vein 
diameter resulting in a competent valve. The valve leaflets are 
generally not captured or reefed by this method. Reported 
results suggest that it may be less durable than the more pre¬ 
cise open valvuloplasty, but patient selection plays a key 
role. 314 A modification (limited anterior plication) involves 
only anterior vein dissection and then reefing of the cusps 
using a running mattress suture from a point 3 to 4 mm prox¬ 
imal to the angle of the valve cusp insertion lines up to the 
angle of valve cusp insertion. 315 About 3 mm of the vein wall 
is incorporated into the stitch to approximate the cusps. This 
technique was developed with the aim of decreasing vein dis¬ 
section and resultant external scarring. It has been described in 
conjunction with saphenous vein stripping and limited to the 
femoral vein valve. Results after 10-year follow-up demon¬ 
strated improved VRT and decreased AVP in patients with 
moderate deep venous valvular incompetence. 315 Thus, it 
shows promise as a mode of therapy for highly selected 
patients. Another modification of this technique features the 
use of an angioscope. 316 A side branch of the GSV allows 
introduction of an angioscope, which is advanced into the 
femoral vein to a position above the incompetent valve, and 
external sutures are then placed under direct vision. 316 Follow¬ 
ing a learning curve while using the angioscope, Raju et al. 
demonstrated good clinical and competency data with the 
transcommissural technique without the use of the angioscope 
with 30 months of follow-up. 317 In these last two methods, the 
venous valve cusps are actually engaged with the suture, and 



FIGURE 102.3. Cumulative primary, assisted- 
primary, and secondary patency rates of 603 
limbs after iliofemoral stenting. The lower num¬ 
bers represent limbs at risk for each time interval 
(all standard error of the mean <10%). (Adapted 
from Neglen P, Hollis KC, Olivier J, et al. Stent¬ 
ing of the venous outflow in chronic venous dis¬ 
ease: long-term stent-related outcome, clinical 
and hemodynamic results. J Vase Surg 2007:46: 
979-990.) 
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therefore, the cusps are tightened directly much as in the open 
method of repair. 

External banding has been used when dissection vasospasm 
renders a valve spontaneously competent. The technique uses 
an external sleeve made of synthetic material wrapped circum¬ 
ferentially around the vein at the site of the valve and tightened 
to diminish the size of the vein lumen until the valve is compe¬ 
tent. The sleeve is then anchored in place to the adventitia by 
sutures to avoid slippage. It has achieved good results when 
used in select patients. 201,318,319 One group of investigators 
have been more aggressive with this approach, using the tech¬ 
nique in patients with more severe valvular reflux and often 
placing multiple external cuffs. 318 

Venous valve transplantation is an option when the valve is 
absent or destroyed. This procedure was first reported clini¬ 
cally by Taheri et al. in 1982. 320 A 2- to 3-cm segment of upper 
extremity vein containing a competent valve (or a reparable 
one) is first removed. The incompetent femoral vein is opened 
below the takeoff of the profunda femoris vein, and the axillary 
vein segment is sutured into place following the removal of an 
appropriate length of femoral vein. The popliteal location may 
be more appropriate if the femoral location does not control all 
axial reflux into the leg, for example, if the profunda femoral 
vein system is also incompetent. The proximal anastomosis 
may be accomplished first to confirm the competence of the 
newly transplanted valve and to allow distention and lengthen¬ 
ing of the vein/valve to facilitate the distal anastomosis. For 
vein transplantation in trabeculated postthrombotic veins, 
investigators have excised intraluminal synechiae to create one 
acceptable lumen for transplantation. 321 Interrupted sutures 
are preferred to avoid suture line stenosis. 313 Valve competence 
is determined by the intraoperative strip test. An external sleeve 
can then be placed to prevent late dilatation of the repaired seg¬ 
ment, and because approximately 40% of axillary vein valves 
are incompetent at explant, a bench repair may be required to 
restore competency. 160,313 Should a bench repair be necessary, 
the transcommissural external valvuloplasty technique appears 
to have better results than the standard external valvulo¬ 
plasty, 160 and success has been achieved with internal open 
valvuloplasty. 322 

A less common option for the postthrombotic syndrome is 
valve transposition. If a venous valve is competent in one of 
the major thigh venous systems, then a transposition proce¬ 
dure can be performed placing the incompetent venous system 
below the competent valve. Most commonly, the femoral sys¬ 
tem is incompetent and the profunda femoris valve remains 
competent. Here, the incompetent femoral vein can be tran¬ 
sected and reimplanted distal to the competent valve in the 
profunda femoris vein. Alternatively, the incompetent femoral 
system can be placed below a competent valve in the GSV, or 
when the profunda femoris venous system is incompetent, it 
may be placed distal to a competent valve in either the femoral 
vein or the GSV. A technique has been described for transposi¬ 
tion of the ipsilateral valve-competent GSV to the femoral vein 
and subsequent ligation of the femoral vein proximally yet dis¬ 
tal to the takeoff of the profunda femoris vein to escape prob¬ 
lems with diameter mismatch. 323 At 10 years, 55% of the 
patients were reported to be ulcer free. 

Aggressive venous valve surgery requires appropriate con¬ 
sideration of perioperative adjunctive care: prophylactic antibi¬ 
otics, intraoperative heparin use especially if the vein is opened, 
the use of pneumatic compression devices postoperatively, and 
the use of low-molecular-weight heparin or intravenous 
heparin in the postoperative period. Some use closed suction 
drainage of wounds to avoid hematoma and seroma formation. 
Warfarin should have an initial target INR range of 2.0 to 2.5 
for the first 6 weeks and some would advocate a subsequent 
decrease to 1.7 to 2.0 until 4 months when it is discontinued. 
Adjustments are made to accommodate those with an 
increased risk of thrombosis. One suggested long-term regimen 
is minidose warfarin, which uses daily doses of 1 to 2.5 mg to 



FIGURE 102.4. Life-table demonstrates cumulative clinical success 
rate based on type of valve reconstruction procedure. The valve repair 
operation is valvuloplasty as performed by Kistner and associates via 
the Kistner technique. “Other operations” refer to valve transposi¬ 
tions (n = 14), superficial femoral vein valve transplantations (n = 2), 
and combined valve repair and transposition procedures (n = 3). 
Numbers in parentheses indicate the number of valve repairs remain¬ 
ing in the study at that time point. Significant difference exists between 
valve repair versus other operations. (Adapted from Masuda EM, 
Kistner RL. Long-term results of venous valve reconstruction: a four 
to twenty-one year follow-up. J Vase Surg 1994;19:391.) 


prevent thrombosis. 160,324 Although many surgeons encourage 
the use of compressive support, patients often do not comply 
but still have an acceptable clinical result. 162,163 

Valve repair procedures are well tolerated by most patients 
and have a low morbidity, as well as essentially zero mortality in 
most series. 135 Hematoma and seroma formation are noted in 
less than 15% of cases depending on the level of anticoagulation 
used. 162,313,325-327 DVT occurs in less than 10% of cases in most 
series and even if higher is not associated with clinical sequelae, 
while the PE risk is well less than 1%. 160-162,313,325-327 Wound 
infections have been seen in 2% to 7% of ca ses. 160,162,313,327 

The Kistner et al. 328 long-term follow-up of internal valvu¬ 
loplasty spans decades and is reported in life-table format 
(Fig. 102.4). Valve competency is 60% to 70% at 5 years in 
most series. 161-163,201,310,312,327-333 In general, a patent and com¬ 
petent valve translates into clinical improvement and a healed 
ulcer, whereas the reverse is true with recurrent reflux. This is 
true for all types of single-station venous valvular reconstruc¬ 
tions. External valvuloplasty without direct cusp repair (iso¬ 
lated wall diameter reduction) appears to perform less well in 
all aspects than open valvuloplasty. 201,327 However, the 
transcommissural technique, which does directly repair the 
slack valve cusps, performs much like open valvuloplasty with 
a competency rate of greater than 60% at 3 years and a greater 
than 70% ulcer-free rate up to 5 years. 317 External banding per¬ 
forms adequately in select cases or as an adjunctive procedure 
during other venous surgery. 201,318,319 

The valve transposition operation experience demonstrates 
clinical improvement in 50% to 60% of patients after 3 to 
5 years of f 0 How-up. 135,161,162,323-326,328-332 The valve compe¬ 
tency rate varies from 30% to 80% and is reflected in the clin¬ 
ical improvement no ted. 135,161,162,323-326,328-332 

Valve transplantation is undertaken in the most complex 
and difficult conditions. Clinical improvement is seen in about 
50% of patients even at 8 years of follow-up, and it remains a 
good option in cases where other techniques are not possi¬ 
ble. 134,135,313 There does not appear to be a difference between 
reported competency rates or clinical results when considering 
the location of valve repair (femoral vs. popliteal), but overall 
the competency rates reported are inferior to internal valvulo¬ 
plasty 310,320,332,334-339 

There are data to support the observation that repairing 
multiple valves in the same axial system translates into longer 
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clinical benefit, but this approach does, of course, add risks at 
the initial operative intervention. 317,318,327,340 

In general, patients with postthrombotic reflux tend to 
have more problems maintaining healed ulcers than those 
with a primary etiology of reflux, as noted from the results of 
internal valvuloplasty (generally a primary etiology) versus 
those requiring transplantation or a transposition operative 
approach. 162 

Valve Substitutes. For those patients with chronic DVI and 
no autogenous valve available, a valve substitute is the only 
alternative. Many experimental attempts using allografts and 
synthetics have been unsuccessful. 341 Three substitute valves— 
a cryopreserved venous valve containing allograft, a cadaveric 
cryopreserved pulmonary monocusp patch, and a small 
intestinal submucosa bicuspid stent mounted valve—have had 
isolated, but often unsustained success when reaching the clin¬ 
ical arena. 342-344 The stent design and percutaneous route of 
the last-mentioned device is quite innovative; however, sub¬ 
strate fibrosis has lead the investigators to study the use of an 
autogenous valve with good preliminary animal results. 345 

Autogenous tissue appears to be the only material which 
currently can act as a substitute valve with some hope of suc¬ 
cess in the clinical arena. Using donor vein, after trimming 
adventitia and part of the media, to fashion semilunar cusps 
within the deficient recipient vein, Raju and Hardy 160 have 
reported acceptable clinical results. Another approach invagi- 
nates a stump of the long saphenous vein into the femoral vein 
to fashion a bicuspid valve; 19 of 20 reconstructions were 
patent and competent at a mean of 10 months with one valve 
demonstrating reflux. 346 No other series have reproduced these 
findings to date. The newest innovation has been to use an oph¬ 
thalmic knife or other fine tool to dissect the intima/media wall 
of the thickened postthrombotic vein wall into one or two 
sheets and thereby fashion the valve cusp(s). 347 This technique 
has been reproduced by another investigator. 348 A recent 
improvement has been to place two sutures on the cusp(s) to 
hold the valve in the semiopen position and thereby to prevent 
valve collapse and improve neovalve competence. The results 
with this modification include 21 operations (mean follow-up 
11 months) with all valves competent, a 95% ulcer-healing 
rate, and two recurrences (9.5%). 349 


Surgical Wound Care 

Debridement to healthy tissue when required benefits the rate 
of ulcer healing and does not lead to a higher risk of systemic 
infection. 242,350,351 It is especially beneficial when evaluated as 
adjuvant care to the standard methods of venous ulcer wound 

care. 246,352 

For resistant venous ulcers, skin grafting is an option. These 
ulcers can be extensive, and skin grafting allows for coverage of 
raw surfaces to speed the healing process. Once the ulcer has a 
clean base of granulation tissue, a split-thickness skin graft can 
be applied. There are reports on improved healing with skin 
grafting for chronic venous ulceration. 353 Skin grafting is gen¬ 
erally considered only when ulcer healing has not occurred fol¬ 
lowing diligent conservative management. An alternative or 
precursor to an autologous skin graft may be one of several 
skin substitutes. Various skin substitutes have been used to aid 
in venous ulcer healing (e.g., fresh allografts, porcine dermis, 
etc.), but for most there are insufficient data available to deter¬ 
mine whether venous ulcer healing is improved. 354 However, 
the biologically active bilayered human skin equivalent with an 
allogenic epidermal and dermal layer has demonstrated more 
promise. 246,354 Falanga et al. 355,356 randomized 309 patients 
into one of two groups but only 275 were fully analyzed: 
Group 1 received human skin equivalent and compression, 
while group 2 received dressing (made to look the same as the 
intervention) and compression. At 6 months, 92 of 146 (63%) in 


group 1 and 63 of 129 (48%) in group 2 healed (p <0.05), and 
time to complete healing averaged 61 days in group 1 and 181 
days in group 2. 355,356 Porcine small intestine submucosa (SIS) 
is primarily a collagen-based extracellular matrix with retained 
biologically active components. Sixty-two patients received SIS 
plus a nonadherent dressing covered by a four-layer compres¬ 
sion bandage, whereas 58 patients received the same treatment 
without SIS application. With SIS, 63% healed in 12 weeks, 
while only 40% did so in the same period without the addition 
of SIS (p = 0.02), and when adjusted for ulcer size SIS was 
three times as likely to heal as treatment for the control group 
(p = 0.007). 352 Of those that healed, none recurred in 6 months 
in the SIS group, whereas 30% of the control group experi¬ 
enced a recurrent ulcer. This manuscript was included in a 
recent review of the literature as a RCT demonstrating signifi¬ 
cance when used to heal venous ulcers. 246 


The Pelvic Congestion Syndrome 

This distressing clinical condition can result from gonadal vein 
and/or hypogastric vein reflux. Pelvic pain is a constant com¬ 
plaint. Gonadal vein reflux may be best managed with gonadal 
vein excision due to its many areas of potential reflux, but an 
endovascular approach using coils, sclerosants, or a combina¬ 
tion can also be successful and is gaining in popularity. 357 
Hypogastric vein reflux may be best managed by percutaneous 
embolization. 358 When the elimination of proximal reflux does 
not resolve superficial varicosities, the management involves 
techniques used for saphenous vein branch varicosities. 
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KEY POINTS 


Q During the 8-week embryonic period, developmental 
events transform a fertilized egg into a “preorganism” that 
is composed of all the specialized tissues and organ systems 
required for future independent life; the subsequent 32- 
week fetal period involves accelerated growth and contin¬ 
uous organ maturation. 

The fetus utilizes glucose as its primary energy substrate. 
Maternal and placental mechanisms maintain an optimal 
temperature for fetal development; the net heat produced 
by fetal metabolic activity must be transferred away from 
the fetal environment to avoid a rise in temperature. 

Q Neonates and children have significantly higher energy 
requirements than adults. 

Q Breast milk is a complex mixture of macromolecules that 
changes as the growing infant’s needs change; the usable 
energy content of milk is divided almost equally between 
carbohydrates and lipids. 

Q At 12 weeks’ gestation, water constitutes 95% of fetal mass; 
this declines to about 80% by 32 weeks’ gestation and to 
75% at term. 

Q The determinants of gas exchange are total alveolar venti¬ 
lation, ventilation/perfusion matching, diffusion, and extra- 


pulmonary shunt; the mechanical properties of the lung affect 
gas exchange primarily by determining the amount and dis¬ 
tribution of ventilation. Regulation of pulmonary blood flow 
determines ventilation/perfusion matching and the efficiency 
of gas exchange. 

Q Respiratory distress syndrome, or hyaline membrane dis¬ 
ease, is the most common cause of respiratory distress in 
neonates and one of the primary causes of neonatal mor¬ 
tality in developed countries. 

^The variations of extracorporeal membrane oxygenation 
share underlying principles: the partial diversion of blood 
from the patient to an external membrane oxygenator, ex 
vivo exchange of oxygen and carbon dioxide, and return 
of blood to the circulatory system. 

© At birth, circulatory patterns, hemodynamics, and gas ex¬ 
change transition are characterized by the cessation of pla¬ 
cental blood flow and gas exchange and the simultaneous 
increase in blood flow and gas exchange in the lungs. 

© Most mechanisms of physiologic control in the gastroin¬ 
testinal tract are present at birth, although continued post¬ 
natal maturation results in ongoing adjustments over time. 



This chapter introduces a variety of physiologic issues relevant 
to the care of infants and children with surgical disease. 
Reviewed are some of the basic physiologic concepts that gov¬ 
ern clinical management, delineating some of the differences 
between pediatric and adult patients. These differences may be 
merely quantitative when comparing adults with adolescents 
and older children. The distinction between neonates and 
older patients, however, is frequently of a more dramatic and 
qualitative nature. These differences are the consequences of 
two unique conditions: the functional immaturity of organ 
systems during the transition from fetal to neonatal life and 
the demands placed on the physiologic machinery of the 
neonate by the overriding priority of growth. Whereas home¬ 
ostasis is a valid concept on a small scale, in a larger sense the 
concept of a “steady state” is paradoxical in the newborn 
infant. Virtually every physiologic function in the infant is 
influenced in some way by the exponential growth that occurs 
during the first year of life. That growth, and the metabolic 
activity it demands, is perhaps the single most important prop¬ 
erty that differentiates the neonatal patient from the adult. 


GROWTH AND METABOLISM 


Growth, Development, and Prematurity 

The 40-week gestational period is divided by convention into an 
Q 8-week embryonic period and a 32-week fetal period. During the 
embryonic period, developmental events occur that transform a 


fertilized egg into a “preorganism” that is composed of all the 
specialized tissues and organ systems required for future inde¬ 
pendent life. The subsequent fetal period is characterized by 
accelerated growth and continuous organ maturation, both of 
which are required to translate embryonic potential into biologic 
reality. Many of the congenital defects encountered in the prac¬ 
tice of pediatric surgery have their beginnings in some develop¬ 
mental miscue during the embryonic period that prevents nor¬ 
mal growth and maturation during the fetal period. At birth, the 
consequences of these antecedent events often are manifested by 
serious physiologic derangements. 

Fetal maldevelopment is complicated frequently by prematu¬ 
rity, that is, entry into the extrauterine world before fetal growth 
and maturation have been completed. Most fetal growth and 
organ maturation occur in the third trimester, and so premature 
birth interrupts development at a time when the rate of biologic 
change is most rapid. In many cases, prematurity is the direct 
consequence of intrauterine developmental abnormalities, such 
as those that produce polyhydramnios (excess amniotic fluid 
that results in increased uterine size and early labor). In others, 
prematurity occurs in an otherwise normal fetus and is the result 
of maternal factors. In both cases, prematurity causes significant 
morbidity by forcing the neonate to contend with extrauterine 
challenges using physiologic systems that are not yet prepared to 
do so and also forces the neonate to complete simultaneously a 
schedule of preprogrammed fetal tasks. 

Although the “normal” gestational period is generally 
agreed to be 40 weeks, infants are considered to be full term at 
37 weeks. Neonates born before 37 weeks are referred to as 
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premature or preterm. A normal-term birthweight is defined as 
2,500 g or more. Infants born at less than 2,500 g are consid¬ 
ered to be low birthweight, regardless of gestational age. More 
precise classifications include moderately low birthweight 
(1,500 to 2,500 g), very low birthweight (1,000 to 1,500 g), 
and extremely low birthweight (<1,000 g). 

Mortality rates are directly related to both gestational age 
and birthweight. The current thresholds for survival appear to 
be approximately 22 weeks’ gestation and 350 g birthweight. 
Above this threshold, survival rates increase rapidly, achieving 
50% survival at approximately 24 to 25 weeks’ gestation and 
700 g. 1 Three additional independent variables predict 
increased survival in premature infants: female gender, exposure 
to corticosteroids in utero, and singleton gestation. 2 Continued 
gains in survival have come at an increasingly high cost of long¬ 
term morbidity. The most common types of serious long-term 
morbidity resulting from prematurity are neurodevelopmental 
conditions (e.g., cerebral palsy, mental retardation, seizure dis¬ 
orders), retinopathy, and chronic lung disease. 

Although virtually all premature infants are born at low birth- 
weights, a distinction is drawn between those whose weights are 
appropriate for their gestational age and those who are small for 
gestational age (SGA). SGA infants are defined as those in the 
10th percentile or less with respect to age-adjusted birthweight. 
Normal intrauterine growth is a sensitive indicator of fetal well¬ 
being. Infants who qualify as SGA, whether term or preterm, 
are presumed to have experienced some intrauterine event that 
has compromised development. This phenomenon, referred to 
as intrauterine growth retardation (IUGR), can be caused by a 
plethora of factors that either reduce oxygen and nutrient deliv¬ 
ery to the fetus or result in their decreased utilization. These 
abnormalities include maternal factors (tobacco, alcohol, and 
drug use; malnutrition; systemic disease), fetal factors (congeni¬ 
tal defects, genetic or chromosomal anomalies), and placental 
factors (vascular anomalies, placental infarction, placental 
separation). 

Both prematurity and IUGR may have detrimental conse¬ 
quences for the newborn. Both groups are challenged by insuffi¬ 
cient energy reserves, poor thermal insulation, and increased 
heat and water loss. The premature infant must confront the 
extrauterine world with physiologically immature organ systems 
but may have a good eventual outcome if properly supported. 
Prenatal development may have been otherwise normal but pre¬ 
maturely terminated by maternal factors. On the other hand, the 
full-term SGA infant may have functionally mature organ sys¬ 
tems and not require extensive physiologic support. When IUGR 
is the result of maternal or placental factors, premature birth sep¬ 
arates the fetus from those factors and often results in compen¬ 
satory growth and a good prognosis. When IUGR results from 
fetal or genetic factors, however, a poor prognosis may be antic¬ 
ipated. In general, an SGA infant has a better prognosis than a 
premature infant of the same birthweight because physiologic 
immaturity is less pronounced in the former. 3 

The rapid somatic growth and maturation occurring during 
the last trimester continues into the postnatal period and 
accounts for many of the unique metabolic events and nutritional 
requirements of the newborn surgical patient. This explosive 
growth phase is regulated largely by growth hormone (GH) and 
its peptide intermediates insulinlike growth factor-1 (IGF-1) and 
-2 (IGF-2), IGF-binding proteins (IGFBPs), and glucocorticoids, 
and is also influenced by insulin and thyroid hormone. 4,5 
Recently defined mediators of growth and metabolic activity 
such as leptin and ghrelin have also been implicated in fetal and 
neonatal growth. Ghrelin, a 28-amino-acid peptide produced by 
the stomach, placenta, and intestinal tract, stimulates the release 
of GH. 6,7 In neonates, ghrelin has a potent orexigenic (appetite- 
stimulating) effect, and has been shown to be active in fetuses. It 
may play a role in prenatal programming and behavioral activi¬ 
ties such as sucking and swallowing in preparation for postnatal 
feeding. 8 Ghrelin levels peak in late infancy and decline to 
puberty, coinciding with the rapid growth rate that characterizes 


early childhood. 8 Leptin, a hormone produced by adipocytes, 
also appears to regulate the metabolic rate and substrate utiliza¬ 
tion in fetuses and neonates. Leptin is detected in the fetal circu¬ 
lation and, like ghrelin, stimulates the secretion of GH. The 
widespread abundance of leptin receptors in fetal tissues, espe¬ 
cially in developing cartilage and bone, has led to the suggestion 
that leptin is involved in the control of growth in accordance 
with nutrient availability in utero. 9,10 In adults, leptin plays an 
important role in the control of appetite and energy expenditure. 

The normal-term baby will nearly double its birthweight by 
4 months of age and will triple it by 1 year. The near-exponen¬ 
tial rate of growth declines gradually thereafter until late ado¬ 
lescence. This pattern of growth is so constant in normal infants 
that significant departures from it are commonly the earliest 
indication of previously unrecognized disease. Any metabolic 
stress contributed by an acute disease or injury event will there¬ 
fore be superimposed on the existing stringent demands for 
energy substrates. 

As the neonate transitions to later infancy, childhood, and 
adolescence, its metabolic processes and responses gradually 
approximate those of the adult. As this transition represents a 
continuum, no clear delineation between these stages can be 
made. It is reasonable, however, to consider the metabolic 
responses of the neonate to starvation and stress as being qual¬ 
itatively different from those of the adult, whereas those of 
older infants and children should be considered as only quan¬ 
titatively different. 


Basic Patterns of Energy Metabolism 

In general, two basic patterns of energy metabolism are recog¬ 
nized: anabolic and catabolic. Anabolic processes characterize 
growth and involve the consolidation of nutrient substrates 
into structural and storage molecules. Catabolic processes 
involve the breakdown and redistribution of preexisting 
reserves to meet the short-term needs of specific tissues for 
specific substrates. Although persistent catabolism is patho¬ 
logic and ultimately fatal, short-term catabolism is a necessary 
adaptive response to both starvation and stress. 

The endocrine and cytokine environments that promote 
these two states are likewise distinct. Anabolic metabolism is 
mediated principally by insulin, IGF-1, and growth hormone. 
These mediators promote conversion of circulating glucose 
into glycogen (glycogenesis), storage of excess carbohydrate as 
fat (lipogenesis), and synthesis of new structural proteins from 
amino acids. The presence of available substrate and the 
absence of physiologic stress elicit a neuroendocrine environ¬ 
ment conducive to these processes. 

Catabolic metabolism is mediated by “counterregulatory” 
cytokines and hormones that have effects that are diametri¬ 
cally opposed to the anabolic mediators. These agents include 
tumor necrosis factor, interleukins, glucagon, cortisol, and cat¬ 
echolamines. These mediators promote an increase in glucose 
availability through hepatic glycogenolysis and gluconeogene- 
sis and by inhibition of the peripheral effects of insulin on tar¬ 
get organs. The objective of short-term catabolism is to gener¬ 
ate adequate substrate for critical glucose-obligate tissues such 
as the brain, red and white blood cells, and renal medulla. The 
fetal and newborn heart depends on carbohydrates as a pri¬ 
mary energy source and contains high concentrations of stored 
glycogen, allowing anaerobic glycolysis. 11 In contrast, oxida¬ 
tion of free fatty acids provides the main substrate for the 
myocardial metabolism in the adult heart. 

Gluconeogenesis requires a supply of three-carbon frag¬ 
ments that reenter the glycolytic pathway under conditions 
that favor the reverse flow of intermediates and the synthesis 
of glucose. These three-carbon fragments are supplied by 
amino acids from protein breakdown (especially alanine and 
glutamine) and by glycerol from the hydrolysis of triglycerides. 
An additional source of gluconeogenic substrate is the Cori 
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FIGURE 103.1. Energy production (E) during simple starvation. 
Ketoadaptation by brain and other glucose-obligate tissues allows free 
fatty acids (FFAs) to be used for energy production and limits the 
requirement for protein catabolism to generate gluconeogenic precur¬ 
sors via the tricarboxylic acid (TCA) cycle. (Adapted from Magnuson 
DK, Maier RV. In: Eichelberger MR, ed. Pediatric Trauma: Preven¬ 
tion, Acute Care, Rehabilitation. St. Louis, MO: Mosby; 1993.) 


cycle, in which lactate from anaerobic metabolism in compro¬ 
mised tissues (e.g., surgical or traumatic wounds) is trans¬ 
ported to the liver and converted to pyruvate, a substrate for 
gluconeogenesis. 

Catabolic metabolism can be separated into two distinct pat¬ 
terns: simple starvation and the stress response. In simple star¬ 
vation, the brain (which accounts for the greatest demand for 
glucose) undergoes a gradual process called ketoadaptation, in 
which receptors and enzymes are expressed that allow for the 
utilization of ketone bodies as fuel (Fig. 103.1). Fatty acid 
metabolism then is altered to allow for the diversion of some 
fatty acids away from oxidative energy production and into the 
production of ketone bodies. The increased production of 
ketone bodies (ketogenesis), and their utilization by brain and 
myocardium, gradually reduces the demand for glucose and the 
degradation of visceral protein to gluconeogenic precursors. 

In stress metabolism, however, the transition to the chronic 
starvation response of ketoadaptation is inhibited, and an 
ongoing requirement for glucose drives the continued break¬ 
down of proteins to amino acids. Most of the amino acids pro¬ 
duced by proteolysis during stress catabolism are rechanneled 
into gluconeogenesis (Fig. 103.2). The remainder is used in the 
synthesis of acute-phase proteins, in the synthesis of structural 
proteins for tissue repair, and for direct energy production by 
conversion to n-keto acids and entry into the tricarboxylic 
acid cycle. The mechanism of this inhibition is not well defined 
but most likely involves the persistence of stress-related neu¬ 
roendocrine and cytokine mediators. 


Metabolic Patterns in Neonates 

Q The fetus utilizes glucose as its primary energy substrate. 
Transplacental movement of glucose by facilitated diffusion 
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FIGURE 103.2. Energy production (E) during stress catabolism. Inhi¬ 
bition of ketoadaptation results in persistent protein catabolism to 
produce gluconeogenic precursors for glucose-obligate tissues. 
(Adapted from Magnuson DK, Maier RV. In: Eichelberger MR, ed. 
Pediatric Trauma: Prevention, Acute Care, Rehabilitation. St. Louis, 
MO: Mosby; 1993.) 


maintains fetal glucose levels at about 75% of maternal levels. 
At birth, the neonate experiences an abrupt withdrawal of pla¬ 
cental support and plasma glucose levels fall. In response to 
hypoglycemia, secretion of catecholamines, cortisol, and glucagon 
mediates a shift to acute stress metabolism, relying initially on 
glycogenolysis because the capacity for gluconeogenesis is 
markedly decreased in newborns. During the third trimester of 
pregnancy, glucose is stored as glycogen in the fetal liver and in 
small quantities in the skeletal muscle, kidneys, and intestine. 
The hepatic glycogen stores are limited in the neonate, and 
available glycogen reserves are depleted within 2 to 3 hours. 
Thereafter, gluconeogenesis is the sole supply of endogenous glu¬ 
cose until feeding provides new substrate. Protein and triglyc¬ 
eride breakdown provide direct energy substrates and gluco¬ 
neogenic precursors, but fetal adipose and muscle mass are 
relatively modest, and this endogenous supply of fuel is also soon 
depleted. At this point, plasma glucose levels of 40 to 50 mg/dL 
are expected. As the infant begins to feed, absorption of exoge¬ 
nous substrates reverses the catabolic pattern, and an anabolic 
phase mediated by insulin begins. Plasma glucose levels usually 
rebound to 70 to 80 mg/dL by 3 days of age. 

Neonatal demand for exogenous glucose is therefore imme¬ 
diate, and the provision of enteral or parenteral glucose soon 
after birth is critical. Not only does the neonate have a higher 
relative energy demand than older children and adults, but 
also a much greater proportion of the total caloric demand is 
generated by glucose-obligate tissues, and the availability of 
endogenous glucose from glycogen and gluconeogenesis is lim¬ 
ited. Furthermore, fat stores and lipolytic pathways are both 
poorly developed at birth, requiring more metabolically versa¬ 
tile tissues to utilize glucose as well. 

The metabolic priorities of the premature or SGA infant are 
identical to those of the full-term neonate, but relative deficien¬ 
cies in substrate stores and immaturity of the counterregulatory 
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response to hypoglycemia make the preterm infant even more 
vulnerable to the risks of starvation and critical hypoglycemia. 
The time between birth and access to exogenous glucose toler¬ 
ated by the preterm infant is inversely proportional to the 
degree of prematurity and may be measured in minutes instead 
of hours in extreme cases. In fact, one of the most striking dif¬ 
ferences between the normal-term infant and the preterm or 
SGA infant is the increased risk for hypoglycemic crisis in the 
latter: 50% in infants who are both premature and SGA. 

Several factors contribute to this added vulnerability. Glyco¬ 
gen synthetase-b activity increases steadily in the last trimester. 
Preterm infants have restricted ability for gluconeogenesis from 
glycerol owing to decreased levels of glucose-6-phosphatase. In 
addition, the gluconeogenesis from amino acids or lactate is 
limited by lack of phosphoenolpyruvate carboxykinase activity. 
At 36 weeks’ gestation, hepatic glycogen stores are only 30% 
of term levels; most glycogen deposition occurs after 36 weeks. 
Glycogen storage is therefore even more limited in preterm 
infants than in term infants, whose stores are depleted in a few 
hours. Additionally, skeletal muscle and fat constitute about 
1% of body weight in a 1,000-g premature newborn, com¬ 
pared with about 15% in term infants, and so reserves of alter¬ 
native energy substrates and gluconeogenic precursors are 
more limited as well. The ability to carry out /3-oxidation of 
fatty acids and to produce ketone bodies also is depressed more 
severely in premature infants. 12 Ketogenesis is impaired even 
when they are given an exogenous source of lipid. 


Thermoregulation 

Temperature governs the kinetics of complex biochemical 
processes that have evolved to be maximally efficient within a 
narrow temperature range. Regulation of core body tempera¬ 
ture has a high priority in the metabolic activities of the 
neonate and is a significant contributor to energy consumption. 

Q The fetal environment is one of thermal constancy: maternal 
and placental mechanisms maintain an optimal temperature 
for fetal development and obviate the need for fetal energy 
expenditure to regulate temperature. In fact, the net heat pro¬ 
duced by fetal metabolic activity must be transferred away 
from the fetal environment to avoid a rise in temperature. 

Thermal equilibrium is a balance between heat production 
and heat loss. Newborns, particularly premature newborns, 
are characterized both by diminished capacity for heat pro¬ 
duction and by increased vulnerability to heat loss compared 
with older children and adults. The surface area-to-volume 
ratio of the neonate is greater than that of older patients, and 
so the area across which heat can be lost is disproportionately 
large compared with the mass of metabolically active tissue¬ 
generating energy. The body surface area-to-mass ratio aver¬ 
ages approximately 250 cm 2 /kg in the adult and may be as 
high as 1,400 cm 2 /kg in the premature infant. 13 The paucity of 
insulating fat and the lower muscular activity level contribute 
to the problem. 

Heat loss in the neonate occurs chiefly through four mecha¬ 
nisms. Conduction refers to the transfer of heat by direct con¬ 
tact with another static heat acceptor. The rate and direction of 
heat flow depend on the heat gradient and the heat capacities of 
the two objects. Convection refers to the transfer of heat from 
the skin surface to a fluid, such as air, which carries heat energy 
away from the body. Radiation is the loss of heat as electro¬ 
magnetic energy in the infrared spectrum. Evaporation of 
water at the skin surface consumes heat energy by transforming 
water from its liquid into gas state. 

The physical environment surrounding the sick neonate 
provides limitless opportunities for heat loss. Contact with cold 
surfaces, particularly wet sheets and blankets, is a principal 
cause of heat loss. The flow of cold air over exposed skin sur¬ 
faces transfers heat by both convection and evaporation. Evap¬ 
oration is exacerbated by radiant warmers and phototherapy 


lights. Premature infants with nonkeratinized epidermis are 
particularly susceptible to transepithelial water loss and may 
lose as much as 120 mL/kg of water each day. Evaporation con¬ 
sumes about 0.6 kcal/mL of water, which results in a metabolic 
cost of about 3 kcal/h. Means of reducing heat loss include 
using thermoneutral incubators and radiant warmers, remov¬ 
ing wet blankets and towels in contact with the skin, and cov¬ 
ering the infant with impermeable barriers to evaporation. 

Heat production is a consequence of the thermodynamic 
inefficiency of chemical reactions; wasted energy is dissipated 
as heat. Basal heat production normally results from both 
metabolic processes and muscular work. Two additional mech¬ 
anisms have evolved to provide heat energy when basal heat 
production is insufficient to maintain thermal stability: shiver¬ 
ing and nonshivering thermogenesis. The temperature thresh¬ 
old for initiating thermogenesis in adults is 26°C to 28°C, but it 
ranges from 32°C in term newborns to 35°C in preterm infants. 

Shivering thermogenesis is the production of heat by rapid, 
cyclical skeletal muscle contractions. The heat produced as a 
byproduct of this muscular “work” is transferred to blood cir¬ 
culating through the muscles and is redistributed throughout 
the body. Shivering thermogenesis is the major heat produc¬ 
tion mechanism in older infants, children, and adults. 

Nonshivering thermogenesis is a process unique to the 
neonate and depends on the presence of brown adipose tissue 
(BAT). BAT is a unique tissue that is found transiently in the cer¬ 
vical, shoulder, axillary, and retroperitoneal regions of the 
neonate, and it is distinguished by its ability to generate meta¬ 
bolic heat by the inefficient metabolism of fatty acids. BAT is 
well established by 22 weeks’ gestation. Sympathetic activation 
by cold stress causes norepinephrine to be released in BAT, bind 
to /3-adrenergic receptors on adipocyte membranes, and initiate 
the hydrolysis of fatty acids. This process is facilitated by the 
presence of thyroid hormone. The fatty acids are shuttled into 
mitochondria where /3-oxidation takes place. Normally, fatty 
acid oxidation is coupled to the phosphorylation of adenosine 
diphosphate (ADP) to adenosine triphosphate (ATP), preserv¬ 
ing potential energy in the high-energy phosphate bond. In 
brown adipocytes, however, a unique peptide called uncou¬ 
pling protein 1 (UCP1) “uncouples” the oxidative phosphory¬ 
lation of ADP, allowing energy liberated by oxidation to be 
released as heat. The high density of mitochondria present in 
brown adipocytes attests to its role in heat production. Leptin 
also modulates UCP1, suggesting that BAT may play a role in 
overall energy balance regulation in infants. 14 

Nonshivering thermogenesis is the principal means of heat 
production in neonates, but it has severe limitations. It is a 
costly means of producing heat from a metabolic standpoint 
and rapidly depletes precious energy stores in term infants. 
Premature and SGA infants, with relatively reduced fat com¬ 
position, are poorly equipped to use this strategy effectively. In 
term neonates, BAT constitutes about 10% of body fat and is 
gradually replaced by white adipose tissue in later infancy. 
Neonates who undergo surgery under general anesthesia run a 
high risk of hypothermia due not only to environmental expo¬ 
sure, but also to the inhibitory effects of general anesthetic 
agents on neonatal nonshivering thermoregulation. 15,16 


NUTRITIONAL SUPPORT 


Energy Requirements 

Q Neonates and children have significantly higher energy 
requirements than adults. These requirements diminish gradu¬ 
ally throughout childhood, but they do not reach adult levels 
until physical maturity is attained. The two principal reasons 
for this discrepancy are a higher basal metabolic rate (BMR) 
and an additional energy requirement for growth. The total 
energy expenditure (TEE) consists of the BMR, the energy 
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ITABLE 103.1 ! 

AGE-SPECIFIC ENERGY REQUIREMENTS 

■ AGE (y) 

■ ENERGY REQUIREMENT 
(kcal/kg/d) 

0-1 

120-90 

1-7 

90-75 

7-12 

75-60 

12-18 

60-30 

>18 

30 


required to process substrates, energy for activity, energy for 
thermoregulation, and the energy cost of growth. The resting 
energy expenditure (REE), which may be substituted for BMR, 
is estimated to be 45 to 50 kcal/kg per day in term neonates 
and 50 to 60 kcal/kg daily in premature infants. 17,18 This com¬ 
pares with an REE of 20 to 25 kcal/kg daily in adolescents and 
adults. 

Neonates and infants expend a much higher percentage of 
their total energy production on somatic growth than do older 
children. Growth consumes 35% to 40% of an infant’s caloric 
intake during the first 6 months of life, a value that declines to 
about 5% at 2 years of age. 19 The energy cost of growth, 
which includes the energy used in new tissue synthesis plus the 
energy content of the synthesized tissue, approximates 40 to 
50 kcal/kg daily in the neonate and progressively less in the 
older child. Add to these the energy requirements for nutrient 
processing, cold stress, and activity, and the baseline energy 
requirements for a term neonate are about 100 to 110 kcal/kg 
daily. The preterm neonate may require 120 kcal/kg per day or 
more to sustain growth. Caloric requirements for intravenous 
nutrition are perhaps 10% less because of the absence of oblig¬ 
ate energy loss in fecal output. 

The energy requirements of older infants and children gradu¬ 
ally approach adult levels of 30 to 35 kcal/kg daily as BMR, cold 
stress, and rate of growth all decline with age (Table 103.1). This 
downward trend is moderated somewhat by an increase in 
energy expended in physical activity. Although many methods 
of estimating caloric requirements exist, the most straightfor¬ 
ward estimation simply uses a weight-based calculation of 
caloric needs (Table 103.2). 

It is important to recognize that these guidelines represent 
estimates for unstressed children. Energy requirements are 
altered in a variety of clinical settings commonly encountered 
in pediatric surgical patients. Both congenital heart disease and 
pulmonary disease can be associated with reduced pulmonary 
compliance and increased work of breathing, which can sub¬ 
stantially increase energy expenditure. The healing of wounds 
related to major surgical procedures, trauma, and burns also 
increases caloric requirements. Sepsis, pancreatitis, and other 
conditions associated with generalized inflammatory activation 
may increase energy requirements dramatically. 


ITABLE 103.2 1 

WEIGHT-SPECIFIC ENERGY REQUIREMENTS 

■ WEIGHT (kg) 

■ ENERGY REQUIREMENT 
(kcal/d) 

0-10 

100/kg 

10-20 

1,000 + 50/kg over 10 

>20 

1,500 + 20/kg over 20 


It is equally important to appreciate that, in certain circum¬ 
stances, caloric requirements in stressed children may be 
decreased because of changes in REE and the energy con¬ 
sumption related to growth. As opposed to older children and 
adults, infants actually may experience a decrease in REE dur¬ 
ing periods of postsurgical stress. 20,21 As previously discussed, 
the metabolic pattern that characterizes acute stress states is 
one of catabolism and growth postponement. This temporary 
growth inhibition is a consequence of, among other things, a 
cytokine and neuroendocrine environment that opposes the 
anabolic actions of insulin. Because 30% to 40% of a healthy 
neonate’s caloric requirement represents energy required for 
growth, administration of the same caloric load to the stressed 
infant or child may result in significant overfeeding. The com¬ 
plications of overfeeding are not commonly recognized but 
include fluid overload, hepatic steatosis, and increased lipoge- 
nesis. Lipogenesis is associated with increased C0 2 production 
and is reflected in an increased respiratory quotient. Increased 
C0 2 production requires an increase in minute ventilation that 
may not be tolerated by critically ill neonates and children 
with respiratory disease and limited ventilatory reserve. 

In the stressed infant or child, therefore, it may be prudent 
to reduce caloric administration transiently by as much as 
25% to 30% during the acute stress phase, when growth is 
inhibited and the metabolic rate depressed. Determining when 
the metabolic environment has reverted back to one more per¬ 
missive for growth and caloric utilization can be difficult. 
Direct calculation of the respiratory quotient by indirect 
calorimetry and measurement of nitrogen balance may be 
helpful in detecting a capacity to utilize more energy substrate. 
More frequently, however, a clinical judgment must be based 
on resolution of the hyperdynamic response to adrenergic 
stimulation or infection and the restoration of normal hemo¬ 
dynamics and fluid requirements. 


Substrate Requirements 

Carbohydrates. Carbohydrates constitute the major source 
of energy substrate for infants and older children, although 
they have a lower caloric density (3.4 kcal/g of intravenous 
hydrated dextrose, 4 kcal/g of enteral glucose) than either pro¬ 
teins (4 kcal/g) or fats (9 kcal/g). As discussed, glucose is the 
preferred fuel in a variety of tissues, including brain and blood 
cells. The obligate glucose consumption rate in neonates is 
about 4 to 6 mg/kg per minute. This compares with a glucose 
utilization rate of about 1 mg/kg per minute in adults. The dis¬ 
crepancy is explained in part by the fact that the neonatal 
brain accounts for 10% of body weight in the newborn and 
only 2% of body weight in adults. This contrast is even more 
striking in SGA infants whose brain growth is preserved in the 
face of generalized IUGR. In these infants, brain size and glu¬ 
cose consumption are even more disproportionately large. 
Most of the demand for glucose in newborns is for brain 
energy production, with relatively little remaining available 
for other tissues. Consequently, prolonged hypoglycemia may 
cause profound neurologic impairment. 

The addition of small amounts of glucose to intravenous 
fluids prevents protein catabolism by providing a fuel source 
for glucose-obligate tissues and obviating gluconeogenesis. In 
adults, this protein-sparing glucose requirement is about 1 mg/kg 
per minute and is conveniently provided by administering 5 % 
dextrose in water (D 5 W) intravenously at maintenance fluid 
rates. In neonates, who require 4 to 6 mg/kg per minute of glu¬ 
cose to avoid protein catabolism, it is usually necessary to 
administer maintenance intravenous fluids as 10% dextrose in 
water (D 10 W). The relatively higher fluid administration rate 
and dextrose concentration provide the increased glucose sup¬ 
ply necessary to avert protein catabolism in the short term. 

Normal plasma glucose values are variable and depend on 
gestational age, weight, and postnatal age. The definition of 
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hypoglycemia is therefore somewhat fluid, but it is generally 
agreed that plasma glucose levels less than 35 mg/dL in term 
infants and less than 25 mg/dL in preterm infants constitute 
metabolic emergencies and require immediate intervention. 
Healthy full-term infants of appropriate birthweight rarely 
develop hypoglycemia. Infants at risk for hypoglycemia include 
those who are premature, SGA infants, multiple gestations, 
infants of diabetic mothers, infants of toxemic mothers, and 
infants who are critically ill for some other reason. Neurologic 
injury resulting from an inadequate supply of substrate to brain 
cells depends on both the degree and duration of hypoglycemia. 
Signs of hypoglycemia are late and nonspecific and include poor 
feeding, respiratory irregularity, apnea, bradycardia, hypother¬ 
mia, cyanosis, irritability, tremors, seizures, lethargy, hypoto¬ 
nia, and coma. 

Mild, asymptomatic hypoglycemia usually can be managed 
simply by initiating early oral feedings with breast milk or 
D 10 W. Severe or symptomatic hypoglycemia requires intra¬ 
venous dextrose administration. Dextrose concentrations of 
10% to 12.5% are the maximum that can be tolerated by 
peripheral veins; higher concentrations of dextrose require a 
central (e.g., umbilical) venous catheter. Treatment consists of 
administering glucose at a rate of 6 to 8 mg/kg per minute (3.6 
to 4.8 mL/kg per hour of D 10 W). Profoundly hypoglycemic 
infants may require an initial dextrose “minibolus” of 200 
mg/kg (2 mL/kg D 10 W) over 1 to 2 minutes. The dextrose infu¬ 
sion rate then is increased by 2 mg/kg per minute every 3 to 
4 hours until stable plasma glucose levels of 40 to 50 mg/dL 
are achieved. 

Most neonatal hypoglycemia is transient, allowing dex¬ 
trose administration to be weaned down as feeding or intra¬ 
venous nutritional support is begun. Persistent hypoglycemia, 
particularly in infants requiring more than 12 to 15 mg/kg per 
minute of dextrose, may indicate a pathologic cause for hypo¬ 
glycemia. Causes of pathologic hypoglycemia in neonates 
include hyperinsulinism (Beckwith-Wiedemann syndrome, 
nesidioblastosis or islet cell dysmaturation syndrome), congen¬ 
ital adrenal insufficiency, and other inborn errors of metabo¬ 
lism. In these circumstances, treatment options include corti¬ 
costeroids, glucagon, epinephrine, somatostatin analogues, 
diazoxide, calcium channel blockade, intramuscular growth 
hormone, and near-total pancreatectomy. 22 

Fats. Lipids are the other main source of energy substrate. 
Nutrient lipids consist primarily of triglycerides—a glycerol 
backbone to which three fatty acids are esterified. During 
energy metabolism, the fatty acids are cleaved off the glycerol 
moiety and transported into mitochondria, where they undergo 
/3-oxidation to produce energy stored in ATP. In addition to 
providing an energy source of high caloric density (9 kcal/g), 
lipids are essential for cell membrane structure, steroid hor¬ 
mones, the synthesis of inflammatory mediators such as 
prostaglandins and leukotrienes, and thermal insulation. 

Most dietary triglycerides contain long-chain fatty acids 16 
to 18 carbons long. Most fatty acids derived from animal 
sources have no double bonds within the carbon chain (satu¬ 
rated), whereas those derived from fish and vegetables have 
one or more double bonds (unsaturated). Because most fatty 
acids can be synthesized from carbohydrate precursors, there 
is no absolute dietary requirement for most fats as long as 
adequate calories are being provided from sugars. The fatty 
acids linoleic and u-linolenic acids are considered to be “essen¬ 
tial” from a dietary standpoint because they cannot be synthe¬ 
sized de novo. a-Linolenic acid is a “triene” characterized by 
three double bonds in its carbon chain. Linolenic acid defi¬ 
ciency has been associated with neurologic dysfunction, which 
suggests a role in brain development. Linoleic acid has two 
double carbon bonds, but is converted into arachidonic acid, 
which contains four double bonds and is therefore a 
“tetraiene.” Linoleic acid deficiency is marked by dryness and 
thickening of the skin, hair loss, and delayed wound healing. 


An increased triene-to-tetraiene ratio indicates essential fatty 
acid deficiency. 

Proteins. Although amino acids can be converted to their 
keto acid counterparts, enter the tricarboxylic acid cycle, and 
yield usable energy (4 kcal/g), they are ideally reserved for the 
synthesis of new structural and functional proteins. The need 
for protein precursors is particularly acute in the neonate who 
is undergoing accelerated somatic growth. As the infant ages 
and the rate of growth declines, the requirements for dietary 
protein diminish somewhat. Recommendations for protein 
requirements in infants and children are variable. Premature 
infants may require 3 to 4 g/kg each day, whereas term new¬ 
borns require 2 to 3 g/kg each day, older infants 1.5 to 2 g/kg 
per day, and children and adolescents 1 to 1.5 g/kg daily. These 
recommendations are somewhat controversial given that 
healthy newborn infants on a breast milk diet maintain normal 
growth with an average protein intake of 1.5 to 2 g/kg daily. 

Eight of the 20 amino acids are unable to be produced by 
enzymatic conversion of other existing amino acids and there¬ 
fore must be obtained from dietary sources. These essential 
amino acids are threonine, leucine, isoleucine, valine, lysine, 
methionine, phenylalanine, and tryptophan. Several other 
amino acids may be considered essential in the neonate because 
the specific enzyme systems for their conversion are consistently 
slow to mature in the postnatal period. These include histidine, 
tyrosine, cysteine, taurine, and possibly proline. Although clini¬ 
cal consequences of deficiencies in these amino acids have not 
been clearly defined, amino acid formulations designed for 
administration to adults may not contain them (especially cys¬ 
teine and taurine), and specialized pediatric formulations sup¬ 
plemented with these amino acids are available. 

Although not usually considered an essential amino acid, 
glutamine is of critical importance to many tissues and has 
been the subject of intense investigation. 23 Glutamine is pro¬ 
duced from glutamate by the enzyme glutamine synthetase and 
has many physiologic functions. It participates in nitrogen 
transport in both the ammonia and urea cycles. It serves as a 
precursor for nucleic acid synthesis and an energy source in tis¬ 
sues with rapid cell proliferation. Intestinal epithelium is the 
primary consumer of glutamine, extracting a significant frac¬ 
tion from the circulation as well as the intestinal lumen. Within 
the continuously dividing enterocytes, glutamine is a necessary 
precursor to nucleic acid synthesis as well as the principal 
energy substrate. Maintenance of mucosal health and barrier 
function is directly dependent on the availability of glutamine 
for enterocyte metabolism. 

Because glutamine synthetase is present in both infants and 
adults, and because glutamine is unstable in solution, this 
amino acid is not included in commercial amino acid formula¬ 
tions. During episodes of physiologic and metabolic stress, glu¬ 
tamine levels may fall despite the intravenous administration of 
other amino acids, suggesting a stress-induced alteration in glu¬ 
tamine synthesis. Intestinal mucosal atrophy and loss of barrier 
function may occur during prolonged periods of intestinal rest 
when only parenteral nutrition is administered. The addition of 
glutamine modified to increase stability in standard intra¬ 
venous amino acid formulations and enteral administration of 
glutamine-containing formulas are being investigated as strate¬ 
gies for improving mucosal function and promoting intestinal 
growth in infants and children with severe gut injury. 


Types of Nutritional Support 

Enteral Support. The provision of all fluids, electrolytes, and 
substrates through the gastrointestinal tract is the ultimate goal 
of nutritional therapy. Using the gastrointestinal tract, even if 
only for a fraction of the patient’s needs, provides trophic sub¬ 
stances and enteroendocrine stimulation for intestinal growth 
and development, maintains the integrity of intestinal barrier 
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function, and mitigates against the cholestatic liver complica¬ 
tions of prolonged gut rest. Enteral feeding is associated with 
significantly fewer complications than parenteral nutrition and 
can be administered at a much lower cost. Equally important, 
early oral feeding is crucial for the maintenance of an intact 
suck and swallow reflex and the prevention of behavioral feed¬ 
ing aversion. 

Breast milk is the optimal nutritional vehicle. Human milk 
is a complex mixture of macromolecules that evolves over time 
as the growing infant’s needs change. The usable energy con¬ 
tent of milk is divided almost equally between carbohydrates 
and lipids. The carbohydrate fraction is predominately lactose, 
but it includes more than 100 other oligosaccharides that have 
putative immunologic functions. A variety of lipids constitute 
the fat component, including both linoleic and linolenic acids. 
The protein content of human milk is relatively low compared 
with cow’s milk and commercial formulas. As opposed to cow’s 
milk, human milk has more whey than casein. The whey frac¬ 
tion includes many proteins, some with antibacterial functions, 
including the lactalbumins, albumin, lactoferrin, lysozyme, 
secretory immunoglobulin A (IgA), enzymes, growth factors, 
and hormones. In addition to these macromolecules, human 
milk contains a variety of cellular elements, including B and T 
lymphocytes, macrophages, and neutrophils. 

When human breast milk is not available, a wide variety of 
commercial formulations are available from which to choose 
(Table 103.3). The nutritional compositions of these formulas 
are modeled on breast milk, but they differ with respect to the 
specific carbohydrate, protein, and fat content. Commercial 
formulas contain slightly more protein and less fat as a per¬ 
centage of total calories than breast milk. Considerable varia¬ 
tion in the specific nutritional components provides multiple 
options for optimizing nutrition in neonates with gastroin¬ 
testinal derangements. 

Most of the available formulas have a caloric density equal 
to that of human milk: 20 kcal/oz (0.67 kcal/mL). Formulas 
with higher caloric densities are available for infants with 
restrictions on fluid intake, or may be provided by fortifying 
standard formulas with polymeric glucose or other additives. 
Children between 6 months and 1 year of age may be transi¬ 
tioned to pediatric formulas with a higher caloric density of 
30 kcal/oz. 

The amount of formula required to supply adequate energy 
substrate to the growing infant can be estimated easily. Assum¬ 
ing an energy requirement of 110 kcal/kg daily, a feeding regi¬ 
men of eight feedings per day, and a caloric density of 20 kcal/ 
30 mL, the calculation of the required feeding volume can be 
reduced to a single “nutritional coefficient” of 22: 

Wt (kg) X 22 = Volume of breast milk or formula required 
every 3 h 

This coefficient reduces to 7.3 for 24-hour continuous drip 
feedings. 

A number of specialized formulas are available for infants 
with specific abnormalities of substrate absorption. The most 
important carbohydrate source for infants is lactose, the pre¬ 
dominant disaccharide in human milk, which is hydrolyzed by 
intestinal lactase to glucose and galactose. Lactase and other 
disaccharidases are sensitive to changes in the villous environ¬ 
ment and exhibit reduced activity in the setting of mucosal dis¬ 
ease. Lactase is the most labile of brush-border enzymes, being 
among the first to exhibit decreased activity in disease and the 
last to increase during recovery. Inflammatory disorders that 
cause increased epithelial turnover result in a population of 
immature enterocytes with reduced lactase activity. Prolonged 
gut rest also results in reduced disaccharidase activity as a 
result of villous atrophy and mucosal loss. 

Premature infants have reduced intestinal brush-border 
enzyme activity as a result of epithelial immaturity, especially 
with respect to lactase, but they also have deficiencies in fat 
and protein absorption for the same reason. Premature-specific 


formulas provide carbohydrates largely as glucose polymers 
(corn syrup) with or without lactose. They also provide a fat 
mixture of long-chain and medium-chain triglycerides to 
improve fat absorption. In the extremely premature or stressed 
infant, formulations providing hydrolyzed proteins (oligopep¬ 
tides) have advantages over those that contain complex, intact 
proteins. Formulas for premature infants also provide increased 
concentrations of various other components, such as calcium 
and phosphorous, to meet the needs of accelerated bone miner¬ 
alization (a fetal task under normal circumstances). 

Hypersensitivity to bovine protein antigens may cause 
inflammation of the gastrointestinal tract and malabsorption in 
some infants. Soy-based formulas are usually the initial option 
for infants with cow’s milk protein allergy because the protein 
content derives exclusively from soy proteins. As many as 30% 
of these infants will develop hypersensitivity to soy proteins as 
well and may require the use of a formula containing only pro¬ 
tein hydrosylates, which are less allergenic than intact proteins. 

Synthetic medium-chain triglycerides (MCTs) containing 
fatty acid moieties 8 to 10 carbons long are commercially avail¬ 
able and have some advantages over long-chain triglycerides in 
certain clinical settings. MCTs are efficiently metabolized in the 
gut lumen to their constituent parts, are readily absorbed, and 
produce a nearly identical caloric yield. More importantly, they 
appear to have the capability of being transported directly into 
the enterocyte without prior degradation to glycerol and fatty 
acid. Hence, they offer the advantage of improved absorption 
in prematurity and other conditions that impair lipid digestion. 
These states include biliary obstruction (e.g., biliary atresia), 
bile salt insufficiency (e.g., ileal resection), pancreatic insuffi¬ 
ciency (e.g., cystic fibrosis), and decreased absorptive surface 
area (e.g., short-gut syndrome). Because they bypass lymphatic 
absorption, they also may be useful in reducing lymphatic flow 
in treating chylous ascites and chylothorax. Because MCTs do 
not contain the essential fatty acids, periodic supplementation 
is necessary to avoid deficiency states. 

Total Parenteral Nutrition. Few developments in clinical 
medicine have had a more profound impact on the survival of 
premature and critically ill neonates than the capability of 
administering hypertonic solutions of nutritional substrates by 
central venous catheter. The management of total parenteral 
nutrition (TPN) is complicated and covered more thoroughly 
elsewhere. Several issues related specifically to the manage¬ 
ment of TPN in infants and children are discussed here. 

Indications for TPN depend on age, size, and clinical condi¬ 
tion. In general, the younger the patient, the more intolerant he 
or she is of the effects of prolonged fasting. Although a healthy 
child may tolerate a week of inadequate nutrition or longer, 
infants and neonates are not so resilient. It is reasonable to con¬ 
sider initiating TPN in any neonate expected to fast for at least 
2 to 3 days. Extremely premature neonates with multiple med¬ 
ical problems are commonly started on TPN within the first 
2 days of life. Substrate concentrations are initially low and are 
gradually weaned up to calculated maintenance values over 
several days to avoid hyperglycemia and acidosis. 

Estimations of caloric needs are made using the same 
assumptions discussed in the previous section. It is reasonable 
to divide total caloric requirements between carbohydrates 
and fats. The energy content of proteins should not be calcu¬ 
lated to contribute to caloric requirements because the exoge¬ 
nous amino acids are expected to be used primarily for new 
protein synthesis. The appropriate distribution of calories 
between carbohydrates and fats may differ between individual 
patients, but in general fats should account for 40% to 50% of 
nonprotein calories, and carbohydrates usually account for 
50% to 60%. Carbohydrates are administered as dextrose, 
and standard lipid emulsions containing essential fatty acids 
also are used. Although essential fatty acids can be supplied in 
adequate quantities with once-weekly lipid infusions, the high 
caloric density and low respiratory quotient characteristic of 
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MCT, medium-chain triglycerides. 











Chapter 103: Surgical Physiology of Infants and Children 


1811 


intravenous lipids make them attractive as a primary energy 
source for most neonates who may have difficulty handling 
large fluid and C0 2 loads. 

Protein requirements in parenteral nutrition are age depen¬ 
dent because of the changing requirements for somatic growth. 
As discussed previously, premature infants typically require 3 
to 4 g/kg daily, whereas term newborns require 2 to 3 g/kg 
daily, and older infants 1.5 to 2 g/kg daily. To promote efficient 
utilization of amino acids for protein synthetic purposes, the 
nonprotein calorie-to-nitrogen ratio should be 150:1 to 200:1. 
Special formulations, including amino acids thought to be 
essential specifically in neonates, are widely available. Pediatric 
requirements for electrolytes, fat- and water-soluble vitamins, 
and trace elements must be provided as well. 

The administration of both enteral and parenteral nutrition 
involves many assumptions and estimations. One of the most 
important aspects of nutritional management, then, is monitor¬ 
ing the response to therapy. In the older child and adolescent, 
maintenance of weight is an important goal. In the rapidly 
growing neonate, measurable nonedema weight gain is the 
objective. A daily weight gain of about 0.5% to 1% is a rea¬ 
sonable goal (15 to 30 g daily in the average term neonate). 
Measurements of white blood count, serum albumin, prealbu¬ 
min and its binding proteins, and transferrin are helpful in 
assessing protein synthetic status in the neonate, just as they are 
in the adult. Routine surveillance of serum electrolytes, plasma 
and urine glucose, and liver function studies are mandatory to 
recognize metabolic complications of TPN administration. 


FLUID, ELECTROLYTE, 
AND RENAL PHYSIOLOGY 


Fluid Compartments 

Like the adult, but to a greater degree, the infant and child are 
composed primarily of water. This simple fact influences many 
clinical phenomena, ranging from fluid balance to the volume 
of distribution for electrolytes and drugs. The percentage of 
body weight that is water, as well as its distribution within 
physiologic compartments, is in a state of rapid flux during the 
fetal and neonatal period. Body fluid distribution approaches 
a steady state by approximately 1 year of age and remains rea¬ 
sonably constant thereafter. 

The greatest changes in total body water (TBW) occur dur- 
^ ing fetal development. At 12 weeks’ gestation, water constitutes 


95% of fetal mass. This percentage declines to about 80% by 
32 weeks’ gestation and to 75% at term. Prematurity results in 
the birth of a fetus at a stage of rapid change in water content, 
a fact that needs to be appreciated when caring for the preterm 
surgical patient. A further decline in TBW occurs in a roughly 
linear fashion over the first year of life and reaches a plateau of 
about 65% by 1 year of age (Fig. 103.3). 

Within the body, water is distributed between two main 
compartments: intracellular and extracellular. Although the 
extracellular compartment predominates early in fetal life, 
continued cellular proliferation and growth cause the intracel¬ 
lular and extracellular compartments to approach equivalence 
(about 40% each) at term. Postnatal diuresis of extracellular 
fluid causes the extracellular compartment to be reduced fur¬ 
ther within the first few weeks. Continued growth and fat 
deposition cause extracellular fluid to decline to about 25 % at 
1 year of age, whereas at the same time the intracellular com¬ 
partment rises to a plateau of 40% to 45%. 

The extracellular compartment is divided further into the 
interstitial and intravascular compartments. Generally, intravas¬ 
cular water accounts for only 25% of extracellular water, but 
this value is highly variable and depends on changeable factors, 
such as hematocrit and oncotic pressure. Blood volume itself is 
relatively high in the fetus because it includes blood circulating 
in the umbilical-placental vessels. At term, the normal fetal 
blood volume after cord occlusion is about 90 mL/kg (higher in 
premature infants). Blood volume declines gradually to 80 mL/ 
kg in toddlers, 75 mL/kg in school-aged children, and 65 mL/kg 
in adolescents. 

Fetal stress is often accompanied by the generalized accu¬ 
mulation of extracellular fluid, a condition referred to as 
hydrops fetalis. Fluid accumulates both as soft tissue edema 
and as effusions in the peritoneal, pleural, and pericardial 
spaces. This condition is readily diagnosed by prenatal ultra¬ 
sound, which can detect cavitary fluid accumulations and 
quantify soft tissue edema by measuring the increased thickness 
of cervical soft tissues between the spine and the skin (nuchal 
thickening). 

The mechanism of fluid accumulation is ill defined but most 
likely involves hydrostatic forces related to in utero congestive 
heart failure and venous hypertension. A principal cause of 
hydrops fetalis is autoimmune hemolytic anemia secondary to 
maternal-fetal Rh antigen incompatibility (erythroblastosis 
fetalis). The high fetal oxygen demand continues in the face of 
ongoing red cell destruction, resulting in a compensatory 
increase in cardiac output and the eventual development of 
high-output cardiac failure. Other causes of hydrops fetalis 



Age 


FIGURE 103.3. Changes in total body water distrib¬ 
ution during prenatal and postnatal growth and devel¬ 
opment. (Adapted from Friis-Hansen B. Changes in 
body water compartments during growth. Acta Pedi- 
atr 1957;46[suppl 110]:1.) 
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also involve congestive heart failure: fetal arrhythmias, struc¬ 
tural heart defects, mediastinal shift resulting from diaphrag¬ 
matic hernia or developmental lung anomalies, and arterial 
“steal” syndromes caused by fetal tumors such as giant sacro¬ 
coccygeal teratomas and hemangiomas. Additional causes are 
generalized infections, conditions of reduced oncotic pressure 
due to liver disease or nephropathies, maternal substance 
abuse, or chromosomal abnormalities. 

These causes of fetal extracellular fluid accumulation are 
referred to as nonimmune hydrops and carry a poor progno¬ 
sis. About 80% of fetuses identified with this condition die in 
utero, and only half of those that are liveborn survive beyond 
the neonatal period. 


Renal Physiology 

Maintenance of water and electrolyte balance within the 
body’s fluid compartments is the responsibility of the kidneys. 
Renal function in infants and children relies on the same phys¬ 
iologic principles as adults, but it differs in the relative capaci¬ 
ties to excrete and conserve water and solutes. These differ¬ 
ences mainly affect infants and small children; by the age of 
2 years, a child’s renal function approaches that of the adult. 

Renal function depends on two interrelated processes: the 
glomerular ultrafiltration of plasma and the tubular modifica¬ 
tion of the ultrafiltrate by selective reabsorption of water and 
solutes. Glomerular filtration is a passive event in which water 
and low-molecular-weight solutes percolate through the 
glomerular capillary membrane into the glomerular lumen. 
About 20% of renal plasma flow is filtered through the 
glomeruli in this fashion. The glomerular filtration rate (GFR) 
is dependent on renal blood flow, which is autoregulated by a 
tubuloglomerular feedback mechanism between specialized 
renal tubular cells (macula densa) and proximal arterioles. 
Modification of the ultrafiltrate occurs in the tubular system 
and collecting ducts through active transport of some solutes 
and passive diffusion of water and other solutes. A detailed 
description of these physiologic events is beyond the scope of 
this chapter, but certain generalizations can be made regarding 
age-related differences in renal function. 

Urine output in the immediate postnatal period is character¬ 
ized by three distinct phases: prediuretic, diuretic, and postdi¬ 
uretic. The prediuretic phase occupies the first 24 hours and is 
marked by a fixed, low urine output of 1 mL/kg per hour or less. 
Urine output during the second and third day of life increases 
dramatically, to 5 to 10 mL/kg per hour, and is largely insensitive 
to exogenous fluid administration. Much of the rapid reduction 
in TBW seen in the postnatal period occurs during this diuretic 
phase. The unloading of excess water has an extremely high pri¬ 
ority and is observed even in premature infants. 24 Beginning on 
the fourth day of life, urine output begins to display an appro¬ 
priate responsiveness to fluid balance. 

Renal blood flow (RBF) and GFR are both markedly 
reduced in the neonate because of elevated renovascular resis¬ 
tance. In the newborn, RBF represents only 6% of cardiac out¬ 
put, compared with 25% in the older child and adult. As resis¬ 
tance falls, RBF increases by fourfold in the first 3 months and 
doubles again to adult levels (indexed to body surface area) by 
1 or 2 years of age. Changes in GFR correspond roughly to 
those in RBF. Because of this preexisting diminished RBF and 
GFR and the delicate balance between vasoconstrictive and 
vasodilatory forces, neonates are highly susceptible to the 
development of renal insufficiency under certain circum¬ 
stances. Both acute tubular necrosis (ATN) and vasomotor 
nephropathy (VMNP) can occur secondary to reductions in 
renal perfusion because of hypovolemia, hypotension, sepsis, 
neonatal asphyxia, and administration of indomethacin and 
angiotensin-converting enzyme inhibitors. Treatment main¬ 
stays include optimization of intravascular volume, dopamine 
administration for infants with congestive heart failure, and 


furosemide administration in infants with indomethacin- 
induced ATN. 25 

Tubular function also varies according to age. The ability 
to concentrate urine is dependent on mechanisms that cause 
reabsorption of free water in renal collecting ducts to regulate 
serum osmolarity. Free water absorption is governed by the 
actions of antidiuretic hormone (ADH), which is secreted by 
the posterior pituitary in response to increased serum osmo¬ 
larity and decreased blood pressure, and which acts on tubular 
epithelium in the collecting ducts to increase permeability to 
water. Water diffuses out of the ductal lumen and into the 
interstitium and capillary network, as directed by the concen¬ 
tration gradient. 

Although the capacity to produce ADH is fully developed 
both in preterm and term infants, the sensitivity of tubular 
epithelium to ADH appears to be diminished in all neonates. 
The mechanism for reduced sensitivity appears to be related to 
the diminished production and increased degradation of 
prostaglandin E 2 . On stimulation by ADH, renal collecting 
duct cells increase the expression of aquaporin-2 transmem¬ 
brane water channels, increasing the translocation of water 
from the collecting duct lumen to the interstitium. The expres¬ 
sion of aquaporin-2 in neonates is diminished as well. 26 These 
differences account for the fact that infants have a reduced 
capability to excrete concentrated urine relative to adults. The 
neonatal kidney can concentrate urine to a maximum of 500 
to 600 mOsm/L. By 1 year of age, maximum concentrating 
capacity reaches about 1,000 mOsm/L, and by 2 years of age, 
the concentrating capacity attains adult levels of 1,200 to 1,400 
mOsm/L. In contrast, the ability of the neonate to excrete free 
water and to produce dilute urine appears to exceed that of the 
adult. Maximal urine dilution capacity in the preterm and term 
neonate is about 30 to 50 mOsm/L, compared with 70 to 
100 mOsm/L in the adult. 

The other primary tubular function is the regulation of 
sodium balance, which in turn determines TBW and affects 
intravascular volume. Sodium regulation is governed largely by 
two counterregulatory hormones: aldosterone and atrial natri¬ 
uretic peptide (ANP). Aldosterone is secreted by the adrenal 
cortex in response to activation of the renin-angiotensin system, 
and it acts on renal tubular epithelium to increase active sodium 
resorption and passive water resorption. Active sodium resorp¬ 
tion is tightly coupled to potassium excretion. ANP is secreted 
in response to atrial distention and increased levels of ADH, cat¬ 
echolamines, and corticosteroids, and it promotes increased 
sodium excretion and water diuresis through enhanced GFR 
and reduced sodium resorption. 

Both of these systems appear to be active in the neonate. 
The term infant is able to conserve sodium effectively, like the 
adult, but it appears to be less effective in excreting an excess 
sodium load. In contrast, the preterm infant is a “salt waster,” 
and demonstrates a marked inability to conserve sodium in the 
face of sodium restriction. Additionally, because sodium 
excretion occurs at an increased but relatively fixed rate in 
preterm infants, these patients are unable to excrete a sodium 
load by increasing sodium clearance beyond the prepro¬ 
grammed rate. This relative inability to regulate sodium excre¬ 
tion makes the neonate particularly susceptible to changes in 
intravascular and extravascular volume resulting from inap¬ 
propriate fluid management. 

Sodium handling can be expressed in terms of the fractional 
excretion of sodium (FE Na ) or the percentage of sodium fil¬ 
tered that is actually excreted in the urine. Calculation of FE Na 
requires measurement of plasma (P) and urine (U) concentra¬ 
tions of both sodium (Na) and creatinine (Cr) (sodium excre¬ 
tion is indexed to creatinine excretion because creatinine is not 
reabsorbed): 

FE Na % = (U Na )(P Cr )/(U Cr )(P Na ) X 100 

Under normal circumstances, the FE Na for both term 
infants and adults is 1% or less. Premature infants normally 
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have elevated FE Na values of 3% to 9%. Calculation of the 
FE Na can be helpful in assessing the cause of oliguria by deter¬ 
mining whether renal tubular function indicates increased 
sodium resorption. Recent diuretic use invalidates the FE Na as 
an indicator of tubular function. Oliguria associated with an 
appropriately low FE Na implies renal hypoperfusion. Oliguria 
associated with an abnormally high FE Na (>1 in term infants, 
>3 in preterm infants) indicates inappropriate sodium excre¬ 
tion and suggests a renal parenchymal cause for the oliguria 
(e.g., ischemic acute tubular necrosis). 


Fluid and Electrolyte Management 

Neonates and young children are exquisitely sensitive to small 
changes in body chemistry and do not have mature homeosta¬ 
tic mechanisms to compensate for rapid changes in fluid and 
electrolyte flux and to maintain internal balance. Additionally, 
the requirements for chemical homeostasis in the neonate are 
superimposed on a background of ongoing change. Iatrogenic 
alterations of body chemistry in the child are therefore quickly 
and easily produced by inattention to the details of fluid and 
electrolyte administration, causing impairments of cardiovas¬ 
cular, pulmonary, neurologic, and gastrointestinal function. 

The systematic approach to fluid and electrolyte manage¬ 
ment requires an estimate of maintenance requirements, which 
then are adjusted to take into account both preexisting imbal¬ 
ances and ongoing losses. Once therapy is initiated, frequent 
reassessment and readjustment are necessary to ensure that the 
patient is responding as initially predicted. This involves docu¬ 
menting reversal of the symptoms and signs of dehydration, 
correction of any electrolyte or acid-base abnormalities, and 
normalization of urine output. 

When normal renal function is present, the most reliable and 
easily measured indicator of adequate hydration is urine output. 
In the adult, the production of urinary output at a rate of 0.5 mL/ 
kg per hour (30 to 40 mL/h) is adequate to excrete a normal 
renal solute load, given the concentrating capacity of the adult 
kidney. Because the immature kidney has diminished concen¬ 
trating capacity compared with that of the adult, and because 
the pediatric solute load requiring excretion is relatively higher 
owing to the increased requirements for energy metabolism and 
growth, normal urinary outputs in children are higher. A desir¬ 
able urine output in preterm infants is 3 to 4 mL/kg per hour, 
dropping to 2 mL/kg per hour in neonates and infants, and 
1 mL/kg per hour in toddlers and school-age children. 


Maintenance Requirements 

Maintenance fluid and electrolyte requirements are those 
required to replenish normal, anticipated losses. Obligate fluid 
losses can be estimated by considering water lost in the excre¬ 
tion of solutes in the urine, excretion of stool, transepithelial 
water and sweat lost by evaporation, water lost through respi¬ 
ration, water utilized in anabolic metabolism for growth, and 
water gained through oxidation of nutrient substrates. Obvi¬ 
ously, the actual “maintenance” fluid requirements in individual 
patients will vary widely according to the variables listed, but 
certain generalizations can be helpful in estimating require¬ 
ments and initiating therapy. 

Maintenance fluid requirements are related primarily to 
patient size and can be estimated by the Holliday-Segar 
method (Table 103.4). Many neonates, however, will require 
much higher maintenance fluid volumes (100 to 150 mL/kg 
daily) as a result of increased obligatory losses from a variety 
of causes. Increased transepithelial losses occur with fever, 
with the use of radiant warmers, with exposure to photother¬ 
apy for hyperbilirubinemia, and in premature infants with 
thin, nonkeratinized skin. Neonates with tachypnea or those 
undergoing mechanical ventilation may have increased lung 


ITABLE 103.4 

1 

HOLLIDAY-SEGAR METHOD FOR ESTIMATING 

FLUID REQUIREMENTS 

■ WEIGHT (kg) 

■ FLUID REQUIREMENT (mL/d) 

0-10 

100/kg 

10-20 

1,000 + 50/kg over 10 

>20 

1,500 + 20/kg over 20 


water loss despite inspired gas humidification. It is common 
practice to reduce the fluid volumes for the first 2 to 3 days of 
life to about 70% of maintenance to accommodate the obliga¬ 
tory diuresis of extracellular fluid. 

Maintenance requirements of sodium are about 2 to 3 mEq/kg 
daily in term infants and children. This value may be some¬ 
what higher in premature infants who cannot conserve sodium 
as effectively. Potassium requirements are also approximately 
2 mEq/kg daily. Requirements for exogenous calcium are low 
in older infants and children with adequate skeletal stores, but 
calcium supplementation may be necessary in the premature 
infant with little skeletal ossification, particularly in those with 
cardiac disease, and in all children receiving prolonged TPN. 
As discussed in the preceding section, glucose is administered 
along with maintenance fluids to provide sufficient caloric sup¬ 
port to meet the needs of glucose-obligate tissues and to pre¬ 
vent protein catabolism for gluconeogenesis. 

Taking these requirements into consideration, maintenance 
fluids composed of one-fourth normal saline in 10% dextrose 
(D 10 l/4NaCl) should be appropriate for most healthy 
neonates. Half-normal saline in 10% dextrose may be required 
in the premature infant. After the infant transitions into the 
postnatal diuretic phase on the second or third day of life, 10 to 
20 mEq/L of KC1 may be added to replenish obligate potassium 
losses and avoid hypokalemia. Depending on prior nutritional 
status and ongoing illness, it may be appropriate to reduce glu¬ 
cose intake to 5% dextrose after 1 to 2 weeks. 


Preexisting Imbalances 

Frequently, maintenance fluid administration must be super¬ 
imposed on a significant preexisting deficit or excess. A com¬ 
plete history and physical examination are invaluable in 
detecting evidence of fluid imbalance and understanding its 
cause. Protracted vomiting or diarrhea, copious enterostomal 
output, chronic diuretic therapy, mechanical ventilation, pho¬ 
totherapy, and the like are all clues to extraordinary fluid 
losses. Physical examination is paramount in assessing current 
fluid status in all children. Because of the absence of comor¬ 
bidity in most cases, physical signs of volume status are fre¬ 
quently more reliable in children than in adults. 

Signs of both intravascular and extravascular fluid imbal¬ 
ance should be sought. Signs of extravascular fluid deficit, 
which are apparent with mild to moderate dehydration 
(<10%), include poor skin turgor, recessed eyes, sunken or 
soft fontanel, dry mucous membranes, absence of tears, and 
orthostatic hypotension and tachycardia. Signs of intravascu¬ 
lar fluid deficit, which usually indicate more severe dehydra¬ 
tion (>10%), include resting tachycardia and hypotension, 
oliguria, delayed capillary refill, reduced extremity tempera¬ 
ture, diminished peripheral pulses, and altered mental status. 

Signs of intravascular volume depletion usually indicate a 
need for intravenous resuscitation, which is usually initiated 
before proceeding with maintenance therapy. Isotonic crystal¬ 
loid resuscitation with serial boluses of lactated Ringer solu¬ 
tion (10 to 20 mL/kg) is usually appropriate and followed by 
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careful assessment of the response to therapy. For dehydration 
associated with hyponatremia and hypochloremia, normal 
saline boluses may be preferable. In most conditions, however, 
repeated boluses of saline may be associated with iatrogenic 
hypernatremia and a normal anion gap metabolic acidosis 
resulting from hyperchloremia with a compensatory decrease 
in serum bicarbonate anion. 

Preexisting fluid excesses are encountered less frequently in 
children, but it is important to recognize them to avoid exac¬ 
erbating the underlying condition by instituting ill-advised 
maintenance therapy. Fluid excesses occur most frequently as a 
result of iatrogenic mismanagement, but they also may be seen 
in acute renal failure and congestive heart failure. Signs may in¬ 
clude peripheral and pulmonary edema, hypertension, and 
increased heart size on chest radiography. Obviously, mainte¬ 
nance therapy may need to be postponed until euvolemia is 
achieved through diuresis. 


Ongoing Losses: Body 
Secretion Compositions 

Before a final strategy can be established, it is important to 
anticipate and account for the presence of extraordinary ongo¬ 
ing fluid losses. These losses usually result from increased gas¬ 
trointestinal losses caused by nasogastric suction, enterostomal 
output, diarrhea, pancreatic or biliary drainage, or drainage of 
chylous ascites or chylothorax. Another common, although 
“occult” cause of ongoing fluid loss is the unavoidable seques¬ 
tration of extracellular fluid in regions of surgical, inflamma¬ 
tory, or traumatic injury, often referred to as third spacing. 

Because gastrointestinal secretions from various levels of 
the gastrointestinal tract have differing electrolyte profiles, 
they are most safely replaced on an equal volume (mL per mL) 
basis with fluid of similar composition. This can be accom¬ 
plished by periodically measuring the electrolyte composition 
of the lost fluid or by estimating the composition according to 
known values (Table 103.5). In practice, upper gastrointesti¬ 
nal secretions in the setting of paralytic ileus or mechanical 
obstruction frequently approach isotonicity and may be safely 
replaced with lactated Ringer solution as long as careful mon¬ 
itoring of serum electrolytes is maintained. Pancreatic, biliary, 
and some ileostomy-related fluids are safely replaced with 
0.45% NaCl supplemented with sodium bicarbonate at a con¬ 
centration of 25 to 50 mEq/L. Chylous drainage may require 


the addition of albumin to avoid a progressive decrease in serum 
oncotic pressure over time. Third-space losses are best replaced 
with lactated Ringer solution administered by intermittent 
bolus (10 to 20 mL/kg), because the exact rate of fluid loss is not 
measurable and adequacy of resuscitation can be judged best by 
physiologic response. 


Specific Examples 

Abnormalities of Sodium Concentration. Changes in 
serum sodium concentration reflect changes in free water bal¬ 
ance. Mild hyponatremia (serum sodium of 125 to 135 mEq/L) is 
a common electrolyte abnormality in children and is seen fre¬ 
quently in postoperative patients with excessive ADH secretion in 
response to perceived intravascular volume depletion. It is also 
seen in patients with chronic conditions associated with fluid 
retention, such as cirrhosis, nephrotic syndrome, and conges¬ 
tive heart failure. Severe, acute hyponatremia (serum sodium 
<120 mEq/L) usually is associated with volume contraction from 
hypertonic fluid loss, as can occur with vomiting, diarrhea, exces¬ 
sive stomal output, or inappropriate ADH secretion (SIADH). 

Acute hyponatremia can cause severe neurologic symp¬ 
toms, including headache, nausea, vomiting, lethargy, seizure 
activity, and coma. These symptoms are referred to as water 
intoxication and result from diffusion of water into relatively 
hypertonic brain cells, causing cerebral edema and intracranial 
hypertension. Treatment of severe or symptomatic hypona¬ 
tremia involves correction of the underlying cause and admin¬ 
istration of hypertonic saline (3% NaCl) over 30 to 60 min¬ 
utes to correct serum sodium to about 125 mEq/L, followed by 
a more gradual elevation of serum sodium levels to normal 
over the ensuing 24 to 48 hours. The sodium deficit can be cal¬ 
culated by using a volume of distribution for sodium of 0.6: 

Sodium deficit = [Na4 rget — Na+ easured ] X weight (kg) X 0.6 

Hyponatremia of a more chronic, gradual nature should be 
corrected more slowly, particularly if asymptomatic. When 
hyponatremia develops gradually, compensatory loss of osmotic 
agents from brain cells prevents water intoxication. Rapid nor¬ 
malization of serum sodium levels may therefore cause a rapid 
fluid shift out of compensated brain cells, occasionally causing 
permanent neurologic injury. This is referred to as osmotic 
demyelination or central pontine myelinolysis , although 
demyelination often is diffuse and not necessarily involving the 
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COMPOSITION OF BODY FLUIDS 


■ SOURCE 

■ Na* 
(mEq/L) 

■ K* 

(mEq/L) 

■ CU 
(mEq/L) 

■ HCO 
(mEq/L) 

■ PROTEIN 
(g/dL) 

■ SUGGESTED 
REPLACEMENT 

Gastric 

20-80 

5-20 

100-150 

— 

— 

0.45% NaCl + 

10 mEq/L Cl 

Pancreatic 

120-140 

5-15 

40-80 

115 

— 

LR or 0.45% NaCl + 

50 mEq/L NaHCOj 

Bile 

120-140 

5-15 

80-120 

100-115 

— 

LR or 0.45% NaCl + 

50 mEq/L NaHCOj 

Ileostomy 

45-135 

3-15 

20-115 

30-50 

— 

LR or 0.45% NaCl + 

25 mEq/L NaHC0 3 

Diarrhea 

10-90 

10-80 

10-110 

30-50 

— 

LR or 0.45% NaCl + 

25 mEq/L NaHC0 3 

Pleural or 
peritoneal 

140 

5 

100 

25 

6-8 

LR 5% albumin or 
Plasmanate 

LR, lactated Ringer solution. 
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pons. Osmotic demyelination can manifest as quadriparesis or 
pseudobulbar palsy. Mild, chronic hyponatremia in conditions 
associated with fluid retention usually can be corrected with 
free water restriction alone. 

Hypernatremia is an uncommon electrolyte abnormality in 
children. Neurologic symptoms are related to brain-cell dehydra¬ 
tion and shrinkage, causing disruption of bridging veins and 
intracranial hemorrhage. Recommendations for correction 
include calculation of the free water deficit and slow correction 
with D 5 W over 24 to 48 hours. As a result of the production of 
cytoplasmic osmotic substances (ideogenic osmoles) by brain cells 
to offset increased extracellular sodium concentration, chronic 
hypernatremia is usually well tolerated and should be corrected 
gradually to avoid precipitating acute cerebral edema. 

Abnormalities of Acid-Base Status. Metabolic acidosis 
can be categorized as having an increased anion gap or normal 
anion gap. The causes of an increased anion gap metabolic aci¬ 
dosis in children are the same as in adults: lactic acidosis or 
ketoacidosis accounts for most cases. Their implications and 
management in children do not differ from that in the adult. 
Normal anion gap metabolic acidosis, however, is much more 
common in infants than in older children and adults. The 
immature kidney is less efficient both at bicarbonate reclama¬ 
tion in the proximal tubule and at hydrogen ion excretion in the 
distal tubule. These functional deficits are considered a transient 
form of renal tubular acidosis type II (proximal), which is one 
of a heterogeneous group of disorders characterized by abnor¬ 
mal hydrogen ion and bicarbonate handling in the nephron. 
The vast majority of neonates outgrow this condition in the 
first year of life. 

One of the most commonly encountered acid-base abnor¬ 
malities in infants is metabolic alkalosis associated with hypo- 
chloremia, hypokalemia, and volume contraction. This pattern 
is typical of that seen in infants with protracted vomiting result¬ 
ing from hypertrophic pyloric stenosis. Persistent vomiting of 
acidic gastric secretions causes the progressive depletion of both 
hydrogen and chloride ions. The loss of hydrogen ions results in 
alkalosis. Hypochloremia is associated with an increase in serum 
bicarbonate ion to maintain electroneutrality and with a 
decrease in renal hydrogen ion excretion. Renal tubular sodium 
resorption increases to reverse extracellular volume contraction. 
Sodium resorption is coupled with excretion of potassium. This 
potassium loss is facilitated by systemic alkalosis, which drives 
hydrogen ions out of renal tubular cells in exchange for potas¬ 
sium, raising renal tubular availability of potassium. As potas¬ 
sium becomes progressively depleted, a shift to hydrogen excre¬ 
tion occurs, resulting in the creation of urine with an 
inappropriately low pH: paradoxical aciduria. Treatment is 
directed at restoring extracellular fluid volume and chloride and 
potassium ions, and correcting the underlying pathology. 


RESPIRATORY PHYSIOLOGY 
AND SUPPORT 


Pulmonary Development 

Abnormal or incomplete pulmonary development accounts for 
much of the clinical pathophysiology observed in infants with 
respiratory distress syndrome, bronchopulmonary dysplasia, 
and pulmonary hypoplasia related to congenital diaphragmatic 
hernia or cystic adenomatoid malformation. All these condi¬ 
tions manifest physiologic disturbances related to immature or 
altered development of the tracheobronchial tree, pulmonary 
vasculature, or alveolar parenchyma. A general knowledge of 
normal lung development is therefore necessary to understand 
these pathologic entities and their management. 

Normal lung development can be described as occurring in 
roughly five phases. The embryonic phase begins in the third 


week of gestation, when a ventral diverticulum appears in the 
proximal foregut. This lung bud grows caudally, undergoing a 
series of binary branchings to form first the carina and then the 
lobar and segmental bronchi. The developing lung buds are 
composed of entodermal cells destined to become both 
bronchial epithelium and alveolar parenchyma. As the primi¬ 
tive lung bud branches, it grows into mesoderm destined to dif¬ 
ferentiate into cartilage, smooth muscle, and vascular struc¬ 
tures. This phase is largely complete by 6 weeks. 

The pseudoglandular phase extends from week 7 to week 16 
and is characterized by continued dichotomous branching of the 
primitive airways. Under normal conditions, the developing air¬ 
way branches about 23 times and acquires a glandular appear¬ 
ance as the epithelial tubes are surrounded by amorphous mes¬ 
enchymal tissue. Entodermal differentiation into bronchial and 
alveolar epithelium occurs, as does mesenchymal differentiation 
into muscle, blood vessels, and connective tissue. Physical con¬ 
tact between the entodermal and mesodermal components is 
necessary for reciprocal induction of differentiation. By the end 
of this phase, all tracheobronchial branching is complete. 

The canalicular phase extends from week 17 to 24 and is 
characterized by development of the gas-exchange architecture 
of the lung parenchyma. Primitive epithelial channels evolve into 
more complex groupings, interstitial tissue diminishes, and cap¬ 
illary ingrowth occurs. Alveolar epithelial cells differentiate into 
type I and II pneumocytes. Type I pneumocytes make up the 
alveolar wall and have a flattened morphology with scant cyto¬ 
plasm, which is appropriate for the diffusion interface between 
the alveolar lumen and the capillary blood. Type II pneumocytes 
contain cytoplasmic lamellar bodies that identify these cells as 
future surfactant producers. A considerable body of evidence sug¬ 
gests that type I pneumocytes differentiate from existing type II 
pneumocytes. The earliest time at which functional gas exchange 
is possible is at the end of the canalicular phase. 

The terminal saccular phase follows the canalicular phase 
at 24 weeks and lasts until the end of gestation. Two principal 
events occur during this time: (a) further morphologic change 
in the gas-exchange units with thinning of the interstitium and 
increased exposure of capillaries to the epithelial interface and 
(b) production of surfactant in preparation for extrauterine 
life. At this stage, each capillary is exposed to only one respi¬ 
ratory surface. 

At birth, each lung contains approximately 20 million imma¬ 
ture gas-exchange units, referred to as terminal sacs. In the post¬ 
natal alveolar phase, these structures proliferate and mature, 
reaching 300 million mature alveoli by the time the child is 8 
years old. The terminal sacs multiply in number and mature 
morphologically. During this final phase, the respiratory mem¬ 
brane thins out further and presents more surface area to the 
capillary network. In the mature alveolus, each capillary is 
exposed simultaneously to at least two alveolar surfaces. After 
the end of this phase, when the child is 8 years of age, further 
lung growth occurs only by increasing individual alveolar size. 

Apoptosis, the process of programmed cell death without 
inflammation, plays an important role in both prenatal and post¬ 
natal lung development. As the airway epithelium proliferates 
into the mesenchyme, apoptosis is involved in the formation of 
branch points. As the airways develop further, mesenchymal 
apoptosis is necessary for the thinning out of the interstitial con¬ 
nective tissue and the creation of the blood-alveolar interface. 
Apoptosis is also involved in the consolidation of the microvas- 
cular network into a single capillary layer between alveoli. 
Apoptosis in the developing lung appears to be upregulated by 
transforming growth factor-/! and insulinlike growth factor 
and downregulated by nitric oxide. 27 Apoptosis combined with 
selective local morphogenesis forms the developing lung. Local 
expression of fibroblast growth factor-10 (FGF-10) seems to 
induce the latter. 28 

Lung growth during prenatal development appears to be 
linked to the secretion of fetal lung liquid. Fetal breathing 
movements provide for amniotic fluid flow into and out of the 
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FIGURE 103.4. Lung volumes and capacities. (Adapted 
from Wilson JM, DiFiore JW. In: O’Neill JA, Rowe MI, 
Grosfeld JL, et al., eds. Pediatric Surgery, 5th ed. St. Louis, 
MO: Mosby; 1998.) 
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developing lungs. Net fluid flow appears to be outward, how¬ 
ever, implying that lung fluid is secreted into the airway and 
flows out during the fetal respiratory cycle. Lung liquid pro¬ 
duction seems to stimulate lung growth, perhaps by providing 
a positive distending pressure in the fluid-filled fetal lung. The 
mechanism by which physical distention leads to cell prolifer¬ 
ation or apoptosis is referred to as mechanotransduction. This 
process appears to depend on cell deformation and changes in 
cell-cell and cell-matrix adhesion, which are transduced into 
cytoskeletal changes and activation of intracellular kinases. 


Pulmonary Physiology in the Neonate 

Lung Volumes. Total lung capacity is composed of four dis- 
tinct lung volumes: tidal volume, inspiratory and expiratory 
reserve volumes, and residual volume (Fig. 103.4). Residual 
volume is the volume of gas left in the lung after complete, 
forced expiration. The sum of the three lung volumes above 
residual volume (expiratory reserve, tidal, and inspiratory 
reserve) is the vital capacity, or the maximal volume of gas that 
can be voluntarily inspired or expired. Two functional para¬ 
meters with great relevance to the physiologic management of 
lung pathophysiology are the functional residual capacity 
(FRC), which is the total volume of gas remaining in the lung 
after passive expiration during tidal breathing when alveolar 
pressure has equilibrated to atmospheric pressure, and the 
closing capacity (CC), which is the volume below which small 
conducting airways and alveoli begin to collapse. 

Alterations in FRC occur in many pathologic states and sig¬ 
nificantly impact the efficiency of gas exchange. Normally, FRC 
exceeds CC, and alveoli in most regions of the lung remain open 
for gas exchange during tidal breathing. In disease states in 
which FRC is reduced, usually because of diminished compli¬ 
ance, FRC may drop below CC, causing regional atelectasis and 
impaired gas exchange. Common conditions associated with 
reduced FRC include respiratory distress syndrome (RDS), 
adult respiratory distress syndrome (ARDS), cardiogenic pul¬ 
monary edema, pneumonia, and postoperative hypoventilation 
caused by pain and splinting. Management focuses on recruit¬ 
ing collapsed alveoli by restoring and maintaining a higher 
FRC. This usually entails applying positive intra-alveolar dis¬ 
tending pressure in the form of positive end-expiratory pressure 
(PEEP) or continuous positive airway pressure (CPAP). 

Mechanical Properties and Their Effects on Ventilation. 

The bulk flow of gas can be described by the simple equation: 

AP = VR 


where AP is the pressure gradient, V is volume flow per unit 
time, and R is resistance. The mechanical properties that gov¬ 
ern clinically important aspects of lung ventilation include 
compliance, elastic recoil, and airway resistance. Compliance 
describes the distensibility of lung tissue and reflects the energy 
required to effect a volume change. Compliance is defined as 
the change in lung volume per unit change in pressure: AV/AP, 
with higher values signifying greater distensibility. Dynamic 
compliance (C dyn ) uses peak inspiratory pressure (PIP) in the 
calculation, whereas static compliance (C st ) uses plateau inspi¬ 
ratory pressure; hence, C dyn is always lower than C st . From a 
clinical standpoint, compliance is a critical determinant of lung 
volume, which in turn determines the efficiency of ventilation/ 
perfusion matching and gas exchange. Conditions that reduce 
compliance make it more difficult to maintain volumes above 
closing capacity and therefore promote atelectasis. Low com¬ 
pliance states are caused by increased structural wall tension 
(edema or fibrosis), increased alveolar surface tension (surfac¬ 
tant deficiency), or decreased alveolar radius (reduced FRC). 

Compliance is the inverse of elastic recoil, defined as the 
tendency for stretched tissue to return to its prestretched state. 
Whereas elastic recoil depends in part on intrinsic properties 
of lung and chest-wall tissue structure, the elastic recoil of lung 
parenchyma is closely related to alveolar wall tension. Wall 
tension tends to cause collapse of the alveolus unless opposed 
by some internal “splinting” pressure within the alveolus. The 
interaction between wall tension, alveolar radius, and pressure 
is defined by the Laplace relationship: 

P = 2T/R 

where P equals the splinting pressure, T the wall tension, and R 
the alveolar radius. This relationship states that the internal dis¬ 
tending pressure required to counteract alveolar collapse is 
directly proportional to wall tension and inversely proportional 
to alveolar radius. At low alveolar radii (volumes), higher 
splinting pressures are required to counteract wall tension and 
oppose alveolar collapse. This explains both the tendency for 
low lung volumes to promote regional atelectasis and the high 
energy investment required to reopen collapsed alveoli. The 
most important component of total wall tension in the neonate 
is surface tension, which is the tension created by the physio- 
chemical properties of the gas-liquid interface. In the mature 
lung, surface tension is dramatically reduced by surfactant, a 
phospholipoprotein that coats the alveolar surface and stabi¬ 
lizes it against collapse. Therefore, alveolar collapse is facilitated 
both by small lung volumes and by surfactant insufficiency. 

The relationship between pressure and lung volume, referred 
to as the static compliance curve, is not linear (Fig. 103.5). At 
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FIGURE 103.5. Static compliance curve. Nonlinear relationship 
between inflation pressure and volume change illustrated at low, nor¬ 
mal, and high functional residual capacities (FRCs). Volume repre¬ 
sented as fraction of total lung capacity (TLC). (Adapted from Harris 
TR, Wood BR. In: Goldsmith JP, Karotkin EH, eds. Assisted 'Ventila¬ 
tion of the Neonate , 3rd ed. Philadelphia, PA: WB Saunders; 1996.) 


low lung volumes, atelectatic alveoli initially require a large 
energy input to reopen. As more alveoli are recruited, further 
increases in pressure bring about much larger increases in lung 
volume. At high lung volumes, alveoli are overdistended and 
less compliant. Pulmonary management aims at maintaining 
FRC in the steep portion of the static compliance curve, where 
lung compliance is optimal. 

Extrinsic compliance refers to the component of lung com¬ 
pliance related to extrapulmonary structures, primarily chest 
wall, diaphragm, and abdomen. Under normal circumstances, 
chest wall compliance in the infant is high and contributes little 
to total compliance, which then is determined mostly by intrin¬ 
sic lung compliance. In some instances, such as increased chest- 
wall edema caused by sepsis, hydrops fetalis, persistent fetal 
circulation, or superior vena caval thrombosis, reduced extrin¬ 
sic compliance can have a significant impact on total compli¬ 
ance and ventilation. Chest-wall compliance also can decrease 
with the use of intravenous fentanyl, which affects muscle tone. 
Extrinsic compliance also decreases when intra-abdominal 
pressures are increased (e.g., ileus, closure of abdominal wall 
defects), in the presence of pleural fluid collections, and after 
diaphragmatic plication or diaphragmatic hernia repair. 29 

Ventilation is inversely related to resistance, which has both 
viscous and airway components. Viscous resistance is the fric¬ 
tion generated by contiguous tissues moving against each 
other. It accounts for up to 40% of total resistance in neonates 
and is increased with conditions of high tissue density caused 
by edema (e.g., RDS, bronchopulmonary dysplasia, and ana¬ 
tomic left-to-right shunts). Airway resistance, on the other 
hand, reflects friction caused by gas molecules interacting with 
each other and with the airway walls. 

Airway resistance is related to length, radius, turbulence, 
and density. According to Poiseuille’s law, resistance is directly 
related to the length of the conducting tube and inversely 
related to the fourth power of radius: 

AP = V8hL/pr 4 

where h is viscosity, L is tube length, and r is radius. Radius is 
a powerful determinant of resistance in simple tubes, but in the 
branching bronchial tree, the impact of progressively smaller 
radii is offset by the large total cross-sectional area of the dis¬ 
tal airways. This is particularly true for older children and 


adults, in whom occult small-airway disease may exist without 
affecting total resistance. The small airways in infants con¬ 
tribute a much larger percentage of total airway resistance, 
however, so conditions affecting these airways, such as bron- 
chospasm and bronchiolitis, have a more significant effect on 
airflow. Although tube length has few important clinical rami¬ 
fications, it is interesting to note that infants with pulmonary 
hypoplasia resulting from congenital diaphragmatic hernia 
have truncated development of the bronchial tree and lower 
airway resistance than normal infants. 30 

Turbulence refers to the random swirling of gas molecules 
during bulk flow, in contrast to laminar flow, which is charac¬ 
terized by organized streaming of gas molecules along the 
same axis. Turbulence is induced as flow rates increase, and it 
makes ventilation less efficient because it consumes energy. 
Gas density is directly and linearly related to resistance. 
Although this has little clinical relevance in most settings, the 
use of low-density gas mixtures improves ventilation with 
anatomic abnormalities that produce high resistance, such as 
tracheal stenosis and bronchopulmonary dysplasia. Heliox, a 
mixture of 80% helium and 20% oxygen, has a density one- 
third that of room air and therefore generates one-third the 
resistance. 31 

The calculated product of resistance and compliance is a 
useful parameter that integrates two of the primary determi¬ 
nants of airflow and is referred to as the time constant (TC): 

TC = RC dyn 

where R is resistance and C dyn is dynamic compliance. The 
time constant reflects the time required for pressure equilibra¬ 
tion to occur as air flows down a pressure gradient. During 
one time constant, 63% of an inspiratory or expiratory tidal 
volume can occur, whereas about four time constants are 
required for completion of flow. Conditions that increase 
either resistance or compliance will increase the time constant. 
During mechanical ventilation, consideration of this effect is 
required to allow adequate expiratory time before initiation of 
the next ventilatory cycle. Inadequate expiratory time results 
in “breath stacking” and overdistention of alveoli. Addition¬ 
ally, most focal lung diseases result in considerable hetero¬ 
geneity in regional time constants. Inspiratory times need to be 
adjusted to allow for the longest time constants to ensure even 
distribution of ventilation. Conditions associated with low com¬ 
pliance result in short time constants. Therefore, an increase in 
minute ventilation is accomplished more efficiently by increas¬ 
ing ventilatory rate, which is permitted by the short time con¬ 
stant, than by increasing tidal volume, which requires high 
pressures in low-compliance lungs. 

Pulmonary Blood Flow. Although the pathophysiology of 
pulmonary hypertension is covered more thoroughly in the 
subsequent section, the basic principles governing the regula¬ 
tion of pulmonary vascular resistance and flow are intro¬ 
duced here because they determine the matching of ventilation 
and perfusion, and hence the efficiency of gas exchange. Blood 
flow in the lung is influenced by a variety of mechanical and 
vasoreactive phenomena, which combine to determine local 
vascular resistances and, therefore, the regional distribution of 
blood flow. 

As discussed, resistance is inversely related to the fourth 
power of vessel radius, making vessel caliber the most impor¬ 
tant determinant of resistance and flow. Pulmonary vascular 
caliber is determined both by mechanical factors acting on ves¬ 
sel walls and by muscular contraction within vessel walls. The 
mechanical factors that influence vessel caliber include radial 
traction on larger vessels produced by parenchymal expansion 
and compressive pressure imparted on microvessels within the 
alveolar walls by air pressure within the alveolus. 

These mechanical forces come into play primarily at the 
extremes of lung volume. At low lung volumes, the lack of 
radial traction reduces caliber and increases resistance within 
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the larger parenchymal vessels. At high volumes, excessive 
intra-alveolar pressures are imparted to the alveolar arterioles, 
capillaries, and venules as they transit through the alveolar 
unit. If this intra-alveolar pressure exceeds downstream pul¬ 
monary venous pressure (or pulmonary capillary wedge pres¬ 
sure), it becomes a determinant of the pressure gradient driving 
flow across the alveolar capillary. Normally, the pressure gradi¬ 
ent is determined by the difference between mean pulmonary 
arterial pressure (P PA ) and pulmonary venous pressure (P PV ) 
(AP = P PA — P PV ). When alveolar pressure exceeds P PV , it acts as 
the downstream pressure (AP = P PA — P Alv ). The anatomic 
arrangement of vessels “suspended” within the alveolar unit 
and influenced by external alveolar pressures is referred to as a 
Starling resistor. The phenomenon of the Starling resistor 
allows the lung to be viewed as a continuum of zones in which 
capillary blood flow depends on the relationship between 
hydrostatic venous pressure and intra-alveolar pressure. 

In addition to mechanical forces, the distribution of blood 
flow within the pulmonary circulation is affected by a variety of 
vasoconstrictive stimuli. Extensive autoregulation of pulmonary 
blood flow ensures that perfusion is directed toward capillaries 
adjoining well-ventilated alveoli and away from collapsed or 
fluid-filled alveoli. This autoregulation is accomplished by 
increasing pulmonary vascular tone in vessels leading to poorly 
ventilated alveoli with low partial pressures of oxygen, a process 
referred to as hypoxic pulmonary vasoconstriction (HPV). 

Factors that influence HPV include (a) the partial pressure 
of oxygen within the alveolus (PA0 2 ), (b) the partial pressure 
of oxygen within arteriolar blood (Pa0 2 ), (c) the partial pres¬ 
sure of carbon dioxide in arteriolar blood (PaC0 2 ), and (d) the 
pH of arteriolar blood. Pulmonary vascular tone is inversely 
related to the partial pressure of oxygen in both the alveolus 
and the capillary blood, but PA0 2 appears to be a more impor¬ 
tant factor. In fact, alveolar hypoxia is the single most powerful 
stimulus to pulmonary vasoconstriction. The pH of capillary 
blood also affects blood flow; local acidosis is an important 
stimulus to pulmonary vasoconstriction. Increased PaC0 2 
increases vascular tone both by lowering pH and by acidosis- 
independent mechanisms. 

Physiologic mediators of vascular smooth muscle contrac¬ 
tion common to these stimuli have not yet been fully identified. 
The caliber of pulmonary vessels at any given time is dependent 
on the balance of mediators causing vascular smooth muscle 
contraction and relaxation. Mediators of vasodilatation include 
bradykinin, prostaglandins Ej and (PGE 1? PGAd, prostacy¬ 
clin (PGI 2 ), and nitric oxide. Mediators of vasoconstriction 
include the leukotrienes, endothelin-1 (ET-1), prostaglandin D 2 
(PGD 2 ), and histamine. Histamine, ET-1, and PGD 2 appear to 
have biphasic effects mediated by different receptor popula¬ 
tions, causing vasodilatation in the fetal and early neonatal peri¬ 
ods and vasoconstriction after the first few days of life. 32-34 
Most of these mediators originate from local sources, such as 
pulmonary endothelial cells and mast cells. 

Gas-Exchange Determinants. The ultimate goal of respi¬ 
ratory function is gas exchange, which is the transfer of oxygen 
from inspired air to capillary blood and the reciprocal transfer 
Q of carbon dioxide from blood to alveolar gas. The principal 
determinants of gas exchange are total alveolar ventilation, 
ventilation/perfusion matching, diffusion, and extrapulmonary 
shunt. The mechanical properties discussed previously affect 
gas exchange primarily by determining the amount and distrib¬ 
ution of ventilation. Regulation of pulmonary blood flow 
determines ventilation/perfusion matching and the efficiency of 
gas exchange. Extrapulmonary shunt occurs primarily through 
cardiac septal defects and the ductus arteriosus and is discussed 
in the section on cardiac physiology. Diffusion abnormalities 
are uncommon causes of gas-exchange problems in children. 
Total ventilation and ventilation/perfusion matching are the 
most important causes of impaired gas exchange and merit fur¬ 
ther discussion. 


Ventilation 


Tidal volume is divided into two separate volumes: alveolar 
ventilation, which participates in gas exchange, and physio¬ 
logic dead space, which does not. Physiologic dead space is fur¬ 
ther divided into anatomic dead space, which describes the vol¬ 
ume of the prealveolar conducting airways, and alveolar dead 
space, which includes the ventilated but nonperfused alveoli. 
Normally, alveolar dead space is negligible, and total physio¬ 
logic dead space approximates one third of tidal volume. In 
some diseases, such as ARDS, alveolar dead space may be 
increased. During mechanical ventilation, anatomic dead space 
is increased by the addition of ventilator tubing. Effective alve¬ 
olar ventilation is best monitored by measuring PC0 2 , which is 
relatively insensitive to abnormalities of ventilation/perfusion 
matching. Alveolar hypoventilation results in both inadequate 
oxygenation and inadequate carbon dioxide removal. 


Ventilation/Perfusion Matching 

The appropriate matching of ventilation and perfusion is the 
single most important determinant of gas exchange in the nor¬ 
mal lung. Most disease states that cause abnormal gas 
exchange do so by promoting an imbalance between ventila¬ 
tion and perfusion. Perfusion is matched to regional ventilation 
by the mechanisms governing pulmonary blood flow discussed 
previously. When the normal mechanisms of pulmonary vascu¬ 
lar autoregulation are impaired, ventilation/perfusion ratio 
(V/Q) mismatch ensues. 

Normal alveoli with matched ventilation and perfusion are 
considered to have a V/Q ratio of 1. Those with relatively less 
ventilation have a V/Q less than 1, and those with relatively less 
perfusion have a V/Q greater than 1. Those with ventilation but 
no perfusion define alveolar dead space, whereas those with 
perfusion but no ventilation contribute to intrapulmonary 
shunt, which is microcirculatory bypass of alveolar exchange. 
Between these two extremes lies a spectrum of V/Q relation¬ 
ships that may contribute to abnormal gas exchange. V/Q mis¬ 
match generally results in hypoxemia with normocarbia. 
Because carbon dioxide diffuses through the capillary-alveolar 
interface much more readily than does oxygen, V/Q mismatch 
has relatively little effect on PC0 2 levels. 

Mismatching of ventilation and perfusion is responsible for 
the hypoxemia encountered in most clinical settings. These 
include the disease states in which lung compliance is reduced, 
FRC drops below closing volume, and regional alveolar col¬ 
lapse occurs: pneumonitis, aspiration, RDS, ARDS, cardio¬ 
genic pulmonary edema, postoperative splinting, and others. 
Simply increasing forced inspiratory oxygen (Fi0 2 ) does little 
to rectify the situation because the venous admixture of blood 
passing through low V/Q units remains low in oxygen satura¬ 
tion, and blood passing through normal V/Q units cannot fur¬ 
ther increase oxygen content to compensate. Therapeutic 
efforts must be directed at reopening closed alveoli and restor¬ 
ing homogenous alveolar ventilation. 

Although diuresis, antibiotic therapy, and chest physiother¬ 
apy may have important roles in restoring FRC and matched 
ventilation and perfusion, perhaps the most effective therapeu¬ 
tic intervention is the use of continuous positive intra-alveolar 
distending pressure: CPAP or PEEP, which recruit and main¬ 
tain previously closed or underventilated alveoli and improve 
V/Q matching and oxygenation. They also shift ventilation up 
on the static compliance curve, producing a higher tidal vol¬ 
ume with less pressure trauma. 

The use of positive-pressure mechanical ventilation and 
PEEP must be managed judiciously because they can have both 
beneficial and deleterious effects on V/Q matching. It is impor¬ 
tant to remember that positive airway pressure is transmitted 
to the alveolar capillaries that carry blood flow through the 
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alveolar network. The alveolar pressure surrounding these 
capillaries acts as a Starling resistor and can impede capillary 
blood flow if it exceeds downstream venous pressure. The use 
of high peak ventilatory pressures without the use of PEEP, or 
the excessive use of PEEP itself, can cause overdistention of 
alveoli, reduced compliance, increased alveolar capillary resis¬ 
tance, and diminished alveolar capillary perfusion. The result 
is redirection of blood flow to underventilated alveoli, which 
actually worsens V/Q mismatch. Similarly, the use of PEEP in 
focal lung disease may be counterproductive because its effects 
are preferentially directed to the normal, more compliant 
alveoli. This causes overdistention of normal V/Q units and 
redistribution of blood flow to diseased alveoli, canceling the 
benefits of hypoxic pulmonary vasoconstriction. 


Surfactant and Respiratory 
Distress Syndromes 

Q Respiratory distress syndrome, or hyaline membrane disease 
(HMD), is the most common cause of respiratory distress in 
neonates and one of the primary causes of neonatal mortality 
in developed countries. RDS occurs as a direct result of pul¬ 
monary immaturity and surfactant deficiency. Because surfac¬ 
tant is not produced and secreted by type II alveolar epithelial 
cells until the third trimester, prematurity causes newborns to 
rely on lungs of variable maturity to support extrauterine res¬ 
piration. Preterm infants born during the terminal saccular 
phase of lung development face the challenge of supporting 
gas exchange with lungs characterized by relatively thicker 
epithelial barriers, suboptimal capillary architecture, and a 
tendency toward alveolar collapse. This last feature is the most 
important cause of respiratory failure in premature infants and 
is directly related to the lack of surfactant, which lowers sur¬ 
face tension at the alveolar liquid-gas interface. 

Surfactant is a complex substance composed of phospho¬ 
lipids (80%), proteins (10%), and cholesterol (10%). The 
phospholipid profile changes during lung maturation, but 
phosphatidylcholine predominates and is the principal sub¬ 
stance responsible for the surface tension-lowering properties 
of surfactant. Phosphatidylinositol is present in immature sur¬ 
factant, but it is largely replaced by phosphatidylglycerol in 
mature lungs, a useful fact when assessing fetal lung maturity. 
Surfactant also contains at least four specific proteins: surfac¬ 
tant protein-A (SP-A), SP-B, SP-C, and SP-D. SP-A and SP-D 
are important in host lung defense, facilitating the uptake of 
bacterial and viral pathogens by local immune cells. SP-C par¬ 
ticipates in phospholipid layer formation in the alveolus. SP-B 
is critical for processing, storage, and secretion of surfactant 
from the type II pneumocytes. Genetic mutations that result in 
the absence of functional SP-B are lethal in the perinatal period. 

The physiologic role of surfactant is to stabilize alveolar 
units against collapse and thereby to facilitate homogeneous 
lung ventilation and V/Q matching. LaPlace’s law states that 
the pressure required to overcome the retracting force of sur¬ 
face tension in a sphere is inversely related to radius. In clini¬ 
cal terms, this means that smaller alveoli actually require 
greater distending pressure to maintain stability. This is analo¬ 
gous to the phenomenon one experiences when trying to 
inflate a balloon: the initial pressure required to begin inflation 
is high and becomes progressively less as the balloon radius 
increases. Because the lung is a collection of alveoli of varying 
sizes, and all alveoli are exposed to the same atmospheric pres¬ 
sure through a shared network of airways, the natural ten¬ 
dency is for the smaller alveoli to collapse and transfer their 
volume of air to larger neighboring alveoli, which become 
overdistended. In both cases, the effect on compliance is 
deleterious: FRC declines, the work of breathing increases, 
V/Q matching is compromised, and respiratory failure ensues. 
Surfactant not only reduces absolute surface tension, but it 


also does so in a graded fashion. In small-radius alveoli, the 
phospholipid layer is condensed and its effect on surface tension 
is great. As the alveolus expands, the phospholipid molecules 
spread out and impart a gradually decreasing effect on surface 
tension. This differential efficiency of surfactant function allows 
alveoli of different sizes to coexist in a stable fashion. 

Surfactant composition is an important determinant and 
predictor of fetal lung maturity. By the 20th week of gestation, 
collections of surfactant appear in type II cells within cytoplas¬ 
mic granules called lamellar bodies. Thereafter, surfactant 
begins to appear in the developing terminal sacs. Infants born at 
25 weeks occasionally survive without respiratory support; at 
30 weeks’ gestation, the risk of respiratory distress approaches 
50%, and by 35 weeks’ gestation, nearly all fetuses are capable 
of unassisted extrauterine respiration. There is considerable 
variability with respect to the timing of lung maturity, however, 
and clinical indices that assess lung maturity are useful in plan¬ 
ning early delivery. The most common index of lung maturity is 
the amniotic fluid ratio of lecithin (phosphatidylcholine) to 
sphingomyelin, that is, the L/S ratio. Because amniotic phos¬ 
phatidylcholine is derived solely from surfactant and sphin¬ 
gomyelin derives from all cell membranes, this provides a con¬ 
venient self-indexed measurement of surfactant production 
that is independent of changes in amniotic fluid volume. An L/S 
ratio of 2.0 is achieved in the normal fetus by 35 weeks’ gesta¬ 
tion and is associated with an extremely low risk of RDS. Val¬ 
ues of 1.5 to 2.0 are considered “immature” but of low risk. 
Values below 1.5 are associated with increased risk, and those 
below 1.0 are considered high risk. A more detailed test, the 
Lung Profile, utilizes the L/S ratio as well as percentages of 
phosphatidylglycerol and phosphatidylinositol to predict more 
accurately the risk of RDS. More recently developed tests of 
fetal lung maturity include the direct measurement of amniotic 
fluid surfactant concentration by fluorescence polarization and 
the quantitation of amniotic fluid lamellar bodies. 

The fact that some infants born before 35 weeks’ gestation 
do not manifest RDS led to the idea of stress-induced lung 
maturation. Fetal stress that promotes preterm labor also 
appears to promote accelerated lung maturation. This obser¬ 
vation prompted the use of exogenous maternal corticosteroid 
administration to promote early lung maturation in fetuses 
expected to deliver early because of preterm labor or induced 
delivery. Exogenous corticosteroids appear to accelerate the 
maturation of surfactant phospholipids as well as increasing 
the synthesis of surfactant proteins. 35 

Postnatal administration of exogenous surfactant has 
become a mainstay of treatment not only for prematurity- 
associated RDS but also for a wide variety of neonatal lung dis¬ 
eases associated with reduced compliance. Surfactant replace¬ 
ment therapy has been proved to decrease the incidence and 
severity of RDS, especially when used in conjunction with ante¬ 
natal maternal corticosteroids, and it appears to be efficacious 
in both prophylactic and rescue strategies. Natural surfactant 
preparations derived from animal lungs contain SP-B and SP-C, 
and have demonstrated superiority over synthetic surfactants 
that do not contain these proteins. Synthetic surfactants (which 
are safer and less immunogenic) containing SP-B/C protein 
analogues are under development. These preparations are 
aerosolized into the airway through an endotracheal tube with 
positive-pressure ventilation. Although initially designed for 
treatment of RDS, they appear to reduce ventilatory require¬ 
ments and complications in a variety of diseases characterized 
by reduced compliance, including congenital diaphragmatic 
hernia, meconium aspiration, persistent pulmonary hyperten¬ 
sion of the newborn (PPHN), and ARDS in older patients. 36 


Pulmonary Hypoplasia 

Pulmonary hypoplasia refers to a condition in which pul¬ 
monary parenchymal tissue is abnormally reduced relative to 
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body size. It is defined pathologically by reduced lung dry 
weight or DNA content relative to body mass and reduced 
alveolar number per unit volume. Although pulmonary 
hypoplasia may occur rarely as a primary disease, it is usually a 
stereotypical consequence of mechanical compression during 
lung development. Clinically, secondary pulmonary hypoplasia 
is associated most commonly with congenital diaphragmatic 
hernia, giant omphaloceles, and oligohydramnios caused by 
fetal renal dysfunction or urinary obstruction. Whether the 
true cause of pulmonary hypoplasia is mechanical compres¬ 
sion, some alteration in fetal lung fluid dynamics, or a combi¬ 
nation of both has not yet been elucidated. 

Whatever the cause, pulmonary hypoplasia results from 
arrested development of the tracheobronchial tree and pul¬ 
monary vasculature. Depending on the severity of compres¬ 
sion, the sequential binary branching of the developing airway 
may be arrested well before the usual 22 or 23 divisions, 
resulting in fewer respiratory units and a reduced pulmonary 
capillary network. The pulmonary arterial tree is not just 
quantitatively diminished, but it is histologically and function¬ 
ally abnormal as well. The pulmonary arterioles in affected 
lungs are characterized by thickening of the muscular media, 
abnormal extension of the muscular media into terminal arteri¬ 
oles, and hyperreactivity of the vascular smooth muscle cells to 
vasoconstrictive stimuli. Endothelin is a potent vasoconstrictor 
that also acts as a smooth muscle mitogen, and may have a role 
in the development of fetal pulmonary vascular hyperplasia. 37 
The pathophysiologic effects of pulmonary hypoplasia, there¬ 
fore, include both inadequate gas exchange and persistent pul¬ 
monary hypertension. 

In most cases of pulmonary hypoplasia, the life-threatening 
consequences of hypoplasia are related to persistent pul¬ 
monary hypertension, not to inadequate gas exchange. Most 
patients with congenital diaphragmatic hernia, for instance, 
have one or more blood gas measurements that document the 
potential for adequate gas exchange. Subsequent physiologic 
deterioration and death result from progressive, refractory 
pulmonary hypertension; extrapulmonary right-to-left shunt¬ 
ing; and global hypoxemia. These subjects are covered more 
thoroughly in the discussion of persistent fetal circulation. 


Ventilatory Support 

Ventilatory management of pediatric patients has become 
increasingly complex as technologic innovation has expanded 
the number of available options. These advances have been 
motivated by a need to improve gas distribution in diseased 
lungs, to avoid complications associated with barotrauma, 
and to provide better synchronized and tolerated ventilation. 
Although conventional positive-pressure ventilation remains 
the mainstay of management for most infants and children 
requiring ventilatory support, a number of nonconventional 
technologies have gained increasing acceptance in certain situ¬ 
ations where conventional techniques have proved inadequate. 


Conventional Mechanical Ventilation 


Conventional positive-pressure ventilators deliver a bulk flow 
of oxygen-enriched gas to the lungs through an endotracheal 
tube. In general, they are classified according to the method 
used to initiate and terminate a single ventilatory cycle. Volume- 
cycled ventilators deliver a predetermined tidal volume of gas. 
Respiratory rate (cycles/min), flow rate (L/min), inspiratory - 
to-expiratory ratio, and inspired oxygen concentration are 
manipulated to achieve certain respiratory goals, but the 
actual termination of the positive-pressure breath occurs when 
the preset tidal volume has been delivered. Volume-cycled ven¬ 
tilation has the advantage of providing precise control of 


minute ventilation regardless of lung compliance, and it is used 
routinely in adults and older children. 

Infants and small children historically have not been man¬ 
aged with volume-cycled ventilators. Although control of 
minute ventilation is equally important in this group, the risks 
of barotrauma are high, particularly in neonates with pul¬ 
monary immaturity. A reduction in compliance will result in a 
reciprocal increase in pressure during volume-cycled ventila¬ 
tion, leading to overdistention of ventilated alveoli, V/Q mis¬ 
matching, alveolar rupture and pneumothorax, and the 
chronic lung changes observed with barotrauma. For this rea¬ 
son, precise control of inspiratory pressure is preferable to vol¬ 
ume control. 

Most neonatal and pediatric ventilators are technically not 
pressure cycled, but instead are time cycled and pressure lim¬ 
ited. Instead of ventilatory flow ceasing when a preset pressure 
is reached, flow continues at a plateau pressure until the inspi¬ 
ratory time is reached. This improves tidal volume consistency 
and distribution. Constant monitoring of respiratory function 
(e.g., continuous transcutaneous oximetry) is imperative to 
prevent hypoventilation in the event of a sudden decrease in 
compliance and tidal volume. 

The usual options for ventilatory modes in pediatric venti¬ 
lator management are essentially identical to those used in 
adults: control, assist control, intermittent mandatory ventila¬ 
tion (IMV), synchronized IMV, and pressure support. The 
function and utility of these modes in children are similar to 
their use in adults. Pressure support, in which each spontaneous 
breath is assisted by supplemental positive pressure, is becoming 
the preferred mode in many settings where the patient is con¬ 
scious and breathing spontaneously. It is particularly effective in 
the weaning of mechanical ventilation and restoring respiratory 
muscle strength. 

For most modes, parameters are selected that determine gas 
exchange: Fi0 2 , respiratory rate, PIP, and PEEP. Inspiratory 
flow rates may need to be adjusted to provide an appropriate 
inspiratory/expiratory ratio within the constraints of the preset 
respiratory rate. PEEP is adjusted to optimize compliance and 
FRC; PIP is adjusted to provide an adequate tidal volume. Flow 
rates are adjusted to match the time constant requirements of 
particular disease processes. The Fi0 2 is minimized to avoid 
pulmonary oxygen toxicity and retinopathy. The mean airway 
pressure (MAP), which is measured and represents the area 
under the time-pressure curve, is probably the single best para¬ 
meter to follow for monitoring changes in the level of ventila¬ 
tory support required as well as the risk of barotrauma. 

Complications of Mechanical Ventilation in Infants 
and Children. Conventional breathing and mechanical 
ventilation both involve the bulk transport of air through con¬ 
ducting airways to gas-exchange chambers (alveoli), where 
diffusion occurs across the alveolar-capillary membrane. In 
many disease states associated with reduced lung compliance, 
the high pressures necessary to produce this bulk flow of gas 
during mechanical ventilation result in considerable iatrogenic 
lung injury. Ventilator-associated lung injury (VALI) is mani¬ 
fested both by parenchymal changes and edema, which further 
reduce compliance and diffusion, and mechanical disruption 
of small bronchi and alveoli resulting in pulmonary interstitial 
emphysema (PIE), mediastinal emphysema, and pneumotho¬ 
rax. Excessively high inspiratory pressures also impair venous 
return to the right atrium, thereby reducing preload, lung per¬ 
fusion, gas exchange, and global cardiac output. 

Whether VALI is caused by pressure itself or by physical 
over distention of the more compliant alveoli is a subject of con¬ 
siderable debate. Current evidence seems to favor the structural 
overdistention of alveoli as the principal cause of iatrogenic 
lung injury, leading some to prefer the term volutrauma to the 
more accepted term barotrauma . 38_40 Volutrauma consists of 
two distinct entities: alveolar over distention and cyclical atelec¬ 
tasis, in which the repetitive collapse of some alveoli creates 
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shear forces that damage the walls of adjacent alveoli. The con¬ 
sequences of alveolar overdistention include disrupted endothe¬ 
lial and epithelial barrier function, increased permeability, inter¬ 
stitial edema, protein deposition, and fibrosis. 

Although alveolar volume and overdistention may be the 
most important cause of VALI, the use of high ventilatory pres¬ 
sures in volutrauma-injured lungs increases the risk of interstitial 
emphysema and pneumothorax. Since small changes in alveolar 
volume are difficult to accurately measure in the ventilated 
patient, inspiratory pressures are still more commonly used to 
monitor and predict lung injury. Peak inspiratory pressures in 
settings of low compliance and high respiratory rate are often 
exaggerated, and inspiratory plateau pressures are now thought 
to correlate better with the eventual development of VALI. 

Innovations in Pediatric Conventional Ventilation. 

Numerous developments in ventilation management have 
occurred in recent years that aim to make ventilation more 
effective, more physiologic, and less damaging. 41-43 Trends in 
both neonatal and pediatric respiratory support have favored 
the widespread adoption of less invasive and more natural tech¬ 
niques. The simplest of these techniques is the application of 
CPAP by mask—essentially, the application of PEEP in a nonin- 
tubated patient. Like PEEP, CPAP recruits and maintains FRC 
and improves V/Q matching and compliance. A more recent 
development is bilevel CPAP, or BiPAP, in which positive airway 
pressure is incrementally increased during the inspiratory phase, 
more precisely reproducing the advantages of PEEP. These non- 
invasive ventilatory support techniques have been useful in 
reducing the need for, and duration of, invasive mechanical ven¬ 
tilation in infants and children with respiratory compromise. 

In patients requiring mechanical ventilation where high pres¬ 
sures would traditionally have been employed, newer strategies 
using small tidal volumes have been devised to reduce VALI. In 
“open lung ventilation,” higher-than-usual levels of PEEP are 
applied to recruit and maintain alveoli against cyclic atelectasis, 
and very small tidal volumes are delivered in volume-control 
mode to avoid alveolar overdistention. In this strategy, the use 
of “permissive hypercapnia” allows for a reduced minute venti¬ 
lation that keeps ventilator rates acceptably low. 

With advances in ventilator technology, volume-controlled 
ventilation has again become safe for use in neonatal and pedi¬ 
atric patients, and may have some distinct advantages over 
pressure-limited ventilation in certain circumstances. In “volume 
guarantee” mode, ventilators provide pressure-regulated volume 
control (PRVC) ventilation in which tidal and minute volumes 
are preset, and which the ventilator delivers in a pressure-limited 
fashion. The ventilator calculates compliance changes continu¬ 
ously and adjusts flow rates to minimize inspiratory pressure 
with each breath. The resulting ventilation mode is a hybrid of 
volume- and pressure-regulated techniques and may be helpful 
in infants with bronchopulmonary dysplasia and rapidly chang¬ 
ing compliance who are at risk for alveolar injury. 44 

Although not currently employed in neonatal ventilation, 
airway pressure release ventilation (APRV) is gaining attention 
in pediatric ventilatory management. In APRV, continuous pos¬ 
itive pressure is maintained at a high level during spontaneous 
ventilation by the use of a CPAP valve. These longer periods of 
high CPAP are punctuated by rapid, brief drops in airway pres¬ 
sure that are controlled by a “release” valve. During airway 
decompression, the lungs deflate and C0 2 is expelled. During 
rapid inflation, the lungs expand again and FRC is preserved. 
APRV has the advantage of allowing spontaneous ventilation 
to be superimposed on a high-PEEP/high-compliance system 
with decreased work of breathing while avoiding overinflation 
due to breath-stacking. Studies in adults have not demon¬ 
strated a survival advantage over conventional ventilation, but 
other parameters such as total time on ventilatory support and 
incidence of VALI may be decreased. 45 

Currently, the area of most rapid change in ventilatory man¬ 
agement in infants and children relates to the synchronization 


of patient-initiated respiratory efforts and ventilator-delivered 
respiratory support. While pressure support ventilation (PSV) 
represented a significant advance in patient participation dur¬ 
ing ventilatory support, patients on PSV still experienced sig¬ 
nificant complications related to asynchrony with the ventila¬ 
tor. The inaccurate matching of respiratory triggering and 
demand with ventilator support results in several major prob¬ 
lems for the ventilated patient. Breath-stacking, or auto-PEEP, 
occurs when asynchrony results in the accumulation of inspired 
volumes before complete exhalation, resulting in excessive 
FRC and alveolar overdistention. At high levels this causes 
VALI, but even at modest levels this results in the creation of 
steady-state lung volumes associated with reduced compliance, 
impaired gas flow, and diminished venous return. Another 
important consequence of ventilatory asynchrony is patient 
discomfort and anxiety, which leads to the overuse of sedative 
medications that suppress spontaneous ventilation. 

Two novel ventilator technologies that address this impor¬ 
tant limitation in conventional ventilation are proportional 
assist ventilation (PAV) and neurally adjusted ventilatory assist 
(NAVA). 46,47 In PAV, fine adjustments in ventilator pressures 
and flows are continuously made based on calculated parame¬ 
ters, resulting in a more precise and variable delivery of breath- 
to-breath ventilator support targeted to predicted patient 
demand. In practice, the reliance on complicated formulas 
using difficult-to-measure physiologic parameters has limited 
the usefulness of PAV in pediatric settings. The recent develop¬ 
ment of NAVA has eliminated many of the shortcomings of 
PAV while still maintaining many of its touted advantages. In 
NAVA, intrinsic diaphragm activity is monitored by an array of 
bipolar electrodes in the distal esophagus that measure diaphrag¬ 
matic action potentials, or electrical activity of the diaphragm 
(EADi). The timing and strength of EADi potentials correspond 
precisely with the initiation of a central nervous system trigger 
event and with the predicted demand for tidal volume. This 
allows ventilatory assistance to be matched and timed much 
more closely to patient activity, improving comfort and reduc¬ 
ing inspiratory pressures and auto-PEEP. 48,49 

Unconventional Mechanical Ventilation. Several novel 
ventilatory techniques have emerged recently that attempt to 
mitigate barotrauma and hemodynamic compromise by pro¬ 
viding effective ventilation without excessive pressures. These 
techniques employ extremely high ventilatory rates and tidal 
volumes less than or equal to anatomic dead space. Although 
numerous variations exist, the most popular modes are high- 
frequency jet ventilation (HFJV) and high-frequency oscillatory 
ventilation (HFOV). In HFJV, a small cannula is advanced 
through the endotracheal tube and used to deliver rapid, low- 
volume bursts of inspired gas. Ventilation does not require bulk 
flow, but it relies on several poorly defined physical processes, 
the most important of which is probably coaxial flow. In coax¬ 
ial flow, the jet stream induces continuous rotational flow of 
inspired gas down the center of the airway and reverse rota¬ 
tional flow of expired gas along the perimeter of the airway 
(Fig. 103.6). In HFOV, ventilation is driven by the oscillations 
of a diaphragm within a closed noncompliant system. The 
cyclical compression and expansion of gas within the system 
generate high-velocity, streaming flow patterns that are similar 
to the coaxial flow seen in HFJV. The major difference between 
the two is that the expiratory phase is active in HFOV, as 
opposed to the passive expiration seen in both HFJV and con¬ 
ventional ventilation. This difference may make HFOV more 
effective in reducing air leaks from bronchopleural fistulas and 
less likely to cause air trapping and overdistention in lungs with 
longer and more heterogeneous time constants. 

Unconventional ventilator management is often unpre¬ 
dictable and counterintuitive. For instance, in HFOV the Fi0 2 , 
MAP, frequency (cycles per second, or Hz), and amplitude 
(volume displacement caused by oscillation of the diaphragm) 
are preset. The amplitude is not an accurate reflection of the 
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FIGURE 103.6. Proposed coaxial flow pattern during high-frequency 
jet and oscillatory ventilation. Gas inflow is confined to the center of 
the airway lumen, and outflow is confined to the periphery. (Adapted 
from Harris TR, Wood BR. In: Goldsmith JP, Karotkin EH, eds. 
Assisted Ventilation of the Neonate , 3rd ed. Philadelphia, PA: WB 
Saunders; 1996.) 


tiny tidal volume produced at the end of the endotracheal tube 
and is therefore useful as a relative, “unitless” measurement 
only. In practice, the adequacy of the amplitude can be judged 
subjectively by observing chest-wall vibration. Increasing 
Pa0 2 usually requires increasing the Fi0 2 or the MAP, which 
recruits alveoli and increases FRC similar to the use of PEEP. 
In some conditions, the MAP required actually may be higher 
than that required in conventional ventilation, but the PIP is 
far less. Reducing PaC0 2 actually may require reducing the 
oscillatory rate to allow more time for gas displacement and 
more effective gas streaming. 

In general, high-frequency ventilatory techniques are effec¬ 
tive at promoting improved C0 2 elimination at lower pres¬ 
sures than conventional ventilation. Improved oxygenation is 
less reliable. HFJV and HFOV are both helpful in providing 
respiratory support in infants with preexisting barotrauma 
and air leaks. The ability of HFOV to actively promote 
enhanced C0 2 removal and generate a respiratory alkalosis at 
lower pressures has made it useful in managing infants with 
persistent pulmonary hypertension, particularly those with 
congenital diaphragmatic hernia. 

HFOV has largely supplanted jet ventilation as the pre¬ 
ferred modality in unconventional ventilation, and has been 
widely adopted by neonatologists as the most reliable and effi¬ 
cacious form of advanced ventilatory support. Despite this 
widespread clinical endorsement, a metastudy of recent reports 


of the safety and efficacy of HFOV in neonates with respira¬ 
tory distress secondary to prematurity did not show any bene¬ 
fit for HFOV over conventional ventilation. The role of HFOV 
in neonates with other causes of respiratory failure (congenital 
diaphragmatic hernia, developmental lung anomalies, bron¬ 
chopleural fistula) has not been delineated. 

Liquid ventilation is a novel, experimental approach to respi¬ 
ratory support that currently is undergoing clinical trials in a 
variety of settings. In this approach, a liquid perfluorocarbon 
solution is instilled into the lungs instead of a gas mixture. 
Because many forms of respiratory failure are associated with 
surfactant insufficiency and reduced compliance, the substitution 
of liquid for gas in the alveolus eliminates the liquid-gas inter¬ 
face, reduces surface tension, and improves compliance. The 
improvement of mechanical properties in the perfluorocarbon- 
filled lung allows ventilation to occur at lower pressures and less 
barotrauma. The solubility of oxygen and carbon dioxide in per¬ 
fluorocarbon solutions is extremely high, allowing respiratory 
gases to diffuse easily across the alveolar-capillary membrane. 

Although total liquid ventilation requires a closed circuit 
and is clinically impractical, a partial liquid ventilation tech¬ 
nique has been developed that is logistically feasible and 
promises to provide ventilatory benefits to some patients with 
reduced lung compliance. 50 In partial liquid ventilation, perflu¬ 
orocarbon is instilled at a volume equal to FRC, and conven¬ 
tional ventilation then is superimposed on the liquid-phase 
FRC. In essence, this is analogous to providing “liquid PEEP,” 
and improves pulmonary mechanics with little increase in alve¬ 
olar distending pressure. The optimal role for partial or total 
liquid ventilation remains a subject for further investigation. 


Extracorporeal Support 

In certain situations, both conventional and unconventional 
ventilatory techniques are inadequate to provide gas exchange 
in the face of overwhelming pulmonary dysfunction. Under 
these circumstances, the use of extracorporeal membrane oxy¬ 
genation (ECMO) may succeed in sustaining oxygen delivery 
and carbon dioxide removal until the underlying cause of res¬ 
piratory failure is reversed and physiologic improvement 
occurs. It is important to recognize that, like conventional ven¬ 
tilation, ECMO is a supportive rather than therapeutic tech¬ 
nique and has a limited window of utility imposed by the 
adverse effects of the technology itself. 

Q Several variations of ECMO technology exist, but all share 
the same underlying principles: the partial diversion of blood 
from the patient to an external oxygenator (membrane or hol¬ 
low fiber), the ex vivo exchange of oxygen and carbon dioxide, 
and return of blood to the circulatory system. The circuit is dri¬ 
ven by either a roller or centrifugal pump similar to that used 
for routine cardiopulmonary bypass. Systemic anticoagulation 
is necessary to prevent thrombosis from occurring in the extra¬ 
corporeal circuit. 

Two basic methods of providing ECMO support are cur¬ 
rently available: venoarterial (VA) and venovenous (W). In VA 
ECMO, the right common carotid artery (RCCA) and jugular 
vein are cannulated in infants. In adolescents and young adults, 
the femoral artery is preferred. Venous inflow to the system 
results from passive drainage of the right atrium; arterial flow 
back to the patient occurs in the aortic arch (Fig. 103.7). As 
return flow is into the aorta, partial cardiac bypass occurs, 
which may provide significant benefit when respiratory failure 
is accompanied by compromised cardiac performance. The 
pump flow rate is advanced to 100 to 120 mL/kg per minute, 
which approximates 60% to 80% of cardiac output. Although 
VA ECMO directly augments cardiac output, the return of oxy¬ 
genated blood to the descending aorta and the flow of desatu- 
rated blood through the pulmonary circuit and left heart results 
in both pulmonary vasoconstriction and reduced delivery of 
oxygen to the coronary arteries. 
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FIGURE 103.7. Components of a standard venoarterial extracorporeal 
membrane oxygenation (ECMO) circuit. (Adapted from O’Rourke PP. 
In: Holbrook PR, ed. Textbook of Pediatric Critical Care. Philadelphia, 
PA: WB Saunders; 1993.) 


The consequences of RCCA cannulation in infants are 
undefined, and the long-term effects of carotid occlusion are 
the subject of increasing clinical investigation. 51-53 Although 
infants subjected to ECMO have a slightly increased incidence 
of neurologic injury, radiologic evidence for cerebral hypoxia 
does not seem to be lateralized to the right side. Carotid artery 
reconstruction (as opposed to ligation) at the time of decannu- 
lation has been studied extensively, with conflicting reports of 
long-term patency. Even (or especially) when patency is estab¬ 
lished, the theoretical risks of platelet embolism or plaque dis¬ 
ruption later in life at a stenotic anastomosis are undefined. 
Longer-term neurodevelopmental studies are necessary to 
assess the potential benefits of this practice. 

In W ECMO, the circuit is interposed into the venous side 
of the circulation, with blood returning to the right atrium. 
This mode of extracorporeal support is less efficient than VA 
ECMO, resulting in a lower maximal Sa0 2 because of the phe¬ 
nomenon of recirculation. Because both cannulas are posi¬ 
tioned on the venous side, some of the oxygenated perfusate 
will be siphoned back into the venous return instead of flow¬ 
ing forward to perfuse end organs. The degree of recirculation 
is monitored by comparing oxygen saturations of the venous 
drainage and the arterial blood: the venous drainage satura¬ 
tion should be less than the arterial saturation. Although it 
provides no direct support of cardiac output, this method 
obviates the ligation and sacrifice of a carotid artery, avoids 
some of the risk of arterial embolization, and provides well- 
oxygenated blood for pulmonary and coronary circulation. 
Even in patients with decreased cardiac contractility, the 
improvement in oxygen delivery to the myocardium afforded 
by W ECMO results in significant enhancement of cardiac 
output and may obviate VA ECMO. For most infants and 


children with adequate cardiac function, VV ECMO may 
become the modality of choice for extracorporeal support. 54 

Indications for ECMO vary among institutions. Because of 
the high cost and potential for complications, ECMO is justi¬ 
fiable only when all other available therapies for respiratory 
failure have proved inadequate and when quantifiable para¬ 
meters predict a mortality rate of 80% or greater with con¬ 
ventional management. Several methods of providing a quan¬ 
titative estimate of respiratory failure have been used to 
predict mortality with conventional ventilation and guide the 
use of ECMO. Perhaps the most widely used index is the oxy¬ 
genation index (OI), which compares ventilatory support 
parameters (MAP and Fi0 2 ) with gas-exchange results (post- 
ductal Pa0 2 ): 

OI = (MAP)(Fi0 2 )/P a 0 2 X 100 

An OI greater than 40 predicts a mortality rate of 80% and 
is a commonly cited threshold indicator for the use of ECMO. 
Another useful, although more burdensome, parameter for 
quantifying respiratory failure and predicting mortality is the 
alveolar-arterial oxygen gradient (PA0 2 —Pa0 2 ), which when 
greater than 600 predicts a mortality rate of 80%. Other 
inclusion criteria for ECMO include the absence of a major 
intrinsic cardiac defect, chromosomal abnormality, or signifi¬ 
cant intraventricular hemorrhage; a gestational age greater 
than 33 weeks; weight greater than 2 kg; and an underlying 
respiratory pathology that is judged to be reversible. 

The use of exogenous surfactant, oscillatory ventilation, and 
inhaled nitric oxide has had two major effects on ECMO uti¬ 
lization: many infants have avoided ECMO support altogether, 
while others have become candidates for less-invasive W sup¬ 
port. Consequently, the reduced number of patients requiring 
VA ECMO support is a more varied, complicated, and physio¬ 
logically challenged group. 55,56 Results for extracorporeal sup¬ 
port are age and diagnosis dependent. Infants with respiratory 
failure (meconium aspiration syndrome, RDS, sepsis) appear to 
benefit most from extracorporeal support. This is most likely 
because neonatal respiratory failure often is associated with 
reversible pulmonary hypertension, and ECMO allows for the 
normalization of P0 2 , PC0 2 , pH, and pulmonary vascular 
resistance without the aggressive ventilatory support that fre¬ 
quently causes iatrogenic lung injury and chronic lung disease. 
Neonates with reversible, idiopathic PPHN benefit from ECMO 
for the same reasons. 

Neonates with respiratory failure and pulmonary hyperten¬ 
sion attributable to congenital diaphragmatic hernia and pul¬ 
monary hypoplasia appear to benefit from ECMO, but the 
improvement in survival over conventional management is not 
as significant. This may reflect the irreversible problems related 
to inadequacy of alveolar number and microvascular develop¬ 
ment associated with pulmonary hypoplasia. The results of 
ECMO in children and adolescents with respiratory failure 
resulting from ARDS, trauma, bronchopleural fistula, viral 
pneumonia, or aspiration are less convincing, and the role of 
ECMO in these diseases is not yet well defined. 57 


CARDIOVASCULAR 
PHYSIOLOGY AND SUPPORT 


Fetal Circulation 


Fetal circulation has evolved to utilize an external organ of gas 
exchange, the placenta, while maintaining the anatomic rela¬ 
tionships that will later be necessary in extrauterine life when 
responsibility for gas exchange transitions abruptly to the 
lungs. The fetal circulatory system is characterized by asym¬ 
metric ventricles that function in parallel, an arrangement 
made possible by two anatomic shunts—the foramen ovale and 
ductus arteriosus. These shunts make possible the nonrandom 
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FIGURE 103.9. Oxyhemoglobin saturations in the fetal circulation. 
Preferential flow of saturated blood from the inferior vena cava (IVC) 
into the left atrium (LA) and desaturated blood from the superior vena 
cava (SVC) into the right atrium (RA) results in the distribution of 
blood with higher oxygen content to the aortic arch (Ao) and devel¬ 
oping brain. (Adapted from Rudolph AM. Changes in the circulation 
after birth. In: Rudolph AM, ed. Congenital Diseases of the Heart. 
Chicago, IL: Year Book Medical; 1974.) 


FIGURE 103.8. Fetal circulation. (Adapted from Bloom RS. In: Fara- 
noff AA, Martin RJ, eds. Neonatal-Perinatal Medicine: Diseases of 
the Fetus and Infant , 6th ed. St. Louis, MO: Mosby; 1997.) 


distribution of blood of varying oxygen contents and the deliv¬ 
ery of adequate amounts of oxygen and substrate to developing 
organs (Fig. 103.8). 

Well-oxygenated blood returning from the placenta and 
umbilical cord passes through the hepatic ductus venosus , into 
the inferior vena cava (IVC) and immediately into the right 
atrium. Ductus venosus blood mixes little with the less oxy¬ 
genated blood in the infrahepatic IVC and flows relatively 
undisturbed (in a laminar fashion referred to as streaming) 
along the medial wall of the IVC, through the right atrium, 
across the foramen ovale, and into the left atrium. This oxygen- 
rich blood then is pumped by the left ventricle into the aortic 
arch, where it is distributed to the developing heart, brain, and 
upper body (Fig. 103.9). The less oxygenated blood in the IVC 
and superior vena cava (SVC) flows preferentially through the 
right atrium to the right ventricle and is pumped into the pul¬ 
monary artery, where most of it is shunted through the ductus 
arteriosus into the descending aorta. A small amount of pul¬ 
monary artery flow provides substrate to the lungs. Descending 
aortic flow is distributed to the developing organs of the lower 
body, with most of the flow being diverted back to the placenta 
through the two umbilical arteries. Flow through the placental 
circulation approximates 40% of cardiac output. 

The fetal pattern of blood flow is made possible by high pul¬ 
monary vascular resistance, which directs the flow of oxygen- 


poor blood from the pulmonary artery into the descending 
aorta. Only 5% to 10% of pulmonary artery flow actually tra¬ 
verses the pulmonary capillary bed. This minimizes the return 
of less-oxygenated blood through the pulmonary veins and pre¬ 
vents mixing with the oxygen-rich blood in the left ventricle 
destined for the heart and brain. The relatively low afterload 
presented to the right ventricle by the low-resistance shunt 
across the ductus arteriosus accounts for the fact that fetal right 
ventricular output exceeds left ventricular output, in some esti¬ 
mates by 40% to 100%. 58,59 Mechanisms of increased pul¬ 
monary resistance in the fetus include mechanical compression 
of pulmonary vessels in the fluid-filled lung and vasoconstric¬ 
tion secondary to hypoxemia, leukotrienes, and the peptide 
mediator endothelin-1. 60 


Transitional Circulation 


2> At birth, profound changes in circulatory patterns, hemody¬ 
namics, and gas exchange occur as a result of the abrupt with¬ 
drawal of placental support. Transitional physiology is char¬ 
acterized by the cessation of placental blood flow and gas 
exchange and the simultaneous increase in blood flow and gas 
exchange in the lungs. As amniotic fluid is expelled from the 
lungs by compression during birth and the lungs expand with 
the infant’s first breath, alveolar expansion causes an immedi¬ 
ate reduction in pulmonary vascular resistance secondary to 
increased traction on larger parenchymal vessels and decreased 
intra-alveolar pressure transmitted to alveolar microvessels. 
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These purely mechanical changes account for a fourfold reduc¬ 
tion in pulmonary vascular resistance (PVR), contributing sig¬ 
nificantly to the 15-fold overall reduction in PVR that occurs 
at birth. Pulmonary artery pressures fall more slowly over the 
first weeks of life and may approximate systemic pressures for 
the first several days of life. 

Increased local oxygen concentrations reduce hypoxic pul¬ 
monary vasoconstriction through mechanisms mediated by 
endothelial-derived intermediates, such as nitric oxide (NO) 
and prostacyclin. 61,62 The enzymes responsible for the produc¬ 
tion of NO and prostacyclin in the pulmonary circulation, NO 
synthase and cyclooxygenase, undergo developmental matura¬ 
tion late in gestation, and their activity increases rapidly in 
response to birth-related stimuli, ventilation, and oxygenation. 
NO and prostacyclin act on pulmonary vascular smooth mus¬ 
cle cells to increase intracellular concentrations of cyclic guano- 
sine monophosphate (GMP) and cyclic adenosine monophos¬ 
phate (cAMP), respectively, which results in relaxation and 
vasodilation. ATP, released directly from oxygenated red blood 
cells in the pulmonary circulation, is also a potent mediator of 
vasodilation. These vasodilatory mediators are countered by 
vasoconstrictor substances such as endothelin, thromboxane, 
and cytochrome P450 pathway products. 

The sudden decrease in pulmonary vascular resistance causes 
a dramatic increase in pulmonary blood flow and left atrial 
return. Left ventricular preload increases, resulting in increased 
left ventricular stroke volume and output. Right atrial return is 
reduced as placental flow ceases. Elevated left atrial pressure and 
reduced right atrial pressure cause closure of the flaplike fora¬ 
men ovale, eliminating one of the fetal extrapulmonary shunts. 

The other shunt, the ductus arteriosus, begins to close by 
vasoconstriction immediately. This process is mediated by 
both a withdrawal of placental-derived prostaglandins and an 
increase in oxygen tension, a potent vasoconstrictive stimulus 
for ductal tissue. Physiologic duct closure usually occurs by 24 
hours but may take up to 3 days. Anatomic duct obliteration 
resulting from thrombosis and fibrosis may take several weeks 
or months. When spontaneous closure of the ductus arteriosus 
does not occur, as often happens in the premature infant 
whose immature ductal tissue is unresponsive to vasoconstric¬ 
tive mediators, significant physiologic problems may occur. If 
pulmonary artery pressures remain abnormally high, an 
anatomic right-to-left shunt may occur that diverts desatu- 
rated blood around the pulmonary system, drastically lower¬ 
ing systemic oxygen delivery. If pulmonary artery pressure 
falls normally, a left-to-right shunt will occur, increasing pul¬ 
monary blood flow above cardiac output. Pulmonary overcir¬ 
culation causes pulmonary edema and congestive heart failure 
in the short term and irreversible pulmonary hypertension in 


the long term, if uncorrected. Indomethacin administration, 
which inhibits prostaglandin synthetase, is effective in pro¬ 
moting ductal closure in most premature infants if given 
within the first 2 weeks of life. Failure of medical therapy indi¬ 
cates the need for surgical duct ligation. 

Another event in the transition to extrauterine circulation 
involves vasoconstrictive or mechanical occlusion of the cord 
vessels. The abolishment of this “shunt” increases left ventric¬ 
ular afterload and systemic blood pressure and, along with 
increased left ventricular preload, accounts for an immediate 
increase in blood flow to target organs. Ductus venosus clo¬ 
sure occurs by stasis and thrombosis as return flow through 
the umbilical vein ceases. 


Postnatal Circulation and 
Cardiac Performance 

Following the transition from fetal to neonatal life, the circu¬ 
latory system is characterized by two separate cardiovascular 
circuits operating in a “series” configuration. By definition, 
right and left heart cardiac outputs are identical and can be 
considered symmetric despite discrepancies in system pres¬ 
sures and contractile properties. The series configuration has 
great significance in that it imposes a degree of interdepen¬ 
dence on the two circuits that does not exist in utero. Patho¬ 
logic changes in one circuit necessarily impact the other circuit 
by virtue of alterations in the other circuit’s preload or after¬ 
load. Failure of complete separation of the two circuits results 
in the deleterious shunting of blood from the pulmonary to 
systemic circuit or vice versa. 

Cardiac output is determined by the same parameters in the 
neonate as in the adult: heart rate and stroke volume. Stroke 
volume, in turn, is dependent on three factors: preload, con¬ 
tractility, and afterload. Although a detailed discussion of 
these four determinants of cardiac performance is beyond the 
scope of this chapter, it is instructive to consider some of the 
differences between pediatric and adult cardiac function rela¬ 
tive to these four variables. These differences account for the 
fact that, in general, neonatal and pediatric patients have less 
cardiovascular reserve than do adolescents and young adults. 

Heart rate, an important determinant of cardiac output in 
infants, becomes less important in childhood and adolescence. 
In fact, neonates are commonly referred to as rate dependent. 
The normal range for heart rate in neonates is higher than that 
in adults and decreases gradually throughout childhood to 
adult levels (Table 103.6). In adults, changes in heart rate result 
in little change in cardiac output because of compensatory 


ITABLE 103.6 

NORMAL RANGE OF VITAL SIGNS 


■ HEART RATE 

■ SYSTOLIC BLOOD 

■ DIASTOLIC BLOOD 

■ RESPIRATORY RATE 

■ AGE 

(BEATS/MIN) 

PRESSURE (mm Hg) 

PRESSURE (mm Hg) 

(B RE ATHS/MIN) 

Premature infant 

1 kg 

120-140 

36-58 

18-38 

40 

3 kg 

120-140 

50-72 

26-46 

40 

Term infant 

120 

65-80 

30-50 

40 

0-12 mo" 

100-120 

105 

65 

40 

1-6 y 

100 

105-110 

70 

30 

6-12 y 

80 

110-125 

70-80 

20 


fl 90th percentile. 

Adapted from Horan MU. Report of the second task force on blood pressure control in children—1987. Pediatrics 1987;79:1. 


PEDIATRICS 














1826 


Part Two: Surgical Practice 


changes in other parameters. When heart rate decreases, ven¬ 
tricular filling and stroke volume increase, and cardiac output 
is minimally altered. Reciprocal changes occur when heart rate 
increases. In neonates and, to a lesser extent, in children, these 
compensatory changes are less effective and changes in heart 
rate produce corresponding changes in cardiac output. The 
explanation for this observation lies in the fact that increased 
ventricular filling times and pressures fail to generate increased 
end-diastolic and stroke volumes because of decreased myocar¬ 
dial compliance and a blunted Frank-Starling mechanism, as 
discussed later. 

The sympathetic innervation of the heart is relatively under¬ 
developed in the neonate, resulting in an autonomic imbalance 
with respect to cardiac function. Neonates respond to physio¬ 
logic challenges in a predominantly vagal, or parasympathetic, 
fashion. Sinus bradycardia is therefore a common stereotypical 
response in the critically ill neonate to many stimuli, including 
hypoxemia, acidosis, hypoglycemia, intracranial hypertension, 
abdominal distention, and pulmonary aspiration. Because 
bradycardia is also more likely to result in an uncompensated 
decrease in cardiac output, prompt recognition and treatment 
of bradycardia are more urgent in these patients. 

Preload refers to the myocardial fiber stretch at end dias¬ 
tole. Fiber stretch is related to end-diastolic volume, which in 
turn is related to end-diastolic pressure. The Frank-Starling 
mechanism describes this relationship: an increase in end- 
diastolic volume and fiber length produces an increase in 
stroke volume (Fig. 103.10). This phenomenon most likely is 
explained by changes in contractile fiber geometry that result 
from increased stretch. The Frank-Starling mechanism is not 
synonymous with an increase in contractility, which would 
produce an increased stroke volume at the same preload. This 
mechanism is less effective in neonates than in adults in pro¬ 
ducing an increase in myocardial performance. The immature 
heart is less compliant than the adult heart, so increases in end- 
diastolic pressure therefore do not produce similar increases in 
end-diastolic volume and fiber length. Furthermore, neonatal 
and infant hearts operate at a higher baseline end-diastolic vol¬ 
ume (nearer the maximal fiber length) under normal circum¬ 
stances, leaving less reserve for further effective increases in 
preload. These observations explain why the neonatal cardio¬ 
vascular response to preload enhancement is less pronounced 
than in adults and why the neonate is generally more suscepti¬ 
ble to congestive failure when challenged with a volume load. 

Contractility refers to the magnitude and velocity of tension 
development by the cardiac myocytes in response to contractile 



FIGURE 103.10. Conceptual differences in cardiac performance 
between neonates and adults. The neonatal heart displays reduced con¬ 
tractility, a reduced response to augmented preload, and less reserve 
compared with the adult heart. 


stimuli. The contractile, or inotropic, state of the heart is influ¬ 
enced by many factors, including the availability of oxygen, 
calcium, and catecholamines. An increase in contractility does 
not result in a shift upward along the Frank-Starling curve, but 
rather it results in a shift of the entire curve to reflect a greater 
stroke volume generated at every preload. The neonatal heart 
is immature in several respects compared with the adult heart. 
Most importantly, the neonatal heart has a lower concentra¬ 
tion of contractile fibers, generating less tension during con¬ 
traction. 63 This is reflected in the lower mean arterial pressures 
observed throughout childhood. About 60% of the adult car¬ 
diac myocyte mass consists of contractile myofibrils, com¬ 
pared with 30% in fetal myocytes. Additional causes of 
reduced contractility include an underdeveloped sarcoplasmic 
reticulum and T-tubule system for releasing calcium, a lower 
concentration of myocyte cell surface /3-adrenergic receptors, 
and decreased sympathetic innervation. 64 The structural and 
functional immaturity of the infant heart account for the rela¬ 
tively greater sensitivity to negative inotropic stimuli, the 
greater requirement for calcium to maintain the inotropic state, 
and the requirement for higher concentrations of inotropic 
agents to achieve measurable hemodynamic effects. In con¬ 
trast, the neonatal heart is more resistant to the negative 
inotropic effects of hypoxemia and acidosis than the adult 
heart, possibly conferring some advantage with respect to the 
success of cardiopulmonary resuscitation. 65 

Afterload refers to the resistance (or impedance) to ventric¬ 
ular output and is directly related to mean arterial pressure. 
During the transitional phase of circulation, afterload drops 
abruptly in the right ventricle as pulmonary vascular resistance 
drops. Left ventricular afterload increases immediately as the 
placental shunt is abolished but then falls as its output distrib¬ 
utes to both the upper and lower body and a larger vascular 
bed. After the transitional phase, left ventricular afterload 
slowly increases throughout infancy and childhood, stimulat¬ 
ing asymmetric growth of the left ventricle compared with that 
of the right. This growth is caused primarily by hyperplasia 
until 2 to 3 months of age, when hypertrophy becomes more 
important. Before adaptive left ventricular growth occurs, the 
neonatal heart is exquisitely sensitive and decompensates 
rapidly when exposed to increases in afterload, such as those 
that occur in aortic stenosis and aortic coarctation. 


Oxygen Content and Delivery 

Oxygen delivery is the product of cardiac output and oxygen 
content. Arterial oxygen content (Ca0 2 ) is determined by the 
same set of variables in children as in adults: 

Ca0 2 = (Hb)(1.34 mL 0 2 /g Hb)(%Hb saturation) 

+ Dissolved 0 2 

where Hb = hemoglobin. 

Under most circumstances, dissolved oxygen is negligible. 
The main difference in the oxygen-carrying capacity of blood 
between neonates and older patients is the presence of fetal 
hemoglobin (HbF). The fetal red blood cell contains primarily 
HbF, a hemoglobin isomer with a higher affinity for oxygen 
than hemoglobin A (HbA), which predominates in adults. This 
gives HbF a lower P 50 (the partial pressure of oxygen at which 
hemoglobin saturation is 50%), which is reflected in a left¬ 
ward shift of the oxyhemoglobin dissociation curve relative to 
HbA (Fig. 103.11). This difference in affinities promotes the 
transfer of oxygen from maternal to fetal hemoglobin in the 
placenta. Following birth, neonatal red blood cells gradually 
accumulate HbA at the expense of HgF, which disappears by 
4 months of age. 

The presence of HbF in the neonate has several clinical con¬ 
sequences. Adequate hemoglobin saturation may occur at lower 
Pa0 2 levels, but the benefits of this in the ex utero environment 
are deceiving. Greater oxygen affinity makes the unloading 
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FIGURE 103.11. Representative oxyhemoglobin (Hb0 2 ) saturation 
curves for newborn, infant, and adult. (Adapted from Hodson WA, 
Truog WE. In: Avery GB, Fletcher MA, MacDonald MG, eds. Neona¬ 
tology: Pathophysiology and Management of the Newborn. 5th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 1999.) 


of oxygen in peripheral tissues more difficult. Increasing oxy¬ 
gen extraction during periods when oxygen demand temporar¬ 
ily exceeds supply is therefore less efficient. Increased difficulty 
in extracting oxygen from hemoglobin in peripheral tissues 
makes the neonate less tolerant than the older child of decreased 
oxygen delivery resulting from reduced hemoglobin concentra¬ 
tion, hemoglobin saturation, or cardiac output. Constant atten¬ 
tion to adequate oxygen content and cardiac output is therefore 
of paramount importance in the stressed neonate. 


Pulmonary Hypertension and 
Persistent Fetal Circulation 

In the older infant and child, PVR is normally low, which allows 
right ventricular output to equal that of the left ventricle at con¬ 
siderably lower pressure and contractile work. The instability of 
PVR in the neonate during the transitional period, along with 
the presence of anatomic connections between the pulmonary 
and systemic circuits, accounts for severe derangements in res¬ 
piratory and hemodynamic performance in a wide variety of 
clinical disorders. These include acquired conditions (e.g., sepsis 
and meconium aspiration syndrome), congenital conditions (e.g., 
pulmonary hypoplasia associated with congenital diaphragmatic 
hernia [CDH]), idiopathic abnormalities in pulmonary vascular 
function (e.g., PPHN), and chronic microangiopathy, alveolar¬ 
capillary dysplasia, and fibrosis (“fixed” pulmonary hypertension 
secondary to uncorrected anatomic left-to-right shunting and 
pulmonary over circulation). 

The common denominator in these conditions is an abnor¬ 
mally high PVR, related both to vascular tone and to vascular 
anatomy. Pulmonary vascular tone is governed by the balance 
between molecular factors produced by vascular endothe¬ 
lium, including endothelin-1, nitric oxide, and prostacyclin. 
Endothelin-1 stimulates vascular smooth muscle contraction 
and proliferation, while both nitric oxide and prostacyclin 
cause vascular smooth muscle relaxation and inhibit prolifera¬ 
tion. These mediators are important in prenatal, transitional, 
and postnatal regulation of pulmonary blood flow. 

It is useful to categorize the etiologies of elevated PVR as 
related to vascular underdevelopment, maldevelopment, and 


maladaptation. Pulmonary vascular underdevelopment occurs 
in pulmonary hypoplasia when the normal number of airway 
and vascular branchings is abbreviated due to extrinsic com¬ 
pression during lung development (e.g., CDH, congenital cys¬ 
tic adenomatoid malformation fCCAM]) and causes a reduced 
total capillary cross-sectional area. This condition may be 
moderated over time with compensatory alveolar and capil¬ 
lary growth, but it represents a fixed limitation to pulmonary 
blood flow during the initial postnatal period. Pulmonary 
hypoplasia also results in vascular maldevelopment character¬ 
ized by medial smooth muscle hypertrophy and hyperplasia, 
resulting in exaggerated responses to vasoconstrictive stimuli. 
Maladaptation refers to the deleterious responses of a normal 
pulmonary vascular bed to pathologic stimuli, as occurs in 
bacteremia (e.g., /3-streptococcal sepsis). 

Not uncommonly, increased PVR results from a combination 
of these factors. For example, pulmonary hypoplasia not only 
causes a decreased cross-sectional area but also results in hyper¬ 
reactive arterioles prone to vasospasm. In “fixed” pulmonary 
hypertension, both fibrosis and decreased vessel numbers have 
been demonstrated. In perinatal aspiration of meconium or 
blood, ventilation is delayed and pulmonary hypertension 
ensues. Fetal exposure to maternally ingested nonsteroidal anti¬ 
inflammatory drugs causes spasm of the ductus arteriosus, 
increased fetal pulmonary flows and pressures, diminished NO 
synthase activity, and harmful pulmonary vascular remodeling. 

Whatever the cause, increased PVR has several deleterious 
consequences. Increased right ventricular afterload results in 
decreased output, diminished pulmonary perfusion, and 
reduced left ventricular preload. Hypoxemia, hypercarbia, and 
globally decreased cardiac output result, which in turn cause 
metabolic acidosis. Increased PVR also promotes anatomic 
right-to-left shunting at the levels of the patent ductus arterio¬ 
sus (PDA) and foramen ovale, a phenomenon referred to as 
persistent fetal circulation (PFC). This profoundly exacerbates 
the hypoxemia, hypercarbia, and acidosis already present. 
Because hypoxemia, hypercarbia, and acidosis are all potent 
mediators of pulmonary vasoconstriction, PVR is further 
increased. For this reason, pulmonary hypertension and PFC in 
the neonate frequently deteriorate into a vicious cycle that cul¬ 
minates in circulatory and metabolic collapse. 

Therapy for pulmonary hypertension and PFC is directed at 
treating the underlying cause, removing the physiologic stimuli 
for pulmonary vasoconstriction, and introducing pharmaco¬ 
logic mediators of pulmonary vasodilatation. Analgesia, seda¬ 
tion, and neuromuscular blockade are commonly used to 
decrease endogenous stimulation of pulmonary vasoconstric¬ 
tion by catecholamines. The historical mainstays of manage¬ 
ment included aggressive ventilatory support to maximize 
Pa0 2 and minimize PaC0 2 , and systemic alkalinization (pH 
7.50 to 7.60) with sodium bicarbonate or tris-hydroxymethy- 
laminomethane (THAM) if an adequate respiratory alkalosis 
could not be induced. Because aggressive ventilatory strategies 
result in lung injury, current management targets a normal pH 
and PaC0 2 while maintaining adequate oxygenation, often 
with HFOV. Pharmacologic agents with the ability to promote 
direct pulmonary vasodilatation would obviously be desirable. 

Selective pulmonary vasodilation is presently unrealistic 
from a clinical standpoint. No pharmacologic substance has yet 
been identified that has vasodilatory effects specifically limited 
to the pulmonary circulation. Intravenous administration of 
nitroprusside, nitroglycerine, and PGEj all produce systemic 
vasodilatation as well, negating the reduction of resistance and 
pressure in the pulmonary circuit, and resulting in an unaltered 
right-to-left shunt. Tolazoline hydrochloride was commonly 
used in the past as a pulmonary vasodilator in neonates with 
pulmonary hypertension. Its vasodilatory effects can be ascribed 
both to u-adrenergic blockade and to stimulation of pulmonary 
vascular histamine receptors. 66 Unfortunately, responses to tola¬ 
zoline are unpredictable and nonselective, and no consistent 
clinical benefit has been convincingly demonstrated. 
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Perhaps the most promising pharmacologic approach to 
pulmonary vasodilation is the administration of inhaled nitric 
oxide (iNO). NO is a ubiquitous, potent vasodilator that serves 
as the final common pathway for vascular smooth muscle 
relaxation induced by a wide variety of other agents with 
known vasodilatory properties. 67,68 Endogenous NO is gener¬ 
ated from L-arginine by the action of NO synthase in endothe¬ 
lial cells (eNOS) and diffuses to adjacent smooth muscle cells, 
where it promotes muscular relaxation via a cyclic guanosine 
monophosphate (GMP)-dependent mechanism. 69 Although 
smooth muscle relaxation induced by NO is not specific for the 
pulmonary circulation, vasodilatation is limited to the pul¬ 
monary circulation because iNO is immediately scavenged and 
inactivated in the pulmonary bloodstream by binding to hemo¬ 
globin and forming methemoglobin. Thus, iNO is able to bind 
to pulmonary vascular smooth muscle cell receptors and induce 
relaxation before it diffuses into the capillary lumen and 
becomes inactivated. The fact the iNO diffuses directly to the 
smooth muscle cells makes this therapy ideal in the presence of 
endothelial cell injury, which is commonly seen in PPHN. 

iNO is administered by mixing minute quantities of NO (5 
to 20 ppm) into the gas mixture during mechanical ventilation. 
Although toxicity from methemoglobin has been suggested as 
a potential adverse effect, clinically significant methemoglo¬ 
binemia has not been observed when NO is delivered at such 
low concentrations. A more significant difficulty with inhaled 
NO therapy is the development of tachyphylaxis, which fre¬ 
quently occurs after as little as 2 to 3 days of treatment. 70 
Despite this potential obstacle, this novel strategy of selective 
delivery of a potent, nonspecific vasodilator to the pulmonary 
circulation represents a major new development in the treat¬ 
ment of pulmonary hypertension in infants. 

A better understanding of the mechanisms of pulmonary 
vasoreactivity has suggested alternate approaches to iNO ther¬ 
apy for PPHN. 71 Direct infusion of L-arginine provides both 
increased substrate for endogenous NO generation and stimu¬ 
lation of increased eNOS activity. Phosphodiesterase inhibitors 
such as sildenafil delay the degradation of both cyclic AMP and 
cyclic GMP, resulting in higher intracellular concentrations of 
these vasodilatory compounds. Sildenafil use may be limited by 
systemic hypotension, and studies are currently ongoing to 
establish the safety and efficacy of this drug in PPHN. Adeno¬ 
sine and ATP may also produce selective pulmonary vasodila¬ 
tion when infused intravenously, though their use in neonates 
with PPHN has not been studied. 

Failure to promote pulmonary vasodilatation through phys¬ 
iologic or pharmacologic manipulation may indicate a need to 
use extracorporeal techniques to reverse hypoxemia, hypercar- 
bia, hypoperfusion, and acidosis. As discussed, ECMO has 
become a widely accepted therapy for refractory pulmonary 
hypertension associated with a variety of causes. It is important 
to recognize that extracorporeal support for pulmonary hyper¬ 
tension (or respiratory failure) is indicated only when the 
underlying cause is thought to be reversible. 


GASTROINTESTINAL AND 
HEPATIC PHYSIOLOGY 

Most mechanisms of physiologic control in the gastrointesti¬ 
nal tract are present at birth, although continued postnatal 
maturation results in ongoing adjustments over time. Prema¬ 
turity, however, is associated with a delay in gastrointestinal 
function, just as it is in the cardiovascular and pulmonary sys¬ 
tems. For example, immaturity of gastrointestinal motility and 
digestive enzyme activity in the preterm infant frequently 
results in early feeding intolerance. The functional immaturity 
of small-intestinal “brush-border” enzymes in premature 
infants has already been mentioned with respect to the partic¬ 
ular nutritional requirements of preterm infants. Normal 


intestinal motility, as measured by the appearance of migrating 
motor complexes, has been documented to appear by 36 to 38 
weeks of gestation. Whereas 95% of term infants will pass a 
meconium stool within 24 hours of birth (and virtually 100% 
by 48 hours), it is not unusual for premature infants to have a 
significant delay in the passage of meconium that is dependent 
on the degree of prematurity. 

The extraordinarily complex physiology of the gastroin¬ 
testinal tract, including the control of motility, digestion, 
absorption, neurologic function, and enteroendocrine feed¬ 
back, is beyond the scope of this chapter. Several specific topics 
in gastrointestinal physiology are relevant, however, because 
they relate to functional problems commonly encountered in 
pediatric patients. These topics include the physiology of gas¬ 
trointestinal growth and adaptation, the pathophysiology of 
inadequate gastrointestinal length (short-gut syndrome), and 
neonatal jaundice. 


Physiology of Intestinal 
Growth and Adaptation 

To meet the needs of the growing child for energy and struc¬ 
tural substrates, the absorptive surface area of the intestinal 
tract must increase along with somatic growth. At 28 weeks of 
gestation the small bowel measures about 100 cm and grows 
to 120 cm at 34 weeks to reach a mean length of 160 cm at full 
term. 72 Postnatally, the small intestine increases from a length 
of about 150 to 200 cm and a diameter of about 1.5 cm at 
birth to a length of 600 to 800 cm and a diameter of 4 cm at 
maturity. Further growth and maturation of the villous archi¬ 
tecture and the development of plicae circulares increase the 
total absorptive surface area from approximately 900 cm 2 to 
7,500 cm 2 over the same period. 73 

After growing to full length in childhood, the small intes¬ 
tine enters a state of dormancy and remains quiescent unless 
some major change occurs. Following massive intestinal resec¬ 
tion, various adaptive responses occur in the small intestine; 
these responses are designed to enhance the absorptive func¬ 
tion of the remaining bowel. These adaptive changes include 
an increase in diameter, an increase in the number and size of 
the plicae circulares, and epithelial hyperplasia manifested as 
increased villous height and crypt depth. These changes aug¬ 
ment the absorptive surface area significantly, but they do not 
constitute a physiologically equivalent substitute for intestine 
of normal length and caliber. The markedly dilated, adapted 
intestine displays abnormal motility as a result of muscular 
hypertrophy and an inability to sustain normal peristalsis by 
coaptation. These dyskinetic contractions do not provide con¬ 
sistent, unidirectional flow and, therefore, allow stasis and 
bacterial colonization of the proximal intestine. 

Although the factors governing stimulation of intestinal 
growth and adaptation are poorly understood, it is becoming 
increasingly clear that trophic stimulation from both enteroen¬ 
docrine mediators and intraluminal substances is necessary. 
The gastrointestinal mucosa is richly populated with a variety 
of peptide-secreting enteroendocrine cells that produce local 
signaling and mediator molecules in response to specific stim¬ 
uli (Fig. 103.12). Some of these enteroendocrine peptides are 
expressed only during fetal development. Virtually every 
known postnatal enteroendocrine cell is present and function¬ 
ally mature at term. 74 The levels of many of these peptides rise 
sharply in the first days of life in fed infants, but not in fasting 
infants. 75 The observation that intestinal growth and matura¬ 
tion are inhibited by withholding enteral feeds suggests that 
enteroendocrine stimulation is one of the processes responsible 
for normal postnatal intestinal growth. Glucagon, glucagon¬ 
like peptides 1 and 2, and gastrin are present in the fetal and 
neonatal gut, and appear to be leading candidates for the prin¬ 
cipal enteroendocrine mediators of epithelial proliferation and 
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G = gastrin 
H = histamine 
SS = somatostatin 
GL = glucagon 

5-HT = 5-hydroxytryptamine/seratonin 
VIP* = vasoactive intestinal peptide 
GRP* = gastrin releasing peptide 
S = secretin 
CCK = cholecystokinin 
EGF = epidermal growth factor 
GLI = glucagon-like immunoreactive peptides 
GIP = gastric inhibitory peptide 
M = motilin 
Ch = chymodenin 


FIGURE 103.12. Distribution of selected enteroendocrine and neu¬ 
roendocrine ( asterisks ) cells and their products in the proximal gas¬ 
trointestinal tract. (Adapted from Magnuson DK, Schwartz MZ. In: 
Oldham KT, Colombani PM, Foglia RP, eds. Surgery of Infants and 
Children. Philadelphia, PA: Lippincott-Raven; 1997.) 


overall gut growth, both by direct stimulation and through 
generation of other mediators such as insulin. 76-78 Recent stud¬ 
ies reveal members of the PACAP (pituitary adenylate 
cyclase-activating peptide)/glucagon family to be involved in 
gastrointestinal signaling and growth regulation. This group 
of related neuropeptides is found throughout the intestine. 
Like vasoactive intestinal peptide (VIP), PACAP is a potent 
vasodilator. To date, there is no evidence that VIP or PACAP 
administration is directly trophic for small bowel after resec¬ 
tion or injury. 79 

Direct stimulation of mucosal growth by luminal nutrients 
plays a major role in intestinal adaptation. The fact that vil¬ 
lous height and absorptive capacity are greatest in the proxi¬ 
mal jejunum and gradually decrease through the remaining 
jejunum and ileum suggests that progressive depletion of lumi¬ 
nal nutrients results in relatively diminished growth of the dis¬ 
tal intestine. Reciprocal transposition of ileal and jejunal seg¬ 
ments results in hypertrophy of the proximally transposed ileal 
segment and atrophy of the distally transposed jejunal seg¬ 
ment. The “underdevelopment” of the distal small bowel may 
be viewed, to a certain extent, as built-in reserve potential. 

In various experimental models, adaptive growth will not 
occur after resection unless some level of luminal nutrition is 
provided. Studies in animal models have shown that complex 
nutrients that require enzymatic degradation (e.g., long-chain 
fatty acids, disaccharides, and complex proteins) are more 
potent stimulators of growth than are more elemental nutri¬ 
ents. 80-82 This effect may result from the trophic properties of 
pancreaticobiliary secretions, which are stimulated by complex 
nutritional substrates. The amino acid glutamine is the pre¬ 
ferred energy substrate for enterocytes and a necessary con¬ 
stituent of growth-promoting enteral nutrition formulas. It is 
not clear whether glutamine acts in a permissive fashion only 
by providing energy substrate for growth or whether it also has 
trophic properties separate from its energy content. Intravenous 
glutamine administration can preserve intestinal mucosal health 


in the absence of enteral glutamine, but whether it can promote 
long-term gut adaptation and growth also is not known. Epi¬ 
dermal growth factor (EGF), present in duodenal and biliary 
secretions, and growth hormone are both potent growth stim¬ 
uli. The administration of enteral glutamine and EGF (or 
growth hormone or both) may have a therapeutic benefit in 
stimulating intestinal growth after bowel resection. 


Clinical Aspects of Short-gut Syndrome 

Although intestinal growth is commonly taken for granted in 
health, its importance is brought into sharp focus by condi¬ 
tions in which inadequate intestinal length causes malabsorp¬ 
tion and malnutrition: the short-gut syndrome. This syndrome 
usually occurs after massive intestinal resection for a variety of 
diseases. The most common causes in the neonatal period are 
necrotizing enterocolitis and midgut volvulus, although gas- 
troschisis also may be associated with decreased intestinal 
length in the absence of resection. 83,84 In older children, volvu¬ 
lus and inflammatory bowel disease predominate. 85 The extent 
of resection likely to result in short-gut syndrome is difficult to 
quantify and is influenced by patient age, site of intestinal loss, 
and status of the ileocecal valve (ICV). It is commonly held 
that a term newborn who retains at least 25 cm of small intes¬ 
tine with an intact ICV, or 40 cm without an ICV, has a rea¬ 
sonable potential for resuming full enteral feedings at some 
point. In older patients, loss of 75% to 80% of intestinal 
length may be tolerated as long as the ICV is preserved. 

The loss of intestinal surface area diminishes absorptive 
capacity, brush-border digestive enzyme activity, and enteroen¬ 
docrine mediator production. These deficiencies all lead to mal¬ 
nutrition and weight loss. Unabsorbed sugars pass through to 
the colon and produce an osmotic diarrhea. Presentation of 
undigested carbohydrates to the colon also provides fuel for 
bacterial proliferation. The bacteria metabolize the undigested 
sugars to lactate and short-chain fatty acids, which stimulate 
colonic secretion of water and electrolytes. Thus, a secretory 
diarrhea exacerbates the osmotic one. After ileal resections, bile 
salt recirculation is impaired and bile salts reach the colon, pro¬ 
viding more bacterial fuel and further stimulating the secretory 
diarrhea. Bile salt wasting eventually depletes the hepatic bile 
salt pool, resulting in fat malabsorption and steatorrhea, and 
leading to lithogenic bile and gallstones. Extensive ileal resec¬ 
tions also result in impaired absorption of vitamin B 12 and the 
fat-soluble vitamins A, D, E, and K. 

Bacterial overgrowth in the residual small intestine occurs 
in most patients with short-gut syndrome. It is related primar¬ 
ily to the loss of the ICV and reflux of colonic bacteria into the 
small intestine. Overgrowth also is promoted by stasis and 
hypomotility, which occur in adapted, dilated, dyskinetic 
intestine. Bacterial overgrowth in the proximal intestine leads 
to further increases in carbohydrate, protein, and fluid and 
electrolyte loss caused by diarrhea. 

Gastric hypersecretion of fluid and acid is well documented 
in short-gut syndrome. Acid hypersecretion has been linked to 
hypergastrinemia, possibly because of the loss of somatostatin 
and gastrin-inhibiting peptide production. Gastric hypersecre¬ 
tion results in peptic complications, reduced enzymatic diges¬ 
tion caused by low intraluminal pH, and further exacerbation 
of diarrhea. 

Management of short-gut syndrome is complex and may 
include any combination of the following: parenteral nutri¬ 
tion, limited enteral feeding with easily absorbed substrates 
(glucose polymers, medium-chain triglycerides, protein hydro- 
sylates), judicious enteral exposure to trophic substrates (com¬ 
plex carbohydrates, intact protein, long-chain triglycerides, 
and glutamine), antibiotic suppression of bacterial over¬ 
growth, supplementation of vitamins and minerals, and con¬ 
trol of diarrhea with antimotility agents. Clinical trials have not 
demonstrated any benefit with respect to enhanced intestinal 
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adaptation from the intravenous administration of glutamine 
or growth hormone. 86 Surgical treatment of short-gut syn¬ 
drome by intestinal lengthening procedures and transplanta¬ 
tion has been disappointing. In contrast, recent advances in 
small-bowel transplantation have resulted in improved 5-year 
patient survivals of 60% to 70% at centers of excellence. 87,88 

Long-term parenteral nutrition, as it is applied in many 
patients with short-gut syndrome, is associated with numerous 
complications. Among these are catheter-related sepsis, growth 
failure, metabolic disorders, bone disease, and, most impor¬ 
tantly, parenteral nutrition-associated liver disease (PNALD). 
PNALD is characterized by steatosis, cholestasis, hepatic fibro¬ 
sis, and ultimate progression to biliary cirrhosis, portal hyper¬ 
tension, and end-stage liver disease. The reported incidence of 
PNALD varies greatly and is reported to be up to 30% in chil¬ 
dren on long-term parenteral nutrition and almost 90% in 
infants with similar risk exposure. The incidence of PNALD in 
neonates receiving parenteral nutrition ranges from 14% after 
2 to 4 weeks and reaches 72% for those receiving parenteral 
nutrition for more than 100 days. The risk for PNALD seems 
to correlate inversely with birth weight. 89 

Currently, parenteral lipid emulsions contain safflower and 
soybean oils. The administration of those plant oils may play 
a role in the onset of liver injury. Studies indicate that fish 
oil-based lipid emulsions provide a promising alternative, 
leading to dramatic reduction of PNALD in children receiving 
long-term parenteral nutrition. Due to the high concentrations 
of omega-3 poly-unsaturated fatty acids, administration of fish 
oil modulates the inflammatory response by reducing levels of 
proinflammatory cytokines. 90-92 


Neonatal Jaundice 

Hepatic function in the older child is essentially the same as in 
the adult. In the neonatal period, however, liver function may 
be altered in a number of ways by hepatocyte immaturity. 
Although fetal hepatocytes begin to manifest synthetic capa¬ 
bilities early in gestation, the quantitative capacity to produce, 
modify, and detoxify various substances develops gradually 
and is often incompletely developed at birth, particularly in 
premature infants. This functional immaturity affects a range 
of processes, including glycogen metabolism and the biotrans¬ 
formation of many drugs, but most notably it affects the excre¬ 
tion of bilirubin. 

Bilirubin Metabolism. Bilirubin is produced by the degra¬ 
dation of heme-containing compounds, primarily hemoglobin 
from senescent red blood cells, but also myoglobin, 
cytochromes, catalases, and other molecules. Because infants 
have a relatively greater red cell mass than adults, as well as a 
shorter red cell life span and higher turnover, bilirubin pro¬ 
duction is proportionately greatest in the first weeks of life. 
The conversion of heme to bilirubin occurs in reticuloendothe¬ 
lial cells in the liver, spleen, and elsewhere. In the first step, the 
ring structure of heme is opened by the oxidative removal of a 
carbon atom through heme oxygenase, which also releases a 
reduced iron atom. The resulting product, biliverdin, is a lin¬ 
ear molecule that is further reduced by biliverdin reductase to 
bilirubin. Bilirubin is held in a tightly folded configuration by 
extensive hydrogen bonding, resulting in a highly hydrophobic 
and insoluble molecule. As such, transport of bilirubin from 
sites of production to the liver for excretion requires binding 
to albumin as a carrier molecule. 

Bilirubin is extracted from hepatic sinusoidal blood and 
transported by a specific membrane carrier protein into the 
hepatocyte, where it is attached to the cytoplasmic carrier pro¬ 
tein ligandin (glutathione S-transferase). Within the cyto¬ 
plasm, bilirubin is conjugated with glucuronic acid by bilirubin 
glucuronosyltransferase (BGT) to form bilirubin monoglu¬ 
curonides (BMGs) and diglucuronides (BDGs). Both BMGs 


and BDGs then are transported into the bile canaliculi and 
excreted via the bile ducts into the duodenum. Normally, a 
small amount of conjugated bilirubin is found in the blood 
because of back-diffusion across the sinusoidal membrane. In 
pathologic states where the excretion of BMGs and BDGs can¬ 
not keep pace with production, serum levels of conjugated 
bilirubin rise. Hepatocyte excretion of BMGs and BDGs is the 
rate-limiting step in bilirubin clearance after 1 week of age, 
before which time conjugation of bilirubin is rate limiting 
because of diminished activity of BGT. 

Within the intestinal lumen, bilirubin conjugates can have 
several fates. Most are metabolized by resident bacteria into a 
variety of compounds, including the urobilinogens and the uro- 
bilinoids, which are excreted in the feces. The conversion of 
conjugated bilirubin into urobilinoids prevents the reabsorp¬ 
tion, or enterohepatic recirculation, of bilirubin. Other bacte¬ 
ria, as well as mucosal cells, contain /3-glucuronidase capable 
of deconjugating BMG and BDG. Deconjugated bilirubin is 
hydrophobic and easily reabsorbed across the epithelial barrier 
and back into the circulation. Neonates are particularly sus¬ 
ceptible to bilirubin reabsorption that results from increased 
levels of endogenous /3-glucuronidase and decreased bacterial 
flora. The relative paucity of resident bacteria results in less 
successful conversion of bilirubin conjugates to urobilinoids, 
whereas the increased activity of /3-glucuronidase deconjugates 
the bilirubin. Meconium contains a high concentration of con¬ 
jugated bilirubin, which readily undergoes deconjugation if 
impaired motility delays its excretion. 

Neonatal Hyperbilirubinemia. Transient, unconjugated 
hyperbilirubinemia is a ubiquitous finding in neonates and rep¬ 
resents a normal stage in early postnatal life. For this reason, it 
is often referred to as physiologic jaundice. The exact cause of 
physiologic jaundice is unclear, but it appears to involve a com¬ 
bination of increased enterohepatic circulation of bilirubin and 
decreased BGT activity. 93 Both the duration and magnitude of 
the hyperbilirubinemia are variable but, in general, plasma levels 
of unconjugated bilirubin peak at about 5 to 6 mg/dL at 3 days 
of life and resolve by 7 to 10 days in healthy term infants. 

In addition to physiologic jaundice, numerous conditions 
are associated with more severe unconjugated hyperbilirubine¬ 
mia in the early postnatal period. These include breast-milk 
jaundice, hemolytic diseases (ABO or Rh incompatibility, 
hemoglobinopathies), reabsorption of extravascular blood, 
neonatal hepatitis, inborn errors of metabolism, and sepsis. 
Unconjugated hyperbilirubinemia can cause both a reversible 
encephalopathy and an irreversible neurologic injury termed 
kernicterus. The predilection of unconjugated bilirubin for 
neural tissue is related to its nonpolar structure, which makes 
it highly hydrophobic and lipophilic. Deposition of bilirubin 
in the basal ganglia and cranial nerve nuclei is the most com¬ 
mon pathologic feature, although clinical manifestations 
include a wide variety of cognitive, developmental, motor, and 
sensory dysfunction. The risks of neurologic injury are related 
to peak sustained bilirubin levels; kernicterus is likely when 
sustained plasma levels exceed 30 mg/dL and is virtually 
unknown when levels do not exceed 20 mg/dL. Between 20 
and 30 mg/dL, the incidence of reversible encephalopathy is 
greatest, but increasing risk of kernicterus is a concern. 

Indications for intervention include early onset or prolonged 
duration of jaundice and exaggerated absolute levels of uncon¬ 
jugated bilirubin. The precise level at which therapeutic inter¬ 
vention is considered depends on postnatal and gestational age, 
weight, and presence of comorbidity, and is the subject of con¬ 
siderable debate. First-line therapies include stimulation of 
intestinal motility by oral feeding and rectal stimulation to pro¬ 
mote the passage of meconium and reduce enterohepatic circu¬ 
lation. When levels become high or sustained enough to elicit 
genuine concern, the treatment of choice is phototherapy. Light 
in the blue spectrum with wavelengths of 420 to 480 nm is 
absorbed by unconjugated bilirubin. The absorbed energy alters 
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the double-bond structure of bilirubin in a process termed pho¬ 
toisomerization. The new isomers are less capable of forming 
internal hydrogen bonds and, therefore, become unfolded and 
more polar. This configurational change makes them more sol¬ 
uble, promotes their mobilization from central nervous system 
tissues, and allows their excretion in the bile without further 
conjugation. When extremely high levels of bilirubin are 
encountered and phototherapy is deemed insufficiently rapid, 
exchange transfusion provides the most reliable method of 
rapidly reducing serum bilirubin levels into a nontoxic range. 

In contrast to unconjugated hyperbilirubinemia, elevation 
of serum conjugated bilirubin is always pathologic and man¬ 
dates expeditious evaluation. The presence of isolated conju¬ 
gated hyperbilirubinemia in the first weeks of life usually sug¬ 
gests the presence of a condition associated with reduced bile 
excretion. These include extrahepatic biliary atresia, Alagille 
syndrome (arteriohepatic dysplasia or intrahepatic biliary 
hypoplasia), nonsyndromic intrahepatic bile duct paucity, Byler 
syndrome (progressive familial intrahepatic cholestasis), chole¬ 
dochal cyst, and TPN-related cholestasis. Not all episodes of 
conjugated hyperbilirubinemia result from biliary obstruction, 
however. Because hepatocyte excretion of BMGs and BDGs is 
rate limiting after the first week of life, increased bilirubin loads 
generated by hemolysis or reabsorption may result in the pro¬ 
duction of bilirubin conjugates at a rate exceeding the hepato¬ 
cyte’s ability to excrete them into the canaliculi. Intracellular 
buildup results in back-diffusion of conjugated bilirubin into 
the sinusoidal and systemic circulation. 
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CHAPTER 104 ■ FETAL INTERVENTION 

GEORGE B. MYCHALISKA AND DARRELL L. CASS 


KEY POINTS 


Q Four fetal conditions clearly benefit from fetal interven¬ 
tion: congenital cystic adenomatoid malformation, fetal 
sacrococcygeal teratoma, a fetus with airway obstruction 
from a giant neck mass or laryngeal atresia, and twin-to- 
twin transfusion syndrome. 

^Any fetal therapy requires (a) accurate diagnosis of the 
condition and any associated anomalies that may have an 
impact on outcome, (b) reliable prediction of which indi¬ 
vidual fetuses will die or suffer serious long-term morbid¬ 
ity without fetal intervention, and (c) that the procedure 
improves the outcome of the fetus with little to no mater¬ 
nal risk. 

Q Preterm labor is the single biggest concern during the oper¬ 
ation and in the postoperative period. 


Q For a fetus with a lung mass, the only indication for fetal 
intervention is the presence of hydrops. 

Q For a fetus with sacrococcygeal teratoma, increased aortic 
velocity, increased combined cardiac output, increased 
cardiac-to-thoracic ratio, a dilated inferior vena cava, or 
reversed end-diastolic umbilical blood flow are sensitive 
early predictors of impending hydrops and fetal demise; 
before 28 weeks’ gestation, open fetal surgery and resec¬ 
tion is the treatment of choice. 

Q Fetal intervention may play a role in the management of a 
small cohort of fetuses with the most severe form of con¬ 
genital diaphragmatic hernia. 

Q An ex utero intrapartum treatment procedure is the treat¬ 
ment of choice for fetuses with a giant neck mass or con¬ 
genital high airway obstruction syndrome. 
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Fetal surgery has emerged as an independent subspecialty at 
the intersection of pediatric surgery and maternal-fetal medi¬ 
cine. It is a field that has arisen from clinical necessity. Pedi¬ 
atric surgeons, maternal-fetal medicine specialists, and neona- 
tologists became frustrated with the management of a number 
of congenital structural anomalies in which the baby died or 
suffered severe lifelong disability despite all efforts at postna¬ 
tal treatment. With the advent of prenatal ultrasound in the 
1970s, many conditions were diagnosed before birth. Fetuses 
were followed, and the prenatal natural history was eluci¬ 
dated. It became clear that a component of organ failure was 
acquired because of ongoing alterations in fetal development 
caused by the anomaly. Thus, it made sense that fetal inter¬ 
ventions may be of benefit to correct the pathophysiology and 
restore normal fetal development in the hope of improving 
survival and decreasing morbidity. 

The first successful fetal intervention was reported by Sir 
A.W. Liley, who successfully transfused a hydropic fetus for 
Rh disease. 1 Although a few attempts were made at exchange 
transfusion by an open technique in the 1960s, modern fetal 
surgery was envisioned and developed by Dr. Michael Harri¬ 
son at the University of California, San Francisco (UCSF) in 
the late 1970s. 2 It was at UCSF that the concept of a fetal 
treatment program was developed, permitting a true multidis¬ 
ciplinary approach to fetal diagnosis and treatment. The first 
open fetal operation was performed in 1982, at which bilat¬ 
eral ureterostomies were performed in a 21-week-gestation 
fetus with obstructive uropathy. 3 In the intervening years, 
tremendous progress has been made in the development of 
fetal surgery techniques, including advances in maternal-fetal 
anesthesia, tocolysis (prevention of preterm labor), and the 
development of less invasive surgical techniques. During this 
same period there have been significant advances in neonatal 
surgical critical care that has improved the outcome of fetuses 
with congenital anomalies. Thus, fetal surgery indications 
must be continually reassessed in the context of emerging pre- 
Q natal and postnatal therapies. At the present time there are 
only three fetal conditions that show clear benefit from fetal 
surgery during pregnancy: congenital cystic adenomatoid 
malformation, fetal sacrococcygeal teratoma, and twin-to- 
twin transfusion syndrome. Open fetal surgery at the end of 
pregnancy, the ex utero intrapartum treatment (EXIT) proce¬ 
dure, has proven effective for treatment of giant neck masses 
and laryngeal atresia. The EXIT procedure has been 
expanded to treat conditions that result in impending respira¬ 
tory failure at birth using the EXIT-ECMO (extracorporeal 
membrane oxygenation) strategy, but the efficacy of this tech¬ 
nique is still unproven. Fetal interventions, including open, 
fetoscopic, and percutaneous, have been used to treat a num¬ 
ber of other fetal disorders, such as congenital diaphragmatic 
hernia, myelomeningocele, urologic obstruction, chylotho- 
rax, and, most recently, congenital heart malformations. 
Many of these procedures are promising, but questions 
remain regarding the natural history of these disorders, selec¬ 
tion criteria, and efficacy. 


FETAL IMAGING AND 
PRENATAL DIAGNOSIS 


Fetal imaging is a critical component of the decision-making 
Q process in fetal surgery. Criteria that must be met to consider 
fetal surgery include (a) accurate diagnosis of the condition 
and any associated anomalies that may have an impact on out¬ 
come, (b) reliable prediction of which individual fetuses will 
die or suffer serious long-term morbidity without fetal inter¬ 
vention, and (c) demonstration of improved fetal outcome 
with minimal maternal risk. 

Most congenital defects can now be detected before birth 
with the use of high-resolution ultrasound, color Doppler, and 



FIGURE 104.1. Coronal section of fetal magnetic resonance image 
(MRI) of a 30-week fetus with left congenital diaphragmatic hernia 
(CDH). The stomach (small arrow) and intestines are herniated into 
the left chest. The left lung is severely hypoplastic (large arrow). 


fetal magnetic resonance imaging (MRI). Frequently diagnosed 
anomalies include diaphragmatic hernia (Fig. 104.1), congeni¬ 
tal lung lesions (Fig. 104.2), obstructive uropathy, neural tube 
defects, neck masses (Fig. 104.3), congenital heart defects, and 
sacrococcygeal teratoma. Other surgical disorders include 
abdominal wall defects (gastroschisis and omphalocele), 
intestinal atresias, and cystic and solid abdominal masses. 
Although ultrasound is the predominant prenatal screening 
and diagnostic modality, fetal MRI has proven particularly 
helpful in the further evaluation of central nervous system, 
chest, and neck anomalies. 4-6 Fetal echocardiography is essen¬ 
tial in the evaluation of congenital heart disease and is also 
useful in evaluating abnormal cardiac function associated with 
other birth defects. 7-9 

Prenatal detection and serial ultrasonographic evaluation of 
these disorders has enhanced our understanding of their nat¬ 
ural history, and has significantly improved perinatal manage¬ 
ment. Pediatric surgeons familiar with the management of con¬ 
genital malformations before and after birth, along with 
obstetricians, neonatologists, geneticists, and other specialists, 
participate in family counseling and together contribute to 
optimal maternal-fetal management. Such multidisciplinary 
teams may recommend that the timing, mode (cesarean vs. 
vaginal delivery), or location of delivery be altered. Further¬ 
more, in rare circumstances prenatal diagnosis permits in utero 
treatment of the developing fetus to prevent, reverse, or mini¬ 
mize fetal organ injury or death. In one study, prenatal consul¬ 
tation led to a change in pregnancy management in 67% of 221 
pregnancies, of which 11 patients (5% of total) benefited from 
fetal intervention. 10 

Although most congenital anomalies are best managed with 
the use of appropriate medical and surgical therapy after deliv¬ 
ery at term, rare fetal anomalies may benefit from surgery 
before birth. The innovations required for fetal surgery include 
the development of new surgical, anesthetic, and tocolytic tech¬ 
niques, as well as the resolution of such ethical issues as mater¬ 
nal safety and future maternal reproductive potential. 11-13 
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FIGURE 104.2. Coronal section of a fetal magnetic resonance image 
(MRI) of a 24-week fetus with a large left lung mass (bronchopul¬ 
monary sequestration). The left diaphragm is flattened and there is 
moderate dextroposition of the heart. A large vessel is seen coming 
from the low thoracic aorta {arrow). The congenital cystic adenoma¬ 
toid malformation volume ratio (CVR) was 1.96; however, hydrops 
did not develop and the baby “grew around” the mass. 



FIGURE 104.3. Coronal section of a fetal magnetic resonance image 
(MRI) of a 31-week fetus with a large left neck lymphatic malforma¬ 
tion. The mass extends to the apex of the left chest [arrow). There is 
moderate left-to-right tracheal deviation. This fetus was delivered with 
an ex utero intrapartum treatment (EXIT) procedure. 


MATERNAL-FETAL RISKS 


Fetal surgery is unlike all other surgical specialties in that it 
involves two patients; the surgeon must operate on a healthy 
maternal patient to fix a disease in the affected fetus. This par¬ 
adigm presents challenging moral and ethical conflicts that 
must be considered and balanced in each circumstance. Cher- 
venak and McCullough 14 and others have helped to provide 
an ethical framework within which fetal surgery should exist. 
The keys to this framework are that (a) the fetal operation has 
significant chance of being lifesaving or of preventing serious 
or irreversible disease in the fetus; (b) the procedure involves 
low mortality and morbidity risk to the fetus; and (c) the oper¬ 
ation has very low mortality and morbidity risk to the preg¬ 
nant woman, including risks to future pregnancies. In light of 
these considerations, a number of contraindications to fetal 
intervention exist, including chromosomal abnormalities, the 
presence of other major anomalies, and significant maternal 
comorbidities. 

There are significant maternal and fetal risks associated 
with fetal surgery that must be weighed for each patient. For 
the fetus, there is risk of preterm delivery, fetal death, or sur¬ 
vival with poor outcome. Most indications for fetal surgery, 
however, are ones in which the fetus would die without it, and 
therefore the risk-to-benefit ratio is very favorable. For those 
interventions aimed at improving the outcome of fetuses with 
nonlethal conditions, the risk-benefit ratio is much more diffi¬ 
cult to assess. For example, the efficacy of fetal surgery for 
spina bifida is being evaluated with a prospective randomized 
trial. 15 

The risks and benefits to the mother depend on the inva¬ 
siveness of the fetal surgical operation. In any intervention, 
benefits to the mother include the psychological reward from 
doing everything possible to improve the condition of the 
unborn baby. In select cases, there is physiologic benefit in 
preventing the possibility of “mirror syndrome,” a pre¬ 
eclampsialike condition in which the mother’s condition 
“mirrors” that of a sick or dying fetus. 16 In the presence of 
this syndrome, fetal surgery is contraindicated and urgent 
fetal delivery is important to ensure maternal health. For the 
mother, fetal surgery adds the discomfort of one or two oper¬ 
ations that would not have been required otherwise. For 
mothers who have hysterotomy other than low transverse, 
and for all mothers having open fetal surgery, there are theo¬ 
retical risks to subsequent pregnancies and future fertility. 
When maternal fertility following fetal surgery was studied, 
however, it was found that 32 of 35 mothers were able to 
achieve successful subsequent pregnancies and 31 live births 
resulted. 11 Furthermore, if a classic cesarean section is per¬ 
formed during open fetal surgery, subsequent deliveries must 
be performed by cesarean section. Specific complications 
resulting from a classic cesarean section in subsequent preg¬ 
nancies include uterine dehiscence and uterine rupture. 17 
Postoperatively, nonhydrostatic pulmonary edema may 
occur in the mother. This problem was more prevalent in the 
early experience of open fetal surgery, but it still persists. In a 
recent trial reported by Harrison et al., 18 3 of 11 mothers 
developed pulmonary edema and required oxygen after fetal 
surgery. In each of these patients the symptoms were mild 
and resolved within 48 hours. The cause of this phenomenon 
remains unclear, but is likely related to uterine manipulation 
and the release of prostaglandins or thromboplastins that 
alter maternal lung vascular permeability. 19 As with all 
obstetric surgery, blood loss may be significant and mothers 
undergoing fetal surgery occasionally require blood transfu¬ 
sion. 20 Chorioamniotic membrane separation and preterm 
labor remain the Achilles’ heel of fetal interventions. 21,22 Sur¬ 
gical approaches that involve a smaller hysterotomy and 
more minimally invasive techniques appear to lower these 
risks. 23 Specifically, fetoscopic and percutaneous approaches 








Chapter 104: Fetal Intervention 


1835 


lessen the maternal and fetal risks. 24 These techniques allow 
vaginal delivery after fetal surgery and appear to decrease the 
incidence of preterm delivery. 25 Thus far, no maternal deaths 
have occurred at the major fetal surgery centers in the United 
States and Europe. 


SURGICAL TECHNIQUES: 
OPEN, FETOSCOPIC, AND 
PERCUTANEOUS APPROACHES 


Numerous technical aspects of fetal surgical procedures have 
evolved over 30 years of experimental and clinical work and 
have been reviewed in detail elsewhere. 26-29 The comprehen¬ 
sive care of the fetal surgery patient is labor intensive and 
requires multidisciplinary cooperation between all team mem¬ 
bers. In the operating room, the leader of the fetal surgery 
team is either a pediatric surgeon or maternal-fetal medicine 
specialist with specific training in fetal surgical techniques. The 
leader should be chosen depending on the procedure and spe¬ 
cific expertise. 30 Responsibility for the patient’s anesthesia is 
shared between an obstetric anesthesiologist for the mother 
and a pediatric anesthesiologist for the fetus. Both anesthesiol¬ 
ogists should have special expertise in maternal-fetal anesthe¬ 
sia and work together as a team. A high-resolution ultrasound 
machine with color and enhanced Doppler is essential and 
used throughout the procedure to assess fetal and placental 
position; monitor fetal heart rate, cardiac function, and vol¬ 
ume status; and assess amniotic fluid levels. 31 A pulse oximetry 
probe is placed on the fetal hand to assess fetal oxygen satura¬ 
tion and continuous heart rate. A peripheral intravenous 


catheter is often placed in the fetus for fluid, blood, and med¬ 
ication delivery. A surgical nursing team trained in the specific 
aspects of fetal surgical procedures and instrumentation is 
mandatory. 

Open fetal surgery is performed with general and epidural 
anesthesia. Epidural delivery of a fentanyl/bupivacaine mix¬ 
ture provides optimal postoperative analgesia and minimizes 
uterine irritability. Intraoperatively, inhaled isoflurane titrated 
to an end-tidal concentration of 2% or higher is used to 
achieve uterine relaxation, which is critical to successful out¬ 
comes. Because of the risk of postoperative pulmonary edema, 
the mothers are fluid restricted during these procedures and 
receive as little as 500 mL of crystalloid. The patient is posi¬ 
tioned supine with a roll under the right side to avoid com¬ 
pression of the inferior vena cava by the gravid uterus. The 
uterus is exposed through a low transverse abdominal inci¬ 
sion. If the placenta is positioned posteriorly, subcutaneous 
flaps and a midline incision from the umbilicus to the pubis 
permit adequate uterine exposure. In cases of an anterior pla¬ 
centa, the fascia and rectus muscles are divided transversely so 
that the uterus can be tilted forward for a posterior hystero¬ 
tomy. A large abdominal ring retractor is useful for abdominal 
wall retraction. After uterine relaxation is confirmed by palpa¬ 
tion, the orientation of the fetus and placenta is confirmed by 
ultrasound. For open fetal surgery during pregnancy, a classi¬ 
cal cesarean section incision is made. For the EXIT procedure, 
it is preferable to perform a low transverse hysterotomy. Two 
opposing traction sutures are placed with ultrasound guidance 
to provide hemostasis and to secure the fetal membranes to the 
uterine wall. The myometrium is then incised, and a hemosta¬ 
tic uterine stapler is used to open the uterine wall in both direc¬ 
tions. A rubber catheter connected to a rapid infuser is inserted 




FIGURE 104.4. Fetal surgery of a hydropic 24-week fetus with a large 
left lung mass. A: Intraoperative ultrasound to locate the placenta and 
fetus. B: Uterine stay sutures are elevated to facilitate the use of the uter¬ 
ine stapler. C: The mass has been removed and the remaining normal left 
lung is evident. A bolus of crystalloid is given into the umbilical vein, and 
the chest is being closed. 
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into the amniotic space to replace egress of amniotic fluid with 
warmed Ringer lactate. Infusion of warmed fluids is critical to 
maintain fetal temperature and amniotic volume and to mini¬ 
mize the risk of uterine contractions and umbilical cord com¬ 
pression (Fig. 104.4). 

One of the unique requirements of fetal surgery is that the 
surgeon must operate on the fetus and then return the fetus to 
the amniotic environment in such a way as to minimize distur¬ 
bance to the continuing pregnancy. The uterine closure must 
have adequate strength to prevent rupture, must have mem¬ 
brane reapproximation to prevent amniotic fluid leakage, and 
must limit risks for preterm labor or future infertility. Cur¬ 
rently, the uterus is closed in two layers using an outer layer of 
full-thickness 0 polydioxanone (PDS) retention sutures and an 
inner running layer of 2-0 PDS to close the myometrium and 
membranes. Before the closure is complete, the rapid infuser is 
used to restore amniotic volume and administer antibiotics. 
An omental pedicle is secured over the hysterotomy to seal any 
small leaks from the full-thickness sutures. 

Preterm labor is the single biggest concern during the opera¬ 
tion and in the postoperative period. The mother receives a 50- 
mg indomethacin suppository 4 hours before surgery, and 
remains on indomethacin for 48 hours postoperatively. Daily 
echocardiography is essential; if there is evidence of patent duct 
arteriosus (PDA) restriction, then the indomethacin is stopped. 
During the operation terbutaline or nitroglycerin infusion can 
be used to help control uterine irritability and enhance relax¬ 
ation. During closure of the hysterotomy, the mother is given a 
6-g bolus dose of magnesium sulfate followed by a continuous 
infusion of 2 to 4 g/h. Postoperatively the mother is observed in 
an intensive care unit (ICU) setting for close monitoring for pul¬ 
monary edema, fluid management, and uterine irritability. The 
magnesium sulfate is continued for 48 to 72 hours with close 
monitoring of magnesium levels and signs of toxicity. On the 
second to third postoperative day, usually the magnesium and 
indomethacin can be weaned, and the patient is converted to 
subcutaneous terbutaline or oral nifedipine. The patient is 
maintained on bedrest until the time of delivery. Postoperatively, 
daily ultrasound examinations help to assess the ductus arterio¬ 
sus, amniotic fluid index (estimate of fetal urine output or of 
amniotic fluid leak), and fetal movement (marker of fetal well¬ 
being). 

Fetoscopic surgery has been used most recently to permit a 
number of fetal surgical interventions, such as tracheal occlu¬ 
sion, laser ablation of communicating vessels in twin-to-twin 
transfusion syndrome, and fetoscopic ablation of posterior ure¬ 
thral valves for fetuses with obstructive uropathy. Initially, these 
procedures were performed by exposing the uterus through a 
maternal laparotomy. More recently, surgeons have placed 
trocars percutaneously into the uterus through the intact 
maternal abdominal wall. Specially designed fetoscopic instru¬ 
ments have been developed that have allowed for single-port 
procedures. 32 Visualization during fetoscopy requires continu¬ 
ous irrigation through the fetoscope. This permits mainte¬ 
nance of uterine fluid volume, avoids risk of air embolus with 
gas distention of the uterus, ensures a continuously washed 
operative field, improves visibility by exchanging the cloudy 
amniotic fluid with lactated Ringer solution, and keeps the 
fetus warm. 


RATIONALE AND OUTCOME OF 
FETAL SURGERY FOR SPECIFIC 
CONGENITAL ANOMALIES 


Lung Malformations 

Congenital cystic adenomatoid malformation (CCAM) and 
bronchopulmonary sequestration are the most common con¬ 
genital lung malformations, and the most common fetal tho¬ 


racic lesions that may benefit from fetal intervention. 33 The 
incidence of these lesions has been estimated at 1 in 25,000 to 
35,000 pregnancies 34 ; however, current referral patterns to 
fetal therapy centers suggest they may occur more frequently. 
Grossly, a CCAM is a discrete, space-occupying intrapul- 
monary mass that contains variable-sized cysts. These lesions 
do not function in normal gas exchange; however, airspaces 
within these masses communicate with the tracheobronchial 
tree. Histologically, CCAM is distinguished from other lesions 
and normal lung by (a) polypoid projections of the mucosa, (b) 
an increase in smooth muscle and elastic tissue within cyst 
walls, (c) an absence of cartilage (except that found in 
“entrapped” normal bronchi), (d) the presence of mucus-secreting 
cells, and (e) the absence of inflammation. In contrast, bron¬ 
chopulmonary sequestrations (BPSs) (intralobar or extralobar) 
are masses of nonfunctioning lung tissue that are supplied by an 
anomalous systemic artery and do not have connection to the 
native tracheobronchial tree. The pathogenesis of both lesions 
is unknown, but they are thought to arise during the fifth to 
sixth week in embryonic development, and may result from 
abnormalities in growth signals between the branching airway 
epithelium and pulmonary mesenchyme. 35,36 Congenital lung 
lesions are commonly diagnosed by prenatal ultrasound as an 
echogenic solid, or cystic and solid thoracic mass. Not infre¬ 
quently, these lesions may be seen to have a systemic blood sup¬ 
ply on Doppler ultrasound. Although CCAM and BPS have 
been distinguished prenatally in the past by the presence or 
absence of a systemic vessel, it is now recognized that these 
lung lesions represent a continuum of pulmonary maldevelop- 
ment and there are lesions that have clinicopathologic features 
of both. 37,38 Fetal MRI may enhance diagnostic accuracy in 
examining these lesions and distinguishing them from other 
thoracic abnormalities, such as congenital lobar emphysema, 
bronchial atresia, bronchogenic cyst, and congenital diaphrag¬ 
matic hernia. 39,40 

The natural history and clinical spectrum of these anomalies 
are variable, but they appear to depend mostly on the size of 
the mass and the secondary physiologic derangement. The 
growth of CCAMs usually plateaus between 25 and 28 weeks, 
at which time the fetus appears to grow around the lesion. The 
vast majority of small to moderate-sized CCAMs remain 
asymptomatic during fetal life. Approximately 15% of CCAMs 
will shrink significantly before birth. 41 In contrast, large lesions 
represent 5% to 10% of CCAMs and may produce significant 
mass effect, which can lead to pulmonary hypoplasia, impaired 
fetal swallowing and polyhydramnios, and impaired venous 
return and heart failure. Congestive heart failure in the fetus, 
known as nonimmune fetal hydrops, is defined by the presence 
of skin or scalp edema, or by fluid accumulation in one or more 
serous cavities (ascites or pericardial or pleural effusions). The 
risk of hydrops appears to depend on the size and rate of 
growth of the mass, and results from compression of the supe¬ 
rior vena cava and impaired venous return. 42 It has been 
demonstrated that hydrops is a harbinger of fetal demise, and 
is associated with near 100% mortality. 43 Rarely, hydrops is 
due to a tension hydrothorax from extralobar sequestration. 43 
As a prognostic factor, the CCAM volume ratio (CVR) has 
been developed to correlate the relative size of these lesions 
with fetal and postnatal outcome. 44 In one series in which 58 
fetuses with a lung mass were followed prospectively, 75% of 
fetuses (12 of 16) with a CVR greater than 1.6 developed 
hydrops, whereas only 17% (7 of 42) with a CVR of 1.6 or less 
had this complication. However, the CVR was not predictive of 
hydrops if a CCAM had a dominant cyst, which may enlarge at 
an unpredictable rate. 

For a fetus with a lung mass, the only indication for fetal 
intervention is the presence of hydrops. Most commonly, 
hydrops occurs in the period of rapid growth of these lesions 
between 19 and 26 weeks’ gestation. 33,43,44 Fetuses with a lung 
mass should be followed closely. It is recommended that those 
with a CVR less than 1.6 receive weekly ultrasound up to about 
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28 weeks’ gestation, whereas those with a CVR greater than 1.6 
should be examined as frequently as two to three times per 
week. If signs of hydrops appear, the treatment options include 
percutaneous placement of a thoracoamniotic shunt for lesions 
with a dominant cyst, and open fetal thoracotomy and mass 
resection for more solid lesions. Use of the laser or radiofrequency 
ablation to debulk a large CCAM cannot be recommended now 
because of technical limitations and inability to control energy 
distribution and postprocedure swelling. 45,46 

Fetal surgery for fetal lung masses requires open hysterot¬ 
omy (Fig. 104.4). Intraoperative echocardiography is critical to 
assess fetal intravascular volume and right ventricle filling. 
These fetuses have tamponade physiology and generally benefit 
from a fluid bolus before thoracotomy. A relatively large thora¬ 
cotomy is required to permit adequate exposure, and the mass 
is delivered slowly to prevent rapid decreased cardiac venous 
return. At resection, the presence of a systemic vessel must be 
considered. 

The first successful open fetal surgery for CCAM was reported 
in 1990 by Harrison et al. at UCSF. 47 Since then, there have been 
reports of 22 open fetal resections of lung masses, with 50% sur¬ 
vival. 33 Delays in referral and intervention, the presence of mater¬ 
nal “mirror” syndrome, preterm labor, chorioamnionitis, and 
technical difficulties associated with the procedure have limited 
outcomes in half of the cases. Recent evidence suggests that 
administration of maternal steroids may reverse the patho¬ 
physiology of hydrops, but this strategy requires further vali¬ 
dation. 48,49 


Sacrococcygeal Teratoma 

Sacrococcygeal teratoma (SCT) is the most common neonatal 
tumor, with an incidence of 1 in 35,000 live births. 50,51 
Thought to arise from totipotent somatic cells originating in 
the caudal cell mass, this tumor contains multiple neoplastic 
tissues that lack organ specificity, are foreign to the sacrococ¬ 
cygeal region, and are derived from all three germ layers. The 
postnatal mortality of SCT is low, despite that about 10% of 
neonatal lesions are malignant. However, the prenatal mortal¬ 
ity from SCT is greater than 50%. The causes of death in fetal 
SCT are multifactorial, but primarily involve dystocia with 
tumor rupture and bleeding at the time of delivery, or high- 
output cardiac failure and hydrops from high blood flow 
within the mass. 52 The evolution of high-output cardiac failure 
before the development of placentomegaly and hydrops in a 
fetus with SCT is the sole indication for fetal surgical interven¬ 
tion. Furthermore, SCT may lead to maternal mirror syn¬ 
drome (Ballantine syndrome). 53 In this condition, the mother 
experiences progressive preeclampsialike symptoms, including 
vomiting, hypertension, peripheral edema, proteinuria, and 
pulmonary edema, caused by the release of placental vasoac¬ 
tive factors or endothelial cell toxins from the edematous pla¬ 
centa. This syndrome is reversed only by delivering the child 
and the placenta, but not by removing the SCT prenatally. 

The diagnosis of SCT can be made by fetal ultrasound as 
early as 14 weeks’ gestation. 54 The sonographic appearance 
may be cystic, solid, or mixed, and may demonstrate irregular 
echogenic patterns secondary to areas of tumor necrosis, cystic 
degeneration, internal hemorrhage, or calcification. Ultrasound 
is important to assess abdominal or pelvic extension, evidence 
of bowel or urinary tract obstruction, and the integrity of the 
fetal spine, and to document lower extremity function. Fetal 
MRI is helpful to delineate the anatomy and may be useful to 
distinguish these lesions from myelomeningocele, meconium 
pseudocyst, and obstructive uropathy. Fetal echocardiography 
and Doppler ultrasound measurements are important in the 
diagnostic assessment and follow-up of fetuses with these con- 
Q ditions. Increased aortic velocity, increased combined cardiac 
output, increased cardiac-to-thoracic ratio, a dilated inferior 
vena cava, or reversed end-diastolic umbilical blood flow 


appear to be sensitive early predictors of impending hydrops 
and fetal demise. 8,55 For fetuses greater than 28 weeks’ gesta¬ 
tion, these findings are an indication for emergency cesarean 
delivery and postnatal resection. For fetuses less than 28 weeks, 
open fetal surgery and resection is the treatment of choice. 
Minimally invasive approaches to interrupt the tumor’s blood 
supply with radiofrequency ablation have had limited success 56 
but may be alternatives for a fetus that is a poor candidate for 
open fetal resection. 

Adzick et al. 57 reported the first successful outcome for fetal 
surgery resection of a fetus with a large SCT and hydrops in 
1997. More recently, investigators from that center have 
reported 75% survival (three of four) for fetal resection of SCT. 
A similar high-output heart failure physiology can occur with 
teratomas in other locations. A fetus with a cervical teratoma 
and hydrops had successful fetal resection of the lesion at 24 
weeks’ gestation. 58 


Congenital Diaphragmatic Hernia 

At present, the role of fetal intervention in the management of 
fetuses with congenital diaphragmatic hernia (CDH) is not 
clear. A hole in the posterolateral diaphragm, left sided in 80% 
to 85% of cases, permits abdominal viscera to herniate into 
the chest during fetal development, resulting in pulmonary 
hypoplasia and pulmonary hypertension. In current practice, 
more than half of the infants with CDH are diagnosed before 
birth. At times it can be difficult to distinguish CDH from a 
cystic lung mass or other cystic lesions. Fetal MRI is useful to 
enhance diagnostic accuracy, confirm liver position, calculate 
lung volumes, and further exclude associated anomalies. 6,59 

Outcome for patients with CDH varies widely, depending on 
the severity of disease when the disease is diagnosed. 60 The over¬ 
all survival of CDH in the United States is 68%. 61 Although the 
survival has improved in select centers, 62-65 the morbidity of 
some survivors remains high. 66 Fetuses with CDH have lower 
survival rates than those for live-born infants or for infants 
presenting to a neonatal surgical center. This paradigm has been 
termed the “hidden mortality” by Harrison et al., 67 and has been 
confirmed by multiple investigators. 68-70 In 2000, Dillon et al. 71 
reviewed the outcomes from a large series of fetuses with CDH 
registered in the Northern Region Congenital Abnormality Sur¬ 
vey in the United Kingdom. Between 1985 and 1997, 201 
fetuses were evaluated for diaphragmatic problems, of which 
187 had congenital diaphragmatic hernia (14 had diaphragm 
eventration). From this cohort, 38 pregnancies were terminated, 
26 of which had “multiple abnormalities,” and 14 pregnancies 
(7%) were complicated by spontaneous miscarriage or still¬ 
birth. The overall 1-year survival was 37%, but for live-born 
fetuses the survival was 50%. Furthermore, for those live-born 
babies with isolated CDH, the overall survival was 59%. 

Ultrasound (and more recently MRI) can be used to predict 
fetal CDH severity. Herniation of the liver into the fetal chest 
and marked lung hypoplasia as estimated by a lung-to-head 
ratio (LHR) less than 1.0 are strong predictors of perinatal 
death. 72,73 Fetuses without liver herniation through the dia¬ 
phragm have a reported survival rate between 75% and 93%, 
whereas those with “liver up” have a survival rate as low as 
43%. 74 In a report that included evaluation of 174 patients with 
CDH, an LHR less than 0.9 was associated with only 13% sur¬ 
vival, whereas survival was 68% for an LHR 0.9 to 1.2 and 
88% for an LHR greater than 1.2. 

For select infants with severe CDH, fetal surgery has been 
performed in an attempt to reverse the high mortality rate. Ini¬ 
tially, complete in utero repair of the diaphragmatic defect was 
attempted. 75 This approach, however, led to fetal bradycardia 
and immediate death after attempts to reduce the liver from the 
fetal chest resulted in kinking of the ductus venosus. 76 Subse¬ 
quently, in utero tracheal occlusion has been used to treat 
fetuses with severe CDH. It has been shown that temporary 
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tracheal occlusion, performed either as an open procedure or 
fetoscopically, can prevent the normal egress of lung fluid and 
enhance growth of the fetal lungs. 77 In a review of 15 patients 
treated by open fetal tracheal occlusion at Children’s Hospital 
of Philadelphia (CHOP), survival was 100% for patients with 
right-sided defects (two of two) and 23% for patients with left¬ 
sided defects (3 of 13), compared with 0% survival for a 
matched group of seven infants with left-sided lesions managed 
by conventional treatment alone. Endoscopic approaches to 
fetal tracheal occlusion, termed “fetoscopic” or “FETENDO,” 
showed more promising outcomes. 78 Recently, however, Harri¬ 
son et al. 18 from UCSF reported results from a National Insti¬ 
tutes of Health (NIH)-sponsored, prospective randomized trial 
that compared fetoscopic tracheal occlusion with standard post¬ 
natal care for fetuses with left-sided CDH, “liver up,” and an 
LHR less than 1.4. Twenty-four fetuses were randomized, but at 
this point the trial was stopped because of an unexpected high 
survival in the standard treatment group and the expectation 
that fetal therapy in this design would show no benefit. In this 
study of fetuses with liver-up CDH, the overall 90-day survival 
rate was 75%, a number much higher than those reported pre¬ 
viously. Whereas 8 of 11 (73%) fetuses survived following feto¬ 
scopic tracheal occlusion, 10 of 13 (77%) survived with post¬ 
natal treatment alone, thus showing no benefit to fetal therapy 
in this study. As expected, a striking difference in the gestational 
ages was noted between the two groups. Whereas the standard 
treatment group delivered at a mean gestation of 37 weeks, the 
tracheal occlusion group delivered at a mean of 30.8 (range of 
28 to 34) weeks’ gestational age. Although fetoscopic tracheal 
occlusion likely had an effect on lung growth, this response may 
have been limited by preterm labor, early delivery, and associ¬ 
ated lung immaturity. As has been demonstrated in the treat¬ 
ment of other conditions, chorioamniotic membrane separation 
and preterm labor limit outcomes from fetal surgery. 21,22 The 
lack of benefit from fetal therapy may also result from the excel¬ 
lent outcomes that were achieved in the control group. These 
results certainly suggest that a standardized protocol involving 
prenatal steroids and expert pre- and postnatal care may improve 
outcome for fetuses with severe CDH. 

Deprest et al. from Europe 23 have reported initial results 
from the fetoscopic tracheal occlusion (FETO) task group, an 
ongoing prospective multicenter study of patients with severe 
CDH treated by fetoscopic approaches. This study involves 
patients with isolated CDH, liver up, and an LHR of less than 
1.0. Using epidural anesthesia, a single 10-French cannula is 
placed through the intact maternal abdominal wall and uterus. 
A specially designed fetoscope is placed, the fetus is endotra- 
cheally intubated, and a detachable balloon is deployed in the 
midtrachea of these patients. Initially, fetuses were delivered by 
an EXIT procedure; however, more recently investigators have 
performed a second fetoscopic procedure later in gestation to 
remove the balloon and permit vaginal delivery. Results from 
the first 21 patients treated between April 2002 and October 
2003 showed 47% overall survival in the treatment group, 
with a mean gestation of 34 weeks. In comparison, a matched 
cohort of fetuses with severe CDH had only 8% survival (1 of 
12). More recently, Deprest reported results from the use of 
FETO in 210 patients. The procedure was performed at a 
median gestational age of 27 weeks. Although spontaneous 
preterm prelabor rupture of membranes occurred in 47% of 
patients, the median gestational age at delivery was 35.3 
weeks. The authors estimated that in fetuses with left CDH 
treated with FETO, the survival rate increased from 24% to 
49%. 25 The results from this trial are promising but still limited 
due to a lack of a randomized design and lack of standardized, 
centralized postnatal care in the control group of fetuses. 

Q It is likely that fetal intervention may play a role in the 
management of a small cohort of fetuses with the most severe 
form of CDH. Current work is directed at accurate identifica¬ 
tion of this cohort and optimizing minimally invasive treat¬ 
ment approaches. 



FIGURE 104.5. A 36-week fetus with a giant right neck teratoma at ex 
utero intrapartum treatment (EXIT) procedure. Due to significant tra¬ 
cheal deviation, a tracheostomy was performed on placental support. 


Fetal Surgery at the End of Pregnancy 

Ex Utero Intrapartum Treatment Procedure. As an 

outgrowth of the fetal intervention efforts, the EXIT procedure 
was devised to treat fetal airway obstruction caused by large 
neck masses or intrinsic airway problems. 79 This approach 
involves a planned hysterotomy and delivery with preservation 
of the maternal-fetal placental circulation for oxygenation of 
the fetus. While on “placental bypass,” up to 2 hours is avail¬ 
able for direct laryngoscopy, bronchoscopy, endotracheal intu¬ 
bation, tumor resection, or tracheostomy to secure the airway 
(Fig. 104.5). The umbilical cord is then divided, and the fetus 
delivered. Indications for an EXIT procedure include the pres¬ 
ence of a large cervical mass with evidence of airway deviation 
or compression. Polyhydramnios, caused by esophagus com¬ 
pression, is one marker for fetal tracheal compression. 
Recently, the tracheoesophageal displacement index (TEDI) 
has been described to assess the degree of tracheal deviation 
on fetal MRI. 80 Multiple centers have used the EXIT proce¬ 
dure to stabilize the airway in fetuses with large cervical 
tumors (e.g., teratomas or lymphatic malformations) with 
excellent fetal outcomes and very little additional maternal 
risk 81 - 83 (Fig. 104.5). 

An EXIT procedure is the treatment of choice for fetuses 
with congenital high airway obstruction syndrome (CHAOS). 
This syndrome is usually caused by laryngeal or tracheal atresia, 
tracheal stenosis, or a mucosal web. A fetus with this condition 
develops overdistended, echogenic lungs, which may compress 
the mediastinum, flatten or evert the diaphragm, and cause 
hydrops because of compromise of venous return. Fetuses with 
CHAOS should be delivered with an EXIT procedure to per¬ 
mit tracheostomy and airway control while maintaining the 
maternal-fetal placental circulation. For fetuses with CHAOS 
who develop hydrops, early delivery or prenatal tracheostomy 
are treatment options, depending on gestational age. 84-86 


EX UTERO INTRAPARTUM 
TREATMENT-EXTRACORPOREAL 
MEMBRANE OXYGENATION 


The EXIT-ECMO procedure has been developed to treat antic¬ 
ipated respiratory failure at birth. The rationale for this proce¬ 
dure is to transition from a stable intrauterine environment to 
ECMO while avoiding hypoxemia, barotrauma, hemodynamic 
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FIGURE 104.6. A 37-week fetus with severe congenital diaphrag¬ 
matic hernia (CDH) delivered using the ex utero intrapartum treat¬ 
ment (EXIT)-extracorporeal membrane oxygenation (ECMO) proce¬ 
dure. The airway was secured and ECMO cannulas were placed on 
placental support. 


instability, and acidosis. This strategy has been applied to 
severe CDH. Kunisaki et al. reported the largest series of 14 
patients who had EXIT-ECMO for treatment of severe CDH. 87 
Inclusion criteria included liver herniation, an LHR less than 
1.4, percentage of predicted lung volume by fetal MRI less than 
15, and/or congenital heart disease. Overall survival was 64% 
for this severe subset of CDH patients. Although this therapy is 
promising, at this time its efficacy is unproven. Variations of 
this procedure include EXIT-resection for lung lesions, 88 EXIT- 
ECMO for fetal thoracic masses, 89 and EXIT-resection-ECMO 
for giant chest masses 90 (Fig. 104.6). 


Myelomeningocele 

Myelomeningocele (MMC) was the first nonlethal anomaly to 
be treated by fetal surgery. 91-93 MMC, or spina bifida, is a mid¬ 
line defect of the spine and spinal cord that leads to exposure 
of the contents of the neural canal. It is relatively common, 
and occurs in 1 of every 2,000 live births. The natural history 
of fetuses with this condition is variable, but generally mortal¬ 
ity is low. Instead, affected newborns suffer lifelong disabili¬ 
ties, which include a combination of paraplegia, abnormalities 
in bowel or bladder control, sexual dysfunction, skeletal 
deformations, hydrocephalus, and mental impairment. More 
than 80% of fetuses with MMC can be identified before birth 
by maternal serum u-fetoprotein screening. Fetal ultrasound 
may detect the characteristic spine abnormalities as early as 
16 weeks’ gestation. 

The rationale for fetal intervention for MMC is based on 
compelling evidence that associated neurologic deficits do not 
simply result from incomplete neurulation but rather from 
chronic mechanical and chemical trauma caused by exposure 
of the neural tissue to the amniotic environment. Support for 
this conclusion includes the observation that fetal leg move¬ 
ments decrease with advancing gestational age. Furthermore, 
in animal models of MMC, in utero repair leads to improved 
neurologic function and reversal of hindbrain herniation. 94 

Human fetal interventions for MMC were initially designed 
to reduce intrauterine exposure of neural elements. Both feto- 
scopic and open techniques were attempted; however, open 
methods are considered the current standard. The first success¬ 
ful outcome of fetal surgery repair of MMC was reported by 
Adzick et al. in 1998. 91 Since that time multiple centers have 
reported positive outcomes that suggest that surgical repair of 


MMC before 25 weeks’ gestation can preserve neurologic func¬ 
tion, reverse the hindbrain herniation, decrease the incidence of 
clubfoot, and obviate the need for postnatal placement of a 
ventriculoperitoneal shunt compared with historical con¬ 
trols. 92,93,95 No consistent improvement was seen in neurologic 
or bladder function, however, and these interventions did come 
at the cost of fetal prematurity (preterm labor) and increased 
maternal risk. Furthermore, lack of accurate prenatal indica¬ 
tors of neurologic function and absence of matched controls 
and long-term follow-up hamper evaluation of this approach. 
To better assess the merit of fetal surgery for this condition, an 
NIH-sponsored multicenter, prospective, randomized trial is 
currently under way. 


Urinary Obstruction 

Obstructive uropathy, one of the most common fetal structural 
anomalies, occurs in about 1 of 1,000 live births. Of all fetuses 
with urinary tract dilatation, as many as 90% do not require 
fetal intervention, such as those with low-pressure dilation, 
continued good urine output, adequate amniotic fluid volume, 
unilateral urinary obstruction, or advanced irreversible renal 
dysplasia. 96,97 Fetuses with urethral obstruction, severe bilat¬ 
eral hydronephrosis, and preserved renal function may be can¬ 
didates for fetal intervention. Urethral obstruction, usually 
caused by posterior urethral valves in a male fetus, leads to 
decreased fetal urine output, oligohydramnios, and eventually 
pulmonary hypoplasia, which is often the most important fac¬ 
tor affecting postnatal outcome. Fetuses with oligohydramnios 
present in the early second trimester have mortality rates in 
excess of 90%. 98,99 

Prenatal ultrasound is very accurate in the detection of fetal 
hydronephrosis and in determining the level of urinary obstruc¬ 
tion. Because most of the amniotic fluid in middle and late 
pregnancy is the product of fetal urination, the presence of a 
normal amniotic fluid index implies the excretion of urine from 
at least one kidney. Decreasing amniotic fluid volume on serial 
ultrasound usually indicates deteriorating renal function. Fur¬ 
thermore, renal function can be assessed by the sonographic 
appearance of the renal parenchyma and by the laboratory 
analysis of fetal urine via percutaneous bladder aspiration. The 
presence of cortical cysts or increased echogenicity is highly pre¬ 
dictive of renal dysplasia, but the absence of these findings does 
not exclude it. 100 Normal fetal urine chemistry includes a urinary 
sodium less than 100 mEq/dF, chloride less than 90 mEq/dF, 
osmolarity less than 200 mOsm/F, and /3 2 -microglobulin less 
than 4 mg/dF. Values greater than these suggest that the fetal 
kidney is unable to reabsorb these molecules and predict poor 
postnatal renal function. 

The greatest challenge is selecting fetuses that have severe 
urinary obstruction yet reversible or salvageable renal function. 
Presently, selection criteria for fetal intervention are a male 
fetus less than 30 weeks’ gestation with evolving oligohydram¬ 
nios, normal renal function, and no associated anomalies. 
Fetuses older than this are best treated by postnatal approaches. 
If there is evidence of lung maturation, then early delivery is rec¬ 
ommended. The goal of fetal therapy is to adequately drain the 
urinary obstruction and to restore normal amniotic fluid vol¬ 
ume. Methods of urinary tract decompression include percuta¬ 
neous vesicoamniotic shunt placement, fetoscopic or open vesi- 
costomy, and fetoscopic fulguration of posterior urethral 
valves. 101,102 Open fetal surgery, including vesicostomy or 
ureterostomy, has resulted in 50% survival, with two of eight 
children in one series having normal renal function. 103 Today, 
the most widely used and accepted means of treating bladder 
outlet obstruction is percutaneous insertion of a double-J vesi¬ 
coamniotic shunt. Placement of a vesicoamniotic shunt is asso¬ 
ciated with 50% survival, but shunt complication rates as high 
as 45% may result. Direct fetoscopic ablation of posterior 
urethral valves holds promise for the future, though currently 
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limited data are available to assess selection criteria and out¬ 
comes for fetuses treated by this approach. 


Twin-to-twin Transfusion Syndrome 

Twin-to-twin transfusion syndrome (TTTS), present in 5% to 
35% of monochorionic twin pregnancies, occurs when there is 
unequal sharing of the monochorionic placenta. Generally, this 
finding can be made on prenatal ultrasound, and often the 
communicating placental vessels can be characterized by 
Doppler. Arteriovenous anastomoses lead to a net shunting of 
blood from the donor to recipient. The donor twin often suffers 
intrauterine growth retardation, cardiac failure, and oligohy¬ 
dramnios, whereas the recipient twin may suffer polyhydram¬ 
nios, cardiomyopathy, and fetal hydrops. The smaller twin’s 
placental cord insertion is often marginal or velamentous, 
whereas the larger twin’s cord inserts into the placenta cen¬ 
trally. 104 Quintero et al. 105 have described a staging system for 
this condition. In stage 1, polyhydramnios and oligohydram¬ 
nios occur, but the donor bladder is still visible. In stage 2, the 
bladder is no longer visible, and in stage 3 abnormal Doppler 
signals are detected in the respective umbilical arteries or veins. 
Stage 4 is characterized by findings of hydrops, and stage 5 is 
fetal death. In addition to the Quintero staging, recent studies 
suggest that comprehensive cardiac assessment by echocardio¬ 
graphy may improve patient risk stratification. 9 Overall, TTTS 
before 26 weeks’ gestation is associated with a high rate of fetal 
loss and perinatal death and a high incidence of brain damage 
in survivors. 106,107 In severe forms of TTTS, perinatal mortality 
rates of up to 90% have been reported. 108 

Treatment options include aminoreduction of the recipient 
sac, amniotic membrane septostomy, and fetoscopic ablation 
of communicating vessels. 109-111 Recently, endoscopic laser 
coagulation has become the treatment of choice for severe 
TTTS diagnosed before 26 weeks’ gestation. In a multicenter 
European trial, twins with severe TTTS of all Quintero stages 
were randomized to undergo fetoscopic laser ablation or stan¬ 
dard amnioreduction therapy. The trial was stopped after 142 
women were randomized, because of the clear benefit of the 
laser approach. Endoscopic laser ablation led to improved out¬ 
comes in all variables examined, including increased fetal sur¬ 
vival and decreased incidence of neurologic complications. 106 


Congenital Heart Defects 

Fetal intervention may play a role in the management of some 
fetuses with rare congenital heart defects, including those with 
severe aortic or pulmonary stenosis, and hypoplastic left heart 
syndrome with intact or highly restrictive atrial septum. 112-114 
There is evidence that fetuses with aortic or mitral valve steno¬ 
sis may progress to hypoplastic left heart syndrome, presumably 
as a result of decreased ventricular filling. Furthermore, critical 
pulmonary stenosis or atresia with intact ventricular septum 
may progress to the so-called “hypoplastic right heart syn¬ 
drome.” Staged palliative surgery is the only therapeutic option 
for newborns with these conditions, and mortality remains sig¬ 
nificant. The goals of fetal intervention for these anomalies are 
to relieve the obstruction, restore normal cardiac physiology, 
and reverse the progression toward ventricular hypoplasia. In 
an initial report from investigators at Children’s Hospital, 
Boston, in which 20 fetuses underwent balloon dilation of a 
stenotic aortic valve at 21 to 29 weeks’ gestation, five fetuses 
died following the procedure. 114 Of 14 who were thought to 
have a technically successful procedure, three had evidence of a 
two-ventricle heart postnatally, thus supporting the experimen¬ 
tal rationale. More recently, Tworetzky reported the predictors 
of technical success and postnatal biventricular outcome after in 
utero aortic valvuloplasty in 70 fetuses. The technical success 
rate was 74%, and 17 had biventricular circulation postnatally. 


The authors developed a multivariable threshold scoring system 
allowing highly sensitive and moderately specific identification 
of fetuses able to survive postnatally with a biventricular circu¬ 
lation. 115 Tworetzky also reported the outcomes of in utero 
atrial septoplasty in fetuses with hypoplastic left heart syn¬ 
drome. Of 21 procedures attempted, 19 were technically suc¬ 
cessful. Although the authors could not conclude that this par¬ 
ticular procedure improved survival given the small patient size, 
they did find that creation of a defect greater than 3 mm was 
associated with better postnatal oxygenation and less frequent 
need for emergent postnatal intervention. 112 It is likely that a 
prospective randomized trial will be needed to prove the efficacy 
of fetal intervention for this disorder. 


Fetal Intervention for Other Anomalies 


Fetal intervention is indicated for a number of other fetal con¬ 
ditions, including amniotic band syndrome and twin reversed 
arterial perfusion (TRAP) sequence. Fetoscopic lysis of con¬ 
stricting amniotic bands may lead to limb salvage and improved 
outcome. 116-118 Similarly, in the TRAP sequence, fetoscopic lig¬ 
ation or ablation of the acardiac twin’s umbilical cord is the 
treatment of choice. 119 


FUTURE OF FETAL 
INTERVENTION 


There will always be a role for fetal intervention in the treatment 
of certain specific congenital structural abnormalities. The exact 
nature of this role, however, is under constant reevaluation and 
change. The primary goal of fetal therapy is to improve the out¬ 
come of the affected fetus while minimizing maternal risks. If 
fetal outcomes can be improved by alternative means, such as 
lung liquid ventilation or other postnatal therapies that pose no 
risks to the mother, then indications for fetal therapy will 
decrease. On the other hand, as the risks and complications of 
fetal surgery continue to decrease, such as those related to 
preterm labor and chorioamniotic membrane separation, then 
the role for fetal interventions may increase. Increased miniatur¬ 
ization of fetoscopic equipment and optics, advances in robotics, 
newer approaches to closure of the uterus and fetal membranes, 
and advances in our understanding and treatment of preterm 
labor will enhance our ability to change the outlook for an 
increased number of fetuses with congenital malformations. 
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CHAPTER 105 ■ PEDIATRIC HEAD AND NECK 


KEITH T. OLDHAM AND JOHN J. AIKEN 


KEY POINTS 


^Airway obstruction is the most serious complication of 
neck masses in children, and in infants presents with rest¬ 
lessness, followed by tachypnea, dyspnea, chest-wall retrac¬ 
tions, and respiratory arrest. 

Q Infants are obligate nasal breathers; thus, congenital lesions 
that obstruct the nasal passages or nasopharynx (choanal 
atresia, encephalocele, teratoma) typically cause early respi¬ 
ratory distress. 

Q Acute epiglottitis presents as a rapidly progressive illness 
with severe stridor, airway obstruction, drooling, and diffi¬ 
culty swallowing and with signs of systemic toxicity, includ¬ 


ing an elevated temperature and white blood cell count, 
tachypnea, and tachycardia. 

Q Branchial cleft sinuses present as cutaneous openings and 
are most often noted in infancy or at an early age, 
whereas cysts typically appear later in childhood when 
they accumulate secretions; treatment is complete surgi¬ 
cal removal. 

Q Thyroglossal duct cysts or remnants arise when embryonic 
elements persist along the tract of descent of the thyroid 
gland; treatment requires complete removal of the cyst, its 
entire tract, and the central portion of the hyoid bone. 
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Q Benign cervical lymphadenopathy is the most common 
neck mass in childhood. 

Q Lymphangiomas are masses of disorganized, dilated 
lymph channels that arise when communications with the 


internal jugular system fail to develop in portions of the 
lymphatic channels; the larger lesions with macrocystic 
dilated lymphatic channels are often referred to as cystic 
hygromas. 


Surgical lesions of the head and neck are common in infants 
and children and include a broad spectrum of congenital and 
acquired disorders. Most lesions of the head and neck in chil¬ 
dren are benign (80% to 90%) and the etiology is congenital 
or inflammatory, but occasionally neoplastic lesions are 
encountered. Congenital lesions include vascular malforma¬ 
tions, hemangiomas, branchial cleft anomalies, thyroglossal 
duct cysts, dermoid and epidermoid cysts, and others. The 
most common inflammatory neck masses are lymph nodes, 
but it is not uncommon for congenital lesions to be unnoticed 
until they become infected and present as a neck abscess. Neck 
masses in children may present clinically as asymptomatic 
masses or as life-threatening emergencies due to airway 
obstruction. 

Malignant lesions of the head and neck in children are rare 
and may be primary tumors or represent metastatic disease to 
neck lymph nodes. Malignant lymphoma is the most common 
primary malignancy of the head and neck region in children. 
Other malignant neck masses occasionally encountered include 
rhabdomyosarcoma, thyroid carcinoma, and neuroblastoma. 

An understanding of the relevant embryology and develop¬ 
mental anatomy of head and neck structures is important to 
enable efficient assessment, workup, and management of these 
lesions. Early biopsy is essential if there is any question of 
malignancy. This chapter focuses on the general principles and 
management of airway obstruction in infants and children and 
the most common head and neck lesions seen in pediatric sur¬ 
gical practice. 


IMAGING STUDIES 


In most head and neck masses in infants and children, an under¬ 
standing of the pertinent developmental anatomy and embryol¬ 
ogy allows for a diagnosis on physical examination and diag¬ 
nostic imaging is not required. In atypical cases or if the 
diagnosis is in question, an ultrasound, computed tomography 
(CT) scan, magnetic resonance imaging (MRI) scan, or fine- 
needle aspiration (FNA) may be helpful. 

With the advent of cross-sectional imaging, the traditional 
cervical triangle method of organizing the anatomy of the neck 
has been largely replaced by a system that defines neck spaces 
according to the cervical fascial planes. The cervical spaces of 
the suprahyoid and infrahyoid neck include the sublingual 
space, submandibular space, buccal space, parotid space, para¬ 
pharyngeal space, carotid space, masticator space, pharyngeal 
mucosal space, visceral space, retropharyngeal space, posterior 
cervical space, and perivertebral space. 

Ultrasound is particularly helpful in distinguishing cystic 
from solid masses and identifying the presence of fluid within 
a lesion, as within a maturing deep cervical abscess. In addi¬ 
tion, Doppler ultrasound can evaluate the vascularity of the 
lesion. Ultrasound should be considered as the first-line inves¬ 
tigation because it has advantages of being noninvasive, does 
not involve ionizing radiation, and does not require sedation. 

CT scan and MRI are used selectively to provide more 
detailed anatomic information and delineate extensions of head 
and neck lesions into the thorax, axilla, or intracranial space. 
While both CT scan and MRI can provide detailed multiplanar 
images of anatomic landmarks and tumor extension, CT is bet¬ 
ter able to demonstrate invasiveness and bony destruction. MRI 
provides three-dimensional soft tissue detail and is particularly 
useful for spinal cord involvement or intracranial extension of 
neck masses, but has higher costs and frequently requires seda¬ 


tion of younger patients. T2-weighted imaging identifies areas 
of increased vascularity, and Tl-weighted images enhanced 
with gadolinium allow precise localization of central nervous 
system tumors. T1 can also delineate the position of the facial 
nerve with respect to a parotid tumor. 

Gallium-67 scanning is useful in the initial staging and 
monitoring of disease response and recurrence in high-grade 
lymphomas. Positron emission tomography (PET) scanning is 
a functional imaging technique that maps the location and 
concentration of the intravenously injected radioactive glucose 
analogue 2-fluoro-2-deoxy-D-glucose (FDG) in metabolically 
active tumors. In contrast to CT and MRI, which are modali¬ 
ties primarily depicting anatomic details, PET provides infor¬ 
mation about metabolism. Neoplastic cells incorporate more 
of the glucose analogue and thus produce more-intense images 
than surrounding normal tissue. 

Additional radiographic studies that may be needed to evaluate 
a neck mass include chest radiograph, bone scan, and CT scans of 
the abdomen, pelvis, chest, and brain as part of a metastatic 
workup if a malignant tumor is suspected or diagnosed. A chest 
radiograph can demonstrate pulmonary involvement in tubercu¬ 
losis or a potentially systemic fungal disease. 


AIRWAY OBSTRUCTION 


Many lesions, both congenital and acquired, can produce air¬ 
way obstruction in infants and children. They may be intrinsic 
or extrinsic to the airway and vary from clinically insignificant 
to universally fatal. 1 

Airway obstruction is the most serious complication of neck 
masses in children. Often the first significant sign of respiratory 
distress in an infant is restlessness, followed by tachypnea, dys¬ 
pnea, chest-wall retractions, and respiratory arrest if the 
obstruction is not relieved. It is crucial to establish an adequate 
airway and to administer respiratory support while proceeding 
with the diagnostic evaluation. Supportive interventions may 
include simple measures such as repositioning the infant, clear¬ 
ing or suctioning the nose and mouth, and administering sup¬ 
plemental oxygen, or more-extreme measures, such as endotra¬ 
cheal intubation or tracheostomy. Evaluation includes a careful 
history and physical examination, chest radiography, and arte¬ 
rial blood gas analysis. A nasogastric tube should be passed 
into the stomach, as gastric distention limits excursion of the 
diaphragm and can significantly contribute to respiratory com¬ 
promise. Laryngoscopy and bronchoscopy are employed as 
needed. 

Because infants are obligate nasal breathers, congenital 
lesions that obstruct the nasal passages or nasopharynx (choanal 
atresia, encephalocele, teratoma) typically cause early respira¬ 
tory distress. These disorders are readily identified by physical 
examination and emergent management is usually placement of 
an oropharyngeal airway. Airway obstruction at the level of the 
oral cavity in newborn infants is often a consequence of 
macroglossia or structural abnormalities such as micrognathia. 
Macroglossia may be a consequence of muscular hyperplasia 
and hypertrophy, as in Beckwith-Wiedemann syndrome and 
congenital hypothyroidism, or of diffuse involvement of the 
tongue with tumor (hemangiopericytoma, lymphangioma, neu¬ 
rofibromatosis). 2 Structural abnormalities, such as Pierre-Robin 
syndrome (hypoplastic mandible with cleft palate), cause respi¬ 
ratory distress as the tongue falls posterior and obstructs the air¬ 
way. Cysts or tumors of the pharynx or a mass arising at the base 
of the tongue, such as a lingual thyroid, may also obstruct the 
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airway. 3 Clinically, upper airway obstruction, above the glottis 
or larynx, is characterized by dyspnea, tachypnea, and supraster¬ 
nal, intercostal, and costal margin retractions, but the child has 
no significant difficulty exhaling, and the voice and cry are nor¬ 
mal. Emergency management consists of placing an oropharyn¬ 
geal airway. Placing the infant in a prone position allows the 
tongue to fall forward and often provides significant relief. The 
infant may be fed through an orogastric feeding tube pending 
definitive correction of the obstruction. In extreme cases, a tra¬ 
cheostomy may be necessary. 

Laryngeal obstruction can result from congenital or acquired 
vocal cord paralysis or tumors or cysts originating in the neck. 
Hemangiomas, lymphatic malformations (cystic hygromas), and 
teratomas are the most common cervical tumors in infants and 
young children. Laryngoscopy may be required to differentiate 
these lesions. Emergency management of such malformations 
frequently requires placement of an endotracheal tube or tra¬ 
cheostomy. Endotracheal intubation can be difficult in the setting 
of a large neck mass, possibly causing displacement of the lar¬ 
ynx, and bronchoscopy may be necessary with passage of the 
tube over a flexible bronchoscope. After the airway is stabilized, 
further diagnostic evaluation may include neck and chest radi¬ 
ography, CT, MRI, and laryngobronchoscopy. Tracheostomy 
may be necessary at the time of definitive surgical excision, and 
placement of a gastrostomy tube may also be indicated if feeding 
problems are anticipated. Hemangiomas are the most common 
tumors involving the larynx; they often respond to intralesional 
or systemic steroids, or may regress spontaneously. 4 


Acquired Obstruction 

Foreign body aspiration and acute epiglottitis are common 
causes of acquired airway obstruction in children. Acute epiglot¬ 
titis most commonly occurs in children 2 to 4 years of age, and 
Haemophilus influenza type B can be isolated in greater than 
90% of cases. Since the introduction of H. influenzae vaccine in 
1991, the incidence of this illness has been reduced in children. 5 
Pneumococci and /3-hemolytic streptococci are also causative 
@ organisms in epiglottitis. Acute epiglottitis typically presents as 
a rapidly progressive illness with symptoms of severe stridor, 
airway obstruction, drooling, and difficulty swallowing and 
with signs of systemic toxicity, including an elevated tempera¬ 
ture and white blood cell count, tachypnea, and tachycardia. 
Prolonged inspiratory stridor that worsens in the supine posi¬ 
tion is characteristic. In advanced cases, the child usually sits 
erect and leans forward, is anxious, drools, and becomes 
increasingly exhausted with air hunger. Attempts to examine or 
visualize the larynx may result in sudden airway occlusion with 
aspiration and respiratory arrest and therefore should be per¬ 
formed only in the operating room with personnel prepared to 
perform endotracheal intubation or tracheostomy. If the child’s 
condition permits, lateral neck radiographs with soft tissue 
techniques are obtained and should confirm the diagnosis by 
demonstrating edema of the epiglottis and ballooning of the 
hypopharynx. 

The most important aspect of management is establishing a 
definitive diagnosis without delay. Once the diagnosis is estab¬ 
lished, maintaining an adequate airway is vital. Because of the 
high risk for progressive airway obstruction, standard therapy 
often involves short-term endotracheal intubation performed 
in the operating room under general anesthesia. The surgeon 
should be prepared to perform a tracheostomy in the event that 
the airway cannot be secured with an endotracheal tube or flex¬ 
ible bronchoscope. The inflammatory process typically resolves 
rapidly with administration of intravenous antibiotics, and 
intubation is seldom required beyond 3 days. Ampicillin is no 
longer recommended because of the high incidence of resistant 
Haemophilus. The drug of choice is usually a third-generation 
cephalosporin, such as cefoxitin or cefuroxime. The timing of 
extubation should be determined by resolution of clinical signs 
and symptoms and direct visualization of the supraglottic area 


by fiberoptic nasopharyngoscopy. In the past, tracheostomy 
was the standard therapy, but comparative reviews demon¬ 
strate that short-term endotracheal intubation is associated 
with less morbidity and fewer complications. 6 


BRANCHIAL CLEFT REMNANTS 


Remnants of the embryonic branchial apparatus (cysts, sinuses, 
fistulas, and cartilaginous rests) are common in children. 
Although congenital by definition, they are often unrecognized 
or misdiagnosed until symptoms or complications initiate an 
evaluation. Sinuses, fistulas, and cartilaginous remnants are 
usually apparent at birth and noticed early in life, whereas cysts 
are more likely to present later in childhood as a neck mass 
when they fill with secretions. All of these lesions have a risk of 
infection and can present as an abscess or with drainage and 
surrounding erythema. Rarely, these remnants may harbor 
malignancy. 7 


Anatomy and Embryology 

During the fourth to eighth week after fertilization, four pairs 
of well-developed ridges (branchial arches) and associated 
clefts are prominent in the lateral cervicofacial region of the 
human embryo. Each consists of a cartilaginous center (meso¬ 
derm), an intervening cleft (ectoderm), an internal pouch 
(endoderm), and a parent nerve. The mature structures of the 
head and neck are derivatives of these paired branchial arches, 
clefts, and pouches in the embryo. 8 The contributions of the 
branchial arches and clefts to the structures of the neck and jaw 
are summarized in Figure 105.1. Incomplete closure or resorp¬ 
tion of these primordial elements, particularly clefts, may result 
in development of cysts, sinuses, fistulas, and masses. 

The first branchial arch forms the mandible and the maxil¬ 
lary process of the upper jaw. The dorsal portion of the first 
branchial cleft remains open as the external auditory canal; the 
other external clefts are obliterated. The closing plate between 
the first pouch and cleft becomes the tympanic membrane. The 
first pouch becomes the eustachian tube, the middle-ear cavity, 



FIGURE 105.1. Derivation of various areas of the head and neck 
from the branchial arches and clefts of the embryo. 




















Chapter 105: Pediatric Head and Neck 


1845 


and the mastoid air cells. Abnormal development of the first 
branchial arch results in a host of facial deformities including 
cleft lip and palate, abnormal shape and contour of the exter¬ 
nal ear, and malformation of the internal ossicles. The second 
branchial arch and its internal pouch form the hyoid bone and 
the cleft of the tonsillar fossa. The palatine tonsil and the supra- 
tonsillar fossa are also remnants of the second branchial pouch. 

Remnants of the first branchial cleft are found along the 
base of an imaginary fold extending from the auditory canal 
behind and below the angle of the mandible to just below the 
midpoint of the mandible. The critical anatomic relationship 
for first branchial cleft remnants is their intimate association 
to the facial nerve and its proximal branches. 

Second branchial cleft remnants are found along any part of 
a line extending from the tonsillar fossa inferiorly to a point on 
the lower third of the anterior border of the sternocleidomas¬ 
toid muscle. The third cleft migrates low in the neck to form the 
inferior parathyroid glands and the thymus. The fourth cleft 
also migrates but stops higher up in the neck and forms the 
superior parathyroid glands and C cells of the thyroid gland. 


Clinical Aspects 

All abnormal branchial remnants are congenital abnormalities 
Q and therefore are present at birth. Branchial cleft sinuses pre¬ 
sent as cutaneous openings and are most often noted in 
infancy or at an early age, whereas cysts typically appear later 
in childhood when they accumulate secretions. Branchial cleft 
sinuses and fistulas frequently produce mucoid drainage from 
the skin opening, and the cutaneous openings are occasionally 
marked by skin tags or subcutaneous cartilaginous remnants. 
The tract is often palpable. 

First branchial cleft remnants present as a sinus opening 
near the angle of the mandible in the region of the sub¬ 
mandibular triangle or preauricular region. These sinus tracts 
extend from their submandibular opening superficial to the 
mandible up to the external auditory canal. The tract is inti¬ 
mately associated with the superficial lobe of the parotid gland 
and facial nerve. 9 First branchial anomalies are less common 
than those of the second cleft and are often misdiagnosed. A 
history of recurrent infection, often leading to incision and 
drainage, is generally present. A key to the diagnosis is a his¬ 
tory of nonpurulent drainage before infection. 

Second branchial anomalies are six times more common 
than first branchial anomalies and present as an opening along 
the anterior border of the sternocleidomastoid muscle in its 
lower third and may be bilateral (10% of cases) (Figs. 105.2 
and 105.3). The sinus tract of a second branchial anomaly 
passes through the subcutaneous tissues beneath the platysma 
muscle, over the bifurcation of the carotid artery, and between 
the external and internal carotid arteries, and enters the lateral 
wall of the pharynx at the tonsillar fossa. The tract may be 
complete (fistula) or incomplete (sinus). 

Cysts or infections arising from the third and fourth 
branchial arch and cleft are rare and much more challenging to 
diagnose and treat than first and second branchial remnants. 10-12 
For both third and fourth remnants, the internal opening is 
located in the piriform sinus (Fig. 105.4). Radiographic imag¬ 
ing is typically not necessary for first and second branchial 
anomalies, but barium studies and CT may be useful in 
demonstrating a piriform sinus fistula. The third branchial 
cleft sinus presents as a mass lower in the neck than the second 
branchial sinus. Its course is superior and posterior to the 
carotid sheath, most commonly on the left side (90%). Third 
and fourth branchial anomalies generally present before age 
10 years, often as a left thyroid abscess. Contrast esophagram 
may demonstrate the fistula between the piriform sinus and 
the neck. 13,14 Because of the risk of the development of infec¬ 
tion in any of the branchial cleft anomalies, excision is recom¬ 
mended at diagnosis of a noninfected lesion. Surgery in infants 
may be delayed until age 3 to 6 months. 


Area of 
first branchial 
cleft remnant 


Anterior border of 
sternocleidomastoid 
muscle 

Area of second 
brachial cleft remnant 



FIGURE 105.2. Areas of the neck in which cysts and sinuses originat¬ 
ing from the first and second branchial clefts are usually found. 


Treatment and Outcome 


The goal of treatment of any branchial cleft remnant is complete 
surgical excision. The operation is usually performed once the 
diagnosis is secure, provided no active inflammation or infec¬ 
tion is present. If infection is found, antibiotics are administered 
initially, and the operation is delayed several weeks to allow the 
inflammation to resolve. This approach provides the best 
opportunity for complete excision of the tract. Abscesses are 
managed initially with limited incision and drainage to control 
infection. Formal excision of branchial cleft lesions in the pres¬ 
ence of active inflammation or infection is associated with a 
higher recurrence rate secondary to incomplete excision 15 and an 
increased likelihood of injury to nerves (facial, hypoglossal) and 
other vital structures. Important principles for neck dissection 
for excision of branchial cleft remnants include avoidance of 
muscle relaxants, selective use of a nerve stimulator, and cau¬ 
tious use of retractors and electrocautery. 

The operation is performed under general anesthesia. The 
patient is positioned with the head and neck slightly extended. 
A small elliptical incision along the Langer lines incorporates 



FIGURE 105.3. Branchial cyst. Most of these cysts arise from the second 
branchial cleft and occur laterally in the neck. The cysts have a thin wall, 
contain turbid fluid, and are lined by stratified squamous or respiratory- 
type epithelium. (From Rubin E, Farber JL. Pathology, 3rd ed. Philadel¬ 
phia, PA: Lippincott Williams & Wilkins; 1999, with permission.) 
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FIGURE 105.4. Types of first, second, and third 
branchial cleft remnants. Sinuses and fistulas are seen 
most often in infants and young children, whereas 
cysts usually appear at a later age. 
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the sinus opening, excising the ellipse of skin without dividing 
the attachment to the sinus tract. The tract is identified and 
dissection continues cephalad immediately along the tract to 
avoid injury to contiguous structures. The dissection for a sec¬ 
ond branchial remnant penetrates the platysma muscle and 
cervical fascia, ascends along the carotid sheath to the level of 
the hyoid bone, turns medially between the branches of the 
carotid artery, and courses behind the posterior belly of the di¬ 
gastric muscle and stylohyoid muscle and in front of the 
hypoglossal nerve before ending in the pharynx, most often in 
the tonsillar fossa. A finger in the mouth pressing downward 
gently in the tonsillar fossa helps identify the endpoint of the 
dissection, where the tract is suture ligated with absorbable 
suture and divided (Fig. 105.5). Occasionally, in older patients 
with a long tract, a second, “stepladder” incision may be 
required to complete the dissection. 

The tract for a first branchial cleft remnant typically 
courses from its sinus opening along the angle of the mandible 
cephalad in proximity to the parotid gland and facial nerve 
and ends at the external auditory canal (Fig. 105.6). 16 Draping 
should allow visualization of the lateral aspect of the eye and 
corner of the mouth. A nerve stimulator for electrophysiologic 
localization may be helpful to avoid injury to the main trunk 
of the facial nerve or its proximal branches. The superficial 
lobe of the parotid gland may need to be reflected upward to 
expose the tract or may require excision in cases of chronic 
infection. 

For third and fourth branchial remnants, the dissection fol¬ 
lows the tract to its termination in the piriform sinus. 
Endoscopy at the start of the operation may enable cannula- 
tion of the tract from above with a Fogarty catheter or small 
feeding tube, which greatly facilitates localization of the tract 
during excision. 14 Third or fourth branchial remnants almost 
all occur on the left side (90%). The thyroid gland is exposed 
through a standard collar incision, and the appropriate lobe is 
mobilized. The recurrent and superior laryngeal nerves and 
parathyroid glands should be identified and protected. If no 
discrete cyst or tract is found, the fistula may be located at the 
laryngeal level near the cricothyroid membrane. This is an 
anatomic area where the recurrent laryngeal nerve is particu¬ 
larly at risk for injury. The fibers of the inferior constrictor 


muscle are bluntly spread to expose the piriform recess. 
Extreme caution should be exercised in this region to preserve 
the external branch of the superior laryngeal nerve. The tract 
typically passes inferior and external to the recurrent laryngeal 
nerve along the trachea to the superior pole of the thyroid 
gland. It may end blindly near the gland or penetrate the cap¬ 
sule to terminate in the parenchyma of the left thyroid lobe. 
Thyroid lobectomy or resection of the superior pole is carried 
out as indicated by the extent of the cyst (Fig. 105.7). 17 Once 
surgical extirpation is complete, the wound is closed in layers 
with absorbable suture. Drainage is only used if infection is 
encountered during the dissection. Recurrence is rare (<5%) 
and implies that the entire epithelium-lined tract was not 
excised. 

When remnants of the branchial apparatus persist as carti¬ 
laginous rests, these masses are generally small and present 
subcutaneously along the anterior border of the sternocleido¬ 
mastoid muscle. The lesion is typically visible and palpable on 
physical examination and may be bilateral (10% of cases). An 
accompanying sinus or cyst is uncommon and infection is rare. 
Excision is for cosmetic reasons. 

Preauricular cysts and sinuses are also common in infants 
and children. They are believed to arise as a result of anomalies 
in the formation of the external ear and represent vestiges of the 
first two branchial arches. These pits are lined with squamous 
epithelium and may contain hair and other skin appendages. 
They differ from first branchial cleft cysts in that they are more 
common, often bilateral, often inherited, and only rarely are 
complicated by infection, involvement of the facial nerve, or 
entrance into the external auditory canal. 18 They extend from 
the skin surface down through the subcutaneous tissue in close 
proximity to the superficial temporal artery and typically termi¬ 
nate in the cartilage of the external auditory canal. Operative 
excision is recommended to avoid infection. Draining sinuses 
and infected cysts require antibiotic treatment, incision and 
drainage for failure to resolve, and delayed excision to prevent 
recurrence. Complete surgical excision of the sinus tract and 
cyst to the level of the temporalis fascia is the treatment of 
choice in the uninfected draining sinus. The cyst or sinus may 
have multiple branches, making complete resection difficult, 
and some clinicians have advocated an extended incision and 
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FIGURE 105.6. Relations of cyst or sinus of the first branchial cleft. Note 
especially the proximity to the facial nerve and external auditory canal. 


Anatomy and Embryology 

Q Thyroglossal duct cysts arise when embryonic elements per- 
sist along the tract of descent of the developing thyroid gland. 
The thyroid gland starts as a diverticulum at the foramen 
cecum at the base of the tongue and descends in the sixth 


FIGURE 105.5. A: Single incision in the lower part of the neck with 
the sinus tract developed to usual length. B: The anesthesiologist’s fin¬ 
ger depresses the tonsillar fossa to facilitate complete dissection of the 
sinus tract through the single incision. 


removal of a small portion of adjacent cartilage to reduce the 
risk of missing one of these branching tracts. 19,20 


THYROGLOSSAL DUCT CYST 


Thyroglossal duct cysts are the most common neck mass in 
children. Most thyroglossal duct cysts are diagnosed in early 
childhood. The gender incidence is approximately equal, in 
contrast to thyroid disorders, in which girls are predominantly 
affected. Rare cases of familial inheritance with an autosomal 
dominant distribution have been described. 
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FIGURE 105.7. Relations of a third or fourth branchial cleft cyst or 
sinus to the thyroid gland and piriform sinus. 
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FIGURE 105.8. Locations of thyroglossal duct cysts. 


week of fetal life to its pretracheal position in the neck. In its 
descent, the tract most often passes through the central por¬ 
tion of the hyoid bone, but it may pass in front or behind the 
hyoid. The normal thyroglossal duct involutes by the eighth 
fetal week. Remnants of a portion of the duct may lead to 
cyst formation or ectopic thyroid tissue anywhere along the 
tract (Fig. 105.8). Complete failure of descent leads to a lin¬ 
gual thyroid, with the thyroid developing beneath the fora¬ 
men cecum within the tongue itself or just beneath it. 
Ectopic thyroid tissue is identified within the thyroglossal 
duct remnant in approximately 25% to 35% of cases, and 
papillary adenocarcinoma has been described in up to 10% 
of patients undergoing thyroglossal duct cyst excision in 
adulthood. 11,21,22 


Clinical Aspects 

Thyroglossal duct cysts are present at birth but rarely present 
clinically in infancy. The most common presentation is a mid¬ 
line cystic neck mass (Fig. 105.9) or draining sinus in early 
childhood, most by age 5 years. 23,24 Infection and abscess 
formation frequently arise because of communication with the 
mouth and contamination by oral flora. If it is not infected, 
the cyst is usually apparent by palpation. The cyst is at or near 
the midline, most commonly overlying the hyoid bone, but 
may be found at any level from the submental region to the 
upper trachea. 15 It is typically smooth, soft, and nontender in 
the absence of infection. Because the cyst and tract are 
attached to the foramen cecum of the tongue, the cyst often 
moves with protrusion of the tongue and swallowing. In con¬ 
trast to branchial cleft remnants, a thyroglossal duct cyst does 
not have a sinus opening to the skin unless infection has 
resulted in spontaneous drainage or an incomplete excision or 
incision and drainage procedure has previously been per¬ 
formed. The cyst and duct are lined with stratified squamous 
or pseudostratified columnar epithelium with mucus-secreting 
glands. Ectopic thyroid tissue may be present in the cyst or 
tract, and in rare cases this may represent the child’s only thy¬ 
roid tissue. Preoperative thyroid scans with radioactive iso¬ 
topes have been employed by some, but usually one can be 
reassured by simple palpation of the thyroid gland in its nor¬ 
mal pretracheal location. Furthermore, even in the excep¬ 
tional cases in which the thyroid tissue in the cyst is the only 



FIGURE 105.9. A thyroglossal duct cyst. 


functional thyroid tissue, excision of the cyst is still mandated 
because of the risk for infection and the malignant potential of 
the dysgenetic thyroid tissue. 25 Review of the pathologic spec¬ 
imen after excision is important. If thyroid tissue is present in 
the specimen, thyroid function tests should then be performed 
and thyroid replacement therapy prescribed as indicated. As 
with branchial cleft remnants, definitive excision should not be 
performed in the presence of infection or inflammation 
because of the increased risk for incomplete excision and 
injury to contiguous structures. Preoperative preparation may 
require incision and drainage or a period of antibiotics. 


Treatment 


Successful management requires complete removal of the cyst, 
its entire tract, and the central portion of the hyoid bone. In 
1920, Sistrunk 26 not only described the importance of remov¬ 
ing the central portion of the hyoid bone but also emphasized 
the possible existence of multiple tracts and therefore the 
importance of an en bloc dissection and removal of a core of 
tissue to the base of the tongue. Before these operative princi¬ 
ples were elucidated, most series reported a recurrence rate of 
20% or higher. The operation is performed under general 
endotracheal anesthesia. The patient’s neck is extended, and 
often a roll is placed beneath the shoulders. A transverse skin 
incision is made directly over the cyst, usually in the infrahyoid 
region. If a sinus opening exists to the skin from prior infection 
or surgery, an elliptical incision to include the sinus is used. The 
cyst is easily identified beneath the platysma muscle. Dissection 
adjacent to the cyst wall mobilizes the cyst, and the tract is 
identified. Dissection is continued cephalad up to the hyoid 
bone. The muscular attachments to the superior and inferior 
portions of the body of the hyoid bone are divided, and the cen¬ 
tral portion of the hyoid bone is removed in continuity with the 
cyst and tract. Beyond the hyoid bone, a core of tissue 5 to 10 mm 
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in diameter is excised through the muscles of the base of the 
tongue to the foramen cecum, where the tract is suture ligated 
with absorbable suture. 27,28 Identification of the endpoint of 
the dissection at the foramen cecum may be facilitated by hav¬ 
ing the anesthesiologist place downward pressure on the base 
of the tongue with a gloved finger. The ends of the hyoid bone 
are not reapproximated. The wound is copiously irrigated and 
closed in layers. A drain may be used, particularly if the patient 
has a history of infection, but most often it is not required. 
Complete excision of a thyroglossal duct cyst is generally cura¬ 
tive. Contemporary recurrence rates generally are less than 10% 
and usually related to prior infection or incomplete surgical 
excision. Thyroid neoplasia (<1%) has been described in 
ectopic thyroid tissue, both associated and unassociated with 
thyroglossal duct cysts. 11,21,22 

Other midline neck masses that occur in children include 
dermoid and epidermoid inclusion cysts, pathologic lymph 
nodes, cervical thymic cysts, and bronchogenic cysts. Dermoid 
and epidermoid cysts consist of ectodermal elements that were 
sequestered beneath the skin or failed to separate from the 
neural tube. 29,30 Dermoids are distinguished histologically from 
epidermoids by the accessory glandular structures they possess, 
including sebaceous glands, hair follicles, connective tissues, 
and papillae. The most common location of dermoids in infants 
and children is the lateral orbital ridge. They are usually soft, 
mobile, and nontender, and typically demonstrate slow growth 
along with the child’s linear growth, becoming clinically appar¬ 
ent in early childhood. 

Midline dermoid cysts probably represent entrapment of 
epithelium of branchial arch origin at the time of embryologic 
midline fusion. 31,32 Differentiation from thyroglossal duct 
cysts can usually be accomplished on physical examination, 
with dermoid cysts typically smaller and more superficial and 
that do not move with protrusion of the tongue. Midline der¬ 
moid cysts overlying the nasal bridge occasionally penetrate 
the bone, forming a dumbbell-shaped mass with dermoid ele¬ 
ments on either side of the bone. CT imaging and occasionally 
MRI should be performed for midline facial dermoid cysts or 
fixed or atypical lesions in other locations to exclude intracranial 
extension. Complete surgical excision is the treatment of choice 
for all dermoid and epidermoid cysts to confirm the diagnosis, to 
prevent rupture or infection, and for cosmetic reasons. This is 
generally performed as an open operation, although increasing 
experience is accruing using endoscopic minimally invasive tech¬ 
niques. 33 Although exceedingly rare, malignant degeneration has 
been reported. 


LYMPHADENOPATHY 

Q Benign cervical lymphadenopathy is the most common neck 
mass in childhood. 34 Cervical nodes up to 1 cm in diameter are 
normal in children younger than 12 years of age, and many 
children in all age groups have palpable lymph nodes that are 
not associated with infection or systemic illness. The anterior 
cervical, occipital, retroauricular, and submandibular nodal 
groups are the ones most often enlarged. Bacterial and viral 
infections, particularly upper respiratory tract infections, otitis 
media, and pharyngitis, are the most common cause, with bac¬ 
terial infections most likely to progress to acute suppurative 
lymphadenitis. Unilateral nodal enlargement is usually the 
result of pyogenic infection originating in the tonsils and 
oropharynx, while bilateral disease is frequently observed in 
viral upper respiratory tract infections. 

Fungal infections are an uncommon cause of lymphadenopa¬ 
thy in children with the exception of immunocompromised 
patients. Other important inflammatory causes of cervical lym¬ 
phadenopathy include cat scratch disease, mononucleosis, atypi¬ 
cal mycobacteria (AMB) infections, and tuberculosis. Enlarged 
cervical or supraclavicular lymph nodes may also be the present¬ 


ing manifestation of certain malignancies, both primary and 
metastatic, particularly lymphoma. 35 Rare noninfectious causes 
of cervical lymphadenopathy include Kawasaki disease, sar¬ 
coidosis, sinus histiocytosis (Rosai-Dorfman syndrome), and his¬ 
tiocytosis X. 

Acute suppurative cervical lymphadenitis most frequently 
occurs in young children, between 6 months and 3 years of age. 
Typically, enlargement of the lymph node is preceded by an 
episode of pharyngitis or an upper respiratory tract infection. 
The most common causative organisms are penicillin-resistant 
Staphylococcus aureus and group A /3-hemolytic strepto¬ 
cocci. 36 Bacterial lymphadenitis is often characterized by rapid 
nodal enlargement. The enlarged node initially becomes erythe¬ 
matous and tender, with surrounding cellulitis. Systemic signs of 
infection are usually present—fever, tachycardia, and elevated 
white blood cell count with a leftward shift. Fluctuance devel¬ 
ops as the abscess forms. Management includes systemic antibi¬ 
otics to cover Streptococcus and Staphylococcus organisms. 
Occasionally, aspiration of the purulent and necrotic material 
with a large-bore needle provides fluid for culture, and in com¬ 
bination with antibiotics, may effect resolution without formal 
incision and drainage. More frequently, fluctuant nodes require 
incision and drainage, with the use of either conscious sedation 
and local anesthesia, or general anesthesia in the operating 
room. The most important consideration when performing inci¬ 
sion and drainage of a fluctuant neck mass is control of the air¬ 
way. A skin-line incision is made over the area of maximal fluc¬ 
tuance and the abscess cavity is drained, with care to disrupt 
any loculations. The incision should be designed with concern 
for complete drainage; avoidance of vital structures, particu¬ 
larly the branches of the facial nerve; and cosmesis. Incisions 
high or low in the neck should be made in parallel with the 
angle of the mandible or clavicle and at least 1 cm away from 
these structures to avoid hypertrophic scar formation. The 
wound is loosely packed open and covered with a dry gauze 
dressing. Drains may be used in cases of deep or complex neck 
abscesses, but are not generally necessary in uncomplicated 
cases. Recurrence is rare and should prompt evaluation for an 
underlying immunodeficiency or congenital anomaly. Viral 
infections are also associated with the development of acute cer¬ 
vical lymphadenitis, which is typically bilateral, rarely suppura¬ 
tive, and generally self-limited with spontaneous resolution. 

Lymphadenitis is chronic or subacute when enlargement of 
lymph nodes persists long after any evidence of infection has 
disappeared or the patient has no history or evidence of a pre¬ 
cipitating infectious illness. The child may have a history of 
frequent upper respiratory infections, otitis media, tonsillitis, 
sinusitis, or allergic rhinitis or eczema. Systemic signs of infec¬ 
tion are not present. The nodes are usually solitary, nontender, 
mobile, and soft. Enlarged nodes that are asymptomatic, less 
than 1 cm in diameter, and soft and that have been present for 
less than 8 weeks do not require treatment. Excisional biopsy 
should be performed for any lymph node that is larger than 
2 cm in diameter, persists beyond 8 weeks, or demonstrates 
worrisome characteristics such as firmness, immobility, or rapid 
growth. Communication between the surgeon and pathologist 
is important to ensure that complete culture data is obtained, 
including cultures for tuberculosis, atypical mycobacterial infec¬ 
tion, and cat scratch disease, as well as histopathologic and flow 
cytometry studies for possible malignancy. Most of the lymph 
nodes that come to biopsy are benign and the histologic exami¬ 
nation reveals “reactive hyperplasia.” 

Mycobacterial lymphadenitis and cat scratch disease also 
commonly cause lymphadenopathy in children. 37 Mycobacter¬ 
ial lymphadenitis is usually caused by atypical mycobacteria of 
the Mycobacterium avium-intracellulare-scrofulaceum (MAIS) 
complex. 38-40 Pathogens typically enter the body through 
breaks in the mucus membranes of the oropharynx during the 
eruption of teeth. Unlike Mycobacterium tuberculosis , person- 
to-person transmission of MAIS has not been demonstrated. 
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Infection with M. tuberculosis is uncommon in children in the 
United States, and when present, it is usually accompanied by 
positive findings on chest radiographs because the lung is the 
site of entry for this organism. 

Atypical mycobacterial lymphadenitis occurs predomi¬ 
nantly in children 1 to 5 years of age and is rare after the age 
of 12. The lymphadenopathy observed with AMB infection is 
typically asymptomatic with enlarged but nontender nodes 
and no associated fever or leukocytosis. The nodes are initially 
rubbery and firm, and submandibular or preauricular areas 
are most common. They later become matted together to form 
a confluent mass. If no treatment is given, drainage and sinus 
formation may occur spontaneously. 

The child with tuberculosis scrofula is typically symptomatic 
with pulmonary tuberculosis. The results of chest radiography 
and skin testing with purified protein derivative standard are 
usually positive. For M. tuberculosis infection, a trial of antitu¬ 
berculosis chemotherapy is recommended. Current treatment 
regimens consist of multiple-agent chemotherapy with isoniazid 
and rifampin for 9 to 12 months and a third drug (pyrazi- 
namide, streptomycin, or ethambutol) for the first 2 months. 41 

Atypical mycobacterial infections generally respond poorly 
to chemotherapy. When a lymph node biopsy is planned, if 
tuberculosis or atypical mycobacterial infection is suspected, 
complete excision is required. Incision and drainage or incom¬ 
plete nodal excision in cases of atypical mycobacterial infec¬ 
tion invariably leads to recurrence or cutaneous draining 
sinuses. Complete excision is generally curative, although 
there may be a role for adjunctive antimicrobial therapy with 
clarithromycin and rifabutin. 42 

Cat scratch disease is a common cause of lymphadenitis in 
children in Western countries. 43 In most cases, the history reveals 
direct contact with a cat with the development of tender regional 
lymphadenopathy within 2 weeks of inoculation. Other animals, 
such as dogs and monkeys, have also been implicated in trans¬ 
mission. The site of inoculation is most commonly an extremity, 
resulting in inguinal, epitrochlear, or axillary adenopathy; how¬ 
ever, cervical nodes are involved in as many as 25% of cases. 44,45 
The disease is believed to be caused by a gram-negative bacillus, 
Bartonella henselae , and typically begins as a superficial infec¬ 
tion at the inoculation site on a limb. The diagnosis can be con¬ 
firmed by several methods, including skin test antigen, B. hense- 
lae -based serologic indirect fluorescent antibody test, and 
enzyme immunoassays. The clinical presentation usually is lym¬ 
phadenopathy with only mild tenderness and without systemic 
symptoms; however, severe complications including encephalitis, 
follicular conjunctivitis, and neuroenteritis can occur. No treat¬ 
ment is necessary if the diagnosis is secure (positive skin test 
result) because the illness is generally self-limited and lym¬ 
phadenopathy resolves in most cases in 6 to 8 weeks without spe¬ 
cific treatment. Antibiotics are not generally effective despite in 
vitro sensitivities. If the diagnosis is in doubt, complete excision is 
recommended and curative. 

Although most lymphadenopathy in children is benign, 
malignant conditions such as Hodgkin disease and non- 
Hodgkin lymphoma are also common in children and fre¬ 
quently present as primary neck lymphadenopathy. Any case of 
a neck mass that has concerning examination characteristics, 
or that persists despite appropriate antibiotic therapy, requires 
FNA for cytology and likely excisional biopsy for definitive 
diagnosis. 


VASCULAR MALFORMATIONS 


Hemangioma 

Hemangiomas are endothelial tumors characterized by an 
increased proliferation and turnover of endothelial cells, and 
this differentiates them from other vascular malformations. 
Hemangiomas display a unique biologic behavior—they grow 


rapidly, regress slowly, and never recur. Hemangiomas can 
occur anywhere in the body and the craniofacial region is com¬ 
mon with frequent involvement of the tongue, subglottic area, 
and parotid glands. Single lesions predominate, but there also 
can be multiple lesions in up to 20% of infants, with the head, 
neck, and trunk being the areas most often affected. A superfi¬ 
cial hemangioma is a well-demarcated, elevated, bright red 
mass or plaque that blanches incompletely with pressure. 
Sometimes a hemangioma can have a deep component that is 
a soft, flesh-colored, rubbery, ill-defined subcutaneous mass 
with a bluish hue. Risk factors for the development of infantile 
hemangiomas include female sex, Caucasian race, preterm 
birth, and low birth weight. Most hemangiomas are not clini¬ 
cally evident at birth but become apparent in the first few 
months of life, and 90% are evident by age 6 months. 

Hemangiomas can be extensive and typically have a red or 
blue coloration and a spongy or rubbery texture on palpation. 
The presenting symptom for subglottic hemangioma is often 
stridor that is not present at birth but presents at age 1 to 
3 months. Parotid hemangioma typically presents as an enlarg¬ 
ing soft tissue mass in the parotid gland in the first 1 to 3 months 
of infancy. Cutaneous capillary hemangiomas may be present 
on the face, neck, or chest. Evaluation by ultrasonography 
with Doppler flow studies is usually diagnostic. 46 The natural 
history of these lesions is for significant growth (proliferative 
phase) in the first 6 to 12 months of life, followed by a period 
of minimal growth, after which involution and spontaneous 
resolution occurs by thrombosis and epithelialization. 47 If 
involution takes place, it is complete by age 5 years in 80% of 
patients. Biopsy of these lesions was recommended in the past 
but is no longer routinely performed in most centers. CT with 
intravenous contrast and magnetic resonance angiographic 
imaging are very useful in selected cases for evaluating the 
extent of tissue involvement. Angiography is invasive and 
rarely necessary for diagnostic purposes, but may be useful for 
treatment of large lesions by embolization. Biopsy remains 
important when the diagnosis is in question, particularly to 
rule out kaposiform hemangioendothelioma (KHE), a vascular 
tumor associated with profound thrombocytopenia. 

Although most hemangiomas spontaneously resolve, up to 
24% of infants will have complications, such as hemorrhage, 
ulceration, infection, and necrosis. Rarely (3% to 5%), heman¬ 
giomas may become quite large, involve vital organs, or pro¬ 
duce life-threatening complications including hemorrhage, 
thrombocytopenia, and coagulopathy owing to platelet trap¬ 
ping, airway obstruction, or congestive heart failure. Periorbital 
hemangiomas should be recognized as particularly problematic 
with potential to lead to the development of astigmatism, ptosis, 
strabismus, amblyopia, and blindness. 

Treatment of hemangiomas is challenging given the wide spec¬ 
trum of disease, unpredictable biologic behavior, and natural ten¬ 
dency for involution. Most hemangiomas will follow the natural 
history of rapid growth followed by gradual spontaneous involu¬ 
tion, and observation is appropriate. Aggressive treatment is nec¬ 
essary for infants at highest risk of complications. Lesions that, 
because of their location or growth, are obstructing the airway, 
involving the eye, or causing tissue destruction are generally 
treated with oral corticosteroids due to their antiproliferative 
effect (Fig. 105.10). The response is typically excellent. Other 
treatment options include topical and intralesional corticoste¬ 
roids, pulsed-dye laser therapy, and surgical excision. 


LYMPHATIC MALFORMATIONS 


Anatomy and Embryology 

At about the sixth week of gestation, a system of clefts devel¬ 
ops in the cervical mesenchyme that subsequently forms lymph 
channels. These channels give rise to jugular lymph sacs that 
become the cervical lymph nodes and lymphatics, ultimately 
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FIGURE 105.10. Capillary hemangioma. A: The lesion of the upper 
lid is large enough to partially occlude the visual axis and induced a 
significant astigmatic error and strong visual preference for the left 
eye, requiring occlusion therapy. Because it is located in the deeper tis¬ 
sue layers, this hemangioma appears more bluish than more superfi¬ 
cially located lesions. B: Three days after intralesional steroid injec¬ 
tion, the hemangioma has shrunk out of the visual axis. (From Tasman 
W, Jaeger E. The Wills Eye Hospital Atlas of Clinical Ophthalmology, 
2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2001, with per¬ 
mission.) 


draining into the internal jugular venous system (Fig. 105.11). 

Q Lymphatic malformations are benign masses of disorganized 
dilated lymph channels that arise when portions of these prim¬ 
itive embryonic lymph sacs fail to develop communications 
with the internal jugular venous system. Although sequestered 
from the normal lymphatic channels, these sequestered lymph 
channels are lined by endothelial cells and continue to produce 
lymph fluid. In contrast to hemangiomas, the proliferative rate 
of the lining endothelial cells is normal. Lymphatic malforma¬ 
tions can vary in size from a few centimeters in diameter to 
massive tumorlike lesions extending into the mediastinum. 
Radiologically and histologically, they are characterized as 
microcystic, macrocystic, or combined. 

Lymphatic malformations tend to develop in close proxim¬ 
ity to large veins and lymphatic ducts. Large macrocystic 
lesions are commonly found in the lateral cervical and sub¬ 
mandibular region and are often termed cystic hygromas. 
Lesions that involve the tongue or extend into the medi¬ 
astinum may result in stridor, cyanosis, apnea, or dysphagia 
with failure to thrive. Other locations for lymphatic malfor- 



FIGURE 105.11. Lymphatic system in an 8-week-old human embryo. 
Development of the major and minor lymphatic sacs is well under 
way. The jugular lymphatic sac in the neck is prominent. Sequestration 
of tissue from any of the developing lymphatic structures leads to for¬ 
mation of a lymphangioma or cystic hygroma. 


mations are the axilla/chest, extremities, retroperitoneum, and 
perineum. Most lymphatic malformations are evident early in 
life, with 65% present at birth, 80% evident within the first 
year of life, and 90% diagnosed by the age of 2 years. 48 They 
are more common (2:1) on the left side of the neck, presum¬ 
ably because the thoracic duct enters the subclavian vein on 
the left side. The physical examination characteristics of a soft, 
discrete, cystic, multiloculated mass are often sufficient for a 
definitive diagnosis. Spontaneous resolution is rare. Hemor¬ 
rhage can occur within the lesion and is often the reason for 
the rapid enlargement sometimes noted clinically. When this 
occurs there is sudden swelling and ecchymosis. Intralesional 
bleeding is a predisposing factor for infection, and antibiotics 
should be initiated (Fig. 105.12). 

Cellulitis is common in lymphatic malformations, particu¬ 
larly those in the head, neck, and perineum. This also com¬ 
monly results in rapid expansion of the lesion with erythema, 
fever, and tenderness. In the newborn, large neck lesions may 
cause significant airway compromise or esophageal and pha¬ 
ryngeal obstruction. Symptoms such as pain or discomfort are 
rare unless the lesion has hemorrhaged or become infected. 
Approximately 10% of cervical lymphatic malformations extend 
into the chest. 

Lymphatic malformations can be detected by prenatal ultra¬ 
sonography, most often as septated or nonseptated lesions in 
the nuchal region. When associated with fetal hydrops, chro¬ 
mosomal abnormalities, or structural anomalies, early fetal 
death frequently is noted by 22 weeks’ gestation. Lymphatic 
malformations demonstrated after parturition generally have a 
favorable prognosis. The physical examination findings of a 
soft, cystic, multiloculated mass are often sufficient for a defin¬ 
itive diagnosis. Ultrasonography, particularly with Doppler 
flow studies, is often useful to confirm the diagnosis. CT with 
intravenous contrast or magnetic resonance angiography is 
used selectively to evaluate extension of the lesion from one 
body space to another and delineate associated vital structures 
when planning for resection. 
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FIGURE 105.12. Infected cystic hygroma of the tongue. (From 
Fleisher GR, Ludwig W, Baskin MN. Atlas of Pediatric Emergency 
Medicine. Philadelphia, PA: Lippincott Williams & Wilkins; 2004, 
with permission.) 


Treatment 


Complete surgical excision is the optimal treatment for lym¬ 
phatic malformations, but the tendency for these benign 
malformations to insinuate in and around vital structures 
can make complete resection difficult. With incomplete exci¬ 
sion, disease recurrence is high (10% to 15%). Radical 
extirpative resections resulting in loss of function or severe 
deformity are not indicated. Spontaneous regression of these 
lesions is unusual but may occur after acute inflammation. 
Only two thirds of lymphatic malformations will be 
amenable to complete excision and one third will require 
partial excision or in the case of extensive or complex 
lesions staged excision due to involvement of vital structures 
within the lesion. Percutaneous aspiration usually is fol¬ 
lowed by prompt recurrence and may result in hemorrhage 
or infection and is not recommended except to emergently 
decompress a cyst and relieve airway obstruction. Radiation 
treatment has not been of benefit in the treatment of lym¬ 
phatic malformations and has significant morbidity in the 
growing child. Injection of sclerosing agents, most com¬ 
monly bleomycin, has been used but has significant potential 
complications of infection, gastrointestinal problems, and 
pulmonary fibrosis. 49 More recently, large cystic lesions in 
locations difficult to manage surgically have been treated by 
injection of OK-432, a monoclonal antibody produced by 
incubation and interaction of Streptococcus pyogenes with 
penicillin. 50 At present this treatment remains experimental 
but has demonstrated success in some difficult cases. 
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KEY POINTS 


Q Pectus excavatum results from abnormal regulation of the 
growth of the costal cartilages with a corresponding poste¬ 
rior curve in the body of the sternum beginning at the 
manubrium and extending to the xiphoid; the deformity is 
rarely precisely symmetric, with one side (usually the right) 
slightly more curved in than the other. 

© Pectus excavatum repair should occur in late childhood or 
adolescence and is now most frequently performed with a 
rigid transversely oriented bar (Lorenz bar) that pushes the 
deformity back into place. 

Q Pectus carinatum occurs less frequently than pectus exca¬ 
vatum and does not cause physiologic impairment; for 
operative repair, osteotomies and sternal fracture are per¬ 
formed in such a way as to depress the sternum. 

Q Pulmonary sequestrations (PS) are abnormal lung tissue 
with anomalous systemic blood supply that can be either 
intralobar or extralobar lesions based on their relationship 
with the investing visceral pleura and adjacent normal lung 
tissue. They do not communicate normally with the tra¬ 
chea or a bronchus. 

Q Congenital cystic adenomatoid malformations (CCAMs) 
have a normal vascular supply and communicate with the 
normal tracheobronchial tree. They result from excessive 
proliferation of bronchial structures without the develop¬ 
ment of the corresponding alveoli. 

Q Benign cysts of the mediastinum are relatively common and 
include thymic cysts, enterogenous cysts, dermoid cysts, 
lymphatic malformations (cystic hygromas), and pericardial 
cysts. Resection is usually recommended because of the pos¬ 
sibility of progressive enlargement with compression, hem¬ 
orrhage, or infection. 

Primary lung tumors in children include bronchial ade¬ 
noma, rarely bronchogenic carcinoma, pulmonary blastoma, 
inflammatory pseudotumor (composed of inflammatory 


cells), and hamartoma. Resection is generally appropriate 
initial therapy. 

Q Mediastinal tumors include neurogenic tumors (usually 
from the sympathetic chain), lymphoma (Hodgkin or non- 
Hodgkin), teratoma, neurilemmoma, sarcoma, and thymic 
tumors. 

Q Tracheoesophageal fistula can occur as esophageal atresia 
with proximal pouch and distal tracheoesophageal fistula 
(most common, at 85% to 95%), esophageal atresia with¬ 
out fistula (5% to 7%), tracheoesophageal fistula without 
esophageal atresia H type (2% to 6%), and rarer forms of 
this anomaly including esophageal atresia with proximal 
tracheoesophageal fistula and esophageal atresia with both 
proximal and distal tracheoesophageal fistula. 

© Vascular rings result from faulty embryogenesis of the aor¬ 
tic arch and great vessels resulting in vascular structures 
and dense connective tissue that surround the esophagus and 
trachea and can result in symptoms of airway or esophageal 
obstruction. 

© Approximately 200 children die from foreign body aspira¬ 
tion or ingestion each year. Bronchoscopic evaluation and 
foreign body removal are performed in the operating room 
under general anesthesia, where the rigid bronchoscope 
with optical forceps can be used to remove most aspirated 
foreign bodies safely. 

© Left-sided congenital diaphragmatic hernia (CDH) is a 2- to 
4-cm posterolateral defect in the diaphragm through which 
the abdominal viscera have translocated into the ipsilateral 
thoracic cavity. Through a right-sided defect, the large right 
lobe of the liver can occupy most of the hemithorax. 

© CDH is a physiologic emergency and not a surgical emer¬ 
gency. The newborn with CDH should be stabilized by non- 
surgical means and delayed, well-planned surgical repair 
undertaken subsequently. 


CHEST WALL DEFORMITIES 


Deformities of the chest wall may be obvious at birth but often 
become more noticeable at the time of preadolescent and ado¬ 
lescent growth. The physical appearance may vary from barely 
detectable to grotesquely deforming. Although there may be 
some physiologic benefit from surgical correction of these 
deformities, restoration of a more normal appearance is 
equally important in the decision to operate. The impact of 
these deformities on normal psychosocial development, as well 
as the less certain evidence of cardiorespiratory impairment, 
constitutes adequate justification in the affected child. 


Embryology, Development, and 
Etiology of Chest Wall Deformities 

In the embryo, the ribs are derived from individual somites as 
mesoderm differentiates into cartilage and advances ventrally 
toward the developing sternum. The rib cartilage eventually 
approaches the sternum. The sternum itself is derived indepen¬ 
dently from two parallel bands of mesoderm that develop away 
from the midline. The two sternal bands fuse in a cranial to 
caudal direction and become progressively chondrified. Trans¬ 
verse divisions of the cartilaginous sternum differentiate into 
segments opposite each end of the rib pairs. At birth, small 
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ossification centers are present in the sternum and the ribs have 
largely ossified. Final ossification is usually complete by mid 
adolescence. The process is sufficiently predictable that sternal 
ossification is a reliable method of determining bone age. There 
is a sharp demarcation in each rib between the ossified portion 
and the cartilaginous portion, with the latter becoming ossified 
only much later in life. The etiology of chest wall deformities is 
poorly understood. 1 Explanations include abnormal intrauter¬ 
ine pressure applied to the chest, abnormalities of diaphrag¬ 
matic development, connective tissue abnormalities, and 
genetic predisposition. Abnormal, excessive, or asymmetric 
growth of the costal cartilages associated with the 3rd to 10th 
ribs is most implicated. Sternal clefts are understood as a fail¬ 
ure of fusion of some portion of the sternal bands. 


Pectus Excavatum 


Pectus excavatum , from the Latin phrase “hollowed chest,” is 
Q the most common deformity of the anterior chest wall. Pectus 
excavatum results from abnormal regulation of the growth of 
the costal cartilages. There is a corresponding posterior curve 
in the body of the sternum beginning at the manubrium and 
extending to the xiphoid. The deformity is rarely precisely 
symmetric, with one side (usually the right) slightly more 
curved in than the other. Asymmetry may be pronounced with 
the sternum rotated nearly to the sagittal plane. The deformity 
may be apparent at birth but may become more apparent dur¬ 
ing growth and development, particularly during adolescence. 
Pectus excavatum occurs more frequently in males than 
females. Another affected relative, most often a father or 
uncle, is found in one third of cases. Scoliosis is present at 
increased incidence in this population although rarely requires 
surgical correction. Patients often have an asthenic build and 
stoop-shouldered posture. Marfan syndrome predisposes to 
pectus excavatum. The diagnosis of Marfan syndrome should 
be considered when patients are referred for evaluation of a 
chest wall deformity. 

At the time of surgical consultation, concerns about the car¬ 
diopulmonary implications of the chest wall deformity are 
often paramount in the mind of the referring physician as well 
as the family. Many patients will have complaints of chest pain 
and/or shortness of breath. Most patients are disturbed by the 
appearance of the deformity, and some may be profoundly 


depressed and dysfunctional. The physiologic consequences of 
the deformity are less certain. Invasive and echocardiographic 
assessment of cardiovascular performance have demonstrated 
improvement in cardiac function and resolution of mitral valve 
prolapse in some patients following surgical correction of pec¬ 
tus excavatum. 2-6 There is no consensus on the exact nature of 
the cardiopulmonary impairment or on the pulmonary benefit 
of surgical correction. Although more difficult to measure, the 
psychological benefit of correcting this severe chest wall 
anatomic defect has demonstrated excellent results and patient 
satisfaction. 

Clinically, pectus excavatum patients typically complain of 
chest discomfort and shortness of breath. Dynamic testing can 
be used to further explore a patient’s complaints, but this 
methodology is not always routinely utilized. Clinical assess¬ 
ment of the severity of the deformity has included chest radi¬ 
ographs, computerized tomography (CT), caliper measure¬ 
ments, and contrast volume measurements of the cavity. The 
“pectus index” is defined as the ratio of the maximum internal 
transverse diameter of the thorax to the minimum sternoverte¬ 
bral distance. 7 If cardiac disease is suspected on the basis of the 
history and physical examination, an echocardiogram may be 
indicated. Pulmonary function testing is rarely helpful. 

Surgical Correction of the Pectus Excavatum. The 

ossification of key components of the anterior chest wall is not 
completed until the teenage years. The further understanding 
of this physiology has led to a more uniform timing of surgical 
correction for pectus excavatum in the past decade. Infants 
and young children should not undergo surgical correction 
Q because of the risk of acquired thoracic dystrophy. 8,9 Most 
pediatric surgeons agree that the optimal timing is in late 
childhood and adolescence. 

Traditional Operations. Traditional surgical correction 3,10 is 
performed through a transverse incision centered on the defect 
in the line of the inframammary crease (Fig. 106.1). The nec¬ 
essary incision is quite small and may be kept well within the 
nipple lines. An alternative that may be useful, especially in 
older females, uses a small incision in each inframammary 
crease. The operation requires exposure of the costal cartilages 
by incision into or elevation of the pectoral muscles from the 
chest wall. Subperiochondrial excision is made to the involved 
costal cartilages. The 3rd through 7th cartilages are excised 



FIGURE 106.1. Pectus excavatum. A: Appearance of an adolescent male with a typical depression deformity. Note “stoop-shouldered” posture. 
B: Postoperative appearance at 6 months. Erect posture and subpectoral incision give a good cosmetic result. 
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along with portions of the 8th, 9th, or 10th cartilages if there 
is particularly prominent flaring of the costal margin. The 
xiphoid is detached from the sternum, and the rectus muscles 
are detached inferiorly. The undersurface of the sternum is dis¬ 
sected free from the pericardium and pleura. An anterior 
osteotomy is created in the sternum at the point where the ster¬ 
num deflects posteriorly and the posterior cortex is fractured. 
Closure of the osteotomy elevates the lower sternum. Asym¬ 
metric deformities may require insinuation of the osteotome 
into the sternotomy site on the right and left, which allows 
rotation of the inferior aspect of the sternum. Some degree of 
overcorrection is usually performed to help maintain the cor¬ 
rection over time. A strut is usually placed beneath or through 
the sternum to maintain the corrected sternal position. The 
choice of material and configuration for the strut is variable. 
Struts may be left in permanently but are usually removed after 
an interval of 2 to 12 months. The pectoral and rectus muscles 
are reapproximated. Closed suction drains are used to drain 
the substernal, submuscular, and/or subcutaneous spaces. 
Patients are discharged when they are able to tolerate a diet and 
their pain is controlled by oral analgesics. Drains are removed 
either as an inpatient or an outpatient. In current practice, 
patients are often discharged on the second postoperative day. 
Multimodal pain management including regional anesthesia, 
postoperative epidural analgesia, nonsteroidal anti-inflamma¬ 
tory agents, and narcotics are used. Complications are gener¬ 
ally limited to wound infections and pneumothorax that rarely 
requires tube drainage. Recurrence rates in large series with 
long-term follow-up range from 5% to 15%. 3 The incidence of 
reactive pectus carinatum after excavatum repair is l%. n 
Migration of implanted struts and bars has caused the most 
serious problems, including cardiac injury. 


The Lorenz Bar/Nuss Procedure. The Lorenz bar/Nuss proce¬ 
dure has gained widespread popularity. A rigid U-shaped bar 
inserted transversely across the chest pushes the deformity back 
into place 12 (Fig. 106.2). The procedure is best performed in late 
childhood and early adolescence, when there is more pliability 
of the costal cartilages. Long-term follow-up data is encourag¬ 
ing. 13 Complications have been reported as the procedure has 
become more widely practiced, including pneumothorax, 
cardiac injury, bar displacement, chronic pain, pericarditis, and 
extraosseous bone formation. 14 The bar is left in for up to 
3 years during a period of development when most children are 
active and may engage in contact sports. Activity restrictions 
that are necessary while the bar is in place are not well defined. 
This technique is an important addition to the surgical treat¬ 
ment of chest wall deformities. Recent techniques utilizing tho- 
rascopic windows have been developed to hopefully reduce 
more life-threatening complications such as cardiac injury. 15 
Other modifications include dual bar placement, bending the 
bar in a skewed fashion to correct an angled sternum, and bar 
placement to correct recurrent pectus excavatum development 
after an open surgical approach. 16 

Other Techniques. Implantation of submuscular silastic molds 
to alter the chest contour may result in a very acceptable 
appearance. 17,18 This technique does not address any of the 
potential physiologic problems associated with pectus excava¬ 
tum and has not been used widely. 

Externally applied suction may also be used to treat depres¬ 
sion deformities of the chest wall. 19 Finally, implanted devices 
that use magnetic forces to pull the sternum forward show 
promise in correcting the defect in patients with pectus exca¬ 
vatum. 20 



FIGURE 106.2. Thoracoscopically assisted Lorenz Bar insertion (Nuss procedure). A: Preoperative appearance with symmetrical depression 
deformity. B: Lorenz bar. C: Lorenz bar inserted with thoracoscopic guidance. D: Immediate postoperative appearance. (Digital images provided 
by William Hardin, M.D., University of Alabama, used with permission.) 
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Pectus Carinatum 


Pectus carinatum , from the Latin phrase for “keel,” is a chest 
wall defect where there is a protrusion of the sternum and ribs. 

Q This type of defect occurs less commonly than pectus excavatum 
and presents in approximately 1 in 1,000 teenagers. Physiologic 
impairment is absent; however, the concern for appearance may 
be even greater than with depression deformities of the chest 
wall. Protrusion deformities may be very difficult to hide even 
when fully clothed. Rapid growth of the costal cartilages occur¬ 
ring during puberty makes the deformity more pronounced at 
that time. The operative correction of a pectus carinatum defor¬ 
mity is similar to that described for pectus excavatum. An 
osteotomy and sternal fracture are often not required, but when 
necessary they are performed in such a way as to depress the 
sternum. A strut is usually not required to maintain sternal posi¬ 
tion. The postoperative course and results are similar to pectus 
excavatum. In the immediate postoperative period, cardiac pul¬ 
sation may be particularly visible; however, with healing this 
finding disappears. External compression devices have shown 
some efficacy in larger trials with a minimal complication rate. 21 
Success depends on prolonged application of the compression 
device. The Nuss bar has also been applied to force the sternum 
in a corrective posterior direction. 22 


Poland Syndrome 

Named after the English surgeon Sir Alfred Poland, this rare 
congenital syndrome occurs in from 1 in 10,000 to 1 in 
100,000 births and includes a range of skeletal and muscle 
defects. These features include absence of the sternal portions 
of the pectoralis major muscle; absence of the pectoralis minor 
muscle; absence of portions of the serratus anterior and exter¬ 
nal oblique muscles; forearm and hand deformities; ipsilateral 
hypoplasia of the nipple, breast, and chest wall subcutaneous 
tissues; absence or deformity of the second to fifth costal carti¬ 
lages; and absence of axillary hair on the affected side. Surgical 
treatment includes correction of any deformed ribs, formation 
of the anterior axillary fold using the latissimus dorsi muscle, 
and creation of the ipsilateral breast in females. 23 


Sternal Clefts 


Congenital sternal clefts result from failure of midline fusion of 
the paired sternal bands. The cleft is usually in the superior por¬ 
tion of the sternum and may extend to but not include the 
xiphoid. The defects are rare and are usually repaired in 
the neonatal period when the chest is more pliable. 24 The pur¬ 
pose of the correction is to protect the underlying mediastinal 
structures. After subcutaneous and substernal mobilization, the 
fibrocartilaginous sternal bars are approximated in the midline. 
Typically, the cleft is incomplete and a V-shaped excision of the 
sternum at the most inferior aspect of the cleft may be required 
to avoid buckling of the sternum in that region. 24 Cantrell pen- 
tology refers to a distal sternal cleft, omphalocele, diaphrag¬ 
matic defect, pericardial defect, and intracardiac defect. Tho¬ 
racic ectopia cordis (exstrophy of the heart) may occur as a part 
of this abnormality and until recently has been uniformly fatal. 


Jeune Asphyxiating Thoracic Dystrophy 

Jeune asphyxiating thoracic dystrophy is a rare developmental 
abnormality that results in the failure of chest wall growth. 
Surgical correction involves the expansion of the thoracic cav¬ 
ity by rib resection and frame shifting of the ribs. Most recently, 
the use of a vertical expandable prosthetic titanium rib 
(VEPTR) device allows division of the most posterior aspect of 
approximately the third to ninth ribs and division at the costo¬ 
chondral junction of the same ribs. The rib plate is then ele¬ 


vated to the curved VEPTR strut by wires, thus expanding the 
chest. This is done for both chests, and the device is serially 
expanded every 4 to 6 months to promote chest enlargement. 25 


The “Slipping Rib” Syndrome 

The slipping rib syndrome is an unusual abnormality that has 
been ascribed to abnormal development of the costal cartilages 
along the costal margin such that the 9th or 10th rib is free 
floating. Positive findings on examination include a click with 
anterior displacement of the rib by either gently pulling on the 
inferior costal margin or by pushing on the suspected rib in a 
lateral direction at the midaxillary line. Patients typically com¬ 
plain of either sharp thoracic or abdominal pain and typically 
have had a thorough imaging workup that is nonrevealing. Sur¬ 
gical therapy involves excising the involved rib and cartilage, 
thereby relieving pressure on the involved intercostal nerve. 


“Flaring” of the Costal Margin 

Patients are sometimes referred for surgical opinions regarding 
unusual prominence of the costal margin. The “flaring” is 
most pronounced when the patient is supine. This finding rep¬ 
resents a variation of the normal development of the chest 
wall. Surgical correction should be avoided. 


Costochondral “Tumor” 


Prominence of a single costal cartilage may present as a concern 
of a tumor of cartilage or bone. This abnormality is usually 
found in preadolescents and adolescents. Patients may have 
undergone a diagnostic workup that includes chest radiographs, 
ultrasound, CT, or magnetic resonance imaging (MRI) prior to 
surgical consultation. This abnormality most likely represents a 
minor variation of a chest wall deformity, such as a pectus cari¬ 
natum. The area of enlargement is rarely tender so that costo¬ 
chondritis is an unlikely explanation. Excision of the involved 
cartilage is rarely helpful. Plain radiographs or thoracic imaging 
are usually sufficient to exclude a tumor. 


CONGENITAL CYSTIC 
DISEASE OF THE LUNG 


The most common congenital cystic lesions of the lung result 
from abnormalities of lung embryogenesis. 26,27 These lesions 
include pulmonary sequestration (PS); CCAM, currently known 
as congenital pulmonary airway malformation (CPAM); bron¬ 
chogenic cyst (BC); and congenital lobar overinflation (CLO). 
The first three (PS, CPAM, and BC) are part of the spectrum of 
bronchopulmonary foregut malformations. The abnormality 
may be primarily characterized by aberrant blood supply (PS), 
hamartomatous lung parenchyma (CPAM), or an isolated 
epithelial cyst (BC). Mixed or intermediate forms that contain 
elements of more than one abnormality are common. 28 The 
coexistence of these malformations with CDH and congenital 
heart defects emphasizes that they may be part of a generalized 
problem with organogenesis. CLO is more likely a secondary 
response of the developing lung to abnormal compression or 
obstruction of a bronchus. The retention of fetal lung fluid 
during critical phases of lung development adversely affects 
the development of the lung. 


Pulmonary Sequestration 

Q PS are divided into intralobar or extralobar lesions based on 
their relationship with the investing visceral pleura and adja¬ 
cent normal lung tissue. Structurally, sequestrations represent 
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FIGURE 106.3. Pulmonary sequestration (PS). A: Sagittal ultrasound view of the 
aortic branch supplying an extralobar PS. B: Left-sided extralobar PS excised via 
a muscle-sparing thoracotomy. C: Intraoperative view of extralobar sequestration 
removed thoracoscopically. Note the main blood supply with clips. 


abnormal lung tissue with anomalous systemic blood supply. 
They do not communicate normally with the trachea or a 
bronchus. They are found most commonly in the lower lobes, 
predominantly on the left. 

Intralobar sequestrations lie within a lobe of the lung and 
are invested by its visceral pleura. They are most common in 
the posterior segment of the left lower lobe but can occur else¬ 
where. The anomalous arterial blood supply comes from 
either the thoracic or abdominal aorta and may traverse the 
diaphragm to supply the sequestration. Venous drainage from 
this aberrant tissue may be either pulmonary or systemic but is 
usually into the pulmonary vein. Aberrant air space connec¬ 
tions with adjacent normal lung tissue may permit air trapping 
within the sequestration, causing it be to aerated on radi¬ 
ographs. Although most often asymptomatic at birth, intralo¬ 
bar PS may present during childhood as recurrent localized 
pneumonia due to these aberrant air space connections. 

Extralobar sequestrations occur outside the pleura of the nor¬ 
mal lung. They are most common in the lower left side of the 
chest but have been reported in various locations, including in 
the retroperitoneum below the diaphragm. 29 In this location, 
they may be difficult to distinguish from an intra-abdominal 
tumor such as neuroblastoma. Rarely, extralobar sequestration 
is associated with CDH. In extralobar sequestration, both the 


arterial and venous blood supplies are usually systemic, and the 
arterial blood supply frequently arises from the aorta below the 
diaphragm. The lesion itself is usually a spongy consolidated 
mass with no aeration, which can resemble a congenital pul¬ 
monary hemangioma. 30 Although infection is rarely present, 
these lesions can be associated with hemorrhage, arteriovenous 
shunting, or mediastinal compression. Occasionally, the amount 
of blood shunted through the lesion is sufficient to result in 
symptomatic congestive heart failure. Pulmonary malignancies 
have occurred within these lesions. CPAMs may occur in seques¬ 
trations; in fact, sequestrations and CPAMs may be mixed. 28 

Radiographic evaluation of these lesions involves plain films 
of the chest and CT scans with care taken to identify a systemic 
arterial blood supply. Intralobar sequestrations are usually 
treated with thoracotomy and lobectomy (Fig. 106.3A,B). 
Sequestrations may be removed with minimally invasive surgical 
techniques 31 (Fig. 106.3C). In dealing with both lesions, particu¬ 
lar attention must be paid to safe ligation of the vascular supply. 


Congenital Pulmonary Airway Malformations 

CCAMs or CPAMs result from excessive proliferation of 
bronchial structures without the development of the 
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corresponding alveoli. These malformations have a normal 
vascular supply and communicate with the normal tracheo¬ 
bronchial tree. On gross appearance, they can be solid, cystic, 
or both. CPAMs have been classified into three types based on 
size, shape, spacing of the cysts, and histologic appearance. 32 
Type I CPAMs are composed of cysts with large irregular and 
widely dispersed spaces larger than 2 cm in diameter or a sin¬ 
gle large cyst with small cysts surrounding it. Type II CPAMs 
consist of multiple cysts less than 1 cm in diameter that are 
closely packed together and resemble dilated bronchioles. 
Type III CPAMs are made up of small cysts less than 0.5 cm in 
diameter, and the parenchymal tissue represents late gesta¬ 
tional age fetal lung. Cartilage is usually lacking in all three 
types of CPAMs. Type I cysts account for almost 50% of cases, 
while type II cysts make up an additional 40%. CPAMs usu¬ 
ally affect only one lobe, but multilobar and bilateral involve¬ 
ment also occurs. The most common lobes affected are the 
left-sided and lower lobes, although any lobe may be involved. 
On a molecular level, there have been evidence of at least three 
genes involved in the development of CCAMs: HOXB5, Fgf7, 
and platelet-derived growth factor-B (PDGF-B). 33 

Prenatal diagnosis is common. In fact, with the advent of 
prenatal diagnosis, the number of CPAM resections has tripled 
and the number of asymptomatic CPAMs increased 20% based 
on the National Inpatient Sample Database (O. S. Soldes, pers. 
comm.). If the CPAM has sufficient pathophysiologic effects, 
the fetus may develop life-threatening hydrops. Open fetal sur¬ 
gical resection and thoracoamniotic shunting has resulted in 
survival of some of these severely affected fetuses. 34 As a result 
of serial prenatal ultrasounds, spontaneous in utero resolution 
has been observed to occur in as many as one third of these 
infants. 35 Even cystic lesions that are large enough to cause 


mass effect on nearby structures may spontaneously regress 
and not require fetal lobectomy or thoracoamniotic shunting. 36 

The incidence of CPAM is thought to occur in 1 in 25,000 
to 1 in 35,000 live births, and approximately 14% of all CPAM 
patients are stillborn. Although newborns with CPAM can be 
asymptomatic at birth, nearly 80% of CPAM patients present 
with some type of respiratory distress in the neonatal period. 33 
The usual radiologic appearance after birth is that of a solid 
mass because of retained fetal lung fluid (Fig. 106.4A). As ven¬ 
tilation occurs and fluid is reabsorbed, the mass appears larger 
and cystic and may begin to impinge on surrounding structures 
(Fig. 106.4B). A less common presentation is the appearance of 
recurrent pneumonia later in life. 

Infants with symptomatic lesions after birth require resec¬ 
tion of the involved lobe. Those with severe physiologic affects 
may require extracorporeal support with resection of the 
involved lung on extracorporeal membrane oxygenation 
(ECMO) with excellent expected results. Alternatively, an ex 
utero intrapartum treatment (EXIT)-to-ECMO approach may 
be used when gas exchange is predicted to be compromised. 37 
Asymptomatic lesions can be followed closely to allow for 
growth and development. In cases where there is no CPAM 
evident on plain radiograph, a CT scan of the chest should be 
obtained after birth to document residual parenchymal abnor¬ 
malities and to look for systemic arterial blood supply. 

Operation is clearly recommended if symptoms occur. 
Although recommendations among pediatric surgeons differ, 
most recommend elective resection in the setting of asympto¬ 
matic CPAM because of the concern for future infection and 
the possibility of malignancy 38,39 (see below). Studies have 
demonstrated that CPAMs evident in the postnatal period 
rarely spontaneously resolve. 40 A CT scan prior to operation 




FIGURE 106.4. Congenital cystic adenomatoid malfor¬ 
mation (CCAM). A: Newborn chest x-ray of a patient 
with prenatal diagnosis of CCAM. Note that immediately 
after birth, the mass is fluid-filled and appears as a density 
in the right hemithorax. B: Chest x-ray of the same child 
at 5 months of age prior to surgical excision. Note the air- 
filled cystic appearance of CCAM. C: Transverse thoracic 
computerized tomographic view of CCAM. 
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confirms the diagnosis and assists in surgical planning in 
infants with asymptomatic lesions (Fig. 106.4C). Elective resec¬ 
tion is then performed at 2 to 12 months of age and can usually 
be accomplished by a minimally invasive approach. Proponents 
of early intervention point to data demonstrating inflammation 
in most CPAM specimens, which makes resection more diffi¬ 
cult. 41 When bilateral and/or multilobar involvement is found, 
CT scans may assist in planning lung-conserving resections and 
in follow-up of residual disease. Lung-preserving resections 
should be used for CPAMs that involve multiple lung lobes. 42 


early in development, these cysts tend to originate from the 
esophageal portion of the foregut. Separation that occurs later 
in development is from the ventral or tracheal portion of the 
foregut, resulting in BCs. BCs are usually extrapulmonary 
masses that do not communicate with the normal tracheo¬ 
bronchial tree. They do not have a unique blood supply. Resec¬ 
tion of these lesions with either a thoracotomy or video- 
assisted thoracoscopy is recommended because of the risk of 
bleeding, infection, or enlargement with compression of adja¬ 
cent mediastinal structures 43,44 (Fig. 106.5). 


Bronchogenic Cysts 

BCs represent groups of epithelial cells from the developing tra¬ 
chea and lung that have become separated from the tracheo¬ 
bronchial tree. These cysts exist as discrete masses, usually in 
the paratracheal region, and do not incorporate pulmonary 
mesenchyme on which further lung development is dependent. 
If cells separate from the bronchopulmonary foregut structures 


Congenital Lobar Overinflation 

CLO (previously referred to as congenital lobar emphysema) is 
caused by abnormal development or compression of a lobar 
bronchus, resulting in retention of fluid during fetal lung devel¬ 
opment and subsequent air trapping and overinflation after 
birth. The lung tissue is intrinsically normal but has been sec¬ 
ondarily altered due to the trapping of fluid and gas. The 



FIGURE 106.5. Bronchogenic cyst (BC). A: Transverse thoracic computerized tomographic view of a BC located in the inferior pulmonary liga¬ 
ment. B: Illustrative representation of thoracoscopic instrumentation for excision of a BC. C: Operative detail. (Adapted from Dillon PW, Cilley RE, 
Krummel TM. Video-assisted thoracoscopic excision of intrathoracic masses in children: report of two cases. Surg Laparosc Endosc 
1993;3:433-436.) 
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FIGURE 106.6. Congenital lobar overinflation. A: Chest radiograph 
demonstrating overinflation of the left upper lobe in an infant. Note 
the mediastinal shift. B: Operative photograph demonstrating an 
overexpanded left upper lobe decompressing through the incision. 


vascular supply is normal. The condition can result from a defi¬ 
ciency of bronchial cartilage that leads to focal airway collapse 
and bronchial obstruction. CLO can also result from extralu¬ 
minal bronchial compression due to a BC, an enteric duplica¬ 
tion cyst, lymphadenopathy, mediastinal tumor, a vascular 
abnormality, or congenital heart disease. 45 In more than half 
the cases, no obstruction is identified. The upper lobe of either 
lung field usually is involved, but multilobar involvement has 
been reported. Lobar overinflation presents as worsening respi¬ 
ratory distress caused by progressive emphysematous enlarge¬ 
ment of the involved lobe with compression of normal adjacent 
tissue and mediastinal shift (Fig. 106.6A). Infants with sympto¬ 
matic CLO require complete resection of the affected lobe. In 
selected circumstances, bronchoplasty, bronchial suspension, 
or relief of an extrinsic bronchial obstruction may be useful. 
Great care must be taken at the time of anesthetic induction in 
these infants, as the lobar overinflation may be exacerbated 
by the institution of positive pressure ventilation. Immediate 
thoracotomy may be necessary to relieve the compression of 
the mediastinum and prevent cardiopulmonary collapse (Fig. 
106.6B). Up to half of the cases identified will resolve during 
infancy with observation alone as the lung develops. 46-48 
Surgery is reserved for symptomatic patients. 


Diagnosis 

With the routine use of prenatal ultrasound, many cystic lesions 
of the lung are now detected and followed prior to birth. 35,49 
Many of these lesions are completely asymptomatic in the 
postnatal period. Standard chest radiographs remain the corner¬ 
stones of diagnosis and follow-up for these lesions. Rapid tho¬ 
racic CT scanning provides definitive mapping of these lesions 
with intravenous contrast. When properly performed, such 
dynamic images will show the aberrant systemic arterial supply 
when dealing with a PS. Contrast esophagrams are indicated for 
children with dysphagia and serve to outline the possibility of 
an abnormal communication with the gastrointestinal tract. If 
aberrant vascular supply is suspected but not demonstrated on 
a CT scan, then MRI angiography of the chest can be obtained. 


Treatment 


Asymptomatic pulmonary cysts should be removed because of 
the possibility of infection as well as the rare association of 


malignant pulmonary neoplasms in these congenital cysts, 
including myxosarcoma, embryonal rhabdomyosarcoma, pleu- 
ropulmonary blastoma, and bronchoalveolar carcinoma. 33 Any 
cyst that is enlarging on serial chest radiographs should be 
resected because of the respiratory compromise that may ensue 
and the possibility of infection either in the cyst or in the sur¬ 
rounding lung tissue. The only reason for following a lesion in 
the long term would be if serial CT scans demonstrate progres¬ 
sive resolution, indicating the possibility of an acquired infec¬ 
tious pulmonary cyst, most of which resolve spontaneously. 


Cysts of the Mediastinum 

Benign cysts of the mediastinum are relatively common in pedi¬ 
atric patients. Although most of these are completely asympto¬ 
matic and discovered incidentally, surgical resection is usually 
recommended because of the possibility of progressive enlarge¬ 
ment with compression, hemorrhage, or infection. When symp¬ 
toms do develop, they may include chest pain, cough, stridor, 
hemoptysis, or dysphasia. The common cystic lesions include 
thymic cysts, enterogenous cysts, dermoid cysts, lymphatic mal¬ 
formations (cystic hygromas), and pericardial cysts. 

Thymic Cysts. Thymic cysts are usually asymptomatic and 
generally have both mediastinal and cervical components 
located in the superior aspect of the mediastinum. These are 
benign lesions made up of ciliated epithelium with lymphocytes 
and cholesterol crystals imbedded in the cyst wall. Clinical 
problems are usually the result of rapid expansion from either 
hemorrhage or infection. 

Enteric Duplication Cysts/Enterogenous Cysts. Enteric 
duplication cysts usually occur in the posterior mediastinum and 
are composed of esophageal or gastric epithelium surrounded by 
smooth muscle (Fig. 106.7). They are part of the spectrum of 
bronchopulmonary foregut malformations that include BCs (see 
above) and esophageal duplications (see below). They may exist 
completely separate from the structure of origin or may commu¬ 
nicate with the gastrointestinal tract above or below the 
diaphragm. In rare instances, they may attach to or communi¬ 
cate with the spinal canal. A number of large thoracoabdominal 
enteric cysts have been reported. These cysts may penetrate the 
diaphragm and end blindly in the peritoneal cavity or communi¬ 
cate with the gastrointestinal tract. If gastric mucosa is present 
within the cyst, peptic ulceration with erosion and bleeding has 
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FIGURE 106.7. Enterogenous cyst. This represents another abnor¬ 
mality in the spectrum of bronchopulmonary foregut malformations. 
A: Computerized tomography demonstrating a large mass occupying 
the right hemithorax. B: Surgical specimen. 



been reported. Therefore, removal of these cysts is recommended 
to avoid these possible complications. 

Lymphatic Malformations. Lymphatic malformations in 
the head, neck, and mediastinal region have been classically 
referred to as cystic hygromas. They are multilocular, thin- 
walled cysts derived from primitive, aberrant lymphatic sacs. 
Their mediastinal involvement can be quite extensive, as they 
insinuate around the great vessels and nervous structures of the 
superior mediastinum. As with other cystic structures, these 
lesions are usually asymptomatic. However, with enlargement 
(most frequently due to hemorrhage) or infection, symptoms 
may develop with life-threatening potential. Surgical resection 
of these lesions is usually recommended without sacrificing 
important anatomic structures within the mediastinum. Most 
of the intrathoracic components can be resected via a cervical 
approach. Recurrence develops in approximately one third of 
cases. Recently, clinical series of successful sclerotherapy of cys¬ 
tic hygromas with large cysts have been reported and may be 
an effective approach to such lesions. 50 

Pericardial Cysts. Pericardial cysts are almost always 
asymptomatic lesions discovered as incidental findings on 
chest radiographs. They appear in the cardiophrenic sulcus as 
small discrete masses. They are thin-walled cysts containing 
clear fluid and lined by mesothelium. Resection can be per¬ 
formed with either an open thoracotomy or video-assisted tho¬ 
racoscopy. 


THORACIC TUMORS 
IN CHILDREN 


Thoracic tumors in children are rare. Neoplasms originate 
from the chest wall, the mediastinum, and the lung. Lung 
metastases from extrathoracic cancers are more common than 
primary neoplasms. Surgical treatment may involve removal 
of the primary tumor, resection of adjacent structures, chest 
wall reconstruction, lung resection (including wedge resection, 
lobectomy, pneumonectomy), and tracheobronchial resection 
and reconstruction. The role of minimally invasive surgery/ 
thoracoscopic surgery is increasing in both the diagnosis and 
treatment of thoracic tumors in children. 51 


Metastatic Lung Tumors 

In order for surgical excision of metastatic lung tumors to be 
beneficial, the primary tumor must be eradicated and the 
patient should be free of other metastatic disease. Osteogenic 
sarcoma, other soft tissue sarcomas, and Wilms tumor are the 
tumors with lung metastases that are most often considered 
for surgical treatment. 52,53 

Osteogenic Sarcoma. Although the reported experience in 
the treatment of metastatic osteogenic sarcoma to the lung is 
based on retrospective review, there is good evidence that 
resection of lung metastases is beneficial. The success of surgi¬ 
cal removal of metastatic lung disease depends upon effective 
chemotherapy to eliminate other micrometastatic disease. The 
metastases are calcified and palpable, which facilitates their 
surgical removal. Fewer than four nodules, complete resection 
of all disease, and lack of penetration through the parietal 
pleura favor survival. Treatment failures and late recurrence 
are common, mandating careful follow-up. Available data 
support aggressive attempts at surgical resection, including the 
removal of many metastatic nodules and multiple resections. A 
thoracoscopic approach has been felt to be inappropriate by 
some because of the inability to palpate small lesions. 54 Pro¬ 
phylactic exploration of both lungs via thoracotomy has also 
been suggested in order to eradicate small lesions that may not 
be appreciated on CT. 

Soft Tissue Sarcoma. Chemotherapy and radiation- 
resistant tumors (liposarcoma, leiomyosarcoma, synovial sar¬ 
coma, fibrosarcoma, neurogenic sarcoma, epithelioid sarcoma, 
alveolar soft parts sarcoma) may benefit from resection when 
the primary tumor has been controlled. 53 Rhabdomyosarcoma 
and Ewing sarcoma are chemo- and radiation sensitive. Lung 
excision for metastatic disease is generally not helpful, 
although chest wall resection for a Ewing sarcoma chest wall 
primary is critical to disease cure. For sarcomas in general, 
surgery for lung metastases may aid in diagnosis and may be 
beneficial in removing a large focus of residual disease. 

Wilms Tumor. There is little advantage to excision of lung 
metastases in Wilms tumor. Chemotherapy is required for 
treatment, and surgical removal offers no added benefit. The 
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role of whole lung radiation (previously used for lung metas- 
tases) will be evaluated in the next phase of the National Wilms 
Tumor Study under the auspices of the Children’s Oncology 
Group. There are special cases that may benefit from surgery, 
including very young patients (in whom radiation therapy 
causes the most lung injury) with few or solitary lesions. 
Surgery may also be necessary for diagnostic purposes and to 
determine the effects of therapy. This tissue histiopathologic 
diagnosis arguably offers more therapy direction than radi¬ 
ographic evidence of indistinct lesions found on CT scans. 55 


Primary Lung Tumors 

Reviews by Hartman and Shochat 56 in 1983 and Hancock et al. 57 
in 1993 have catalogued fewer than 500 reported primary 
Q lung neoplasms in children (Table 106.1). Surgical resection 
remains the mainstay therapy for these primary lesions, and a 
consensus is developing that surgery may also play a role in 
metastatic lesions. 58 

Bronchial “adenomas” are the most common primary lung 
tumors in children. Despite the name they carry, these tumors 
represent true malignancies. They are better described as low- 
grade adenocarcinomas of the lung. The incidence of metasta¬ 
sis is low. Histologically, there are three types: carcinoid 
(85%), mucoepidermoid (10%), and adenoid cystic carcinoma 
(5%). Bronchial adenomas most commonly arise in primary 
and secondary brochi. Presenting symptoms include cough, 
hemoptysis, airway obstruction, pneumonia, atelectasis, and 
reactive airway disease. The chest radiographs may show air 
trapping or pneumonia and atelectasis. The clinical presentation 


TABLE 106.1 


PRIMARY PULMONARY NEOPLASMS IN CHILDREN 


■ TYPE OF TUMOR 

■ NUMBER (%) a 

Benign (n = 92) 


Inflammatory 

48 (52.2) 

Hamartoma 

22 (23.9) 

Neurogenic tumor 

9 (9.8) 

Leiomyoma 

6 (6.5) 

Mucous gland adenoma 

3 (3.3) 

Myoblastoma 

3 (3.3) 

Benign teratoma 

1 (1.1) 

Malignant (n = 291) 


Bronchial “adenoma” 

118 (40.5) 

Bronchogenic 

49 (16.8) 

Pulmonary blastoma 

45 (15.5) 

Fibrosarcoma 

28 (9.6) 

Rhabdomyosarcoma 

17(5.8) 

Leiomyosarcoma 

11 (3.8) 

Sarcoma 

6(2.1) 

Hemangiopericytoma 

4(1.4) 

Plasmacytoma 

4(1.4) 

Lymphoma 

3(1.0) 

Teratoma 

3(1.0) 

Mesenchymoma 

2 (0.7) 

Myxosarcoma 

1 (0.3) 

fl “(%)” is percent of benign or percent of malignant tumors. 

Modified from Hancock. 


may be most suspicious for an airway foreign body. CT may 
demonstrate the lesion. Bronchoscopy is required for diagno¬ 
sis. Biopsy must be done with great care and with some peril 
since life-threatening bleeding may result from biopsy 
attempts. Surgical resection with clean intraoperative margins 
is the treatment of choice. Resection may involve lobectomy, 
bi-lobectomy, pneumonectomy, or sleeve resection as well as 
regional lymphadenectomy with intraoperative frozen section 
to assure complete tumor resection while limiting lung resec¬ 
tion. Bronchial carcinoids are rarely associated with carcinoid 
syndrome and are radiosensitive if residual disease remains. 

Bronchogenic carcinomas are uncommon in children and 
highly lethal with a mortality rate of 90%. Unlike adults, 
squamous cell carcinoma is rare; undifferentiated adenocarci¬ 
noma predominates. Disease is usually widespread at the time 
of diagnosis, compromising survival. Rarely, with early dis¬ 
covery and localized disease, cure is possible. Bronchioalveolar 
carcinoma is a rare lung tumor in children that carries a good 
prognosis with surgical resection. 59 This tumor is particularly 
observed in CPAM lung lesions. 60 

Pulmonary blastoma is a malignant lung tumor occurring 
most often in children under 4 years of age. It is composed of 
cells that histologically resemble fetal lung. This tumor usually 
is located peripherally in the lung and presents with cough, 
chest pain, and hemoptysis. Pulmonary blastoma is treated by 
lobectomy, with half of the patients being long-term survivors. 


Other Malignant Tumors 

Sarcomas, including fibrosarcoma, rhabdomyosarcoma, and 
leiomyosarcoma, are the next most common primary malig¬ 
nant lung neoplasms found in children. They arise endo- 
bronchially as well as peripherally. It is also of note that 9% of 
all reported malignant lung neoplasms in children were associ¬ 
ated with previously documented cystic lung disease. 57 

Inflammatory pseudotumor is the most common “benign” 
lung tumor in children. Variable nomenclature relates to the 
description of the inflammatory cells involved. The terms 
plasma cell granuloma , histiocytoma , xanthofibroma , fibro¬ 
xanthoma , and inflammatory myofibroblastic tumor have 
been used to describe these tumors. They may present as 
peripheral lesions or as obstructing endobronchial masses, 
often following a previous pulmonary infection. Symptoms 
include cough, chest pain, hemoptysis, fever, and airway 
obstruction (Fig. 106.8). Although there may be some ten¬ 
dency for spontaneous resolution, aggressive local invasion is 
often seen. As such, it may be more accurate to describe these 
lesions as low-grade malignancies. 61 Unresectable tumors may 
respond to nonsteroidal anti-inflammatory agents. 62 Complete 
resection, even if extensive in nature, should be undertaken 
since no adjuvant therapies have proven effective. 

Hamartoma. Hamartomatous lung nodules are usually dis¬ 
covered in adults but may be large enough or calcified to be dis¬ 
covered on chest radiographs in children. 63 These tumors may 
be endobronchial and result in airway obstruction or, more 
commonly, peripheral and asymptomatic unless very large. 
Conservative pulmonary resection is the best treatment, but 
large lesions may require lobectomy or even pneumonectomy. 

Q Mediastinal Tumors. Mediastinal tumors in children may 
be benign or malignant. Certain tumors have a predilection 
for arising from the anterior, middle, or posterior medi¬ 
astinum. 64 

Neurogenic tumors are the most common thoracic tumors 
in the pediatric population (Fig. 106.9). The tumors originate 
in the posterior mediastinum, often from elements of the sym¬ 
pathetic chain. They may grow very large before detection 
and may be found incidentally. Symptoms of Horner syn¬ 
drome or tracheal displacement may be apparent. Occasionally, 
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FIGURE 106.8. Lung neoplasm in an 8-year-old child: inflammatory 
pseudotumor. A: Presenting chest radiograph with right lung collapse. 
B: Biopsy of an obstructing endobronchial mass demonstrates inflam¬ 
matory pseudotumor (inflammatory myofibroblastic tumor). C: Com¬ 
puterized tomographic “virtual bronchoscopy” image after initial 
biopsy demonstrates deformation of the right main stem bronchus and 
carina due to tumor infiltration. D: Computerized tomography recon¬ 
struction of the external appearance of airways demonstrating the 
deformation of the carina and right main stem bronchus. The child 
underwent excision of the right main stem bronchus and carina and tra¬ 
cheobronchial reconstruction. E: Postoperative transverse thoracic com¬ 
puterized tomography at the level of the reconstruction of the carina. 
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intraspinal extension results in symptoms of spinal cord com¬ 
pression. Neurogenic tumors may be malignant (neuroblas¬ 
toma, ganglioneuroblastoma) or benign (ganglioneuroma). 
Neuroblastoma originating in the mediastinum has a better 
prognosis than in other sites. The tumors are lower stage and 
often have more favorable biologic activity such as low ampli¬ 
fication of N-myc; however, stage IV mediastinal tumors still 
have a poor prognosis. 65 CT and MRI provide anatomic defi¬ 
nition of the mass and assess intraspinal extension. There is 
often widening of the intercostal spaces and enlargement of 
the spinal foramina at the level of origin of the tumor. All 
require removal for diagnosis. All but the largest tumors can 
be removed using a thoracoscopic approach. 66 

Neurofibromas arise from nerves in the posterior medi¬ 
astinum, such as the intercostal nerves, the phrenic nerve, the 
vagus nerve, or the sympathetic chain. They may occur as 
isolated tumors or in association with neurofibromatosis. Sco¬ 
liosis is particularly common in patients with thoracic neurofi¬ 
bromas. Isolated tumors are readily removed; however, tumors 
associated with neurofibromatosis tend to extend along nerve 
sheaths so as to preclude complete removal. Recurrence is to 
be expected in neurofibromatosis, and malignant degeneration 
to neurofibrosarcoma can occur in large tumors, mandating 
periodic monitoring. Neuroblastoma is also increased in 
patients with neurofibromatosis. 67 

Hodgkin and non-Hodgkin lymphoma may present as an 
anterior or middle mediastinal mass. Surgical removal is not 
required, but the pediatric surgeon often participates in the 
diagnostic workup. 68 Tissue sampling from cervical lymph 
nodes, thoracoscopy, or open biopsy may be needed for diag¬ 
nosis. Special anesthetic risks, including difficulty with ventila¬ 
tion and compromise of cardiac output, exist in the case of 
bulky anterior mediastinal tumors that compress the large air¬ 
ways. Specifically, patients with greater than 50% reduction in 
tracheal cross-sectional area or with dyspnea or orthopnea are 
at special risk. 69 Under these circumstances, biopsy of a supra¬ 
clavicular lymph node under local anesthesia or mass biopsy 
under general anesthesia without paralyzing agents and with 
ECMO standby should be considered. 70 

Teratomas arise in the anterior mediastinum and may con¬ 
tain elements of all three embryonic germ layers. The lesions 
are either solid or cystic well-rounded masses that frequently 
contain calcification on imaging. The most common form of a 
cystic teratoma consists of mature ectodermal elements known 
as a dermoid cyst. This lesion is characterized by a thick-walled 


fibrous sac with squamous epithelium in which various skin 
appendages including hair and teeth can be found. Occasion¬ 
ally, they are found within the pericardium. The tumors may be 
large (Fig. 106.10). Patients typically present with cough, dys¬ 
pnea, or chest pain, although many will be asymptomatic. Sur¬ 
gical removal of these cysts is indicated because of the risk of 
infection, erosion into the pleura or pericardium, and local 
compression. The rare occurrence of malignant components 
within the tumor mandates assessment of preoperative serum 
u-fetoprotein and /3-HCG and tumor removal. 

Other neoplasms of the mediastinum are very rare in chil¬ 
dren but often require surgical biopsy or extirpation. These 
include neurolemmoma, pheochromocytoma, primitive neu¬ 
roectodermal tumors, germ cell tumors, mesenchymal tumors 
including rhabdomyosarcoma, and thymic tumors. 

Chest Wall Tumors. Ewing sarcoma, chondrosarcoma, and 
liposarcoma are malignant tumors that may originate from the 
chest wall. Local control of disease may require extensive chest 
wall excision and prosthetic reconstruction. Primitive neuroec¬ 
todermal tumors are malignant small-cell tumors that carry a 
poor prognosis and may involve the chest wall and surround¬ 
ing tissues. Multimodal therapy with surgery, chemotherapy, 
and radiation may be of benefit. 71,72 

Respiratory Papillomatosis. Recurrent respiratory papil¬ 
lomatosis is a viral-induced disorder caused by the same 
human papilloma viruses that cause genital condylomata. 73 It 
is likely transmitted at birth, and there may be some protective 
prophylactic benefit from cesarean section in selected high-risk 
expectant mothers. Airway-obstructing papillomas develop in 
the first several years of life and are treated with laser ablation. 
Often, many sessions are required to clear the airways. Chil¬ 
dren who develop symptoms before age 3 years are more likely 
to have severe disease. 74 


ESOPHAGEAL ATRESIA/ 
TRACHEOESOPHAGEAL FISTULA 

Esophageal atresia and tracheoesophageal fistula were first 
described by Thomas Gibson in 1697. A London-based physi¬ 
cian, Gibson visited a baby who was unable to swallow 
without constant regurgitation of food. At autopsy, Gibson dis¬ 
covered two blind ends of esophagus that did not interconnect. 
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FIGURE 106.10. Mediastinal teratoma. A: Transverse thoracic computerized tomography of a large anterior mediastinal teratoma presenting 
with airway compression symptoms in a 9-month-old female. B: Tumor removal via a median sternotomy. 


As the subjects of anatomy and physiology exploded with new 
information, the understanding of esophageal atresia and fis¬ 
tula drastically improved. Initial attempts at both corrective 
and palliative surgery in the early part of the 20th century 
were unsuccessful. On March 15, 1941, Dr. Cameron Haight 
performed the first successful primary repair of esophageal 
atresia at the University of Michigan. 75 Refinements in surgical 
technique and postoperative critical care have resulted in a 
steady improvement in survival for such patients over the 
ensuing five decades. 76 In the modern era, survival is deter¬ 
mined almost exclusively by severe prematurity and the pres¬ 
ence of associated anomalies, in particular cardiac disease, and 
not by the esophageal abnormality itself. 77 


Embryology 

Development of the human respiratory tract begins as primitive 
epithelial cells branch off of the ventral foregut of the embryo 
into the surrounding mesenchyme at the beginning of the 
fourth week of gestation. There are ongoing processes that 
involve both elongation and separation of the foregut (esopha¬ 
gus) and the airway (trachea). By the end of the fourth week of 
gestation, the esophagus and trachea have completely sepa¬ 
rated to the level of the larynx. This developmental program is 
under the control of master regulatory genes that are turned on 
and off in an orderly fashion. Interruption of this developmen¬ 
tal process during the fourth week of gestation probably results 
in the various forms of esophageal atresia with or without 
tracheoesophageal fistula. By the end of the sixth week of ges¬ 
tation, the circular muscular coat of the esophagus develops, 
followed by vagal innervation. The segmental blood supply 
from the aorta appears by the seventh week, and the muscular 
coat has differentiated into two layers by the ninth week. The 
malformation can be recapitulated in an animal model by the 
administration of Adriamycin at specific times and doses to 
pregnant rats during organogenesis. 78,79 


Classification 

Q Descriptive terminology is used to indicate the anatomic config- 
uration of a patient with esophageal atresia (Fig. 106.11). 
Esophageal atresia with proximal pouch and distal tracheoe¬ 
sophageal fistula is by far the most common type encountered by 
the pediatric surgeon, accounting for 85% to 95% of all cases. 


Esophageal atresia without fistula (pure atresia) occurs in 5% to 
7% of patients. Tracheoesophageal fistula without esophageal 
atresia (so-called “H-type” or “N-type” fistula) occurs in 2% to 
6% of patients. The more rare forms of this anomaly include 
esophageal atresia with proximal tracheoesophageal fistula and 
esophageal atresia with both proximal and distal tracheoe¬ 
sophageal fistula. The frequency of these rare forms is less than 
1% in most reports. Alphabetical and numeric classification 
schemes, devised by Haight, 80 Gross, 81 and Kluth 82 are of histor¬ 
ical interest. The most common variety (proximal pouch, distal 
fistula) is still commonly referred to as “Gross type C.” 


Incidence and Epidemiology 

The incidence of esophageal atresia varies among populations 
and races in the range of 1 in 2,500 to 1 in 20,000 births. The 
overall incidence is about 1 in 5,000. There is a slight male 
preponderance of 1.26:1. First pregnancy, advanced maternal 
age, hormonal exposure in pregnancy, and an affected parent 
and affected siblings are risk factors. Chromosomal abnormal¬ 
ities, twinning, and associated anomalies are more common 
than expected. 


Clinical Findings, Diagnosis, 
and Pathophysiology 

The diagnosis of esophageal atresia may be suspected by the 
finding of maternal polyhydramnios. Specific ultrasonic identi¬ 
fication of the blind-ending upper pouch may be diagnostic. 
However, many patients go undiagnosed until after birth. 
Most infants are asymptomatic in the first hours of life. Exces¬ 
sive drooling may be noted. Choking, coughing, and regurgi¬ 
tation may be present and worsened by attempts at feeding. 
Respiratory distress and cyanosis due to aspiration may occur. 
Occasionally, in the breast-fed infant, the diagnosis may be 
unrecognized for more than a day as the volume of feeding 
associated with colostrum ingestion prior to milk flow may 
be very low. The inability to pass a nasogastric or orogastric 
tube is confirmatory of the diagnosis. Radiographs confirm the 
position of the tube in the proximal blind-ending pouch. Injec¬ 
tion of air during the radiograph outlines the pouch. The child 
with esophageal atresia and a tracheoesophageal fistula will 
have a full abdomen and gas visible throughout the bowel on 
the abdominal radiograph. A scaphoid abdomen and gasless 
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FIGURE 106.11. The anatomy of the 
variants of esophageal atresia and tra¬ 
cheoesophageal fistula (TEF). A: Prox¬ 
imal pouch with distal TEF (most com¬ 
mon type occurring in 85% of patients; 
Gross type “C”). B: Esophageal atresia 
without TEF (5%). C: TEF without 
esophageal atresia (<5%). D: Eso¬ 
phageal atresia with proximal and dis¬ 
tal TEF (rare). E: Proximal TEF and 
distal pouch (rare). (After Manning PB, 
Morgan RA, Coran AG, et al. Fifty 
years’ experience with esophageal atre¬ 
sia and tracheoesophageal fistula. Ann 
Surg 1988;204:446.) 


A 

Proximal pouch with distal TEF 



B 

Atresia without TEF 




C 

TEF without atresia 




radiograph indicate pure esophageal atresia with no fistula. 
Isolated tracheoesophageal fistula without esophageal atresia 
does not result in esophageal obstruction and therefore is diag¬ 
nosed later in infancy or childhood as a result of respiratory 
symptoms such as aspiration pneumonia, choking with feeds, 
and gastric distention with crying. Exact delineation of the 
anatomy may require endoscopic evaluation at the time of sur¬ 
gical correction (Fig. 106.12). If a distal fistula is present, gas¬ 
troesophageal reflux into the respiratory tract will result in 
chemical pneumonitis. This may be made worse by air disten¬ 
tion of the stomach through the fistula. This is less of a prob¬ 
lem if the respiratory tract is mature and the infant can breathe 
normally. If significant respiratory failure is present, lung com¬ 
pliance is decreased, and positive pressure mechanical ventila¬ 
tion is required, ventilating gases may flow preferentially 
through the fistula into the gastrointestinal tract. Progressive 
abdominal distention may preclude adequate ventilation 


requiring emergency decompression of the stomach and con¬ 
trol of the fistula. 


Associated Anomalies 


Associated anomalies are present in about half of newborns 
with esophageal atresia, indicating that other systems are 
affected by the early organogenic insult that disturbs the devel¬ 
opment of the trachea and esophagus. The most common asso¬ 
ciated anomalies are cardiovascular defects. Genitourinary, 
gastrointestinal, skeletal, neurologic, and craniofacial defects 
are found with increased frequency in patients with esophageal 
atresia as well. The particular occurrence of vertebral anom¬ 
alies, anorectal malformations, and cardiac, tracheoe¬ 
sophageal, renal and (radial) limb defects is known as the 
VACTERL association. Two or more of these defects need to be 
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FIGURE 106.12. Bronchoscopic view of the trachea in a patient with common esophageal atresia and tracheoesophageal fistula (TEF). Note that 
during the inspiratory phase of positive pressure ventilation the fistula opens widely, demonstrating the “face” of TEF (lower left). The more prox¬ 
imal view in the trachea demonstrates tracheomalacia with coaptation of the anterior trachea and posterior membranous trachea (lower right). 


present to assign the association to a given patient. Nearly half 
of tracheoesophageal atresia patients will exhibit one of the 
VACTERL malformations. 83 


Preoperative Treatment 

Preoperatively, attempts at feeding are stopped and intravenous 
fluids are started. Further aspiration is minimized by placement 
of a sump catheter in the upper esophageal pouch. To avoid 
further lung injury, antacids and antibiotics should be consid¬ 
ered. Additionally, standard precautions such as head-up 
positioning should be universally accepted. Endotracheal intu¬ 
bation is avoided unless necessary since positive pressure venti¬ 
lation may result in preferential flow of ventilatory gases 
through the fistula. Ventilation strategies such as high- 
frequency oscillatory ventilation (FTFOV) should be employed 
if respiratory failure is associated with decreased lung compli¬ 
ance and to potentially avoid filling the stomach with gas. Early 
use of surfactant to improve lung compliance should be con¬ 
sidered in premature infants with respiratory failure. Bedside 
decompressive gastrostomy may be needed if gastric distention 
compromises ventilation or a prolonged interval is planned 
prior to surgery. One of the more difficult issues in pediatric 
surgery is the decision making around ligating the fistula in a 
newborn with esophageal atresia and distal tracheoesophageal 
fistula prior to onset of severe respiratory insufficiency. The 


lung retraction required to ligate the fistula is prohibitive once 
respiratory insufficiency has progressed. Thus, the surgeon 
must be prepared at the first signs of respiratory compromise to 
control the fistula by emergency operative ligation. An alterna¬ 
tive is to place an occluding distal esophageal balloon via a 
gastrostomy under fluoroscopic guidance or bronchoscopic 
guidance if ventilation cannot be maintained. 84 

The goal of modern operative treatment is to correct the 
anomaly completely with a single operation, avoiding a gas¬ 
trostomy if possible. Immediate surgery is rarely required, and 
a day or two may be utilized to complete the assessment of the 
infant, including the echocardiographic evaluation to deter¬ 
mine the position of the aortic arch and the presence of struc¬ 
tural heart disease. This time period will also allow a complete 
transition from fetal circulation. Respiratory hygiene, position¬ 
ing, and antibiotics may improve the infant’s overall condition. 

FTigh-risk infants who cannot safely undergo surgical cor¬ 
rection of their esophageal abnormality may be treated with 
delayed repair. A decompressive gastrostomy, proximal pouch 
suctioning, and parenteral nutrition are used until the infant is 
ready for operation. Severe respiratory failure (usually from 
prematurity) and structural heart disease are the most com¬ 
mon reasons to delay esophageal surgery. A staged repair that 
employs gastrostomy, surgical division of the tracheoe¬ 
sophageal fistula, followed by esophageal anastomosis as a 
second thoracic operation is rarely used except as a lifesaving 
approach. 
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FIGURE 106.13. Patient with pure esophageal atresia treated initially 
with feeding gastrostomy, and proximal pouch stretching. This “gap- 
o-gram” demonstrates close approximation of a dilator in the 
proximal pouch and a probe placed in the distal esophagus via the gas¬ 
trostomy. The child subsequently underwent primary repair of the 
esophagus. 


In the case of pure esophageal atresia without fistula, a pro¬ 
longed period of delay prior to repair may be used to improve 
the likelihood of completing a primary repair of the esopha¬ 
gus. A feeding gastrostomy is performed initially. This may be 
technically challenging since microgastria is present with pure 
atresia. Intragastric feeding and somatic growth result in 
shortening of the interval between the upper pouch and lower 
esophageal segment over the course of several weeks. The 
upper pouch may be stretched by daily or twice-daily passage 
of a blunt flexible bougie. Radiographic determination of 
the distance between the two esophageal ends guides the tim¬ 
ing of operation (Fig. 106.13). 

The Waterston classification stratified infants into good, 
moderate, and high-risk groups based on birth weight, pneumo¬ 
nia, and associated anomalies. 85 The risk group was used to help 
determine the timing and staging of surgical correction and to 
compare the results at different centers. Low birth weight/ 
prematurity has less of an impact on survival than in the past. Cur¬ 
rently, the presence of major cardiac disease and chromosomal 
abnormalities are the most important predictors of survival. 86-89 


Surgical Technique 

In most patients, it is not necessary to perform a gastrostomy at 
the time of repair. With typical anatomy (left aortic arch), the 
repair is performed via a right thoracotomy (Fig. 106.14). 
Although the approach may be either transplural or 
extraplural, the extrapleural approach is preferred by most 
pediatric surgeons. A standard posterolateral right thoraco¬ 
tomy may be employed. There is no need to divide the latis- 
simus or serratus muscles, and a muscle-sparing approach may 
have long-term benefits. 90 A more posterior approach through 
the auscultatory triangle affords excellent exposure with a very 


small skin incision. The extrapleural plane is established at the 
fourth intercostal space and developed sufficiently to allow 
control of the fistula and adequate mobilization of the proxi¬ 
mal pouch. The distal tracheoesophageal fistula is divided and 
closed. The proximal pouch is identified and mobilized to 
whatever extent is needed to bring the ends together for anas¬ 
tomosis. If a proximal fistula is present, it is closed. 

Various lengthening techniques may be used when the gap 
is long between the esophageal ends. These techniques include 
circular myotomies, spiral myotomies, flap tubularization of 
the proximal pouch, and extensive mobilization of the proxi¬ 
mal pouch through a supplementary cervical incision. Con¬ 
trary to earlier teaching, the distal esophagus may be 
mobilized as well when there is a long distance between 
the upper pouch and lower esophagus, or in the case of pure 
esophageal atresia. Distal mobilization may extend to the 
stomach. An anastomosis may heal, even under tension. One- 
layer, two-layer, and end-to-side repairs have been used. Most 
surgeons use a single layer end-to-end anastomosis. 

A staged repair has been described that has been successfully 
employed in pure and long gap esophageal atresia. Traction 
sutures are initially placed in the upper pouch and lower seg¬ 
ment. Daily tensioning results in lengthening of the esophagus 
that allows anastomosis within a few weeks 91 (Fig. 106.15). 

In the worst cases of long gap atresia, pure atresia, or failed 
initial operative repairs, esophageal replacement may be per¬ 
formed at a later date using stomach, gastric tube, or colon. 92-94 
Such conditions may be temporized with a cervical esophagos- 
tomy (“spit fistula”) and gastrostomy with initiation of sham 
feeds. 

Tracheoesophageal fistula without esophageal atresia is 
referred to as H-type atresia. The orientation of the fistula is 
such that the opening into the trachea is always proximal to 
the esophageal entry site. Repair is performed through a cervi¬ 
cal approach after bronchoscopically stenting the fistula with 
a small catheter. The catheter aids in the precise identification 
of the fistula during dissection in the neck. Care must taken to 
stay in the plane of the esophagus to avoid injury to the recur¬ 
rent laryngeal nerves. 

Minimally invasive techniques using modifications of tho¬ 
racoscopy may be used to treat esophageal atresia. 95,96 In fact, 
the thoracoscopic approach is now used by many surgeons 
with equivalent outcomes except, perhaps, an increased rate of 
stricture formation. 97 

Results, Complications, and Outcomes. Technical mis¬ 
haps during the procedure occur when the anatomy is misiden- 
tified or dissection is carried out improperly. Unplanned injury 
to the vagus nerves, recurrent laryngeal nerves, posterior tra¬ 
chea, and adjacent vessels must be avoided. 

Anastomotic leak is said to occur in 10% to 20% of patients. 
The vast majority of such leaks will heal spontaneously. The 
presence of a leak prolongs hospitalization and increases the 
likelihood of stricture formation at the anastomotic site. When 
a leak is detected, the retropleural chest tube is left in place, the 
infant is not fed by mouth, and antibiotics may be adminis¬ 
tered. Repeat contrast documents healing prior to the initia¬ 
tion of feeds. 

Esophageal stricture at the site of the repair is found in as 
many as 40% of patients after repair. Many strictures will 
respond to a few sessions of dilation. Dilations are performed 
in the operating room with endoscopic and fluoroscopic assis¬ 
tance, as necessary, to assure the safe traverse of the narrowing 
by guide wires and dilators. More recalcitrant strictures may 
require many dilation sessions, steroid injection, and medical 
or surgical control of gastroesophageal reflux for resolution. 
Occasionally reoperation, with resection of the stricture and 
reanastomosis of the esophagus, may be required. 

Recurrent tracheoesophageal fistula is reported to occur in 
up to 10% of patients. Recurrent fistulas may respond to 
endoscopic ablation, a combined Tisseel/Gelfoam construct 
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Cephalad Anterior 



FIGURE 106.14. A: Schematic illus¬ 
tration of esophageal atresia with dis¬ 
tal tracheoesophageal fistula. B: The 
initial management of this anomaly 
includes upright or prone posture, 
sump suction of the blind esophageal 
pouch. C: The right extrapleural oper¬ 
ative approach. After division and 
closure of the fistula, primary esopha- 
goesophagostomy is performed. (After 
Coran AG. Congenital abnormalities 
of the esophagus. In: Zuidema GD, 
Orringer MD, eds. Shackelford’s 
Surgery of the Alimentary Tract. 2nd 
ed. Philadelphia, PA: WB Saunders; 
1990.) 


placed into the fistula, or require operative division with inter¬ 
position of pleura, muscle, or pericardium. 

Gastroesophageal reflux is present in nearly all infants with 
esophageal atresia. It is symptomatic in many and may con¬ 
tribute to respiratory symptoms and stricture formation. 



FIGURE 106.15. In patients with ultra-long-gap esophageal atresia, 
traction sutures are placed on the upper pouch and lower segment. 
Tension is increased daily until the segments lengthen, allowing pri¬ 
mary repair. (Adapted from Foker JE, Kendall TC, Catton K, et al. A 
flexible approach to achieve a true primary repair for all infants with 
esophageal atresia. Semin Pediatr Surg 2005;14:8-15.) 


Medical treatment consists of thickened feedings, upright posi¬ 
tioning after feeds, frequent burping, small frequent feeds, acid 
reduction, and prokinetic agents. In many infants, medical 
treatments will be inadequate to control symptoms and surgi¬ 
cal control of reflux will be required. 

Esophageal dysmotility is present to some degree in all 
patients with esophageal atresia. Dysmotility contributes to 
gastroesophageal reflux and may be responsible for dysphagia 
and recurrent respiratory problems. 

Tracheomalacia may result in symptoms after the correction 
of esophageal atresia. Bronchoscopically, the trachea appears 
oval in shape rather than round. The anterior and posterior 
walls coapt during the respiratory cycle (Fig. 106.12). Fluoro¬ 
scopic examination of the trachea demonstrates narrowing or 
“fish-mouthing” in the anteroposterior dimensions during 
spontaneous expiration. Tracheomalacia “fits” occur as the 
infant becomes agitated and develops worsening chest retrac¬ 
tions with inspiration. The condition may deteriorate to com¬ 
plete inspiratory block and unconsciousness. When sponta¬ 
neous respiration resumes in a quiet fashion, the “spell” is over. 
Intubation and resuscitation may be required. The symptoms 
are completely relieved by endotracheal intubation. Infants 
with less severe symptoms may improve over time as the tra¬ 
chea grows. Severe symptoms require either tracheostomy or 
tracheal suspension with an aortopexy under bronchoscopic 
guidance to ensure effectiveness of the aortopexy. There can be 
difficulty in determining whether cyanotic spells or an acute 
life-threatening event are due to tracheomalacia or gastroe¬ 
sophageal reflux. Data from bronchoscopy to evaluate the 
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degree of tracheomalacia and upper gastrointestinal radiography 
and pH probe to assess for reflux can be combined with symp¬ 
toms noted prior to the event to help lead the surgeon toward an 
operation to resolve the most likely of the two problems. 98 

Long-term results have improved in patients with esophageal 
atresia. Most children can look forward to survival with a nor¬ 
mal existence. 99-103 Overall survival rates are reported in the 
85% to 95% range. However, there are subsets of infants who 
do not fare as well. The mortality rate is high for infants with 
severe congenital heart defects and chromosomal abnormalities. 
Late deaths related to respiratory disease (tracheomalacia, reac¬ 
tive airway disease, gastroesophageal reflux, aspiration) can 
occur. 88 The very long term outcomes for children with repaired 
esophageal atresia are not known. Disordered peristalsis and 
chronic esophagitis may have long-term implications such that 
periodic endoscopic surveillance of the esophagus should be 
performed in select patients. 104 


OTHER CONGENITAL 
ABNORMALITIES OF THE 
TRACHEA AND ESOPHAGUS 


Laryngotracheoesophageal Cleft 

Laryngeotracheoesophageal cleft (LTEC) abnormalities repre¬ 
sent the most severe anomalies of development of the trachea 
and esophagus. Type I abnormalities communicate at the level 
of the larynx and cricoid. Type II abnormalities extend beyond 
the cricoid into the cervical trachea. Type III LTEC involves 
the entire trachea from the larynx to the carina. The embryo- 
genesis of LTEC is poorly understood but likely represents a 
disruption similar to but more severe than the more common 
esophageal atresia/TEF abnormality. Associated abnormalities 
of the cardiovascular system and genitourinary and gastroin¬ 
testinal tracts are common. In patients with type I and II 
defects, esophageal atresia and a distal tracheoesophageal fis¬ 
tula is present about a third of the time. 

Type I clefts may be repaired via an endoscopic or transla- 
ryngeal approach. Type II clefts require cervical exposure, 
either laterally or by dividing the larynx and trachea in the mid¬ 
line. This anterior midline approach provides excellent expo¬ 
sure and avoids injury to the recurrent laryngeal nerves. Type 
III clefts extending to the carina, or beyond, require direct 
exposure through a right extrapleural thoracotomy as well as 
cervical exposure. The trachea and esophagus are separated 
longitudinally in such a way as to leave a remnant of the esoph¬ 
agus with the trachea to be used in reconstructing the posterior 
membranous portion of the trachea. The esophagus is then tubu- 
larized. A multilayered repair of the larynx is completed through 
the cervical exposure. Breakdown of the repair and prolonged 
need for tracheostomy are common. Oromotor dysfunction 
and chronic aspiration are long-term problems. Most children 
will require a gastrostomy for feedings. Gastroesophageal 
reflux is common and may require surgical control. 


Congenital Esophageal Stenosis 

Acquired peptic strictures of the esophagus are relatively com¬ 
mon and may occur early in life. True congenital stenosis is very 
uncommon. The stenotic areas may be (a) a membranous, web¬ 
like diaphragm; (b) fibromuscular thickening characterized by 
submucosal proliferation of smooth muscle cells and connective 
tissue; or (c) due to sequestration of respiratory tract remnants 
in the form of respiratory epithelium and cartilage. The carti¬ 
lage remnants may form a complete nondistensible ring in the 
esophagus. Dysphagia may be present from infancy or become 
apparent when solid foods are introduced. The diagnosis is con¬ 
firmed by esophagoscopy. Stenoses are initially treated with 



FIGURE 106.16. Thoracoscopic excision of an esophageal duplica¬ 
tion cyst in a patient presenting with dysphagia. Video endoscopic 
view of the left superior hemithorax. ( + ) indicates site of original 
esophageal duplication cyst. Light from the intraesophageal endoscope 
can be seen. Arrows demonstrate the subclavian artery. The mass (*) 
is nearly excised. 


dilations. Stenosis due to respiratory tract remnants is more 
likely to require segmental resection of the involved area. 


Esophageal Duplication 

Esophageal duplications are found in the posterior mediastinum 
and are covered by a muscular wall that is in continuity with the 
muscular wall of the esophagus. The epithelial lining is usually 
intestinal, often gastric, mucosa and does not usually communi¬ 
cate with the esophagus. These cysts may also have a respiratory 
epithelium lining underscoring the relatedness of the various 
bronchopulmonary foregut malformations. Neurenteric cysts 
will communicate with the spinal canal. Masses are discovered 
incidentally or as a result of compression on adjacent organs. 
Acid-peptic ulceration from gastric mucosa within the cyst may 
result in symptoms such as pain, bleeding, or erosion into adja¬ 
cent structures (lung parenchyma, bronchus, esophagus). Exci¬ 
sion is recommended. Thoracoscopic techniques allow excision 
with minimal morbidity (Fig. 106.16). 


Vascular Rings 

E> Vascular rings result from faulty embryogenesis of the aortic 
arch and great vessels. In these abnormalities, the esophagus 
and trachea are surrounded by vascular structures and dense 
connective tissue that results in symptoms of airway or 
esophageal obstruction. Symptoms include wheezing, noisy 
breathing, coughing, stridor, pneumonia, and dysphagia (often 
when solid foods are started). A barium swallow may be sug¬ 
gestive or diagnostic. CT and MRI are used to define the 
anatomic abnormality. Echocardiography is used to rule out 
structural heart disease. 

The most common abnormality encountered is a double 
aortic arch, resulting from the persistence of both the left and 
the right embryologic aortic arches. The ascending aorta bifur¬ 
cates, surrounding the trachea and esophagus, then rejoins as 
the descending aorta. Other developmental abnormalities may 
result in complete or incomplete rings that compress the 
trachea and/or the esophagus. When the vascular ring is 
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symptomatic, the patient should be treated surgically by 
appropriate division of the ring and the lysis of the fibrous 
bands that surround the trachea and esophagus. 


Congenital Tracheal Stenosis 

Failure of tracheal growth and development results in a wide 
variety of abnormalities. Short segments of the trachea may be 
narrowed, or the entire trachea may be hypoplastic. Often, 
complete tracheal cartilaginous rings are present. Short stenotic 
areas may occasionally respond to balloon dilation, which splits 
the complete tracheal rings. Segmental stenoses may be 
amenable to resection and anastomosis. Longer stenoses may 
be corrected with placement of a graft to widen the lumen of the 
trachea. Most recently, the slide tracheoplasty technique has 
been used to reconstruct narrowed regions of the trachea. 105,106 


FOREIGN BODIES OF THE 
TRACHEOBRONCHIAL TREE 


Foreign body ingestion and aspiration occur commonly in the 
pediatric population. Endoscopic removal of foreign bodies 
that lodge in the esophagus is covered in Chapter 45. Any for¬ 
eign body that could obstruct the airway represents a poten- 
0 tially life-threatening problem. The National Safety Council 
estimates that 200 deaths (most in children under 5 years of 
age) occur each year in persons under the age of 15 years as a 
result of suffocation by an ingested object. 107 The Hopkins rod 
lens optical system with fiberoptic illumination, developed in 
the 1970s, combined with rigid pediatric bronchoscopes and 
specialized grasping devices has resulted in a safe and reliable 
method for airway foreign body extraction. 


Pathophysiology 

Complete obstruction of the airway and asphyxiation can occur 
at the level of the laryngeal inlet, the subglottis, or the trachea. 
Back blows (recommended in infants), abdominal thrust, or the 
Heimlich maneuver may dislodge the obstruction and save a 


life. An inhaled foreign body that lodges at the bronchial level 
can create a ball-valve phenomenon in the affected bronchus, 
allowing bi-directional but unequal flow of air. Air trapping and 
hyperinflation in the affected lobe or lung leads to mediastinal 
shift to the opposite side. Complete blockage of the bronchus by 
the foreign body results in loss of volume in the affected lobe or 
lung. In this case, the resulting volume loss from atelectasis will 
shift the mediastinum to the ipsilateral side. 


Clinical Presentation 


Most affected children are under 4 years of age, with a peak 
incidence between 1 and 2 years. Twenty percent of foreign 
body aspirations occur after the age of 4 years. Foreign bodies 
are more likely to lodge in the right side of the tracheobronchial 
tree. Most will be found in the main stem bronchus. 108 Peanuts 
are commonly aspirated and particularly troublesome. They 
become soft, fracture readily, and may require piecemeal 
removal. Other types of food, such as carrots and popcorn, or 
inorganic material, such as pins, wood, paper, and metallic and 
plastic parts, may be aspirated. 

The aspiration event may have been witnessed or suggested 
by a history of a coughing or choking spell. The most common 
symptoms include cough, wheezing, dyspnea, and fever, while 
the most common signs are unilateral decreased breath sounds, 
unilateral wheezing, and rhonchi. Inspiratory and expiratory 
chest radiographs (or bilateral decubitus views in the case of 
children too young to cooperate) may demonstrate hyperinfla¬ 
tion on the affected side due to air trapping. Although physical 
signs, symptoms, and radiographic findings are often present, a 
suggestive history alone is an adequate indication to proceed 
with bronchoscopy. 109 


Management 

Bronchoscopic evaluation and foreign body removal is per¬ 
formed in the operating room under general anesthesia 
(Fig. 106.17). The rigid bronchoscope with optical forceps can 
be used to remove most aspirated foreign bodies safely. The flex¬ 
ible grasper, Fogarty balloon catheters, and baskets can be use¬ 
ful, especially when the foreign body has migrated distally or has 



FIGURE 106.17. Schematic illustra¬ 
tion of a peanut foreign body being 
extracted from the right main stem 
bronchus under direct vision. 
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FIGURE 106.18. Four-panel operative photograph of the removal of a pin from lung periphery. The tip of the pin is seen 
on the lung surface. Thoracoscopic instrumentation. Grasping pin. Pin removed. 


a smooth or round surface. Fluoroscopic assistance has been 
used for radiopaque objects that have migrated into the periph¬ 
eral airways. 

Over time, pneumonia or atelectasis may develop in the 
lobe or lung associated with a foreign body. Occasionally, for¬ 
eign body aspiration that presents as a chronic lung infection 
will require surgical resection of the associated portion of the 
lung. Figure 106.18 shows the fluoroscopically assisted thora¬ 
coscopic removal of an aspirated pin that migrated to the 
peripheral lung surface. 


CONGENITAL ABNORMALITIES 
OL THE DIAPHRAGM 


Developmental defects of the diaphragm are of great interest 
to pediatric surgeons. Advances in the treatment of newborn 
respiratory failure, fetal surgery, and lung developmental biol¬ 
ogy have grown directly out of the clinical and laboratory 
investigation of CDH (Bochdalek hernia). Occurring in 
approximately 1 in 3,000 newborns, this relatively rare con¬ 
genital disease represents a significant area of research within 
the clinical and basic science research community. 

McCauley 110 described the clinical course and post¬ 
mortem anatomy of an infant with CDH in 1754. Although 


Bochdalek’s 111 understanding of the embryology was incor¬ 
rect, this congenital defect continues to carry his name. Suc¬ 
cessful repair of CDH remained rare prior to 1940. 112 In 1946, 
Gross 113 reported the first infant less than 24 hours old surviv¬ 
ing operative repair of the defect. The standard of care 
remained immediate neonatal surgery until the 1980s. CDH 
was considered to be an anatomic derangement that was 
treated by an anatomic correction (i.e., the surgical solution 
was to “get the bowel out of the chest” and “prevent further 
lung compression from the intestines”). 

During the last 25 years, greater emphasis has been placed 
on the physiologic behavior of the lungs in CDH. Lung func¬ 
tion, as determined by the degree of pulmonary hypoplasia 
and pulmonary hypertension, is the most important determi¬ 
nant of survival in CDH. With endotracheal intubation, gas¬ 
tric decompression, and positive pressure ventilation at low 
ventilator pressures, there is very little consequence to the 
presence of the abdominal viscera in the chest. Surgery may be 
delayed almost indefinitely, if necessary. 114 Pulmonary hyper¬ 
tension is aggressively treated by whatever means necessary, 
and surgical repair is performed when labile pulmonary hyper¬ 
tension has resolved. Improved survival of infants with CDH 
has resulted from a better understanding of the physiology of 
postnatal pulmonary hypertension and changes in the timing 
of surgery. Better treatments for pulmonary hypertension and 
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therapies aimed at augmenting the development of hypoplastic 
lungs will no doubt result in further improvements in the sur¬ 
vival and long-term morbidity of CDH infants. 115 


Embryology of the Lung and Diaphragm 

Mammalian lung development occurs in vivo as a coordinated 
developmental process that includes (a) airway and acinar devel¬ 
opment, (b) cellular differentiation, (c) biochemical maturation, 
(d) interstitial development including vasculature and extracellu¬ 
lar matrix, and (e) physical growth or enlargement. These paral¬ 
lel developmental processes occur in such a fashion that at any 
one time during development, there are characteristic relation¬ 
ships among each component that define the so-called stages of 
lung development. 116-118 Pulmonary development is marked by a 
series of programmed events regulated by master genes such as 
the homeobox genes, nuclear transcription factors, hormones, 
and growth factors. These processes involve genes regulating 
epithelial and endothelial interactions as well as temporal and 
spatial interactions of several hormones and growth fac¬ 
tors. 119,120 Hormones such as the glucocorticoids, thyroid hor¬ 
mone, and retinoic acid have been shown to regulate several of 
the crucial cellular interactions required for proper pulmonary 
organogenesis and differentiation. In the human embryo, respi¬ 
ratory tract development begins in the fourth week of gestation 
as a ventral out pouching of the foregut that soon has bifurcated 
and begun branching into the surrounding mesenchyme. The 
primitive, pluripotent epithelial cells differentiate into both 
bronchial and alveolar cell lines, under the control of the sur¬ 
rounding mesenchyme. By a process of asymmetric branching, 
the divisions are complete by the 16th week of gestation. Lung at 
this phase has columnar epithelium with thick mesenchyme giv¬ 
ing rise to the descriptive term pseudoglandular phase of devel¬ 
opment because of its histologic appearance. The canalicular 
phase that follows and continues up to about the 24th gesta¬ 
tional week is characterized by flattening of the epithelium of the 
distal airways, thinning of the mesenchyme, and the growth of 
the capillary network that surrounds the terminal airways. Gas 
exchange becomes functionally possible at the end of this phase. 
The terminal sac period that follows refers to the appearance of 
a thin respiratory epithelium in apposition to a capillary network 
capable of supporting gas exchange. True alveolar formation in 
humans begins shortly before or around the time of birth. Alve¬ 
olar maturation and multiplication takes place after birth and 
may continue up to 8 years of age. 

The precursors of the mesoderm-derived diaphragm begin to 
form during the fourth week of gestation with the appearance of 
the peritoneal folds from lateral mesenchymal tissue. At the 
same time, the septum transversum forms from the inferior por¬ 
tion of the pericardial cavity and serves to delineate the thoracic 
from the abdominal cavities. Eventually, the septum transver¬ 
sum leads to the formation of the central tendinous area of the 
fully developed diaphragm. The pleuroperitoneal folds extend 
from the lateral body wall and grow medially and ventrally until 
they fuse with the septum transversum and dorsal mesentery of 
the esophagus during the sixth gestational week. Complete clo¬ 
sure of the canal takes place during the eighth week of gestation, 
with the right side closing before the left. 121 Muscularization of 
the diaphragm appears to develop from the innermost layer of 
thoracic mesoderm, although other mechanisms have been pro¬ 
posed. 122 A cell-based computer model system supports a pleu¬ 
roperitoneal fold-dominated diaphragm morphogenesis theory 
in the rodent model, which creates a posteromedial diaphragm 
defect, whereas the posterolateral defect seen in humans would 
be supported by an alternate cellular development. 123 A contri¬ 
bution from cervically derived myoblasts is also present, as evi¬ 
denced by the innervation of the diaphragm by the phrenic 
nerve originating from the third, fourth, and fifth cervical nerve 
roots. Posterolaterally, at the junction of the lumbar and costal 
muscle groups, the fibrous lumbocostal trigone remains as a 
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FIGURE 106.19. Anatomy of the diaphragm showing the location of 
congenital diaphragmatic defects. 


small remnant of the pleuroperitoneal membrane and relies for 
its strength on the fusion of the two muscle groups in the final 
stages of development. It is in this area that the defect of CDH 
occurs (Fig. 106.19). 


Congenital Diaphragmatic Hernia 
Pathology and Pathophysiology 

The reported incidence of CDH is estimated to be between 1 in 
2,000 and 1 in 5,000 births, making it one of the most common 
congenital abnormalities. 124 Approximately one third of infants 
with CDH are stillborn, but these deaths are usually due to 
associated fatal anomalies such as neural tube defects (anen- 
cephaly, myelomeningocele, hydrocephalus, and encephaloce- 
les) and cardiac defects. Defects are more common on the left 
side (80% left, 20% right) based on the CDH registry. 114 CDH 
is thought to represent a sporadic developmental anomaly, 
although a number of familial cases have been reported. The 
expected recurrence risk in a first-degree relative has been esti¬ 
mated to be 1 in 45. 124 One third of affected infants have asso¬ 
ciated major defects. The combination of CDH and an abnor¬ 
mal karyotype is associated with a poor outcome. 125 Associated 
significant heart disease is also a predictor of poor outcome. 126 

The cause of CDH is unknown, but it is presumed that some 
combination of intrinsic predisposition (genetic factors) and 
environmental insult (teratogen or deficiency) results in abnor¬ 
mal diaphragm and lung development. Exposure to a number of 
pharmacologic agents has been implicated in its development, 
including certain drugs and insecticides such as phenmetrazine, 
thalidomide, quinine, and nitrofen. 124 Vitamin A deficiency in 
CDH infants and the effects of vitamin A administration in 
nitrofen-induced pulmonary hypoplasia have strengthened the 
evolving hypothesis that alterations in retinoid-regulated target 
genes may be responsible for CDH development. 127 Diaphrag¬ 
matic hernia and pulmonary hypoplasia can be created in ani¬ 
mal models, both surgically and pharmacologically. 128-131 
Genetically, there is currently no established inheritance pattern 
in patients afflicted with CDH. 

During the early development of the diaphragm, the midgut 
is largely extracoelomic. If closure of the pleuroperitoneal 
canal has not occurred by the time the midgut returns to the 
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FIGURE 106.20. Autopsy specimen of an infant with severe pulmonary 
hypoplasia secondary to congenital diaphragmatic hernia. Pulmonary 
hypoplasia is bilateral, but the left lung is most severely affected. 


abdomen during the 9th and 10th weeks of gestation, the 
abdominal viscera herniate through the lumbocostal trigone 
into the ipsilateral thoracic cavity. The resulting abnormal 
position of the bowel prevents its normal counterclockwise 
rotation and fixation. No hernia sac is present if the event 
occurs before complete closure of the pleuroperitoneal canal, 
but a nonmuscularized membrane forms a hernia sac in 10% 
to 15% of CDH patients. In addition to the small bowel, other 
intra-abdominal organs such as the spleen, stomach, colon, 
and liver may also herniate through the diaphragmatic defect. 

0 Left-sided CDH is characterized by a 2- to 4-cm posterolat¬ 
eral defect in the diaphragm through which the abdominal vis¬ 
cera have translocated into the ipsilateral thoracic cavity. On a 


right-sided defect, the large right lobe of the liver can occupy 
most of the hemithorax. The hepatic veins may drain ectopi- 
cally into the right atrium, and the liver and lung may be 
fused. 132 

The pathophysiology of CDH has been attributed to pul¬ 
monary parenchymal compression by the herniated organs 
and its effect on growth and maturation of the lung. An emerg¬ 
ing school of thought attributes the pulmonary hypoplasia to 
an early mesenchymal developmental insult to the lung and 
diaphragm. 119,120 ’ 133 Unilateral diaphragmatic hernia is associ¬ 
ated with both ipsilateral and contralateral abnormal pul¬ 
monary development, although hypoplasia is more severe on 
the ipsilateral side. The lung on the side of the hernia is much 
smaller than its contralateral counterpart, and both are strik¬ 
ingly smaller than normal lungs (Fig. 106.20). The pulmonary 
vascular bed is abnormal in lungs from patients with CDH. 
There is a reduction in the total number of arterial branches in 
both the ipsilateral and contralateral pulmonary parenchyma. 
The small preacinar and intra-acinar arterioles feature 
inappropriate and significant medial muscular hyperplasia 
(Fig. 106.21). The physiologic consequence of this abnormal 
arteriolar muscularization may be an increased susceptibility 
to development of pulmonary hypertension. 

Pulmonary blood flow accounts for only 7% of cardiac out¬ 
put during normal fetal development. Pulmonary vascular resis¬ 
tance is high. The fetus preferentially shunts oxygenated blood 
from the placenta through the foramen ovale and ductus arterio¬ 
sus in a right to left direction into the systemic circulation. With 
the institution of breathing at birth, oxygen levels rise causing 
pulmonary vascular resistance to fall, which in turn allows an 
increase in pulmonary blood flow. Increased arterial oxygen ten¬ 
sion then also induces spontaneous closure of the ductus arterio¬ 
sus. Persistent fetal circulation may develop if this process is inter¬ 
rupted. Elevated pulmonary vascular resistance results in right to 
left shunting of blood at either the atrial or ductal levels with the 
delivery of unsaturated blood into the systemic circulation. As 
shunting increases, the oxygen saturation in the systemic circula¬ 
tion falls. The resulting hypoxia further increases pulmonary vas¬ 
cular resistance and compromises pulmonary blood flow while 
increasing the right to left shunt flow. Factors that contribute to 
the persistence of high pulmonary vascular resistance in CDH 
lungs are thought to be the structural changes of decreased total 
arteriolar cross-sectional area in the involved lungs and the 
increased muscularization of the arterial structures that are pres¬ 
ent. Additional exacerbations of pulmonary vascular resistance 
may be induced by the known stimulators of pulmonary hyper¬ 
tension, which include hypoxia, acidosis, hypothermia, and 



FIGURE 106.21. Histology of pulmonary arteries. Pulmonary artery branches of similar size and location are shown in a normal infant (A) and 
in an infant with Bochdalek diaphragmatic hernia (B). There is increased muscle mass associated with the arterial wall in (B) (arrows). This vas¬ 
cular smooth muscle is exquisitely sensitive to chemical, hormonal, and paracrine mediators in the neonatal period. Pulmonary arterial vasospasm 
is an important cause of persistent fetal circulation and respiratory failure. Treatment of pulmonary hypertension is the primary objective in the 
immediate care of the newborn with congenital diaphragmatic hernia. 
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stress. Alternations in the levels of prostaglandins, leukotrienes, 
catecholamines, and the renin angiotensin system had been impli¬ 
cated as mediators of this complex process. The combination of 
hypoplastic lungs and lungs prone toward increased vascular 
resistance often proves to be deadly: A vicious cycle may ensue in 
which hypoplastic lungs and associated hypoxia leads to pul¬ 
monary hypertension in a lung vasculature already prone toward 
reactive vasospasm. The increase in pulmonary pressures results 
in a greater shunt, which in turn further reduces oxygen levels. 


Diagnosis 

The diagnosis of CDH is often made on a prenatal ultrasound 
examination, although studies have shown that up to 60% of 



routine ultrasounds may fail to demonstrate a diaphragmatic 
hernia. 134 Polyhydramnios is common. Prenatal MRI evalua¬ 
tion is being now used routinely when obstetric sonography 
has detected a complex fetal anomaly and is ideally suited for 
fetuses with CDH. 135,136 After birth, the spectrum of respira¬ 
tory symptoms in an infant with CDH is determined by the 
degree of pulmonary hypoplasia and reactive pulmonary 
hypertension. Severely affected infants develop respiratory dis¬ 
tress at birth, and most demonstrate respiratory symptoms 
within the first 24 hours of life. On physical examination, 
these infants have a scaphoid abdomen. A plain chest radi¬ 
ograph that demonstrates loops of intestines in the chest con¬ 
firms the diagnosis of a CDH (Fig. 106.22). The location of the 
stomach is confirmed by placement of a nasogastric tube and 
may be predictive of survival. 125 The chest radiograph shows 




FIGURE 106.22. A: Chest radiograph of a newborn with a left congenital 
diaphragmatic hernia. Mediastinal structures are shifted to the right. Abdominal 
viscera occupy the left hemithorax. The nasogastric tube locates the stomach. The 
child underwent repair of the congenital diaphragmatic hernia after treatment and 
resolution of pulmonary hypertension. B: Immediate postoperative photograph 
demonstrates return of mediastinal structures to a more normal position. The 
hypoplastic left lung is apparent. C: Chest x-ray 1 month later is unremarkable. 
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angulation of the mediastinum and a shifting of the cardiac 
silhouette into the contralateral thorax. Chest radiographs are 
unreliable for estimating the degree of pulmonary hypoplasia. 
Once the diagnosis of a CDH is confirmed, additional radi¬ 
ographic and ultrasonographic examination should be carried 
out to search for associated anomalies. Echocardiography 
should also be obtained. Diagnosis is made in 10% to 20% 
of infants after the first day of life. The diagnosis of a CDH 
can be confused with a number of other congenital thoracic 
conditions, including eventration of the diaphragm, anterior 
diaphragmatic hernia of Morgagni, congenital cystic disease of 
the pulmonary parenchyma, unilateral pulmonary effusion, 
and primary agenesis of the lung. 137 


Prognostic Factors 

Attempts to define clinically relevant prognostic factors to pre¬ 
dict the outcome of infants with CDH have largely been unsuc¬ 
cessful. A prenatal anatomic parameter that appears to have 
predictive correlation is the determination of the lung to head 
ratio. The ratio is determined by multiplying the simultaneous 
sonographic measurements of size of the contralateral lung in 
an anteroposterior and lateromedial direction and dividing that 
multiple by the head circumference. Ratios less than 1.0 have 
been associated with poor outcomes. 138-141 Anatomic factors 
such as the position of the stomach either above or below the 
diaphragmatic rim and the size of the diaphragmatic defect 
itself are also predictive of outcome. In fact, the CDH Registry 
suggests that the most powerful predictors of outcome are the 
presence of cardiac defects and the need for reconstruction of 
the diaphragm with a patch that serves as a surrogate for defect 
size. 142 Physiologic parameters have been difficult to define and 
are limited to variations of arterial blood gas analyses, such as 
whether blood was obtained before or after treatment inter¬ 
vention and whether the blood was obtained preductal or post- 
ductal. MRI has allowed measurement of lung volume, which 
may be predictive of outcome. 143 


Treatment 


The fetus and mother should be referred to an appropriate ter¬ 
tiary perinatal center where the full array of respiratory care 
strategies including inhaled nitric oxide (iNO), oscillating ven¬ 
tilators, and ECMO are immediately available. Anything less 
may potentially compromise the best possible outcome. A 
spontaneous vaginal delivery is preferred unless obstetric issues 
0 supervene. CDH is a physiologic emergency and not a surgical 
emergency. The respiratory distress associated with a CDH in 
newborn infants results from a combination of uncorrectable 
pulmonary hypoplasia and potentially reversible pulmonary 
hypertension. The balance between these two factors deter¬ 
mines the response to therapy and ultimately the outcome. 

Resuscitation should begin with standard Neonatal Resus¬ 
citation Program guidelines and then proceed with endotra¬ 
cheal intubation and nasogastric tube insertion. Bag-mask 
ventilation is discouraged to avoid distention of the stomach 
and intestines that may be in the thoracic cavity. Meticulous 
attention must be paid to maintaining proper temperature reg¬ 
ulation, glucose homeostasis, and volume status in the 
neonate. Systemic hypotension and inadequate tissue perfu¬ 
sion may be reversed with intravenous fluid administration 
including crystalloid, blood products, and colloid. Inotropic 
drugs such as dopamine or dobutamine may be required. Most 
infants can be successfully managed with a simple pressure- 
cycled ventilator with the goal of ventilatory support being a 
preductal p a 0 2 greater than 60 (S a 0 2 90% to 100%) with a 
corresponding p a C0 2 of less than 60. 144,145 The extremes of 
hyperventilation, particularly with high rates and high ventila¬ 
tory pressures, should be avoided to prevent ventilator- 


induced lung injury. If conventional mechanical ventilatory 
techniques cannot reverse the hypoxemia or hypercarbia, then 
high-frequency techniques using either the jet ventilator or the 
oscillating ventilator may be tried, although there are little 
data to suggest that these approaches are effective. 

A broad spectrum of drugs and antihypertensive agents 
have been used in attempts to modify the pulmonary vascular 
resistance in infants with CDH and respiratory failure. Agents 
such as tolazoline (u-receptor blocker) have had marginal ben¬ 
efit in CDH infants. Other drugs, such as nitroprusside, iso¬ 
proterenol, nitroglycerin, and captopril, have not been effec¬ 
tive. The administration of various prostaglandin derivatives, 
including prostaglandin D 2 (PGD 2 ), prostaglandin 1 (PGEj), 
and prostacyclin as well as the cyclo-oxygenase inhibitor 
indomethacin has also been disappointingly unsuccessful. 
Clinical and experimental studies have demonstrated surfac¬ 
tant deficiencies in infants with CDH. A multicenter review of 
surfactant administration in CDH patients showed no overall 
benefit to its use and demonstrated a lower survival rate in 
preterm infants compared to full-term infants. 146 At this time, 
there is no clinical data to support the administration of sur¬ 
factant in the management of CDH infants. The combined 
administration of thyrotropin-releasing hormone and gluco¬ 
corticoid therapy has been demonstrated to have positive 
effects on lung maturity. 147 However, a multicenter trial of pre¬ 
natal steroid administration in fetuses with CDH failed to 
demonstrate enhanced lung function or survival. 148 Nitric 
oxide (NO) is a potent mediator of vasodilatation and partic¬ 
ularly suited for administration to the pulmonary vasculature 
using inhalation techniques. It has been shown to be effective 
in improving oxygen saturation levels in neonates with respi¬ 
ratory failure due to prematurity and persistent pulmonary 
hypertension of the newborn. Unfortunately, its effects in 
CDH infants with respiratory failure have been disappointing. 
In fact, a multicenter trial of iNO in newborns with CDH sug¬ 
gested that the need for ECMO was increased in the iNO 
when compared to controls. 149 As a result, iNO should only be 
used as a temporizing measure in the deteriorating newborn 
with CDH. 150 Patients who do not respond to conventional 
treatments, HFOV, and NO are considered for ECMO treat¬ 
ment (see below). 


Surgery 

Multiple single-institution studies have reported improved sur¬ 
vival rates with delayed surgery as part of their treatment pro¬ 
tocols, while others have found no changes in overall outcome. 
No study has shown a decrease in survival rates with this tech¬ 
nique. 151 Although delayed surgical repair is now widely prac¬ 
ticed, there is no statistical evidence that supports this 
approach over immediate repair. 152 What the data does sug¬ 
gest, however, is that immediate repair does not show benefit 
over delayed repair. 

The diaphragm defect is usually approached through a sub¬ 
costal incision, although the repair can be performed through 
a thoracotomy incision (Fig. 106.23). Both thoracoscopic and 
laparoscopic techniques have been used to repair these defects, 
although the majority of surgeons tend to use a thoracoscopic 
approach because of the domain in the chest created by reduc¬ 
ing the viscera into the abdomen. 153 Minimally invasive tech¬ 
niques may have a higher incidence of physiologic conse¬ 
quences in the newborn, specifically hypercarbia. 154 However, 
recent studies have demonstrated advances in the ability to 
close the larger defects that prevented minimally invasive 
repair of the diaphragm. 155 Once the abdominal contents are 
reduced, the defect in the diaphragm in the posterolateral posi¬ 
tion can be examined. In some patients, a hernia sac formed by 
parietal pleura and peritoneum is present and must be excised. 
Usually, there is an anterior rim of diaphragm of varying size, 
while the posterior rim must be exposed in the retroperitoneal 
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FIGURE 106.23. Repair of a congenital diaphragmatic hernia (CDH). A: Operative appearance of CDH. B: Placement of sutures for repair of 
a typical left posterolateral diaphragmatic defect. C: Completed repair. D: Prosthetic material may be used for large defects to avoid tension. 
(Adapted from Stollar CJH. Congenital diaphragmatic hernia. In: Spitz L, Coran AG, eds. Rob and Smith’s Operative Surgery: Pediatric Surgery. 
5th ed. London: Chapman and Hall; 1995.) 


tissue. When diaphragmatic tissue is adequate, a primary 
repair with nonabsorbable suture material can be performed. 
If the defect is too large to be closed in a primary fashion, a 
number of reconstructive techniques have been described 
using rib structures and abdominal wall muscle flaps. The use 
of prosthetic material, such as Goretex, to complete the 
diaphragmatic closure has gained widespread acceptance. A 
floppy, tensionfree diaphragmatic repair can be accomplished 
that may lessen the degree of intra-abdominal pressure when 
closing the abdominal wall. The major drawback to using a 
prosthetic patch closure is the risk of infection as well as the 
risk of reherniation, which occurs in nearly 25% of patients 
with a patch repair. It has been suggested that the innervated 
latissimus dorsi muscle can be used to reconstruct the 
diaphragm in the setting of recurrence. 153 Tissue engineering 
may offer new materials for repair. 156 

With the loss of intra-abdominal domain, abdominal wall 
closure may not be possible. In this situation, simple closure of 
the skin can be accomplished with prosthetic patch repair of 
the ventral wall. If increased abdominal pressures inhibit res¬ 
piratory mechanics, a silo abdominal apparatus has been used 
effectively. 157 A tube thoracostomy may be placed, although 


many surgeons find this unnecessary. The tube thoracostomy 
is of advantage in the nearly 30% of patients who develop chy- 
lothorax following diaphragmatic repair. The cause of fre¬ 
quent chylothorax is unclear and may require maintaining the 
patient as NPO (nothing by mouth), performance of pleurec- 
tomy, or ligation of the thoracic duct. 158 

ECMO is a form of partial cardiopulmonary bypass with 
the goal of maintaining oxygen delivery to the body for an 
extended period of time when ventilator therapy has failed. It 
has become the cornerstone for managing infants who have 
life-threatening respiratory failure with CDH. 159 ECMO 
allows respiratory support without the risks of barotrauma 
and oxygen toxicity associated with conventional ventilation. 
Initially, infants were placed on ECMO after developing respi¬ 
ratory failure following the immediate repair of the diaphrag¬ 
matic defect. With the evolution of delayed surgical repair, 
ECMO is now considered a part of the preoperative stabiliza¬ 
tion process. Failure to improve in the setting of severe pul¬ 
monary hypertension and progressive hypoxemia despite 
maximum medical intervention remains a valid qualifying cri¬ 
terion for ECMO support. As a result of the acceptance of 
delayed surgical repair as a treatment strategy, more than 90% 
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of CDH infants requiring ECMO support are placed on 
bypass before undergoing surgical repair. 160 

Postoperative management should continue the goals 
established before surgery. Meticulous attention to fluid status 
must be maintained particularly in the immediate postopera¬ 
tive period. Weaning from ventilator support should be slow 
and deliberate as tolerated by the infant. Refractory postoper¬ 
ative pulmonary hypertension is relatively common in those 
who required ECMO and is often treated with iNO and 
prostacyclin (epoprostenol [Flolan]) in conjunction with fre¬ 
quent echocardiography to assess the effect of treatment. In 
those patients who are responsive to iNO, phosphodiesterase-5 
inhibitors such as sildanefil may be used as a longer-term 
source of NO. 161 A second course on ECMO may be employed 
with an expected survival of 47%. 162 


Outcome 


Survival rates (discharge to home) for infants born with an iso¬ 
lated CDH have improved dramatically over the past decade 
when compared to the historical values of approximately 
50%. The CDH Registry suggests that overall mean survival 
rates of 67% are being observed with current treatment 
modalities. 163 Resolution of pulmonary hypertension is predic¬ 
tive of survival. 164 Long-term studies have shown that many 
surviving infants will have normal pulmonary function mea¬ 
surements, including total lung capacity, vital capacity, and 
carbon monoxide diffusing capacity. Even studies following 
patients into adulthood demonstrate minimal lung compro¬ 
mise. 165 In the last decade, as survival rates have improved, a 
new group of survivors is emerging with different patterns of 
long-term morbidities. 166 Chronic lung disease has been 
reported in CDH survivors, particularly in those requiring 
ECMO. 167 Long-term problems that have been identified with 
increasing frequency include chronic lung disease, neurologic 
abnormalities with developmental delay, skeletal deformities, 
and nutritional and growth-related problems. 


Evolving Therapies 

Even with the increasing success of current treatment strate¬ 
gies such as permissive hypercapnea, delayed surgery, antihy¬ 
pertensive pharmacology, and advanced ventilatory tech¬ 
niques, a cohort of infants refractory to these interventions 
continue to be candidates for novel treatments. 

In Utero Repair of Diaphragmatic Hernia. The con¬ 
cept of fetal surgical intervention evolved from the experimen¬ 
tal observation in lambs that reduction of compressive forces 
on the lung resulted in continued pulmonary growth and 
development. 168 Although technically and theoretically excit¬ 
ing, the clinical results have been disappointing. 169,170 A direct 
advancement of these initial attempts at in utero repair was the 
observation that fetal tracheal ligation accelerated fetal lung 
growth and reversed pulmonary hypoplasia. 171,172 Tracheal 
occlusion or PLUG therapy (plug the lung until it grows) 
resulted in improved oxygenation and ventilation after birth 
when compared to untreated control animals. 173 A random¬ 
ized clinical trial comparing fetal endoscopic tracheal occlu¬ 
sion to current standard postnatal care for severe CDH 
showed no benefit in survival. 174 Early-onset labor was a 
major problem for both trials studying in utero CDH repair 
and in utero tracheal ligation. In fact, the early delivery of 
fetuses in the treatment arm may have masked evidence of 
benefit for either approach. European centers have been apply¬ 
ing transuterine fetal bronchoscopy at 26 weeks gestation with 
balloon tracheal ligation followed by removal of the balloon at 
34 weeks. This minimally invasive approach has decreased the 
incidence of early delivery and has been used extensively with 


promising results. 175 Multicenter trials of this technique are 
being considered. 

Liquid Ventilation and Perfluorocarbon-induced 
Lung Growth. Liquid ventilation using perflurocarbons has 
now advanced to the point of clinical applicability. 176 Partial 
liquid ventilation has been attempted in a small number of 
CDH infants while on ECMO. Improvements in oxygenation 
levels and pulmonary function tests were noted. Perfluorocar¬ 
bon-induced lung growth provides a unique approach to the 
problem of lung hypoplasia in newborns with CDH. The lungs 
are filled with perfluorocarbon and continuous positive airway 
pressures of 5 to 8 cm of H 2 0 are applied, which appears to 
lead to lung growth and enhanced gas exchange. 177 A prospec¬ 
tive controlled study is being performed to assess the effective¬ 
ness of this technique. 

Pulmonary Transplantation. Successful neonatal lung 
transplantation for CDH has been achieved in a few patients, 
but the experience is too small at this time to recommend this 
form of treatment. Most interesting is one patient with CDH 
who underwent single lung transplant as an infant at Stanford 
University and who, as a child, had the biologic graft removed 
once native lung function was adequate. 178 


Foramen of Morgagni Hernia 

The anterior diaphragmatic hernia of Morgagni is located 
anteromedially on either side of the junction of the septum 
transversum and the thoracic wall. Typically, a sac is present, 
and herniation of the colon, small bowel, or liver is usually dis¬ 
covered to the right or left of the midline. Morgagni hernias 
account for less than 2% of diaphragmatic defects and usually 
present in older children or adults. The hernia is often discov¬ 
ered incidentally as a mass or air fluid level on chest radiograph. 
Because of the risk of segmental intestinal volvulus or obstruc¬ 
tion, surgical repair of the defect is recommended. Operative 
correction may be performed via a laparoscopic approach. The 
diaphragm is sutured to the undersurface of the posterior rectus 
sheath at the costal margin. 


Eventration of the Diaphragm 

Eventration of the diaphragm may be either congenital or 
acquired. The congenital form may be indistinguishable from a 
diaphragmatic hernia with a sac, and symptoms are similar, 
although the presentation is typically clinically less severe. The 
acquired form is due to paralysis of the phrenic nerve. The 
phrenic nerve is vulnerable to surgical trauma from a wide vari¬ 
ety of cervical, thoracic, and diaphragmatic procedures. 
Phrenic nerve injuries and a variety of neuromuscular disorders 
including primary myopathies and degenerative diseases may 
produce diaphragmatic paralysis and require operative plica¬ 
tion of the diaphragm in infants and young children. The most 
common cause of phrenic nerve injury in children is associated 
with thoracic and mediastinal surgery. Cervical stretching at 
birth may result in phrenic nerve injury. The diaphragmatic 
muscle is usually present in its normal distribution but is atten¬ 
uated and nonfunctional. When an acquired nerve palsy is 
present, initial treatment may be expectant. 

An eventration may be completely asymptomatic and noted 
only on chest x-ray. Clinical findings may range from mild res¬ 
piratory compromise with wheezing, frequent respiratory 
infections, and exercise intolerance to extreme respiratory dis¬ 
tress. Diagnosis is usually made by fluoroscopic examination of 
the chest with examination of diaphragmatic motion. In such 
cases, the diaphragm moves paradoxically with respiration. A 
small or asymptomatic eventration may be left untreated and 
observed. It has been postulated that an eventration that 
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involves a large area of the diaphragm may adversely affect 
pulmonary function and lung growth and should be repaired. 
However, there are no long-term data assessing the effect of an 
asymptomatic, high-riding diaphragm on future lung function. 
Under most circumstances where the respiratory status of the 
infant remains compromised, surgical intervention should be 
considered. Repair may be either through the abdomen or 
the chest, but in most cases a thoracoscopic approach is pre¬ 
ferred. 179 The diaphragm is plicated with nonabsorbable 
sutures placed in an anteroposterior orientation. The redun¬ 
dant diaphragmatic tissue is reefed up until it is taut. 


Diaphragm Pacing 

Ventilator-dependent children with spinal cord injury or central 
hypoventilation syndromes may benefit from diaphragm pac¬ 
ing. 180 The application of repetitive stimulus patterns to the 
phrenic nerves causes rhythmic contractions of the diaphragm. 
Phrenic nerve pacing wires are implanted at the cervical or 
intrathoracic level. Receivers are implanted in subcutaneous 
pockets, while an external microprocessor-controlled transmitter/ 
antenna assembly activates the receiver. Patients with injured 
phrenic nerves (high spinal cord injury) may benefit from 
diaphragm pacing after intercostal to phrenic nerve transfer. 181 


PLEURAL DISEASES 


Empyema 

Empyema is an accumulation of purulent material within the 
pleural space. In children, empyema occurs most often as a 
sequelae of bacterial pneumonia. Empyema develops when a 
parapneumonic effusion becomes infected or necrotizing 
pneumonia erodes through the lung into the pleural space. 
Empyema may also develop after penetrating thoracic trauma, 
intrathoracic or cervical esophageal perforation, or surgery on 
the chest. Empyema is divided into three stages: 

■ Exudative: Thin free-flowing fluid with a low cell count 

■ Fibrinopurulent: Thick purulent material resulting in 
multiple loculations and encasement of the lung 
parenchyma 

■ Organizing: Fibroblasts that have grown into the exu¬ 
date and have produced a fibrotic peel 

Haemophilus influenzae , Streptococcus pneumoniae , and 
Staphylococcus aureus are the most common pathogens in 
pediatric pneumonia, with anaerobes, gram-negative bacteria, 
and atypical organisms also being occasionally found. The 
signs and symptoms of an empyema in a child are usually 
those of worsening pneumonia with fever, tachypnea, short¬ 
ness of breath, and sometimes cyanosis. Abdominal pain with 
distention and ileus may intensify the respiratory difficulty. 

Diagnosis is confirmed by the presence of pleural fluid and 
loculation on conventional chest radiographs (Fig. 106.24A). 
CT scan of the chest cavity is the best method of determining 
the extent of loculated effusion and underlying parenchymal 
involvement (Fig. 106.24B). 

When a small parapneumonic effusion develops, it may 
resolve with antibiotics alone. Larger effusions will require 
adequate pleural space drainage with a tube thoracostomy in 
addition to antibiotic therapy. It is reasonable to place the tho¬ 
racostomy tube in the operating room and, at the same time, 
perform thoracoscopic decortication/pneumolysis and pleural 
debridement along with evacuation of loculated pleural fluid. 
This video-assisted thoracoscopic surgery (VATS) approach 
has proven to be very effective in the treatment of pediatric 
empyema, shortening hospitalization and resulting in more 
rapid recovery 182 ’ 183 (Fig. 106.24C,D). 


Instillation of intrapleural streptokinase or urokinase also 
has been utilized for loculated effusions. In fact, a randomized 
controlled study of VATS versus tissue plasminogen activator 
therapy with thoracostomy tube drainage demonstrated a 
reduction in cost with tissue plasminogen activator treatment 
with equivalent efficacy. 184 


Pneumothorax 


Spontaneous pneumothorax is seen in previously healthy older 
children and teenagers who are usually tall and thin. They 
often have apical blebs seen on chest radiographs. CT scan¬ 
ning is more sensitive to detect bleb disease, but is not neces¬ 
sary prior to operation. Pneumothorax may also complicate 
advanced pulmonary disease due to cystic fibrosis. Other 
causes include both blunt and penetrating thoracic trauma, 
severe asthmatic attack, or pulmonary infection. The classic 
presentation of a spontaneous pneumothorax is the sudden 
onset of chest pain and shortness of breath. 

Diagnosis is best confirmed by chest radiograph. In patients 
with significant symptoms, tube thoracostomy should be 
immediately performed and the chest tube placed to water seal 
suction drainage. 

Recurrent pneumothoraces can be treated nonoperatively 
with the intrapleural instillation of various sclerosing agents 
such as talc or tetracycline through the chest tube. Patients 
with recurrent pneumothorax and apical blebs are treated 
with bleb removal and pleurodesis. The blebs will be found at 
the apex of the upper lobe or at the apex of the superior seg¬ 
ment of the lower lobe. Excision of the blebs and pleurodesis 
may be performed through a VATS approach. 185 


Chylothorax 

In the newborn, chylothorax may occur in association with 
manipulation during a difficult delivery as a result of congenial 
diaphragmatic hernia repair, from a malformation of the tho¬ 
racic duct, or spontaneously without an obvious cause. In older 
infants and children, cardiothoracic procedures can be compli¬ 
cated by postoperative chylothorax in 0.5% of the cases. The 
thoracic duct has also been known to rupture during violent 
bouts of coughing or with hyperextension of the spine. 
Obstruction or erosion of the duct may occur as a result of 
malignant disease within the mediastinum such as lymphoma. 
Other causes include inflammatory processes, subclavian vein 
or superior vena caval thrombosis, and misplaced central 
venous devices. 

A defect in the lower portion of the duct frequently results 
in an effusion into the right pleural space, while an effusion on 
the left results from a defect in the upper region of the duct. 
Clinically, the patient presents with a large pleural effusion 
resulting in pulmonary compression, mediastinal displacement, 
and the progressive development of respiratory distress. Radi¬ 
ographs will generally show a massive effusion on the evolved 
side. The diagnosis should be suspected at the initial thoracen¬ 
tesis with the retrieval of milky, lipid-laden fluid. Laboratory 
values will confirm a chylothorax if a pleural fluid cell count 
differential is greater than 90% lymphocytes, which is the pri¬ 
mary means of diagnosis in patients who are not being fed. 

Initial treatment consists of tube thoracostomy for evacua¬ 
tion of the chylous fluid and expansion of the collapsed lung. 
Minimizing the flow of lymph within the thoracic duct by 
placing the patient on complete bowel rest using parenteral 
nutrition has been shown to permit healing of the thoracic 
duct lymph fistula over time. With newborns, spontaneous 
chylothorax usually ceases spontaneously with adequate 
drainage. If the chylothorax persists, fluid and protein losses 
may complicate the management of the newborn with chy¬ 
lothorax and predispose the patient to sepsis. As such, if no 
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FIGURE 106.24. Video-assisted thoracoscopic treatment of complicated empyema in children. A: Chest radiograph of a 2-year-old child pre¬ 
senting with pneumonia and pleural effusion. B: Computerized tomography demonstrates complicated pneumonia with loculated empyema. 
C: Video endoscopic view of organized empyema debris. D: “Decortication” procedure includes removal of all loculated, organized debris 
from the hemithorax. All surfaces of the visceral and parietal pleura are accessible using video endoscopic techniques. E: Immediate postop¬ 
erative chest x-ray shows the expected residual parenchymal lung disease. F: One month later, the chest radiograph findings have resolved. 
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improvement is noted after a brief period of conservative ther¬ 
apy, then surgical intervention should be considered. Through 
either an open thoracotomy or with video-assisted thora¬ 
coscopy, the surgical therapy involves ligation of the thoracic 
duct just above the diaphragm within the right chest. This goal 
can be accomplished with surgical ligation, direct clipping, the 
use of fibrin glue, and pleurodesis. Administration of cream 
via a nasogastric tube in the hours prior to operation may 
make identification of the thoracic duct and an associated leak 
more obvious. For intractable conditions, unilateral or bilat¬ 
eral pleurectomy may be effective. Pleural peritoneal shunting 
can also be considered. Octreotide is of questionable value in 
the treatment of postoperative chylothorax. 186 
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KEY POINTS 


Q Gastroschisis occurs with an incidence rate of 1 in 3,000 to 
8,000 live births and is characterized by exposed intestine 
herniating through a defect to the right of the umbilicus. In 
contrast, omphalocele is an abdominal wall defect of vary¬ 
ing size characterized by herniated visceral contents con¬ 
tained in a sac, and has a high incidence rate of associated 
congenital anomalies. 

0A congenital, indirect inguinal hernia is an abnormal, 
patent continuation of the peritoneum through the internal 
inguinal ring; inguinal hernia repair is the most common 
elective procedure in pediatric surgery. 

Q Neonatal bilious emesis should be considered the result of an 
acute mechanical intestinal obstruction until proven other¬ 
wise; emergent surgical evaluation is warranted to determine 
if intestinal malrotation with midgut volvulus is present. 

Q Necrotizing enterocolitis (NEC) is a progressive, inflam¬ 
matory intestinal condition of the surviving premature 
neonate. Perforated NEC is the most common neonatal 
surgical emergency. 


Q Hirschsprung disease is caused by aganglionosis of the 
myenteric nervous system in the rectum, and it will involve 
the contiguous bowel for varying lengths proximally, most 
commonly to the rectosigmoid colon. Both propulsion and 
reflexive relaxation is disordered or absent in the rectum, 
leading to functional bowel obstruction in the neonate and 
chronic constipation in the older child or adolescent. Ente¬ 
rocolitis associated with Hirschsprung disease is a poten¬ 
tially life-threatening condition. 

Q Intussusception is the invagination or telescoping of a 
proximal segment of intestine into an adjacent distal seg¬ 
ment and is the most common cause of intestinal obstruc¬ 
tion in infants and children 3 months to 3 years of age. 

Q The incidence of biliary atresia is 1 in 8,000 to 12,000 live 
births and is the most common cause of chronic cholesta¬ 
sis in infants and children as well as the most frequent indi¬ 
cation for pediatric liver transplantation. Early diagnosis 
and management is necessary for optimal outcome. 


ABDOMINAL WALL DEFECTS 


Gastroschisis 

^ Gastroschisis occurs with an incidence rate of 1 in 3,000 to 
8,000 live births, and for unknown reasons, the incidence rate 
is increasing. Infants with gastroschisis tend to be born prema¬ 
turely, have lower birth weights, and have younger mothers. 1,2 
Familial cases of gastroschisis have been reported and are dis¬ 
tinctly rare. 3 Associated congenital anomalies are uncommon 
and occur in about 10% of cases, most commonly intestinal 
atresia or stenosis. These anomalies are thought to reflect 
mechanical or vascular compromise to the herniated bowel. 
Rarely, infants with gastroschisis have complete loss of small 
bowel secondary to in utero volvulus. 

The pathophysiology of gastroschisis remains unknown. In 
normal fetal development, there are two paired umbilical veins. 
As the intestine returns to the abdominal cavity through the 
umbilicus, the right umbilical vein undergoes resorption, leav¬ 
ing the left umbilical vein intact. Weakness of the umbilical 
membrane at the site of umbilical vein resorption may allow 
for evisceration of the intestine through the defect. This expla¬ 
nation is consistent with the clinical observation that the gas¬ 
troschisis defect is almost always located to the right of the 
umbilicus. Routine antenatal ultrasonography has documented 
the sequential development of gastroschisis as a consequence of 
a ruptured hernia of the umbilical cord in utero. 4 Therefore, 
gastroschisis should be considered an isolated mechanical 
defect of the developing umbilical cord rather than a global 
defect in embryogenesis. 

The amount of bowel eviscerated in gastroschisis can be 
extensive because the bowel has not undergone complete 
mesenteric rotation and fixation. Typically, the bowel is thick¬ 
ened and the mesentery may be foreshortened secondary to the 


inflammatory response induced by direct exposure to amniotic 
fluid. Given the typical small size of the abdominal wall defect, 
herniation of the liver in gastroschisis is distinctly unusual 
(Fig. 107.1). 


Omphalocele 

Anatomy, Embryology, and Pathophysiology. The inci- 
dence rate of omphalocele is approximately 1 in 6,000 to 
10,000 live births and has been stable over the past several 
decades. Omphalocele is an abdominal wall defect of varying 
size characterized by the presence of herniated visceral contents 
into a translucent sac. The sac is composed of amniotic mem¬ 
brane, mesenchymal tissue known as Wharton jelly, and peri¬ 
toneum. The umbilical cord attaches to the sac and may be 
eccentric in origin (Fig. 107.2). The sac may be inadvertently 
ruptured before or during delivery, but it is always present. As 
in gastroschisis, intestinal malrotation is usually present. 
Unlike in gastroschisis, the bowel is normal in appearance 
because it has not been directly exposed to the amniotic fluid. 
Small omphaloceles are abdominal wall defects 2 to 5 cm in 
diameter and may have only a small amount of herniated 
bowel within the sac. Giant omphaloceles greater than 8 cm in 
diameter can lead to extensive herniation of the stomach, 
bowel, liver, and spleen with subsequent underdevelopment of 
the abdominal cavity (Fig. 107.3). 

Omphalocele results from incomplete closure of the ante¬ 
rior abdominal wall at the umbilicus during embryogenesis. 
During week 4 of gestation, the midgut undergoes progressive 
elongation in the yolk sac outside the embryonic coelomic cav¬ 
ity. The midgut returns to the abdominal cavity during week 
10, where it undergoes normal rotation and fixation of the 
mesentery to the posterior abdominal wall. Normal closure of 
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FIGURE 107.1. Gastroschisis. The defect is to the right of the normal 
umbilicus, and the bowel is thickened and inflamed. 



FIGURE 107.3. Ruptured omphalocele. Although the bowel is rela¬ 
tively normal in appearance, the abdominal cavity is extremely under¬ 
developed. 


the anterior abdominal wall requires return of the midgut to 
the abdominal cavity, along with growth and fusion of the 
anterior body folds (cephalic, caudal, and two lateral) at the 
base of the umbilicus. Failure of growth, migration, or fusion 
of the lateral body folds leads to omphalocele. Failure of 
growth and fusion of the cephalic folds may lead to either a 
supraumbilical omphalocele associated with a midline sternal 
defect (Fig. 107.4) and a herniated heart, termed ectopia 
cordis , or a constellation of defects known as the pentalogy of 
Cantrell. 5 This sequence includes a sternal cleft, an absence of 
the septum transversum of the diaphragm, a pericardial defect, 
a cardiac defect, and an epigastric omphalocele. Infants born 
with either ectopia cordis or pentalogy of Cantrell have signif¬ 
icant morbidity, and often these conditions are lethal. 

Associated anomalies are more common in infants with 
omphalocele than with gastroschisis, reflecting the more global 
abnormality of embryogenesis in omphalocele. About 50% to 
60% of infants with omphalocele have at least one associated 
congenital anomaly. 6,7 These infants are at moderate to high 
risk for anomalies of the skeleton, gastrointestinal tract, ner¬ 
vous system, genitourinary system, and cardiopulmonary sys¬ 
tem. In addition, infants with omphalocele have a higher inci¬ 
dence of chromosomal abnormalities and other conditions 
such as Beckwith-Wiedemann syndrome. A comparison of gas¬ 
troschisis and omphalocele is summarized in Table 107.1. 



FIGURE 107.2. Omphalocele. The herniated intestines and liver are 
visible inside the sac. The umbilical cord attaches to the sac. 


Perioperative Management for Gastroschisis and 
Omphalocele. In the absence of fetal distress, whether elec¬ 
tive cesarean section improves neonatal outcome in infants 
with gastroschisis or omphalocele remains controversial. 8-10 
Some investigators advocate elective delivery of infants with 
gastroschisis following the establishment of lung maturity. A 
prospective study that alternated vaginal delivery with elective 
cesarean section for infants with gastroschisis demonstrated 
no significant differences in outcome. 11 To prevent birth- 
related hepatic injury, cesarean section is preferable for prena- 
tally diagnosed infants with giant omphaloceles. 

After delivery, infants with either gastroschisis or omphalo¬ 
cele have similar initial management priorities. Attention must 
be given to the establishment of an adequate airway with effec¬ 
tive ventilation and oxygenation. The infant should be main¬ 
tained under either an external warmer or a humidified incu¬ 
bator. An orogastric sump tube should be inserted early and 
placed on suction to prevent further intestinal distention. The 
herniated viscera should be covered with warm, saline-soaked 
gauze and covered with plastic wrap to prevent further conta¬ 
mination; this maneuver also helps to prevent hypothermia 
and volume depletion. Alternatively, the infant’s entire lower 
torso can be placed inside a plastic bowel bag. Regardless of 
the method, the initial therapeutic goal is to provide rapid, 
effective temporary coverage of the viscera. Adequate support 
of the herniated viscera must be provided to prevent intestinal 



FIGURE 107.4. Operative exploration of giant omphalocele with 
abdominal wall defect, absence of the septum transversum of the 
diaphragm, and pericardial defect, cardiac defect. 
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1 TABLE 107.1 


DIAGNOSIS 1 

COMPARISON OF GASTROSCHISIS AND OMPHALOCELE 

■ CHARACTERISTIC 

■ GASTROSCHISIS 

■ OMPHALOCELE 

Defect size (diameter) 

2-3 cm 

2-15 cm 

Sac 

Never 

Always, may be ruptured 

Gestational age 

Prematurity 

Term 

Umbilical cord 

Adjacent (left side) of defect 

Attached to sac 

Herniated viscera 

Small bowel, stomach, colon 

Small bowel, stomach, colon, liver 

Malrotation 

Yes 

Yes 

Bowel character 

Inflammatory, edematous 

Normal 

Enteral nutrition 

Delayed 

Normal 

Associated anomalies 

Uncommon (10% atresia) 

Common (50%) 


ischemia. With large omphaloceles, the position of the infant’s 
liver and viscera may impair venous return from the inferior 
vena cava when the infant is supine, and these infants may 
preferentially require a left-side-down position to maintain 
normal hemodynamic status. Intravenous dextrose and broad- 
spectrum antibiotics are administered. Given the inflammatory 
nature of the intestine, infants with gastroschisis will have 
higher intravenous fluid requirements to maintain euvolemia. 
If the infant is not delivered at a center where definitive surgi¬ 
cal care can be provided, urgent transport should be arranged. 

Given the high incidence of associated anomalies, infants 
with an intact omphalocele should undergo preoperative diag¬ 
nostic investigation, guided by the clinical presentation and 
physical examination of the infant. These studies include a chest 
film, echocardiogram, and renal ultrasound, in addition to base¬ 
line blood work. Until the decision is made with respect to the 
timing and method of repair, the omphalocele should remain 
covered and protected with a dressing. If the omphalocele is 
ruptured or torn, immediate closure or coverage is necessary. 

Once the infant has been stabilized and assessment for other 
anomalies is complete, the infant is taken to the operating 
room for correction of the abdominal wall defect. Reduction of 
the herniated viscera with primary fascial closure of the 
abdominal wall is an achievable goal in approximately 60% to 
70% of infants with either gastroschisis or omphalocele. Gen¬ 
tle but definitive stretching of the abdominal wall is performed, 
and proximal decompression of the bowel is maintained with 
orogastric decompression. The defect may require enlargement 
to evaluate fully the intestinal tract. With omphalocele, the sac 
is usually resected. The limiting factor in primary closure of a con¬ 
genital abdominal wall defect is the increased intra-abdominal 
pressure generated by the reduction of the herniated viscera. 
Increased intra-abdominal pressure can lead to abdominal 
compartment syndrome. Features of neonatal abdominal com¬ 
partment syndrome include impaired venous return caused by 
compression of the inferior vena cava, reduction of splanchnic 
blood flow leading to mesenteric ischemia, and respiratory 
compromise secondary to impaired diaphragmatic excursion. 
Intraoperative measurement of intragastric or intravesical pres¬ 
sure, end-tidal C0 2 , central venous pressure, or regional 
oximetry may be helpful in determining the safety of primary 
abdominal wall closure. 12 If the herniated viscera cannot be 
reduced primarily, a silicone elastomer pouch or silo is con¬ 
structed and daily partial reduction of the silo is performed. 
This technique allows more gradual reduction of the herniated 
viscera into the abdominal cavity, and complete reduction usu¬ 
ally is obtained within 3 to 7 days. The infant is returned to the 
operating room for removal of the temporary silo with delayed 
primary closure of the abdominal wall defect (Fig. 107.5). 


Staged closure of gastroschisis using commercially available sil¬ 
icone elastomer silos has been reported to decrease the risk of 
long-term bowel dysfunction and need for reoperation by 
avoiding abdominal compartment syndrome. 13 Alternatively, a 
large abdominal wall defect may be effectively covered with 
abdominal skin flaps with delayed repair of the ventral hernia 
months to years later. 

Infants with intact, giant omphaloceles may also be managed 
nonoperatively. The sac can be physically supported and left 
undisturbed, allowing epithelialization of the sac over several 
weeks to months. Antibiotic solutions or ointments are usually 
applied to control desiccation. Delayed repair of the ventral her¬ 
nia is required. This delay is particularly useful in the infant 
with a giant omphalocele and a small, underdeveloped abdomi¬ 
nal cavity that prohibits primary closure. 

Infants with repaired omphalocele usually have relatively 
prompt return of bowel function after definitive repair. In com¬ 
parison, nearly all infants with gastroschisis have delayed 
intestinal function following closure. The use of total parenteral 
nutrition (TPN) is essential in the treatment of these infants 
because it allows nutritional support while the bowel inflamma¬ 
tory process resolves. It is not unusual for these infants to 
require up to 4 weeks after repair to have bowel function nor¬ 
malize, and time taken to achieve full enteral feeding is not 
affected by the use of erythromycin as a prokinetic agent. 14 
Approximately 15% of infants with gastroschisis develop 
necrotizing enterocolitis (NEC), a diffuse, often life-threatening 



FIGURE 107.5. Silastic chimney or silo for temporary coverage and 
staged reduction of giant omphalocele. 
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inflammatory complication of the neonatal intestinal tract. 15 In 
addition, infants with gastroschisis are at risk for nutrient mal¬ 
absorption and intestinal dysmotility with inability to tolerate 
full enteral feeding. In particular, infants with gastroschisis and 
associated intestinal atresia may have pronounced intestinal 
dysmotility and may require long-term, sometimes lifelong, 
dependence on TPN for caloric intake. 16 

Long-term outcome of infants operated on for gastroschisis 
or omphalocele is usually dependent on the morbidity and 
mortality of associated conditions rather than the abdominal 
wall defect itself. Surgical conditions such as undescended tes¬ 
ticles, Meckel diverticulum, and adhesive small bowel obstruc¬ 
tion are encountered with moderate frequency. Adhesive small 
bowel obstruction most commonly occurs in the first year of 
life and requires operative management in most. 17 Most chil¬ 
dren with repaired abdominal wall defects enjoy satisfactory 
health and quality of life, although they have been reported to 
have a lower degree of physical fitness measured by exercise 
time and maximal oxygen consumption. 18 


Umbilical Hernia 

Anatomy and Embryology. Congenital umbilical hernia 
is the most common abdominal wall defect in infants and chil¬ 
dren. The umbilical ring begins to contract circumferentially 
after birth and normally is reinforced by the paired lateral 
umbilical ligaments (the obliterated umbilical arteries), the sin¬ 
gular round ligament (the obliterated umbilical vein), the 
urachal remnant, and the transversalis fascia. Incomplete 
growth or impaired development of any one of these structures 
can lead to weakness at the umbilical ring and cause a congen¬ 
ital umbilical hernia. 

Clinical Issues and Management. Congenital umbilical 
hernias generally do not pose significant problems during child¬ 
hood. Rarely, an umbilical hernia presents with incarceration 
of intra-abdominal contents within the sac. 19 Infants and chil¬ 
dren may also present with infection or drainage at the umbili¬ 
cus from associated urachal or vitelline duct remnants. The 
incidence rate of congenital umbilical hernia has been reported 
to be 25% to 50% in black infants and 4% to 9% in white 
infants in the first few months of life. 20 There is an increased 
incidence of umbilical hernia in premature infants, and there is 
a tendency for familial inheritance. 

Diagnosis of umbilical hernia is usually made after separa¬ 
tion of the umbilical cord remnant from the umbilicus and is 
often initially noted by parents or pediatrician. The defect size 
may vary from a few millimeters to several centimeters and is 
typically reducible and asymptomatic. Age and size of the 
defect are the most important factors determining spontaneous 
closure rates. 21 Many umbilical hernias spontaneously close 
within the first 2 to 3 years of life. Parents should be reassured 
that complications related to untreated umbilical hernia are 
rare. Given the high rate of spontaneous closure and the rela¬ 
tively asymptomatic nature of most umbilical hernias, opera¬ 
tive repair is generally not performed during the first 2 years of 
life. Skin ulceration or an episode of incarceration should 
prompt earlier repair. Large defects with significant protrusion 
may necessitate surgery, and parents may desire repair if an 
older child appears to be self-conscious about the hernia. 

Nearly all umbilical hernia repairs can be performed as out¬ 
patient surgical procedures. An incision is made along the 
umbilicus and the hernia sac is dissected free circumferentially. 
The sac is completely excised and primary fascial closure is 
performed. The umbilical skin is typically preserved and 
sutured to the fascial closure, and an acceptable cosmetic 
result is almost always achievable. Large umbilical hernias 
with redundant skin may require umbilicoplasty. The inci¬ 
dence of complications such as wound infection and recur¬ 
rence is low. 


Inguinal Hernia and Hydrocele 

Anatomy, Embryology, and Pathophysiology. Inguinal 
hernias constitute one of the major surgical problems of 
infancy and childhood. Inguinal hernia repair is the most com¬ 
mon elective general surgical procedure performed by pediatric 
surgeons. Three distinct anatomic types of inguinal hernias are 
observed in children: congenital indirect (99% of infants and 
children), direct (0.5%), and femoral (<0.5%). An indirect 
inguinal hernia is an abnormal, patent continuation of the peri¬ 
toneum through the internal inguinal ring. The hernia sac orig¬ 
inates lateral to the deep inferior epigastric vessels and descends 
along the spermatic cord within the cremasteric fascia. The sac 
can reside completely within the inguinal canal or descend 
through the external inguinal ring into the scrotum. A direct 
inguinal hernia originates medial to the deep inferior epigastric 
vessels and is external to the cremasteric fascia. The hernia sac 
protrudes directly through the posterior wall of the inguinal 
canal and can descend through the external inguinal ring and 
into the scrotum. A femoral hernia originates medial to the 
femoral vein and descends inferior to the inguinal ligament 
along the femoral canal. A femoral hernia never enters the scro¬ 
tum or labia. 

The developing testicle is initially adjacent to the 
mesonephros and subsequently descends to the scrotum during 
the third trimester of gestation. The peritoneal extension that 
descends alongside the chorda gubernaculum of the testicle is 
called the processus vaginalis. A slightly higher incidence rate 
of right-sided indirect inguinal hernia is thought to reflect delay 
of right-sided testicular descent from the developing inferior 
vena cava and right external iliac vein. As the testicle descends 
into the scrotum, the processus vaginalis forms a serous cover¬ 
ing around the testicle known as the tunica vaginalis. Nor¬ 
mally, the patent processus vaginalis undergoes obliteration, 
closing the communication between the peritoneal cavity and 
the inguinal canal. A patent processus vaginalis can lead to var¬ 
ious anatomic conditions of the inguinal region (Fig. 107.6). 

The incidence of patent processus vaginalis has been 
reported to be as high as 80% to 94% in newborn infants 
undergoing autopsy, 22 whereas in adulthood, the incidence is 
20% to 30%. Infants with unilateral inguinal hernias have 
been found to have a patent contralateral processus vaginalis 
in 60% during the first few months of life. By the age of 2 years, 
20% of these hernias were obliterated, and half of the remain¬ 
ing 40% became clinical hernias. 23 At least 30% of infants 
requiring placement of a ventriculoperitoneal shunt for hydro¬ 
cephalus have been observed to have a patent processus vagi¬ 
nalis in the first few months of life, with a rapid decline in 
patency in older children. 24 These studies, along with contem¬ 
porary use of laparoscopic exploration of the contralateral 
internal ring, demonstrate that although a patent processus 
vaginalis is common in infancy, there is some degree of oblit¬ 
eration that occurs with increasing age, and a patent processus 
vaginalis by itself does not constitute a clinical inguinal hernia. 

Clinical Issues. Inguinal hernias occur in 1% to 3% of all 
children and in 3% to 5% of premature infants. There is no 
known inheritance pattern, but there is an increased incidence 
of inguinal hernia in children with connective tissue disorders 
such as Ehlers-Danlos syndrome and Marfan syndrome. There 
is a 6:1 predominance of males to females. At least 30% of 
children are younger than 6 months of age at the time of oper¬ 
ative repair. Inguinal hernia more commonly presents as right¬ 
sided (56.2%) compared with left-sided (27.5%) or bilateral 
(16.2%). 25 

Most infants and children have a history of an intermittent 
inguinal mass or bulge that may descend into the scrotum or 
labia. The hernia may become more pronounced during times 
of increased intra-abdominal pressure, such as crying or having 
a bowel movement. Most inguinal hernias in children reduce 
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FIGURE 107.6. Anatomic variations 
that occur with different degrees of oblit¬ 
eration of the processus vaginalis. A: 
Normal; obliterated processus vaginalis. 
B: Proximal hernia sac; distal obliterated 
processus. C: Hernia sac extending into 
scrotum; no obliteration. D: Proximal 
and distal obliteration with hydrocele of 
the cord. E: Hydrocele of the scrotum, 
obliterated processus. F: Patent proces¬ 
sus with communicating hydrocele. 






spontaneously or are reducible with gentle, manual pressure 
along the inguinal canal. Female infants may have an ovary and 
fallopian tube in the hernia sac, identified clinically as a firm, 
slightly mobile, nontender mass in the labia or inguinal canal. 
Most parents or pediatricians give a characteristic history that 
is sufficient to warrant inguinal exploration, even in children in 
whom the hernia cannot be clinically demonstrated at the time 
of examination. Depending on institution and surgeon prefer¬ 
ence, infants and children with a strong history consistent with 
inguinal hernia and an equivocal clinical examination may be 
offered ultrasound or diagnostic laparoscopy to effectively con¬ 
firm the diagnosis before groin exploration. 26 

Incarceration is a common consequence of untreated 
inguinal hernia and presents as a nonreducible mass in the 
inguinal canal, scrotum, or labia. 27 Clinical symptoms and 
signs are related to the duration of incarceration. If the incar¬ 
ceration has been present for several hours, the infant may be 
inconsolable and have feeding intolerance, pain, abdominal 
distention, vomiting, and lack of flatus or stool, signaling com¬ 
plete intestinal obstruction. The affected groin may become 
quite edematous, and a reactive scrotal hydrocele may evolve. 
Elevation of the infant’s lower extremities with a pillow may 
help to encourage spontaneous reduction. Attempts at manu¬ 
ally reducing an incarcerated inguinal hernia should be per¬ 
formed by an experienced surgeon. If necessary, sedation to 
calm the infant before attempting manual reduction may be 
cautiously used. Ice packs should be avoided in infants and 
children. Following successful reduction of an incarcerated 


hernia, expedient elective repair of the hernia should be per¬ 
formed after the edema has subsided. If reduction of an incar¬ 
cerated hernia requires several attempts and is difficult, 
overnight inpatient observation is warranted to rule out reduc¬ 
tion of strangulated bowel; fortunately, this is an uncommon 
occurrence in the pediatric population. Inability to reduce an 
incarcerated hernia is a clear indication for urgent operative 
exploration and repair. Incarcerated inguinal hernia must be 
differentiated from an acute, noncommunicating hydrocele or 
inguinal lymphadenitis. With acute hydrocele, it is usually pos¬ 
sible to transilluminate the hydrocele and palpate normal cord 
structures above the scrotal mass. Additionally, symptoms of 
bowel obstruction are absent with acute hydrocele. Acute lym¬ 
phadenitis typically is associated with fever, erythema, and ten¬ 
derness, and there may be a history of lower-extremity infec¬ 
tion on the ipsilateral side. If the inguinal mass is not reducible 
and an incarcerated hernia cannot be excluded, urgent groin 
exploration is required. 

Operative Considerations and Outcome. The diagnosis of 
inguinal hernia in an infant or child is an indication for operative 
repair. The rationale for elective repair is to prevent the complica¬ 
tions associated with incarceration. At least 71% of infants who 
require operative reduction of incarcerated inguinal hernia are 
younger than 11 months. 28 Therefore, an approach emphasizing 
timely elective repair of inguinal hernia is warranted, particularly 
during infancy. Delay of elective repair may be necessary in pre¬ 
mature, extremely low birth weight (<1,500 g) infants and in 
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children with other conditions such as congenital heart disease, 
pulmonary disease, infection, or metabolic disease. 

Elective inguinal hernia repair in the pediatric age group is 
usually performed as an outpatient surgical procedure using 
general anesthesia, although spinal anesthesia is an effective 
alternative in selected high-risk infants. 29 A regional caudal 
block or local inguinal nerve block using local anesthetic is 
useful to diminish perioperative pain and increase patient 
comfort. These techniques, along with the use of rapid-acting 
general anesthetics, allow the vast majority of children to be 
discharged home within hours of operation. Overnight obser¬ 
vation and monitoring are required for high-risk infants and 
children with disorders that increase anesthetic risk for post¬ 
operative apnea. 

Repair of pediatric inguinal hernia relies on high ligation of 
the hernia sac at the internal inguinal ring. Sensory nerves deep 
to the external oblique aponeurosis should be identified and 
preserved. Careful identification and dissection of the hernia 
sac from the vas deferens and the testicular blood supply must 
be performed. The vas deferens must be carefully dissected free 
from the sac, and direct handling or pinching of the vas with 
forceps is avoided. The absence of a vas deferens or a blind- 
ending vas may be observed in children with cystic fibrosis 
(CF). In female infants, opening the hernia sac to visualize the 
ovary and fallopian tube may help to avoid inadvertent injury 
to these structures during suture ligation of the sac. The distal 
component of the hernia sac is opened widely, and any fluid in 
the sac is evacuated. If the internal inguinal ring is attenuated 
or enlarged, it can be repaired with a few sutures. Experience 
with laparoscopic inguinal hernia repair using purse-string 
suture closure of the patent internal ring without direct 
inguinal exploration has been described. 30 The testicle is 
returned to its scrotal position by gentle traction on the guber- 
naculum, and the spermatic cord is carefully aligned along the 
inguinal canal. Postoperative pain is managed with oral aceta¬ 
minophen for 24 to 48 hours; older children may require post¬ 
operative narcotics. 

Operative exploration of the asymptomatic contralateral 
groin remains controversial but is often performed in infants 
younger than 2 years because of the reported 60% to 70% 
incidence of a patent processus vaginalis on the opposite 
side. 31 In a survey of the surgical section of the American 
Academy of Pediatrics, 65% of the respondents perform con¬ 
tralateral exploration in male patients younger than 2 years, 
and 84% perform exploration for female infants up to age 4 
years. 32 Direct visualization of the contralateral groin can be 
performed using a laparoscope inserted either through the 
umbilicus or through a side-viewing laparoscope inserted 
through the hernia sac. Experience with diagnostic laparoscopy 
demonstrates that approximately one third to one half of chil¬ 
dren have a patent processus vaginalis on the contralateral, 
asymptomatic groin, with higher rates in infants younger than 
1 year. 33,34 This approach avoids unnecessary contralateral 
groin exploration in about half of all children who undergo 
surgery for unilateral inguinal hernia. However, the presence 
of a patent processus alone does not necessarily translate into 
a clinically significant hernia, and via systematic review, the 
reported risk of developing a metachronous contralateral 
inguinal hernia following open unilateral hernia repair in chil¬ 
dren is 7.2%. 35 

The major risk of inguinal hernia repair in infants and chil¬ 
dren is related to general anesthesia. Complications in pedi¬ 
atric inguinal hernia repair include wound infection, injury to 
the vas deferens or testicular vessels, injury or displacement of 
the testicle, and recurrence. Fortunately, all these complica¬ 
tions are infrequent. The overall complication rate is higher 
for children requiring emergent operation for incarcerated or 
strangulated hernia. Recurrent inguinal hernia following elec¬ 
tive repair is unusual and may be an indication of an underly¬ 
ing connective tissue disorder such as Ehlers-Danlos syn¬ 
drome. 


Hydrocele 

A hydrocele is a fluid collection that resides in the tunica vagi¬ 
nalis in the scrotum or the processus vaginalis in the inguinal 
canal. A hydrocele may be present at birth, or it may occur 
acutely as a result of an incarcerated hernia or torsion of the 
appendix testis. On examination, a hydrocele transilluminates 
with a bright handheld light. A hydrocele is described as either 
communicating or noncommunicating depending on whether 
there is direct patency between the hydrocele and the peritoneal 
cavity. A history of intermittent fluctuation in the size of the 
hydrocele is generally diagnostic for communicating hydrocele. 
A communicating hydrocele is synonymous with a patent 
processus vaginalis, and therefore, a communicating hydrocele 
is treated operatively in the same fashion. In male patients, a 
hydrocele of the cord is a collection of fluid in the processus 
vaginalis separate from the tunica vaginalis. In female patients, 
fluid trapped in the processus vaginalis is considered a hydro¬ 
cele of the canal of Nuck. In noncommunicating hydrocele, the 
isolated fluid collection is typically asymptomatic and tends to 
spontaneously resolve before age 12 months. Operative man¬ 
agement of noncommunicating hydrocele is usually reserved 
for lesions that persist after this age, acute enlargement of the 
hydrocele, or if there is any question of communication. 


GASTROINTESTINAL DISORDERS 


Neonatal Intestinal Obstruction 


Various congenital anatomic defects, inherited metabolic dis¬ 
eases, and acquired physiologic disorders may present as intesti¬ 
nal obstruction in a newborn. Neonatal intestinal obstruction is 
characterized clinically by bilious emesis and is often associated 
with abdominal distention. Bilious emesis in a neonate must be 
considered to be acute mechanical intestinal obstruction until 
proven otherwise. Emergent surgical evaluation is warranted 
for any newborn with bilious emesis. Table 107.2 provides dif¬ 
ferential diagnoses for neonatal intestinal obstruction along 
with salient features of the history, physical examination, and 
diagnostic studies. 

The clinical presentation of neonatal intestinal obstruction 
depends, in part, on the site of obstruction and the age of the 
infant. Clinical examination of the infant typically provides the 
surgeon with a preliminary diagnosis and helps guide further 
diagnostic studies. Abdominal distention is a characteristic phys¬ 
ical finding with distal bowel obstruction, whereas the abdomen 
may be flat in proximal obstruction. The presence of bile in the 
gastric contents or stool provides clinical evidence of the location 
of an obstruction relative to the ampulla of Vater. Bilious emesis 
in an infant or child should be considered an anatomic obstruc¬ 
tion requiring emergent surgical evaluation. An infant with bil¬ 
ious emesis who has already passed meconium and has tolerated 
feeding is unlikely to have intestinal atresia and more likely to 
have intestinal malrotation with midgut volvulus. If volvulus is 
suspected, emergent evaluation must be performed to diagnose 
and prevent catastrophic bowel injury or death. 

Definitive diagnosis of neonatal intestinal obstruction may 
often be made by physical examination and readily available 
radiologic studies. Incarcerated inguinal hernia is an impor¬ 
tant cause of neonatal bowel obstruction, and examination 
leads to a straightforward diagnosis. Some congenital condi¬ 
tions have clearly recognizable features and may be associated 
with anatomic intestinal obstruction. For example, infants 
with trisomy 21 have a higher probability of having duodenal 
atresia or Hirschsprung disease than the general population. 
An approach to imaging the neonate suspected of having an 
intestinal obstruction is to obtain a plain abdominal radi¬ 
ograph, followed by either a contrast enema or an upper gas¬ 
trointestinal series. Plain films of the newborn abdomen can be 
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ITABLE 107.2 



DIAGNOSIS | 

NEONATAL INTESTINAL OBSTRUCTION 



■ DIAGNOSIS 

■ HISTORY 

■ PHYSICAL EXAMINATION 

■ DIAGNOSTIC STUDIES 

Intestinal atresia or stenosis 

Bilious emesis 

Abdominal distention 

Plain abdominal film 


Failure to pass meconium 

Abdominal distention 

Contrast enema 

Duodenal atresia or stenosis 

Bilious or nonbilious emesis 

Gastric distention 

Plain abdominal film 


Feeding intolerance 

Trisomy 21 

Upper GI contrast study 

Imperforate anus 

Failure to pass meconium 

Absent anus or visible fistula 

Plain chest, abdominal film 


Bilious emesis (late) 

Abdominal distention 

VACTERL association 

Ultrasound kidneys, sacrum, 
rectum 

Echocardiogram 

Necrotizing enterocolitis 

High-risk, premature infant 

Bilious emesis 

Abdominal distention 

Abdominal wall erythema 

Hematochezia, guaiac-positive 
stool 

Plain abdominal film 

Meconium ileus 

Cystic fibrosis (10%) 

Acholic meconium 

Plain abdominal film 


Bilious emesis 

Abdominal distention 

Contrast enema 

Malrotation 

Bilious emesis 

Term, healthy infant 

No abdominal distention 

Plain abdominal film 

Upper GI contrast study 

Hirschsprung disease 

Delayed passage of meconium 

Abdominal distention 

Plain abdominal film 


Bilious emesis 

Trisomy 21 

Contrast enema 

Uncommon causes of 
obstruction (intussusception, 
Meckel diverticulum, 
duplication) 


Abdominal mass, incarcerated 
hernia 

Variable 

Medical conditions 
associated with ileus 

Bilious emesis 

Sepsis, hypothyroidism, etc. 

Plain abdominal film 

GI, gastrointestinal; VACTERL, vertebral, anal, cardiac, tracheal, esophageal, renal, and limb anomalies. 



extremely useful because swallowed gas acts as a contrast 
agent. For example, duodenal atresia gives rise to a dilated, 
gas-filled stomach and duodenum proximal to the obstruction; 
the remainder of the bowel remains gasless, giving rise to the 
“double-bubble” appearance on plain films. Other causes of 
proximal intestinal obstruction may lead to a microcolon on 
contrast enema, which is a small, unused but otherwise normal 
colon. If a retrograde contrast enema does not pass into the 
dilated segment of bowel, an upper gastrointestinal series may 
be useful to identify a more proximal obstruction. Upper gas¬ 
trointestinal series is also the most useful diagnostic test for 
intestinal malrotation. 

Several medical conditions of the newborn appear clinically 
similar to mechanical intestinal obstruction (Table 107.2). In 
particular, bilious emesis from ileus secondary to neonatal sepsis 
is not uncommon. Congenital hypothyroidism is an infrequent 
and medically treatable condition that can produce delayed 
intestinal motility that mimics mechanical intestinal obstruction. 


Intestinal Atresia or Stenosis 

Embryology and Anatomy. The embryonic intestine 
undergoes segmental development during the third week of 
gestation. The septum transversum demarcates the developing 
foregut from the midgut. The midgut can be considered a 
tubular structure that progressively undergoes several pre¬ 
dictable, developmental stages: (a) elongation; (b) herniation 
from and reduction into the coelomic cavity; (c) rotation; and 
(d) fixation of the mesentery to the posterior body wall. 


Several different types of intestinal atresia are clinically 
observed (Fig. 107.7). Type I atresia is an intraluminal web or 
diaphragm that can either be complete or fenestrated with intact 
seromuscular layers of bowel. Types II and Ilia atresia are 
believed to be a result of in utero mesenteric vascular accidents. 
Experimental interruption of the fetal mesenteric blood supply 
in utero leads to this type of atresia. 36,37 Type Illb atresia, also 
known as the apple-peel or Christmas tree deformity ; has com¬ 
plete mesenteric discontinuity, with the distal bowel concentri¬ 
cally surrounding a singular mesenteric blood supply. Type IV 
atresia has multiple segmental areas of discontinuous bowel. 
Types Illb and IV atresia are thought to be consequences of 
major and multiple fetal mesenteric vascular interruption. 

At least 90% of infants with congenital intestinal obstruc¬ 
tion of the small bowel have complete atresia, whereas the 
remaining children have either stenoses or fenestrated intralu¬ 
minal webs. The most common location is the distal ileum, and 
multiple areas of atresia are discovered in 3.6% to 20% of these 
infants. 38 Infants with fenestrated intraluminal webs may have a 
small, often eccentric opening only millimeters in diameter. 
These infants may not have obstructive symptoms until the 
introduction of solid food at 6 to 12 months of age and present 
with feeding intolerance, failure to thrive, or abdominal pain. 

Congenital colonic atresia is a distinctly unusual condition. 
In a contemporary series of 277 infants treated with intestinal 
atresia, only 21 children had colonic atresia. 38 Similar to small 
bowel atresia, colonic atresia is believed to reflect fetal mesen¬ 
teric vascular injury. Given the distal nature of colonic atresia, 
initial feeding may be well tolerated and definitive diagnosis 
may be delayed for several days. The diagnostic evaluation 
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FIGURE 107.7. Classification of intestinal atresia. Type I, muscular con¬ 
tinuity with a complete web. Type II, mesentery intact, fibrous cord. Type 
Ilia, muscular and mesenteric discontinuous. Type Illb, apple-peel defor¬ 
mity. Type IV, multiple atresias. (Adapted from Grosfeld JL. Jejunoileal 
atresia and stenosis. In: O’Neill JA Jr, Rowe MI, Grosfeld JL, et al. eds. 
Pediatric Surgery, 5th ed. St. Louis, MO: Mosby; 1998:1145-1158.) 


and surgical treatment of colonic atresia is identical to the 
approach used for small bowel atresia. Colonic atresia may be 
associated with abdominal wall defects, skeletal or cardiac 
defects, or coexisting small intestinal atresia. 

Clinical Presentation. The actual incidence rate of congen¬ 
ital intestinal atresia is unknown. Reported estimates in the 
United States are 3.5 to 3.75 cases per 10,000 total births. 39 
Infants with jejunal or ileal atresia have a low incidence rate of 
significant associated anomalies. Approximately 10% of infants 
with gastroschisis have intestinal atresia or stenosis secondary 
to mechanical interruption of the mesenteric vascular supply. 

Detection of maternal polyhydramnios on routine prenatal 
ultrasound screening can be an indication of proximal bowel 
obstruction caused by the interruption of normal amniotic fluid 
absorption in the fetal gut. 40 Following delivery, the classic clin¬ 
ical presentation of intestinal atresia is bilious emesis, abdominal 
distention, and failure to pass meconium. The degree of abdom¬ 
inal distention depends on the site of obstruction, the infant’s 
age, and the efficacy of proximal decompression. Abdominal dis¬ 
tention may be absent with proximal intestinal atresia. Distal 
intestinal atresia may lead to abdominal distention with visible 
or palpable intestinal loops on examination. Rectal examination 
and evaluation of stool character remains important when 
intestinal obstruction is suspected. 

Diagnosis. Following history and physical examination, 
plain radiographic abdominal films should be obtained. Plain 
films in jejunal or ileal atresia demonstrate marked gaseous dis¬ 
tention of the proximal intestine with gasless distal small bowel 
and colon. Haustral markings are normally not apparent in the 
neonatal colon, and therefore discrimination between small 
bowel and colon in the newborn is difficult without intralumi¬ 
nal contrast. A contrast enema is generally obtained to confirm 
the diagnosis of jejunoileal atresia. A diminutive, unused but 
otherwise normal microcolon is typical of proximal intestinal 
obstruction. The inability to reflux contrast into the proximal, 
dilated small bowel segment is diagnostic for congenital intesti¬ 
nal obstruction. This radiographic finding, in conjunction with 
the clinical setting, warrants operative exploration. An upper 
gastrointestinal series is unnecessary and may increase the risk 
of further emesis and aspiration in the newborn with obstruc¬ 
tion. Incomplete obstruction from a fenestrated intraluminal 
web may require more sophisticated imaging techniques such 
as catheter-directed enteroclysis. 

Treatment. Anatomic lesions causing neonatal intestinal 
obstruction require operative treatment. Whereas malrotation 
with midgut volvulus requires emergent diagnostic workup and 
operative intervention, obstruction resulting from intestinal atre¬ 
sia is generally not associated with life-threatening physiologic 
disturbances. Therefore, initial treatment is aimed at treating any 
other associated problems, confirming diagnosis, and preparing 
the infant for an operation. During this period, the infant always 
should have an orogastric or nasogastric tube in place to provide 
proximal decompression of the obstructed bowel. 

The operative strategy in treating intestinal atresia is to 
restore gastrointestinal tract continuity while preserving as 
much intestinal length as possible. The operation is straightfor¬ 
ward, and an end-to-end or end-to-oblique (end-to-back) anas¬ 
tomosis is typically performed (Fig. 107.8). Short segmental 
bowel resection and excision of an intraluminal web or 
diaphragm are used when necessary. Visual inspection and 
instillation of intraluminal saline or air to exclude distal atresia 
or web prior to anastomosis is important to evaluate patency of 
the downstream bowel. The size discrepancy between the prox¬ 
imal and distal bowel is usually considerable, and delayed post¬ 
operative bowel motility is common. Some surgeons advocate 
the use of technical procedures to improve emptying of the 
proximal bowel by reducing overall bowel diameter. These pro¬ 
cedures include resection, plication, and tapering enteroplasty. 
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FIGURE 107.8. A and B: The end-to-oblique anastomosis for small 
bowel atresia. C: An extension of the distal enterostomy along the 
antimesenteric border may be used to create proximal and distal 
lumens of equal size for anastomosis. 


Complex atresia associated with apple-peel deformity or multi¬ 
ple segmental atresias may require multiple serial anastomoses 
to preserve as much bowel length as possible. The ileocecal 
valve is preserved whenever possible, allowing improved toler¬ 
ance of enteral nutrition in infants with limited small bowel 
length. It is estimated that approximately 40 cm of small bowel 
without an ileocecal valve, compared with 15 to 20 cm with an 
ileocecal valve, is sufficient for long-term enteral feeding toler¬ 
ance in the neonate. 41 Contemporary management of colonic 
atresia includes primary anastomosis when technically possible. 

Results and Outcome. Currently, the overall survival rate 
for infants treated for intestinal atresia or stenosis (including 
duodenal atresia) exceeds 93% in most large series. 38,42 Mor¬ 
tality in these infants is generally related to cardiac anomalies, 
birthweight less than 2 kg, and associated congenital anom¬ 
alies. 43 Infants with a limited amount of intestinal length for 
nutritional absorption (short bowel syndrome with less than 
40 cm) usually require long-term TPN and are at moderate to 
high risk for sepsis and liver injury. Infants with normal gas¬ 
trointestinal length may still have prolonged intestinal dys¬ 
function and dysmotility for several weeks. 


Congenital Duodenal Obstruction 

Causes of duodenal obstruction in the newborn include duo¬ 
denal atresia or stenosis, duodenal intraluminal web, and 


annular pancreas. Because of the common embryologic basis, 
clinical presentation and treatment, these entities are consid¬ 
ered jointly. 

Embryology and Anatomy. The duodenum is derived 
from both the caudal segment of the foregut and the cranial 
segment of the midgut. Duodenal development is intimately 
related to the developing pancreaticobiliary system. The fetal 
pancreas arises from paired dorsal and ventral foregut diver¬ 
ticula during week 6 of gestation. The dorsal anlage gives rise 
to the body and tail of the pancreas as well as the main pan¬ 
creatic duct. The ventral anlage migrates 180 degrees to fuse 
with the dorsal gland, forming the uncinate process and the 
distal portion of the duct of Wirsung (Fig. 107.9). An annular 
pancreas is characterized by glandular persistence surrounding 
the duodenum at the site of the embryonic ventral anlage. It is 
invariably associated with intrinsic duodenal obstruction, and 
a patent accessory pancreatic duct is common (Fig. 107.10). 44 

It is believed that congenital duodenal obstruction results 
from abnormalities of pancreatic development, failure of duo¬ 
denal recanalization, or vascular compromise to the duodenum. 
Duodenal atresia may occur with or without seromuscular con¬ 
tinuity, and an intraluminal duodenal web may occur with or 
without fenestration. The most frequent location for duodenal 
atresia is in the descending duodenum distal to the ampulla of 
Vater. Most series report a 5% to 10% incidence of duodenal 
atresia proximal to the ampulla, giving rise to nonbilious gastric 
contents and emesis. Another important variant is a peri¬ 
ampullary web projecting distally into the duodenal or jejunal 
lumen, forming a “wind sock” deformity (Fig. 107.11). In this 
instance, the ampulla must be clearly identified before excision 
and repair because of the proximity of the ampulla to the web. 

Clinical Presentation. The incidence rate of congenital 
duodenal obstruction is estimated to be about 1 in 6,000 to 
10,000 births. 45 About 30% of these infants have trisomy 
21. 46 Infants born with duodenal atresia should be examined 
with a high degree of suspicion for trisomy 21 and undergo 
routine karyotype analysis. Other associated anomalies such 
as congenital heart disease, genitourinary tract malformations, 
and musculoskeletal disorders are common in these infants, 
and appropriate preoperative workup is necessary. 

Congenital duodenal obstruction most commonly presents 
in the first 24 to 48 hours of life with feeding intolerance and 
bilious emesis; duodenal obstruction proximal to the ampulla 
of Vater results in nonbilious emesis. On physical examination, 
infants with untreated duodenal obstruction may have a palpa¬ 
ble epigastric mass, and gastric peristaltic waves may be visible. 
The collapsed and unused distal small intestine typically does 
not produce diffuse abdominal distention. Partial duodenal 
obstruction from a fenestrated web may not produce symp¬ 
toms in the newborn period, and delayed diagnosis is common. 

Diagnosis. Prenatal diagnosis of duodenal atresia is possible 
given contemporary fetal ultrasound techniques. Following 
birth, infants with suspected duodenal atresia should undergo 
plain abdominal radiographs. The classic radiographic finding of 
duodenal atresia is a double bubble from the air-filled stomach 
and duodenum (Fig. 107.12). In complete duodenal obstruction, 
no gas is seen distal to the duodenum; in this setting, the plain 
film is sufficiently diagnostic that no further imaging of the gas¬ 
trointestinal tract is necessary. If there is incomplete obstruction, 
gas may be seen distally in the small or large intestine. Infants 
with suspected incomplete obstruction at the duodenal level 
may have either a fenestrated web or volvulus secondary to mal- 
rotation. Given the need for emergent operative intervention in 
malrotation with acute volvulus, an urgent upper gastrointesti¬ 
nal series with contrast should be strongly considered to exclude 
a neonatal surgical emergency. It is important that all anatomic 
lesions causing neonatal duodenal obstruction require operative 
repair using a similar approach. 
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Dorsal pancreatic 
diverticulum 

Duodenum 




FIGURE 107.9. Normal embryologic development of the duodenum, pancreas, and bile ducts. A: Fifth gestational week. B: Sixth week. 
C: Seventh week. D: Eighth week. 


Treatment. Following expedient treatment of any associated 
life-threatening medical conditions and preoperative evalua¬ 
tion, the operative goals are to restore gastrointestinal conti¬ 
nuity without sacrificing intestinal length or absorptive surface 
area. Because most lesions causing congenital duodenal 
obstruction are near the ampulla of Vater, great care must be 
exercised in treatment to avoid inadvertent injury to the 
ampulla or pancreas. 

Congenital duodenal atresia is treated by duodenoduo- 
denostomy. Duodenal obstruction secondary to annular pan¬ 


creas is also treated by duodenoduodenostomy. Direct division 
of annular pancreas is not performed because this does not 
address the underlying intraluminal duodenal obstruction, 
and there is significant risk of injury to the accessory pancre¬ 
atic duct (Fig. 107.10). 

Duodenoduodenostomy is performed by making a trans¬ 
verse incision in the dilated, proximal duodenum and a longi¬ 
tudinal incision in the unused, downstream duodenum. The 
lumens are sutured together to form a diamond-shaped anasto¬ 
mosis (Fig. 107.13). 47 Downstream duodenal patency should 




FIGURE 107.10. Annular pancreas. A: The associated duodenal atresia is shown. B: The relationships of the annular pancreas to the common 
bile duct and main and accessory pancreatic ducts are shown in cross section. 
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Duodenal web 


Ampulla of Vater 


Duodenal web 


FIGURE 107.11. Anatomic forms of duodenal atresia (A-C) 
and webs (D and E). In particular, E demonstrates the unique 
wind-sock deformity. This lesion is important and potentially 
confusing because the point of obstruction is not at the appar¬ 
ent point of change in luminal diameter. 



FIGURE 107.12. Classic radiographic appearance of duodenal atre¬ 
sia. There is a double bubble of gas in the stomach and proximal duo¬ 
denum, with no gas in the distal intestinal tract. 


be demonstrated by passing a catheter or infusing saline or air 
distally to avoid overlooking synchronous distal intestinal 
atresia. Successful and efficacious laparoscopic duodenal atre¬ 
sia repair has also been reported. 48 

Duodenal webs are excised through a longitudinal duode- 
notomy. The wind sock duodenal web must be clearly identi¬ 
fied because the visible transition from the distended, proximal 
duodenum to the small, downstream duodenum may be sev¬ 
eral centimeters distal to the base of the web. The ampulla of 
Vater must be unequivocally identified before duodenal web 
excision to avoid injury. Closure of the longitudinal duodeno- 
tomy is performed transversely to avoid narrowing of the 
duodenum. 

There is usually great size discrepancy between the dilated, 
proximal pouch and the distal duodenal lumen, leading some 
surgeons to advocate procedures designed to reduce the diam¬ 
eter of the proximal duodenum in an effort to facilitate 
improved postoperative bowel motility. The efficacy of these 
procedures, which include tapering duodenoplasty and duode¬ 
nal plication, has been described in anecdotal fashion without 
randomized comparison. 

Results and Outcome. After successful operative repair of 
duodenal atresia or stenosis, delayed gastric emptying is com¬ 
mon and typically manifests as enteral feeding intolerance. 
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FIGURE 107.13. Diamond-shaped duodenoduodenostomy for repair 
of duodenal atresia. 


Patience and persistence are essential during the postoperative 
period. Surgical outcomes after repair of congenital duodenal 
obstruction are excellent, 46-49 with perioperative survival 
exceeding 95%. Perioperative mortality is generally related to 
other congenital anomalies, and in particular, congenital heart 
disease in infants with trisomy 21. Other late problems may be 
encountered that reflect gastroduodenal motility issues such as 
poor gastric emptying, gastroesophageal reflux, and duodenal 


dilatation. These symptoms may appear several months to 
years following repair, and therefore, long-term surgical 
follow-up remains important. 


Anorectal Malformations (Imperforate Anus) 

Embryology. By week 5 of gestation, the fetal cloaca is iden- 
tifiable with the adjacent hindgut, allantois, and vestigial tailgut 
(Fig. 107.14). The mesoderm of the urorectal septum extends 
caudally to fuse with the cloacal closing plate. Fusion of the lat¬ 
eral cloacal ridges completes division of the cloaca into the rec¬ 
tum and the urogenital sinus. The caudal aspect of the urorectal 
septum forms the perineal body. The anal membrane normally 
ruptures during week 8 of gestation, completing the patency of 
the distal rectum to the skin. Further development of the uro¬ 
genital sinus leads to the formation of the urethra and bladder. 
In female infants, the uterus and proximal vagina develop from 
the mullerian ducts. The diverse anatomic variation observed 
with anorectal malformations is thought to reflect anomalous or 
interrupted development of these structures during normal 
embryogenesis. 

Anatomy and Classification. The normal anatomy of the 
anus and rectum is reviewed in previous chapters. Normally, 
the rectum descends to the perineum and ultimately, to the 
anal orifice through a striated muscle complex in the pelvis 
resembling a funnel. The striated muscle complex is under vol¬ 
untary control and is responsible for providing fecal continence 
(Fig. 107.15). Contiguous portions of the levator ani, the exter¬ 
nal sphincter, and the puhorectalis muscles compose the stri¬ 
ated muscle complex. These anatomically indistinct compo¬ 
nents of the muscle complex act together to provide control of 
defecation. The concept of the striated muscle complex and 
anatomic relationships leading to normal fecal continence with 
respect to anorectal malformations has evolved from both clin¬ 
ical and anatomic data as described by Pena. 50 

Because of the variety of anorectal malformations observed, 
different classification systems have been proposed in an 
attempt to characterize the defects. A summary of the Wing- 
spread classification is provided in Table 107.3. This anatomi¬ 
cally descriptive classification scheme is useful in planning the 
operative management of anorectal malformations. 

In male subjects, the two most common anorectal malforma¬ 
tions observed are low imperforate anus with a perineal fistula 
(Fig. 107.16) and high anorectal agenesis with a rectoprostatic 


A B 



FIGURE 107.14. Normal embryologic 
division of the cloaca by the urorectal 
septum into the ventral urinary tract 
and the dorsal rectum. This process is 
normally completed by the ninth or 
tenth week of gestation. 
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FIGURE 107.15. The normal relations of the pelvic striated muscle complex and the rectum. A: Normal male anatomy. B: Coronal view show¬ 
ing individual components of the striated muscle complex. C: Sagittal view of normal anatomy. 


urethral fistula (Fig. 107.17). Male patients without a visible per¬ 
ineal fistula are assumed to have high imperforate anus with a 
rectourethral fistula until proven otherwise. In female subjects, 
the most common malformation encountered is low imperforate 
anus with a fistula from the rectum to either the perineal body or 
the vaginal vestibule (Fig. 107.18). As these malformations result 
from developmental arrest at various times during migration of 
the urogenital septum, considerable anatomic variability exists 
in both male and female subjects. 

A common anatomic feature of imperforate anus is incom¬ 
plete rectal descent to the perineum. Consequently, the rectum 
is not completely within the striated muscle complex. The cau¬ 
dal portion of the striated muscle complex remains a solid 
mass of striated muscle, whereas the cephalad portion may be 
normally positioned circumferentially around the rectal 
pouch. In low imperforate anus, the rectum nearly reaches the 
perineum and the configuration of the striated muscle complex 


surrounding the rectum more closely approximates normal. 
With high imperforate anus, less striated muscle surrounds the 
rectal pouch. All anorectal malformations are considered to 
have some component of striated muscle complex hypoplasia 
and dysfunction, although the physiologic effects are variable. 
Low anorectal lesions have a more favorable prognosis for 
fecal continence than intermediate or high lesions. 

Classic delineation between low and high anorectal malfor¬ 
mations is made anatomically at the pubococcygeal line. The 
vast majority of low lesions have associated perineal or 
vestibular fistulas. High imperforate anus has a blind-ending 
rectal pouch above the pubococcygeal line and, therefore, 
above the striated muscle complex (or levator ani). 

Associated Anomalies. Associated anomalies in infants 
with anorectal malformations are common and may be found in 
more than 70% of patients. The VACTERL (vertebral, anal, 
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ITABLE 107.3 

GLASSIFICATION | 

ANATOMIC CLASSIFICATION OF ANORECTAL 
MALFORMATIONS 

■ FEMALE 

■ MALE 

HIGH 


Anorectal agenesis with 
rectovaginal fistula with or 
without fistula 

Anorectal agenesis with 
rectoprostatic urethral 
fistula 51 ' with or without fistula 

Rectal atresia 

Rectal atresia 

INTERMEDIATE 


Rectovestibular fistula 

Rectobulbar urethral fistula 

Rectovaginal fistula 

Anal agenesis without fistula 

Anal agenesis without fistula 

LOW 

Anovestibular fistula* 

Anocutaneous fistula* 

Anocutaneous fistula*’^ 

Anal stenosis* ,c 

Anal stenosis c 

Rare malformations 

RARE MALFORMATIONS 


Cloacal malformations^ 


^Relatively common lesion. 

^Includes fistulas occurring at the posterior junction of the labia 
minora, often called fourchette fistulas or vulvar fistulas. 

Previously called covered anus. 

^Previously called rectocloacal fistulas. Entry of the rectal fistula into 
the cloaca may be high or intermediate, depending on the length of 
the cloacal canal. 


cardiac, tracheal, esophageal, renal and limb) association is 
important and requires consideration in any infant with imper¬ 
forate anus. Vertebral anomalies are common and include sacral 
dysplasia and agenesis. Infants with sacral anomalies commonly 
have high imperforate anus and sacral nerve dysfunction that 
can lead to poor long-term fecal continence and neurogenic 
bladder. Various spinal cord malformations also can be 



Urethra 


Bladder 


- Rectum 


FIGURE 107.16. Male infant with low imperforate anus and perineal 
fistula. Note that the fistula is anterior to the striated muscle complex. 


observed in these infants, including tethered spinal cord syn¬ 
dromes and some myelodysplastic syndromes. During the 
neonatal period, these spinal lesions may be detected by using 
ultrasound or magnetic resonance imaging (MRI), and surgical 
treatment may be necessary within the first 8 to 18 months of 
life. Tracheoesophageal fistula with or without esophageal atre¬ 
sia is estimated to occur in about 10% of infants with anorectal 
malformations. Renal anomalies are the most common associ¬ 
ated abnormalities with anorectal malformations and include 
both upper and lower tract conditions. Genitourinary screening 
in the form of a renal ultrasound and voiding cystourethrogram 
is routinely performed. Cardiac anomalies are common, and 
screening echocardiography is clinically indicated. Limb abnor¬ 
malities, in particular, involvement of the radius, complete the 
associated anomalies defined by the acronym. 

Clinical Presentation. The incidence rate of anorectal mal¬ 
formations is estimated at 1 in 2,524 to 5,000 live births, 51 
with a slightly higher rate in males. Careful examination of the 
neonatal perineum reveals the diagnosis. If unrecognized and 
left untreated, high imperforate anus eventually leads to signs 
and symptoms of complete bowel obstruction characterized by 
abdominal distention, feeding intolerance, and bilious emesis. 
Because of the nearly uniform rectourethral or rectovesicular 
fistula in males with high lesions, some of these infants will 
pass meconium or gas through the urethra during urination. In 
contrast, infants with low malformations typically pass meco¬ 
nium through a perineal or vestibular fistula within the first 24 
hours of life. Occasionally, infants with large perineal fistulas 
are not diagnosed with an anorectal malformation until pro¬ 
gressive constipation is noted weeks to months after birth. 

In male infants, more than 95% of low malformations are 
associated with either a thin anal membrane or a fistula to the 
perineum or scrotal raphe. The presence of a “bucket handle” 
skin deformity at the presumptive anal dimple is also diagnos¬ 
tic of a low lesion. Infants with high malformations typically 
lack anal skin dimpling, have a flat gluteal contour, and may 
have little or absent contraction of the external sphincter with 
cutaneous stimulation. In female infants, 90% to 95% of low 
malformations have a perineal or vestibular fistula. In both 
male and female infants, a perineal fistula may not become 
apparent in the first 12 to 24 hours of life until meconium pro¬ 
gresses distally through the rectum into the fistula. 

Diagnosis. Because surgical treatment of a high or intermedi¬ 
ate anorectal malformation is different from that for low lesion, 
a primary diagnostic goal is to determine whether an infant with 
imperforate anus has a high or low malformation. A secondary 
diagnostic goal is to determine the specific anorectal malforma¬ 
tion as it relates to the rectourethral or rectovesicular fistula. 

Clinical examination of an infant with low imperforate 
anus almost always reveals an external fistula to the perineum 
or vestibule. The classic radiographic study of newborns with 
imperforate anus is the Wangensteen-Rice invertogram, with a 
lateral view of the pelvis obtained 12 to 24 hours after birth 
with the infant in a head-down position. This technique has 
been largely replaced by ultrasound-directed imaging. 52 Real¬ 
time ultrasound is currently well accepted as an accurate 
method of determining the distal extent of the rectal pouch. 
Computed tomography (CT) imaging and MRI can be useful 
in evaluating the pelvic striated muscle complex in difficult 
cases, and in particular, cloacal malformations. MRI is also 
useful in evaluation of the distal spinal cord in these infants. 

If there is a suspected perineal fistula or covered anus, diag¬ 
nostic needle aspiration under anesthesia may be useful. 
Aspiration of meconium not only localizes the rectum or fis¬ 
tula, but it also can provide an estimation of the distance 
between the perineum and the rectum or the fistula. In general, 
low lesions are within 1 cm of the perineum. An infant not 
clearly found to have a low lesion by physical examination, 
radiographic studies, or examination under anesthesia should 
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FIGURE 107.17. Male infant with high 
imperforate anus, showing the pub¬ 
ococcygeal line, ischium, and striated 
muscle complex. A: The rectal pouch 
ends cephalad to the pubococcygeal 
line. This location of the rectourethral 
fistula is typical. B: Coronal view 
showing incomplete development of 
the rectal pouch within the striated 
muscle complex. The rectourethral fis¬ 
tula is shown. 
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FIGURE 107.18. Female infant with low imperforate anus and 
vestibular fistula. 


be considered to have a high anorectal malformation and 
treated accordingly. 

A voiding cystourethrogram is generally the procedure of 
choice for defining the rectourethral or rectovesical fistula. In 
some instances, cystoscopy is a useful adjunct before repair of 
high imperforate anus. For example, an infant with a large rec¬ 
tourethral fistula may require cystoscopic guidance of a uri¬ 
nary catheter to avoid inadvertent placement of the catheter 
through the fistula and into the rectum. 

Treatment. Imperforate anus by itself is not a life-threatening 
condition, and, in many instances, observation for 12 to 24 
hours may help to delineate the presence or absence of a fistula. 
The surgical management of anorectal malformations has been 
well described elsewhere, 50 and a brief summary follows below. 

Low Malformations. Definitive repair of most low anorectal 
malformations can be performed in the newborn period with 
perineal procedures that do not require diverting colostomy. 
Simple dilatation of the fistula or unroofing of a covered anus 
may relieve the anatomic obstruction. For more complex anal 
stenoses or anterior perineal fistulas, a formal perineal 
anoplasty may be required. A common perineal procedure per¬ 
formed is cutback anoplasty, in which the anterior fistula or 
anal orifice is opened posteriorly by dividing the perineum to 
the external sphincter. More complex alternative approaches 
may be preferred in female infants with low vaginal or anterior 
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perineal fistulas. These lesions generally require circumferen¬ 
tial mobilization of the anterior fistula with transposition to 
the center of the external sphincter. Anterior reconstruction of 
the perineal body is then performed. Transposition anoplasty 
is designed to position the neoanus within the center of the 
external sphincter and separate the neoanus from the vaginal 
introitus. 

Intermediate and High Malformations. Infants determined to 
have an intermediate, high, or indeterminate anorectal malfor¬ 
mation generally require diverting divided colostomy as initial 
surgical management. Care must be taken to ensure that the 
proximal diverting colostomy provides adequate length and 
mobility of the distal colon in anticipation of eventual anorecto¬ 
plasty. A divided colostomy is preferred over a loop colostomy 
by many surgeons to provide maximal fecal diversion from the 
downstream rectourinary fistula. Following diverting colostomy, 
a distal contrast study into the rectal pouch can also define the 
fistula and delineate the position of the rectum relative to the 
perineum. 

Anorectoplasty is generally performed when the infant is 
approximately 8 to 12 months of age. Many different 
approaches have been described, and considerable personal 
and institutional variation is common. No single approach has 
superior results, and all have technical merits and difficulties. 

The common surgical objectives in the treatment of anorectal 
malformations include the following: (a) relieve the rectal 
obstruction; (b) create a new anus; (c) position the rectum as 
normally as possible within the striated muscle complex; and 
(d) divide the rectourinary fistula. In addition, preservation of 
the surrounding structures (prostate, urethra, seminal vesicles, 
vaginal wall) is essential. 

For repair of high and intermediate anorectal malforma¬ 
tions, the most widely used procedure in the United States is the Q 
posterior sagittal anorectoplasty described in detail by Pena. 50 
The infant is placed prone, and a posterior sagittal incision fol¬ 
lowing the gluteal crease is used. The external sphincter and the 
striated muscle complex are divided posteriorly along the mid¬ 
line to expose the rectal pouch. A muscle stimulator is used to 
define and map the striated muscle complex and to confirm 
symmetric dissection along the midline. Typically, the rectal 
pouch can be adequately dissected by this approach to allow 
enough length to reach the perineum. Infrequently, a combined 
abdominoperineal approach is required. The mobilized rectal 
pouch is opened and the rectourinary fistula identified and 
closed directly. The rectal pouch is placed centrally within the 
striated muscle complex, which is reconstructed circumferen¬ 
tially around the rectum. The neoanus is centered within the 
external sphincter, and the mucosa is sutured to the perineum. 

Other accepted and practiced surgical approaches to imper¬ 
forate anus include a sacroperineal approach as proposed by 
Stephens, 53 and an approach that uses components of endorec¬ 
tal dissection as attributed to Rehbein. 54 Both these surgical 
procedures are characterized by blind pull-through of the dis¬ 
tal rectum to the perineum without direct visualization of the 
striated muscle complex. Experience with laparoscopic dissec¬ 
tion and division of the rectourinary fistula with perineal pull- 
through reconstruction has been reported. 55 It appears that 
personal preference, experience, and familiarity rather than 
differences in outcome dictate the selection of procedure. In 
general, diverting colostomy in all of these procedures is main¬ 
tained until the anorectoplasty has completely healed, after 
which the colostomy is closed electively. 

Results, Complications, and Outcome. Mortality fol¬ 
lowing anorectoplasty is related to the presence of associated 
congenital anomalies other than imperforate anus. A careful 
review of 284 infants undergoing repair of anorectal malfor¬ 
mations observed an 18.7% mortality, 56 suggesting that this 
group is at moderate to high risk for complications and death 
secondary to coexisting congenital anomalies. 


Complications are similar to other gastrointestinal surgical 
procedures and include infection, leak, recurrent fistula, or 
anastomotic stricture. Leak or stricture formation is observed 
in 5% to 10% of infants undergoing tapering rectoplasty dur¬ 
ing posterior sagittal anorectoplasty. Anorectal strictures are 
treated by gradual postoperative anal dilatation for weeks to 
months. Recurrent rectourethral fistula or urethral stricture is 
uncommon. 

Long-term functional outcome in infants with low malfor¬ 
mations is generally good given the relatively normal descent of 
the distal rectum within the striated muscle complex. Infants 
with higher lesions have a less predictable prognosis and are 
much more likely to have difficulty with fecal continence. Cur¬ 
rently, the outcomes appear to be independent of the type of sur¬ 
gical reconstruction performed and more related to anatomic 
patient factors, including degree of rectal descent, integrity of 
the striated muscle complex, and sacral innervation. Few or per¬ 
haps none of these children have completely normal bowel 
habits after operation. About half of the infants have acceptable 
to good results with episodic fecal soilage that can be improved 
with bowel management programs, enemas, and cathartics. 57-59 
A comprehensive bowel management program is essential in 
preventing fecal impaction and subsequent motility dysfunction 
in the rectum. The remaining children require major adjust¬ 
ments in lifestyle secondary to fecal incontinence, chronic con¬ 
stipation, or fecal smearing and odor. In some instances, socially 
acceptable continence can be assisted by the use of daily ante¬ 
grade enemas via a cecostomy or appendicostomy. In other sit¬ 
uations, a permanent diverting colostomy may be desirable. 


Necrotizing Enterocolitis 

Pathophysiology. NEC is a neonatal disease characterized 
by an initial intestinal mucosal injury that may ultimately 
progress to transmural bowel necrosis. NEC is the most fre¬ 
quently encountered neonatal surgical emergency and a major 
cause of morbidity and mortality in the premature infant. 
Despite its frequency and extensive study, the pathogenesis 
remains obscure, and surgical treatment is directed largely at 
controlling the complications of intestinal necrosis. The devel¬ 
opment of NEC occurs in association with various associated 
conditions, including perinatal stress, sepsis, respiratory fail¬ 
ure, hypoxemia, hypotension, and congenital cardiac defects. 
In general, NEC is observed in the premature infant with mul¬ 
tiple risk factors and potential etiologic events and conditions. 
Current clinical and experimental data support the concept 
that the pathophysiology of NEC remains enigmatic and mul¬ 
tifactorial. 

The intestinal mucosal injury observed in NEC is likely to 
be the end result of an ischemic insult in a susceptible host. 
Normally, the neonatal pulmonary and systemic vascular 
smooth muscle undergoes rapid structural and physiologic 
changes shortly after birth. The premature infant appears to be 
particularly vulnerable to vasoconstriction. With regard to 
NEC, it is hypothesized that hypoperfusion and ischemia of 
the premature neonatal intestinal tract may be the result of 
uncontrolled splanchnic vasoconstriction. This situation may 
be worsened in critically ill premature infants with low cardiac 
output states impairing oxygen delivery to the intestines. 

A common characteristic of NEC is the host inflammatory 
response to the initiating mucosal injury. Experimental data 
are consistent with an important role for inflammatory media¬ 
tors in the propagation of intestinal injury in NEC. 60 More 
than 90% of cases of NEC occur after the initiation of enteral 
feeding, and several studies document that the osmolarity or 
rate of initial feeding may be important. Although controversy 
exists, most neonatal centers now avoid rapid advancement of 
hyperosmolar enteral feedings and attempt to prevent exces¬ 
sive fluid volume in premature infants. 61,62 A multicenter, ran¬ 
domized controlled clinical trial using Bifidobacterium and 
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Lactobacillus as a probiotic given with initial feeding demon¬ 
strated significant reduction in death from NEC in very low 
birth weight premature infants. 63 

The most common site of involvement of NEC is the termi¬ 
nal ileum and right colon. NEC may be localized, segmental, or 
it may involve the entire gastrointestinal tract. Histopathologic 
examination of intestinal tissue from infants with NEC demon¬ 
strates submucosal edema, hemorrhage, and microvascular 
thrombosis leading to transmural necrosis. The histopathology 
of NEC resembles that of experimental intestinal ischemia, 
with areas of reversible mucosal injury adjacent to areas of 
transmural necrosis. Dissection of intraluminal gas through the 
injured mucosa leads to gas within the bowel wall, known as 
pneumatosis intestinalis. The finding of pneumatosis intesti- 
nalis is a classic radiographic and pathologic feature of NEC. 
Initially, the gas may be localized in the submucosa or lym¬ 
phatic vessels, but it may dissect into the muscularis, the portal 
venous tract, or into the subserosa. Intestinal perforation, 
inflammatory phlegmon, and diffuse peritonitis are common 
with advanced NEC. 

Clinical Presentation. Over the past three decades, advance¬ 
ments in technology, prenatal care, and neonatology have 
improved overall outcome in premature infants who were previ¬ 
ously unable to survive. In the United States alone, low birth- 
weight infants (less than 2,500 g) account for more than 250,000 
births a year. At least half of all infants with NEC are extremely 
low birth weight infants weighing less than 1,500 g. In a study of 
302 infants with NEC treated over two decades, the average 
birth weight fell from 1,645 to 1,505 g, and in similar fashion, 
the mean gestational age fell from 32.4 weeks to 30.4 weeks. 64 
NEC is estimated to occur in 1 to 3 of 1,000 live births and 30 
per 1,000 low birth weight births. 65 NEC may also occur in term 
infants, and in this group, it has a tendency to involve the colon 
and may present without classic signs. 66 The actual incidence of 
NEC remains difficult to determine because the diagnosis is sub¬ 
jective; classic signs on physical examination and diagnostic 
imaging are not always uniformly present. The classic clinical 
signs of NEC include abdominal distention, feeding intolerance, 
bilious emesis, and either occult or gross blood in the stool. Gas¬ 
trointestinal mucosal bleeding is present in the vast majority of 
cases (80%—90%) but is rarely significant from a hemodynamic 
standpoint. On physical examination, abdominal tenderness 
with distention is common, and individual loops of thickened or 
fixed bowel may be palpable. Edema, erythema, crepitus, or dis¬ 
coloration of the abdominal wall suggests intestinal necrosis, 
perforation, or intra-abdominal abscess (Fig. 107.19). Hema- 
tochezia or guaiac-positive stool is typical. Systemic signs of 



FIGURE 107.19. Clinical presentation of diffuse staining of abdomi¬ 
nal wall in an extremely low birthweight infant with perforated necro¬ 
tizing enterocolitis. 


inflammation and sepsis such as temperature instability, apnea, 
bradycardia, hypoxemia, acidosis, and thrombocytopenia are 
also common. The primary diagnostic goal during initial clinical 
evaluation is to determine whether irreversible, transmural 
intestinal necrosis is present. There is no single physical finding 
or laboratory test that makes this distinction. 

Diagnosis. The diagnosis of NEC relies on clinical evalua¬ 
tion and judgment based on symptoms and signs in the appro¬ 
priate setting. Table 107.4 summarizes diagnostic criteria and 
a staging system for NEC most commonly used in the United 
States. 67 Radiographic confirmation of NEC requires only 
plain abdominal films. During the acute inflammatory phase, 
contrast studies may be hazardous and are contraindicated. 
The classic radiographic finding of pneumatosis intestinalis 
(Fig. 107.20) confirms the diagnosis in the appropriate clinical 
setting but is variably present. Other radiographic findings 
consistent with NEC include thickened bowel loops, ascites, 
and portal venous gas. Serial abdominal films, including a left 


ITABLE 107.4 

STAGING | 

NECROTIZING ENTEROCOLITIS 



STAGE I NEC (SUSPECTED) 


Any one or more historical factors producing perinatal stress 
Systemic manifestations 
Temperature instability 
Lethargy 
Apnea 
Bradycardia 

Gastrointestinal manifestations 
Poor feeding 

Increasing pregavage residuals 
Emesis 

Mild abdominal distention 
Occult blood in stool 

Abdominal radiographs showing distention with mild ileus 
STAGE II NEC (DEFINITE) 

Any one or more historical factors 
Above signs and symptoms, plus: 

Persistent occult or gross gastrointestinal bleeding 
Marked abdominal distention 

Abdominal radiographs showing significant intestinal 
distention with: 

Ileus 

Small bowel edema 
Pneumatosis intestinalis 
Portal venous gas 
STAGE III NEC (ADVANCED) 

Any one or more historical factors 

Above signs and symptoms, plus: Deterioration of vital signs 
Evidence of septic shock 
Marked gastrointestinal hemorrhage 

Abdominal radiographs showing pneumoperitoneum in 
addition to findings listed for stage II 

Reproduced from Bell MJ, Kosloske AM, Benton C, et al. Neonatal 
necrotizing enterocolitis: prevention of perforation. J Pediatr Surg 1973; 
8:601-605, with permission. 
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FIGURE 107.20. Plain abdominal film demonstrating pneumatosis 
intestinalis ( arrows ) in an infant with necrotizing enterocolitis. 


lateral decubitus or upright film, should be obtained every 6 to 
8 hours during the early course of the disease. These sequential 
studies help to document the progression or resolution of the 
inflammatory process and, importantly, evaluate for the pres¬ 
ence of intestinal perforation presenting as free intraperitoneal 
gas or pneumoperitoneum. The presence of pneumoperi¬ 
toneum mandates operative intervention; however, up to half 
of infants with perforated NEC do not have discernible pneu¬ 
moperitoneum on plain films. 

Treatment 

Nonoperative. The vast majority of infants with NEC can be 
managed medically. Initial management of NEC includes prox¬ 
imal decompression with a nasogastric or orogastric tube, 
bowel rest, and broad-spectrum intravenous antibiotics. Prompt 
correction of hypotension, hypoxemia, and inadequate ventila¬ 
tion must be undertaken. Intravenous fluid management, with 
particular attention to electrolytes and acid-base status, is 
essential. Central venous access is secured and TPN is initiated. 
Oxygen delivery and cardiac performance must be maintained, 
which in a premature neonate may require operative closure of 
a patent ductus arteriosus; this approach is preferable over the 
use of indomethacin in the setting of NEC. 68 Serial physical 
examinations and blood work are useful in monitoring disease 
progress. 

Most infants with NEC improve with medical management. 
Typically, reversal of the systemic inflammatory response 
occurs rapidly, and the abdominal distention and ileus resolve 
over a period of days. Nasogastric tube decompression and 
intravenous antibiotics are usually continued for 7 to 14 days. 
Enteral feeding usually is resumed once antibiotics have been 
discontinued and there has been return of gastrointestinal func¬ 
tion. The usual course of medically treated NEC is rapid clini¬ 
cal response and stabilization in the first 24 to 36 hours. Infants 
with significant intestinal necrosis typically have signs of either 
pneumoperitoneum or clinical deterioration during the initial 
24 to 72 hours of treatment. 

Indications to abandon medical management and escalate 
surgical therapy include evidence of intestinal perforation or 
clinical deterioration with persistent or progressive systemic 


illness despite maximal medical therapy. Evidence of persistent 
or progressive systemic sepsis includes temperature instability, 
refractory hypotension, acidosis, hypoglycemia, neutropenia, 
and thrombocytopenia. Local findings such as portal venous 
gas, abdominal wall cellulitis, or crepitus also may signal 
intestinal necrosis and the need for operative intervention. A 
palpable, fixed abdominal mass consistent with intestinal per¬ 
foration with an inflammatory phlegmon or abscess also may 
be a relative indication for operation. Because there is not 
complete agreement on what constitutes clinical deterioration, 
some controversy exists regarding operative indications for 
NEC in the absence of pneumoperitoneum. Because the inter¬ 
pretation of clinical deterioration criteria remains subjective, 
the decision to operate remains a multifactorial clinical judg¬ 
ment. In equivocal situations, abdominal paracentesis of 
ascitic fluid may be helpful in diagnosing intestinal necrosis 
with perforation in the absence of pneumoperitoneum if the 
aspirate contains bacteria or stool. 69 

Operative. Operative indications in NEC include the presence 
of intestinal necrosis with or without frank intestinal perfora¬ 
tion. Conventional operative intervention is aimed at treating 
the complications of NEC (i.e., intestinal necrosis). In general, 
resection of intestine involved with NEC does not prevent fur¬ 
ther extension of disease in other involved areas of the bowel. 
For isolated segmental disease, the traditional surgical treat¬ 
ment of NEC is resection of necrotic bowel with proximal 
enterostomy and distal mucous fistula placement. In infants 
with diffuse NEC, multiple resections with several enteros¬ 
tomies may be required. The primary operative goal is an expe¬ 
dient operation with preservation of as much intestinal length as 
possible, including the ileocecal valve. Because the risk of devel¬ 
oping short-gut syndrome is substantial in infants with diffuse 
disease, preservation of marginal areas of involved intestine 
with a planned second-look operation to reevaluate intestinal 
viability may be useful. Accurate measurement of the remaining 
bowel length is important from a diagnostic and prognostic 
standpoint, with the length of bowel resected determined by the 
extent of transmural intestinal necrosis. Resection with primary 
anastomosis in selected infants with NEC has been reported, 70 
with a recent study observing recurrent NEC in 22% and stric¬ 
tures in 17% of 18 treated infants following primary anasto¬ 
mosis. 71 Complete intestinal necrosis of the small intestine and 
colon is uncommon and is not compatible with long-term sur¬ 
vival without the sequelae of short-gut syndrome and the poten¬ 
tial need for intestinal transplantation (Fig. 107.21). 



FIGURE 107.21. Fulminant necrotizing enterocolitis involving the 
entire gastrointestinal tract in a premature infant. Note the presence of 
pneumatosis intestinalis. 
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Infants with NEC are typically fragile and premature, and 
complications in this population are not well tolerated. Sur¬ 
vival in this situation may be more dependent on disease sever¬ 
ity and coexisting medical problems than the operative 
approach. For the high-risk, low birthweight infant, initial 
management with primary bedside peritoneal drainage rather 
than laparotomy and bowel resection may be useful as either a 
temporizing measure or, in some instances, a definitive proce¬ 
dure. 72 A multicenter, randomized, controlled surgical trial 
comparing laparotomy with primary peritoneal drainage in 
premature infants with perforated NEC found that overall 
survival, dependence on TPN, and length of stay were inde¬ 
pendent of the type of operation performed. 73 

Complications, Results, and Outcome. Most infants 
with NEC are treated successfully without operative interven¬ 
tion. Morbidity and mortality for this group are related pri¬ 
marily to problems associated with prematurity. Given the 
delay of bowel function and the need for TPN, cholestatic 
jaundice commonly occurs but is generally reversible. Infants 
placed on broad-spectrum antibiotics for an extended period 
are at risk for developing fungal sepsis. For infants with intesti¬ 
nal necrosis from NEC, infectious complications including 
wound sepsis, central venous catheter infections, and pneumo¬ 
nia with respiratory failure may occur. 

The overall surgical complication rate in infants with NEC is 
at least 20% to 40%. Virtually every infant with NEC has a sig¬ 
nificant complication, an associated medical problem, or both. 
Immediate technical complications in treating NEC include 
intestinal leak, fistula formation, stoma necrosis, bleeding, and 
liver injury during exploration (Table 107.5). These complica¬ 
tions are obviously magnified in the extremely low birthweight 
infant with preexisting intestinal injury. Fluid and electrolyte 
losses from proximal diverting enterostomies can be significant 
and even life threatening in extremely low birthweight infants 
whose circulating blood volume is less than 50 to 100 mL. A 
review of 68 infants treated surgically for NEC observed a 26% 
mortality rate and a 68% complication rate related to the stoma 
or its closure in the perioperative survivors. 74 Complications 
included intestinal stricture, incisional or parastomal hernia, 
stoma prolapse, intussusception, wound dehiscence or infec¬ 
tion, small bowel obstruction, and anastomotic failure. The 
complications associated with diverting enterostomy in this 
unique population provide a compelling rationale for early 
enterostomy closure once the inflammation from peritonitis has 
resolved. A prospective, randomized trial comparing resection 
and enterostomy with resection and primary anastomosis in the 
treatment of NEC has not been reported. 


TABLE 107.5 COMPLICATIONS 


OPERATIONS FOR NECROTIZING ENTEROCOLITIS 

Infection (wound, intra-abdominal, central venous catheter, 
pneumonia) 

Bleeding 

Stoma-related complications (stenosis, retraction, prolapse) 

Electrolyte or nutritional disturbances from enterostomy 
output 

Enterocutaneous fistula 
Anastomotic leak, stenosis, failure 
Adhesive small bowel obstruction 
TPN-associated cholestasis 
Short bowel syndrome, malabsorption 
Sepsis, cardiopulmonary failure 
Intraventricular hemorrhage 


Intestinal stricture formation following NEC, whether man¬ 
aged operatively or nonoperatively, is common. This conse¬ 
quence usually results from a normal host inflammatory 
response to transmural intestinal injury. The degree of fibrosis 
and subsequent stricture formation are clearly related to the 
severity and extent of disease. Less frequently, mesenteric vas¬ 
cular compromise secondary to an intra-abdominal adhesion 
may lead to stricture formation. Although stricture can develop 
anywhere in the gastrointestinal tract involved with NEC, a 
higher rate of demonstrable stricture is observed in the left 
colon, occurring in as many as 36% of medically treated 
infants. 75 Routine contrast enema 4 to 6 weeks after clinical res¬ 
olution of NEC treated operatively or nonoperatively has been 
advocated in some institutions. Symptomatic strictures gener¬ 
ally require segmental resection with anastomosis, although flu- 
oroscopically guided balloon catheter dilatation has been 
reported. 

Overall survival rates for infants with NEC have improved 
significantly over the past three decades and are currently 
about 60% to 80% for both operative and nonoperative 
groups. 76 The observed improvement in survival is thought to 
reflect improved neonatal intensive care, the use of TPN, and 
early, aggressive treatment for suspected NEC. Most neonatal 
intensive care units initiate aggressive medical treatment in any 
infant with suspected NEC. Whether surgical interventions 
such as resection with primary anastomosis or limited primary 
peritoneal drainage can improve morbidity and mortality in 
these critically ill infants remains to be fully determined. Long¬ 
term outcome for NEC survivors generally reflects associated 
problems of prematurity. In particular, many of these infants 
have persisting neurodevelopmental, ophthalmologic, and pul¬ 
monary disease, but morbidity from the gastrointestinal 
system generally is limited to infants with short-gut syndrome 
following extensive bowel resection. These infants present 
complex ethical and management issues beyond the scope of 
this review. Most NEC survivors (75%) enjoy a good to excel¬ 
lent quality of life, suggesting that the treatment cost relative 
to the potential benefit for these infants is worthwhile. 77 


Meconium Ileus 


Meconium ileus is a descriptive term for small bowel obstruc¬ 
tion in a newborn infant with cystic fibrosis (CF). About 10% 
to 20% of infants with CF initially present with meconium 
ileus. A review of CF is useful to understand the pathophysiol¬ 
ogy and treatment of meconium ileus. 

CF is the most common fatal hereditary disease in Europe 
and North America. It is an autosomal recessive disorder 
found with a heterozygous carrier incidence rate of 1 in 20 to 
25 in white populations. The estimated incidence rate of 
homozygous gene expression and phenotypic manifestation of 
CF is about 1 in 2,000 to 2,500 in this population. 78 The CF 
gene has been cloned and the single most common mutation 
characterized. 79,80 The most common point mutation is a 
three-base-pair deletion found in 70% to 75% of the carrier 
population. This mutation leads to deletion of a phenylalanine 
residue in amino acid position 508 of the CF transmembrane 
conductance regulator (CFTR) gene. In addition, there are 
about 200 more infrequent mutations of the CFTR gene that 
lead to clinical CF. The molecular heterogeneity of CFTR gene 
mutations produces practical implications in the development 
and use of carrier screening tests in the general population. 
Currently, widespread use of molecular genetic screening tests 
in the general population to identify asymptomatic carriers 
and at-risk couples without a family history of CF is not rec¬ 
ommended; there are significant technical, ethical, and social 
issues that must be prospectively addressed. 81 Screening of at- 
risk couples with a family history of CF is recommended, 
however, and in this setting, carrier discovery approaches 
100% so that appropriate genetic counseling can be provided. 
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Molecular genetic screening also should be offered to parents 
and infants with clinically suspected CF as well as asympto¬ 
matic infants born to at-risk couples. This approach allows 
rapid identification and confirmation of virtually all infants 
homozygous for CF. 

Pathophysiology. The clinical manifestations of CF are 
caused by an epithelial electrolyte transport defect that results 
in impermeability to the chloride (Cl - ) ion. 82 The epithelial 
defect occurs in apocrine sweat glands and the tracheo¬ 
bronchial tree as well as the pancreas, gastrointestinal tract, 
and liver. In sweat glands, failure of normal Cl - ion reabsorp¬ 
tion following beta-adrenergic stimulation leads to an obligate 
sodium chloride loss despite a normal adenosine triphosphate 
(ATP)-dependent sodium-potassium pump. This mechanism is 
the basis for the traditional diagnostic sweat chloride test. 

Reduction of Cl - permeability in the tracheobronchial tree 
leads to diminished secretion volume as well as increased 
absorption of sodium chloride. As a result, airway secretions 
in CF patients are low in volume and particularly viscous. 
Because of the tenacious nature of the airway secretions, air¬ 
way clearance is impaired, which leads to chronic, recurrent 
infection with bronchitis and pneumonia. As the disease 
advances, bronchiectasis and progressive pulmonary parenchy¬ 
mal destruction ensues. Recurrent pulmonary bacterial infec¬ 
tion is common, and airway colonization by P. aeruginosa is 
predictable. Chronic pulmonary disease accounts for more 
than 90% of the deaths in advanced CF, with a mean life 
expectancy approaching 30 years. 

Pancreatic exocrine function is also affected by impaired 
Cl - permeability. Pancreatic duct obstruction resulting from 
inspissated viscous secretion is followed by glandular autoly¬ 
sis, acinar atrophy, and pancreatic fibrosis. Pancreatic 
exocrine insufficiency is a classic early clinical feature of CF 
and is thought to account for some of the gastrointestinal 
manifestations of the disease. In particular, the deficiency of 
pancreatic proteinases, impaired chloride permeability, and 
abnormal epithelial mucous secretion lead to meconium ileus 
in the newborn, characterized by abnormally thick and viscid, 
protein-laden meconium that causes mechanical gastrointesti¬ 
nal obstruction. The obstruction is usually observed in the ter¬ 
minal ileum just proximal to the ileocecal valve (Fig. 107.22). 
Infants with meconium ileus have small pellets, or concretions, 
of pale, nonbilious meconium in the terminal ileum with a dis¬ 
tal microcolon. Proximal to the obstruction, the meconium is 
variably mixed with gas and often is thick and tarry in consis¬ 
tency. The bowel containing the thick meconium is often 
grossly distended and thickened. Microscopically, the muscu- 
laris is hypertrophied; distended mucous glands with promi¬ 
nent goblet cells may be present. The most proximal jejunum 
is typically normal. 

In utero events such as proximal volvulus of the dilated seg¬ 
ment of ileum, perforation from distention, or atresia occur in 
approximately one third to one half of fetuses with meconium 
ileus. These clinical entities are characterized together as com¬ 
plicated meconium ileus. A classic clinical presentation of com¬ 
plicated meconium ileus is in utero intestinal perforation with 
sterile meconium peritonitis and formation of a calcified 
pseudocyst (Fig. 107.23). Gastrointestinal conditions present¬ 
ing later in life occur in 10% of children with CF and include 
acute appendicitis, recurrent rectal prolapse, and intussuscep¬ 
tion. These conditions reflect abnormal transit of thick, inspis¬ 
sated stool causing proximal distention or obstruction of the 
bowel lumen. Small bowel obstruction in CF outside the 
neonatal period was historically called meconium ileus equiva¬ 
lent, and is now termed distal intestinal obstruction syndrome 
(DIOS). Treatment of DIOS is similar to initial nonoperative 
management of uncomplicated meconium ileus in the newborn 
discussed later. Prevention of DIOS relies on conscientious pan¬ 
creatic enzyme replacement. Finally, children with CF are at 
risk of cholestasis secondary to obstruction of small intrahep- 



FIGURE 107.22. Meconium ileus causing obstruction of the terminal 
ileum from abnormally thick, inspissated meconium. 


atic bile ducts. Chronic hepatic inflammation can occur with 
subsequent fibrosis and cirrhosis, causing hepatic failure and 
portal hypertension in approximately 5% of CF patients. 

Diagnostic Evaluation. In nearly all newborns with CF, 
the diagnosis is clinically apparent by the presence of meco¬ 
nium ileus, a family history of CF in a sibling, or a positive 
newborn screening test. Laboratory confirmation of CFTR 
gene dysfunction is performed in several ways. The historical 
standard for detection of CF has been analysis of the sodium 
chloride content of the sweat. The most commonly used and 
reliable technique uses pilocarpine iontophoresis, with positive 
sweat test results showing sodium and chloride concentrations 
exceeding 60 mEq/L. 83 This test is less useful during the first 4 
to 6 weeks of age because normal neonates do not reliably 
conserve sodium chloride in sweat. Generally, abnormal 
CFTR gene is documented by two elevated sweat chloride tests 
obtained on separate days. With the emergence of genetic tech¬ 
nology capable of providing accurate assessment of CFTR 
gene mutations, the sweat test is now largely used to provide 
clinical confirmation of CFTR gene dysfunction along with 
molecular diagnosis of CF. 

Clinical Presentation. With routine prenatal ultrasound 
practices along with selected fetal DNA screening, the prena¬ 
tal diagnosis of CF or meconium ileus is feasible, potentially 
allowing for improved management of anticipated clinical 
problems following delivery. 84 Initial signs of meconium ileus 
include neonatal bowel obstruction with abdominal disten¬ 
tion, bilious emesis, and failure to pass meconium. On exam¬ 
ination, the neonate may have palpable loops of meconium- 
filled intestine with a texture on palpation described as 
“doughy.” Similar to other causes of proximal neonatal 
intestinal obstruction, rectal examination and evaluation of 
the meconium typically reveals clear white mucus or thick 
gray meconium. In utero intestinal perforation with pseudo¬ 
cyst formation in complicated meconium ileus may cause a 
palpable abdominal mass that is not particularly tender. On 
plain films or ultrasound, calcification is visible in the 
pseudocyst wall. In contrast, volvulus or intestinal perfora¬ 
tion secondary to meconium ileus following birth generally 
results in diffuse peritonitis and sepsis. Intestinal atresia may 
also be seen as a consequence of complicated meconium 
ileus. 
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Diagnosis. Abdominal plain films may be diagnostic in 
meconium ileus, demonstrating multiple, distended loops of 
bowel (Fig. 107.24A). Fluid- or meconium-filled loops of 
bowel mixed with gas give a characteristic “soap bubble” or 
“ground glass” appearance. Classic air-fluid levels seen in 
other causes of intestinal obstruction are not expected because 
of the tenacious, sticky intraluminal meconium. The presence 
of intraperitoneal calcifications or a calcified cyst is consistent 
with prenatal intestinal perforation of sterile meconium. 

A contrast enema is useful in the evaluation and treatment 
of simple meconium ileus. This study usually demonstrates an 
unused but functionally normal microcolon (Fig. 107.24B). 



Reflux of contrast into the terminal ileum may confirm the 
presence of inspissated meconium pellets. In conjunction with 
a family history and plain films, this finding is sufficient evi¬ 
dence to confirm the diagnosis of neonatal meconium ileus. 
Upper gastrointestinal contrast studies are generally unneces¬ 
sary and may complicate further therapeutic efforts. 

Treatment 

Nonoperative. Nonoperative management of simple meco¬ 
nium ileus is achieved in about 60% to 70% of newborns. 
Once the diagnosis of meconium ileus is confirmed, the initial 



FIGURE 107.24. A: Plain radiograph of neonate with meconium ileus. B: Contrast enema in an infant with meconium ileus 
demonstrating an unused but intrinsically normal microcolon. 
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treatment of choice is to perform retrograde irrigation of the 
terminal ileum with one of several solutions designed to dissi¬ 
pate the obstructing meconium. In the United States, several 
different enema techniques and various contrast media have 
been described, including normal saline, hyperosmolar con¬ 
trast agents, and dilute N-acetylcysteine. Initially, it was 
believed that using hyperosmolar contrast material was neces¬ 
sary to create an osmolar gradient. The resultant influx of fluid 
into the intestinal lumen was thought to solubilize the inspis¬ 
sated meconium. Recent data suggest that successful meco¬ 
nium clearance is not necessarily related to the osmolality of 
the contrast agent; however, a significantly higher overall suc¬ 
cess rate is reported with the use of water-soluble x-ray con¬ 
trast (sodium and meglumine amidotrizoate) and the use of 
other solubilizing agents such as Tween-80 and N-acetylcys- 
teine. 85 As long as clinical progress is being made, sequential 
enemas may be required to disimpact the inspissated meco¬ 
nium from the terminal ileum. In similar fashion, children and 
older patients presenting with DIOS are treated with retro¬ 
grade enemas until the obstruction resolves. The distinct 
advantage of this treatment approach is the avoidance of gen¬ 
eral anesthesia and exploratory laparotomy. Reported compli¬ 
cations with this approach include rare intestinal perforation, 
intestinal mucosal injury, and persistent obstruction resulting 
from meconium concretions. 

Operative. The major indications for operative intervention 
are either failure to clear the obstruction by retrograde enema 
or complicated meconium ileus with cyst formation, volvulus, 
atresia, or perforation. For simple meconium ileus with persis¬ 
tent obstruction despite contrast enemas, the operative goals 
are meconium disimpaction from the ileum and evacuation of 
the remaining stool from the small intestine. These steps can be 
accomplished by either milking the meconium downstream 
into the colon or solubilizing the meconium by transmural nee¬ 
dle instillation of irrigant. However, enterotomy or enteros¬ 
tomy and direct irrigation of the bowel lumen are usually 
required to completely clear the inspissated meconium. Simple 
closure of the enterotomy is preferred, but segmental resection 
may be required if marginal or compromised intestine is found. 
End-to-end anastomosis is the appropriate reconstruction tech¬ 
nique following segmental bowel resection. A temporary 
enterostomy may be required, and several historical techniques 
have been described. Another surgical option is the placement 
of a T-tube into the ileum for continued irrigation with dilute 
N-acetylcysteine. Following clearance of meconium from the 
intestine and the return of bowel function, the T-tube can be 
safely and simply removed. 86 

Complicated meconium ileus occurs in about one third of 
patients. The surgical management of this entity is individual¬ 
ized. Intestinal atresia is not uncommon in meconium ileus, and 
the entire length of the intestine must be inspected for patency. 
When possible, resection of nonviable, stenotic, or perforated 
intestine is performed with immediate reconstruction via pri¬ 
mary anastomosis. Patency of the downstream bowel must be 
confirmed to prevent anastomotic leak resulting from distal 
obstruction. If the infant is critically ill or has diffuse peritonitis, 
a safe primary anastomosis may not be possible and a diverting 
enterostomy is required. Stoma closure may be performed 
promptly after resolution of peritonitis and inflammation. 

Postoperative Care and Results. If the meconium has been suc¬ 
cessfully cleared without opening the intestine, dilute N-acetyl- 
cysteine may be given through the nasogastric tube or by enema. 
Alternatively, if a T-tube has been placed, dilute N-acetylcys- 
teine or other irrigant can be used directly into the ileum. These 
efforts are aimed at keeping the meconium soluble and prevent¬ 
ing recurrent ileal obstruction. Following return of bowel func¬ 
tion, enteral feeding using breast milk or an elemental formula 
is started along with oral pancreatic enzyme replacement. Vigi¬ 
lant pulmonary therapy is routine and includes mucolytics and 


antibiotics when indicated. Nutritional assessment and support 
are essential in long-term management. 

Successful nonoperative management of simple meconium 
ileus historically was associated with a more favorable out¬ 
come; however, the operative mortality rates of infants with 
meconium ileus have improved dramatically over the past sev¬ 
eral decades, and current short-term operative survival rates of 
70% to 100% are reported. 87,88 Long-term survival following 
meconium ileus is generally determined by the course of the 
underlying pulmonary disease. Contemporary management of 
CF has produced a mean survival age that approaches 30 years 
in most centers. With the exception of the development of por¬ 
tal hypertension in about 5 % of patients, intestinal manifesta¬ 
tions of the CF are treatable. Future medical and surgical 
efforts to improve the long-term outcome in these patients 
include direct replacement of the diseased pulmonary system 
by lung transplantation, manipulation of the epithelial chloride 
transport defect with pharmacologic agents, and gene therapy 
directed at CFTR gene transfer into respiratory epithelial cells. 


Meconium Plug Syndrome 

Meconium plug syndrome is characterized by functional 
obstruction of the colon or rectum by a meconium plug. It 
affects both normal and premature infants with immature gas¬ 
trointestinal motility and must be differentiated from other 
causes of neonatal intestinal obstruction. Unlike meconium 
ileus, in meconium plug syndrome the colon is of normal cal¬ 
iber and the meconium is not inspissated. The infant’s symp¬ 
toms within the first few days of life are abdominal distention 
and bilious emesis. Spontaneous passage of meconium is often 
absent. On examination, the infant is normal with a patent 
anus and a distended abdomen. Digital rectal examination may 
deliver the meconium plug. Plain films of the abdomen demon¬ 
strate dilated loops of bowel consistent with distal bowel 
obstruction. The diagnosis is confirmed by contrast enema, 
which is also therapeutic in helping the meconium plug pass. 
The meconium plug is followed by bile-stained meconium of 
normal consistency. It is important that, although the vast 
majority of these infants are normal, a few have Hirschsprung 
disease or CF. Therefore, infants presenting with meconium 
plug syndrome should undergo routine rectal suction biopsy 
and have CF screening tests performed. 


Malrotation 

Embryology. Normal midgut fixation requires sequential 
growth, elongation, and rotation of the intestine beginning as 
early as week 5 of gestation as illustrated in Figure 107.25. 
Three distinct events occur during normal midgut fixation. The 
first stage involves herniation of the primary midgut loop into 
the base of the umbilical cord, where it remains until week 10 
of gestation. The axis of the midgut loop is the superior mesen¬ 
teric artery (SMA), with the omphalomesenteric duct at the 
apex of the midgut loop. The midgut loop rotates 180 degrees 
counterclockwise so that the proximal half passes posterior to 
the SMA. The proximal portion gives rise to the proximal duo¬ 
denum, which lies to the right of midline. A portion of this seg¬ 
ment becomes the third and fourth portions of the duodenum. 
The distal duodenum is normally fixed to the left of the aorta at 
the ligament of Treitz, having rotated 270 degrees counter¬ 
clockwise from its original position. The jejunoileal segment 
undergoes dramatic elongation, forming about six primary 
intestinal loops. The distal midgut loop gives rise to the cecum 
and the right colon, which also undergoes growth and elonga¬ 
tion with concomitant rotation 270 degrees counterclockwise. 
Therefore, the cecum is initially positioned to the left, then 
anterior, and finally to the right of the SMA before reaching its 
final location. 89 
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FIGURE 107.25. Normal midgut rotation is shown with appropriate positioning of the stomach, duodenum, small intestine, and cecum 
from the fifth gestational week (A) through completion by the 12th week (E). 


Reduction of the extracoelomic gut is the second stage of 
midgut development and fixation, occurring between weeks 10 
and 12 of gestation. By this time, the duodenojejunal junction 
has passed posterior to the SMA and the midgut has rotated 
180 degrees counterclockwise; however, the small intestine ini¬ 
tially remains to the right side of midline, and the cecum and 
ascending colon are anterior to the SMA after return of the gut 
into the abdomen. Many common abnormalities of intestinal 
fixation occur as a result of arrested development during this 
2-week period. 

The final stage of midgut development is fixation of the 
intestine to the posterior body wall, occurring after week 12 of 
gestation. Cecal descent occurs at this time. Normal points of 
fixation include the cecum in the right iliac fossa and the duo¬ 
denojejunal junction at the ligament of Treitz just to the left of 
the aorta and anterior to the left renal vein (Fig. 107.26). 
Therefore, the normal intestinal mesentery is fixed with a 
broad base extending from the ligament of Treitz to the cecum. 
This broad-based mesenteric attachment prevents volvulus 
from occurring. In contrast, in disorders of intestinal rotation, 


the base of the mesentery is neither fixed nor broad, placing 
the entire midgut at risk for volvulus. 

Anatomy. The normal sequence required for intestinal posi¬ 
tioning and fixation can be interrupted at any developmental 
stage, producing a diverse spectrum of rotational abnormali¬ 
ties. Some neonatal surgical conditions are nearly always asso¬ 
ciated with abnormal intestinal rotation or fixation resulting 
from displacement of the midgut from the abdominal cavity 
during embryologic development. These anomalies include 
omphalocele, gastroschisis, and congenital diaphragmatic her¬ 
nia. The term malrotation has been applied generically to 
describe disorders of intestinal rotation and fixation, although 
specific definitions of the more commonly encountered lesions 
are provided in the following sections. 

Nonrotation. This common anomaly is characterized by inade¬ 
quate counterclockwise rotation of the midgut around the SMA. 
Instead of the normal 270-degree arc, rotation is either absent or 
arrested before exceeding 90 degrees (Fig. 107.27). The small 
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FIGURE 107.26. Normal oblique fixation of the midgut mesentery at 
the ligament of Treitz and in the right lower quadrant. The blue por¬ 
tions of the colon are extraperitoneal. 


intestine resides on the right side of midline, the colon resides on 
the left, and the cecum is anterior and near the midline. The duo¬ 
denojejunal junction is to the right of midline and more caudal 
and anterior in position. Nonrotation carries a significant clini¬ 
cal risk of midgut volvulus because the mesenteric vascular pedi¬ 
cle is narrow. Duodenal obstruction also may occur as a result of 



FIGURE 107.27. Nonrotation. The proximal segment of the small 
intestine resides on the right side of the abdomen, and the distal seg¬ 
ment (colon) is on the left. Neither has rotated normally. 



FIGURE 107.28. Incomplete rotation. The proximal segment has 
failed to rotate and is on the right. The distal segment has rotated to 
reside anterior to the duodenum so that cecal bands to the posterior 
abdominal wall may compress and obstruct the duodenum. 


peritoneal attachments known as Ladd bands. These peritoneal 
bands fix the cecum to the posterior body wall by passing ante¬ 
rior and lateral to the distal duodenum. 

Mixed or Incomplete Rotation. This rotational abnormality is 
characterized by arrest of the normal rotation at or near 180 
degrees rather than the normal 270 degrees (Fig. 107.28). 
Instead of rotating posterior and to the left of the SMA, incom¬ 
plete or arrested rotation of the prearterial segment leaves the 
duodenojejunal junction to the right of midline. The cecum 
also does not complete its counterclockwise passage anterior to 
the SMA; it usually resides in the upper abdomen just to the left 
of the SMA. Similar to nonrotation, fixation of the cecum to 
the posterior body wall by Ladd bands places the duodenum at 
risk for compression or obstruction. Additionally, the SMA 
pedicle is narrow and places the midgut at risk for volvulus. 

Mesocolic Hernias. Mesocolic hernias are rare but important 
anomalies characterized by failure of fixation of either the right 
or left mesocolon to the posterior body wall. Small bowel can 
become entrapped in the resulting potential cavities on either 
side of the abdomen. A right-sided mesocolic defect (paraduode¬ 
nal hernia) is associated with nonrotation of the proximal 
midgut segment. Small bowel entrapment posterior to the right 
colon and cecum may occur. Similar entrapment of small bowel 
may occur from an incompletely fixed left mesocolon but is asso¬ 
ciated with normal colonic and cecal position. Entrapped small 
bowel in a left mesocolic hernia usually is contained within a 
hernia sac with the neck composed of the inferior mesenteric 
vein and peritoneal bands extending to the posterior body wall. 
Both left and right mesocolic hernias carry the potential risks of 
obstruction, incarceration, and strangulation of bowel. 

Clinical Presentation. Abnormalities of intestinal rotation 
are estimated to be present in about 1% of the population. 
Most persons with intestinal rotational anomalies are clinically 
asymptomatic; therefore, some children are found to have mal- 
rotation incidentally by upper gastrointestinal contrast studies 
conducted for other reasons. Symptomatic malrotation usually 
is encountered clinically in the setting of duodenal obstruction 
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or midgut volvulus. Duodenal obstruction may occur as a 
result of Ladd bands fixing the abnormally positioned cecum to 
the posterior body wall. These peritoneal bands cause duode¬ 
nal obstruction by extrinsic compression. Children with symp¬ 
tomatic duodenal obstruction typically present with bilious 
emesis and distention of the stomach and proximal duodenum. 
Similar to proximal neonatal intestinal obstruction, newborn 
infants may present with bilious emesis without abdominal dis¬ 
tention secondary to partial duodenal obstruction. A paucity of 
small bowel gas may be seen on plain abdominal films. 

A potential consequence of intestinal malrotation is midgut 
volvulus. Midgut volvulus should be considered in any infant or 
child presenting with bilious emesis. The clinical outcome of 
midgut volvulus is time dependent, which is the fundamental 
reason that signs and symptoms of acute intestinal obstruction 
in an infant or child must be pursued aggressively until a clear 
diagnosis is made. The devastating, life-threatening conse¬ 
quence of midgut volvulus is vascular insufficiency, gut 
ischemia, and, if untreated, infarction of the entire bowel sup¬ 
plied by the SMA. The initial symptoms may be subtle and lim¬ 
ited to feeding intolerance, abdominal pain, and irritability fol¬ 
lowed by bilious emesis. Guaiac-positive stool from mucosal 
injury is a common early finding. Late findings include progres¬ 


sive abdominal distention, hematemesis, and hypotension. 
Metabolic acidosis, coagulopathy, and shock may become 
prominent clinical features. If unrecognized or left untreated, 
transmural necrosis of the entire midgut will occur. 

At least 50% to 75% of intestinal rotational abnormalities 
are discovered within the first week to month of life, and about 
90% occur in children younger than 1 year. 90,91 Symptomatic 
infants and children require emergent surgical exploration and 
correction. Older children and adults initially may present with 
acute volvulus but also may have a history of vague symptoms 
of episodic intestinal obstruction and chronic abdominal pain. 
It is essential to recognize that, regardless of age or chronicity 
of symptoms, midgut volvulus from malrotation occurs in a 
completely unpredictable manner. 92 Therefore, it is generally rec¬ 
ommended that patients with incidentally discovered, asympto¬ 
matic malrotation undergo operative management to reduce the 
risk of volvulus. 

Diagnosis. As with other forms of neonatal intestinal obstruc¬ 
tion, the diagnostic evaluation begins with a plain abdominal 
radiograph. Classic findings with malrotation include gastric 
and proximal duodenal distention with a paucity or absence of 
distal small bowel gas (Fig. 107.29A). The plain film alone may 




FIGURE 107.29. A: Plain radiograph of an infant with mal¬ 
rotation. There is a paucity of small bowel gas. B: Upper gas¬ 
trointestinal contrast study demonstrating malrotation with 
midgut volvulus and duodenal obstruction. The position of 
the duodenojejunal junction is abnormal. C: Plain film show¬ 
ing a contrast-filled colon and cecum on the patient’s left 
{asterisks). The entire small bowel is to the right of midline. 
These are typical radiographic findings of malrotation. 
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not differentiate malrotation from duodenal atresia or stenosis. 
In most cases of suspected duodenal obstruction with concern 
of malrotation, an upper gastrointestinal series is a conclusive 
imaging study (Fig. 107.29B). Malrotation with volvulus typi¬ 
cally produces incomplete duodenal obstruction with a 
corkscrew or coiled appearance in the distal duodenum. 
Extrinsic compression of the duodenum by Ladd bands may be 
visible on contrast study. Duodenal atresia and stenosis may 
occur anywhere within the duodenum but tend to be more 
proximal. Complete absence of small bowel gas is typical of 
duodenal atresia, whereas diminished but discernable distal gas 
is characteristic of duodenal stenosis or malrotation with 
volvulus. 

Other radiographic findings in malrotation include incorrect 
position of the duodenojejunal junction, particularly to the right 
of midline. Failure to achieve normal cephalad and posterior 
fixation is typical in malrotation and may be best appreciated 
on lateral views. The small bowel resides in the right side of the 
abdomen, the colon and cecum on the left (Fig. 107.29C). In a 
symptomatic infant or child, radiographic evidence of malrota¬ 
tion alone is enough to warrant emergent exploration. A con¬ 
trast enema is helpful in the evaluation of neonatal intestinal 
obstruction, although it may not be the initial study of choice if 
malrotation is suspected. The classic finding on contrast enema 
for malrotation is cecal malposition, usually in the left abdomen 
or near the midline. Finally, the relative position of the SMA to 
the superior mesenteric vein may be assessed by ultrasound. 
Normally, the superior mesenteric vein is to the right of the 
SMA on transverse sonograms. Abnormal position of the supe¬ 
rior mesenteric vein either ventral or to the left of the SMA is 
associated with malrotation. 93 

Treatment. The management of bowel obstruction from 
malrotation or an internal hernia is operative. Initial assess¬ 
ment, resuscitation, and preoperative preparation in a sympto¬ 
matic newborn should be conducted simultaneously so that 
confirmation of malrotation can be followed immediately by 
laparotomy. Urgent laparotomy is required to reduce the 
ischemic injury to the intestine. Shock, if present, must be 
treated aggressively by ensuring adequate gas exchange and 
establishing restoration of intravascular volume prior to the 
induction of general anesthesia. Volvulus with complete infarc¬ 
tion of the midgut, if not immediately lethal, is survivable only 
with enterectomy followed by permanent or long-term TPN 
support. In older, asymptomatic children with incidentally dis¬ 
covered malrotation, operative repair remains controversial. 
Given the devastating consequences of midgut volvulus, how¬ 
ever, elective surgical correction appears warranted in most 
asymptomatic individuals as well. 

Operative repair of malrotation is performed by the Ladd 
procedure. 94 The first objective is to relieve the midgut volvu¬ 
lus, if present. This is accomplished by delivery and detorsion 
of the affected midgut, usually in a counterclockwise direction. 
Recurrent volvulus is prevented by broadening the base of the 
mesenteric vascular pedicle by dividing the peritoneal bands 
that tether the cecum, small bowel mesentery, mesocolon, and 
duodenum around the base of the SMA (Fig. 107.30). Once 
completed, the mesentery and mesocolon open widely and the 
mesenteric pedicle is at low risk for recurrent volvulus. 

The second objective of the Ladd procedure is to divide the 
abnormal peritoneal attachments between the cecum and the 
abdominal wall. A modified Kocher maneuver involving 
meticulous and complete mobilization of the entire duodenum 
with division of all anterior, lateral, and posterior attachments 
is performed. Duodenal and distal small bowel patency should 
be demonstrated using intraluminal air or saline because syn¬ 
chronous intestinal webs and atresia have been reported. An 
appendectomy is performed to eliminate potential confusion 
from acute appendicitis developing in an abnormally posi¬ 
tioned appendix. Performance of a laparoscopic Ladd proce¬ 
dure has been demonstrated to be feasible and may help to 


reduce time to enteral feeding and hospital length of stay; 
however, the long-term efficacy of this approach has been 
debated. 95 Fixation of the mesentery by cecal or duodenal pli¬ 
cation to the body wall has been abandoned for lack of data 
supporting efficacy. Postoperative small bowel obstruction 
secondary to adhesions is reported in about 10% of patients. 

Volvulus with intestinal necrosis is treated by preserving as 
much bowel length as possible. If bowel viability is unclear 
during initial exploration, a second-look procedure may be 
helpful to delineate reversible from irreversible injury. The 
management of nonviable bowel from volvulus is not different 
from other situations in which intestinal necrosis is encoun¬ 
tered, and clinical decisions regarding resection and anasto¬ 
mosis are individualized. In situations where the entire small 
intestine is lost and long-term survival doubtful, treatment 
decisions must be made with the family. 

Surgical management of right mesocolic hernia is directed 
at dividing the lateral peritoneal attachments of the cecum and 
right colon to eliminate the hernia. In addition, given the asso¬ 
ciated nonrotation of the proximal bowel, the vascular pedicle 
should be broadened as much as possible. Left mesocolic her¬ 
nia is treated by mobilization of the inferior mesenteric vein, 
reduction of the small bowel from the hernia sac, and closure 
of the neck of the hernia sac to eliminate the potential space. 

Results and Complications. Results following surgical 
correction of intestinal rotational abnormalities should be 
excellent, and life expectancy should be normal in the absence 
of intestinal necrosis. Recurrent volvulus and recurrent duode¬ 
nal obstruction are distinctly unusual if the initial procedure is 
technically complete. Adhesive small bowel obstruction fol¬ 
lowing the Ladd procedure is reported in 1% to 10% of 
patients. Long-term outcome is obviously less favorable in 
patients with intestinal necrosis at the time of exploration. 


Congenital Aganglionosis 
(Hirschsprung Disease) 

Embryology. Congenital aganglionosis of the intestine 
(Hirschsprung disease) is characterized by the absence of intesti¬ 
nal ganglion cells. The pathogenesis of aganglionosis remains 
unknown. In normal development, neuroblasts derived from 
neural crest precursors become evident by week 5 of gestation. 
The neuroblasts begin maturation and caudal migration along 
with vagal nerve fibers. The initial caudal migration in an inter¬ 
muscular plane is followed by intramural dispersal into both 
superficial and deep submucosal nerve plexuses. Ultimately, the 
neuroblasts give rise to the ganglion cells of the myenteric ner¬ 
vous system, with functional maturation continuing well into 
infancy. The orderly migration pathway of myenteric innerva¬ 
tion has been documented in human embryos; normally, gan¬ 
glion cells can be identified in the esophagus at week 6 of gesta¬ 
tion, in the transverse colon at week 8 of gestation, and in the 
rectum by week 12 of gestation. 96 

Anatomy. Hirschsprung disease is characterized by a lack of 
ganglion cells in the distal intestine. The length of agangliono- 
sis is variable but most commonly involves the distal rectosig¬ 
moid colon in 75% to 80% of affected infants. In about 5% of 
cases, the transition zone between the normal, proximal bowel 
and the distal, aganglionic segment occurs in the small intes¬ 
tine. 97 Discontinuous aganglionosis has been reported but 
should be considered distinctly unusual. Therefore, in virtually 
all cases, the aganglionic intestinal segment is continuous with 
the distal rectum to the anal verge and also includes the inter¬ 
nal sphincter. Because of this distribution, the pathogenesis of 
congenital aganglionosis is often attributed to failure of neu¬ 
roblast migration. The characteristic lesion in the distal bowel 
is the aganglionosis in the intermuscular and submucosal 
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FIGURE 107.30. Correction of malrotation with volvulus. A and B: Detorsion of midgut. C and D: Division of peritoneal attach¬ 
ments (Ladd bands) of cecum to abdominal cavity. 


plexuses. Large, hypertrophied, nonmyelinated nerve fibers 
are present within the muscularis mucosa, lamina propria, 
submucosa, and Auerbach intermuscular plexus. Both adren¬ 
ergic and cholinergic fibers are prominent in the aganglionic 
segment, and acetylcholinesterase staining is useful diagnosti¬ 
cally. Abnormalities in the peptidergic nervous system, includ¬ 
ing vasoactive intestinal peptide, substance P, and neurotensin 
immunoreactive fibers, also are described in the aganglionic 
bowel segment. 98 Deficient neuronal nitric oxide synthase 
mRNA and subsequent decreased local nitric oxide synthase 
activity in the aganglionic bowel have also been described. 99 
These experimental data are consistent with the concept that a 
defect in nitric oxide-mediated smooth-muscle relaxation may 
account for some of the characteristic clinical features of 
Hirschsprung disease. 

The transition zone between the normal proximal bowel and 
the aganglionic distal bowel is distinguished grossly by disten¬ 
tion of the proximal bowel with histologic evidence of muscular 
hypertrophy. The transition zone often becomes evident to 


direct inspection or on contrast enema during the first few 
weeks of life as functional obstruction leads to progressive 
proximal dilatation. On gross inspection, the transition zone 
may appear as a short funnel or cone-shaped colonic segment. 
The discrepancy in bowel lumen diameter is somewhat age 
dependent and may be subtle in a newborn or in a child with 
total colonic aganglionosis. Therefore, it may be difficult for the 
surgeon or radiologist to define the exact transition zone site 
based on gross inspection or contrast enema. Gross examina¬ 
tion alone is not sufficient for surgical decision making, and his¬ 
tologic confirmation of the level of ganglion cell transition is 
required. Given the continuous nature of aganglionosis, a rectal 
biopsy performed 1 to 1.5 cm above the dentate line demon¬ 
strating ganglion cells effectively excludes Hirschsprung disease. 

Neuronal intestinal dysplasia is a clinically described entity 
similar to or associated with Hirschsprung disease. 100,101 
Despite the presence of ganglion cells, dysplastic changes in 
the myenteric nervous system affect bowel motility in similar 
fashion to aganglionosis. Clinical presentation and treatment 
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are similar to those of classic Hirschsprung disease. There is 
considerable controversy regarding neuronal intestinal dyspla¬ 
sia, but it is reasonable to suggest that this represents an entity 
within the spectrum of abnormalities found in the intestinal 
myenteric nervous system. 

Pathophysiology. Normal intestinal motility depends on 
coordinated propagation of segmental contraction waves 
immediately preceded by relaxation of the enteric smooth 
muscle. Patients with Hirschsprung disease lack a functional 
myenteric nervous system in the aganglionic segment; there¬ 
fore, both propulsion and reflexive relaxation are disordered 
or absent in the distal bowel. Loss of neuronal nitric oxide 
synthase activity appears to play an important role. The inter¬ 
nal sphincter is aganglionic and lacks the normal reflexive 
relaxation following rectal distention. In fact, patients with 
Hirschsprung disease may exhibit a paradoxical increase in 
sphincter tone in response to rectal distention. The functional 
result is tonic contraction of the aganglionic segment of bowel 
with ineffective peristalsis. Clinically, this presents as incom¬ 
plete distal intestinal obstruction in the newborn or as chronic 
constipation in the older child or adult. 

Hirschsprung disease has been associated with mutations in 
at least three specific genes: the RET protooncogene, the 
endothelin B receptor (EDNRB) gene, 102 and the endothelin 3 
(EDN3) gene. Additionally, several other candidate genes are 
under investigation. In mice, natural and in vitro induced 
mutations affecting the RET, EDNRB, and EDN3 genes gen¬ 
erate intestinal aganglionosis identical to Hirschsprung dis¬ 
ease. 103,104 Although widely accepted, it is still unknown 
whether the primary event in aganglionosis is failure of neu¬ 
roblast migration to the distal bowel. Alternatively, ineffective 
microenvironmental support of neuroblasts that have already 
migrated may fail to promote normal neuroblast development 
and survival. 105 

Clinical Features 

Incidence and Associations. The incidence rate of Hirschsprung 
disease is estimated at 1 per 5,000 live births with a marked 
male-to-female (4:1) preponderance. Most cases are sporadic, 
but long-segment, total colonic aganglionosis and female gender 
are strongly associated with familial inheritance. Genetic chro¬ 
mosomal analysis suggests that multiple loci may be involved, 
including chromosomes 13q22, 21q22, and lOq, among oth¬ 
ers. 106 Familial Hirschsprung disease has been clearly associated 
with RET protooncogene mutations. From a clinical stand¬ 
point, mutations of the RET protooncogene are associated with 
disorders of neural crest development, namely, multiple 
endocrine neoplasia (MEN) types IIA and IIB as well as familial 
medullary thyroid carcinoma, and patients with familial 
Hirschsprung disease associated with RET mutation are at risk 
for the development of medullary thyroid carcinoma. 107 Con¬ 
genital cardiac defects are present in 2% to 5% of patients with 
Hirschsprung disease. Other rare congenital anomalies have 
been reported, but a consistent and important association is a 
5% to 15% incidence of trisomy 21. 108 Infants presenting with 
meconium plug syndrome should undergo rectal suction biopsy 
to exclude aganglionosis. 

Presentation. Most infants with Hirschsprung disease fail to 
pass meconium within the first 24 to 48 hours of life. Nonspe¬ 
cific signs of neonatal intestinal obstruction (feeding intoler¬ 
ance, abdominal distention, and bilious emesis) may develop. 
About half of patients with Hirschsprung disease are diagnosed 
as neonates. Infrequently, older children or adults are diag¬ 
nosed with aganglionosis during evaluation for chronic consti¬ 
pation. In this setting, symptoms may be minimal to disabling, 
and parents or patients often develop elaborate strategies to 
deal with chronic constipation. Abdominal distention is char¬ 
acteristic, and sometimes failure to thrive and malnutrition 


may occur. Digital rectal examination may demonstrate spasm, 
and, in the presence of enterocolitis, forceful expulsion of foul¬ 
smelling, liquid stool may occur. 

Enterocolitis occurs in about 10% to 30% of infants and 
children with Hirschsprung disease and may be the present¬ 
ing clinical manifestation. Enterocolitis associated with 
Hirschsprung disease has an unknown pathophysiology, but 
obstructive stasis and bacterial overgrowth are thought to be 
important factors. C. difficile and rotavirus have been impli¬ 
cated as important pathogenic organisms; diagnostic and 
treatment plans should consider these possibilities. The early 
presenting symptoms and signs of enterocolitis include fever, 
abdominal distention, and diarrhea, which may be explosive, 
foul-smelling, and bloody. Systemic sepsis, transmural intesti¬ 
nal necrosis, and perforation are all possible later findings. 
The clinical progression can be rapid, with death occurring in 
as few as 12 to 24 hours if treatment is not initiated. Infants 
are particularly vulnerable to this complication, and entero¬ 
colitis accounts for virtually all mortality directly related to 
Hirschsprung disease in modern pediatric surgical practice. 
Infants with known Hirschsprung disease and suspected ente¬ 
rocolitis should be treated aggressively. Initial treatment 
includes resuscitation, broad-spectrum antibiotics, cessation 
of feeding, and rectal irrigation. If the enterocolitis does not 
respond promptly, emergent intestinal decompression with an 
enterostomy proximal to the transition zone is indicated. 

Diagnosis. A high index of suspicion for Hirschsprung dis¬ 
ease should be maintained for any newborn infant with 
abdominal distention failing to pass meconium in 24 to 48 hours. 
The signs of neonatal intestinal obstruction should lead to a 
stereotypical workup. In the presence of characteristic findings 
on history, examination, or radiographic studies, any infant sus¬ 
pected of having Hirschsprung disease should undergo rectal 
biopsy. 

Plain Abdominal Radiographs. Plain-film radiographs of the 
neonate with Hirschsprung disease are nonspecific and typi¬ 
cally demonstrate distended, air-filled loops of bowel through¬ 
out the abdomen. It is often difficult to discriminate between 
small and large intestine on plain films at this age, but the pat¬ 
tern is consistent with distal intestinal obstruction. Older chil¬ 
dren or adults may have a stool-filled megacolon on plain radi¬ 
ographs. In the presence of enterocolitis, thickened, dilated 
intestinal loops and pneumatosis intestinalis may be present. 

Contrast Enema. When distal neonatal intestinal obstruction 
is suspected on plain abdominal films, a contrast enema should 
be performed. With an experienced pediatric radiologist, find¬ 
ings consistent with Hirschsprung disease can be accurately 
detected in most instances. The classic radiographic finding in 
Hirschsprung disease is a transition zone (Fig. 107.31 A). A 
definitive transition zone may not be apparent in a neonate 
because proximal dilatation takes some time to develop. Addi¬ 
tionally, infants with short-segment disease or total colonic 
aganglionosis may not have obvious transition zones on con¬ 
trast enema. In these instances, a lateral view of the rectum 
may show abnormal spasm (Fig. 107.31B). Contrast remain¬ 
ing in the rectum more than 24 hours following a study is sug¬ 
gestive of Hirschsprung disease. 

Rectal Biopsy. The diagnostic standard for aganglionosis is the 
rectal biopsy. Several commercially available instruments capa¬ 
ble of performing rectal suction biopsies are in widespread use. 
The rectal suction biopsy can be performed at bedside or in 
clinic without anesthesia in all newborns and most children up 
to several months of age. The desire for early diagnosis and the 
technical simplicity of the procedure allow liberal use of this 
technique. When applied liberally, the vast majority 
(85%-90%) of infants undergoing this procedure have normal 
ganglion cells on biopsy, effectively excluding Hirschsprung 
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FIGURE 107.31. A: Contrast enema demonstrat¬ 
ing a classic rectosigmoid transition zone in 
Hirschsprung disease. B: Lateral view of rectum 
illustrates typical distal spasm of rectum. C: Oper¬ 
ative photograph of rectosigmoid transition zone. 


disease. Using the rectal suction biopsy technique, a biopsy of 
the mucosa and submucosa is obtained. This is sufficient to 
establish the diagnosis because ganglion cells are absent from all 
intramural plexuses in Hirschsprung disease. The biopsy must 
be taken 1 to 1.5 cm proximal to the dentate line. Complica¬ 
tions of infection, perforation, and bleeding with rectal suction 
biopsy are infrequent. Full-thickness rectal biopsy under general 
anesthesia is reserved for older children and in infants in whom 
suction biopsy is inadequate. An experienced pediatric patholo¬ 
gist must read the biopsies for maximal diagnostic accuracy. 
Evaluation for ganglion cells and the axons of the myenteric 
neurons is performed (Fig. 107.32), which may be accom¬ 
plished using conventional hematoxylin-eosin staining or histo- 
chemical staining for acetylcholinesterase. Similar histochemical 
staining for nitric oxide synthase can be performed. These 
adjunctive techniques are used routinely in some centers and 
can help to provide additional evidence of Hirschsprung disease 
rather than simply demonstrating aganglionosis in the biopsy 
specimen. Diagnostic accuracy for Hirschsprung disease is 
excellent with a correctly obtained rectal suction biopsy and an 
experienced pediatric pathologist. 109 

Anorectal Manometry. The absence of sphincter relaxation in 
response to rectal dilatation is consistent with Hirschsprung 
disease. Because of the relative ease and accuracy of rectal suc¬ 
tion biopsy, anorectal manometry is not widely used in the 
United States for the primary diagnosis of Hirschsprung dis¬ 
ease in infancy; however, this is used in some centers around 


the world, and when applied carefully with an appropriate 
transduction probe, accurate manometric diagnosis is achiev¬ 
able in 85% to 90% of cases. 

Treatment. Diverting colostomy should be considered for a 
newborn infant with Hirschsprung disease who has enterocol¬ 
itis or multiple associated medical problems or anomalies. In 
the presence of enterocolitis, rectal irrigation and decompres¬ 
sion can be an effective temporizing measure while resuscita¬ 
tion and broad-spectrum antibiotics are being instituted. 
Prompt proximal diversion will be required once the patient 
has stabilized. In the neonate, one approach following diagno¬ 
sis is to perform proximal diversion by means of a colostomy 
(or enterostomy) placed in normal, ganglionated intestine. The 
diverting colostomy must be proximal to the histologic transi¬ 
tion zone, and a series of biopsies examined by frozen section 
may be necessary to find the correct level for diversion. For 
classic rectosigmoid disease, a leveling colostomy is placed just 
proximal to the transition zone. This approach is generally 
done in two stages, with takedown of the stoma and definitive 
pull-through operation performed together weeks to months 
later, typically when the infant reaches 9 to 12 months of age. 
In older children, definitive pull-through is deferred until the 
colon has decompressed to relatively normal caliber. 

For many infants and children without enterocolitis, a single- 
stage approach that eliminates the diverting colostomy has been 
advocated. 110,111 Despite several different operative techniques in 
performing a single-stage pull-through, results and outcomes 
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FIGURE 107.32. A: Normal rectal biopsy with ganglion cells indicated by arrow (hematoxylin-eosin). B: Rectal biopsy 
specimen with aganglionosis (hematoxylin-eosin). Note the characteristic thickened nerve fiber [arrow). C: Normal rectal 
biopsy using acetylcholinesterase histochemical staining. D: Similarly stained specimen from a patient with Hirschsprung 
disease. Many thickened submucosal nerve fibers stain densely black. 


appear nearly equivalent. Definitive repair of Hirschsprung dis¬ 
ease with a single operation is desirable from technical and 
economical standpoints and essentially eliminates the complica¬ 
tions associated with neonatal stomas. As with most aspects of 
pediatric surgery, an increasing experience with laparoscopically 
assisted, single-stage pull-through operations has been reported. 112 
The contemporary, laparoscopic single-stage approach in the 
management of Hirschsprung disease has gained wide acceptance 
in the pediatric surgical community and is considered by many 
surgeons as the current standard of care for most infants and 
children. 

Definitive Operations for Hirschsprung Disease. The major goal 
of operative therapy in the treatment of Hirschsprung disease is 


to provide resection or bypass of the distal aganglionic rectum 
with the performance of a low rectal anastomosis with nor¬ 
mally innervated proximal intestine. Numerous definitive pro¬ 
cedures have been designed to treat Hirschsprung disease, and 
a brief description of the principal procedures in use follows. 
In general, the selection of a procedure depends on a surgeon’s 
individual training and preference rather than compelling dif¬ 
ferences in outcome. 113,114 

Duhamel Procedure (Martin Modification ). The key elements 
of the Duhamel procedure are illustrated in Figure 107.33. 
After minimal pelvic dissection, resection of the aganglionic 
colon is performed. The aganglionic rectum is left in situ. Nor¬ 
mal proximal colon is brought caudad into the retrorectal 
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FIGURE 107.33. Duhamel procedure (Martin modification). A: Blunt retrorectal dissection. B: Incision in the 
posterior wall of the aganglionic rectum. C: Retrorectal pull-through after resection of the proximal aganglionic 
segment. D: End-to-side colorectal anastomosis preserving aganglionic rectum (as originally described). E: Sta¬ 
pled conversion of anastomosis into an extended side-to-side colorectal anastomosis (Martin modification). 
F: Completed procedure. 


space, and a colorectal anastomosis is performed 1 cm above 
the dentate line. The original operation left the defunctional- 
ized rectal pouch as shown, which proved problematic. The 
procedure has been modified by Martin to include a longer 
side-to-side colorectal anastomosis. Advantages of this proce¬ 
dure include its relative technical ease and limited pelvic dis¬ 
section. Adoption of the stapled anastomosis has simplified 
this procedure significantly. 

Soave Procedure. The Soave procedure is illustrated in Figure 
107.34. Following resection of aganglionic colon, an endorectal 
dissection in the submucosal plane is performed from proximal 
rectum to anus. The endorectal dissection is started in the 
extraperitoneal rectum. This dissection is typically much easier 
than similar dissection for ulcerative colitis given the lack of 
mucosal inflammation. The dissected rectal mucosal tube is 
everted through the anus, excised, and normal proximal bowel is 
pulled through the rectal muscular cuff. The original operation 


did not suture the pull-through segment of proximal bowel to 
the rectum. A formal sutured colorectal anastomosis is now 
universally performed. Care must be taken to ensure that the 
pull-through segment is not obstructed by the muscular cuff. 

Swenson Procedure. The Swenson procedure is the original 
definitive procedure for the treatment of Hirschsprung disease. 
It is somewhat more demanding from a technical standpoint, 
and, as such, it has been reported to have a slightly higher inci¬ 
dence of postoperative complications. However, long-term 
outcome in children who undergo a properly performed Swen¬ 
son procedure is equivalent to other procedures. The basic 
strategy is outlined in Figure 107.35. The aganglionic segment 
of colon is resected and a careful, nearly complete extramural 
dissection of the distal rectum is performed. Care must be 
taken to avoid inadvertent injury to the seminal vesicles, vas 
deferens, ureters, and pelvic splanchnic nerves. The dissected 
rectum is everted through the anus onto the perineum and 
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FIGURE 107.34. Soave endorectal procedure. A: Endorectal dissection initiated. B: Endorectal dissection complete. 
C: Eversion of the aganglionic segment and rectal mucosal tube. D: Incision of everted rectal tube. E: Endorectal pull- 
through. F: Colorectal anastomosis. G: Completed procedure. 


excised. Normal proximal bowel is pulled through and a col¬ 
orectal anastomosis is performed. 

Laparoscopically Assisted Endorectal Pull-through. A multi- 
institutional clinical experience with a laparoscopically 
assisted endorectal pull-through technique for the treatment of 


Hirschsprung disease has been reported. 112 Potential advan¬ 
tages of this approach include excellent visibility of the distal 
rectum during dissection, early return of postoperative bowel 
function, and decreased length of hospital stay. The early 
results report outcomes similar to the other established proce¬ 
dures. The procedure is reviewed in Figure 107.36. Complete 
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FIGURE 107.35. Swenson procedure. A: Extramural rectal dissection. B and C: Eversion of aganglionic segment and 
full-thickness rectum. D: Pull-through of normal, ganglionic bowel. E: Colorectal anastomosis. F: Completed procedure. 


transanal excision of the distal aganglionic segment with pri¬ 
mary coloanal anastomosis has also been performed for short- 
segment or typical rectosigmoid aganglionosis as well. 

Rectal Myectomy. Resection of a longitudinal strip of the pos¬ 
terior rectal muscular wall has been used for definitive man¬ 
agement of ultrashort-segment Hirschsprung disease. This 
procedure can be performed via transanal approach combined 
with submucosal dissection or by a posterior sagittal approach. 
Although controversial, the use of rectal myectomy as a defin¬ 
itive operation for Hirschsprung disease may be considered 
most useful in the selected older child identified with ultra- 
short-segment disease. 115 

Total Colonic Aganglionosis. Total colonic aganglionosis is 
complex and, fortunately, relatively rare. Several different 
operative procedures have been described, and treatment must 
be individualized. The endorectal pull-through with ileoanal 
anastomosis has been used with good success when most or all 
of the small bowel is normal. For extensive small bowel agan¬ 


glionosis, an extended side-to-side anastomosis of normally 
innervated proximal small bowel to the aganglionic colon has 
been successfully performed. For complete intestinal agan¬ 
glionosis, extended intestinal myectomy has been described. 

Complications and Outcome. Complications resulting 
from definitive procedures for Hirschsprung disease include 
anastomotic leak, stricture, pelvic or rectal muscular cuff 
abscess, intestinal obstruction, and wound infection. These 
occur with a frequency of 1% to 10% with most experienced 
pediatric surgeons. Mortality from Hirschsprung disease is 
distinctly unusual unless enterocolitis is the presenting feature 
or associated medical problems or anomalies are present. 

A unique complication following definitive repair of 
Hirschsprung disease is postoperative enterocolitis. The clini¬ 
cal presentation and pathogenesis have been discussed, and it 
remains an important and significant cause of morbidity. The 
incidence of postoperative enterocolitis ranges from 10% to 
30% in most large series. Although rare, Hirschsprung entero¬ 
colitis can occur even in the presence of a diverting colostomy. 
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FIGURE 107.36. Laparoscopically assisted pull-through for Hirschsprung disease. A: Sites for operative trocar placement. B: Division of 
colon and rectal mesentery with mobilization of proximal colon. C: Circumferential incision in rectal mucosa 5 to 10 mm cephalad to the 
pectinate line. D: Mucosal traction sutures to facilitate further dissection from rectal muscular cuff. E: Transanal submucosal dissection is 
continued cephalad to meet the caudal extent of the transperitoneal rectal dissection. F: Circumferential incision of rectal muscular cuff. 
G: Rectal muscular cuff is split posteriorly to accommodate the pull-through segment (the pull-through segment is not shown here to clarify 
this maneuver). H: Rectum and sigmoid colon are pulled through the rectal muscular cuff to the anastomotic site. I: Colon is transected at 
appropriate site with confirmation of ganglion cells by frozen section. J: Transanal, end-to-end single layer colorectal anastomosis. 
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Long-term outcomes appear quite good for all the procedures 
used, with 80% to 90% of patients maintaining good to excel¬ 
lent bowel function. 


OTHER CHILDHOOD 
GASTROINTESTINAL DISORDERS 

This review is limited to relatively common surgical conditions 
that are either congenital or unique in children. For other sur¬ 
gical conditions that can affect both children and adults, the 
reader is referred to other chapters in this text. 


Infantile Hypertrophic Pyloric Stenosis 

Anatomy and Pathophysiology. The pathogenesis of 
infantile hypertrophic pyloric stenosis is unknown, but data 
suggest that local deficiency of neuronal nitric oxide synthase 
in the pylorus may be responsible for the clinical manifesta¬ 
tions of the disease. 116,117 The deficiency of neuronal nitric 
oxide synthase leads to a lack of nitric oxide-mediated relax¬ 
ation of smooth muscle and subsequent pyloric obstruction. 
Luminal narrowing occurs as a result of concentric hypertro¬ 
phy of the pyloric smooth muscle. Clinically, this presents as 
progressive gastric outlet obstruction that becomes sympto¬ 
matic by 2 to 4 weeks of age. The maximal narrowing and clin¬ 
ical symptoms of hypertrophic pyloric stenosis occur between 4 
and 8 weeks of age. The hypertrophic pyloric muscle ultimately 
undergoes gradual involution over a period of weeks to 
months. 

Clinical Presentation. The reported incidence rate of 
hypertrophic pyloric stenosis is approximately 0.1% to 0.4% 
among white infants and is slightly lower in the black popula¬ 
tion. There is a distinct familial predisposition with an approx¬ 
imate 7% incidence rate in children of parents with a history 
of pyloric stenosis. The incidence rate is about four times 
higher in males than in females and is higher in first-born 
infants. 118 There is an apparent increased risk of hypertrophic 
pyloric stenosis in infants receiving oral erythromycin for per¬ 
tussis prophylaxis. 119 Association of pyloric stenosis in infants 
treated for esophageal atresia and in infants with Smith-Lemli- 
Opitz syndrome has been reported. 120 

Infants with hypertrophic pyloric stenosis have a history of 
nonbilious, postprandial emesis that becomes progressively 
projectile. The infant otherwise appears well and will feed vig¬ 
orously until late in the clinical course. The typical age at diag¬ 
nosis is between 2 and 12 weeks of age. A history of identified 
feeding intolerance and formula change is common. 

The definitive clinical finding on examination is a palpable, 
hypertrophied pylorus in the right upper quadrant to midepi- 
gastric region, often described as a firm, mobile “olive” on 
examination. This is a pathognomonic finding, and in the cor¬ 
rect clinical setting, no further diagnostic imaging studies are 
required. An experienced clinician should be able to palpate a 
hypertrophied pylorus in nearly all cases. A successful physical 
examination requires an empty stomach, a quiet infant, and 
patience; repeated examinations may be necessary. Inability to 
palpate the pyloric mass in a quiet or anesthetized infant 
should place the diagnosis of hypertrophic pyloric stenosis in 
question. Other physical findings include visible or palpable 
gastric peristaltic waves, which also can be seen with any cause 
of gastric or duodenal obstruction. 

Late findings with advanced symptoms include dehydration 
and a hypochloremic, hypokalemic metabolic alkalosis from 
gastric fluid losses. Profound metabolic alkalosis is less com¬ 
mon in current practice but occasionally can be encountered in 
an extremely dehydrated infant with a long-standing history of 
emesis. The intravascular volume depletion and chloride- 



FIGURE 107.37. Infantile hypertrophic pyloric stenosis demonstrated 
by barium upper gastrointestinal series showing pyloric channel nar¬ 
rowing (N) and elongation with antral shouldering or cushioning 
{arrows). 


responsive alkalosis must be corrected prior to operative 
repair. The serum chloride should be restored to at least 90 to 
95 mEq/L, and the measured C0 2 should be less than 30 mEq/L 
prior to induction of general anesthesia. 

Diagnosis. If the examination is equivocal, either an upper 
gastrointestinal contrast series or a pyloric ultrasound examina¬ 
tion can be performed. Both examinations are highly accurate 
and have sensitivity and specificity exceeding 95% in experi¬ 
enced hands. A typical contrast study demonstrating a nar¬ 
rowed, elongated pyloric channel is shown in Figure 107.37. 
Contrast studies have the advantage of evaluating other causes 
of symptomatic emesis, including gastroesophageal reflux dis¬ 
ease, malrotation, and antroduodenal webs. The disadvantage 
of this approach is the presence of contrast in a poorly emptying 
stomach. Ultrasound examination of the pylorus is a preferred 
diagnostic test in most pediatric institutions. Ultrasound criteria 
for hypertrophic pyloric stenosis include a pyloric muscle thick¬ 
ness of 4 mm or greater, and a pyloric channel length of 15 mm 
or greater. In general, the diagnosis of hypertrophic pyloric 
stenosis is being made at an earlier age compared with several 
decades ago. 

Treatment. Hypertrophic pyloric stenosis is a progressive 
situation that subsequently resolves over several weeks to 
months. Nonoperative treatment during this period requires 
either long-term parenteral or enteral nutrition and is not 
practical from a risk or cost standpoint. The Ramstedt 
pyloromyotomy has achieved universal acceptance because it 
offers definitive, rapid cure in virtually all infants, and mor¬ 
bidity rates have been negligible (Fig. 107.38). The operation 
is performed once the infant is rehydrated and the serum elec¬ 
trolytes are corrected. Typically, the pylorus is delivered 
through a transverse right upper quadrant incision. A single 
longitudinal incision is made in the hypertrophied pyloric 
muscle. The hypertrophied circular pyloric muscle must be 
meticulously divided from the stomach to the junction of the 
proximal duodenum. An adequate pyloromyotomy is achieved 
when the submucosa bulges into the myotomy site and both 








Chapter 107: Pediatric Abdomen 


1919 



FIGURE 107.38. Ramstedt pyloromyotomy for infantile hypertrophic 
pyloric stenosis. The cross-sectional view shows herniation of the sub¬ 
mucosa into the myotomy site, indicative of an adequate myotomy. 


edges of the divided pyloric muscle are freely mobile. Laparo¬ 
scopic pyloromyotomy has been demonstrated to be effica¬ 
cious and safe with similar operative times and outcome to the 
open repair; laparoscopic pyloromyotomy has become a stan¬ 
dard approach at most children’s hospitals. 121,122 

Postoperative feeding typically is started within 6 to 8 hours 
after recovery from anesthesia. Most infants are tolerant of 
enteral feeding and can be discharged home safely within 
24 hours of operation. The surgical treatment of pyloric stenosis 
is straightforward, and the recovery is typically uncomplicated. 
A population-based study reviewing 1,777 infants with pyloric 
stenosis demonstrated a shorter length of stay and a lower over¬ 
all complication rate in infants operated on by specialty-trained 
pediatric surgeons compared to general surgeons. 123 Mortality 
following pyloromyotomy is distinctly unusual in the absence of 
concomitant medical problems. Complications are rare and usu¬ 
ally represent either wound infection, technical failures related to 
an inadequate pyloromyotomy, or inadvertent entry into the 
duodenum or stomach. Rarely, infants with inadequate 
pyloromyotomy may require reexploration and a second 
myotomy on the posterior pyloric wall. Inadvertent duodeno- 
tomy or gastrotomy must be recognized and repaired. 


Intussusception 

Q Anatomy and Physiology. Intussusception is defined as the 
invagination or telescoping of a proximal segment of intestine 
into an adjacent distal segment and is the most common cause 
of intestinal obstruction in infants and children age 3 months 
to 3 years (Fig. 107.39). The invaginated proximal bowel is 
referred to as the intussus cep turn , and the recipient distal 
bowel is called the intussuscipiens. This process most com¬ 
monly originates in the small intestine either at or near the 





Intussusceptum 


Ileum 


FIGURE 107.39. Ileocolic intussusception with the intussusceptum 
and intussuscipiens indicated. 


ileocecal valve, with the terminal ileum passing into the cecum 
and colon (ileocolic intussusception). In the pediatric popula¬ 
tion, the vast majority (95%) of cases are considered idiopathic 
because of a lack of an identifiable anatomic lesion causing the 
intussusception. Older children are more likely to have a 
pathologic lead point causing the intussusception. In similar 
fashion, infants and children with repeated episodes of intus¬ 
susception have a greater probability of a pathologic lead 
point. Table 107.6 describes several factors that have been 
associated with the development of intussusception. 

Many cases of idiopathic intussusception in infants are 
probably caused by the normally prominent intramural lymph 
nodes (Peyer patches) in the terminal ileum acting as func¬ 
tional lead points. The anatomic consequence of intussuscep¬ 
tion is obstruction of the distal bowel. As bowel edema and 
inflammation progress, mesenteric vascular insufficiency from 
compression and congestion may occur. Incarceration, stran¬ 
gulation, and intestinal perforation ultimately may result if 
this condition remains unrecognized or untreated. 
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PREDISPOSING FACTORS LEADING TO INTUSSUSCEPTION 

ANATOMIC LEAD POINTS 
Meckel diverticulum 
Polyp 

Lymphatic hypertrophy (Peyer patch) 

Appendix 

Duplication or enteric cyst 

Lymphoma 

Other neoplasm 

Heterotopic pancreatic tissue 

ASSOCIATED INFECTIONS 

Adenovirus 

Rotavirus 

Parasitic infestation 
Other 

BLEEDING DISORDERS* 

Henoch-Schonlein purpura 

Hemophilia 

Leukemia 

TRAUMA 

Blunt abdominal trauma 
Major retroperitoneal dissections 
OTHER 
Cystic fibrosis 

a These factors are more likely to be associated with small bowel-to- 
small bowel intussusception than with ileocolic intussusception. 


Clinical Presentation. Intussusception is estimated to occur 
with an incidence rate of 1 to 4 cases per 1,000 children. There 
is a slight (3:2) male predominance; in a large retrospective 
series of children with intussusception, 79% were younger than 
12 months, and seasonal variation in incidence was not 
observed. 124 An association between the development of intus¬ 
susception and the administration of a previously available, 
tetravalent rhesus-based rotavirus vaccine (RotaShield, Wyeth 
Laboratories, Inc., Marietta, PA) was reported. 125 The cur¬ 
rently available rotavirus vaccine does not appear to be associ¬ 
ated with intussusception. 126 

Otherwise healthy infants who develop intussusception may 
have a characteristic clinical triad of abdominal pain, vomiting, 
and bloody stool. The typical infant develops an acute onset of 
severe, colicky abdominal pain. Intermittent episodes of irri¬ 
tability and crying may be associated with drawing the legs up 
to the abdomen. Between bouts of colic, the infant is often 
lethargic or sleepy. During periods of relative exhaustion, the 
abdominal examination may not be impressive; however, on 
careful physical examination, a palpable mass in the right 
abdomen may be appreciated in 80% to 90% of cases. Emesis 
is common and is often the presenting complaint. As intestinal 
obstruction progresses, intractable vomiting with abdominal 
distention and intravascular volume depletion may occur. 
Guaiac-positive stool is present in 90% to 95% of infants as a 
result of the ischemic mucosal injury to the intussusceptum. 
The passage of bloody stool mixed with mucus, classically 
described as currant-jelly stool , may be observed. 

Diagnosis. Plain radiographs of the abdomen are generally 
nonspecific and may show a paucity of gas in the right lower 



FIGURE 107.40. Contrast enema demonstrating classic ileocolic 
intussusception with the intussusceptum visible in the ascending colon 
(arrows). 


quadrant with a mass effect in the ascending colon. Late find¬ 
ings demonstrate mechanical small bowel obstruction with 
proximal distention, air-fluid levels, and a decrease or absence 
of gas distally. Diagnostic enema techniques using either air or 
contrast approach 100% accuracy with typical ileocolic intus¬ 
susception (Fig. 107.40). An approach using hydrostatic or 
pneumatic enema allows therapeutic reduction of intussuscep¬ 
tion as well. Ultrasound examination typically reveals a mass 
resembling a bull’s-eye or target sign, corresponding to the 
intussusceptum within the intussuscipiens. The target sign of 
intussusception also may be demonstrated by CT scan imag¬ 
ing. Neither of these latter modalities allows for potential ther¬ 
apeutic reduction, and both may be more useful in diagnosing 
suspected cases of proximal jejunoileal or enteroenteral intus¬ 
susception. 

Treatment. Any infant with suspected intussusception in the 
absence of peritonitis should undergo diagnostic hydrostatic or 
pneumatic enema. A high index of clinical suspicion and liberal 
application of this approach should be maintained. The inci¬ 
dence of normal contrast enema examinations in this setting 
may exceed 75% in most pediatric centers, and this is justified 
by the considerable risk inherent in a missed diagnosis. An 
experienced pediatric radiologist and surgical evaluation are 
essential. Intravenous access and resuscitation should occur 
before attempts are made at diagnostic or therapeutic enemas. 

Successful hydrostatic or pneumatic reduction of ileocolic 
intussusception is achieved in 60% to 80% of infants in most 
pediatric centers in the United States. Some centers prefer 
pneumatic enema using air as a contrast agent, and this tech¬ 
nique appears comparable to the hydrostatic approach in both 
diagnosis and therapeutic reduction of intussusception. The 
ability to reduce intussusception using these techniques is time 
dependent and diminishes substantially after the duration of 
symptoms exceeds 24 hours. In this setting, a contrast enema 
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is still diagnostic and potentially therapeutic if carefully per¬ 
formed. 127 With most experienced pediatric radiologists, the 
risk of perforation or reduction of a strangulated intussuscep- 
tum is low. 

The technique of retrograde reduction of intussusception is 
straightforward. Contrast or air is introduced into the rectum 
by a balloon catheter, with the height of the hydrostatic column 
1 m or less. Most centers use three attempts at reduction, with 
each attempt no longer than 3 minutes in duration. As long as 
progress is being made, however, attempts can be repeated until 
reduction is achieved. Successful reduction of ileocolic intus¬ 
susception is demonstrated by observing retrograde flow of 
contrast or air into the terminal ileum. Inability to demonstrate 
retrograde flow into the ileum suggests incomplete reduction 
requiring surgical exploration. 

Operative Management. Infants presenting with peritonitis 
and small bowel obstruction with a clinical diagnosis of intus¬ 
susception should undergo immediate resuscitation and explo¬ 
ration without attempts at retrograde enema. Surgical explo¬ 
ration also is required after incomplete retrograde enema 
reduction of intussusception or in the relatively infrequent situ¬ 
ation of bowel perforation during diagnostic or therapeutic 
enema. The operative strategy is dictated by the findings. Spon¬ 
taneous reduction of the intussusception is reported to occur in 
up to 20% to 30% of infants following induction of general 
anesthesia. In this situation, exploration confirming the reduc¬ 
tion and examining the bowel for a pathologic lead point is suf¬ 
ficient. With persistent intussusception and viable bowel, the 
bowel is manually reduced, generally pushing the intussuscep- 
tum out of the distal bowel. If manual reduction cannot be per¬ 
formed or the intussusceptum is strangulated, then segmental 
resection with primary anastomosis is performed. Attempts at 
reducing intussusception with clearly necrotic bowel should be 
avoided. Diverting enterostomy as a result of peritoneal conta¬ 
mination usually is not required. Appendectomy is routinely 
performed in all infants undergoing operative exploration for 
intussusception. As with many aspects of pediatric surgery, a 
successful laparoscopic approach to the diagnosis and manage¬ 
ment of intussusception has been reported in approximately 
two thirds of selected patients. 128-130 

Complications and Outcome. Retrograde techniques are 
successful at reducing idiopathic ileocolic intussusception in 
60% to 80% of cases. Following successful enema reduction, 
the infant is given intravenous fluids and usually observed for 
24 hours. Tolerance of oral feeding is predictably rapid. Recov¬ 
ery from operative reduction or bowel resection is generally no 
different than from other similar gastrointestinal procedures. 
Most infants enjoy a complete recovery with minimal or no 
morbidity. Recurrent intussusception after either nonoperative 
or operative reduction occurs in about 5 % of infants and usu¬ 
ally can be treated with repeat enema. Mortality from intussus¬ 
ception is rare and is almost always the result of systemic sepsis 
and shock from unrecognized, strangulated intestine. 


Meckel Diverticulum and Related Disorders 

Embryology and Anatomy. The most frequently encoun- 
tered congenital anomaly of the gastrointestinal tract is the 
Meckel diverticulum, representing one of several malforma¬ 
tions resulting from persistence of the yolk stalk (synonymous 
with vitelline duct and omphalomesenteric duct) and its com¬ 
ponents. The embryonic yolk stalk connects the yolk sac and 
the developing midgut (Fig. 107.41). Between weeks 5 and 7 
of gestation, the yolk sac involutes and the stalk fuses with the 
umbilical cord. Developmental failure or arrest of yolk sac 
involution creates a spectrum of clinical malformations as out¬ 
lined in Figure 107.42, with Meckel diverticula constituting 
greater than 95% of these anomalies. The Meckel diverticu- 



FIGURE 107.41. Normal embryonic relations of the yolk sac, yolk 
stalk, and developing gut. 


lum is a true diverticulum of variable size derived from the 
intestinal remnant of the yolk stalk. Typically, it is found on 
the antimesenteric border of the terminal ileum approximately 
40 to 50 cm from the ileocecal valve in adults. The blood sup¬ 
ply is derived from persistent vitelline vessels supplied from the 
SMA. About 25 % of the diverticula have a fibrous or vascular 
attachment to the anterior abdominal wall at the umbilicus 
(Fig. 107.42C). Heterotopic gastric mucosa or pancreatic tis¬ 
sue is found in about half of the diverticula examined at 
autopsy. In about 75% of patients with symptomatic divertic¬ 
ula, gastric mucosa is present. When symptoms occur, bleeding 
or perforation is generally the result of peptic ulceration of the 
adjacent ileal mucosa and not from the diverticulum itself. 

Clinical Presentation. Symptomatic yolk stalk anomalies 
are usually diagnosed by history and clinical examination. 
Umbilical drainage from a persistent fistula or sinus tract may 
be noted in a newborn following separation of the umbilical 
cord. Intestinal prolapse or passage of stool from the umbilicus 
signifies a patent omphalomesenteric duct. Small bowel obstruc¬ 
tion in an otherwise healthy infant without a history of laparo¬ 
tomy may be a result of volvulus around an omphalomesenteric 
band or intussusception from a Meckel diverticulum acting as a 
lead point. 

The incidence rate of Meckel diverticula in the general pop¬ 
ulation is about 2%, with a 2:1 male-to-female predominance. 
The risk of developing symptoms from the diverticulum 
decreases with age, and the vast majority of subjects remain 
asymptomatic. About half of the persons who do become 
symptomatic are younger than 2 years of age. Table 107.7 out¬ 
lines several of the more common clinical presentations of 
symptomatic Meckel diverticulum. 

Hemorrhage. Gastrointestinal bleeding related to Meckel 
diverticulum generally results from peptic ulceration of the 
adjacent ileal mucosa. Clinically, it manifests as painless, 
episodic hemorrhage that is typically bright red to maroon; 
melena is not characteristically seen. Bleeding from a Meckel 
diverticulum is generally not hemodynamically significant or 
exsanguinating, but it can be persistent enough to require trans¬ 
fusion. The diagnostic test of choice is the 99m T c-pertechnetate 
radioisotope scan (Meckel scan) because of the high affinity of 
the isotope for gastric mucosa and the high probability of 
gastric mucosa within a symptomatic Meckel diverticulum. 
Diagnostic accuracy is reported to be as high as 90% for 
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FIGURE 107.42. Common variants 
of yolk stalk malformations. A and B: 
Meckel diverticulum can manifest 
with inflammation (diverticulitis) or 
hemorrhage from acid-induced ulcer¬ 
ation. C and D: Meckel diverticulum 
in association with abnormal band 
attached to the abdominal wall pre¬ 
disposing to volvulus and intestinal 
obstruction. E: Patent omphalomes¬ 
enteric duct. F: Omphalomesenteric 
sinus and cyst formation. 



Meckel-related bleeding. Contrast studies and endoscopy have 
a limited role when the problem is hemorrhage from a Meckel 
diverticulum. 

Obstruction. Intestinal obstruction associated with omphalomes¬ 
enteric duct anomalies usually results from either intussusception 
or volvulus around an abnormal attachment between the bowel 
and the abdominal wall. In about 5% to 10% of persons with 
symptomatic Meckel diverticula, intussusception is the initial 
symptom. In patients with Meckel diverticula whose initial symp¬ 
tom is small bowel obstruction, about half have intussusception 
and the remainder have volvulus, internal hernias, or other 
mechanical causes. Intussusception secondary to a Meckel diver¬ 
ticula has a decreased likelihood for successful enema reduction. 
Small bowel obstruction from volvulus around an omphalome¬ 
senteric band requires operative exploration and treatment. 

Diverticulitis. About one third of patients with symptomatic 
Meckel diverticulum have acute diverticulitis. Similar to 
appendicitis, intraluminal obstruction at the base of a Meckel 
diverticulum can lead to distal inflammation, gangrene, and 
subsequent perforation. Peptic ulceration also can lead to local 
inflammation and perforation with the development of peri¬ 
tonitis. The signs and symptoms of Meckel diverticulitis are 
virtually indistinguishable from appendicitis, and exploration 
is both diagnostic and therapeutic. 


ITABLE 107.7 

DIAGNOSIS | 

SIGNS AND SYMPTOMS OF MECKEL DIVERTICULUM 

■ APPROXIMATE 

■ CLINICAL PRESENTATION 

FREQUENCY (%) 

Hemorrhage 

30-35 

Small bowel obstruction 

30-35 

Diverticulitis 

20-25 

Umbilical fistula 

10 

Other 

Uncommon 


Umbilical Anomalies. About 10% of patients with yolk stalk 
or persistent omphalomesenteric duct anomalies have umbili¬ 
cal problems. The usual clinical presentation is persistent 
drainage or intestinal mucosa found at the umbilicus. The diag¬ 
nosis can be confirmed by contrast sonogram of the umbilical 
orifice or tract. Occasionally, ultrasound examination may be 
useful to demonstrate omphalomesenteric cysts. Ultimately, 
surgical exploration may be required for both diagnosis and 
treatment. 

Meckel Diverticulum as an Incidental Finding. The manage¬ 
ment of an incidentally discovered Meckel diverticulum during 
abdominal exploration for other reasons is controversial. The 
risk of resecting an asymptomatic diverticulum must be 
weighed against the reasons for the operative exploration, 
patient age, and the potential for future symptoms from the 
diverticulum. Infants younger than 2 years are at greater prob¬ 
ability of becoming symptomatic from a Meckel diverticula. 
Resection is clearly indicated with demonstration of hetero¬ 
topic gastric mucosa in the diverticulum to prevent peptic 
ulceration. This finding may occasionally be determined by 
direct palpation because the gastric mucosa is thicker than ileal 
mucosa. Abnormal omphalomesenteric bands to the abdomi¬ 
nal wall also should be excised. If clinical judgment suggests 
that the diverticulum is at risk for luminal obstruction, resec¬ 
tion is warranted. 

Treatment. Infants and children with symptomatic umbilical 
abnormalities from yolk stalk remnants are usually well, and 
umbilical exploration with possible laparotomy can be under¬ 
taken electively. The yolk stalk remnant is excised, and, if pres¬ 
ent, the communication with the ileum is closed primarily with 
minimal morbidity and mortality. Operative exploration is 
required for patients with symptomatic Meckel diverticula. 
Typically, exploration can be accomplished through a variety 
of incisions. The treatment of choice is resection through either 
antimesenteric wedge excision or segmental bowel resection 
with primary closure or anastomosis. Laparoscopic diagnosis 
and management of a Meckel diverticulum has also been 
described. 131 In the absence of associated medical problems, 
excellent functional outcome is expected with minimal morbid¬ 
ity and essentially no mortality unless intestinal necrosis has 
occurred. 
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Foreign Bodies 

Ingestion of foreign bodies by infants and children is common. 
Toddlers in the age range of 9 months to 2 years are at particu¬ 
lar risk given newly acquired mobility and the tendency for oral 
exploration. The type of foreign body and the location in the 
gastrointestinal tract on discovery dictate overall management. 

Esophagus. Typical foreign bodies found in the esophagus 
include coins and small toys. In normal children, these objects 
become impacted at predictably narrow portions of the esoph¬ 
agus, including the cricopharyngeus, the esophagus at the level 
of the left mainstem bronchus, and the gastroesophageal junc¬ 
tion. Previous areas of esophageal repair or injury predispose 
to points of obstruction. In particular, infants and children with 
repaired esophageal atresia, gastroesophageal reflux, or caustic 
esophageal injury are at risk for impaction at these sites. 

Esophageal foreign bodies produce clinical symptoms of 
drooling, feeding intolerance (particularly to solids), dyspha¬ 
gia, and pain. Unrecognized foreign bodies with unusual con¬ 
figuration or sharp points and edges may cause esophageal 
perforation and mediastinitis. The diagnosis is straightforward 
on plain radiographs if the object is metallic or radiopaque. If a 
radiolucent object is suspected, an upper gastrointestinal con¬ 
trast study is usually required to confirm the diagnosis. Lateral 
plain films of the neck or chest may be useful to differentiate 
between small foreign bodies in the esophagus or trachea. 

Foreign bodies impacted in the esophagus cause partial 
esophageal obstruction and can cause complications including 
aspiration, erosion, perforation, and late stricture formation. 
Therefore, all esophageal foreign bodies should be removed. 
Extraction of foreign objects can be accomplished by using bal¬ 
loon catheter retrieval under fluoroscopic guidance or direct 
visualization using endoscopy. Performed within 24 hours of 
ingestion, balloon catheter retrieval of esophageal foreign bod¬ 
ies is relatively straightforward. This technique is limited to 
smooth radiopaque objects such as coins to minimize the risk of 
esophageal perforation. The most significant risk with balloon 
catheter retrieval is potential aspiration from an unprotected 
airway, and this must be anticipated as the foreign body tra¬ 
verses the pharynx. Alternatively, for esophageal coin impaction 
of less than 24 hours’ duration in children without a history of 
esophageal surgery or injury, esophageal bougienage with clear¬ 
ance of the coin into the stomach has been successful. 132 

Retrieval of esophageal foreign bodies under direct endo¬ 
scopic vision requires general anesthesia. Either flexible or rigid 
endoscopy systems are widely available and used with individ¬ 
ual and institutional preferences. Esophageal perforation, the 
major risk, occurs in fewer than 5% of cases in most reported 
series. Long-standing esophageal foreign bodies may erode into 
the aorta and cause life-threatening hemorrhage from aorto- 
esophageal fistula. 133 

Distal Gastrointestinal Tract. More than 95% of foreign 
bodies that pass beyond the gastroesophageal junction proceed 
uneventfully through the gastrointestinal tract. The transit time 
for an asymptomatic foreign body is highly variable and can 
take hours to weeks. Progress of an asymptomatic radiopaque 
foreign body can be followed by abdominal plain films, but this 
is rarely useful from a clinical standpoint unless it is a battery. 
The stool may also be screened to confirm passage of a known 
foreign body. 

Operative exploration or endoscopic retrieval of distal gas¬ 
trointestinal foreign bodies is generally reserved for clinical 
symptoms related to either obstruction or intestinal injury her¬ 
alded by abdominal pain, vomiting, fever, or peritonitis. Addi¬ 
tionally, persistence of an asymptomatic foreign body in the 
stomach for several weeks is a relative indication for upper 
endoscopic retrieval, particularly with foreign bodies with 
irregular shape, configuration, or sharpness. This is a clinical 


judgment that is best reserved for an experienced pediatric sur¬ 
geon because remarkably complex and improbable objects 
may pass uneventfully through the gastrointestinal tract. For 
asymptomatic foreign bodies lodged distal to the stomach, a 
relative indication for operative removal is a fixed, persistent 
location in the intestine for longer than 1 week. 

Ingested batteries, in particular alkaline disc batteries, are a 
potentially serious hazard to children and require a more 
aggressive approach. Disruption of the battery casing and 
spillage of the contents have been reported to cause intestinal 
injury and perforation, presumably because of leakage of 
potassium or sodium hydroxide. Esophageal impaction of a 
battery warrants prompt removal when recognized because 
the risk of acquired esophageal injury, perforation, and devel¬ 
opment of traumatic tracheoesophageal fistula is present. 134 In 
the distal bowel, cathartics may be helpful to expedite passage 
of the battery. Operative removal may be necessary if the bat¬ 
tery fails to progress distally over a few days or if symptoms 
related to the battery occur. Notably, the vast majority of bat¬ 
teries pass through the gastrointestinal tract uneventfully. 
Ingestion of multiple magnets can cause problems with small 
bowel obstruction or enteroenteric fistula formation. 


Gastrointestinal Hemorrhage 

The subject of gastrointestinal hemorrhage and general princi¬ 
ples of management are discussed elsewhere in this book. The 
following section reviews some of the important and age- 
dependent clinical causes and unique issues of gastrointestinal 
bleeding in the pediatric population. These causes are age 
dependent and are summarized in Tables 107.8 and 107.9. 

Diagnostic workup of an infant or child with gastrointesti¬ 
nal hemorrhage requires coordinated participation between 
pediatricians, surgeons, gastroenterologists, and radiologists. 
Several general principles governing the diagnostic approach 
to gastrointestinal bleeding in infants and children follow: 

a. A clear diagnosis can be made in most situations; given the 
current technology available to assist with diagnosis, an 
aggressive approach is warranted. Diagnostic procedures 
such as flexible fiberoptic endoscopy, radioisotope imaging, 
and angiography are widely available, safe, and applicable 
to any age group, including the newborn. Despite these 
measures, in approximately 16% of cases, the cause of 
guaiac-positive stools in a neonate or infant remains 
unknown, 135 and the bleeding is self-limited. 

b. The primary diagnostic investigation of choice for upper gas¬ 
trointestinal bleeding is esophagogastroduodenoscopy. This 
procedure is optimally performed within the first 24 hours 
after cessation of active hemorrhage and usually requires 
general anesthesia. Imaging studies for active upper gas¬ 
trointestinal hemorrhage are limited in their ability to aid 
with diagnosis. 

c. Infants and children presenting with minor lower gastroin¬ 
testinal bleeding are best evaluated by a careful perineal 
and digital rectal examination followed by anoscopy. 

d. Massive lower gastrointestinal hemorrhage in an infant or 
child outside the newborn period is most likely the result of 
a bleeding Meckel diverticulum. 

e. If a definitive source for lower gastrointestinal hemorrhage 
is not found on colonoscopy, evaluation for an upper gas¬ 
trointestinal source, including upper endoscopy and diag¬ 
nostic laparoscopy, is warranted. 

f. Pain is an uncommon symptom with pediatric gastrointesti¬ 
nal hemorrhage and implies a more complex problem such 
as volvulus, ischemic bowel, or inflammatory bowel disease. 
Painful gastrointestinal hemorrhage in a pediatric patient 
requires urgent evaluation and prompt diagnostic workup. 

g. In contrast to that in adults, gastrointestinal bleeding in chil¬ 
dren is rarely a symptom or sign of gastrointestinal neoplasm. 
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ITABLE 107.8 


ETIOLOGY | 

CAUSES OF UPPER GASTROINTESTINAL HEMORRHAGE 0 

■ PATIENT AGE GROUP 

■ COMMON CAUSES 

■ LESS COMMON CAUSES 

Neonatal (0 to 30 days) 

Gastritis 

Iatrogenic trauma 


Esophagitis 

Primary coagulopathy 


Ingested maternal 
blood 

Vascular malformation 
(hemangioma, telangiectasia, 
arteriovenous malformation) 


Peptic ulcer 

Nasal or pharyngeal bleeding 



Miscellaneous (leiomyoma, 
gastric polyp, duplication) 

Infant (30 days to 1 year) 

Gastritis 

Same as neonate, with addition of: 


Esophagitis 

Drugs (steroids, nonsteroidal 
anti-inflammatory drugs) 


Peptic ulcer 

Foreign body, caustic ingestion 
Esophageal varices 

Child (1 to 12 years) 

Esophageal varices 

Same as infant, with addition of: 


Esophagitis 

Acquired thrombocytopenia 
(chemotherapy) 


Peptic ulcer 


Older child (12 years to adult) 

Esophageal varices 
Esophagitis 

Peptic ulcer 

Same as for child 

fl Order in appearance approximates clinical frequency. 

Adapted from Oldham KT, Lobe TE. Gastrointestinal hemorrhage 
Clin North Am 1985;32:1247-1263, with permission. 

in children. A pragmatic update. Pediatr 


Neonates (0 to 30 Days of Age). The most common 
cause of gastrointestinal hemorrhage in a neonate is gastritis. 
Endoscopic evaluation of newborns with symptomatic upper 
gastrointestinal hemorrhage demonstrates gastritis or 
esophagitis in 50% to 75% of cases. About 10% to 15% have 
swallowed maternal blood during birth, and 10% of newborns 
are found to have an underlying coagulopathy. Anatomic 
lesions requiring operative control are distinctly unusual in this 
age group. Significant and sometimes massive upper gastroin¬ 
testinal hemorrhage may occur in a neonate without a defin¬ 
able anatomic lesion despite endoscopic evaluation. This find¬ 
ing is usually the result of gastritis, and treatment is directed at 
blood and volume replacement and correction of any underly¬ 
ing coagulopathy. 

Significant conditions responsible for lower gastrointestinal 
bleeding in the newborn include NEC, malrotation with volvu¬ 
lus, enterocolitis, or bowel obstruction secondary to an incar¬ 
cerated inguinal hernia. These clinical entities present with 
characteristic histories, findings on clinical examination, and 
surgical treatment guidelines previously discussed. Anorectal 
fissure is also common and easy to diagnose in neonates, and 
bleeding is typically self-limited. 

Infants (30 Days to 1 Year). Infants with upper gastroin¬ 
testinal bleeding deserve comprehensive evaluation, including 
endoscopy, to identify potential lesions requiring operative 
intervention. The most common causes of lower gastrointesti¬ 
nal hemorrhage in this age group include infectious diarrhea, 
intussusception, food allergy, and bleeding Meckel diverticu¬ 
lum. Most of these lesions have distinct symptoms, signs, and 
diagnostic findings to facilitate diagnosis. Infectious diarrhea 
is usually accompanied by fever, feeding intolerance, possibly 
emesis, and abdominal pain. Fecal leukocytes may be present 


on stool examination, and enteric pathogens or their toxins 
can be identified by stool culture. 

Children (1 to 12 Years). An important surgical cause of 
upper gastrointestinal bleeding in this age group includes 
esophageal variceal bleeding from portal hypertension. Chil¬ 
dren with biliary atresia or extrahepatic portal venous 
obstruction account for most cases of variceal bleeding in this 
age group. In the acute setting, endoscopic sclerotherapy or 
banding is used as a temporizing measure for hemorrhage con¬ 
trol; some investigators advocate maintenance sclerotherapy. 
Ultimately, for these children, orthotopic liver transplantation 
may offer definitive surgical treatment. The use of operative 
portosystemic shunts for acute variceal hemorrhage is not 
widely used in pediatric surgical practice in the United States. 

Conditions causing lower gastrointestinal bleeding in this 
age group include juvenile polyps. These are benign, hamar- 
tomatous polyps and represent the single most common cause 
of lower gastrointestinal bleeding in children. About 20% to 
30% of the polyps are palpable on digital rectal examination. 
A history of painless, bright red blood per rectum during a 
bowel movement is typical. The bleeding results from mucosal 
irritation, involution, and sloughing of a pedunculated polyp 
and is usually not associated with hemodynamically significant 
hemorrhage. Tissue may be passed or the pedunculated polyp 
may prolapse out the anus. A hypochromic, microcytic anemia 
may be present. Diagnostic workup generally involves a con¬ 
trast enema to identify the polyp and evaluate the colon for 
synchronous lesions. Colonoscopy may require general anes¬ 
thesia in this age group, and endoscopic snare polypectomy is 
the treatment of choice for appropriate-sized polyps. Infre¬ 
quently, transanal excision or open resection of larger polyps 
is required. In the case of multiple juvenile polyps not 
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TABLE 107.9 


ETIOLOGY | 

CAUSES OF LOWER GASTROINTESTINAL HEMORRHAGE 0 

■ PATIENT AGE GROUP 

■ COMMON CAUSES 

■ LESS COMMON CAUSES 

Neonatal (0 to 30 days) 

Benign anorectal lesions (fissure) 

Iatrogenic trauma 


Upper gastrointestinal hemorrhage 

Primary coagulopathy 


Milk allergy 

Vascular malformations 


Necrotizing enterocolitis 

Enterocolitis (Hirschsprung disease, other) 


Midgut volvulus 

Miscellaneous (duplication, lymphoma, 
lymphangiectasia) 

Infant (30 days to 1 year) 

Incarcerated inguinal hernia 

Benign anorectal lesions 

Same as neonate, with addition of: 


Idiopathic intussusception 

Acquired thrombocytopenia 


Meckel diverticulum 

Infectious diarrhea 

Upper gastrointestinal hemorrhage 
Milk allergy 

Ingestion of colored foodstuff (pseudohematochezia) 

Child (1 to 12 years) 

Benign anorectal lesions 

Same as infant, with addition of: 


Juvenile polyps 

Juvenile polyposis coli/familial polyposis coli 


Intussusception 

Hemolytic uremic syndrome 


Meckel diverticulum 

Henoch-Schonlein purpura 


Infectious diarrhea 

Systemic vasculitis (dermatomyositis, lupus) 


Upper gastrointestinal hemorrhage 

Acquired thrombocytopenia (as above plus idiopathic 
thrombocytopenic purpura) 

Older child (12 years to adult) 

Juvenile polyps 

Same as child, except: 


Benign anorectal lesions 

Henoch-Schonlein purpura and hemolytic uremic 
syndrome less likely 


Inflammatory bowel disease 

Upper gastrointestinal hemorrhage 

Meckel diverticulum 

a Order in appearance approximates clinical frequency. 

Adapted from Oldham KT, Lobe TE. Gastrointestinal hemorrhage in children. A pragmatic update. Pediatr Clin North Am. 1985;32:1247-1263, 
with permission. 


amenable to endoscopic polypectomy, management may be 
expectant based on the benign natural history characterized by 
involution during adolescence. Histologic confirmation is nec¬ 
essary to differentiate these lesions from adenomatous polyps 
seen in familial polyposis syndromes or Gardner syndrome. 

Older Children and Adolescents (Older than 12 Years). 

Causes of both upper and lower gastrointestinal hemorrhage 
in this age group include most etiologic conditions found in 
adults. It is important that inflammatory bowel disease is sig¬ 
nificant in this age group. 


Intestinal Duplication 

The embryologic origin of enteric duplication formation 
remains controversial, but duplication likely represents abnor¬ 
mal development of either a diverticulum or adjacent portion of 
the developing gut. In some cases, duplication cysts of the upper 
gastrointestinal tract may be associated with thoracic spinal 
cord or vertebral defects; this association appears to reflect 
abnormal sequestration and integration of developing primitive 
notochord elements in addition to duplication. The resulting 
lesions are described as either cystic or tubular based on their 
gross appearance (Fig. 107.43). All types of gastrointestinal- 
derived epithelia are found, but the clinically relevant finding is 
ectopic gastric mucosa. Duplications are commonly found 


along the mesenteric border of the native bowel. The muscular 
wall is typically well developed and intimately attached to the 
functional bowel. Additionally, the blood supply is also shared 
with the functional intestine, an important surgical consid¬ 
eration. 

Cystic Duplications. Cystic duplications may be found 
throughout the gastrointestinal tract. They are frequently 
located in the esophagus and the hindgut, particularly the rec¬ 
tum. Direct communication between a duplication cyst and the 
functional gut lumen is unusual. Typically, asymptomatic dupli¬ 
cations are discovered as incidental mass lesions during diagnos¬ 
tic imaging studies, particularly when the location is the thoracic 
cavity or the rectum. Duplications also may present as sympto¬ 
matic lesions from ectopic gastric mucosa leading to ulceration 
and bleeding. Other potential presenting symptoms of enteric 
duplication include obstruction, intussusception, perforation or 
traumatic rupture, torsion, infection, and occasional malignant 
degeneration. Useful examinations to define the extent of the 
lesion include ultrasound, CT scanning, MRI studies, and con¬ 
trast studies. The identification of enteric duplication on routine 
prenatal ultrasound examination has been reported. 

The treatment for all cystic duplications is operative. Even 
in asymptomatic infants and children, uncertainty regarding 
the nature of the mass and the potential for subsequent prob¬ 
lems dictates surgical exploration. Esophageal and rectal 
duplication cysts are generally amenable to simple excision. In 
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FIGURE 107.43. Enteric duplication. A: Cystic duplication of the ter¬ 
minal ileum. B: Tubular duplication of the terminal ileum and colon. 


contrast, duplication cysts of the small intestine usually 
require segmental resection and primary anastomosis, given 
the intimate attachment and shared blood supply with the 
native bowel. For large cystic duplications involving longer 
segments of native bowel, individualized treatment strategies 
are required. One option is cyst marsupialization with resec¬ 
tion of the duplication cyst wall with preservation of the com¬ 
mon blood supply and wall between the cyst and native bowel. 
This technique is combined with submucosal dissection and 
stripping of the remaining epithelium from the cyst wall. 
Another approach is internal drainage of the cyst into the adja¬ 
cent native intestine, for example, creation of a cystoduo- 
denostomy for duodenal duplication not amenable to local 
resection and anastomosis; this would be distinctly unusual. 

Tubular Duplications. Tubular duplications may be found 
anywhere along the length of the gastrointestinal tract. They 


are less frequent than cystic duplications and have a tendency 
to involve the ileum and the colon. It is believed that tubular 
duplication generally reflects abnormal, disordered recanaliza- 
tion of the gastrointestinal tract. Similar to cystic duplications, 
tubular lesions share a common wall and blood supply with 
the native bowel. Communication between the tubular dupli¬ 
cation and native bowel lumen is common. Tubular duplica¬ 
tions may be extensive and can involve the entire length of ter¬ 
minal ileum and colon. Malformations of the entire colon and 
rectum are associated with genitourinary anomalies, particu¬ 
larly duplications of the external genitalia or bladder. 

Tubular duplications manifest clinically in similar fashion to 
cystic lesions. Symptomatic lesions most commonly present 
with gastrointestinal bleeding or obstruction. Treatment is oper¬ 
ative, and an individualized strategy is required that is based on 
the location and nature of the duplication. Resection with pri¬ 
mary anastomosis may require removal of an unacceptable 
length of normal bowel. Marsupialization with submucosal 
stripping of the duplication epithelium may be particularly help¬ 
ful if ectopic gastric mucosa is suspected or found. Obstruction 
from a long, blind-ending parallel duplication that communi¬ 
cates with the functional gut lumen can be treated effectively 
with a reentry procedure such as a distal enteroenterostomy. 
This approach avoids a potentially complex resection of a sig¬ 
nificant length of bowel. 

The outcomes of surgical management of enteric duplica¬ 
tions are generally excellent in the absence of other associated 
anomalies or medical problems. Mortality attributable to the 
duplication itself is unusual. Postoperative morbidity is gener¬ 
ally dependent on the nature and location of the duplication. 


Mesenteric and Omental Cysts 

Mesenteric and omental cysts are rare lesions thought to result 
from the sequestration of lymphatic tissue during development. 
Mesenteric cysts are twice as common as omental cysts. Both 
are characterized by thin, often incomplete walls lined with 
endothelial cells absent of surrounding smooth muscle. They 
may be filled with either serous lymphatic fluid or chyle and 
may be unilocular or multilocular. These cysts may become 
extraordinarily large before producing symptoms. 

Most infants and children with mesenteric or omental cysts 
are diagnosed prior to adolescence. Asymptomatic children 
are usually diagnosed incidentally during studies for other rea¬ 
sons. Symptomatic children present with abdominal pain, and, 
on examination, a soft, mobile abdominal mass is characteris¬ 
tic. Bleeding, rupture, obstruction, torsion, or cyst infection 
may be observed. Most of these lesions can be diagnosed by 
ultrasound or CT scan imaging. Ascites, duplication cysts, 
pancreatic pseudocysts, and large ovarian cysts may have a 
similar appearance on diagnostic imaging. Peripheral calcifica¬ 
tion and evidence of recent hemorrhage may be seen in mesen¬ 
teric or omental cysts (Fig. 107.44). 

The treatment for these lesions is simple excision. Total 
excision of mesenteric or omental cysts is generally preferable 
over partial excision with marsupialization. Limited resection 
with primary anastomosis may be required for a mesenteric 
cyst located adjacent to the intestinal wall, particularly if there 
is concern that the cyst actually may be an enteric duplication. 
Morbidity and mortality are generally limited to concurrent 
problems associated with the intestine. In particular, volvulus 
of a mesenteric cyst may cause vascular compromise and 
infarction of the adjacent intestine. 


Primary Peritonitis 

Bacterial peritonitis without a specific, identifiable cause is 
referred to as primary peritonitis. Spontaneous bacterial peri¬ 
tonitis in children with ascites or nephrosis is generally 
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FIGURE 107.44. Computed tomography scan image from a child 
after abdominal trauma. Hemorrhage into large omental cyst is appar¬ 
ent {arrows). 


included in this group. Hematogenous seeding of ascitic fluid is 
probably responsible for the development of spontaneous bacte¬ 
rial peritonitis. The infecting bacterial organisms were classically 
gram-positive with various staphylococcal, streptococcal, and 
other species accounting for most cases. In a series of infants and 
children with primary peritonitis, more than two thirds of the 
cases were caused by gram-negative organisms such as 
Escherichia coli. 136 This trend may reflect the use of antibiotic 
prophylaxis directed against gram-positive organisms. 

The other etiologic mechanism for the development of pri¬ 
mary peritonitis is believed to involve retrograde inoculation 
of the peritoneal cavity via the genitourinary tract. This etiol¬ 
ogy is characteristic of prepubertal girls 5 to 10 years of age, 
accounting for as many as half of the cases of primary peri¬ 
tonitis. The initial signs and symptoms in these children are 
virtually identical to children with perforated appendicitis: 
fever, emesis, abdominal pain, and tenderness on examination. 
Leukocytosis is characteristic, and an ileus is observed on plain 
abdominal films. On exploration, these children have inflam¬ 
matory peritonitis without an identifiable enteric cause. Gram¬ 
negative enteric organisms are commonly cultured from the 
peritoneal fluid. 

Infants and children with peritonitis in association with an 
indwelling peritoneal dialysis catheter or ventriculoperitoneal 
shunt may be treated successfully with intravenous broad- 
spectrum antibiotics. The catheter or shunt should be removed 
or exteriorized promptly if peritonitis does not resolve within 
24 to 48 hours. 137 In association with ascites or nephrosis, diag¬ 
nostic paracentesis should be performed and the peritoneal fluid 
examined by Gram stain and culture. If there is any diagnostic 
uncertainty, laparoscopic or open operative exploration may be 
required to exclude intestinal perforation as a cause of peritoni¬ 
tis. If the appendix is normal, peritoneal cultures should be 
obtained and a thorough, complete abdominal exploration for 
other causes should be performed. Appendectomy is generally 
performed when the diagnosis of primary peritonitis is estab¬ 
lished by a right lower-quadrant incision. Other than perforated 
appendicitis, distinct causes of intestinal perforation or peri¬ 
tonitis in this age group include perforated Meckel diverticu¬ 
lum, duodenal ulcer, and acute pancreatitis. About half of the 
peritoneal fluid cultures are positive for a single organism. 
Treatment with specific antibiotics is continued until the patient 
is afebrile with a normal white blood cell count and normal clin¬ 
ical examination. Following operative exploration in primary 
peritonitis, the morbidity is no different than that for appendec¬ 
tomy, and the recovery is generally uneventful. 


TABLE 107.10 ETIOLOGY 


COMMON CAUSES OF NEONATAL ASCITES 

Maternal-fetal Rh incompatibility (rare) 

Structural malformations 
Urinary obstruction 
Congenital heart disease 

Malrotation, duplications, cyst (associated with intestinal 
volvulus) 

Biliary perforation 
Ovarian ascites 
Pulmonary abnormalities 
Chylous ascites 
Hematologic disorders 
u-Thalassemia 
Infection 

Toxoplasmosis 

Cytomegalovirus 

Others 

a r Antitrypsin deficiency 
Idiopathic 


Ascites 

The common causes of neonatal and childhood ascites are 
listed in Tables 107.10 and 107.11. The clinical presentation is 
that of abdominal distention with bulging flanks and demon¬ 
strable fluid on palpation and percussion. Ultrasound or CT 
scan imaging may be useful to confirm the clinical diagnosis. 
Paracentesis and routine examination of the fluid for Gram 
stain, cell count, cytology, protein, chemistries, and culture 
should be performed. Chylous ascites is characterized by a 
white milky appearance, high lymphocyte count, and high 
triglyceride content. Bile-stained fluid in the absence of demon¬ 
strable bowel perforation is characteristic of biliary ascites. 
High fluid amylase content is seen in pancreatic ascites, and a 
low protein count (<3 g/dL) is consistent with serous ascites. 
Elevated urea nitrogen or creatinine in the fluid may suggest 
urinary ascites, particularly in a male patient. Cytology should 
be performed to exclude peritoneal ascites secondary to malig¬ 
nancy, particularly in pubertal and adolescent females. 

If the initial fluid does not provide a diagnosis in an other¬ 
wise normal-appearing child, a comprehensive diagnostic 
imaging evaluation is warranted. An echocardiogram should 
be performed and either ultrasound or CT scan imaging per¬ 
formed to evaluate the genitourinary system, the hepatobiliary 
system, and the pancreas. A voiding cystourethrogram may 
also be indicated. 

Treatment of neonatal or childhood ascites depends on the 
establishment of a specific diagnosis. In the absence of anatomic 
lesion or injury, spontaneous resolution of chylous ascites 
occurs in 50% to 75% of cases with the temporary cessation of 
enteral feeding and administration of parenteral nutrition. Per¬ 
sistence of chylous ascites for longer than 4 to 6 weeks is an 
indication for operative attempts to ligate the cisterna chyli. 
Neonatal biliary ascites may result from spontaneous bile duct 
perforation, in which case a diagnosis of CF must be considered. 
Transient bile duct obstruction typically leads to perforation at 
the junction of the cystic duct with the common duct. Simple 
external drainage is the treatment of choice, and complex hepa¬ 
tobiliary tract reconstruction in this setting is unnecessary and 
potentially hazardous. Urinary ascites in a male patient requires 
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TABLE 107.11 ETIOLOGY 


COMMON CAUSES OF CHILDHOOD ASCITES 

SEROUS ASCITES 

Cirrhosis 

Budd-Chiari syndrome 
Nephrosis 

Right-sided heart failure 

Postoperative ascites (after renal transplantation, peritoneal 
dialysis, ventriculoperitoneal shunt) 

a^-Antitrypsin deficiency 
Other rare metabolic disorders 
CHYLOUS ASCITES 
Malrotation with volvulus 
Small bowel obstruction 
Incarcerated hernia 
Lymphangioma 

Trauma (includes operative trauma) 

BILIARY ASCITES 
Neonatal bile duct perforation 
Cystic fibrosis 
Biliary atresia 
Hepatitis 

Cytomegalovirus infection 

URINARY ASCITES (7:1 MALE PREDOMINANCE) 

Urinary obstruction 

Posterior urethral valves 

Bladder perforation 

Ureterocele 

Neurogenic bladder 

PANCREATIC ASCITES 

Acute pancreatitis (drugs, trauma, gallstones, infection) 
Pancreatic pseudocysts 
OVARIAN ASCITES 
Cysts (torsion, rupture) 

Tumors 

MALIGNANT ASCITES 
Intra-abdominal neoplasm 

IDIOPATHIC 


a workup that includes a voiding cystourethrogram to exclude 
posterior urethral valves. Urinary ascites resolves with treat¬ 
ment of obstructive uropathy. Pancreatic ascites is typically self- 
limited, and treatment by drainage procedures is generally not 
required or limited for relief of persistent symptoms. 

Massive neonatal ascites may cause hypoventilation sec¬ 
ondary to impairment of diaphragmatic excursion, and thera¬ 
peutic paracentesis may be required. Childhood ascites gener¬ 
ally responds to adequate treatment of the underlying problem 
and occasionally requires medical therapy. Placement of a peri- 
toneovenous shunt in children for intractable ascites is rare. 


Rectal Prolapse 

Spontaneous rectal prolapse is relatively common in toddlers 
and children up to 5 years of age. A peak incidence occurs at or 


near the time of toilet training. There is an association between 
straining during bowel movement and rectal prolapse; it may 
be more commonly observed in children with CF, myelodys¬ 
plasias with sacral neuropathy, congenital anorectal malforma¬ 
tions, Hirschsprung disease, and colorectal polyps. However, 
most children presenting with rectal prolapse are normal. 

A history of protrusion of mucosa or full-thickness rectum 
with or without bleeding is usually described. Other lesions of 
childhood that have a similar appearance are prolapse of an 
intussusceptum or passage of a polyp through the anus. The 
rectal examination is diagnostic. If the protruding intestine is 
an intussusceptum, a finger can be placed adjacent to it within 
the rectum; this maneuver is not possible with rectal prolapse. 

Nonoperative management using manual reduction is suc¬ 
cessful in most infants and children. Sedation may be required 
in some instances. Therapeutic interventions include stool 
softeners and parental instruction on manual reduction. Spon¬ 
taneous resolution over a few weeks is typical. For persistent 
rectal prolapse in children, operative intervention is generally 
governed by doing the least invasive procedure possible. 
Unlike in adults, complex operations involving bowel resec¬ 
tion and pelvic suspension are generally unnecessary in chil¬ 
dren with rectal prolapse. The most useful and commonly used 
procedure is rectal submucosal injection using a sclerosant 
(Fig. 107.45). With the patient under general anesthesia, injec¬ 
tion with 5% sodium morrhuate or cow’s milk 138 has been 
performed successfully on an outpatient basis. About 90% of 
children can be treated successfully with a single four-quad¬ 
rant sclerosant technique, but on occasion further sclerosis is 
necessary. Submucosal dissection or cauterization is also suc¬ 
cessful but may have a higher incidence of postoperative bleed¬ 
ing or stricture formation and usually requires a short period 
of hospitalization. The major objective in treating childhood 
rectal prolapse is to create a local extraperitoneal inflamma¬ 
tory process in the perirectal space. Morbidity is low and the 
long-term outcome is excellent. 


PEDIATRIC LIVER 


Tumors of the Liver 


Primary hepatic tumors are rare in children, and at least 60% 
to 70% are malignant. 139,140 Table 107.12 reviews the inci¬ 
dence rates and types of hepatic tumors presenting during 
infancy and childhood. Pediatric hepatic tumors often manifest 
as asymptomatic abdominal masses discovered by parents or 
pediatricians. Symptoms related to the tumor, such as pain, 
hemorrhage, hypertension, and precocious puberty, are less fre¬ 
quent. Initial diagnostic imaging studies include plain abdomi¬ 
nal radiographs and ultrasound to assist in early determination 
as to whether the mass is cystic or solid and whether calcifica¬ 
tions are present. CT scan imaging and MRI remain definitive 
in the ability to discern anatomic characteristics of the mass 
and its relationship to adjacent structures. Most children 
require operative exploration for either definitive excision or 
for incisional biopsy in lesions deemed unresectable. 

Benign Tumors. Of all primary liver tumors of childhood, 
30% are benign. The most common benign tumors are heman¬ 
giomas, hemangioendotheliomas, mesenchymal hamartomas, 
cysts, focal nodular hyperplasia, and hepatic adenoma. In 
most large series, hemangiomas constitute about 50% of the 
benign hepatic tumors observed. 141 

Vascular Tumors. Infantile hepatic hemangiomas represent a 
clinically diverse spectrum of vascular endothelial anomalies. 
They are characterized by a phase of proliferative growth over 
the first year of life, with subsequent involution over several 
years. The International Society for the Study of Vascular 
Anomalies classifies vascular tumors into two categories based 
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FIGURE 107.45. Four-quadrant injection of scle¬ 
rosant into the rectal submucosa for the treat¬ 
ment of childhood rectal prolapse. 


on the presence or absence of GLUT-1, an erythrocyte-type 
glucose transporter protein expressed in the endothelium of 
the placenta and hemangiomas. 142 Therefore, hemangiomas 
are GLUT-1 positive, and other, more heterogeneous vascular 
anomalies such as vascular malformations are GLUT-1 nega¬ 
tive. Most asymptomatic infantile hepatic hemangiomas are 
detected as incidental findings on diagnostic imaging studies 
performed for unrelated reasons. A smaller proportion will 
create symptoms of enlarging abdominal mass, progressive 
hepatic failure, high-output cardiac failure due to shunting, 
thrombocytopenia, or hypothyroidism from excess production 
of type III iodothyronine deiodinase. 143 

Most benign vascular lesions of the pediatric liver do not 
require operative management. Operative intervention is gener¬ 
ally reserved for bleeding secondary to traumatic rupture symp¬ 
toms not controllable with medical management. Treatment 
strategies remain highly individualized based on whether the 


1 TABLE 107.12 


INCIDENCE OF LIVER TUMORS IN CHILDHOOD 

■ TUMOR TYPE 

■ INCIDENCE RATE (%) 

BENIGN 

Vascular tumors 

13 

Hemangioma 

9 

Hemangioendothelioma 

4 

Mesenchymal hamartoma 

6 

Focal nodular hyperplasia 

2 

Adenoma 

2 

Teratoma 

2 

Other 

3 

MALIGNANT 

Hepatoblastoma 

43 

Hepatocellular carcinoma 

23 

Malignant mesenchymal tumor 

4 

Sarcoma 

2 

Embryonal cell carcinoma 

2 

Angiosarcoma 

1 


lesions are focal, multifocal, or diffuse. 144 In the face of multifo¬ 
cal or diffuse disease associated with congestive heart failure 
and thrombocytopenia secondary to sequestration, medical 
treatment with corticosteroid therapy may be useful. More 
invasive procedures such as irradiation, selective hepatic arterial 
ligation, angiographic embolization, or hepatic transplantation 
remain useful in selected patients with uncontrollable symp¬ 
toms. Chemotherapeutic agents, including recombinant alpha- 
interferon, low-dose vincristine, and cyclophosphamide have 
been used for life-threatening vascular lesions. Hepatic resection 
is generally reserved for mass lesions of unknown diagnosis, 
ruptured vascular lesions with signs of active hemorrhage, or 
for symptomatic, locally resectable lesions. 

Hemangioendotheliomas are important vascular anomalies 
encountered in infants. The lesions vary in size from 1 cm to 
several cm in diameter and may be multiple (Fig. 107.46). 



FIGURE 107.46. Selective visceral angiogram demonstrating large 
hepatic vascular malformation in a neonate with congestive heart fail¬ 
ure. This finding is consistent with a bilobar hemangioendothelioma. 
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Symptomatic neonates may present with an abdominal mass, 
hepatomegaly, and congestive heart failure. These infants may 
also experience spontaneous rupture and hemoperitoneum, 
with tachycardia, tachypnea, and hypovolemic shock. On 
examination, the infant may have other cutaneous heman¬ 
giomas visible on the skin. Affected infants may develop 
thrombocytopenia secondary to platelet sequestration in the 
vascular malformation (Kasabach-Merritt syndrome). CT scan 
imaging or MRI is diagnostic. Treatment is directed at con¬ 
trolling symptoms using medical management principles as 
discussed previously; however, hemangioendotheliomas tend 
to be more problematic than hemangiomas because of the ten¬ 
dency to occur during infancy and the more extensive, symp¬ 
tomatic nature of the lesions. 

Mesenchymal Hamartomas. Approximately one third of 
benign hepatic tumors in children are mesenchymal hamar¬ 
tomas. A mesenchymal hamartoma is often quite large and typ¬ 
ically presents within the first year of life as an asymptomatic, 
solitary abdominal mass. CT scan imaging or MRI studies are 
usually diagnostic and show a solid mass that may have cystic 
components within the liver parenchyma. Definitive diagnosis 
may require open tissue biopsy, and the therapy of choice is 
complete excision, although spontaneous involution has been 
described. Simple enucleation may be adequate because these 
tumors tend to be well circumscribed. On occasion, formal 
hepatic resection may be required. 145 Recurrence is low after 
adequate resection. 

Focal Nodular Hyperplasia. This tumor occurs primarily in 
female children and in adults and may be associated with the 
use of oral contraceptives or focal hepatic injury. Focal nodular 
hyperplasia is usually a well-defined, solitary mass that has 
characteristic findings on CT scan imaging. Open or percuta¬ 
neous biopsy may be required to differentiate the lesion from 
hepatic adenoma. This lesion results from a focal inflammatory 
response of normal hepatic parenchyma surrounded by areas 
of micronodular fibrosis and cirrhosis. Operative management 
is generally unnecessary unless there is a question of diagnosis 
or active hemorrhage from the lesion. 

Hepatic Adenoma. Adenomas are rare in infants and children 
and constitute less than 5 % of all benign hepatic lesions in the 
pediatric age group. There is an association between the use of 
oral contraceptives, exogenous anabolic steroid use, and glyco¬ 
gen storage disease type I (von Gierke disease). These tend to be 
large, solitary lesions located in the right hepatic lobe. The 
typical presentation is an asymptomatic abdominal mass, 
although symptoms are seen more commonly than with focal 
nodular hyperplasia. About 20% to 25% of patients with 
hepatic adenoma present with hemoperitoneum from tumor 
rupture. On histologic examination, these lesions are com¬ 
posed of normal hepatocytes without evidence of dysplasia. 
Operative therapy is usually directed at either making definitive 
diagnosis or treating hemorrhage. Enucleation or local resec¬ 
tion is adequate, and recurrence rates are low. 

Hepatic Cysts. Congenital cysts of the liver may be either soli¬ 
tary or multiple. These cysts are thought to result from failure 
of the intralobular or interlobular biliary ducts to fuse during 
development. They may be lined with cuboidal, columnar, or 
squamous epithelium. 146 The presence of multiple hepatic 
cysts is associated with polycystic kidney disease, and develop¬ 
ment of progressive hepatic and renal failures are potential 
problems with this disease. Most children with hepatic cysts 
are asymptomatic. Adjunctive diagnostic imaging, including 
ultrasound and CT scan imaging, may be useful. 

Asymptomatic congenital hepatic cysts do not require sur¬ 
gical therapy. Operative therapy is reserved for symptomatic 
cysts. Resection or drainage by marsupialization or hepatico- 
cystoenterostomy may be required. If patency to the biliary 


tract is present on contrast injection study of the cyst, internal 
drainage is necessary. 

The differential diagnosis includes hydatid disease of the 
liver, which is suggested by calcification and loculation of the 
cyst wall. Hydatid disease can be diagnosed using specific sero¬ 
logic tests, which is an important surgical consideration prior 
to exploration. Patients with echinococcal cysts should be 
treated with mebendazole and undergo cyst injection with 
hypertonic saline or other scolicidal agents into the parent cyst 
before surgical excision. Careful control of the cyst contents is 
required during echinococcal cyst excision or marsupialization. 

Teratomas. Teratomas of the liver are exceedingly rare and 
have potential for harboring immature elements capable of 
transforming into malignancy. Surgical resection on discovery 
is recommended. 

Malignant Tumors. Two thirds of childhood hepatic 
tumors are malignant, with hepatoblastoma constituting half 
of the malignancies, followed by hepatocellular carcinoma, 
malignant mesenchymal tumors, and sarcoma. 139 Malignant 
hepatic tumors are fortunately rare, and effective treatment 
requires a multidisciplinary approach that is best achieved in 
an experienced pediatric center. 

Hepatoblastoma. Most hepatoblastomas are discovered in 
children younger than 2 years of age. There is a 2:1 male-to- 
female predominance. Hepatoblastomas usually are found as 
either an asymptomatic abdominal mass or symptoms of gas¬ 
trointestinal obstruction from extrinsic compression by the 
mass. There is an association of hepatoblastoma in patients 
with Beckwith-Wiedemann syndrome and hemihypertrophy. 
On examination, a firm, palpable upper abdominal mass is 
notable. Obstructive jaundice is unusual. More than 90% of 
children with hepatoblastoma have elevated levels of alpha- 
fetoprotein, which is a useful serum tumor marker for postop¬ 
erative surveillance. In a few instances, children have initial 
symptoms and signs of excess androgen secretion, including 
virilization and precocious puberty. Diagnostic imaging with 
CT scan imaging or MRI is essential to evaluate the extent of 
the tumor and evaluate for metastatic disease (Fig. 107.47). 

Most children presenting with hepatoblastoma initially 
have unresectable disease. In the absence of metastatic disease, 
however, an aggressive surgical approach is used. Cure and 
long-term survival with hepatoblastoma requires complete sur¬ 
gical excision of the primary lesion. Therefore, localized, 
resectable tumors usually are excised by formal hepatic lobec¬ 
tomy or extended trisegmentectomy. Children with hepatoblas¬ 
tomas considered initially unresectable or with metastatic 



FIGURE 107.47. Computed tomography scan of the abdomen demon¬ 
strating an infant with hepatoblastoma of the right hepatic lobe. 
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disease should undergo percutaneous or incisional biopsy to 
confirm the histologic diagnosis, followed by multiagent 
chemotherapy to reduce the size of the primary tumor and con¬ 
trol metastases. 147,148 Delayed resection is appropriate if enough 
functional, normal hepatic parenchyma remain after resection. 
More than half of the patients who initially have unresectable 
hepatoblastoma can be rendered disease-free with the combina¬ 
tion of chemotherapy and subsequent surgery. Cure rates for 
hepatoblastoma range from 60% to 80% if histologically clear 
margins and no metastatic disease are present. All patients with 
hepatoblastoma, regardless of stage, receive chemotherapy 
after resection. Unfortunately, cure cannot be expected in chil¬ 
dren treated with chemotherapy and radiation therapy alone 
without complete surgical resection. 

Hepatocellular Carcinoma. Hepatocellular carcinoma is sig¬ 
nificantly more common in adults but is occasionally seen in 
older children and adolescents. There is a male predilection 
(2:1), and except for the age at diagnosis, the clinical presenta¬ 
tion is similar to that for hepatoblastoma. Children with hepa¬ 
tocellular carcinoma are more likely to have jaundice and 
abnormal liver enzymes. The high association of cirrhosis in 
adults (80%) is not seen in children with hepatocellular carci¬ 
noma; only 5% of children develop hepatocellular carcinoma 
in the background of cirrhosis. An increased risk of hepatocel¬ 
lular carcinoma is seen in children with Beckwith-Wiedemann 
syndrome, hemihypertrophy, von Gierke disease, hepatitis B, 
and Fanconi syndrome. Exposure to oral contraceptives, ana¬ 
bolic steroids, and some chemotherapeutic agents also has been 
associated with hepatocellular carcinoma. This malignancy 
carries a poor prognosis with an overall survival rate of 10% to 
20% despite aggressive surgical resection and multiagent 
chemotherapy. A histologic variant, fibrolamellar hepatocellu¬ 
lar carcinoma, carries a more favorable prognosis. As with 
hepatoblastoma, complete surgical resection with clear histo¬ 
logic margins is necessary for long-term survival and cure. In 
the absence of metastatic disease, unresectable hepatoblastoma 
or hepatocellular carcinoma in children has been successfully 
treated by orthotopic liver transplantation. A review of data 
from the United Network for Organ Sharing database demon¬ 
strates good long-term survival for both hepatoblastoma (66% 
10-year survival) and hepatocellular carcinoma (58% 10-year 
survival) treated with liver transplantation. 149 


Malignant Mesenchymal Tumors. These rare hepatic malig¬ 
nancies occur in children 5 to 10 years of age; initial signs are 
fever, pain, and an abdominal mass, which is usually quite 
large on diagnosis and may have both solid and cystic compo¬ 
nents. Multidisciplinary treatment, including complete surgi¬ 
cal resection, multiagent chemotherapy, and radiation therapy 
is required for cure. In general, the prognosis of primary 
malignant mesenchymal tumors of the liver remains poor. 

Sarcomas. Children may rarely have a primary sarcoma of the 
liver. Embryonal rhabdomyosarcoma of the biliary tract is dis¬ 
tinctly unusual. It may manifest with obstructive jaundice 
attributable to both extrinsic and intrinsic biliary tract obstruc¬ 
tion. Undifferentiated, embryonal sarcoma of the liver has also 
been described. Angiosarcoma developing in the liver may be 
associated with exposure to toxins such as arsenic. Aggressive 
surgical resection may be required, but long-term survival is 
uncommon. Despite radical surgery, chemotherapy, and radia¬ 
tion therapy, the prognosis and long-term survival of children 
with these malignancies remains poor, and data regarding 
effective drug regimens are limited. 150,151 


Liver Resection 


Operative principles and techniques for hepatic resection are dis¬ 
cussed elsewhere in this book. Several unique issues in the safe 
performance of hepatic resection in children should be empha¬ 
sized. 152 Contemporary management of hepatic resection for 
tumors in children requires adequate preoperative assessment 
and the liberal use of intraoperative monitoring techniques. The 
circulating blood volume of an infant or child is small compared 
to that of an adult, and children are sensitive to compression of 
the inferior vena cava causing decreased venous return to the 
right heart. Blood must be available for transfusion, and ade¬ 
quate intravenous access is essential. Resection can be performed 
through either a subcostal or a right thoracoabdominal incision; 
in general, the ability to perform the operation safely should not 
be limited by the size of the incision. In children, the right and left 
hepatic veins are difficult to control near the inferior vena cava 
because of their short lengths, and intraparenchymal control 
from an anterior approach may be safer (Fig. 107.48). Resection 
may be performed using total hepatic vascular isolation by 




FIGURE 107.48. A: The hepatic veins in infants and children may be extremely short, making extrahepatic control impossible or dangerous. 
B: Intrahepatic control of the hepatic veins via an anterior approach may be safer in infants and children. 
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controlling the hepatic and portal inflow, the suprahepatic infe¬ 
rior vena cava, and the suprarenal inferior vena cava caudal to 
the liver. When extrahepatic biliary duct reconstruction is 
required, T-tube drainage is not routinely performed given the 
small diameter of the ducts in most children. 


Hepatic Infections 

Hepatic infections are generally rare in the pediatric popula¬ 
tion, and their management is similar to that used in adults. 
An important issue is the development of hepatic abscess in an 
immunocompromised child, and in particular, the association 
of chronic granulomatous disease with pyogenic hepatic 
abscess formation. 

Pyogenic Abscess. The most common cause of pyogenic 
liver abscess before the advent of antibiotic therapy was perfo¬ 
rated appendicitis. Now the most common causative factor in 
the development of pyogenic hepatic abscess in children with 
chronic granulomatous disease and other causes of immuno¬ 
suppression. 153 Chronic granulomatous disease is an inherited 
disorder characterized by a defect in oxidative burst-mediated 
bacterial killing by neutrophils. These children develop skin, 
soft tissue, and solid organ abscesses. A significant number of 
children with pyogenic liver abscesses have chronic granulo¬ 
matous disease or other inherited/acquired immunodeficiency 
states. Liver abscesses are infrequently seen as a complication 
of umbilical vein catheterization, omphalitis, biliary tract dis¬ 
ease, and hepatobiliary operations. 

Patients with pyogenic liver abscess present with fever, 
jaundice, and leukocytosis. Hepatosplenomegaly and a tender 
liver may be found on physical examination. Diagnostic imag¬ 
ing with ultrasound, CT scan imaging, or MRI is useful. Com¬ 
mon responsible organisms include staphylococcal species, 
streptococcal species, and E. coli. Gram-negative organisms 
and anaerobic bacteria are becoming increasingly prevalent. 
Treatment involves the use of broad-spectrum antibiotics. 
Large abscess cavities may require image-guided percutaneous 
drainage to expedite resolution of sepsis. Currently, few 
hepatic abscesses require open operative drainage. The out¬ 
come is dependent on the underlying disease process. Recovery 
from the abscess is predictably good following adequate 
antibiotic therapy and drainage when necessary. 

Amebic Abscess. Amebic abscess of the liver is uncommon 
in the United States, but it is endemic to areas of Central and 
South America. It is caused by infection with the parasite Enta¬ 
moeba histolytica. Children with amebic dysentery develop 
hepatic infection as the parasite travels through the portal cir¬ 
culation. Patients have a history of chronic illness, fever, and 
abdominal pain. Examination typically demonstrates a tender 
right upper quadrant. Infection can be confirmed by a serum 
antibody test, and amebic abscess can be demonstrated by 
ultrasound or CT scan. Spontaneous rupture of amebic abscess 
is reported in as many as 10% of patients in some series. 154 The 
treatment of choice is the antibiotic metronidazole. Surgical 
resection or drainage of amebic liver abscess is typically not 
required for resolution. 


PEDIATRIC BILIARY TRACT 


Common biliary tract problems including infectious, inflam¬ 
matory, and gallstone-related problems are managed similarly 
in both children and adults, and the management principles 
are discussed elsewhere in this text. Two congenital problems 
of the biliary tract, namely, biliary atresia and congenital cys¬ 
tic disease of the biliary tract (choledochal cyst), are somewhat 
unique to infants and children in presentation and manage¬ 
ment and are reviewed in the following discussion. 


Embryology 

The fetal liver and biliary tract develop between weeks 4 and 
10 of gestation, representing the fusion of an endodermal 
foregut diverticulum with a mesodermal component from the 
septum transversum. The hepatocytes are derived from cords 
of endodermal cells in the hepatic diverticulum and ultimately 
give rise to the hepatic sinusoidal endothelium. The proximal 
hepatic diverticulum gives rise to the extrahepatic biliary tract, 
including the gallbladder, cystic duct, and common bile duct. 
As the intrahepatic and extrahepatic ductal systems develop, 
they unite to form a connected, arborizing system of cords 
composed of primitive ductular epithelial cells. These epithe¬ 
lial cells assume tubular configuration with ductal patency 
established between weeks 6 and 12 of gestation. Bile flow 
from the hepatocytes and into the biliary duct system is appar¬ 
ent by the beginning of the second fetal trimester. 

This embryologic sequence appears to take place normally 
in infants who develop biliary atresia. In fact, the term biliary 
atresia does not reflect embryologic atresia resulting from fail¬ 
ure of recanalization of the biliary tree. Rather, biliary atresia 
is caused by an uncontrollable inflammatory process that pro¬ 
duces progressive obliteration of the normally developed 
extrahepatic biliary tract. 


Biliary Atresia 

Anatomy. The overall incidence rate of biliary atresia is 
about 1 in 8,000 to 12,000 live births and is the most common 
cause of chronic cholestasis in infants and children as well as 
the most frequent indication for pediatric liver transplanta¬ 
tion. 155 Extrahepatic biliary atresia must be differentiated from 
biliary hypoplasia. Biliary hypoplasia describes a diminutive 
but patent biliary system and can result from many underlying 
situations such as neonatal hepatitis and alphaj-antitrypsin 
deficiency. Biliary hypoplasia involves both intrahepatic and 
extrahepatic ductal systems. 

Microscopic Anatomy. Biliary atresia is characterized by 
replacement of the extrahepatic biliary tract with dense, 
fibrous inflammatory tissue. In most cases, complete oblitera¬ 
tion of the extrahepatic biliary tract, including the gallbladder, 
occurs. There appears to be gradual progression of the inflam¬ 
matory process with advancing age. The common hepatic duct 
and common bile duct are almost uniformly obliterated by the 
inflammatory process. Few or absent patent ductal remnants 
and an absence of portal inflammation may be associated with 
a less favorable prognosis. 156 Intraoperative evaluation for 
duct patency by frozen section analysis has historically been 
used to help guide the extent of proximal resection at the porta 
hepatis; however, this is no longer in widespread use. The pres¬ 
ence of bile ducts at the porta hepatis with diameter greater 
than 150 has been reported to be associated with postop¬ 
erative bile flow in up to 90% to 95% of cases. 157 

Histologic features of biliary atresia reflect hepatic 
parenchymal injury. Neocholangiogenesis, or biliary duct pro¬ 
liferation of disorganized and nonpatent ducts within the liver, 
is considered highly suggestive but not specific for biliary atre¬ 
sia. Other findings include bile pigment deposition throughout 
the liver. Characteristic early findings in biliary atresia include 
evidence for acute inflammation with neutrophil predomi¬ 
nance in the periportal regions. Older infants and children typ¬ 
ically have chronic inflammatory changes with considerable 
fibrosis. Periportal bridging fibrosis is commonly seen in inter¬ 
mediate stages of the disease. Ultimately, progressive biliary 
atresia leads to intractable cirrhosis. Nearly all patients with 
biliary atresia have histologic evidence of liver injury. The 
severity and extent of liver damage may be the most important 
predictor of long-term outcome and survival in biliary atresia. 
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Pathophysiology. Despite numerous investigations, the 
mechanism causing biliary atresia remains unknown. The cur¬ 
rent, widely accepted concept is that the normally developed 
biliary tract undergoes inflammatory sclerosis and subsequent 
obliteration. This process appears to occur during the first few 
weeks to months of life. Infants who develop biliary atresia are 
rarely jaundiced at birth, and biliary atresia is either rare or 
nonexistent in fetal autopsy studies. Clinical data are consistent 
with the fact that biliary atresia appears to be a progressive, 
dynamic inflammatory response that is acquired during the 
perinatal period and targets the extrahepatic biliary tract. Early 
establishment of biliary drainage via portoenterostomy within 
the first 2 to 4 months of age may be associated with reversal of 
liver injury and subsequent long-term survival. Conversely, 
infants operated on after 120 days of life typically have obliter¬ 
ated bile ducts. Neonatal biliary atresia shares some clinical 
and morphologic features of sclerosing cholangitis in adults. 
Data supporting an infectious etiologic agent, and in particular 
reoviruses, rotaviruses, and hepatitis C, have been reported and 
may play a role in some cases. Additionally, other noninfec- 
tious stimuli may trigger an inflammatory response directed at 
the neonatal extrahepatic bile duct. 158 The actual mechanism 
may reflect a stereotypical inflammatory response initiated by 
various different stimuli that is ultimately directed preferen¬ 
tially against the neonatal bile duct. 

Clinical Presentation and Diagnosis. The cardinal sign 
of biliary atresia is progressive neonatal jaundice during the 
first few weeks of life. Dark urine and acholic stools are 
expected findings. Progressive hyperbilirubinemia produces 
clinical jaundice around 2 to 4 weeks of age. The physical 
examination is generally unremarkable except for jaundice 
and possibly mild hepatomegaly. Alagille syndrome, which pre¬ 
sents with neonatal jaundice, can usually be distinguished from 
biliary atresia on physical examination. Children with Alagille 
syndrome have biliary hypoplasia and distinctly abnormal 
facies, growth retardation, vertebral defects, and pulmonic 
stenosis. 

A characteristic laboratory finding is conjugated hyper¬ 
bilirubinemia consistent with obstructive jaundice. A direct 
fraction of bilirubin greater than 50%, or greater than 2 mg/dL 
in an infant, requires prompt investigation. Mild elevation of 
hepatic transaminases is commonly seen. The alkaline phos¬ 
phatase is significantly elevated, often in the range of 500 to 
1,000 IU/L. There are no specific biochemical markers for bil¬ 
iary atresia, as these serum profiles can be seen in other causes 
of neonatal cholestasis. Late findings in biliary atresia include 
failure to thrive, feeding intolerance, stigmata of portal hyper¬ 
tension, and fat-soluble vitamin deficiency. 

Table 107.13 is a partial list of the causes of neonatal 
cholestatic syndromes. Neonatal physiologic jaundice is com¬ 
monly encountered. This condition is self-limited once the glu- 
curonyl transferase system matures, allowing the hepatocytes 
to conjugate bilirubin efficiently. Because of the numerous 
causes of neonatal jaundice and the relative infrequency of bil¬ 
iary atresia, a delay in diagnosis is common. Given the age- 
sensitive nature of biliary atresia and the improved outcome in 
younger infants, the diagnostic workup should be expedient. 

Radioisotope Scanning. Technetium 99m-iminodiacetic acid 
( 99m Tc-IDA) analogues are widely used for hepatobiliary imag¬ 
ing and provide the basis for a sensitive and specific test for bil¬ 
iary atresia. The sensitivity of this diagnostic examination for 
biliary atresia can be 100% with a specificity of 94%. 159 To 
improve sensitivity, infants are administered oral phenobarbital 
(5 mg/kg daily) to induce hepatic microsomal enzymes and 
increase hepatocyte processing of 99m Tc-IDA. Both hepatic 
uptake of radionuclide and excretion into the gastrointestinal 
tract are evaluated over a timed interval. Infants with primary 
hepatocellular disorders characteristically have impaired hepa¬ 
tocyte uptake of radionuclide, whereas normal infants and 


TABLE 107.13 ETIOLOGY 


CAUSES AND ASSOCIATIONS OF NEONATAL CHOLESTASIS 

CONGENITAL INFECTIOUS CAUSES 

Cytomegalovirus' 2 
Rubella virus' 2 
Herpes virus 
Hepatitis virus B 22 
Echovirus 14, 19 
Coxsackievirus B 
Toxoplasmosis 
Syphilis 

GENETIC ASSOCIATIONS 

Galactosemia 

Tyrosinemia 

Congenital fructose intolerance 
alpha r Antitrypsin deficiency 
Cystic fibrosis 
Niemann-Pick disease 
Trisomy 17, 18, 21 
Turner syndrome 
Menkes syndrome 
Zellweger syndrome 
Polysplenia syndrome^ 

MISCELLANEOUS ASSOCIATIONS 
Hemolytic disease 
Bacterial sepsis 
Pyelonephritis 

Total parenteral nutrition (prolonged) 

Congestive heart failure 
Hypoplastic left heart syndrome 
Necrotizing enterocolitis, gastroschisis, omphalocele 
Neonatal hypopituitarism 

Inspissated bile syndrome (without hemolysis), neonatal 
shock, respiratory distress syndrome, acidosis 

"Rarely associated with biliary atresia. 

^Frequently associated with biliary atresia. 


infants with biliary atresia have prompt uptake. Normal 
infants excrete the isotope rapidly into the gut through the bil¬ 
iary tract. In biliary atresia, there is no excretion into the gut 
because of the obliteration of the extrahepatic bile ducts (Fig. 
107.49). The hepatobiliary scan is a rapid test that can be per¬ 
formed simultaneously with other diagnostic examinations, for 
example, ultrasound. This test reliably identifies infants with 
choledochal cyst as well. 

Other Diagnostic Tests. Several other diagnostic tests are of 
interest in the workup of an infant with conjugated hyper¬ 
bilirubinemia in whom obstructive jaundice is suspected. MRI 
cholangiography is emerging as a sensitive, specific examina¬ 
tion for identification of extrahepatic anatomy. The important 
management principle is that prompt operative exploration, 
liver biopsy, and cholangiogram should be performed in any 
infant in whom biliary atresia is suspected. An aggressive 
approach is warranted in that unnecessary delay in definitive 
drainage may lead to a less favorable outcome. 
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FIGURE 107.49. A: Normal scan using p-isopropylacetanilidoiminodiacetic acid (PIPIDA) as the hepatobiliary scanning 
agent. At 45 minutes, isotope is clearly visible in the liver (L) and intestine (I). B: Scan after phenobarbital administration in 
infant with biliary atresia. Even after 8 hours, isotope is apparent only in the liver and urinary bladder (UB). C: Patient with 
cholestatic jaundice. At 65 minutes, isotope is visible in the liver (L) and intestine (I). Hepatocyte uptake is variable but usually 
decreased or normal, whereas excretion into the gut is predictably present with cholestatic jaundice or hepatocellular disease. 


Ultrasound. A standard examination of the jaundiced infant 
is a comprehensive abdominal ultrasound, with particular 
attention given to the liver and biliary tract. The most com¬ 
mon ultrasonographic finding in biliary atresia is a diminutive 
or absent gallbladder without associated intrahepatic duct 
dilatation. Biliary tract obstruction from a choledochal cyst 
also can be reliably identified by ultrasound. Other rare causes 
of extrahepatic biliary duct obstruction are associated with 
proximal duct dilatation. 

Liver Biopsy. Because the histologic findings in biliary atresia 
are not specific, about 20% to 25% of infants who undergo 
percutaneous liver biopsy remain undiagnosed. Liver biopsy is 
often performed in conjunction with the workup of conju¬ 
gated hyperbilirubinemia following hepatobiliary scanning 
and ultrasonography, but in the setting of biliary atresia, it has 
limited utility. The histologic examination of a percutaneous 
liver biopsy is probably most helpful in diagnosing nonopera¬ 
tive causes of neonatal jaundice, thus avoiding anesthesia and 
operative exploration. 

Alphai-Antitrypsin Deficiency. Alpha r antitrypsin deficiency is 
perhaps the single most important medical condition that may 
be difficult or impossible to differentiate from biliary atresia. 
All jaundiced infants should have plasma alphaj-antitrypsin 
levels determined before operative exploration for suspected 
biliary atresia. Infants with alpharantitrypsin deficiency do not 
benefit from operative exploration or portoenterostomy. 

Treatment. Infants with biliary atresia require surgical ther¬ 
apy as the initial management intervention. Medical therapy is 
directed to the postoperative management of the chronic liver 
disease. The use of sequential surgical treatment, using por¬ 
toenterostomy in infancy and orthotopic liver transplantation 
for children with progressive hepatic failure, provides improve¬ 
ment in overall survival. 160,161 Limited organ availability and a 
higher rate of perioperative complications limit primary liver 
transplantation for most infants with biliary atresia younger 
than 1 year. In the rare instance of unrecognized biliary atresia 
in an older child with established hepatic dysfunction, primary 
orthotopic liver transplantation may be a reasonable option. 

Portoenterostomy. The recommended initial procedure for the 
treatment of biliary atresia is portoenterostomy. Before the 
development of portoenterostomy in Japan by Morio Kasai dur¬ 
ing the late 1950s, all infants with biliary atresia died of chronic 
liver disease and cirrhosis. Current management dictates that 
operative exploration and portoenterostomy be performed 
promptly. Early intervention by portoenterostomy to provide 


biliary drainage has been proposed to arrest or reverse the 
parenchymal liver injury, but the point at which the liver injury 
becomes irreversible remains unknown. From a clinical stand¬ 
point, most long-term success with portoenterostomy alone 
appears to be achieved in infants younger than 2 to 3 months, 
whereas infants older than 3 to 4 months appear to have a less 
favorable prognosis. Portoenterostomy for this “late” group has 
been reported successful in approximately one third of infants, 
however, and should be considered a potential alternative in the 
absence of available liver transplant donors. 162 

The initial approach to the infant with suspected biliary atre¬ 
sia is to perform an operative cholangiogram. If the diagnosis is 
confirmed, a portoenterostomy is constructed (Fig. 107.50). To 
maximize the potential for effective biliary drainage with por¬ 
toenterostomy, several technical caveats are worthy of mention. 
An open liver biopsy is routinely performed to document the 
state of parenchymal injury. The cholangiogram is generally 
attempted through the gallbladder. In the 10% to 15% 
instances of a patent distal biliary tree, treatment still requires 
portoenterostomy. A nonpatent, fibrous cord rather than a nor¬ 
mal common bile duct is found in the hepatoduodenal ligament. 
This cord is dissected free proximally to the level of the porta 
hepatis between the portal vein bifurcation. The fibrous rem¬ 
nant is sharply transected at this level to preserve any patent bile 
ducts. A short, 15- to 25-cm retrocolic, jejunal Roux-Y limb is 
constructed. There has been no clear advantage with longer or 
modified conduits with intussusception-type antireflux valves in 
the prevention of cholangitis. 163,164 

Previously, some surgeons preferred to exteriorize the bil¬ 
iary conduit (Fig. 107.51). With an exteriorized biliary conduit, 
postoperative bile flow is directly visible. The diverting stoma 
must be closed, however, and there is potential to develop 
parastomal variceal hemorrhage from progressive portal 
hypertension. Additionally, fluid and electrolyte losses from the 
biliostomy can be significant, and there are no reported sur¬ 
vival differences between patients with exteriorized and closed 
biliary conduits following portoenterostomy. Because many of 
these infants may ultimately require liver transplantation, there 
is a trend toward using a simple, closed biliary conduit with 
portoenterostomy. Therefore, the use of a stoma to divert the 
bile flow in the Roux limb has been largely abandoned. 

Results and Complications. Following portoenterostomy, bile 
flow occurs in about 66% to 75% of all infants when operated 
on at less than 60 days of age; however, establishment of bile 
flow may take weeks to months. The probability of bile flow 
appears related to age at the time of operation. 

Cholangitis is a constant concern and an important postop¬ 
erative problem after portoenterostomy. The clinical signs 
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include fever, leukocytosis, and decreased bile flow in the 
absence of other systemic illness. All patients are at risk for the 
development of postoperative cholangitis, but reported postop¬ 
erative rates of cholangitis are 40% to 50%. Cholangitis fol¬ 
lowing portoenterostomy is characterized by a systemic inflam¬ 
matory response and may be associated with progressive liver 
injury. Treatment is generally intravenous fluid resuscitation 
and broad-spectrum antibiotics. Occasionally, steroids or other 
anti-inflammatory agents may be helpful, whereas reoperation 
or endoscopic revision of the portoenterostomy usually is 
not. 165 In an effort to determine the optimal treatment of 
infants with biliary atresia, a group of investigators have 
formed the Biliary Atresia Research Consortium (BARC). 166 
The primary objectives of the consortium are to establish a 
clinical database and tissue repository. A retrospective BARC 
study of 104 children with biliary atresia treated in the United 
States demonstrated that at 2 years of age, 58 patients were 
alive with their native liver and 42 had undergone liver trans¬ 
plantation. 167 Data from the United Kingdom demonstrated 
improved measurable outcomes in children with biliary atresia 
treated with Kasai portoenterostomy by regionalization of care 
to three centers in the U.K. health care system. 168 


Nearly all patients with biliary atresia have residual liver 
injury. Hepatic synthetic failure, portal hypertension with 
esophageal variceal bleeding, hypersplenism, and fat-soluble 
vitamin deficiencies can be problematic. Most institutions 
report 5-year survival rates between 30% and 50% for por¬ 
toenterostomy alone. About 25% to 35% of patients under¬ 
going a portoenterostomy survive more than 10 years without 
liver transplantation. The remaining two thirds of children 
with biliary atresia ultimately require liver transplantation for 
survival. Although the failure rate for portoenterostomy is 
high, the possibility of long-term success is notable. Addition¬ 
ally, the limited availability of infant donor organs and the 
technical limitations of liver transplantation in infants younger 
than 1 year of age make portoenterostomy an accepted initial 
treatment of biliary atresia in most centers. 

Hepatic Transplantation. Hepatic transplantation is discussed 
in detail elsewhere in this text. For biliary atresia, transplanta¬ 
tion offers a means of long-term survival in children with 
failed portoenterostomies. The current 5-year survival of chil¬ 
dren with biliary atresia who undergo liver transplantation 
ranges from 75% to 94.4%. 169,170 Additionally, with the use 


PEDIATRICS 

















1936 


Part Two: Surgical Practice 





FIGURE 107.51. Several types of conduits have been used for biliary 
drainage following portoenterostomy. There are relatively few data to 
help in selecting from among them, and current trends emphasize sim¬ 
plicity. These are the three most commonly used conduits. The pri¬ 
mary importance of this issue is that the reoperative surgeon must be 
familiar with the anatomic variations. 


of reduced-size cadaveric donor livers as well as living-related 
donor livers, the mortality rate for infants on transplant wait¬ 
ing lists may be decreasing. Indications for liver transplanta¬ 
tion in biliary atresia include progressive hepatic failure 
despite portoenterostomy, growth retardation, and complica¬ 
tions of portal hypertension. It is important to consider the 
consequences of lifelong immunosuppression in these chil¬ 
dren, including the risks of infection and treatment-related 
malignancy. 


Congenital Choledochal Cystic 
Disease of the Biliary Tract 

Anatomy. The anatomic description and classification 
scheme for choledochal cystic disease initially proposed by 
Alonso-Lej et al. 171 in 1959 and modified by Todani et al. 172 are 
illustrated in Fig. 107.52. The most frequently encountered are 
type I cysts, accounting for approximately 85% to 90% of the 
lesions in most series. Type I cysts are characterized by fusiform 
dilatation of the entire common bile duct with only mild dilata¬ 
tion of the common hepatic duct; the intrahepatic ducts are 
normal. Variations are common, and biliary atresia is occa¬ 
sionally seen in association with choledochal cystic disease. 

Type I cysts are generally quite large and often cause dis¬ 
placement of neighboring viscera. The fusiform dilatation usu¬ 
ally begins at the origin of the common bile duct, generally 
sparing the common hepatic ducts. The distal common bile 
duct is diminutive and typically is distorted mechanically by 
the large cyst, leading to the common clinical presentation of 
obstructive jaundice. The junction of the distal common bile 
duct and the pancreatic duct is not within the normal intra¬ 
mural duodenum but rather is extrinsic and proximal to the 
duodenal wall and the sphincter of Oddi (Fig. 107.53). It 
remains unknown whether the configuration of a long, extra¬ 
mural common channel allows greater pancreatic secretion 
reflux into the common bile duct. 

Microscopic examination of the choledochal cyst wall 
reveals that the normal biliary epithelium is absent or replaced 
by abnormal and occasionally dysplastic columnar epithelium. 
The cyst wall has normal smooth muscle with variable degrees 
of inflammation and fibrosis. The exception to this common 
histologic characteristic is the type III cyst, which is generally 
lined by normal duodenal mucosa. Choledochal cysts tend to 
have less inflammation in infancy and early childhood. In con¬ 
trast, there is well-established inflammation involving the cyst 
and surrounding structures in the hepatoduodenal ligament in 
adolescents and adults. 

Pathophysiology. The mechanism for the development of 
cystic lesions of the biliary tract is unclear. Choledochal cysts 
have been identified accurately by prenatal ultrasound, and it 
appears likely that these lesions represent abnormalities in the 
developing biliary tract. Several hypotheses for the develop¬ 
ment of choledochal cyst have been proposed. Whether the 
cystic dilatations result from abnormal recanalization of the 
primitive bile duct cords or from inflammation caused by 
reflux of pancreatic secretions into the common bile duct 
remains unknown. The pathophysiology of choledochal cyst is 
that of obstructive jaundice. The obstruction may be primarily 
the result of mechanical outflow obstruction of a diminutive 
distal common bile duct with a dilated choledochal cyst. Alter¬ 
natively, a large inflammatory cyst can cause obstruction of the 
biliary tract and of neighboring viscera by extrinsic compres¬ 
sion. When discovered during infancy, obstructive jaundice is 
usually the initial clinical finding. The liver injury is typically 
reversible, and progression to biliary cirrhosis is rare. The 
exception to this situation is type V disease, which is associ¬ 
ated with a high incidence of hepatic fibrosis. 

Other initial clinical situations include cholelithiasis and 
acute bacterial cholangitis secondary to diminished bile 
drainage. Children with type III cysts may have acute pancre¬ 
atitis. Infrequently, extrinsic compression of the portal vein by 
a large choledochal cyst may produce symptoms and signs of 
portal hypertension. Abdominal pain and tenderness follow¬ 
ing minor injury may lead to an incidental diagnosis of chole¬ 
dochal cyst on imaging studies. 

Carcinoma of the biliary tract occurs in about 3% to 5% 
of patients with choledochal cyst. The number of reported 
cases remains small in the literature, but the incidence for bil¬ 
iary tract neoplasm is about 1,000 times that of the normal 
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FIGURE 107.52. Classification of choledochal 
cyst. 


population. 173 Patients with choledochal cyst are at increased 
risk for the development of biliary tract carcinoma in adoles¬ 
cence or early adulthood. The dysplastic cyst epithelium may 
be susceptible to malignant change from chronic inflammation. 
It is interesting that there appears to be an increased risk of 
malignancy to develop anywhere in the biliary tract, gallblad¬ 
der, or pancreas, and not just in the choledochal cyst itself. 174 
Therefore, current treatment emphasizes complete cyst exci¬ 
sion of the cyst epithelium while providing adequate biliary 
drainage to prevent stasis and chronic inflammation. Infants 
and children treated for choledochal cyst should have long¬ 
term follow-up for complications and potential malignancy. 


Clinical Presentation and Diagnosis. Choledochal cysts 
present most commonly in infancy and early childhood with 
symptoms of obstructive jaundice. In older children and adults, 
the classic clinical triad of episodic abdominal pain, a palpable 
right upper-quadrant mass, and jaundice occurs in fewer than 
50% of patients. Adults occasionally present with hepato¬ 
megaly or evidence of portal hypertension. The diagnosis in 
infants and most children can be confirmed by ultrasound 
examination and 99m Tc-IDA imaging studies (Figs. 107.54 and 
107.55). In older children, both MRI cholangiography and 
endoscopic retrograde cholangiopancreatography (ERCP) are 
highly sensitive and specific in confirming diagnosis. These 
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FIGURE 107.53. An anomalous, extramural junction between the distal common bile duct and the pancreatic duct is characteristic of type I 
choledochal cyst. A: Schematic depiction of this anatomy. B: Operative cholangiogram from a patient with a long extramural common channel. 
It has been suggested that the long common channel may allow reflux of pancreatic secretions into the common bile duct resulting in inflamma¬ 
tion and proteinase-mediated injury to the common duct, possibly contributing to the development of the cyst itself. Duod, duodenum; CBD + 
PD, common bile duct and pancreatic duct; PD, pancreatic duct. 


lesions also are diagnosed incidentally during radiologic imag¬ 
ing studies for other reasons. Partial duodenal obstruction 
may lead to an upper gastrointestinal series that shows extrin¬ 
sic compression from a large type I cyst or an intraluminal fill¬ 
ing defect from a type III cyst. CT imaging of the abdomen fol¬ 
lowing blunt trauma may lead to the diagnosis of biliary tract 
dilatation. Liver biopsy is not specific in choledochal cyst and 
has little diagnostic role other than to document the extent of 
liver injury. 

Treatment 

Type I Cysts. Initial operative strategy for a type I choledochal 
cyst is exploration and cholangiography, usually through the 
gallbladder, but occasionally contrast injection must be made 
directly into the common bile duct. Cholecystectomy is rou¬ 


tinely performed. Historically, internal drainage procedures 
without cyst excision were widely used. These procedures have 
been associated with a higher rate of failure because of stric¬ 
ture, stone formation, pancreatitis, and cholangitis. Addition¬ 
ally, there is the potential for development of biliary tract car¬ 
cinoma in the retained cyst. Therefore, internal drainage 
procedures without cyst excision have been abandoned. Cur¬ 
rent consensus for the surgical management of type I chole¬ 
dochal cyst is performance of primary cyst excision with 
Roux-Y hepaticojejunostomy reconstruction (Fig. 107.56). 
Primary cyst excision is accomplished routinely in infants and 
children. 175 For adults with severe inflammation and fibrosis, 
dissection may present problems resulting from inflammation 
and adhesion of the cyst wall to the hepatoduodenal ligament. 
A safer approach in this situation may be intramural cyst dis¬ 
section and removal of the cyst wall epithelium, leaving the 



FIGURE 107.54. Typical 99M Tc iminodiacetic acid (HIDA) scan from a child with a type I choledochal cyst. Images were made 
in 5 minutes (A), 30 minutes (B), and 3 hours (C) after isotope injection. The isotope is retained within the choledochal cyst more 
than 24 hours, and the pattern of hepatocyte uptake is normal. 
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FIGURE 107.55. Ultrasound image of a type I choledochal cyst [arrow; 
longitudinal image). The gallbladder (GB) is also shown. 


posteromedial outer cyst wall adjacent to the portal vein and 
hepatic artery intact. 

Other Types of Cysts. Type II cysts are excised completely and 
the choledochotomy closed primarily. Type III choledocho- 
celes require a transduodenal approach with either marsupial¬ 
ization or excision of the cyst. Care must be taken to identify 
the ampulla, and a formal sphincteroplasty may be required to 
ensure adequate drainage from the biliary tract and the pan¬ 
creas. Types IV and V intrahepatic cystic disease must be 
approached on an individualized basis. In general, unilobar or 
focal cystic disease can be either resected or drained with 



Roux-Y jejunostomy reconstruction. In cases of bilobar intra- 
parenchymal disease, particularly in the setting of hepatic fibro¬ 
sis, it may be difficult, if not impossible, to obtain complete, 
adequate drainage. 

Complications and Outcome. The major complications 
associated with operative repair of choledochal cyst include 
cholangitis, stricture formation, choledocholithiasis, and 
development of biliary tract malignancy. A summary of the 
incidence of complications, mortality, and reoperation for the 
different procedures in 955 cases reported in the literature 
demonstrated a clear advantage for primary cyst excision in 
terms of morbidity and need for reoperation, and no signifi¬ 
cant increase in mortality occurred using this approach. 176 
Subsequent to this analysis in 1975, internal drainage proce¬ 
dures without cyst excision have been essentially replaced by 
primary cyst excision with hepaticojej unostomy reconstruc¬ 
tion. Currently, several series have reported excellent results 
with little or no mortality using total transmural excision of 
choledochal cysts. 177 Primary transmural excision with biliary 
tract reconstruction continues to be a safe and desirable oper¬ 
ative approach for cystic lesions of the biliary tract. 


PEDIATRIC PANCREAS 


Disorders of the pancreas are uncommon in infants and chil¬ 
dren. Pancreatic disorders in children include congenital 
anatomic disorders, inflammatory pancreatitis, rare neoplastic 
lesions, and pancreatic endocrinopathies. 178 Several significant 
issues are relative to the pancreatic problems in the pediatric 
age group, and a brief overview is presented in the following 
discussion. 


Embryology 

The fetal pancreas arises from the paired dorsal and ventral 
foregut diverticular buds during the sixth week of gestation. 



FIGURE 107.56. The preferred operative treatment of type I choledochal cyst consists of primary total transmural cyst excision with Roux-Y 
hepaticojejunostomy. 
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FIGURE 107.57. A: Normal pancreatic ductal anatomy. B: Pancreas divisum. There is no communication between the duct of Wirsung and the 
duct of Santorini. The duct of Wirsung is short or absent. Most of the pancreas is drained by the duct of Santorini through the accessory papilla. 
This anatomy is found in about 10% to 15% of normal individuals. 


The dorsal pancreatic anlage gives rise to the body and tail of 
the pancreas as well as the main pancreatic duct. The ventral 
pancreatic anlage migrates 180 degrees to fuse with the dorsal 
gland, forming the uncinate process and the distal portion of 
the duct of Wirsung (Fig. 107.57). The independent ductal 
systems of the developing pancreatic anlage fuse. The dorsal 
(Santorini) duct opens directly into the duodenum, and this 
anatomy is persistent in 10% to 15% of normal subjects. The 
ventral (Wirsung) duct opens into the duodenum by fusion 
with the common bile duct. Normally, the dorsal duct fuses 
with the ventral duct just to the right of the mesenteric vessels. 
Failure of the dorsal and ventral ducts to fuse normally leads to 
two separate pancreatic ducts, a condition known as pancreatic 
divisum. Occasionally, the ventral duct regresses and the entire 
pancreatic gland is drained by the accessory duct of Santorini. 

Primitive duct cells of the pancreas give rise to both the aci¬ 
nar cells and the islet cells of the normal pancreas. Primary 
islet cells become apparent at week 8 of gestation within the 
interlobular tissue, with acini becoming visible shortly there¬ 
after. The primary islet cells regress after the fifth month of 
gestation and are usually nonexistent by term. Secondary islet 
cells arise from centroacinar proliferation during the third 
month of gestation. These intralobular cells migrate out of the 
acini in which they were formed and develop into islets that 
remain connected to the duct by a thin cellular stalk (the 
tubule of Bensley). 

Exocrine pancreatic anomalies generally arise from defective 
development during embryogenesis. The most common of these 
conditions is annular pancreas. The circumferential distribution 
of pancreatic tissue around the duodenum is thought to result 
from interrupted migration of the ventral pancreatic anlage. 
Less common defects include pancreatic ductal abnormalities, 
pancreatic duplications, heterotopic pancreatic tissue, and con¬ 
genital agenesis of portions of the pancreas. 


Acute Pancreatitis 

Acute pancreatitis is often overlooked as a cause of abdominal 
pain in children; however, it is the most common disorder of the 
pancreas in both infants and children. Adult pancreatitis is often 


caused by either alcohol ingestion or gallstones. In contrast, 
50% to 80% of cases in children, particularly adolescents, are 
posttraumatic or idiopathic in origin. An important clinical con¬ 
dition seen with moderate frequency is acute pancreatitis in the 
setting of immunosuppression, in particular, high-dose cortico¬ 
steroids. Steroid-induced acute pancreatitis typically accounts 
for the third most common cause of pancreatitis in most chil¬ 
dren’s hospitals. Other causes of acute pancreatitis include gall¬ 
stones, CF, hyperlipidemia, juvenile diabetes mellitus, mumps, 
coxsackievirus infection, infectious mononucleosis, collagen 
vascular diseases, and anatomic lesions such as choledochal 
cyst. Medications significantly associated with acute pancreati¬ 
tis include oral contraceptives, thiazide diuretics, tetracyclines, 
azathioprine, and L-asparaginase. Valproic acid, an anticonvul¬ 
sant useful in some children with seizure disorders, is associated 
with a particularly virulent form of acute necrotizing pancreati¬ 
tis that may be life threatening. 

A child with acute pancreatitis presents with a history of 
midepigastric abdominal pain, anorexia, and emesis. On 
examination, the child usually has a tender abdomen with dis¬ 
tention. Fever and leukocytosis are common. Serum amylase 
and lipase levels are elevated, although significant pancreatitis 
can occur despite a normal amylase level. Conversely, the 
lipase may be mildly elevated in the absence of clinical symp¬ 
toms or signs of acute pancreatitis. Ultrasonography and CT 
imaging of the abdomen are probably the most commonly 
used adjunctive diagnostic tests. CT imaging is particularly 
useful in demonstrating edema of the gland as well as evaluat¬ 
ing for peripancreatic fluid collections. Although usually 
deferred during the acute phase of pancreatitis, ERCP or MRI 
cholangiography may be useful to evaluate the hepatobiliary 
tract anatomy once the inflammatory process has resolved. 

Treatment principles for childhood acute pancreatitis are 
not different from strategies used in adults. The vast majority 
of children have simple edematous pancreatitis. Fiemorrhagic 
and necrotizing pancreatitis are distinctly unusual in this age 
group but can be seen in immunosuppressed patients. There¬ 
fore, initial therapy is designed to be supportive and nonoper¬ 
ative in approach. Endotracheal intubation and mechanical 
ventilation may be required. Intravenous fluid resuscitation, 
pancreatic rest by nasogastric tube decompression, analgesia, 
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and TPN are provided. No clinical efficacy data are available 
to support the widespread use of anticholinergics or somato¬ 
statin analogues for acute pancreatitis in children. Operative 
intervention is reserved for complications of pancreatitis such 
as hemorrhage, infected pancreatic necrosis, or pancreatic 
pseudocyst. 

Recurrent pancreatitis in a child usually is associated with 
an anatomic abnormality or specific physiologic problem. Fol¬ 
lowing recovery from the acute inflammatory event, an aggres¬ 
sive diagnostic workup, including consideration of ERCP or 
MRCP to define ductal anatomy, should be performed. In par¬ 
ticular, the presence of pancreas divisum with stenosis of the 
accessory papilla should be considered. Children with pancre¬ 
atitis in the setting of cholelithiasis should undergo laparo¬ 
scopic cholecystectomy after resolution of the pancreatitis. 


Pancreas Divisum 


Pancreas divisum occurs with failure of normal fusion between 
the dorsal and ventral pancreatic ducts. About 10% to 15% of 
normal persons have two separate pancreatic ducts, and up to 
10% of asymptomatic persons undergoing ERCP have two 
complete ductal systems. The anatomic variant of pancreas 
divisum is not necessarily pathologic, but if the orifice of the 
accessory papilla is stenotic or obstructed, pancreatitis can 
occur. 179 Approximately 25% of affected individuals are 
thought to be at risk for developing pancreatitis. Because pan¬ 
creas divisum is characterized by a dominant dorsal duct sys¬ 
tem dependent on secretion through the accessory papilla, 
stenosis of the accessory (lesser) papilla is probably necessary 
to produce pancreatic symptoms. Most of the experience with 
surgical treatment of pancreas divisum is reported in adults. 
Successful surgical management of children presenting with 
recurrent pancreatitis secondary to accessory papilla stenosis 
with pancreas divisum also has been reported. 180 

To diagnose pancreas divisum, ERCP is required. Endo¬ 
scopic visualization of the major and accessory papillae is 
essential. Radiographic findings with pancreas divisum demon¬ 
strate a short or absent duct of Wirsung that does not commu¬ 
nicate with the duct of Santorini (Fig. 107.57). Definitive diag¬ 
nosis of pancreas divisum is made by demonstrating two 
separate, parallel ductal systems. 

Few pediatric patients with pancreatitis and pancreas divisum 
requiring operation have been reported. Most of these children 
were female patients who had a history of recurrent pancreatitis. 
The primary operative goal is to provide adequate drainage of 
the duct of Santorini by performing a sphincterotomy of the 
accessory duct. An open dorsal duct sphincterotomy appears to 
be more durable than endoscopic sphincterotomy. Some sur¬ 
geons advocate sphincterotomy of the main papilla as well, but 
dorsal duct sphincterotomy alone appears effective in preventing 
acute pancreatitis associated with pancreas divisum. The 
reported surgical outcome in the limited number of children 
treated for pancreatitis associated with pancreas divisum is 
favorable. 


Pancreatic Cysts 

Pancreatic pseudocysts are uncommon in the pediatric age 
group and are usually the result of blunt traumatic abdominal 
injury or acute pancreatitis. Children typically present with 
abdominal pain, nausea, emesis, and weight loss. There may be 
a palpable midepigastric mass on examination. Diagnosis usu¬ 
ally is made with ultrasound or CT imaging of the abdomen. 
The serum amylase and lipase are usually elevated. 

In children, many small asymptomatic pseudocysts regress 
spontaneously with resolution of the pancreatic inflammation. 
Larger or symptomatic pseudocysts may require drainage. 
Symptoms and potential complications of untreated pseudo¬ 


cysts include hemorrhage, infection, perforation, gastrointesti¬ 
nal or biliary tract obstruction, or, rarely, development of pan- 
creaticoenteric fistula. The decision to use either external or 
internal drainage procedures for a pseudocyst depends on the 
status of the pancreatic duct. In many centers, definitive exter¬ 
nal drainage of a large or symptomatic pseudocyst is performed 
with acceptable morbidity and mortality rates by an ultrasound- 
or CT-guided percutaneous approach. 181 Pseudocyst recurrence 
or persistent external drainage without resolution suggests sig¬ 
nificant pancreatic duct injury or complete ductal transection. 
Determination of whether a major pancreatic ductal injury is 
associated with a pseudocyst may be made by either percuta¬ 
neous contrast injection of the pseudocyst or ERCP. 182 Pseudo¬ 
cysts associated with pancreatic duct injury may not resolve 
with percutaneous external drainage or endoscopic pancreatic 
duct stenting, so internal drainage procedures such as cystgas- 
trostomy or cystojej unostomy with or without distal pancrea¬ 
tectomy may be required. 183 

Epithelial cysts of the pancreas are rare in children. Con¬ 
genital cysts are lined by epithelium and acinar tissue and are 
seen most commonly in the body and tail of the pancreas. 
They may be associated with other syndromes such as von 
Hippel-Lindau disease, which is characterized by hereditary 
cerebellar cysts, retinal hemangioma, and pancreatic cysts. 
Congenital pancreatic cysts are typically asymptomatic unless 
they are large enough to cause compression or obstruction of 
the stomach or colon. In the absence of trauma, spontaneous 
rupture of a pancreatic epithelial cyst is rare. Treatment is cyst 
excision or internal drainage into the stomach or jejunum. 

Other rare cystic lesions of the pancreas in children include 
retention cysts. These cysts result from chronic ductal obstruc¬ 
tion. They are characteristically lined by epithelium unless 
inflammatory obliteration has occurred. Enteric duplication 
cysts of the stomach or duodenum can also be associated inti¬ 
mately with the pancreas and communicate with the pancreatic 
duct. Treatment of both retention cysts and enteric duplication 
cysts either within or associated with the pancreas includes 
excision, occasionally internal drainage, and, if necessary, dis¬ 
tal pancreatectomy. Not all pancreatic cysts in children can be 
uniformly considered benign. Suspicious lesions should be 
investigated thoroughly and biopsy performed. Cystadenoma, 
cystadenocarcinoma, and rhabdomyosarcoma associated with 
a pancreatic cyst have been reported. These neoplasms are 
treated by anatomic pancreatic resection following histologic 
confirmation on biopsy. 


Pancreatic Neoplasms 

Childhood malignant neoplasms of the pancreas are uncom¬ 
mon. Typically, pancreatic malignancy in childhood is found on 
discovery of an asymptomatic abdominal mass. Infrequently, 
the lesion may be found incidentally or during a diagnostic 
imaging workup for abdominal trauma. Jaundice may occur 
with a lesion in the pancreatic head causing common bile duct 
obstruction. The most frequently encountered lesions include 
islet cell carcinoma and adenocarcinoma. The treatment of 
choice for localized malignant neoplasms of the pancreas is sur¬ 
gical resection. 184 Pancreaticoduodenectomy in children can 
successfully control some malignancies of the pancreatic head. 
To promote adequate nutrient absorption and growth, children 
undergoing pancreaticoduodenectomy should be considered for 
oral pancreatic enzyme replacement and fat-soluble vitamin 
supplementation. 185 

Two pancreatic neoplasms seen in childhood and adoles¬ 
cence deserve further discussion. The papillary cystic neoplasm 
of the pancreas occurs predominantly in younger female chil¬ 
dren, is typically slow growing with low malignant potential, 
and is highly curable with surgical resection. 186 This tumor is 
thought to be a neoplasm of the ductuloacinar primordial cells 
of the pancreas. The other lesion is the pancreatoblastoma, also 
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referred to as juvenile adenocarcinoma of the pancreas. Pan- 
creatoblastoma is somewhat more common in boys than girls 
and typically has slow growth with low malignant potential as 
well. Histologic examination demonstrates undifferentiated 
ductular and acinar areas with nodules of squamous epithe¬ 
lium, suggesting that these tumors arise from primordial pan¬ 
creatic cells. Both papillary cystic neoplasm and pancreatoblas- 
toma have more favorable prognoses than adenocarcinoma 
following surgical resection. 


Endocrine Lesions of the Pancreas 

Zollinger-Ellison Syndrome. Childhood tumors of the 
endocrine pancreas are exceedingly rare. The diagnosis and 
management of these tumors do not differ greatly from those of 
the adult population. The most common of these lesions include 
gastrinoma and insulinoma. The functional endocrine tumors 
of the pancreas are characterized by secreted peptide products 
such as glucagon, vasoactive intestinal peptide, somatostatin, 
and pancreatic polypeptide. 

Similar to adults, children with Zollinger-Ellison syndrome 
clinically present with symptoms related to gastric hypersecre¬ 
tion. Peptic ulcer disease with or without gastrointestinal hem¬ 
orrhage, abdominal pain, and diarrhea are common present¬ 
ing symptoms. The diagnosis is confirmed by finding elevated 
serum gastrin levels. The basal acid output typically is elevated 
as well. A paradoxical increase in serum gastrin levels is found 
following intravenous administration of secretin (secretin 
stimulation test). 

Contemporary management of Zollinger-Ellison syndrome 
in children relies on control of gastric acid hypersecretion with 
the oral administration of a proton-pump inhibitor. Diagnostic 
imaging studies, including helical CT scanning and MRI, are 
useful in localization of a primary gastrinoma and evaluating 
for metastatic disease before exploration. Definitive treatment 
relies on complete excision of the primary gastrinoma, which 
typically is found in the right of the superior mesenteric vessels 
in the head of the pancreas or the duodenum. The growth and 
progression of gastrinoma appear to be less aggressive in chil¬ 
dren than in adults; however, total gastrectomy occasionally is 
required in a child to control intractable symptoms related to 
persistent hypergastrinemia or metastatic disease. 187 

About 25% of gastrinomas occur in the setting of MEN 
syndrome, reviewed elsewhere in this book. At least 90% of 
patients with MEN type I have hyperparathyroidism sec¬ 
ondary to hyperplasia. Additionally, 30% to 80% of patients 
have pancreatic islet cell tumors, and 15% to 50% have pitu¬ 
itary tumors. 

Hypoglycemia. There are diverse metabolic causes for hypo¬ 
glycemia in infancy and childhood. These include 
endocrinopathies such as panhypopituitarism, hypothyroidism, 
adrenal insufficiency, and congenital adrenal hyperplasia 
(adrenogenital syndrome). Several inborn errors of metabolism 
interrupt normal glucose regulatory mechanisms. Systemic dis¬ 
ease states, perinatal stress, and sepsis can predispose an oth¬ 
erwise normal infant to low blood glucose levels. Infants who 
remain unresponsive to glucose infusion typically have inap¬ 
propriately high circulating insulin levels for a given blood 
glucose level. Hyperinsulinemia should be suspected in any 
infant or child younger than 1 year of age with persistent 
hypoglycemia. There are heterogeneous causes for hyperinsu- 
linemic hypoglycemia, but the most common historical cause 
in infancy is nesidioblastosis, which is characterized by uncon¬ 
trolled development of the pancreatic endocrine tissue that 
functions abnormally during infancy. 188,189 Clinically, these 
cells secrete inappropriately high amounts of insulin, causing 
clinical hypoglycemia in infants. Two distinct histologic 
lesions appear to be responsible for congenital hyperinsulin- 
ism. Mutations in the beta cell K ATP channel genes may lead to 


either focal, adenomatous hyperinsulinism or diffuse hyperin- 
sulinism; both genotypes lead to phenotypic hypoglycemia if 
left untreated. 

Infants with congenital hyperinsulinism usually become 
symptomatic from hypoglycemia within the first few hours or 
days of life. These infants commonly present with neurologic 
symptoms such as lethargy or generalized seizures and have 
corresponding fasting blood glucose levels less than 40 mg/dL. 
The diagnosis of hyperinsulinemia is supported by the clinical 
features of the Whipple triad, which includes (a) neurologic 
changes with fasting or activity, (b) fasting blood glucose lev¬ 
els less than 40 to 50 mg/dL, and (c) neurologic symptoms 
reversed by the administration of glucose. The diagnosis is made 
by demonstrating inappropriately high levels of circulating 
insulin for a given level of blood glucose. An insulin (IU/mL) to 
glucose (mg/dL) ratio that is greater than 0.5 in a fasting patient 
is consistent with hyperinsulinemic hypoglycemia. In infants 
and children, an absolute insulin level greater than 5 IU/mL in 
the presence of a blood glucose less than 40 mg/dL is diagnostic. 
Ketone body production is impaired in infants with congenital 
hyperinsulinism. 

The initial management of a hypoglycemic infant with con¬ 
genital hyperinsulinism is to provide adequate glucose concen¬ 
trations to prevent permanent neurologic injury. Dextrose- 
containing intravenous solutions are titrated to maintain blood 
glucose levels greater than 40 mg/dL and may require a central 
venous catheter. The short-term administration of somatostatin 
analogues to increase blood glucose levels in hyperinsulinemic 
states has been demonstrated to be useful. 190 Other pharmaco¬ 
logic agents used to reduce insulin levels and raise blood glu¬ 
cose concentration include diazoxide (15 mg/kg daily). The use 
of streptozocin to control hyperinsulinemia most often is 
reserved for adults with metastatic islet cell carcinoma and is 
not widely used in infants because of the potential side effects. 

hollowing initial control of blood glucose and clinical con¬ 
firmation of hyperinsulinemia, operative intervention should 
be considered as a means of providing definitive control of 
hypoglycemia. Diagnostic imaging using CT scan imaging, 
MRI, or more recently, 18 L-LDOPA PET scanning may be use¬ 
ful either to identify or to exclude a focal lesion. 191 Localiza¬ 
tion of focal lesions is important in that this approach may 
lead to effective glucose control with selective partial pancrea¬ 
tectomy and allow for preservation of normal pancreatic tissue 
and function. 192,193 

Operatively, the abdomen is explored thoroughly, and the 
entire pancreas must be visualized. Preoperative localization 
data guided by intraoperative ultrasound and frozen section 
analysis may identify focal lesions amenable to partial resec¬ 
tion. In the absence of a focal lesion, the infant is presumed to 
have diffuse islet cell hyperplasia. In this setting, the general 
operative strategy is total or near-total pancreatectomy. 194 
Lesser procedures such as subtotal (80%) pancreatectomy do 
not effectively treat diffuse congenital hyperinsulinism, and 
recurrent hypoglycemia places the infant at risk for hypo¬ 
glycemic encephalopathy. Near-total pancreatectomy involves 
resection of the distal 95% of the gland with preservation of 
the spleen. The entire distal pancreas, including the uncinate 
process, is resected, leaving a small rim of pancreatic tissue 
adjacent to the duodenum (Lig. 107.58). Total pancreatectomy 
is usually reserved for persistent or recurrent hypoglycemia fol¬ 
lowing lesser procedures. Near-total pancreatectomy controls 
hypoglycemia in 90% of infants with diffuse congenital hyper- 
insulinism. The remaining infants with persistent hypoglycemia 
may require further pancreatic resection. With extensive pan¬ 
creatic resection, the typical postoperative course is a transient 
period of hyperglycemia with subsequent stabilization of blood 
glucose levels. Pancreatic exocrine function is ablated, and oral 
replacement therapy is required. Despite clinical remission fol¬ 
lowing resection, however, diabetes mellitus may occur as a 
long-term consequence in children treated either medically or 
surgically for diffuse congenital hyperinsulinism. 195 Therefore, 
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FIGURE 107.58. Illustration of the various degrees of pancreatic 
resection. 


these infants need long-term metabolic follow-up for both pan¬ 
creatic endocrine and exocrine function. 
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CHAPTER 108 ■ THE PEDIATRIC 

GENITOURINARY SYSTEM 

EUGENE MINEVICH AND CURTIS A. SHELDON 


KEY POINTS 


^The nephric system develops progressively through three 
stages. 

Q Horseshoe kidney is the most common type of renal fusion 
and occurs in 0.25% of the population. 

Q Renal cystic disease, congenital or acquired, is one of the 
most common causes of the pediatric abdominal mass. 

Q Multicystic dysplastic kidney is the most common type of 
renal cystic disease. 

Q The ureteropelvic junction is the most common site of 
obstruction in the urinary tract and the most common 
cause of neonatal hydronephrosis. 

^ Ureteral duplication is the most common anomaly of the 
urinary tract. 

Q The incidence of vesicoureteral reflux in otherwise normal 
children is approximately 1%; the incidence is up to 40% in 
patients undergoing evaluation for urinary tract infection. 


Q Epispadias in boys consists of a dorsally placed urethral 
meatus, and the degree of penile deformity is related to the 
extent of the meatal displacement. 

Q Posterior urethral valves are the most common obstructive 
urethral lesions in male infants and consist of a membrane 
or mucosal leaflet within the prostatic urethra. 

€> Descent of the testis from its original position near the kid¬ 
ney into the cooler scrotum is necessary for its normal 
development and production of fertile sperm. True unde¬ 
scended testes fail to reach the scrotum despite following a 
normal line of descent. 

Prepubertal testis tumors account for approximately 2% 
of all testicular tumors, with a peak patient age of approx¬ 
imately 2 years. 


THE NEPHRIC SYSTEM 

Q The nephric system develops progressively through three stages. 
The initial stage, the pronephros , disappears completely by the 
fourth week of embryonic life. The mesonephros , the second 
stage, degenerates as well, although part of its system becomes 
associated with the reproductive system. The caudal portion of 
the mesonephric duct, which communicates with the cloaca, 
forms a ureteral bud between the fourth and sixth weeks of ges¬ 
tation. The cranial portion of the ureteral bud joins with the 
metanephric blastema, branching into the renal pelvis and the 
calyces and inducing nephron formation during the final stage 
of development, metanephros. The kidneys undergo ascent and 
rotation before assuming their final position. 


ANOMALIES OF THE KIDNEY 


Supernumerary Kidney 

The supernumerary kidney is a very rare anomaly of the uri¬ 
nary system and represents a distinct extra kidney (or kidneys). 
Embryologically, an additional ureteral bud develops a sepa¬ 
rate metanephric mass, resulting in the formation of an extra 
kidney, which is usually caudal to the dominant kidney. This 
anomaly is usually an incidental finding on abdominal imaging 
for unrelated reasons, although some adults may occasionally 
present with abdominal pain, hypertension, or symptoms of 
urinary tract infections (UTIs). 


Renal Agenesis 

Absence of a ureteral bud or its failure to join the metanephric 
blastema results in renal agenesis. A bilateral anomaly occurs 


in approximately 1 per 4,000 births ( Potter syndrome). This is 
manifested by characteristic faces, pulmonary hypoplasia, and 
orthopedic abnormalities. 1 These infants are stillborn or rapidly 
die of respiratory failure. 

The incidence of unilateral renal agenesis is about 1 in 1,200 
births. The ipsilateral ureter is absent in more than 50% of 
cases, although an adrenal gland is usually present. The most 
common contralateral anomalies are vesicoureteral reflux 
(30%), renal malrotation, or renal ectopia (15%). Genital 
anomalies are more often observed in girls (25% to 50%) than 
in boys (10% to 15%); malformations of the rectum, anus, and 
lower spine frequently occur in both sexes. Other associated 
congenital anomalies may involve the cardiovascular, gastroin¬ 
testinal, or musculoskeletal systems. Unilateral renal agenesis is 
usually asymptomatic and found incidentally. 


Renal Ectopy 

Failure of the metanephros to ascend leads to an ectopic kid¬ 
ney, which occurs in about 1 in 1,100 people. An ectopic kid¬ 
ney may be on the ipsilateral side ( simple ectopy) or on the con¬ 
tralateral side (crossed ectopy) with or without fusion. The 
adrenal gland develops separately from the kidney and is there¬ 
fore found in its normal position, despite anomalies in renal 
position. Further classification of renal ectopia is based on the 
position of the kidney in the retroperitoneum: abdominal, lum¬ 
bar, or pelvic kidney. Rarely, the kidney is located above the 
ipsilateral diaphragm (intrathoracic kidney) because of delayed 
closure of the diaphragm or accelerated kidney ascent. 

Most ectopic kidneys are clinically asymptomatic and 
detected incidentally. Almost half of ectopic kidneys have 
hydronephrosis secondary to malrotation, aberrant renal vessels 
compressing the renal pelvis, or ureteropelvic junction (UPJ) 
obstruction. 2 If surgical correction of the obstructed kidney is 
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required, the anomalous renal vasculature may be important. 
Ectopic kidney function should be preserved because the con¬ 
tralateral kidney is abnormal in up to 50% of patients, with 
hydronephrosis or vesicoureteral reflux (VUR) being the most 
common abnormality. Genital anomalies have been reported 
in 15% to 45% of patients with renal ectopia. 


Horseshoe Kidney 

Q Horseshoe kidney is the most common type of renal fusion and 
occurs in 0.25% of the population. Patients with Turner syn¬ 
drome and trisomy 18 have a significantly higher incidence. 
The anomaly consists of two renal masses connected by the 
isthmus at the midline, usually at the lower poles. The isthmus, 
which consists of renal parenchyma or fibrous tissue, usually 
lies just below the junction of the inferior mesenteric artery and 
aorta and anterior to the great vessels. The pelvises and ureters 
of horseshoe kidney are usually anteriorly placed, crossing the 
isthmus ventrally. 

The horseshoe kidney does not usually produce symptoms 
unless it is associated with other anomalies. The most com¬ 
monly associated abnormality is VUR and UPJ obstruction, 
which can lead to UTI or urolithiasis, with corresponding symp¬ 
tomatology. If surgical repair of UPJ obstruction is required, a 
standard dismembered pyeloplasty with or without division of 
the renal isthmus is recommended. The retroperitoneal flank 
approach is usually successful, but the surgeon should be pre¬ 
pared for a transperitoneal approach as well. The incidence of 
Wilms tumor seems to be increased in patients with horseshoe 
kidney. 3 


Cystic Disease of the Kidney 

Q Renal cystic disease, congenital or acquired, is one of the most 
common causes of pediatric abdominal masses. Several classi¬ 
fications have been proposed, based on the clinical or radio- 
logic presentation, pathologic studies, and genetic associa¬ 
tions. 4 

Autosomal recessive (“infantile”) polycystic kidney disease 
results from dilated collecting ducts and has a spectrum of 
severity, with the severest forms appearing in infancy. This 
congenital disorder affects both kidneys and liver (ranging 
from biliary ectasia to congenital hepatic fibrosis). The 
affected infant usually presents with large flank masses. Renal 
ultrasound (RUS) demonstrates enlarged, homogeneously 
hyperechogenic kidneys. Most children develop progressive 
renal and/or hepatic failure. 

Q Multicystic dysplastic kidney (MCDK) is the most common 
type of renal cystic disease. This anomaly represents a severe 
form of renal dysplasia with complete replacement of renal 
parenchyma by different-sized cysts (Fig. 108.1). RUS is usu¬ 
ally definitive in making the correct diagnosis, although renal 
scintigraphy is necessary to demonstrate the absence of renal 
function in the involved kidney and occasionally differentiate 
MCDK from severe obstructed hydronephrosis. The high inci¬ 
dence of VUR in the solitary functioning contralateral kidney 
(18% to 43%) makes a voiding cystourethrogram (VCUG) an 
essential part of the evaluation. Involution of MCDK may occur 
to the point that the involved kidney disappears from subse¬ 
quent sonograms. Potential long-term sequelae of retained 
MCDK, including hypertension, infection, and pain, are very 
rare. Sporadic reports of renal cell carcinoma and Wilms tumor 
in MCDK raise concern of the persistent potential for malignant 
degeneration in the dysplastic kidney. Patients with MCDK 
should be followed with ultrasonic surveillance, especially in 
early childhood. 5 Nephrectomy is reserved for the symptomatic 
child, the patient with equivocal radiologic appearance, or 
MCDK that fails to regress. 



FIGURE 108.1. Multicystic dysplastic kidney. 


Ureteropelvic Junction Obstruction 

Q The UPJ is the most common site of obstruction in the urinary 
tract and the most common cause of neonatal hydronephrosis. 
The pathogenesis of this disorder is variable. Of the intrinsic 
factors, the adynamic segment is associated most often with 
classic UPJ obstruction. This obstruction is thought to be a 
congenital absence or abnormal arrangement of the muscular 
fiber at the transition zone of the upper ureter and renal pelvis 
leading to failure of peristaltic wave propagation. Extrinsic 
causes include fibrous bands, aberrant accessory vessels, and var¬ 
ious organ-compressing factors. Most cases of UPJ obstruction 
are diagnosed in utero and such patients are initially asympto¬ 
matic. Some children present with abdominal or flank pain, 
hematuria, or UTI. Occasionally, previously asymptomatic 
UPJ obstruction may be discovered in the patient with renal 
injury following relatively minor abdominal trauma. 

RUS is the test of choice to determine the degree of renal 
pelvic dilatation, parenchymal thickness, and associated 
abnormalities of the bladder and the ureter. Diuretic renogra¬ 
phy and occasionally Whitaker antegrade pressure perfusion 
studies are necessary to confirm UPJ obstruction. The VCUG 
and occasional excretory urogram (intravenous pyelogram 
fIVPj) may define anatomic details (Fig. 108.2). Retrograde 
pyelography is used to rule out other causes of obstruction and 
is usually performed just before surgery. 

A dismembered pyeloplasty, with removal of an adynamic 
segment, remains the surgical treatment of choice because it 
provides dependant drainage of the renal pelvis. With utiliza¬ 
tion of optical magnification and careful attention to surgical 
technique, a successful outcome should be expected in over 
95% of cases. 6 Laparoscopic pyeloplasty can be performed in 
older children. 


ANOMALIES OF THE URETER 


Ureteral Duplication 

Q Ureteral duplication is the most common anomaly of the uri- 
nary tract. Early branching of the single ureteral bud results in 
incomplete (partial) duplication with a single ureteral orifice 
and bifid proximal ureters (1 in 125 individuals). An accessory 
ureteral bud creates complete duplication (1 in 500 individu¬ 
als), with the upper ureter usually inserting into the bladder 
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FIGURE 108.2. Intravenous pyelogram showing hydronephrosis sec¬ 
ondary to ureteropelvic junction obstruction. 


more medially and inferiorly than the lower ureter. The upper 
ureter is more likely to be associated with ectopic insertion, 
ureterocele, or obstruction, whereas the lower ureter is fre¬ 
quently associated with VUR. Most patients with ureteral 
duplication are asymptomatic, although they occasionally pre¬ 
sent with UTI. 


Ureteral Ectopia and Ureterocele 

The ectopic ureteral orifice lies in a position caudal to the nor¬ 
mal insertion of the ureter on the bladder trigone. Ureteral 
ectopia is much more common in association with complete 
ureteral duplication. In the boy, ectopic ureteral orifices are 
most frequently found at the prostatic urethra and even along 
the course of the male genital ductal system. In the girl, ectopic 
ureters can be found draining into the bladder neck, urethra, 
vagina, or even the uterus. Boys with bilateral anomaly and 
girls with termination of an ectopic ureter below the external 
urinary sphincter usually present with urinary incontinence. 

Ureteroceles are congenital cystic dilatations of the distal 
ureter. Those associated with a single ureter (simple uretero¬ 
cele) are usually located in an orthotopic trigonal position. 
Ureteroceles found in association with duplicated ureters usu¬ 
ally drain the upper pole kidney and are located in an ectopic 
position. Ectopic ureteroceles are commonly associated with 
obstruction and varying degrees of dysplasia of the affected 
renal segment. Decompression of the obstructed renal moiety 
from above (ureteropyelostomy) or from below (excision of 
ureterocele with ureteral reimplantation) is usually successful. 
Transurethral puncture of a ureterocele is usually reserved for 
infants, whereas a severely dysplastic moiety can be managed 
by partial nephrectomy. Large ureteroceles obstructing other 
renal moieties and the bladder neck will most likely require 
secondary procedures to restore normal urinary tract 
anatomy. 7 


Vesicoureteral Reflux 


Vesicoureteral reflux refers to the retrograde passage of urine 
Q from the bladder into the ureter. The incidence of VUR in oth¬ 
erwise normal children is approximately 1%; a much higher 
incidence of up to 40% is reported in patients undergoing eval¬ 
uation for UTI. A significant familial association has been 
encountered. A sufficient tunnel length of submucosal ureter is 
the most important component of the competent ureterovesical 
junction. This provides a predominantly passive valve mecha¬ 
nism compression of the ureter, preventing retrograde passage 
of urine. Marginal tunnel pressure can be made to reflux pri¬ 
marily or secondarily because of loss of compliance of the valve 
roof (during UTI), structural weakness of the detrusor floor 
(bladder diverticulum, ureterocele), or excessively high intra¬ 
vesical pressure caused by neurovesical dysfunction or bladder 
outlet obstruction. VUR is graded according to the Interna¬ 
tional Classification System based on the proximal extent of 
retrograde urine flow, ureteral and pelvic dilatation, and the 
resultant anatomy of the calyceal fornices. 

Reflux-induced renal injury is usually caused by the associ¬ 
ation of VUR with UTI and may range from clinically silent 
focal scar formation to generalized scarring and renal atrophy 
(reflux nephropathy) with hypertension and even end-stage 
renal failure. Children of either sex should be investigated at 
the time of the initial infection. The diagnosis of VUR is accom¬ 
plished by cyclic VCUG, with either contrast medium or iso¬ 
tope (Fig. 108.3). Imaging of the upper tracts (kidneys and 
ureters) is extremely important and can be accomplished by 
ultrasonography, isotope renography, or, rarely, intravenous 
urography. Ultrasonography is helpful in quantifying renal 
growth or atrophy, whereas isotope renography is particularly 
sensitive in detecting focal scarring. Patients with voiding dys¬ 
function should be considered strongly for urodynamic studies. 

Because the submucosal ureter tends to lengthen with age, 
the ratio of tunnel length to ureteral diameter increases, and the 
propensity for reflux may disappear. In general, a lower reflux 
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FIGURE 108.3. Voiding cystourethrogram of bilateral vesicoureteral 
reflux. 
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grade correlates with a better chance of spontaneous resolu¬ 
tion. Nonoperative management of VUR (which is successful in 
most patients) requires prevention of UTI with suppression 
antibiotics, treatment of symptomatic voiding dysfunction, and 
long-term strict surveillance. Patients with breakthrough UTIs, 
significant renal injury, high-grade reflux, or pubertal age or 
those who fail to respond to 4 to 5 years of suppression therapy 
may require surgical correction. The principle of open ureteral 
reimplantation is the creation of a capacious subepithelial tun¬ 
nel with the ratio of its length to ureteral diameter equal to 5:1. 
In general, excellent results are attained with most open intra¬ 
vesical or extra vesical procedures. The extravesical approach, 
which preserves the integrity of the bladder lumen and doesn’t 
require a ureteral anastomosis, eliminates postoperative hema¬ 
turia, minimizes bladder spasms, decreases the risk of postop¬ 
erative obstruction, and shortens hospital stay. 8 Since the initial 
report of successful endoscopic subureteral injection of polyte- 
trafluoroethylene (Teflon) for correction of VUR, this minimally 
invasive technique has been widely used worldwide with differ¬ 
ent injectable materials. The only injectable substance with Food 
and Drug Administration approval is dextranomer/hyaluronic 
acid copolymer (Deflux). This substance is biodegradable, has 
no immunogenic properties, and seems to have no potential to 
cause malignant transformation. 9 


Megaureter 

The term megaureter refers to an enlarged ureter, of which 
there are four categories: refluxing, obstructing, refluxing or 
obstructing, and nonrefluxing or nonobstructing, with an addi¬ 
tional subdivision of each group into primary or secondary. 
Most patients are asymptomatic with an incidental finding of 
hydroureteronephrosis on screening renal ultrasound. The 
most common clinical presentation is UTI. The VCUG is nec¬ 
essary to rule out VUR, although its presence does not exclude 
the possibility of a coexistent obstruction. Diuretic renography 
is helpful to establish the presence of ureteral obstruction, 
which is usually at the level of the ureterovesical junction. 

Megaureter secondary to severe VUR or obstruction is usu¬ 
ally managed with ureteral reimplantation to prevent deterio¬ 
ration of renal function. Reduction of ureteral caliber by exci¬ 
sion of the distal redundant ureter to achieve a satisfactory 
antireflux mechanism is usually necessary. Patients without 
reflux or obstruction may demonstrate radiographic improve¬ 
ment of the megaureter with preservation of renal function 
without surgical intervention. Therefore, initial nonoperative 
management with close follow-up of patients with nonob¬ 
structing or nonrefluxing megaureters is advisable. 10 


VESICOURETHRAL SYSTEM 


The cloaca forms from the blind caudal end of the hindgut. The 
division of the cloaca by the urorectal septum into a ventral por¬ 
tion (the urogenital sinus [UGS]) and a dorsal portion (the rec¬ 
tum) is completed by the seventh week of gestation. Simultane¬ 
ously, the mesodermal growth of the lower abdominal wall 
separates the umbilical cord from the genital tubercle. The 
mesonephric duct and ureteral bud have independent opening 
sites. The mesonephric duct (which will become the ejaculatory 
duct) migrates downward and medially, while the opening of 
the ureteral bud (which will become the ureteral orifice) 
migrates upward and laterally. The UGS can be divided into two 
segments at the point where the mullerian ducts join the dorsal 
wall of the UGS. The ventral portion forms the bladder, part of 
the prostatic urethra in the male, and the entire female urethra. 
The caudal portion gives rise to a portion of the prostatic and 
the entire membranous urethra in males and forms the lower 
part of the vagina and the vaginal vestibule in females. 


ANOMALIES OF THE BLADDER 


Urachal Abnormality 

Embryologically, the urachus represents the apical attachment of 
the cloaca to the allantois. During fetal development it is obliter¬ 
ated and eventually represented by a fibrous retroperitoneal cord 
extending from the dome of the bladder to the umbilicus. Symp¬ 
tomatic urachal anomalies are rare and clinical syndromes most 
often arise from a patent urachus or a urachal cyst. The former 
condition is suggested by a persistently wet umbilicus and can 
occur in patients with bladder outlet obstruction. Excision of the 
urachus with bladder closure is usually necessary. 

The urachal cyst is an inclusion cyst lined with transitional 
epithelium. If infected, it can present with abdominal pain and 
tenderness as well as fever, nausea, and leucocytosis, closely 
mimicking the acute abdomen. Radiologic evaluation should 
include abdominal US and/or computed tomography (CT). The 
infected urachal cyst is best managed by initial drainage of the 
abscess and delayed excision of the urachal remnant. 
Exploratory laparotomy is indicated if signs of peritonitis are 
present 11 (Algorithm 108.1). 


Exstrophy-Epispadias Complex 

The overgrowth and delayed rupture of the cloacal membrane 
prevents medial mesenchymal migration and proper lower 
abdominal wall development. Depending on the extent of the 
infraumbilical defect and the stage of development at which 
rupture occurs, bladder exstrophy, epispadias, or cloacal exstro¬ 
phy results. 

Epispadias in boys, as an isolated defect, consists of a dorsally 
placed urethral meatus and the degree of penile deformity is 
related to the extent of the meatal displacement. Most often, epis¬ 
padias is associated with exstrophy of the bladder (Fig. 108.4). 
This defect usually involves pubic diastasis with separation of 
the rectus abdominis muscles, inguinal hernias, and anterior 
displacement of the anus. Male external genitalia have a char¬ 
acteristic epispadiac appearance, while females have a bifid cli¬ 
toris with a stenotic and short vagina. Complete primary clo¬ 
sure of the bladder plate with simultaneous repair of 
epispadias within the first 72 hours of life is the most appro¬ 
priate treatment of this complicated anomaly. 12 

Cloacal exstrophy is the most severe defect that can occur in 
the formation of the ventral abdominal wall. Anatomically, there 
is exstrophy of the shortened hindgut or cecum, which displays 
its bulging mucosa between the two hemibladders. There is no 



FIGURE 108.4. Newborn boy with classic bladder exstrophy. 


PEDIATRICS 













1950 


Part Two: Surgical Practice 


Urachal cyst 


PE 

US 


Uninfected 


Extraperitoneal 

excision 


Infected 


Signs of peritonitis or 
Intra-abdominal mass 
by CT/MRI 


No 


Periumbilical 

cellulitis 


Yes 


Laparotomy and 
drainage of abscess 


No 

I 

Primary extraperitoneal 
excision with aggressive 
antibiotic coverage 


Yes 

I 

Extraperitoneal 

drainage 

(open or percutaneous) 


Delayed extraperitoneal 
excision 


ALGORITHM 108.1 


ALGORITHM 108.1. Algorithm of surgical management of urachal cyst. PE, physical examination; US, ultrasound. (Adapted from Minevich E, 
Wacksman J, Lewis AG, et al. The infected urachal cyst: primary excision versus a staged approach. J Urol 1997;157:1869.) 


anus or rectum, and an omphalocele is present (Fig. 108.5). The 
initial surgical approach (in the neonatal period) includes closure 
of the omphalocele, separation of the bladder from the bowel, 
and closure of the bladder. Considerable reconstructive surgery 
remains to be done later to restore acceptable anatomic appear¬ 
ance and functioning urinary and intestinal tracts. 


Neurogenic Bladder 

An abnormal spinal column development affecting spinal cord 
function (myelodysplasia) is the most common cause of neuro- 

FIGURE 108.5. Diagram depicting cloacal exstrophy. 


genic bladder (NGB) in children. Myelomeningocele (MM) 
accounts for over 90% of open spinal dysraphic states. Blad¬ 
der dysfunction usually results in urinary incontinence, 
although the poorly compliant bladder with leak point pres¬ 
sure over 40 cm H 2 0 may cause VUR and hydronephrosis, 
leading to deterioration of renal function. 13 Presumably at this 
point the ureterovesical junction can no longer protect the 
transmission of this pressure to the upper tracts. Urinary 
continence depends on bladder capacity and bladder outlet 
(bladder neck and urethral sphincter) resistance. The most 
important contribution affecting management of these chil¬ 
dren was the introduction of clean intermittent catheterization 


Small intestine 

Right hemi-bladder 
Exstrophic bowel 
Distal bowel orifice 
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Proximal bowel orifice 
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FIGURE 108.6. Bladder augmentation employing an 
intestinal segment. A: The bladder is opened as a “clam 
shell.” B: The intestinal segment is detubularized by lon¬ 
gitudinal incision along the antimesenteric border. A 
cup-patch is fashioned by suturing one edge of the resul¬ 
tant rectangle to itself. C: The cup-patch is sutured to 
the remnant bladder plate. D: Final appearance. (Repro¬ 
duced with permission from Sheldon CA, Bukowski T. 
Bladder function. In: Rowe MI, O’Neal JA, Grosfeld JL, 
et al., eds. Essentials of Pediatric Surgery. St. Louis, 
MO: Mosby Year Book; 1995.) 


(CIC) to facilitate timely bladder emptying. Evaluation of 
infants with urodynamic studies, RUS, and VCUG identifies 
those ultimately at risk for renal damage. 

The primary goal in children with NGB is maintenance of 
safe intravesical pressure, the ultimate achievement of urinary 
continence, and preservation of renal function. If anticholiner¬ 
gic therapy with or without CIC is unsuccessful in achieving 
these goals, surgical reconstruction is necessary. Owing to the 
high incidence of upper tract deterioration with time and the 
significant sequelae of altered body image following cutaneous 
urinary diversion, incontinent diversion is no longer considered 
an acceptable alternative to reconstruction in the pediatric pop¬ 
ulation. The goals of reconstructive surgery are to achieve a 
large-capacity, low-pressure reservoir; adequate bladder outlet 
resistance; and easy access for catheterization. A variety of 
donor tissue sources including bowel segments, stomach, or 
ureter are available for bladder augmentation (Fig. 108.6). 
Potential complications of enterocystoplasty include electrolyte 
abnormalities, spontaneous perforation of the bowel segment, 
and tumor formation. Bladder outlet resistance can be increased 
by bladder neck reconstruction, implantation of an artificial uri¬ 
nary sphincter, urethral or bladder neck suspension, submucosal 
injection of collagen, or a combination of these procedures. A 
Mitrofanoff neourethra (appendiceal or ileal) is usually neces¬ 
sary to provide bladder access for decompression and conti¬ 
nence, and is highly successful in even the most devastating 

14 

cases. 

Significant neurogenic bladder is frequently accompanied by 
refractory fecal incontinence. This may severely compromise 
care with respect to UTI, incontinence, and achieving indepen¬ 
dent self-care. When preoperative conventional therapy (dietary 
modification, timed toileting, cathartics, bulking agents, and 
enemas) is unsuccessful to control complete evacuation of the 
colon, an antegrade continence enema (ACE) procedure, per¬ 
formed through a continent cecostomy utilizing appendix or 
tapered ileum, is a viable option. The ACE procedure has been 
successfully utilized in the management of intractable fecal 
incontinence, even in the most debilitating childhood recto- 
urogenital anomalies. 15 


ANOMALIES OF THE URETHRA 


Posterior Urethral Valves 

Q Posterior urethral valves are the most common obstructive 
urethral lesions in male infants and consist of a membrane or 
mucosal leaflet within the prostatic urethra. The diagnosis is 
usually suspected in neonates because of abnormal findings 
of prenatal hydronephrosis (bilateral hydronephrosis, dis¬ 
tended bladder) and oligohydramnios. Some of them are 
found to have flank masses, ascites, and urinary retention. 
Older children usually present with voiding symptoms, UTI, 
or hematuria. VCUG is diagnostic in most cases (Fig. 108.7), 
although cystoscopy may be necessary in an equivocal set¬ 
ting. Patients with significant bilateral hydronephrosis 
should be screened for renal insufficiency, and nuclear 



FIGURE 108.7. Voiding cystourethrogram showing dilated posterior 
urethra secondary to posterior urethral valves. 
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scintigraphy may be indicated to rule out ureteral obstruc¬ 
tion and/or renal dysplasia. 

Other than temporary urinary drainage with a urethral 
catheter (feeding tube), in critically ill patients primary endo¬ 
scopic valve ablation is the preferred approach and may be 
accomplished safely in most instances. Initial temporary cuta¬ 
neous vesicostomy is useful in occasional circumstances. High 
upper urinary tract diversion may on rare occasion be neces¬ 
sary in infants who demonstrate a rising creatinine despite a 
lower tract drainage. Long-term follow-up is necessary with 
special attention directed to the possible development of a 
poorly compliant, high-pressure bladder. 16 Careful urodynamic 
evaluation and timely treatment of the “valve bladder” with 
anticholinergics, CIC, and very selective vesical reconstruction 
(including enterocystoplasty) as well as prevention of UTI 
ensure the best chance for successful prevention and/or man¬ 
agement of chronic renal failure. 


Hypospadias 

Hypospadias is a common congenital defect resulting from 
incomplete tubularization of the urethral plate and closure of 
the genital folds. The cause of this anomaly is unknown, but is 
probably related to inadequate androgenization before the 
20th week of gestation. The meatus may be located anywhere 
from the perineum to the glans penis, although in over 85% of 
cases it is distal to the midshaft (Fig. 108.8). Typically, the ven¬ 
tral prepuce is deficient and ventral penile chordee occurs 
more frequently with proximal hypospadias. 

Principles of hypospadias repair include meticulous surgical 
technique with sufficient optical magnification to advance the 
urethral meatus to a normal glanular position and to correct 
penile chordee if necessary. Numerous operations have been 
described for surgical correction of hypospadias and the sur¬ 
geon treating this anomaly should be familiar with all possible 



FIGURE 108.8. Coronal hypospadias. 


approaches. An outpatient one-stage procedure can be safely 
performed after 6 months of age in most cases. While local skin 
flaps are utilized in repairs of more distal hypospadias, vascu¬ 
larized preputial pedicle flaps or a tube-graft may be necessary 
in more proximal hypospadias. Patients with hypospadias 
should not be circumcised until they are evaluated by an expe¬ 
rienced pediatric urologist. If sufficient penile skin is not 
available, bladder mucosal or buccal mucosal grafts can be 
utilized. Although rare, complications after hypospadias surgery 
include urethrocutaneous fistula, urethral strictures, and meatal 
stenosis. 


GENITAL SYSTEM 


The development of the genital tract follows a sequential pat¬ 
tern and is initially determined by chromosomal composition of 
the fertilizing sperm, resulting in 46,XY (male genotype) or 
46,XX (female genotype) zygote. The genetic material necessary 
for the development of the testis is found on the short arm of the 
Y chromosome and is known as the SRY gene. The presence of 
this gene determines an aggregation of primitive indifferent 
germ cells and Sertoli cells into the testicular cord. Thereafter, 
the endocrine effect on sexual development is most crucial in 
male phenotype development. Testosterone, produced by Ley- 
dig cells, results in wolffian duct (remnant of mesonephric duct) 
differentiation into the vas deferens, the seminal vesicles, and 
the epididymis. In addition, testosterone converted at the end- 
organ target sites to dihydrotestosterone (DHT) by 5a-reductase 
regulates the virilization of the urogenital sinus and external 
genitalia at around the ninth week of gestation. Only at this 
point, the previously indifferent genital tubercle starts to differ¬ 
entiate into a penis while the genital swelling fuses to form the 
scrotum. At the same time, mullerian-inhibiting substance 
(MIS) produced by testicular Sertoli cells results in an almost 
complete regression of the mullerian ducts. 

In the absence of the SRY gene, the primitive gonads differ¬ 
entiate into an ovary. The female development of the mullerian 
(paramesonepbric) duct system into fallopian tube, uterus, and 
cervix; feminization of the external genitalia; and involution of 
the wolffian ducts are automatic processes in the absence of 
testosterone and MIS. 


AMBIGUOUS GENITALIA 


The term ambiguous genitalia refers to genitalia in the spec¬ 
trum of sexual development that are not clearly male or female. 
This situation represents a true medical and social emergency. 
Rapid but careful determination of the genetic composition, 
gonadal sex, and genitourinary anatomy of the affected new¬ 
born is essential to enable gender assignment, acceptance of the 
child by the family, and ultimately surgical reconstruction. 

Patients with ambiguous genitalia can be divided in four 
categories: female and male pseudohermaphroditism, true her¬ 
maphroditism, and gonadal dysgenesis. Complete evaluation 
of the infant with ambiguous genitalia should include the 
following: 

1. Thorough physical examination (special attention to palpa¬ 
ble gonads, phallic structure, vaginal orifice, and anus) 

2. Complete family history (genital anomalies in other family 
members, unexplained neonatal death in previous children) 

3. Evaluation of the pregnancy (especially maternal exposure 
to androgenic agents) 

4. Blood karyotype 

5. Biochemical evaluation (serum electrolytes, adrenal steroids 
and precursors, serum gonadotropins, and testosterone) 

6. Radiologic evaluation (renal and pelvic US, genitogram) 

Occasionally, diagnostic laparoscopy and gonadal biopsy are 
necessary to guide the gender assignment. After the chromoso¬ 
mal and gonadal composition is established, sex assignment is 
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determined, based mostly on the potential for sexual function. 
Surgical reconstruction is aimed at matching the external geni¬ 
talia to the gender assigned to the child and is usually under¬ 
taken at 6 to 12 months of age. 17 


Female Pseudohermaphroditism 

Female pseudohermaphroditism is the largest diagnostic cate¬ 
gory and, within this category, the leading cause is congenital 
adrenal hyperplasia (CAH). CAH results from a deficiency in 
the enzymes responsible for the synthesis of mineralocortico- 
steroids and glucocorticosteroids, resulting in overproduction 
of adrenal androgens. A deficiency of 21-hydroxylase repre¬ 
sents 95% of patients with CAH. All of these patients are 
genetic females (46,XX karyotype, ovarian gonads) with mas- 
culinization of the external genitalia ranging from an enlarged 
clitoris to a normal-appearing male phallus with complete 
labial fusion (Fig. 108.9). These patients are potentially fertile 
regardless of how severe the degree of virilization. 

A high index of suspicion allows for early diagnosis of this 
condition and initiation of hormonal replacement (glucocorti¬ 
costeroids and mineralocorticosteroids) to prevent adrenal 
insufficiency, salt-wasting syndrome, and continued viriliza¬ 
tion. Because internal mullerian structures are always present, 
these children are reared as females and feminizing genitoplasty 
is performed to correct the cosmetic and functional deformities 
of external genitalia. If the vagina enters the urogenital sinus 
distally, a cutback or flap vaginoplasty can be combined with 
clitoroplasty (reduction and relocation of the clitoris with 
preservation of glanular sensation) and labioplasty in a single 
procedure. If the vagina enters the urogenital sinus more prox- 
imally, a total urogenital sinus mobilization, pedicle skin flap, 
or segmental bowel interposition vaginoplasty is deferred to a 
later date. 



FIGURE 108.9. Severe masculinization of the external genitalia in a 
girl with congenital adrenal hyperplasia. 


Male Pseudohermaphroditism 

Male pseudohermaphrodites are genetic males (46,XY) with 
decreased virilization of the external genitalia. This anomaly can 
result from abnormal testosterone synthesis, 5a-reductase defi¬ 
ciency leading to decreased levels of DHT, and androgen insensi¬ 
tivity syndrome (defect of the androgen receptor). The phallic 
structure may be inadequate for the male gender role. In this set¬ 
ting, consideration should be given to female gender assignment. 

Testicular feminization syndrome (complete androgen insen¬ 
sitivity) is the most common form of male pseudohermaphro¬ 
ditism, although affected individuals appear as normal pheno¬ 
typic females with a short vagina. They are usually diagnosed at 
puberty with primary amenorrhea, although infrequently diag¬ 
nosis is made during routine childhood herniorrhaphy, at which 
time testes are found. Bilateral gonadectomy is indicated because 
of an increased risk of gonadoblastoma development in the 
intra-abdominal testis. It can be delayed until puberty in selected 
cases. Short vagina can be managed with vaginal dilatation, but 
vaginal reconstruction or vaginal replacement will be necessary 
in some patients. 


True Hermaphroditism 

In this condition, patients have both ovarian and testicular tis¬ 
sue (ovary and testis, ovotestis, or a combination of these). 
True hermaphroditism is the rarest form of intersex abnormal¬ 
ity. The internal genital structures conform with the ipsilateral 
gonad. The most common karyotype is 46,XX, although 
mosaicism and a 46,XY karyotype occur as well. The appear¬ 
ance of external genitalia varies widely. After gender is assigned, 
gonadal tissue of the opposite sex is removed and surgical recon¬ 
struction is undertaken. 


Mixed Gonadal Dysgenesis 

This is the second most frequent cause of genital ambiguity, 
and the majority of neonates exhibit a 45,XO/46,XY mosaic 
karyotype. They generally present with a dysgenetic testis on 
one side and a streak of gonads on the other. The appearance of 
external genitalia is variable; however, the majority are poorly 
virilized and consequently most infants will be raised as 
females. Appropriate genital reconstruction is required. Early 
gonadectomy is indicated because of the high risk of malignant 
degeneration (gonadoblastoma, seminoma, and dysgermi- 
noma) of the dysgenetic gonad. 


ANOMALIES OF MALE GENITALIA 


Anomalies of the Foreskin 


At birth, the prepuce is retractable in only 4% of boys. No spe¬ 
cial care of the uncircumcised penis is required. During the first 
years of life, spontaneous separation occurs physiologically in 
most boys secondary to intermittent erections and epithelial- 
ization of the inner prepuce. It is unnecessary to retract the pre¬ 
puce on any routine basis to promote retractability or to hasten 
physiologic separation. This usually results in pain, bleeding, 
and, occasionally, paraphimosis. 

Much confusion exists as to the indications for neonatal 
circumcision. The most important arguments are those of cus¬ 
tom and tradition. In infants, circumcision may be performed 
using the Gomco clamp under local penile block. The most 
important principles of neonatal circumcision are complete 
lysis of penile adhesions, adequate but not excessive excision 
of outer and inner preputial layers, hemostasis, and protection 
of the glans penis. 
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Truly pathologic phimosis, paraphimosis, and recurrent bal¬ 
anitis are definitive indications for circumcision. It is estimated 
that as many as 18% of uncircumcised boys may develop one 
of the aforementioned indications by 8 years of age. Phimosis is 
a fibrotic contraction of the foreskin preventing its retraction 
over the glans. This pathologic condition should be differenti¬ 
ated from physiologic phimosis of infancy. Paraphimosis is the 
entrapment of a phimotic prepuce proximal to the coronal sul¬ 
cus. The skin ring causes venous congestion initially, but as the 
condition progresses, arterial occlusion and necrosis of the 
glans penis may occur. If persistent manual compression does 
not reduce paraphimosis, emergency circumcision or the cre¬ 
ation of a dorsal slit is indicated. Circumcision in infancy 
undoubtedly prevents cancer of the penis. If the decision is 
made not to circumcise a male infant, there must be a lifetime 
commitment to genital hygiene to minimize the risks of devel¬ 
oping penile cancer. Circumcision should be encouraged in 
boys with a history of UTI, VUR, or other urinary abnormali¬ 
ties to decrease the chance of ascending infection. Patients with 
hypospadias, penile chordee, penile torsion, epispadias, buried 
penis, or megalourethra are not candidates for routine circum¬ 
cision. To correct these conditions, a sufficient amount of fore¬ 
skin must be available. 


Cryptorchidism 

© Descent of the testis from its original position near the kidney 
into the cooler scrotum is necessary for its normal development 
and production of fertile sperm. Various mechanisms including 
gubernacular traction and intra-abdominal pressure have been 
proposed to be responsible for testicular descent, but endocrine 
factors of the hypothalamic-pituitary-testicular axis also play a 
major role in this process. Between the 12th and 17th weeks of 
gestation, the testis undergoes transabdominal migration to a 
location near the internal inguinal ring. It is not until the seventh 
month of gestation that transinguinal migration of the testis to 
its final position takes place. 

True undescended testes fail to reach the scrotum despite 
following a normal line of descent. Ectopic testes follow the 
usual course of descent until they emerge from the external 
inguinal ring, but are then misdirected to an ectopic position 
(superficial inguinal pouch, perineal, femoral, transverse scro¬ 
tal). While approximately 3.4% of full-term boys have unde¬ 
scended testes, 30% of premature infants have this anomaly. By 
1 year of age, the incidence of cryptorchidism is about 1 % and 
remains at this level thereafter. Actually, most cryptorchid 
testes descending during the first year of life do so within the 
first 3 months after birth. The diagnosis of cryptorchidism 
relies upon gentle and patient genital examination. Relaxation 
of the patient and warming of the examiner’s hand aid in suc¬ 
cessful examination. Reexamination of the child in the cross- 
legged position may also reveal the gonad. A functional classi¬ 
fication that provides a practical approach to therapy is based 
on whether the testis is palpable or impalpable (20%). While 
endocrine testing is reliable in predicting bilateral anorchidism, 
radiologic means including abdominal sonography, computed 
tomography, magnetic resonance imaging, and gonadal arteri¬ 
ography are inaccurate in localization of nonpalpable testes. 
Diagnostic laparoscopy will provide diagnosis of vanishing 
testis by identification of blind-ending spermatic vessels or accu¬ 
rate localization of the intra-abdominal testis in this situation. 18 
Undescended testes must be distinguished from retractile testes 
that may reside above the scrotum but, with careful positioning, 
can be made to stay within the lower scrotum without continu¬ 
ous traction. 

Although the correction of undescended testes eliminates 
any coexisting inguinal hernia (found in 95% of all cases) and 
prevents possible testicular injury or torsion (the risk of which 
is increased in these patients), the central issues in managing 
these patients revolve around future fertility and the risk of 


developing a testicular neoplasm. There is an increased risk of 
testicular carcinoma in undescended testes, and orchidopexy 
facilitates self-examination and early detection of the cancer. 
Because germ cell count of the infant undescended testis deteri¬ 
orates after 1 year of life, correction of cryptorchidism is indi¬ 
cated between 6 and 12 months of age. For palpable unde¬ 
scended testes, routine inguinal orchidopexy is successful in 
most patients. For high intra-abdominal testes, testicular micro- 
surgical autotransplantation 19 provides the highest success rate 
among different surgical options. 20 


Torsion of the Testis and Appendages 

Torsion of the testicle is classified as a surgical emergency 
because it causes strangulation of gonadal blood supply with 
subsequent testicular necrosis and atrophy. Testicular salvage is 
likely if the duration of torsion is less than 6 to 8 hours. 21 Tor¬ 
sion presenting in the neonatal period most commonly develops 
prenatally in the spermatic cord proximal to the attachments of 
the tunica vaginalis (extravaginal torsion). Although possible at 
any age, testicular torsion is most common in adolescents, being 
distal to the insertion of the tunica vaginalis (intravaginal tor¬ 
sion). A bell-clapper deformity predisposes to this condition. 

Prenatal torsion presents with a firm, hard scrotal mass that 
does not transilluminate in an otherwise asymptomatic new¬ 
born male. Salvage of the testis is extremely rare, 22 but timely 
surgical exploration is indicated to anchor the contralateral 
testis, since bilateral (synchronous or asynchronous) neonatal 
testicular torsion has been described. In older boys sudden onset 
of severe testicular pain followed by scrotal swelling is the clas¬ 
sic presentation of testicular torsion. On physical examination, 
a swollen, tender testis with shortening of the cord is noticed. If 
testicular torsion is clinically suspected, an immediate surgical 
scrotal exploration is indicated. A negative exploration of the 
scrotum is more acceptable than the loss of a testis that might 
have been salvaged. In situations with a low suspicion of testic¬ 
ular torsion, scrotal color Doppler US or testicular nuclear scan 
can be helpful to differentiate torsion from acute epididymitis. 
At surgical exploration, the testis is untwisted and observed for 
viability. A frankly necrotic testis is removed, while viable 
gonads (return of color, return of Doppler flow, signs of arter¬ 
ial blood after incision of tunica albuginea) are fixed to the 
scrotal wall to prevent subsequent torsion. Exploration and 
anchoring of the contralateral testis, which can be done 
through the same incision, is mandatory to prevent its subse¬ 
quent torsion. Manual detorsion of the torsed testis is usually 
difficult because of acute pain during manipulation but, if suc¬ 
cessful (and confirmed by color Doppler US in a patient with 
complete resolution of symptoms), definitive surgical fixation 
of the testes should be performed before the patient leaves the 
hospital as an urgent rather than emergency procedure. 

The testicular appendix, a mullerian duct remnant, is the 
most common genital appendage susceptible to torsion. 
Although frequently presenting with symptoms similar to testic¬ 
ular torsion, this condition can usually be diagnosed by a finding 
of a tender focal induration or a blue dot near the upper pole of 
the testis. Appendix testis torsion is best managed by several 
days of bed rest and oral preventive antibiotics. If a reliable 
diagnosis cannot be made, scrotal color Doppler US or even sur¬ 
gical exploration is indicated to rule out testicular torsion. 


Prepubertal Testicular Tumor 

In boys presenting with a painless palpable scrotal mass, a tes¬ 
ticular tumor should be included in the differential diagnosis. 
© Prepubertal testis tumors account for approximately 2% of all 
testicular tumors, with a peak patient age of approximately 
2 years. The most common lesion is a yolk sac tumor, which is 
a variant of embryonal cell carcinoma. When spread occurs, it 
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is usually a hematogenous spread to the lungs and, less com¬ 
monly, lymphatic spread to the retroperitoneal nodes. Scrotal 
US is usually definitive in visualizing an intratesticular mass, 
while abdominal and chest CT scans are necessary for 
metastatic evaluation. Tumor markers (^-fetoprotein and (3- 
human chorionic gonadotropin) are helpful for initial evalua¬ 
tion and during follow-up. In young children, prognosis is 
excellent and the radical inguinal orchiectomy is the initial 
treatment. Retroperitoneal lymph node dissection and multi¬ 
drug chemotherapy are necessary in cases of disseminating dis¬ 
ease. In the absence of metastasis and/or elevated tumor marker 
levels, the applicability of these treatment modalities remains 
controversial. 


Varicocele 


Varicocele is a dilation of the veins of the spermatic cord and 
is reported to occur at a 15% incidence in adolescent boys, 
which correlates with that in the general male population. In 
the majority of adolescents the varicocele is grade I, while in 
35% it is grade II or III. Varicocele is generally visible or pal¬ 
pable in the upright position. Most urologists agree that scro¬ 
tal discomfort and ipsilateral testicular growth failure are reli¬ 
able indications for varicocele surgery in this population. 
Additionally, some authors have advocated surgical repair in 
patients demonstrating a progressive increase in varicocele 
size, bilateral varicoceles, or a large varicocele associated with 
a change in testicular consistency. Incisional surgery with an 
inguinal, retroperitoneal, or modified approach is the basis of 
varicocelectomy in adolescents. The optical magnification 
allows reliable identification and preservation of the testicular 
artery and lymphatics during ligation of the venous channels. 
As a result, the postoperative development of hydrocele or 
recurrence of the varicocele may be prevented. 23 


VAGINAL ANOMALIES AND 
UROGENITAL SINUS 
MALFORMATIONS 


The urogenital sinus is apparent by 6 weeks of gestation. After 
it receives the fused mullerian ducts, the distal potion of the 
UGS forms the lower one third of the vagina, while the fused 
mullerian ducts form the upper two thirds of the vagina and 
uterus. Although most vaginal anomalies occur in conjunction 
with intersex disorders, isolated vaginal anomalies or those 
occurring in association with a urogenital sinus are also seen 
(Fig. 108.10). Vaginal agenesis may occur in isolation or as a 
component of the Mayer-Rokitansky syndrome, which refers 
to normal phenotypic females with vaginal and occasional 
uterine dysgenesis. Because the distal vagina is normally 
formed in most of these patients, the diagnosis is not usually 
made until puberty, at which time the patient presents with 
amenorrhea. Approximately one third of these patients have 
urologic anomalies, the most common being unilateral renal 
agenesis. Vaginoplasty is indicated in almost all patients and 
depends on the anatomy present. Several techniques using 
tubularized skin flaps, skin grafts, and bowel segments have 
been described for vaginal reconstruction. 24 Careful preopera¬ 
tive counseling and evaluation of the patient’s and parents’ 
motivation are essential for a good result since long-term vagi¬ 
nal dilatation is occasionally required until the patient is old 
enough to participate in sexual intercourse. 

UGS anomalies occur because of a failure of the urethra 
and the vagina to separate. These children have two perineal 
openings, including the anus, because the rectum is usually 
normal. Many of these girls have some degree of bladder dys¬ 
function and CIC may be necessary. If CIC of the bladder is 
not possible, temporary vesicostomy may be indicated. To sep¬ 


Intersex 



FIGURE 108.10. Classification of vaginal anomalies. (Reproduced 
with permission from Sheldon CA. Imperforate anus, urogenital sinus 
and cloaca. In: Kelalis PP, King LR, Belman AB, eds. Clinical Pediatric 
Urology. Philadelphia: WB Saunders; 2000.) 


arate the urethral and vaginal orifices, urethral lengthening or 
vaginal pull-through procedures are required. 24-26 


OTHER GENITOURINARY 
DISORDERS 


Eagle-Barrett Syndrome 

The Eagle-Barrett syndrome, also referred to as prune-belly 
syndrome (PBS), is a set of genitourinary malformations with a 
deficiency or absence of the abdominal wall musculature 
accompanied by a broad spectrum of associated organ system 
anomalies. It was theorized that delayed canalization of the 
urethral membrane resulted in a temporary total urinary 
obstruction causing massive dilatation of the ureters, a large 
bladder frequently associated with a patent urachus, and a 
dilated proximal urethra with a hypoplastic prostate. The wrin¬ 
kled, prunelike skin of the abdominal wall in the newborn is a 
characteristic manifestation. Renal dysplasia occurs frequently 
and in severe cases is associated with pulmonary hypoplasia, 
resulting in stillbirth or death in the neonatal period. Bilateral 
cryptorchidism with intra-abdominal testes is a characteristic 
feature of PBS. Extraurinary problems are associated with this 
syndrome in 73% of patients and usually involve defects of the 
cardiovascular, musculoskeletal, respiratory, or central nervous 
systems. 27 Since the dilatation of the urinary tract is usually 
nonobstructive, a favorable outcome in these patients can be 
expected with a conservative approach of observation, preven¬ 
tion of UTI, and surgical drainage, with reconstruction only 
being performed when absolutely required. 


Urologic Implications of Imperforate Anus 

Anorectal malformations (ARMs) encompass a broad spec¬ 
trum of abnormalities of termination of the hindgut and uro¬ 
genital sinus, ranging from the simple covered anus to com¬ 
plex cloacal malformations involving the gastrointestinal, 
urinary, and genital tracts. Morbidity and mortality in these 
cases are largely attributed to associated structural and func¬ 
tional genitourinary anomalies, ranging from vesicoureteral 
reflux (57%) to renal dysplasia and agenesis (65%). There¬ 
fore, neonatal screening with renal US and VCUG is essential 
in all patients with ARMs. 28 The assessment of bladder func¬ 
tion is also critical because of a reportedly high incidence of 
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occult neurovesical dysfunction. 29 The combination of rec- 
tourinary fistula and neurovesical dysfunction or bladder out¬ 
let obstruction predisposes to critical neonatal illness. 

Cases of cloaca should never be managed by initial anorec¬ 
tal reconstruction alone, which necessitates extensive and 
complicated subsequent surgery. A fully diverting colostomy 
with complete evacuation of the distal limb should initially be 
considered. The goals of management in the first few years of 
life are to protect the upper urinary tract, ensure low-pressure 
urinary drainage, normalize anorectal anatomy, and minimize 
any neurologic deficit that may arise from treatable spinal 
pathology. A comprehensive, integrated approach with poste¬ 
rior sagittal anorectalurethrovaginoplasty at approximately 6 
to 12 months of age is the most appropriate definitive surgical 
procedure yielding excellent results in such cases. If bladder 
outlet obstruction or neurovesical dysfunction is detected or 
suspected, incidental appendectomy is contraindicated. The 
goals of management of the preschool and school-aged child 
with ARMs are to ensure social urinary and fecal continence 
and to promote self-esteem and self-care. 24 
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CHAPTER 109 CHILDHOOD TUMORS 

BARRIE S. RICH AND MICHAEL P. LA QUAGLIA 


KEY POINTS 


Q In childhood, neuroblastoma is the most common extracra¬ 
nial solid tumor, followed in incidence by Wilms tumor; 
rhabdomyosarcoma is less common than neuroblastoma 
and Wilms tumor but has a biphasic age distribution, with 
40% of cases occurring in the age range 10 to 19 years. 

Q Patients with neuroblastoma and an increased number of 
copies of the MYCN gene have a much worse prognosis. 

Q High-risk neuroblastoma remains one of the central prob¬ 
lems in pediatric oncology, with overall survival rates less 
than 30% despite multidisciplinary therapy and the use of 
multiagent chemotherapy and myeloablative regimens. 

Q The standard of care for Wilms tumor in the United States is 
initial surgical resection, with exceptions to this rule only for 
extensive intracaval tumors that require cardiopulmonary 
bypass for extraction, obviously unresectable tumors with 


documented invasion of contiguous structures, and possibly 
bilateral tumors, especially if it is unclear which side is most 
heavily involved; all patients with resectable Wilms tumor 
receive postoperative chemotherapy. 

Q Clear cell sarcoma of the kidney is a distinct histopathologic 
and clinical entity from Wilms tumor with an age distribu¬ 
tion similar to that observed in Wilms tumor but a markedly 
worse prognosis; it has been called the bone-metastasizing 
renal tumor of childhood. 

Q Modern treatment of rhabdomyosarcoma is multidiscipli¬ 
nary and includes multiagent chemotherapy, judicious resec¬ 
tion, and radiation therapy; the intensity of therapy should 
be tailored to the risk of subsequent relapse as a function of 
tumor, node, or metastasis stage. 
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The focus of this chapter is malignant solid tumors of infancy, 
childhood, and adolescence. Fortunately, these conditions are 
rare, especially compared with major adult solid malignancies. 
This rarity, however, poses special problems to the cancer 
researcher. For the clinician studying the effectiveness of a par¬ 
ticular drug or surgical technique, fewer patients are available 
for randomized trials. Similarly, basic scientists analyzing the 
effect of a particular genetic mutation of a tumor have limited 
materials at their disposal. The solution to this problem has 
been the establishment of The Children’s Oncology Group 
(COG) and the Societe Internacionale Oncologique Pedi- 
atrique (SIOP) in Europe for the clinical and basic scientific 
study of pediatric malignancies. Despite the progress these 
groups have made, less than 30% of children with high-risk 
neuroblastomas survive more than 5 years. Of children with 
lymphomas and germ cell tumors, 10% to 30% relapse or 
become resistant to treatment. Approximately 10% of chil¬ 
dren with hepatocellular carcinomas survive more than 5 years 
after diagnosis, and almost no patients who have rhabdoid 
tumor, pediatric colon cancer, or renal cell carcinoma in child¬ 
hood survive more than 5 years. This has resulted in a 70% 
increase in the overall survival rate for pediatric cancer over 
the last 50 years. 1 Overall 5-year survival rates for all stages 
are approximately 85% for Wilms tumor, 70% for hepato¬ 
blastoma, and 60% (83% to 31% by stage, age, and site 2 ) for 
rhabdomyosarcoma. In comparison, the survival rate was less 
than 20%, and closer to zero, respectively, for these malignan¬ 
cies before the advent of multidisciplinary therapy. 

Future progress will depend on myriad biologic analyses 
done on each tumor system. As in the past, the pediatric surgi¬ 
cal oncologist, the first line of defense in tumor diagnosis and 
staging, will be instrumental to advances in the field. 3-5 It is 
crucial that biopsy specimens be adequate both in size and 
quality. Snap freezing of portions of a tumor biopsy should 
become routine. Because molecular biologic studies often 
require a biopsy larger than 1 cm, 3 this factor should be kept 
in mind when planning the operative approach. 


INCIDENCE OF SOLID 
TUMORS IN CHILDHOOD 


The percent distribution for all races and sexes of various pedi- 
Cji:' atric solid tumors are compared in Figure 109.1. 6 Neuroblas¬ 
toma is the most common extracranial solid tumor, followed 
in incidence by Wilms tumors. Rhabdomyosarcomas account 
for about three-quarters of the previous two but have a bipha- 
sic age distribution, with 40% of cases occurring in the 10- to 
19-year-old age range. Hepatoblastomas occur much less fre¬ 
quently, and hepatocellular carcinomas are, fortunately, 
extremely rare. Many germ cell tumors occur in adolescents or 
young adults. 



FIGURE 109.1. Percentage distribution of common pediatric solid 
tumors by age group. 


NEUROBLASTOMA 


Epidemiology and Associated Conditions 

Neuroblastoma is the most common extracranial solid tumor 
and the most common abdominal malignancy of childhood. 
High-risk neuroblastoma remains one of the central problems 
of pediatric oncology, with long-term survival less than 40%. 7,8 
Neuroblastoma represents 8% to 10% of cancers diagnosed in 
children and approximately 15% of cancer deaths in this pop¬ 
ulation. 9,10 The age-adjusted incidence for patients younger 
than 15 years is 10.5 per million. The overall male-to-female 
incidence is 1.2:1, and there is no racial disparity. 10 Neuroblas¬ 
toma is much more likely to occur in infancy, with a median 
age of diagnosis at 23 months. 10 Forty percent of tumors are 
identified in the first year of life, and 75% of tumors are seen by 
the fourth birthday. 11 The overall incidence of neuroblastoma 
has remained stable over a 21-year period. 

Despite overall stable rates, neuroblastoma incidence 
among infants has increased somewhat during recent years. 
This increase may be a result of mass screening in certain areas. 
However, screening does not identify tumors with poor prog¬ 
nosis in older children and does not reduce mortality. 12-14 

Case reports associating neuroblastoma with fetal expo¬ 
sures, such as fetal alcohol syndrome, hydantoin exposure, or 
phenobarbital exposure, have not been supported by larger 
studies. 15,16 The occurrence of neuroblastoma has also been 
associated with neurofibromatosis type I (NF1), Beckwith- 
Wiedemann syndrome, Hirschsprung disease, musculoskeletal 
and cardiovascular malformations, Turner syndrome, and neu- 
rodevelopmental abnormalities. 17-19 However, data for these 
associations remains conflicting. Mutations in PHOX2B gene, 
which is often associated with congenital central hypoventila¬ 
tion disorder, have been recognized in those with familial neu¬ 
roblastoma and in 2.3% of those with sporadic neuroblas¬ 
tomas. 20 Possible but unproven environmental risk factors 
include parental exposure to solvents or electromagnetic fields, 
maternal hormone use during pregnancy, and parental cigarette 
smoking. 21 

Recently, it was discovered that genetic mutations in the 
anaplastic lymphoma kinase (ALK) gene explain most heredi¬ 
tary neuroblastomas and also activating mutations can be 
somatically acquired. 22 This has set the scene for the develop¬ 
ment of therapeutic strategies based on ALK inhibition. 23 


Basic Science 


Neuroblastoma was the first tumor in which molecular bio¬ 
logic advances in the field of oncogenes were translated into a 
clinically useful tool. The MYCN oncogene (formerly N- 
myc), was empirically shown to be a useful predictor of sur- 
Q vival and risk. Patients with an increased number of copies of 
the MYCN gene have a much worse prognosis. 24 Most 
authorities consider a copy number of more than 10 to be sig¬ 
nificant. It has also been shown that when MYCN is amplified 
in the primary tumor, it is amplified in any metastatic deposits 
or recurrent tumors. One study demonstrated that MYCN 
amplification is an independent predictor of outcome in 
infants with neuroblastoma, although it remains a strongly 
adverse prognostic indicator in children diagnosed after 12 
months of age. This finding is supported by an Italian study 
that showed that MYCN amplification was an adverse prog¬ 
nostic factor except in patients with stage 4s disease. 25 More 
recent studies, however, have shown that the poor prognostic 
value is present in 4s disease as well. 26,27 The MYCN onco¬ 
gene has been identified in 25% to 35% of diagnosed neu¬ 
roblastomas; amplification is present in 30% to 40% of stage 
III and IV neuroblastomas and only 5% of those with local¬ 
ized or 4s disease. 10 
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FIGURE 109.2. Example of MYCN amplification analysis by South¬ 
ern blotting in neuroblastoma samples from four patients. The South¬ 
ern blot hybridization signal obtained with the MYCN probe is nor¬ 
malized to that obtained on the same blot with a control probe for a 
gene not subject to amplification, such as the immunoglobulin heavy 
chain gene (IGH). The signals are then normalized to a negative con¬ 
trol (placental DNA, not illustrated). A neuroblastoma cell line with 
MYCN amplification is used as a positive control. The IGH signals 
show that similar amounts of DNA are present in each lane, but the 
MYCN signals are grossly different from each other, indicating ampli¬ 
fication in cases 1 and 2 and in the control cell line. Samples 1 and 2 
show high-level MYCN amplification, exceeding 60 and 200 copies of 
MYCN per cell, respectively, which corresponds to greater than 30- 
fold and 100-fold amplification. Samples 3 and 4 contain two copies 
of MYCN per cell, as expected in diploid cells without amplification. 
(Courtesy of Marc Ladanyi, M.D., Department of Pathology, Memorial 
Sloan-Kettering Cancer Center.) 


Rapid assessment of the MYCN copy number can be per¬ 
formed using the process of in situ fluorescent hybridization. 
An example of a tumor analysis from a patient is presented in 
Figure 109.2. The mechanism of MYCN amplification in neu¬ 
roblastoma remains unknown. MYCN is a DNA-binding pro¬ 
tein and has been shown to increase the levels of endogenous 
MDM2 mRNA and protein with consequent p53 inhibition. 
Modulation of MDM2 levels by MYCN may partially explain 
its role in neuroblastoma resistance to therapy. 28,29 

The most common cytogenetic abnormalities in neuroblas¬ 
toma are lp deletion and a gain of genetic material on 17q. 30 The 
presence of a lp deletion correlates with a worse outcome in 
neuroblastoma and has been used as a prognostic factor. 31-33 It 
has been shown using cell fusion that replacement of this deleted 
segment is associated with a marked reduction in tumorigenic- 
ity. 34 More recently, interest has focused on the unbalanced gain 
of genetic material on the long arm of chromosome 17. In one 
multivariate analysis, a gain at 17q was a significant predictor of 
outcome and was associated with a worse prognosis. 35 Likely 
involved genes on 17q include NM23 and the BIRC5 (surviving 
gene). 10 This factor had a greater impact on outcome than either 
stage or lp status. In addition, llq loss is seen in approximately 
35% to 45% of neuroblastoma patients. 36-38 Deletions of llq 
have an inverse relationship with MYCN amplification and thus 
detect a high-risk population as well. 10 

Another active area of neuroblastoma research is the rela¬ 
tion of nerve growth factor receptors to differentiation and 
clinical risk. The low-affinity nerve growth factor receptor 
gene LNGFR and the TRK proto-oncogene, which is a com¬ 
ponent of the high-affinity nerve growth factor receptor, are 
expressed in human neuroblastoma tissue. Several authors 
have shown that LNGFR and TRK (TRK-A) expression are 
inversely correlated with MYCN amplification and associated 
with lower stage at diagnosis and improved prognosis. 39-41 
The absence of TRK-A expression was highly correlated with 
MYCN amplification in one study, in which 96% of MYCN- 
amplified tumors lacked TRK-A expression. 42 TRK-C expres¬ 


sion is also a favorable prognostic factor in neuroblastoma, 
whereas TRK-B expression is associated with poor survival. 43 
One recent study used microarray analysis to identify targets 
affected by TRK gene expression. In this report, TRK-A 
expression was associated with upregulation of proapoptotic 
factors and angiogenesis inhibitors. In contrast, TRK-B expres¬ 
sion correlated with the upregulation of genes involved with 
invasion and therapy resistance. 44 Its activation is seen with 
enhanced proliferation, migration, angiogenesis, and chemother¬ 
apy resistance of neuroblastoma cells. 45 

Disturbances of conventional apoptotic pathways are also 
involved in neuroblastoma, both in spontaneous regression 
and therapy resistance. The BCL2 family, survivin, and cas- 
pase-8 have all been identified to be involved. 46--48 In neuro¬ 
blastoma, Cp-G-island hypermethylation is seen to be the 
means for functional gene inactivation for caspase-8, TRAIL 
apoptosis receptors, and the caspase-8 inhibitor, among oth¬ 
ers. 47,49 Since gene hypermethylation, therefore, may lead to 
resistance patterns to therapies, demethylating agents, such as 
decitabine, are currently being investigated in preclinical stud¬ 
ies. 10 Other features associated with resistance patterns seen in 
neuroblastoma include expression of MYCN, TrkB/BDNF sig¬ 
naling or loss of p53 expression. 45,50,51 

Molecular mechanisms have also been studied regarding 
involvement in local invasiveness and metastases. Metallopro- 
teinases (mainly MMP9), activating matrix-degrading prote¬ 
olytic enzymes, and molecules regulating tumor cell adhesion 
and migration, such as CD44 and NM23-H1, have all been 
identified to be involved. 52-55 

DNA index of neuroblastoma is also linked to prognosis 
and responsiveness of therapy. Hyperdiploid DNA content is 
coupled with a better prognosis and early-stage disease. Alter¬ 
natively, diploid DNA content is found in approximately 66% 
of advanced-stage disease and frequently portends resistance 
to chemotherapy treatment. 56,57 


Pathology 

Neuroblastoma is one of several peripheral neuroblastic 
tumors (pNTs). Neuroblastoma cells are derived from the 
primitive neural crest, as are melanocytes; Schwann cells; neu¬ 
roendocrine or amine precursor uptake and decarboxylation 
(APUD) cells; and C cells of the thyroid gland, the autonomic 
nervous system, and the adrenal medulla. Neuroblastoma cells 
are thought to arise from primitive sympathoblasts function¬ 
ing as stem cells and sometimes called I cells. 58 Under certain 
circumstances, these pluripotential cells demonstrate an ability 
to differentiate along a separate neural crest lineage. For 
instance, pure ganglioneuroma is thought to arise from com¬ 
plete differentiation of primitive neuroblasts into ganglion 
cells. Both Schwann cell and melanocytic differentiation are 
well-reported in these tumors. Finally, because the sympathetic 
nervous system extends along the entire neuraxis, neuroblas¬ 
toma can arise from cervical, thoracic, abdominal (retroperi¬ 
toneal), and pelvic primary sites. 

Neuroblastoma is a small, round, blue cell tumor of child¬ 
hood characterized by sheets of cells staining with hema¬ 
toxylin. Other tumors that fall into this category include prim¬ 
itive neuroectodermal tumors (PNET) and Ewing sarcoma, 
non-Hodgkin lymphomas, and undifferentiated sarcomas. 
Light microscopy can identify Homer-Wright pseudorosettes, 
ganglion cells, neuropil and neuritic processes, and schwann- 
ian stroma (Fig. 109.3). Homer-Wright pseudorosettes, seen in 
up to 50% of cases, consist of rings of dark-staining neurob¬ 
lasts surrounding an eosinophilic core of neuropil. 59 Diagnosis 
can be aided by immunohistochemical staining that is positive 
for neurofilament proteins (S-100), synaptophysin, neuron- 
specific enolase, ganglioside GD2, chromogranin A, and tyro¬ 
sine hydroxylase (improved diagnosis with negative staining 
for markers found in other small round cell tumors). 60 PNETs 
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FIGURE 109.3. Typical neuroblastoma with monotonous cellular 
patterns. Note the mitotic figure ( center ) (X450). 


may express neuron-specific enolase but not the other neural 
markers. 61 

At presentation, most neuroblastomas are highly cellular 
and have a uniform appearance. After chemotherapy, the 
tumor often appears to have rests of neuroblasts contained in 
a schwannian stroma. This histologic appearance is called gan- 
glioneuroblastoma, and although it appears more differenti¬ 
ated, there is no impact on clinical risk, which is determined by 
the findings at initial diagnosis. It is also possible for tumors to 
contain significant amounts of stroma at diagnosis, which is 
associated with improved outcome. This observation is the 
basis of the Shimada grading system, which is summarized in 
Table 109.1. 62 To help predict risk, all neuroblastomas should 
undergo Shimada classification at diagnosis. 

A new, rare yet aggressive, phenotype of neuroblastoma 
has been described called large cell neuroblastoma. It is a 
poorly differentiated schwannian stroma-poor tumor with 
large cells that have sharply outlined nuclear membranes and 
one to four prominent nucleoli. It is classified with the undif¬ 
ferentiated and poorly differentiated subtypes. 63 


TABLE 109.1 CLASSIFICATION 


SHIMADA HISTOPATHOLOGIC CLASSIFICATION 
OF NEUROBLASTOMA 

FAVORABLE 

Stroma rich, all ages, no nodular pattern 
Stroma poor, age 1.5-5 y, MKI <100 
C, 1.5 y, MKI, 200 
UNFAVORABLE 

Stroma rich, all ages, nodular pattern 

Stroma poor, age >5 y 

Stroma poor, age 1.5-5 y, undifferentiated 

Stroma poor, age 1.5-5 y, differentiated, MKI >100 

Stroma poor, age > ly, MKI >200 

MKI, mitosis-karyorrhexis index (number of mitoses and 
karyorrhexis per 5,000 cells). 

Reprinted from Shimada H, Ambros IM, Dehner LP, et al. The 
International Neuroblastoma Pathology Classification (the Shimada 
system). Cancer 1999;86(2):364-372. Permission granted for previous 
edition. 


Neuroblastoma metastasizes to regional lymph nodes and 
distant sites, most frequently bone marrow and cortical bone. 
The liver and, rarely, lungs can also be sites of metastatic 
spread. Cortical bone involvement as manifested by a positive 
bone scan is a particularly poor prognostic indicator. 64 


Presentation, Workup, and Staging 

Clinical presentation depends on site of origin, age at diagno¬ 
sis, and the biologic aggressiveness of the tumor. The primary 
site of tumor is not located in 1% of patients. 10 Patients with 
metastatic or large, bulky tumors, especially if older than 1 
year, may appear generally ill or anemic. The proportion of 
patients with cervical or pelvic tumors is higher in patients 
younger than 1 year than in older children. Cervical tumors 
present as a lateral neck mass, yet rarely cause any airway 
compromise. Because they arise from cervical sympathetic 
ganglia, cervical tumors may be associated with Fiorner syn¬ 
drome, which is often permanent after resection and should be 
discussed before surgery with the parents. Regional nodal 
involvement is common, but distant metastases are rare and 
most tumors are of low risk. Primary thoracic tumors can pre¬ 
sent with respiratory distress; however, they are often detected 
on incidental chest radiographs. 

Pelvic tumors usually are diagnosed after palpation of a 
mass. Bladder symptoms, bowel symptoms, and hydronephro¬ 
sis can occur when pelvic tumors reach great size and com¬ 
press these organs. Epidural extension to the sacrum can also 
be noted, and neurologic evaluation documenting somatic 
motor and sphincter function is mandatory. 

The most common presentation among all age groups is an 
abdominal tumor that is often hard and fixed. The tumor arises 
from the midline sympathetic nerves or the adrenal gland. 
Often, regional nodal echelons are involved along the aorta. 
These involved nodes can be bulky and may extend distally to 
the aortic bifurcation and proximally into the mediastinum, 
overshadowing the primary tumor. Invasion of epidural or 
intradural spaces can occur, and therefore, focal neurologic 
deficits may be present. 

Several syndromes are particularly associated with neuro¬ 
blastoma: periorbital ecchymoses (raccoon eyes), opsoclonus- 
myoclonus syndrome, and the secretory diarrhea syndrome. 
Periorbital ecchymoses are caused by orbital metastases with 
subsequent obstruction and rupture of veins in the periorbital 
skin (Fig. 109.4). Vision is not usually threatened, and the 
ecchymoses often take months to resolve even after the orbital 
tumors have regressed. Opsoclonus-myoclonus, seen in 2% to 
4% of patients with neuroblastoma, is a paraneoplastic syn¬ 
drome thought to be caused by the development of antibodies 
against the tumor that cross-react with Purkinje cells in the 
cerebellum. It consists of rapid eye movements, ataxia, and 
irregular muscle movements. 65 Unfortunately, the symptoms 
may not resolve after tumor resection and can therefore result 
in devastating neurologic injury. Secretory diarrhea syndrome 
is caused by release of vasoactive intestinal peptide by the 
tumor. The watery diarrhea may require intravenous support 
but usually resolves with treatment and resection of the 
tumor. 56 This condition is an indication of tumor differentia¬ 
tion and is associated with low-risk lesions. 

The workup is directed toward delineation of tumor extent 
in the primary site and identification of metastatic deposits. The 
primary site is usually evaluated by computed tomography (CT) 
or magnetic resonance imaging (MRI). CT is effective for char¬ 
acterizing the primary tumor site and its lymphatic extension. 
The lower chest should be included in scans of cervical pri¬ 
maries; the upper abdomen and lower neck in thoracic tumors; 
and the entire abdomen, pelvis, and lower chest for abdominal 
primaries. CT of the skull can detect widespread disease. 
Recently, MRI has been shown to be superior to CT for staging 
of neuroblastoma, as it demonstrates bone marrow and cortical 
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FIGURE 109.4. Periorbital neuroblastoma. (From Fleisher GR, Lud¬ 
wig W, Baskin MN. Atlas of Pediatric Emergency Medicine. Philadel¬ 
phia: Lippincott Williams & Wilkins; 2004, with permission.) 


bone involvement, better characterization of intrahepatic 
lesions, and intraspinal extension. 66 When CT scans are used, 
they should be performed with both gastrointestinal and intra¬ 
venous contrast. This is true even for cervical and thoracic pri¬ 
maries so that the position and course of the pharynx and 
esophagus are precisely determined. If CT or MRI scans include 
the liver, appropriate windows can be used to identify hepatic 
metastases. Ultrasound can also be used in this regard, and plain 
chest films are used to identify pulmonary metastases. If pul¬ 
monary metastases are present, Doppler ultrasonography can 
be used to identify intracaval tumor extension. It is also useful 
to perform a 67 1 (or 68 1) metaiodobenzylguanidine scan to assess 
metastatic sites and as a baseline for evaluation of therapeutic 
response in the primary site. 68 I scans are more sensitive and 
preferable for imaging. About 10% of neuroblastomas do not 


take up metaiodobenzylguanidine (MIBG) and a useful surro¬ 
gate is a positron emission tomography (PET) scan. 69 One study 
on MIBG use for diagnosis of neuroblastoma showed that using 
scintigraphy with CT significantly increased the detection of 
stage 4 disease. 70 Likewise, MIBG has been shown to locate 
bone marrow or cortical bone disease not otherwise found. 71 
However, because of the high incidence of cortical bone involve¬ 
ment, especially in children older than 1 year, bone scans are 
performed routinely. The bone marrow is assessed by bone mar¬ 
row aspiration at four iliac crest sites and bone biopsy at two 
sites. Finally, a 24-hour urine collection for measurement of 
metanephrine, dopamine, and vanillylmandelic acid may help 
diagnostically and as a tumor marker to assess therapeutic 
response. Diagnosis of neuroblastoma requires histologic con¬ 
firmation either by direct tumor biopsy or by demonstration of 
malignant cells in bone marrow samples. Because of the wide 
range of molecular biologic studies that have prognostic impor¬ 
tance, many groups attempt to obtain enough tissue at diagno¬ 
sis to allow full molecular biologic and cytogenetic analysis in 
addition to histologic diagnosis. When possible, several grams 
of tumor tissue should be obtained, and a portion should be 
snap frozen. Biopsy can usually be achieved through a minilap¬ 
arotomy or laparoscopic approach. Some groups have ques¬ 
tioned the ethics of open biopsy when diagnosis can be obtained 
by examination of the bone marrow and assessment of urinary 
catecholamines. Some groups have tried to avoid initial minilap¬ 
arotomy and base the diagnosis on elevation of urinary cate¬ 
cholamines and bone marrow aspirates. In this situation, bio¬ 
logic studies are dependent on the number of tumor cells in the 
aspirate with MYCN copy number assessed by fluorescent in 
situ hybridization. 

The most widely used staging system for neuroblastoma is 
based on the international system, which is listed in Table 
109.2. 72-74 This system evolved from previous systems devel¬ 
oped by Evans et al. and the Pediatric Oncology Group 
(POG). 75 Tumor size and location relative to the midline 
remain important determinants of stage, as does the presence 
and degree of metastatic disease. The present system is also 
highly dependent on surgical resection of the primary tumor in 
patients with nonmetastatic disease. Recently, the International 
Neuroblastoma Risk Group developed a staging system based 
on tumor imaging and bone marrow morphology, rather than 
surgical resection, for pretreatment risk assessment, which 
is listed in Table 109.3. 76 This was developed to be used con¬ 
currently with the international system. The midline is not 


ITABLE 

109.2 


STAGING | 

INTERNATIONAL STAGING CRITERIA FOR NEUROBLASTOMA 



■ THREE-YEAR SURVIVAL RATE (%) 

■ STAGE ■ CRITERIA 

■ OVERALL 

■ RELAPSE-FREE 

1 

Localized tumor confined to site of origin; complete gross resection 
with or without microscopic margin; all identifiable regional nodes 
negative, including contralateral 

97 

88 

2A 

Unilateral tumor with incomplete gross excision; nodes negative 

87 

72 

2B 

Unilateral tumor with incomplete or complete gross excision with 
positive ipsilateral but negative contralateral nodes 

86 

63 

3 

Infiltration across the midline with or without regional nodal 
involvement; unilateral tumor with positive contralateral nodes; 
midline tumor with bilateral nodes 

62 

58 

4 

Distant metastases to lymph nodes (4 N), bone, bone marrow, liver, 
or other organs 

<40 

<40 

4S 

Localized primary tumor as described for stage 1 or 2 with distant 
metastases limited to liver, skin, and bone marrow (<10% involvement) 

-75 

-75 
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TABLE 109.3 


STAGING 


INTERNATIONAL NEUROBLASTOMA RISK GROUP STAGING SYSTEM 


■ STAGE 

■ DESCRIPTION 

LI 

Localized tumor not involving vital structures as defined by the list of 
image-defined risk factors and confined to one body compartment 

L2 

Locoregional tumor with presence of one or more image-defined risk factors 

M 

Distant metastatic disease (except stage MS) 

MS 

Metastatic disease in children younger than 18 months with metastases 
confined to skin, liver, and/or bone marrow 

Note: Patients with multifocal primary tumors should be staged according to the greatest extent of disease 
as defined in the table. 

Reprinted from Monclair T, Brodeur GM, Ambros PF, et al; The International Neuroblastoma Risk Group 
(INRG) staging system: an INRG Task Force report. J Clin Oncol 2009;27(2):298-303, with permission. 

© American Society of Clinical Oncology. 


incorporated into this assessment. 76 Prospective analyses to 
validate this new system are ongoing. 


Risk Groups 

Neuroblastoma patients are categorized into high-, intermedi¬ 
ate-, and low-risk groups at diagnosis. This assessment is based 
on age, stage, Shimada classification, and the results of special¬ 
ized studies, including flow cytometry, analysis for MYCN 
amplification, cytogenetics, and TRK gene expression. Ancil¬ 
lary criteria include serum ferritin, lactate dehydrogenase, and 
neuron-specific enolase determinations at diagnosis and before 
blood transfusion. Table 109.4 lists criteria for the risk 


groups. 10 Risk assignment is important because it strongly 
determines therapy. Although 1 year was previously the cutoff 
age to differentiate between low and high risk, recent studies 
have demonstrated that diagnosis before 18 months improves 
prognosis. Investigations with less aggressive treatments are 
ongoing regarding the treatment of children ages 12 to 18 
months with locoregional or metastatic disease. 10 


Treatment 


Neuroblastoma treatment depends on degree of risk, as noted 
earlier. In general, low-risk tumors do not require chemother¬ 
apy or radiation. Resection of the primary lesion to obtain the 


TABLE 109.4 


CHILDREN'S ONCOLOGY GROUP NEUROBLASTOMA RISK STRATIFICATION 


■ RISK GROUP 

■ STAGE 

■ AGE 

■ MYCN AMPLIFICATION STATUS 

■ PLOIDY 

■ SHIMADA 

Low 

1 

Any 

Any 

Any 

Any 

Low 

2a/2b 

Any 

Not amplified 

Any 

Any 

High 

2a/2b 

Any 

Amplified 

Any 

Any 

Intermediate 

3 

<547 d 

Not amplified 

Any 

Any 

Intermediate 

3 

>547 d 

Not amplified 

Any 

FH 

High 

3 

Any 

Amplified 

Any 

Any 

High 

3 

>547 d 

Not amplified 

Any 

UH 

High 

4 

<365 d 

Amplified 

Any 

Any 

Intermediate 

4 

<365 d 

Not amplified 

Any 

Any 

High 

4 

365-<547d 

Amplified 

Any 

Any 

High 

4 

365-<547d 

Any 

DI = 1 

Any 

High 

4 

365-<547d 

Any 

Any 

UH 

Intermediate 

4 

365-<547d 

Not amplified 

DI >1 

FH 

High 

4 

>547 d 

Any 

Any 

Any 

Low 

4s 

<365 d 

Not amplified 

DI >1 

FH 

Intermediate 

4s 

<365 d 

Not amplified 

DI = 1 

Any 

Intermediate 

4s 

<365 d 

Not amplified 

Any 

UH 

High 

4s 

<365 d 

Amplified 

Any 

Any 

DI, DNA index; FH, favorable histology; UH, unfavorable histology. 

Courtesy of Children’s Oncology Group. 
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diagnosis and biologic markers is followed by observation. Ser¬ 
ial imaging studies of the primary and possible metastatic sites 
in low-risk patients are performed. Urinary catecholamines 
should fall to normal levels and remain there. Chemotherapy is 
an option for those with low-risk neuroblastoma as a salvage 
therapy only for those who relapse after surgery. 77,78 Since those 
with Stage 4s without MYCN amplification often have sponta¬ 
neous regression of disease, chemotherapy or low-dose radio¬ 
therapy is used only in those patients who are symptomatic 
from tumor burden, including substantial hepatomegaly lead¬ 
ing to bowel obstructions or respiratory distress. 79,80 

Intermediate-risk neuroblastoma is treated with both surgi¬ 
cal resection and moderate-dose, multiagent chemotherapy, 
which includes cisplatin/carboplatin, doxorubicin, etoposide, 
and cyclophosphamide. 10 For those whose tumor has favor¬ 
able histology, survival is often greater than 95%. 81 Studies are 
ongoing in the hopes of minimizing treatment regimens for 
this group of patients. 

High-risk neuroblastoma remains one of the central prob¬ 
lems in pediatric oncology, with overall survival rates less than 
30% despite multidisciplinary therapy and the use of multiagent 
chemotherapy and myeloablative regimens. Standard therapy 
for patients with high-risk neuroblastoma involves induction 
chemotherapy, local control with aggressive surgical resection 
and external-beam radiotherapy, consolidation therapy, and 
treatment of minimal disease with biologic agents. Local control 
is completed despite a response to induction therapy. 10 

Initial surgery should be confined to acquisition of diag¬ 
nostic tissue, staging, and placement of a vascular access 
device. Surgical complications are higher after initial attempts 
at complete resection without impact on survival. 82 After a 
course of chemotherapy, usually four or five cycles, second- 
look surgery is performed (Fig. 109.5). Although perspectives 
on resection in high-risk patients vary, most authorities agree 
that complete gross resection, which is associated with excel¬ 
lent local control, should be the goal of second-look proce¬ 
dures. 83 The approach is dictated by the particular properties 
of the primary tumor. For upper abdominal lesions, especially 
those involving major midline branches of the abdominal 
aorta or the vena cava, thoracoabdominal exposure is helpful 
and well tolerated. The goal of resection is a complete vascu¬ 
lar dissection and should encompass not only the primary but 
also all involved regional nodal echelons. 

Chemotherapy for neuroblastoma has evolved toward 
higher dose intensities of multiple agents. In one meta-analysis, 
increased dose intensity correlated with improved overall and 
disease-free survival rates. In another report, primary tumor 
resectability correlated with increased chemotherapy intensity. 
There is no widely accepted regimen, and the major coopera¬ 
tive groups as well as larger single institutions have differing 
protocols. Standard induction regimens include a combination 
of anthracyclines, alkylators, platinum compounds, and topo- 
isomerase II inhibitors. The COG is considering topotecan as 
an agent during induction. During induction therapy, stem 
cells are harvested and allocated for later use in the consolida¬ 
tion phase of treatment. 9 

Local control is achieved after induction therapy with a 
combination of surgery and external-beam radiotherapy. Neu¬ 
roblastoma is one of the most radiosensitive solid tumors in 
pediatric oncology. 84 Doses of 2,160 cGy are given daily in 
180 cGy fractions to the primary site of tumor. Risk of local 
recurrence is higher if residual tumor remains after induction 
therapy. Current studies are investigating higher doses of 
external-beam radiation for improved local control. 

After induction and local control with second-look resec¬ 
tion, patients will receive consolidation therapy with a high- 
dose chemotherapy and hematopoietic stem cell transplant. 
Chemotherapeutic agents used for consolidation include carbo- 
platin, etoposide, and melphalan. 85 Studies looking at high-dose 
chemotherapy with stem cell rescue compared to maintenance 
chemotherapy alone have shown improved event-free sur¬ 
vival. 7,86 Survival has been improved further with the use of 



FIGURE 109.5. A: Initial computed tomography (CT) scan of a child 
with stage 4 neuroblastoma. B: CT scan of the same child after inci¬ 
sional biopsy and cytoreductive chemotherapy. Residual tumor is 
present despite dramatic reduction in overall tumor size. 


purged, peripheral blood hematopoietic stem cells. 87 Early 
studies have shown increased event-free survival with rapid 
sequential tandem transplant consolidation therapy, which has 
spurred the ongoing phase III COG trial testing single versus 
tandem transplant as consolidation therapy. 87 The CCG-3891 
study indicated that treatment with 13-as-retinoic acid after 
bone marrow transplantation was associated with an improved 
survival rate. 7 Recently, investigators from the COG have 
observed, in phase III trials, improvements in overall survival 
and event-free survival with as-retinoic acid plus a three-part 
immunotherapy: chimeric anti GD-2 antibody chl4.18, inter- 
leukin-2 (IL-2), and granulocyte-macrophage colony-stimulat¬ 
ing factor (GM-CSF) for patients with high-risk neuroblastoma, 
after induction with dose intensive chemotherapy. 88 Chimeric 
anti GD-2 antibodies recognize the surface ganglioside GD2 
that is usually highly expressed on the surface of human neu¬ 
roblastoma cells. Further trials for this regimen are in progress. 


Future Directions 


Even with aggressive treatment, less than 30% of those diag¬ 
nosed will survive. 89,90 Therefore, new methods for treatment 
continue to be studied. As neuroblastoma is typically a 
radiosensitive tumor, 67 IMIBG infusion signifies a way to 
specifically deliver radiotherapy to malignant cells. The COG is 
planning a pilot trial to evaluate the efficacy of MIBG with 
high-dose chemotherapy regimens. Bisphosphonates are under 
investigation as a possible agent to delay bone metastases. 
Nifurtimox, an antiparasitic agent, has shown some cytotoxic 
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effects against neuroblastoma cell lines, and a phase I study is 
currently in progress. Rapamycin (an immunosuppressive drug 
also known as sirolimus) affects a pathway that is important 
for the cell growth and continued existence of neuroblastoma 
tumors through interactions with mTOR (mammalian target of 
rapamycin). Phase II trials including mTOR inhibitors are 
ongoing. Preliminary studies demonstrated a benefit to those 
with recurrent neuroblastoma. 91 Further studies are investigat¬ 
ing the AKT pathway, as activation of AKT correlates with 
worse event-free and overall survival; however, no specific 
inhibitors are clinically available at this time. 92-94 Tumor vac¬ 
cines and techniques of adoptive immunotherapy are being 
evaluated in clinical trials but so far are not curative. Biologic 
agents, such as histone deacetylase inhibitors, Trk tyrosine 
kinase inhibitors, MYCN inhibitors, and anaplastic lymphoma 
kinase (ALK) inhibitors, and various antiangiogenic agents 
have been proposed for use in minimal disease states and are 
undergoing clinical trials. In intermediate-risk neuroblastoma, 
there is a strong trend to eliminate or minimize chemotherapy. 


WILMS TUMOR 


Epidemiology and Associated Conditions 

Malignancies of the kidney represent 6.3% of all cancer diag¬ 
noses among children younger than 15 years, with an incidence 


of 7.9 per million. 95 In the United States each year, approxi¬ 
mately 550 children younger than 20 years are diagnosed with 
a renal cancer, 500 of which are Wilms tumors. The overall 
incidence of Wilms tumor or nephroblastoma is 8 per 1 million 
children younger than 15 years. 96 The incidence is highest 
among African Americans and lowest among patients of East 
Asian descent. The sex ratio is approximately 1:1, and the peak 
incidence occurs between 2 and 3 years. 97 Most Wilms tumors 
occur in patients younger than 5 years. Median ages reported 
from the National Wilms Tumor Study (NWTS) were 36 
months for boys and 43 months for girls with unilateral dis¬ 
ease, whereas boys and girls with bilateral disease presented at 
median ages of 23 and 30 months, respectively. 98 Rhabdoid 
tumors of the kidney, clear cell sarcomas, and renal cell carci¬ 
nomas make up 1.0%, 1.6%, and 2.6%, respectively, of renal 
cancers occurring in children younger than 15 years. 95 Wilms 
tumors can arise from areas other than the kidney, but this is 
extremely rare. The most common extrarenal site is the 
retroperitoneum, followed by the pelvis and inguinal canal. 
Stage for stage, extrarenal Wilms tumors have a prognosis sim¬ 
ilar to that of renal primary tumors and therapy should be 
guided by principles developed by NWTS. 99-101 

Table 109.5 lists conditions associated with development of 
Wilms tumor along with the associated increase in relative 
risk. In general, the presence of any of these conditions or 
syndromes should initiate a workup to rule out the presence 
of Wilms tumor. Known risk factors include race, aniridia, 


TABLE 109.5 


SYNDROMES ASSOCIATED WITH INCREASED SUSCEPTIBILITY TO WILMS TUMOR 0 

■ SYNDROME 

■ LOCUS/GENE 

■ PHENOTYPE 

WAGR (Wilms tumor, aniridia, 
genitourinary abnormalities, 
and mental retardation) 

llpl3/WTf: large deletions 
(also involving PAX6) 

Absence of the iris (aniridia), genitourinary defects, and 
mental retardation; 30% of patients develop Wilms tumors 

Denys-Drash 

lip 13 /WTI: point mutations 
(in the zinc-finger domain) 

Genitourinary defects, renal mesangial sclerosis and 
intersex disorder; 90% of patients develop Wilms tumors 

Frasier 

lip 13 /WTI: point mutations 
(in the KTS donor splice site) 

Genitourinary defects, focal glomerular sclerosis, and 
intersex disorder; patients rarely develop Wilms tumor 

Beckwith-Wiedemann 

Ilpl5/Several genes implicated 
(IGF2, H19, p57, and LIT1) 

Abnormally enlarged organs (organomegaly) including the 
tongue (macroglossia), overgrowth of one side of the body 
(hemihypertrophy), hypoglycemia, umbilical hernia, and 
increased risk of several tumors (including Wilms tumor, 
hepatoblastoma, and adrenal carcinoma); 5% of patients 
develop Wilms tumors 

Simpson-Golabi-Behmel 

Xq2 6/GPC3: point mutations, 
microdeletions 

Organomegaly, renal dysplasia, excess digits (polydactyly), 
diaphragmatic and heart defects; 7.5% of patients develop 
Wilms tumors 

Sotos 

5q35/NSDl: point mutations, 
microdeletions 

Overgrowth, craniofacial dysmorphism, mental retardation, 
and increased risk of several tumors (including Wilms 
tumor, neuroblastoma, and acute lymphocytic leukemia); 

5% of patients develop Wilms tumor 

Perlman 

Unknown 

An abnormally large body (macrosomia), enlarged viscera 
(visceromegaly), undescended testes (cryptorchidism), 
excess amniotic fluid (polyhydramnios), characteristic facial 
features; 30% of patients develop Wilms tumors 

Familial Wilms tumor 1 (FTW1) 

17ql2-21 

20% of patients develop Wilms tumors 

Familial Wilms tumor 2 (FWT2) 

19ql3.4 

70% of patients develop Wilms tumors 

^Several syndromes are associated with an increased incidence of Wilms tumor. There is a wide variation in the risk of Wilms tumor among these 
conditions. Other syndromes that have also been reported to have an increased incidence of Wilms tumor include neurofibromatosis type 1 and the 
Li-Fraumeni, hyperparathyroid-jaw tumor, and Bloom syndromes. 

GPC3 , glypican 3; IGF2 , insulin-like growth factor 2; KTS, lysine, threonine, serine; NSD1 , nuclear-receptor-binding SET-domain protein 1; PAX6 , 
paired box gene 6; WT1 , Wilms tumor protein 1. 

Reprinted from Rivera MN, Haber DA. Wilms’ tumour: connecting tumorigenesis and organ development in the kidney. Nat Rev Cancer 
2005;5(9):699-712. Permission requested from publisher 11/24/2009. 
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genitourinary anomalies, WAGR syndrome (Wilms tumor, 
aniridia, genitourinary anomalies, mental retardation), Beck- 
with-Wiedemann syndrome, Perlman syndrome, Denys-Drash 
syndrome, and Simpson-Golabi-Behmel syndrome. 95 


Basic Science 


For Wilms tumor, cytogenetic abnormalities have been identified 
on chromosomes llpl3, lp, and 16q. 102-104 WT1 , a gene respon¬ 
sible for genitourinary development, is expressed in the kidney, 
gonads, spleen, and mesothelium. It was cloned from llpl3 to 
encode four zinc finger transcriptional factors that have regula¬ 
tory functions on cell growth, differentiation, and apoptosis. 105 
Reduced WT1 has been linked to stromal predominant Wilms 
tumor, 106 and lack of WT1 expression has been seen in WAGR 
and Denys-Drash syndromes. 107,108 Only a small percentage of 
those with sporadic Wilms tumors are found to have mutations 
of WT1. 56 WT2 gene, located on llpl5, has been shown to be 
related to insulin-like growth factor 2, and has been associated 
with Beckwith-Wiedemann syndrome. 105,109 In one study, WTX, 
which is located on the X chromosome, was present in 29% of 
patients with Wilms tumor. 110 WTX has been shown to be a 
tumor suppressor gene that controls WNT/beta-catenin signal 
transduction. 111 Mutations in H19, beta-catenin, and p57 Kip2 
have been observed in Wilms tumor patients as well. Another 
study found the p53 tumor suppressor gene in 75% of patients 
with anaplastic histology. 112 FWT1 (17q) and FWT2 (19q) have 
been associated with several familial Wilms tumors. 113 The 
NWTS-5 trial reported that loss of heterozygosity at chromo¬ 
somes lp and 16q is associated with unfavorable outcomes. 114 In 
addition, abnormal E2F3 expression is often seen in Wilms 
tumors but not other renal tumors. Furthermore, miRNAs (such 
as miR-17-92 and oncomiR-1) have been shown to be upregu- 
lated in Wilms tumors. Since oncomiR-1 is a transcriptional tar¬ 
get of E2F3, it has been suggested that this pathway may be 
involved in tumorigenesis. 115,116 


Pathology 

It is hypothesized that Wilms tumor arises from primitive 
metanephric blastema. Individual tumors often contain primitive 
metanephric cells but also cartilage, skeletal muscle, and squa¬ 
mous epithelium. Most tumors arise unifocally within the kid¬ 
ney, but approximately 7% of unilateral Wilms tumors are 
multicentric. 97 The proportion of synchronous bilateral 
tumors among all patients with nephroblastoma ranges from 
4.4% to 7%, whereas that of metachronous tumors is 1.0% to 
1.9%. 117 Wilms tumors have equally distributed laterality and 
may occur with no apparent connection to the kidneys. Usu¬ 
ally, extrarenal Wilms tumor occurs in the retroperitoneal 
area, but other reported sites include the pelvis, scrotum, and 
inguinal region. 

Grossly, the tumors are globular or spherical and uniformly 
pale gray or tan on sectioning. Calcification is not usually 
apparent, unlike the stippled calcifications seen in neuroblas¬ 
toma; Wilms tumors may have “eggshell” calcification in 
tumors that have undergone significant spontaneous hemor¬ 
rhage. Cysts may be present, and in infants, polypoid exten¬ 
sion into the pelvicalyceal system may cause confusion with 
botryoid rhabdomyosarcoma. Also, a pseudocapsule of com¬ 
pressed renal parenchyma is often found. Most tumors, unless 
composed of a large proportion of stromal elements, are fri¬ 
able and easily ruptured. This is of great significance to the 
operating surgeon, who must recognize preoperative rupture 
and avoid intraoperative spillage. The consequence of either of 
these events is upstaging of the lesion and the need for whole- 
abdomen radiation therapy with its attendant morbidity. 

Microscopically, these tumors demonstrate a triphasic pat¬ 
tern of blastemic, stromal, and epithelial cells. Biphasic tumors 



FIGURE 109.6. Wilms tumor (nephroblastoma). This photomicrograph 
of the tumor shows highly cellular areas composed of undifferentiated 
blastema, loose stroma containing undifferentiated mesenchymal cells, 
and immature tubules. (From Rubin E, Farber JL. Pathology. 3rd ed. 
Philadelphia: Lippincott Williams & Wilkins; 1999, with permission.) 


with blastemic and stromal cells are common, and some speci¬ 
mens consist of only a single type (Fig. 109.6). The diffuse 
blastemal type, although often seen in patients who present 
with advanced-stage tumors, responds well to chemotherapy. 56 
Tumors with mainly epithelial differentiation are typically less 
aggressive. 118 

A major parameter predictive of tumor aggressiveness and 
patient survival is the histologic finding of anaplasia, defined 
by the presence of hyperdiploid mitotic figures, threefold or 
greater nuclear enlargement, and hyperchromasia of enlarged 
nuclei. The effect of anaplasia on prognosis is so marked that 
tumors with these findings are designated “unfavorable histol¬ 
ogy” by the NWTS. Anaplastic tumors, which compose 
approximately 5 % of all Wilms tumors, are rare in the first 2 
years of life, but their incidence increases to 13% of patients 
with a Wilms diagnosis at 5 years or older. These tumors are 
often resistant to chemotherapy. 56 

Nephrogenic rests are persistent metanephric tissue in the 
kidney after 36 weeks’ gestation. They have been deemed pre¬ 
cursors of Wilms tumor, as they are seen in 30% to 40% of 
resected kidneys with Wilms. The NWTS-4 study documented 
that nephrogenic rests were present in approximately half of 
the unilateral and most of the bilateral tumors. 119 Rests can 
involute, remain quiescent, go through hyperplastic changes, or 
advance to focal neoplastic lesions. 56,119 Controversy remains 
over how to treat incidentally found nephrogenic rests. 


Presentation, Workup, and Staging 

Most Wilms tumors are first diagnosed after appreciation of 
an asymptomatic abdominal mass, which can be very large. 
The mass is usually discovered during routine pediatric exam¬ 
ination or while the children are handled by a relative. Parents 
may need reassurance, as they are usually surprised and feel 
guilty that such a mass could have gone unnoticed. In a subset 
of patients, rapid abdominal enlargement develops, associated 
with pain, fever, and gross hematuria. This is attributed to 
intratumoral hemorrhage and may be associated with sponta¬ 
neous rupture. Rarely, patients can present with symptoms of 
a paraneoplastic syndrome that include hypertension, hyper¬ 
calcemia, erythrocytosis, and von Willebrand disease. 120,121 

The NWTS recommends the following workup for patients 
with suspected nephroblastoma. An excretory urogram is 
obtained to identify the tumor site; pelvicaliceal distortion is 
demonstrated, thus localizing the process to the kidney; and the 
function of the contralateral kidney is assessed. It is acceptable 
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FIGURE 109.7. Initial computed tomography scan of a child with a 
left-sided Wilms tumor. The distortion of the calyceal system is char¬ 
acteristic of intrinsic renal tumor. A kidney ( asterisk ) is identifiable. 


to substitute CT scanning of the abdomen with intravenous and 
oral contrast for excretory urography (Fig. 109.7). Indeed, 
almost every center performs this study routinely. Abdominal, 
real-time Doppler ultrasonography is performed to identify 
intracaval tumor extension, liver metastases, or enlarged 
retroperitoneal lymph nodes. Finally, good posteroanterior and 
oblique plain films of the chest are obtained to identify pul¬ 
monary metastases. All data in the NWTS studies concerning 
stage IV patients are based on a diagnosis made using plain 
chest radiographs. Several studies support the validity of this 
approach. In particular, patients with pulmonary metastases 
diagnosed by CT but not by plain chest films did as well as 
patients with nonmetastatic disease when staged and treated on 
the basis of their abdominal tumor alone. Some recommend 
that patients with pulmonary nodules identified by CT scan, but 
not plain chest radiographs, undergo biopsy to verify the diag¬ 
nosis. 122 Because this recommendation has obvious cost-of-care 
and quality-of-life implications, some effort to resolve this con¬ 
troversy is needed, given the prevalence of CT scanning. 


In the United States, this initial workup is followed by sur¬ 
gical resection of the tumor if possible (Fig. 109.8), which 
allows surgical and histologic parameters to be included in 
staging. The surgeon must pay strict attention to the local 
tumor extent or tumor rupture and status of the regional 
periaortic, interaortocaval, paracaval, and perirenal lymph 
nodes. Previously, direct visualization and manual palpation 
of the contralateral kidney was considered mandatory in all 
cases, even when CT scans did not indicate involvement. Sur¬ 
geons should be aware that the Renal Tumor Committee of the 
COG no longer recommends this approach. Finally, the liver 
should be carefully palpated and the peritoneal and diaphrag¬ 
matic surfaces inspected for metastases. Recently, initial treat¬ 
ment with chemotherapy has been recommended in cases of 
bilateral Wilms tumor in patients who have significant vascu¬ 
lar invasion (discussed later in this chapter). 

Once the imaging and surgical and pathologic data are 
acquired, a tumor stage is assigned based on the current NWTS 
staging schema (see Table 109.6). 


Treatment 


With modern treatment protocols, overall survival rates 
approximate 90%. 118 The focus remains on optimizing tumor 
response for a cure, while reducing side effects from treatment. 
The standard of care in the United States is initial surgical 
resection. Exceptions to this rule include extensive intracaval 
tumors that require cardiopulmonary bypass for extraction, 
obviously unresectable tumors with documented invasion of 
contiguous structures, and possibly bilateral tumors, especially 
if it is unclear which side is most heavily involved. The Euro¬ 
pean (SIOP) approach is neoadjuvant chemotherapy, and the 
overall survival is comparable to that found in the United 
States. For most patients, exploration and resection should be 
performed through a wide transverse incision that allows com¬ 
fortable inspection and palpation of the contralateral kidney. 
As noted earlier, complete sampling of regional nodal echelons 
is mandatory, as is careful assessment of the tumor margins and 
possible areas of metastases. Lack of lymph nodes in the surgi¬ 
cal specimen confers treatment as stage III disease. 118 Although 
most authors recommend early ligation of the renal vein, most 
surgeons admit to not perform this maneuver because it is often 
difficult or unsafe owing to the size of the tumor. The available 
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FIGURE 109.8. Operative approach to resection of a 
right renal Wilms tumor. 
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109.6 


STAGING | 

STAGING CRITERIA FOR WILMS TUMOR 


■ WILMS TUMOR STAGING SYSTEM" 

■ FOUR-YEAR SURVIVAL RATE (%) 

Stage 1 

Tumor limited to kidney and completely excised; surface intact with 
no evidence of rupture 


97 

Stage 2 

Tumor extends beyond kidney but completely excised; infiltration 
through the renal capsule, or extension into vessels outside the kidney 
substance, or local open biopsy or spillage confined to the flank; no 
residual tumor 


95 

Stage 3 

Residual nonhematogenous tumor 


91 

Stage 4 

Hematogenous metastases to lung, liver, bone, brain, etc. 


78 

Stage 5 

Bilateral renal involvement at diagnosis 

Same 

as for highest-stage unilateral 

"Survival based on outcome for patients with favorable histologic types in the National Wilms Tumor Study-3. 

Courtesy of the National Wilms Tumor Study. 


data indicate that later ligation of the renal vein after tumor 
mobilization does not adversely affect prognosis. After the kid¬ 
ney and accompanying Gerota fascia is mobilized, the renal 
artery is most easily identified by posterior dissection. Radical 
ureterectomy does not affect outcome, but the ureter should be 
divided well distal to the calyceal system to ensure any poly¬ 
poid pelvicalyceal extensions are encompassed. It is essential to 
perform en bloc resection without tumor spillage as this pro¬ 
duces a sixfold increase in local abdominal recurrence. 118 

Nephron-sparing surgery (NSS) is considered for patients 
with a solitary kidney in addition to those with bilateral Wilms 
tumor. NSS in those children with unilateral Wilms tumor is 
controversial. The size of most of the tumor contradicts this 
method as it would be impossible to obtain negative margins. 
However, tumors that may allow for the use of NSS include 
those that involve a single pole of the kidney, if the collecting 
system and vessels are not involved with the tumor, if there are 
clear margins between the tumor and adjacent structures, and 
if the tumor-bearing kidney is adequately functional. 123 
Laparoscopic resection of renal tumors in children was exam¬ 
ined; however, the risks of tumor spillage and inaccurate stag¬ 
ing in those without chemotherapy pretreatment hinder this 
method. 124 Complications involved with surgical resection of 
Wilms include bleeding, bowel obstruction, and chylous leak. 

All patients with resectable Wilms tumor receive postopera¬ 
tive chemotherapy. A major effort by the NWTS was the devel¬ 
opment of chemotherapy protocols for Wilms tumor that 
minimize toxicity while maintaining efficacy. These studies have 
shown survival improvements among patients with stage I or II 
favorable histology disease who undergo combination 
chemotherapy with vincristine and actinomycin D. The current 
4-year relapse-free and overall survival for favorable histology 
stage I Wilms tumors are 94% and 98%, respectively, and 
relapse-free and overall 4-year survival for favorable histology 
stage II Wilms tumors are 85% and 96%, respectively. Recom¬ 
mended treatment is initial nephrectomy and lymph node sam¬ 
pling followed by 18 weeks of vincristine and dactinomycin 
chemotherapy. For stage I patients with focal or diffuse anapla¬ 
sia, a similar regimen is used, and the 2-year relapse-free and 
overall survival is about 86%. Stage II patients with focal 
anaplasia receive vincristine, dactinomycin, and doxorubicin 
for 24 weeks as well as abdominal radiation. Stage II patients 
with diffuse anaplasia are treated with vincristine, cyclophos¬ 
phamide, doxorubicin, etoposide, and mesna for 24 weeks and 
also receive abdominal radiation. Four-year survival is 70% in 
this group. 68,125 Favorable histology stage III tumors or those 
with focal anaplasia are treated with nephrectomy, lymph node 
sampling, 24 weeks of vincristine, doxorubicin, and pulse¬ 
intensive dactinomycin and abdominal radiation. 68 This regi¬ 


men results in a 90% 4-year relapse-free survival and 95% 4- 
year overall survival. For stage III patients with diffuse anapla¬ 
sia, nephrectomy, lymph node sampling, abdominal radiation, 
and 24 weeks of vincristine, doxorubicin, cyclophosphamide, 
and etoposide are given, resulting in a 56% 4-year survival. 126 

Patients with stage III favorable histology disease gener¬ 
ally undergo external beam radiation therapy. The usual 
dose is 1,000 cGy. The entire kidney bed and areas of gross 
residual disease are targeted and radiation delivered to the 
entire vertebral column at the level of involvement to mini¬ 
mize the risk of scoliosis. Patients with stage IV disease 
should have their primary tumor staged as if metastases 
were not present. If the primary kidney tumor is stage I or II, 
no local radiation is delivered; the previously noted guide¬ 
lines are followed for primary stage III tumors. Pulmonary 
metastases, nonresectable liver metastases, bulky nodal 
brain metastases, and skeletal metastases are treated with 
external-beam radiation therapy. The COG is currently 
undergoing trials regarding both radiation treatment and 
chemotherapy to further improve risk-stratified therapies for 
Wilms tumor. 


Bilateral Wilms Tumor 


Of patients diagnosed with Wilms tumor, approximately 4% 
to 7% of them will have simultaneous bilateral tumors. The 
overall survival rate of patients with bilateral Wilms tumor 
is 87%. 127 The survival rate for this disease is high because 
90% of cases are of favorable histology, and most kidneys 
are stage I when considered individually. Because of the dan¬ 
ger of debilitating loss of renal function, it is acceptable to 
administer preoperative chemotherapy. Renal biopsy in 
obvious cases of bilateral involvement based on imaging 
studies is not necessary. After tumor shrinkage, nephron¬ 
sparing renal resection can be performed. Survival rates 
using this strategy are equivalent to those using the more 
traditional approach. The latter involves an initial nephrec¬ 
tomy of the most heavily involved kidney, followed by 
chemotherapy and then re-exploration. 128 For patients 
whose disease progresses or does not respond to chemother¬ 
apy (with or without radiation), biopsies should be obtained 
to identify histology for further management planning. 
Specifically, those with anaplastic tumors should be identi¬ 
fied for early resection and intense postoperative chemother¬ 
apy. 129 Furthermore, patients with bilateral tumors who 
obtain complete radiographic resolution after initial therapy 
(without surgery) have minimal risk of local recurrence and 
can be monitored by serial imaging. 130 
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Renal Vein and Inferior 
Vena Cava Involvement 

A study from NWTS-3 included 164 patients with gross 
involvement and 47 patients with microscopic involvement of 
the renal vein beyond the kidney (11.3%). Two-year survival 
rates for patients with stages I, II, and III disease were 90%, 
79%, and 72%, respectively. Important predictors of outcome 
were histologic pattern and stage. The authors suggested that 
complete en bloc resection of the primary tumor and the renal 
vein extension constituted the most effective initial manage¬ 
ment. 131 In a second report from the NWTS, 165 of 2,731 
Wilms tumor patients had intravascular extension (6%). 67 
Vascular extension involved the inferior vena cava in 134 cases 
and the atrium in 31. Of these, 69 patients received preopera¬ 
tive neoadjuvant chemotherapy for a median of 8 weeks; 55 
were treated for caval extension and 14 for atrial extension. 
The intravascular extension regressed in 39 of 49 patients. The 
overall complication rate was not statistically different in 
patients undergoing neoadjuvant chemotherapy compared 
with those treated with immediate surgery and occurred in 
36.7% of patients with atrial extension compared with 17.2% 
of those with tumors localized to the inferior vena cava. The 
authors suggest that neoadjuvant chemotherapy be used in 
most patients with vascular extension. 

Three-year relapse-free survival rates of patients with 
intravascular tumor extension (76.9%) do not statistically 
differ from the overall Wilms tumor rates (80.3%). 67 It has 
been suggested that a complicated operation involving car¬ 
diopulmonary bypass can be safely avoided by administra¬ 
tion of preoperative chemotherapy. A second-look procedure 
should then be performed and all residual tumors resected. 
Second-look surgery is usually less complicated, and resec¬ 
tion can be accomplished using conventional means. Tumor 
shrinkage usually is rapid when cytotoxic drugs are first 
administered but stabilizes after four to five cycles of therapy. 
At this point, no further tumor reduction can be expected 
and resection should be planned with appropriate preopera¬ 
tive consultation from other services (e.g., cardiovascular) as 
indicated. Nevertheless, a preoperative workup that includes 
Doppler ultrasonography should always be performed before 
operation. Contrast vena cavography has become less critical 
with advances in contrast-enhanced CT or MRI techniques, 
which now provide detailed information concerning the vas¬ 
cular anatomy. Nevertheless, the anatomic extent of the 
tumor thrombus must be determined before surgery. If tumor 
thrombus continues to extend to the proximal vena cava or 
right atrium, resection should be coordinated and performed 
under cardiopulmonary bypass. Without resection, intraop¬ 
erative tumor embolism, which is often fatal, may be the 
result. 


Adult and Neonatal Wilms Tumor 


Wilms tumors that occur at both ends of the age spectrum are 
rare. 132,133 In a recent review from 1960 to 2007 including 47 
fetuses and 163 infants with renal tumors, 139 had congenital 
mesoblastic nephromas, 41 had Wilms tumors, 23 rhabdoid 
tumors, and 7 clear cell sarcomas. Of those with Wilms tumor, 
65.9% were stage I, none were stage IV, and 12.2% were bilat¬ 
eral. 134 Fetal and neonatal Wilms is treated with initial surgery, 
which is often curative. 134 Chemotherapy is used for those with 
stage IV disease or inoperable tumors. 135-137 When chemother¬ 
apy is used in children less than 1 year of age and stage greater 
than II, a 50% reduction in the dose of chemotherapy is recom¬ 
mended. 135,137 Adult Wilms tumors are associated with worse 
outcomes, even in patients with favorable histology. A 3-year 
overall survival rate reported by NWTS supports the use of 
aggressive therapy in all adult patients with Wilms tumor. 138-140 


Future Directions 


Future work will focus on individualizing treatment to patients 
based on risk stratifications and minimizing side effects. As loss 
of heterozygosity (LOH) of lp and 16q has worse outcomes, 
current COG studies are looking into more intensive treatment 
for this subset of patients. Other areas of investigation include 
the role of autologous bone marrow transplantation in patients 
with relapsed favorable and unfavorable histology disease, and 
attempts to improve outcome in the non-Wilms renal tumors in 
childhood. In this regard, sarcoma-like protocols, using agents 
such as cisplatin, ifosfamide, and etoposide, are being evalu¬ 
ated. 


NON-WILMS RENAL TUMORS OF 
CHILDHOOD AND ADOLESCENCE 


Clear Cell Sarcoma 


Clear cell sarcoma of the kidney is considered a distinct 
histopathologic and clinical entity from Wilms tumor. 141 It has 
an age distribution similar to that observed in Wilms tumor but 
a markedly worse prognosis. Male-to-female ratio is 2:1. This 
tumor is characterized by a proclivity to metastasize to bones 
and has been called the bone-metastasizing renal tumor of 
childhood by British workers. Grossly, the tumors are soft, tan- 
grey, and well-demarcated. Histopathologically, the tumor con¬ 
sists of cords and nests of pale-stained tumor cells separated by 
vascular structures. Confusion with classic Wilms tumor is pos¬ 
sible, however, and central pathologic review is recommended. 
Clear cell sarcoma can metastasize not only to bone but also to 
brain. Bony metastases are usually polyostotic, but the skull is 
almost invariably involved. A CT scan of the abdomen or intra¬ 
venous urogram, chest radiograph, MRI of the brain, and bone 
scan are recommended as part of the workup. The staging sys¬ 
tem is similar to that for Wilms tumor, but high rates of tumor 
relapse are associated with even stage I tumors, supporting the 
use of aggressive systemic chemotherapy in all stages. Relapse 
and death occur in 75% of patients treated with actinomycin- 
D and vincristine alone, with more than half dying within 1 year 
of diagnosis. The addition of doxorubicin to the treatment reg¬ 
imen for these children has resulted in significant survival 
improvement with a 6-year relapse-free survival of 64.6%. 142 
Treatment recommendations include radical resection of the 
primary tumor when possible as well as involved regional 
lymph nodes, followed by a postoperative chemotherapy regi¬ 
men that includes doxorubicin, actinomycin D, and vincristine. 
In one randomization, a 15-month course of chemotherapy 
compared with 6 months improved relapse-free survival but 
not overall survival. 143 Preliminary results of NWTS-5 patients 
treated with 6 months of vincristine, doxorubicin, and actino¬ 
mycin D alternating with cyclophosphamide/etoposide with 
radiotherapy report a 5-year event-free survival of 79% and an 
overall survival of 89%. 144 Postoperative radiation therapy to 
the tumor bed is recommended regardless of stage. Usually, 
1,080 cGy of postoperative flank irradiation is administered. 
Patients should be followed with serial chest radiographs or CT 
scans and 6-monthly brain MRI scans and bone scans for at 
least 3 years after treatment. 


Rhabdoid Tumor 


Rhabdoid tumors are rare malignancies that most commonly 
involve the kidney in childhood; they also can occur primarily 
in the mediastinum or brain. 145-147 Rhabdoid tumors of the 
kidney occur in infancy, with a median age at presentation of 
13 months (range, 2 months to 5 years). Some rhabdoid tumors 
may be associated with the coincident development of PNETs 
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of the brain. Extrarenal rhabdoid tumors occur in older 
patients. The most common presentation is hematuria. Imaging 
shows a large, central, heterogeneous soft tissue mass that 
involves the renal hilum and has subcapsular fluid collections, 
tumor lobules separated by dark areas of necrosis or hemor¬ 
rhage, and calcifications. 148 Metastasis, mainly found in the 
lungs, liver, and brain, is present in approximately 80% of 
those diagnosed. 149 Outcome is particularly poor, and there is 
no proved chemotherapy regimen. Abnormalities in the 
bSNF5/INIl tumor suppressor genes on chromosome 22 are 
typically found. 150 The tumor is characterized grossly as poorly 
circumscribed and soft with areas of hemorrhage and necro¬ 
sis. 149 Histopathologically, these tumors have a rhabdomyosar- 
comatoid or myoblastic appearance, but the tumors do not 
express muscle markers and are not myoblastic in origin. The 
survival rate is almost zero, and even patients with stage I dis¬ 
ease fare poorly. Therefore, patients should undergo aggressive 
therapy including surgical resection, local radiation therapy, 
and systemic chemotherapy. Because these tumors have been 
refractory to historical protocols, use of experimental dose¬ 
intensive chemotherapy regimens or new chemotherapeutic 
agents is warranted. A study of NWTS-5 looks at surgery fol¬ 
lowed by carboplatin and etoposide and alternating with 
cyclophosphamide for 24 weeks, and radiotherapy. Prelimi¬ 
nary results show overall survival of 25.8%. 151,152 Current 
COG studies are looking at regimens for metastatic disease. 


Congenital Mesoblastic Nephroma 

Congenital mesoblastic nephroma was first described by 
Bolande 153 in 1969 and differentiated from Wilms tumor. This 
tumor usually occurs in infants and typically follows a benign 
course; however, well-documented cases have resulted in 
metastases and death. It usually presents as a palpable abdom¬ 
inal mass on physical exam and less often hematuria. How¬ 
ever, many cases are diagnosed using prenatal ultrasound. 149 
Imaging shows a large, intrarenal mass with cystic hemor¬ 
rhagic or necrotic foci. Mesoblastic nephroma has been 
reported in adults and in patients with Beckwith-Wiedemann 
syndrome. A translocation, t (12;15), has been reported and is 
associated with an ETV6-NTRK3 gene fusion that may link 
mesoblastic nephroma to congenital fibrosarcoma. 154 Histo¬ 
logically, the tumor consists of bundles of spindle cells, tubules 
of basophilic cells, and invasion into the renal parenchyma or 
perinephric soft tissue. The cells resemble fibroblasts or 
smooth muscle. Congenital mesoblastic nephroma is usually 
curable by radical nephrectomy alone. Wide surgical margins 
are essential as this tumor often infiltrates locally into per¬ 
inephric tissues. Tumors with high cellularity on light micro¬ 
scopic examination, however, and those with evident metas¬ 
tases, require more aggressive treatment. In particular, older 
patients with densely cellular lesions or high mitotic indices 
should be considered for systemic chemotherapy. 


Renal Cell Carcinoma 


There are several reported series as well as scattered case 
reports of renal cell carcinoma (RCC) occurring in childhood, 
adolescence, and young adults. In one study, 155 the median 
age was 15.5 years (range, 3-21 years). Histologically, the 
tumor is an adenocarcinoma similar to that seen in older 
patients. Most reported cases are of the clear cell variant of 
renal adenocarcinoma. There is no predilection for the right 
or left side, and the tumors are equally distributed between 
upper and lower poles and midkidney. Bilateral disease is 
associated with von Hippel-Lindau syndrome. Genetic abnor¬ 
malities lead to approximately 33% to 50% of pediatric renal 
cell carcinomas, many of which include translocations involv¬ 
ing chromosome Xpll.2. This translocation is considered 


pathognomonic for pediatric RCC and results in the fusion of 
the TFE3 gene. 149,150 This subtype of RCC is similar to those 
of clear cell RCCS; however, they contain papillary structures, 
eosinophilic cytoplasm, and calcifications. 149 A further 
genetic abnormality described is t(6.11)(p21;ql2) transloca¬ 
tion tumors, which are less aggressive than those of 
Xpll.2. 149 Presentation is typically with hematuria, loin pain, 
and a palpable mass; however, approximately 25% are found 
incidentally on imaging. Imaging often shows a solid, nonde¬ 
script lesion with little enhancement. There may be foci of 
hemorrhage and necrosis. 149 Sites of metastases include lung 
(64%), liver (57%), bone (42%), and pleura or brain (7%). 
Staging is based on the adult staging system, and survival is 
stage dependent. Unfortunately, many of these patients pre¬ 
sent with stage IV disease. Outcome analysis shows a correla¬ 
tion of survival with complete resection, although resectabil¬ 
ity was also associated with adverse prognostic factors such 
as lymph node involvement or distant metastases. Recom¬ 
mended therapy is complete resection by radical nephrec¬ 
tomy, if feasible. Recent studies show that partial nephrec¬ 
tomy has outcomes similar to radical nephrectomy in patients 
with stage I and II disease; however, longer-term data are nec¬ 
essary. 156,157 In addition, immunotherapy has shown some 
beneficial effect on survival; however, further studies are nec¬ 
essary. The role of chemotherapy is undefined, but given the 
poor outcome associated with higher-stage disease, it is rea¬ 
sonable to administer postoperative chemotherapy as an 
experimental protocol. This should probably be performed as 
part of a national cooperative study. 


RHABDOMYOSARCOMA 


Epidemiology and Associated Conditions 

In the United States, 850 to 900 children and adolescents 
younger than 20 years receive a diagnosis of soft tissue sarcoma 
each year, 350 of which are rhabdomyosarcomas. 158 Rhab¬ 
domyosarcoma is the most common soft tissue sarcoma in chil¬ 
dren younger than 14 years, accounting for almost 50% of soft 
tissue sarcomas in this age group. Two major histologic sub- 
types occur in childhood, embryonal and alveolar. Embryonal 
rhabdomyosarcoma constitutes approximately 75% of cases. 158 
The alveolar subtype is more common in older children and 
extremity lesions. The incidence of rhabdomyosarcoma in the 
United States is 4 cases per 1 million white children younger 
than 15 years and approximately half that rate for black chil¬ 
dren. 159 The male-to-female ratio is 1.4:1, and 80% of patients 
are white, 12% are black, and 8% are of another race. 

Rhabdomyosarcoma (RMS) can develop in any muscle 
throughout the body, and is the one tumor for which primary 
site affects survival. 160 Rhabdomyosarcoma has been observed 
in patients with neurofibromatosis and Beckwith-Wiedemann 
syndrome. The Li-Fraumeni cancer family syndrome involves 
the occurrence of sarcoma, in particular rhabdomyosarcoma, 
in addition to breast, bone, or brain cancer; lung and laryngeal 
cancer; and adrenocortical neoplasia. In this syndrome, chil¬ 
dren with rhabdomyosarcoma have first-degree relatives with 
the other malignancies. An autopsy study from the Intergroup 
Rhabdomyosarcoma Study (IRS) showed that 32% of patients 
with rhabdomyosarcoma had congenital anomalies that 
included (in order of frequency) genitourinary, central nervous 
system, and cardiovascular malformations. 161 Also, basal cell 
carcinoma has been observed in conjunction with rhab¬ 
domyosarcoma. 


Basic Science 


The two histologic subtypes of RMS, embryonal and alveolar, 
are associated with individual genetic abnormalities that are 
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likely involved in tumorigenesis. Alveolar RMS has transloca¬ 
tions between the long arm of chromosome 2 and the long 
arm of chromosome 13, t(2;13)(q35;ql4), which is present in 
approximately 55% of cases of alveolar RMS. The transloca¬ 
tion results in the fusion of the PAX3 gene, which is involved 
with transcription during neuromuscular development, with 
the FKHR gene, also a transcription factor but in the fork- 
head family. Another variant is with t(l;13)(p36;ql4), seen in 
approximately 22% of alveolar RMS, which gives rise to a 
PAX7-FKHR fusion in younger patients, mainly those with 
extremity lesions, and has a better prognosis. Abnormalities 
of the PAX gene cause abnormal muscle development. Cur¬ 
rently, polymerase chain reaction (PCR) assays can confirm a 
diagnosis of alveolar RMS by detecting these fusion 
genes. 162-165 No translocations have been reported for embry¬ 
onal RMS; however, it is associated with hyperdiploidy and 
loss of heterozygosity at chromosome lip 15 or other 


Pathology 

Rhabdomyosarcomas are malignant tumors that arise from the 
ubiquitously distributed primitive mesenchyme found in the 
fetus. These tumors display characteristics of striated muscle, 
including immunohistochemical expression of skeletal muscle 
myosin and actin, desmin, myoglobin, and Z-band protein. Elec¬ 
tron microscopy may show actin-myosin bundles or Z-band 
material. Expression of the DNA-binding protein, MyoDl, has 
been shown to be a lineage marker for rhabdomyosarcoma. 167 

Based on classic pathology, rhabdomyosarcoma has been 
divided into four main histopathologic subtypes: embryonal, 
alveolar, botryoid, and pleomorphic. The most common type in 
children is embryonal (75%). Botryoid tumors are really of the 
embryonal subtype but growing into a hollow space (e.g., 
vagina, bladder) so that they assume a characteristic grapelike 
appearance. Alveolar tumors are so named because of a resem¬ 
blance to the microscopic structure of the lung (Fig. 109.9). 
Rhabdomyosarcomas are identified as alveolar if any alveolar 
elements are found in the tumor. Pleomorphic tumors usually 
occur in older adults. For all histologic types, sites of occurrence 
include the following: (a) head and neck (orbit, infratemporal 
fossa); (b) genitourinary tract, including perineum and perianal 
area; (c) extremities; (d) trunk (chest wall, paraspinal area); (e) 
retroperitoneum; and (f) biliary tract. Histologically, RMS is 
composed of small round blue cells, contains muscle-specific 
antigens including desmin and Myo, and is composed of 
eosinophilic rhabdomyoblasts. 165 



FIGURE 109.9. Photomicrograph illustrating the typical lung-like 
appearance of an alveolar rhabdomyosarcoma. (From Rubin E, Farber 
JL. Pathology. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 
1999, with permission.) 


The initial biopsy should be generous enough for cytogenetic 
and immunohistochemical studies. Light microscopy alone is 
no longer adequate to secure the diagnosis and establish 
histopathologic subtype as polymerase chain reaction is used 
to detect translocations of minimal residual disease. 168 


Presentation and Workup 

The incidence of rhabdomyosarcoma is biphasic, with one 
peak in infancy followed by a second peak in the adolescent 
years. Presentation is site dependent. Head and neck lesions, 
found in approximately 35% of patients with rhabdomyosar¬ 
coma, can cause facial or cervical swelling and associated pain 
or skin discoloration. Sinusitis or middle ear infections can 
occur because the tumor blocks the normal drainage from 
these sites (i.e., sinusal ostia, eustachian tubes). Epistaxis, 
proptosis, or cranial nerve palsies may also be evident in head 
and neck lesions. Orbital sites, which occur in 75% of all head 
and neck tumors, have a favorable outlook in younger but not 
in older children. They are the least likely head/neck tumors to 
invade the meninges. Parameningeal involvement has a very 
poor outcome. Regional node sampling may be important in 
determination of risk status. 169 

Genitourinary tumors can present with gross or micro¬ 
scopic hematuria, a suprapubic mass, and urinary tract infec¬ 
tion or obstruction. Vaginal and cervical primary tumors often 
prolapse through the vaginal orifice as a friable polypoid mass 
and may hemorrhage. 

Paratesticular lesions are most often observed in adoles¬ 
cence as a hard mass above and separable from the testis. 
Extremity tumors present as a painless or painful expanding 
mass, and there may be an associated limp or overlying skin 
change. Local bony invasion may result in pathologic fractures. 

Rational management depends on a thorough pretreatment 
workup that completely defines local tumor extent as well as 
evaluating regional and distant sites of metastases. Table 109.7 
lists the standard workup for pediatric patients with sarcoma. 
An extensive history, including a family history of malignancy, 
and a thorough physical examination are elementary. CT 
scans and MRI are used for evaluation of the primary tumor 
and metastatic disease. However, recent retrospective studies 
have shown PET to be an effective addition to the current 
imaging modalities, with a sensitivity of 77% and specificity of 
95% for defining extent of disease. 170 Prospective studies are 
needed. Figure 109.10 depicts a CT scan of a large pelvic rhab¬ 
domyosarcoma originating from the bladder. 


Staging 

An evolution in sarcoma staging has occurred since the late 
1980s, with most groups adopting the tumor, node, metastasis 
(TNM) system defined by the International Union Against 
Cancer. This staging system, which is used with the older IRS 
grouping, is listed in Table 109.8. The grouping system is listed 
in Table 109.9 and has been shown to be one of the main pre¬ 
dictors of response to treatments. 171 The TNM schema divides 
each stage into definable clinical components and is applied 
before any therapeutic interventions (although a second staging 
based on histologic findings of the primary tumor and regional 
lymph nodes after resection can also be performed). The IRS 
grouping schema is retained as well, although it remains oper¬ 
ator dependent. The TNM system for rhabdomyosarcoma is 
unique in that it takes into account the site of disease origin, 
which affects prognosis. 

The reported overall percentage of patients with tumors 
greater than 5 cm ranges from 50% to 68%, based on the TNM 
system. The proportions of other staging variables include inva¬ 
sive tumors, 37% to 71%; regional nodal involvement, 7% to 
28%; and distant metastases at diagnosis, 20% to 23%. 
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ITABLE 109.7 

DIAGNOSIS | 

DIAGNOSTIC EVALUATION FOR SUSPECTED RHABDOMYOSARCOMA 

■ EXAMINATION OR TEST 

■ RATIONALE 

History and physical examination 

Search for lymph nodes, size of primary mass, general condition, underlying conditions. 

Complete blood count 

Bone marrow replacement associated with anemia or thrombocytopenia; bone marrow 
toxicity is the major side effect of chemotherapy. 

Electrolytes, renal and hepatic 
function tests, creatinine clearance 

Renal toxicity associated with cisplatin and other alkylators; genitourinary tumors may 
obstruct ureters; hepatic toxicity with dactinomycin. 

Four-site bone marrow aspirations, 
two-site bone biopsies 

Bone marrow metastases reported in up to 6% of patients at diagnosis (29% of stage 

4 patients have marrow involvement); bone marrow assessment before chemotherapy. 

Bone scan 

Possibility of bone and bone marrow metastases 

CT scan of the primary site 

Evaluation of tumor size, invasiveness, enlargement of regional nodes, and complicating 
ureteral, biliary, bowel, or airway patency. 

CT scan of possible metastatic sites 

CT scanning of the lungs and liver should be done to rule out parenchymal metastases. 

CT scanning is superior to MRI in assessing the degree of bone destruction in paraspinal, 
extremity, and head and neck (base of skull) lesions. 

MRI 

MRI is done for the same rationale as CT scanning. It may give more detailed information 
regarding the extent of viable tumor (T 2 -weighted imaging) and the presence of hepatic 
metastases. It is also the most useful tool for evaluation of the epidural space in paraspinal 
or base of skull primaries. 

Gallium scanning 

Both the primary tumor and metastatic deposits may be identified by gallium scanning. 

a The same workup is applicable to other high-grade sarcomas. 

CT, computed tomography; MRI, magnetic resonance imaging. 


It is preferable to sample metastatic regional lymph nodes, 
but extensive nodal dissections are not indicated. In the special 
case of paratesticular rhabdomyosarcoma, a limited dissection 
of ipsilateral, periaortic nodes is used as a determinant of the 
need for nodal radiation. The current recommendation for 
paratesticular rhabdomyosarcoma is for ipsilateral, nerve¬ 
sparing lymph node dissection, especially in boys older than 
10 years at diagnosis, the cohort seriously understaged by 


imaging studies alone. Patients 10 years or younger are staged 
with computed axial tomography. The use of sentinel lymph 
node mapping has been investigated for patients with RMS, 
and preliminary results are optimistic. 172,173 

Excisional biopsy should be performed on small, accessible 
primary lesions, with the surgeon attempting to obtain a clear 
microscopic margin. Patients with larger infiltrating lesions or 
lesions for which removal would cause debilitation or deformity 


TABLE 109.8 STAGING 


TNM PRETREATMENT STAGING SYSTEM 


■ STAGE 

■ SITES 

■ T 

■ TUMOR SIZE 

■ N 

■ M 

I 

Orbit 

Head and neck (excluding parameningeal) 
GU-nonbladder/nonprostate 

T1 or T2 

a or b 

NO or N1 or N2 

M0 

II 

Bladder/Prostate 

Extremity 

Head and neck parameningeal 

Other (including trunk, retroperitoneum, etc.) 

T1 or T2 

a 

NO or Nx 

M0 

III 

Bladder/Prostate 

T1 or T2 

a 

N1 

M0 


Extremity 

Head and neck parameningeal 

Other (including trunk, retroperitoneum, etc.) 


b 

NO or N1 or Nx 


IV 

All 

T1 or T2 

a or b 

NO or N1 

Ml 

GU, genitourinary. 

Reprinted from Lawrence W Jr, Anderson JR, Gehan EA, et al. Pretreatment TNM staging of childhood rhabdomyosarcoma: a report of the 

Intergroup Rhabdomyosarcoma Study Group. Children’s Cancer Study Group. Pediatric Oncology Group. Cancer 1997;80(6):1165-1170. 

Permission requested from Wiley 11/20/2009. 
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FIGURE 109.10. A: Initial computed tomography (CT) scan of a 
child with a large pelvic rhabdomyosarcoma. B: CT scan of the same 
child after biopsy and cytoreductive chemotherapy. No tumor was 
demonstrable by diagnostic imaging. 


TABLE 109.9 RESULTS 


SURGICAL-HISTOPATHOLOGIC CLINICAL GROUPING 
SYSTEM FOR THE INTERGROUP RHABDOMYOSARCOMA 
STUDIES I AND II 

Group I Localized disease, completely resected 

A. Confined to organ or muscle of origin 

B. Infiltration outside organ or muscle of origin; regional 
nodes not involved 

Group II Compromised or regional resection including 

A. Grossly resected tumors with “microscopic” residual 

B. Regional disease, completely resected, in which nodes may 
be involved and/or tumor extends into an adjacent organ 

C. Regional disease with involved nodes, grossly resected, but 
with evidence of microscopic residual 

Group III Incomplete resection or biopsy with gross residual 
disease 

Group IV Distant metastases, present at onset 

Reprinted from Crist WM, Garnsey L, Beltangady MS, et al. 

Prognosis in children with rhabdomyosarcoma: a report of the 
Intergroup RhabdomyosarComa Studies I and II. Intergroup 
Rhabdomyosarcoma Committee./ Clin Oncol 1990;8(3):433-452, 
with permission. © American Society of Clinical Oncology. 


(i.e., amputation or cystectomy) should undergo limited inci¬ 
sional or endoscopic biopsy. It is acceptable to perform 
transperineal needle core biopsies for bladder neck or perineal 
primary tumors. Enough biopsy material for light and electron 
microscopic analysis, immunohistochemistry, and cytogenetics 
should be obtained and frozen in liquid nitrogen as soon as 
possible after biopsy. 


Risk Status 


Presently the soft tissue sarcoma committee of the COG, the suc¬ 
cessor of the IRS, uses risk group assessment to determine ther¬ 
apy. Risk status is dependent on IRS group or stage but also age, 
anatomic location, and histopathology. 174-176 Favorable anatomic 
sites include the orbit; nonparameningeal head and neck; para- 
testis; vagina and non-bladder-prostate genitourinary sites; and 
the biliary tract. 177-179 High-risk sites include extremities, 
retroperitoneum, bladder-prostate, and parameningeal primaries. 

Low-risk patients have embryonal rhabdomyosarcoma at 
favorable anatomic sites (stage 1, groups I, II, or III), or embry¬ 
onal rhabdomyosarcoma at unfavorable sites but completely 
resected, or resected with only a positive microscopic margin 
(groups I or II). Intermediate-risk patients have embryonal 
rhabdomyosarcoma at unfavorable sites with residual gross dis¬ 
ease (group III). The intermediate-risk group also includes 
patients with metastatic rhabdomyosarcoma who are younger 
than 10 years and patients with localized disease who have alve¬ 
olar histology or undifferentiated sarcoma. High-risk patients 
have metastatic rhabdomyosarcoma or undifferentiated sar¬ 
coma at presentation, excepting patients younger than 10 years. 


Treatment 

Q The modern treatment of rhabdomyosarcoma is multidiscipli- 
nary and includes multiagent chemotherapy, judicious resec¬ 
tion, and radiation therapy. The intensity of therapy should be 
tailored to the risk of subsequent relapse, which is a function of 
TNM stage. In general, agents are combined to limit drug resis¬ 
tance while attaining a synergistic antitumor effect. 

A surgical procedure is typically done to confirm the diag¬ 
nosis of rhabdomyosarcoma. However, often there remains 
gross residual tumor or positive surgical margins. 180,181 Ade¬ 
quate margins of 0.5 cm should be obtained surrounding the 
tumor, which is easier to accomplish in tumors of the extremi¬ 
ties or trunk. Clear margins are necessary but are not achiev¬ 
able when this would result in removing normal tissue that 
cannot be resected; or serious disfigurement or disability; or 
when it technically cannot be completed. 180 

Surgical resection of the primary tumor was the mainstay 
of treatment 50 years ago but resulted in overall survival rates 
of only approximately 20%. The addition of chemotherapy 
improved the rate to 50%. Resection of primary tumors 
should be undertaken either before chemotherapy for small, 
noninvasive lesions or after documented response with more 
formidable primary tumors. An example of the operative 
approach for a lower extremity rhabdomyosarcoma involving 
anterior thigh muscles is depicted in Figure 109.11. In certain 
situations in which chemotherapy results in complete or very 
good tumor regression, external beam irradiation may be used 
as a primary means of local control. Even in these circum¬ 
stances, it is important to obtain biopsy specimens to docu¬ 
ment complete tumor eradication. Debilitating or disfiguring 
surgery should be performed only if residual tumor is present 
after both chemotherapy and therapeutic irradiation. Amputa¬ 
tion of extremity rhabdomyosarcomas does not enhance cure 
and should be performed only when lesions are bulky, invade 
bone or neurovascular structures, or are recurrent and cannot 
be resected by lesser procedures. Similarly, radical cystectomy 
is reserved for situations in which complete tumor eradication 
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FIGURE 109.11. Technique for resection of a proximal lower-extrem¬ 
ity rhabdomyosarcoma. Longitudinal incisions are always used. It is 
important to excise the tumor completely, with a surrounding 1- to 
2-cm margin if feasible. 


has not been accomplished by chemotherapy and external- 
beam irradiation. 

Second-look operations are often done after a partial 
response or no response to chemoradiation therapy, and after 
relapse. The guiding principle of rhabdomyosarcoma surgery 
is complete tumor resection, but removal of large amounts of 
normal tissue (i.e., muscle group resection, amputation) alone 
does not affect outcome. 

The trend since the early 1990s has been to minimize treat¬ 
ment toxicity for genitourinary rhabdomyosarcoma. 182-186 
Currently, all patients with these tumors receive neoadjuvant 
chemotherapy after cystoscopic or transperineal biopsies con¬ 
firm the diagnosis. This therapy is followed by repeat evalua¬ 
tions, including cystoscopic or percutaneous biopsies as well 
as imaging studies. A complete response after chemotherapy 
may obviate the need for external-beam radiation therapy in 
some cases, but most patients require local radiation. Surgery 
is reserved for recurrent or poorly responsive cases with resid¬ 
ual gross tumor. 187 Exenterative cystectomy has decreased 
from more than 50% to 30% with the use of neoadjuvant 
chemoradiation. 188 When anatomically feasible, partial cystec¬ 
tomy is effective and preserves bladder function. 184 Newer 
techniques of urinary reconstruction involving stomas that can 
be catheterized may improve patients’ quality of life. 

Most patients with low-risk rhabdomyosarcoma are 
treated with vincristine and dactinomycin. Intermediate-risk 
patients receive cyclophosphamide in addition to these two 
drugs, and current studies are evaluating other agents. High- 
risk patients have a very poor outlook, and new therapies— 
including the use of irinotecan, melphalan, ifosfamide, and 
etoposide—are in development. 

External-beam radiation therapy of the primary site or 
involved regional nodal echelons has contributed to locore- 
gional control. All patients with group II to IV disease, in 
addition to group I alveolar tumors, receive radiotherapy. 189 
Orbital and genitourinary primaries receive radiation ther¬ 
apy as the primary means of local control, with surgery 
reserved for very specific indications in patients with refrac¬ 
tory or recurrent disease. Clinical data suggest that doses 
from 26 Gy to 50.4 Gy can be used in combination with 
chemotherapy. There is no difference in locoregional control 
rates between patients treated with conventional versus 
hyperfractionated radiotherapy. 189 Recent improvements in 
administration of radiation therapy include intensity-modu¬ 
lated radiation therapy (IMRT) and computer-modulated 
radiotherapy. 190,191 The COG is currently studying “up¬ 
front” radiotherapy with chemotherapy administered earlier 
than currently given. 160 


Outcome 


The overall 5-year survival for children with rhabdomyosar¬ 
coma is approximately 64%. Table 109.10 lists the estimated 
5-year failure-free survival and overall survival of patients 
with nonmetastatic rhabdomyosarcoma by prognostic factors 
based on the COG’s Intergroup Rhabdomyosarcoma Studies 
III and IV. 192 As expected, the presence of distant parenchymal 
metastases at diagnosis has an overwhelming adverse effect on 
survival, with 25% expected to be disease free after 3 years 
despite aggressive multimodality therapy. 180 Regarding site, 
most authors agree that orbital, paratesticular, and vaginal pri¬ 
mary tumors are associated with improved outcome, whereas 
extremity, parameningeal, and truncal and retroperitoneal 
sites carry a worse prognosis. Survival is stage dependent. 

Most studies conclude that overall and disease-free survival 
rates in rhabdomyosarcoma are equivalent; this means salvage 
after initial relapse is low and may depend on initial stage and 
histopathologic subtype. Therefore, primary therapy is crucial 
for long-term survival. 193 This suggests that, after risk assess¬ 
ment by staging, therapy should be as intense as possible to 
eradicate the tumor. 


Future Directions 


Myeloablative regimens with bone marrow or peripheral stem 
cell rescue have not improved overall outcome in patients with 
recurrent or metastatic disease. 194-197 Biologic or immunologic 
therapy for rhabdomyosarcoma is not available. There is great 
interest in reducing the intensity of therapy for patients with 
low-risk tumors. Most clinical research for the worst-risk 
cases has focused on development of new chemotherapeutic 
regimens with activity against this tumor. There is also an 
interest in combining the use of chemotherapy and radiother¬ 
apy and in using pre-resection radiotherapy. 


NONRHABDOMYOMATOUS 
SOFT TISSUE SARCOMAS 


Epidemiology 

Nonrhabdomyomatous soft tissue sarcoma (NRSTS) is a het¬ 
erogeneous collection of tumors that accounts for 3% to 5% of 
pediatric tumors. 198 These tumors are different from rhab¬ 
domyosarcomas in histology, clinical characteristics, and prog¬ 
nosis. There is a bimodal age distribution, with tumors occur¬ 
ring most commonly in infants and adolescents, with slightly 
higher incidence among males. This group of tumors is com¬ 
posed of diverse histologic tumor types, no subtype of which 
represents more than 15% of all cases. 199 Since these tumors are 
rare, they are often analyzed as a group. The most common of 
the NRSTS tumors in children are dermatofibrosarcoma protu- 
berans, malignant fibrous histiocytoma, synovial sarcoma, 
malignant peripheral nerve sheath tumor, and fibrosarcoma. 


Pathology and Genetics 

NRSTS are tumors of somatic tissue, derived from primitive 
mesenchyme. Table 109.11 characterizes these tumors. Each 
tumor type corresponds to normal cell types that develop from 
mesenchymal cells. The International Classification of Child¬ 
hood Cancer has classified these tumors into four subgroups: 
fibrosarcoma category, Kaposi sarcoma category, the “other 
specified” soft tissue sarcomas, and the “unspecified” soft tis¬ 
sue sarcomas, none of which have any prognostic or therapeu¬ 
tic relevance. 199 
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TABLE 109.10 RESULTS 


ESTIMATED 5-YEAR FFS AND OVERALL SURVIVAL OF CHILDREN WITH NONMETASTATIC RMS BY PROGNOSTIC 
FACTORS (n = 1,258) 


■ PATIENT SUBSET 

AND FACTOR 

■ NO. OF 
PATIENTS 

■ ESTIMATED 

5-YEAR FFS RATE 

■ ESTIMATED 5-YEAR 
OVERALL SURVIVAL RATE 

■ % 

■ 95% Cl 

■ % 

■ 95% Cl 

Alveolar RMS/UDS 

370 

65 

60-70 

72 

67-76 

Stage 1 or 2, group I or II 

119 

80 

72-87 

86 

78-91 

Stage 1 or 2, group III 

56 

76 

63-86 

78 

64-87 

Age 1+ years 

49 

83 

70-92 

83 

69-91 

Age <1 year 

7 

29 

4-61 

43 

10-73 

Stage 3, group I or II 

73 

66 

54-76 

77 

65-85 

Stage 3, group III 

122 

45 

36-54 

52 

43-61 

NO 

60 

56 

42-67 

66 

52-77 

N1 

51 

31 

19-44 

34 

21-47 

Embryonal RMS888 

82 

79-84 

88 

86-90 


Low-risk subset A a 

403 

90 

86-92 

97 

94-98 

Age <10 years 

324 

92 

88-94 

97 

94-99 

Age >10 years 

79 

82 

71-89 

94 

85-98 

Low-risk subset B^ 

80 

87 

77-93 

96 

88-99 

Size <5 cm 

37 

100 

— 

100 

— 

Size >5 cm 

42 

77 

60-87 

93 

79-98 

Intermediate 

405 

73 

69-77 

78 

74-82 

Tl, age 1-9 years, nonextremity 

73 

90 

80-95 

90 

80-95 

T2, age 1-9 years, nonextremity 

197 

75 

69-81 

81 

74-86 

Tl, age <1 or >10 years, nonextremity 

19 

73 

45-88 

89 

62-97 

T2, age <1 or >10 years, nonextremity 

73 

56 

43-67 

61 

48-71 

Extremity 

18 

43 

20-64 

46 

21-68 


Cl, confidence interval; FFS, failure-free survival; RMS, rhabdomyosarcoma; UDS, undifferentiated sarcoma. 
fl Low-risk subset A: stage 1, group I or Ha; stage 2, group I; and group III orbit disease. 

Tow-risk subset B: stage 1, group lib or lie; stage 1, group III nonorbit; stage 2, group II; and stage 3, group I or II. 

Reprinted from Meza JL, Anderson J, Pappo AS, et al. Analysis of prognostic factors in patients with nonmetastatic rhabdomyosarcoma treated on. 
Intergroup Rhabdomyosarcoma Studies III and IV: The Children’s Oncology Group. / Clin Oncol 2006;24(24):3844-3851, with permission. 

© American Society of Clinical Oncology. 


Presentation and Diagnostic Evaluation 

Patients with NRSTS typically present with a painless mass that is 
often slow growing. Further symptoms may be present, secondary 
to compression by the tumor or invasion of adjacent tissues. 
Tumors that occasionally develop in the head and neck, such as 
fibrosarcomas, can be associated with swallowing and airways 
problems, which may require lifesaving tracheostomy. Approxi¬ 
mately 15 % of patients present with metastatic disease, most com¬ 
monly in the lungs. 201 Bone marrow invasion is uncommon. 

Workup for NRSTS begins with imaging, typically MRI, to 
provide anatomic definition; however, CT of the chest, abdomen, 
and pelvis is useful for staging. Core needle biopsies, which have 
higher sensitivity and specificity, are often used for diagno¬ 
sis. 202-204 In addition to routine histopathology, immunohisto- 
chemistry, cytogenetic and molecular studies, flow cytometry, and 
electron microscopy are recommended for accurate diagnosis. 


Staging 

There is currently no validated staging system for pediatric 
NRSTS. The Intergroup Rhabdomyosarcoma Study Group’s 


surgicopathologic system for rhabdomyosarcoma is often 
extrapolated to NRSTS. Staging systems for adults, which take 
into account tumor size, tumor extent, and tumor grade, are 
also used. The COG is currently working on a staging/grading 
system for NRSTS. 


Treatment 


The primary treatment modality for NRSTS is surgery. These 
tumors are resistant to chemotherapy and radiotherapy, so 
gross total resections are crucial when possible. A 1-cm mar¬ 
gin is recommended. However, wide resections may not be 
attainable secondary to functional or cosmetic effects. When 
complete resection would require mutilating surgery such as 
amputation or laryngectomy, simple observation may be the 
best treatment. Often, the tumor mass is dormant for years, 
allowing growth of the affected part and the possibility of a 
less debilitating or deforming resection later. Radiation is 
often used to treat residual disease and has been shown to 
reduce the risk of local recurrence. 205 Optimal dose and tim¬ 
ing of radiation therapy is unclear. Although intraoperative 
radiation therapy (IORT) and IMRT have been used with 
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TABLE 109.1 1 




RESULTS | 

NONRHABDOMYOSARCOMA TUMOR CHARACTERISTICS 

■ TUMOR 

TYPE 

■ INCIDENCE* 

■ NORMAL 
COUNTERPART* 

■ CYTOGENIC 
ABNORMALITY* 

■ GENES 
INVOLVED* 

■ COMMON 

PRIMARY SITES 

Fibrosarcoma 

0.6 

Fibroblast 

t( 12; 15) 

TEL (ETV6), 
NTRK3 (TRKC) 

Lower extremity > 
upper extremity 

Desmoplastic 
round cell tumor 6 

Approximately 
200 case reports c 

Lineage from 
epithelial, neural, 
and myogenic cells 

T(ll; 22) 

EWS, WT1 

Abdomen, 
paratesticular, 
thoracic cavity 

Leiomyosarcoma 

0.3 

Smooth muscle 

Variable 

Multiple gene 
alterations 

Gastrointestinal or 
genitourinary tract, 
superficial dermis, 
retroperitoneum, lungs, 
uterus, vascular wall 

Alveolar soft 
parts tumor 

0.1 

Unknown 

t(x; 17) 

ASPL, TFE3 

Thigh, buttocks, 
abdominal and chest 
walls 

Neurofibro¬ 

sarcoma 

0.6 

Schwann cell 

Variable, 
abnormalities of 
chromosome 17 

Multiple gene 
alterations, 
associated with 

NF1 

Extremity > 
retroperitoneum > 
trunk 

Liposarcoma 

0.1 

Adipocyte 

t(12;16) 

FUS, CHOP 

Lower extremity > 
upper extremity > 
retroperitoneum 

Tendosynovial 

sarcoma 

0.7 

Synovial cells 

T(X; 18) 

SYT, SSX-1, or 
SSX-2 

Lower extremity 
(thigh, foot posterior 
knee) > upper 
extremity (shoulder, 
forearm) 

Dermatofibro- 

sarcoma 

protuberans 

1.0 

Fibroblast 

t( 17; 22) 

COL1A1, PDGF 

Trunk > proximal 
extremities 

a From Gurney J, Young J Jr, Roffers S, et al. In: Ries LAG, Smith MA, Gurney JG, et al., eds. Cancer Incidence and Survival among Children and 
Adolescents: United States SEER Program 1975-1995. Bethesda, MD: National Cancer Institute, SEER Program; 1999. 

Trom Saab R, Khoury JD, Krasin M, et al. Desmoplastic small round cell tumor in childhood: the St. Jude Children’s Research Hospital experience. 
Pediatr Blood Cancer 2007;49:274-279. 

"Incidence age-adjusted per million younger than 20 years old (excluding desmoplastic round cell tumor). 


encouraging results, data for the pediatric population is inad¬ 
equate. NRSTS tumors are chemoresistant; however, 
chemotherapy may be used in patients with unresectable dis¬ 
ease with the goal of making these patients surgical candi¬ 
dates. Chemotherapy is also sometimes used for residual dis¬ 
ease after surgery. It is also often used for patients with 
distant spread or at high risk for distant spread, although this 
use is controversial. Doxorubicin and ifosfamide are typically 
used. 206,207 Novel therapies, including targeted therapies, are 
currently being studied, including antibody 8H9 in desmo¬ 
plastic round cell tumors. 


Outcome 


Characteristics of NRSTS that affect outcomes include disease 
extent, histologic grade, tumor size, and degree of resec- 
tion. 201 ’ 208-214 Survival in patients with high risk or metastatic 
disease is approximately 15%. Survival in patients deemed 
intermediate risk (those with unresectable disease, or high 
grade with >5 cm) is approximately 50%. Patients with 
resectable tumors, or low risk, have a survival of approxi¬ 
mately 90%. 215 


HEPATIC TUMORS 

Hepatoblastoma versus 
Hepatocellular Carcinoma 

Epidemiology and Genetics. In Europe and North Amer- 
ica, primary liver tumors constitute approximately 1.1% of 
childhood malignant neoplasms (1.4 cases per 1 million chil¬ 
dren in the United States). 216 The ratio of hepatoblastoma to 
hepatocellular carcinoma is variously reported from 1.3:1 to 
6.5:1, accounting for approximately two thirds of all liver 
tumors in children 217,218 . In areas endemic for hepatitis B, the 
ratio may be reversed and as low as 0.2:1. No geographic clus¬ 
tering of cases of hepatoblastoma has been noted. A male pre¬ 
dominance is usually reported for both tumors, the ratio rang¬ 
ing from 1.5:1 to 3.1:1 for hepatoblastoma and from 1.3:1 to 
3.2:1 for hepatocellular carcinoma. Between 1973 and 1997, 
67% of hepatic malignancies in patients younger than 20 years 
were hepatoblastomas and 33% hepatocellular carcinomas. 219 
Among children younger than 5 years, hepatoblastoma 
accounted for 91%. In children 15 to 19 years, hepatocellular 
carcinoma accounted for 87%. Hepatoblastoma is more com¬ 
mon in children born premature than at full-term. 220-222 
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Hepatoblastoma occurs sporadically in adults, but the tumor 
usually presents in the first 3 years of life. Congenital presenta¬ 
tion and antenatal diagnosis have also been reported. 218 Hepato¬ 
cellular carcinoma, in contrast, is rare in infancy. The median age 
for diagnosis of hepatoblastoma in children is 18 months, 
whereas most cases of hepatocellular carcinoma are diagnosed 
after children are 10 years old. 223 Historical series without 
pathologic review may report a higher rate of infantile hepatoma 
because of misdiagnosis of some early hepatoblastomas. 

Hepatoblastoma has been linked to various genetic syn¬ 
dromes and familial conditions, such as familial adenomatous 
polyposis and Beckwith-Wiedemann syndrome. 224,225 Erro¬ 
neous imprinting at the 11-15 locus; alterations in the beta- 
catenin/Wnt pathway; and trisomies of chromosomes 2, 8, and 
20 and rearrangements of chromosome 1 are seen in hepato¬ 
blastoma as well. 226-231 


Clinical Presentation 


Children with hepatoblastoma most commonly present with 
abdominal mass or diffuse abdominal swelling. Not infre¬ 
quently, the child is in good health, and the lesion may be 
discovered on routine examination. Accompanying symptoms, 
such as pain, irritability, minor gastrointestinal disturbances, 
fevers, and pallor, occur in fewer patients. Significant weight 
loss is unusual, although patients may fail to thrive. 

In contrast, although children and adolescents with hepato¬ 
cellular carcinoma frequently present with palpable abdominal 
masses, these are rarely incidental. Pain is frequently present 
and can occur in the absence of an obvious mass. Constitutional 
disturbances, such as anorexia, malaise, nausea and vomiting, 
and significant weight loss, occur with greater frequency. Jaun¬ 
dice is an uncommon feature of either disease. 

In most series of hepatoblastoma and hepatocellular carci¬ 
noma, a few patients present acutely with tumor rupture. 
Hepatoblastoma can present with sexual precocity caused by 
androgen synthesis or beta-HCG, although this is rare. 


Laboratory Studies 

Mild anemia is common in both conditions, and thrombocy¬ 
tosis is most often seen in patients with hepatoblastoma but 
occasionally in patients with hepatocellular carcinoma. 232 The 
cause for thrombocytosis in these conditions is unknown but 
may be related to release of tumor-derived cytokines. 

Liver function test results are usually nonspecifically 
deranged in both conditions. A high serum cholesterol level is 
present in 50% to 60% of cases, and evidence suggests that 
higher elevations may correlate with a poorer prognosis. Beta- 
HCG is commonly secreted by liver tumors, and serum assays 
are often elevated. The most useful tumor marker is the serum 
u-fetoprotein (AFP). Elevation, often extreme, occurs in 
approximately 84% to 91% of cases of hepatoblastoma. Fewer 
patients with hepatocellular carcinoma have elevated AFP lev¬ 
els, and the elevation tends to be less marked. Patients with 
fibrolamellar variant of hepatocellular carcinoma rarely have 
elevated AFP. Although nonspecific for epithelial liver tumors, 
the AFP marker is used extensively to monitor both disease 
reduction in patients undergoing nonoperative therapy and dis¬ 
ease recurrence in treated patients. Some reports concluded 
that a rise in AFP above normal in a patient with quiescent dis¬ 
ease is more sensitive than radiology or surgical exploration to 
detect recurrence. Of note, AFP is often elevated in healthy chil¬ 
dren younger than 6 months and also may be elevated during 
liver damage, liver regeneration, or with other tumors. 


Imaging Studies 

Abdominal CT scanning is the investigation of choice both for 
diagnostic discrimination and to assess operability. The chest 



FIGURE 109.12. Computed tomography scan of a 2-year-old child 
with a large right lobar hepatoblastoma {arrows). Despite the large size, 
these lesions can often be completely resected before chemotherapy. 
Hepatocellular carcinoma, in contrast, often involves multiple hepatic 
segments, and there is a significant incidence of extrahepatic extension. 


should be included to identify pulmonary metastases. Hepato¬ 
blastoma typically appears as a solitary mass with lower atten¬ 
uation values than a normal liver (Fig. 109.12). Dramatic con¬ 
trast enhancement (as in benign vascular neoplasms), invasion 
of the portal vein, and lymph node involvement are unusual. 
Hepatocellular carcinomas have a similar appearance but are 
more likely to be multifocal, invade the portal vein, and metas¬ 
tasize to draining lymph nodes. Distinction between the two 
lesions cannot be definite because the pattern of disease may 
be atypical in either instance. 

The diagnostic ability of MRI is similar to that of CT. The 
particular features of both hepatoblastoma and hepatocellular 
carcinoma on MRI are low signal intensity on Tj-weighted 
images and high intensity on T 2 -weighted images. The two 
lesions cannot be distinguished by appearance alone. 

Plain radiographs and liver-spleen scans usually indicate 
abnormalities but do not often contribute to diagnosis or assist 
in planning therapy. Angiography is indicated if embolization 
or infusion chemotherapy is contemplated, but this test is inva¬ 
sive, technically difficult in childhood, and not universally 
available. Similar information is available from dynamic CT 
scan or MRI such that these methods are considered adequate 
in most instances. 

An abdominal ultrasound, in view of the low cost and 
ready accessibility, is probably the most useful screening inves¬ 
tigation for children with large livers. This technique allows 
distinction between space-occupying lesions and diffuse 
hepatomegaly. Anatomic detail of the tumor margin is not 
usually sufficiently well delineated to assess resectability. 
Doppler ultrasound is also useful to evaluate patency of the 
inferior vena cava and hepatic veins, but extreme compression 
of these vessels may prevent useful interpretation. 

The ability of imaging studies to predict resectability is 
questionable. Resectable lesions must usually be confined to 
the right lobe, right lobe plus medial left lobe, or the left lobe; 
in addition, the hepatic veins, inferior vena cava, and portal 
vein must be free of disease. On occasion, the distinction 
between compression versus invasion of liver adjacent to the 
lesion cannot be made, nor can the patency of vessels be estab¬ 
lished with certainty. In rare instances, it may be obvious that 
metastases in the remaining liver, portal or periaortic nodes, or 
other intra-abdominal organs preclude complete resection. 

The available data do not establish any superiority of MRI 
or CT scan for evaluating the resectability of hepatic malig¬ 
nancies in children. In view of the possible advantage of 
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TABLE 109.12 STAGING 


CHILDREN'S ONCOLOGY GROUP STAGING 
FOR HEPATOBLASTOMA 


Stage I 

Favorable histology 

Other histology 

Complete resection 

Purely fetal histology with a low 
mitotic index 

All other stage I tumors 

Stage II 

Gross total resection with 
microscopic residuals or total 
resection with preoperative or 
intraoperative rupture 

Stage III 

Unresectable tumors as 
determined by the attending 
surgeon, partially resected 
tumors with macroscopic 
residual, or any tumor with 
lymph node involvement 

Stage IV 

Measurable metastatic disease 
to lungs or other organs 

Courtesy of the Children’s Oncology Group. 

primary resection, a more 

reliable option is to judge resectabil- 


ity at formal laparotomy. 

Early diagnosis by screening patients with genetic defects 
and families with hepatitis B is unlikely to have a major impact 
in Western nations. In Taiwan a program of early vaccination 
significantly reduced the incidence of hepatocellular carci¬ 
noma. 233,234 


Staging 

A staging system was derived and has been modified by the 
COG (Table 109.12) based on surgical findings and outcome of 
a primary operation before systematic therapy has been admin¬ 
istered. Alternatively, a TNM classification has been proposed 
by the International Union Against Cancer and the American 
Joint Committee on Cancer and another by the Japanese Soci¬ 
ety for Pediatric Surgery. More recently, the PRETEXT (PRE- 
Treatment EXTent of disease) system has been advocated by 
SIOPEL (International Society of Pediatric Oncology Liver 
Tumor Group). This is a pretreatment, radiographic staging 
system that emphasizes the anatomic site of involvement as 
well as the number of involved Couinaud hepatic segments. 235 
A recent report from COG on the role of PRETEXT showed 
that COG stage and PRETEXT are good predictors of mortal¬ 
ity and long-term survival. 236 


Pathology 

Hepatoblastoma usually presents as a single, pseudoencapsu- 
lated lesion, often reaching large proportions before becoming 
clinically apparent. The tumor grows in an expansive fashion 
such that the umbilical fissure usually is not breached. Thus, 
despite a 30% to 40% incidence of bilobar disease, successful 
extended resection may still be possible. Multicentricity or 
massive diffuse disease within the liver occurs in less than 20% 
of patients, and cirrhosis of the surrounding liver is unusual. 

In contrast, hepatocellular carcinoma usually lacks a distinct 
capsule. The tumor spreads diffusely through the liver in up to 
70% of patients, often with satellite nodules well separated 
from the main tumor mass. Bilobar involvement occurs in 50% 
to 70% of cases, and the umbilical fissure does not constitute a 


TABLE 109.13 


COMPARISON OF RELATIVE RISK OF DEATH FOR 
HISTOLOGIC SUBTYPES OF HEPATOBLASTOMA 


■ HISTOPATHOLOGIC 
SUBTYPE 

■ RELATIVE RISK FOR 
DEATH OF DISEASE" 

Fetal 

1.07 

Embryonal 

1.74 

Mixed 

0.53 

Macrotrabecular pattern 

1.20 

Small cell undifferentiated 

3.71 

a Risk of death adjusted for age, 
histologic subtypes. 

sex, and stage compared with other 


barrier to spread. As a result, hepatocellular carcinoma is usu¬ 
ally unresectable. Finally, because of the association of hepato¬ 
cellular carcinoma with hepatitis B infection, cirrhosis may be 
present in the surrounding nonneoplastic liver. This may pre¬ 
clude complete tumor resection if the volume of liver to be 
removed is likely to compromise liver function further. 

Hepatoblastoma is made up of embryonal-like cells, similar 
to hepatic stem cells. It contains five histologic subtypes 
including pure fetal, embryonal, mixed epithelial, mesenchymal/ 
macrotubular, and small cell undifferentiated. The fetal sub- 
type has the best outcome and small cell/undifferentiated the 
worst. 237-239 One analysis showed that resected patients with 
pure fetal histologic type have a 2-year survival rate of 92%, 
which is significantly better than that for patients with embry¬ 
onal or anaplastic tumor components (63% and zero 2-year 
survival rates, respectively). 240 A comparison of the relative 
mortality risks for subtypes of hepatocellular carcinoma is 
listed in Table 109.13. In addition to the epithelial element, 
hepatoblastoma may contain varying amounts of immature 
stromal tissue, often containing osteoid. 

The fibrolamellar subtype of hepatocellular carcinoma is 
characterized by broad fibrous septa that separate the cellular 
component into nodules and is most commonly seen in late 
childhood and adolescence. It is associated with a better prog¬ 
nosis and a higher resection rate. This difference, however, 
may not be independent of stage. 

Of patients with hepatoblastoma, 10% to 20% present with 
distant metastases. The locations of metastases at autopsy in 
46 patients in one report were the lungs in 46%, portal and 
periaortic nodes in 11%, brain in 7%, and peritoneum and 
diaphragm in 4% each. 241 The incidence of metastases is report¬ 
edly higher in patients with embryonal and anaplastic histologic 
types compared with fetal differentiation. 

Hepatocellular carcinoma presents with metastatic disease in 
30% to 50% of patients. The location of metastases at autopsy 
was reported by the Liver Cancer Study Group of Japan. 242 The 
lungs were involved in 48% of patients, lymph nodes in 37%, 
intraperitoneal organs in 16%, peritoneum in 15%, adrenal in 
11%, bone in 10%, brain in 2%, and skin in 1%. Tumor 
emboli were detected in the portal vein in 59.7% and in the 
hepatic vein in 26.6% of patients. The higher incidence of lym¬ 
phatic and intra-abdominal spread in hepatocellular carcinoma 
is relevant to local resectability and recurrence. Nodal disease in 
the porta hepatis and periaortic region is not readily resectable, 
and recurrence is inevitable if such disease is present. 


Treatment 

Hepatoblastoma. Complete surgical resection remains the 
major objective of therapy for hepatoblastoma (Fig. 109.12). 
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At presentation, approximately 60% of patients with hepato¬ 
blastoma have resectable tumors, and one review reported no 
survivors among children who underwent biopsy only or incom¬ 
plete resection. More recently, sporadic patients who received 
nonoperative treatments have achieved complete response, 243,244 
and chemotherapy and radiation therapy have shown good 
results for some patients whose tumors were incompletely 
resected at the primary site. 

A nonanatomic resection, wedging out the tumor with a 
satisfactory margin, may be feasible in the uncommon instance 
of a small peripheral or pedunculated lesion. More often, a 
major anatomic resection is required, depending on tumor 
location and extent. As much as 85% of hepatic substance 
may be removed, with subsequent full and rapid regeneration 
despite the administration of postoperative chemotherapy. 245 
The principles of safe hepatic resection are now well devel¬ 
oped, and a considerable reduction in operative mortality rates 
has been possible since the 1970s. In two historical series, the 
mortality rate was reported to be approximately 22%, but in 
more recent series, it was as low as 0% to 3%. 246,247 

The surgical principles include wide exposure using a gen¬ 
erous bilateral subcostal incision and dissection at the liver 
hilum with isolation of vascular and ductal structures of the 
segment or lobe to be resected. After hepatic arterial and por¬ 
tal venous inflow to the relevant area is ligated, a color demar¬ 
cation acts a guide to the correct plane of division of liver sub¬ 
stance and allows this to proceed with minimal blood loss. 
Technologic advances such as the Cavitron Ultrasonic Surgical 
Aspirator (CUSA; Cooper Lasersonics, Santa Clara, CA) and 
metallic clip applicators have reduced the risk of hemorrhage, 
although finger-fracture technique with individual vessel and 
duct suture-ligation remains an acceptable alternative. Hemo¬ 
stasis of the transected surface can be completed with use of 
the argon beam coagulator or electrocautery and topical 
agents such as thrombin and Gelfoam (Pharmacia & Upjohn, 
Kalamazoo, MI). A trend to eliminate use of abdominal drains 
in uncomplicated cases has emerged. 

Approximately 40% of patients with hepatoblastoma have 
inoperable tumors at presentation. Bilaterality, diffuse multicen¬ 
tricity, and metastatic lesions may all preclude resection. Vari¬ 
ous techniques have been used to increase the resectability rates, 
including preoperative chemotherapy, profound hypothermia 
with circulatory arrest, and total hepatic vascular occlusion. 
These maneuvers are a useful part of the surgical armamentar¬ 
ium in selected instances. During the 1990s, it became evident 
that some of these tumors may be rendered resectable by pre¬ 
operative therapy. When the tumor is large, multicentric, has 
portal/hepatic venous involvement, or pulmonary metastasis, 
curative resection may be more likely after neoadjuvant 
chemotherapy. 239 For truly unresectable disease, aside from 
transplantation, chemotherapy is the major treatment option 
available. If the tumor is unresectable at the time of the opera¬ 
tion (stage III or IV), patients should receive four cycles of cis- 
platin, 5-fluorouracil, and vincristine, and then undergo either 
re-resection or transplantation. Doxorubicin is often added 
when the response is minimal. Furthermore, adjuvant 
chemotherapy is used after resection for patients with nonfetal 
histology stage I disease and stage II disease. 

The role of radiation therapy is not clearly defined. In treat¬ 
ing patients with bulky disease, the tolerance of normal liver is 
not compatible with the doses that would be required for tumor 
ablation, although temporary stability may be achieved. Hepatic 
toxicity has been described at doses to the whole liver of greater 
than 25 Gy. Focal radiation up to 45 Gy can be safely adminis¬ 
tered. There may be a place for radiation in a dose range of 25 to 
45 Gy combined with chemotherapy in inoperable hepatoblas¬ 
toma and in patients with postresection residual disease. In one 
report, eight patients were treated after incomplete resections 
(four with gross and four with microscopic residual disease) with 
combined irradiation and chemotherapy; six of these patients 
were free of disease at 4 to 83 months’ follow-up. 243 


The use of liver transplantation in those with unresectable 
primary tumors is growing. A recent study showed up to 80% 
long-term disease-free survival in children receiving transplan¬ 
tation in large, solitary, or multifocal tumors invading all four 
sectors of the liver. 248 The United Network for Organ Sharing 
database contains 237 patients from 1987 to 2006 who under¬ 
went orthotopic liver transplantation for hepatoblastoma. The 
median age of these children was 2.9 years. The overall survival 
at 1, 5, and 10 years was 80%, 69%, and 66%, respectively, 
with recurrence in approximately 50% of patients. 249 Another 
recent multicenter study reviewed 147 patients with hepato¬ 
blastoma who had liver transplantation. Seventy-two percent 
of these patients underwent orthotopic liver transplantation as 
the first surgery, while the other 28% had an initial incomplete 
resection or had recurrent disease. The latter cohort had a 
worse outcome, with 30% overall disease-free survival versus 
82% in those patients who received transplantation as their 
primary surgery. 250 These results were replicated in other 
single-center studies. 251-253 Patients, however, require long¬ 
standing immunosuppressive therapy after transplantation. In 
addition, the risk of hepatic artery thrombosis in transplant 
patients is 3 to 4 times greater in children than in the adult pop¬ 
ulation. 254 Recurrence and/or metastases are the primary causes 
of death in children with liver transplantation for hepatoblas¬ 
toma, leading to 54% of deaths. 249 Upcoming COG studies 
involve liver transplantation, and an international registry of all 
patients with childhood liver tumors has been established. 

Other treatments with encouraging results are in develop¬ 
mental phases. Transcatheter selective arterial chemoem- 
bolization (TACE), which involves transarterial administra¬ 
tion of chemotherapy in addition to a vascular occlusive agent, 
has been studied as potential neoadjuvant therapy in the hope 
of making unresectable disease resectable or for palliative ther¬ 
apy. The intra-arterial route allows the administration of 
agents directly to the tumor with the theoretic advantage of 
less systemic toxicity. One recent study looked at the feasibil¬ 
ity and effectiveness of this technique. Cycles of cisplatin and 
Adriamycin mixed with lipiodol were given, followed with 
gelatin foam particles or stainless steel coils. TACE allowed for 
successive complete surgical resection in 13 of 16 patients and 
partial resection in the remaining three. Overall survival rates 
were 87.5%, 68.7%, and 50% at 1, 3, and 5 years, respec¬ 
tively. There was no major chemotherapeutic toxicity noted. 
Multicenter, randomized studies are needed. 255 

With improving management of the primary lesion, mortality 
is increasingly the result of metastatic relapse in the lungs. If 
metastases demonstrate progression or relapse on therapy, surgi¬ 
cal resection is an option. Cure of pulmonary metastatic disease 
has not been demonstrated with radiation therapy. The use of 
pulmonary metastasectomy is not adequately studied in prospec¬ 
tive studies; however, a recent report concludes that resection of 
lung metastases may be beneficial in patients with disease present 
at diagnosis that is not responsive to neoadjuvant treatment. 256 
Another series reported the operative treatment of five cases of 
pulmonary metastatic disease that developed after successful 
management of the primary tumor. 257 All lesions developed dur¬ 
ing or soon after chemotherapy. Four patients were free of dis¬ 
ease at 8 to 83 months’ follow-up, despite having multiple 
lesions and requiring more than one resection in two cases. No 
patients with hepatoblastoma with metastases to sites other than 
lung or regional nodes have been reported cured. 

Hepatocellular Carcinoma. Despite recent progress in the 
treatment of hepatoblastoma, treatment of children with hepa¬ 
tocellular carcinoma remains problematic and their outcome 
poor. Analogous to hepatoblastoma, complete surgical resec¬ 
tion is a prerequisite for cure in hepatocellular carcinoma of 
childhood. Patients with incompletely resected tumors do not 
survive, as these tumors are very chemoresistant. In one study, 
the response rate to chemotherapy was less than 50%, with 
many patients having disease progression despite systemic 


PEDIATRICS 


1978 


Part Two: Surgical Practice 


chemotherapy. 258 Although patients undergoing resection sur¬ 
vive longer than those who do not undergo resection, the gain 
is small owing to the high local and systemic relapse rates. The 
Japanese Liver Cancer Study Group reported a 40% 1-year 
survival rate for resectable disease and 10% for unresectable 
lesions. 242 

Stage for stage, the prognosis of hepatocellular carcinoma 
is no worse than that for hepatoblastoma. Many more patients 
present with advanced hepatocellular carcinoma, however, 
because the prevalence of bilobar and multicentric tumors and 
extrahepatic extension renders them unresectable. Nodal and 
systemic metastatic disease is more common at the outset. The 
liver may be cirrhotic in some instances, precluding an exten¬ 
sive resection short of transplantation. 

Most series report the percentage of children with resectable 
hepatocellular carcinoma (HCC) to be approximately 10% to 
20%. Patients with fibrolamellar histologic pattern may be an 
exception, with a resection rate of 48% to 60%, and essentially 
no association with cirrhosis. Relapse after resection is common. 
A POG and CCG intergroup study showed no impact of either 
cisplatin plus doxorubicin, or cisplatin, vincristine, and 5-fluo- 
rouracil on outcome in patients with hepatocellular carcinoma. 
The overall survival rate in the pediatric age group for hepato¬ 
cellular carcinoma is rarely reported to exceed 20% and more 
realistically approaches zero. A role for external-beam radiation 
therapy has not been established. Only temporary stability of 
bulky disease has been demonstrated, and radiation has also 
failed to decrease the relapse rate in patients with minimal dis¬ 
ease after surgical resection. Intra-arterial chemotherapy and 
chemoembolization have been used for patients with HCC as 
well, although studies do not show great responses. In addition, 
metronomic chemotherapy and adjuvant antiangiogenic treat¬ 
ments are currently under investigation and are preliminarily 
showing promising results. 239,259-261 Given the poor results for 
conventional therapy, there may be a place for liver transplanta¬ 
tion. However, transplantation is limited to tumors that fulfill 
the Milan criteria (single tumor <5 cm in diameter or up to three 
tumors each 3 cm or less in diameter, absence of macroscopic 
portal vein invasions, and absence of extrahepatic disease). 
These criteria are often used for adults, and it is unclear if they 
should be altered for the use of transplantation in children. The 
United Network for Organ Sharing database from 1987 to 2006 
contained 41 pediatric patients with HCC who received ortho¬ 
topic liver transplantation. The overall 1-, 5-, and 10-year 
patient survival rates were 86%, 63%, and 58%, respectively. As 
with hepatoblastoma, the main cause of mortality was relapse; 
however, relapse occurred more frequently in those patients with 
HCC (compared to the 54% in hepatoblastoma). 249 

Outcome. After a successful complete surgical resection, the 
5-year event-free survival is 83% versus 41% for those 
patients with residual tumor after surgical resection. 262 Classi¬ 
fying tumors by grade, the COG has shown a 3-year event-free 
survival of 90% for stage 1 or 2 disease, 50% for stage 3 dis¬ 
ease, and 20% for stage 4 disease. 263 These patients have bet¬ 
ter outcomes than those with HCC, as a recent COG trial 
showed a 5-year overall survival of those with stage 1 tumors 
is 88%, stage 3 tumors is 23%, and stage 4 tumors is 10%. 264 
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CHAPTER 110 ■ THE PREGNANT PATIENT 

COSMAS J. M. VANDEVEN, N. SCOTT ADZICK, AND ALEXANDER S. KRUPNICK 


KEY POINTS 


^The general surgeon should be familiar with the physio¬ 
logic changes associated with pregnancy in order to distin¬ 
guish maternal physiologic changes from signs or symp¬ 
toms of disease. 

Q When the uterus reaches the umbilicus, precise assessment 
of gestational age is recommended, which may require 
consultation with the obstetric service. Fetal monitoring 
should be considered to optimize uterine physiology, start¬ 
ing at approximately 20 weeks of gestation. 

Q Concerns regarding medicolegal repercussions should not 
interfere with the proper medical care of the pregnant 
patient. Optimal care, including imaging studies, surgery, 
and the use of medications, benefit the mother and there¬ 
fore the unborn child. 

Q Perforated appendicitis in pregnancy rapidly leads to dif¬ 
fuse peritonitis, premature labor, and fetal loss. The rate of 


preterm labor and fetal loss with perforated appendicitis 
ranges from 26% to 66%, compared with 0% to 5% for 
uncomplicated appendicitis. 

Q Laparoscopic cholecystectomy is a safe and reliable modal¬ 
ity to treat gallstone disease during pregnancy. Symptomatic 
cholelithiasis treatment during the first trimester includes 
conservative measures until elective cholecystectomy can be 
performed safely during the second trimester of gestation. 
Second trimester disease can be dealt with surgically, 
whereas that presenting later in gestation can probably be 
managed symptomatically until the postpartum period. 

Q Adhesions are the most common cause of intestinal obstruc¬ 
tion in the gravid patient, but intestinal volvulus is a much 
more common complication than in the population as a 
whole. Intussusception, hernia, and carcinoma are responsi¬ 
ble for a minority of cases of bowel obstruction. 


In the United States alone, approximately 13 million concep¬ 
tions occur annually, resulting in over 4 million live births each 
year. 1 Despite the continuous presence of this patient popula¬ 
tion, little emphasis has been placed on educating the general 
surgeon in the diagnosis and treatment of surgical problems in 
^the pregnant patient. Although obstetricians routinely deal 
with pregnancy-related maternal disease and surgery, in many 
medical and surgical diseases the general surgeon is consulted. 
It is therefore imperative that he or she understands the nor¬ 
mal physiologic changes occurring during pregnancy as well as 
the presentation of surgical disease in pregnancy. The surgeon 
often is the first person to evaluate a pregnant patient after 
trauma or for abdominal pain or learns of the pregnancy dur¬ 
ing the initial workup. The incidence of most surgical diseases 
remains the same in the pregnant patient, although some, like 
cholelithiasis, may actually increase. In addition, the surgeon 
must be aware of the changes in presentation as well as be con¬ 
versant with the safety and utility of diagnostic imaging 
modalities. Pathways and algorithms for diagnosis and treat¬ 
ment of diseases in the nonpregnant woman must be altered to 
ensure the safety and well-being of the mother as well as that 
of the fetus. The purpose of this chapter is to review the phys¬ 
iologic changes that occur in pregnancy, discuss the risks and 
benefits of diagnostic imaging modalities and medications in 
pregnancy, and review the role of fetal monitoring and assess¬ 
ment of preterm labor. In addition, the presentation, fre¬ 
quency, and treatment of some common surgical diseases dur¬ 
ing pregnancy as well as their adverse effects on the pregnancy 
are described. Pregnancy is one of the rare situations when sur¬ 
gical decisions directly affect the lives of two people, and 
although mistakes can be twice as costly, rewards can double. 


UTERINE PHYSIOLOGY 
AND PRETERM LABOR 


Full-term delivery is delivery at 37 weeks of gestation or 
beyond. Twelve percent of live births are premature, at less 


than 37 weeks of gestation. Seventy-five percent of all perinatal 
morbidity and mortality is associated with premature delivery. 2 

The uterus is a smooth muscle organ responsible for recep¬ 
tion, implantation, development, and expulsion of the fetus. In 
the nonpregnant woman, the uterus is an exclusively pelvic 
organ weighing approximately 70 g with a cavity volume of 10 
mL. During pregnancy, the uterus gradually becomes an intra¬ 
abdominal organ weighing close to 1,100 g and expanding to 
a total volume of 5 L at term. By the 12th week of gestation, 
the uterus becomes too large to reside exclusively in the pelvis 
Q and extends into the abdominal cavity. By the 20th week, the 
uterine fundus reaches the umbilicus; by the third trimester, it 
reaches almost to the liver (Fig. 110.1). As the uterus contin¬ 
ues to rise, it exerts pressure on the anterior abdominal wall, 
displaces the intestines superiorly and laterally, and changes 
the relationship between the abdominal visceral organs. In the 
upright position, the uterus is supported by the anterior 
abdominal wall and usually undergoes a dextrorotation 
because of the presence of the rectosigmoid on the left. In the 
supine position, most of the uterine weight falls on the spinal 
column, but compression of the surrounding great vessels, 
especially the flaccid inferior vena cava, can occur. 

Uterine activity and contractions are coupled to the electri¬ 
cal changes in the myometrium, which is physiologically 
arranged to maximize the efficiency of uterine contractions for 
the expulsion of the fetus at term. The resting membrane 
potential of the uterine myocyte ranges from —40 to —60 mV. 
It becomes more negative ( — 60 mV) early in gestation and 
increases to —40 mV near term. Early in pregnancy, the 
myometrium exhibits irregular electrical activity, termed slow 
waves . These rhythmic alterations in the membrane potential 
occasionally reach the threshold potential and lead to an action 
potential at the top of the slow wave. Entry of Ca 2+ through 
voltage-sensitive Ca 2+ channels allows for actin-myosin inter¬ 
action and electromechanical coupling, leading to uterine con¬ 
traction. By the second trimester, irregular contractions can be 
palpated through the abdominal wall and are known as Brax¬ 
ton Hicks contractions. 3 These irregular contractions during 
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FIGURE 110.1. Enlarging uterus during gestation. At 12 weeks, the 
uterus rises out of the pelvis into the abdomen. At 20 weeks, the fun¬ 
dus is at the height of the umbilicus, and at 36 weeks the uterus 
reaches to the upper abdomen. 


pregnancy lead to relatively small increases in uterine pressure 
and do not result in cervical effacement or dilatation. At term, 
gap junctions are formed between the uterine myocytes, which 
allow for electrical and metabolic communication. The 
increase in gap junctions results in rapid and efficient conduc¬ 
tion of the action potential throughout the uterine smooth 
muscle with resulting coordinated, purposeful contractions 
generating pressures up to 80 mm Hg. These coordinated con¬ 
tractions ultimately result in effacement and dilatation of the 
cervix and delivery of the baby. 

The mechanisms behind human parturition are still poorly 
understood. Numerous hormones, peptides, and local media¬ 
tors act on the myometrium both to stimulate and down- 
regulate its activity (Table 110.1). Parturition begins when 
forces favoring uterine activity override those of quiescence 
and tip the balance toward contraction and ultimately birth. 
Progesterone maintains uterine relaxation during most of the 
pregnancy by blocking Ca 2+ flux through cell membranes and 
opposing the action of estrogen. Close to term, the concentra¬ 
tion of estrogen increases relative to that of progesterone, lead¬ 
ing to uterine activation. Synthesis and surface expression of 
contraction-associated proteins, including gap junctions, ion 
channels, and oxytocin receptors, is initiated, and the uterus is 
transformed from its pliable, relaxed state to one of respon¬ 
siveness and excitability. A shift in arachidonic acid metabo¬ 


lism from lipoxygenase products to those of cyclooxygenase, 
especially prostaglandin E 2 and F 2a , favors activation of the 
uterine musculature as well as the onset of uterine contractions. 
Prostaglandins raise local Ca 2+ concentrations by increasing 
Ca 2+ flux across the cell membrane and stimulating Ca 2+ 
release from intracellular stores. Inflammatory cytokines, espe¬ 
cially interleukin (IL)-l and IL-6, are produced locally by pla¬ 
cental tissues and act in concert with other stimulatory factors 
to propagate uterine activity. 3,4 

Oxytocin is a nonapeptide synthesized in the hypothalamus 
and secreted from the posterior pituitary. Its name means 
“quick birth,” and it was the first uterotonin to be implicated in 
parturition. Oxytocin stimulates Ca 2+ flux across myometrial 
plasma membranes and has distinct receptors located in the 
myometrium and other reproductive tissues. Uterine respon¬ 
siveness to oxytocin is directly related to receptor concentra¬ 
tion, which can increase 300-fold during pregnancy. The uterine 
smooth muscle surface expression of oxytocin receptors is 
increased by maternal estrogen and opposed by progesterone. 
Although it was originally isolated from the posterior pituitary, 
the placental content of oxytocin is approximately five times that 
of the pituitary, and the placenta is most likely the main source 
of oxytocin during pregnancy and parturition. 4 


Preterm Onset of Labor 


Preterm onset of labor is uterine contractions producing cervi¬ 
cal change prior to 37 weeks of gestation. Despite many 
attempted interventions, the rate of premature deliveries has 
increased in the last 40 years and is currently about 12%. 2 Pre¬ 
maturity is responsible for 75% of all neonatal morbidity, 
mortality, and cost of neonatal care. 5 Survival has increased 
with improvement in neonatal intensive care units, but the pre¬ 
mature infant still experiences a wide variety of ailments with 
long-term sequelae in many organ systems. 

The cause of preterm labor is often multifactorial, but the 
onset of labor during surgical manipulation or intra-abdominal 
inflammatory processes is of most concern to the surgeon. 
Increased prostaglandin production in the presence of an infec¬ 
tive process can activate preterm labor. Bacterial infection of 
the amniotic tissues or peritoneum leads to a local increase in 
eicosanoids and the onset of labor. 6 Endotoxin acts on inflam¬ 
matory cells to increase production of IL-1 and IL-6, which 
also amplify local prostaglandin production. All these factors 
can act in concert to initiate and propagate preterm labor. Uter¬ 
ine activation and increased expression of gap junctions as well 
as oxytocin receptors can be induced by uterine stretch. 7 Uter¬ 
ine trauma caused by surgical manipulation could affect these 
same mechanisms, leading to premature uterine contractions. 
The interrelations at various levels between the inflammatory 
response, uterine and maternal trauma, and the initiation of 
labor can represent the body’s attempt to expel the fetus from a 
hostile intrauterine environment. 


TABLE 1 10.1 


MEDIATOR OF UTERINE ACTIVITY 

■ STIMULATES ■ DOWN-REGULATES 

UTERINE ACTIVITY UTERINE ACTIVITY 

Estrogen Progesterone 

Oxytocin 

PGE 2 , PGF 2a 

IL-1, IL-6 

IL, interleukin; PG, prostglalndin. 


Tocolysis 

Tocolytic therapy attempts to reverse or alleviate the premature 
onset and/or progression of labor. In most clinical presenta¬ 
tions, the etiology of the preterm onset of uterine contractions 
is not known. Intervention is directed at decreasing the uterine 
smooth muscle activity through inhibition of the muscle con¬ 
traction. Despite 40 years of research, there has been little suc¬ 
cess in the prevention or treatment of preterm labor. Tocolytic 
treatments may result in the delay of delivery by approxi¬ 
mately 48 hours, which allows for the administration of 
steroids to promote fetal lung maturation through the release 
of surfactant. The use of antenatal steroids is associated with a 
decreased risk of respiratory distress syndrome and multior¬ 
gan failure in the preterm neonate. 8 Prostaglandin synthesis 
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inhibitors, magnesium sulfate, /3-adrenergic agonists, and cal¬ 
cium channel blockers are the four most common pharmaco¬ 
logic agents used as tocolytics. 9 The choice of tocolytic agent 
may vary between institutions. 

Magnesium sulfate is often used as a first-line tocolytic 
agent when the onset of premature contractions is docu¬ 
mented. Most data support the theory that magnesium exerts 
its effects by calcium antagonism. High intracellular magne¬ 
sium concentrations inhibit Ca 2+ entry into myometrial cells, 
interfering with actin-myosin coupling. High magnesium con¬ 
centrations also increase the sensitivity of K + channels, favor¬ 
ing hyperpolarization and uterine relaxation. Maternal serum 
levels necessary to inhibit myometrial contractility are not well 
established but may range between 4 and 9 mg/dL, two to six 
times normal levels. These serum concentrations of magne¬ 
sium needed for tocolysis are not far from levels causing abla¬ 
tion of deep tendon reflexes (9 to 13 mg/dL) or respiratory 
depression (14 mg/dL). Concern regarding magnesium toxicity 
requires careful monitoring of the patient, particularly in 
patients with compromised renal function. 

Because of the importance of prostaglandins in the promo¬ 
tion of uterine contractions, prostaglandin synthetase inhibitors, 
especially nonsteroidal anti-inflammatory drugs, are used to stop 
premature labor. Indomethacin is the nonsteroidal drug used 
most frequently for tocolysis because of its quick onset of action 
and ease of dosing. 

p 2 ~ Adrenergic agonists used in the treatment of preterm labor 
include ritodrine and terbutaline. Stimulation of uterine /3 2 
receptors leads to activation of adenylate cyclase and an increase 
in intracellular cyclic adenosine monophosphate (cAMP) con¬ 
centration. Activation of cAMP-dependent protein kinase A 
inhibits myosin light-chain phosphorylation and actin-myosin 
coupling. Protein kinase A activity is also associated with 
increased Ca 2+ efflux, decreased Ca 2+ influx, and increased K + 
conductance. All these actions lead to myometrial relaxation. 

Calcium channel blockers inhibit entry of calcium through 
voltage-dependent Ca 2+ channels. The use of oral nifedipine 
can abolish uterine activity and prevent delivery with minimal 
toxicity or side effects. 

The role of tocolytic therapy remains controversial. The 
benefit appears to be limited to delaying premature delivery by 
48 hours, allowing for administration of steroids to enhance 
fetal lung maturity. Maternal and fetal side effects can be seri¬ 
ous, so close observation is necessary with all forms of tocoly¬ 
sis. The decision to use tocolytics must be made only after the 
diagnosis of premature onset of labor is confirmed and the ben¬ 
efits of prolonging gestation outweigh the risks of tocolysis. 

When nonobstetric surgery is required in a pregnant 
patient, prophylactic use of prostaglandin synthesis inhibitors 
such as indomethacin is recommended. A preoperative dose of 
50 to 100 mg of indomethacin can be administered orally. 
Postoperative continued prophylaxis using indomethacin 50 
mg by mouth, every 6 hours for a total of 48 hours, should be 
considered. 

For intra-abdominal surgery in the preterm pregnant patient, 
preoperative steroid administration should be considered. 
Either two doses of betamethasone 12 mg, 24 hours apart, or 
four doses of dexamethasone 6 mg, 12 hours apart, should be 
administered to the mother, ideally beginning 48 hours prior to 
surgery. 8 


PHYSIOLOGIC CHANGES 
OF PREGNANCY THAT 
MIMIC DISEASE 


The maternal physiologic homeostasis adapts in order to pro¬ 
mote a physiologic environment that benefits the development 
and growth of the fetus. These physiologic changes may mimic 
or mask the diagnosis of medical disorders. 


Progesterone levels increase throughout the pregnancy. 3 Prog¬ 
esterone is a smooth muscle relaxant that plays a major role in 
assuring relaxation of the uterine smooth muscle in order to pre¬ 
vent premature delivery. In addition, vascular, gastrointestinal, 
and urogenital smooth muscle relaxes, resulting in common 
pregnancy-associated signs and symptoms. Progesterone- 
induced smooth muscle relaxation appears to be dose dependent 
and can be blocked by increasing the extracellular concentration 
of Ca 2+ , at least in vitro, suggesting that progesterone may alter 
the effective Ca 2+ available for actin-myosin coupling. 10 

Plasma volume increases by up to 50% and red blood cell vol¬ 
ume by 20% to 30%. This increase in intravascular (blood) vol¬ 
ume leads to a 50% increase in cardiac output (CO). 11 In order to 
allow for this increase in CO, pregnancy is associated with 
marked venous and arterial vasodilatation. Vasodilatation occurs 
to such an extent that the blood pressure actually decreases dur¬ 
ing pregnancy, with the nadir around 24 weeks and a return to 
baseline by term. 12 Vasodilatation is facilitated by a decrease in 
vasoconstrictor sensitivity and an increase in the production of 
nitric oxide and prostacyclin. 13 Common clinical signs and symp¬ 
toms associated with this increase in CO and associated vasodi¬ 
latation include decreased exercise tolerance, mild peripheral 
edema, spider angiomata, complaints of stuffy sinuses, an increase 
in lower extremity varicosities, and hemorrhoids. 

In order to increase oxygen delivery to the fetus and remove 
the increased supply of C0 2 produced by the fetus, the mother 
hyperventilates throughout the pregnancy. 14 Arterial p0 2 val¬ 
ues increase while pC0 2 levels decrease, and pH increases 
(mild alkalosis). Maternal oxygen metabolism increases by 
20% to 30% and functional reserve capacity decreases. There¬ 
fore, a pregnant patient may desaturate much quicker com¬ 
pared to a nonpregnant patient. When intubation is needed, 
there is significantly less time to establish an airway and assure 
continued oxygenation of the mother and baby. Fetal C0 2 is 
cleared by passive diffusion. In case of mechanical ventilation, 
maternal pC0 2 levels should be targeted at lower levels in 
order to prevent acidosis of the fetus. It is common for the 
pregnant patient to have the sensation of shortness of breath, 
specifically in the second and third trimester when the uterus 
increases in size and displaces the diaphragm upward. 

The lower esophageal sphincter tone gradually decreases, as 
does gastric emptying time. Nausea and vomiting of pregnancy 
is a common occurrence affecting between 50% and 90% of all 
women. 15 This correlation with pregnancy was documented as 
early as 2000 BC. Although a clear cause has not been estab¬ 
lished, it rarely extends beyond the first trimester. Other causes 
must be investigated if the nausea and vomiting persist or occur 
later in pregnancy. 

The gallbladder empties more slowly during pregnancy and 
undergoes a gradual increase in residual volume, both during 
fasting and after meals. With these changes, combined with 
supersaturation of bile by cholesterol, pregnancy becomes a lith- 
ogenic state. 16 The effects of pregnancy are transient, and gall¬ 
bladder motility and volumes return to normal as early as 2 
weeks after pregnancy, but the gallstones, if formed, may persist. 

Prolonged small bowel transit time and decreased colonic 
emptying work to maximize nutrient and water absorption 
but also contribute to the constipation reported by 38% of 
pregnant women. 17 

Abdominal pain may be related to a surgical pathologic 
process but can have many pregnancy-associated causes. 18 
Round ligament pain is described as an aching, dragging pain 
that typically is unilateral. It is provoked by physical activity 
or even turning while sleeping. It is a common occurrence until 
the third trimester. Pain in the hypochondrium can result from 
uterine pressure on the lower ribs. The patient describes a very 
localized, sharp, nonradiating pain that more often is on the 
right compared to the left upper quadrant. 

Hemoglobin concentrations may drop to 10 mg/dL, and 
hematocrit values may go as low as 30%. Pregnancy may be 
associated with an increase in the white blood cell (WBC) 
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TABLE 1 10.2 


CHANGE IN LABORATORY VALUES DURING PREGNANCY 




■ NORMAL 

■ LATE 



NONPREGNANT 

PREGNANCY 

■ PARAMETER 

■ CHANGE 

VALUE 

VALUE 

Albumin (g/dL) 

i 

3.2-3.8 

2.4-3.1 

Alkaline phosphatase (IU/L) 

t 

30-115 

100-210 

Total bilirubin (mg/dL) 


0.26-1.00 

Unchanged 

Aspartate aminotransferase (IU/L) 


0-31 

Unchanged 

Hemoglobin (g/dL) 


12.0-16.0 

10.5-14 

Leukocyte count (Xl0 3 /mm 3 ) 

t 

4.5-11.0 

6.0-16.0 


From Martin C, Varner MW. Physiologic changes in pregnancy surgical implications. Clin Obstet Gynecol. 
1994;37:241-255. 


count, up to levels of 13,000 WBCs per mL. Intrapartum and 
immediate postpartum (<24 hours) counts may be as high as 
25,000 WBCs per mL. Platelet counts may slightly decrease as 
the pregnancy progresses. Thrombocytopenia is relatively com¬ 
mon (up to 8%) in pregnancy. The most common cause is ges¬ 
tational thrombocytopenia. 19 The patient is typically asympto¬ 
matic, and platelet counts recover to normal levels within a few 
weeks following the delivery. Renal blood flow and glomerular 
filtration rates increase by over 50%. Creatinine levels decrease 
appropriately, resulting in normal levels of 0.5 to 0.6 mg/dL. 
Serum alkaline phosphatase levels gradually increase because 
of production of an alkaline phosphatase isozyme by the pla¬ 
centa. This does not reflect biliary or bone disease. Albumin 
levels may be lower, associated with the increase in plasma vol¬ 
ume, and osmotic pressure may be decreased (Table 110.2). 


IMAGING MODALITIES IN 
THE PREGNANT PATIENT 


Advances in radiology have revolutionized surgical practice. 
By visualizing the lesion before exploration, surgical interven¬ 
tion can focus on the area of disease or avoid it altogether. 
Emergency medicine physicians, radiologists, and surgeons are 
frequently hesitant to use the proper diagnostic imaging 
modalities for pregnant patients because of the perceived dan¬ 
ger to the developing fetus. In almost all clinical presentations, 
the risks of misdiagnosis by avoiding the proper imaging tests 
are greater compared to the risks of sequelae from ionizing 
@ radiation to the fetus. The physician should not avoid proper 
diagnostic and therapeutic interventions because of medico¬ 
legal concerns. Although experimental data regarding the 
effects of ionizing radiation on the developing human fetus are 
impossible to obtain, animal exposure and follow-up of those 
inadvertently exposed to radiation have provided some infor¬ 
mation: Retrospective studies of atomic bomb survivors in 
Hiroshima and Nagasaki have allowed for evaluation of the 
effects of massive radiation exposure in utero. 20 


Ionizing Radiation 

Fetal effects of ionizing radiation depend on the dose absorbed 
by the fetal tissue and the stage of fetal development during 
exposure. Exposure is defined as the amount of ionic charge cre¬ 
ated by the radiation on passing through a defined mass of air. 
The roentgen is a common unit of exposure, producing 0.26 mil- 
licoulomb per kilogram of air or 2 billion ion pairs per cubic 


centimeter of exposed air. Although exposure is useful for mea¬ 
suring radiation output, the absorbed dose is the radiation 
imparted to tissue that creates a biologic effect. One gray (Gy) is 
strictly defined as the deposition of 1.0 joule of energy per kilo¬ 
gram of tissue. One rad is 1% of 1 Gy. As a gross estimate, expo¬ 
sure to 1 roentgen gives an absorbed dose of 1 rad or 10 mGy. 

It is a misconception to assume that the radiation absorbed 
by the mother is the same as that absorbed by the fetus. Dos¬ 
ing of radiation to the uterus and conceptus can vary several 
fold based on abdominal wall depth and the anteverted or 
retroverted position of the uterus. Radiographic evaluation of 
the abdomen and pelvis is most likely to expose the fetus to 
direct ionizing radiation, whereas examination of the extremi¬ 
ties and chest leads to exposure from scatter radiation only 21 
(Table 110.3). 

Radiation-induced ionization of vital cellular structures can 
result in damage to the DNA. DNA damage may be repaired or 
may result in cell death, rapid cell growth, abnormal cell growth, 
or genetic mutation. Cellular destruction either leads to the 
death of the embryo if a significant amount of tissue is affected 
or has no effect if the damaged cells are replaced by healthy ones. 
Growth impairment of organs occurs if the population of cells 
cannot be replaced or damage occurs to a small population of 
progenitor cells at a vital stage of development. All these effects 
are produced at threshold doses, and exposure to radiation lev¬ 
els below the threshold does not have biologic consequences 
compared with control populations. 22 The outcome of radia¬ 
tion exposure depends on the absorbed dose and the stage of 


TABLE 1 10.3 


RADIATION DOSING TO THE CONCEPTUS AND UTERUS 
FROM SELECTED RADIOGRAPHIC EXAMINATIONS 21 


■ EXAMINATION 

■ DOSE (mrad) 

Routine chest radiograph 

0.5-1.0 

Abdominal flat plate 

140 

Intravenous pyelogram 

78 

Computed tomography, chest (uterus 
shielded, not exposed) 

16-23 

Computed tomography, abdomen 
(uterus shielded, not exposed) 

150-190 

Computed tomography, pelvis 

2,000 
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development during exposure, with potential death early in ges¬ 
tation, teratogenesis during organogenesis (4 to 10 weeks of ges¬ 
tation), and growth retardation at later gestational stages. 


Lethal Effects 


The multicellular embryo, before the blastocyst stage, is most 
sensitive to the lethal effects of radiation but resistant to terato¬ 
genesis if it survives. The cause of this phenomenon is uncertain 
but could relate to the totipotent nature of the embryo at this 
stage and its ability indiscriminately to replace a specific volume 
of tissue below the lethal threshold. Because more than 50% of 
all human pregnancies abort, mostly without any recognition 
that fertilization has even occurred, 23 determining the lethal 
dose of radiation at this stage is difficult. Significant radiation 
exposure in the first 2 weeks of human development, which cor¬ 
responds to gestational weeks 3 and 4, results in loss of the 
pregnancy. If the pregnancy is not lost, the patient can be reas¬ 
sured that the risk for teratogenicity is very low. 


Teratogenic Effects 

Teratogenic effects of radiation can occur during early organo¬ 
genesis in animal studies. Exposure of rats to 100 rads at var¬ 
ious points of development reveals a very narrow window for 
teratogenesis. This window corresponds to weeks 2 to 8 in 
human development (4 to 10 weeks of gestation), consistent 
with early organ formation. Despite these experimental data, 
it is difficult to link any specific human malformation with 
radiation exposure other than those of the central nervous sys¬ 
tem (CNS). Microcephaly, pigmentary changes in the retina, 
hydrocephalus, and optic nerve atrophy have been reported at 
a significantly higher rate after exposure to radiation in preg¬ 
nancy. 24 All patients were exposed to a minimum estimated 
dose of 100 rads, and no visceral, limb, or other malforma¬ 
tions were found unless the child also exhibited CNS abnor¬ 
malities. One explanation for this discrepancy is that the 
developmental period of the CNS is much longer, continuing 
throughout gestation and into the neonatal period, whereas 
other organs have a very narrow period during which mor¬ 
phologic alterations can be produced. Exposure to high doses 
of radiation during this narrow window is rare, and even if an 
isolated congenital abnormality were to occur, it would be dif¬ 
ficult to separate this event from the background malforma¬ 
tion rate. Current data suggest that exposure less than 5 rads 
does not increase the risk for birth defects. Although there is 
concern about teratogenicity of exposure from 5 to 10 rads, 
only exposure greater than 10 rads is proven to create serious 
risk to the fetus. 25 


Intrauterine Growth Restriction 


Intrauterine growth restriction results from radiation-induced 
cellular depletion. Although catch-up growth can occur if 
exposure happens early in gestation, permanent cell depletion 
and growth restriction occur with exposure during the second 
and third trimester. 26 Wood et al. 27,28 studied growth retarda¬ 
tion of children exposed in utero to the Japanese atomic blasts. 
Those within 1,500 m from the center of the explosion were 
exposed to over 25 rads and, when followed through age 
17 years, were 2 to 3 cm shorter, 3 kg lighter, and had a head 
circumference 1 cm smaller than normal. Those beyond 1,500 m 
from the blast received less than 25 rads and had a normal 
head circumference, height, and weight. Further animal and 
human data support the contention that exposures of less than 
5 rads should not cause either anatomic malformation or 
growth retardation. 22 


Oncogenic Potential 

The correlation between childhood cancer and in utero expo¬ 
sure to radiation has been reported, 29,30 although conclusions 
regarding the cause-and-effect relationship of this correlation 
could not be definitively established. In addition, the severity 
of the effect appears unrelated to the dose. In analyses of 
Japanese A-bomb survivors who were exposed in utero, no 
significant increase in rates of childhood or adult cancer were 
reported. 31 Expert consensus estimates the increased risk of 
lifetime cancer associated with at least 10 rad in utero expo¬ 
sure to increase by 1%, from 20% to 21%. 32 


Ultrasound 


Ultrasonography uses high-frequency, nonionizing, acoustic 
radiation to create images. A surface transducer sets up vibra¬ 
tory motions that are transmitted through matter as acoustic 
waves. The boundaries between different densities of tissue 
reflect some of these sound waves back to be detected by a 
transducer. Ultrasonic images therefore detect acoustic bound¬ 
aries between different biologic materials in the body. Audible 
sound ranges from 20 to 20,000 vibrations per second, whereas 
ultrasonography uses frequencies of 1 million to 10 million 
vibrations per second. Since its initial use in the 1950s, diagnos¬ 
tic ultrasonography has not been shown to produce fetal dam¬ 
age or harmful effects; 26,33 however, theoretic dangers do exist. 
Rapid compression and decompression of tissue by sound 
waves could cause tissue damage. Conversion of mechanical 
energy to thermal energy, especially at the bone-soft tissue inter¬ 
face, could lead to local hyperthermia, whereas the phenome¬ 
non known as cavitation could cause microscopic bubbles 
already present in tissues to grow in size because of absorption 
of surrounding diffused gases. However, there is no consistent 
evidence that properly used diagnostic ultrasound is detrimental 
to the conceptus. 33 


Magnetic Resonance Imaging 

Like ultrasonography, magnetic resonance imaging (MRI) uses 
no ionizing radiation and instead relies on the magnetic prop¬ 
erties of tissues to create images. Four magnetic fields interact 
during an MRI examination to create the image. The intrinsic 
magnetic field of an atomic nucleus, usually that of a hydrogen 
proton, is combined with a strong, uniformly applied external 
magnetic field and a weaker magnetic field gradient. In addi¬ 
tion, a magnetic field is intermittently generated by pulsed 
radiofrequency waves. When this external radiofrequency is 
applied to nuclei in an existing magnetic field, the nuclei 
absorb some of the energy and change their orientation. When 
the radiofrequency ceases, the nuclei return to their previous 
orientation and emit the radiofrequency they absorbed. These 
signals are detected, stored, and processed by a computer to 
create an image. 

Based on current data, it is unlikely that magnetic fields of 
the intensity used for diagnostic MRI pose any danger to the 
developing fetus, but biologic mechanisms do exist that could, 
at least theoretically, lead to damage. Charged particles and 
molecules moving in a strong magnetic field create an electro¬ 
static potential difference, and normal red blood cells can alter 
their shape and create a charge when moving within an electric 
field. 34 Changing magnetic fields can induce visual light flashes 
because of magnetic effects on the photoreceptors in the 
eye, 34,35 and heat can be generated during the application of 
radiofrequencies. All these effects, however, occur with appli¬ 
cations well above those used for diagnostic purposes. Based 
on these and other data, the International Radiation Protec¬ 
tion Association has concluded that despite the lack of 
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evidence that mammalian embryos are sensitive to the mag¬ 
netic fields encountered during MRI examination, elective 
examination of pregnant women by MRI should be postponed 
until after the first trimester and completion of organogenesis. 
Ultrasonography should be the diagnostic modality of choice 
during pregnancy, with MRI limited to cases in which unique 
diagnostic information is required. 36 MRI, however, is not 
absolutely contraindicated even in the first trimester in situa¬ 
tions when ultrasound cannot suffice. 


Medications in Pregnancy 

Many pregnant patients will require medical interventions, 
including the use of medications. In contrast to common 
belief, most medications are relatively safe in pregnancy. Med¬ 
ications contraindicated in pregnancy include but are not lim¬ 
ited to coumarin derivatives, isotretinoin, methotrexate, 
diethylstilbestrol, thalidomide, angiotensin-converting enzyme 
(ACE) inhibitors and ACE antagonists, tetracycline, and 
quinolones. However, the risks to the fetus may be less com¬ 
pared to the risk to the mother when not using the proper 
medication. Optimizing maternal physiology and maternal 
well-being almost always benefits the fetus. When medications 
are needed to accomplish this, the benefits most commonly 
outweigh the risks. Particularly in clinical emergencies or 
trauma, immediate initiation of the proper medications may 
be required to save the life of the mother and therefore the life 
of the fetus as well. Many resources are available to the clini¬ 
cian to assess the risks to the fetus. 37 The widely used Food 
and Drug Administration (FDA) classification is of limited 
value since it does not incorporate data from pregnancy reg¬ 
istries and other resources. 38 The most detailed information is 
available through a national database called Reprotox. Con¬ 
sultation with the obstetric service may assist in choosing the 
optimal medications for both the mother and the fetus. 


FETAL MONITORING 


Fetal heart rate (FHR) monitoring is used in obstetric practice 
as an indirect assessment of fetal well-being. Electronic FHR 
monitoring was introduced in the late 1950s, 39 has gained 
wide acceptance, and is now used in over 85% of all pregnan¬ 
cies. 40 The FHR can be monitored externally, using a Doppler 
device that is placed on the maternal abdomen. Uterine activ¬ 
ity is monitored by using a tocodynometer, also applied to the 
maternal abdomen (Fig. 110.2). Since direct evaluation of fetal 
oxygenation and acid-base status is not possible except for a 
few rare unusual circumstances, monitoring of fetal well-being 
is based on indirect methods. It is believed that the FHR pat¬ 
terns may change in response to altered uterine-placental per¬ 
fusion or decreased oxygen content in the maternal blood. In 
trauma or during surgery, uterine perfusion or maternal oxy¬ 
genation may be altered, and monitoring the FHR may assist 
the surgical team in correcting placental perfusion and oxy¬ 
genation in order to improve the fetal status. 

Internal fetal monitoring is used intrapartum and relies on 
analysis of fetal cardiac patterns from electrocardiogram leads 
placed directly on the exposed part of the fetus. A transcervi- 
cal intrauterine pressure catheter may be used concurrently to 
monitor the strength of the uterine contractions. 40 


Fetal Heart Rate Interpretation 

A normal FHR during pregnancy ranges between 110 and 160 
beats per minute (bpm). A prolonged baseline (>10 minutes) 
above 160 bpm is considered fetal tachycardia, whereas that 
below 110 bpm is considered fetal bradycardia. 41 



FIGURE 110.2. Intraoperative and postoperative fetal monitoring 
using noninvasive surface Doppler and pressure sensor to monitor 
uterine contractions. 


Accelerations are defined as an increase in the FHR of at 
least 15 bpm for at least 15 seconds. The presence of accelera¬ 
tions is reassuring. FHR accelerations are normal findings in 
the second half of pregnancy and occur as a result of increased 
sympathetic and decreased parasympathetic stimulation with 
fetal movements. 

Changes in blood pressure and oxygenation are detected by 
the chemoreceptors and baroreceptors of the aortic arch and 
carotid bodies, resulting in a change in the heart rate to main¬ 
tain a steady state. Normal FHR tracings express continuous 
adjustment in the vagal tone through variability in the heart 
rate. The FHR demonstrates continuous variability from the 
baseline, with fluctuations of peaks and troughs ranging from 
6 to 25 bpm. Decreased heart rate variability can be a physio¬ 
logic response of the fetal sleep-wake cycle or maternal med¬ 
ications such as sedatives. Persistently decreased variability 
may be associated with altered fetal perfusion or oxygenation. 
Decelerations usually occur intrapartum and are related to the 
uterine contractions (periodic decelerations). The decelera¬ 
tions are classified as “early,” or simultaneous with the con¬ 
traction; “late,” or starting when the contraction is in progress 
and recovering after the contraction is over; and “variable,” or 
variable in relation to the contractions. Early decelerations are 
uniform, gradual drops in the FHR that mirror the uterine 
contractions and reflect an increased vagal tone from a tran¬ 
sient increase in intracranial pressure. This pattern is a benign 
physiologic manifestation of a functioning autonomic nervous 
system and is not associated with adverse outcome. Variable 
decelerations result from umbilical cord compression by uter¬ 
ine contractions. Isolated variable decelerations have little 
clinical significance, but if persistent with inadequate recovery 
between contractions, intervention may be indicated. Fate 
decelerations may indicate poor uterine perfusion or decreased 
oxygenation. Causes include maternal hypotension caused by 
inferior vena cava compression, blood loss, or regional anes¬ 
thesia. Persistent late decelerations warrant investigation to 
correct the cause and sometimes delivery of the child. 

A sinusoidal heart rate pattern is an uncommon baseline 
abnormality. It has the characteristics of a smooth sine wave 
with a frequency of 3 to 5 cycles per minute. Variability is min¬ 
imal (0 to 5 bpm). This pattern has been associated with mild 
hypoxia in the setting of fetal anemia. 42 
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Fetal Monitoring for Trauma 
or Surgical Patients 

Utility of both FHR and uterine contraction monitoring lies in 
the ability to intervene based on the acquired information. The 
most optimal environment for a fetus is optimal maternal phys¬ 
iology. While providing care to the mother, fetal monitoring 
may assist in improving maternal perfusion and/or oxygena¬ 
tion, may diagnose fetal distress requiring a cesarean section, 
or may detect uterine contractions that may require tocolytic 
treatment when the fetus is premature. Depending on the avail¬ 
ability of neonatal care, fetal survival is possible starting at 
around 24 weeks of gestation. The uterus rises above the 
umbilicus at approximately 20 weeks. Fetal and uterine moni¬ 
toring is suggested when the gestational age is 20 weeks or 
beyond. Whenever possible, discussion with the mother or 
family should occur prior to operation to delineate the expec¬ 
tations regarding fetal survival and quality of life of an extreme 
premature infant. Consultation with obstetrics or neonatology/ 
pediatrics may be helpful. Intraoperative fetal distress as indi¬ 
cated by an ominous heart rate tracing must be treated by cor¬ 
recting maternal hypotension or increasing oxygen delivery 
with increased fraction of inspired oxygen (Fio 2 ), blood trans¬ 
fusion, or more aggressive fluid resuscitation. The inability to 
improve the intrauterine milieu can necessitate an emergent 
cesarean section to prevent fetal demise. Even when delivery is 
not an option because of prematurity, fetal and uterine moni¬ 
toring may still assist in the management of the mother opti¬ 
mizing the intrauterine environment. 

Concern for premature labor may necessitate the use of 
tocolytic agents. In most cases, indomethacin 50 mg by mouth 
every 6 hours can be used. When the pregnancy is at high risk 
for premature delivery, steroid administration prior to opera¬ 
tion should be considered (refer to the Preterm Onset of Labor 
section). 


APPENDICITIS IN THE 
PREGNANT PATIENT 


Appendicitis affects 250,000 patients every year in the United 
States. As a disease of the young, its peak incidence corre¬ 
sponds to the childbearing years. Appendicitis is the most com¬ 
mon nonobstetric indication for operation during pregnancy, 
with an average incidence of 1 in 1,500 deliveries. Although 
some smaller studies have suggested that this condition is more 
common later in gestation, 42-44 larger series show an equal dis¬ 
tribution throughout pregnancy. 45 The incidence is similar to 
that in nonpregnant women, but the anatomic and physiologic 
changes of the gravid state make the diagnosis difficult. 

Classic appendicitis in the nonpregnant patient presents with 
a constellation of signs and symptoms suggesting the disorder. 


Luminal obstruction of the appendiceal orifice, whether by 
fecalith or lymphoid hyperplasia, leads to an increase in intralu¬ 
minal pressure by blocking the normal egress of mucus. Progres¬ 
sive obstruction of venous outflow followed by capillary and 
arterial thrombosis leads to mucosal ulceration, transmural wall 
necrosis, and, if unabated, perforation. Because early appen¬ 
diceal distention is relayed by stretch receptors to the 10th 
thoracic ganglion, referred pain is perceived in the distribution 
corresponding to the epigastric region. Once the ongoing inflam¬ 
mation extends to involve the parietal peritoneum, the pain 
localizes to the right lower quadrant. Anorexia, nausea, and 
vomiting, initiated by visceral mechanisms similar to those 
responsible for the referred pain, follow the onset of pain. Find¬ 
ings on physical examination arise from this pathophysiologic 
process. Voluntary guarding of the right lower quadrant reflects 
the patient’s anticipation of pain with palpation in the area. 
Rigidity or involuntary guarding indicates reflex spasm of the 
abdominal musculature caused by the nearby inflammatory 
process, whereas psoas and obturator signs indicate respective 
irritation of these muscles. Tenderness on rectal examination can 
be elicited with a low-lying appendix, whereas fever and leuko¬ 
cytosis indicate systemic inflammation. Although none of these 
signs or symptoms is 100% diagnostic, the presence of right 
lower quadrant pain, rigidity, and migration of pain was found 
to have the highest likelihood ratio for the presence of appen¬ 
dicitis in a large multifactorial analysis. 46 All the aforementioned 
signs and symptoms are altered by pregnancy (Table 110.4). 

In a classic 1932 study, Baer et al. 47 evaluated the migration 
of the appendix through the duration of pregnancy with bar¬ 
ium enemas. Beginning in the third month of pregnancy, the 
appendix and cecum are gradually displaced by the uterus and 
start a craniad migration out of the pelvis into the upper 
abdomen. By the third trimester, the appendiceal tip can abut 
the gallbladder (Fig. 110.3). The vague, referred epigastric pain 
caused by early appendiceal obstruction is not changed by this 
anatomic consideration, but the location of the somatic pain is. 
In a large study of pregnant women with proved appendicitis, 
abdominal pain was present in all patients. Location of pain in 
the right lower quadrant, however, was common only early in 
gestation, and a portion of patients reported pain in the right 
upper quadrant. This change in symptomatology is easily 
understood if the anatomic changes of the appendix are taken 
into consideration. 45 Both guarding and rigidity are valuable 
findings on physical examination but are common only in the 
first trimester. Elevation of the abdominal wall from the more 
laterally placed, upward-directed appendix and the laxity of 
the abdominal wall musculature caused by this distention 
decrease the reliability of these findings. Only 42.9% of 
patients in the third trimester are reported to have abdominal 
spasm and guarding, compared with 80% during the first 
trimester. 48 Psoas and obturator signs are similarly obscured as 
the appendix is moved from its normal location. 

Anorexia, nausea, and vomiting occur in 58% to 77% of 
pregnant patients with appendicitis. 45,49 Although nausea and 


ITABLE 1 1 0.4 1 

VARIATION IN SIGNS AND SYMPTOMS OF APPENDICITIS DURING PREGNANCY 

■ SIGNS AND SYMPTOMS 

■ FIRST TRIMESTER 

(%) 

■ SECOND TRIMESTER 

(%) 

■ THIRD TRIMESTER 

<%) 

Right lower quadrant pain 

100 


50 

14 

Right upper quadrant pain 

0 


17 

57 

Guarding (muscle spasm) 

80 


50 

43 

Nausea and vomiting 

53 


60 

23 

Tenderness on rectal examination 

60 


17 

0 

Perforation rate 

20 


49 

70 
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FIGURE 110.3. Changing location of the appendix 
throughout gestation. (From Baer JL, Reis RA, Arens RA. 
Appendicitis in pregnancy. JAMA 1932;98:1963, with 
permission.) 



Umbilicus 


vomiting in the first trimester is common, its occurrence during 
the later stages of pregnancy should raise suspicion. Anorexia, 
nausea, and vomiting during the second and third trimester, 
especially if associated with abdominal pain, require a thorough 
investigation. 

The results of laboratory examinations commonly used to 
assist in the diagnosis of appendicitis are also obscured by preg¬ 
nancy. The physiologic leukocytosis of pregnancy, ranging 
from 5,000 to 12,000 WBCs per mL, overlaps that of appen¬ 
dicitis. In one collected series, the WBC counts of pregnant 
patients with proved appendicitis was not significantly elevated 
over these values, and only 25 % of patients had a WBC count 
over 15,000. Most patients (50%) had WBC counts ranging 
between 10,000 and 15,000, and 25% had less than 10,000 
WBCs per mL. 45 Urinalysis is a useful adjunct in the workup of 
appendicitis but again presents a dilemma in pregnancy. Uri¬ 
nary tract infection is common in pregnancy as the enlarging 
uterus compresses the right ureter. Dilatation and stagnant flow 
in the right collecting system can contribute to bacterial over¬ 
growth and infection, and an inflamed and enlarging appendix 
can contribute to the urinary tract infection by further com¬ 
pressing this system. Pyuria without bacteria can also indicate 
involvement of the right ureter in the appendiceal inflamma¬ 
tory process. Pus or bacteria in the urine does not rule out 
appendiceal inflammation, as the two conditions often coexist. 
Attributing abdominal pain to pyelonephritis and choosing a 
course of antibiotics rather than further investigation only 
leads to a delay in diagnosis and missed appendicitis. 44 

These complicating factors and the physician’s fear of surgi¬ 
cally induced premature labor can contribute to delay of 
appendectomy in pregnancy. One series documented a correla¬ 
tion between a delay in the diagnosis and gestational age. In the 
first trimester, all the diagnoses were made promptly and timely 
surgical intervention undertaken. A delay in diagnosis occurred 
in 18% of patients presenting in the second trimester, but in the 
third trimester delay was the rule. Numerous patients were dis¬ 
charged from the emergency room with various misdiagnoses 
ranging from false labor to nausea and vomiting of pregnancy 
to gastroenteritis. All presented with vague signs and symp¬ 
toms obscuring the true diagnosis. 50 Other series have docu¬ 
mented the same delay in operation with a high rate of perfo¬ 
ration, as high as 49% in the second trimester and 70% in the 


third. 45,49 Patients with perforated appendicitis usually experi¬ 
enced symptoms more than 24 hours before operation. 43 

Perforated appendicitis presents a greater infectious risk 
in the pregnant patient than in the population as a whole. 
The large uterus interferes with proper omental migration 
throughout the abdominal cavity and prevents the walling 
off of the inflammatory process. Braxton Hicks contractions 
disrupt adhesion formation, and the general increase in vas¬ 
cularity of the abdomen with greater lymphatic drainage 
allows rapid dissemination of infection. The high circulatory 
levels of adrenocorticoids in pregnancy have also been 
hypothesized to diminish the tissue inflammatory response 
and hinder containment of infection. 51,52 Perforated appen¬ 
dicitis in pregnancy rapidly leads to diffuse peritonitis, pre¬ 
mature labor, and fetal loss. The rate of preterm labor and 
fetal loss with perforated appendicitis ranges from 26% to 
66%, compared with 0% to 5% for uncomplicated appen¬ 
dicitis. 45,49,53 

Although history and clinical examination for suspected 
appendicitis during pregnancy are not ideal, they are still the 
best tools for detecting the disease. A patient with appendicitis 
during the first trimester might present with right lower quad¬ 
rant pain, guarding, and nausea and vomiting, whereas a 
women in the third trimester would most likely have pain in 
another location and a more confusing clinical picture. The 
adage “If you cannot rule it out, take it out” applies in preg¬ 
nancy as well as the nongravid state. 45 In applying this principle, 
the average negative laparotomy rate is 19% to 35% in the 
pregnant patient, a rate similar to that in the population as a 
whole. 54 Negative laparotomy rates as high as 75% in the third 
trimester, however, have been reported. 55 Although complica¬ 
tion rates are low for negative explorations, fetal loss does 
occur. Imaging studies offer the potential of increasing the accu¬ 
racy of the diagnosis of appendicitis. 


Imaging Modalities 

Ultrasonography is safe for the developing fetus and the study 
of choice in the pregnant patient. Findings that suggest appen¬ 
dicitis include visualization of a tubular structure with a diam¬ 
eter greater than 6.0 mm, a wall thickness above 3.0 mm, 55 and 
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FIGURE 110.4. Ultrasonographic appearance of appendicitis. The 
appendix appears as a thick, noncompressible tubular structure with 
central hypoechogenicity. The walls are 5 mm thick, over the 3-mm 
limit for a normal appendix. (Courtesy of Dr. Beverly Coleman, 
Department of Radiology, Hospital of the University of Pennsylvania, 
Philadelphia, PA.) 



FIGURE 110.5. Computed tomography (CT) scan of a woman in the 
18th week of gestation presenting with a 12-hour history of right¬ 
sided abdominal pain. Abdominal examination on presentation 
revealed significant tenderness; after a nondiagnostic ultrasound, a 
laparotomy is considered for presumed appendicitis. A CT scan is 
obtained instead, revealing a normal, air-filled appendix with no sign 
of periappendiceal inflammation {arrow). The laparotomy was post¬ 
poned, and 12 hours later the patient aborted a septic fetus. An unnec¬ 
essary laparotomy for an atypical presentation of chorioamnionitis 
was avoided by the judicious use of the CT scan. (Courtesy of Dr. David 
Weiss, Chestnut Hill Hospital, University of Pennsylvania Health Sys¬ 
tem, Chestnut Hill, PA.) 


lack of peristalsis (Fig. 110.4). Because a normal appendix is 
difficult to identify, simply seeing the appendix combined with 
tenderness on palpation with the ultrasound probe is suggestive 
of appendicitis. Ultrasonography, however, has been criticized 
for being operator dependent and situation specific. Sensitivity 
varies widely, from 68% to 89%, 48,56 and examination can be 
prohibitive because of abdominal guarding, pain during exam¬ 
ination, and a thick abdominal wall. Distortion of anatomic 
landmarks and the displacement of the appendix by the gravid 
uterus complicate the diagnosis. Other structures such as an 
inflamed salpinx can also mimic appendicitis on ultrasound, 57 
and a dilated uterine vein during pregnancy has been mistaken 
for an acutely inflamed appendix. 56 Despite these limitations, 
ultrasound is readily available in the emergency department or 
office and often can add diagnostic information to a confusing 
clinical picture. If the patient’s history and physical examina¬ 
tion do not warrant an immediate operation, abdominal ultra¬ 
sonography should be the first study obtained. 

Computed tomography (CT) has emerged as a highly reli¬ 
able modality in the diagnosis of appendicitis. Appendiceal 
CT, using rectally administered contrast, can be performed 
within 10 to 20 minutes, does not require a waiting period for 
oral contrast to progress down through the cecum, and 
exposes the patient to only one third the radiation of a regular 
CT scan. 58 Results at one center 59 have indicated that CT inter¬ 
pretation can be 98% sensitive and 98% specific for the diag¬ 
nosis of appendicitis. Routine use of this modality reduces 
costs, expedites the diagnosis, and reduces perforation rates 
from 22% to 14% while decreasing the incidence of negative 
laparotomy from 20% to 7%. 59,60 Although radiation risks to 
the developing fetus do exist, it is unlikely that fetal loss or 
malformations occur with the dosing needed for an abdominal 
CT. Because even low levels of radiation in utero can increase 
the incidence of childhood cancer, widespread use of this 
modality in the pregnant patient with abdominal pain may be 
detrimental. Reserving the CT scan for those cases where the 
clinical history, physical examination, and ultrasonography 
are indeterminate should decrease the rate of perforation and 
negative exploration, just as it has in the nonpregnant popula¬ 
tion (Fig. 110.5). 


MRI uses no ionizing radiation and, like CT, has the poten¬ 
tial to image the whole abdomen. It is generally considered safe 
in pregnancy, and initial experimentation has shown that the 
higher water content of an inflamed appendix can be detected 
by MRI. 61 Reported sensitivity for appendicitis approaches 
100%, at least in children. 62 Routine use of MRI may be hin¬ 
dered by availability and limited experience for detecting 
appendicitis using this modality. Future studies of MRI in 
appendicitis are warranted. 


Laparoscopy 

Pregnancy is no longer a contraindication to laparoscopy. 
Although earlier studies reported a high rate of fetal and 
maternal complications, it is likely the underlying pathologic 
process rather than laparoscopy contributed to maternal mor¬ 
bidity and fetal demise. 63 Fetal acidosis with experimental 
maternal C0 2 pneumoperitoneum has been reported but can 
be minimized in the clinical setting with arterial blood gas 
monitoring and careful attention to maternal ventilation and 
acid-base balance. 64 Concerns regarding the effect of increased 
intra-abdominal pressure are questionable considering the high 
uterine pressures during delivery. Experimental pneumoperi¬ 
toneum in itself does not alter hemodynamics in the fetus until 
pressures of 20 torr are reached. 64 Reduced insufflation pres¬ 
sures of 8 to 12 mm Hg should not contribute to fetal morbid¬ 
ity and mortality. Patients undergoing nongynecologic laparo¬ 
scopic surgery begin a regular diet sooner, have lower narcotic 
requirements, and are discharged from the hospital earlier than 
patients undergoing open surgery. 65 

Laparoscopy to evaluate the appendix is a feasible diagnos¬ 
tic modality during pregnancy but may be difficult during later 
gestation. Anatomic changes alter placement of trocars above 
the gravid uterus 66 and require the use of the open Hasson 
technique of trocar placement under direct visualization rather 
than blind insufflation with a Veress needle. Maneuvers to 
enhance operative safety of laparoscopy in pregnancy have 
been outlined by the Society of American Gastrointestinal and 
Endoscopic Surgeons 67 (Table 110.5). 
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TABLE 1 10.5 


GUIDELINES FOR LAPAROSCOPIC SURGERY 
DURING PREGNANCY 

1. Defer operative intervention until the second trimester, 
when the fetal risk is lowest, whenever possible. 

2. Pneumatic compression devices must be used because 
of the enhancement of lower venous stasis with 
pneumoperitoneum and pregnancy-induced 
hypercoagulable state. 

3. Fetal and uterine status, as well as maternal end-tidal C0 2 
and arterial blood gases, should be monitored. 

4. Use fluoroscopy selectively and protect the uterus with 
lead shield if intraoperative cholangiography is possible. 

5. Given enlarged gravid uterus, abdominal access should be 
obtained using open technique. 

6. Dependent positioning should be used to shift the uterus 
off the inferior vena cava. 

7. Pneumoperitoneum pressures should be minimized (to 
8-12 mm Hg) and not allowed to exceed 15 mm Hg. 

8. Obstetric consultation should be obtained before 
operation. 


From SAGES Committee on Standard Practice. Guidelines for 
laparoscopic surgery during pregnancy. Surg Endosc 1998; 12: 
189-190. 


Appendectomy 

Once the diagnosis of appendicitis is made, treatment is 
strictly surgical. The type of incision can vary based on sur¬ 
geon preference but becomes an issue during later preg¬ 
nancy. Because of the migration of the appendix, an incision 
over the McBurney point in the late second and third 
trimester is inadequate. A low midline incision is favored by 
some to allow treatment of other conditions that mimic 
appendicitis but may require excessive retraction of the 
uterus. 50 A right-sided transverse incision over the point of 
maximal tenderness is usually the safest approach because 
the appendix typically lies beneath that point. 43,45,49 A simi¬ 
lar incision at the level of the umbilicus allows good expo¬ 
sure of most of the right upper and lower abdomen. By tilt¬ 
ing the patient 30 degrees to the left, the uterus is shifted 
away from the operative field and off of the inferior vena 
cava. A right paramedian incision usually necessitates 
medial retraction of the uterus for exposure and increases 
the risk of precipitating premature labor. The laparoscopic 
approach, although useful for both diagnosis and treatment, 
can be difficult in later gestation. While the potential bene¬ 
fits over the open appendectomy include less uterine manip¬ 
ulation and decreased incidence of preterm labor, its utility 
depends heavily on surgeon experience and comfort with the 
procedure. 65,66 

If exploration reveals a normal appendix, an appendec¬ 
tomy still should be performed. Although some authors ques¬ 
tion this approach because of the suggested high rate of 
preterm labor with a normal appendectomy, 68 most believe 
this to be untrue. Taking out the normal appendix adds little 
to morbidity while eliminating potential confusion if symp¬ 
toms should recur. 45 Perforated appendicitis or pus in the 
abdominal cavity demands thorough peritoneal toilet along 
with the appendectomy. Drainage of the perforated appendec¬ 
tomy bed was avoided in the past because of fears that foreign 
material increased the risk of premature labor, 47 but these fears 
have not been substantiated and drainage of the appendiceal 
stump has been performed without complications. 


BILIARY TRACT DISEASE 
IN PREGNANCY 


Acute cholecystitis is the second most common general 
surgery diagnosis during pregnancy. Progesterone-induced 
relaxation of the gallbladder combined with estrogen- 
induced supersaturation of bile predispose to gallstone for¬ 
mation. 38,69 The risk for development of gallstones is related 
to the number of pregnancies, doubling after two pregnan¬ 
cies and nearly quadrupling after four. 69-71 Although gall¬ 
stones are found in approximately 4% of all pregnant 
patients undergoing routine ultrasonography early during 
pregnancy, the rate can be as high as 12.2% immediately 
after delivery in high-risk populations. 70 Despite this high 
prevalence of gallstones, the incidence of acute cholecystitis 
during pregnancy is relatively low—1 to 8 in 10,000 preg¬ 
nancies (0.01% to 0.08%). 72,73 Inhibition of gallbladder con¬ 
traction by progesterone is most likely the reason for this dis¬ 
crepancy. Although gallstones and sludge can form, weaker 
contractions prevent cystic duct obstruction until delivery. 
Postpartum, the progesterone concentrations decrease and 
the increased force of gallbladder contraction potentiates 
gallstone-induced cystic duct obstruction. An increased 
prevalence of cholecystitis in the year after childbirth has 
been noted. 74-76 

Symptoms of cholecystitis or biliary colic caused by cystic 
duct obstruction are similar in the pregnant and nonpregnant 
patient. Crampy right upper quadrant or epigastric pain after 
a meal can last several minutes to hours. The pain may radiate 
to the back and accompany nausea and vomiting. Tenderness 
on palpation of the right upper quadrant is usually present 
with acute cholecystitis, but laboratory evaluation may be 
obscured by the normal leukocytosis and elevated alkaline 
phosphatase during pregnancy. Increased bilirubin or visible 
jaundice, however, is unlikely without common bile duct 
obstruction. 73 

The differential diagnosis for cholecystitis during preg¬ 
nancy includes hepatitis, acute fatty liver of pregnancy, and 
appendicitis. The diagnosis can be strengthened by the history 
and physical examination and confirmed by abdominal ultra¬ 
sound. Ultrasonography is more than 97% accurate in detect¬ 
ing cholecystitis, with typical findings of echogenic shadowing, 
gallbladder wall thickening, and pericholecystic fluid. 77 Pain 
on palpation with the ultrasound transducer, or a sonographic 
Murphy sign, is confirmatory of inflammation. 

Historically, medical management was the definitive treat¬ 
ment of cholecystitis during pregnancy. The pregnant patient 
was given nothing orally, maintained on intravenous hydra¬ 
tion, and treated with antibiotics for signs of infection. A low- 
fat diet was started once symptoms abated, antibiotics were 
discontinued, and the patient was discharged to home. Most 
women had initial relief of symptoms with this management, 
and surgery was reserved for those with persistent symptoms, 
severe toxicity, sepsis, peritonitis, or obstructive jaundice. 78 
Fear of surgical complications prompted some to place preg¬ 
nant patients with disabling biliary symptoms on total par¬ 
enteral nutrition until delivery. 65,79 Analysis of patient out¬ 
comes throughout the course of pregnancy, however, has put 
strict medical management into question. Between 57% and 
70% of patients treated for gallstone disease during pregnancy 
have recurrence at some time during gestation. 80,81 This risk is 
close to 92% for those who present in the first trimester, 64% 
for those presenting during the second trimester, and 44% for 
those who present during the third. Of these patients, 90% 
require hospitalization for management of the relapse, 80 and a 
significant portion of those presenting in the first trimester 
experience pregnancy loss as a complication of the disease. 79,82 
Complications of gallstones such as choledocholithiasis and 
pancreatitis can also arise with future attacks and have been 
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associated with a maternal mortality rate of 15% and a 60% 
chance of fetal demise. 78,83-85 

Laparoscopic cholecystectomy is a safe and reliable modal¬ 
ity to treat gallstone disease during pregnancy. Numerous 
reports and case control studies comparing laparoscopic with 
open cholecystectomy have supported the laparoscopic 
approach. Overall, patients have a shorter postoperative stay, 
resume oral intake earlier, have fewer postoperative hernias, 
and experience less pain with lower narcotic requirements by 
avoiding a large open incision. 63,65,86 Because fetal loss is most 
likely related to the underlying maternal illness and extent of 
uterine manipulation during surgery, 81,87 laparoscopic chole¬ 
cystectomy offers a solution to both problems. Removing the 
diseased gallbladder eliminates the potential for recurrence, 
and the minimal uterine retraction needed with laparoscopic 
access to the right upper quadrant should decrease the risk for 
preterm labor. Although no randomized studies exist, prelimi¬ 
nary data seem to support these assumptions. The incidence of 
premature uterine contractions with laparoscopic cholecystec¬ 
tomy has been reported at 0% to 21%, but contractions are 
usually well controlled by tocolytics. Most series report rates 
of premature birth or spontaneous abortion ranging from 0% 
to 7% with the laparoscopic approach. 66,80,81,87 After an open 
cholecystectomy, the reported rate of premature labor ranges 
from 0% to 40%, based on trimester, 88 and a spontaneous 
abortion or premature birth rate of up to 22% has been 
reported. 7 Based on the available data, laparoscopic cholecys¬ 
tectomy is safe during pregnancy and is preferable to open 
cholecystectomy. 88 An isolated report of three laparoscopic 
cholecystectomies ending in abortion, however, has been pub¬ 
lished, emphasizing that this procedure is not without risk, so 
careful attention must be paid to the timing, indications, and 
maternal physiology before any procedure. 89 

Because most biliary symptoms can be controlled, at least 
initially, with conservative management, the management of 
symptomatic gallstones varies based on the stage of gestation. 
The second trimester is the optimal time to perform an elective 
cholecystectomy. Organogenesis is complete, and the gravid 
uterus is not yet large enough to impinge on the operating 
field. 85 Clinical studies of open cholecystectomy confirm that 
this is the safest time to perform the operation. Spontaneous 
abortion rates after an open cholecystectomy are 12% during 
the first trimester, whereas the incidence of premature labor 
can be as high as 40% during the third trimester. The second 
trimester offers the ideal compromise, with the low sponta¬ 
neous abortion rate of 5.6%. 88 Laparoscopic cholecystectomy 
offers the potential to decrease fetal loss even further over 
these values. Suggested management for symptomatic 
cholelithiasis during the first trimester consists of conservative 
measures until elective cholecystectomy can be performed 
safely during the second trimester of gestation. Second 
trimester disease can be dealt with surgically, whereas those 
presenting later in gestation can probably be managed symp¬ 
tomatically until the postpartum period. If symptoms are 
unremitting and cannot be handled with diet alone, surgical 
intervention might be necessary regardless of the period of 
gestation. 76,81 

FHR monitoring is an essential part of laparoscopic proce¬ 
dures. Because pneumoperitoneum can have detrimental phys¬ 
iologic effects on both the mother and fetus, any evidence of 
fetal distress should result in immediate desufflation. 67 FHR 
aberrations can also be treated by increasing uterine perfusion 
with maternal intravascular volume and changing the mother’s 
position on the operating room table to decrease uterine com¬ 
pression of the inferior vena cava. Because the transabdominal 
signal is lost with pneumoperitoneum, transvaginal monitor¬ 
ing should be used during surgery, 65 whereas an external toco- 
dynamometer should be placed on the abdomen immediately 
after the completion of the operation to monitor for uterine 
contractions. Tocolytic agents need not be used prophylacti- 


cally but can be administered if the patient demonstrates uter¬ 
ine irritability or contractions. The rate of successful tocolysis 
after laparoscopic procedures with minimal uterine manipula¬ 
tion is close to 100%. 63,65,76,83,87,90 


Choledocholithiasis 


Indications for evaluation of the common bile duct are no dif¬ 
ferent in the pregnant patient from the population as a whole, [Au5] 
namely a bilirubin above 1.5 mg/dL, a dilated common bile 
duct, or gallstone pancreatitis. 66 Endoscopic retrograde 
cholangiopancreatography (ERCP) can be performed safely in 
pregnancy. With proper lead shielding, judicious use of fluo¬ 
roscopy time, and avoidance of permanent roentgenographic 
films, ERCP has been performed with no direct exposure of 
the fetus to radiation. Calculated scatter radiation on the order 
of 4 mrads during the whole examination presents the only 
risk from ionizing radiation. 84 Evaluation of the biliary tree, 
stone retrieval, and sphincterotomy can be performed under 
these conditions without maternal or fetal complications. 91 
Other methods avoid radiation altogether and include imaging 
of choledocholithiasis with endoscopic ultrasonography, 92 
endoscopic papillotomy under ultrasonographic control, 93 
and magnetic resonance cholangiography for choledocholithi- 
asis. 94 Success with all these modalities has been reported but 
can be limited by operator experience and availability. 


INTESTINAL OBSTRUCTION 
DURING PREGNANCY 


The incidence of intestinal obstruction during pregnancy rose 
throughout the 20th century. In the presurgical era, cases were 
cited as infrequently as 1 in every 68,000 deliveries. Since the 
1940s, however, the incidence has increased to 1 in 2,500 to 
3,500 deliveries. 95 This change reflects the increased number 
of laparotomies in young women and the prevalence of post¬ 
operative adhesions during pregnancy. Adhesions remain the 
most common cause of intestinal obstruction in the gravid 
patient, but intestinal volvulus is a much more common com¬ 
plication than in the population as a whole. Intussusception, 
hernia, and carcinoma are responsible for a minority of cases 
of bowel obstruction (Table 110.6). 


TABLE 1 10.6 


CAUSES OF INTESTINAL OBSTRUCTION COMPLICATING 
PREGNANCY AND THE PUERPERIUM IN 66 PATIENTS 

Adhesions 39 (59%) 


Volvulus 

15 (23%) 

Sigmoid 

7 

Cecal 

3 

Midgut 

3 

Volvulus around vitellointestinal band 

2 

Intussusception 

3 (5%) 

Hernia 

2 (3%) 

Carcinoma 

1 (1%) 

Appendicitis 

1 (1%) 

Idiopathic (ileus) 

5 (8%) 


From Perdue PW, Johnson HW, Stafford PW, et al. Intestinal 
obstruction complicating pregnancy. Am J Surg 1992; 164:385. 
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Obstruction during pregnancy classically presents during 
three peak periods because of the change in the interrelation¬ 
ship between the abdominal viscera caused by the gravid 
uterus. The first peak occurs during the fourth to fifth months 
of gestation as the uterus becomes an intra-abdominal organ, 
stretching any previously formed adhesions. The second peak 
occurs during the eighth to ninth months, when the fetal head 
descends into the pelvis, decreasing the uterine size. The third 
peak occurs after delivery as the sudden decrease in uterine 
size drastically changes the association of adhesions to sur¬ 
rounding bowel. The incidence of adhesion-related obstruc¬ 
tion is highest during the first pregnancy after an operation, 
when the association between the viscera and adhesions is ini¬ 
tially tested. 89,95 

In the general population, incarceration of bowel in groin 
hernias is the second most common cause of small bowel 
obstruction, but in the pregnant patient volvulus becomes the 
number two cause. As the enlarging uterus displaces the bowel 
out of the pelvis and away from the inguinal region, sympto¬ 
matic groin hernias diminish in frequency. 96 Volvulus increases 
in prevalence during pregnancy because of changes in colon 
and small bowel anatomy and causes one fourth of all bowel 
obstructions. Sigmoid volvulus normally occurs owing to a 
long and redundant sigmoid colon. In the United States, this 
usually occurs in debilitated, institutionalized, or chronically 
constipated people. In countries such as Africa, a high inci¬ 
dence of sigmoid volvulus has been attributed to the high-fiber 
vegetable diet characteristic of that population. Anatomic 
changes of pregnancy further exacerbate this condition by 
causing the redundant sigmoid colon to rise out of the pelvis 
and twist around its point of fixation. 97 It is the most common 
site of volvulus during pregnancy. 98 

Cecal volvulus occurs because of failure of lateral peri¬ 
toneal fixation during development. As the uterus enlarges 
during pregnancy, it raises the redundant or abnormally 
mobile cecum out of the pelvis. If a transition point or distal 
obstruction should occur from uterine pressure or an adhesive 
band, the colonic distention raises the colon even higher, pro¬ 
ducing torsion around this fixed point. 99 Volvulus of the small 
bowel also results from a congenital abnormality of rotation 
and fixation. Because clinical presentation usually occurs in 
infancy or childhood, the true incidence of malrotation in 
adulthood is unknown. The enlarging uterus potentially pre¬ 
disposes to the presentation of this anomaly during pregnancy 
by pushing the nonfixed, mobile portions of the small bowel 
into the upper abdomen, initiating the volvulus. 100 


Presentation and Diagnosis 

Symptoms of intestinal obstruction are similar to those in the 
nonpregnant patient and commonly include abdominal pain 
and vomiting. Proximal small bowel obstruction results in 
short periods between vomiting episodes with poorly local¬ 
ized, crampy upper abdominal pain. Colonic obstruction can 
present with less frequent feculent vomiting and lower abdom¬ 
inal pain. Findings on physical examination such as abdomi¬ 
nal distention are often difficult to evaluate because of the 
gravid uterus. Obstipation, although characteristic of distal 
obstruction such as sigmoid volvulus, may not occur with 
proximal obstruction. Laboratory studies, although useful to 
rule out other conditions, are not reliable enough to be con¬ 
sidered diagnostic of obstruction. Significant leukocytosis can 
occur with necrosis and bowel strangulation, but mild eleva¬ 
tions are not definitive because of the physiologic leukocytosis 
of pregnancy. Tachycardia and hypotension are also late signs 
suggesting bowel compromise and shock. 

The murky clinical picture combined with the tendency to 
treat the progressive vomiting as a normal part of pregnancy 
and crampy abdominal pain as early contractions lead to a 


delay in presentation and diagnosis. The median time from the 
onset of symptoms to admission in one series was 48 hours, 
and the median time from admission to a necessary laparo¬ 
tomy was also 48 hours. This delay in diagnosis and treatment 
contributed to excessive maternal and fetal mortality. 96 
Abdominal pain and vomiting in a pregnant patient with an 
abdominal scar should raise the serious suspicion of small 
bowel obstruction. 

If intestinal obstruction is suspected, upright and flat films 
of the abdomen are the diagnostic studies of choice. Although 
some authors 95 believe that radiographs are nonspecific early 
in obstruction, serial films obtained every 4 to 6 hours usually 
show progressive changes confirming the diagnosis. Small 
bowel obstruction gives the appearance of a progressive 
stepladder formation with dilatation and multiple air-fluid 
levels. Large bowel obstruction can produce a similar picture 
or reveal a grossly dilated bowel loop suggestive of volvulus. 
Contrast studies are also useful, and a “bird’s bill” shape of 
contrast with gradual narrowing after a barium enema can be 
diagnostic of colonic volvulus, whereas dilute diatrizoate 
(Gastrografin) or barium by mouth can usually differentiate 
partial from complete obstruction. Fetal radiation risks from 
the plain radiographs are negligible and greatly outweighed by 
those from the possibility of misdiagnosis. 


Treatment 


The initial treatment for bowel obstruction in the pregnant 
patient is no different from that of a nonpregnant patient. 
Nasogastric tube decompression and fluid resuscitation are the 
cornerstones of therapy. By the time an obstruction is visible 
on plain film, the fluid deficit from vomiting and intraluminal 
losses is estimated at 1,000 to 1,500 mL. In advanced cases of 
dehydration presenting with tachycardia and hypotension, 
fluid losses may be as high as 4 to 6 L. 95 Prompt fluid resusci¬ 
tation is essential in the pregnant patient because compromise 
of uterine blood flow leads to fetal distress and demise. 

Surgical intervention plays a prominent and earlier role in 
the management of the pregnant patient with bowel obstruc¬ 
tion. Although adhesion-related small bowel obstruction in the 
nonpregnant patient usually resolves with nasogastric decom¬ 
pression and fluid administration, numerous series have docu¬ 
mented failure of conservative management of small bowel 
obstruction in the pregnant woman. Of all patients, 89% to 
100% eventually require an operation, and 13% to 23% 
require resection of gangrenous bowel at the time of laparo¬ 
tomy. 96,101 Based on these outcomes, some have stated that 
once the diagnosis of small bowel obstruction is made in a 
pregnant patient, the only role of nasogastric decompression 
and fluid resuscitation is to prepare the patient for an opera¬ 
tion. 101 Cecal volvulus is also treated surgically, and although 
sigmoid volvulus in the nonpregnant patient can be managed 
with sigmoidoscopic decompression and placement of a rectal 
tube, the large gravid uterus may act as a mechanical impedi¬ 
ment to detorsion. A laparotomy is usually necessary for treat¬ 
ment. 96,97 

A generous midline incision allows for maximum exposure 
of the abdomen with minimal manipulation of the uterus. Dur¬ 
ing lysis of small bowel adhesions, bowel viability must be care¬ 
fully assessed. Definitive management of cecal volvulus requires 
resection of necrotic cecum or detorsion and cecopexy. Sigmoid 
volvulus should also be treated by resection if necrotic, but 
simple detorsion and placement of a rectal tube can be per¬ 
formed if the sigmoid is viable. Although resection of the 
redundant sigmoid is the definitive treatment for this disease, 
it can be delayed until the postpartum period. Aggressive sur¬ 
gical treatment has been credited with reducing the maternal 
and fetal mortality rates from 20% and 50%, respectively, in 
the 1930s to 6% and 26% today. 96 Increased awareness of this 
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disease and expeditious management can reduce those rates 
even further. 


COLORECTAL CANCER 
DURING PREGNANCY 


Colon cancer is a rare disease during pregnancy but one with 
lethal consequences. The incidence of colon cancer was esti¬ 
mated as 1 in 50,000 pregnancies based on a 1955 report. 102 
More recent reviews estimate the incidence as 1 in 13,000 
deliveries, 103 with the increasing prevalence attributable to 
increasing maternal age with the delay in pregnancy until later 
in life. 104 Presenting symptoms are similar to those in non¬ 
pregnant patients and include rectal bleeding, constipation, 
and abdominal pain and distention as well as nausea and vom¬ 
iting. 105 All of these symptoms are common during pregnancy. 
Even the findings of occult blood in the stool and hema- 
tochezia are often attributed to pregnancy-related hemor¬ 
rhoids and ignored. 

The anatomic distribution and stage of colorectal cancer in 
the pregnant patient differ from those in the population as a 
whole. A nationwide survey of the members of the American 
Society of Colon and Rectal Surgeons who had cared for preg¬ 
nant patients with colorectal cancer revealed a predominance of 
rectal cancer in this patient population. Of tumors, 64% were 
distributed below the peritoneal reflection and 36% were in the 
more proximal colon. A review of more than 200 pregnancy- 
associated colorectal cancers reported in the literature dis¬ 
closed a similar distribution with 86% of tumors located in the 
rectum and only 14% above the peritoneal reflection. 106 This 
is in contrast to the general population, where most tumors 
(69%) are located in the colon and only 31% in the rectum. 
This trend could reflect a presentation bias because of frequent 
rectal examinations during prenatal care or the change in 
pelvic anatomy and symptoms of rectal compression by the 
gravid uterus. 

Pregnant patients present with more advanced cancers than 
the population as a whole. In the study mentioned previ¬ 
ously, 106 no pregnant patient was Dukes stage A at presenta¬ 
tion, whereas 41% were Dukes stage B, 44% were stage C, 
and 15% were stage D. Although increased hormonal stimula¬ 
tion during pregnancy could cause rapid tumor growth and 
progression of disease, 106-108 not all colon cancers have estro¬ 
gen or progesterone receptors and respond to this stimula¬ 
tion. 109 The advanced stage of disease on presentation most 
likely results from a delay in the diagnosis and the low clinical 
suspicion of malignancy in this patient population. This trend 
is similar to that in the young population as a whole, and 


although only 4% to 8% of all colon cancer occurs in those 
younger than 40 years, these patients also have a delayed pre¬ 
sentation with more advanced disease. 110 The average interval 
between the onset of symptoms and diagnosis of colon cancer 
in those younger than 40 years is 6.4 months, and 32% of 
patients wait longer than 1 year before seeking medical atten¬ 
tion for symptoms. 111 The stage of disease on presentation in 
this patient population is similar to that in the pregnant 
patient (Table 110.7), and colonic malignancy during gesta¬ 
tion most likely represents pregnancy superimposed on colon 
cancer rather than a pregnancy-related disease. 


Diagnosis 

Diagnosis of colorectal cancer during pregnancy demands a 
very high level of suspicion. Patients with rectal bleeding, 
occult blood-positive stools, and anemia below physiologic 
levels of pregnancy should be evaluated for a colonic malig¬ 
nancy. Sigmoidoscopy is not contraindicated during pregnancy 
and does not appear to induce labor or congenital malforma¬ 
tions. Because most cancers are located below the peritoneal 
reflection, they can be easily accessed and sampled for biopsy 
through a limited sigmoidoscopic examination. Because of the 
5% risk of a second, synchronous primary, a more extensive 
colonoscopic evaluation might be necessary, especially if find¬ 
ings were to change the treatment or extent of surgical resec¬ 
tion. Colonoscopy during pregnancy is still considered experi¬ 
mental and may be technically difficult because of colonic 
compression by the gravid uterus. Maneuvers to increase safety 
include use of only gentle pressure when manipulating the 
colonoscope, maternal administration of supplemental oxygen, 
and FHR monitoring during the procedure. 112 

Transrectal ultrasonographic staging of rectal cancer is par¬ 
ticularly helpful during pregnancy because of its ability to 
evaluate cancerous invasion of the uterus or encroachment on 
the cervix that could prevent vaginal delivery. 112 Serum carci- 
noembryonic antigen levels are not normally elevated during 
pregnancy, and although of limited use as a screening tool, lev¬ 
els can be obtained before resection for early detection of 
recurrence. 113 Evaluation of metastatic disease to the liver can 
be performed with transabdominal ultrasonography at no risk 
to the fetus, and a CT scan can be obtained in more difficult 
cases. 


Treatment 


Treatment of colorectal cancer during pregnancy presents as 
an ethical dilemma for both the patient and the physician. 


ITABLE 1 10.7 

1 

STAGE AT PRESENTATION OF COLORECTAL CANCER DURING PREGNANCY AND THOSE 
YOUNGER THAN 40 YEARS OF AGE 

■ DUKES STAGE ■ PREGNANT PATIENTS (%) 

■ PATIENTS <40 Y (%) 

A 0 

2 

B 41 

30 

C 44 

45 


D 15 23 


Data from Bernstein MA, Madoff RD, Caushaj PF. Colon and rectal cancer in pregnancy. Dis Colon 
Rectum 1993;36:172°178; Smith C, Butler JA. Colorectal cancer in patients younger than 40 years of age. 
Dis Colon Rectum 1989;32:843-846.) 
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Aside from the difficulty in dealing with a potentially lethal 
disease in a young person, there is an inherent conflict between 
the treatment of the mother and fetus. Treatment of other sur¬ 
gical conditions encountered during pregnancy, such as appen¬ 
dicitis or cholecystitis, equally benefits both the mother and 
the unborn child. Treatment of colon cancer puts the two at 
odds. Although early tumor resection can improve the prog¬ 
nosis for the mother, this treatment might be detrimental to the 
fetus. Adjuvant chemotherapy or radiation therapy can 
improve survival of the mother but is generally contraindi¬ 
cated during pregnancy, especially early in gestation. Careful 
attention must be paid to the wishes of the family while 
explaining the risks and benefits for both the mother and child. 

If the cancer is discovered in the first half of gestation, a 
definitive resection should be performed. Waiting months until 
adequate fetal maturation for delivery can allow cancer dis¬ 
semination and disease progression. 105,112 In most cases, a 
colon resection can be handled without disturbing the preg¬ 
nancy, and resection of even low-lying tumors can be per¬ 
formed before 20 weeks of gestation. 109,113 Total abdominal 
hysterectomy is recommended only if tumor invasion into the 
uterus has occurred, a technically complete operation cannot 
be performed without it, or the mother’s life expectancy is 
shorter than the time needed to reach fetal viability. If the 
tumor is unresectable, a colostomy is performed for palliation 
until fetal viability is documented. 

Treatment of tumors discovered after the 20th week can be 
postponed until term or fetal viability. Vaginal delivery is not 
contraindicated unless the tumor is obstructing the birth canal 
or presents a risk of episiotomy entering the tumor bed. Tumor 
resection is undertaken several days after the birth to allow 
uterine involution and resolution of pelvic vascular conges¬ 
tion. If a cesarean section is performed for obstetric reasons or 
because of tumor impingement on the birth canal, resection 
can be performed immediately, but the operation may be tech¬ 
nically easier if done as a separate procedure and postponed 
for several days. This is especially important with low rectal 
lesions, where decreased pelvic vasculature can facilitate a low 
anterior or abdominoperineal resection. 105 

Management of the ovaries is a controversial issue. The 
incidence of colon carcinoma metastasizing to the ovaries is 
estimated to be between 3% and 8% 114 in the general popula¬ 
tion but can be as high as 25% during pregnancy and in young 
patients. 111,115 Bilateral salpingo-oophorectomy at the time of 
tumor resection has been advocated by some, 114 but during 
pregnancy the procedure carries a high chance of spontaneous 
abortion, especially during the first half of gestation. Although 
resection should be performed if the ovaries are grossly 
involved with tumor or a hysterectomy is undertaken, bilateral 
ovarian wedge biopsies with frozen section evaluation can be 
safely carried out without disturbing the pregnancy. Salpingo- 
oophorectomy is then performed only if the ovaries are 
involved with tumor. 105 

Adjuvant chemotherapy conveys a survival advantage to 
patients with Dukes stage C colon cancer. The classic adjuvant 
chemotherapy includes 5-fluorouracil, an antimetabolite that 
inhibits DNA synthesis. The safety of this drug during preg¬ 
nancy is questionable, and evidence of fetal toxicity exists in 
animal models. Limited data on the human fetal safety of this 
drug are available, and it is considered a category D drug dur¬ 
ing pregnancy by the FDA: generally unsafe during pregnancy, 
but the risk may be justifiable in certain circumstances. 
Chemotherapy during the first trimester is usually contraindi¬ 
cated and should be limited to those patients with Dukes stage 
C lesions who may choose to accept the risks of fetal teratoge- 
nesis or demise. Chemotherapy during the second and third 
trimesters is less teratogenic because of the completion of 
organogenesis but still carries some risk for the fetus. 112,116 

Adjuvant radiation therapy reduces the local recurrence of 
rectal cancer. Because the most effective dose to eradicate 
microscopic disease is on the order of 50 Gy and the fetus can¬ 


not be effectively shielded from pelvic exposure, radiation 
therapy cannot be safely performed during pregnancy. Thera¬ 
peutic pelvic radiation also results in permanent and irre¬ 
versible female sterility, so the mother considering this form of 
therapy must be fully aware of the risks to the current and 
future pregnancies. 112,117 
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KEY POINTS 


Q Cutaneous neoplasms are the most commonly diagnosed 
malignant tumors in the United States, with an incidence of 
approximately 1.4 million new cases annually. 

© Risk factors for development of cutaneous melanoma 
include ultraviolet (UV) light exposure, fair complexion/ 
inability to tan, blue or green eyes, blonde or red hair, 
freckling, history of actinic keratosis or nonmelanoma skin 
cancer (NMSC), history of blistering or peeling sunburns, 
immunosuppression, personal or family history of 
melanoma, CDKN2A/pl6/MClR mutation, xeroderma 
pigmentosa, atypical (dysplastic) nevus, more than 100 
normal nevi, and giant congenital melanocytic nevus. 

Q The ABCD rule is used to assess skin lesions for melanoma 
risk: A is for asymmetry; B is border irregularity; C is color, 
and D is diameter greater than 6 mm. 

Q Melanoma prognosis is inverse correlated to tumor thick¬ 
ness; ulceration and increased mitotic rate are independent 


survival risk factors; and nodal tumor burden (uninvolved 
vs. microscopic vs. macroscopic disease) has an inverse 
correlation with survival. 

Q For melanoma in situ, excision margins of 0.5 to 1.0 cm 
are indicated; for invasive melanoma, wide excision of the 
primary tumor with margins generally ranging from 1 to 
2 cm is indicated for local control. 

Q Clinically involved lymph nodes should be resected; 
patients with primary melanomas of 1 mm thickness or 
greater and clinically negative nodes should be considered 
for sentinel lymph node biopsy. 

Q Basal cell and squamous cell skin carcinoma account for 
96% of new NMSCs. 

Q Dermatofibrosarcoma protuberans (DFSP) is a rare soft 
tissue sarcoma (1% of all soft tissue sarcomas) with a 
propensity for local recurrence rather than systemic metas¬ 
tasis. 


Q Cutaneous neoplasms are the most commonly diagnosed 
malignant tumors in the United States, with an incidence of 
approximately 1.4 million new cases annually. 1,2 One in five 
Americans born today will be diagnosed with skin cancer in 
their lifetime. More than half of all cancers diagnosed in the 
United States are skin cancers. The most common skin cancer 
types are basal cell carcinoma (BCC) and squamous cell carci¬ 
noma (SCC). Cutaneous melanoma accounts for 4% of skin 
cancer diagnoses but accounts for 75% of skin cancer deaths, 
with 8,420 deaths due to melanoma in 2008, or about one 
every hour. Approximately 62,480 new cases of invasive 
melanoma were diagnosed in the United States in 2008 
(34,950 men and 27,530 women). The incidence of melanoma 
has dramatically increased, with the lifetime risk of melanoma 
increasing from 1 in 600 in the 1960s to 1 in 41 in men and 1 
in 61 in women in 2008. 1 Invasive melanoma is the sixth most 
common cancer in men and the seventh most common cancer 
in women. 1 The early diagnosis and surgical treatment of these 
skin cancers can be curative. 


MELANOMA 


Etiology and Risk Factors 

Numerous environmental and genetic risk factors have been 
implicated in the development of cutaneous melanoma, many 
Q of which center around sun exposure. 2 Risk factors include 
factors related to exposure to UVA and UVB, such as geogra¬ 
phy, occupation, a history of blistering or peeling sunburns, 
and the use of tanning beds/salons, as well as factors related to 
increased sensitivity to UV light, such as decreased pigmenta¬ 
tion, a fair complexion (blue or green eyes, blonde hair, freck¬ 
ling), or xeroderma pigmentosa. Melanoma incidence is sub¬ 
ject to large geographic and ethnic variations, mainly because 
of an inverse correlation with latitude and with degree of skin 


pigmentation. Populations residing closer to the equator have 
a higher incidence of melanoma. Many factors that increase 
risk for melanoma are surrogates for a history of excess sun 
exposure, such as actinic keratosis, a history of either 
melanoma or an NMSC, atypical nevi, or multiple normal nevi. 
Finally, there are inheritable risk factors, such as a family his¬ 
tory of melanoma, CDKN2A/pl6/MClR mutation, or MC1R 
mutation. 

Adults with more than 100 clinically normal-appearing 
nevi, children with more than 50 clinically normal-appearing 
nevi, and any patient with atypical or dysplastic nevi are at 
risk. A prior history of melanoma places a patient at increased 
risk, with 5% to 10% of individuals developing a second pri¬ 
mary melanoma. This risk of developing a second primary is 
lifelong and can occur anywhere on the skin. Therefore, long¬ 
term surveillance with a thorough total body examination is 
recommended. 

A genetic component has been implicated in the pathogen¬ 
esis of melanoma. Of patients with melanoma, 10% to 15% 
report a positive family history. The most common chromoso¬ 
mal mutation associated with melanoma involves CDKN2A, 
also known as pi6. However, the mutation accounts for only 
a small percentage of melanoma cases observed, estimated at 
0.2%. A MC1R gene mutation is clearly a risk factor for cuta¬ 
neous melanoma. 3 The combination of MC1R mutation and 
red hair is associated with a very high risk of melanoma devel¬ 
opment. In addition, MC1R R151 C modifies the effect of 
another cutaneous melanoma susceptibility gene, CDKN2A. 4 
The genetic etiology of melanoma represents an area of future 
discovery. 

The hereditary nature of cutaneous melanoma was also 
noted in the 1970s. 5 Members afflicted with the “B-K mole syn¬ 
drome,” named after two families, acquired large, irregular, 
and dysplastic nevi, often in sun-protected regions of the body 
such as the scalp and trunk. During this time period, Lynch et al. 6 
independently reported a familial association of melanoma 
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among individuals with atypical nevi, which he termed familial 
atypical multiple mole melanoma syndrome , or FAMMM syn¬ 
drome, with an autosomal dominant inheritance pattern. The 
10-year melanoma risk in the setting of atypical mole syndrome 
is reported to be 10.7% compared with 0.62% in control 
patients. Greene et al. 7 approximated a 56% cumulative risk 
from age 20 to 59 years, with 100% of atypical mole syndrome 
patients developing melanoma by age 76. An atypical nevus is 
not a premelanoma but represents a genetic marker for increased 
risk of development of melanoma, which may occur anywhere 
on the skin surface including sun-protected sites. In fact, more 
than 50% to 75% of melanomas develop on clinically normal 
skin de novo, not in pre-existing melanocytic lesions. 

Xeroderma pigmentosa is a rare autosomal recessive disor¬ 
der associated with a reduced or absent ability to repair DNA 
damaged by UV light. Consequently, this disorder results in 
the development of multiple primary cutaneous malignancies, 
including melanoma as well as BCC and SCC. Individuals are 
usually diagnosed with their first cancer before the age of 
10 years. Unfortunately, the development of skin cancers is 
relentless. 

Congenital melanocytic nevi (CMN) are present at birth or 
appear within the first 6 months of infancy. 8 An estimated 1% 


to 6% of children are born with CMN. The nevi are classified 
by size. Small CMN measure less than 1.5 cm in diameter and 
account for the majority of lesions. Medium CMN measure 
between 1.5 and 19.9 cm in diameter. Large CMN, also termed 
giant congenital nevi , measure 20 cm or greater. This large size 
can lead to significant cosmetic and psychosocial implications. 
The risk of melanoma development in small- and medium-sized 
CMN is similar to any other area of skin. Melanoma develop¬ 
ment in small and medium CMN usually occurs after child¬ 
hood and arises from the dermoepidermal junction, making 
early detection feasible. Routine prophylactic removal of small 
and medium CMN is rarely indicated in the absence of signs or 
symptoms for malignant progression. Conversely, giant con¬ 
genital nevi carry an increased risk for melanoma, with an esti¬ 
mated rate of 5% to 20%. Of giant congenital nevi that progress 
to melanoma, 70% are diagnosed prior to age 10 years. 
Melanoma can originate deep in the epidermis in giant congeni¬ 
tal nevi. Consequently, diagnosis within the setting of giant con¬ 
genital nevi is challenging and may develop deep in the skin 
with a more advanced primary lesion. 

Patients with a giant congenital nevus, especially on the 
posterior axis, or in conjunction with many satellite lesions are 
also at risk for neurocutaneous melanocytosis (NCM). 9,10 




FIGURE 111.1. Examples of skin lesions. A: Giant congenital nevus. B: Lentigo maligna (Hutchinson freckle). C: Melanoma arising in a lentigo 
maligna (lentigo maligna melanoma). D: Superficial spreading melanoma. ( continued) 
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FIGURE 111.1. ( Continued ) E: Nodular melanoma. F: Acral lentiginous melanoma (ulcerated nodular plantar melanoma with satellite lesions). 
G: Subungual melanoma. H: Pigmented basal cell carcinoma. 


NCM is characterized by the presence of benign or malignant 
leptomeningeal tumors. Most patients present in the first 2 
years of life with neurologic manifestations of increased 
intracranial pressure, mass lesions, or malignant transforma¬ 
tion to melanoma. Magnetic resonance imaging (MRI) find¬ 
ings of NCM may be present, even in asymptomatic children. 
NCM is associated with an increased risk of development of 
central nervous system melanoma. Symptomatic NCM is asso¬ 
ciated with a poor prognosis, even in the absence of malig¬ 
nancy. Chemotherapy is not effective, but shunt placement to 
reduce intracranial pressure may be palliative. 


Clinical Diagnosis and Classification 

Melanoma may have a characteristic appearance (Fig. 111.1). 

Q Early detection is key. The ABCD rule, which outlines the 
warning signs of melanoma, was developed decades ago. 11 A 
stands for asymmetry—one half of the lesion does not match 
the other half when drawing an imaginary line through the cen¬ 
ter of the lesion. B is border irregularity—the edges of the lesion 
are ragged, notched, or fuzzy. C is color—the pigmentation is 
not uniform throughout the lesion. Varying shades of tan, dark 
brown to black, or shades of red, white, and/or blue may be 
present with a mottled appearance. And D is diameter—the 


width is greater than 6 mm (about the size of a pencil eraser). 
The seven-point checklist used in Europe incorporates several 
of the ABCD features with the addition of change. Another 
useful diagnostic aid is the “ugly duckling” sign. A pigmented 
lesion that is different from the others should be carefully 
approached with a high index of suspicion. 

The goal of any diagnostic aid is early detection and the 
ability to differentiate between benign and malignant, with 
100% sensitivity combined with high specificity. The ABCD 
rule, seven-point checklist, and ugly duckling sign all provide 
relatively highly sensitivity but none fulfills all of these criteria, 
especially with respect to specificity, to distinguish melanoma 
from benign lesions. 

The ABCD criteria may fail to detect an important subset 
of nodular melanoma (NM), which often does not exhibit the 
ABCDs and is often less than 6 mm in early development. The 
ABCD rule is also relatively static without the important criti¬ 
cal characteristic of change. Studies have documented early 
signs of a change in size, shape, or color and the early symp¬ 
tom of persistent itching. One of the best tools for diagnosis of 
early lesions that may fail to exhibit many of the standard 
melanoma features is the importance of change. Thus, the 
authors and others have used the D in the ABCD rule to signify 
“difference.” A difference or change in lesions, especially with 
respect to size, shape, color, or persistent itching, warrants 
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evaluation. Furthermore, the nevi on the body should globally 
share a common look or family resemblance. If one of the nevi 
seems different from the rest, it should be evaluated with a high 
index of suspicion. Additionally, if all of the nevi are atypical or 
irregular but are morphologically similar to one another and 
are not changing, there may be no reason for individual lesion 
concern (atypical or dysplastic nevi). However, the presence of 
atypical nevi represents a risk factor for melanoma develop¬ 
ment anywhere on the skin surface with development in clini¬ 
cally normal skin, normal nevi, and dysplastic nevi with rela¬ 
tively equal frequency. Thus, excision of all atypical nevi does 
little for prevention. Education of the patient for early signs 
and symptoms, particularly change or difference, is key in this 
clinical scenario. 

It must be emphasized that critical diagnostic decisions con¬ 
cerning skin lesions should still always be based on clinical 
assessments and the history, with attention to melanoma risk 
factors. The optimum diagnostic aid that combines 100% sen¬ 
sitivity and specificity currently does not exist. The use of all 
available means including the ABCD and seven-point check¬ 
lists, ugly duckling sign, difference, photography, dermoscopy, 
and evolving digital and computer-assisted imaging technolo¬ 
gies enhances the ability to diagnose melanoma at the earliest 
stage. 11 The result of using these multiple diagnostic aids is ear¬ 
lier detection of melanoma with higher overall survival rates. 

Based on histologic patterns and clinical characteristics, 
melanomas can be classified into multiple categories, with the 
four major subtypes being lentigo maligna melanoma (LMM), 
superficial spreading melanoma (SSM), NM, and acral lentigi¬ 
nous melanoma (ALM). 12 In general, these subtypes derive their 
prognostic biologic behavior and risk of metastasis based on a 
secondary correlation with Breslow depth and are thus not inde¬ 
pendent prognostic factors. Invasive LMM constitutes 10% to 
15% of cutaneous melanomas and typically occurs on the 
chronically sun exposed areas of the head and neck, most often 
in older inividuals. Clinically, the LMM pattern is associated 
with a significantly higher rate of often extensive and asymmet¬ 
rical subclinical growth several centimeters beyond the clinical 
lesion. Failure to completely excise the entire lesion with metic¬ 
ulous margin control results in higher recurrence rates with 
lethal potential. Additionally, amelanotic and desmoplastic 
melanoma with neurotropism is more frequent in the lentigo 
maligna (LM) lesion subtype. LM is not a benign disease as once 
thought. LM represents in situ melanoma and, with time, pro¬ 
gresses to invasive LMM. LMM often begins as a flat brown 
lesion on chronically sun exposed areas with progression to 
black and other classic melanoma features over time. 

SSM accounts for approximately 70% of cutaneous 
melanomas. This pattern is the most common in melanomas 
arising in a pre-existing nevus. SSM is typically characterized 
by variation in color, irregular borders, and irregular surface 
and often exhibits the classic melanoma clinical features. 

NM occurs in approximately 15% to 30% of patients with 
cutaneous melanoma and is often the most aggressive of the 
four types of melanoma because of later detection and rapid 
growth. In general, NM may be more uniform in coloration 
than the other types, have regular borders with size less than 
6 mm in early lesions, and lack the classic melanoma features 
initially. Lesion change and difference is important for early 
detection. 

ALM is a distinct clinicopathologic variant of melanoma 
that most commonly occurs on the hands, feet, fingers, and 
toes as well as in subungual locations (Fig. 111.1). ALM rep¬ 
resents only 2% to 8% of melanoma in whites but 35% to 
60% in people of color. Later detection frequently occurs 
because of location that is not easily or routinely examined 
and a low index of suspicion. When corrected for Breslow 
depth, the overall prognosis for ALM appears similar to the 
other subtype categories. In subungual locations, this phase 
can appear as an irregular, tan-brown streak in the nail that 
originates from the base of the nail bed. More than three 


fourths of subungual melanomas involve the great toe or 
thumb, and they can be confused with subungual hematoma. 

Other rare melanoma subtypes deserve brief mention. 
Mucosal, anal, and vulvovaginal melanomas are associated with 
a poorer prognosis, possibly related to advanced disease at pre¬ 
sentation with late detection and high vascularity at the lesion 
site. Desmoplastic melanoma is associated with a higher rate of 
neurotropism and lower rate of lymph node metastases. 13-15 
Small cell or nevoid melanoma often lacks any of the classic fea¬ 
tures, is difficult to accurately diagnose without expert der- 
matopathology interpretation, and thus may be initially more 
frequently misdiagnosed. And amelanotic melanoma, occurring 
in 3% to 4% of cases, is often associated with late detection due 
to lack of pigment and failure to diagnose early. 


Staging and Prognostic Factors 

A great deal of information is available regarding various fac¬ 
tors that correlate with the clinical outcome of patients with 
melanoma. Some of these prognostic factors, such as microstag¬ 
ing and nodal status, are of sufficient independent significance 
to be incorporated into staging systems with known survival 
rates. Other prognostic factors, such as tumor ulceration and 
microscopic versus macroscopic nodal disease, have also been 
found to be significant variables that influence survival and have 
been incorporated into the staging system. 


Microstaging 

One of the most important prognostic features of cutaneous 
melanoma is the stage of development of the primary tumor. 
The microstaging method that is used routinely was originally 
described by Breslow. 16 This method classifies the primary 
tumor according to its thickness in millimeters, as measured 
with an ocular micrometer, from the top of the granular layer 
to the base of the tumor. Many investigators have documented 
an inverse correlation between tumor thickness and survival. 
The largest series of 17,600 patients reported by Balch et al. 17 
is summarized in Table 111.1. The ulceration status and 
mitotic rate are also independent factors that are used to deter¬ 
mine microstaging of the primary lesion. 17,18 Prior to the use of 
the Breslow microstaging method, melanomas were staged 
according to the level of invasion into the histologic layer of 
skin. This was known as the Clark level of invasion and com¬ 
prised five levels (I, in situ lesions; V, subcutaneous involve¬ 
ment). Several studies have confirmed that Breslow thickness 
conveys more accurate prognostic information than does the 
determination of Clark level. 17,19 

The presence of regional lymph node metastases is associ¬ 
ated with a worsening prognosis. The tumor burden (micro¬ 
scopic vs. macroscopic disease) of involved lymph nodes has 
an inverse correlation with long-term survival. 17,19 The 5-year 
survival rate for patients with involved lymph nodes ranges 
from 70% to 25%, based primarily on tumor burden and 
ulceration status of the primary lesion (Table 111.2). The use 
of sentinel lymph node biopsy (SNLB) has identified a sub¬ 
group of patients with micrometastatic nodal disease who 
have a favorable prognosis compared with patients with 
macroscopic nodal involvement. This information has been 
incorporated in the staging system as well. 


Clinical and Pathologic Staging 

The American Joint Committee on Cancer (AJCC) developed 
a five-stage system that divides melanomas according to tumor 
thickness (T), nodal status (N), and metastatic disease (M). 17,19 
The current system was updated in 2009 and is summarized in 
Table 111.3. There are five stages based on prognosis: stage 0 
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TABLE 111.2 RESULTS 


FIVE-YEAR SURVIVAL RATES FOR PATIENTS WITH STAGE III MELANOMA STRATIFIED BY NUMBER OF NODES WITH 
METASTASIS, ULCERATION, AND TUMOR BURDEN 


■ POSITIVE 
NODES (No.) 

■ NODAL 
BURDEN 

■ ULCERATION 

■ 5-YEAR SURVIVAL ± 
STANDARD ERROR (%) 

■ PATIENTS IN 

STUDY GROUP (No.) 

1 

Microscopic 

Absent 

69 ± 3.7 

252 

1 

Microscopic 

Present 

52 ± 4.1 

217 

2-3 

Microscopic 

Absent 

63 ± 5.6 

130 

2-3 

Microscopic 

Present 

50 ± 5.7 

111 

>3 

Microscopic 

Absent 

27 ± 9.3 

57 

>3 

Microscopic 

Present 

37 ± 8.8 

46 

1 

Macroscopic 

Absent 

59 ± 4.7 

122 

1 

Macroscopic 

Present 

29 ± 5.0 

98 

2-3 

Macroscopic 

Absent 

46 ± 5.5 

93 

2-3 

Macroscopic 

Present 

25 ± 4.4 

109 

>3 

Macroscopic 

Absent 

27 ± 4.6 

109 

>3 

Macroscopic 

Present 

13 ± 3.5 

104 

Modified from Balch M, Soong SJ, Gershenwald JE, et al. Prognostic factors analysis of 17,600 melanoma patients: validation of the American Joint 
Committee on Cancer Melanoma Staging System. J Clin Oncol 2001;19:3622-3634. 


(in situ melanoma), stage I (local disease), stage II (local dis¬ 
ease), stage III (regional nodal, in-transit, or satellite metas- 
tases), and stage IV (distant metastases; Table 111.4). In gen¬ 
eral, increasing stage is associated with decreasing survival 
(Table 111.1). 


Other Prognostic Factors 

The major prognostic factors that predict survival in 
melanoma patients have been accounted for in the AJCC stag¬ 
ing system—namely, tumor microstaging, ulceration, nodal 
status, and distant metastases. 17,19 The presence of ulceration 
in a melanoma appears to be associated with a poorer prog¬ 
nosis. Men have a higher proportion of ulcerated lesions than 
women (27% vs. 19%, respectively). Although ulceration 
appears to correlate with thickness of the melanoma, the pres¬ 
ence of ulceration is an independent prognostic factor and has 
been included in the staging system. 17,19 Additionally, a higher 
mitotic rate of 1.0 mm 2 or greater is an independent prognos¬ 
tic factor of both nodal involvement and survival. 18,20,21 The 
presence of angiolymphatic invasion is also a poor prognostic 
sign. 


Treatment of Primary Melanoma 

Biopsy. For localized melanoma, the tumor thickness (Bres- 
low depth of invasion) is the single variable that most accu¬ 
rately determines therapy and prognosis. The ulceration sta¬ 
tus and mitotic rate also represent independent prognostic 
variables. A full-thickness biopsy with 1- to 2-mm margins 
only, to the adipose tissue, is preferred for any lesion highly 
suspect for melanoma. 22 If the melanoma is transected with a 
partial-thickness shave biopsy, the ability to obtain an accu¬ 
rate measurement of tumor thickness is lost. Therefore, a 
superficial shave biopsy is never recommended for a suspect 
pigmented lesion. Saucerization, which uses a curved blade to 
perform a deeper shave biopsy down to the subcutaneous fat, 
is acceptable. 


Excisional biopsy with 1- to 2-mm margins is the preferred 
method for suspect lesions to provide the pathologist a total 
specimen for histologic interpretation and accurate microstag¬ 
ing. Performing a wide excision as the first step, especially on 
the trunk or head and neck, is not recommended, as several 
benign and malignant lesions can mimic melanoma and 
because doing so may result in the inability to accurately per¬ 
form SLNB. Formalin-fixed, paraffin-embedded, permanent 
sections should be used for biopsy diagnosis of primary cuta¬ 
neous melanoma to accurately determine tumor thickness and 
other histopathologic prognostic variables. Frozen sections 
have no role in the diagnosis or microstaging of primary 
melanoma. If the lesion is a melanoma, the excisional biopsy 
represents the first stage of a two-stage procedure. The second 
stage is re-excision with margins generally ranging from 0.5 to 
2.0 cm, with or without SLNB, depending primarily on the 
tumor thickness. When biopsying a suspected melanoma on 
the extremities, it is critical that the biopsy be oriented on the 
long axis of the extremity, parallel to the lymphatics. Perform¬ 
ing a biopsy oriented transversely on the extremity may not 
only compromise the accuracy of lymphatic mapping but also 
may obligate the patient to a skin graft to close the subsequent 
wide exision defect. 

For suspicious lesions that are too large for complete exci¬ 
sion and those that are located where the amount of skin is crit¬ 
ical in terms of functional or cosmetic results, an incisional 
biopsy may be performed with an elliptical incision, deep 
saucerization shave to adipose or deep dermis in thick skin 
areas, or a punch biopsy. Incisional biopsies for melanoma do 
not increase the risk of local recurrence and distant metastasis 
or affect patient survival. They should generally be performed 
on the most raised or most pigmented area of the lesion to max¬ 
imize the obtainable diagnostic and prognostic information. 
The most raised area usually corresponds to the maximal thick¬ 
ness of the lesion, but not always. Several incisional biopsies can 
be obtained from different areas for large lesions with multiple 
morphologic features. In the scenario of incisional biopsy with 
significant remaining lesion, complete excision for accurate 
microstaging should be considered prior to definitive treatment, 
unless the lesion is already 1 mm or greater in Breslow depth. 
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TABLE 111.3 STAGING 


AMERICAN JOINT COMMISSION ON CANCER MELANOMA STAGING SYSTEM, 

TNM DEFINITIONS 

PRIMARY TUMOR 

TX: Cannot be assessed (shave biopsy, regressed lesion) 

TO: Unknown primary 

Tis: In situ melanoma 

Tl: <l-mm Breslow thickness 

a. Without ulceration and mitosis <1 mm 2 

b. With ulceration or mitosis >1 mm 2 

T2: 1.01 to 2.00 mm 

a. Without ulceration 

b. With ulceration 

T3: 2.01 to 4.00 mm 

a. Without ulceration 

b. With ulceration 

T4: >4 mm 

a. Without ulceration 

b. With ulceration 

REGIONAL LYMPH NODE INVOLVEMENT 

NX: Cannot be assessed (previously removed) 

NO: No regional node metastasis 

Nl: Metastasis in one regional node 

a. Micrometastasis (diagnosed by SLNB or elective lymph node dissection) 

b. Macrometastasis (clinically palpable or found on imaging studies, confirmed 
histologically, or gross extracapsular extension) 

N2: Metastasis in two to three regional nodes 

a. Micrometastasis 

b. Macrometastasis 

c. In-transit or satellite metastasis without nodal metastasis 

N3: Metastasis in >4 regional nodes, matted nodes, or in-transit or satellite metastasis 

with positive metastatic nodes 

DISTANT METASTASIS 

MX: Cannot be assessed 

M0: No distant metastasis 

Mia: Distant skin, subcutaneous, or lymph node metastasis with normal LDH 

Mlb: Lung metastasis with normal LDH 

Mlc: All other visceral metastases with a normal LDH or any distant metastases with an 

elevated LDH 

SLNB, sentinel lymph node biopsy; LDH, lactate dehydrogenase. 


Metastatic Workup 

In an attempt to standardize staging workup for melanoma, 
the National Comprehensive Cancer Network (NCCN) has 
published guidelines. 23 There are three basic reasons to per¬ 
form a metastatic workup following the diagnosis of primary 
cutaneous melanoma: (a) for staging and prognosis, (b) to 
detect an early metastasis with potential survival benefit, and 
(c) to avoid morbidity of an extensive surgical procedure by 
detection of a distant metastasis. 24 The best test for the staging 
workup still starts with a history (a focused review concen¬ 
trating on constitutional, respiratory, neurologic, hepatic, 
musculoskeletal, gastrointestinal, skin, and lymphatic systems) 
and physical examination (total body skin examination, pal¬ 
pation of lymph nodes). Routine imaging (chest x-ray, com¬ 
puted tomography [CT] scans, positron emission tomography 


[PET] scans) and blood studies (complete blood count, com¬ 
prehensive metabolic profile, liver function tests, serum lactate 
dehydrogenase levels) in asymptomatic, clinically node-nega¬ 
tive patients are low in both sensitivity and specificity and are 
not necessary. 25-28 False-positive staging tests are common and 
lead to more tests and patient distress. SLNB represents the 
best baseline staging test, with both relatively high sensitivity 
and specificity in patients at significant risk for metastasis. The 
ability to detect stage IV disease with routine studies is small if 
the SLNB is negative. Both ultrasound and PET scanning have 
been examined as methods of identifying nodal metastases 
prior to surgery. While they detect disease in a minority of 
patients, the size of most metastases to the regional nodes are 
below the threshold of ultrasound or PET to detect, so this is 
not a cost-effective strategy. 29-31 If a thorough history and 
physical and detailed review of systems reveals no signs or 
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TABLE 

1 1 1 .4 





STAGING 

STAGE GROUPINGS FOR CUTANEOUS MELANOMA 


■ CLINICAL STAGING* 

■ PATHOLOGIC STAGING 6 


■ T 

■ N 

■ M 

■ T 

■ N 

■ M 

0 

Tis 

NO 

M0 

Tis 

NO 

M0 

IA 

Tla 

NO 

M0 

Tla 

NO 

M0 

IB 

Tib 

NO 

M0 

Tib 

NO 

M0 


T2a 

NO 

M0 

T2a 

NO 

M0 

IIA 

T2b 

NO 

M0 

T2b 

NO 

M0 


T3a 

NO 

M0 

T3a 

M0 

M0 

IIB 

T3b 

NO 

M0 

T3b 

NO 

M0 


T4a 

NO 

M0 

T4a 

NO 

M0 

IIC 

T4b 

NO 

M0 

T4b 

NO 

M0 



N1 





IIP 

Any T 

N2 

M0 






N3 





IIIA 




Tl-4a 

Nla 

M0 





Tl-4a 

N2a 

M0 





Tl-4b 

Nla 

M0 





Tl-4b 

N2a 

M0 

IIIB 




Tl-4a 

Nib 

M0 





Tl-4a 
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^Clinical staging includes microstaging of the primary melanoma and clinical/radiologic evaluation for 
metastasis. By convention, it should be used after complete excision of the primary melanoma with clinical 
assessment for regional and distant metastases. 

^Pathologic staging includes microstaging of the primary melanoma and pathologic information about the 
regional lymph nodes after partial or complete lymphadenectomy. Pathologic stage 0 or stage IA patients 
are the exception; they do not require pathologic evaluation of their lymph nodes. 

There are no stage III subgroups for clinical staging. 

From Balch M, Buzaid AC, Soong SJ, et al. Final version of the American Joint Committee on Cancer 

Staging System for Cutaneous Melanoma. J Clin Oncol. 2001;19:3635-3648. Reprinted with permission 
from the American Society of Clinical Oncology. 


symptoms suspicious for regional or distant disease, then no 
further staging is necessary. However, a high index of suspi¬ 
cion should be maintained and a thorough symptom-directed 
workup should be initiated for any worrisome finding on the 
history and physical. 

Approximately 5% to 10% of newly diagnosed melanoma 
patients present with clinically involved lymph nodes. Any clin¬ 
ically suspicious node should be confirmed by fine needle aspi¬ 
ration (FNA) biopsy, as enlarged lymph nodes may be reactive 
(particularly after a biopsy). Ultrasound-guided FNA biopsy 
can be useful in cases where the suspicious node is difficult to 
biopsy by hand. Patients documented to have macroscopic 
regional disease should undergo complete staging prior to 
definitive surgery, as a significant percentage may have more 
advanced regional or distant disease that may alter surgical 
therapy. 32,33 Staging should include a serum lactate dehydroge¬ 
nase (LDH) level; MRI of the head and either CT of the chest, 
abdomen, and pelvis; PET scan; or combined CT/PET scan. For 
patients with involved groin nodes, CT scan is recommended to 


visualize the pelvic nodes, as this may help to determine the 
extent of inguinal node dissection. Workup for stage IV dis¬ 
seminated melanoma is often dictated by clinical trial proto¬ 
cols. Follow-up test guidelines are similar to these workup 
principles (Table 111.5). 


Surgical Excision of Primary Melanoma 

The primary purpose of a melanoma excision is to prevent local 
recurrence due to persistent disease. For melanoma in situ, exci¬ 
sion margins of 0.5 cm are indicated. For invasive melanoma, 
wide excision of the primary tumor, with margins generally 
ranging from 1 to 2 cm, is indicated for local control. The opti¬ 
mal margin width remains somewhat controversial. The histor¬ 
ical approach of excising all primary melanomas with a 3- to 
5-cm margin is extinct. At least five randomized controlled trials 
failed to demonstrate a difference in overall survival or local 
recurrence with narrow (1- to 2-cm) versus wide (3- to 5-cm) 
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ITABLE 111.5 


TREATMENTI 

FOLLOW-UP GUIDELINES: 

INTERVAL FREQUENCY AND TESTS 



■ NCCN 

■ UMMC 

In situ 

Periodic skin examination 
for life 

q6mo for 1 yr, then annually 

Local disease: <1 mm 

or > 1 mm with a negative 
SLNB and without 
ulceration 

q3-12mo 

q6mo for 3 yr, then annually 

Local disease: 1 mm; 
no SLNB or negative 

SLNB with ulceration 

q3-12mo for 3 yr, then 

4-12mo for 2 yr, then annually 

q6mo for 3 yr, then annually; 
tests based on H&P 

Regional disease 

q3-12mo for 3 yr, then 4-12mo 
for 2 yr, then annually CXR, 

LDH, CBC q3-12mo (optional); 
other imaging studies (optional) 

q6mo for 3 yr, then annually; 
tests based on H&P 

Distant disease 

Medical oncology trials 

Medical oncology trials 


NCCN, National Comprehensive Cancer Network; UMMC, University of Michigan Multidisciplinary 
Melanoma Clinic; SLNB, sentinel lymph node biopsy; H&P, histology and pathology; CXR, chest x-ray; 
LDH, lactate dehydrogenase; CBC, complete blood count. 

Shorter intervals may be considered for patients with dysplastic nevus syndrome or those who have 
difficulty with self-examinations. Coordination is necessary dermatologist and primary care 
provider/internist/or medical oncology team. 


margins 34 (Table 111.6). Of note, one trial 35 demonstrated an 
increased risk of locoregional recurrence with 1-cm versus 3-cm 
margins for melanoma more than 2 mm thick. Based on these 
trials, current consensus guidelines recommend margins of 1 cm 
for melanomas 1 mm or less thick, 2 cm for melanomas greater 
than 2 mm thick, and 1 to 2 cm for melanomas 1 to 2 mm thick. 
For this last group, the size of the margins should be based on 
the anatomic location of the melanoma and the morbidity of 
excising 2 cm versus 1 cm, including the need for an advance¬ 
ment flap or skin graft (Table 111.7). For several locations, such 
as melanomas on the head and neck, the maximum margins 
attainable are dictated by anatomic limitations. Subungal 
melanomas require amputation of the digit. Perianal melanoma 
can often be treated by wide excision, but melanoma of the anal 
mucosa may require abdominoperineal resection (APR). A 
complete staging workup should be performed before proceed¬ 
ing with APR, as these patients have a very high rate of regional 
and distant disease. 36 


For the clinically ill-defined LMM, histologic confirmation of 
negative margins is important, and it should be emphasized that 
these margin recommendations may not apply to in situ LM and 
invasive LMM on the head and neck. 37,38 LM and LMM are 
often associated with extensive subclinical involvement to as 
much as several centimeters beyond the clinical component. 
Careful and complete margin control, including excision of the 
lesional trailing edge of atypical melanocytic hyperplasia, often 
beyond the standard margins, may be necessary for complete 
surgical resection of LM/LMM on the head and neck. 


Treatment of Regional Metastatic Melanoma 

Lymphadenectomy Results and Indications. Surgical 
excision of metastases to regional lymph nodes is potentially 
curative therapy. The 5-year survival rate for patients who 
undergo lymphadenectomy for clinically positive involved 


TABLE 1 1 1.6 RESULTS 


RANDOMIZED CONTROLLED TRIALS: NARROW VERSUS WIDE EXCISION MARGINS 


■ TRIAL* 

■ SUBJECTS 
(No.) 

■ NARROW 
RESECTION 
MARGIN (cm) 

■ WIDE 
RESECTION 
MARGIN (cm) 

■ TUMOR 
THICKNESS 
(mm) 

■ TUMOR 
SITE 

■ MEDIAN LENGTH 
FOLLOW-UP (yrs) 

French 2003 

326 

2 

5 

<2.1 

T, E, H&N 

10.0 

Intergroup 1996 

470 

2 

4 

1.0-4.0 

T, E 

7.6 

Swedish 2000 

989 

2 

5 

0.8-2.0 

T, E 

11.0 

WHO 1991 

612 

1 

3 

<2.0 

T, E 

7.5 

UK 2004 

900 

1 

3 

>2.0 

T, E 

5.0 

T, trunk; E, extremity; H&N, head and neck; WHO, World Health Organization; UK, United Kingdom. 
*There was no difference in any outcomes in the first four trials. UK 2004 showed increased locoregional 
in-transit recurrence. 

recurrence but no 

difference in local or 
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TABLE 111.7 TREATMENT 


RECOMMENDED SURGICAL MARGINS FOR 
MELANOMA EXCISION 


■ MELANOMA 
THICKNESS (mm) 

■ CLINICAL EXCISION 
MARGIN (cm) 

In situ 

0.5 to 1.0 

<1.0 

1.0 

1.1 to 2.0 

1.0 to 2.0 

>2.0 

2.0 

Margins may need to be modified based on anatomic considerations 
but still require histologic confirmation of tumorfree margins. For 
clinically ill-defined lentigo maligna/lentigo maligna melanoma, wider 
margins may be required for histologic confirmation of tumorfree 
margins. 


nodes (AJCC stage III) ranges from 25% to 70%. In addition, 
for those patients not cured by lymphadenectomy, resection 
can avoid potential pain associated with tumor enlargement, 
skin breakdown, and tumor necrosis (Fig. 111.2). Only 5% to 
10% of patients who first present with the diagnosis of 
melanoma have clinical evidence of nodal metastases, approx¬ 
imately 85% to 90% have localized disease, and the remaining 
5% have distant metastases. In less than 3% of patients, a 
diagnosis of melanoma is made in the absence of a definable 
primary lesion. 39 When patients present with isolated nodal 
disease from an unknown primary site, the results of lym¬ 
phadenectomy are similar to those for patients with known 
primary tumors. For patients with melanoma 1 mm thick or 
greater who present with clinically negative nodes, SLNB 
should be considered to determine whether therapeutic lym¬ 
phadenectomy is indicated. 40 



FIGURE 111.2. Patient with large melanoma axillary involvement 
with skin ulceration. 


Sentinel Lymph Node Biopsy 

Morton et al. 41 were the first to develop the concept of “sentinel 
lymph nodes” in the nodal basins draining cutaneous 
melanomas. They hypothesized that melanoma involvement of 
a nodal basin develops in an orderly fashion with metastasis to 
the sentinel lymph node as the first step in that process. With the 
intradermal injection of a blue dye, these investigators were able 
to identify sentinel lymph nodes 90% of the time. If the sentinel 
node was negative for melanoma, the remaining lymph nodes 
were also free of involvement in at least 96% of cases. These 
results have been confirmed by multiple other groups. 42-44 

Two tracers are typically used for identifying the sentinel 
lymph nodes: a blue dye—1% isosulfan blue (Lymph- 
azurin)—and a radiolabeled colloid solution. Lymphazurin 
carries a risk of allergic reaction in 0.5% to 2.0% of patients, 
which can be life threatening. 45 Methylene blue dye can also be 
used, without risk of allergic reaction, although this should be 
diluted as it can cause skin necrosis if not completely resected. 
One to 4 hours before surgery, a radiolabeled colloid solution 
is injected intradermally. The injection site is around the pri¬ 
mary tumor site or excision site, taking care to avoid injecting 
directly into any residual tumor. Lymphoscintigraphy imaging 
is then performed, which is critical in that it can identify sen¬ 
tinel nodes outside the traditional nodal basin. The blue dye is 
injected intradermally in the operating room a few minutes 
before the procedure. Using a handheld gamma detector probe, 
the surgeon is able to identify the sentinel lymph node location 
through the skin, thereby limiting the incision necessary to find 
the node. Blue-stained lymphatics and lymph nodes can be 
directly visualized (Fig. 111.3). The combined use of the blue 
dye plus the radiolabeled colloid enables the detection of the 
sentinel node in more than 95% of cases. 44 The technique of 
SLNB is most often performed in conjunction with the wide 
excision of the primary tumor. It can routinely be performed as 
an outpatient procedure. 

Once the sentinel lymph node is removed, it is processed by 
the pathologist by step sectioning the entire node into multiple 
sections for routine hematoxylin and eosin staining. This is 
done to examine for micrometastases that could be missed by 
the standard approach to examining nodes, which involves 
bivalving the lymph node and performing an examination of 
only one section. If serial sectioning and staining are negative 
for metastasis, then immunohistochemical staining for 
melanoma markers such as S-100, Melan-A, and HMB-45 is 
performed. 46 These stains can identify microscopic clusters of 
tumor cells that are hard or impossible to identify by hema¬ 
toxylin and eosin staining. The thoroughness of assessing the 



FIGURE 111.3. Blue dye tracking up a lymphatic vessel to a blue- 
stained lymph node. 
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FIGURE 111.4. Technique of groin dissection. 


sentinel lymph nodes for metastatic disease has resulted in 
much more accurate staging of patients. Micrometastases to 
lymph nodes has been incorporated in the current staging sys¬ 
tem as described above. 

If the sentinel lymph node is positive for melanoma, then 
complete lymph node dissection (CLND) (Fig. 111.4) is indi¬ 
cated based on potential survival and clinical benefit. The 
interim results of the Multicenter Selective Lymphadenectomy 
Trial I (MSLT-I), which randomized patients to wide local exci¬ 
sion (WLE) alone or WLE in combination with SLNB and 
CLND for a positive lymph node demonstrated that the survival 
of patients with regional metastases detected by SLNB who 
underwent CLND was significantly improved over those 
patients who underwent CLND for a regional recurrence 
(66.2% vs. 54.2%, p <0.02). 47 An unresolved question is 
whether every patient with a positive sentinel lymph node 
requires CLND. Several attempts to retrospectively identify clin¬ 
ical or histologic factors that may predict the absence or presence 
of disease within the non-sentinel nodes have not identified any 
absolute way to determine who requires additional surgery, 
although a combination of the Breslow depth and amount of dis¬ 
ease within the sentinel lymph node seems promising. The results 
of the ongoing MSLT-II trial, which randomizes patients with a 
positive sentinel lymph node to CLND or serial ultrasonography 
of the regional basin, will provide more information regarding 
the benefit of CLND for sentinel lymph node-positive patients. 
Until that time, CLND for a positive sentinel lymph node 
remains the standard of care in the treatment of melanoma. 

Patients with primary melanomas equal to or greater than 
1 mm thickness and clinically negative nodes should be con¬ 


sidered for SLNB. For some subgroups of patients with 
melanoma Breslow depth of 0.75 to 1.0 mm, SLNB may be con¬ 
sidered. These subgroups include younger patients, evidence of 
ulceration or angiolymphatic invasion, extensive dermal regres¬ 
sion to 1 mm, or 1 mitosis/mm 2 or greater in the primary 
tumor. 20,48-50 Reasons not to perform SLNB include significant 
medical comorbidities or the patient does not desire SLNB 
after an informed discussion. 


Adjuvant Therapy 

Although the prognosis for patients with early-stage cutaneous 
melanoma is quite good, less than 50% of patients with thick 
primaries (i.e., >4 mm) or regional node involvement are 
cured by surgery alone. The development of effective adjuvant 
therapy capable of increasing postsurgical survival in high-risk 
groups of patients has been a long-standing goal of clinicians. 
Unfortunately, numerous randomized trials evaluating sys¬ 
temic chemotherapeutic agents (most notably dacarbazine), 
nonspecific immunotherapy (such as bacille Calmette-Guerin), 
and tumor-specific vaccines in the adjuvant setting have failed 
to demonstrate any impact on survival. 51-53 

Interferon-u2b (IFN-u) has a variety of modulatory effects 
on the immune system that could enhance antitumor reactivity. 
IFN-a has been reported to have antitumor activity in patients 
with metastatic disease. In 1996, Kirkwood et al. 54 reported the 
effectiveness of IFN-u to improve diseasefree and overall sur¬ 
vival rates of patients with stage lib (>4 mm) or III disease 
after surgery. In this multi-institutional prospective randomized 
trial, 287 high-risk patients with deep primary (>4-mm) 
tumors or positive nodes were randomly assigned after surgery 
to either postoperative adjuvant treatment with IFN-u2b or to 
observation. IFN-u2b therapy significantly increased median 
overall survival by 1 year and produced a 24% improvement in 
the 5-year overall survival rate (46% for IFN-u2b patients vs. 
37% for observation patients). Based on these results, the Food 
and Drug Administration (FDA) approved the use of adjuvant 
IFN-u2b after surgical resection of stage lib or III melanoma. 
Follow-up studies have raised concerns about the relative effi¬ 
cacy of IFN-u in this setting; however, in healthy melanoma 
patients at high risk of relapse, this is the only known adjuvant 
therapy that should be considered. 55 


Treatment of In-Transit Disease 


In-transit disease and satellitosis develop in 5% to 8% of 
patients with melanomas thicker than 1.5 mm. 56 These are 
classified as stage III disease but portend not only a poor prog¬ 
nosis but can be a challenge to treat. Treatment involves either 
local excision or ablation, or regional chemotherapy. Surgical 
excision is the optimal management when the number of 
lesions is small and complete excision is possible. Prior to pro¬ 
ceeding with surgery, a complete staging workup for metastatic 
disease is recommended, as these patients often harbor distant 
disease. When surgery is not feasible, a number of intralesional 
therapies (such as granulocyte-macrophage colony-stimulating 
factor) or ablative therapies (radiation, cryotherapy, elec- 
trodessication, laser ablation, photodynamic therapy) have 
been employed with limited success. When the in-transit dis¬ 
ease is unresectable but limited to an extremity, regional 
administration of high-dose chemotherapy can be effective in 
controlling disease. 

Isolated limb perfusion (ILP) uses an extracorporeal mem¬ 
brane oxygenator (as is used with cardiac surgery) to deliver 
chemotherapy doses 15 to 25 times higher than can be 
obtained with systemic delivery. The surgeon isolates the ves¬ 
sels and uses a tourniquet to prevent systemic uptake of the 
agent(s). Using the bypass machine, the limb is perfused with 
hyperthermic (38°C to 40°C) chemotherapy solutions, most 
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commonly melphalan. After 60 to 90 minutes of treatment, 
the drug is flushed from the circulation and systemic circula¬ 
tion is restored. Response rates between 80% and 90% are 
reported, with complete response rates between 40% and 
65%. 56-58 In some cases, these can be quite durable. Toxicities 
can range from mild erythema and edema to epidermolysis, 
functional impairment, and in extremely rare cases a need for 
amputation. 

Because of the complexities involved in scheduling and 
performing ILP, it is currently available at only a few select 
centers. A less invasive and less toxic approach is the use of 
isolated limb infusion. Rather than surgical isolation of the 
vessels, percutaneous catheters are placed radiologically in the 
artery and vein and connected to an extracorporeal circuit 
incorporating a heating coil. A tourniquet is placed on the 
extremity, but because some systemic uptake is anticipated, 
lower doses of chemotherapeutic agents are used. Some stud¬ 
ies have reported response rates equal to ILP, although others 
report slightly lower response rates. 59,60 


Treatment of Disseminated Melanoma 

Evaluation for Metastatic Disease and Clinical 
Course. The follow-up evaluation for patients with AJCC 
stage I, II, or III melanoma who are rendered tumorfree by 
surgery should include regular histories and physical examina¬ 
tions. The use of extensive and frequent radiographic studies 
and blood work in asymptomatic, clinically diseasefree 
patients is rarely productive. 23,24 For AJCC stage IA (<1 mm), 
the NCCN recommends that patients should undergo a his¬ 
tory and physical examination with emphasis on skin and 
nodal examinations every 3 to 12 months as clinically indi¬ 
cated. For AJCC stage IB to III, patients should undergo a his¬ 
tory and physical examination every 3 to 6 months for 3 years, 
then every 4 to 12 months for 2 years, then annually as clini¬ 
cally indicated (Table 111.5). The use of chest radiographs and 
blood work, as well as other imaging scans, when clinically 
indicated, is based on the history and physical examination. 

Melanoma can disseminate to any organ. The most com¬ 
mon sites of recurrence are skin, subcutaneous tissues, and dis¬ 
tant lymph nodes, followed by visceral sites. Common visceral 
sites of metastasis, in order of decreasing occurrence, are the 
lung, liver, brain, bone, and gastrointestinal tract. Most 
patients who die with disseminated disease have multiple organ 
involvement. Frequently, the cause of death is respiratory fail¬ 
ure or brain complications. Patients with disseminated disease 
have a poor prognosis, with a mean survival of approximately 
6 months. Cure with any treatment is rare. Selection of treat¬ 
ment or a decision against treatment should be based on sev¬ 
eral factors, including the patient’s medical condition, the 
potential for palliation, and the impact of treatment on quality 
of life. 


Surgery 

While surgery is rarely considered for patients with metas- 
tases, melanoma remains an exception, with documented 
long-term survival among patients who undergo resection of 
metastatic lesions. Surgery should be strongly considered for 
palliative purposes, but also should be considered in select 
patients with stage IV melanoma with a goal of prolonged dis¬ 
easefree survival. Careful selection is key, and most patients 
who present with metastases are not candidates for resection. 
The decision to pursue surgery should be made on the age and 
health of the patient, the number and locations of the metas¬ 
tases and ability to achieve negative margins, the morbidity of 
the operation, and the diseasefree interval. Patients with single 
versus multiple lesions and longer diseasefree intervals, as well 
as those in good overall health, are the ideal candidates. Before 


surgery, a careful search for additional sites of disease should 
include a thorough history and physical, serum LDH, CT/PET 
scan, and MRI of the brain. With careful selection, excellent 
5-year survivals have been reported in patients undergoing 
complete resection of skin, soft tissue, and lung, and even liver, 
gastrointestinal, and brain metastases. 61-68 


Radiation Therapy 

Although generally thought to be a radioresistant tumor, 
melanoma can respond to radiation therapy. 69,70 Radiation 
therapy is commonly used for palliation of bone pain sec¬ 
ondary to metastatic disease or brain metastasis. The average 
survival after brain irradiation for melanoma is approximately 
4 months. 

Radiation therapy has also been utilized as an adjuvant to 
the resection of high-risk nodal metastases, typically defined as 
having extracapsular extension, four or more positive nodes, 
or recurrent nodal disease. Several studies have reported 
improved regional control rates when radiation was combined 
with surgery, especially for cervical metastases, although these 
are primarily retrospective. 71-74 A prospective trial of adjuvant 
nodal irradiation for node-positive melanoma patients showed 
an in-field recurrence rate of 7%. 75 However, morbidity is sig¬ 
nificantly increased when radiation is added to a CLND, and 
there is no prospective data to suggest an improvement in 
overall survival. A large, nonrandomized retrospective review 
of patients with high-risk cervical metastases from the Sydney 
Melanoma Unit compared patients who received adjuvant 
radiation to those who did not and found only a nonsignifi¬ 
cant 10% reduction in recurrence and no overall survival ben¬ 
efit. 76 A prospective randomized trial by the Tasman Radiation 
Oncology Group is presently accruing patients. 


Chemotherapy 

Melanoma is responsive to few chemotherapeutic drugs. 49-53 
The best single agents for treatment of melanoma are dacar- 
bazine (DTIC), the nitrosoureas, vinca alkaloids, and cisplatin, 
which have objective response rates in the range of 10% to 
20%. Conventionally, objective responses have included com¬ 
plete disappearance of all known tumor sites (complete 
response) and reduction of more than half in all assessable 
tumor (partial response). Complete responses are rare and 
nearly always of brief duration (<6 months). Responses are 
more frequently observed in patients with tumor in the skin, 
subcutaneous tissue, lymph nodes, or lung. Combination 
chemotherapy with the potential of drug synergy has been used 
with limited success in the treatment of metastatic melanoma. 
No evidence indicates that combination chemotherapy offers 
better results than single-agent DTIC at this time. 


Immunotherapy 

The rapid evolution of recombinant DNA technology has 
resulted in the availability of cytokines, such as the interferons 
and interleukins, that can be administered to modulate a 
patient’s immune response. 36-40 These biologic agents have been 
used in immunotherapeutic trials for metastatic melanoma and 
demonstrate that an antitumor immune response can be gener¬ 
ated in select patients. A significant advance in melanoma 
immunotherapy has been associated with the use of interleukin- 
2 (IL-2). IL-2 is a cytokine secreted by antigen-activated helper 
T cells and was initially discovered because it was a T-cell 
growth factor. Subsequently, it was found to have many other 
immunologic effects, and it appears to have an important role in 
the enhancement of immune responses. Mule et al. 77 discovered 
that the in vivo administration of IL-2 in preclinical animal 
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FIGURE 111.5. A: Patient with disseminated melanoma metastatic to multiple cutaneous sites. B: After several courses of 
therapy with lymphokine-activated killer cells and interleukin-2, the patient had a complete response. (Courtesy of Steven 
A. Rosenberg, M.D., Surgery Branch, National Cancer Institute, Bethesda, MD.) 


models resulted in dramatic tumor regression. In clinical stud¬ 
ies, the administration of IL-2 resulted in a 15% to 20% 
response rate in patients with advanced melanoma. 78 Approxi¬ 
mately 5 % of patients have a complete response that has been 
durable for prolonged periods (Fig. 111.5). This latter result 
prompted the FDA to approve IL-2 for the treatment of 
metastatic melanoma. 

There has been significant interest in the use of vaccines as 
a treatment for malignant melanoma, fueled by the lack of effi¬ 
cacy of standard chemotherapy, evidence of the immune sys¬ 
tem’s ability to recognize and eradicate melanoma, and the dis¬ 
covery of unique melanoma tumor-associated antigens. 
Unfortunately, results of using peptides, gangliosides, or allo¬ 
geneic cells have been disappointing. 79,80 A more promising 
approach may be the use of dendritic cells (DCs). DCs are 
potent antigen-presenting cells of the immune system that are 
capable of sensitizing naive T cells to respond against tumor 
antigen. DCs can be “pulsed” with tumor antigen in the form 
of peptides, whole tumor cells, lysates of tumor cells, or genes 
encoding antigen. Animal studies have shown that antigen- 
pulsed DCs can cause the regression of established tumors by 
intradermal or intravenous administration. The administra¬ 
tion of IL-2 with DC therapy has improved the antitumor 
response rate in animal studies. 81 In humans, antigen-pulsed 
DCs have resulted in complete responses in patients with stage 
IV melanoma. 82 Numerous studies are being conducted to 
evaluate DC vaccine therapy in the treatment of melanoma. 

A promising area of research in melanoma is direct immune 
modulation through the blockade of cytotoxic T-lymphocyte- 
associated antigen 4 (CTLA-4), a cell surface molecule on 
T cells that is upregulated in activated cells and serves as an 
immunologic “brake.” Humanized monoclonal antibodies 
(mAb) that block CTLA-4, thus releasing the brake on T cells, 
have been shown to augment the antitumor response. 83 Two 
such antibodies, MDX-010 and ticilimumab, have been tested 


in stage IV melanoma with promising results. 84,85 Several stud¬ 
ies of anti-CTLA-4 mAb alone or in combination with other 
immunotherapies, in both the adjuvant and metastatic set¬ 
tings, are ongoing. 

As opposed to active immunotherapy, where an agent is 
delivered with the goal of stimulating or augmenting the host’s 
immune response (such as a vaccine), passive immunotherapy 
involves delivering components of the immune system that 
have already been sensitized to tumor antigens. One example 
of this in the treatment of metastatic melanoma is the use of 
antitumor reactive T cells, known as adoptive immunother¬ 
apy. One source of these T cells is from the tumor itself, 
known as tumor-infiltrating lymphocytes (TIL). In clinical 
studies, Rosenberg et al. 86,87 have reported that patients with 
advanced melanoma treated with the combination of TIL, IL- 
2, and chemotherapy can result in response rates between 
35% and 50%. Lymphodepletion of patients before adoptive 
immunotherapy may improve these results. One drawback to 
the use of TIL for adoptive immunotherapy is the need to har¬ 
vest adequate tumor from patients with stage IV disease, which 
may be difficult. Alternative approaches include delivering a 
vaccine to the patient and then using T cells from the vaccine¬ 
draining lymph nodes, 88-90 or retroviral gene transduction of 
peripheral blood mononuclear with the genes for the TCR-u 
and f3 chains against a melanoma-associated antigen. 91 


Biochemotherapy 

Combinations of IL-2 and/or IFN-u with chemotherapy, 
known as biochemotherapy, have shown significant improved 
response rates compared with chemotherapy alone or 
cytokines alone. As might be expected, these regimens are more 
toxic than the component therapies by themselves. One of the 
biochemotherapy regimens that has demonstrated a significant 
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response rate (i.e., 64%, including 21% complete and 43% 
partial) with moderate toxicity is a combination of cisplatin, 
vinblastine, dacarbazine, IL-2, and IFN-u. 92-95 Unfortunately, a 
randomized trial comparing this regimen to cisplatin, vinblas¬ 
tine, and dacarbazine alone demonstrated that while the addi¬ 
tion of the cytokines produced slightly higher response rates and 
improved median progressionfree survival than chemotherapy 
alone, this was not associated with improved overall survival or 
durable responses. 96 In addition, a meta-analysis of trials of 
biochemotherapy versus chemotherapy in patients with meta¬ 
static melanoma also showed that although biochemotherapy 
improves response rates, this does not appear to translate into 
a survival benefit. 97 Clinical trials of other regimens are still 
ongoing, and biochemotherapy may be considered in select 
patients with advanced melanoma who are thought to be able 
to tolerate the toxicities of the therapy. 


NONMELANOMA SKIN TUMORS 

BCC and SCC account for 96% of new NMSCs. These tumors 
are derived from epithelial origin. 1-3 The ratio of BCC to SCC 
is approximately 4:1. The annual incidence of BCC and SCC 
in the United States alone exceeds 1 million cases. The public 
health burden on the U.S. population from NMSC, for which 
the incidence is rapidly rising, is highly significant. Patients 
with NMSC have an excellent prognosis, with 90% to 99% 
curable with appropriate treatment and less than 1 % resulting 
in death. SCCs account for 75% of NMSC deaths, which are 
estimated at 2,000 to 2,500 per year. 


Etiology 

Both BCC and SCC are most commonly induced by significant 
exposure to UV light from the sun or tanning booths. 2 These 
cancers are the predominant neoplasms of the head, neck, 
trunk, lower legs, and extensor arms and hands where sun 
exposure is common. Skin cancer is a significant occupational 
hazard for people who work outdoors. The phenotype at 
increased risk is one with fair skin who sunburns and freckles 
easily, has blue eyes, and has red or blonde hair. Melanin pig¬ 
ment in the skin appears to be the protective factor. 

A number of genetic syndromes are associated with an 
increased risk of developing NMSC, including Gorlin syn¬ 
drome, xeroderma pigmentosa, and albinism. Gorlin syndrome 
is an autosomal dominant disorder associated with multiple 
BCCs, palmoplantar pits, jaw cysts, frontal bossing, and hyper¬ 
telorism. Albinism is a disorder characterized by a partial or 
complete deficiency in melanin production and, thus, loss of 
protective pigment. Another factor associated with NMSC, pri¬ 
marily SCC, is chronic exposure to chemicals such as arsenic 
and hydrocarbons (found in coal tars, soot, and asphalt). Cig¬ 
arette smoking has been associated with SCC of the lip and 
mouth. Human papillomavirus has been associated with cuta¬ 
neous SCC in the genital and acral/periungual areas. Radiation 
has been associated with both SCC and BCC. 


Basal Cell Carcinoma 


BCC is the most common form of skin cancer. These epithelial- 
derived tumors can be divided into various subtypes according 
to clinical appearance, histologic pattern, and biologic behav¬ 
ior. Although BCCs rarely metastasize, they are characterized 
by slow but relentless and destructive local invasion that results 
in high morbidity without treatment. The subclinical local 
invasion may be deep, extensive, and asymmetric, with finger¬ 
like extensions several centimeters beyond the clinical borders. 

The most common subtype of BCC is the well- 
circumscribed nodular variety. These tumors often present as 



FIGURE 111.6. Basal cell carcinoma near the eye. 


pearly papules or nodules with telangiectases. They may be 
pruritic and bleed occasionally. With time, the center ulcerates 
to create peripheral “rolled” borders; such ulcerating BCCs 
are called rodent ulcers (Fig. 111.6). Occasionally, the lesions 
are deeply pigmented and nodular and can be confused with 
melanoma. This variant has been called pigmented BCC 
(Fig. 111.1H). The histologic features of these tumors demon¬ 
strate isolated areas of basaloid tumor islands arising from the 
epidermis with peripheral palisading of nuclei and stromal 
retraction. In some cases, the BCC has histologic features of 
squamous metaplasia with keratinization. These tumors have 
basosquamous differentiation and can become more aggres¬ 
sive and develop regional lymphatic spread. 

The most locally agressive type of BCC is characterized by a 
diagnostic histopathologic aggressive growth pattern, known 
as morpheaform, sclerosing, or fibrosing BCC (Fig. 111.7). 
Clinically, these tumors may be more subclinical, are flat, and 
appear to be scarlike. They have a significant incidence of 



FIGURE 111.7. Morpheaform basal cell carcinoma of the scalp. 
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TABLE 111.8 


BASAL CELL CARCINOMA: HIGHER RISK FACTORS FOR 
SUBCLINICAL INVASION AND RECURRENCE 

■ Recurrent tumor 

■ Anatomic location 

High risk: Central face, eyelid, eyebrow, periorbital, nose, 
lip, chin, mandible, temple, ear, in front or behind the ear, 
genitalia, hand and foot 

Medium risk: Cheeks, forehead, scalp, and neck 
Low risk: Trunk, extremity (excluding hand/foot) 

■ Size 

Lesions >6 mm on high-risk area 
Lesions >10 mm on medium-risk area 
Lesions >20 mm on low-risk area 

■ Histologic subtype pattern 

Aggressive growth (morpheaform, fibrosing, sclerosing, 
infiltrating) 

Micronodular 

■ Ill-defined clinical borders 

■ Perineural invasion 

■ Development in sites of prior radiation 

■ Immunosuppression 


From Sondak VK, Sabel MS, Mule JJ. Allogeneic and autologous 
melanoma vaccines: where have we been and where are we going? 
Clin Cancer Res 2006;12:2337s-2341s. 


recurrence because of the isolated, fingerlike fronds of basal 
cell tumor cells that may deeply invade the surrounding struc¬ 
tures well beyond the clinical margins of the lesion. These 
small, fingerlike islands are often missed with standard histo¬ 
logic margin control. 

Clinically, superficial BCCs are scaly pink to red lesions. 
Frequently, they are confused with psoriasis or other eczema¬ 
tous, scaly dermatoses. Although these tumors are usually 
relatively superficial, extensive superficial subclinical involve¬ 
ment is common. Numerous risk factors are associated with 
possible extensive subclinical invasion and increased rates of 
local recurrence for BCC after standard treatment, including 
surgical excision (Table 111.8). 


Squamous Cell Carcinoma 

SCC is the second most common form of skin cancer and is 
derived from the epithelial keratinocyte. SCC can deeply 
invade surrounding structures and metastasizes most com¬ 
monly to regional lymph nodes. In immunosuppressed trans¬ 
plant individuals, SCC is the most common skin cancer, occur¬ 
ring 65 to 250 times more frequently than in the general 
population. SCC in these individuals tends to have more 
aggressive behavior. 

Several precursor lesions to invasive SCC exist, most com¬ 
monly actinic keratoses and Bowen disease (in situ SCC). Ery¬ 
throplasia of Queyrat, another precursor lesion, represents 
SCC in situ on the glans penis. Histologically, SCC shows 
malignant degeneration of epithelial cells with differentiation 
toward keratin formation. SCC often appears clinically as a 
nonhealing sore with ulceration and inflammatory pink bor¬ 
ders or an erythematous papulonodule with overlying kera- 
totic crust or ulceration (Figs. 111.8 and 111.9). These tumors 
most often arise in chronically actinically damaged skin or 
within an actinic keratosis, but they may also develop in burn 
scars or chronic inflammatory wounds. These lesions may 



FIGURE 111.8. Squamous cell carcinoma of the hand secondary to 
exposure to arsenic in welding flux. 


infiltrate widely. Metastasis to regional lymph nodes accounts 
for approximately 80% to 90% of metastatic cases. Distant 
sites, such as the lung, liver, brain, bone, and skin, account for 
the other 10% to 20%. Metastatic SCC portends a poor prog¬ 
nosis with a 10-year survival rate for regional lymph node dis¬ 
ease of less than 20% and for distant disease of 10%. 72 

Accurate assessment of the higher-risk cutaneous SCCs is 
handicapped because of the lack of large prospective studies 
using multivariate analysis. Nine variables, however, have 
been identified as prognostic risk factors by retrospective 
analysis. Factors that may determine a higher risk for local 
recurrence, extensive subclinical invasion, and metastasis are 
noted in Table 111.9. 



FIGURE 111.9. Ulcerative squamous cell carcinoma. 
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TABLE 111.9 


SQUAMOUS CELL CARCINOMA: HIGHER RISK FACTORS 
FOR SUBCLINICAL INVASION AND RECURRENCE 

■ Recurrent tumor 

■ Anatomic location 

High risk: Central face, eyelid, eyebrow, periorbital, nose, 
lip, chin, mandible, temple, ear, in front or behind the ear, 
genitalia, hand and foot 

Medium risk: Cheeks, forehead, scalp, and neck 
Low risk: Trunk, extremity (excluding hand/foot) 

■ Size 

Lesions >6 mm on high-risk area 
Lesions >10 mm on medium-risk area 
Lesions >20 mm on low-risk area 

■ Histology 

Poorly differentiated 

■ Depth of invasion 

Clark level IV (lesion that involves the reticular dermis), V 
(lesion that invades into subcutaneous fat), or >4 mm 

■ Perineural invasion 

■ Rapid growth 

■ Etiology 

Scar, chronic ulcer or inflammatory process, sinus tract, 
sites of prior radiation therapy 

■ Immunosupression 

From Sondak VK, Sabel MS, Mule JJ. Allogeneic and autologous 
melanoma vaccines: where have we been and where are we going? 
Clin Cancer Res 2006;12:2337s-2341s. 


Surgical Treatment of the Common 
Nonmelanoma Skin Cancers 

A skin biopsy for diagnosis is important before treatment of 
any skin cancer. Fortunately, most NMSCs are small, low-risk 
lesions that respond with 90% to 95% cure rates to standard 
treatment techniques, including curettage and electrodesicca¬ 
tion, cryosurgery, radiation therapy, and surgical resection. 79 
Many skin cancers can be removed with elliptical excisions. 
Margins for low-risk SCC range from 0.5 to 1.0 cm. Margins 
for low-risk BCC range from 0.3 to 0.5 cm. Mohs surgery 
should be considered for BCCs and SCCs that exhibit the 
higher-risk factors in Tables 111.8 and 111.9. If Mohs surgery 
is not available, excision with careful frozen section control 
(with permanent section confirmation) is indicated. The fun¬ 
damental oncologic principle of tumor clearance first and 
reconstruction second should be followed. 


Mohs Surgery 

Mohs surgery was developed by Frederick E. Mohs, a general 
surgeon from the University of Wisconsin, in the 1940s. Ini¬ 
tially, a chemical fixative paste was applied to the skin to fix the 
tissue in situ; hence, the now outdated term Mobs cbemo- 
surgery. The fresh tissue technique, which omitted the chemical 
paste, was developed and refined in the 1970s. Mohs micro¬ 
graphic surgery is most useful for the treatment of higher risk 
NMSC (Tables 111.8 and 111.9). Mohs surgery is usually per¬ 
formed under local anesthesia in an outpatient Mohs surgical 
unit. 80-82 After removal of all gross tumor, the surgeon excises a 
thin layer of tissue with 2- to 3-mm margins. The tissue is 
mapped, color-coded for orientation, and sent to the technician 



FIGURE 111.10. Mohs micrographic surgical technique. 


for frozen section processing. The specimen is flexible and flat¬ 
tened, with the beveled peripheral skin edge placed in the same 
horizontal plane with the deep margin. In this plane, both the 
deep and peripheral margins are examined in one horizontal cut 
by frozen section analysis with total (theoretically 100%) mar¬ 
gin control. Good-quality frozen sections may be achieved only 
by a skilled and experienced Mohs histotechnician. The Mohs 
surgeon functions as both surgeon and pathologist. After histo¬ 
logic interpretation of the frozen section specimens, the precise 
anatomic location of any residual tumor can be identified and 
re-excised until all margins are tumor free (Fig. 111.10). The 
Mohs surgeon’s ability microscopically to track subclinical 
tumor extensions results in the highest cure rate with maximal 
preservation of normal tissue. Soft tissue reconstruction can 
then be performed on the same day, after completion of Mohs 
surgical excision of the tumor (Fig. 111.11). A multidisciplinary 
approach involving Mohs, plastic, head and neck, and oculo- 
plastic surgeons and radiation oncologists may be needed for 
extensive tumors. Mastering the Mohs technique is based on a 
steep learning curve that requires extensive training for optimal 
competence. Numerous 1- to 2-year Accreditation Council for 
Graduate Medical Education (ACGME) postgraduate fellow¬ 
ship training programs in procedural dermatology are available. 

Based on a review of all studies from all disciplines since 
1950, the 5-year cure rate for treatment of previously untreated 
primary BCC by Mohs surgery is 99%, versus 90% to 93% for 
all non-Mohs modalities, including standard surgical excision. 83 
For previously treated recurrent BCC, the 5-year cure rates are 
94% for Mohs versus 60% to 84% for non-Mohs modalities. 84 
In general, Mohs surgery should be considered for NMSCs that 
are associated with a higher risk of recurrence after standard 
treatment and for tumors for which conservation of normal tis¬ 
sue is important. Risk factors for recurrence after standard 
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FIGURE 111.11. A: Patient with a 3 X 3 cm basal cell carcinoma on the right dorsal hand with mixed nodular and aggressive growth histologic 
pattern. B: Final Mohs surgery defect measuring 4.0 X 4.8 cm to the underlying tendon with preservation of tendon and nerve structures. Com¬ 
plete excision of the tumor required two Mohs stages (10 frozen sections). C: The defect was reconstructed immediately after achievement of clear 
margins under local anesthesia in the Mohs surgery unit using birhombic flap soft tissue reconstruction. D: Result 3 months after surgery. 


treatment have been mentioned previously. Tumors for which 
maximal conservation of tissue may be important include 
tumors in the high-risk locations and tumors in young patients. 


Adjuvant and Primary Radiation Therapy 

Radiation therapy may be useful for primary treatment of low- 
risk NMSCs. In experienced hands, primary radiation therapy 
may also be useful for higher-risk tumors with high cure rates. 
For cutaneous SCC with many high-risk factors and for those 
with extensive neurotropism, adjuvant prophylactic radiation 
therapy to the primary site and the primary draining lymph 
nodes may decrease the risks of local recurrence and regional 
nodal metastasis. Prophylactic adjuvant radiation therapy 
should also be considered for highly aggressive, deeply inva¬ 
sive BCCs that exhibit extensive neurotropism. 


Other Tumors of Interest 


Hundreds of cutaneous tumors exist, and their description is 
beyond the scope of this chapter. Tumors that may be encoun¬ 


tered by the surgeon for further management include Merkel 
cell carcinoma (MCC), sweat gland carcinoma, and DFSP. 

MCC, or primary cutaneous neuroendocrine carcinoma, is 
an aggressive skin cancer with a higher overall mortality than 
melanoma (approximately 33% vs. 15%, respectively). 98 The 
incidence of MCC is low compared to other cutaneous malig¬ 
nancies (approximately 1,500 annually in the United States), 
but the number of cases has tripled over the last two decades. 99 
While UV radiation and immunosuppression are considered 
important pathogenetic factors, recent findings suggest a virus 
(Merkel cell polyomavirus) as a contributing factor in the 
pathogenesis of MCC. 100 MCC most commonly occurs in 
older, white individuals, with only 5% diagnosed before age 
50 years. The majority of tumors (90%) are located on sun- 
exposed skin, equally distributed between the head and neck 
and extremities. The remaining 10% are located on the trunk 
and buttocks. Primary MCC typically presents as a new-onset, 
growing, red or purple, dome-shaped or subcutaneous nodule, 
frequently mistaken for a cyst, lipoma, or BCC (Fig. 111.12). 
The most common location of metastasis is the draining 
lymph node basin, followed by distant skin, lung, central ner¬ 
vous system, bone, and liver. 101 MCC is a dermal small blue 
cell tumor with positive immunohistochemical staining for 
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FIGURE 111.12. Merkel cell carcinoma. 


cytokeratin-20 (CK-20) in a characteristic paranuclear dot¬ 
like pattern. Small cell lung cancer, another neuroendocrine 
carcinoma histologically indistinguishable from MCC and 
occasionally CK-20 positive, expresses thyroid transcription 
factor-1 (TTF-1), which is consistently absent in MCC. 102 
Newly proposed AJCC staging for MCC distinguishes stage I 
(primary tumor <2 cm without nodal disease), stage II (pri¬ 
mary tumor >2 cm without nodal disease), stage III (nodal 
metastasis), and stage IV disease (distant metastasis). Five- 
year survival rates for stage I, II, and III are 81%, 67%, and 
52%, respectively. Stage IV disease carries a dismal 11% 2- 
year survival rate. 98 The majority (70%) of patients with 
MCC present clinically with localized disease (stage I or II), 
25% have palpable lymphadenopathy (stage III), and 5% pre¬ 
sent with distant metastases (stage IV). 101 Multidisciplinary 
management of MCC is encouraged by the NCCN. 103,104 
Treatment consists of WLE with 1- to 2-cm margins. Adju¬ 
vant radiation therapy to the primary site should be consid¬ 
ered and is recommended for stage II disease. SLNB with 
immunostaining using CK-20 is highly recommended for all 
primary MCC to stage the nodal basin and guide regional 
nodal therapy. 103,105 Regional lymph node metastases can be 
treated by regional therapeutic lymphadenectomy and/or 
radiation therapy. Adjuvant radiation therapy to the regional 
nodal basin should be considered if SLNB is not performed or 
is thought to be false negative. For nonsurgical candidates, 
primary treatment of MCC with radiation therapy may also 
be considered. 106 Chemotherapy has failed to demonstrate a 
survival benefit in an adjuvant setting in the treatment of 
localized or regional MCC and should be reserved for distant 
metastatic (stage IV) disease. 107 

Sweat gland carcinomas represent a broad scope of neo¬ 
plasms with variable risk for local, regional, or distant metas¬ 
tasis, most commonly of eccrine or apocrine origin. 108 These 
are rare tumors (0.005% of skin malignancies) that have mul¬ 
tiple histologic subtypes, giving rise to a diverse and confusing 
nomenclature. The aggressive types of sweat gland carcinomas 
have a propensity for both local recurrence and regional or sys¬ 
temic metastasis. Clinically, these tumors appear as indurated 
plaques, papules, or nodules commonly on the head and neck 
or extremities and are red, blue, pink, or skin colored. Fiisto- 
logic subtypes that are associated with a risk of regional lymph 


node or systemic metastasis include aggressive digital papillary 
adenocarcinoma, hidradenocarcinoma, and eccrine carcinoma. 
Recommended treatments have included wide excision of the 
primary tumor with consideration of SLNB for high-risk 
lesions commonly based on size, mitotic rate, growth rate, or 
immunosuppression. 108 Postoperative radiation may also be 
considered as adjuvant therapy. 

DFSP is a rare soft tissue sarcoma (1% of all soft tissue sar¬ 
comas) with a propensity for local recurrence rather than sys¬ 
temic metastasis. It is a spindle cell tumor that characteristi¬ 
cally demonstrates immunoreactivity to CD34. 109,110 Adults in 
their third to fifth decades are most commonly affected, but 
DFSP may occur in children or the elderly. These tumors 
appear as firm flesh-colored to dull red plaques that may be 
mistaken for keloids or hypertrophic scars. Although DFSPs 
may appear discrete, they characteristically demonstrate 
extensive subclinical involvement, which makes this sarcoma 
difficult to manage. Fiistologically, these sarcomas are identi¬ 
fied by their fingerlike projections of spindle cells that likely 
account for tumor recurrence. Standard histologic processing 
makes it difficult to track these fingerlike projections. Treat¬ 
ment commonly consists of WLE with more comprehensive 
margin assessment or Mohs surgery, depending on patient and 
tumor factors. A multidisciplinary approach utilizing the 
expertise from several fields (Mohs surgery, surgical subspe¬ 
cialties, pathology) may be needed to achieve the goals of 
tumor excision and reconstructive repair. Radiation may also 
be beneficial in surgically unresectable cases. 109,110 Imatinib 
mesylate has shown promsing results in the treatment of unre¬ 
sectable or metastatic DFSP. 1 11 111 
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CHAPTER 112 ■ SARCOMAS OF SOFT 

TISSUE AND BONE 

SANDRA L. WONG 


KEY POINTS 


Q Sarcomas are a rare and heterogeneous group of cancers 
that arise from mesoderm-derived elements such as muscle, 
fat, nerve/nerve sheath, cartilage, blood vessels, bone, and 
other connective tissue. They are distinguished from can¬ 
cers of epithelial origin. 

Q Clinical behavior and prognosis are largely defined by 
anatomic location, tumor grade, size, and completeness of 
surgical resection. 

Q For extremity sarcomas, limb-sparing procedures are used 
to maximize functional outcomes. Radiotherapy is used for 
high-risk tumors to decrease disease relapse and improve 
survival. 


Q Surgical resection is the cornerstone of treatment for intra¬ 
abdominal or retroperitoneal sarcomas. Complete resec¬ 
tion may require en bloc resection of adjacent organs, most 
commonly of the kidney and colon. 

Q The successful use of imatinib, a selective tyrosine kinase 
inhibitor, in the contemporary management of gastroin¬ 
testinal stromal tumors is a paradigm for targeted molecu¬ 
lar therapies. 

Q Use of multimodality therapies including surgical resection, 
chemotherapy, and radiotherapy have dramatically im¬ 
proved outcomes for bone sarcomas such as osteosarcoma 
and Ewing sarcoma. 


Sarcomas are a heterogeneous group of cancers that arise from 
mesenchymal cells, or mesoderm-derived elements, including 
muscle, fat, nerve/nerve sheath, cartilage, blood vessels, bone, 
and other connective tissue. Sarcomas of soft tissue and bone 
are considered two distinct categories. Though mesoderm- 
derived elements constitute nearly two thirds of the body’s 
mass, sarcomas are relatively rare. In 2010, an estimate of just 
over 10,000 new cases of soft tissue sarcoma were expected to 
Q be diagnosed in the United States, 1 which accounts for less than 
1% of all new cancers. Sarcomas also represent an extremely 


heterogeneous group of cancers, but taken together, 5-year 
overall survival is about 50% to 60%. 2,3 Anatomic location, 
tumor size, grade, and histopathology are important determi¬ 
nants of clinical presentation, treatment, and prognosis. 

The Greek word “sarkoma,” meaning ‘fleshy excrescence,’ 
is the origin for the term sarcoma. As early as CE 130-200, 
these fleshy tumors were regarded as cancerous by Galen. 4 
With the evolution of light microscopy and cellular pathology, 
there was increasing recognition of soft tissue sarcomas. Sar¬ 
comas, then called “soft cancers,” were differentiated from 
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carcinomas by neuroanatomist Charles Bell as early as 1816. 
Virchow refined the definition of sarcoma as “new formations 
of connective tissue” and developed classifications according 
to microscopic features that separated sarcomas from carcino¬ 
mas of epithelial origin. Modern foundations for the descrip¬ 
tion and histogenic descriptions of sarcoma are attributed to 
the work of James Ewing, who over the course of his pathol¬ 
ogy career refined the classification of sarcomas, including the 
importance of grade in disease outcome. 5 

Multimodality therapies, including surgery, radiation, and 
chemotherapy, have been combined to improve local and sys¬ 
temic tumor control. Over the past few decades, a multidisci¬ 
plinary approach has moved treatment options from radical 
amputation to limb-sparing procedures. As refinements in 
pathologic classification continue, so does progress in the use 
of treatment modalities. Modern molecular diagnostics are 
increasingly being translated to clinical practice, and tailored 
treatment options are being developed as the histologic diver¬ 
sity of soft tissue sarcomas is continually elucidated. 


Epidemiology 


Soft tissue sarcomas can occur in all age groups and are equally 
distributed between genders. Although the median age at diag¬ 
nosis varies by histopathologic subtype, sarcomas are among 
the most common cancers that occur in children and young 
adults. Though sarcomas are relatively rare in the adult popu¬ 
lation, these tumors represent approximately 15% of pediatric 
malignancies and often occur in children younger than 5 years 
of age. 6 Sarcomas can occur at any anatomic site, though most 
arise in the extremities and trunk (Fig. 112.1). Histopathologic 
subtype distribution is variable by anatomic site, and anatomic 
site influences treatment and outcomes (Fig. 112.2). 

Although the vast majority of sarcomas arise spontaneously, 
there are some predisposing conditions to consider. Sarcomas 
are not thought to be the result of malignant degeneration of a 
long-standing benign lesion such as a lipoma. A traumatic inci¬ 
dent may lead to the initial recognition of a mass, but there are 
no data to support the notion that antecedent trauma leads to 
the development of soft tissue or bony sarcomas. Clinical eval¬ 
uation and subsequent workup, including biopsy if indicated, 
should be able to distinguish malignant growths from various 
benign posttraumatic lesions, such as myositis ossificans, which 
must be differentiated from an extraosseous osteogenic sar¬ 
coma. 

Toxic exposures leading to the development of sarcoma are 
largely of historic interest. For example, industrial use of tho¬ 
rium dioxide (Thorotrast), arsenic, and vinyl chloride led to 
accumulation of toxins in the liver and were associated with 
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FIGURE 112.1. Classification of sarcomas by anatomic location. 
More than 50% of sarcomas are located in the trunk or extremities. 
RP/IA, retroperitoneum intra-abdominal sites. Visceral sites include 
gastrointestinal tract, gynecologic, and genitourinary tract tumors. 
From 7,527 cases at Memorial Sloan-Kettering Cancer Center, July 
1982 to December 2007. (Courtesy of Murray F. Brennan, MD, 
Memorial Sloan-Kettering Cancer Center, New York, NY.) 


the development of hepatic angiosarcomas. Various types of 
radiation have been implicated in the later development of sar¬ 
comas. For example, ingestion of luminous paint containing 
226 radium by factory workers led to the development of 
osteosarcomas. With the increasing use of external beam radi¬ 
ation in cancer treatment, there has been a noted increase in the 
modern incidence of sarcoma in patients treated with radiation 
for various malignancies. Following median latent periods of 
approximately 8 years (range 6-20 years), radiation-associated 
sarcomas are being increasingly diagnosed in previously radi¬ 
ated areas. Common radiation-associated sarcoma subtypes 
are malignant fibrous histiocytoma, fibrosarcoma, angiosar¬ 
coma, and leiomyosarcoma, and they are commonly, but not 
uniformly, high grade. 7,8 Notably, with the advent of breast 
conservation therapy for breast cancer (lumpectomy and radi¬ 
ation therapy), there should be an appropriate index of suspi¬ 
cion for breast angiosarcomas with findings of skin changes on 
the breast (Fig. 112.3). 

Several other predisposing conditions are known to be asso¬ 
ciated with the development of sarcoma. The classic Stewart- 
Treves syndrome was originally described in patients with 
lymphedema following radical mastectomy and radiation for 
breast cancer who then developed lymphangiosarcoma of the 
affected arm. 9 Since then, long-standing extremity edema 
from other causes has also been linked to the development of 
lymphangiosarcomas. Kaposi sarcoma was previously an 


FIGURE 112.2. Classification of sarcomas by ana¬ 
tomic location and long-term outcomes. Overall sur¬ 
vival is influenced by primary site of disease. Visceral 
category includes gastrointestinal tract, gynecologic, 
and genitourinary tract tumors. From 7,527 cases at 
Memorial Sloan-Kettering Cancer Center, July 1982 
to December 2007. (Courtesy of Murray F. Brennan, 
MD, Memorial Sloan-Kettering Cancer Center, New 
York, NY.) 
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FIGURE 112.3. Radiation-associated angiosarcoma. This 79-year-old 
woman developed skin changes on her breast 7 years after breast con¬ 
servation therapy (lumpectomy and radiation therapy) for a 2 cm 
invasive ductal adenocarcinoma. Salvage mastectomy was performed. 


uncommon cutaneous vascular tumor thought limited to elderly 
men of Mediterranean origin. In the early 1980s it became one 
of the first described opportunistic diseases associated with HIV 
infection. Though the incidence of HIV-associated Kaposi sar¬ 
coma has markedly declined with effective antiretroviral 
therapy, it remains an important cause of morbidity among 
HIV-infected patients and other immunosuppressed patients 
such as renal allograft recipients. 10-12 

A genetic predisposition to sarcoma occurs in patients with 
neurofibromatosis type 1 (NF-1, or von Recklinghausen dis¬ 
ease), and malignant peripheral nerve sheath tumors (MPNST) 
develop in an estimated 5% of patients over a lifetime. 13 A 
genetic predisposition to desmoid tumors or desmoid fibro¬ 
matosis is associated with familial adenomatous polyposis 
(FAP), or Gardner syndrome. 14,15 Intra-abdominal and extrem¬ 
ity desmoids are a common extracolonic manifestation of FAP 
and can be a source of increased morbidity in these patients fol¬ 
lowing proctocolectomy for the prevention or treatment of 
colon cancer. 16 


MOLECULAR BIOLOGY 
AND DIAGNOSTICS 


Although the vast majority of sarcomas are sporadic, numer¬ 
ous genetic alterations are associated with both bone and soft 
tissue sarcomas. 17 Better understanding of the molecular biol¬ 
ogy of sarcomas has revolutionized diagnosis of specific 
histopathologic subtypes and has elucidated potential path¬ 
ways for targeted molecular therapy. One well-documented 
mechanism of sarcoma development is the inactivation of 
tumor suppressor genes. Retinoblastoma was known to be 
associated with a mutation in the retinoblastoma gene (RBI), 
a 13q chromosomal deletion. Investigation of the link between 
familial retinoblastoma and osteosarcoma led to the discovery 
that a genetic defect in RBI also plays a role in the pathogene¬ 
sis of sarcomas. 18,19 

Another inherited defect of a tumor suppressor gene associ¬ 
ated with soft tissue sarcomas is the Li-Fraumeni syndrome, 
caused by an inherited mutation in the p53 gene, a key growth- 
regulatory gene. 20 Germline mutations in affected patients are 
associated with high incidences of childhood rhabdomyosarco¬ 
mas, breast cancer, brain tumors, lung cancer, and leukemias. 21 
p53 abnormalities may be present in as many as 60% of 


osteosarcomas and malignant fibrous histiocytomas, as well as 
approximately 33% of other sarcomas. 22 Several oncogenes 
that can induce malignant transformation and drive prolifera¬ 
tion have also been associated with sarcoma development, 
including amplifications of N-myc, c-erbB2, and members of 
the ras family. 23 

Cytogenetic aberrations have been recognized in several soft 
tissue sarcomas. 17 Several histologic subtypes of sarcomas have 
each been found to have specific genetic alterations—usually 
simple karyotypes including fusion genes due to reciprocal 
translocations or specific point mutations (Table 112.1). These 
chromosomal translocations serve as powerful diagnostic mark¬ 
ers and may be important in determining tumor biology and 
subsequent tumor behavior. For example, identification of the 
translocation of t(X;18)(pll;qll) can confirm the diagnosis of 
synovial sarcoma if there is any doubt of its histopathology. 
There are data to suggest that the SYT-SSX1 fusion transcript 
carries a worse prognosis than the SYT-SSX2 fusion transcript, 
with median survivals of 6.1 years and 13.7 years, respec¬ 
tively. 24,25 


SOFT TISSUE SARCOMAS 

Clinical Presentation 


The most common presentation of a soft tissue sarcoma is that 
of an asymptomatic mass. Sarcomas tend to grow in a centrifu¬ 
gal fashion, pushing surrounding structures away rather than 
directly invading them. Such compression generally does not 
produce pain, swelling, or obstructive symptoms until the 
tumors become quite large. Because of surrounding anatomic 
structures, tumors of the extremities tend to be detected at a rel¬ 
atively smaller size, whereas tumors of the retroperitoneum are 
infrequently smaller than 10 cm at time of presentation. 5 Even 
very large abdominal or retroperitoneal sarcomas present with 
nonspecific abdominal symptoms such as fullness, early satiety, 
or minor abdominal discomfort (Fig. 112.4). The differential 
diagnosis for a soft tissue sarcoma includes many types of 
benign lesions (e.g., lipomas, leiomyomas, neuromas) but also 
other malignant lesions (e.g., primary or metastatic carcinoma, 
melanoma, lymphoma). 

In general, the vast majority of soft tissue masses tend to be 
benign, but concerning features that should prompt a higher 
index of suspicion for malignancy include large size (>5 cm), 
deep location (subfascial, intramuscular, intra-abdominal), 
variations in texture on examination, immobile nature or noted 
fixation to underlying structures, or changes to an existing 
lesion (increasing size or worsening compressive symptoms). 
No tumor markers for sarcomas exist, so serum blood work is 
generally not useful in the evaluation of soft tissue masses. 


Diagnostic Imaging 

Accurate radiologic imaging is critical in the diagnostic 
workup of sarcoma to provide information about the precise 
location and extent of the primary tumor. Computed tomog¬ 
raphy (CT) scans and magnetic resonance imaging (MRI) are 
the most important studies for evaluating the resectability of 
soft tissue sarcomas, providing definition of the primary tumor 
in relation to bone, muscle, neurovascular structures, and 
adjacent organs. Plain radiographs of bones and radionuclide 
bone scans rarely provide useful information regarding inva¬ 
sion of bone by the tumor. Both CT and MRI can provide crit¬ 
ical information for treatment planning. Although MRI may 
be preferred for extremity sarcomas, CT is often the modality 
of choice for abdominal and retroperitoneal tumors. However, 
there appears to be no difference between high-quality CT and 
MRI in terms of ability to determine involvement of nearby 
structures, bone, or neurovascular structures. 26-28 





















Chapter 112: Sarcomas of Soft Tissue and Bone 


2021 


1 TABLE 1 1 2.1 1 

CYTOGENETIC ABNORMALITIES IN SOFT TISSUE SARCOMA SUBTYPES 


■ HISTOLOGIC SUBTYPE 

■ CHROMOSOMAL 
TRANSLOCATION 

■ FUSION GENE 

Alveolar rhabdomyosarcoma 

t(2;13)(q35;ql4) 

t(l;13)(p36;ql4) 

PAX3-FKHR 

PAX7-FKHR 

Alveolar soft part sarcoma 

t(X; 17) (pi 1 ;q25) 

ASPL-TFE3 

Clear cell sarcoma 

t(12;22)(ql3;ql2) 

EWS-ATF1 

Desmoplastic small round cell tumor 

t(ll;22)(pl3;ql2) 

EWS-WT1 

Dermatofibrosarcoma protuberans 

t( 17;22) (q21 ;ql3) 

COL1A1-PDGFB 

Endometrial stromal sarcoma 

t(7;17)( P 15;q21) 

JAZF1-JJAZ1 

Ewing sarcoma/PNET 

t(ll;22)(q24;ql2) 

t(ll;22)(q22;ql2) 

EWS-FLI1 

EWS-ERG 

Extraskeletal myxoid chondrosarcoma 

t(9;22)( P 13;ql2) 

t(9;17)(q22;qll) 

t(9;15)(q22;qll) 

EWS-CHN 

TAF2 N-NR4A3 

TCF12-NR4A3 

Fibrosarcoma 

t(12;15)(pl3;q26) 

ETV6-NTRK3 

Inflammatory myofibroblastic tumor 

t(l;2)(q22; P 23) 
t(2;19)(p23;pl3) 
t(2;17) ( P 23;q23) 
t(2;2)(p23;ql3) 

TPM3-ALK 

TPM4-ALK 

CLTC-ALK 

RANB2-ALK 

Fibromyxoid sarcoma 

t(7;16)(q33;pll) 

t(ll;16)(pll;pll) 

FUS-CREB3L2 

FUS-CREB3L1 

Myxoid and round cell liposarcoma 

t(12;16)(ql3;pll) 

t(12;16)(ql3;pl2) 

TLS-CHOP 

Synovial sarcoma 

t(X;18)(pll;qll) 

SYT-SSX1 

SYT-SSX2 



FIGURE 112.4. Dedifferentiated liposarcoma of the retroperitoneum. This 51-year-old woman presented with only vague symptoms of abdom¬ 
inal fullness from a very large retroperitoneal mass. The CT scan demonstrates a heterogeneous soft tissue mass in the upper abdomen (A), which 
blends into a more fatty component (B) that encases the left kidney and displaces abdominal contents. She underwent radical resection en bloc 
left nephrectomy, distal pancreatectomy, splenectomy, left colectomy, and segmental resection of inferior vena cava. 


SURGICAL SPECIALITIES 




















2022 


Part Two: Surgical Practice 



FIGURE 112.5. Pulmonary metastasis. A noncontrasted CT scan of 
the thorax demonstrates a 1.1-cm noncalcified nodule consistent with 
pulmonary metastasis in the upper lobe of the right lung. 


Imaging is also important as part of the extent of disease 
workup. Because sarcomas are known to metastasize pre¬ 
dominantly to the lungs, directed chest imaging should be 
performed at time of diagnosis. Chest radiography (CXR) 
may be used, but CT scans are increasingly being used as the 
screening examination of choice for patients with high-grade 
lesions or tumors larger than 5 cm. 29 Any abnormal CXR 
must be followed by a CT scan for more detailed evaluation 
of potential pulmonary metastases (Fig. 112.5). CT of the 
chest, abdomen, and pelvis should be considered in any 


patient with a myxoid liposarcoma of an extremity because 
this subtype often metastasizes to the abdomen or other “fat 
pads” such as the axilla. 30 

MRI is the most commonly used imaging modality for 
extremity sarcomas. 26,31 Sequencing routinely involves axial T2- 
weighted and precontrast/postcontrast T1-weighted images. 
Contrast enhancement with gadolinium is crucial for detecting 
and characterizing lesions with coronal, sagittal, and other 
reconstructions. This imaging modality can accurately delin¬ 
eate between muscle groups and distinguish among tumor and 
neurovascular structures (Fig. 112.6). Magnetic resonance 
angiography (MRA) can be performed if more accurate delin¬ 
eation of vascular structures is required for treatment planning. 

Positron emission tomography (PET) scanning using fluoro- 
13-deoxyglucose also offers the potential for noninvasive 
analysis of tumor metabolism and has been shown to correlate 
with both tumor grade and response to treatment for many 
types of cancers. 32-35 PET may be helpful in distinguishing 
between benign and malignant lesions and may be useful for 
assessing response to treatment. 36 However, its accuracy and 
potential for false-negative results are still incompletely defined 
so its use is not routine. 


Diagnostic Biopsy 

Properly performed biopsies are critical in directing a multi- 
modality treatment approach. Image-guided techniques are 
increasingly being applied so that open biopsy is not mandatory. 
Fine-needle aspiration (FNA) is frequently used for the evalua¬ 
tion of enlarged lymph nodes, thyroid nodules, or breast masses. 
However, FNA often does not provide sufficient material for 
histopathologic diagnosis. Core-needle biopsy (CNB) is consid¬ 
ered the initial procedure of choice for diagnosis of soft tissue 
sarcomas. 37 CNB retrieves sufficient material for immunohisto- 
chemical staining, and when necessary, for cytogenetic analysis 
or flow cytometry. Image-guided CNB, using either computed 
tomography (CT) or ultrasound (US), allows for the biopsy of 
deep masses that may not be easily palpable and can help target 
suspicious areas for better diagnostic value. An adequate sample 



1STUW31LX1 A U N IVEASfTY 0 f IJC H OAK 

BeZmS -- 


POST AX SPOA T FAT SAT __ 

C: YE3 PAAG Aoc: 1QS11SSE* 

Sc:as _ 2DKJmf9 



ET:0 ■ * 

TA: ifDD 
TE:3.i 
CTLMIO 
R WZIfep 

wJ7D L21D_P_PfOV.ZZflxZZPJT. 


FIGURE 112.6. Extremity sarcoma. MRI demonstrates a 2-cm low-grade myxoid liposarcoma. A: Coronal reconstruction demonstrates loca¬ 
tion in the distal right thigh. B: Axial images show displacement of the popliteal vessels and vastus medialis anteriorly; the common tibioperoneal 
nerve and biceps femoris laterally; and the semimembranosus and semitendinosus muscles medially. 











Chapter 112: Sarcomas of Soft Tissue and Bone 


2023 


from a viable area of sarcoma is required for definitive diagnosis 
and accurate grading. 

Open surgical biopsy, or incisional biopsy, is uncommonly 
needed with increasing success of CNB. However, open biopsy 
should be considered when core-needle specimens yield nondi¬ 
agnostic findings and if preoperative diagnosis is definitely 
required for treatment planning. Several important technical 
factors must be considered when performing an incisional 
biopsy. Incisions must be oriented along the long axis of 
extremities to facilitate definitive management. A transverse 
incision in the extremity often commits the patient to more 
extensive procedures than would be otherwise necessary, 
potentially compromising the ability to obtain clear margins 
with definitive limb-sparing procedures. Attempts to enucleate 
the sarcoma within its pseudocapsule are discouraged though 
excisional biopsy can be considered as the primary approach 
for small, superficial lesions. 5 


Pathologic Classification 

Histopathologic designations of soft tissue sarcomas reflect an 
extremely heterogeneous group of tumors. Sarcomas are gen¬ 
erally classified according to the tissues they mimic rather than 
the type of tissue from which the tumor arises. Some sarcomas 
have no recognizable normal tissue counterpart and are char¬ 
acterized by other distinguishing histologic features. 5,38 The 
various types of benign and malignant soft tissue tumors are 
noted in Table 112.2. The development of specialized markers 
for identifying individual types of sarcoma has led to greater 
precision in their classification. Helpful immunohistochemical 
stains include the intermediate filaments (i.e., vimentin, ker¬ 
atin) and muscle markers (i.e., desmin, actin). More specific 
markers can be instrumental in diagnosis, such as myoglobin 
staining for rhabdomyosarcomas. In a small proportion of 
tumors (approximately 10% in most series), the tumor cells 
are so poorly differentiated that no specific histogenesis can be 
determined, and these may be designated as spindle cell sarco¬ 
mas or pleomorphic sarcomas. 


One of the most critical pieces of pathologic information 
for clinicians treating sarcoma patients is histologic grade. 
Histologic grade is assessed based on the degree of cellular 
atypia, the frequency of mitotic figures, and the presence or 
absence of spontaneous tumor necrosis. Although grading cri¬ 
teria have undergone numerous revisions over the years, in 
general, low-grade tumors have relatively little cellular atypia, 
few mitoses, and no tumor necrosis. High-grade tumors show 
a significant degree of necrosis in addition to atypia and fre¬ 
quent mitotic figures (Fig. 112.7). A consistently applied grad¬ 
ing system discriminates between tumors with good prognosis 
(low grade) and those with poorer prognosis (high grade). In 
the past, a three-grade system has been used (low, intermedi¬ 
ate, high), and until recently the American Joint Commission 
on Cancer (AJCC) used a classification system ranging from 
well-differentiated (Gl) to undifferentiated (G4) 39-41 tumors, 
though in 2010, that was changed to a three-teir system. There 
can be disagreement about grading schemas, and expert 
pathology opinion can vary from center to center. 42,43 As such, 
it is important to take note of tumor classification when inter¬ 
preting results from clinical trials or retrospective reports. 44 
The metastatic potential for low-grade lesions is approxi¬ 
mately 5% to 10% and up to 50% to 60% for high-grade 
tumors. 2 For lesions in which disparate areas exist, the highest 
grade encountered is generally used to categorize the tumor. 


Staging 

Because of the prognostic importance of staging, stage classi¬ 
fication of the primary tumor is based on both clinical and 
histologic information. The usual TNM classification used by 
the AJCC 41 for other solid tumors is modified to a GTNM 
system (Table 112.3) for soft tissue sarcomas. For the practi¬ 
cal purposes of staging, well-differentiated and moderately 
differentiated tumors (grades 1 and 2) are considered together 
as low grade, whereas poorly differentiated and undifferenti¬ 
ated tumors (grades 3 and 4) are considered together as high 
grade. 
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CLASSIFICATION | 

HISTOLOGIC CLASSIFICATION OF SOFT TISSUE TUMORS 

■ CONNECTIVE 
TISSUE 

■ BENIGN SOFT 

TISSUE TUMOR 

■ MALIGNANT SOFT TISSUE 
TUMOR (SARCOMA) 

Fat 

Lipoma 

Liposarcoma 

Fibrous tissue 

Fibroma 

Fibrosarcoma 

Skeletal muscle 

Rhabdomyoma 

Rhabdomyosarcoma 

Smooth muscle 

Leiomyoma 

Leiomyosarcoma 

Bone 

Osteoma 

Osteosarcoma 

Cartilage 

Chondroma 

Chondrosarcoma 

Synovium 

Synovioma 

Synovial sarcoma 

Blood vessels 

Hemangioma 

Hemangiopericytoma 

Angiosarcoma 

Lymphatics 

Lymphangioma 

Lymphangiosarcoma 

Nerve 

Neurofibroma 

Neurofibrosarcoma 

Mesothelium 

Benign mesothelioma 

Malignant mesothelioma 

Histiocytes 

Benign fibrous histiocytoma 

Malignant fibrous histiocytoma 

Uncertain 


Ewing sarcoma 

Alveolar soft parts tumor 
Epithelioid sarcoma 


SURGICAL SPECIALITIES 























2024 


Part Two: Surgical Practice 



FIGURE 112.7. Histologic grading of sarcomas. Photomicrographs demonstrate the appearance of different grades within the same histologic 
subtype. A: Well-differentiated liposarcoma (lipoma-like) of the retroperitoneum with noted few atypical lipoblasts. B: High-grade, dedifferentiated 
liposarcoma of the retroperitoneum with highly atypical lipoblasts. (Courtesy of David R. Lucas, MD, University of Michigan, Ann Arbor, MI.) 


The primary tumor is categorized according to size (<5 cm = 
Tl, >5 cm = T2) and depth relative to the fascia (entirely 
above the fascia, or superficial = a; invading or entirely below 
the fascia, or deep = b). Because depth of tumor seemed to add 
significant prognostic information, this distinction was added 
to the 1998 edition of the AJCC staging system. One series of 
215 patients with superficial extremity sarcomas documented 
a 10-year survival rate of 85% although 53% of tumors were 
high grade and 25% of tumors were 5 cm or larger. 45 Though 
the cutoff between small and large tumors is 5 cm, tumors 
larger than 10 cm seem to have an even worse prognosis. 46 
When 316 patients with soft tissue sarcoma were grouped into 
four subgroups (<5 cm, 5-10 cm, 10-15 cm, and >15 cm) 
each subgroup had a distinct prognosis (84%, 70%, 50%, and 
33%, respectively). 47 

For nonmetastatic sarcomas, the AJCC staging system is 
clinically useful because it assigns patients into groups with 
clearly different prognoses (Fig. 112.8). Nodal metastasis of 
soft tissue sarcomas is rare (less than 5% of cases), with the 
exception of a few histologic subtypes for which the inci¬ 
dence of nodal involvement may be between 10% and 20%. 
These subtypes include angiosarcoma, embryonal rhab¬ 
domyosarcoma, epithelioid sarcoma, synovial sarcoma, and 
clear cell sarcoma. 48 By far the most common site of metas¬ 
tasis is the lungs though metastases to other sites do occur. 
Unlike other solid organ tumors, when node involvement 
occurs in sarcomas, it conveys essentially the same prognosis 


as distant metastatic disease and therefore is classified as 
stage IV disease. 


Treatment 

Principles of Surgical Resection. Complete surgical resec- 
tion remains the cornerstone of treatment for soft tissue sarco¬ 
mas. Performing a wide excision of the tumor with negative mar¬ 
gins is the goal of resection with curative intent. Compartmental 
excision, or enucleation, usually results in inadequate resection 
and should be avoided. Technical aspects of resection must take 
into consideration the anatomic location and extent of disease. 
Often, soft tissue sarcomas are surrounded by a zone of com¬ 
pressed reactive tissue that forms a pseudocapsule. Care should 
be taken to avoid entry into the tumor and pseudocapsule dur¬ 
ing the course of dissection. Enucleation commonly results in 
microscopically positive margins, and patients evaluated after 
such resections should undergo re-resection, even if they have 
no clinical or radiographic evidence of residual tumor, recogniz¬ 
ing that anatomic location may preclude effective clearance of 
margins even with a second operation. 

Metallic clips placed in the tumor bed following resection 
can help define the limits of resection and aid in planning of 
future treatment. Suction drainage catheters are routinely used 
to obviate postoperative seroma formation following resection 
of extremity or truncal sarcomas. Drains should be placed 


FIGURE 112.8. Survival rates according to the Ameri¬ 
can Joint Committee on Cancer (AJCC) staging system. 
Patients with soft tissue sarcoma were categorized by 
tumor depth, grade, and size. 3A designates stage III 
tumors of 5 to 10 cm, and 3B designates stage III tumors 
greater than 10 cm in size. (Reproduced with permission 
from Brennan MF. Staging of soft tissue sarcomas. Ann 
Surg Oncol. 1999;6:8-9.) 



Months 













Chapter 112: Sarcomas of Soft Tissue and Bone 


2025 


ITABLE 1 1 2.3 

GLASSIFICATION | 

AMERICAN JOINT COMMISSION ON CANCER (AJCC): GTNM CLASSIFICATION AND 
STAGE GROUPING OF SOFT TISSUE SARCOMAS 

■ CLASSIFICATION 

■ DESCRIPTION 

TUMOR GRADE 


GX 

Grade cannot be assessed 

G1 

Well differentiated 

G2 

Moderately differentiated 

G3 

Poorly differentiated 

G4 

Undifferentiated 

PRIMARY TUMOR 


TX 

Primary tumor cannot be assessed 

TO 

No evidence of a primary tumor 

T1 

Tumor <5 cm in greatest diameter 

Tla 

Superficial tumor 

Tib 

Deep tumor 

T2 

Tumor <5 cm in greatest diameter 

T2a 

Superficial tumor 

T2b 

Deep tumor 

LYMPH NODE INVOLVEMENT 

NX 

Regional lymph nodes cannot be assessed 

NO 

No known metastases to lymph nodes 

N1 

Verified metastases to lymph nodes 

DISTANT METASTASIS 


MX 

Presence of distant metastasis cannot be assessed 

MO 

No known distant metastasis 

Ml 

Known distant metastasis 

STAGE GROUPING 


Stage I 

Gl-2, Tla, NO, M0 

Gl-2, Tib, NO, M0 

Gl-2, T2a, NO, M0 

Gl-2, T2b, NO, M0 

Stage II 

G3-4, Tla, NO, M0 

G3-4, Tib, NO, M0 

G3-4, T2a, NO, M0 

Stage III 

G3-4, T2b, NO, M0 

Stage IV 

Any G, Any T, N1, M0 

Any G, Any T, NO, Ml 

Adapted from Greene F, Page D, Fleming I, et al. eds. AJCC Cancer Staging Manual , 6th ed. New York: 
Springer-Verlag; 2002. 


close to the incision so that the site can be included in a post¬ 
operative radiation field and to minimize the extent of proxi¬ 
mal involvement if amputation ever becomes necessary. A 
unique characteristic of sarcoma is the lack of metastasis to 
regional lymph nodes. If regional lymphadenopathy is discov¬ 
ered in conjunction with a diagnosis of sarcoma, therapeutic 
lymphadenectomy can be considered since clearance of disease 
may be associated with improved outcomes. 48,49 In selected 
patients with clinically negative node examination, there may 
be a role for sentinel lymph node biopsy to identify occult 
micrometastatic disease. 50 

Taken together, sarcomas of the upper and lower extremi¬ 
ties and trunk make up most soft tissue sarcomas. Large trun¬ 
cal tumors may require reconstruction with a myocutaneous 


flap or prosthetic materials if resultant defects cannot be closed 
primarily (Fig. 112.9). Largely of historic interest now, radical 
amputations were once the mainstay of treatment for extremity 
sarcoma, but modern surgical approaches involve limb-sparing 
procedures (Fig. 112.10), which maximize functional out¬ 
comes. As recently as the 1970s, more than 50% of all soft tis¬ 
sue sarcomas of the extremity were treated with radical ampu¬ 
tations. The accepted standard of care changed after a group at 
the National Cancer Institute, led by Rosenberg, 51 published 
the results of a randomized trial of limb-sparing resection plus 
adjuvant radiation therapy compared to amputation, finding no 
differences in disease-free survival rates (71% vs. 78%, respec¬ 
tively) and the overall survival rates (83% vs. 88%, respec¬ 
tively) at 5 years. This trial demonstrated that amputation was 
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FIGURE 112.9. Chest wall sarcoma. A 20-year-old man with a 7.5-cm right posterior chest wall epithelioid sarcoma involves the 11th and 12th 
ribs as demonstrated on CT scan (A) and on physical exam (B). Chest wall resection was performed, including a portion of diaphragm. Result¬ 
ing chest wall defect (C) was repaired using prosthetic mesh (D). 


not mandatory, and in 1985, a National Institute s of Health 
consensus statement recommended limb-sparing procedures 
for most patients with high-grade extremity sarcomas. 52 Radi¬ 
cal amputations, such as hemipelvectomy, hip disarticulation 
or forequarter amputation, are now reserved for patients who 
are not suitable candidates for limb-sparing approaches, usu¬ 
ally because of extent of disease, bony or joint invasion, or for 
otherwise unsalvageable recurrence after previous limb-sparing 
surgery (Fig. 112.11). There is no improvement in survival with 
this approach under these circumstances. 53 

Acceptance of multimodality therapy has led to the ability 
@ to perform wide excisions while preserving function when 
treating extremity or truncal soft tissue sarcomas. 5,54,55 Judi¬ 
cious use of radiation has allowed for the sparing of major 
neurovascular structures, though if necessary, arteries and/or 
veins can be resected en bloc with the tumor and subsequent 
reconstruction can be done with autologous or prosthetic graft 
materials. In cases of neurologic compromise, customized 
adjuncts from experienced physical medicine departments can 
help restore reasonable function. For instance, resultant foot 
drop from peroneal neuropathy can be managed with an 
ankle-foot orthotic and gait training. In some cases, resection 
should be planned in conjunction with a plastic surgeon to 
provide complex soft tissue reconstruction with microvascular 


free flaps if the size of defect following resection prohibits pri¬ 
mary closure. 

Adjuvant and Neoadjuvant Therapies. The role of 
external beam radiotherapy is best defined by a trial compar¬ 
ing limb-sparing surgery alone with limb-sparing surgery with 
adjuvant radiation, showing improved 10-year local recur¬ 
rence rates with radiation. In high-grade sarcomas, the recur¬ 
rence rate was 0% versus 22%, respectively, though no signif¬ 
icant effect on overall survival was appreciated. 56 Certainly, in 
the setting of involved surgical margins that could not other¬ 
wise be resected, adjuvant radiation therapy is associated with 
improved local control. 3,57 

There is controversy regarding the optimal use of radiation 
in the preoperative setting compared to the postoperative set¬ 
ting for extremity and truncal sarcomas. Radiation in the adju¬ 
vant setting with either external beam radiation or brachyther- 
apy has long been the standard approach. 3 Typically, the entire 
surgical bed and drain sites are included in the field, along with 
wide margins around the sarcoma. Hemoclips marking the site 
of resection can be placed at the time of resection to help with 
radiation planning. It is important that an individual approach 
be taken with each patient since radiation can result in severe 
complications when used inappropriately (Table 112.4). For 
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Skin incision for 
tumor removal 





FIGURE 112.10. Wide excision involves 
removal of the tumor with a margin of 
normal tissue. If necessary, major vascular 
structures or nerves may be resected. 



FIGURE 112.11. A: Radical amputations for extremity sarcomas include one joint above the most proximal extent 
of tumor. Now largely of historic interest, tumors of the proximal thigh or buttock were previously routinely treated 
with hemipelvectomy. B: Although limb-sparing procedures are now done whenever possible, amputation may be 
necessary for certain cases. This 60-year-old woman had high-grade angiosarcoma of the right leg with extensive 
satellite metastases extending above her knee. She required above-knee amputation. 
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ITABLE 1 12.4 


COMPLICATIONS! 

COMPLICATIONS OF TREATMENT FOR EXTREMITY SARCOMA 

■ TREATMENT 
MODALITY 

■ COMPLICATION 

■ COMMENT 

Surgical resection 

Wound complications 

Seroma/hematoma 

Inadvertent damage to neurovascular structures 


Radiation 

Fibrosis 

Edema 

Pathologic fracture 

Delayed wound healing/wound complications 

Prophylactic intramedullary nailing may be considered. 
Greater incidence with preoperative radiation treatment. 

Chemotherapy 

Doxorubicin 

Ifosfamide 

Myelosuppression 

Cardiotoxicity (arrhythmia, heart failure) 

Myelosuppression 

Neurotoxicity 

Nephrotoxicity 

Combination therapy may have additive toxicities. 

Alopecia and nausea/vomiting are common side effects 
of these chemotherapy agents. 

Baseline echocardiogram and/or MUGA is mandatory. 


example, the entire circumference of the extremity should not 
be irradiated because massive lymphedema may result. Severe 
fibrosis, necrosis, fractures, and contractures can also occur 
with focused treatment and result in impaired function. Wound 
healing may be compromised in patients undergoing adjuvant 
radiation, and in selected cases, use of rotational flaps for cov¬ 
erage can prevent or minimize chronic wound healing prob¬ 
lems. 58 Similarly, radiation must be used judiciously in sensitive 
areas since nearby visceral structures are exquisitely sensitive to 
higher doses of radiation. Dose-limiting toxicity must be con¬ 
sidered when recommending such therapies. 

An alternate approach to adjuvant radiation is brachyther- 
apy, 56 which involves the placement of multiple catheters or 
seeds in the tumor resection bed to administer iridium 192 (Fig. 
112.12). Unlike the several-week course needed to complete 
external beam radiation, a course of brachytherapy can be com¬ 
pleted in a few days. In theory, brachytherapy produces less radi¬ 
ation scatter in critical areas, decreasing toxicity while obtaining 
equivalent functional outcome. 59 However, brachytherapy 
requires special equipment and can involve technically complex 
treatment planning by an experienced radiation oncologist. 
From a therapeutic standpoint, brachytherapy and external 
beam radiation appear to be equivalent when properly adminis- 



FIGURE 112.12. Adjuvant brachytherapy for extremity sarcoma. 
Brachytherapy catheters are shown in a resected tumor bed. 


tered. There is increasing interest in the use of intraoperative 
radiation therapy (IORT), though its effectiveness is unproven. If 
IORT is used, it is currently done in conjunction with a planned 
external beam boost dose. 60 

Patients with high-risk (large [>10 cmj, high-grade) extrem¬ 
ity sarcomas should be considered for preoperative treatment 
with chemotherapy or with chemoradiation since overall local 
control rates are disappointing with postoperative radiation 
alone. 54 Local control rates were considerably higher when 
large tumors were treated before surgery, and in some cases, 
tumors initially considered unresectable without amputation 
shrank sufficiently to permit limb-sparing resection. There are 
several benefits of preoperative radiation. With the tumor in 
situ, there tends to be a smaller overall treatment volume and 
the theoretical advantages of more effective radiation because 
it is being delivered to an undisturbed tumor bed. There is also 
the potential benefit of decreased seeding during the course of 
resection and improved margin status because the radiation 
may shrink the tumor’s pseudocapsule and render it relatively 
acellular. However, there is one major disadvantage to preoper¬ 
ative radiation and that is its detrimental effect on wound heal¬ 
ing. Several studies, including a large randomized trial in 
Canada, 61 demonstrated significant differences in major wound 
complications with preoperative versus postoperative radiation 
(35% vs. 17%, respectively). Longer-term outcomes seem accept¬ 
able, even boasting similar or improved outcomes in terms of 
functional results. 62 Some groups have used an intraoperative or 
postoperative boost dose of radiation to the resection bed if mar¬ 
gins are involved. 

Increasing data support the use of resection alone for 
selected patients; those who have small (<5 cm), low-grade 
tumors seem to have acceptable local control and excellent long¬ 
term survival without radiation if wide margins are obtained at 
time of resection. 63,64 Most patients undergoing surgical exci¬ 
sion may be candidates for additional radiation therapy because 
of high risk for recurrence, though its role in lower- or interme¬ 
diate-risk patients is somewhat undefined, and the so-called 
therapeutic ratio of risk and benefits to radiation treatment 
must be carefully considered. Validated prognostic tools may 
be helpful for individual patients weighing the benefits of avail¬ 
able treatment options. Kattan et al. 65 developed a nomogram 
to help better predict individual risk for 12-year disease-specific 
mortality in sarcoma patients using multiple prognostic factors 
simultaneously. 
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For extremity sarcomas, the importance of pathologically 
negative margins must be emphasized. Although differing 
widths of margins have been called optimal, it is generally 
agreed that 1 to 2 cm are adequate, but that microscopically 
clear margins may be sufficient. Involved margins, along with 
age, recurrent presentation, and fibrosarcoma or MPNST sub- 
types, significantly increase the risk of local recurrence. 3,66 
Patients presenting with involved margins following the index 
operation should be offered re-resection to obtain surgical 
clearance of margins. Several studies have shown no compro¬ 
mise in survival if complete resection is achieved with a second 
operation. 67 Interestingly, it is unclear if local recurrence pre¬ 
disposes to subsequent distant metastasis or if margin status is 
merely a proxy for aggressive disease. 66,68 

Since the main cause of death in patients with soft tissue sar¬ 
coma is distant metastatic disease, continued efforts have been 
made to develop effective systemic therapies. 5,69 Postoperative 
adjuvant chemotherapy has been controversial because risk of 
adverse toxic effects may not be outweighed by the relatively 
low response rates and lack of durable results. The histologic 
subtypes of sarcoma vary in their responsiveness to chemother¬ 
apy. For example, osteogenic sarcoma, rhabdomyosarcoma, 
and Ewing sarcoma (the pediatric sarcomas) have had high 
rates of success with multimodality treatments including adju¬ 
vant chemotherapy. 54 Unfortunately, most randomized trials 
are underpowered to detect modest differences in survival, and 
promising response rates reported in smaller nonrandomized 
clinical trials are not duplicated in subsequent larger random¬ 
ized trials. In general, adjuvant chemotherapy is not ever indi¬ 
cated for patients with low-grade sarcomas and patients with 
small sarcomas of higher grades. Initial interest in adjuvant 
chemotherapy for extremity soft tissue sarcoma was piqued by 
a randomized trial reported by Rosenberg et al., 70 which 
demonstrated an improvement in disease-free and overall sur¬ 
vival with adjuvant doxorubicin, cyclophosphamide, and high- 
dose methotrexate. After a longer follow-up period (median 
follow-up 7.1 years), however, both disease-free and overall 
survival were not statistically significant. 71 

Over the years, single agents as well as combination 
chemotherapy regimens have been used in the adjuvant treat¬ 
ment of soft tissue sarcomas. Two of the more active agents 
include doxorubicin and ifosfamide. However, multiple ran¬ 
domized trials of postoperative chemotherapy have not demon¬ 
strated an improvement in disease-free or overall survival with 
intermediate- or long-term follow-up though there was a trend 
toward chemotherapy in many studies. 54,72-74 The Sarcoma 
Meta-analysis Collaboration evaluated the effect of adjuvant 
doxorubicin-based chemotherapy in 1,568 patients from 14 
trials. 75 Although the time to local and distant recurrences, as 
well as recurrence-free survival, were significantly better in the 
treatment group, an overall survival advantage was not 
observed (HR 0.89, p = 0.12). Because of the rarity of disease 
and heterogeneity of tumor characteristics, most studies are too 
small to provide adequate power for testing responses in spe¬ 
cific histologic subtypes. In general, many regimens have com¬ 
bined two of the most active agents, doxorubicin (or other 
anthracycline) and ifosfamide, and results from a randomized 
trial did show improved disease-free survival and overall sur¬ 
vival; distant relapse rates were not different, however. 76 Out¬ 
side of clinical trials, doxorubicin and ifosfamide combination 
therapy is commonly used for high-risk, primary extremity, and 
truncal sarcomas in the adjuvant setting. Newer regimens with 
promising results include the combination of gemcitabine and 
docetaxel, which was initially discovered to be active in heavily 
pretreated uterine leiomyosarcomas and is currently being con¬ 
sidered for use in that subtype as well as in high-grade undif¬ 
ferentiated pleomorphic sarcomas and other high-risk sub- 
types. 77-79 

One potential advantage of upfront systemic chemotherapy 
is the ability to assess tumor response in situ. By seeing whether 
the tumor responds to the chemotherapy, both radiologically 


and pathologically, it may be possible to spare patients pro¬ 
longed therapy if they have not shown a response, or to con¬ 
tinue therapy postoperatively if there is response. However, 
data from a trial of preoperative doxorubicin and ifosfamide- 
based chemotherapy conducted by the European Organisation 
for Research and Treatment of Cancer (EORTC) and the 
National Cancer Institute of Canada did not demonstrate any 
survival benefit compared to surgery alone. 80 Some agents such 
as gemcitabine may have chemosensitizing properties, 81 mak¬ 
ing preoperative chemoradiation strategies attractive. Based on 
current evidence, neoadjuvant chemoradiation, either concur¬ 
rent or sequential, should be offered only to selected high-risk 
patients on clinical protocol. 82 It is important to follow patients 
on neoadjuvant therapy closely since tumor progression occurs 
in approximately 30% of patients. 83,84 

Commonly used measures of radiologic response to treat¬ 
ment may not be good surrogate endpoints for treatment 
response. 36 The pathologic correlations of treatment-induced 
necrosis or histologic response to therapy with clinical out¬ 
comes have also not been well defined in soft tissue sarcoma. 85 
Some patients who have a clinical or pathologic response to 
chemotherapy may have improved local control and decreased 
distant disease-free survival, but no overall survival advan¬ 
tage. 86 In other cases, lack of measurable response did not seem 
to predict significant differences in event-free endpoints. 83 
These issues must be carefully considered in the design of 
future trials. 

Alternative approaches to standard systemic therapy have 
been attempted with limited success. For example, preoperative 
radiation therapy in combination with intra-arterial doxorubicin 
chemotherapy initially showed good local control, but results 
could not be duplicated in subsequent randomized trials and 
treatments were associated with high morbidity. 87,88 Regional 
chemotherapy administered via hyperthermic isolated limb per¬ 
fusion has been attempted for advanced extremity sarcomas. 
Extracorporeal circulation allows the delivery of drug concen¬ 
trations 10 to 20 times higher than with systemic delivery, and a 
European study showed a limb-salvage rate of 71% for unre- 
sectable extremity sarcomas using melphalan and tumor necro¬ 
sis factor-o:. 89,90 However, this technique is uncommonly used in 
the United States and usually reserved for highly selected patient 
populations. Hyperthermia in combination with systemic 
chemotherapy is being evaluated for high-risk extremity sarco¬ 
mas, but long-term data have not yet been reported. 91 


RETROPERITONEAL AND 
INTRA-ABDOMINAL SARCOMAS 


Management of intra-abdominal (visceral) and retroperitoneal 
sarcomas deserves special consideration since specific anatomic 
location may dictate workup and subsequent management. 
The grouping of visceral sarcomas generally includes tumors of 
the gastrointestinal tract and gynecologic organs, and less com¬ 
monly, genitourinary organs. Location often precludes early 
diagnosis, unless the mass is found incidentally. Though some 
patients have noted increased abdominal girth, an abdominal 
mass can be appreciated with focused physical examination, 
but it is uncommonly the presenting complaint. Typically, 
vague symptoms of mass effect intra-abdominally trigger a 
medical evaluation. Neurovascular symptoms related to com¬ 
pression or invasion can occur and manifest as paresthesia, 
dysesthesia, weakness, and swelling or varicosities in the lower 
extremities. 

Complete history and physical examination should exclude 
signs and symptoms of lymphoma (e.g., B-symptoms such as 
fevers and night sweats) and presence of scrotal masses concern¬ 
ing for testes cancer. Serum laboratory testing can be helpful if 
lymphoma (e.g., elevated lactate dehydrogenase fLDHj), germ¬ 
cell tumors (e.g., elevated beta-human chorionic gonadotropin 
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FIGURE 112.13. Biopsy can be helpful in the workup of retroperitoneal masses. A: CT scan shows a retroperitoneal mass encasing the IVC and 
aorta. B: Image-guided biopsy is demonstrated here. Pathology confirmed a diagnosis of large B-cell lymphoma. 


[B-HCG] or alpha-fetoprotein [AFP]), or adrenal tumors (e.g., 
cortisol levels or adrenocorticotropic hormone [ACTH]) are in 
the differential diagnosis. High-quality cross-sectional imaging 
with CT or MRI is critical for diagnosis and treatment planning. 
Use of oral and intravenous contrast defines the extent of pri¬ 
mary disease and the relationship of the tumor to nearby struc¬ 
tures. Chest imaging should be obtained to assess for presence of 
pulmonary metastases. Hepatic involvement is the second most 
common site of distant spread in intra-abdominal and retroperi¬ 
toneal sarcomas, so a CT scan that includes the proper contrast 
phasing for examination of the liver should be done. 

For large tumors, preoperative image-guided biopsy can 
almost always be performed by experienced interventional 
radiologists (Fig. 112.13). However, preoperative biopsy is not 
mandatory 5,92 if management would not be altered by findings. 
Use of biopsy is reserved for cases in which a diagnosis of sar¬ 
coma is in question or if neoadjuvant approaches are being 
considered for large, high-grade lesions or lesions that are 
locally advanced and potentially unresectable. Complete resec¬ 
tion is the treatment of choice for intra-abdominal (visceral) 
and retroperitoneal sarcomas whenever possible. Only com¬ 
plete resection is associated with long-term survival benefit, 
with retroperitoneal liposarcomas being a possible excep¬ 
tion. 93,94 For retroperitoneal sarcomas, median survival for 
those with an incomplete resection is similar to those who were 


observed (unresectable) 95 (Fig. 112.14). In general, incomplete 
resection should be considered only for palliation of intractable 
symptoms. Although successful palliation may be achieved in 
carefully selected patients, aggressive tumor biology limits the 
ability to maintain sustained relief of symptoms. 96 

To attain complete removal of the sarcoma, en bloc resection 
of nearby structures should be considered when necessary. 
Resectability is more a function of location than of size, grade, 
or histologic subtype. Common reasons for unresectability 
include distant metastasis, peritoneal metastasis, extensive mul- 
tifocality, and prohibitive vascular involvement. Though sarco¬ 
mas do not uniformly invade other structures, involvement of 
vascular structures or mesentery (mesocolon) may lead to resec¬ 
tion of solid organs or bowel that may not be directly involved. 
When nephrectomy may be necessary, it is important to assess 
bilateral renal function with preoperative contrast scanning. 
Concomitant nephrectomy, when necessary, is associated with 
comparable outcomes for retroperitoneal sarcomas overall. 97 
Commonly resected organs include the following: kidney, 
colon, adrenal gland, pancreas, and spleen 98 (Table 112.5). For 
tumors located in the pelvis, it may be necessary to perform en 
bloc resection of the colon/rectum, bladder, and uterus. When 
vascular structures limit complete resection of tumor, resection 
with ligation or reconstruction of vessels must be considered if 
technically feasible (Fig. 112.15). 


FIGURE 112.14. Kaplan-Meier plot of disease- 
specific survival for patients with retroperitoneal 
sarcomas treated at Memorial Sloan-Kettering 
Cancer Center. Disease-specific survival is 103 
months in patients who underwent complete 
resection of retroperitoneal sarcomas, compared 
to 18 months in those who had an incomplete 
resection or just observation. (Reproduced with 
permission from Lewis JJ, Leung D, Woodruff JM, 
et al. Retroperitoneal soft-tissue sarcoma: analysis 
of 500 patients treated and followed at a single 
institution. Ann Surg 1998;228(3):355-365.) 
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TABLE 1 1 2.5 


EN BLOC RESECTIONS FOR PRIMARY 
RETROPERITONEAL SARCOMAS 


■ CASES IN WHICH ORGAN 
■ ORGAN IS RESECTED (%) 


Kidney 

46 

Colon 

24 

Pancreas 

15 

Spleen 

10 

Major vessels (vena cava, 

10 

iliac artery or vein) 



Adapted from Jaques DP, Coit DG, Hajdu SI, et al. Management of 
primary and recurrent soft-tissue sarcoma of the retroperitoneum. 
Ann Surg 1990;212:51-59. 


Even when surgical resection is possible and complete gross 
resection is achieved, margin status is often compromised by 
constraints of visceral anatomy. A transperitoneal approach 
allows for excellent exposure and facilitates en bloc resection 
with early control of the vascular supply to the tumor. Even with 
aggressive surgical management, local recurrence rates range 


from 40% to 70% for high grade tumors. 17,99 Unlike in extrem¬ 
ity sarcomas, local progression is associated with decreased sur¬ 
vival. Difficulty obtaining negative margins and high recurrence 
rates support a possible role for multimodality treatments. 

However, the benefits of radiation for extremity sarcomas 
have not been similarly appreciated for retroperitoneal sarco¬ 
mas, and no improvement in disease-free intervals have been 
noted. 100 Large field sizes and the dose-limiting toxicity of 
abdominal viscera limit the utility of postoperative radiation, 
and preoperative radiation warrants consideration. The major 
advantage of preoperative radiation is the displacement of small 
bowel and other structures by the in situ tumor. Similar to pre¬ 
operative radiation for extremity tumors, a possible advantage 
in the abdomen/retroperitoneum is that the radiation may pre¬ 
vent later seeding of tumor cells because radiation is adminis¬ 
tered to tumor and surrounding peritoneum. With the advent of 
conformal technology, or intensity-modulated radiation therapy 
(IMRT), further selective application of radiotherapy may be 
possible with minimal toxicity. 101,102 The role of chemotherapy, 
either in the preoperative or postoperative setting, is unproven 
for intra-abdominal and retroperitoneal sarcomas. 103,104 Several 
trials of postoperative adjuvant chemotherapy do not show any 
benefit for patients with retroperitoneal sarcoma, and in one 
series, treated patients fared worse than those not receiving 
chemotherapy. 105 In one trial of an aggressive multimodality 
approach, there was an improvement in locoregional control 
but no overall survival advantage and significant toxicity from 




FIGURE 112.15. Inferior vena cava (IVC) leiomyosarcoma. 
A: CT scan demonstrates a 9.2 X 6.4 X 4.4 cm mass within the 
lumen of the retrohepatic IVC. B: Photograph of the gross 
specimen. Cross-sectional view from the superior aspect of the 
specimen demonstrates the extensive filling of the lumen with 
multilobulated tumor. C: Photomicrograph demonstrating intra¬ 
luminal high-grade leiomyosarcoma with nuclear atypia and 
pleomorphism. Uninvolved smooth muscle of the IVC is shown 
(right lower quadrant). (Courtesy of Jason Carvalho, MD, and 
David R. Lucas, MD, University of Michigan, Ann Arbor, MI.) 
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the chemotherapy and radiation therapy. 106 Though some histo¬ 
logic subtypes, such as leiomyosarcoma, pleomorphic sarcoma, 
or myxoid/round cell liposarcoma, may be relatively more res¬ 
ponsive to systemic treatments, a paucity of data exist to guide 
appropriate use of therapy. 

Special consideration is also given to complete resection 
with functional preservation in head and neck sarcomas and 
genitourinary sarcomas. As is true of sarcomas in other 
anatomic locations, histologic grade and size adversely affect 
prognosis for head and neck sarcomas. 107 Resections with neg¬ 
ative margins may not require adjuvant radiotherapy treat¬ 
ments. Grade, size, location, and histologic subtype predict dis¬ 
ease-specific survival for genitourinary sarcomas. 108 Regional 
relapse is influenced by margin status so radical resections are 
necessary. Unfortunately, recurrences are not uncommon and 
may be difficult to control due to anatomic location. 


RECURRENT OR 
METASTATIC DISEASE 


About two thirds of soft tissue sarcoma recurrences occur in the 
first 2 years after diagnosis and treatment, though recurrences 
may occur at any time. 109 Recurrences may be classified as 
locoregional or distant. Though no standardized follow-up 
regimens exist, routine history and physical examination (clin¬ 
ical follow-up) and interval chest imaging are recommended 
for the first 2 to 3 years. Site-specific imaging guidelines are 
less clear. Directed cross-sectional imaging studies are helpful 
if location of tumor precludes early detection of recurrence on 
clinical evaluation alone. Of course, the choice of imaging 
study depends on availability, cost, and anatomic site being 
examined. MRI of the extremity or trunk can help detect 
locoregional recurrences when they are relatively small. CT 
scans may be useful for detection of intra-abdominal or 
retroperitoneal recurrences that would otherwise be unde¬ 
tectable. However, there is no evidence that earlier detection 
improves survival for retroperitoneal sarcomas, 95 so a less 
aggressive imaging schedule may be appropriate. 

If chest radiography is used, abnormal findings should be 
followed with a CT scan of the chest. Low-grade lesions infre¬ 
quently metastasize in the absence of local recurrence though 
they can recur locally up to 20 years after original resection. For 
high-grade lesions, surveillance should be directed toward 
detecting recurrence and metastatic disease. Patients with 
locally recurrent or even metastatic sarcomas can be considered 
for surgical resection if tumor biology supports potential cure or 
effective palliation with removal of known disease. Recurrent 
disease, especially within the abdomen or retroperitoneum, 
becomes more difficult to treat with each recurrence. 109 

If a recurrence is suspected, a biopsy should be performed 
to confirm diagnosis and review histologic subtype as well as 
tumor grade, with reference to the original tumor if possible. 
In the absence of distant disease, an aggressive surgical 
approach is warranted with the goal being the same as with a 
primary sarcoma: control of the tumor and preservation of as 
much function as possible. For patients who were initially 
treated with surgery alone and who failed locally, multimodal¬ 
ity treatment with repeat resection, radiation, and sometimes 
chemotherapy is associated with survival rates close to those 
of previously untreated patients. 110-112 Independent predictors 
of survival in patients with locally recurrent extremity soft tis¬ 
sue sarcomas include histologic grade, size of recurrent dis¬ 
ease, and recurrence-free interval. 113 

The most common site of distant metastatic disease is the 
lung, and its presence is not detectable by symptoms. Again, 
CT is the preferred imaging modality, though its very high sen¬ 
sitivity for detecting pulmonary nodules as small as 2 mm 
decreases its specificity. 114,115 Occasional patients have liver, 
bone, or central nervous system metastases though these sites 



FIGURE 112.16. Kaplan-Meier plot of disease-specific survival for 
patients with pulmonary metastases treated at Memorial Sloan- 
Kettering Cancer Center. Patients treated with complete resection had 
a median survival of 33 months. Patients who underwent incomplete 
resection or who did not undergo resection had median survival of 16 
months and 11 months, respectively. (Reproduced with permission 
from Billingsley KG, Burt ME, Jara E, et al. Pulmonary metastases 
from soft tissue sarcoma: analysis of patterns of diseases and post¬ 
metastasis survival. Ann Surg 1999;229(5):602-610.) 


of disease are relatively uncommon. Once diagnosed, metasta¬ 
tic disease is best approached with systemic chemotherapy, 
either as a single agent or with combination treatments. Pul¬ 
monary metastases are the most common form of distant dis¬ 
ease, and metastasectomy in carefully selected patients seems 
to improve outcomes. Taking patient selection into account, 
resection of pulmonary metastases in combination with radia¬ 
tion and/or chemotherapy may improve outcomes compared 
to resection alone 116,117 (Fig. 112.16). 


GASTROINTESTINAL 
STROMAL TUMORS (GIST) 

Another subtype of sarcoma that deserves separate considera¬ 
tion is gastrointestinal stromal tumor (GIST). Prior to modern 
molecular diagnostic techniques, these tumors were likely to 
have been considered leiomyosarcomas based on histologic fea¬ 
tures. 17 It is now known that GIST are differentiated from GI 
leiomyosarcoma based on lack of well-differentiated smooth 
muscle cells. GIST are composed of more primitive mesenchy¬ 
mal cells and originate from the interstitial cell of Cajal, which 
functions within the GI autonomic nervous system. Immuno- 
histologic diagnosis is made via expression of KIT (CD 117) 
cellular markers (Fig. 112.17). KIT overexpression is usually 
related to mutations in the KIT gene, although PDGFR-a 
mutations can also result in KIT overexpression in approxi¬ 
mately 3% to 5% of GIST. KIT-negative GIST have been 
reported, though tumor genotyping should be done to either 
KIT or PDGFR-a mutations even with negative immunohisto- 
chemistry for KIT. 118 

The KIT protooncogene encodes for KIT protein, a trans¬ 
membrane glycoprotein receptor with an intracellular tyrosine 
kinase domain. Binding of the KIT ligand induces dimerization 
and autophosphorylation of KIT, activating a cascade of intra¬ 
cellular signaling that results in cell proliferation and tumori- 
genesis. A gain of function mutation in KIT occurs in up to 
90% of GIST 119 and results in ligand-independent (constitu¬ 
tive) activation of tyrosine kinase function. 120 KIT mutation is 
found in 90% of GIST, and the most frequent sites of mutation 
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FIGURE 112.17. Strong and diffuse kit immunoreactivity is demon¬ 
strated in a gastrointestinal stromal tumor. (Reproduced with permis¬ 
sion from Kelsen DP, Daly JM, Kern SE, et al. Gastrointestinal Oncol¬ 
ogy: Principles and Practice. Philadelphia: Lippincott Williams & 
Wilkins; 2002.) 


are found in exon 11 (70%) or exon 9 (10%), whereas rare 
mutations are found in exon 13 or exon 17. 121 Mutation sta¬ 
tus may affect prognosis, though it is not routinely tested for. 

The exact incidence of GIST has been difficult to determine 
because of its relatively new recognition as a distinct patho¬ 
logic entity. Swedish epidemiologic data estimate 14.5 cases 
per million, which translates to an annual U.S. incidence of 
4,000 to 5,000 cases. 122 GIST are nearly all sporadic, but they 
have occurred in association with hereditary syndromes such 
as von Recklinghausen disease and the Carney triad, and 
familial germline mutations have been identified. Clinical pre¬ 
sentation can be indolent: Most patients have nonspecific 
symptoms such as nausea, emesis, or abdominal discomfort. 
Infrequently, GIST can rupture or bleed, leading to a more 
emergent presentation. GIST are most commonly found in the 
stomach (50%-60%), with 30% to 40% of tumors in the 
small bowel, 5% in the colon or rectum, and 5% in the esoph¬ 
agus. Rarely, GIST develop within the mesentery, omentum, or 
retroperitoneum. Most GIST are found in adults older than 40 
years of age, with a median age of 60 years. Tumors found in 
children or young adults are considered a separate entity since 
pediatric GIST have a more epithelioid histology and wild- 
type KIT or PDGFR-u genotype. 123 

Complete surgical resection is the treatment of choice for 
GIST, but recurrences are common and 5-year survival following 
resection of a localized tumor is approximately 50%. 124 Recur¬ 
rences are common and thought to occur at 18 to 24 months 
from the time of the index operation. Lymph node dissection is 
not warranted because GIST very rarely metastasize to regional 
nodes. Treatment of GIST has been revolutionized with the devel¬ 
opment of imatinib mesylate (Gleevec), an orally administered, 
molecularly targeted agent that is a selective tyrosine kinase 
inhibitor. The proof of concept for this treatment paradigm was 
demonstrated in 2000 when a patient with diffuse metastatic dis¬ 
ease achieved a near-complete metabolic response 125 on PET and 
with 75% reduction in tumor size at 8 months and histologic evi¬ 
dence of myxoid degeneration and lack of mitotic activity. Con¬ 
temporary use of imatinib in patients with metastatic GIST 
results in approximately 80% partial response or stable disease, 
Q and imatinib is considered appropriate first-line treatment of 
metastatic disease (Fig. 112.18). 

The use of imatinib in the neoadjuvant or adjuvant setting 
is still under investigation. 126 It is reasonable to consider the 
use of imatinib for large or borderline resectable lesions prior 
to surgical resection. Postoperative use of imatinib has been 
suggested for high-risk tumors, including tumors that are 


Pre-T reatment Post-T reatment 



FIGURE 112.18. 18 FDG-PET scan showing response of metastatic 
GIST to imatinib mesylate. This patient presented with primary disease 
in the small bowel and synchronous metastatic disease in the liver. The 
scan at presentation (left) compared to the one obtained after 3 weeks 
of therapy (right) shows decrease in size of tumors and decreased 
18 FDG uptake in both the small bowel and liver tumors consistent with 
a good response to imatinib. The patient eventually went on to com¬ 
plete surgical resection. (Reproduced with permission from Gold JS, 
DeMatteo RP. Combined surgery and molecular therapy: the gastroin¬ 
testinal stromal tumor model. Ann Surg 2006;244(2): 176-184.) 


greater than 5 to 10 cm in size or contain more than 5 mitoses 
per 50 HPFs (high-powered fields). Risk-stratification must be 
approached with care; other factors that need to be considered 
include location of tumor and mutation status. Isolated surgi¬ 
cal resection of recurrences has limited utility, and imatinib 
should be considered in addition to resection. 


DESMOID TUMORS/ 
DESMOID FIBROMATOSIS 


Desmoid tumors warrant separate notation in the discussion of 
soft tissue tumors because of their distinct biologic behav¬ 
ior. 14,127 Desmoid tumors, or aggressive deep-seated fibromato¬ 
sis, are part of a rare group of fibrous tissue proliferations that 
have no propensity for metastasis but tend to be locally aggres¬ 
sive. The natural history of desmoid tumors is poorly under¬ 
stood and not well defined. Clinical behavior and, therefore, 
recommended treatments are often dictated by anatomic site. 
Location of tumors can limit therapeutic options and result in 
significant morbidity with or without surgical resection. 

Desmoid tumors are uncommon with an estimated inci¬ 
dence rate of 2 to 4 cases per million per year. The median age 
of diagnosis is 35 years, range 16 to 79 years. Desmoids are 
slightly more common in women than men. Desmoid tumors 
are classically described as an abdominal wall tumor that 
develops in young women during the postpartum period. 128 
However, desmoids can occur at any site in the body, and three 
main anatomic sites are described: (i) trunk or extremity, (ii) 
abdominal wall, and (iii) intra-abdominal (bowel and mesen¬ 
tery). Fibromatosis is usually sporadic but can be associated 
with familial adenomatous polyposis. 

Desmoids are characterized by a monoclonal fibroblastic pro¬ 
liferation arising from muscular or aponeurotic structures. On 
gross examination, the tumors appear firm and smooth with a 
surrounding pseudocapsule. However, microscopically, the 
tumor characteristically extends beyond this pseudocapsule with 


SURGICAL SPECIALITIES 







2034 


Part Two: Surgical Practice 


fibrous septae of tumor extending radially. Desmoid tumors had 
previously been classified as an unchecked reactive process rather 
than a neoplastic process, but uniform patterns of X-chromo- 
some inactivation seems to confirm tumors of clonal composi¬ 
tion. 129 There appears to be an increased estrogen receptor-/^, but 
not estrogen receptor-u, expression in 80% of desmoid speci¬ 
mens. 130 These findings lend some support for the treatment of 
tumors with adjuvant agents such as tamoxifen. 

Tumors tend to be located deep in the muscles or along fas¬ 
cial planes, such as at a point of muscular insertion. Patients 
will usually present with a greater than 5-cm, localized, firm 
mass with an indolent pattern of growth, which can be mini¬ 
mally painful. Intra-abdominal presentations can be associ¬ 
ated with mass effect, intestinal obstruction, or mucosal 
ischemia. Desmoid tumors are notoriously infiltrative, and 
margins are microscopically involved in a significant number 
of patients. 

Complete resection is considered the best course of treat¬ 
ment, though resection is sometimes constrained by anatomic 
boundaries. For intra-abdominal tumors, extensive associa¬ 
tion with the mesentery limits the extent of resection and could 
predispose to significant morbidity and ultimately, mortality 
due to bowel involvement. Resection of large abdominal wall 
tumors often requires prosthetic reconstruction of the result¬ 
ing defect. Ability to accomplish complete resection at the first 
attempt defines likelihood of recurrence, so it is important to 
have a sufficient preoperative suspicion of fibromatosis and to 
be circumspect in surgical technique. Positive margins do not 
inevitably lead to recurrent disease, just as patients with a 
complete microscopic resection are often found to have local 
recurrences. 131 There are no data to support the use of radia¬ 
tion therapy in the adjuvant setting following a complete sur¬ 
gical resection. The utility of radiation in the setting of positive 
resection margins is thought to be quite minimal given the dif¬ 
ficulty in predicting risk of recurrence in these patients. Several 
systemic treatment regimens have been used in the past and in 
present practice with varying results. 


BONE SARCOMAS 


Various primary bone tumors are well described (Table 112.6). 
The vast majority (>70%) of bone malignancies represent 
metastasis from another site or are of hematologic origin (lym¬ 
phoma or myeloma). Primary bone cancers, however, are rela¬ 
tively rare types of cancer and account for less than 0.2% of all 
cancers, with only an estimated 2,380 new cases in 2008. 1 The 


three main types of bone sarcomas are osteosarcoma (which 
arises from bone), chondrosarcoma (which arises from carti¬ 
lage), and Ewing sarcoma (which has an undefined origin). As 
with soft tissue sarcomas, a GTNM staging system is used by 
the AJCC 41 (Table 112.7). Modern multimodality treatment 
approaches have been associated with excellent outcomes, 
including cures for most osteosarcoma cases. 

Osteosarcomas are the most common primary bone 
tumors. Osteosarcomas occur most commonly around the 
knee, either in the distal femur or proximal tibia, but they can 
be encountered in any bone (Table 112.8). Osteosarcomas 
originate in the metaphyseal ends of the involved bone. 
Although there are eleven known variants of osteosarcoma, 
classic osteosarcoma accounts for nearly 80% of incident 
cases. This tumor commonly occurs in children and young 
adults. Other important variants include osteosarcoma associ¬ 
ated with Paget disease, 132 which corresponds to a later peak 
in incidence at 60 years of age. Other well-described etiologies 
of osteosarcoma include prior radiation or history of 
retinoblastoma, 133 Classic osteosarcoma is of intramedullary 
origin and is high grade. Osteosarcoma patients are at high 
risk for metastatic disease; metastases to the lung are the most 
common, though bony metastases are not uncommon. Low- 
grade variants do exist, and these less aggressive tumors are 
usually parosteal or periosteal in location. Elevated serum 
alkaline phosphatase and lactate dehydrogenase is associated 
with reduced disease-free survival and overall survival rates. 

Chondrosarcomas are typically classified as either primary 
or central tumors arising from previously normal-appearing 
bone, or secondary or peripheral tumors that develop from pre¬ 
existing benign cartilage lesions. 134,135 The secondary or periph¬ 
eral lesions are usually low grade and infrequently metastasize. 
Chondrosarcomas usually occur in middle-aged or elderly peo¬ 
ple, though they can appear at any age. Ewing sarcomas are 
broadly considered a family of small round cell neoplasms and 
include the following subtypes: Ewing sarcoma, primitive neu¬ 
roectodermal tumor (PNET), and extraosseous Ewing sarcoma. 
Most Ewing sarcomas occur in adolescents and young adults, 
but they can develop in older individuals. These tumors may 
arise in soft tissues as well as bone, and most commonly occur 
in the femur, pelvic bones, and chest wall (Askin tumor). 


Clinical Presentation 


A painful mass is the most common presenting complaint with an 
extremity osteosarcoma, though symptoms of chondrosarcoma 


ITABLE 1 1 2.6 


CLASSIFICATION | 

HISTOLOGIC CLASSIFICATION OF BONE TUMORS 

■ TISSUE CATEGORY 

■ BENIGN TUMOR 

■ MALIGNANT TUMOR 
(BONE SARCOMA) 

Bone 

Osteoid osteoma 

Osteoblastoma 

Osteogenic sarcoma 

Parosteal osteogenic sarcoma 

Cartilage 

Osteochondroma 

Endochondroma 

Chondroblastoma 

Periosteal osteogenic sarcoma 
Chondrosarcoma 

Mesenchymal chondrosarcoma 

Fibrous lesions 

Benign fibrous histiocytoma 

Giant cell tumor 

Fibrous dysplasia 

Malignant fibrous histiocytoma 

Adamantinoma 

Fibrosarcoma 

Vascular 

Aneurysmal bone cyst 

Angiosarcoma 

Other 

Glomus tumor 

Hemangiopericytoma 

Ewing sarcoma 
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ITABLE 1 1 2.7 

GLASSIFICATION | 

AMERICAN JOINT COMMISSION ON CANCER (AJCC): GTNM CLASSIFICATION AND 
STAGE GROUPING OF BONE SARCOMAS 

■ CLASSIFICATION 

■ DESCRIPTION 

TUMOR GRADE 


GX 

Grade cannot be assessed 

G1 

Well differentiated 

G2 

Moderately well differentiated 

G3 

Poorly differentiated 

G4 

Undifferentiated 

PRIMARY TUMOR 


TX 

Primary tumor cannot be assessed 

TO 

No evidence of primary tumor 

T1 

Tumor <8 cm in greatest dimension 

T2 

Tumor >8 cm in greatest dimension 

T3 

Discontinuous tumors in the primary bone site 

LYMPH NODE INVOLVEMENT 


NX 

Regional lymph nodes cannot be assessed 

NO 

No regional lymph node metastasis 

N1 

Regional lymph node metastasis 

DISTANT METASTASIS 


MX 

Presence of distant metastasis cannot be assessed 

MO 

No distant metastasis 

Ml 

Distant metastasis 

STAGE GROUPING 


StageIA 

Gl-2, Tl, NO, MO 

Stage IB 

Gl-2, T2, NO, MO 

Stage IIA 

G3-4, Tl, NO, MO 

Stage IIB 

G3-4, T2, NO, MO 

Stage III 

Any G, T3, NO, MO 

Stage IVA 

Any G, any T, NO, Mia 

Stage IVB 

Any G, any T, Nl, any M 

Any G, any T, any N, Mlb 

Adapted from Greene F, Page D, Fleming I, et al. eds. AJCC Cancer Staging Manual , 6th ed. New York: 
Springer-Verlag; 2002. 


may be quite mild. Tumor location in the axial skeleton may 
also be associated with a more insidious presentation. Limita¬ 
tion of motion is often present when the tumor arises in prox¬ 
imity to a joint. Patients occasionally present with a pathologic 
fracture of the involved bone. Plain radiographs of the affected 
area often suggest a diagnosis. High-grade osteosarcomas lead 
to rapid destruction of bone evidenced by cortical destruction 
and demonstrate periosteal reaction with new bone formation; 
an extensive, poorly defined destructive bony lesion, often with 
an extraosseous component is often evident (Fig. 112.19). 
Ewing sarcomas have a classic “onion skin” periosteal reaction, 
and underlying bone often appears mottled. Primary or central 
chondrosarcomas show cortical destruction and calcification. 
Further radiologic evaluation with MRI (or CT scan) provides 
excellent detail of the anatomic extent of tumor and aids opera¬ 
tive planning. Chest imaging should be used to determine if 
there is metastatic disease. Evaluation with radionuclide bone 
scanning and/or PET scans may also be useful. 136 

After the radiologic evaluation establishes the extent of the 
bony lesion, diagnostic biopsy should be performed. Either 


CNB or open biopsy techniques can be used. Placement of the 
incision should be carefully planned to avoid jeopardizing 
subsequent options for a limb-sparing procedure. Considera¬ 
tion should also be given to stabilization techniques if there is 
risk of pathologic fracture during treatment. 


TABLE 1 1 2.8 


DISTRIBUTION OF ANATOMIC LOCATIONS 
OF OSTEOSARCOMA 


■ ANATOMIC SITE 

■ PERCENTAGE (%) 

Lower extremity 

83 

Upper extremity 

9 

Other (pelvis, shoulder, vertebrae) 

7 

Adapted from Bieling et al. J Clin Oncol 1996;14:848-858. 
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FIGURE 112.19. Plain radiograph of the femur showing a high-grade 
osteosarcoma. The tumor is an ill-defined destructive lesion with an 
extensive soft tissue involvement. The Codman triangles ( arrows) indi¬ 
cate periosteal reaction, which are characteristic, but not pathogno¬ 
monic, of osteosarcoma. 


Cytogenetic analysis for evaluation of the t(ll;22) transloca¬ 
tion should be done if Ewing sarcoma is suspected. 17 Presenting 
features associated with poor prognosis in Ewing sarcoma 
include elevated serum lactate dehydrogenase levels, fever, 
anemia, large tumor volume, mutation in p53 or deletion of 
pl6/pl4ARF, and pelvic location. Most patients have at least 
micrometastatic disease at presentation, and bone marrow biopsy 
can be considered because it is a common site of distant disease. 


Treatment 


Standard treatment for Ewing sarcoma involves combination 
chemotherapy, followed by surgical resection. Regimens have 
evolved over time and currently involve some combination (or 
all) of the following agents: ifosfamide, cyclophosphamide, 
etoposide, doxorubicin, and vincristine. 137-139 Investigations 
continue to define the trade-offs between survival benefit and 
toxicity of high-dose combination chemotherapy. 140 Adjuvant 
radiation can be considered or used as definitive treatment in 
some cases. Most patients will receive additional chemother¬ 
apy in the postoperative period as well. The aggressive use of 
multimodality therapy has led to excellent outcomes for 
patients with localized disease over time. Five-year survival 
rates have improved from 44% in the 1970s to 68% in the 
1990s. Even outcomes with advanced disease at presentation 
have improved dramatically, increasing from 16% to 39% 
over the same time period. 141 

Surgical resection is the definitive treatment for most chon¬ 
drosarcomas (Fig. 112.20). Intracompartmental lesions can be 
considered for intralesional resection with wide margins. 
Radiation can be considered as an adjuvant therapy, but 
chemotherapy is generally not very effective. If lesions are 
unresectable, radiation may be considered as a possible defini¬ 
tive treatment modality. 



FIGURE 112.20. Chondrosarcoma recurrence. A 60-year-old man had 
previously undergone resection of a low-grade chondrosarcoma of the 
left pelvis, necessitating resection of the left iliac bone. After many local 
bony recurrences, he was found to have an extraskeletal site of disease. 
On the CT scan, adjacent to the remaining bone, there is a 4.4 X 3.6 cm 
soft tissue mass {arrow), which contains dystrophic calcifications. 
Recurrent disease was completely resected. 


Historically, patients with clinically localized osteosarcoma 
treated by surgery alone had a 5-year survival rate of approx¬ 
imately 20%. Adjuvant systemic chemotherapy after surgery 
has generally improved that figure up to 55% to 70% in most 
randomized trials. 142-146 Contemporary protocols that incor¬ 
porate preoperative chemotherapy into the regimen have been 
associated with event-free survival rates of up to 70%. 147 The 
following agents have shown to be active, and regimens have 
used differing combinations of those agents: doxorubicin, cis- 
platin, ifosfamide, high-dose methotrexate. Progressive disease 
carries a poor prognosis. Disease relapse should be treated 
with further chemotherapy and resection if possible. 

Extremity osteosarcomas are ideally treated with limb-spar¬ 
ing approaches when possible to maximize functional out¬ 
comes. Limb-sparing operations include complete removal of 
the affected bone and soft tissues. Various reconstructive tech¬ 
niques are available after resection of an extremity osteosar¬ 
coma. Autografts (such as vascularized or nonvascularized fibu- 
lar grafts), cadaver allografts, and sophisticated endoprostheses 
can be used. Because the osteosarcoma population includes 
many children who continue to grow, modular prostheses that 
can periodically be expanded are increasingly being used. 
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KEY POINTS 


Q Because all open wounds are contaminated, the designation 
of a wound as “infected” should be contingent on the phys¬ 
ical examination findings of local inflammation: erythema, 
pain, swelling, fluctuance, purulence, and loss of function. 

Q Once a wound has been fully evaluated, the treatments should 
be designed to achieve specific goals. In order of greatest pri¬ 
ority, these goals are (a) preventing complications resulting 
from the wound, (b) preserving or restoring critical functions, 
(c) achieving wound closure, and (d) restoring aesthetics. 

Q Skin grafts are classified as either split thickness, where the 
epidermis and a portion of the dermis are harvested, or full 
thickness, where the epidermis and the entire dermis are 
harvested. 

Q The rediscovery of the musculocutaneous perforator as a 
predominant vascular supply to the skin in many areas of 
the body has led to the wide use of musculocutaneous flaps. 
These flaps derive their inflow from a major muscular 
artery. Perforators emanating vertically from the muscle 
surface supply the skin overlying the muscle. 

Q A variety of operative procedures have been described for 
breast reconstruction following mastectomy. These appro¬ 
aches can be categorized as implant based, autogenous 
(natural) tissue, and “hybrid” procedures. 

Q A variety of autogenous (natural) tissue options have been 
described for postmastectomy breast reconstruction. Cur¬ 
rently, the most commonly performed of these procedures 
is the transverse rectus abdominis myocutaneous flap. 

Q The absolute indications for replantation (i.e., situations in 
which replantation should always be attempted) are (a) 
thumb amputation, (b) multiple finger amputations, (c) 
pediatric population amputations, and (d) midhand, wrist, 
or distal forearm amputations. 


Q Rigid skeletal fixation, revascularization using vein grafts, 
and immediate wound coverage are crucial factors in suc¬ 
cessful limb salvage. 

Q Aesthetic surgery requires meticulous attention to detail, 
careful patient selection, rigorous procedural planning, and 
precise execution of technically challenging procedures. If 
patients are carefully selected and their goals are realistic, 
then the chances for a successful outcome are good. How¬ 
ever, if a patient is poorly selected or they have unrealistic 
goals, then a technically successful operation with an aes¬ 
thetically pleasing outcome may be a dismal failure in the 
eyes of the patient. 

© Patients who smoke are at a significantly increased risk for 
developing postoperative complications, including skin flap 
necrosis, infection, or wound dehiscence, and are conse¬ 
quently instructed to quit prior to undergoing elective aes¬ 
thetic surgery. 

© A cleft lip deformity can be bilateral or unilateral and is con¬ 
sidered complete if it extends into the nose and incomplete if 
it does not. The cleft lip can extend into the gum partially or 
completely through the alveolus, creating a bony defect. The 
cleft lip deformity affects the nose as well as the lip, and 
therefore both of these structures must be addressed in the 
reconstruction of the deformity. 

<E> Craniosynostosis is defined as the premature fusion of one 
or more of the cranial sutures. The child afflicted with cra¬ 
niosynostosis displays abnormalities in the size and shape of 
the cranial vault. Virchow’s law proposes that the growth 
of the skull will be restricted in the direction perpendicular 
to a synostosed suture while compensatory growth occurs 
in a parallel direction. 


Plastic and reconstructive surgery can be defined as a discipline 
that addresses problem wounds using a diverse array of non- 
surgical and, especially, surgical therapies. In this definition, 
the term problem wounds is taken in the broadest sense; plas¬ 


tic surgeons treat traumatic, congenital, developmental, and 
even psychological wounds. Perhaps it is this latter aspect of 
plastic surgery that most fully sets it apart from other surgical 
specialties: 
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TABLE 113.1 COMPLICATIONS 


THE SPECTRUM OF PLASTIC SURGERY 

Aesthetic surgery 

Burns: acute and reconstructive surgery 
Craniofacial surgery 
Cutaneous and soft tissue oncology 
Hand and upper extremity surgery 
Head and neck oncology 
Microvascular surgery 
Maxillofacial and orthognathic surgery 
Peripheral nerve surgery 
“General” reconstructive surgery 
Face (ear, lip, nose, eyelid) 

Breast 

Trunk 

Lower extremity 

We restore and make whole those parts which nature or ill 
fortune have taken away, not so much to delight the eye but 
to buoy up the spirit of the afflicted. 

—Gaspare Tagliacozzi, 1597 

In more concrete terms, plastic surgery is an approach to 
surgical problems. Plastic surgeons operate “from the top of 
the head to the tip of the toes,” and they envision themselves 
as surgical innovators. Plastic surgeons have been instrumental 
in the development of microvascular surgery, craniofacial 
surgery, head and neck reconstruction, nerve grafting, and 
even renal transplantation. * 1 Although the field of plastic 
surgery can be arbitrarily divided into “cosmetic” surgery 
(surgery to improve the appearance of a normal phenotype) 
and “reconstructive” surgery (repair of damaged anatomy or 
an abnormal phenotype), in many circumstances, both func¬ 
tional reconstruction and aesthetic improvement are para¬ 
mount. Plastic surgery is truly “general surgery,” with a broad 
and growing list of subspecialties (Table 113.1). 


PRINCIPLES OF MANAGEMENT 
FOR PROBLEM WOUNDS 


Regardless of the etiology or location of a wound, the princi¬ 
ples of management are universal and can be embodied by a 
straightforward algorithm: 

1. Evaluate and, if possible, eliminate the factors contributing 
to the presence of the wound. 

2. Control or optimize the wound prior to closure. 

3. Close the wound using the simplest method, unless specific 
factors mitigate a more complex approach. 

Although it is the nature of surgeons to focus on the tech¬ 
nical details of operative procedures, the first two steps in this 
algorithm are most critical for the successful reconstruction of 
problem wounds. This algorithmic approach allows plastic 
surgeons to treat diabetic foot ulcers, infected sternotomy 
wounds, major defects after composite resection of the head 
and neck, pressure ulcers, lower extremity wounds after open 
tibial fractures, venous stasis ulcers, and other difficult defects 
with a high degree of success. This rational approach is the 

core of plastic surgery. In plastic surgery there is no one-to-one 
correlation between a surgical problem and a specific opera¬ 
tion. There is no “right” way to reconstruct a given defect, and 
a spectrum of options must be considered for every recon¬ 


structive problem. Selecting the best option for a given patient 
is the challenge. 


Evaluation of Problem Wounds 


The evaluation of patients with difficult wounds is best 
approached by considering local and systemic (or intrinsic and 
extrinsic) contributing factors for each phase of the workup. 
In the history, local factors of importance include the mecha¬ 
nism that resulted in the wound, symptoms such as pain or 
loss of function, the time course and progression of the 
wound, any previous nonsurgical or surgical treatments for 
the wound, and any history of previous injury, irradiation, 
malignancy, or other local factors that contributed to the pres¬ 
ence of the wound. The history should also uncover systemic 
factors that impair wound healing, including immunosuppres¬ 
sion (e.g., chemotherapy, immune deficiencies), medical condi¬ 
tions known to impair healing (e.g., diabetes, renal failure), 
medications (e.g., steroids, cyclosporin A), cigarette smoking, 
and general debility (e.g., nutritional deficiencies, old age). 

The physical examination of patients with problem 
wounds should be focused on local and systemic signs that 
affect wound healing. For the wound itself, the location, size, 
depth, exposure of deep or vital structures, presence of 
necrotic material, presence of foreign bodies, or signs of any 
neoplastic processes should be carefully noted. Because all 
Q open wounds are contaminated, the designation of a wound 
as “infected” should be contingent on the physical examina¬ 
tion findings of local inflammation: erythema, pain, swelling, 
fluctuance, purulence, and loss of function. Physical examina¬ 
tion should be the primary criterion for the diagnosis of local 
wound infection; surface swabs indicating the presence of 
pathogenic bacteria do not correlate with clinically significant 
infection. 2 3 * In addition to the wound itself, surrounding tissue 
should be examined for signs of injury (e.g., actinic changes), 
previous irradiation, arterial or venous insufficiency, lym¬ 
phedema, loss of sensation, and dermal thinning (e.g., aging, 
steroid therapy). For all wounds on an arm or leg, a careful 
neurovascular examination for the entire limb is mandatory. 
In addition to the local examination, a focused systematic 
physical examination is mandatory in patients with problem 
wounds. Systemic signs of infection (e.g., fever, hypotension) 
are of particular importance. Obesity is a major risk factor 
that impairs wound healing. The general physical examina¬ 
tion should focus on the systemic factors that affect wound 
healing as noted previously. Table 113.2 lists some of the local 
and systemic factors that impair wound healing; history and 
physical examination are the principal modalities for diag¬ 
nosing these problems. 

Faboratory examinations can be invaluable in the manage¬ 
ment of problem wounds. However, laboratory tests are often 
misused in wound patients, and a rational, evidence-based 
approach is necessary to efficiently utilize this expensive 
resource. Again, the local-systemic paradigm is useful in deter¬ 
mining which laboratory examinations are warranted. 

For local evaluation, as already mentioned, wound swabs 
can be valuable for surveillance of the flora contaminating a 
wound but should not be used as a trigger to initiate therapy 
for wound infection. Wound biopsy and quantitative bacteri¬ 
ology have proved valuable in the management of burns and 
chronic wounds. 3,4 Bacterial loads in excess of 10 5 /g tissue 
indicate contamination at a level that precludes skin graft take 
and jeopardizes wound closure of any kind. The use of quan¬ 
titative cultures, however, is not justified for most acute or 
uncomplicated chronic wounds. In general, quantitative cul¬ 
tures are reserved for “high stakes” wounds, where a failure of 
closure on the initial attempt may leave an unreconstructable 
situation with grave consequences, such as amputation or 
death. Wound biopsies can be invaluable for diagnosing inva¬ 
sive burn wound infection and are preferred over quantitative 
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ITABLE 1 13.2 

CLASSIFICATION | 

LOCAL AND SYSTEMIC FACTORS THAT AFFECT 

WOUND MANAGEMENT 

LOCAL FACTORS 

SYSTEMIC FACTORS 

Infection 

Immune deficiencies 

Local malignancy 

Distant malignancy 

Foreign bodies 

Diabetes mellitus 

Local toxins 

Cigarette smoking 

Radiation 

Chemotherapeutic agents 

Ischemia 

Hereditary healing disorders 

Venous insufficiency 

Nutritional deficiency 

Lymphatic insufficiency 

Old age 

Repetitive trauma 

Uremia 

Reduced sensation 

Glucocorticoid therapy, 
immunosuppressive agents 


culture for this purpose. 5 The presence of bacteria in the deep 
dermis on biopsy is highly correlated with the risk of systemic 
sepsis in burn patients. Bone biopsy demonstrating bacteria 
within the bone is the preferred test for making the diagnosis 
of osteomyelitis. Standard radiographs are most useful for 
diagnosing and delineating acute fractures and are much less 
useful in the setting of chronic, open wounds. Ultrasound, 
computed tomography (CT) scan, or magnetic resonance 
imaging (MRI) may be useful for delineating fluid collections, 
necrotic tissue, or inflammation in selected circumstances. In 
contrast, radionuclide bone scans have little role to play in 
patients with open wounds or fractures. In the face of an open 
wound or recent fracture, a “hot” bone scan (even a triple¬ 
phase bone scan) is not specific for osteomyelitis and has little 
value. Therefore, obtaining bone scans in patients with sus¬ 
pected sternal osteomyelitis after recent midline sternotomy, in 
pressure sore patients with exposed bone, or in other patients 
with open wounds overlying exposed bone is unwarranted. 
Under these circumstances, bone biopsy is preferred for mak¬ 
ing a diagnosis of osteomyelitis and for determining the 
responsible pathogen; MRI is preferred for delineating the 
extent of bony involvement. Magnetic resonance angiography 
(MRA) or standard angiography may be indicated if vascular 
insufficiency is suspected or if a free-tissue transfer is planned. 

The use of systemic laboratory investigations should be 
limited to specific indications; “routine” blood work is not 
required for patients with acute or chronic wounds. White 
blood cell differential counts and blood cultures can confirm 
the diagnosis of systemic infection. Serum albumin and trans¬ 
ferrin determinations may be valuable in determining nutri¬ 
tional status. A greatly elevated erythrocyte sedimentation rate 
can help confirm the diagnosis of osteomyelitis. Other labora¬ 
tory tests to confirm the diagnosis and severity of associated 
medical conditions may be justified for specific indications. 


Treatment of the Problem Wound 

Q Once a wound has been fully evaluated, the treatments should 
be designed to achieve specific goals. In order of greatest priority, 
these goals are (a) preventing complications resulting from the 
wound, (b) preserving or restoring critical functions, (c) achiev¬ 
ing wound closure, and (d) restoring aesthetics. Again, each of 
these goals may require specific local or systemic interventions. 


Preventive Treatment. The preventive measures that should 
be taken for patients with open wounds depend on the setting. 
For an acute laceration, tetanus prophylaxis should be consid¬ 
ered. For patients with pressure sores, a strict adherence to pres¬ 
sure-relief protocols and an assessment of nutritional status take 
priority. In wounds caused by human or animal bites, prophy¬ 
lactic antibiotics are warranted. In addition, any associated 
medical conditions that are contributing to the wound must be 
aggressively optimized. It is the responsibility of the surgeon to 
ensure that a patient with a wound does not develop a compli¬ 
cation from that wound and that the patient does not develop 
more wounds from the same mechanism. This is of particular 
importance in bedridden, obtunded, or paralyzed patients, in 
whom it should be possible to completely prevent pressure sores 
with proper nursing care. 

Preservation of Function. Preserving joint motion must 
always be considered for patients with open wounds of the 
extremities. Aggressive physiotherapy to maintain or improve 
joint motion can be instituted in the presence of an open 
wound. Splinting should be used to minimize joint contrac¬ 
tures and any plans for wound closure should include mea¬ 
sures to maintain joint function. In the case of facial defects, 
especially if facial paralysis is present, oral competence and the 
maintenance of eye protection should weigh heavily into any 
reconstructive plan. Function takes precedence over form in 
the reconstructive algorithm. 

Nonsurgical Therapy. After careful consideration of pre¬ 
ventive measures and the preservation of critical function, a 
strategy for wound closure can be formulated. The basic tenet 
is: “debride dirty wounds, close clean wounds.” Therefore, the 
first step in wound closure is achieving control of the wound 
by eliminating necrotic debris and controlling any infection 
present. Nonsurgical therapies are used in conjunction with 
surgical therapy to achieve a clean wound. The mainstay of 
local, nonsurgical therapy is the use of wound dressings. It is 
beyond the scope of this chapter to review the wide range of 
options available to dress wounds. Recent articles contain a 
contemporary review of this topic. 6-8 However, the basic prin¬ 
ciple is to employ debriding dressings for dirty wounds and 
occlusive dressings for clean wounds. The most commonly 
employed debriding dressing is the “wet-to-dry” dressing. 
Gauze made damp with normal saline, weak acetic acid, weak 
bleach, or various other solutions is applied to the wound. 
Over a period of hours, evaporation dries the dressing, which 
becomes slightly adherent to the wound surface. When the 
dressing is removed, necrotic debris is pulled off with the 
dressing, but healthy tissue is left behind. Wet-to-dry dressings 
work through mechanical debridement, and the most impor¬ 
tant component of their use is how often they are changed. 
Wet-to-dry dressings must be changed a minimum of twice per 
day; they should not be “soaked” off to reduce patient dis¬ 
comfort because this technique completely defeats their pur¬ 
pose. Enzymatic dressings have also been used to debride 
wounds, but their use can be limited by patient tolerance to the 
pain they cause. Debriding dressings are indicated for infected 
wounds and wounds containing necrotic debris. 

If a wound is “clean,” meaning that it does not contain 
necrotic debris and has an acceptable bacterial load, a dressing 
that maintains a moist wound environment to encourage wound 
healing should be used. 8 For many simple wounds, allowing a 
scab to provide the moist healing environment or the application 
of a nonadherent sterile dressing is all that is required. In the case 
of more complex wounds, occlusive dressings that maintain a 
moist environment to maximize wound healing are preferred. 
Options include hydrocolloid dressings, alginate dressings, and 
various hydrogels. Again, occlusive dressings must not be used 
on infected or dirty wounds. For many wounds, judicious appli¬ 
cation of hydrocolloid dressings may allow closure by secondary 
intention in a reasonable period of time. 
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Under some circumstances, it is appropriate to use antibiotic 
dressings. Burn wounds are most commonly dressed with silver 
sulfadiazine or mafenide Sulfamylon (Bertek Pharmaceuticals, 
Inc., Research Triangle Park, North Carolina) dressings. The 
low toxicity and excellent antibiotic properties of elemental sil¬ 
ver have led to the development and widespread use of wound 
dressings containing nanocrystalline silver. Acticoat (Smith & 
Nephew, London, UK) is particularly useful for the manage¬ 
ment of large burn wounds and for dressing skin grafts applied 
to chronic wounds. 9,10 In general, however, antibiotic dressings 
are not required for clean wounds, even if they are chronic. 

Last, it should be noted that we are entering a new era of 
nonsurgical wound management. A rapid advance in our 
understanding of wound healing has led to the development of 
growth factor therapy, cellular therapy, and new physical 
modalities for the treatment of chronic wounds. 6 Although 
recombinant platelet-derived growth factor appears to be a 
useful adjunct to the dressing regimen for pressure sores and 
diabetic foot ulcers, 11,12 there is general agreement that exoge¬ 
nously administered growth factors currently play a limited 
role in the management of acute and chronic wounds. 13 Simi¬ 
larly, laboratory data point to the potential for the use of stem 
cells as a modality to treat difficult wounds, but cellular ther¬ 
apy for clinical wounds is still largely investigational. 6,14 

A bigger clinical impact has been realized from tissue- 
engineered dressings and skin substitutes. 15,16 Integra (Integra 
Life Sciences Corp., Plainsboro, New Jersey), a bilaminar skin 
substitute composed of a collagen matrix base with a silicone 
rubber barrier layer, has proven extremely useful in the man¬ 
agement of complex wounds. Integra is most useful for burn 
wounds and wounds where a poorly vascularized base pre¬ 
cludes immediate skin grafting. While the silicone membrane 
serves as a barrier and maintains a moist environment, the col¬ 
lagen matrix supports the ingrowth of vascularized granulation 
tissue. Integra is now an integral part of the management of 
burn wounds, with the silicone layer providing a temporary 
barrier function that allows excision of eschar when autograft 
supply is limited. 15 In poorly vascularized wounds, the 
ingrowth of vascularized tissue allows skin grafting at a second 
operation. That is, this strategy converts a complex wound, 
requiring a flap reconstruction, to a much simpler wound that 
can be managed with skin grafting. Integra has proven to be of 
considerable utility in the management of wounds of the scalp 
resulting from the excision of skin cancers where bare skull is 
exposed in a previously irradiated field. Integra placement sup¬ 
ports the development of a vascularized base and has allowed 
many such wounds to be closed with skin grafts. 17 Likewise, 
the management of wounds of the hand after trauma or tumor 
excision with Integra and delayed grafting can often prevent 
the need for flap surgery or even, in the case of squamous cell 
carcinomas of the fingers, amputation. 18 The development of 
new tissue-engineered adjuncts to wound healing remains a 
very active area of research in plastic surgery. 

Negative-pressure wound therapy has become widespread 
and has been demonstrated to be efficacious and cost effective 
when applied appropriately for complex wounds. 19,20 The 
commercially available VAC system (KCI, San Antonio, 
Texas) employs an open cell sponge that is applied to the 
wound and then sealed with an impermeable plastic dressing; 
negative pressure is applied to the sponge via tubing and 
pump. Extensive experimental and clinical data confirm that 
the VAC system promotes tissue perfusion, reduces edema, 
favorably alters wound fluid composition, and stimulates the 
formation of granulation tissue. 19 The VAC system is easy to 
use; its primary limitation is related to cost. Additional cost- 
utility studies to justify its higher daily cost compared with 
simple dressings are required. 

Multiple other modalities, such as hyperbaric oxygen treat¬ 
ment, are in use and are being developed on an ongoing basis, 
underscoring the high prevalence, the significant cost, and the 
clinical challenge that are posed by complex wounds. Despite 


these ongoing developments, the basic algorithm for evalua¬ 
tion and nonsurgical management of wounds will not change. 

Surgical Therapy 

Wound Preparation. For problem wounds, surgical therapy is 
primarily aimed at wound preparation and wound reconstruc¬ 
tion. For dirty wounds with necrotic debris, a judicious but 
thorough surgical debridement can convert a contaminated, 
chronic wound into a fresh surgical wound ready for immedi¬ 
ate closure. Although debriding dressings can prepare wounds 
for closure under some circumstances, an operative debride¬ 
ment is preferred to a long course of debriding dressings for 
most problem wounds. Consequently, most complex wounds 
require an operative debridement prior to definitive reconstruc¬ 
tion. In the case of chronic osteomyelitis, a formal resection of 
the sequestrum is required before formal wound closure. Pro¬ 
longed treatment with intravenous or oral antibiotics cannot 
clear bacteria from a focus of dead bone; chronic osteomyelitis 
is a surgical disease cured with a saw, rongeur, bur, or bone 
curette. Therefore, the common practice of placing patients 
with chronic osteomyelitis on 6 weeks of antibiotic therapy is 
irrational unless performed in conjunction with a formal 
sequestrectomy. 

Reconstructive Principles. As stated earlier, there is no “right” 
way to close any given wound. Plastic surgeons use a straight¬ 
forward set of principles in delineating the optimum way to 
close a given wound for a given patient. The predominant 
principle is that the simplest method to close a wound is usu¬ 
ally the best choice. This principle is embodied in the “recon¬ 
structive ladder,” which is a hierarchy of reconstructive 
options progressing from simple to complex (Table 113.3). 
Therefore, when engaging options for wound closure, plastic 
surgeons “climb” the reconstructive ladder, usually stopping 
on the lowest rung that will achieve a closed wound. However, 
other principles of reconstruction sometimes override a slavish 
adherence to the reconstructive ladder. The choice of a tech¬ 
nique for wound closure should take into consideration the 
need for subsequent procedures and other factors that might 
mitigate skipping over simpler options for wound closure. An 
example would be an avulsion injury to the palm of the hand. 
Although it might be possible to close this wound with a skin 
graft, the need to restore flexor tendon function is preeminent 
in the hand, so that the use of a distant flap to provide a suit¬ 
able bed for tendon grafting may be the preferred choice. In 
addition to the reconstructive ladder, other examples of guid¬ 
ing reconstructive principles are as follows: function takes 
precedence over form, single-stage reconstructions are pre¬ 
ferred over multistage approaches, and autologous tissue is 
preferred over alloplastic reconstructions. Other factors to be 
considered are the durability of the reconstruction over many 
years, the psychological impact on the patient, and data indi¬ 
cating that some options are sometimes preferred for specific 
reasons. For example, muscle flaps are known to be superior 
to skin flaps in their ability to resist or eradicate infection. 21 
Therefore, a muscle flap may be chosen over a simpler option 
if the eradication of osteomyelitis or mediastinitis is the goal. 


ITABLE 1 13.3 

ETIOLOGY | 

THE RECONSTRUCTIVE LADDER 



1. Primary wound closure 

2. Healing by secondary intention 

3. Skin grafting 

4. Local flaps 

5. Regional flaps 

6. Distant flaps 
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As mentioned earlier, weighing this complex array of factors to 
arrive at the optimal reconstruction for a given patient is the 
true challenge in reconstructive surgery. 

Reconstructive Techniques. Regardless of the reconstructive 
method chosen, plastic surgeons strive for technical virtuosity 
in the operating room. To maximize healing and minimize scar 
formation, atraumatic technique includes delicate tissue han¬ 
dling, the use of skin hooks and sharp rakes, bipolar electro¬ 
cautery, sharp dissection, and loupe magnification. When 
reconstructing difficult wounds, the margin for error is mini¬ 
mal, and small errors in technical execution can result in fail¬ 
ure. The general surgical methods used by reconstructive sur¬ 
geons are briefly considered in this chapter. 

Primary Closure. If a laceration or other wound can be closed 
primarily, consideration is given to a meticulous, layered clo¬ 
sure. Emphasis is placed on eversion of skin edges without 
strangling tissue. Nonabsorbable skin stitches that provoke 
minimal inflammatory response are preferred, but they must 
be removed promptly to minimize cross-hatching. Therefore, 
for most wounds, deep dermal, absorbable stitches are placed 
to allow early removal of skin stitches while still providing 
prolonged support to the repair; this may minimize the 
chances of a dehiscence or scar spread. It is preferable to place 
a closed-suction drain to eliminate dead space rather than 
suturing fat or other easily devascularized tissue. If a techni¬ 
cally perfect, tension-free repair cannot be achieved with 
primary closure, it is preferable to use a more complex surgi¬ 
cal option. 

Q Skin Grafting. Skin grafting was one of the foundations on 
which the specialty of plastic surgery was established. Skin 
grafts are classified as either split thickness, where the epidermis 
and a portion of the dermis are harvested, or full thickness, 
where the epidermis and the entire dermis are harvested. Both 
full-thickness and split-thickness skin grafts can be used to 
resurface open wounds in cases in which primary closure is not 
possible. Skin graft take is contingent on the successful revascu¬ 
larization of the graft within a narrow time window (48 to 
72 hours). Initially, grafts are nourished by a process of plas¬ 
matic imbibition, wherein serum from the wound bed diffuses 
into the adjacent graft. Revascularization occurs by the process 
of inosculation. Vessels from the wound bed grow into the graft, 
forming functional circulatory connections with the vasculature 
of the graft. For plasmatic imbibition and inosculation to be 
successful, two criteria must be met. First, the wound bed must 
be appropriately vascularized. Therefore, skin grafts cannot be 
placed on poorly vascularized wound surfaces, including bone 
denuded of periosteum, tendon denuded of peritenon, or carti¬ 
lage. Second, a bolster dressing or splint must be used to ensure 
absolute immobilization of the graft on the bed to prevent 
shearing of the nascent vascular connections during inoscula¬ 
tion. If either of these criteria cannot be met, a more complex 
reconstructive option must be considered. 

Random Skin Flaps. The use of tissue (usually skin) immedi¬ 
ately adjacent to the defect as the tissue for reconstruction is 
referred to as a local flap reconstruction. Skin rearrangement 
can range in complexity from simple undermining to complex, 
geometric skin flaps. Which method is appropriate is depen¬ 
dent on multiple factors, including the etiology of the defect, 
the desired direction of the scar, the fragility or mobility of 
underlying structures, and the need to avoid distortion to adja¬ 
cent free margins such as the lip or eyelid. Significant experi¬ 
ence is required for the optimal utilization of skin rearrange¬ 
ment. When plastic surgeons think of “classical” skin flaps, 
they are referring to random skin flaps, without an axial blood 
supply. These skin flaps rely on a dermal plexus of vessels for 
their survival, and the perfusion of the distal end of the flap is 
inadequate to allow tissue survival if the flap design is inap¬ 


propriate. It was previously thought that survival of the distal 
part of random skin flaps could be ensured by adhering to 
length-to-width ratios established for various areas of the 
body. It is now recognized that these ratios have no basis in 
circulatory physiology, and the surviving length of a random 
skin flap does not depend on flap width. 22 In practice, most of 
the commonly employed skin flaps have been developed 
empirically. There are three basic types of random skin flaps: 
rotation, advancement, and transposition, depending on how 
adjacent skin is shifted into the defect. Each type of flap has 
specific design criteria. Many eponyms are used to describe 
variations on these basic three flap designs; examples are the 
Romberg transposition flap, the Mustarde rotation flap, and 
the Rintala advancement flap. Excellent reviews of the use of 
skin flaps in reconstructive surgery are available. 23,24 

As mentioned earlier, the concern with flap viability limits 
the utility of random skin flaps. Several strategies have been 
developed to circumvent this problem. The first of these is the 
concept of surgical delay. Delay is defined as the partial inter¬ 
ruption of blood flow to a defined piece of tissue. At present, 
surgical delay is the only method available to augment the sur¬ 
viving length of random skin flaps (Fig. 113.1). Another strat¬ 
egy is the use of tissue expanders. Tissue expanders are 
implantable balloons that are inserted in a deflated state and 
are inflated with sterile saline via percutaneous injection into a 
self-sealing valve. Except for the scalp, where expanders are 
placed in the subgaleal plane, tissue expanders are usually 
placed subcutaneously. In fact, the insertion of the tissue 
expander into a subcutaneous pocket effects a surgical delay, 
and the slow expansion has been demonstrated to result in the 
formation of new skin. However, the most important strategy 
to circumvent the use of random skin flaps has been to develop 
axial pattern flaps that do not rely on a random blood supply. 

Flaps with Axial Blood Supply. Regional flaps are defined as 
the transfer of tissue that is not immediately adjacent to the 
defect without the disruption of blood supply to the trans¬ 
ferred tissue. For this approach to be practical, an axial blood 
supply to the transferred tissue must be present. 

Axial Skin Flaps. The pioneering work of Bakamjian 25 and 
McGregor and Jackson 26 identified longitudinal blood vessels 
of large caliber traversing a defined region of skin. Their 
descriptions of the deltopectoral and groin flaps, respectively, 
opened a new era of reconstructive surgery. Surgeons were no 
longer constrained to the use of random skin flaps; any piece 
of tissue in the body with an axial blood supply could be trans¬ 
posed on a vascular pedicle with a high degree of assurance 
that the tissue would survive. Taylor and Palmer’s 27 descrip¬ 
tion of the angiosome concept solidified our ability to design 
flaps based on a sound knowledge of vascular anatomy. An 
angiosome is defined as a region of tissue supplied by an iden¬ 
tifiable, and usually named, artery and its venae comitantes. 
Because of the ability of choke vessels crossing angiosome 
boundaries to enlarge, flaps can be designed to encompass an 
adjacent angiosome. However, flaps crossing two angiosome 
boundaries are destined to undergo partial necrosis. In prac¬ 
tice, there are relatively few axial skin flaps, most being better 
classified as fasciocutaneous flaps. 

Fasciocutaneous Flaps. Cormack and Lamberty 28 further 
expanded our understanding of the blood supply to the skin 
with their description of fasciocutaneous flaps. They pointed 
out that the dermal plexus derives its inflow from vertically ori¬ 
ented vessels arising at the level of the deep fascia. The vessels at 
the deep facial level have horizontal orientation relative to the 
skin’s surface and form a subfacial plexus. This subfacial plexus 
can form the basis for the design of fasciocutaneous flaps based 
on several defined anatomic patterns. 28 Several fasciocutaneous 
flaps have enjoyed widespread use. The radial forearm flap has 
become a workhorse for hand reconstruction and as a free flap 
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FIGURE 113.1. Example of surgical delay. Because of associated medical problems, the patient was not a candidate for microvascular tissue 
transfer. A: Lower-third tibial defect secondary to an open ankle fracture. Note exposed bone, which precludes use of a skin graft. B: In the first 
stage, a bipedicle flap was created anterior to the defect. The deep perforators to the skin of the flap were divided by full undermining. The flap is 
perfused only from the proximal and distal ends. C: The incisions were repaired, and the wound was dressed. D: After 5 days, the bipedicle flap 
was again elevated and part of the distal pedicle was divided {arrow). The incisions were again closed, and the wound was dressed. This proce¬ 
dure was repeated 10 days after the initial operation to leave only a small skin bridge at the distal end of the flap. E: Fourteen days after the ini¬ 
tial procedure, the remaining distal skin bridge was divided and the flap transferred. The donor site was skin grafted. This photograph depicts full 
survival of the flap and complete take of the skin graft. 


for head and neck reconstruction. The osteoseptocutaneous 
fibula free flap has been widely used for intraoral reconstruction 
during reconstruction of oromandibular defects. 

Muscle and Myocutaneous Flaps. Based on the knowledge that 
tissue with an axial blood supply can be reliably transferred, 
muscle and myocutaneous flaps came into widespread use in 
the 1980s, thanks in large part to the classification system by 
Mathes and Nahai. 29 Whole muscles can be transferred as a 
pedicled or free flap if a dominant vascular pedicle is present. 
Segmental muscle transfers are sometimes possible on minor 
vascular pedicles. Muscle flaps have enjoyed wide use for a 
diverse array of indications. As mentioned earlier, muscle flaps 
have an enhanced ability to eradicate infection and are pre¬ 


ferred for contaminated or osteomyelitic wounds. For a given 
defect, muscle flaps are chosen by their size and arc of rotation. 

The rediscovery of the musculocutaneous perforator as a 
predominant vascular supply to the skin in many areas of the 
body has led to the wide use of musculocutaneous flaps. These 
flaps derive their inflow from a major muscular artery. Perfo¬ 
rators emanating vertically from the muscle surface supply the 
skin overlying the muscle. Table 113.4 lists “workhorse” mus¬ 
cle and myocutaneous flaps. Of particular note is the trans¬ 
verse rectus abdominis myocutaneous (TRAM) flap, based on 
periumbilical myocutaneous perforators from the rectus abdo¬ 
minis muscle, which has been widely employed for breast 
reconstruction. 30 An extension of this concept has led to the 
increasing use of “perforator” flaps. Perforator flaps are based 
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TABLE 1 13.4 


CLASSIFICATION 


WORKHORSE MUSCLE, MYOCUTANEOUS, AND PERFORATOR FLAPS 


■ FLAP 

■ MYOCUTANEOUS 

■ PERFORATOR 

■ COMMON USES 

Temporalis 

No 

No 

Orbital and intraoral reconstruction, facial 
reanimation (pedicled flap) 

Pectoralis major 

Yes 

No 

Intraoral and neck reconstruction; 
reconstruction of sternal defects (muscle only) 

Latissimus dorsi 

Yes 

Yes 

Breast reconstruction, neck reconstruction, free 
flap for very large defects 

Rectus abdominis 

Yes, including TRAM 

Yes, including DIEP 

Breast reconstruction, sternal reconstruction, 
reconstruction of groin defects, free flap for 
medium-sized defects 

Gluteus maximus 

Yes 

Yes, including SGAP 

Ischial pressure sores, sacral pressure sores, 

SGAP used for breast reconstruction 

Biceps femoris 

Yes 

No 

Ischial pressure sores 

Tensor fascia lata 

Yes 

No 

Trochanteric pressure sores, abdominal wall 
reconstruction 

Gracilis 

Yes 

Yes 

Perineal reconstruction, vaginal reconstruction, 
facial reanimation (muscle free flap), free flap for 
small defects 

Rectus femoris 

Yes 

No 

Infected hip wounds, abdominal wall 
reconstruction 

Medial gastrocnemius 

Rarely 

No 

Knee defects, proximal third tibial defects 

Soleus 

No 

No 

Middle third tibial defects 

DIEP, deep inferior epigastric perforator; SGAP, superior gluteal artery perforator; TRAM, transverse rectus abdominis myocutaneous. 

on fasciocutaneous or 

myocutaneous perforating vessels. Dis- diameter or 

larger) can be transferred with this technique. By 


section isolates the skin and subcutaneous tissue to be trans¬ 
ferred on one or more perforating vessels; the underlying mus¬ 
cle is left intact, eliminating the functional disturbance that 
would result if a whole muscle was harvested. Because of their 
robust vascularity and ability to minimize donor deficit, perfo¬ 
rator flaps are a “growth area” in reconstructive surgery, and 
a large number of perforator flaps have now been described 
and are used as both pedicled and free flaps. 31 

Microvascular Tissue Transfer. Historically, pedicled flaps were 
used to reconstruct distant defects. The distant transfer was 
accomplished in one of two ways. Flaps could be moved to the 
defect in a series of pedicled transfers (waltzing or tumbling 
flaps). Alternatively, flaps could be attached directly to the defect 
with a temporary pedicle to the donor site being maintained tem¬ 
porarily. At a second stage the flap was detached from the donor 
site, after it had developed sufficient blood supply from the recip¬ 
ient bed (e.g., cross-leg flaps, pedicled groin flaps). Although the 
distant transfer of pedicled flaps still has definitive indications 
(e.g., the median forehead flap for nasal reconstruction), recon¬ 
struction using distant tissue is now most commonly performed 
via microvascular tissue transfer, or “free” flaps. First described 
clinically by Daniel and Taylor, 32 free flaps have revolutionized 
reconstructive surgery. Any tissue with an axial blood supply 
with pedicle vessels 1 mm in diameter or larger can be reliably 
transferred microsurgically. Circulation in the transferred tissue 
is established via microvascular anastomoses between the axial 
flap vessels and vessels in the recipient site. Microvascular anas¬ 
tomoses are performed with 9-0 or 10-0 suture with the aid of 
an operating microscope; success rates for free-flap transfers 
exceed 90%. 33 The greatest advantage of free-flap reconstruc¬ 
tion is that the surgeon is not restricted to the use of available, 
local tissues; any flap or composite block of tissue that has feed¬ 
ing vessels large enough for microvascular anastomoses (1 mm 


using composite tissue flaps, massive, complex tissue defects can 
be reconstructed replacing “like with like” 34 (Fig. 113.2). Bowel, 
skin, bone, muscle, fascia, and composite tissue can be trans¬ 
ferred microsurgically. Free flaps are the primary modality for 
reconstruction of major head and neck defects after composite 
resection of squamous cell carcinoma and for the reconstruction 
of traumatic defects in the distal foreleg. As already mentioned, 
perforator flaps are increasingly used as microsurgical tissue 
transfers. The anterior lateral thigh (ALT) perforator flap has 
become a workhorse for reconstruction for a diverse array of 
complex defects, especially after extirpative surgery of the head 
and neck, 35 and the deep inferior epigastric artery perforator 
(DIEP) flap now rivals the TRAM as the workhorse for autolo¬ 
gous breast reconstruction. 36 


RECONSTRUCTIVE 
AND AESTHETIC SURGERY 
OF THE BREAST 

Plastic surgery of the female breast includes both reconstructive 
and aesthetic procedures. Breast reconstruction following mas¬ 
tectomy and reduction mammaplasty for macromastia (over¬ 
sized breasts) are the most common examples of reconstructive 
breast surgery. By contrast, breast augmentation (enlargement) 
and mastopexy (breast lift) generally are performed for aes¬ 
thetic reasons. Although some surgical approaches may be 
applicable to both categories of breast procedures, the relative 
benefits, risks, and costs of reconstructive versus aesthetic 
breast surgery may be quite different, particularly as viewed by 
patients, providers, and payers. 

Before advising women on reconstructive or aesthetic breast 
procedures, the surgeon should carefully assess the patient’s 
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FIGURE 113.2. Double free-flap reconstruction of a massive, complex 
defect. A: Squamous cell carcinoma of lip, chin, mandible, and floor of 
mouth after resection. Massive tissue defect encompasses skin of the chin, 
entire lower lip, mandible from midbody to midbody, and floor of the 
mouth. B: Fibula free flap. Skin paddle is centered on fasciocutaneous 
perforators. C: Fibula free flap elevated but still in situ. Osteotomies have 
been performed to conform to the mandibular contour. The skin paddle 
will form the floor of the mouth. D: Radial forearm free-flap plan. Skin 
paddle will be harvested along with the palmaris longus tendon. The ten¬ 
don will be attached to the modiolus on either side of the lower-lip defect, 
and the skin paddle will reconstruct the skin of the chin and lip. For the 
lip, the skin paddle will be draped over the tendon like a bed sheet on a 
clothesline. E: Radial forearm flap elevated but in situ. F: Postoperative 
result, mouth closed. G: Postoperative result, mouth open. (Reproduced 
with permission from Kuzon WM Jr, Jejurikar S, Wilkins EG, et al. Dou¬ 
ble free-flap reconstruction of massive defects involving the lip, chin, and 
mandible. Microsurgery 1998;18:372-378.) 
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current preferences, concerns, history, and physical findings. 
Initially, any history of breast disease (as well as familial history 
of breast pathologies) should be evaluated. On physical exam¬ 
ination, careful linear measurements and preoperative pho¬ 
tographs should be taken to document existing contour defor¬ 
mities, asymmetries, or other findings. A standard breast 
examination should be carried out to detect previously undiag¬ 
nosed masses, nipple discharge, or lymphadenopathy. Finally, it 
is also advisable that women age 40 years or older undergo 
mammography unless this study has been performed in the pre¬ 
vious 12 months. 

Preoperative consultation should include a thorough discus¬ 
sion covering the relative benefits and risks of the various sur¬ 
gical options. The surgeon is well advised to provide compre¬ 
hensive information in an understandable format. To enhance 
patient satisfaction with the eventual surgical result, providers 
should elicit patients’ preferences and expectations for surgical 
outcomes and tailor treatment options accordingly. Because of 
the prevalence of breast cancer in North American women, the 
impact of reconstructive or aesthetic procedures on breast can¬ 
cer monitoring also should be discussed. 


Reconstructive Breast Surgery 

Q Postmastectomy Reconstruction. A variety of operative 
procedures have been described for breast reconstruction 
following mastectomy. These approaches can be categorized 
as implant-based, autogenous (natural) tissue, and “hybrid” 
procedures. For purposes of this discussion, the term hybrid is 
applied to procedures combining elements of both implant and 
autogenous tissue techniques. This overview describes the 
advantages and disadvantages of the most common tech¬ 
niques. Ultimately, procedure selection is based on a range of 
patient variables, including size and shape of the desired 
reconstructed breast; availability of local, regional, and distant 
donor tissues; coexisting medical problems; and, perhaps most 
important, patient preferences. 


Implant-based Techniques. As most commonly practiced, the 
implant approach usually requires two operative procedures 
to reconstruct the female breast. In the first stage, a temporary 
tissue expander is placed in a soft tissue pocket, usually 
located deep to the pectoralis major muscle. The tissue 
expander is a deflated Silastic (silicone) envelope with an inte¬ 
grated or remote injection port through which saline solution 
can be percutaneously injected. Following expander placement 
and meticulous closure of the overlying muscle and skin, saline 
is periodically injected beginning at 10 to 21 days (Fig. 
113.3A). As the device enlarges, growth is induced in the over- 
lying skin, recreating soft tissue coverage for the new breast. 37 

Following completion of expansion, most surgeons delay 
the second stage of reconstruction for 1 to 4 months to allow 
for maximal skin growth. At the conclusion of this hiatus, the 
second procedure is performed, consisting of removal of the 
expander and placement of the reconstructive implant (Fig. 
113.3B). Currently available breast implants include a range of 
options, including variations in shape (round vs. “anatomic” 
or teardrop configurations), fill material (silicone gel vs. saline), 
and surface configuration (smooth vs. textured envelopes). The 
relative advantages and disadvantages of these options are dis¬ 
cussed in the Breast Augmentation section later in this chapter. 
As the most common option for postmastectomy reconstruc¬ 
tion in the United States, the expander-implant approach 
offers several advantages. The surgical procedures associated 
with this approach usually are relatively brief (often 1 hour or 
less) and are technically straightforward. Particularly when 
employed in concert with procedures on the contralateral 
breast (i.e., breast reduction, mastopexy, or augmentation), 
resulting symmetry and aesthetic outcomes are relatively good. 

Patients considering implant reconstruction should also be 
mindful of the disadvantages of these procedures. The 
expander-implant approach usually requires two surgical pro¬ 
cedures, multiple visits for expansion, and approximately 4 to 
6 months to complete. For patients eager to return to a normal 
lifestyle following breast cancer treatment, this delay can be 
particularly frustrating. In addition, tissue expanders and 
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FIGURE 113.3. Expander-implant reconstruction. 
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reconstructive implants have been associated with a number of 
complications. Early in the postoperative period, these devices 
may be troubled by delays in wound healing, at times resulting 
in implant exposure and requiring explantation. Implant infec¬ 
tions also may necessitate removal of the prosthetic device. 
Late complications include expander or implant leakage. Also, 
the development of excessive scar tissue surrounding the 
implant (termed a capsular contracture ) can produce a hard, 
painful, or deformed breast requiring surgical revision. 

Q Autogenous Tissue Reconstruction. A variety of autogenous 
(natural) tissue options have been described for postmastec¬ 
tomy breast reconstruction. Currently, the most commonly 
performed of these procedures is the TRAM flap. Originally 
popularized by Hartrampf et al., 30 the TRAM flap is most 
commonly performed as a pedicle muscle flap; that is, the 
transferred rectus muscle is left partially attached to the costal 
margin, preserving the superior epigastric artery and vein as 
the flap’s blood supply (Fig. 113.4A, B). In pedicle TRAM 
reconstruction, the rectus muscle serves as the vascular carrier 
for a large ellipse of lower abdominal skin and fat. These tissues 
are tunneled subcutaneously into the mastectomy defect, where 
they are sculpted into the desired breast size and shape. Mean¬ 
while, the abdominal donor site is closed by reapproximating 
the anterior rectus sheath and by advancing the remaining 
superior skin edge of the donor site as a modified abdomino¬ 
plasty (Fig. 113.4C). 

Pedicle TRAM reconstruction offers several benefits. 
Because the TRAM flap usually provides a generous amount of 


lower abdominal adipose tissue for breast bulk, implants are 
rarely needed with this approach. The TRAM flap can be inset 
and sculpted in a virtually infinite number of ways, giving the 
reconstructive surgeon considerable latitude in the creation of 
breast shapes and sizes. Furthermore, in contrast to implant 
approaches, TRAM reconstruction is a one-stage technique, 
requiring only a single surgery to recreate the breast mound. 
An additional advantage of TRAM flaps is their tendency to 
gain or lose volume in association with weight changes and 
body mass, thereby maintaining better symmetry than implant 
reconstructions over time. Among reconstructive surgeons, 
there appears to be a growing consensus that TRAM flaps pro¬ 
duce superior aesthetic results compared with other techniques. 

Despite these advantages, TRAM flaps also are associated 
with several disadvantages. Compared with implant approaches, 
TRAM reconstruction requires longer operations, hospitaliza¬ 
tions, and recovery times. Furthermore, TRAM procedures 
can produce a range of complications, including partial and 
total flap loss as a result of vascular compromise of the trans¬ 
ferred tissue. Also, occurrences of postoperative abdominal 
hernias or (more commonly) abdominal wall laxity remain 
persistent issues for some patients choosing TRAM recon¬ 
struction. 38 

Although the pedicle TRAM flap is the most frequently 
employed option for autogenous tissue breast reconstruction, 
free tissue transfer has received growing attention as a poten¬ 
tially useful technique for recreating the breast mound. In 
particular, the free TRAM flap has been promoted by Kroll 
and Baldwin, 39 Grotting et al., 40 and Allen and Treece 41 as 
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FIGURE 113.4. Transverse rectus abdominis myocutaneous (TRAM) flap 
reconstruction. 
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FIGURE 113.5. Free transverse rectus abdominis myocutaneous 
(TRAM) flap reconstruction. 


producing superior results compared with the pedicle version 
of the flap. With the free TRAM flap, a lower abdominal seg¬ 
ment of skin and fat is harvested based on the deep inferior 
epigastric artery and vein. A small island of rectus abdominis 
muscle also is included with the flap, mainly to facilitate inclu¬ 
sion of small perforating vessels that travel from the deep infe¬ 
rior epigastric artery and vein into the overlying skin and fat 
(Fig. 113.5). Using microsurgical techniques, the flap’s vascu¬ 
lar pedicle is then anastomosed to recipient vessels (usually the 
thoracodorsal, subscapular, or internal mammary vessels) 
adjacent to the mastectomy site. In the views of Grotting et 
al. 40 and other investigators, 29 free TRAM flaps offer the 
potential advantages of greater flap reliability, superior aes¬ 
thetics, and preservation of abdominal wall integrity. 

Allen and Treece 41 and Allen and Tucker 42 have taken the 
free TRAM flap a step further with their development of the 
deep inferior epigastric perforator flap: by meticulously dis¬ 
secting vascular perforators from the deep inferior epigastric 
pedicle into the overlying abdominal fat, these investigators 
have been able to avoid removal of any rectus abdominis mus¬ 
cle with free TRAM harvest, thereby minimizing disruption of 
abdominal wall structures. 41 The free perforator flap concept 
also has been applied to other donor sites for breast recon¬ 
struction, most notably the superior gluteal artery perforator 
flap. 42,43 Although they appear to avoid the functional deficits 
associated with muscle flap harvest, perforator flaps (like all 
free tissue transfers) entail long, technically difficult operations 
requiring special facilities, equipment, and expertise. Also, 
because the blood supply for the entire flap depends on two or 
three microsurgical anastomoses (each usually involving vessels 
no more than 2 to 3 mm in diameter), there is the potential for 
complete flap loss in the event of anastomotic thrombosis. 

“Hybrid” Breast Reconstruction Techniques. As an addi¬ 
tional alternative for breast reconstruction, flaps can be used 
in concert with saline or silicone gel implants. Most com¬ 
monly, the ipsilateral latissimus dorsi and a segment of overly¬ 
ing skin are harvested as a musculocutaneous pedicle flap and 
are tunneled anteriorly into the mastectomy defect (Fig. 
113.6A-C). Although the latissimus dorsi and its associated 
skin island constitute an extremely reliable flap when used for 
wound coverage, this approach usually provides insufficient 



FIGURE 113.6. Latissimus dorsi flap reconstruction. 


bulk for breast volume. Tissue expanders or implants are often 
used to address this volume deficiency. The combination of a 
latissimus dorsi flap and tissue expansion may be particularly 
appropriate for cases in which the remaining mastectomy skin 
is of insufficient quality or quantity to tolerate tissue expan¬ 
sion. Following transfer and expansion of a latissimus dorsi 
musculocutaneous flap, an appropriately sized breast implant 
usually can be safely placed in a secondary operation. 

From 1994 to 2000, the Michigan Breast Reconstruction 
Outcome Study evaluated long-term results in women under¬ 
going expander-implant, pedicle TRAM, and free TRAM pro¬ 
cedures in 12 centers across the United States. A variety of out¬ 
comes were assessed, including complications. Table 113.5 
summarizes the complications by procedure type. 44 

Nipple-Areolar Reconstruction. Reconstruction of the nipple- 
areolar complex (NAC) can be accomplished at the conclusion 
of breast mound reconstruction or at a later date. Following 
recreation of the mound, many surgeons prefer to allow several 
months for tissue healing and settling before proceeding with 
nipple-areolar reconstruction. To recreate the papule, common 
options usually rely on local skin flaps or a segment of redun¬ 
dant contralateral papule. For the areola, a full-thickness skin 
graft or tattooing of the surrounding skin can be used. 

Breast Reduction (Reduction Mammaplasty). Because 
reduction mammaplasty is intended to alleviate functional prob¬ 
lems and symptoms of macromastia, this procedure is consid¬ 
ered a reconstructive rather than an aesthetic operation. In gen¬ 
eral, appropriate candidates for reduction mammaplasty are 
women with macromastia and associated back, neck, or shoul¬ 
der pain; limitations in daily work or recreational activities; or 
difficulties obtaining proper fit in bras or other clothing. 
Although reduction mammaplasty usually is a covered benefit by 
most health care payers, patients’ symptomatic and functional 
concerns must be carefully assessed and documented before pro¬ 
ceeding with surgery. As noted earlier in this section, patients’ 
preferences and expectations regarding postoperative breast size, 
shape, and functional results should also be carefully evaluated. 


SURGICAL SPECIALITIES 













2050 Part Two: Surgical Practice 


1 TABLE 1 13.5 





CLASSIFICATION 1 

MICHIGAN BREAST RECONSTRUCTION 

■ COMPLICATION 

STUDY FREQUENCY OF COMPLICATIONS BY TYPE OF RECONSTRUCTION 

■ TOTAL PATIENTS: 325 


■ IMPLANTS 
(n = 79) 

■ PEDICLE TRAM 

FLAPS (n = 179) 

■ FREE TRAM FLAPS 
(n = 67) 

No. 

% 

No. 

% 

No. 

% 

Back pain 

1 

1.3 

4 

2.2 

4 

6.0 

Hernia/abdominal wall laxity 

— 


14 

7.8 

8 

11.9 

Lymphedema 

3 

3.8 

10 

5.6 

3 

4.5 

Capsular contracture 

12 

15.2 

— 


— 


Implant shift 

1 

1.3 

— 


— 


Wound dehiscence 

3 

3.8 

10 

5.6 

1 

1.5 

Partial flap loss (fat necrosis) 

5 

6.3 

29 

16.2 

10 

14.9 

Total flap loss 

0 


2 

1.1 

1 

1.5 

Anastomotic thrombosis 

— 


— 


4 

6.0 

Implant failure 

3 

3.8 

— 


— 


Infection 

28 

35.4 

21 

11.7 

12 

17.9 

Clostridium difficile colitis 

0 


1 

0.5 

0 


Hematoma/seroma of the breast 

4 

5.1 

7 

3.9 

6 

9.0 

Hematoma/seroma of the abdomen 

— 


7 

3.9 

3 

4.5 

Abdominal wall necrosis 

— 


3 

1.7 

0 


Cardiac/pulmonary complications 

1 

1.3 

6 

3.4 

6 

9.0 


TRAM, transverse rectus abdominis myocutaneous. 


Although a variety of approaches have been described for 
breast reduction, common surgical options share a number of 
characteristics. Most techniques of breast reduction resect 
both breast parenchyma and redundant skin. Also, reduction 
procedures generally reposition the NAC to a more superior 
point on the breast mound. To maintain nipple viability and 
sensation, the NAC usually is mobilized as part of a pedicle of 
breast parenchyma or dermis. Following dissection of the nip¬ 
ple pedicle and reduction of the surrounding breast skin and 
parenchyma, the pedicle is transferred superiorly with its vas¬ 
cular and neural supplies intact, while the remaining breast is 
reapproximated around the nipple pedicle. 

In categorizing reduction mammaplasty techniques, surgi¬ 
cal options often are described in terms of the nipple pedicle 
design. For example, the most common approaches rely on an 


inferiorly or centrally based dermal-parenchymal pedicle to 
maintain vascular and nerve supplies to the NAC (Figs. 
113.7A-C and 113.8A-C). 45-47 In designing skin incisions, 
traditional methods of reduction often have incorporated a 
modification of a pattern originally described by Wise. 48 While 
allowing considerable flexibility in resection of redundant 
breast skin, the modified Wise pattern produces an inverted T- 
shaped scar, the inferior portion of which runs along the infra¬ 
mammary fold (IMF). In an effort to eliminate the IMF scar, 
Lejour 49 and Hammond 50 have described a vertical scar reduc¬ 
tion mammaplasty. 

Prospective outcome analysis of women undergoing reduc¬ 
tion mammaplasty indicate that this surgical intervention pro¬ 
duces considerable improvements in somatic pain and in func¬ 
tional status. 51,52 However, patients and providers also should 
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FIGURE 113.7. Inferior pedicle technique for reduction mammaplasty. 
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be aware of the potential risks associated with reduction. Com¬ 
plications reported with these procedures include instances of 
nipple or skin loss, changes in levels of nipple sensation, hyper¬ 
trophic scarring or keloid formation, contour deformities, and 
breast asymmetry. 


Aesthetic Breast Surgery 

Breast Augmentation (Augmentation Mammaplasty). 

Augmentation or breast enlargement is one of the most com¬ 
monly performed aesthetic procedures. Evaluation of patients 
seeking breast augmentation should follow the guidelines 
described earlier. Particular attention should be focused on 
thoroughly assessing several factors, including patient prefer¬ 
ences for postoperative breast size and shape, history of breast 
disease, and physical findings. The preoperative examination 
should evaluate and document any possible breast masses as 
well as existing breast size, asymmetries, and contour deficits. 

In planning augmentation mammaplasty, a variety of 
approaches and options are available. Decisions regarding 
these choices are best reached in consultation with the patient. 
Implants can be placed through a variety of incisions including 
periareolar, inframammary fold, and transaxillary approaches. 
With the advent of endoscopic techniques in recent years, 
transaxillary augmentation now can be carried out with direct 
visualization of the implant pocket. This latter approach com¬ 
monly produces excellent aesthetic results with minimal visible 
skin scarring. 

Location of the implant pocket is another critical decision 
in augmentation mammaplasty. Implants can be placed ante¬ 
rior to the pectoralis major muscle (“subglandular” location) 
or posterior to the muscle (“subpectoral” location). Subglan¬ 
dular placement usually results in less postoperative pain, but 
a submuscular implant location may produce lower rates of 
capsular contracture 53 and may pose fewer difficulties in 
obtaining subsequent mammograms. 54 

Several choices also exist in selection of implant types. 
Since the mid-1990s, many surgeons have relied on the use of 


implants with textured surfaces to reduce capsular contracture 
rates. Although textured surfaces appear to lessen scar tissue 
contracture, 55 some patients and surgeons assert that, com¬ 
pared with the smooth-walled envelope, the thicker, less pli¬ 
able textured envelope gives the augmented breast a less nat¬ 
ural appearance and feel. With the recent reintroduction of 
silicone gel-filled implants under research protocols in selected 
centers, patients and providers also have a choice of implant 
fill materials. Although gel implants may produce aesthetically 
superior results compared with saline implants in some 
patients, diagnosis and surgical treatment of implant rupture 
may be more challenging with gel devices. 

Whatever options are chosen for breast augmentation, sur¬ 
geons should clearly communicate with patients about the 
potential risks of these procedures. The most commonly 
reported complications include implant rupture, capsular con¬ 
tracture, implant infection, contour deformities, and breast 
asymmetries. 56 Despite the potential for local complications, 
there currently is no substantial evidence that silicone gel filler 
material or implant envelopes are associated with increased 
risk for systemic disease. At this writing, concerns voiced in 
the early 1990s about adverse “health effects” of silicone 
breast implants appear to be unfounded. 57 

Mastopexy. Mastopexy (or “breast lift”) describes a cate¬ 
gory of surgical procedures designed to address redundancy or 
laxity of the breast’s skin envelope, a condition termed ptosis 
of the breast. Breast ptosis can be classified as mild, moderate, 
or severe, depending on the location of the NAC relative to 
the inframammary fold (Fig. 113.9). Ptosis occurs when an 
imbalance exists between the volume of breast parenchyma 
and the quantity of overlying skin. Mastopexy procedures 
usually reduce ptosis by removing redundant breast skin and 
by relocating the NAC to a more superior position. These 
goals can be achieved through a variety of skin incisions and 
excisions, many of which closely resemble techniques 
described earlier for reduction mammaplasty. Fundamentally, 
mastopexy differs from breast reduction in that mastopexy 
removes redundant skin while leaving most or all of the breast 
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FIGURE 113.9. A: Mild ptosis. B: Moderate ptosis. C: Severe ptosis. 


parenchyma. Approaches to mastopexy range from minimal 
periareolar techniques to more extensive skin resections using 
more extensive vertical incisions (Fig. 113.10A, B). As always, 
patients considering this procedure must weigh the potential 
benefits of mastopexy (most notably, diminished ptosis) with 
the disadvantages (scars and risks of complications) associated 
with the operation. Although relatively rare, the potential 
complications of mastopexy closely parallel those described 
for reduction mammaplasty. 


RECONSTRUCTIVE 
SURGERY OF THE HAND 


Advances in plastic surgery have improved our ability to recon¬ 
struct hands that have been mutilated by trauma, destroyed by 
arthritic diseases, or impaired by congenital conditions. Inno¬ 
vations in microvascular techniques, wound management, and 
rigid fracture fixation have expanded the capabilities of plastic 


surgeons by allowing them to borrow tissues from other parts 
of the body and use them to reconstruct complex defects in the 
upper extremity in a single procedure. These innovations pro¬ 
vide limitless technical possibilities for the restoration of hand 
function and the eventual return of patients as productive 
members of society. The following sections highlight the tech¬ 
nical aspects of hand reconstruction and discuss indications for 
and applications of these techniques. 


Trauma 

Replantation. Since the first successful finger replantation 
by Komatsu and Tamai 58 in 1968, replantation surgery has 
flourished throughout the world. Thirty years of experience 
with replantation surgery has improved our understanding of 
this procedure and has resulted in the development of indica¬ 
tion guidelines to ensure that replanted upper extremity parts 
Q not only survive but also have acceptable function. The 
absolute indications for replantation (i.e., situations in which 
replantation should always be attempted) are (a) thumb 
amputation, (b) multiple finger amputations, (c) pediatric 
population amputations, and (d) midhand, wrist, or distal 
forearm amputations. The absolute contraindications for 
replantation are (a) associated life-threatening injuries; (b) 
multiple-level injury in the amputated part, causing injuries 
along the vessels and preventing blood flow into the 
replanted part; and (c) severe contamination of the part, 
which carries a high probability of systemic infection if 
replanted. There are other situations in which the benefit of 
replantation is debatable because outcome data are not avail¬ 
able. For example, single finger amputation at zone II (a tight 
fibro-osseous tunnel extending from the insertion of the 
superficialis tendon at the middle phalange to the first annu¬ 
lar pulley) is generally not recommended. Tendon adhesion 
after zone II replantation may result in a stiff finger, which 
can interfere with the overall performance of the hand. On 
the other hand, single-finger amputation at zone I (distal to 
the superficialis insertion) is often recommended (Fig. 
113.11). A stiff distal interphalangeal joint generally does 
not cause much impairment, and nerve regeneration to the 
replanted part is quite rapid because of the short distance to 
the terminal sensory organs. Furthermore, the aesthetic 
appearance of zone I replantation is far superior to that of an 
amputation stump. In the future, the use of patient-related 
outcome instruments and an increased body of replantation 
experience among centers will help to define the utility of 
various digit replantation procedures. 



FIGURE 113.10. Mastopexy procedures. (Redrawn from Bostwick J. Plastic and Reconstructive Breast Surgery. St. Louis, MO: Quality Med¬ 
ical Publishing; 1990.) 
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FIGURE 113.11. A: Amputation of the index finger at zone 1 in a mechanic. The patient requested replantation because his work 
requires fine manipulative tasks. B: Successful replantation with good aesthetic outcome and function. 


Toe Transfer 


When finger replantation is not possible or not successful, 
patients are left with significant functional loss. Disability is 
most severe when the thumb has been amputated at or proxi¬ 
mal to the metacarpophalangeal joint or when all of the fingers 
have been amputated in machine injuries. In these cases, toe 
transfer to the hand is an effective procedure in restoring grasp 
and pinch function. Although a prosthesis is available to 
mimic the thumb, lack of sensation is a major drawback and 
often leads to disuse of the prosthesis. For a patient who has 
had a thumb amputation at or proximal to the metacarpopha¬ 
langeal joint, big toe or second toe transfer to the thumb can 
create a sensate digit that will oppose to the other fingers. Big toe 
transfer is advantageous because it provides a broad contact 
surface and closely resembles the shape of the thumb, particu¬ 
larly when the big toe is trimmed and sculptured to match the 
size of the thumb. However, the disadvantage of the big toe 
transfer is the conspicuous donor site appearance in the foot 
and potential gait problems with foot push-off if the head of 
the first metatarsal is taken along with the big toe. For these 
reasons, the second toe has become the preferred method of 
transfer in some centers (Fig. 113.12). The disadvantage of the 
second toe transfer procedure is the slender appearance of the 
digit as compared to the original thumb, but the donor site 
appearance is quite acceptable. A recent outcome study, using 
objective physical measurements and validated outcome ques¬ 
tionnaires, demonstrated that toe-to-thumb transfer is an 
effective procedure in restoring hand function. 59 In addition, 
patients did not complain of gait difficulty after either big toe 
or second toe transfer. 

One of the most complex problems in hand surgery is the 
reconstruction of a hand without digits. To create a new hand 
capable of tripod pinch, plastic surgeons can transfer multiple 
toes from both feet to the hand (Fig. 113.13). This type of 
reconstruction can restore function to an otherwise useless 


hand and has allowed two farmers who were treated at one 
center to return to heavy farm labor. 


Complex Hand Injuries 

Although crush injuries to the hand are common, injuries associ¬ 
ated with sufficient force to disrupt the structural integrity of the 
wrist and to sever the blood supply to the hand are uncommon 
events (Fig. 113.14). Because multiple structures are traumatized 
in injuries of this kind, a systematic treatment approach is 
important in salvaging the hand and in restoring its function. 
Crucial steps in the management of this injury are (a) ruling out 
other injuries, (b) aggressive debridement, (c) skeletal fixation, 
(d) decompression of fascial compartments in the hand, (e) 
revascularization, (f) tendon repair, (g) nerve repair, and (h) early 
soft tissue coverage (within 1 week of injury) (Table 113.6). 

Excluding Other Injuries. In devastating trauma, atten¬ 
tion is often focused on the obvious injury, and injuries to 
other organ systems may be ignored. In a review of 1,100 
patients referred for emergent microsurgery over a 7-year 


TABLE 113.6 COMPLICATIONS 


COMPLICATIONS OF TREATMENT OF COMPLEX 
HAND INJURIES 

Inadequate debridement of contaminated tissue 

Poor fixation technique for bone injuries 

Postponement of soft tissue coverage, over 1 wk after injury 

Free-flap pedicle anastomosis within the zone of injury 

Delay in hand therapy 
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FIGURE 113.12. A: Second-toe transfer for thumb reconstruction in a carpenter. He sustained a thumb amputation at the 
metacarpophalangeal joint while using a saw at work. B: Good function with restoration of fine pinch. The patient returned to 
work as a carpenter 3 months after the toe reconstruction. 



FIGURE 113.13. A: A farmer who lost all his fingers when he was injured by a corn picker. A groin skin flap was used to cover the exposed 
metacarpal heads. B: A second toe was removed from one foot to reconstruct the thumb, and the second and third toes were removed together 
from the other foot to reconstruct the fingers. Note the good opposition of the thumb and acceptable flexion of the digits. The patient returned to 
work on his dairy farm after the hand reconstruction. 
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FIGURE 113.14. A: Accidental shotgun blast injury in a 16-year-old boy. Both the radial and ulnar arteries were 
ruptured, and the hand was ischemic. The wrist was destroyed, and multiple tendons and nerves were severed. 
B: Volar wrist wound. Markings show incision lines for ulnar artery exposure. 


period, investigators found nine cases (0.8%) of unrecognized 
life-threatening injuries that required abandonment of the 
microsurgical procedures. 60 Therefore, systematic trauma 
evaluation and ruling out other associated injuries should pre¬ 
cede treatment of the hand injury. 

Debridement. Severe crush and blast injuries are associated 
with large zones of injury, and the wounds may be contami¬ 
nated with foreign materials such as grease or paint, as in 
printing-press injuries. In these cases, aggressive debridement 
is important in preventing infection. Except for critical struc¬ 
tures that include nerves and tendons, all devitalized soft tis¬ 
sues and bone fragments must be excised. The concept of rad¬ 
ical debridement has been shown to decrease wound infection 
and improve the success of microvascular reconstruction. 61 

Skeletal Fixation. After debridement, the next priority is to 
stabilize the wrist and to rigidly fix hand fractures. A stable 
wrist provides a platform for repairing other injured struc¬ 
tures. If the crush injury is associated with comminuted frac¬ 
tures of multiple carpal bones and rupture of the intercarpal 
ligaments, wrist fusion may be the best option because it is 
often impossible to reconstitute the normal anatomy of the 
distal and proximal carpal rows in the face of severe com¬ 
minution of the carpal bones. To avoid possible bone graft 
contamination with primary wrist fusion, external fixators are 
placed for provisional fixation during the initial debridement. 
Definitive wrist fusion with bone grafting is performed after 
adequate debridements and during the flap coverage proce¬ 
dure. Two 2.7-mm fixator pins are placed through an incision 
along the radial index metacarpal, and two proximal 3.5-mm 
pins are placed into the radius using an incision along the 
radial border of the distal radius, between the brachioradialis 
and the extensor carpi radialis longus. The superficial radial 
nerve, which lies under the brachioradialis, is dissected free 
and retracted away from the pins. External fixator rods are 


then secured to the pins with nuts and screws. If the wound is 
clean during the second-look procedure at 24 or 48 hours, 
total wrist fusion is then undertaken (Fig. 113.15). Otherwise, 
the external fixator is left in place until the wound is suitable 
for fusion using internal plating and cancellous bone grafts. 
This stable skeletal fixation allows early hand therapy, usually 
instituted on postinjury day 7 when tissue edema is subsiding. 

Revascularization. In a crush injury of the wrist, the zone 
of injury can be extensive. Use of vein grafts is essential in per¬ 
forming the arterial anastomosis away from the zone of injury. 
The ulnar artery is chosen for repair because it is the dominant 
artery in most patients and because it can be exposed readily 
in the hypothenar area. If the ulnar artery is contused in the 
palm, distal anastomosis can be performed to the superficial 
palmar arch. Because soft tissue bridges are often present, 
venous outflow is not a problem and venous anastomosis is 
not necessary. 

Decompression of Fascial Compartments. Increased 
edema associated with crush injuries often raises the compart- 
mental pressures in the intrinsic muscle compartments and in 
the carpal tunnel. Prior reviews have shown a high incidence 
of ischemia and resultant fibrosis of the intrinsic muscles fol¬ 
lowing crushing trauma to the hand. 62 Consequently, surgeons 
perform prophylactic carpal tunnel releases and intrinsic mus¬ 
cle decompressions in severe crush injuries of this kind. 

Soft Tissue Coverage. After aggressive debridement, a soft 
tissue defect is often present around the wrist. A split-thickness 
autograft is placed over the vein graft to prevent desiccation. 
Other open wounds can be covered temporarily with homo¬ 
grafts. If wrist fusion is undertaken during the second-look 
procedure, primary wound closure can be achieved. For resid¬ 
ual wound defects, split-thickness autografts are used to cover 
the exposed muscle bellies. However, if tendons or nerves are 
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FIGURE 113.15. A, B: Note destruction of the wrist joint, in addition to comminuted fractures of the distal ulna 
and radius. C: Total wrist fusion was performed 48 hours after the initial injury. 


exposed, coverage with either fasciocutaneous or muscle free 
flaps will allow earlier tendon mobilization and prevent ten¬ 
don adhesions. Definitive early wound coverage is important 
in protecting vital structures and avoiding wound colonization 
with bacteria (Fig. 113.16). 

Nerve Repair. When nerves are crushed, the delineation 
between viable and nonviable nerve fascicles is difficult to 


assess in the acute setting. Therefore, the traditional approach 
is to delay the nerve grafting procedures until 2 or 3 months 
after injury. To prevent retraction of the nerve ends, we suture 
the nerve ends to the surrounding soft tissues. However, sec¬ 
ondary nerve grafting is often difficult because of the amount 
of scar in the wound. One way to deal with this situation is to 
primarily graft the nerve injury at the expense of more aggres¬ 
sive resection of the traumatized nerve ends. 
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FIGURE 113.16. A: A free rectus 
muscle was used for immediate cov¬ 
erage of the reconstructed wrist and 
tendons. B: The hand was salvaged, 
and the patient has acceptable hand 
function after secondary nerve and 
tendon reconstruction. 


In conclusion, rigid skeletal fixation, revascularization 
using vein grafts, and immediate wound coverage are crucial 
factors in successful limb salvage. 


Congenital Anomalies 

Syndactyly. Syndactyly is a condition in which the fingers 
are fused. Syndactyly can be classified as complete or incom¬ 
plete. Complete syndactyly is the union of the digits extending 
to the distal phalanx. Incomplete syndactyly is the union of the 
digits proximal to the distal phalanx but distal to the normal 
webbing at the midproximal phalanx. Syndactyly is further 
categorized as simple or complex. In simple syndactyly, there 
is no bony union between the digits, whereas complex syn¬ 
dactyly includes bony union. 


Typically, syndactyly can be separated when the child is 1 
year of age. Surgery should be performed earlier if syndactyly 
affects the thumb-index finger or ring-little finger web space 
and causes deviation of the shorter digits during growth. 
Separating the fingers requires meticulous design of the skin 
flaps, and the dorsal skin flap is most crucial to creating a 
web space that is not prone to contracture (Fig. 113.17). 
Distally, triangular skin flaps are designed to drape the sides 
of the fingers. A full-thickness skin graft from the groin is 
often required to cover open areas in the fingers. 

Thumb Duplication. Although thumb duplication does 
not often cause a functional problem for the child, the presence 
of this prominent hand malformation can have a significant 
impact on the child’s psychosocial development. Surgery can 
be undertaken when the child is about 2 years old to prevent 



FIGURE 113.17. A: A simple, complete syndactyly in a 1-year-old child. Note the design of the dorsal skin flap to reconstruct the web space and 
the interdigitating distal skin flaps. B: Immediate postoperative photograph of the syndactyly release. 
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FIGURE 113.18. A: Wassel type 3 thumb duplication in a 2-year-old 
child. B: The radial digit was hypoplastic and was removed. C: Intra¬ 
operative picture shows the aesthetically pleasing reconstructed thumb. 


progressive deviation of the thumb during growth. Thumb 
duplication can be classified into seven groups, depending on 
the level of the duplication. Type I consists of a bifid distal 
phalanx, whereas type II is a complete duplication of the distal 
phalanx. Types III and IV involve the proximal phalanx, and 
types V and VI involve the metacarpal. Type VII is a tripha¬ 
langeal thumb or a thumb with three phalanges. Usually the 
radial, less developed thumb is removed. Retention of the 
ulnar thumb has the added advantage of preserving the impor¬ 
tant stabilizing ulnar collateral ligament. The surgery requires 
a delicate reconstruction of the bone, ligament, and tendon 
structures to sculpture the remaining thumb as normally as 
possible (Fig. 113.18). After the immediate postsurgical 
period, these patients are followed once a year to evaluate 
potential growth abnormality. 

Hypoplasia and Aplasia of the Thumb. The thumb 
contributes about 50% of hand function and is important in 
pinch and grip. Reconstruction of the underdeveloped thumb 
is critical in improving hand function for the child. Hypopla¬ 
sia of the thumb can be classified into five grades, and treat¬ 
ment options are often based on this classification. Grade I 
consists of minor hypoplasia; all components of the thumb 
are present, but the thumb is smaller than normal. Grade II 
consists of adduction contracture of the first web space and 
laxity of the ulnar collateral ligament at the metacarpopha¬ 
langeal joint; the thenar musculature is hypoplastic but the 
skeletal framework of the thumb is normal. Grade III includes 
severe hypoplasia of the thumb with absent intrinsic muscles 


and underdeveloped extrinsic tendons; the skeletal frame¬ 
work is hypoplastic and the carpometacarpal joint is vestigial. 
Grade IV is characterized by a floating, nonfunctional thumb 
(pouce flottant), with soft tissue attachment of the thumb at 
the metacarpophalangeal joint of the index finger. Grade V is 
defined by total absence of the thumb. Grade I hypoplasia 
does not require treatment and grades III, IV, and V require 
index pollicization (reconstructing a thumb using the index 
finger) for optimal function (Fig. 113.19). In grade II, the 
thumb can be reconstructed by using a combination of ten¬ 
don, joint, and soft tissue procedures. 


Rheumatoid Arthritis 


Rheumatoid arthritis (RA) is a crippling disease that severely 
affects the quality of life for millions of Americans. RA is pos¬ 
tulated to be an autoimmune disease mediated by inflamma¬ 
tory cells that attack the synovial tissues in the body. Persistent 
synovitis in the joints causes erosion of the articular surfaces 
and disrupts their soft tissue supports. 

Because the hand is often damaged by RA, effective surgi¬ 
cal treatment of hand deformities can improve patient func¬ 
tion and restore independence. The goals of surgery for the 
rheumatoid hand include (a) pain control, (b) improvement or 
restoration of function, (c) prevention of disease progression, 
and (d) aesthetic improvement. To accomplish these goals, the 
surgeon must have good rapport with both the rheumatologist 
and the patient as priorities of treatment are determined. By 
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FIGURE 113.19. A: Absence of a thumb in a 2-year-old child. Note the 
floating thumb attached to the index finger. B: Immediate appearance in 
the operating room after pollicization. C: Three months after index pol- 
licization, the child is able to use the new thumb for grasp and fine 
pinch. 


listening to patients with RA describe their impairments and 
their goals, the surgeon can gain insight into the surgical plan 
that will offer the patient the most benefit. 

Surgical treatment can be classified as preventive, corrective, 
or salvage. 63 Preventive procedures include tenosynovectomy 
to avoid tendon rupture and synovectomy to ameliorate ongo¬ 
ing joint destruction from erosive synovitis in the joints. Cor¬ 
rective procedures include tendon transfers for tendon ruptures 
and nerve decompression for carpal tunnel syndrome. Salvage 
procedures consist of joint arthroplasty and joint fusion. 

A common hand deformity in RA consists of subluxation 
and ulnar deviation of the fingers at the level of the metacar¬ 
pophalangeal joints (MPJs) (Fig. 113.20). Synovitis at the 
MPJs distends the joints and attenuates the supporting liga¬ 
ments. Wrist destruction in RA contributes to the radial devi¬ 
ation of the metacarpals, which accentuates the ulnar devia¬ 
tion of the fingers. With progressive MPJ disease, patients have 
great difficulty opening their hands because of subluxation of 
the MPJs and difficulty with fine pinch because of the ulnar 
deviation of the fingers. In addition to pain at the MPJs sec¬ 
ondary to their worn articular surfaces, RA patients often 
complain of the aesthetic appearance of their hands. 

The Swanson metacarpophalangeal joint arthroplasty 
(SMPA) is an effective procedure that will meet all four goals 
of RA surgery. By replacing the arthritic joints with prosthetic 
spacers and realigning the soft tissue envelope around the 
MPJs, surgeons are able to markedly improve function and 
enhance the aesthetic appearance of RA hands. A recent sys¬ 
tematic overview of the world’s literature on this procedure 
showed that SMPA is an effective procedure in improving the 
health-related quality of life for RA patients. 64 


AESTHETIC SURGERY 


Plastic and reconstructive surgery is a discipline that adapts 
broad surgical principles to a multitude of unique clinical 
problems by altering form and function. Plastic surgery not 
only restores physical function but also enhances a patient’s 



FIGURE 113.20. Severe destruction of the metacarpophalangeal 
joints with ulnar deviation of the fingers of the left hand. Note restora¬ 
tion of normal finger alignment of the right hand after Swanson 
metacarpophalangeal joint arthroplasty. 
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body image and self-esteem. In no other area of surgery is this 
more true than in aesthetic surgery. A blepharoplasty may not 
only improve the appearance of baggy, tired eyes but also may 
treat visual field defects caused by eyelid ptosis or bleph- 
arochalasis. A rhinoplasty can improve the outward appear¬ 
ance of a nose as well as nasal airflow and breathing. 

Aesthetic surgery requires meticulous attention to detail, 
careful patient selection, rigorous procedural planning, and pre¬ 
cise execution of technically challenging procedures. If patients 
are carefully selected and their goals are realistic, then the 
chances for a successful outcome are good. However, if patients 
are poorly selected or they have unrealistic goals, then a techni¬ 
cally successful operation with an aesthetically pleasing outcome 
may be a dismal failure in the eyes of the patient. The aesthetic 
surgeon must not only diagnose the clinical deformity but also 
carefully evaluate the patient’s expectations and motivations 
for surgery. Through the application of sound surgical princi¬ 
ples and technical expertise, the aesthetic surgeon can experi¬ 
ence lifelong career and personal satisfaction. 


Cosmetic Procedures for the Head and Neck 

Brow Lift. Brow ptosis is a natural consequence of the biologic 
process of aging. If left uncorrected, patients can appear angry, 
tired, or older than their chronologic age. If severe, brow ptosis 
may cause visual field obstruction on upward gaze; correction of 
this deformity can produce dramatic functional and aesthetic 
improvements. Patients frequently present with the complaint of 
looking tired or angry and request a blepharoplasty. In many 
cases, the etiology of their complaint is brow ptosis rather than 
upper eyelid ptosis or blepharochalasis. These patients will 
require a brow lift alone, or in combination with a blepharo¬ 
plasty, to correct their functional and aesthetic concerns. 

Correction of brow ptosis can be achieved with either an open 
or endoscopic approach. The traditional open approach requires 
a transcoronal incision with resection of excess scalp or forehead. 
Unfortunately, this approach results in a long scar, potential scar 
alopecia, and anesthesia of the scalp and forehead. In addition, an 
open brow lift in male patients with a receding hairline requires 
resection of hair-bearing scalp, which is an undesirable outcome. 
To reduce these complications, the endoscopic brow lift was 
developed and has become the primary approach for repair of 
brow ptosis. 54 The endoscopic brow lift requires only three to five 
1-cm incisions behind the hairline to gain access to the forehead 
and glabellar rhytids, producing less of an aesthetic deformity 
and limiting the amount of scarring. There is also evidence to sug¬ 
gest that the endoscopic approach produces a more lasting result 
than the traditional approach. 55 Lastly, it has been reported that 
anesthesia of the forehead and scalp is significantly reduced when 
an endoscopic approach is utilized for correction of brow ptosis, 
as compared to an open, transcoronal approach. 

Endoscopic and open brow lifts may be performed under 
local or general anesthesia. Patients are marked preoperatively in 
the upright position. The desired brow position is at the level of 
the orbital rim in male patients and 1 cm above the orbital rim in 
female patients. The position of the brow in relation to the 
supraorbital rim changes from medial to lateral; the lateral brow 
should be more elevated than the medial brow. During an open 
brow lift, a coronal incision is made and the entire forehead is 
mobilized in a subgaleal or subperiosteal plane down to the 
orbital rim. The supraorbital and supratrochlear nerves are dis¬ 
sected free of surrounding tissues and preserved. The corrugator 
and procerus muscles are resected if prominent glabellar rhytids 
are present. Excessive resection of the corrugator muscles will 
result in widening of the eyebrows in the midline. The perios¬ 
teum is released at the level of the supraorbital rim when a sub¬ 
periosteal plane is utilized for mobilization of the forehead; the 
dissection is carried down to the level of the supraorbital rim 
when a subgaleal plane is used for forehead mobilization. The 
forehead is then elevated and redraped posteriorly, the redun¬ 


dant scalp is resected, and the wound is closed. In an endoscopic 
brow lift, incisions are made within the hair-bearing scalp at the 
midpupillary line and over the temporal fossa. The entire fore¬ 
head flap is elevated under endoscopic guidance, the procerus 
and corrugator muscles are resected as necessary, and the fore¬ 
head is retracted posteriorly. The forehead is then secured into its 
new position. Various methods of forehead fixation have been 
described including absorbable and nonabsorbable plates, 
screws, multipronged anchors, and cortical tunnels. 65,66 

Postoperatively, patients are instructed to avoid vigorous 
physical exercise for at least 6 weeks. Bruising and swelling are 
anticipated for the first 2 to 3 weeks following the procedure. 
The final result is not expected for at least 6 to 8 weeks fol¬ 
lowing the procedure. 

Rhytidectomy. The deleterious effects of aging, gravity, sun 
exposure, and smoking are particularly evident on the face. 
Ultraviolet radiation and tobacco use produce fine facial wrin¬ 
kling and skin laxity as a result of the loss of skin elasticity. 
Aging and gravity result in gradual relaxation of the facial 
retaining ligaments producing midfacial ptosis, deepened 
nasolabial folds, “jowling” along the mandibular border, and 
redundancy of cervical skin. 67 Old family photographs and dri¬ 
ver license photographs are constant reminders of a more 
youthful appearance with high cheekbones, a sharp mandibu¬ 
lar border, and smooth skin. However, as the aging process 
marches on, patients may lose self-confidence and self-esteem 
in social, political, and business situations, encouraging them 
to seek facial rejuvenation surgery. If the patients are selected 
appropriately and the surgery is carefully planned and exe¬ 
cuted, the results will be gratifying for both patient and 
surgeon. 68 

During the preoperative evaluation, the patient’s expecta¬ 
tions and motivations are carefully evaluated and addressed. 
Surgeons need to be cautious of patients whose concerns about 
their appearance are out of proportion to their physical defor¬ 
mity. Under these circumstances, a perfectly designed and per¬ 
formed operation may still have a dismal outcome in the eyes 
of the patient. 

e> Patients who smoke are at a significantly increased risk for 
developing postoperative complications, including skin flap 
necrosis, infection, or wound dehiscence, and are consequently 
instructed to quit prior to undergoing elective aesthetic surgery. 
Many surgeons will refuse to perform a cervicofacial rhytidec¬ 
tomy in any patient who is actively smoking or utilizing any prod¬ 
ucts containing nicotine. Urine cotinine levels can be determined 
to confirm whether a patient has been utilizing nicotine in any 
form. Older patients with coexisting medical illnesses are referred 
to a general practitioner for optimization of their medical condi¬ 
tion preoperatively. If the patient is deemed a moderate or high 
risk for general anesthesia because of medical comorbidities, then 
the operation may be postponed until those medical conditions 
are optimized. Occasionally, if the risk of anesthesia is too high 
for a patient, then the operation may need to be cancelled. 

Younger patients (40 to 50 years old) with good skin qual¬ 
ity, mild midfacial ptosis, and early “jowling” may benefit 
from a minimally invasive facelift. This operation is typically 
combined with an endoscopic brow lift to provide upper and 
lower facial rejuvenation with minimal scarring. The opera¬ 
tion is performed under local or general anesthesia. Bilateral 
temporal and superior buccal sulcus incisions are made. The 
temporal fossa dissection is carried down to the level of the 
superficial layer of the deep temporal fascia. Under endoscopic 
guidance, the superficial layer of the deep temporal fascia is 
then incised to expose the temporal fat pad. The dissection 
then proceeds caudally until the zygomatic arch is identified. A 
subperiosteal plane of dissection provides access to the mid¬ 
face while preserving the integrity of the frontal branch of the 
facial nerve. The subperiosteal plane of dissection is continued 
into the midface with care taken to avoid the infraorbital 
nerves. The masseter is mobilized from its lateral attachments. 
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The superior buccal sulcus incisions are made, and a midface 
subperiosteal dissection is performed under both direct visual¬ 
ization and endoscopic guidance. Once the dissection is com¬ 
pleted, the entire midface is suspended in the desired position 
with sutures or specialized anchors spanning from the superfi¬ 
cial layer of the deep temporal fascia to the midface perios¬ 
teum. Symmetry of the suspension is then confirmed and the 
wounds are closed in layers. This technique will nicely correct 
mild midface ptosis, mild jowling, and early nasolabial fold 
prominence. However, this technique will not correct deformi¬ 
ties from significant skin laxity. Under these circumstances, a 
traditional cervicofacial rhytidectomy will be required. 65,69 

In patients who require resection of excess skin, a tradi¬ 
tional rhytidectomy can be performed under local or general 
anesthesia. The skin incision is made over the temporal fossa 4 
to 5 cm cephalad to the root of the helix and extended caudally 
toward the apex of the ear. The incision is then extended ante¬ 
rior to the ear, behind the tragus, around the base of the earlobe 
into the retroauricular sulcus, across the mastoid, and caudally 
along the anterior hairline of the neck. The skin flap is then ele¬ 
vated just superficial to the superficial musculoaponeurotic sys¬ 
tem (SMAS) and platysma. This plane of dissection maintains a 
thin layer of subcutaneous fat on the skin flap to preserve via¬ 
bility while avoiding injury to the facial nerve branches, greater 
auricular nerve, parotid gland, and jugular vein. The flaps are 
elevated medially to the nasolabial fold in the face and to the 
midline in the neck. Occasionally a platysmal diastasis may 
exist, which creates platysmal banding, an obtuse cervicomen- 
tal angle, and a prominent neck. Under these circumstances, a 
platysmal plication may be performed through a 2- to 3-cm 
submental incision to correct the diastasis and improve the 
appearance of the neck. At this point, there are many variations 
in how the remainder of the cervicofacial rhytidectomy is per¬ 
formed with the goal of repositioning all of the tissues that 
have migrated into dependent positions creating facial aging 
changes. The surgeon may simply chose to not perform any 
additional dissection at this point and simply reposition the 
skin, resect the excess skin, and close the incisions. In other 
circumstances, the surgeon may choose to do one of the fol¬ 
lowing: SMAS plication, standard SMAS dissection, extended 
SMAS dissection, or deep plane dissection. These operations 
are all designed to improve control of facial and cervical tight¬ 
ening while reducing the tension on the skin closure. Once the 
dissection of the facial tissues is completed and all planes are 
mobilized optimally, the SMAS and platysma are placed under 
tension and secured to create the desired facial appearance. The 
skin flaps are then redraped posteriorly, the patient is examined 
for symmetry, and a skin resection is performed. Hemostasis is 
obtained through judicious use of bipolar electrocautery. The 
wounds are closed in layers and a pressure dressing is applied. 
Drains are typically used in the face and neck. 70-74 

Postoperatively, the patient is evaluated in the recovery 
room for any evidence of a hematoma or facial nerve injury. It 
is crucial to identify a hematoma early to avoid overlying skin 
necrosis. Facial nerve injuries occur in only 2% to 3% of cases. 
On the first postoperative day, the pressure dressings and 
drains are removed and the patient is examined for evidence of 
a late hematoma, unrecognized facial nerve injury, or compro¬ 
mised skin flap. Patients should expect to have significant 
swelling and bruising for at least 2 weeks following the proce¬ 
dure. The final postoperative result is not realized until approx¬ 
imately 6 months following the procedure (Fig. 113.21). 

Blepharoplasty. Eyelid surgery may be performed to cor¬ 
rect functional or aesthetic deformities. Excessive skin and fat 
of the eyelids can give the patient an angry, aged, or tired look 
and may cause visual field obstruction. Older patients typically 
present with redundant skin and fine wrinkling, whereas 
younger patients commonly complain of persistent bags under 
their eyes or fine wrinkling (“crow’s feet”) at the lateral can- 
thus. Treatment of each clinical entity requires a unique 


approach based on the diagnosis and presentation. 75 All 
patients being evaluated for blepharoplasty require a complete 
ophthalmologic examination preoperatively to evaluate visual 
acuity, upper eyelid ptosis, exophthalmos, lower eyelid laxity, 
and symptoms of “dry” eye. Meticulous attention to detail is 
critical for the successful outcome of blepharoplasty surgery. 66 
If there is lower lid laxity preoperatively, and a standard bleph¬ 
aroplasty is performed, the patient may develop a lower lid 
ectropion postoperatively. Symptoms of dry eye can also be 
significantly worsened by a blepharoplasty. As a result, it is 
critically important to perform a comprehensive evaluation of 
the health of the eye prior to performing any eyelid surgery. 

Once a complete evaluation has been performed and a 
diagnosis has been made, an operative plan can be formulated 
to correct the concerns of the patient. The operation can be 
performed under local or general anesthesia. Older patients 
frequently require skin excisions and removal or repositioning 
of orbital fat. The blepharoplasty incisions are designed pre¬ 
operatively with the patient in the upright position. Local 
anesthesia with epinephrine is then infiltrated for pain control 
and hemostasis. The upper eyelid blepharoplasty then begins 
with an elliptical excision of upper eyelid skin and orbicularis 
oculi muscle. The skin excision is designed based on the 
amount and location of the blepharochalasis. Very rarely will 
a patient require removal of fat from the upper eyelids. Exces¬ 
sive fat resections will produce a “hollowed-out” appearance. 
However, occasionally there may be a substantial amount of 
excess orbital fat in the upper eyelids and conservative fat 
resection may be helpful to achieve the desired postoperative 
outcome. If a fat resection is to be performed, small openings 
are made in the orbital septum to gain access to the two com¬ 
partments of periorbital fat. A conservative fat resection is 
then performed to avoid a postoperative hollowed-out appear¬ 
ance. The skin is then redraped and the wounds are closed in a 
single layer. If an upper lid blepharoplasty is being performed 
in conjunction with a brow lift, the brow lift should be per¬ 
formed first, so that the amount of excess upper eyelid skin can 
be determined after the brow has been elevated. 

The traditional lower eyelid blepharoplasty begins with a 
subciliary incision. A 4- to 5-mm rim of orbicularis oculi is 
then preserved along the lower eyelid margin. The dissection is 
then carried deep to the orbicularis oculi muscle until the 
orbital septum is identified. The orbital septum is then divided 
to gain access to the three compartments of periorbital fat in 
the lower lid. Fat may be resected in cases of prominent herni¬ 
ation, but overresection must be avoided. A trend in blepharo¬ 
plasty surgery has emphasized periorbital fat repositioning 
rather than resection. Simply repositioning the herniated peri¬ 
orbital fat over the inferior orbital rim, rather than resecting 
fat, can dramatically improve the appearance of the lower eye¬ 
lids. 76 The approach of repositioning the orbital septum medi¬ 
ally has proven to be very helpful in eliminating tear trough 
deformities. Once the periorbital fat has been resected or repo¬ 
sitioned, the skin/muscle flap is redraped superiorly and the 
redundant tissue is excised. The lower eyelid wounds are 
closed with interrupted sutures of 6-0 silk. Ancillary proce¬ 
dures may also be necessary to improve the position of the 
lower eyelid, including a medial canthoplasty, lateral cantho- 
plasty, lateral canthopexy, or horizontal lid shortening. If a 
lower lid blepharoplasty is being performed in conjunction 
with a rhytidectomy, the rhytidectomy should be performed 
first, so that the amount of excess lower eyelid skin can be 
determined after the facial soft tissues have been elevated. 

In younger patients, the tired appearance of the lower eye¬ 
lids is commonly a result of excessive or herniated periorbital 
fat. A lower lid blepharoplasty through a transconjunctival 
approach allows removal or repositioning of the periorbital fat 
without an external scar. The conjunctiva is divided trans¬ 
versely 1 mm above the sulcus to gain access to the orbital sep¬ 
tum. The septum is divided and the periorbital fat is removed 
or repositioned from all three compartments. Once again, the 
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FIGURE 113.21. Cervicofacial rhyti- 
dectomy with superficial muscu- 
loaponeurotic system resection, 
platysma plication, submental suc¬ 
tion-assisted lipectomy, endoscopic 
browlift, and bilateral subciliary lower 
eyelid blepharoplasty. A, B: 
Preoperative appearance. C, D: Post¬ 
operative appearance. Note the dra¬ 
matic improvement in the appearance 
of her neck, flattened nasolabial folds, 
improved definition of the mandibu¬ 
lar border, and improved prominence 
of the malar regions. 





emphasis has been to preserve periorbital fat and simply repo¬ 
sition the orbital septum into a more optimal location obviat¬ 
ing the need for fat resections. The transconjunctival incision 
is then allowed to heal by secondary intention, allowing reju¬ 
venation of the lower lids without an external incision. 

Recently, a multiplanar approach for the rejuvenation of 
the lower eyelids has been employed to reduce the incidence of 
lower eyelid ectropion postoperatively. These approaches com¬ 
bine both subciliary incisions for removal of excess skin and a 
transconjunctival incision for repositioning or resection of the 
periorbital fat. Clinical case series from experienced plastic sur¬ 
geons have demonstrated outstanding outcomes with this 
approach. 

Postoperatively, patients are evaluated in the recovery 
room for corneal abrasions, changes in visual acuity, or 


hematomas, which may require emergent intervention. No 
vigorous physical exercise is permitted during the early post¬ 
operative period. Artificial tears are used to maintain appro¬ 
priate lubrication. Sutures are removed 5 to 7 days postopera¬ 
tively. Patients are informed that they will be bruised and 
swollen for approximately 2 weeks and that it will be approx¬ 
imately 6 to 8 weeks before the final result will be seen. 

Rhinoplasty. Rhinoplasty is an exacting operation to alter the 
external appearance and internal anatomy of the nose. The nose 
may be aesthetically unappealing or functionally impaired as a 
result of trauma, surgery, or a congenital deformity. Clearly, 
many familial and ethnic traits result in a multitude of nasal 
appearances. As a result, it is crucial that the patient and surgeon 
discuss the goals of the procedure and the likelihood of achieving 
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FIGURE 113.22. Open tip rhino¬ 
plasty with dorsal hump reduction 
including cartilage and bone, cephalic 
scroll resection of lower lateral carti¬ 
lage, nasal septal cartilage spreader 
grafts, and nasal osteotomies. A, B: 
Preoperative appearance. C, D: Post¬ 
operative appearance. Note the nice 
reduction in the dorsal hump, supratip 
break, and improved dorsal aesthetic 
lines. The midvault collapse has been 
dramatically improved. 



those goals. The patient must have realistic expectations and be 
prepared for the operation both physically and mentally. 

To successfully achieve the goals of rhinoplasty, a complete 
nasal history is obtained with particular attention paid to 
nasal airway obstruction, allergies, trauma, and previous 
surgery. A photographic analysis is performed to evaluate 
facial and nasal dimensions. The photographs are examined 
with the patient, the operative plan is discussed, and the poten¬ 
tial structural and functional outcomes are reviewed. 77 

Rhinoplasty may be performed under local or general anes¬ 
thesia. The patient is prepared for surgery by intranasal injec¬ 
tions of vasoconstrictors containing lidocaine and epinephrine. 
Topical vasoconstrictors are applied to the nasal lining and sep¬ 
tum. The operation can be performed in an “open” or “closed” 
fashion. The open technique requires a transcolumellar incision 
extended intranasally to allow exposure of the cartilage and 
bones of the nose. Direct visualization of the structure of the 


nose allows greater precision in cartilaginous sculpting, graft¬ 
ing, and nasal bone repositioning. The paired lower lateral car¬ 
tilages create the shape and provide the support for the nasal 
tip. Any deformity involving the nasal tip requires manipula¬ 
tions of this cartilage, including resections for a bulbous or 
overprojecting tip, suturing to reposition an asymmetric nasal 
tip, or cartilage grafting to increase tip projection. The paired 
upper lateral cartilages and nasal bones define the shape of the 
nasal dorsum and control nasal airflow. A prominent dorsal 
hump may require resections of both the upper lateral carti¬ 
lages and nasal bones. Osteotomies of the nasal bones may be 
required to narrow nasal width by disconnecting the base of 
the nasal bones from the maxilla (Fig. 113.22). In contrast, 
“saddle nose” deformities may require cartilage or bone graft¬ 
ing to provide dorsal augmentation. Alloplastic materials have 
been described for use as dorsal grafts, tip grafts, or columellar 
struts to increase nasal projection. However, many surgeons 
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discourage use of such alloplastic grafts due to problems with 
infection, extrusion, and migration producing a suboptimal 
result acutely or chronically. Autogenous cartilage grafts from 
the nasal septum, ear, or rib may also be used to improve nasal 
appearance or airflow. These grafts can be harvested and 
sculpted to create the desired cosmetic appearance of the nasal 
dorsum and tip. “Spreader grafts” can also be placed between 
the nasal septum and the upper lateral cartilage to increase the 
size of the internal nasal valve area, improving nasal airflow. 78 
The “closed” rhinoplasty technique allows access to the nasal 
cartilage and bones through intranasal incisions. Many experi¬ 
enced rhinoplastic surgeons prefer this less invasive approach. 
Unfortunately, it is difficult to perform many of the compli¬ 
cated cartilage grafting and suturing techniques with this lim¬ 
ited exposure. 

Postoperatively, patients are instructed to keep their head 
elevated and apply ice packs. An external splint is used to 
maintain the position of the nasal bones and cartilage for 10 to 
14 days. Patients should expect nasal swelling, pain, and 
bruising for 2 to 3 weeks; if osteotomies are performed, the 
patient may also experience periorbital ecchymosis. A full year 
is required for complete resolution of nasal tip swelling, par¬ 
ticularly following an open tip rhinoplasty. Approximately 
10% of primary rhinoplasty patients will require an operative 
revision due to dissatisfaction with the cosmetic or functional 
outcome; the revision rhinoplasty should not be performed for 
at least 1 year following the original procedure to ensure that 
all postoperative swelling and tissue remodeling has stabilized. 

Genioplasty. Genioplasties are common plastic surgical pro¬ 
cedures to manipulate the position of the chin and thereby 
improve facial appearance. Based on the design of the mandibu¬ 
lar symphysis osteotomy, the vertical height and anterior pro¬ 
jection of the chin can be adjusted. 79 Patients with a “weak” 
chin may undergo an advancement genioplasty to enhance chin 
projection and improve the cervicomental angle. Chin augmen¬ 
tation may also be accomplished with an alloplastic implant, 
eliminating the need for an osteotomy. Patients with a very 
prominent chin can undergo a reduction genioplasty where the 
vertical height and anterior projection can be reduced. The den¬ 
tal occlusion is not affected by these procedures, but the lip posi¬ 
tion and neck appearance may be altered. 80 

A complete physical examination, photographic analysis, 
and radiographic evaluation are performed to evaluate facial 
harmony and determine the extent of the advancement or 
reduction. Dental occlusion is carefully examined to ensure that 
orthognathic surgery is not required to correct chin position. 

Operations are typically performed under general anesthe¬ 
sia, but can also be performed under local anesthesia if 
desired. Local anesthesia containing epinephrine is injected 
intraorally for hemostasis and postoperative pain control. 
Access to the mandibular symphysis is achieved through an 
inferior buccal sulcus incision. The osteotomy is measured and 
marked based on the preoperative photographs and lateral 
radiographs; the mental foramen is avoided. The bony seg¬ 
ment is mobilized and secured in its new position with plates 
and screws. If an alloplastic chin augmentation is to be per¬ 
formed, incisions can be performed in the submental region or 
intraorally for placement of the implant. Postoperatively, 
swelling and pain persist for approximately 4 to 6 weeks. Dur¬ 
ing this time, the patient should perform meticulous oral 
hygiene and avoid foods that may traumatize the inferior buc¬ 
cal sulcus incision. 


Cosmetic Procedures of the Trunk 
and Extremities (Body Sculpting) 

Abdominoplasty. Abdominoplasties encompass a wide 
array of surgical procedures used to correct abdominal defor¬ 


mities resulting from excess abdominal skin, fatty tissue, and 
abdominal wall laxity. Abnormalities in any of these tissue 
planes may produce an aesthetically unappealing abdomen. 
Surgical procedures are designed to correct the underlying 
pathology and include dermatolipectomy, liposuction, and 
abdominal wall plication. These procedures are often com¬ 
bined and tailored to fit the surgical needs and desires of the 
patient. It is critical to define the physical anomaly responsible 
for the abdominal deformity so that the appropriate operative 
procedure or combination of procedures can be performed. 81,82 

A standard abdominoplasty combines a dermatolipectomy, 
liposuction, and abdominal wall plication to correct deformity 
in each of the three previously mentioned abdominal wall lay¬ 
ers. The operation is performed under general anesthesia 
through a bikini-line incision extending from the cephalad 
margin of the pubic escutcheon to the iliac crests bilaterally. 
The skin incisions are made and the abdominal flap is elevated 
off the underlying abdominal wall fascia. A circumferential 
incision is made around the umbilicus to allow complete ele¬ 
vation of the abdominal flap up to the costal margin. The 
patient is then placed in a flexed position, the abdominal flap 
is redraped caudally, and the redundant skin is resected. If any 
abdominal wall laxity is identified along with the skin redun¬ 
dancy, then a vertical, midline abdominal wall plication is also 
performed. Occasionally, suction-assisted lipectomy (SAL) is 
performed at the time of abdominoplasty to help recontour the 
abdomen and flanks. However, aggressive SAL of the abdomi¬ 
nal flap may critically compromise flap vascularity and con¬ 
tribute to flap necrosis. Occasionally, it is helpful to perform 
SAL along the lateral and posterior iliac crests bilaterally to 
reduce the prominence that may have developed following the 
anterior dermatolipectomy and caudal repositioning of 
the skin flap. A small incision is then made in the midline of 
the abdomen at the level of the iliac crests for delivery of the 
umbilicus into its new position. Closed-suction drains are 
placed prior to wound closure (Fig. 113.23). 

A “mini-abdominoplasty” is used to treat mild abdominal 
skin redundancy and abdominal wall laxity. The same approach 
is used as previously described for a standard abdominoplasty 
except the skin incision is limited to the central portion of the 
abdomen. A limited skin resection can be performed through 
this approach along with an abdominal wall plication. SAL 
can be used in combination with this procedure if necessary. 

Endoscopic abdominoplasty can be used to treat abdomi¬ 
nal wall laxity (i.e., postpartum rectus diastasis) and localized 
collections of fatty tissue. Patients who are candidates for this 
operation must have good skin quality and only mild to mod¬ 
erate lipodystrophy. The endoscopic abdominoplasty is per¬ 
formed through two incisions, a 3- to 5-cm transverse incision 
within the pubic hair and a circumferential incision around the 
umbilicus. These incisions function as the two access ports 
through which the endoscopic instruments are passed. The 
entire abdominal wall is then elevated off of the abdominal 
wall fascia under endoscopic visualization with electrocautery. 
The midline of the abdominal wall is plicated from pubis to 
xiphoid. The abdominal wall is then recontoured with SAL, 
which is performed through the two access ports. 65 

Liposuction. Liposuction is a surgical procedure designed 
to resect collections of fat from isolated anatomic regions. 
Liposuction is not a form of weight loss and is not indicated in 
obese patients. Liposuction is ideally suited to patients who 
are within 20% to 30% of their ideal body weight and have 
localized collections of fat that are refractory to dietary mod¬ 
ifications and exercise. A complete evaluation of skin elastic¬ 
ity is very important in patients considering liposuction 
because once fat is surgically removed, the skin must be able 
to contract down to the contour of the remaining subcuta¬ 
neous tissue. If the skin quality is poor, then wrinkling, dim¬ 
pling, or skin ptosis may severely compromise the aesthetic 
result. 81-83 
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FIGURE 113.23. Mastopexy, abdominoplasty, and rectus abdominis 
plication. A, B: Preoperative appearance of breasts. C-E: Preoperative 
appearance of abdomen. ( continued ) 


Two forms of liposuction are currently used: SAL and 
ultrasonic-assisted liposuction (UAL). SAL is used in all areas 
of the body but may not be as effective as UAL in more fibrous 
anatomic regions such as the flank, upper abdomen, or male 
breast. Treatment of lipodystrophy in these regions is more 
effective with UAL alone or UAL in combination with 
SAL. 84,85 ’ 87 A number of technologic advances have led to new 
techniques for performance of liposuction or liposculpting 
(i.e., Lipodissolve, Endermologie, Smart-lipo). However, none 
of these newer devices or techniques has proven to be effica¬ 


cious in rigorous clinical trials, nor have they been shown to 
be as effective as standard SAL or UAL. 

As with all aesthetic procedures, careful patient selection is 
of paramount importance. All patients must undergo a com¬ 
plete evaluation preoperatively to ensure that their goals can 
be achieved by performance of liposuction. Preoperative pho¬ 
tographic documentation is performed on all patients. Mark¬ 
ings are then made with the patient in the upright position. 
Access ports (6 to 8 mm), through which the SAL or UAL is 
performed, are marked in concealable areas. Patients can 
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undergo these procedures under local or general anesthesia. 
Tumescent fluid (1,000 mL of lactated Ringer, 50 mL of 1% 
lidocaine, and 1 mg of epinephrine) is then infiltrated for pain 
control and hemostasis. 

SAL is performed with metal cannulas connected to an 
aspirating device that generates a negative pressure of 1 
atmosphere. Various cannula configurations are used to per¬ 
form the resection. Fatty tissue is aspirated into the holes of 
the cannula and then resected by movement of the cannula 


tip. The operation is performed through multiple access 
ports, starting with large (6- to 8-mm-diameter) cannulas 
and progressing to smaller (3- to 4-mm-diameter) cannulas 
with fewer holes to allow more precise body contouring. 
Overlapping patterns of resection are used to avoid contour 
irregularities. 

UAL is a surgical technique that allows body contouring 
through the liquefaction and aspiration of fatty tissue. When 
employed alone or in combination with traditional SAL, UAL 


FIGURE 113.23. ( Continued ) F-H: Postoperative appearance. 
Note the dramatic improvement in the appearance of the 
breasts and abdomen. The abdomen is flat with a narrowed 
waistline. 
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is effective for treating lipodystrophy in fibrous anatomic 
regions such as the flank, upper abdomen, and male breast. 
The UAL probe tip produces sound waves at an ultrasonic fre¬ 
quency of 20 to 30 kHz. The effect of these sound waves is to 
cavitate and liquefy to low-density lipocytes. Low-power suc¬ 
tion is then employed to remove the resultant fluid. If UAL is 
used inappropriately, patients may experience severe compli¬ 
cations, including full-thickness skin loss from thermal 
injury. 86 

All patients are placed in a compressive garment 24 hours 
per day for 6 weeks postoperatively. Early postoperative com¬ 
pression reduces the chances of hematoma formation. Pro¬ 
longed compression reduces swelling and the potential for skin 
wrinkling. All patients experience some degree of ecchymosis, 
swelling, and decreased sensibility. The end result will not be 
realized for approximately 2 to 3 months following the 
procedure. 


PEDIATRIC PLASTIC SURGERY 


The specialized area of pediatric plastic surgery focuses on the 
reconstruction of abnormalities in children with congenital 
malformations and acquired deformities. Utilizing a sound 
knowledge of embryology as well as the changes inherent dur¬ 
ing growth and development, pediatric plastic surgeons employ 
a combination of innovation and technical expertise to restore 
both form and function to their patients. Although the mani¬ 
festations of congenital malformations may be diverse, the 
approach to reconstruction is always based on solid fundamen¬ 
tal surgical principles. Similarly, the management of traumatic 
or other acquired maladies in the pediatric population is 
founded on essential surgical tenets influenced by the special 
considerations of maturation and growth. This section concen¬ 
trates on the most salient aspects of pediatric plastic surgery to 
give the clinician an accurate grasp of the subspecialty. 


Cleft Lip and Palate 

Perhaps the area of expertise that best exemplifies the specialty 
of pediatric plastic surgery is the management of children with 
cleft lip and palate deformity. The cleft lip and palate pose a 
variety of structural and functional deficits that must be 
addressed with respect to growth and development as well as 
psychosocial concerns of the individual patient and family. 
The care of these children requires exacting surgical technique 
in combination with the efforts of a team of allied health pro¬ 
fessionals to effect a comprehensive level of rehabilitation. 

The overall incidence of cleft lip and palate deformity is 
approximately 1 in 750 children. This incidence is significantly 
higher in the Asian population, 1 in 300, and significantly 
lower in the black population, 1 in 2,000. 87-90 The distribution 
of cleft types is approximately 46% combined cleft lip and 
palate, 21% isolated cleft lip, and 33% isolated cleft palate. 90 



FIGURE 113.24. Left unilateral complete cleft lip. (Adapted from 
Jurkiewicz MJ, Krizek TJ, Mathes SJ, eds. Plastic Surgery: Principles 
and Practice , Vol 1. St. Louis, MO: Mosby; 1990:64.) 


Almost 30% of children with cleft lip and palate deformity 
have associated birth defects that vary in scope and extent and 
therefore require vigilance in the physical examination. 91 The 
chance of having a second child with cleft lip and palate to 
unaffected parents is approximately 4%, as is the chance of 
one affected parent producing an offspring with a cleft. 91,92 
Genetic counseling is usually helpful in both educating the par¬ 
ents and screening for other associated congenital anomalies. 

A cleft lip deformity can be bilateral or unilateral and is 
considered complete if it extends into the nose and incomplete 
if it does not (Fig. 113.24). The cleft lip can extend into the 
gum partially or completely through the alveolus, creating a 
bony defect. The cleft lip deformity affects the nose as well as 
the lip, and therefore both of these structures must be addressed 
in the reconstruction of the deformity. Although the timing of 
cleft lip repair is controversial, the repair of the cleft lip is most 
often addressed in about the third month of life, after the child 
shows sufficient weight gain. This timing permits a potentially 
safer anesthetic administration. 

There are multitudes of cleft lip repairs, but the goals of the 
repairs remain the same: an anatomic reconstruction with 
minimal scarring and normal function. In general, the skin 
around the cleft is cut into flaps that are brought together in a 
way that will give adequate length to the lip and restore the 
continuity of the orbicularis musculature (Fig. 113.25). Sym¬ 
metry is the mainstay of reconstructive procedures to the cleft 
lip, allowing the normal side of a unilateral cleft to serve as a 
template for restoration and ensuring equal balance and pro¬ 
portion in a bilateral cleft repair. 

The cleft palate can affect the soft palate alone or include 
the hard palate. A unilateral cleft of the hard palate exposes 
only one side of the vomer, whereas a bilateral cleft of the hard 




FIGURE 113.25. Millard rotation- 
advancement lip repair. (Adapted 
from Jurkiewicz MJ, Krizek TJ, 
Mathes SJ, et al. Plastic Surgery: Prin¬ 
ciples and Practice , Vol 1. St. Louis, 
MO: Mosby; 1990:71.) 
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FIGURE 113.26. Cleft palate. (Adapted from Jurkiewicz MJ, Krizek 
TJ, Mathes SJ, et al. Plastic Surgery: Principles and Practice , Vol 1. St. 
Louis, MO: Mosby; 1990:84.) 


palate exposes both sides of the vomer (Fig. 113.26). The cleft 
of the hard palate can be continuous with an alveolar defect 
from a cleft lip, resulting in an opening that runs from the 
most anterior portion of the lip through to the back of the 
uvula. In some cases, a cleft palate may have no mucosal sep¬ 
aration at all and display only a separation or clefting of the 
underlying musculature. This special situation is referred to as 
a submucous cleft palate and may also have functional conse¬ 
quences for the patient. 

Functionally, the hard palate acts as a structural barrier 
between the oropharynx and the nose. The soft palate moves 
superiorly and articulates with the posterior and lateral pha¬ 
ryngeal walls to effect a seal between the oropharynx and the 
nasopharynx during speech and swallowing. The coordinated 
activity of the soft palate prevents regurgitation of solids and 
liquids into the nose while eating and prevents hypernasal 
speech while producing strictly oral sounds. 


As with cleft lip, there are a multitude of cleft palate repairs 
but the goals of the repairs remain the same: an anatomic 
reconstruction with minimal scarring and normal function. 
Reconstructive procedures are based on reconstituting the oral 
and nasal lining of the palate and reapproximating and 
realigning the palatal musculature. A purely soft palatal cleft 
may require only the separation of the layers of the palate, 
reapproximation of the muscles, and simple closure. The 
wider clefts and many of the hard palatal clefts, however, 
require relaxing incisions and release of the mucosa from the 
underlying bone. The lateral mucosa from both sides is trans¬ 
posed over the midline cleft and sewn closed (Fig. 113.27). 
Flaps derived from the vomer may be required to achieve clo¬ 
sure without tension, a chief precept for any repair of the 
palate. The dissection of mucosal tissue off the bone is thought 
to contribute to the severe growth restriction of the midface 
and bony palate exhibited by many of the children with this 
deformity. 93,94 A delay in the procedure is thought to enhance 
the growth of the midface and palate, whereas early interven¬ 
tion is thought to improve speech. For this reason, the timing 
of the repair of the cleft palate is controversial; however, the 
cleft palate repair is most often addressed by the age of 1 year. 

Speech therapy is almost always required for children with 
a cleft palate and is instituted as soon as the child develops the 
necessary language skills. “Early on” programs have arisen for 
preschoolers, and speech programs are often available through 
local school systems. Unfortunately, the palate repair alone is 
successful in normalizing speech in only about 80% of 
patients. 95 The remainder of patients will require a supple¬ 
mental operation to decrease residual hypernasality and 
improve speech. The operations directed at salvaging speech 
are performed early enough to have the most beneficial effect 
on speech development while giving adequate time to ensure 
that the patient has been given ample opportunity for speech 
therapy to maximize the potential of the palate repair. The 
decision to operate is based on a perceptual analysis of speech 
and is aided by visualization of palatal function with nasoen- 
doscopy and objective measures of function using nasometry 
techniques. Techniques vary, but the operative procedures are 
based on placement of either dynamic or static tissue near the 
velopharyngeal port to better regulate and impede the abnor¬ 
mal flow of air into the nasopharynx. 

Orthodontics is a key portion of the comprehensive 
restoration of the cleft patient and requires close interaction 


FIGURE 113.27. A: Von Langenbeck 
palatoplasty. B: Nasal mucosa and leva¬ 
tor muscles approximated. C: Layered 
closure of oral mucosa and lateral relax¬ 
ing incisions. (Adapted from Jurkiewicz 
MJ, Krizek TJ, Mathes SJ, et al. Plastic 
Surgery: Principles and Practice , Vol 1. 
St. Louis, MO: Mosby; 1990:91.) 
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between the pediatric plastic surgeon and the orthodontist. 
One of the early interactions involves the repair of any resid¬ 
ual clefting of the alveolus. Bone grafting is required for recon¬ 
struction of the alveolar cleft to restore the continuity of the 
upper maxillary dental arch, allow the normal emergence of 
the canine tooth, close the persistent oral nasal fistula, and 
provide structural support for the recessed nasal alar base. The 
orthodontist will monitor tooth eruption and may institute 
early-phase therapy to align the teeth in preparation for bone 
grafting. The timing of alveolar bone grafting is also contro¬ 
versial but is mandatory for normal tooth emergence. Bone 
grafting is often performed at about 7 to 8 years of age and 
entails the surgical isolation and excision of the oral nasal fis¬ 
tula, the reconstruction of the adjacent nasal floor and palatal 
roof, the placement of bone graft in the alveolar defect, and 
coverage anteriorly with gingival flaps. The bone grafts are 
most often cancellous in composition and can be taken from 
the iliac crest or the cranial diploe. 

Many patients respond favorably to the skilled implemen¬ 
tation of a long-term orthodontic plan, but some patients dis¬ 
play bony hypoplasia as mentioned earlier and require orthog¬ 
nathic surgery of the maxilla, and possibly the mandible, to 
assist in establishing normal occlusion. Operations to restore a 
normal occlusion should await the cessation of growth so that 
the surgical registration of occlusion will be permanent and 
not require additional procedures. The most common opera¬ 
tion to address midfacial hypoplasia and restore occlusion in 
the cleft patient is the Le Fort I osteotomy. The orthodontist 
helps the pediatric plastic surgeon to determine the best post¬ 
operative occlusion for the patient based on the orthodontic 
plan, and an oral surgical splint is fashioned to allow easy reg¬ 
istration intraoperatively. The patient undergoes a horizontal 
osteotomy above the level of the tooth roots and across the 
nasomaxillary and zygomaticomaxillary buttresses below the 
level of the zygomatic body (Fig. 113.28). The bones of the 
midface are separated from the cranial base by performing a 
pterygomaxillary disjunction, and the floating maxilla is then 
repositioned into the planned occlusion by registering the teeth 
in the splint. The bones of the maxilla are then fixed using 
plates and screws. In severe malocclusion cases, the mandible 
may also need to be cut and reregistered into a position that 
results in an anatomic orthognathic bite. 



FIGURE 113.28. Le Fort I osteotomy in an advanced position. One 
side has been plated into position. (Adapted from Jurkiewicz MJ, 
Krizek TJ, Mathes SJ, et al. Plastic Surgery: Principles and Practice , 
Vol 1. St. Louis, MO: Mosby; 1990.) 


The last operation to be performed on the patient with a cleft 
lip and nasal deformity is often the formal rhinoplasty. There is 
almost always a septal deviation that must be addressed in these 
patients and is an important part of the procedure. Each rhino¬ 
plasty is necessarily individualized, but the procedure usually 
entails repositioning and trimming of the nasal tip cartilages, 
added support to the nasal tip and slumping lower lateral carti¬ 
lages to achieve projection, straightening of the septum, and 
finally infracturing of the widened nasal bones. 

Although the care of the cleft patient requires interaction 
with the pediatric plastic surgeon and the cleft team through¬ 
out the patient’s childhood, it should remain a small and unob¬ 
trusive part of life. The number of operations is kept to the 
minimum needed to attain an adequate reconstruction as 
deemed necessary by both the patient and the doctor. Revi- 
sional surgery is usually an important part of cleft care but 
should be guided by the principle that the intervention is done 
for the child and not to the child, with an attempt to empower 
the patient as often as possible. 


Craniosynostosis 

Craniosynostosis is defined as the premature fusion of one or 
more of the cranial sutures. The child afflicted with craniosyn¬ 
ostosis displays abnormalities in the size and shape of the cra¬ 
nial vault. Virchow’s law proposes that the growth of the skull 
will be restricted in the direction perpendicular to a synostosed 
suture while compensatory growth occurs in a parallel direc¬ 
tion. 96 The ensuing skull shape of the patient provides the 
nomenclature of the deformity and is primarily empiric in 
nature (Fig. 113.29). Synostosis of the metopic suture most 
often results in a triangular forehead and is referred to as 
trigonocephaly. Unilateral coronal suture involvement often 
results in a recessed or slanted supraorbital bar and forehead 
and is referred to as plagiocephaly, whereas bilateral coronal 
synostosis often results in a shortened and flattened forehead 
referred to as hrachycephaly. The sagittal suture is the most 
commonly fused suture and results in a boat- or keel-shaped 
head referred to as scaphocephaly. 

The abnormal shape of a craniosynostotic skull can often 
be severe and progressively worsen with time as the expanding 
brain reinforces and emphasizes the deformity. In addition, a 
small percentage of patients with a single-suture synostosis, 
and a much larger percentage of children with multiple-suture 
synostoses, are at risk for the development of increased 
intracranial pressure. 97,98 The care of these patients, therefore, 
requires close interaction between a pediatric neurosurgeon 
and a pediatric craniofacial plastic surgeon. A thorough clini¬ 
cal evaluation is mandatory and an ophthalmologic evaluation 
to check for papilledema can be beneficial. A CT scan is also 
useful in these patients to confirm the diagnosis and assess the 
ventricular system as well as the neuroanatomy for possible 
associated developmental anomalies of the brain. 

Once the functional aspects of craniosynostosis are evalu¬ 
ated and addressed, the operative strategy is then aimed at 
restoring normal morphology. The operation is tailored to the 
individual diagnosis and malformation, but the underlying sur¬ 
gical principles remain the same. A sinusoidal coronal incision 
in the scalp is used to afford access to the cranium and to hide 
the scar. The pediatric neurosurgeon performs a craniotomy to 
provide access to the cranial vault. In the case of plagiocephaly 
and trigonocephaly, the craniofacial pediatric plastic surgeon 
removes the frontal bar by performing a bilateral osteotomy at 
the lateral orbital rim and along the orbital roof, meeting in the 
midline with a cut across the region just above the glabella. The 
frontal bar is removed, bent and reshaped, and replaced in an 
advanced position as a bandeau or with interposition bone 
grafts placed to support the reconstruction. The bones of the 
forehead are similarly cut, bent and reshaped, and placed into 
a normal anatomic position. The bones are fixed with small 
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FIGURE 113.29. A: Turribrachycephaly (short, flat head). B: Plagiocephaly (slanted head). C: Trigonocephaly (triangular head). D: Scapho¬ 
cephaly (keel-shaped head). (Adapted from Jurkiewicz MJ, Krizek TJ, Mathes SJ, et al. Plastic Surgery: Principles and Practice, Vol 1. St. Louis, 
MO: Mosby; 1990:119.) 


metal or resorbable plates and screws (Fig. 113.30). A gap is 
left in the area of the coronal suture to allow growth and 
expansion of the brain. During infancy the dura is osteogenic 
and fills the gap in slowly with newly formed bone. In the case 
of a sagittal synostosis, the frontal bar often need not be 
removed; the operation entails the creation of barrel stave 
osteotomies in the parietal skull and outfracturing of the bone. 
The forehead is then back-fractured and gently posteriorly 
repositioned, the occipital bone is then fractured and gently 
anteriorly repositioned, and the bones are then fixed into posi¬ 
tion with the aid of bone grafts. During gentle repositioning the 
brain takes on a rounder shape filling out behind the parietal 
bone outfracture. This arrangement encourages subsequent 
growth to fill out the parietal region and secure a more anatomic 
shape. Other approaches to sagittal craniosynostosis include 
“strip craniectomy” whereby the synostosed suture and a few- 


centimeter margin of bone on either side are removed as a strip. 
Due to unpredictability of the repair, postoperative helmeting 
protocols are often added to coax subsequent growth and 
remodeling of the skull into a more normal shape. 

In the case of syndromic craniosynostosis patients, such as 
those with Apert, Crouzon, or Pfeiffer syndrome, similar 
reconstructions may be required for the cranial vault. Addi¬ 
tional operations are often needed, however, to address defor¬ 
mities of the orbits and midface. In contrast to the midfacial 
hypoplasia exhibited by the cleft patient, the patient with syn¬ 
dromic craniosynostosis has a much more severe and extensive 
deformity and therefore requires more involved operations. Le 
Fort III and Monoblock operative procedures that move the 
entire upper and midfacial region forward can be used to vastly 
improve the appearance of the patient while establishing a more 
normal functional anatomy (Fig. 113.31). These operations 


FIGURE 113.30. A: Plagiocephalic 
head viewed from above. B: The sur¬ 
geon removes the bone of the fore¬ 
head and advances the forehead to 
allow the brain to grow and the skull 
to resume a normal shape. (Adapted 
from Sidhu SR, Zang L, Schultz KL, 
et al. Craniosynostosis and Craniofa¬ 
cial Surgery: A Parent’s Guide. Ann 
Arbor, MI: University of Michigan; 
1996:9.) 
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FIGURE 113.31. Monoblock frontofacial advance¬ 
ment. (Adapted from Jurkiewicz MJ, Krizek TJ, Mathes 
SJ, et al. Plastic Surgery: Principles and Practice, Vol 1. 
St. Louis, MO: Mosby; 1990:119.) 


address the bulging eyes, malar hypoplasia, and recessed and 
diminutive nasopharyngeal airway of these patients, restoring 
normal eye position and opening up the breathing passages to 
relieve obstructions of the airway and symptoms of sleep 
apnea/ 7 

Hemangiomas and Vascular Malformation. The pedi¬ 
atric plastic surgeon is often the primary caregiver for children 
afflicted with cutaneous hemangiomas and vascular malfor¬ 
mations. These lesions may present at birth or in the neonatal 
period and require careful diagnosis and management. 
Hemangiomas are benign tumors that most often arise just 
after birth and undergo a spontaneous rapid growth phase fol¬ 
lowed by a slow involutional stage. 100,101 In general, manage¬ 
ment of hemangiomas is nonoperative; however, ulceration or 
interference with function may require intervention. The use 
of systemic or local steroids may induce an involutional regres¬ 
sion, but operative intercession may be necessary. Surgical 
strategies should strive to conserve tissue and function, avoid¬ 
ing the creation of significant deformities that would necessi¬ 
tate extensive and delayed reconstruction. 

Vascular malformations are usually made up of veins, lym¬ 
phatic vessels, capillaries, or a combination of each. The mal¬ 
formations are usually present at birth and grow in proportion 
to the patient. There is usually neither a growth phase, as in a 
hemangioma, nor an involutional stage. Small capillary 
hemangiomas such as port-wine stains are well treated with 
pulse dye laser therapy, and larger, more involved lesions may 
be better treated with a combination of surgical intervention 
and laser treatment. Lymphangiomas are difficult to treat 
because they are diffuse and often adjacent to vital structures. 
Staged partial excisions can be performed if there are func¬ 
tional indications for intervention. 


Nevi 


Congenital nevi are perhaps the most common benign tumor 
seen by the pediatric plastic surgeon. The small- to moderate- 
size nevi are usually of little consequence but need to be mon¬ 
itored closely for any significant changes in size, shape, color, 
bleeding, or ulceration. The potential for malignant degenera¬ 
tion into a melanoma for small- to moderate-size congenital 
nevi is controversial. The figures reported in several studies 
range so widely as to make a reasonable estimation difficult. 89 
Serial examination and even photographs can be helpful to 
document changes over time, and the “gold standard” for any 
doubtful skin lesion is still excisional biopsy. 

Giant hairy congenital nevi are larger and rarer, but they 
can be quite devastating to a child and the family. These 
lesions can affect the entire body or vast areas, including vital 
structures such as the eyelids, anus, and external sexual 


organs. A reasoned and conservative approach to such difficult 
cases is mandatory. It is often helpful to enlist the aid of a der¬ 
matologist and the patient’s pediatrician to assist in monitor¬ 
ing these lesions. Again, photographic documentation is helpful 
in serially assessing these lesions. Areas that show significant 
change warrant incisional biopsy and pathologic evaluation. 
The aesthetic consequences of these lesions often can be severe, 
and the parents often want them to be excised. The surgical 
approaches to benign giant hairy congenital nevi are varied and 
range from excision and grafting to serial excision as well as the 
use of tissue expansion. 

The use of extensive skin grafting as a reconstructive option 
for the reconstruction of giant hairy congenital nevi is usually 
reserved for malignant or dysplastic lesions. Skin grafts are not 
particularly durable long term, and they are often aesthetically 
displeasing and require subsequent resection and reconstruc¬ 
tion. Serial excision can be useful in limited giant hairy con¬ 
genital nevi, especially in locations near tissues that stretch 
well. The tissues adjacent to the lesion are undermined and 
advanced over the nevus to determine the amount that can be 
resected, and then a portion of the nevus is excised and the tis¬ 
sues are then reapproximated and allowed to heal. After 4 to 
6 months the same procedure is performed until the nevus is 
fully excised. Tissue expansion requires the placement of a tis¬ 
sue expander adjacent to the lesion with slow instillation of 
saline into the expander over time, allowing stretching and 
recruitment of new tissue near the nevus to assist in excision 
and closure. If the expansion is not adequate in size, it can be 
removed after full expansion and replaced with a larger 
expander to fully expand the tissue. The quality and thickness 
of the skin, the possibility of exposure and infection, and the 
cooperation of the young patient at times limit the usefulness 
of this technique. 


Prominent Ears 


Prominent ears are a deformity that is mainly in the domain of 
the pediatric plastic surgeon. Children with prominent ears are 
prone to ridicule by classmates in school, teasing by siblings, 
and thoughtless comments by insensitive adults. The defor¬ 
mity does not usually present with an enlarged ear but rather 
with a lack of an antihelical fold, either with or without con- 
chal hypertrophy. The remedy is aimed specifically at the 
deformity. An incision is made on the posterior portion of the 
ear exposing the cartilage, and sutures are placed in a mattress 
fashion to reconstruct an antihelical fold. The stiff conchal 
cartilage can be shaved, and the concha is then secured to the 
mastoid fascia using permanent suture. A strict postoperative 
head-banding protocol may be used to avoid trauma to the ear 
and allow undisturbed healing. Successful otoplasty is one 
of the most rewarding procedures performed by a pediatric 
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plastic surgeon because the child usually wants the surgery and 
is rewarded with immense satisfaction. 


Myelomeningocele 

The interaction between the pediatric neurosurgeon and the 
pediatric plastic surgeon often extends beyond the realm of 
craniofacial surgery. A prime example of the symbiotic inter¬ 
action between the two specialties is in the repair and recon¬ 
struction of the myelomeningocele, which is a form of spina 
bifida. The neurosurgeon is often presented with an exposed 
dural sac and a wide-open skin defect. The neurosurgeon 
may be faced with a tenuous dural closure and may need to 
resort to the use of a homograft to achieve an adequate dural 
repair. The pediatric plastic surgeon can assist by closing the 
defect over the dural reconstruction with stable, reliable cov¬ 
erage using well-vascularized tissue, protecting the neurosur¬ 
geon’s repair. The soft tissue coverage may require local 
paraspinous muscle flaps or various fasciocutaneous flaps, 
but the goal of a durable reconstruction with a normal con¬ 
tour is paramount so as to avoid persistent long-term com¬ 
plications both at the level of the skin and at the level of the 
dural repair (Fig. 113.32). 


FIGURE 113.32. A: Myelomeningocele defect. B: Cross section of 
local flap coverage of myelomeningocele defect. C: Durable closure over 
defect of muscle, fascia, and skin. This can be mobilized to complete 
repair. (Adapted from Fiala TGS, Buchman SR, Muraszko KM. Use of 
lumbar periosteal turnover flaps in myelomeningocele. Neurosurgery 
1996;39:522-525.) 



Although there are a multitude of additional procedures and top¬ 
ics in the specialized domain of the pediatric plastic surgeon, 
such as pediatric facial trauma, facial reanimation surgery, and 
various deformities resulting from congenital hypoplasia and 
hyperplasia, this chapter has focused on some of the major and 
more common areas of patient management. In fact, the pedi¬ 
atric plastic surgeon is often a chief collaborator with many of 
the pediatric surgical services when presented with a case of chal¬ 
lenging wound care or any case that poses a reconstructive 
dilemma. Continuing innovation and technical advances com¬ 
bined with an appreciation for sound fundamental surgical prin¬ 
ciples allow the specialty to continue meeting that challenge. 
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Alpha r antitrypsin deficiency, 1934 
a-agonists, 1431 
a-fetoprotein, 943, 1975 
Altered self, 504 
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Amino acid nitrogen, catabolism of, 16 
Amino acids 
divisions of, 10 
metabolism of, 23-24 
mobilization of, 30-31 
nutritional formulae, 461 
postinjury care, 461 
required, 16t 
synthesis of, 15-16 
e-Aminocaproic acid, 568 
Aminoglutethimide, 1331, 1336 
Aminoglycosides, 206 
8-Aminolevulinic acid (8-ALA), 19 
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Analgesia 
injected, 257/ 
opioids and, 240 
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management of, 548 
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atherosclerotic, 1735 

classification of, 1696 

coronary, 1443 

dissecting, 1734-1735 

endovascular repair of, 1736 
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Angiography. See also Cholangiography; Computed tomographic 
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in abdominal trauma, 389 
after limb ischemia, 440 
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function of, 1610, 1610t 
production of, 1572 
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use of, 1671 

vascular injuries and, 415 
Ankylosing spondylitis, 425, 1060 
Annular pancreas, 800^ 802-803, 803/ 1893/ 

Annuloplasty rings, 1457/ 

Anococcygeal ligament, 1130 
Anoderm, 1131 

Anomalous left coronary artery arising from the pulmonary artery 
(ALCAPA), 1442 

Anorectal manometry, 1034, 1912 
Anorectal ring, 1130 
Anorectomy, 706/ 

Anorectoplasty, 1899 
Anorectum 

abscesses, 1147, 1147/ 
anatomy, 1113/ 

malformations, 1895-1899, 1955-1956 
disorders of, 1130-1158 
physiology of, 1136-1137 
Ansa cervicalis, 1283 

Antegrade continence enema (ACE) procedure, 1951 

Anterior lateral thigh (ALT) perforator flaps, 277, 2045 

Anterior rectus sheath, 1161 

Anthrax, 487 

Anti-CD3, 571 

Anti-D globulin, 454 

Anti -Saccharomyces cerevisiae antibodies (ASCAs), 1060 
Anti-tumor necrosis factor (infliximab), 1062 
Antibiotics. See also Specific antibiotids 
for bacterial peritonitis, 930 
classifications of, 144t 
in Crohn disease, 776 
in hepatic encephalopathy, 913 
ophthalmologic, 229 
preoperative, 416 
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prophylactic, 135-136 
in strangulation obstruction, 756 
in wound care, 66 

Antibody-mediated rejection, 510-511, 561 
Anticoagulants, mechanisms of action, 1780£ 

Anticoagulated state 
for coronary artery disease, 1470 
in elderly patients, 446 
regulation of, 1576-1577 
risks of, 1780 
trauma outcomes and, 446 
Antidiuretic hormone (ADH) 
in hemostasis, 70 
hyponatremia and, 200-201 
in infants, 1812 
levels, 1346 
osmoregulation, 193 / 
plasma levels, 192-193, 192/ 
response to hypovolemia, 154 
response to surgery, 34 
stress response and, 31 
for variceal bleeding, 918-919 
Antigen presentation, 501, 502 
Antigen-presenting cells (APCs) 
cross-presentation, 501 
function of, 502 
gut, 742 

immune responses and, 504/ 
inflammation and, 99 
structure of, 503/ 

T-cell interactions with, 101 
types of, 99-100 
Antigen processing, 502 
Antihistamines, 470, 474 
Antimicrobial agents 
in surgical infections, 143-145 
topical, 199-200, 199t 
Antioxidants, 461 
Antiphospholipid syndrome, 77-78 

Antiplatelet therapy, 85, 1040, 1660. See also Anticoagulants, 
mechanisms of action 
Antireflux surgery 
complications, 660 
indications, 648, 648t, 660t 
outcomes, 660-662 
preoperative evaluations, 648-654 

ambulatory combined impedance-pH monitoring, 650-651 

endoscopic assessment, 649-650 

esophageal function, 652-653 

esophageal length, 651 

gastric function, 653-654 

radiography, 651-652 

twenty-four ambulatory pH monitoring, 650 
video esophagraphy, 652, 652t 
Antiretroviral therapy, 535 
Antithrombin (AT), 71, 73/ 

Antithrombin deficiency, 78 
Antithymocyte globulin (ATG), 539, 563, 585 
a r Antitrypsin deficiency, 548 
Antivenin therapy 
anaphylactic reactions, 470 
for Crotalidae venom, 469, 470 
for scorpion stings, 474-475 
serum sickness after, 470 
for spider bites, 473-474 
treatment algorithm, 471/ 

Antral gastrin cells, 689/ 

Antral glands, 691 
Anuloaortic ectasia, 1453 
Anus 

cancer of, 1153-1157 
Crohn disease of, 782-783 
Anxiety, in shock, 148 
Anxiolytics, 241-242, 242t 

Aorta. See also Abdominal aorta, branches; Abdominal aortic aneurysms 
(AAAs); Aortic stenosis (AS); Thoracic aorta 
allografts, 1560 
aneurysms 

abdominal, 1733-1767 


elephant trunk technique, 1724, 1725/ 1730 
infected, 1565 
blunt injury, 418/ 

Carel patch of, 555 
chronic dissection, 1709 
dissection, 1453, 1706, 1730 
duplex scan, 1635/ 
endografting, 1544-1548 
endovascular procedures, 1544-1548 
formula for, 1735 
hemodynamics, 1703-1704 
infected aneurysm, 1564/ 
perfusion of, 1724/ 
prosthetic infections, 1560, 1561/ 
regurgitation 

diagnosis, 1453-1454 
etiology, 1453 
imaging, 1454 
natural history, 1454 
pathophysiology, 1453 
prevalence, 1453 
severity of, 1454? 
treatment, 1454 
reimplantation, 1620/ 
supraceliac, 1564/ 
thoracic, 418, 437 
thoracoabdominal aneurysms, 1733 
traumatic disruption, 379-380 
wall, 1701-1703, 1735/ 

Aortic arch 

aneurysms, 1712, 1715, 1715/ 
double, 1441 

Aortic endografts, 1472/ 1535, 1544-1548 
Aortic root aneurysms, 1711-1712 
Aortic stenosis (AS), 1437-1439 
bicuspid, 1451 
degenerative calcific, 1451 
diagnosis of, 1451-1452 
etiology of, 1451 
natural history of, 1452, 1452/ 
pathophysiology, 1451 
presentation of, 1436 
prevalence of, 1451 
rheumatic, 1451 
treatment of, 1452-1453 
types of, 1437/ 

Aortic valve 
anatomy of, 1450/ 
blunt cardiac injury and, 379 
maldevelopment of, 1437 
percutaneous balloon aortic valvotomy, 1453 
percutaneous replacement, 1453 
replacement, 297/ 1438 
surgical replacement, 1452-1453, 1453/ 
Aortobifemoral bypass infection, 1558/ 
Aortoenteric fistulas, 1052, 1760 
Aortofemoral prosthesis, 1664-1666 
Aortofemoral reconstruction, 1561, 1561/ 
Aortograms 

abdominal, 1657/ 1658/ 1664/ 
pelvic, 1659/ 

Aortoiliac disease, 1653-1668 
anatomy, 1653-1654 
differential diagnosis, 1660 
endovascular interventions, 1548-1550 
pathophysiology, 1654 
preoperative evaluation, 1662 
presentation, 1654-1657 
treatment, 1660-1666, 1661/ 

Aortoiliac occlusive disease 
evaluation, 1657-1660 
parietal-visceral collateral circulation, 1655/ 
type II disease, 1657/ 
type III disease, 1658/ 
visceral collateral network, 1655/ 

Aortoiliac occlusive disease (AIOD), 1656, 1657/ 
Aortorenal bypass, 1619, 1626/ 

AP-1, 102, 123 

Apis mellifera scutellata (Africanized bees), 474 
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Apligraf, 65 

Apnea test, for brain death, 520 
Apo A-l, 1578 
Apoferritin, 19 
Apolipoproteins, 13, 15 
Aponeuroses, 1164f 
Aponeurotic arch, 1161 
Apoptosis 
cell death and, 266 
description of, 98b 
head injury and, 338 
inducers of, 98 b 
in lung development, 1815 
Apoptosis-inducing factor (AIF), 1572 
Appendectomy, 1207-1208 
during pregnancy, 1992 
protective effect, 1057 
Appendicitis 

acute, 1206*, 1207-1208, 1207/ 
closed-loop obstructions and, 752 
during pregnancy, 1989-1992, \989t, 1991/" 
recurrent, 1209 

in special populations, 1209-1210 
suspected, 1208/ 

Appendix, 1199-1211 
abscesses, 120 9f 
anatomy, 1205 

appendiceal mass, 1208-1209 
inflammation of, 1205-1207 
neoplasms, 1210 
pathophysiology, 1205 
during pregnancy, 1990/ 
treatment of, 1209 
Apple-peel deformity, 1890 
Aprotinin, 568 

Arachidonic acid, 13, 70, 117-118, 479 
Arcuate line of Douglas, 1161, 1163, 1163/ 

Arcuate nucleus of the hypothalamus, 692/ 

Area under the curve/minimal inhibitory concentration (AUC/MIC), 
144-145 

Arenaviruses, 487 
Argatroban, 78, 84, 1781 
Arginine test, 817 
Arginine vasopressin (AVP), 154 
Arizona hinshawii, 1759 
Arresten, 272 
Arrhythmias 
after snakebite, 469 

mechanical circulatory support and, 1488 
during tentorial herniation, 520 
Arterial carbon dioxide tension (PaC0 2 ), 328/ 

Arterial fibrodysplasia, 1610-1611, 1618 
Arterial ketone body ratio (AKBR), 19 
Arterial lactate concentration, 466 
Arterial occlusive disease 
amputation after, 1694? 
cerebrovascular, 1584-1598 
endoluminal therapy, 1673-1674 
femoropopliteal artery, 1668-1681 
graft failure, 1680 
infrainguinal, 1669, 1671-1681 
nonreversed saphenous vein grafts, 1678 
prevalence of, 1668 
prosthetic bypass, 1678-1679, 1680/ 
revascularization in, 1672-1673 
in situ grafting, 1678 
stenosis, 1681/ 
tibial artery, 1668-1681 
upper extremities, 1598-1607 
Arterial switch, for TGA, 1433, 1434/ 

Arteries. See also Specific arteries 
luminal area of, 1570-1572 
walls of, 1570/ 1571/ 

Arteriography 

in aortoiliac disease, 1661-1662 
diagnostic, 1559 

renal artery, 1614-1617, 1616/ 1617/ 
in vascular injuries, 415, 416/ 

Arteriojugular lactate difference (AVDL), 339 


Arteriomegaly, 1733 
Arteriosclerosis 

chronic splanchnic ischemia, 1635, 1637, 1640 
presentation, 1635, 1637 
progression, 1637 

revascularization, 1637-1638, 1640 
renal artery occlusive disease, 1610, 1611/ 1617/ 1618-1619 
Arteriovenous bypass, 458 
Arteriovenous fistulae, traumatic, 421 
Arteritis, 1564 
Artery of Drummond, 1019 
Artificial oxygen carriers, 197-198 
Artificial skin (Apligraf), 50 
Ascending aorta pseudoaneurysms, 1716/ 

Ascending aortic aneurysms, 1711-1712, 1713/ 1714/ 

Ascites 
biliary, 1927 
chylous, 1927 
in cirrhosis, 930 
differential diagnoses, 928 1 
in hepatic dysfunction, 927-928 
pediatric patients, 1927-1928, 1928? 
primary peritonitis and, 139 
pulmonary dysfunction and, 911-912 
serous, 1927 
treatment of, 929t 
urinary, 1927-1928 
Ascorbic acid, 228 

Asialoglycoprotein (ASGP) receptor, 15 
Asian American populations, 310 
Asparagine, 16 
L-Asparginase, 1940 
Aspartate, 16 

Aspergillus sp., 122, 540, 586, 615 
Aspirin 

in aortoiliac disease, 1660 
colorectal cancer risk and, 1078 
for coronary artery disease, 1470 
in elderly patients, 446 
glucuronidation, 18 
inhibition of NF-kB, 125 
metabolism of, 209 
trauma outcomes and, 446 
Asterixis, 912 

Asthma, risks of anesthesia, 248 
Ateletasis, 1816 
ATGAM, 563, 599 
Atherectomy, catheter, 1551/ 

Atheroembolic disease, 1655 
Atherogenesis, factors in, 1581/ 

Atheromas, 1464, 1464/ 

Atherosclerosis 

abdominal aortic aneurysms and, 1697 
cerebrovascular occlusive disease, 1584 
chronic obliterative, 1669 
coronary arteries, 1464-1466 
description of, 1569 
diagnostic evaluation, 1587-1588 
femoral artery aneurysms, 1769-1771 
immune hypothesis of, 1580-1581 
infrainguinal, 1669 
lesion development, 1668 
lesions of, 1577-1578 
occlusive disease and, 1569-1573 
peripheral aneurysms, 1768 
plaques, 1464, 1577/ 
disruption, 1580 
structure of, 1464/ 
postsplenectomy, 1218 
progression of, 1581/ 
risk factors, 1465 
risk of, 713-714 
supra-aortic trunk vessels, 1602 
theories of, 1578-1581 
encrustation hypothesis, 1579 
immune hypothesis, 1580-1581 
infection hypothesis, 1579-1580 
inflammatory hypothesis, 1580-1581 
intimal cell mass hypothesis, 1579 
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lipid insudation hypothesis, 1578-1579 
monoclonal hypothesis, 1579 
reaction to injury hypothesis, 1579 
thrombic nidus, 76/ 

Athletic pubalgia, 1184 
Atrial fibrillation, 572, 1479 
Atrial flutter, 572 

Atrial natiuretic peptide (ANP), 193, 194, 1812 
Atrial septal defects (ASDs), 1425-1427, 1426/ 
Atrioventricular septal defect (AVSD), 1429-1430, 1429? 
Atrioventricular valve regurgitation, 1430 
Atropine, 240£ 

Attention-deficit hyperactivity disorder (ADHD), 432 

Auerbach plexus, 739, 1021 

Augmentation mammaplasty, 2051 

Autoantigens, tolerance to, 508-509 

Autografts, description, 497 

Autoimmune hemolytic anemia, 1225-1226 

Autoimmune hepatitis (AIH), 900 

Autoimmune neutropenia, 1226 

Autoimmunity, recurrent, 600-601 

Autotransfusions, for shock, 160-161 

Avascular necrosis (AVN), 429, 430 

Aviation Safety Reporting System, 306 

Avulsions, management of, 231 

Axillary vein thrombosis, 1778 

Axillobifemoral bypass, 1561f 

Axillofemoral bypass, 1559 

Axillofemoral prosthesis, 1666 

Azathioprine 

adverse effects of, 776, 1940 
in Crohn disease, 776 
in immunosuppression, 584 
in renal transplantation, 539 
for ulcerative colitis, 1061 
Azithromycin, 1580, 1700 
Azotemia, acute, 911 1 
Azotemic arteriopathy, 1601/ 

Aztreonam, with clindamycin, 136 
Azurocidin, 94 
Azurophil granules, 94 

B 

B cell lymphomas, 1082/ 1295 
B-cell memory, 508 
B-cell tolerance, 508 
B cells. See B lymphocytes 
B lymphocytes 
activation of, 507 
anergic, 508 

antigen presentation, 99-100 
gut epithelium, 743 
immune responses and, 504/ 
in inflammation, 100 
insulin synthesis, 812 
naive, 507 
responses, 507-508 
transplant immunity and, 500-501 
in transplantation, 507-508 
B7-1, function of, 101 
B7-2, function of, 101 
Bacillus anthracis, 487 
Bacillus Calmette-Guerin (BCG), 507 
Bacitracin, 200, 224t 
Bacteremia, organ donation and, 518 
Bacteroides spp., 1021 
B. fragilis, 140, 143, 889 
B. thetaiotaomicron, 143 
infected aortic aneurysms, 1759 
Bag valve mask ventilation, 434 
Balloon angioplasty, 1470-1471 
Balloon atrial septostomy, 1432 
Balloon embolectomy, 1573/ 

Balloon tamponade, 920 
Balloon valvuloplasty, 1438 
Banff Classification, 600t 

Bannayan-Riley-Ruvalcaba syndrome, 1088^ 1089 
Bariatric surgery, 714? 

Barium enema, 1125 


for colorectal cancer, 1076-1077, 1099 
diagnostic, 1099, 1100/ 
double-contrast, 1101 
screening, 1076-1077 
Barium studies, 651-652, 754 
Baroreceptors, 193-194 
Barotrauma, 1820 
Barrett esophagus, 677/ 
endoscopic appearance, 645/ 
esophageal mucosal injury and, 642/ 

H. pylori and, 636-637 
histology, 645/ 
overview, 645 

Barrett metaplasia, 646-647, 646/ 647/ 

Bartonella henselae, 1850 
Basal cell carcinoma (BCC) 
anal margin, 1155 
cutaneous, 2012-2013, 2012/ 
of the hand, 2013£ 
morpheaform, 2012/ 
pigmented, 2001/ 
risk factors, 20 12t 
treatment, 2015/ 

Basal cell nevus syndrome, 1089 
Basal energy expenditure, 177, 461 
Basal metabolic rates (BMRs), 27 
Base deficit, 148, 161 
Basic Trauma Life Support (BTLS), 327 
Basilar skull fracture, 347 
Basilizimab, 599, 604 
Basophils, 92 1, 104, 119 
Bax proteins, 269 
Baxter formula, 221 
Bcr-Abl kinses, 273 
Bcr/abl oncogene, 264 
Becaplermin, 65, 66 
Beck’s triad, 152, 374-375 
Beckwith-Wiedemann syndrome, 1885 
hepatoblastoma and, 1930 
hepatocellular carcinoma and, 1931 
hyperinsulinism and, 1808 
macroglossia in, 1843 
neuroblastoma and, 1957 
umbilical hernias and, 1185 
Bed rest, prolonged, 426 
Bee stings, 474 
Behavioral disorders, 432 

Below-knee amputations, 1689, 1691-1692, 1691/ 
Benzodiazepines, 241, 242t, 474, 561 
Benzopyrene hydroxylase, 785 

Benzoyl- 1-tyrosyl-para-aminobenzoic acid (BT-PABA), 816 
Bernard-Burrows reconstruction, 622 
Beta (B) cells, 803 
Beta blockers 

for coronary artery disease, 1470 
elderly patients, 446 
perioperative risk reduction and, 246 
in portal hypertension, 917-918 
postoperative, 301 

for renal artery occlusive disease, 1617 
response to hypovolemia and, 446 
in tetralogy of Fallot, 1431 
for variceal bleeding, 926 
[3-Cells, 20, 590-591 
|3-Hemolytic streptococci, 138, 143 
(3-Lactam allergies, 136 
Bevacizumab (Avastin) 
in colorectal cancer, 1115 
for hepatocellular carcinoma, 945 
impact on wound healing, 63 
mechanism of action, 277 
Bicarbonate ions 
body fluids and, 190-191 
decreased content, 207-210 
gastric production, 696-697, 697/ 

GI release of, 741 
hyperparathyroidism and, 1315 
increased concentration, 210-211 
Bicaval right atrial implant technique, 570/ 
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Bicaval technique, liver transplantation, 551-552 
Bicycle helmets, 442 
Bifidobacterium sp., 1899 
Bile 

composition of, 960-961, 961t 
flow of, 960 
gallbladder, 961? 
hepatic, 961t 
leakage of, 984 

postoperative collection of, 986/ 
spillage, 1002 
zinc excretion, 19 
Bile acid 

circulation of, 15/ 

gastroesophageal reflux disease and, 643/ 
small-bowel malignancy and, 786 
synthesis of, 14 
Bile duct 
anatomy, 1009/ 
benign neoplasms, 1012-1013 
biliary anastomoses, 987/ 
carcinoma of, 1003-1010, 1005£ 
exploration, 979/ 
injuries 

biloma, 984/ 

clinical presentation, 983-984 
elective repair of, 988-989 
iatrogenic, 983 
management algorithm, 984/ 
surgical outcomes, 989-991 
intrahepatic divisions of, 877f 
laparoscopic injury, 983/ 
stones, 975t, 976, 976/ 
strictures 
causes of, 982t 
imaging, 984-985 
nonoperative management, 991 
pathogenesis of, 981-983 

percutaneous transhepatic cholangiography, 985, 985/ 
preoperative management of, 985-986 
surgical management of, 986-989 
surgical outcomes, 989-991, 990? 

Bile salt diarrhea, 781 
Bile salts, 747 
Biliary atresia, 1932-1936 
anatomy, microscopic, 1932 
diagnosis, 1933-1934 
liver transplantation for, 547 
pathophysiology, 1933 
portoenterostomy, 1934-1935 
presentation, 1933 
treatment, 1934-1936 
Biliary bypass, 995-996 
Biliary colic, 965, 1992-1993 
Biliary cystadenocarcinomas, 940 
Biliary cystadenomas, 940 
Biliary disease, 960-980 
Biliary leaks, 560-561, 560/ 

Biliary lipids, 962 

Biliary neoplasms, 998-1014 

Biliary obstruction, 831 

Biliary reconstruction, 555, 988/-989/ 

Biliary tract 

carcinoma of, 1936-1939 
choledochal cystic disease, 1936-1939 
disease in pregnancy, 1992-1993 
embryology, 1932 
infections, 1004 
pediatric, 1932-1939 
Biliary tree 
adenomas, 1012/ 
anatomy of, 877-878 
intrahepatic, 877-878 
normal, 986/ 
papillomas, 1012/ 
strictures, 830 

Biliopancreatic diversion, 717-718, 718/ 

Bilirubin, 18, 843, 888, 1830 
Billroth II gastrojejunostomy, 711/ 


Bio-Medicus pump, 1715/ 

Bioelectrical impedance, 21-22 
Biofeedback training, 1143-1144 
Biofilms, 1557 
Biologic weapons, 486-487 
Biomarkers, cancer detection and, 282-284 
Biopsies. See also Specific organs; Specific tissues 
breast masses, 1253-1254 
transjugular, 899 
transvenous endomyocardial, 565 
Biotin, 40 1, 747 
Biotransformation, 17-18 
cytochromes P-450, 17-18 
definition, 18 

glutathione-S-transferases, 18 
sulfotransferases, 18 

uridine diphosphate-glucuronyl transferases, 18 
Birth weight, mortality rates and, 1804 
2,3-bisphophoglycerate, 11 
Bisphosphoglycerate mutase, 11 
Bisphosphonates, 205, 1310, 1962 
Bivalirudin, 78, 84 
BK virus, 540 

Black widow spider (Latroidectus mactans), 472, 

473-474 

Bladder. See Urinary bladder 
Blalock-Hanlon septectomy, 1433 
Blalock-Taussig shunt, 1431, 1443 
Blast injuries, 491 
BLEED classification system, 1041 
Bleeding. See also Blood loss; Hemorrhages 
after hernia repair, 1197 
disorders, 82-83 

Blepharoplasty, 2061-2062, 2062/ 

Blindness, 355, 591 
Blood, types of, 160 

Blood alcohol concentrations (BAC), 442 
Blood gas analyses, 149, 477 

Blood loss, 149, 423. See also Hemorrhages; Hypovolemia 
Blood pressure. See also Hypertension; Hypotension 
effect of inhalation agents, 238 
effect on arterial walls, 1571/ 
normal ranges, 1825£ 
in pediatric trauma patients, 433 
systolic, 433 

Blood transfusions, 143, 160 
Blood urea nitrogen (BUN), 182, 452 
Blood vessels 

cellular interactions, 1574/ 
embryology of, 1569-1570 
endothelium of, 1571-1572 
intimal thickening, 1572-1574, 1573/ 
medial thickening, 1572-1574 
normal structure of, 1569 
response to shock, 154-155 
vascular infections, 1556-1568 
Bloodstream infections, 300-301 
Blowout fractures, orbital floor, 358/ 

“Blue toe” syndrome, 1655 
Blumer shelf, 843 
Blunt aortic injury (BAI), 379, 418 
Blunt cardiac injury (BCI), 378-379 
Blunt injuries, genitourinary, 405 
Boari flap, 538, 539/ 

Bochdalek hernia, 1872 
Body cavity lavage, 458, 479 
Body composition 
factors in, 22/ 

nutritional principles and, 21-22 
surgical stress and, 32 
Body fat distribution, 713 
Body fluid compartments, 189-190, 190t 
Body fluids 

composition of, 190-191, 1814? 
compositional changes, 202-204 
concentration, 191 
electrolyte concentrations, 199-202 
osmotic activity, 191-192 
sodium chloride in, 196 
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Body mass index (BMI) 
calculation of, 713 

gastroesophageal reflux disease and, 636, 63 7/ 
transplant outcomes and, 590 
Body sculpting, 2064-2067 

Body temperature. See Fevers; Hyperthermia; Hypothermia; Temperature 

Body weight. See Birthweight; Weight 

Bone 

resorption of, 205 

sarcomas of, 2018-2038, 2034-2036 
Botulinum toxin, 487 

Bowel. See also Gastrointestinal (GI) tract; Small bowel 
glutamine consumption, 28 
habits, 1143-1145 
Bowel obstruction 
after hernia repair, 1195 
clinical presentation, 752-753 
closed-loop, 751, 751f, 752, 7 55f 
differential diagnosis, 752-753 
functional, 749 
hernias and, 1173 
ileus and, 748-749 
imaging, 753-755, 753f 
laparoscopic management, 763t 
management of, 755-757, 758* 
mechanical, 748-749, 749/ 750* 
neurogenic, 749 
open loop, 751, 752 
pathophysiology of, 751-752 
signs and symptoms of, 750* 
strangulation, 749-750, 753 
types of, 756-765 

chronic adhesions, 757 
early postoperative, 757 
hernia, 757-758 
malignant, 761-762 
postlaparotomy, 758/ 
radiation enteritis, 762 
volvulus, 762 
Bowen disease, 2013 
Brachial artery injuries, 368, 1605 
Brachial cephalic artery stenosis, 1528 
Brachycephaly, 2070 
Bradyarrhythmia, 520 
Bradycardia, 469, 572 
Bradykinin 
degradation of, 1572 
in hemostasis, 72 
inactivation of, 1609 
pain mediation and, 117 
production of, 119 
renin-angiotensin system and, 1609f 
vascular permeability and, 116 
Brain 

contusion, 34 6f 

ischemia-reperfusion injury, 498 
tumors of, 1084 
Brain death 
concept of, 448 
definition of, 520 
etiology, 520 
pathophysiology, 520 
Brain Trauma Foundation, 341 
Branch varicose veins, 1790-1791 
Branchial cleft cysts, 620, 1845f 
Branchial cleft remnants, 1844-1847, 1844/ 
anatomy, 1844-1845, 1846/ 1847/ 
clinical aspects, 1845 
embryology, 1844-1845 
outcomes, 1845-1847 
treatment, 1845-1847 
BRCA1 gene, 262, 264, 1256-1258, 1257* 

BRCA2 gene, 262, 264, 839, 1256-1258, 1257* 

Breast 

anatomy of, 1241-1242, 1242/ 
augmentation mammaplasty, 2051 
benign disease, 1258* 
biopsy techniques, 1247-1248 
clinical problems, 1248-1256 


development of, 1243 

ductal carcinoma in situ, 1262-1263 

examination of, 1243-1248, 1244/ 

infections of, 1255-1256 

lactation, 1243 

lesions 

diagnostic algorithm, 1249/ 
management algorithm, 1249/ 
lymphatic drainage, 1242-1243 
masses, 1251-1255 

cystic lesions, 1251-1252, 1252/ 1253/ 
definition of, 1251 
diagnosis, 1253-1255, 1256/ 
management of, 1256/ 
solid, 1252-1253, 1255/ 
mastopexy, 2051-2052 
medical history, 1244* 
menopause and, 1243 
microcalcifications, 1246/ 
pain, 1249-1250 
phylloides tumor, 1245/ 
in pregnancy, 1243 
ptosis of the, 2051-2052, 2052/ 
reconstructive surgery, 277, 279-372, 2045, 2047-2050 
hybrid techniques, 2049 

implant-based, 279-371, 279/ 2047-2051, 2047/ 
nipple—areolar reconstruction, 2049 
postmastectomy, 277, 279, 2045, 2047-2051 
reduction mammaplasty, 2049-2051 
surgical biopsy, 1248/ 1248* 
surgical site infections, 13 6t 
Breast cancer 

adjuvant systemic therapy, 1272-1273, 1273* 

axillary nodes, 1270-1271 

biology of, 1264 

chemoprevention, 1260 

chemotherapy, 1272* 

in the elderly, 1273-1274 

HER2 (neu) expression, 273 

high-risk women, 1260-1262 

incidence, 261 

inheritance of, 1257/ 

invasive carcinoma, 1264-1266 

lobular carcinoma in situ and, 1259* 

local management, 1266-1270 

locally-advanced, 1277, 1277/ 

locally recurrent, 1275 

male, 1274-1275 

mammography screening, 1245-1247 
natural history of, 1264 
nodal metastases, 1275 
in pregnancy, 1274 
prognostic factors, 1271-1272 

risk factors, 1256-1258, 1257/ 1257*, 1258/ 1259, 1260/ 1260* 
staging, 1265-1266, 1266* 

Breast-conserving therapy (BCT), 1267-1270, 1268/ 

Breast feeding, weaning from, 1243 

Breast milk, 1808. See also Infant formulas; Lactation 

Breathing 

prehospital assessments, 328-329 
primary assessment, 370-374 
Bridge to recovery (BTR), 1483 
Bridge to transplantation (BTT), 1484, 1496-1502 
Bromocriptine, 1249, 1321 
Bronchial adenomas, 1862 
Bronchial cancer, 261 
Bronchial gland carcinomas, 1379-1380 
Bronchiectasis, 579, 1403-1406 

Bronchiolitis obliterans syndrome (BOS), 511, 576, 586-587, 645 
Bronchogenic cysts, 1423/ 1859, 1859/ 

Bronchopleural fistula (BFP), 370-371 
Bronchoscopy 

foreign body removal, 1871-1872, 1872/ 
in trauma patients, 459-460 
Bronchospasm, induction of, 247-248 
Brown recluse spider (Loxosceles reclusa), 472, 473, 473/ 

Brunner glands, 740, 741 
Brush border enzymes, 1809, 1828 
Bubonic plague, 487 
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Budd-Chiari syndrome 
acute liver failure and, 900 
etiology, 909-910, 909t 
fulminant hepatic failure and, 547 
liver transplantation and, 548 
portal hypertension and, 914-915 
Budesonide, 1061 
Buerger disease, 1605 
Buffalo hump, 1330 
Buffer systems, 207 
Bullets, kinetic weight of, 323 1 
Bundle of His, 1428, 1449 
Bunyaviruses, 487 
Bupivacaine, 243 1 
Buprenorphine therapy, 258/-259/ 
Burkholderia cenocepacia, 579 
Burkholderia cepacia genomovar III, 579 
Burn centers 
transfer to, 215^ 219t 
treatment at, 231-233 
Burn injuries, 214-236 
airway assessment, 219-221 
anemia and, 228 
deep vein thrombosis in, 228 
depth of, 216/ 
ears, 229 

enteral nutrition in, 38 
epidemiology, 215-216 
epithelialization, 217-218 
estimation of size, 218, 219/ 
face, 228-229 
feet, 229 

full-thickness wounds, 217/ 
genital, 229-230 
grease/flame, 229/ 
hands, 229 
infections, 228 
initial evaluation, 218-219 
injury prevention, 442 
management, 219-226 
management philosophy, 214-215 
metabolic support, 226-228 
nonaccidental, 230-231 
nutritional assessment, 227 1 
nutritional support, 226-228 
ocular adnexa, 229 
pain management, 228 
pathophysiology, 216-218 
reconstruction, 234 
rehabilitation, 234 
repigmentation and, 217/ 
risk factors, 215? 
sheet grafts, 229/ 
systemic response to, 218 
topical antimicrobials, 199-200 
wound dressings, 273, 2041 
wound healing, 217/ 
wound management, 199-200 
zone of injury and, 216-217, 216/ 

Burr holes, 347, 347/ 

Buschke-Lowenstein tumor, 1154-1155 

C 

c-abl proto-oncogene, 264 
c-Jun N-terminal kinase (JNK), 102 
c-myc gene, 265/ 

C-reactive protein (CRP) 
in acute pancreatitis, 823 
acute phase response and, 31 
inflammatory state and, 25, 125, 227 
myocardial infarction and, 1465 
C4d, 510-511,511 
C7EFab (ReoPro), 85 
CA 19-9, 844 
Cachexia, in cancer, 36 
E-Cadherin, 272 
Caenorhabditis elegans, 264 
Caffeine clearance, 882? 

Calcineurin inhibitors, 539, 561, 563, 571 
Calciphylactic arteriopathy, 1605 


Calcitonin 

for bone resorption, 205 
function, 1307 
for hypercalcemia, 1310 
laboratory tests, 1285 
production of, 1285 
Calcium 

absorption of, 745 
changes in concentration, 204 
dietary supplementation, 1079 
free intracellular, 20 
homeostasis, 204 
hypercalcemia, 204-205 
hyperparathyroidism and, 1315 
hypocalcemia, 205-206 
membrane permeability, 515 
parathyroid gland and, 1304 
regulation of, 1308/ 
turnover in humans, 1306/ 

Calcium channel blockers, 379-380, 1985 
Calcium chloride, 164 
Calcium gluconate, 203, 470, 474, 1311 
Calculated percent reactive antibodies (cPRA), 532 
Calculous cholecystitis 
acute, 970-973, 970/ 971/ 
chronic, 969-970 
laparoscopic, 971 1 
Calf muscle, pump function, 1533 
Callot triangle, 878 
Calmodulin, 204, 515 
Caloric requirements, 1 771, 461 
Calories, definition, 22 
Calorimetry, 25-26 
Campath, 599 
Camper fascia, 1159 
Canal of Nuck hydrocele, 1887 
Canastatin, 272 

Cancer, 261-286. See also Specific cancers; Specific organs 
after ileal pouch-anal anastomosis, 1066 
biology of, 264-271 
cell immortalization, 266 
cell senescence, 266 
cell survival, 266-267 
effects of TGF (3, 269-270 
genomic instability, 269 
metastasis and, 272-273 
Myc regulation, 264 
oncogenes, 264 

programmed cell death, 266-267 
telomerases, 266 
tissue invasion, 272-273 
tumor suppressor genes, 264 
cachexia in, 36 
cell characteristics, 262, 263/ 
cell cycle regulation in, 267-269 
in chronic pancreatitis, 830 
clinical trials, 284-286 
costs in the U.S., 261 
in Crohn disease, 778 
death rates from, 262/ 
detection, biomarkers and, 282-284 
epidemiology, 261-262 
etiology, 262-264 
future of therapy, 273-277 
gender and, 263t 

gene expression profiling, 283-284 

gene therapy, 274-275 

growth regulation, abnormal, 267 

imaging, 277-278 

immunotherapy, 275-277 

nutrition support, 36-37 

organ donation and, 519 

outcomes, RECIST criteria for, 285 

proteomics, 284 

role of the surgeon, 277-282 

sites of, 1091/ 

targeted molecular therapies, 273-274 
tumor angiogenesis, 271-272 
tumor-host interactions, 271-273 
vaccines, 277 
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Candida spp. 

abdominal pain and, 1204 
C. albicans 

after lung transplant, 586 
during immunosuppressive therapy, 563 
prophylaxis, 540 
in surgical infections, 143 
C. difficile, 463-464 
C. glabrata 
postinjury care, 464 
posttraumatic infection, 464 
in surgical infections, 143 
C. krusei 

postinjury care, 464 
posttraumatic infection, 464 
in surgical infections, 143 
peritonitis and, 139 
postinjury care, 464 
Candidemia, 464 
Cantlie line, anatomy, 873 
Capecitabine, 1010, 1115 
Capillaries, response to shock, 154-155 
Caprini risk factor score, 79 f 
Capsule endoscopy, 774 
Captopril, 1617, 1876 
Caput medusae, 1185/ 

Carbamazepine, 900 
Carbapenems, 143 
Carbohydrates 

absorption of, 745-746, 746f 

caloric value of, 172 1 

digestion of, 745-746, 746f 

metabolic requirements and, 1807-1808 

metabolism of, 10-13, 23 

nondigestible, 746 

shortage of, 18 

Carbon dioxide excretion, 172-173 
Carbon dioxide tension, 252 
Carbon monoxide poisoning, 220, 220t 
Carbonic acid/bicarbonate buffer system, 207 
Carbonic anhydrase, 811 
Carboplatin, 281 
Carboxyhemoglobin, 220t 
Carboxypeptidases, 747 
Carcinoembryonic antigen (CEA) 
in colorectal cancer follow-up, 1115-1116 
in hepatic cystic lesions, 940 
in metastatic disease of the liver, 947 
in tumor assessment, 277, 885 
Carcinogenesis, multistep, 1070 
Carcinoid syndrome, 793-794, 1081 
Carcinoid tumors 
colorectal, 1116-1117 
lung, 1377-1378, 1377 f, 1378 f 
small bowel, 792-794 
carcinoid syndrome, 793-794 
clinical presentation, 792-793, 793 f 
diagnosis, 793 
ileal, 793 f 

staging and prognosis, 793 
staging of, 1117f 
Carcinoids, appendiceal, 1210 
Carcinomas. See also Specific carcinomas 
adenoid cystic, 615-616 
head and neck, 618-620 
hypopharyngeal, 624-625 
laryngeal, 625-626 
management by subsite, 620-622 
management of the neck in, 619-620 
nasopharyngeal, 623-624 
oral cavity, 622-623 
oropharyngeal, 623 
hypopharyngeal, 610£ 
laryngeal, 610? 
nasopharyngeal, 610£ 
oral cavity, 610? 
paranasal sinus, 610£ 
salivery gland, 610? 
sinonasal, 620-622 
thyroid gland, 610£ 


Carcinomatosis, 1002 
Cardiac arrests 
hyperkalemia and, 203 
rapid response teams, 304-305 
Cardiac catheterization, 1452 
Cardiac death, organ donation and, 528-529 
Cardiac dysfunction 
obesity-related, 714 
organ donation and, 519-520 
in renal failure, 36 
Cardiac echocardiography, 567 
Cardiac failure, 1483-1504 
Cardiac glands, 688 

Cardiac index, elderly patients, 445-446 
Cardiac myocytes, 19-20 
Cardiac output (CO) 
afterload, 1826 
measurement of, 170 
oxygen content and, 1826-1827 
postnatal circulation and, 1825-1826, 1826/ 
in pregnancy, 451 
preload, 1826 
Cardiac stress testing, 594 
Cardiac tamponade 
CABG and, 1479 
characteristics, 1510-1511, 1510? 
in chest injury, 374-375 
echocardiogram, 1509/ 
in extracardiac obstructive shock, 152 
pericardial effusion and, 1508-1509 
Cardiac transplantation, 565-576 
acute rejection, 571-572 
allograft vasculopathy after, 573/ 
candidate evaluation, 566 
complications, 571, 57 4t 
contraindications, 567 
donor management, 566-567 
donor selection, 566-567 
ethics of, 574 
graft preparation, 568/ 
heart procurement, 568 
historic perspective, 565-566 
immunosuppression, 571, 572t 
indications, 566t 
issues, 574-575 

operative recipient management, 568-571 

recipient management, 567-568 

results, 573-574 

risk stratification, 566t 

survival rates, 566t, 573/ 

techniques 

bicaval right atrial implant technique, 570/ 
Shumway biatrial technique, 569/ 
total atrioventricular transplant, 571/ 
Cardiectomy, native, 568/ 

Cardiogenic shock, 149, 150f, 151, 1466-1467 
Cardiomyopathy, restrictive, 151 It 
Cardioplegia, heart preparation for, 527/ 
Cardiopulmonary bypass, 458, 480, 1426 
Cardiopulmonary resuscitation (CPR), 447 
in pregnancy, 454 
Cardiothoracic surgery, 137? 

Cardiotoxins, 467 
Cardiovascular system 
disease as contraindication, 533 
failing, 167-170 
fetal circulation, 1823-1824 
postnatal circulation, 1825-1826 
transitional circulation, 1824-1825 
CardioWest total artificial heart, 1502, 1502/ 
Carney triad, 2033 
Carnitine, 13, 23 

Carnitine palmitoyltransferase-1, 13 
Carotenoids, function of, 97-98 
Carotid arteries 
aneurysms, 1596, 1596/ 
angioplasty with stenting, 1593-1594 
bifurcation, 1586/ 
dissection, 1595-1596 
elongation of, 1595/ 
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Carotid arteries ( continued) 
endovascular interventions, 1540-1542 
fibromuscular dysplasia, 1595, 1595f 
flow patterns, 1587 
neck injuries and, 365 
nonatherosclerotic diseases, 1594-1597 
occlusive disease, 1588-1590, 1588/ 1589/ 
operative approach, 367/ 
stenosis 

asymptomatic, 1589-1590 
classification of, 1519-1520, 1521? 
diagnosis, 1516, 1587-1588 
grading, 1588* 
imaging, 1593/ 
percutaneous treatment, 1540 
symptomatic, 1589 

stented, 1520-1521, 1540-1541, 1541/ 
approved stents, 1594? 
complications of, 1594? 
registries, 1540-1541 
traumatic injury to, 1597 
Carotid bifurcation occlusive disease, 1585, 1586/ 
Carotid body tumors, 1596-1597, 1 597f 
Carotid coils, 1594-1595 
Carotid endarterectomy (ECA) 
angioplasty with stenting versus, 1590-1594 
complications of, 1592-1593 
efficacy of, 1519-1520, 1520* 
risk analysis, 1590* 

surgical techniques, 1590-1592, 1591/ 1592/ 
Caspofungin, 143 
Cat scratch disease, 1849, 1850 
Catabolic metabolism, 1804-1805 
Cataracts, electrical injuries and, 230 
Catecholamines 
effects of, 1330* 
mechanisms of action, 1329 
metabolism of, 30, 1329/ 1330 
in pheochromocytoma, 1337 
release in hypovolemia, 153 
secretion, 209 
synthetic pathways, 1329/ 

P-Catenin, 1070-1071, 1097 
Catheter-based arteriography, 1738/ 

Catheters 

for endovascular treatment, 1539 
infections related to, 463 
EMWH-associated risks, 249 
nosocomial infections, 142 
placement of, 249 
Cattell maneuver, 397 
Caudal pancreatic artery, 805 
Caudal pancreatic vein, 806 
Caustic injuries, 671-672, 672/ 672* 

Caval filtration devices, 1566 
Cavitation, traumatic injuries and, 318 
Cavocavostomy, 551, 553/ 

CD 11-a antibody, 539 
CD14, 122, 124 
CD20 antibodies, 511 
CD28, 101, 502 
CD36, 124 

CD40, 99, 124, 507, 508 
CD40 ligand, 99, 507, 508 
CD44, 101 
CD80, 502, 507 
CD86, 502, 507 
CD91, 123-124 

CD95. See Lipopolysaccharide (LPS) 

CDKN2 (9p21) mutations, 999 
CDKN2A gene. See P16 genes 
CDNA microarrays, 283 
Cecal volvulus, 1994 
Cefazolin, 139 
Cefotaxime, 930 
Ceftriaxone, 889 
Celiac artery 

aneurysm, 1647-1648, 1647/ 
arteriogram, 1649/ 


blood flow, 1630/ 
duplex scan, 1635/ 
endartectomy, 1641/ 
ischemia, 1638/ 
occlusion, 1643/ 
stenosis, 1639/ 

Celiac axis, neurolytic block of, 855 
Celiac sprue, lymphoma and, 785 
Celiotomy, 454* 

Cell cycle 

checkpoint control, 267 
regulation of 

in cancer, 267-269 
clock machinery, 267/ 268/ 

Cell death. See also Apoptosis 
anoxic, 414 
necrosis, 112 

Cell-mediated rejection, 561-562 

Cell membranes, response to shock, 157 

Cell-to-cell communication, 1576 

Cell—cell adhesion molecules (CAMs), 272 

Cell—cell contact, 218 

Cellular rejection, 511-512, 600* 

Cellular therapeutics, 434 
Cellulitis, 1851 
Cellulose, dietary, 746 

Centers for Disease Control and Prevention (CDC) 
on cancer screening, 261 
on child abuse, 440 

National Center for Injury Prevention and Control, 309 
on surgical site infections, 134 
Centers for Medicare and Medicaid Services (CMS), 136 
Conditions of Participation, 542 
in safety practices, 303 
surgical quality measures, 291 
Central abdominal obesity, 713 

Central compartment lymph node dissection (CCLND), 1296 

Central gut tube innervation, 1200 

Central hormonal failure, 520 

Central pontine myelinolysis, 1814 

Central tolerance, 505 

Central venous pressure (CVP), 161, 168-169, 457 
Central venous pressure (CVP) catheters, 45-46, 301-302, 457 
CentriMag VAD, 1493-1494, 1495/ 

Centroacinar cells, 803 

Centuroides exilicauda (North American bark scorpion), 475 

Centuroides sculpturatus (scorpion), 475 

Cephalins, synthesis of, 14 

Cephalosporins, 136, 139, 756 

Cerebral blood flow (CBF), 338, 339/ 340 

Cerebral blood volume (CBV), 346 

Cerebral edema, 340, 435 

Cerebral infarction, 1585* 

Cerebral ischemia 
after liver transplantation, 561 
clinical manifestations of, 1586-1587 
diagnostic evaluation, 1587-1588 
etiology of, 1585* 
monitoring of, 350-351 
Cerebral microdialysis, 351 
Cerebral perfusion pressure (CPP), 338-339 
Cerebrospinal fluid (CSF) 
drainage, 351-352 
fistulas, 356 
leaks, 347 

rhinorrhea, 355-356 

Cerebrovascular accidents (CVA), 1584, 1587 
Cerebrovascular occlusive disease, 1584-1598 
Ceruloplasmin, 19 
Cervical cancer, 262 
Cervical lymph nodes, 610/ 619*, 620 
Cervical spine 
immobilization of, 370 
radiograph, 425/ 

Cesarean section, 454* 

Cetirizine, 228 

Cetuximab (Erbitux), 273, 1115 
Chance fractures, 402, 438 
CHAOS syndrome, 127 
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Chemical burns, 219t, 230 
Chemical weapons, 487-488, 488? 

Chemokine receptors, 110, 1700 
Chemokines, 110 

Chemoradiation therapy, 625, 851, 853 
Chemotaxis, 110 

Chemotherapy. See Specific cancers 
Chemotherapy enteritis, 38 
Chest 

pediatric patients, 1853-1883 
traumatic injuries, 370-385 

endotracheal tube placement, 371 / 
secondary survey, 375 
traumatic injury, 333-335 
vascular injuries, 3 79t, 418-419 
Chest wall. See also Thorax 
anatomy of, 1391-1392, 1394/ 
benign tumors, 1392, 1393 
congenital abnormalities, 1397-1403 
defects, 1395, 1397, 1853-1854 
malignant tumors, 1394-1395 
metastatic disease of, 1395 
transaxillary approach, 1404/ 
tumor classification, 1392? 
tumors in children, 1864 
Chest wounds, prehospital management, 328 
Chevron incision, 1399/ 

Chief cells, 688-689 
Chilblains, 480 
Child abuse, 440 
Child maltreatment, 440 
Child-Pugh scores, 19, 882t, 883? 

Child-Turcotte criteria, 916t, 927, 937, 9371 
Child-Turcotte-Pugh (CTP) score, 916? 

Children (1 to 12 yrs) 
abdominal pain in, 1204 
appendicitis in, 1209-1210 
gastrointestinal hemorrhage in, 1924-1925 
heart transplantation, 574 
injury-related deaths, 310 
motor vehicle impacts, 321 
Chimeras, 505 
Chin, genioplasty, 2064 
Chlamydia spp. 

in abdominal aortic aneurysms, 1698-1699 
in atherosclerosis, 1579-1580 
C. pneumoniae, 1698-1699 
C. trachomatis, 1152 
Chlamydial proctitis, 1152 
Chloramphenicol, 18 
Chlorhexidine gluconate, 463 
Chlorhexidine solution, 142 
Chloride ions, absorption of, 745 
2-Chloroprocaine, 243? 

Cholangiocarcinoma 
distal, 1003, 1007 
hilar, 1003 

CT scan, 1005/ 

liver transplantation for, 1007-1008 
MRI scan, 1006/ 1007/ 

percutaneous transhepatic cholangiogram, 1010/ 
prognosis, 1007 
resectability, 1006-1007 
unresectable, 1008-1009 
intrahepatic 

adjuvant therapy, 1010-1011 
follow-up after resection, 1011 
issues for the future, 1011 
prognosis after resection, 1008, 1008£ 
liver transplantation and, 546-547 
Cholangiography 
intraoperative, 977 
preoperative, 976-977 
Cholangiohepatitis, 996, 997/ 

Cholangitis 
acute, 973-974 
bile duct carcinoma and, 1004 
bile duct injury and, 984 
liver abscesses and, 888 


Cholecystectomy 

for biliary tree disease, 1938-1939 
laparoscopic, 966-967, 967/ 968/ 1993 
open, 969 

for porcelain gallbladder, 998 
in pregnancy, 1993 
prophylactic, 964? 

Cholecystenteric fistula, 972-973 
Cholecystitis 

abdominal pain and, 1205 
after abdominal aortic artery repair, 1762 
liver abscesses and, 888 
in pregnancy, 1992-1993 
Cholecystoduodenal fistulas, 760/ 

Cholecystojejunostomy, 854 
Cholecystokinin 2 (CCK2), 740, 740/ 

Choledochal cystic disease, 998, 1004, 1936-1939, 1937/ 1938/ 
Choledochocholedochostomy, 555, 556/ 

Choledochojejunostomy, 854 
Choledocholithiasis 
classification, 975 
diagnostic studies, 975-977 
management, 977-979 
predictors, 975, 97 St 
during pregnancy, 1993 
presentation, 975 
Choledochotomy, 978£ 

Cholelithiasis, 998, 1762 
Cholescintigraphy, 966 
Cholestasis 
causes of, 908, 90St 
neonatal, 1933? 

Cholestatic jaundice, 1934/ 

Cholestatic liver disease, 936 
Cholesterol 
characteristics of, 14 
complement system activation by, 1580 
crystallization, 962-963 
digestion of, 747 
metabolic syndrome and, 713 
metabolism, 13-15, 1326 
phases in bile, 962/ 
precursors, 10 
Cholesterol esterase, 811 
Cholesterol gallstones, 962 
Cholesterol polyps, 1011 
Cholestyramine, 908 
Chondromas, 1394 
Chondrosarcoma, 2036/ 

Chordae tendineae, 1450 
Christmas tree deformity, 1890 
Chromaffin cells, 1325 
Chromogranin A, 858, 1329 
Chromosome 9, 264 
Chromosome 10, 264 
Chromosome 18q21, 1097-1098 
Chromosome 22, 264 
Chronic allograft nephropathy, 511 
Chronic heart failure, mortality rates, 249t 
Chronic intestinal pseudo-obstruction, 1033 
Chronic lymphocytic leukemia (CML), 1227-1228, 1228/ 
Chronic myelogenous leukemia (CML), 264 
Chronic obliterative atherosclerosis, 1669 
Chronic obstructive pulmonary disease (COPD) 
geriatric trauma and, 445 
lung-volume reduction and, 1407-1408 
management of, 1407-1408 
pulmonary transplantation for, 578 
spontaneous pneumothorax and, 1409 
Chronic rejection, 498, 562-563 
Chronic venous disease, 1783-1795 
classification of, 1787? 
diagnosis, 1786-1789 
etiology, 1785-1786 
normal anatomy, 1783-1784, 1783/ 
normal venous physiology, 1784-1785 
pathophysiology, 1785-1786 
prevalence, 1785 
severity score, 1787£ 
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Chronic venous disease ( continued) 
signs and symptoms of, 1786 
treatment, 1787-1795, 1790/ 

Chronic venous insufficiency, 1533-1534 

Chvostek’s sign, 206 

Chylomicrons, 13, 747 

Chylothorax, 1879-1881 

Cilazapril, 1575 

Cilostazol, 1660 

Cimetidine, 1048 

Cinedefectography, 1141/ 

Cip/Kip family, 268 
Ciprofloxacin, 139, 487 
Circulation 
assessments 

chest trauma and, 374-375 
prehospital, 329 
monitoring, 252 

Circumflex coronary artery, 1463 
Cirrhosis 
background, 904 
chronic HCV and, 542 
classification of, 905t, 906-910 
definition, 904 
diagnosis, 910 
end-stage, 906/ 
etiology, 906-910 
evolution of, 905/ 
gastroesophageal varices and, 1048 
geriatric trauma and, 445 
hyperaldosteronemic state of, 1048 
immune, 908-909 
inflammatory, 908-909 
manifestations of, 910-913 
morphology, 906 
organ donation and, 519 
pathophysiology, 904-906 
physical findings in, 910£ 

Cisapride, 768, 769, 1027 
Cisatracurium, 239t 

Cisplatin, 206, 281, 1010, 1337. See also Specific cancers 
Citric acid cycle, 10, 16-17, 17/ 

Class switch recombination, 507 
Claudication 

in aortoiliac disease, 1655 
lower extremity, 1549/ 
peripheral arterial disease and, 1669 
Clavical, head of, 370 
Clear cell sarcoma, 1967, 202l£ 

Cleft lip, 2067-2069, 2067/ 

Cleft palate, 2067-2069, 2067/ 

Clindamycin 

for necrotizing fasciitis, 232 
for necrotizing infections, 142 
for peritonsillar abscesses, 613 
for pharyngitis, 613 
prophylactic, 136 
Clinical trials 
in cancer, 284-286 
diagnostic, 284 
phases of, 284-285 
Cloaca, embryology, 1895/ 

Cloacal exstrophy, 1949-1950, 1950/ 

Cloacogenic zone, 1131 
Clonal deletion, 508 
Clonorchis sp., 996, 1004 
Clopidogrel (Plavix) 
for coronary artery disease, 1470 
in elderly patients, 446 
mechanism of action, 85 
risk of GI hemorrhage, 1040 
Cloquet hernia, 1194 
Cloquet node, 1168 
Clostridium sp. 
after brain injury, 349 
C. botulinum, 487 
C. difficile, 306, 463-464, 1021 
colitis, 463 

hand hygiene and, 306 


posttraumatic infection, 463-464 
in surgical infections, 138, 143 
Coagulation 
analysis of, 78/ 
complement-induced, 511 
effect of hypothermia on, 479 
intraoperative monitoring of, 548-549 
laboratory monitoring, 87 
mechanical circulatory support and, 1487 
Coagulation factor deficiencies, 82-83 
Coagulation factors, 156, 158. See also Specific factors 
Coagulopathy 

complication of shock, 158-159 
geriatric trauma and, 445 
intraoperative management, 548-549 
snake venom-related, 469 
in trauma, 458^ 

Coarctation of the aorta, 1439-1440 

Cocaine use, 453 

Coccygeus muscle, 1131 

Coenzyme A reductase inhibitors, 1736 

Cognitive dispositions to respond (CDRs), 8 

Cognitive function, impaired, 477 

Cohnheim, Julius, 91 

Colchicine, 908 

Cold challenge testing, 1528 

Cold immersion foot, 480 

Cold-induced vasospasm, 1528 

Cold injuries, 480-483 

Cold intolerance tests, 1528 

Colectomy, 34, 1063, 1064t 

Colic artery aneurysm, 1648-1649 

Colipase, 747 

Colistin, 930 

Colitis 

abdominal pain and, 1205 
C. difficile- related, 463-464 
in Crohn disease, 778 
diverticulitis-associated, 1122 
ischemic, 1051, 1750 
Colitis cystica profunda, 1081 
Collaborative groups, hospital-based, 305-306 
Collagens 

in aortic wall, 1701 
distribution of, 53 1 
in hemostasis, 70 
in hepatic fibrosis, 906 
hernia disease and, 1171-1172 
IV, derivatives of, 272 
synthesis of, 50-51, 53/ 
type I, 5 If 
types of, 53? 
in wound healing, 218 

Collett and Edwards classification, 1435, 1435/ 1436? 

Collis gastroplasty, 651, 659—660 

Colloid oncotic pressure, 192 

Colloids, 159-160, 197, 222 

Colocutaneous fistulas, 1124 

Colon 

absorption, 1021 

anatomy, 1017-1019, 1018/ 1121/ 
arterial blood supply, 1019, 1020/ 

Crohn disease of, 781-782 
defecation, 1022 
diverticula, 1120-1121, 1121/ 
dysplasia, 1073/ 
embryology of, 1017 
flora, 1021-1022 
GI motility and, 1033-1036 
inertia, 1023/ 

lead-pipe appearance, 1059/ 
lymphatic drainage, 1021 
motility, 1022 

motility disorders of, 1022-1025 
neural components, 1021 
resection, 1110/ 1112/ 
segmentation, 1125/ 
surgery, prophylactic antibiotics, 1371 
surgical site infections, 136t 
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traumatic injuries, 402-403, 403* 
venous drainage, 1019, 1020/ 

Colon cancer 
epidemiology, 1092/" 
evolution of, 1071 / 

FDG-PET imaging, 283/ 

incidence, 261 

meat intake and, 1092/ 

Colonic atresia, congenital, 1890-1891 
Colonic inertia, 1033-1036 
Colonic pseudo-obstruction, 1024-1025, 1025/ 
diagnosis, 768-769 
etiology, 768 
management, 769 
treatment, 769* 

Colonography, 282, 1101-1102, 1102* 
Colonoscopy 

cancer screening and, 1099 
in Crohn disease, 778 
decompressive, 1035 
diagnostic, 1043 
screening, 1076-1077 
Colorectal cancer 
development of, 264 
diagnosis 

colonoscopy, 1076-1077 
fecal occult blood tests, 1075-1076 
screening, 1098-1105, 1099* 
sigmoidoscopy, 1076 
stool DNA screening, 1100 
symptoms, 1098 
disseminated disease, 1116 
epidemiology, 1091-1096, 1092/ 
etiology, 1096-1098 
invasive, 1108-1114 

liver metastases, 278*, 280/ 945-949, 947/ 1116 

metastatic, 1116 

mortality rates, 1091-1092 

natural history of, 1105-1107, 1108* 

during pregnancy, 1995-1996, 1995* 

recurrent, 1115-1116 

risk factors, 1078*, 1092-1093 

screening, 1075*, 1102*, 1103* 

staging, 1105, 1106*, 1107/ 

surveillance, 1105*, 1116* 

treatment, 1107-1118 

adjuvant radiation therapy, 1114-1115 
chemotherapy, 1115, 1115* 
endoscopic polypectomy, 1107-1108 
surgical options, 1108-1114, 1108* 

Colorectal polyps 
associated disease states, 1074 
classification of, 1069-1070, 1070* 
clinical features, 1074 
colorectal cancer and, 1094, 1094/ 
epidemiology, 1073-1074 
anatomic distribution, 1074 
heredity, 1074 
natural history, 1074 
prevalence, 1073-1074 
genetic alterations in, 1088* 
histology, 1073/ 
histopathology, 1071-1073 
malignant 

chemoprevention of, 1079 
management of, 1077-1078 
malignant potential, 1071-1073 
mucosal, 1072/ 
neoplastic, 1096* 
neoplastic mucosal, 1069-1070 
nonneoplastic mucosal 

hyperplastic polyps, 1080, 1080/ 
inflammatory polyps, 1080-1081, 1081/ 
juvenile polyps, 1080 
serrated adenomas, 1080 
submucosal polyps, 1081-1082 
pathogenesis of, 1070-1071 
Colovaginal fistulas, 1124 
Colovesical fistulas, 1124 


Colubridae family (snakes), 466 
Columns of Morgagni, 1131 
Coma, reversible causes of, 520 
Combustion, 22-23, 222* 

Common bile duct, 805, 879, 880/ 

Common carotid arteries, 1516-1518, 1518/ 1521 
Common hepatic artery, 805, 806/ 875 
Common hepatic duct, 878/ 

Common iliac arteries, 1741, 1743, 1757-1758 
Commotio cordis, 379 
Communications, care limitations and, 448 
Compartment syndrome 
abdominal, 198, 218, 460 
after snakebite, 469 
after traumatic injuries, 429 
orbital, 198 

supracondylar fractures and, 439 

Compensatory antiinflammatory response syndrome (CARS), 127, 157 
Complement, 116, 126 
Complement-induced coagulation, 511 
Complement pathways, 115, 115/ 116 
Complications 
measures of, 441* 
rates of, 289/ 

Comprehension 
accuracy of, 8 
monitoring of, 8-9 

Compression therapy, 64, 1773, 1789-1790 
Computed tomographic angiography 
aortic imaging with, 1738, 1738/ 
in aortoiliac disease, 1661-1662 
GI tract, 1204 
kidney, 536/ 

of thoracoabdominal aortic aneurysms, 1721, 1721/ 
in vascular injuries, 415-416 

Computed tomography. See also Specific organs; Specific systems 
body fluid compartments and, 189 
contrast-enhanced, 405-406 
diagnostic, 356-357, 389, 844, 1558 
fetal doses from, 453 
during pregnancy, 1991/ 
priorities, 344-347, 345-347 
Computed tomography colonography, 1076-1077 
Congenital adrenal hyperplasia (CAH), 1333-1334 
characteristics, 1335* 
diagnosis, 1334 

masculinization of genitalia, 1953/ 
pancreatic lesions and, 1942-1943 
schematic, 1334/ 
signs and symptoms, 1334 
treatment, 1334 

Congenital aganglionosis. See Hirschsprung’s disease 
Congenital colonic atresia, 1890-1891 

Congenital cystic adenomatoid malformation (CCAM), 1411-1412, 
1412/ 1835-1837, 1858/ 

Congenital cystic disease of lung, 1856-1861 
Congenital diaphragmatic hernia (CDH), 1872-1879 
diagnosis, 1875-1876 
magnetic resonance imaging, 1833/ 
outcomes, 1878 
pathology, 1873-1875 
prenatal surgery for, 1837-1838 
prognostic factors, 1876 
radiograph, 1875/ 
surgery, 1876-1878, 1877/ 1878 
treatment, 1876 

ventilatory compliance and, 1819 
Congenital duodenal obstruction, 1892-1895 
Congenital esophageal stenosis, 1870 
Congenital heart defects, 1840 
Congenital heart disease, 1425-1448 

Congenital high airway obstruction syndrome (CHAOS), 1838 
Congenital hip dislocation, 1172 

Congenital hypertrophy of the retinal pigmented epithelium (CHRPE), 
1084, 1093 

Congenital hypothyroidism, 1843 

Congenital lipoid adrenal hyperplasia, 1334, 1335/ 

Congenital lobar emphysema, 1411 

Congenital lobar overinflation (CLO), 1859-1860, 1860/ 
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Congenital lung diseases, 1410-1412 
Congenital melanocytic nevi (CMN), 2000 
Congenital mesoblastic nephroma, 1967-1968 
Congenital pulmonary airway malformation (CPAM), 1856-1859 
Congenital tracheal stenosis, 1871 
Congestive heart failure (CHF) 
atrial septal defects and, 1426 
in a neonate, 1929f 

postoperative cardiac morbidity and, 247 
risks associated wth anesthesia, 245 
Conivaptan (Vaprisol), 200 
Conn syndrome, 1333 
Connective tissue 
disorders of, 1030 
proteolytic degradation of, 1701 
Consequence management, 488 
Constipation, 1022-1023, 1033-1036 
causes of, 1023* 
chronic, 1034/ 1035* 
diagnosis of, 1022? 
treatment, 1023* 

Contamination, radiologic, 489 

Continence, anal, 1136-1137 

Continuous arteriovenous rewarming (CAVR), 479 

Continuous hyperthermic peritoneal perfusion (CHPP), 281, 281/ 282/ 

Continuous positive airway pressure (CPAP), 351 

Continuous renal replacement therapy, 184, 185* 

Continuous venovenohemodialysis (CVVHD), 184 
Contracoup brain injury, 319 
Contrast media 

allergic reactions to, 1737-1738 
contraindications, 1744 
nephrotoxicity, 182, 1737-1738 
Cooper thymectomy retractor, 1319 
Copper, 18-19, 63 
Copperhead snakes, 467, 468/ 

Coral snakes, 467, 469, 470 

Core-needle biopsy (CNB), 1254, 1254/ 2022-2023 

Cori cycle, 12/ 27 

Cornea, allotransplantation of, 506 

Corona mortis, 1170 

Coronary angiography, 1468-1469, 1469/ 

Coronary arteries 
anatomy, 1462-1464 
anomalies, 1442-1443 
atherosclerosis, 1464-1466, 1571/ 
disease of 

diagnosis, 1468-1470 
mechanical circulatory support and, 1488 
medical treatment, 1470-1471 
risks associated with anesthesia, 245-246 
origin of, 1646 

percutaneous interventions, 1471-1472, 1471/ 
physiology, 1462-1464 
revascularization, 1472* 

Coronary artery bypass grafting (CABG), 1472-1477 
comparative trials, 1480-1481 
indications, 1472 
instrumentation, 1473/ 
intra-aortic balloon pump, 1478/ 
off-pump technique, 1476-1477 
outcomes, 1479-1480, 1480/ 1480* 
postoperative care, 1477-1479 
technique, 1472-1476, 1475/ 1476/ 1477/ 
vein harvesting, 1474/ 

Corticosteroids 
adverse effects of, 1940 
for anaphylactic reactions, 470 
for serum sickness, 470 
use in shock, 164 

Corticotropin-releasing hormone (CRH), 120, 1348* 

Cortisol 

amino acid mobilization, 30 
impact on inflammation, 120, 125 
metabolism of, 1327 
response to surgery, 34 
synthesis of, 1327-1328 
systemic effects of, 1327* 

Corynebacterium, 613 


Cosmetic procedures, 2060-2064 
Costal cartilages, 1854, 1856 
Costimulatory receptors, 502-503 
Costochondral tumor, 1856 
Couinaud’s nomenclature, 556/ 

Coumadin, 568, 1040 
Countercoup injury, 337 
Cowden disease, 1088*, 1089, 1292 
Cranial nerves, 360/ 

Craniectomy, decompressive, 350-351 
Craniosynostosis, 2069-2071 
Craniotomy 
decompressive, 435 
surgical site infections, 136* 

Creatine kinase, MB fraction, 1468 
Creatine phosphatokinase (CPK), 182 
Creatinine kinase [CK]-MB, 379 
Creatinine levels, 452 
Cremasteric fascia, 1168 
Crew resource management, 305 
Cricopharyngeal sphincter, 632 
Cricopharyngeus, 666 
Cricothyroidotomy, prehospital, 328 
Cricothyrotomy, 370, 611 
Critical care, 166-188 
ICU organization, 166-167 
Critical care patients 
decision-making, 448 
nutritional assessments, 26-27 
postinjury management, 456-465 
Critical illness 
catabolic response to, 37 
supporting the gut in, 41-43 
Critical leg ischemia (CLI), 1669 
Crocodiles, bites of, 472 
Crocodylus porosis (Saltwater crocodiles), 472 
CroFab antivenin, 470 
Crohn disease, 772-784 
anal fistulae and, 1149 
clinical presentation, 773-774 
colorectal cancer and, 1094 
diagnosis, 773, 775-776, 1061* 
disease patterns, 773 
epidemiology, 773 
etiology, 773 

extraintestinal disease, 774 
imaging, 774 

indications for surgery, 777-780, 777* 
intestinal obstruction and, 761 
overview, 772 
pathology, 774 
small-bowel tumors and, 785 
surgical principles, 779-780 
treatment, 776-777 
upper GI tract, 780-781 
Cromolyn, pericarditis and, 1507 
Cronkhite-Canada syndrome, 1089, 1089/ 
Cross match, lymphocytotoxicity, 510/ 

Cross match tests, 506 
Cross-presentation, 501 

Crotalidae family (snakes), 466, 467, 467*, 469 
Crouzon syndrome, 2070 
Crural artery, 1551-1552 
Crural dissection, 656-657, 657/ 

Crush injuries, 203 
Cryoamputation, 1683, 1692 
Cryoglobulinemia, 1605 
Cryptococcus, 540 
Cryptorchidism, 1954 
Cryptosporidia sp., 1204 
Crypts of Lieberkiihn, 739 
Crystalloids, 331 
intravenous solutions, 196* 
parenteral solutions, 196-198 
for severe head injury, 342 
for shock, 159 
tissue perfusion and, 521 
Cuffitis, 1066 
Cultural sensitivity, 448 
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Culture 

assessment of, 299-300 
definition, 298 
organizational, 298 
Currant-jelly stool, 1920 
Curreri formula, 227 
Cushing reflex, 520 
Cushing syndrome 
ACTH-dependent, 1331-1332 
definitions, 1330 
description, 1355 
diagnosis, 1330-1331 
pituitary hormones and, 1350-1351 
treatment algorithm, 1352/" 
workup algorithm, 1352f 
Cutaneous necrosis, 232 
Cutaneous neoplasms, 1999-2018 
Cyanosis, 1430-1431 

Cyclin-dependent kinases (CDKs), 267-269 
Cyclin kinase inhibitors, 269, 269/ 

Cyclins, 267, 268, 269/; 1312 
Cyclodextrin, 239-240 
Cyclooxygenase-2 (COX-2), 765, 1700 
Cyclooxygenase inhibitors, 1079 
Cyclooxygenase pathway, 116-118 
Cyclosporin A, 539, 565 
Cyclosporine 
adverse effects, 561 
efficacy, 599 

in immunosuppression, 584, 604 
magnesium depletion and, 206 
mechanism of action, 563 
for ulcerative colitis, 1061-1062 
Cylindrical papillomas, sinonasal, 617 
Cyproheptadine, 228 
Cystadenocarcinomas, 1004, 1210, 1941 
Cystadenomas, 1210, 1941 
Cystatin C, 1702 
Cysteine, synthesis of, 16 
Cystic adenomatoid malformation, 1412/ 

Cystic artery, 8 8 Of 
Cystic duct, 878/ 

Cystic duplications, 1925-1926, 1926/ 

Cystic fibrosis, 579, 1902-1905 
Cystic fibrosis transmembrane conductance, 811 
Cystic fibrosis transmembrane conductance regulator (CFTR) gene, 
1902 

Cystic hygromas, 1851, 1852/ 1861 
Cystography, 411, 411 f 
Cytochrome c oxidase, 19 
Cytochromes P-450, 18 
Cytokine receptors, 107-108 

Cytokine synthesis inhibiting factor. See Interleukin-10 (IL-10) 
Cytokines, 106?-107£ 
in abdominal aortic aneurysms, 1700 
acute-phase response and, 126 
in adhesion formation, 757 
anti-inflammatory, 30 
effects mediated by, 517-518 
function of, 30 
proinflammatory, 36 
release of, 101 
responses to, 29f 
stimulation of hematopoiesis, 114 
in systemic inflammatory response syndrome, 127 
in wound healing, 49 
Cytomegalovirus (CMV) 
abdominal pain in, 1204 
acute liver failure and, 900 
after lung transplant, 586 
in atherosclerosis, 1579 
hepatitis related to, 898-899 
in immunosuppressed patients, 540, 563 
infection, 563 
organ donation and, 519 
posttransplant infections, 602 
proctocolitis, 1152 

Cytotoxic lymphocyte maturation factor. See Interleukin-12 
Cytotoxic T cells, 512 


Cytotoxic T-lymphocyte antigen-4 (CTLA-4), 277, 502, 504, 2011 
Cytotoxic T lymphocytes (CTLs), 101 

D 

D cells, 741 
D-dimer tests, 82 
Dabigatran, 84 
Dabigatran etexilate, 1780 
Daclizumab, 599 

Damus-Kaye-Stanzel operation (DKS), 1431-1432, 1443 
Danazol, 1249 

Danger-associated molecular patterns (DAMPs), 122-123 

Dantrolene, 1507 

Dapsone, 473, 563 

Death, intraoperative, 246t 

Death receptors, 98 b 

DeBakey Left Ventricular Assist Device, 1499 
Debridement 

complex hand injuries, 2055 
debriding agents, 66 
of open wounds, 57 
wet-to-dry dressings, 273, 2041 
Decerebrate responses, 520 
Decision making 
consensus in, 448 

Field Triage Decision Scheme, 329, 330/ 
learning and, 6 
Decontamination, 488 
Decorticate responses, 520 
Deep circumflex iliac artery, 1170 
Deep fascia of Scarpa, 1160 

Deep inferior epigastric artery perforator (DIEP) flaps, 277, 2045 
Deep inguinal region 
laparoscopic view, 1165-1170, 1166f 
vasculature of, 1170 
Deep neck spaces, 614/, 614? 

Deep tendon reflexes, 477 
Deep vein thrombosis (DVT) 
after amputations, 1693 
in burn injuries, 228 
diagnosis, 1532-1533, 1777-1778 
idiopathic, 1779-1780 
IVC filters, 1781 
prophylaxis, 462 
resolution of, 75-76 
surgical procedures, 1781-1782 
Defecation, 1022, 11371 
Degenerative osteoarthritis, 715 
Dehydration, 200 

Dehydroepiandrosterone (DHEA), 1327, 1336 
Dehydrogenases, 13 
Delayed emergence, 253, 2 56t 
Delayed primary closure, 136-137 
Delorme procedure, 1141, 1144/ 

Delphian nodes, 1284 
Delta cells, 803 
Demeclocycline, 200 
Dendritic cells, 99-100, 110, 742 
Dendrocytes, 217 
Dengue fever, 487 
Denonvilliers fascia, 1130 
Deoxycholic acid, 15/ 

Department of Transportation National Highway Traffic Safety 
Administration, 432 
Depression, in adults, 440 
Dermagraft, 65 

Dermatofibrosarcoma protuberans, 2021 1 
Dermoid cysts, 1864 

Descending aortic aneurysms, 1712-1713, 1716/ 

Desferrioxamine, 517 
Desflurane, 238, 238£ 

Desmoid fibromatosis, 2020, 2033-2034 
Desmoid tumors, 1394-1395, 2033-2034 
Desmolase (CYP11A1), 1326 
Desmoplastic small round cell tumors, 2021 1 
Desmopressin acetate (DDAVP), 82, 182 
Destination therapy, 1496-1502 
Dexamethasone suppression test, 1330 
Dexmedetomidine, 239 
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Dexmedetomidine hydrochloride, 351 
Dextrans 
characteristics, 87 
in fluid therapy, 197 
for shock, 159 
a-Dextrins, 746 

DFSP, soft tissue sarcoma, 2015, 2016 
Diabetes insipidus, 202, 205 
Diabetes mellitus 
abruptio placentae and, 453 
amputation after, 1694? 
coronary artery disease and, 1465-1466 
foot ulcers, 273, 2042 
gastroparesis, 1030 
impairment to wound healing, 63 
incidence, 590 

ischemic pedal ulcers in, 1669 
islet cell transplantation for, 603 
kidney donation contraindication, 533 
kidney transplantation in, 534 
leg ulcers, 65, 65 f 
non-insulin-dependent, 590 
organ donation and, 519 
pancreas transplantation and, 602 
pathophysiology of, 590-591 
patient screening for, 594 
resolution after gastric bypass, 720 
risks of anesthesia, 248 
secondary complications of, 591 
sinusitis and, 615 
symptoms of, 590 
toxic acute renal failure and, 182 
Diabetic ketoacidosis, 208-209 
Diabetic neuropathy, 591 

Diagnostic peritoneal lavage (DPL), 334, 389, 393 
Diaphragm 
acute rupture, 3 8 If 
anatomy of, 630f 1873f 
congenital abnormalities, 1872-1879 
division of, 1724 f 
embryology of, 1873 
eventration of, 1878-1879 
pacing, 1879 
rupture, 392 f 

traumatic injuries, 380, 392 
Diaphragmatic crura, 524f 
Diaphragmatic dysfunction, 1195 
Diaphragmatic hernia, 437 f 
Diarrhea, abdominal pain and, 1201 
Diastasis recti, 1186 
Diazepam (Valium), 242* 

Diazoxide, 1942 
Diet 

colon cancer and, 1092, 1092f 

colorectal cancer and, 1091 

diverticulitis and, 1122 

fat intake, 1092 

fiber in, 1122 

meat intake, 1092f 

Dieulafoy vascular malformation, 1052 

Difficult intubation, 61 It 

Diffuse axonal injury (DAI), 337, 348 

Diffuse brain injury, 348 

Diffuse esophageal spasm, 1029-1030 

Diffuse idiopathic skeletal hyperostosis (DISH), 425 

Difluoromethylornithine (DFMO), 1079 

DiGeorge syndrome, 1436 

Digital amputation, 1686-1687 

Digital artery caliber measurement, 1528 

Digital hypothermic challenge tests, 1528, 1528/ 

Digital ischemic ulceration, 1670/ 

Digital pressure measurements, 1526-1528, 1527/ 
Digital rectal examination, 403, 1138* 

Digital subtraction angiography (DSA), 1588, 1671 
Digital temperature recovery time, 1528 
Dihydrotestosterone, 1952 
L-Dihydroxyphenylalanine, 1329 
1,25-Dihydroxyvitamin D 3 , 204, 206 
Diltiazem, 379, 1479 


Dilutional acidosis, 207 
Dilutional thrombocytopenia, 158 
Diphenhydramine, 228 
Dipyridamole (Persantine), 85 
Dirty bombs, 489 
Disaccharides, 746 
Disaster response, 495* 

Discussions, interactive, 6 

Dislocations, long-term morbidity, 429-430 

Dissecting aneurysms, 1734-1735 

Disseminated intravascular coagulation (DIC), 81-82, 469 

Distal pancreatectomy, 400 

Distal splenorenal shunts, 923, 924/ 

Distributive shock, 150*, 152 
Disulfiram, 547 
Diuresis, for ascites, 928 
Diuretics, 1617 
Diverticula, colonic, 1050/ 

Diverticular disease, 1120-1129 
classification of, 1120-1121 
fistula formation, 1124, 1127 
imaging of, 1124-1126, 1125, 1125f 
inflammatory, 1123-1124 
management, 1128 
obstruction, 1127 
Diverticulitis 
acute, 1123 

colitis associated with, 1122 
incidence of, 1120 
pathogenesis of, 1122 
with pericolic abscess, 1122/ 
sigmoid, 1122 / 
symptomatic, 1126 
symptoms, 1126f 
treatment, 1127 

Diverticulosis, 1050-1051, 1120-1122, 1121* 

Dobutamine, 163 
Docetaxel, 2029 
Docosahexaenoic acid, 36 
Dog bites, 433/ 

Donation after cardiac death (DCD), 528-529 

Donation service areas (DSAs), 595 

Donnan equilibrium, 191 

DonorNet, 521 

Donors, deceased, 518-520 

Dopamine, 163, 193, 1348* 

Dopamine beta hydroxylase, 1329 

Dopamine hydrochloride, 521 

Doppler analogue waveform analysis, 1524 

Doppler ultrasound, 1515-1516, 1518. See also Ultrasonography; 

Specific organs; Specific vessels 
Dorsal pancreatic artery, 805 
Double-outlet right ventricle (DPRV), 1431-1432 
Down syndrome, 272, 1185 
Doxazosin, 1339 
Doxepin ointment, 228 

Doxorubicin (Adriamycin), 281, 1010, 1337, 2029 
Doxycycline, 472, 487, 1736 
DPC4 gene, 839 
Dressings 

after amputation, 1692-1693 
antibiotic, 273, 2042 
for burn wounds, 223-225, 273, 2042 
moist, 62 

for open wounds, 62, 67* 
silver-impregnated, 66 
Sulfamylon, 481 
tissue-engineered, 273, 2042 
wet-to-dry, 273, 2041 
wound healing and, 65-66 
Dressier syndrome, 1507-1508 
Dreyfus model, 3, 4/ 

Drosophila, Notch signaling, 264 
Drug/medications 
abdominal pain and, 1201 
impairment to wound healing, 63 
liver injury induced by, 900 
during pregnancy, 1988 
Drug toxicities, 547 
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Dual-energy x-ray absorptiometry (DEXA), 189 
Duct of Santorini, 738, 805 
Duct of Wirsung, 805, 842, 1892, 1940 
Ductal adenocarcinomas, 840-841, 840/ 

Ductal carcinoma in situ (DCIS) 
management, 1262-1263 
nodal involvement, 1263 
pathology, 1262, 1262/ 
presentation, 1262 
radiotherapy in, 1263? 

Ductus arteriosus, 1823 
Ductus (vas) deferens, 1169 

Duhamel procedure (Martin modification), 1913-1914, 1914/ 
DUMBBELS mnemonic, 488 
Dumphy sign, 1206 
Dumping syndrome, 710, 1031 
Duodenal atresia, 1889, 1894-1895, 1894/ 
Duodenal-preserving pancreatic head resection (DPPHR), 835 
Duodenal ulcers, 706*, 708/ See Gastroduodenal ulceration 
Duodenoduodenostomy, 1893-1894, 1895/ 

Duodenum 
blood supply, 738/ 
blunt injuries, 397-399 
embryology, 737-738 
gross anatomy, 685-687, 737-738 
intramural hematoma, 398 
jejunoileal patch, 397/ 
massive injuries, 400 
obstruction, 854 
in chronic pancreatitis, 830 
congenital, 1892-1894, 1893/ 
operative repair, 399 
penetrating injuries, 396-399 
phasic contraction, 698 
pyloric exclusion, 398/ 
traumatic injuries, 397* 

DuraHeart, 1500-1501, 1500/ 

Duvernoy glands, 467 
Dyslipidemia, 713, 1466 
Dysphagia, 638, 675 
Dysphagia lusoria, 1441 
Dysplasia, 1072 

Dysplasia-associated lesion or mass (DALM), 1063 
Dysplasminogenemias, 81 
Dysrhythmias, anesthesia-associated, 245 

E 

E2F protein family, 268 
Eagle-Barrett syndrome, 1955 
Ears 

burn injuries, 229 
prominent, 2071-2072 
Ebola virus, 487 
Ecchymosis, 439/ 

Echinococcus spp. 

E. granulosus, 1234 
E. granuylosus, 890-892 
E. multilocularis, 890-892 
E. vogeli, 890-892 
Echocardiography, 567 
in aortic stenosis, 1452 
cardiac tamponade and, 1509/ 
diagnostic, 1442 
fetal, 1437 

in pericardial effusion, 1508, 1509/ 
in stable angina, 1468 
in vascular rings, 1442 
Ectasia, aortic, 1733 
Ectocysts, 891 
Ectopia cordis, 1885 
Ectopic pregnancy, 1201 
Edema 

in facial burns, 229 
impact on wound healing, 60, 62 
impairment to wound healing, 63 
response to burn injuries, 218 
Edrophonium, 240* 

Edwin Smith Papyrus, 261 
Effective circulating volume, 193 


Ehlers-Danlos syndrome, 1122, 1172, 1886 
Eicosanoids 
function of, 30 
inflammation and, 116 
platelet source of, 105 
production of, 117/ 

Eicosapentaenoic acid, 36 
Eisenmenger physiology, 1428 
Elapidae family (snakes), 466 
in the U.S., 467 
venom, 469, 470 
Elastin, 1698, 1701-1702 
Elastinolysis, 76 

Elbow, supracondular fractures, 439 
Elderly patients 
abdominal pain in, 1204 
appendicitis in, 1210 
breast cancer in, 1273-1274 
decreased physiologic reserve, 445-446 
end-of-life decisions, 445-450 
falls, 322 

geriatric trauma, 445-450 
injury prevention, 446 
trauma center triage and, 446-447 
wound healing, 54 
Elective surgery 
accidental injury versus, 28* 
body responses to, 28? 
nutrition assessments, 26 
physiologic responses, 33-34 
Electrical burns, 219*, 230, 230/ 

Electrocardiography 
in acute myocardial infarction, 1468/ 
in aortic stenosis, 1452 
pericardial effusion and, 1509/ 
in pericarditis, 1506 
Electroencephalography, 520 
Electrolyte balance, 1813-1814 
Electrolyte exchange, 195-196 
Electrolyte therapy, 198 
Electrolytes, 199-202, 744-745, 1813 
Electrosurgery, 1139 
Elephant trunk technique, 1730 
Elliptocytosis, hereditary, 1226 
EMAP-II, 276* 

Embden-Meyerhof pathway, 209 
Embolic protection devices (EPDs), 1594* 

Embryology. See Specific organs; Specific systems 
Embryonal rhabdomyosarcoma, 1383/ 

Emergency Care for Children (IOM), 325 
Emergency department thoracotomy (EDT), 375 
Emergency Medical Services at the Crossroads (IOM), 325 
Emergency Medical Services (EMS) Act, 313 
Emergency Medical Services for Children (EMSC), 441-442, 442* 
Emergency Medical Technician-Basic (EMT-B), 327 
Emergency Medical Technician-Paramedic (EMT-P), 327 
Emergency Medical Technician-Paramedic National Standard 
Curriculum, 432 

Emergency Medical Technicians (EMTs), 313 
Emphysema, 587/ 598 
Empty-sella syndrome, 1353 
Empyema, 1414 
exudative, 1879 
fibrinopurulent, 1879 
gallbladder, 972 
hemothorax and, 376 
organizing, 1879 

in pediatric patients, 1879, 1880/ 
posttraumatic, 382 
Enalapril, 1617 
Encrustation hypothesis, 1579 
End-diastolic velocity (EDV), 1517 
End-of-life decisions, 445-450 
End-stage kidney disease, 535 
End-stage liver disease, 542 
End-tidal carbon dioxide monitoring, 329 
Endarterectomy, 1663-1664 
Endarteritis, 1440 

Endocarditis, 1440, 1563-1566, 1773 
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Endografting 

abdominal aortic aneurysms, 1544-1548, 1546/ 
graft construction, 1544-1545 
graft placement, 1545 
iliac limb thrombosis, 1547 
stent migration, 1547 
Endoleaks, 1743/ 

after aneurysm repair, 1717-1718, 1755 
classification of, 1546-1547 
definition of, 1743 
types of, 1743-1744 
Endometrial stromal sarcomas, 2021 1 
Endoplasmic reticulum (ER), 15, 204, 747 
Endoscopic balloon dilation, 991, 992t, 993/ 993t 
Endoscopic mucosal resection (EMR), 647, 787 
Endoscopic retrograde cholangiopancreatography (ERCP), 401, 815 
in bile duct carcinoma, 1004 
for biliary leak, 561 
in gallbladder cancer, 1001/ 
in hydatid disease, 891 
during pregnancy, 1993 

Endoscopic retrograde pancreatogram (ERP), 829/ 

Endoscopic ultrasonography (EUS) 
exophageal, 675-676 
in pancreatic cancer, 846 
Endoscopy 
in Crohn disease, 774 
GI bleeding after, 1053 
wireless capsule, 1044-1045 
Endostatin, 272, 27 6t 
Endotension, 1743 

Endothelial cell adhesion molecules, 477 
Endothelial cells 
activated, 511 
micro vascular, 217 
secretory products, 1571 
in vascular structures, 1569-1570 
Endothelins, 195, 516, 906 
Endothelium, 74, 74/ 

Endotoxemia, 120 

Endotoxin. See Lipopolysaccharide (LPS) 

Endotracheal intubation 
bag valve mask ventilation versus, 434 
bag valve masks vs, 434 
bronchospasm and, 247-248 
in pediatric trauma patients, 434 
prehospital, 327-328, 328, 329 
in respiratory acidosis, 212 
Endovascular interventions, 1537-1555 
abdominal aortic aneurysms repair, 1736 
aortoiliac disease, 1548-1550 
basic concepts, 1538-1540 
carotid artery, 1540-1542 
mesenteric arteries, 1542-1543, 1543/ 
renal artery, 1543-1544, 1544/ 
for renal artery occlusive disease, 1617-1618 
stents, 380, 1539/ 

thoracic aorta aneurysms, 1713-1717 
thrombolytic therapy, 1552-1553 
tools, 1538-1540 
venous, 1552 
wires, 1538/ 

Energy metabolism, 22-23 
energy requirements, 177-178 
during gestation, 1804-1805 
requirements for ambulation, 1685 
Energy sources, 176-177 
Energy transfer, 319, 322 
Enflurane, 1339 
Enoxaparin, 84, 1780, 1780£ 

Entamoeba histolytica, 888-890 
Entecavir (Baraclude), 896 
Enteral nutrition (EN) 
in acute renal failure, 38 
in burn injuries, 227 
in critical care, 27 
formulations, 180 
in hepatic failure, 37-38 
postinjury care, 461 
in surgical patients, 37 


techniques, 43-45 
Enteral tube feedings, 219t 
Enteric duplication cysts, 1860-1861 
Enteric fistulas, 777-778 
Enterobacter sp., 143, 306, 586 
Enterobacteriaceae, 140, 143 
Enterococcus, 139 
Enterocutaneous fistulas, 778 
Enterocytes, absorptive, 739 
Enteroendocrine cells, 739-740 
Enteroenterostomy, 762/ 

Enterogenous cysts, 1860-1861, 1861/ 
Enteroglucagon, 741 
Enterokinase, 747, 811 
Enteropeptidases, 747 
Enteroscopy 
diagnostic, 1043-1045 
double-balloon, 1044 
intraoperative, 1044 
Enterovesical fistulas, 778 
Envenomation 
antivenin therapy, 471/ 

Hymenoptera stings, 474 
lizards, 472 
snake, 466-471 
spider, 472-474 
Environment 
breast cancer and, 1258 
cancer and, 262 
injuries related to, 466-485 
peptic ulcer disease and, 701-702 
toxic exposures, 2019 
Eosinophils 
activation of, 103-104 
characteristics of, 92 1 
description, 103 
granules, 104 
lamina propria, 743, 743/ 
recruitment, 103-104 
Epidermal growth factor, 66 
Epidermal growth factor receptor inhibitors, 1079 
Epidural block, 242 
Epidural catheters, 249 
Epidural hematomas 
head injury and, 337 
management of, 347 
with mass effect, 345/ 

Epigastric hernias, 1186 
Epiglottitis, 1843 
Epinephrine 

in acute liver failure, 900 
for anaphylactic reactions, 470 
for Hymenoptera stings, 474 
in the inflammatory process, 30 
inotropic support and, 521 
response to surgery, 34 
secretion of, 153 
synthesis of, 1329 
use in shock, 163 
for vasoconstriction, 1047 
Episcleritis, 1059 
Epispadias, 1949-1950 
Epistaxis, sites of, 355 
Epithelial cells, 742 
Epithelialization, 54, 55/-46/ 

Epitheloid carcinoma, 1155 
Epitheloid sarcoma, 2026/ 

Eplerenone, 1334 
Epstein-Barr virus 
in atherosclerosis, 1579 
characteristics of infection, 899 
nasopharyngeal carcinomas and, 623 
organ donation and, 519 
posttransplant infections, 540, 602 
Eptifibatide (Integrelin), 85, 1470 
Erlotinab, 945 
Ertapenem, 139 

Erythema multiforme major, 203/ 232 
Erythema nodosum, 1058, 1059/ 

Erythrocyte scintigraphy, 1046, 1046/ 
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Erythrocyte sedimentation rate (ESR), 125, 1601 
Erythrocytes 
disorders, 1226-1227 
glycolysis, 11 
iron recycling and, 1216 
phosphogluconate pathway, 13 
Erythromycin 

in colonic pseudo-obstruction, 769 
for gastroparesis, 1030-1031 
for ileus, 1027 
motilin antagonism, 741 
for pharyngitis, 613 
in postoperative ileus, 768 
Erythroplasia of Queyrat, 2013 
Erythropoietin, 176 
Escharotomy, 219t, 223/ 

Escherichia coli, 143, 888-889, 1021, 1759 
Esmolol, 379, 1440 
Esophageal atresia, 1864-1870 
anatomy, 1866/ 

associated anomalies, 1866-1867 
bronchoscopic view, 1867/ 
classification, 1865 
clinical findings, 1865-1866 
diagnosis, 1865-1866 
embryology, 1865 
incidence, 1865 
initial management, 1869/ 
pathophysiology, 1865-1866 
preoperative treatment, 1867-1868, 1868/ 
surgical technique, 1868-1870 
traction sutures, 1869/ 

Esophageal duplication, 1870, 1870/ 

Esophageal hiatus, 630/ 

Esophageal perforation, 667-668 
causes of, 667/ 
diagnosis, 668 
drainage of, 670/ 
foreign body ingestion, 671 
imaging, 670/ 

management, 668-671, 669/ 671/ 

Esophageal sphincter 
manometric values, 639t 
peristaltic wave and, 635/ 
resistance of, 639-640 
structural integrity, 639-640 
tone during pregnancy, 1985 
transient relaxation of, 639 
Esophageal varices, 1924-1925 
Esophagectomy 
approaches to 

comparison of, 683/ 

Ivor Lewis approach, 680 
minimally-invasive, 681 
thoracoabdominal, 680-681 
three-field, 680 
transhiatal, 679-680 
for high-grade dysplasia, 647 
surgical approaches, 667 
Esophagitis, 638/ 

esophageal mucosal injury and, 642/ 
Esophagogastroduodenoscopy (EGD), 1043, 1923 
Esophagography, 652t, 667, 668, 673/ 

Esophagus 

anatomy, 629-633, 666-667 
antireflux barrier, 638 
barium reflux, 651/ 
benign neoplasms, 672-674 
blood supply, 630-632, 631/ 
caustic injury, 671-672, 672/ 672t 
cervical anastomosis, 680/ 
dysmotility, 1869 
embryology of, 629 
foreign bodies in, 1923 
foreign body ingestion, 671 
GI motility and, 1028-1030 
hypermotility, 1030 
hypomotility, 1030 
innervation, 632-633 
lymphatics, 632, 633/ 


malignant neoplasms, 675-683 
adenocarcinomas, 675/ 

AJCC staging, 678, 678£ 
carcinomas, 675 
cervical, 681-682 
diagnosis, 675-678 
imaging, 676 
incidence of, 675/ 
neoadjuvant therapy, 678-679 
operative management, 679-682 
palliation, 682-683 
risk factors, 676t 
manometry, 644/ 654/ 
mobilization of, 658 
neck injuries and, 368 
normal exposure to pH, 650t 
peristaltic wave, 634/ 
pH monitoring, 643-644, 644/ 
physiology of, 633-635 
rupture of, 380-382 
stent placement, 668-669 
surgical approaches to, 667 
thoracic, 681/ 
tracheomalacia, 1869 
venous drainage, 632, 632/ 
wave progression, 653/ 

Estlander flaps, 622 
Estrogen receptors, 1265 
Estrogens 

breast development and, 1243 
uterine activity and, 1984? 

Ethanol, hyponatremia and, 201. See also Alcohol intake 

Ethanolamine oleate, 1047 

Ethics, in the ICU, 186-187 

Ethmoidal tumors, 621, 62 It 

Ethmoidectomy, 621 

Ethylene glycol, 201, 209 

Ethylenediaminetetraacetic acid (EDTA), 470 

Etomidate, 454 

Eucapnia, 342 

Euglobulin lysis test time, 87 
Euro-Collins solution, 529, 530? 

Evidence-based hospital referrals, 287 
Evidence-based medicine (EBM), 300-302, 302?, 312 
Ewing sarcomas, 2021t, 2035 

Ex utero intrapartum treatment (EXIT), 1832, 1838-1840, 1839/ 
Exercise testing, 1367, 1524 
Exocrine cells, 808/ 

Exopeptidases, 747 
Expanded criteria donors (ECDs), 534 
Explosive weapons 
blast injuries, 491 
historical perspective, 490-491 
hospital casualty arrival rates, 494/ 
patterns of injury, 491-492 
Exstrophy-epispadias complex, 1949-1950 
External abdominal oblique muscle, 1160-1161, 1161/ 

External beam radiotherapy, 619, 1297, 2019 
External carotid artery 
stenosis, 1521 
ultrasound, 1517, 1519 
External iliac artery, 1170 
External iliac vein, 1170 
External oblique muscle, 1162/ 

External ventricular drainage, 435 
Extra-anatomic bypass, 1559, 1560, 1566 
Extracardiac obstructive shock, 150£, 151-152 
Extracellular fluid (ECF), 190 
Extracellular matrix, 1172 
Extracellular regulated kinase (ERK 1/2), 102 
Extracorporeal circulation rewarming, 479 
Extracorporeal life support (ECLS), 1483, 1493 
Extracorporeal membrane oxygenation (ECMO), 1483 
in CDH repair, 1877-1878 
components, 1823/ 

ex utero intrapartum treatment and, 1838-1840, 1839/ 
in pediatric patients, 1822-1823 
Extrahepatic cholangiocarcinoma (ECC), 1004 
Extrarenal acidosis, 208 
Extraskeletal myxoid chondrosarcoma, 2021 1 
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Extremities 

cosmetic procedures, 2064-2067 
fractures, 447 
patterns of injury, 322 1 
secondary survey, 335 
trauma in pediatric patients, 438-440 
vascular injury, 419-421 
Exudate, 61 

Eye, ocular injury, 355-356 

F 

F cells, 803 
Face 

buttresses, 356-357 
secondary survey, 332 
traumatic injury 

airway management, 355 
etiology of, 354 
incidence of, 354 
Facelifts, 2060-2062 
Factor I (fibrinogen), 452 
Factor II (prothrombin), 452 
Factor IX, 70, 81, 82, 452 
Factor IXa, 70 

Factor V Feiden, 72, 76, 80-81 

Factor V (V), 74 

Factor V (Va), 70, 74 

Factor VII, 452 

Factor Vila, 70, 396, 459 

Factor VIII, 81, 452 

Factor Villa, 71 

Factor X, 70, 452 

Factor Xa, 70, 83 

Factor Xa inhibitors, 84 

Factor XIII, 70, 81 

Failure-to-rescue rates, 289/ 

Fallen lung sign, 378 

Falls, patterns of injury, 322, 322/ 

False aneurysms, 1557 
Familial adenomatous polyposis (FAP), 785, 
1087, 1292 

APC gene, 1084-1085, 1084/ 
colorectal cancer and, 1093 
colorectal polyps and, 1070 
desmoid tumors, 1083, 2020 
diagnosis, 1085-1086 
duodenal adenomas in, 1087£ 
extraintestinal features, 1083, 1085/ 
gastrointestinal features, 1083-1084 
genetic alterations in, 1088? 
genetic basis of, 1083-1084 
gross specimen, 1083/ 
histology, 1083/ 
management, 1086-1087 
overview, 1083 
variants of, 1087 

Familial amyloid polyneuropathy, 548 

Familial amyloidosis, 543 

Familial hypocalcinuric hypercalcemia, 1309 

Familial juvenile polyposis, 270 

Families 

communication with, 448 
patient safety and, 306 
of pediatric trauma patients, 434 
Family practice environments, 299 
Famphotericin, 143 
Fanconi anemia, 624 
Fanconi syndrome, 1931 
Fas antigen, 267, 269 
Fas ligand, 267 
Fascia innominata, 1160 
Fascial excision, 223/ 

Fasciocutaneous flaps, 275, 2043-2044 
Fasciocutaneous perforators, 2046/ 
Fasciotomy, 420/ 420t 
Fat 

absorption of, 747 
altered metabolism, 28, 35 
caloric value of, \72t 


colon cancer and, 1092 
digestion of, 747 
energy storage by, 13 
glucose conversion to, 12-13 
metabolism of, 178, 1808 
in response to stress, 28 
Fat-free mass, 26 
Fat necrosis, 1252-1253 
Fatty acid synthesis, 10 
Fatty acids 

hepatic degradation, 18 
long-chain, 23, 747 
metabolism of, 13-15, 14/ 
oxidation of, 10 
short-chain, 23 
transport of, 13 
in wound healing, 63 
Fear, stress response and, 31 
Fecal fat test, 816 

Fecal immunochemical tests (FITs), 1075 

Fecal occult blood tests, 1075-1076, 1098-1099, 1104? 

Fecaliths, 1205 

Felty syndrome, 1226 

Femoral artery 

anastomotic pseudoaneurysm, 1771-1772, 1772/ 
aneurysms, 1177, 1769-1774, 1770/ 
cannulation of, 1494/ 

femoral pseudoaneurysms, 1772-1773, 1772f 
imaging, 1672/ 

mycotic aneurysms, 1773-1774 
occlusion of, 429, 1670/ 

Femoral head necrosis, 429 
Femoral hernias, 757, 1176/ 

Femoral neck fractures, 429 
Femoral nerves, 1170 
Femoral-popliteal vein grafts, 1566 
Femoral-popliteal vein replacement, 1560, 1562 
Femoral sheath, 1167-1168, 1168/ 

Femoral-to-femoral artery bypass, 1666/ 1667/ 
Femoral vein, 1494/ 1532/ 

Femoropopliteal artery, 1550-1551 
Femoropopliteal bypass, 1676/ 

Femoropopliteal/distal prosthetic bypasses, 1563 
Femorotibial bypass, 1676/ 

Femur, osteosarcoma, 2036/ 

Fentanyl 

characteristics, 241 1 
dosages, 241? 
epidural, 258£ 
synergistic effects, 244 
Fentanyl citrate, 228 
Fentanyl patch, 378 
Ferritin, 18, 745 

Fetal circulation, 1823-1824, 1824/ 

Fetal hydrops, 1851 
Fetal interventions, 1832-1842 
imaging, 1832-1834 
magnetic resonance imaging, 1833/ 
maternal-fetal risks, 1834-1835 
prenatal diagnoses, 1833-1834 
surgery, 1835-1837, 1836/ 
surgical techniques, 1835 
Fetal monitoring, 1988-1989, 1988/ 

Fetomaternal hemorrhage, 452 
Fetor hepaticus, 912 

Fetoscopic tracheal occlusion (FETO), 1832 
Fetus 

aortic stenosis, 1437 
assessment, 453 
death of, 453 
maternal trauma and, 453 
monitoring, 453 
wounds, 69 

Fevers, postoperative, 139/ 

Fiber intake, 1092 
Fibrin 

deposition, 218 
fragments of, 72 
in wound healing, 48, 50 
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Fibrinogen (factor I) 
acute phase response and, 31 
circulating levels, 458-459 
deficiencies of, 82-83 
derivation of, 15 
in hemostasis, 70 
levels during pregnancy, 452 
in trauma patients, 458-459 
in wound healing, 50 
Fibrinolysis 
abnormalities of, 83 
agents used for, 85-86 
defective, 81 
hemostasis and, 72-74 
laboratory tests of, 87 
Fibrinopeptide A (FPA), 70 
Fibrinopeptide B (FPB), 70 
Fibroadenomas, breast, 1252 
Fibroblast growth factor, acidic (aFGF), 271 
Fibroblast growth factor, basic (bFGF), 271, 1574 
Fibroblast growth factors (FGFs), 1574 
Fibroblasts, 50, 59, 218, 1569-1570 
Fibrocystic disease, breast, 1252 
Fibrolipomas, esophageal, 674 
Fibromuscular dysplasia, 1595, 1595/ 
Fibromyxoid sarcoma, 2021 1 
Fibrosarcomas, 1862, 2021? 

Fibrothorax, restrictive, 376 
Fibrous dysplasia, 1394/ 

Fibrovascular polyps, 674, 674/ 

Fibula free flaps, 278, 2046 
Fick equation, 227 

Field Triage Decision Scheme, 318/ 329, 330/ 
Final cross-match, 532 
Fine-needle aspirates (FNA) 
breast masses, 1253-1254, 1254? 

RNA samples, 283 
in soft-tissue sarcomas, 2022-2023 
Fingers, replantation, 2052 
Finney pyloroplasty, 705/ 

Fire ants (Solenopsis invicta), 474 
FK778, 539 

Flail chest, 373-374, 373/ 374/ 

Flaviviruses, 487 
Flowcharts, 6 
Fluconazole 

C. albicans prophylaxis, 540 
for P. carinii infection, 563 
for postinjury infections, 463 
in surgical infections, 143 
Fluid balance, 193-196 
fluid excess in children, 1814 
imbalance in infants, 1813-1814 
volume control, 193-195 
Fluid compartments, 1811-1812 
Fluid management, 1813 
Fluid responsiveness, 169-170, 169t 
Fluid resuscitation 
after burn injuries, 219?, 221-222 
complications, 198-199 
formulas for, 221 
hypothermia and, 478 
in pediatric trauma patients, 433 
Fluid therapy 
crystalloids, 196-198 
goals of, 198 
intraoperative, 199 
maintenance, 198-199, 198t 
monitoring of, 199 
parenteral solutions, 196-198 
postoperative, 199 
replacement of fluid losses, 199 
for shock, 159-160 
volume abnormalities, 198 
Flumatenil (Romazicon), 242? 
Fluorescent-activated cell sorting (FACS), 506, 509 
Fluoroquinolones, 143, 889 
Fluoroscopic defecography, 1034 
Fluoroscopy, 453 


5-Fluorouracil (5FU) 
in colorectal cancer, 1115 
in combination chemotherapy, 271 
in gallbladder cancer, 1003, 1010 
in pancreatic cancer, 851-852, 855 
small-bowel tumors, 790 
Foam cells, 1577/ 

Foams, in wound dressings, 67t 
Focal adhesion kinase (FAK), 94 b 
Focal nodular hyperplasia (FNH), 942-943, 943/ 1930 
Focused abdominal sonography for trauma (FAST) 
in abdominal trauma, 334 
diagnostic, 375, 389-390, 393 
in kidney trauma, 405-406 
in pediatric trauma patients, 433, 437 
Folate, absorption of, 747 
Folic acid, requirements, 40? 

Folkman, Judah, 271 
Follicular thyroid carcinoma, 1293 
Fondaparinux, 1780-1781, 1780? 

Foot, burn injuries, 229 
Foramen of Morgagni hernia, 1878 
Foramen ovale, 1823 
Foregut, pain referred from, 1200 
Foreign bodies 
airway obstruction, 1843 
esophageal perforation, 671 
ingestion of, 671, 1923 
in pediatric patients, 1843 
tracheobronchial tree, 1871-1872 
tracheobroncial aspiration, 1409 
vascular prostheses, 1556-1557 
Foreskin, anomalies of, 1953-1954 
Fossa of Rosenmiiller, 624 
Fractures 
greenstick, 439 
mandibular, 358 
maxillary, 357-358 
maxillofacial 

CT diagnosis, 356-357 
naso-orbito-ethmoid, 357 
orbital, 357-358 
skull buttresses, 356-357 
pelvic, 335/ 438-440 
supracondular, 439 
zygomal, 357-358 
Free radicals, 96, 517 
Freemartins, 505 
Fresh frozen plasma, 568 
Frey operation, 834? 

Friedlander curve, 491 
Frostbite 

classification of, 480-481, 4S0t 
cold injury and, 480-481 
digital angiographic image, 482/ 
tPA therapy, 482-483, 482* 
treatment of, 481-483 
Frostnip, 480 
Fructose, 10, 746 
Fructose 1.6-bisphosphatase, 12/ 

Fuel 

human metabolism, 23 
reserves, 23t 
Fulminant colitis, 1057 
Fulminant hepatic failure (FHF), 543, 547 
Functional residual capacity (FRC), 173, 1816 
Fundic mobilization, 657-658, 658/ 

Fundiform ligament, 1160 

Fundoplication, 654-655, 656t, 658-659, 659/ 

Fungal infections, 228, 463-464 
Fungiform papillomas, 617 
Furosemide, 928, 1617 

G 

Galactose, 10 
Galactose clearance, 882? 

Gallbladder 
anatomy, 878-879 
benign neoplasms, 1010-1012 
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Gallbladder ( continued) 
bile, 961? 

biliary motility, 961 
dyskinesia, 1031 
function of, 961 
GI motility and, 1031-1033 
motility, 963 
pigmented, 963 
during pregnancy, 1985 
sessile polyp in, 1012 
Gallbladder cancer, 998-1003 
adjuvant therapy, 1003 
clinical findings, 999 
diagnosis, 999 
incidence of, 998 

incidentally discovered, 1002-1003 

pathology, 998-999 

prognosis, 1003 

screening for, 1003 

spread, 999 

staging of, 998-999, 1000, 1000* 
surgery, 999-1003, 1001*, 1002* 
unresectable, 999/ 

Gallstone ileus, 758-760, 760/ 

Gallstones 

acute pancreatitis and, 820 
in ampulla of Vater, 820/ 
asymptomatic, 964-965 
black pigment, 962/ 963 
brown pigment, 962/ 963 
cholesterol-type, 962, 962/ 
complicated, 965 
on CT scan, 760/ 
imaging, 965-966, 966/ 
incidence of, 963 
natural history of, 964-965 
obesity-related, 715 
pathogenesis, 961-963 
during pregnancy, 1985 
removal, 972/ 
risk factors, 963-964 
symptomatic, 965 
treatment, 966-969 
types of, 961-962 
y-Glutamyltransferase, 843, 909 
y-Rays, 488 

Ganciclovir, 275, 563, 586 
Ganglion cells, 1913/ 

Ganglioneuroblastoma, 1959 
Gangrene, 972, 1666 
Gap junctions, 1576 

Gardner syndrome. See Familial adenomatous polyposis (FAP) 
Gardner-Wells head tongs, 425 
Gas emboli, 1194-1195 
Gas exchange 
in infants, 1818 
pulmonary, 171-173, 171/ 

Gastrectomy, 710, 729*, 731/ 

Gastric acid secretion, 693-696, 694/ 

Gastric antral vascular ectasia (GAVE), 1052 
Gastric arteries, 877 
aneurysm, 1648 
Gastric bubble, 392/ 

Gastric bypass, 717 

Gastric carcinoids, 734 

Gastric feeding, 179 

Gastric fluid aspiration, 1042-1043 

Gastric inhibitory polypeptide (GIP), 740, 740/ 812 

Gastric lymphoma, 732-734, 734/ 

Gastric motility, 697-698 
Gastric mucosa, 697 
Gastric neoplasms, 722-735 
early, 725/ 
incidence, 728/ 
malignant, 724/ 
physical findings, 724* 
resection 

length of stay after, 729/ 
palliative treatment, 732 


rates in the U.S., 728/ 
surgical options, 730/ 
survival rates, 725/ 

Gastric outlet obstruction, 709 
Gastric remnant cancer, 723-724 
Gastric stress, 461-462 
Gastric ulcers. See also Peptic ulcer disease 
benign, 724/ 
classification of, 727* 
diagnosis, 709-710 
staging, 727* 
treatment, 710 
Gastric varices, 927 

Gastrin, 689-691, 740, 740/ 811, 1074 
Gastrin-releasing peptide, 741 
Gastrinomas, 859, 864-866, 864*, 865/ 1321 
Gastritis, 710-712, 723 
Gastrocolic omentum, 526/ 

Gastroduodenal artery (GDA), 805 
aberrant, 809 
anatomy of, 877 
aneurysm, 1649-1650, 1649/ 
location of, 738/ 

Gastroduodenal ulceration. See also Peptic ulcer disease 
bleeding, 708/ 
diagnosis, 702 
epidemiology, 699 
pathophysiology, 699-702 
perforation, 707-709 
surgical management, 707* 
treatment, 702-703 

Gastroepiloic artery aneurysm, 1648, 1648/ 
Gastroesophageal reflux disease (GERD) 
anatomic alterations, 640-642 
clinical presentation, 637-638 
complications of, 642-647 
definition, 635-637 
desaturation events and, 655/ 
diagnosis, 648* 

diffuse esophageal spasm and, 1029-1030 
etiology of, 635-637 
extraesophageal manifestatons, 654 
hypopharyngeal carcinoma and, 624 
implications, 642 
treatment of 

fundoplication, 654-655 
laparoscopic, 656-659, 656* 
medical, 647-648 
surgical, 648-656, 656/ 

Gastroesophageal varices, 1049 
Gastrofin, 754 
Gastrografin, 380, 668 
Gastrointestinal (GI) tract 
anatomy of, 1200 
aortic stenosis and, 1451 
blood flow, 1629-1630, 1636* 

Crohn disease of, 780-781 
cystic duplications, 1925-1926 
embryology of, 1200-1201 
examination of, 1204 
foreign bodies in, 1923 
hemorrhages, 1038-1055, 1923-1925, 1925* 
causes of, 1039/ 1046-1053 
clinical presentation, 1040-1041 
diagnosis, 1039/ 1043/ 
diagnostic approach, 1042-1046 
initial evaluation, 1042 
lower GI tract, 1050-1051 
outcome prediction, 1044* 
patient characteristics, 1038, 1040 
prediction of recurrence, 1044* 
prognostic factors, 1041 
resuscitation, 1042 
treatment, 1046-1049 
immunology, 742-744 
infant, physiology of, 1828-1831 
innervation of, 741/ 
motility, 741-742, 1026-1037 
mucosal injury, 33 
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peptide hormone distribution, 740/ 
physiology of, 1200-1201 
referred pain from, 1200 
surgical site infections, 136? 
tubular duplications, 1926 
venous anatomy, 1629 

Gastrointestinal stromal tumors (GISTs), 273, 794-796, 794/ 2032-2033 
colorectal, 1117-1118 
differential diagnosis, 673 
histology, 2033/ 
malignant potential, 795* 
metastatic, 2033/ 
progress of, 7951 
of the stomach, 734-735, 735/ 
treatment, 795-796 
Gastrojejunostomy, 719, 719/ 855* 

Gastroparesis, 1030-1031 
Gastropathy, 927 
Gastroplasty, 717 

Gastroschisis, 1884-1887, 1885/S 1886* 

Gastrostomy, placement of, 44 
Gaucher disease, 1230 
Gefitinib (Iressa), 273, 945 
Gelatinase granules, 95, 95t 
Gelatins, fluid therapy, 197 
Gelfoam, 355 
Gelofusin, 197 

Gemcitabine, 853, 854, 855, 1010, 2029 

Gemfibrozil, 1578 

Gender 

abdominal aortic aneurysms and, 1698, 1734, 1735 
body composition and, 21, 22/ 
cancer incidence and, 261, 263* 
cancer-related deaths and, 261 
gallbladder cancer and, 998 
gallstones and, 963f 
surgical stress and, 32-33 
Gene expression profiling, 283-284 
Gene therapy 
antiangiogenic, 275/ 276* 
for cancer, 274-275 
vectors, 274-275 
Genioplasty, 2064 
Genital burns, 229-230 
Genital system development, 1952 
Genitofemoral nerve, 1169, 1170 
Genitourinary system, pediatric, 1946-1956 
Genitourinary trauma, 405-413 
AAST organ injury scales, 406* 
renal injury in, 407/ 
ureteral injury, 40 9f 
urethral injury, 411-413, 412/ 

Genomic instability, 269 
Gentamicin, 142, 232 
Geriatric trauma 
definition of, 445 
intensive care in, 447 
mechanisms of injury, 446 
predictors of morbidity, 445 
predictors of mortality, 445 
withdrawing support in, 447-448 
withholding support in, 447-448 
Germ cell tumors, 1420-1421, 1423/ 

Gerota fascia, 738 
Gestational period 
divisions of, 1803 
growth during, 1804 
normal, 1803-1804 
Ghrelin, 691-692, 713 
Giant cell arteritis, 1603-1604, 1604/" 

Giant cell carcinomas, 841 
Giant cell thyroiditis, 1290 
Giant colonic diverticulum, 1127 
Giant condyloma, anal, 1154-1155 
Giant condyloma acuminatum, 1154-1155 
Giant congenital nevus, 2000/ 

Gila monster (Heloderma suspectum), 472 
Glasgow-Blatchford bleeding score, 1041, 1042/" 

Glasgow Coma Score (GCS) 


assessment using, 341 
epidural hematomas and, 347 
pediatric patients, 432 
in primary survey, 331-332 
scoring, 332* 
triage guide, 341 / 

Glenn procedure, 1443 
Glisson capsule, 873 
Globulins, calcium binding, 204 
Glomerular filtration rate (GFR) 
effect of inhalation agents, 238 
hypercalcemia and, 205 
in infants, 1812-1813 
in renal insufficiency, 1729-1730 
response to shock, 156 
Glomerulonephrosis, 534 
Glossectomy, transoral partial, 622 
Glottic carcinomas, 625-626 
Glucagon 
action of, 812-813 
enzyme cascade stimulated by, 11 / 

GI distribution, 740/ 
in the inflammatory process, 30 
production of, 741 
response to surgery, 34 
secretion of, 812-813 
synthesis, 812-813 
Glucagonoma, 867-868, 867*, 868/ 

Glucocorticoids. See also Specific glucocorticoids 
adrenal production of, 1325 
for hypercalcemia, 1310 
impact on wound healing, 63 
in the inflammatory process, 30 
lung maturity and, 1876 
Glucokinase, 10 

Gluconeogenesis, 10, 12-13, 12/ 28, 1804-1805 
Glucose. See also Glycemic control 
hepatic production of, 180* 
metabolism of, 10, 516/ 
neonatal demand for, 1805 
production of, 10 
response to injury, 27 
response to sepsis, 34-35 
storage, 10 

Glucose-6-phosphate (G6P), 10, 17, 17/ 20, 515 

Glucose intolerance, 1330 

Glucose tolerance tests, 817 

Glucuronidation, 18 

Glutamate, synthesis of, 16 

Glutamic acid decarboxylase (GAD-65), 601 

Glutamine, 16, 34, 35/ 1808 

Glutamine synthase, 1808 

Glutathione (GSH) peroxidase, 97 

Glutathione-S-transferases, 18 

Gluteal muscles, 1172/ 

Glycemic control, 135, 180-181, 227 
Glycerol, 10, 13 
Glycine, synthesis of, 16 
Glycogen storage, 10 
Glycogen-storage disease, type I, 548 
Glycogenesis, 10, 11/ 

Glycogenolysis, 154, 1804-1805 
Glycolic acid, 209 
Glycolysis, 11, 11/ 517/ 

Glycoprotein Ilb/IIIa receptors, 70, 85 
Glycopyrrolate, 240* 

Glycosylation, 15 
Goblet cells, 739 
Goiter, 1288-1289, 1288/ 1291 
Golden hour, 327 

“Golden hour” mortality peak, 312 
Golgi apparatus, 747 
Gonococcal proctitis, 1152 
Gorlin syndrome, 2012 
Graft-k'ersws-host disease, 203/ 1204 
Grand Camp explosion, 490 
Granulation tissue, 57, 217 

Granulocyte-colony-stimulating factor (G-CSF), 92 
Granulocyte-macrophage colony-stimulating factor (GM-CSF), 66, 92 
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Granulocytes, 110 

Granulomas, 775/ 

Granulomatous diseases, 1309 

Graves disease, 1288 

Great cardiac vein, 1646 

Great pancreatic artery, 805 

Great pancreatic vein, 806-807 

Greater saphenous vein, 1474, 1676 

Greenfield filters, 1566 

Greenstick fractures, 439 

Griepp, Randy, 1707 

GroEL, 125 

Groin 

anatomy of, 1159-1171 
dissection, 2009/ 

hernias, 1176-1178, 1177*, 1178-1184 

Gronchogenic carcinomas, 1862 

Gross decontamination, 488 

Group A beta-hemolytic streptococci (GABHS), 613, 1849 

Group D streptococci, 143 

Growth factors 

acute-phase response and, 126 
in wound healing, 49-50 

Growth hormone (GH) 
acromegaly and, 1355-1356 
during gestation, 1804 
metabolic rate and, 30 
oversecretion of, 1351-1352 
in wound care, 66 

Growth hormone-releasing hormone (GHRH), 1348? 

Growth retardation, 779 

Guardian stitches, 378 

Guidelines for Surgical Management of Traumatic Brain Injury, 342 
Guidelines for the Management of Pediatric Brain Injury, 342 

Guidelines for the Management of Penetrating Brain Injury, 342 

Guidelines for the Management of Severe Brain Injury, 342 

Guidelines for the Prehospital Care of Severe Brain Injury, 341, 342, 343 
Guidelines for the Prehospital Care of Traumatic Brain Injury, 342 

Gum chewing, for ileus, 1027 

Gunshot wounds 
abdominal exploration in, 334 
high-energy, 322-323, 415/ 
impact size, 321-322 
kinetic energy of bullets, 321 
low-energy, 323 
medium-energy, 323 
physical examination, 388 
shotgun wounds, 323 
wounding mechanisms of, 324/ 

Gut-associated lymphoid tissue (GALT), 743 

Gut enterocytes, 28 

Gynecologic fistulas, 778 

congenital anomalies, 2057-2058 
imaging, 1602/" 
ischemia, 1601, 160l£ 
reconstructive surgery, 2052-2057 

Harris-Benedict equation, 2 6t, 177, 227, 461 

Hartmann procedure, 1127 

Hashimoto disease, 1089 

Hashimoto thyroiditis, 1289-1291 

Hasselbach hernia, 1194 

Hawthorne effect, 289, 294 

Head Abbreviated Injury Scale (AIS), 329 

Head and neck, 609-628. See also Head injuries; Neck 
airway management, 610 
cosmetic procedures, 2060-2064 
blepharoplasty, 2061-2062 
brow lift, 2060 
genioplasty, 2064 
rhinoplasty, 2062-2064 
rhytidectomy, 2060-2061 
evaluation of, 609-611 

neoplastic disorders, 273, 610t, 611-613, 618-620 
nonneoplastic disorders, 613-615 

Head injuries, 337-353 
cerebral edema, 340 
clinical assessment, 340-342 
in elderly patients, 446 
energy expenditure, 461 
epidemiology, 337 
evidence-based medicine, 342 

Glasgow Coma Score, 341/ 
initial treatment, 342 
management of 

pediatric patients, 434-436 
severe injury, 342-347 
medical management, 351-353 
motor examination, 342 
orthopedic, 322t 
pathophysiology, 337-340 
patterns of injury, 322 1 
pediatric patients, 1842 
penetrating injuries, 349-350 
postinjury care, 461 
radiographic priorities, 344-347 
resuscitation, 343-344 
secondary survey, 332 
with signs of herniation, 343-344 
surgical decompression, 347 
trauma centers triage, 446 

Health care proxies, 447 

Health-related quality of life (HRQOL), 440-441 
Health status, wound healing and, 272, 2040 
Healthcare Cost and Utilization Project (HCUP), 293 
HealthGrades.com, 304 

H 

H-2 locus, 499-500 

Haemaccel, 197 

Haemonetics autotransfuser, 160 

Haemophilus influenzae, 393, 614, 1218 

Hageman factor (HF), 119 

Hair, growth, 483 

Hairy cell leukemia, 1229, 1229/ 

Halo sign, 1559/ 

Halothane, 18, 547, 900 

Hamartomas 
lung, 1385-1386, 1862 
mesenchymal, 1930 
small bowel, 789 

Hamartomatous lung parenchyma (CPAM), 1856 

Hand 

arteriograms, 1 599f 
burn injuries, 229 
complex injuries to 
debridement, 2055 

decompression of compartments, 2055 
nerve repair, 2056-2057 
reconstructive surgery, 2053-2057 
revascularization, 2055 
skeletal fixation, 2055 
soft tissue coverage, 2055 

Heart. See also Cardiac entries 
anatomy of, 1463/ 

benign primary tumors, 1459-1460, 1459/ 

biopsy of, 565 

conduction system, 477 

fibrous skeleton, 1449, 1450/ 

ischemia-reperfusion injury, 498 

malignant primary tumors of, 1460-1461 

metastatic disease of, 1461 

organ preservation, 530 

preparation for cardioplegia, 527/ 

procurement, 526, 568 

response to hypothermia, 477 

response to shock, 154-155 

in situ perfusion, 527/ 

tumors of, 1460 

valve prostheses, 1458-1459 

valves, 1449-1461 

Heart disease 
death rates from, 262/ 
geriatric trauma and, 445 

Heart failure, intraoperative, 246t 

Heart rates 

cardiac output and, 1825-1826 
fetal monitoring, 1988-1989 
in infants, 1825-1826 
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normal ranges, 1825£ 
stress response and, 31 
Heartburn, 638 

HeartMate II, 1498-1499, 1499f 

HeartMate XVE Left Ventricular Assist Device, 1497, 14 97f 
Heat exchange, rewarming and, 479 
Heat loss, mechanisms of, 1806 
Heat-shock proteins (HSPs), 122, 124-125 
Heat shock transcription factors (HSFs), 125 
Heineke-Mikulicz pyloroplasty, 396, 704 f 
Helicobacter pylori, 699-701 
acid secretion and, 690 
adenocarcinoma and, 722, 723 
in atherosclerosis, 1580 

gastroestroesophageal reflux disease and, 636-637 
mucosa-associated lymphoma tissue and, 733 
pathogenic role of, 706 
virulence factors, 700 f 
Helix-loop-helix (HLH) motif, 264 
HELLP syndrome, 455, 900 
Helmets, injury prevention and, 442 
Heloderma horridum (Mexican beaded lizard), 472 
Heloderma suspectum (Gila monster), 472 
Hemangioblasts, 1569 

Hemangioendotheliomas, 1004, 1234, 1929-1930 
Hemangiomas 
capillary, 1850, 185 If 
in children, 1850 
of the liver, 940-942, 941f 
parotid, 1850 
periorbital, 1850 
plastic surgery for, 2071 
small bowel, 789 
splenectomy for, 1234 
treatment, 1852 
Hematemesis, 1040 
Hematochezia, 1040, 1043-1044 
Hematocrit, in abdominal trauma, 388 
Hematomas 
epidural, 337, 347 
evacuation of, 435 
in extremities, 335 
jejunal, 439f 
mediastinal, 334 
retroperitoneal, 403-404 
scrotal, 334 

subdural, 337, 347-348 
Hematopoiesis, 114, 1217 
Hematuria, 405, 411 
Heme, 18, 19/ 

Heme oxygenases (HOs), 18, 98, 121 
Hemi-Fontan procedure, 1443 
Hemihypertrophy, 1931 
Hemochromatosis, 909 
Hemodialysis, 203, 1205 
Hemodynamic resuscitation, 457, 458£ 

Hemodynamic stability, monitoring of, 252 
Hemoglobin, 168, 207 
Hemoglobin A1C levels, 591 

Hemoglobin-based oxygen-carrying (HBOC) solutions, 198 
Hemolytic anemias, 1225-1226 
Hemophilias, 548 
Hemoptysis, 1406-1407, 1407f 
Hemorrhages 
in abdominal trauma, 388 
acute GI, 1038-1055 
after liver trauma, 394-395 
in Crohn disease, 778 
fetomaternal, 452 
GI, in children, 1923-1925 
ischemia and, 414 
in maxillofacial trauma and, 355 
peptic ulcer disease and, 706-707 
postoperative, 559 

Hemorrhagic diverticular disease, 1123, 1126 
Hemorrhagic shock. See also Hypovolemic shock 
classification of, 151t 
HMGB1 in, 112 
inflammation secondary to, 120 


maternal, 452 

neurogenic shock compared with, 426? 
resuscitation from, 331 
Hemorrhoidectomy, 119 f, 1139 
Hemorrhoids, 1137-1140 
classification, 1137 
examination, 1137-1138 
external, thrombosed, 1139-1140 
incarcerated, 1140 
in pregnancy, 1140 
presentation, 1137 

treatment, 1138-1139, 1138f 113 9f, 1140 f 
Hemorrhoids, internal, 1137f 
Hemostasis 

basic considerations, 70-71 
fibrinolysis, 72-74 

natural anticoagulant mechanisms, 71-72 
overview, 70-87 
role of endothelium, 74, 74 f 
Hemothorax 
description, 376-377 
massive, 374 

in pediatric trauma, 436-437 
reaccumulating, 379, 380 
Hemotoxins, in snake venom, 467 
Henderson-Hasselbach equation, 207 
Heparan sulfate, 499f 1575 
Heparin 

in antiphospholipid syndrome, 78 
for coronary artery disease, 1470 
function of, 83 

low-molecular-weight, 1778, 1779 
unfractionated, 1778 
for venous thromboembolism, 80-81 
Heparin sulfate, 1591-1592 
Heparinization, systemic, 416 
Hepatectomy 
major, 886-887 
recipient, 550-551, 553f 554f 
Hepatic adenoma, 941, 94If 1930 
Hepatic arterial anatomy, 525 f 
Hepatic arterial infusion (HAI), 279 
Hepatic artery 
aberrant, 806f 
anastomosis, 554f 555 
aneurysms, 1645-1646, 1645f 1646f 
donor, procurement of, 555 f 
intrahepatic divisions of, 877f 
left, replaced, 550f 
thrombosis, 559-560 
Hepatic cysts, 1930 

Hepatic encephalopathy, 912-913, 913? 

Hepatic failure, 36, 37-38, 888-903 
Hepatic fibrosis, 905f 906 

Hepatic functional reserve, 881-882, 882?, 916*, 936-939, 938f 
Hepatic metastasectomy, 945, 949 
Hepatic vein 
anatomy of, 875 
in children, 193 If 
endoscopic stapling, 887 f 
stenosis, 560 
Hepatitis 

autoimmune, 899, 900 
viral, 892-893, 893*, 907-908, 935-936 
Hepatitis A virus (HVA), 893-894, 900, 935 
Hepatitis B virus (HBV) 
acute liver failure and, 899, 900 
carriers, 935 

clinical features, 894-895, 895f 
epidemiology, 894 
hepatocellular carcinoma and, 1931 
liver disease and, 907-908 
liver transplantation and, 545-546 
molecular structure, 894 
organ donation and, 519 
transmission, 143, 894 
treatment, 895-896 
Hepatitis C virus (HCV) 
chronic infection, 542 
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Hepatitis C virus ( continued) 
clinical features, 896, 896/ 
epidemiology, 896 
hepatic malignancies and, 935-936 
infected renal transplant recipients, 534-535 
liver disease and, 907-908 

liver transplantation and, 544, 545-546, 545/ 892 
molecular structure, 896 
transmission, 143, 896 
treatment, 896-897 
Hepatitis D virus (HDV) 
acute liver failure and, 900 
clinical features, 897, 897/ 
epidemiology, 897 
liver disease and, 907-908 
molecular structure, 897 
superinfection of chronic HBV carriers, 897/ 
transmission risk, 897 
treatment, 897-898 

Hepatitis E virus (HEV), 898, 898/ 900 
Hepatitis G virus (HGV), 892 
Hepatobiliary tract, 873-887 
Hepatoblastoma, 1930-1931, 1930/ 
imaging, 1976f 
outcomes, 1976* 
pathology, 1976 
staging, 1976* 
treatment, 1976-1978 
Hepatoblastomas, 1974-1978 
Hepatocellular carcinoma (HCC), 1977-1978 
in children, 1931 
chronic HCV and, 262, 542 
diagnosis, 943 
hepatitis C virus and, 896 
incidence, 943, 944/ 
liver transplantation and, 543, 545/ 546 
in pediatric patients, 1974-1978 
resection in, 943-945 
risk factors, 943 
screening for, 943 
treatment, 944/ 945 

Hepatocyte nuclear factor mutations, 942 
Hepatocyte stellate cells (HSCs), 905-906 
Hepatocytes, liver reserve and, 19 
Hepatoduodenal ligament, 880f 
Hepatopulmonary syndrome (HPS), 543 
Hepatorenal syndrome (HRS), 544, 910, 911, 911* 

Hepatotomies, 88 6/ 

Hepcidin, 745 
HER2 gene, 1265 
HER2/neu proto-oncogene, 859 
“Herald” bleed, 1760 
Hereditary elliptocytosis, 1226 
Hereditary mixed polyposis, 1088* 

Hereditary nonpolyposis colon cancer (HNPCC), 1093-1094, 1095* 
Hereditary nonspherocytic hemolytic anemia, 1226 
Hereditary spherocytosis, 1226 
Hernias 

abdominal wall, 1159-1198, 1171-1172, 1185* 

Bochdalek, 1872 
bowel obstruction and, 757-758 
in cirrhosis, 930 
classification, 1177* 

Cloquet, 1194 

complications of, 1172-1176 
defect with bulging sac, 1188/ 
epigastric, 1186 
external, 757 
femoral, 1176/ 
foramen of Morgagni, 1878 
groin, 758/ 1176-1184, 1177* 
groin pain and, 1184* 

Hasselbach, 1194 
imaging, 1173/ 
incisional, 1186-1189 
inguinal, 1176/ 1886-1889 
interparietal, 1192 
Littre, 1192 

lumbar, 1191, 1191*, 1192/ 


mesocolic, 1097 
obturator, 1191 

parastomal, 1189-1190, 1190* 

Partridge, 1194 
pediatric patients, 1886-1889 
perineal, 1192 
periumbilical, 1185-1186 
perivascular, 1192-1194, 1194/ 
reduction, by taxis, 1172, 1173/ 
repair of 

complications, 1194-1197 
laparoscopic, 1189 
mesh closure, 1188 
onlay prosthetic technique, 1188 
prosthetic bridging technique, 1188 
prosthetic materials, 1174-1176 
sublay prosthetic technique, 1188-1189 
sciatic, 1191-1192, 1193/ 

Serafini, 1194 
sliding, 1176/ 

Spigelian, 1190-1191, 1191/ 
sports-related, 1184-1185 
supravesical, 1192, 1193/ 
surgical site infections, 136t 
umbilical, 1185-1186, 1886 
Velpeau, 1194 
Herniation, 342-344 
Hernioplasty, 1178 
Herniorrhaphy, 1178 
complications related to, 1195-1196 
contraindications, 1182 
conventional, 1182 

laparoscopic, 1182, 1194-1195, 1194* 
patient selection, 1182 
Herniotomy, 1178 

Herpes simplex virus, 519, 899, 900, 1152 
Herpesvirus family 
in atherosclerosis, 1579 
Kaposi sarcoma and, 1152 
organ donation and, 519 
Herpesvirus varicellae, 899 
Hetastarch, 197 

Heterotopic pancreas, 800*, 803 
Hexokinase (glucokinase), 10, 11/ 

Hextend, 197 
Hiatal dissection, 656 
Hiatal hernias, 640, 640/ 

High-density lipoproteins (HDLs), 13, 713, 1578 
High mobility group box 1 protein (HMGB1), 112 
Hilar cholangiocarcinoma, 1003 
Hilar plate, lowering of, 886/ 

Hilum, mobilization of, 583/ 

Hinchey classification, 1123 
Hip disarticulation, 1692 
Hip fractures, 447 
Hippocrates, 262 
Hippurate ratio, 19 
Hirschsprung’s disease 
anatomy, 1909-1911 
associated conditions, 1911 
diagnosis, 1911, 1912/ 
embryology, 1909 
imaging, 1911-1912 
incidence, 1911 
neuroblastoma and, 1957 
pathophysiology, 1911 
presentation, 1911 
treatment, 1912-1918 
Duhamel procedure, 1913-1914 
endorectal pull-through, 1915-1916, 1917/ 
outcomes, 1916, 1918 
rectal myectomy, 1916 
Soave procedure, 1914, 1914/ 

Swenson procedure, 1914-1915, 1916/ 
trisomy 21 and, 1889 
Hirudin (lepirudin/Refludan), 84 
Histamine, 104, 117, 240 
Histamine-2-receptor antagonists, 462 
Histamine-receptor antagonists, 703 
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Histidine-tryptophan-ketoglutarate (HTK) solution, 530, 530? 

Histiocytosis X, 1849 

Histocompatibility, 499 

Histocompatibility genes, 499, 506 

Histone deacetylase (HDAC), 274 

Hobo spider (Tegenaria agrestis), 472, 473/ 

Hodgkin lymphoma, 1232-1233, 1232/ 1864 
Hollenhorst plaque, 1587 
Holliday-Segar method, 1813* 

Homeostatic responses, 28-31, 33 
Homer-Wright pseudorosettes, 1958 
Homocysteine, 81 

Homozygous familial hypercholesterolemia, 548 
Hormones. See also Specific hormones 
breast cancer and, 1258 
end-organ stimulation, 1348* 
replacement therapy, 77 
Hornet stings, 474 
Horseshoe abscess, 1132 
Horseshoe kidney, 1947 
Hospital-Based Emergency Care (IOM), 325 
Hospital care 

casualty flow within, 493-494, 494/ 
casualty management, 492-494 
collaborative groups, 305-306 
quality indicators, 296/ 297/ 
ranking of, 294/ 

risk-adjusted mortality rates, 289/ 

Hospital Infection Control Practices Advisory Committee (HICPAC), 134 
HTK solution, 530, 530* 

Human factors engineering, 298 

Human immunodeficiency virus (HIV). See also Acquired 
immunodeficiency syndrome (AIDS) 
anorectal diseases in, 1152-1153 
Kaposi sarcoma and, 2020 
organ donation contraindication, 518, 544 
small-bowel malignancy and, 786 
transmission, 143 

Human leukocyte antigens (HLAs), 500, 500/ 
class I molecules, 501/ 
class II genotype, 590 
compatibility of, 532 
diabetes and, 590 
hyperacute rejection and, 509-510 
transplantation and, 532 

Human papillomavirus (HPV), 262, 609, 623, 1151-1152 

Human T-lymphocyte virus (HTLV), 519 

Humoral hypercalcemia of malignancy, 1309 

Humoral tolerance, 509 

Hunting response, 481 

Hurthle cell carcinoma, 1293 

Hutchinson freckle, 2000/ 

HVAD, 1501, 1501/ 

Hyaline membrane disease, 1819 
Hyaluronic acid, 53 
Hyaluronidase, 469, 474 
Hydatid disease, 890-892 
Hydralazine, 1507 
Hydration, prior to surgery, 29 
Hydrocele 

after hernia repair, 1196-1197 
anatomy, 1886, 1887 
differential diagnosis, 1177 
embryology, 1886 
pathophysiology, 1886 
in pediatric patients, 1887 

Hydrocephalus, patent processus vaginalis and, 1886 
Hydrocolloids, 66, 67t 
Hydrocortisone, 1061 
Hydrogels, 67 1 

Hydrogen cyanide toxicity, 220 
Hydrogen ions 

acid—base balance and, 206-207 
production in ischemic organs, 515 
Hydrogen peroxide, formation of, 517 
Hydrogen sulfide (H 2 S), 121 
Hydronephrosis, 452, 1758, 1948/ 

Hydrophidae family (snakes), 466, 467 
Hydroureter, in pregnancy, 452 


Hydroureteronephrosis, 1558 
3-Hydroxy-3-methylglutaryl CoA (HMG-CoA), 13 
Hydroxyapatite, 204 
3-Hydroxybutyrate, 10 

3-beta-Hydroxydehydrogenase deficiency, 1334, 1335* 
Hydroxyethyl starches (HESs), 159, 197 
Hydroxyl anions, 97 
Hydroxyl radical (HO-), 517 

11-beta-Hydroxylase (CYP11B1) deficiency, 1334, 1335* 
17-alpha-Hydroxylase (CYP17) deficiency, 1334, 1335* 
21-Hydroxylase (CYP21A2) deficiency, 1334, 1335* 
Hydroxy lysine, 15, 51/ 

Hydroxyproline, 15, 51/ 

Hygiene, hepatitis transmission and, 893-894 

Hymenoptera, 474 

Hyoid bone, movement of, 633 

Hypafix, 200 

Hypaque, 754 

Hyperacute rejection, 509-510, 561 
Hyperaldosteronism, 208, 1332-1333, 1333/ 
Hyperamylasemia, 815* 

Hyperbaric therapy, 220 
Hyperbilirubinemia, 1830-1831 
Hypercalcemia 
causes, 204, 1309* 
clinical features, 204-205, 1309* 
clinical manifestations, 1308 
differential diagnosis, 1308 
effects of, 205/ 
etiology, 1308-1310 

gastrointestinal manifestation, 1314-1315 
parathyroid gland and, 1307-1310 
treatment, 205, 1310, 1310* 

Hypercalcemic crisis, 1320 
Hypercapnea, 1195 
Hypercatabolism, 25 
Hyperchloremia, 411 
Hypercholesterolemia, 1576, 1578 
Hypercoagulable states, 76, lit, 82, 1778/ 
Hypercortisolism 
causes of, 1351 
Cushing disease and, 1355 
definitions, 1330 
diagnosis, 1330-1331, 1331/ 
signs and symptoms, 1330 
Hypergastrinemia, 865* 

Hyperglycemia 
glucagon excess and, 813 
intracellular water and, 191 
organ donation and, 519 
response to injury, 27 
secondary brain injury, 459 
stress-induced, 180* 
treatment of, 210 
Hyperhidrosis, 483 
Hyperhomocysteinemia, 81 
Hyperimmune globulin administration, 519 
Hyperinsulinemia, 713, 1942-1943 
Hyperinsulinism, 1808 
Hyperkalemia, 203, 411 
Hyperkalemic preservation solution, 568 
Hyperlipidemia, 201 
Hypermagnesemia, 206 
Hypermetabolism, 25, 27, 34-36 
Hypermethylation, 274 
Hypernatremia, 201-202, 201*, 411 
Hyperosmolar nonketotic acidosis, 210 
Hyperosmolar states, 191, 201 
Hyperosmolar therapy, 435 
Hyperparathyroidism, 204 
asymptomatic, 1317, 1317* 
definitions, 1312 
etiology, 1312-1313 

gastrointestinal manifestations, 1314-1315 

hypercalcemia and, 1308 

imaging, 1316 

incidence, 1312, 1312* 

laboratory findings, 1315 

neonatal, 1320 
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Hyperparathyroidism ( continued) 
neuromuscular manifestations, 1315 
pathology, 1313 
persistent, 1319-1320 
physical findings, 1315 
in pregnancy, 1320 
psychological manifestations, 1315 
recurrent, 1319-1320 
renal manifestations, 1314 
secondary, 1320 

skeletal manifestations, 1314, 1314/ 
surgical correction, 1317-1319 
systemic effects, 1313-1316 
treatment, 1316-1317 
Hyperphosphatemia, 1311 
Hyperplastic polyps, 1080, 1080/ 

Hyperprolactinemia, 1350-1352, 1353/ 1354f 
Hyperproteinemia, 201 
Hypersensitivity reactions, 500, 1809 
Hypersplenism, 1219, 1219*, 1227 
Hypertension 

abruptio placentae and, 453 
coronary artery disease and, 1465 
kidney donation contraindication, 533 
kidney transplantation in, 534 
organ donation and, 519 
pheochromocytoma and, 1337, 1338-1339 
risks associated with anesthesia, 245 
Hypertensive urography, 1616 
Hyperthermia, 459, 1756 
Hyperthyroidism, 1288-1291 
Hypertonic saline, 340, 352 
Hypertrophic scars, 68-69, 68/ 233 
Hyperventilation, 148, 353 
Hypervolemia, 451 
Hypnosis, 228 
Hypo-osmolar states, 191 
Hypoadrenal shock, 153 
Hypoalbuminemia, 227, 890, 1311 
Hypocalcemia 
causes, 205, 1311* 

clinical features, 205-206, 1310-1311, 1310* 
effects of, 20 5f 
etiology, 1311 

treatment, 206, 1311-1312, 1312* 

Hypocarbia, 434 
Hypoferremia, 31 
Hypogastric plexus, 1135 
Hypoglycemia 
asymptomatic, 1808 
definition of, 1808 
glucose control and, 591 
insulinomas and, 862 
neonatal, 1808 

pancreatic lesions and, 1942-1943 
unawareness of, 591 
Hypokalemia, 203-204, 203*, 1333 
Hypomagnesemia, 206, 1311, 1315 
Hyponatremia, 200-201, 201*, 1814-1815 
Hypoparathyroidism, 1311 
Hypoperfusion, stress response and, 31 
Hypopharyngeal carcinomas, 610*, 624-625, 624* 
Hypoplastic left heart syndrome (HLHS), 1444-1445, 1445/" 
Hypospadias, 1952, 1952/ 

Hyposplenism, 1217-1219, 1217* 

Hypotension 
after brain injury, 338 
in extracardiac obstructive shock, 152 
intraoperative, 245 
neurogenic shock and, 425 
in pediatric patients, 433 
secondary brain injury, 459 
in shock, 433 

Hypothalamic-pituitary-adrenal axis, 1327-1328, 1327/ 
Hypothenar hammer syndrome, 1605, 1606/ 

Hypothermia 

allograft protection and, 568 
core, 477 

deaths related to, 475-476, 475/ 476/ 


definitions, 457-458, 475* 
effect on coagulation, 479 
environmental, 475-480 
functional outcomes, 477 
initial effects of, 476 
membrane changes, 515 
metabolic rate and, 516 
for neurologic injury, 434 
neurologic response to, 477 
organ preservation, 515 
physiologic response and, 476/ 
postinjury, 457-459 
prevention of, 521 
protective function of, 478 
rewarming in, 478-480 
shock and, 158 
stabilization and, 457-458 
in trauma patients, 478-479 
in traumatic brain injury, 478 
treatment of, 479-480 
zones of, 476/ 478* 

Hypothermic solutions, 530* 

Hypotheses, development of, 6 
Hypothyroidism, 1289, 1942-1943 
Hypotonic saline resuscitation, 435 
Hypotonic saline solutions (HTSs), 197 
Hypotonicity, 191 
Hypovolemia, 153-154, 520 
Hypovolemic shock, 149, 150*, 154/ 1041 
Hypoxanthine, 517 
Hypoxemia, 175-176, 459, 716 
Hypoxia 

after brain injury, 338 
compensatory mechanisms, 211-212 
flail chest and, 374 
impact on wound healing, 59 
respiratory alkalosis and, 211 
Hypoxia-inducible factor-1 (HIF-1), 50 
Hypoxic ischemic injury, 435 
Hypoxic pulmonary vasoconstriction (HPV), 1818 
Hypozincemia, 31 
Hysterectomy, 136*, 137*, 407-408 


I cells, 740, 1958 

Ibuprofen, 1440. See also Nonsteroidal anti-inflammatory 
drugs (NSAIDs) 

Idiopathic adrenal hyperplasia, 1334 
Idiopathic pulmonary fibrosis, 578-579 
Idraparinux, 1780-1781 
Ifosfamide, 2029 

Ileal artery aneurysm, 1648-1649, 1648/ 

Ileal pouch, 1065/ 1066-1067 
Ileocecal valve, 738, 1101/ 

Ileum 

blood supply, 738 
in Crohn disease, 781, 782/ 
ulceration of, 775/ 

Ileus 

after hernia repair, 1195 
bowel obstruction and, 748-749 
causes of, 1027* 
definition of, 1026 
diagnosis, 765-766 
etiologic factors, 765, 766* 
management of, 766-768, 1027 
pain management, 1027 
physiology of, 1026 
postoperative, 1023-1024, 1026 
prolonged, 38 

pseudo-obstruction and, 7 65-769 
Iliac arteries 
anatomy, 1654/ 
aneurysms, 1757-1758 
autogenous aortorenal graft, 1619/ 
endovascular procedures, 1546 
injuries, 419 
stenosis, 1663/ 
stents, 1663/ 
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Iliac vein, 1552f, 1792 
Iliococcygeus muscles, 1170 
Iliohypogastric nerves, 1165, 1170 
Ilioinguinal nerves, 1165, 1170 
Iliopectineal arch, 1167 
Iliopubic tract, 1167, 1167/ 

Imatinib mesylate (Gleevec), 273, 795, 2033, 2033/ 
Imipenem/cilastatin, 136 
Immediate memory, 4 
Immobilization, hypercalcemia and, 1309 
Immune responses 
adaptive, 504-505 
danger recognition systems, 121 
inflammation and, 1698 
paradigm for, 504/ 
to shock, 156 
spleen in, 1217 

transplant-related, 500-501, 503-504 
Immune thrombocytopenic purpura (ITP), 1223-1224, 1225t 
Immune Tolerance Network trial, 604-605 
Immunizations 
after splenectomy, 1218 
for gravid patients, 454 
influenza virus, 393 
meningococcus, 393 
tetanus, 454 

Immunocompromise. See also Acquired immunodeficiency syndrome 
(AIDS); Human immunodeficiency virus (HIV) 
appendicitis with, 1210 
infections, 614, 615 
Immunoglobulin receptors, 93 
Immunoglobulins, 507 
heavy (H) chain regions, 507 
IgA, 743, 744 
IgE, 474 
IgG, 507 
IgH, 507 

IgM, 507, 508, 509 
light (L) chain regions, 507 
secretion of, 744 
treatment using, 896 
Immunologic memory, 503-504 
Immunomodulators, 1061-1062 
Immunosuppressive therapy 
abdominal pain in, 1204 
after transplantation, 506-507, 563, 599 
agents, 506t 

small-bowel malignancy and, 786 
wound healing and, 272, 2040 
Immunotherapy, 275-277. See also Specific antibodies 
Impedance plethysmography (IPG), 1532 
Impella Recover LP 2.5, 1495 

Imperforate anus, 1895-1899, 1897/ 1898/ 1955-1956 

Incident Command System, 495 

Incisional hernias, 1186-1189 

Incisions, surgical, 61-62 

Incontinence, anal, 1142-1143 

Incretin mimetics, 472 

Index finger amputation, 2053/ 

Indicators, patient safety, 304 
Indirect calorimetry, 25-26 
Indocyanine green (ICG), 19, 882? 

Indomethacin, 18, 351, 1440, 1985 
Induction therapy, 506-507, 599 
Infant formulas, 1809, 1810£. See also Breast milk 
Infantile hypertrophic pyloric stenosis, 1918-1919, 1918/ 

Infants (0 to 1 yr) 
abdominal pain in, 1204 
gastrointestinal hemorrhage in, 1924 
heart transplantation, 574 
mechanical ventilation of, 1820 
surgical physiology of, 1803-1832 
vital signs, 1825£ 

Infection-related end-stage lung disease, 579 
Infections. See also Specific infections; Specific organisms; 

Specific tissues 
aortic aneurysms and, 1720 
bloodstream, 300 
breast, 1255-1256 


of burn injuries, 215 
complications, 462-463 
deep neck space, 613-614 
following traumatic injury, 462-464 
hepatic, 888-903, 1932 
intra-abdominal, 139, 140, 141? 
invasive, 31-32 

mechanical circulatory support and, 1489 
necrotizing, 140-142 
nosocomial, 142-143 
operative management, 141-142 
pathogens, 143 

penetrating head injury and, 349 
SCIP outcomes measures, 304? 
soft tissue, 232/ 
surgical, 132-146 

Infectious Diseases Society of America, 140 
Inferior epigastric artery, 1170 
Inferior gluteal nerves, 1170 
Inferior lumbar triangle, 1165 

Inferior mesenteric artery (IMA), 1631/ 1632/ 1634/ 

Inferior mesenteric vein, 913 
Inferior pancreatic vein, 806 
Inferior rectus entrapment, 358 
Inferior thyroid artery (ITA), 1283 
Inferior vena cava 
leiomyosarcoma, 2031 
stenosis, 560 

Infertility, after hernia repair, 1196 
Inflammation, 91-131 
abdominal, 1201 
acute-phase proteins, 111 t, 125 
acute-phase response, 125-126 
airway obstruction, 1843 
cellular components of, 92-121 
chronic, 127-128 
in Crohn disease, 777 
glucose production and, 23 
in ileus, 765 

immune responses and, 1698 
levels of, 30 

lipid mediators of, 116-118 
malnutrition and, 25 
noncellular components, 105, 107-112 
peripheral aneurysms and, 1768 
regulation of, 98-99 
reperfusion injury and, 126 
response to stress, 29-30 
stress response and, 124-125 

systemic inflammatory response syndrome, 126-127 
thrombosis and, 75 

Inflammatory bowel disease (IBD), 908-909, 1057, 1094, 1140 
Inflammatory myofibroblastic tumors, 2021 1 
Inflammatory pseudotumor, 1862, 1863/ 

Infliximab, 776-777, 1062 
Influenza virus vaccination, 393 
Information transfer, 300 

Infrainguinal bypass procedures, 1674, 1679/ 1772 
Infrainguinal disease, 1655 
Infrared photocoagulation, 1139 
Infrarenal aorta 
aneurysms, 1733, 1737/ 
biomechanical wall stress, 1703-1704 
Inguinal hernias, 757, 1176/ 1886-1889 
repair, 1178, 1178*, 1179*, 1180*, 1181-1184 
Inguinal (Hesselbach) triangle, 1168, 1168/ 

Inguinal ligament, 1161 
Inguinal lymph nodes, 1177 
Inguinal region, 1163/ 

Inhalation agents 

minimum alveolar concentrations, 238^ 
physiologic effects, 238 
Inhalation injuries, 220-222 
Injury in America, 325 
Injury Severity Score (ISS), 317, 419, 445 
INK4a/ARF locus, 269 
Innate immunity, 92, 122 
Inotropic agents, 162t, 163 
Institute of Medicine (IOM), 298 
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Insulin 

action of, 811-812 
in glucose regulation, 10 
magnesium depletion and, 206 
release in hypothermia, 477 
secretion of, 20, 811-812 
synthesis of, 811-812, 812/ 

Insulin-like growth hormone (IGF-I), 1804 
Insulin resistance, 27, 180*, 590 
Insulinomas, 817, 862-863, 862*, 1321 
Integra dermal template, 225, 273-274, 2042 
Integra neodermis, 200/ 

P 2 -Integrin family, 92 
(3 3 -Integrin family, 93 
Integrins 

function of, 271-272 
in hemostasis, 70 
imaging of, 283 
signaling by, 94b 
Intensive care units (ICUs) 
ethics, 186-187 
geriatric trauma, 447-448 
metabolism in, 176-180 
nutrition in, 176-180 
nutritional support in, 179-180 
organizational structure of, 166-167 
outcome measures, 186 
oxygen delivery, 167-168 
prognostication, 184-18 6 
purposes of, 167 

respiratory system support, 170-176 
teamwork climate, 302/ 
transfusion therapy in, 176 
venous catheter-related infections, 463 
withholding/withdrawing support in, 447-448 
Intensivists, responsibilities of, 166 
Intercellular adhesion molecules, 92 
Intercostal spaces, 1392/ 

Interferon-a (IFN-a), 276*, 895, 907, 2011-2012 
Interferon-y (IFN-y) 
abdominal aortic aneurysms and, 1700 
acute-phase response and, 126 
characteristics, 107* 
overview, 114 
release of, 101 
secretion by T cells, 1575 
Interferons 
characteristics, 106? 
for HBV infection, 895 
for HCV infection, 896 
in renal transplant therapy, 535 
side effects of, 898 
type 1, 113 

Interlan obturator fascia, 1170 
Interleukin-1|3 (IL-1 (3), 1700 
Interleukin-1 (IL-1) 
characteristics, 106* 
mechanisms of action, 109-110 
proinflammatory forms, 30 
release in cancer, 36 
therapeutic use, 498 
uterine activity and, 1984? 
in wound care, 66 

Interleukin-1 (IL-1) receptors, 109-110 
Interleukin-2 (IL-2) 

abdominal aortic aneurysms and, 1700 
characteristics, 106* 
for melanoma, 2011-2012, 2011/ 
overview, 113 
in wound care, 66 
Interleukin-2 (IL-2) receptor, 599 
Interleukin-4 (IL-4), 106*, 113, 276*, 1700 
Interleukin-5 (IL-5), 113, 1700 
Interleukin-6 (IL-6) 

abdominal aortic aneurysms and, 1700 
acute phase response and, 31 
characteristics, 106* 
overview, 111-112 
release in cancer, 36 
uterine activity and, 1984* 


Interleukin-8 (IL-8), 106* 

Interleukin-10 (IL-10) 
abdominal aortic aneurysms and, 1700 
characteristics, 106* 
gene therapy, 276* 
overview, 113 
production of, 74 

Interleukin-12 (IL-12), 106*, 110-111, 276*, 1700 

Interleukin-12 (IL-12) receptor, 111 

Interleukin-13 (IL-13), 107*, 114 

Interleukin-15 (IL-15), 106*, 112 

Interleukin-18 (IL-18), 106*, 112-113, 1700 

Interleukins (ILs), 133 

Intermittent hemodialysis, 184, 185* 

Intermittent mandatory ventilation (IMv), 175 
Intermittent pneumatic compression devices, 462 
Internal abdominal oblique muscle, 1161 
Internal carotid artery 
occlusion of, 1517/ 
stenosis, 1520 

waveforms, 1517/ 1518, 1518/ 

Internal iliac artery aneurysms, 1757-1758 
Internal iliac artery bypass, 1743 
Internal oblique muscle, 1161/ 

International Classification of Diseases-9 (ICD-9), 304 
International normalized ratio (INR), 446, 899, 917 
International Pancreas Transplant Registry (IPTR), 599 
International Society for Heart and Lung Transplantation (ISHLT), 
571-572, 572/ 

Interosseous ligaments, 452 
Interparietal hernia, 1192 
Interpersonal violence, 455 
Interposition mesocaval shunts, 923/ 

Interstitial nephropathy, 205 
Intestinal atresia, 1890-1892, 1891/ 

Intestinal duplication, 1925-1926 
Intestinal metaplasia, 723 
Intestinal obstruction 
in Crohn disease, 777 
neonatal, 1889-1890 
during pregnancy, 1993-1995, 1993/ 

Intestinal steatorrhea, 816* 

Intestinal stenosis, 1890-1891 
Intestines, transplantation of, 519, 526. See also 
Gastrointestinal (GI) tract; Small bowel; 

Small intestine 

Intimal cell mass hypothesis, 1579 

Intra-aortic balloon counterpulsation pump (iABP), 

1466, 1483, 1492, 1495 
Intra-aortic balloon pumps, 1478/ 

Intracardiac shunts, 1488 
Intracaval shunt, 395/ 

Intracellular fluid (ICF), 190 
Intracranial hemorrhage, 544 
Intracranial hypertension 
control of, 351-353 

decompressive craniectomy for, 350-351 
management of, 352/ 459 
traumatic brain injury and, 459 
Intracranial mass lesions, 341/ 

Intracranial pressure (ICP) 
arterial carbon dioxide tension and, 328 
elevated, 459 
herniation and, 338 
iatrogenic elevation, 351 
ischemia and, 338 
monitoring of, 350 
normalization of, 435 

Intraductal papillary-mucinous neoplasms (IPMNs), 

841-842, 842* 

Intraductal papilloma, 1251 
Intraepithelial cells, gut, 743/ 

Intrahepatic cholangiocarcinoma (ICC), 945, 1004 
Intraluminal shunts, 420, 420/ 

Intramural hematoma, 1706 

Intraoperative endoscopic retrograde cholangiopancreatography 
(ERCP), 399 

Intraoperative radiation therapy (IORT), 2028 
Intrapancreatic ductal systems, 802/ 

Intrapericardial pressure, 374 
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Intrauterine growth retardation (IUGR), 1804, 1987 
Intravenous pyelogram, 1948/ 

Intravenous urography (IVU), 405 
Intrinsic factor, 696 
Intubation 

of burn injury patients, 219t 
difficult 

factors associated with, 61 It 
prediction of, 245 
orotracheal, 370 
Intussusception, 760, 761/ 
abdominal pain in, 1204 
complications, 1921 
diagnosis, 1920 
enteric-enteric, 761/ 
ileocolic, 1919/ 
outcomes, 1921 
pediatric patients, 1919-1920 
predisposing factors, 1920t 
presentation, 1920, 1920/ 
treatment, 1920-1921 
Intussuscipiens, 1919 
Invasive fibrous thyroiditis, 1290-1291 
Inverting papillomas, 617 
Iodine scintigraphy, 1286-1297 
Iraqi Enduring Freedom (IEF), 313 
Irinotecan, 271, 1115 
Irititis, 1059 
Iron 

hemochromatosis and, 909 
recycling, 1216 
uptake of, 18 

Iron—transferrin complexes, 18 
Irritable bowel syndrome (IBS) 
definition of, 1024 
disorders associated with, 1027 
GI motility and, 1027-1028 
management of, 1024 
Rome III diagnostic criteria, 1027, 1027£ 

Ischemia 

abdominal, 1201, 1205 
cold, 515 

cytokine release and, 518 
glycolytic pathway, 516 
impairment to wound healing, 63 
limb, 1656/ 
warm, 515 

Ischemia/reperfusion injury 
as complication, 157 
contributing factors, 499t 
impact on grafts, 499/ 
inflammation and, 126 
in lung transplantation, 582 
organ harvesting and, 497-499 
organ susceptibility to, 498 
Ischemic colitis, 1051 
Ischemic heart disease, 1462-1482 
Ischemic orchitis, 1196 
Ischemic pedal ulcers, 1669 
Ischemic stroke, 1584 
Islet cell dysmaturation syndrome, 1808 
Islet cell tumors, nonfunctional, 868 
Islet cells 

autoantibodies to, 601 
blood supply of, 803, 804/ 805 
isolated, 603, 603/ 
production of, 741 
transplantation, 602-605, 604/ 
types of, 803 

Islets of Langerhans, 20, 602-607 

Isoflurane, 238, 238 1, 1339 

Isolated hepatic perfusion (IHP), 278, 278/ 

Isolated limb perfusion (ILP), 2009-2010 
Isoniazid, 18, 547, 900, 1507 
P-Isopropylacetanilidoiminodiacetic acid (PIPIDA), 
1934/ 

Isoproterenol, 163, 521, 569, 1876 
Isotonic saline, 197 
Isotopic renography, 1616-1617 
Ixodes, lyme disease and, 472 


J 

Jackson classification, 216-217 
Jak-STAT pathway, 1576 
Janus kinase (JAK), 111/ 539 
Jarvik 2000, 1499, 1499/ 

Jaundice 

hepatitis A virus and, 893 
obstructive, 788, 854 
in pancreatic cancer, 844 
Jejunal artery aneurysm, 1648-1649 
Jejunoileal bypass, 716-717 
Jejunoileal diverticular disease, 1033 
Jejunoileal patch, 397/ 

Jejunostomy, 45 
Jejunum, 738 

Jeune asphyxiating thoracic dystrophy, 1856 
Jod-Basedow phenomenon, 1288, 1290 
The Joint Commission (TKC), 291, 302, 303 
Joints 

dislocations, 429-430 
replacement, 136t 
Joules, calories and, 22 
Jugular venous distention, 152 
Jugular venous pulse, 1506/ 

Juvenile nasal angiofibromas (JNAs), 618 
Juvenile polyposis coli, 1088-1089, 1088/ 1088? 

Juvenile polyps, 1080, 1924-1925 
Juxtarenal aneurysms, 1733 
Juxtarenal aortic occlusion, 1658/ 

K 

K cells, 741 

K-ras oncogene, 839, 1070, 1097 

Kallidin, 119 

Kallikrein inhibitors, 119 

Kaposi sarcoma, 1152, 1204, 2019-2020 

Kaposiform hemangioendothelioma (KHE), 1850 

Karapandzic flaps, 622 

Kasabach-Merritt syndrome, 941, 1930 

Kasai procedure, 547 

Kawasaki syndrome, 1443, 1849 

Kayser-Fleischer rings, 900, 909 

Kehr sign, 392 

Keloids, 68, 68/ 

Keratinocytes, 217 
Kerckring folds, 737, 739 
Ketamine, 241, 241 1 
Ketoacidosis, 208-209 
Ketogenesis, 13 
Ketone bodies, 10, 13 
Ketorolac, 1047 
Keystone Initiative, 305 

Kidney. See also Acute kidney injury; Renal entries 
acute injury, 181? 
anomalies, 1946-1947 
cystic diseases of, 1947 
en block removal, 529/ 
etiology of renal disease, 534? 
glucose metabolism, 516/ 
glutamine consumption, 28 
impact of cirrhosis on, 910 
organ preservation, 529-530 
physiology in infants, 1812-1813 
procurement, 526 
response to shock, 156 
revascularization, 1761-1762 
transplantation, 497, 592-594 
transplanted, 1531/ 
traumatic injuries, 405-409 
volume control and, 194 
Wilms tumor, 1969/ 

Kiesselback plexus, 355 
Kinin receptors, 119 
Kininogen, 70, 72 
Kininogenase, 119 
Kinins, 119 

KIT mutation, 2032-2033 
Klatskin tumors, 1003 

Klebsiella pneumonia carbapenemase (KPC enzymes), 143 
Klebsiella sp., 143, 888-889 
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Kleihauer-Betke (KB) test, 452 
Knife wounds, 322-323, 402 
Knudsen hypothesis, 264 
Koch pouch, 1063-1064, 1064* 

Kocher maneuver, 396, 522, 523/ 738, 805 

Konno aortoventriculoplasty, 1438 

Korean War, 313 

Kugel procedure, 1181-1182 

Kupffer cells, 906 

Kussmaul sign, 1510 

L 

L cells, 741 
Lacis cells, 1608 
Lactate 

arterial concentration, 457 
conversion to, 10 
production of, 10, 12, 148 
serum concentration, 457 
Lactate/pyruvate ratio, 351 
Lactated Ringer solution, 159, 196 
Lactation, breast tissue and, 1243 
Lactic acid, 479 
Lactic acidosis, 209 
Lactic dehydrogenase, 515 
Lactobacillus sp., 1900 
Lactoferrin, 95 
Lactose, digestion of, 746 
Lactulose, 913 
Ladd bands, 1907 
Laennec cirrhosis, 906-907 
Lamifiban, 85 
Lamina propria, 743/ 

Lamivudine, 519, 895-896 

Langerhans cells, 217 

Laparatomy, decompressive, 198, 223f 

Laplace relationships, 1816 

Large cell neuroendocrine carcinomas, 1378-1379 

Large femoral nerve, 1170 

Laryngeal carcinomas, 610*, 618, 624-626, 626* 

Laryngopharyngeal reflux (LPR), 644 

Laryngopharyngectomy, 624-625 

Laryngoscopy, 370 

Laryngotracheoesophageal cleft (LTEC), 1870 
Larynx, 366, 3 67f, 625 
Lassa fever, 487 

Lateral femoral cutaneous nerve, 1170 
Latissimus dorsi muscle, 1397f 

Latroidectus mactans (black widow spider), 472, 473-474 
Laungier hernia, 1192-1193 
Laxatives, categories of, 1022, 1023* 

LEA29Y, 539 

Leadership, cultural change and, 299 
Leapfrog Group, 287, 293 
Learning, 3-6, 5*, 8-9, 8* 

Lecithin/sphingomyelin (L/S) ratio, 1819 
Lecithins, 13, 469 
LeCompte maneuver, 1434/ 

LeFort I osteotomy, 2069, 20 69f 
LeFort III procedure, 2070 
LeFort-type fractures, 358/ 

LeFort-type maxillary fractures, 357 

Left gastric artery, 805 

Left triangular ligament, 524/ 

Left ventricular end-diastolic pressure (LVEDP), 169 
Lefunomide analogs, 539 
Leg ulcers, 64-65, 65f 

Legal issues, organ donation-related, 520-521 
Leiomyomas, esophageal, 672-674, 673f, 674f 
Leiomyosarcomas, 673, 1117, 1862, 2029 
Lentigo maligna, 2000/ 

Lentigo maligna melanoma (LMM), 2002 
Lepirudin, 78, 1781 
Leptin, 713 

Leriche syndrome, 1655 
Leuconostoc mesenteroides, 87, 197 
Leucovorin, 1115 

Leukemia, cardiac metastases, 1461 
Leukocytes 


adhesion, 70 
alloantigens, 500 
gut, 743/ 

recruitment of, 93f 
subsets of, 92* 

Leukocytosis, 125, 888, 1123 

Leukotrienes, 117-118, 517 

Levacor, 1501-1502 

Levator ani muscle, 1131-1132 

LeVeen peritoneovenous shunt, 92 9f 

Levels of consciousness, 252-253 

Levetiracetam, 561 

Levocorvin, 271 

Levofloxacin, 139 

Li Fraumeni syndrome, 1336, 2020 

Lichtenstein operation, 1180, 1181, 1181/ 

Lidocaine, 19, 243* 

Lifestyle 

adenoma prevalence and, 1073 
breast cancer and, 1258 
colorectal cancer and, 1092-1093 
coronary artery disease and, 1470 
Ligament of Treitz, 439/ 738 
Ligamentum teres, 873 
Lightning, electrical injuries, 230 
Limbs 

ischemia, 427, 1669 
perfusion testing, 427 
Linea alba, 1163 
Linoleic acid, 13, 36, 1808 
a-linolenic acid, 36 
Lip, cancer of, 622-623, 622* 

Lipases, 747, 811, 821 

Lipid insudation hypothesis, 1578-1579 

Lipids 

altered metabolism, 28 
biliary, 962 

metabolism of, 13-16, 23 
response to stress, 28 
transport of, 13 
Lipolysis, 747 
Lipomas 
cardiac, 1460 
colorectal, 1081 
differential diagnosis, 1177 
small bowel, 789 
submucosal, 1082/ 

Lipopolysaccharide (LPS), 109, 109/ 126, 142, 1571 
Lipopolysaccharide receptor. See CD 14 
Lipoprotein(a), 81 
Liposarcoma, 2021/ 

Liposuction, 2064-2067 
Lipoxins, inflammation and, 117-118 
Lipoxygenase (LO), 105, 117-118 
Listeria sp., 540 
Lithium therapy, 1309 
Lithocholic acid, 15/ 

Littre hernia, 1192 
Liver. See also Hepatic entries 
abscesses 

amebic, 889-890, 889/ 890/ 
pyogenic, 888-889 
acute failure, 888-903, 901*, 902 
anatomy of, 873-887, 874/ 874/ 875/ 876/ 957/ 
bile, 961* 
biopsies, 899, 915 
blunt injury, 438* 
chronic disease, 937, 937* 
complete portal dissection, 278/ 
cystic lesions, 940, 940/ 
donated, 549/ 
fatty acid metabolism, 14/ 
glucose metabolism, 516/ 
in glucose regulation, 10 
hepatic infection, 888-903 
hepatic reserve, 881-882, 936-939 
hydatid disease, 890-892, 891/ 
imaging of 

computed tomography, 879-881, 881/ 884/ 939 
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magnetic resonance cholangiopancreatography (MRCP), 883/ 939 
magnetic resonance imaging, 879-880, 882/ 
positron emission tomography, 881, 884/, 939-940 
ultrasonography, 880-881, 883/ 939 
infant, physiology of, 1828-1831 
infections, 1932 
intrahepatic stone disease, 980* 
intraoperative assessments, 885-886 
isolated perfusion, 278/ 
lacerations, 394 

mechanical circulatory support and, 1487 
metastatic disease, 278-279 
metastatic disease to, 945-949, 946/ 
neoplasms, 935-959 
ablation of, 954, 955/ 956 
benign, 940-943, 1928 
diagnosis, 935-940 
incidence of, 1929? 
malignant, 943-945, 1930-1931 
surgical treatment of, 949-956 
vascular, 1928-1930 
organ preservation, 529-530 
pancreas, en-block removal, 529/ 
pediatric tumors, 1928-1931 
resection 

in children, 1931-1932 
incisions, 885/ 
laparoscopic, 952-953 
oncologic considerations in, 885 
outcomes, 937/ 
parynchemyl transection, 952/ 
total vascular exclusion and, 953-954, 953/ 
response to shock, 156 
retrohepatic venous injury, 395/ 
schistosomiasis, 892, 892/ 
segmental anatomy, 556/ 936/ 
segmental resections, 887 
solid lesions, 940-943 
subdivisions of, 873 
support systems, 901 
topographic anatomy, 873 
transplantation, 542-564, 543*, 554/ 557/ 559/ 
acute liver failure and, 901 
acute rejection, 563 
alcoholic-liver disease and, 544-545 
biliary atresia and, 547 
in children, 1935-1936 
complications, 558-561 
contraindications, 543-544, 901 
disease-specific survival, 545-548, 545/ 
etiologies, 544/ 

fulminant hepatic failure and, 547 
for hepatitis infection, 896, 897, 898 
for hepatocellular carcinoma, 546, 945, 954, 954* 
for hilar cholangiocarcinoma, 1007-1008 
immunosuppression after, 563 
indications for, 542-543 
King’s College criteria for, 547* 
nonalcoholic steatohepatitis, 545/ 547 
for portal hypertension, 925 
primary biliary cirrhosis and, 547 
primary sclerosing cholangitis and, 547-548 
recipient hepatectomy, 550-551 
rejection after, 561-563 
traumatic injuries, 393-396 
tumors of, 1974-1978 
vascular malformations, 1929/ 

Liver disease 
acute azotemia, 911* 
complications, 544* 
metabolic, 544* 
organ donation and, 519 
Liver function tests, 984 
Liver reserve estimates, 19 
Lixivaptan, 200 
Lizards, envenomation, 472 
Lobar emphysema, 1411/ 

Lobectomy, 1857 

Lobular carcinoma in situ (LCIS), 1259, 1259* 


Lobular intraepithelial neoplasia (LIN), 1259 
Long-term memory, 4 
Loop diuretics, 1617 
Lorazepam (Ativan), 241, 242* 

Lorenz Bar insertion, 1855, 1855/ 

Loss of heterozygosity (LOH), 270 
Lovastatin, 14, 1079 

Low-density lipoprotein (LDL) receptors, 13, 15/ 

Low-density lipoprotein (LDLs), 1578 
Low-molecular-weight heparin (LMWH), 1778-1779 
features of, 1779 
in postinjury care, 462 
risks of, 249 

therapeutic use of, 83-84 
for venous thromboembolism, 80-81 
Lower airway, thermal injury, 220 
Lower extremities 
amputation, 419, 1683-1696 
aneurysms, 1768-1776 
arterial disease, 1521, 1550-1551 
duplex scanning, 1524-1525, 1525/ 1525* 
ischemia, 1659/ 
mangled, 427/ 
rest pain, 1669 
stenosis, 1525* 

Lower urinary tract injuries, 290-295 
LOX-1, 124 

Loxosceles laeta spider, 473 

Loxosceles reclusa (brown recluse spider), 472, 473, 473/ 

Lumbar hernias, 1191, 1191* 

Lumbar plexus, 1169-1170, 1169/ 

Lumbar spine, 436 

Lung. See also Acute lung injury (ALI) 
abscesses, 1403-1406, 1406/ 
blood flow, 1874 

bronchiectasis, 1403-1406, 1406/ 
compliance, 1816 

congenital cystic disease of, 1856-1861 
development of, 1410*, 1815-1816 
embryology of, 1873 
extralobar sequestrations, 1857 
intralobar sequestrations, 1857 

metastatic disease of, 1381-1385, 1381/ 1382/ 1383*, 1385*, 2022/ 
neoplasms 

adenoid cystic carcinomas, 1380, 1380/ 
benign tumors, 1385-1386, 1386* 
bronchial gland carcinomas, 1379-1380 
carcinoid tumors, 1378/ 
classification, 1360, 1360* 
epidemiology, 1359-1360 
history, 1359 
imaging, 1369/ 

large cell neuroendocrine carcinomas, 1378-1379 
mucoepidermoid carcinoma, 1380 
mucous gland adenoma, 1380 
neuroendocrine tumors, 1377-1379, 1378/ 
postoperative complications, 1367/ 
resection, 1367/ 
risk assessment, 1366-1367 
small cell lung cancer, 1379 
survival, 1367-1371 
treatment, 1367 
tumor biology, 1360-1361 
nonneoplastic diseases of, 1403-1412 
organ donation, 519-520 
organ preservation, 530 
Pa0 2 /Fi0 2 levels, 377 
perfluorocarbon-induced growth, 1878 
primary tumors, 1862, 1862* 
procurement, 526 
pulmonary blood flow, 1817-1818 
pulmonary mechanics, 173 
response to shock, 156 
static compliance curve, 1816 
transplantation, 576-589, 1878 
volume-pressure curves, 173/ 

Lung cancer incidence, 261 

Lupus anticoagulant/antiphospholipid syndrome, 77-78 
Lyme disease, 472 
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Lymph nodes. See also Sentinel node biopsy 
axillary nodes, 1242-1243, 1242/ 1270-1271, 1270* 
cervical, 610/ 
neck, 1284/ 

tracking with blue dye, 2008/ 

Lymphadenectomy 
in gallbladder cancer, 1002 
in gastric cancer, 731 1 
in melanoma, 2007-2008 
for thyroid cancer, 1296 
Lymphadenitis, pediatric, 1849 
Lymphadenopathy, 1849-1850 
Lymphangiomas, 1234, 2071 
Lymphangiosarcoma, radiation-related, 2019 
Lymphatic malformations, 1850-1852, 1851/ 1861 
Lymphocytes 
characteristics of, 92 1 
in inflammation, 100-103 
lamina propria, 743, 743/ 
markers, 100 
proliferation of, 599 
in wound healing, 49 
Lymphocytotoxicity cross match, 510/ 

Lymphoid nodules, colorectal, 1081 
Lymphoid tissue 
gut, 743 

hyperplasia, 1205 

Lymphokine-activated killer cells, 2011/ 

Lymphomas, 1117, 1153, 1461. See also Specific cancers 
Lymphomatous polyposis, 1082/ 

Lymphotoxin, 107£ 

Lynch syndrome 

adenomas associated with, 1074-1075 
colorectal cancer and, 1093 
colorectal polyps and, 1070 
diagnosis of, 1074, 1075-1077 
DNA mismatch repair in, 1071 
Lypolysis, 13, 28, 30, 154 
Lysosomes, function of, 99 
Lysyl oxidase, 51/ 

M 

M cells, function, 743, 744 
Mac-1, in apoptosis, 93 
Macroglossia, 1843 

Macronodular pigmented hyperplasia, 1332 
Macrophage inflammatory protein (MlP)-la, 99, 110 
Macrophages 

antigen presentation, 99-100 
in artherosclerotic lesions, 1575 
hepatic, 906 
products of, 100£ 
in wound healing, 49 
Madr2 mutation, 270 
Mafenide acetate, 199, 223, 224t 
Mafenide cream, 229 
Mafenide Sulfamylon, 273, 2042 
MAGE1, 859 

Magnesium, 206, 1311-1312, 1315, 1985 
Magnetic resonance cholangiopancreatography (MRCP), 
401, 814-815, 829/ 883/ 939 
Major histocompatibility complex class II molecules 
(MHCII), 99 

Major histocompatibility complex (MHC), 500-502, 

505, 532, 742 
Male, fuel reserves, 23 
Male genitalia, anomalies of, 1953-1955 
Malecot catheters, 411 

Malignant fibrous histiocytoma (MFH), 1395 
Malignant myeloma, 1081 

Malignant peripheral nerve sheath tumors (MPNST), 2020 

Malignant pleural mesothelioma (MPM), 1414-1415 

Mallory-Weiss tears, 1041, 1049-1050 

Malnutrition, 25-26, 31 

Malocclusion, 356 

Malonyl Co A, 13 

Maltose, 746 

Maltotriose, 746 

Mammography, 1245-1247, 1246/ 1247t, 1253 


Mandible fractures, 358 
Mangled extremities, 428 

Mangled Extremity Severity Score (MESS), 419, 428? 
Mannitol 

for cerebral edema, 340 
hyperosmolar therapy, 435 
hyponatremia and, 201 
for intracranial hypertension, 352 
mechanisms of action, 340 
prophylactic administration of, 343 
Marburg virus, 487 
Marfan syndrome 
aortic aneurysms and, 1710 
aortic regurgitation in, 1453 
aortic root aneurysm and, 1709/ 
colonic diverticula and, 1121-1122 
hernias and, 1172 
inguinal hernias and, 1886 
pectus excavatum and, 1854 
Marimastat, 855 

Marlex methylmethacrylate, 1396/ 

Mass casualties, burns, 215 
Mass lesions, 347 
Massive hemorrhage, 355 
Mast cells, 104, 119, 743, 743/ 

Mastectomy 

breast-conserving, 1267£ 
breast reconstruction after, 1269-1270, 1269/ 
modified radical, 1269, 1269/ 
postmastectomy radiotherapy, 1271 
prophylactic, 1261 
simple, 1269 

skin-sparing, 1261/ 1269 
Mastopexy, 2051-2052, 2065/-2066/ 

Matrix metalloproteinase inhibitors, 1079 
Matrix metalloproteinases (MMPs) 
in abdominal aortic aneurysms, 1701 
aortic aneurysms and, 1708-1709 
hernias and, 1172 
MMP2, 1701-1702 
MMP9, 1701 
MMP12, 1702 
plaque stability and, 1580 
Maxillary buttresses, 357 
Maxillary fractures, 357-358 
Maxillary sinuses, 620-621, 621t 
Maxillofacial injuries, 354-359 
airway management, 355 
definitive repair, 358-359 
epidemiology of, 354 
fractures, 356-358 
initial evaluation of, 354-356 
massive hemorrhage, 355 
neurologic injury and, 356 
ocular injury, 355-356 
patterns of, 357-358 
Mayer-Rokitansky syndrome, 1955 
McVay hernia repair, 1179, 1180 
Mdm2, induction of, 269 
Mechanical circulatory support, 1483-1504 
adverse events following, 1488-1492 
classification of, 1484/ 1485/-1486/ 
device selection, 1483-1486, 1492-1496, 1496-1502 
indications, 1483-1486 
interagency registry, 1490-1492 
patient outcomes, 1488-1492, 1490/ 1491? 
patient selection, 1486-1487 
timing of interventions, 1486, 1491t 
weaning patients from, 1492 
Mechanical ventilation 
organ system support, 460-461 
for pediatric patients, 1820-1822 
postinjury care, 460-461 
Mechanoreceptors, 1505 
Meckel diverticulitis, 1204 

Meckel diverticulum, 1052-1053, 1921-1922, 1921/ 
1922/ 

Meconium aspiration, 1819 
Meconium ileus, 1902-1905, 1903/ 1904/ 
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Meconium plug syndrome, 1905 
Medi-Sol, 231 

Median arcuate ligament syndrome, 1640, 1643f 
Mediastinal tumors, 1420*, 1422*, 1862-1864 
Mediastinitis, 1422-1423 

Mediastinum, 1418-1421, 1420*, 1421/, 1423/ 1860-1861 
Medical errors 

nonpunitive response to, 301/ 
organizational culture and, 298 
reporting system, 300/ 

Swiss cheese model, 299 
MEDMARX, 306 

Medullary thyroid carcinoma, 1293-1294, 1322, 1322/ 

Medulloblastomas, 1084 

Megaloblastic anemia, 748 

Megaureter, 1949 

Meissner plexus, 740 

a-Melanocyte stimulating hormone (a-MSH), 120 
Melanocytes, migration, 218 
Melanoma, 2000/ 
acral lentiginous, 2002 
anal canal, 1156 
axillary involvement, 2008/ 
cardiac metastases, 1461 
classification, 2001-2002 
diagnosis, 2001-2002 
disseminated, 2010-2012 
etiology, 1999-2001 
incidence of, 261 
lentigo maligna, 2002 
metastatic, 277 
nodular, 2001, 2001/ 
ocular, 273 

primary, 2004-2007, 2007* 

prognosis, 2002 

regional metastatic, 2007-2010 

risk factors, 1999-2001 

staging, 2002, 2003*, 2004, 2005*, 2006* 

subungual, 2001/ 

superficial spreading, 2000/ 2002 

surgical excision, 2008* 

survival rates, 2003*, 2004* 

UV exposure and, 262 
Melena, 1040 
Melittin, 474 

Membrane attack complex (MAC), 1580 

Membranes, hypothermia and, 515 

Memory, 3-8 

Memory B cells, 508 

Memory T cells, 503-504 

Menin protein, 858 

Meningitis, 349 

Meningococcemia, 232 

Meningococcus vaccination, 393 

Menopause, breast tissue and, 1243 

6-Mercaptopurine, 776, 1061 

Merkel cell carcinoma (MCC), 2015-2016, 2016/ 

Mesalamine (Asacol), 1061 
Mesenchymal cells, 1569-1570 
Mesenchymal hamartomas, 1930 
Mesenteric arteries, 1530/ 
embolism of, 1631, 1633 
endovascular interventions, 1542-1543, 1543/ 
evaluation of, 1529-1531 
Mesenteric cysts, 1926 
Mesenteric ischemia, 1205 
Mesenteric venous thrombosis, 830, 1635 
Mesentery, division of, 779 
Mesocolic hernias, 1097 
Mesorectal excision, 1114/ 

Mesothelioma, 275, 280-281, 1414-1415 
Metabolic acidosis, 209. See also Acidosis; Respiratory acidosis 
acute, 210 

clinical features, 209-210 
compensation mechanisms, 210 
definition, 207 
mechanisms, 207 
in shock, 148 

Metabolic alkalosis, 207, 210-211, 1815 


Metabolic rate equations, 26* 

Metabolic rates, 26 
Metabolic support, 461 
Metabolic syndrome, 713-714, 904 
Metabolism 
carbohydrate, 10-13 
of carbohydrates, 23 
of cholesterol, 13-14 
fuel utilization in, 22 
heme, 18 

in the intensive care units, 176-180 
intermediary, 10 
of lipids, 13-16, 23 
metal, 18-19 
nutrition and, 21-45 
phospholipids, 14 
porphyrin, 19 
of proteins, 15-16, 23-25 
response to stress, 27-31 
of substrates, 10-20 
Metallothionein, 18-19 
Metals, metabolism, 18-19 
Metanephrines, 1337 
Metanephros, 1946 
Metastasis, 272-273 

Metatarsal amputation, 1687-1688, 1688/ 
Methadone, 228 
Methanol, 201, 209 

Methicillin-resistant S. aureus (MRSA), 200 
Methocarbamol, 474 
Methotrexate, 776, 908 
Methyl isocyanite gas, 487 
Methylcellulose, 1022 
Methylene blue, 200 

Methylene tetrahydrofolate reductase (MTHFR), 81 
Methylprednisolone, 430, 1061 
Methysergide, 1507 

Metoclopramide, 768, 1027, 1030-1031 
Metronidazole 
for amebic abscesses, 890 
for hepatic abscesses, 889 
in hepatic encephalopathy, 913 
prophylactic, 136 
in strangulation obstruction, 756 
in surgical infections, 139, 143 
Metyrapone, 1331, 1351 

Mexican beaded lizard (Heloderma borridum), 472 

Micafungin, 143 

Micelles, water-soluble, 747 

Michigan Surgical Quality Collaborative, 306 

Micro angiopathy, 591 

Microarray techniques, 283-284 

Microbial arteritis, 1759 

Microcarcinomas, thyroid, 1293 

Microdialysis, cerebral, 351 

Microminerals, absorption of, 745 

Micronodular pigmented hyperplasia, 1332 

Microvascular tissue transfer, 276-277, 2044-2045 

Microvasculature, response to shock, 154-155 

Midazolam (Versed), 241-242, 242* 

Middle coronary vein, 1646 
Middle thyroid veins, 1283 
Midgut 

anatomy, 1906-1907 
incomplete rotation, 1907, 1907/ 
malrotation, 1905-1909, 1908/ 1910/ 
nonrotation, 1907/ 
normal fixation, 1907/ 
normal rotation, 1906/ 
pain referred from, 1200 
volvulus, 1204 

Mifflin-St. Jeor equation, 26, 26* 

Migrating motor complex (MMC), 742 
Milk-alkali syndrome, 1309 
Millard rotation, 2067/ 

Milrinone, 163 
Mind maps, 6-7, 7/ 

Mineralocorticoids, 1325 

Mineralocorticosteroid replacement therapy, 127 
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Minerals 

absorption of, 745 
altered metabolism, 35 
requirements, 41*, 178-179 
Minimal inhibitory concentrations (MIC), 143-145 
Minimally invasive direct coronary bypass (MIDCAB), 1477 
Minimum alveolar concentrations (MACs), 238* 

Minor histocompatibility antigen, 500/ 

Minor histocompatibility genes, 499 
Mirizzi syndrome, 996 
Mismatch repair genes, 840 
Mithramycin, 205 
Mitochondria, 11, 204 

Mitogen-activated protein kinases (MAPKs), 102, 1576 

Mitomycin C, 1003, 1010 

Mitotane, 1331, 1336-1337 

Mitral regurgitation, 1456-1458, 1457/ 

Mitral stenosis (MS), 1454-1456, 1455* 

Mitral valve (MV) 
anatomy of, 1449-1450, 1451/ 
anterior leaflet, 1449 
blunt cardiac injury and, 379 
replacement, 1456, 1457/ 
surgical approaches to, 1458/ 

Mittelschmerz, 1201 
Mixed acid—base disorders, 212 
Mixed gonadal dysgenesis, 1953 
MLH1 gene, 1071 

Mobile army surgical hospitals (MASH), 313 

Model for End-Stage Liver Disease (MELD), 543, 543*, 916-917, 937 
Mohs micrographic surgical technique, 2014-2016, 2014/ 

Molecular Adsorbants Recirculating System (MARS), 901 
Molecular imaging, 282-283 
Mondor disease, 1250, 1250/ 

Monoamine oxidase, 19 

Monoblock frontofacial advancement, 2070, 2071/ 

Monoclonal hypothesis, 1579 
Monocyte chemoattractant protein-1, 217 
Monocyte chemotactic protein (MCP-1), 75 
Monocytes, 75, 92*, 99-100, 100* 

Monoethylglycinexylidide (MEGX), 19 
(3-monoglycerides, 747 
Mononuclear phagocytes, 99 
Mononucleosis, infectious, 1205 
Moon facies, 1330 
Moraxella catarrhalis, 614 
Morbid obesity, 713-721 
comorbidities, 720* 
conditions associated with, 714-715 
etiology, 713-714 
medical management, 715 
surgical management 
complications, 716*, 719-720, 719/ 
eligibility for, 715 
follow-up, 720 
gastric bypass, 717 
gastroplasty, 717 
jejunoileal bypass, 716-717 
laparoscopic surgery, 718-719, 718/, 719/ 
mortality risk score, 715* 
overview, 720 

partial biliopancreatic diversion, 717-718 
periprocedure consideration, 715-716 
Morganella sp., 143 
Morphine 

characteristics, 241* 
dosages, 241* 
epidural, 258* 
pain management, 228 
Mortality rates. See Specific conditions 
Motilin, 740/ 741 

Motor evoked potentials (EVPs), 1728 
Motor vehicle collisions (MVCs) 
facial injuries after, 354 
frontal impact, 320-321, 320* 
head trauma from, 337 
lateral impact, 321 
patterns of injury, 319-322, 320/ 
rates of, 309 


rear impact, 320-321 
restraint device injury, 321 
rollovers, 321 
rotational impact, 321 
trauma in pregnancy, 450 
trauma incidence and, 309 
types of, 318-322 

Motor vehicle—pedestrian collision, 405 
Motorcycles, injuries related to, 321 
Mountain-Dresler lymph node map, 1364* 

Mouse models, 264 
Mouth, floor of, 622 
Moxifloxacin, 143 
Mozvaptan, 200 

MRSA. See Staphylococcus spp., methicillin-resistant 
MSH2 gene, 1071 
MSH6 gene, 1071 

Mucinous cystic neoplasms (MCNs), 841, 842* 
Mucoceles, appendiceal, 1210 
Mucoepidermoid carcinomas, 615, 1004, 1380 
Mucor sp., 615 
Mucosa, intestinal, 739-740 
Mucosa-associated lymphoma tissue (MALT), 733 
Mucosal neuromas, 1323, 1323/ 

Mucous gland adenoma, 1380 
Muir-Torre syndrome, 1093 
Mullerian duct system, 1952 
Mullerian-inhibiting substance (MIS), 1952 
Multicystic dysplastic kidney, 1947/ 

Multidisciplinary care, 460-462 
Multinodular goiter, nontoxic, 1291 
Multiorgan failure, 152, 221 
Multiparity, abruptio placentae and, 453 
Multiple endocrine neoplasias (MENs), 264, 858, 1312, 
1320-1323, 1321/ 1323/ 1337 
Multiple organ dysfunction syndrome (MODS), 133 
after traumatic injury, 312 
as complication of shock, 157-158 
contributors to, 457 
cytokine release and, 107 
in fluid therapy, 197 
Marshall scores, 186* 
postshock, 153 
response to shock, 156 
surgical site infections and, 142 
Multiple organ procurement, 521-526, 523/ 
Multipotent hematopoietic stem cells, 507 
Mupirocin, 200, 224* 

Muromonab-CD3, 539 

Muscle flaps, 275-276, 277*, 2044-2045, 2045* 

Muscle relaxants 
in achalasia, 1028-1029 
antagonists, 240* 
delayed emergence, 253 
diffuse esophageal spasm and, 1029-1030 
physiologic effects, 239—240 
for spider bites, 474 
Muscle tone, flaccid, 477 
Musculocutaneous perforator, 275, 2044 
Musculoskeletal system 
compartment syndrome, 429 
external fixation, 426/ 
infection, 429 
initial assessment, 423 
life-threatening injuries, 423-426 
limb injuries, 418-439, 428/ 447 
long-term morbidity, 429-430 
neurologic deficits and, 430 
timing of surgery, 426 
vascular injuries, 418 
Mustard operation, 1433, 1433/ 

Muzzle velocities, 323* 

Myc/Max heterodimers, 264 
Myc regulation, 264 
MYCN oncogene, 1957, 1958/ 

Mycobacterial infections, 1204, 1849 
Mycobacterium spp. 
in immunosuppressed patients, 540 
M. avium-intracellulare, 1204 
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M. avium-intracellulare-scrofulaceum (MAIS), 1849-1850 
M. tuberculosis, 1204 
Mycophenolate mofetil 
efficacy, 599 

in immunosuppression, 584, 604 
in renal transplantation, 539 
Mycoplasma fermentans, 122 
Mycostatin, 563 

Mycotic aneurysms, 1596, 1759, 1773-1774 

MyD88, 123 

Myelin nerve sheath, 14 

Myelodysplastic syndromes, 1229-1230, 1897, 1950-1951 
Myelomeningocele, 1839, 1950, 2072, 2072/ 

Myeloperoxidase (MPO), 94, 99 
Myenteric plexus, 739 
MYH gene, 1087 
Myocardial bridging, 1443 
Myocardial contusions, 457 

Myocardial infarction. See also Acute myocardial infarction 
cardiogenic shock and, 149, 151 
intraoperative, 245, 246t 
Myocardial ischemia, 301 
Myocardial perfusion imaging, 1468 
Myocutaneous flaps, 275-276, 277 1 , 2044-2045, 2045t 
Myocytes, focal necrosis, 572f 
Myofibrinoblasts, 59, 218 
Myoglobinuria, 222, 222/ 

Myonecrosis, 469 
Myopectineal orifice, 1160f 
Myxoid liposarcoma, 202It, 2022f 
Myxomas, 1459-1460, 14 59f 

N 

Nails, growth, 483 
Naloxone, 240-241 
Nanocrystalline silver, 273, 2042 
Narcotics. See Opioids 
Nasal cavity tumors, 62 It 
Nasal specula, 609 

Naso-orbito-ethmoid (NOE) fractures, 357 
Nasoduodenal feeding catheters, 43-44 
Nasogastric decompression, 756 
Nasogastric tubes, 766 
Nasopharyngeal bleeding, 355 

Nasopharyngeal carcinomas (NPCs), 610t, 623-624, 624? 
Nasopharyngolaryngoscope (NPL scope), 609 
Nasotracheal intubation, prehospital, 328 
National Academy of Sciences, 313 
National Institute of Health funding, 304 
National Nosocomial Infection Surveillance (NNIS), 134, 306 
National Organ Transplantation Act, 521 
National Pediatric Trauma Registry (NPTR), 432 
National Quality Forum (NQF), 291 
“30 Safe Practices,” 302, 303? 
performance measures, 292 1 
National Research Council, 313 

National Surgical Quality Improvement Program (NSQIP), 287, 289 
National Trauma Registry of the American College of Surgeons 
(NTRACS), 432 

National Trauma Triage Protocol, 318/ 

Nationwide Inpatient Sample, 294 
Native American populations, 310, 998 
Natural killer cell stimulatory factor. See Interleukin-12 
Natural killer (NK) cells, 110, 1700 
Natural killer T cells (NKT cells), 1700 
Nausea and vomiting 
abdominal pain and, 1201 
postanesthesia, 253 
during pregnancy, 1985 
Neck 

anatomy, 359-361, 360f, 361/ 614t 
cranial nerves and, 360f 
dissection of, 62 It 
injuries, 359-369 
blunt trauma, 3651 
diagnostic modalities, 363-364 
exploration of, 362-364, 362? 
initial management, 361-362 
penetrating trauma, 362t, 364 


lymphatic malformations, 1834/ 
masses of, 611t, 128 9t 
palpation of, 609-610 
patterns of injury, 322 1 
pediatric patients, 1842 
penetrating injury, 380 
regional lymph node basins, 1284/ 
secondary survey, 332-333 
supraomohyoid dissection, 620/ 
vascular injuries, 417-418 
Necrolytic migratory erythema, 867-868 
Necrosis 

cell death and, 266 
definition of, 112 

Necrotization, 140-142, 231-233, 233*, 372-373 
Necrotizing enterocolitis (NEC), 1899-1902 
complications, 1902 
diagnosis, 1900-1901 
fulminant, 1901/ 
with gastroschisis, 1886-1887 
outcomes, 1902 
pathophysiology, 1899-1900 
presentation, 1900 
staging, 1900? 

treatment, 1901-1902, 1902£ 

Necrotizing fasciitis, 230-233 
Negative-pressure wound therapy (NPWT), 66, 

274, 2042 

Negative selection, 502, 505 
Neisseria sp., 613 

Nelson syndrome, 1350-1351, 1351 

Neodymium:Yttrium-aluminum-garnet laser fulguration, 682 
Neomycin, 200, 913 
Neonatal ascites, 1927-1928 
Neonatal intestinal obstruction, 1889-1890 
Neonatal jaundice, 1830-1831 
Neonatal Resuscitation Program, 1876 
Neonates (0-30 days) 
abdominal pain in, 1204 
gastrointestinal hemorrhage in, 1924 
hyperparathyroidism, 1320 
hypoglycemia in, 1808 
metabolic patterns, 1805-1806 
pulmonary physiology, 1816-1817 
Neoplastic disorders, 611-613 
Neostigmine, 240t, 769 
Neovasculation, 217 
Nephrectomy 
laparoscopic, 535, 536/ 
open, 535 

recipient operative procedure, 535-536 
ruptured renal artery aneurysm, 1625 
Nephric system, pediatric, 1946 
Nephrocalcinosis, 205, 1314/ 

Nephrolithiasis, 205, 1206 
Nesidioblastosis, 1808 
Neuraxial blockade, 242-243 
Neuroblastoma 
associated conditions, 1957 
basic science, 1957-1958 
epidemiology, 1957 
histology, 1959/ 
periorbital, 1960/ 
presentation, 1959-1961 
risk groups, 1961, 1961? 

Shimada histopathologic classification, 1959t 
staging, 1959-1961, 1960t, 1961t 
treatment, 1961-1962 
workup, 1959-1961 

Neurocutaneous melanocytosis (NCM), 2000-2001 
Neuroendocrine tumors, 1377-1379, 1378/ 

Neurofibromas, 785-786, 1864 
Neurofibromatosis, 858, 859, 1089, 2020 
Neurogenic bladder, 1950-1951 
Neurogenic shock, 153, 426t 
Neurohumeral peptides, 765 
Neurologic imaging 
indications, 345? 
priorities, 344-347 
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Neurologic injury 
maxillofacial injuries and, 356 
pediatric patients, 434-436 
Neuromuscular blocking agents (NMBAs), 328, 469 
Neuropathic pain, 1196 
Neuropathies 
after cold injury, 483 
diabetes-related, 591 
impairment to wound healing, 63-64 
Neuropeptides, 63-64, 120-121 
Neurotensin, 740 f 
Neurotoxins, 467, 469 
Neutron activation analysis, 189 
Neutropenia 
autoimmune, 1226 
postburn, 199 

Neutropenic enterocolitis, 1204 
Neutrophil elastase, 1702 
Neutrophils 
characteristics of, 92* 
granules, 93-99, 95* 
kininogenase activity, 119 
lamina propria, 743, 743 f 
lipoxygenase produced by, 118 
phagocytosis, 93 
reactive oxygen species, 96-98 
recruitment of, 92-93, 110, 477 
regulation of inflammation, 98-99 
reperfusion injury and, 126 
rolling, 92 

secretory vesicles, 93-99, 95t 
Nevi, plastic surgery for, 2071 
Niacin, 40? 

transport of, 747 
Nicardipine, 1339 

Nicotinamide adenine dinucleotide phosphate, reduced (NADPH), 
13, 96, 96f 

Nicotinamide adenine dinucleotide phosphate (NADP), 13 
Nicotine, 63 

Niemann-Pick disease, 548 
Nifedipine, 1032, 1339 
Nifurtimox, 1962-1963 
Nikolsky sign, 203 f 
Nipples 

discharge from, 1250-1251 
examination of, 1245 
Paget disease of, 1276, 12 76f 
Nissen fundoplication, 65 Sf, 659 
Nitrates, 921 
Nitric oxide (NO) 
effects mediated by, 518 
endogenous synthesis of, 120 
in inflammation, 120-121 
production of, 74 
reaction with superoxide, 121 
role in blood vessels, 1571, 1572 
in sodium retention, 910-911 
superoxide reaction with, 97 
volume control and, 195 
Nitric oxide synthase, 121, 1571 
Nitrogen balance, 25, 154, 178 
Nitroglycerine, 164, 926, 1470, 1876 
Nitroimidazole, 890 
Nitroprusside, 164, 1876 
Nitrous oxide, 238* 

Nocardia sp., 540 
NOD2 gene, 773 
Nodal triangle, 1429 
Nodular melanoma, 2001, 2001 f 
Nodular thyroid disease, 1291-1292 
Non-Hodgkin lymphoma (NHL), 1228-1229 
gastric tumors, 732 
lung, 1864 

small-bowel tumors, 790-792, 792* 
thyroid gland, 1295 

Non-small cell lung carcinoma (NSCLC) 
adjuvant therapy, 1369-1370, 1370*, 1372, 1374-1377 
gefitinib for, 273 
genetics of, 1360-1361 


management of, 1363* 
outcomes, 1370* 
patient evaluation, 1366*, 13 67f 
presentation, 1361-1362 
solitary nodule, 1363* 
stage III, 1371-1377, 1373* 
staging, 1362*, 1363*, 1365* 
treatment, 1374* 

Non-ST-segment elevation myocardial infarction (NSTEMI), 1464-1465 
Nonalcoholic fatty liver disease (NAFLD), 907, 936 
Nonalcoholic steatohepatitis (NASH), 13, 542, 544, 545f, 547, 907 
Nonanatomic bypass procedures, 1619-1620 
Nonocclusive mesenteric ischemia, 1633, 163Sf 

Nonrhabdomyomatous soft tissue sarcomas (NRSTS), 1973-1974, 1974* 
Nonshivering thermogenesis, 1806 
Nonspherocytic hemolytic anemia, 1226 

Nonsteroidal anti-inflammatory drugs (NSAIDs). See also Specific drugs 
colorectal cancer risk and, 1078 
COX inhibition by, 118 
gastrointestinal hemorrhage and, 1047 
inhibition of NF-kB, 125 
pain management, 228 
risk of GI hemorrhage, 1040 
as tocolytic agents, 1985 
toxic acute renal failure and, 182 
Norepinephrine 
inotropic support and, 521 
response to surgery, 34 
synthesis of, 1329 
use in shock, 163 

North American bark scorpion (Centuroides exilicauda), 475 

Norwood procedure, 144 5f 

Nose 

cancer of, 610* 

cosmetic surgery, 2062-2064, 2063f 
rhinoplasty, 2062-2064 
Nosocomial infections 
catheter-related, 142 
geriatric trauma patients, 447 
intensive care units, 447 
pneumonia, 142, 462-463 
urinary tract infections, 142-143 
Notch signaling, 264-266, 2 65t, 266* 

Note taking 

Cornell method for, 7, 7f 
verbal, 7 
visual, 6 

Nuclear scintigraphy, 520 
Nuclear weapons, terrorism, 488-489 
Nucleotides, formation of, 10 
Nuss procedure, 1397-1398, 1855 
Nutrition 

after gastric bypass, 720 

assessments, 25-27, 179 

enteral, 38 

gut-specific, 42-43 

in the intensive care units, 176-180 

interventions, 26-27 

mechanical circulatory support and, 1487 

metabolism and, 21-45 

postinjury care, 461 

as primary therapy, 37-43 

special feeding problems, 35-36 

supplementation, 227-228 

surgical stress and, 32 

wound healing and, 62-63 

Nutritional support, 1811. See also Enteral nutrition (EN); Total 
parenteral nutrition (TPN) 
in acute renal failure, 182-183 
burn injuries, 226-228 
energy requirements and, 1806-1807 
in the ICU, 179-180, 1 79f 
for trauma patients, 461 
Nyhus system, 1176, 1177* 

Nystatin, 930 

O 

Obesity 

colorectal cancer and, 1093 
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comorbidities, 713, 714* 
esophageal cancer and, 675 
gastroesophageal reflux and, 636 
hepatic injury and, 904 
hypercortisolism and, 1330 
morbid, 713-721 
morbidity of, 714* 
risks of anesthesia, 248 
truncal, 1330 

Obesity hypoventilation syndrome (OHS), 714 

Obstructive sleep apnea (OSA), 714 

Obturator artery, 1170 

Obturator hernia, 1191 

Obturator hernias, 757 

Octreotide, 741, 926 

Ocular adnexa, 229 

Ocular injury, 355-356 

Ocular melanoma, 273 

Odontoid fractures, 426 

Ofloxacin, 930 

Ogilvie syndrome, 768-769, 1024-1025, 1025/ 1035-1036, 1036/ 

Oklahoma City bombing, 492, 492t 

Oldfield syndrome, 1087 

Oleic acid, 14 

Omega-3 fatty acids, 461 

Omental cysts, 1926, 1927/ 

Omentum, flap placement, 1398/ 

Omeprazole, 703 

Omphalocele, 1884-1887, 1885/ 188 6/ 188 6t 
Omphalomesenteric duct, 1921 
Oncogenes, 264 
Oncogenesis, 1987 

Open mitral commissurotomy (OMC), 1455-1456 
Open pneumothorax, 371-372, 372/ 

Open wounds, healing of, 57-61 
Operative states, metabolism in, 177/ 

Opioids 

epidural analgesia, 258^ 
nausea and vomiting after, 253 
pain management, 228 
physiologic effects of, 240-241 
transdermal delivery, 257 
Opsoclonus-myoclonus, 1959 
Optic nerve compression, 355 

Optimal Hospital Resources for the Care of the Seriously Injured 
(ACS), 313 

Oral cavity cancer, 610t, 620t, 622-623, 622 1 
Oral contraceptives, 1940 
Orbit, fractures, 357-358 
Orbital compartment syndrome, 222 
Orbital floor fractures, 357-358 
Orchitis, ischemic, 1196 
Organ donation 
after cardiac death, 528-529 
deceased donors, 520-521, 521t 
donor maintenance, 521 
multiple organ procurement, 521-528 
suitability of donors, 518-520 
Organ Donation Breakthrough Collaborative, 542 
Organ harvesting, 497-499 
Organ preservation, 515-531 
hypothermia, 515 
hypothermic solutions, 530£ 
injuries during, 515-518 
structural integrity and, 515 
Organ procurement, 596-597 

Organ Procurement and Transplantation Network (OPTN), 521 
Organ procurement organizations (OPOs), 521-522, 595 
Organic acidosis, 208 
Organic acids, 208 

Organizational cultures, 298, 299-300 
Organs, preservation of, 515 
Orificial profunda femoral artery disease, 1674f 
Oropharyngeal carcinomas, 623, 623t 
Oropharyngeal classification, 244-245 
Oropharynx, anatomy of, 623 
Orotracheal intubation, 370 
Orthoclone (OKT3), 563, 599 
Orthodontics, 2068 


Orthopaedic trauma, 423-431 
Osmolar therapy, 340 
Osmoregulation, 192-193 
Osmotic demyelination, 1814 
Osteoarthritis, obesity-related, 715 
Osteochondroma, second rib, 1394 f 
Osteocytic osteolysis, 1306 
Osteogenesis imperfecta, 1172 
Osteogenic sarcoma, 1861 
Osteoporosis, 1330 

Osteosarcomas, 2034, 2035, 203 5t. See also Osteosarcomas 
Osteoseptocutaneous fibula free flaps, 275, 2044 
Ostium primum, 1425 
Ostium secundum, 1425 
Ouabain, 744 
Outcomes measures 
composite, 295 
development of, 296-297 
pediatric process and, 441 1 
selection of, 295-296 
Ovarian cancer, 284 
Ovarian cysts, 1201 
Ovarian torsion, 1201 
Overfeeding, 26-27 
Overtriage, 493, 493/, 493*, 494? 

Owen equation, 2 6t 
Oxaliplatin, 1115 
Oxalosis, 548 
Oxazepam, 18 

Oxidative stress, 904, 1572, 1700 

Oxycodone, 229 

Oxygen 

artificial carriers of, 197-198 
delivery of, 167-170 
free radicals, 517 
supply and demand for, 168 
uptake of, 171-172 
in wound healing, 59-60 
Oxygen-free radicals, 414 
Oxygen saturation, 654/ 

Oxygen tension, 135 
Oxygenation, monitors, 251-252 
Oxyhemoglobin, 11, 1824/ 1827/ 
in newborns, 1827/ 

Oxyntic glands, 688 

Oxytocin, uterine activity and, 1984? 

P 

pl6 INK4a gene, 1360 
pl6 genes, 27 6t, 839, 1999 
pi6 protein, 269 
p21 protein, 268 

p53 genes, 27 6t, 839, 1097, 1360 

p53-induced genes (PIGs), 269 

p53 protein, 269, 999 

Packed red cells, 331 

Paclitaxel (Taxol), 281, 855, 1472 

Paget disease, 1154, 1154/ 1276, 1276/ 1309 

Paget-von Schrotter syndrome, 1778 

Pain 

breakthrough type, 214-215 
burns and, 214-215 
in pancreatic cancer, 843, 855 
procedural, 214-215 
stress response and, 31 
Pain management 
anesthesiology and, 237-260 
in burn injuries, 228 
in cold injuries, 481 
postinjury care, 462 
postoperative, 253, 256-259, 258-259 
in pulmonary contusions, 377-378 
in trauma patients, 462 
“Paint brush” sign, 788 

PAIR (puncture, aspiration, injection, respiration) technique, 892 
Palatine tonsil carcinomas, 623 
Palmar arch, 1599/ 1607/ 

Palmitic acid, 1 

Pampiniform venous plexus, 1169 
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PAMPs, 121 
Pancolitis, 1057 
Pancreas 

anatomy of, 800/ 805-810, 810? 
anterior reflection, 526/ 
arterial supply, 806/ 
blunt injuries, 400-401, 809-810 
congenital disorders, 800£ 
cystic epithelial tumors, 841-842 
cysts, 1941 

deceased donor, 595-596 

development abnormalities, 800-803 

donor evaluation, 596 

ductal anatomy, 1940/ 

embryology, 799-800, 801/ 1939-1940 

endocrine, 800, 803-804 

endocrine lesions of, 1942-1943 

exocrine, 800, 803 

exposure of, 526/ 

fistula, 399 

glucose metabolism, 516/ 
internal drainage, 400 
liver and, 529/ 
lymphatic resection, 809 
neoplasms of, 837-856, 1941-1942 
organ preservation, 529-530 
pediatric, 1939-1943 
physiology, 811-813 
procurement, 525-526 
pseudocysts, 400 
resection, 1943/ 
serous cystic neoplasms, 841 
solid epithelial tumors, 840-841 
solid pseudopapillary tumors, 842 
transplantation, 590-607 
back-table preparation, 597, 597/ 
complications, 599-600 
future of, 605 

graft survival in the U.S., 601/ 
immunosuppression, 599 
kidney transplantation with, 592-594, 594/ 
organ procurement techniques, 596-597 
outcomes, 601-602 
overview, 591-592 
patient selection, 592, 594 
recipient operation, 597 
rejection, 600 
tumors of, 1321 
vascular anatomy, 809 
Pancreas divisum, 800^ 802, 1940/ 1941 
Pancreas/kidney transplantation, 592-594, 592/ 594/ 598/ 601 
Pancreastatin, 812 
Pancreatectomy, 833, 1230 
Pancreatic artery aneurysm, 1649-1650 
Pancreatic cancer 
acinar cell carcinomas, 841 
adenocarcinoma, 845/ 
adenosquamous carcinomas, 840 
age-adjust death rates, 838/ 
in childhood, 1941-1942 
clinicopathologic staging, 842-843, 843t 
diagnosis, 843-845, 847/ 
ductal adenocarcinomas, 840-841, 840/ 
epidemiology, 837-839 
fine-needle aspiration, 846 
giant cell carcinomas, 841 
hereditary, 839-840, 839t 
histologic classification, 840£ 

intraductal papillary-mucinous neoplasms, 841-842 
management 

adjuant therapy, 851-854, 853£ 
algorithm for, 847, 847/ 
lymphadenectomy trials, 849^ 850/ 
neoadjuant therapy, 853t 
neoadjuvant therapy, 851-854 
palliation, 854-855 
postoperative results, 850-851 
mucinous cystic neoplasms (MCNs), 841 
occult metastatic disease, 847t 


pancreatoblastomas, 841 
pathology of, 840-842 
preoperative staging, 845-846 
resection, 296/ 846-851 
risk factors, 837-859, 838£ 
signs of, 844? 
staging laparoscopy, 846 
symptoms of, 844t 
Pancreatic disease 
imaging studies, 813-815 
laboratory tests, 815-817 
presentation of, 808-809 
Pancreatic duct, normal, 986/ 

Pancreatic ductal anatomy, 805 
Pancreatic endocrine neoplasms, 857-871 
classification, 857, 858? 
diagnosis, 860/ 
evaluation, 860 
familial syndromes, 858-860 
imaging, 861-863, 861/ 
localization, 861-863 
management, 860/ 
metastatic, 868-869 
molecular genetics, 858 
origins, 857 
presentation, 860 
staging, 861-863 
surgical exploration, 862 
Pancreatic intraepithelial neoplasia (PanIN), 840 
Pancreatic polypeptide, 812 
Pancreatic steatorrhea, 816£ 

Pancreaticoduodenal artery, 738/ 
Pancreaticoduodenectomy, 400 
advantages of, 848 
in children, 1941 
complications of, 85l£ 
postoperative results, 850-851, 852/ 
pylorus preserving, 832/ 
technique, 849/ 

Pancreaticojejunostomy, 833/ 834t 
Pancreatitis 
acute, 818-827 
abdominal pain and, 1205 
classification of, 819, 819t 
clinical presentation, 820-821 
complications, 824t 
definitions, 819 
diagnosis, 821-822 
etiology, 820, 821 1 
imaging, 822/ 823 
infected necrosis, 824-825 
laboratory tests, 821 
management, 823-826, 825/ 
pathology, 819-820 
pathophysiology, 819-820 
pediatric, 1940-1941 
pseudocysts, 824-826 
scoring systems, 822-823 
after open aneurysm repair, 1750 
after pancreatic injury, 400 
aneurysm-related, 1650 
chronic, 827-835, 838 
Beger operation, 834? 
bile duct strictures and, 995-996 
classification of, 827, 828t 
clinical presentation, 828 
complications, 830 
diagnosis, 828-830 
epidemiology, 827 
etiology, 827-828 
Frey operation, 834? 
pathogenesis, 827-828 
surgical options, 832/ 834/ 
therapy, 830-831 
hypocalcemia and, 205 
necrotizing, 819, 822/ 
severity of, 822-823, 822? 

Pancreatoblastomas, 841, 1941-1942 
Pancreatoduodenal artery aneurysm, 1649-1650, 1649/ 
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Pancuronium, 239, 239t, 240 
Panel reactive antibody (PRA) test, 506 
Panendoscopy, 618 
Paneth cells, 739 
Panhypopituitarism, 1942-1943 
Pantimumab, 1115 
Pantothenic acid, 40? 

Papillary cystic neoplasm, 1941 
Papillary fibroclastomas, 1460 
Papillary muscle rupture, 1467 
Papillary thyroid carcinoma, 1292-1293 
Papillomas 

bile duct, 1012, 1012/ 
cylindrical, 617 
fungiform, 617 
inverting, 617 
Schneiderian, 617 
sinonasal, 617-618 
Papillomatosis, 1864 
Paracentesis, 928 
Paradoxic aciduria, 210 
Paraduodenal hernias, 757, 759/ 

Paralysis, hypermagnesemia and, 206 
Paralytic ileus, 765 
Paranasal sinuses 
carcinoma, 610? 
tumors of, 62 It 
Paraplegia, 1750 
Parasellar region, 1349, 1355£ 

Parasitic cysts, 1234 

Parastomal hernias, 1189-1190, 1190/ 1190 1 
Parathyroid adenomas, 1312, 1313/ 1316/ 

Parathyroid carcinoma, 1320 
Parathyroid disease, 1321, 1322-1323 
Parathyroid gland 
anatomy, 1303, 1304/ 1305/ 
arterial supply, 1306 
autotransplantation, 1319 
devascularization of, 1300/ 
hypercalcemia and, 1307-1310 
parathyroid hormone and, 1306/ 
physiology, 1303-1307, 1306? 
primary hyperplasia, 1313/ 
risks during thyroid surgery, 1301 
tumors missed on exploration, 1319/ 

Parathyroid hormone (PTH), 204, 745, 1306-1307, 1315, 1315/ 

Parathyroid hyperplasia, 204 

Parenchymal injuries, 377-378 

Parenchymal lesions, 348 

Parenteral solutions, 196-198 

Parietal cells, 688, 688/ 693/ 695/ 

Parietal peritoneum, 1200-1201 
Parietal-visceral collateral circulation, 1655/ 

Parkland formula, 221 
Paromomycin, 890 
Parotid glands, 611-613, 615, 1850 
Parotidectomy, superficial, 616/ 

Parotitis, progression of, 612 
Pars flaccida, 524/ 

Partial thromboplastin time (PTT), 458-459, 469 

Partridge hernia, 1194 

Patent ductus arteriosus (PDA), 1440-1441 

Patent foramen ovale (PFO), 1426 

Patent processus vaginalis, 1886 

Patient autonomy, 448 

Patient-controlled analgesia (PCA), 256/ 257 1 
Patient safety, 298-306 
evidence base for, 300-302 
implementation strategies, 304-306 
patient involvement in, 306 
public reporting system, 306 
taxonomy for, 306 

Pattern recognition receptors (PRRs), 121, 122 
Pay-for-performance, 288-289 
PDGF (Regranex) dressings, 62 
Peak systolic velocity, 1529/ 

Pectoralis major muscle, 1396/ 1398 
Pectus carinatum, 1397-1398, 1401/ 1856 

Pectus excavatum, 1397-1398, 1399/-1400/ 1854-1855, 1854/ 1855/ 


Pectus index, 1854 
Pedestrians, 321-322 

Pediatric Education for the Prehospital Professional (PEPP), 432 
Pediatric End-stage Liver Disease (PELD) score, 543, 543? 
Pediatric patients 
abdomen, 1884-1945 
ascites in, 1927-1928 
chest, 1853-1883 

energy requirements, 1806-1807, 1807-1808 
gastrointestinal disorders, 1889-1918 
genitourinary system, 1946-1956 
head and neck, 1842-1852 
head injury in, 340 
mechanical ventilation, 1820-1822 
surgical physiology of, 1803-1832 
thoracic tumors, 1861-1864 
tumors, 1956-1982, 1957, 1957/ 
ventilatory support, 1820 
Pediatric trauma, 431-444 
abdominal, 437-438 
emotional needs of children, 434 
epidemiology, 431-432 
functional recovery, 440-441 
inflected trauma, 440 
initial resuscitation, 432-434 
injury prevention, 441-442 
pediatric verbal scores, 434? 
pelvic fractures, 438-440 
performance indicators, 440 
prehospital care, 432 
solid organ injury, 438 1 
spinal, 436 
thoracic, 436-437 
Pelvic congestion syndrome, 1795 
Pelvic diaphragm, 1171/ 

Pelvic floor muscles, 1131-1132, 1132/ 1170-1171 

Pelvic fractures, 290-293, 447 

Pelvic inflammatory disease, 1201 

Pelvic packing, 404 

Pelvic plexus, 1135 

Pelvic sheets, 424, 424/ 

Pelvic splanchnic nerves, 1135 
Pelvis 

diagnostic CT, 433 1 
examination of, 1203 
fascial relationships, 1019/ 
fractures, 335/ 438-440 
open-book injuries, 424 
striated muscles of, 1896/ 
traumatic injury, 334-335 
Penicillin 
allergy to, 139 
high-dose, 142 
for necrotizing fasciitis, 232 
prophylactic, 393, 481 
in surgical infections, 143 
Penicillin-binding proteins (PBPs), 144 
Penis, fundiform ligament, 1160 
Pentalogy of Cantrell, 1398, 1885 
Pentamidine, 563 
Pentasa, 1061 
Pentastarch, 159 
Pentoxifylline, 481, 1660 
Pepsin, 696, 747 
Pepsinogen, 747 

Peptic ulcer disease. See also Gastroduodenal ulceration 
acid-secretory status, 700-701 
environmental factors, 701-702 
gastric stress and, 461-462 
GI hemorrhage in, 1038, 1046-1048 
hemorrhage and, 706-707 
mucosal defense, 701 
pathogenesis of, 700t 
treatment, 703-706, 704-706 
Peptidases, 747 
Peptide hormones, 740/ 

Peptide-loading complex, 501 

Percutaneous balloon mitral valvotomy (PBMV), 1453, 1455 
Percutaneous endoscopic colostomy (PEC), 769 
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Percutaneous endoscopic gastrostomy (PEG), 44-45, 762 
Percutaneous hepatic perfusion, 28Of 
Percutaneous nephrostogram, 538f 
Percutaneous transcatheter embolism, 1644 
Percutaneous transcoronary balloon angioplasty (PTCA), 

1471-1472 

Percutaneous transhepatic cholangiogram (PTC), 982f 1003 
Percutaneous transhepatic portal venous sampling (PTPVS), 861-862 
Percutaneous transluminal angioplasty (PTA), 1617-1619, 
1662-1663, 1673 

Perfluorocarbon-induced lung growth, 1878 
Perforation, abdominal, 1201 
Perforator flaps, 276, 277 1, 2045, 2045* 

Perforator vein ablation, 1792 
Perforin, 512 

Performance indicators, 440, 441* 

Perianal abscesses, 1153 

Perianal spaces, 1132 

Perianorectal spaces, 1133f 

Pericardial constriction, 1509-1511 

Pericardial cysts, 1861 

Pericardial effusion, 1508-1509, 1508f 

Pericardiectomy, 1512-1513, 1513/ 

Pericardiocentesis, 1511-1512, 1512f 1512* 

Pericarditis 
acute, 1506-1508 
causes of, 1507* 

constrictive, 1510-1511, 1510*, 1511* 

cysts, 1506 

idiopathic, 1507 

purulent, 1507 

radiation-induced, 1508 

tuberculous, 1507 

uremic, 1507 

viral, 1507 

Pericardium, 1505-1513 
acute pericarditis, 1506-1508 
anatomy, 1505, 1506f 
biopsy, 1512, 1512f 
calcification, 1510, 1510f 
congenital abnormalities, 1506 
diagnostic studies, 1505-1506 
drainage, 1512, 1512f 
embryology, 1505 
history, 1505 
metastatic disease, 1511 
physiology, 1505 
Periduodenal hematomas, 398 
Perillyl alcohol, 855 
Perineal hernia, 1192 
Periosteum, metabolism of, 439 
Perioxidase, 1099 

Peripheral arterial disease (PAD), 1669 
Peripheral artery duplex scanning, 1524 
Peripheral intravenous feedings, 45 
Peripheral nerve blockade (PNBs), 242-243, 256f 
Peripheral tolerance, 505* 

Peripheral vascular occlusive disease, 594 
Perirectal spaces, 1132 
Peritoneal dialysis, 203 
Peritoneal lavage, 389 
Peritoneovenous shunts, 929 
Peritonitis 

bacterial, 1926-1927 
diagnosis, 139 
diffuse, 139, 140, 561 
perforation with, 778 
primary, 139, 1926-1927 
secondary, 139 

signs and symptoms of, 402-403 
spontaneous bacterial, 930* 
tertiary, 139 

Peritonsillar abscess (PTAs), 613, 613f 

Periumbical adenopathy, 843 

Perivascular hernias, 1192-1194, 1194f 

Permissive hypotension, 160 

Pernio, 480 

Peroxynitrite, 1572 

Persistent fetal circulation, 1827-1828 


Persistent pulmoary hypertension of the newborn (PPHN), 1819 
Peutz-Jeghers syndrome (PJS), 789, 1086f 1088, 1088* 

Peyer patches, 740, 743, 744 
PF-4 gene therapy, 276* 

Pfeiffer syndrome, 2070 
pH, 477, 515 
Phagocytes, 1698 
Phagocytosis, monocytes in, 99 
Phagosomes, maturation of, 93 
Pharmacists, 304 
Pharyngeal pituitary tissue, 1346 
Pharyngitis, 613 
Pharynx, neck injuries and, 368 
Phenothiazines, 18 
Phenoxybenzamine, 1338 
Phenylephrine, 521 

Phenylethanolamine-N-methyltransferase (PNMT), 1329 
Phenytoin, 547, 900, 1507 
Pheochromocytoma, 1322, 1337-1339, 1338/ 

Philadelphia chromosome, 264 
Phlebectomy, 1791 
Phosphate 
absorption of, 745 
body fluids and, 190-191 
hyperparathyroidism and, 1315 
parathyroid gland and, 1305-1306 
regulation of, 1308f 
turnover in humans, 1306f 
Phosphatidylcholine, 14 
Phosphodiesterase, 85 
Phosphoenolpyruvate carboxylase, 12f 
Phosphofructokinase, 11, Ilf 
Phosphogluconate pathway, 10, 12-13, 12f 
Phosphoinositol 3-kinase, 93 
Phospholipase A 2 (PLA 2 ), 747 
in bee venom, 474 
eicosanoid production and, 116 
function of, 95, 811 
production of, 517 
snake venom-related, 469 
Phospholipases, 102, 516 
Phospholipids, metabolism, 14 
Photocoagulation, 1139 
Photodynamic therapy, 682 
Photoplethysmography (PPG), 1533, 1533f 1534f 
PHOX2B gene, 1957 
Phrenic nerve, 1200, 1879 
Phrenoesophageal membrane, 63 If 
Phylloides tumor, 1276 
Physical status, 250* 

Pickwickian syndrome, 714 
Pierre-Robin syndrome, 1843 
Piggyback technique, 552-553 
Pilonidal sinus, 1150-1151 
Pipercillin/tazobactam, 136 
Piriformis muscle, 1170 
Pit vipers, 467, 468f 468* 

Pituitary adenomas, 1321 
cell analysis, 1347-1349 
imaging of, 1331, 1350f 
nonfunctioning, 1354-1355 
pathologic findings, 1349* 

Pituitary apoplexy, 1353 
Pituitary gland 
anatomy, 1346-1347, 1348f 
embryology, 1346-1347 
imaging, 1349 
lesions 

differential diagnoses, 1352-1353 
evaluation, 1350 
intrasellar, 1355* 
outcomes, 1354 
parasellar, 1355* 
signs and symptoms, 1349-1350 
treatment, 1354 
parasellar region, 1349 
physiology, 1346-1347 

thyrotropin stimulating hormone function of, 1285 
TSH secretion, 1285 
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Placental abruption, 451/ 

Plagiocephaly, 2069, 2070/ 

Plaques, atherosclerotic, 1577-1578, 1580 
Plasma 

extravasation of, 92 
volume during pregnancy, 1985 
Plasma cells, 508 
Plasma proteins, 16 
Plasmapheresis, 222 
Plasmin, function of, 72 
Plasminogen, 72, 86/ 

Plasminogen activator, tissue-type (tPA), 482-483, 482? 
Plasminogen activator inhibitor-1 (PAI-1), 72, 74 
Plasminogen activators, 72, 86/ 

Plasminogen inhibitors, 1479 
Plastic surgery, 271-396, 2039-2074 
pediatric, 2067-2072 
spectrum of, 272t, 2040 t 
Platelet-activating factor acetylhydrolase, 118 
Platelet-activating factor (PAF), 118 
Platelet-derived growth factor (PDGF) 
effect on smooth muscle, 1574-1575 
secretion, 906 

in wound healing, 48, 50, 66 

Platelet/endothelial cell adhesion molecule 1 (PECAM-1), 93 
Platelets 

abnormal aggregation, 81 
activation, 104-105 
adhesion to collagen, 82 
aggregation, 49t, 459 
degranulation, 48 
disorders, 83, 1226-1227 
effects of hypothermia on, 479 
functions, 87 
granules, 49t, 105 
in hemostasis, 70 

in immune thrombocytopenic purpura, 1224 
in inflammation, 104-105 
mediators derived from, 105£ 
recruitment, 104-105 
Plating, of sternal fractures, 382/ 383/ 

Platysma muscle, 361, 2061 
Pleomorphic adenomas, 615 
Plethysmography, 1514 
air, 1533 

impedance type, 1532 
photo, 1533 

techniques, 1521-1522, 1522/ 
upper extremity arterial evaluation, 1526-1528 
venous occlusion, 1528 
Pleura, anatomy, 1394/ 

Pleural diseases, 1412-1415, 1879 
Pleural effusions, 1412-1414, 1413£ 

Pleural space 

tension pneumothorax and, 371 
tumor within, 1415/ 1416£ 

Plicamycin, 1310 
Plummer disease, 1288-1289 
Plummer-Vinson syndrome, 624 
PMS2 gene, 1071 
Pneumatic otoscopes, 609 
Pneumatosis cystoides intestinalis, 1081 
Pneumatosis intestinalis, 1900, 1901/ 

Pneumococcal septicemia, 393 
Pneumococcal vaccine, 393 
Pneumocystis carnii, 540, 563 
Pneumocystis pneumoniae, 586 
Pneumocytes, 1815 
Pneumomediastinum, 436-437 
Pneumonia. See also Ventilator-acquired pneumonia 
nosocomial, 142, 462-463 
organ donation contraindication, 518 
Pneumonitis, chemical, 219 
Pneumothorax, 1409-1410 
open, 371-372, 372/ 376 
in pediatric patients, 1879 
in pediatric trauma, 436-437 
simple, 372/ 376, 376/ 
spontaneous, 1409/ 


tension, 370-371, 372/ 376 
treatment algorithm, 1410/ 

POISE trial, 301 
Poiseulle’s law, 1816 
Poison gases, 487 

Poland syndrome, 1398, 1402/ 1856 
Policies 

cultural change and, 299 
surgical quality and, 287-291 
Polidocanol, 1047 

Politano-Leadbetter transvesical ureteroneocystostomy, 537 

Poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP), 1572 

Polyarteritis nodosa, 1443 

Polyclonal activators, 508 

Polycystic liver disease, 940 

Polycythemia, 716 

Polycythemia vera, 1605 

Polyethylene glycol, 1034 

Polygalactic acid (Vicryl, Dexon), 61 

Polyhydramnios, 1803 

Polymorphonuclear leukocytes (PMNs), 49, 75, 132 

Polymyxin B, 200 

Polyoma virus, 540 

Polypectomy, 1077, 1107-1108 

Polypropylene meshes, 1175, 117St 

Popliteal artery 

aneurysms, 1774-1776, 1775/ 
exposure of, 1676/ 

Popliteal vein, 1534/ 

Porcelain gallbladder, 998 
Porcine xenograft, 225 
Porphyrias, 18 
Porphyrin metabolism, 18 
Port-wine stains, 2071 
Portacaval shunts 
complications of, 922-923 
devascularization procedures, 923-925 
distal splenorenal shunt, 923 
end-to-side, 922-923, 922/ 
interposition mesocaval shunts, 923, 923/ 

Sarfeh shunt, 924/ 
side-to-side, 922-923, 922/ 

Portal hypertension 
anatomy, 913 

bleeding rectal varices from, 1140 
causes of, 915? 
complications, 916-930 
etiology, 914-916 
hemorrhage and, 1924-1925 
physiology, 913-914 
signs of, 937-938 
venous collaterals, 914 

Portal pulmonary hypertension (PPHTN), 543, 548 
Portal vein 

anatomy of, 806, 875 
embolization, 950-952 

percutaneous transhepatic portal venous sampling, 861-862 
thrombosis, 560, 916 
venous drainage, 1020/ 

Portoenterostomy, 547, 1934-1935, 1935/ 1936/ 

Portopulmonary hypertension, 912 
Positive end-expiratory pressure (PEEP), 173, 175, 351 
Positive pressure mechanical ventilation, 371 
Positive-pressure ventilation, 328 
Post-traumatic stress disorder (PTSD), 440-441 
Postanesthesia care, 254t, 255? 

Postanesthesia care units, 253, 255/ 

Posterior fossa lesions, 348-349 
Postgastrectomy syndromes, 710 
Postinjury management 
infectious complications, 462-463 
organ support, 460-462 
secondary survey, 456-460 
stabilization, 456-460 
Postnatal circulation, 1825-1826 
Postoperative ileus (POI), 765-768, 7671, 768t 
Postoperative period 
pain management, 253, 256-259 
problems during, 253 
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Postpericardiotomy syndrome, 1507-1508 

Posttransplant lymphoproliferative disorder (PTLD), 540, 602, 786 
Posttransplantation physiology, 587-588 
Posttraumatic responses, metabolic, 27 
Potassium 
absorption of, 745 
body fluids and, 190-191 
changes in body fluids, 202-204 
depletion in infants, 1815 
excretion, 202 
extracellular levels, 202-203 
hyperkalemia, 203 
hypokalemia, 203 
preoperative, 1334 
retention of, 207 
total body fluid and, 190 
use of, 489 

Potter syndrome, 1946 
Potts shunt, 1431 
Pouchitis, 1066 
Power Doppler, 1516 
PRAD1 oncogene, 1312 
Praziquantel, 892 
Prazosin, 1575 

Prealbumin, response to shock, 156 
Preauricular cysts, 1846-1847, 1847/ 

Preauricular sinuses, 1846-1847 
Prednisone, 539, 584, 1061 
Pregnancy 

anatomic changes, 450-451 
appendicitis during, 1210, 1989-1992, 1989* 
biliary tract disease during, 1992-1993 
breast cancer in, 1274 
breast tissue during, 1243 
cardiovascular changes, 451-452 
colorectal cancer during, 1995-1996, 1995* 
ectopic, 1201 

fetal interventions, 1832-1842 
fetal monitoring, 1989 
gastrointestinal changes, 452 
hemorrhoids in, 1140 
hyperparathyroidism in, 1320 
imaging during, 1986-1988 
intestinal obstruction during, 1993-1995, 1993/ 
laboratory values, 452, 1986* 
musculoskeletal changes, 452 
physiologic alterations, 45 It 
physiologic changes, 1985-1986 
pulmonary changes, 452 
radiation exposure during, 1986-1987, 1986? 
renal changes, 452 
splenic artery aneurysm, 1644 
toxemia of pregnancy, 454-455 
trauma during, 450-456, 1989 
uterine physiology during, 1983-1984, 1984 
Pregnenolone, 1326 
Prehospital care 
for abdominal trauma, 387 
assessments, 327-329 
goals of, 432 

management priorities, 327-329 
for pediatric trauma, 432 
personnel, 327 
resuscitation phase, 329-335 
secondary survey, 332-335 
triage, 329 

Prehospital Trauma Life Support (PHTLS), 327 
Prekallikrein, 70 

Premature infants, 1803-1804, 1813 
Prenatal diagnoses, 1833-1834 
Preoperative phase, 79/ 247/ 

Preperitoneal fascia, 1166 
Preprogastrin molecules, 690/ 

Pressure control ventilation (PCV), 175 
Pressure support ventilation (PSV), 175 
Pressure ulcers, 64, 273, 2042 
Preterm infants. See Premature infants 
Preterm labor, 1983-1984 
Prevastatin, 1079 

Primary aortoduodenal fistula, 1565 


Primary biliary cirrhosis (PBC), 547, 908 
Primary oxaluria, 543 
Primary peritonitis, 1926-1927 

Primary sclerosing cholangitis (PSC), 547-548, 908-909, 993-996, 993t, 
994/ 1060 

Primary survey, 331-332 
Pringle maneuver, 394, 394/ 886 
Procainamide, 1507 
Procalcitonin, 161 
Process compliance, 288-289 
Processus vaginalis, 1886, 1887/ 

Procoagulant states, 77-78, lit, 78-82 
Procollagen, 51/ 

Proctectomy, 1135 
Proctitis, 1152 

Proctocolectomy, 1063, 1064, 1064*, 1086 
Proctocolitis, 1152 
Profundaplasty, 1674 

Progesterone, 452, 1243, 1327, 1984*, 1985 
Prognostic scoring systems, 185, 185* 

Proinsulin, 812 
Proinsulin syndrome, 812 
Prolactin, 1243, 1351-1352 
Prolactin-inhibitory factor, 1348? 

Prolactinomas, 1356 

Proline synthesis, 15-16 

Prolonged postoperative ileus (PPOI), 765 

Prometheus System, 901 

Pronephros, 1946 

Propofol, 238, 241, 241*, 351 

Propranolol, 227, 1329, 1338 

Prostacyclins, 74, 116 

Prostaglandins 

in abdominal aortic aneurysms, 1700 

in aortic stenosis, 1436 

effects of, 117? 

expression, 30 

inflammation and, 116-117 

PGE-1, 1439 

PGE-2, 30, 194, 1984? 

PGI-2, 194-195 
precursors, 13 
renal, 194-195 
volume control and, 193 
Prostate adenocarcinoma, 275 
Prostate cancer, 261 

Prostheses, management of, 1694-1695 

Prosthetic materials, 1174-1176, 1175*, 1187, 1197 

Proteases, 15, 1700-1701 

Protein C, 72, 74, 78-80 

Protein C—protein S complex, 1576 

Protein kinase C, 93 

Protein pump inhibitors (PPIs), 865 

Protein S, 71, 72, 78-80, 452 

Proteins 

absorption of, 746-747 
altered metabolism, 34-35 
caloric value of, 172* 
catabolism, 226-227 
catabolism o, 154, 1807-1808 
degradation, 10 
digestion of, 746-747 
hydrolysis of, 15 
hypersensitivity to, 1809 
intracellular, 190-191 

metabolism, 15-16, 23-25, 24/ 29/ 177/ 178, 1808 
nutritional formulae, 461 
response to sepsis, 34-35 
in response to stress, 28 
serum, 25 
sources of, 178 
synthesis, 30-31 
Proteolysis, 268 

Proteolytic enzymes, 1701-1703 
Proteomics, 284 
Proteus sp. 
after snakebites, 470 
antibiotic prophylaxis, 470 
in hepatic infections, 889 
in surgical infections, 143 
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Prothrombin complex concentrates (PCCs), 446 

Prothrombin (factor II), 452 

Prothrombin G20210A polymorphism, 81 

Prothrombin times (PT), 469, 844 

Proto-oncogenes, 839, 1070. See also Specific oncogenes 

Proton pump inhibitors, 462, 703 

Providencia sp., 143 

Proximal cholangiocarcinomas, 1006-1010 
Proximal subclavian artery, 1529/ 

Prune-belly syndrome (PBS), 1955 
Pseudo-obstruction, ileus and, 765-769 
Pseudoaneurysms 
ascending aorta, 1716f 
blunt aortic trauma and, 380 
carotid artery, 1596 
chronic pancreatitis and, 830, 831 
femoral artery, 1771-1773, 1773/ 
groin, 1535, 1535/ 
infected, 1564 

in the peripheral vascular system, 420 
rapid enlargement, 380 
thoracic aorta, 1710 
traumatic, 421, 1710 
Pseudocysts 

in acute pancreatitis, 824-826, 82 6f 
after pancreatic trauma, 400 
chronic pancreatitis and, 830, 831 
Pseudodiverticula, 1120 
Pseudogranulomatous thyroiditis, 1290 
Pseudohermaphroditism, 1953 
true, 1953 
Pseudohernia, 1177 
Pseudohyponatremia, 192, 201 
Pseudohypoparathyroidism, 1311 
Pseudoinvasion, 1072 
Pseudomonas sp., 462 
after snakebites, 470 
antibiotic prophylaxis, 470 
P. aeruginosa, 1564, 1759 
peritonitis and, 139 
in surgical infections, 143 
in ventilator-associated pneumonia, 462-463 
Pseudomyxoma peritonei, 1210 
Pseudopolyps, 774, 775/ 1057, 10 57f 
Pseudotumor cerebri, 715 
Pseudotumors, gallbladder, 1011 
Psoas major, 1165 
Psyllium, 1022 

Ptosis, 2051-2052, 2052/ 2060, 2061 
Pubic symphysis, 1162-1163 
Pubococcygeus muscles, 1170 
Puborectalis muscles, 1170 
Pudendal nerve, 1135 
Pulmonary arterial vasoconstriction, 716 
Pulmonary arteries, 1429, 1443, 1874/ 

Pulmonary artery catheters (PACs), 161-162, 169, 447 
Pulmonary artery hypertension (PAH), 579 
Pulmonary artery wedge pressure (PAWP), 716 
Pulmonary blastomas, 1862 
Pulmonary capillary wedge pressure (PCWP), 169 
Pulmonary contusions 
diagnosis, 436-437 
flail chest and, 373-374 
parenchymal injuries and, 377-378 
in pediatric trauma, 436-437 
quantifying, 377 
signs of, 3 771 

Pulmonary disease, 247-248 
Pulmonary edema, 218 
Pulmonary embolectomy, 1782 
Pulmonary emboli (PE), 462, 1533, 1693, 1778 
Pulmonary function, 1486-1487 
Pulmonary hyperplasia, 1819-1820 
Pulmonary hypertension, 716, 1827-1828 
Pulmonary hypoplasia, 1874/ 

Pulmonary mechanics, 173 

Pulmonary sequestration, 1410-1411, 1856-1857, 1857/ 
Pulmonary transplantation, 576-589 
benefits of, 579-580 
bilateral, 582-584 


complications, 585-587, 585£ 

contraindications, 577-578, 578? 

convalescence, 577-578 

donor considerations, 580, 580^ 581, 581/ 

immunosuppression, 584-585 

indications, 578-579, 587? 

for infection-related end-stage lung disease, 579 

lung allocation, 579-580, 579t 

lung preservation, 581-582 

operation, 582-583 

operative techniques, 582-584, 582t, 583, 584/ 
posttransplantation physiology, 587-588 
problems, 576 

Pulse contour-derived cardiac output (PCCO), 170 
Pulse oximetry, 251-252, 655/ 

Pulse pressures, 170, 170/ 

Pulsus parvus et tardus, 1451 
Pupillary light response, 341-342, 520 
Pupils 

assessment using, 341-342 
dilatation of, 477 
Purines, metabolism of, 517/ 

Purpura fulminans, 79, 231, 232 

Putuitary gland, 1345-1357. See also Pituitary adenomas 
anatomy of, 1347/ 
lesions, 1356 
Pyelonephritis, 452, 1206 
Pyloric stenosis, 709/ 1204, 1815, 1918-1919 
Pyloroplasty, 704/ 

Pylotic exclusion, 398/ 

Pyoderma gangrenosum, 1058, 1059/ 

Pyogenic abscess, hepatic, 1931 
Pyramidalis muscle, 1162 
Pyrexia, 338 
Pyridostigmine, 240? 

Pyridoxine, 40? 

Pyruvate 
conversion to, 11 
metabolism of, 10, 17/ 

Pyruvate carboxylase, 12/ 

Pyruvate kinase, 11, 11/ 12/ 

Q 

Quadratus lumborum, 1165 
Quadripod fractures, 357 
Quality, definition, 298 
Quality assurance (QA), 312 
Quality improvement (QI) 
measures of quality 
outcomes, 294-295 
process to care, 293-294 
structure, 293 

surgical care, 291-297, 292 1 
in trauma care, 312 
Quality of care 

development of measures, 296-297 
measures of, 295-296 
patient safety and, 298 
structural variables, 293 
surgical care, 289-290 
Quality of life, 1067 
Quervain thyroiditis, 1290 
Questions, development of, 6 
Quinolones, efficacy, 144-145 
Quorum sensing, 1557 

R 

Race/ethnicity 
graft survival, 601 
traumatic deaths and, 310 
Radial artery, 1598, 1605 
Radiation 
categories of, 488 
exposure to 

cancers related to, 2019 
during pregnancy, 1986-1987, 1986£ 
thyroid nodules and, 1291 
of heat, 1806 

impairment to wound healing, 63 
pericarditis induced by, 1508 
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Radiation enteritis, 38, 762 
Radiation therapy 
arterial damage after, 1604f 
in esophageal cancer, 682 
for non-small cell lung carcinoma, 13 69f 
postmastectomy, 1271 
wound healing and, 272, 2040 
Radioallergosorbent tests (RAST), 891 
Radiocontrast media, 182 
Radiofrequency ablation (RFA), 954, 955f, 956 
Radioiodine therapy, 1297 
Radiologic weapons, 488-489 
Radionucleotide scanning, 1558 
Raf-1 protein, 1576 
RAGE molecule, 112, 122, 123 
Raloxifene (Evista), 1260, 1261 
Ramstedt pyloromyotomy, 1918, 1919f 
Ranitidine, 1048 
Ranolazine, 1470 

RANTES (regulated on activation normally T-cell expressed and secreted), 99 

Rapamycin (sirolimus), 1963 

Rapid response teams (RRTs), 304-305 

Rapid Sequence Intubation (RSI) program, 328 

Ras pathway, 102, 264, 1576 

Ras protooncogene, 1096 

Rastelli classification, 1429t 

Rastelli procedure, 1435, 143 5f 

Rathke cysts, 1353 

Rathke pouch, 1346, 134 6f 

Rattlesnakes, 467, 468/ 

Ray amputation, 1686-1687 
Raynaud phenomenon, 483, 1600, 1605 
Raynaud syndrome, 1528, 1528/ 

Reaction to injury hypothesis, 1579 
Reactive oxygen species (ROS), 517 
defense systems, 96t 
destructive potential of, 97 
neutrophil action and, 96-98 
nitric oxide synthase and, 1572 
scavengers of, 97-98, 97/ 
sources, 96t 
Reading 

comprehension of, 8-9 
massed re-reading strategy, 8 
note taking during, 6-7 
preparation for, 5-6 
rehearsing notes, 7-8 
for retention, 4-8 
study considerations, 5 
for transfer, 4-8 
Receptive relaxation, 752 
Receptor tyrosine kinases (RTKs), 1575 
Reconstructive surgery, 271-396, 2039-2074 
hand, 2052-2057 
hypertrophic scarring and, 233 
principles of, 274, 2042-2043 
reconstructive ladder, 274£, 2042t 
techniques, 274-277, 2043-2045 
Recording, preparation for reading, 5-6 
Rectal biopsy, 1911-1912, 1913/ 

Rectal cancer 
incidence, 261 
metastasis, 273 
staging, 1109/ 

Rectal examination, 388, 403 
Rectal myectomy, 1916 

Rectal prolapse, 1140-1142, 1141/ 1141 1, 1928, 1929/ 

Rectal stump blowout, 1063 
Rectopexy, 1141, 1142/ 

Rectosigmoidectomy, 1141, 1143/ 

Rectovaginal fistulae, 1149-1150, 1149/ 1149t, 1150^ 1151/ 

Rectum 

anatomy of, 1017-1019, 1130, 1131/ 
arterial supply, 1132-1133, 1134/ 
bleeding varices, 1140 
carcinoid tumors of, 1081 
Crohn disease of, 781-782 
dissection, 1113/ 
embryology of, 1017 


lymphatic drainage, 1021, 1133, 1135, 1135/ 

nerve supply, 1135, 1136/ 

neural components, 1021 

resection, 1110/ 1112/ 

traumatic injuries, 402-403, 405t 

venous drainage, 1133, 1134/ 

Rectus abdominis muscle, 1161-1163, 1398/ 

Rectus abdominis plication, 2065/-2066/ 

Rectus muscle, 1163, 1188/ 

Rectus sheath, 1163, 1163/ 

Rectusial veins, 1170 

Recurrent laryngeal nerve (RLN), 1283-1284, 1299/ 1300 
Redox reactions, 22 

Reduction mammaplasty, 2049-2051, 2050t, 2051/ 

Referrals, selective, 287-288 
Referred pain, 1200-1201, 120l£ 

Reflection, preparation for reading, 5-6 
Regulatory T cells, 506 
Regurgitation, 638 
Rehabilitation 

after amputation, 1685^ 1694-1695 
energy costs and, 1685£ 

Reimbursement issues, 533 
Rejection 

acute, 540, 563, 572, 572/ 
after liver transplantation, 561-563, 562/ 
antibody-mediated, 510-511, 561 
cell-mediated, 561-562 
cellular, 511-512, 600t 
chronic, 511, 562-563, 562/ 
hyperacute, 509-510, 539-540, 561 
pancreas transplants, 600 
prevention of, 506 
transplant, 500 
treatment, 506-507 
Relcovaptan, 200 
Remifentanil, 241 1 
Renal acidosis, 208, 209 
Renal agenesis, 1946 
Renal anomalies, 1897 
Renal arterial angiography, 406 
Renal artery 

aneurysmal disease, 1621-1627, 1622t, 1623/ 1623t, 1625/ 
arterial fibrodysplasia, 1618 
CT arteriography, 1616/ 
diseases of, 1608-1627 
developmental, 1612-1613 
occlusive, 1608-1621 
dissections, 1626-1627, 1626/ 
endovascular procedures, 1543-1544, 1544/ 
occlusive disease 

abdominal aortic artery repair and, 1761-1762 
diagnosis of, 1614-1617 
intimal fibroplasia, 1611, 1612/ 
medial fibroplasia, 1611, 1612/ 1613/ 
outcomes, 1620-1621 
pathology of, 1610 
perimedial fibroplasia, 1613/ 
reconstructive surgery, 1619-1620 
treatment of, 1617-1621 
stenosis, 1608, 1617/ 
assessment of, 1531 
developmental, 1614/ 
histology, 1613/ 
interventions, 1531-1532 
post-transplant, 538 
thrombosis, 407 

transaortic bilateral endarectomy, 1620/ 
ultrasonography, 1616/ 

Renal blood flow, 1812-1813 
Renal cell carcinoma, pediatric, 1968 
Renal cystic disease, 1947 
Renal dysfunction, 469, 1486 
Renal ectopy, 1946-1947 

Renal failure. See also Acute kidney injury; Acute renal failure 
acute, 38 

after snakebite, 469 
definition of, 1729 
diagnosis of, 181 1 
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enteral nutrition in, 38 
gut dysfunction in, 36 
hospital mortality rates, 249t 
nutritional requirements, 36 
oliguric, 209 
postoperative, 199 
risks of anesthesia, 248 
surgery and, 249? 

Renal insufficiency, 248 
Renal natriuretic peptides, 194 

Renal replacement therapy (RRT), 182, 183-184, 184/ 

Renal-to-aortic ratio (RAR), 1531 
Renal transplantation, 531-541 
complications, 537-540 
donor pool, 533-534, 541 
immunology of, 532 
indications, 534t 
ischemia time, 536 
number of donor kidneys, 534 
number of waiting patients, 533/ 
posttransplant urine output, 537f, 538 
procedure, 534-535, 536f, 538 
survival, 541 f 

Renal tubular acidosis (RTA), 205, 209 

Renal vein, 1760-1761, 1966-1967 

Renal vein renin ratio (RVRR), 1615 

Renahsystemic renin index (RSRI), 1615 

Renin, 154, 1328/ 1608-1609 

Renin-angiotensin-aldosterone system, 910-911 

Renin-angiotensin system, 193, 194, 1609-1610, 1609/ 

Renovascular hypertension, 1608-1610 
arteriosclerotic, 1622? 
in children, 1621? 
clinical features of, 1614 
fibrodysplastic, 1622t 
management of, 1615f 
PTA with stenting, 1618£ 
surgical treatment of, 1621? 

Reperfusion injury, 516-517 
complement-mediated, 126 
cytokine release and, 518 
in frostbite, 481 
inflammation and, 126 
tissue ischemia and, 414 
Replantation surgery, 2052 
Reporting systems 
for errors, 300/ 
public, 306 
of safety data, 306 
Reserpine, for cold injury, 482 
Resource utilization standards, 43%t 

Resources for Optimal Care of the Injured Patient, 432, 440 
Respiration, fuel combustion and, 22-23 

Respiratory acidosis, 207, 212. See also Acidosis; Metabolic acidosis 
Respiratory alkalosis, 207, 209, 211 
Respiratory burst, 93 
Respiratory depression, 240 
Respiratory disorders, 714 
Respiratory distress 
newborns, 1411/ 
pediatric patients, 432 
Respiratory distress syndrome, 1816, 1819 
Respiratory failure, 174-176, 174/ 

Respiratory insufficiency, 35-36 
Respiratory rates, normal ranges, 1825? 

Respiratory system 
embryology, 1865 
failing, 170-176 
pulmonary mechanics, 173 

Response evaluation criteria in solid tumors (RECIST) criteria, 284-285, 
28 5t 

Resting energy expenditure, 177 
Restlessness, in shock, 148 
Restraint device injury, 321 
Resuscitation 

after acute GI hemorrhage, 1042 
in head injury 

with signs of herniation, 343-344 
without signs of herniation, 342-343 


hemodynamic, 457 
in pediatric patients, 432-434 
prehospital care, 329-335 
primary survey in, 331-332 
secondary survey, 332-335 

Resuscitation Outcomes Consortium (ROC) Hypertonic Saline Trials, 
342 

ret proto-oncogene, 264, 1294t, 1320, 1911 
Retention polyps, 1080 
Reticular veins, 1790-1791 
Retinoblastoma, 2020 
Retinoblastoma protein (pRB), 267, 268/ 

Retrobulbar hematoma, 355-356 
Retrograde urethrogram, 334, 412, 412/ 

Retroperitoneal hematoma, 403-404 
Retroperitoneal veins of Retzius, 913 
Retroperitoneum 

dedifferentiated liposarcoma, 2021/ 
zones of, 403/ 403t, 404t 
Revascularization, 2055 
Revised trauma score (RTS), 317, 31 7t 
Rewarming, 458, 478-481 
Rex shunt, 916 
Reye syndrome, 13 
Rhabdoid tumors, 1967 
Rhabdomyolysis, 222 
Rhabdomyomas, cardiac, 1460 
Rhabdomyosarcomas 
cardiac, 1461 
histologic staining, 2023 
lung, 1862 

pancreatic cyst-related, 1941 
pediatric 

associated conditions, 1968 
basic science, 1968 
diagnosis, 1970t 
epidemiology, 1968 
histology, 1969/ 
imaging, 1971/ 
lung, 1862 
outcomes, 1973 
pathology, 1968-1969 
presentation, 1969 
prognosis, 1972? 
risk status, 1971 

staging, 1969-1971, 1970f, 1971/ 
treatment, 1971-1973 
workup, 1969 
resection, 1975/ 

Rheumatoid arthritis, 1030, 2058-2059 
Rhinoplasty, 2062-2064, 2063/ 

Rhinorrhea, 355-356 
Rhizopus sp., 615 
Rhytidectomy, 2060-2061, 2062/ 

Rib fractures, 382-383, 383/ 447 
Ribavirin, 896, 907 
Riboflavin, 40? 

Ribs 

anatomy of, 1391/ 
cervical, 1602/ 
embryology of, 1853-1854 
fibrous dysplasia, 1394/ 
osteochondromas, 1394/ 

Richter hernia, 759/ 1174, 1174/ 

Riedel thyroiditis, 1290-1291 
Rifaximin, 913 

RIFLE classification, 181, 181* 

Rift Valley fever, 487 
Right coronary artery, 1463 
Right hepatic vein, 951/ 

Right ventricular failure, 1487, 1489 
Ritodrine, 1985 
Rivaroxaban, 1780 1, 1781 
RNA amplification, 283 
Rockall scores, 1041, 1041/ 

Rocuronium, 239, 23 9t 
Rodent ulcers, 2012 
Rokitansky-Aschoff sinuses, 1012 
Romiplostim, 1224 
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Ropivcaine, 243* 

Rosai-Dorfman syndrome, 1849 
Ross-Konno procedure, 1438 
Ross procedure, 1438 
Round cell liposarcoma, 2021* 

Roux-en-Y choledochoenterostomy, 556/ 

Roux-en-Y duodenjejunostomy, 397 
Roux-en-Y gastric bypass, 71 7f, 718/ 719/ 
Roux-en-Y gastrojejunostomy, 711 / 

Rowasa, 1061 

Rubber band ligation, 1138, 1138f 
Rural trauma systems, 315-316 
Russel viper, 469 

S 

S cells, 740-741 

S100 proteins, 122 

Sacral agenesis, 1897 

Sacral dysplasia, 1897 

Sacral nerve stimulation (SNS), 1144-1145 

Sacrococcygeal joints, 452 

Sacrococcygeal teratomas, 1837 

Sacroiliac joints, 452 

Safety 

organizational culture and, 299-300 
of patients, 298-306 

Safety Attitudes Questionnaire (SAQ), 30 
Safety rounds, 300, 301/ 

Saline solutions, 159, 434 
Salivary glands 

neoplasms, 610*, 615-617, 615* 
nonneoplastic disorders, 612* 
pairs of, 611-613 
tumors of, 617* 

Salmonella spp. 
abdominal pain and, 1204 
infected aneurysms, 1564, 1759 
infection preceding appendicitis, 1205 
S. choleraesuis, 1564 
S. enteritidis, 1564 
S. typbimurium, 1564 
Salt wasting, in infants, 1812 
Saltwater crocodiles (Crocodylus porosis), 472 
Santorini duct, 1940 
Saphena varix, 1177 
Saphenous vein 

autogenous aortorenal graft, 1619/ 
grafts, nonreversed, 1678 
normal anatomy, 1783-1874 
stripping, 1791-1792 
Sarcoidosis, 1309 
Sarcomas, 2018-2038 

of bone, 2034-2036 ( See also Osteosarcomas) 
classification, 2034? 
presentation, 2034-2036 
chest wall, 1394 
classification of, 2019/ 
colorectal, 1117 
definition of, 2018-2019 
diagnostics, 2020 
epidemiology, 2018-2020 

gastrointestinal stromal tumors (GISTs), 2032-2033 

hepatic, 1931 

lung, in children, 1862 

molecular biology, 2020 

osteogenic, 1861 

pediatric, 1973-1974 

soft-tissue 

amputation for, 2025-2026, 2027/ 
brachytherapy, 2028, 2028* 
chest wall, 2026/ 
classification, 2023, 2023*, 202 5t 
diagnostic biopsy, 2022-2023 
diagnostic imaging, 2020-2022 
en bloc resections, 2031* 
genetic subtypes, 2021* 
histologic grading, 2024/ 
intra-abdominal, 2029-2032 
metastatic disease, 2032 
pediatric, 1973-1974 


pediatric patients, 1861 
presentation, 2020 
radiation therapy, 2026-2029, 2031 
recurrent disease, 2032 
retroperitoneal, 2029-2032, 2030/ 
staging, 2023-2024, 2025* 
surgical treatment, 2024-2029, 2027/ 
survival rates, 2024*, 2032/ 
treatment complications, 2028* 
toxic exposures and, 2019 
Sarin, 488 

Scalene muscles, 1405/ 

Scalp wounds, 435/ 

Scaphocephaly, 2069, 2070/ 

Scars 

excessive formation of, 66-69 
formation, 53-54 
hypertrophic, 54, 68-69, 233 
quality of, 54 
unsightly, 69 
Schistosoma spp. 

S. hematohium, 892 
S. japonicum, 892 
S. mansoni, 892 
S. mekongi, 892 
Schistosomiasis, 892, 892/ 

Schneiderian papillomas, 617 
Sciatic hernia, 1191-1192, 1193/ 

Sciatic nerve, 1170 

Scientific Registry of Transplant Recipients, 543, 599 
Scleroderma, 1030, 1605/ 

Sclerosants, 1047, 1879 
Sclerosing cholangitis, 1004 
Sclerotherapy 
endoscopic, 918 
for hemorrhoids, 1138 
for variceal bleeding, 926 
variceal ligation, 918 
Scorpion stings, 474-475 
Scorpions, 474-475 
“Seat belt aorta,” 419 
Seatbelts 

abdominal wall ecchymosis, 439/ 
blunt injuries from, 402 
injuries caused by, 321 
Second-hit phenomena, 157 
Secondary survey 
abdomen, 334 
chest, 333-334 
extremities, 335 
head and face, 332 
neck, 332-333 
pelvis, 334-335 
Secretin 
function, 740 
GI distribution of, 740/ 
release of, 741, 811 
testing, 816* 

Secretory diarrhea syndrome, 1959 
Secretory vesicles, 95, 95* 

Sedation analgesia, 243-244 
Sedation holidays, 462 
Sedation scale, 244* 

Sedative/hypnotics, 238-239 
“Seed and soil” phenomenon, 273 
Segmental arm pressures, 1526, 1527/ 

Segmental colonic ischemia, 1205 
Segmental limb pressures, 1523-1524, 1523/ 
Seizures 

after penetrating brain injury, 349 
hypoglycemia-related, 591 
postoperative, 561 
secondary brain injury, 459 
Seldinger technique, 1661 
E-Selectin, 74, 92 
P-Selectin, 74, 75, 92 

P-Selectin glycoprotein ligand-1 (PSGL-1), 74-75 
P-Selectin inhibitors, 1781 
Selectin receptors, 92 

Selective digestive decontamination (SDD), 462-463 
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Selective mesenteric angiography, 1051 

Selective oropharyngeal decontamination (SOD), 462-463 

Selective relaxant binding agents, 239-240 

Selective serotonin reuptake inhibitors (SSRIs), 1040 

Selective visceral arteriography, 1045-1046, 1045/ 

Selenium, 461 

Self-antigens, 505 

Self-expanding metalic stent (SEMS), 762 
Sella turcica, 1346 
Semilunar line, 1162, 1163 
Senescence, cancer biology and, 266 
Sengstaken-Blakemore tube, 920, 920/ 

Senning operation, 1433 

Sentinel node biopsy, 1270^ 2008-2009 

Seprafilm, 1064 

Sepsis 

activated protein C for, 127 
after multiple fractures, 424 
bile duct postoperative strictures and, 985-986 
as contraindication, 518 
corticosteroids for, 127 
intra-abdominal, 561 
management of TPN, 43 / 
metabolic response to, 34-36 
mineralocorticosteroid replacement therapy, 127 
nutritional interventions, 27 
postsplenectomy, 393, 1217-1218, 1218£ 
protein metabolism in, 177/ 
surgical site infections and, 142 
systemic metabolic response, 34-35 
Septic shock, 152 
Serafini hernia, 1194 
Serine, synthesis of, 16 
Serine proteases, 72 
Seromas, 1197 

Serotonin release assay (SRA), 84 
Serous cystic neoplasms, 841 
Serrated adenomas, 1080 
Serratia sp., 143 
Serum amylase, 388, 401 
Serum amyloid A (SAA), 125 
Serum lipase, 388, 401 
Serum sickness 
after antivenin therapy, 470 
symptoms of, 470 
treatment of, 470 
Sevoflurane, 238, 23St 
Sex steroids, 1325. See also Hormones 
Sexual dysfunction, 1067, 1750 
Sexually-transmitted diseases, 1151-1152 
Sham feeding, 1027 
Shaving, infections and, 136 
Shear strain, 319 
Shear stress, 319 

Sheehan syndrome of pituitary necrosis, 469 
Shell vial assay, 898 
Shigella sp., 1205 
Shivering thermogenesis, 1806 
Shock, 147-166 
after snakebite, 469 
cardiac response to, 154-155 
classification of, 147, 149-153, 150£ 
compensatory responses to, 157 
complications of, 157-159 
evaluation of, 147-149 
genetic regulation of response to, 156-157 
hemodynamic patterns in, 151t 
hepatic response, 156 
hypothermia and, 478 
immunoinflammatory response, 156 
microvascular response to, 154-155 
monitors, 161-162 
neuroendocrine response to, 155-156 
oxygen demand and, 168 
in pediatric trauma patients, 433 
pulmonary response, 156 
renal response, 156 
resuscitation algorithm, 155f 
surgical site infections and, 142 
treatment, 148, 159-164 


Short bowel syndrome, 37 
Short-gut syndrome, 1311, 1829-1830 
Shotgun wounds, 323, 402, 20 55f 
Shumway biatrial technique, 569/ 

Shunting, intraluminal, 420 
Sialadenitis, 611-613, 612 
Sialation, 15 

Sialolithiasis, 611-613, 613 
“Sick euthyroid” syndrome, 566 
Sickle cell anemia, 1227 
Sigmoidscopy, 1076, 1099, 1100-1101 

Signal transducers and activators of transcription (STATs), 1576 

Sildenafil, 1430 

Silver-impregnated gauze, 224t 

Silver nitrate, 199-200, 223-224, 224? 

Silver sulfadiazine, 222-223 
advantages/disadvantages of, 224? 
for burns, 199 
for cold injury, 481 
dressings, 273 
in facial burns, 229 
in wound care, 66 

Single nucleotide polymorphisms (SNPs), 157 
Sinonasal carcinomas, 620-622 
Sinonasal neoplasms, 617-618 
Sinus histiocytosis, 1849 
Sinuses of Valsalva, 1449 
Sinusitis, 614-615, 614? 

Sirolimus 
efficacy, 599 

in immunosuppression, 540, 604 
in kidney/pancreas transplants, 599 
mechanism of action, 1472 
in renal transplantation, 541 
Sister Mary Joseph node, 843 
Sistrunk procedure, 1283 
Skeletal injury, triage, 447 
Skeletal muscle, 28 
Skin 

artificial, 50, 62, 65 
biology of, 216 
burns and, 216 
cutaneous necrosis, 232 
elasticity of, 2060-2061 
neoplasms, 1999-2018 
rhytidectomy and, 2060-2061 
Skin-associated lymphoid tissue, 217 
Skin cancer, 540, 610?. See also Specific cancers 
Skin flaps 

hand reconstruction, 20 55f 
random, 275, 2043 

in reconstructive surgery, 275-276, 2043-2044 
Skin grafts, 275, 2043 
donor sites, 200/ 
neovasculation in, 217 
skin substitutes, 225-226, 226 
Skin substitutes, 225-226, 226 
Skin tumors, nonmelanoma, 2012-2016 
Skull 

buttresses, 356-357, 356/ 
growth of, 2069 
plain radiographs, 345 
Virchow’s law, 2069 
Skull fracture 
depressed, 349, 349/ 
frontal, 435/ 
management of, 347 
Sliding hernias, 1176/ 

“Slipping rib” syndrome, 1856 
Smad2 mutation, 270 
SMAD4 gene, 1071 
Smad4 mutation, 270 
Small bowel 
adenocarcinoma 
classification, 791/ 
clinical presentation, 789 
diagnosis, 790 
epidemiology, 789 
management, 790 
staging and prognosis, 790, 791/ 
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Small bowel (< continued) 
atresia, 1892/ 
brush border of, 746 
Crohn disease, 773/ 781 
enteroscopy, 787 
mesentery, 281 
metastatic lesions, 796 
organ preservation, 530 
postoperative obstruction, 1064-1065 
tumors, 785-789, 785*, 786f, 792-794 
Small cell lung cancer, 1379 
Small for gestational age (SGA), 1804 
Small interfering RNA (siRNA), 274 
Small intestine 
angiodysplasia, 1052 
blunt injurjies, 402 
diverticulum, 1053 
electrical activity of, 741 
embryology of, 737-739 
GI motility and, 1033 
gross anatomy, 737-739 
microscopic anatomy, 739-740 
mucosa, 739-740 
neoplasms, 784-796 
penetrating injuries, 401-402 
physiology, 740-748 
Smoking. See also Tobacco 
abdominal aortic aneurysms and, 1734, 1735 
colorectal cancer and, 1093 
coronary artery disease and, 1466 
Crohn disease and, 773 
head and neck complaints and, 609 
impairment to wound healing, 63 
lung cancer and, 261 
passive, 609 

protective effect, 1056-1057 
ulcerative colitis and, 1056-1057 
wound healing and, 272, 2040 
Smooth muscle cells 
apoptosis of, 1768 
depletion, 1700 
gastric, 697-698 
growth regulation, 1574-1575 
in vascular structures, 1569-1570 
Snakebites, 466-471, 468? 

Snakes, poisonous, 466-467 
Snare polypectomy, 1077 
SNARE proteins, 93 
Soave procedure, 1914, 1915f 
Society of Thoracic surgeons, 289 
Sodium 

abnormalities, 1814-1815 
absorption of, 744, 74 5f 
body fluids and, 190-191 
excretion, 910-911 
fractional excretion of, 1812-1813 
hypernatremia, 201-202 
hyponatremia, 200-201 
retention, 910-911 
Sodium chloride, 191, 196 

Sodium-dependent hexose transporter (SGLUT-1), 746 
Sodium morrhuate, 1047 
Sodium polystyrene sulfonate (Kayexalate), 203 
Sodium-potassium-adenosine triphosphatase pump, 515, 591 
Sodium thiosulfate treatment, 220 
Soft palate 
carcinomas, 623 
paralysis of, 633 
Soft tissue 

necrotizing infections, 140-142, 231-233, 232/ 233 1 
diagnosis, 141 
terms applied to, 141t 
treatment, 141-142 
sarcomas, 2020-2029 
pediatric, 1861, 1973-1974 
Solenopsis invicta (fire ants), 474 
Solid pseudopapillary tumors (SPTs), 842 
Solitary toxic adenoma, 1289 

Somatomedin C. See Insulin-like growth hormone (IGF-I) 


Somatosensory evoked potentials (SSEPs), 1728 
Somatostatin, 400, 691, 691/ 
action of, 812 
analogs of, 868-869 
blood glucose levels and, 1942 
description, 741 
effect on inflammation, 120 
function, 1348£ 

GI distribution, 740/ 
secretion of, 812 
synthesis of, 812 
Somatostatinoma, 868, 868£ 

Sorafenib, 945 
Source control, 133 
Spalling, 491 
Specific heat, 458 

Spermatic cord, components of, 1168-1169, 1169/ 
Sphenoid sinus, 1348/ 

Sphenopalatine artery, 355 
Spherocytosis, hereditary, 1226 
Sphincter of Oddi, 738, 805 
anatomy of, 879, 961 
dysfunction, 973, 1031-1033, 1032? 
stenosis of, 996 

Sphincterotomy, 1146-1147, 1146/ 
Sphingomyelinase D, 473 
Sphingomyelins, 14 
Spider angiomas, 912 
Spiders 

bites, 472-474 
venomous, 472-474 
Spigelian hernia, 1190-1191, 1191/ 

Spina bifida, 1839 
Spinal block, 242 
Spinal cord injury (SCI) 
energy expenditure, 461 
pediatric, 436 
postinjury care, 461 
secondary, 430 

Spinal cord stimulation (SCS), 1683 
Spinal injury 
dislocations, 425 
full spinal precautions, 423 
life-threatening injuries, 425 
neurogenic shock and, 425 
Spironolactone, 928, 1040, 1334 
Splanchnic artery 
aneurysmal disease, 1640-1650 
macroaneurysms, 1642? 
stenosis, 1530-1531 
stent placement, 1530-1531 
Splanchnic ischemia 
acute, 1633-1634 
chronic, 1635-1640 
Splanchnic vessels 
anatomy, 1629-1630 
bypass conduits, 1641/ 
chronic visceral ischemia, 1640/ 
disease of, 1629-1652 
ischemic syndromes, 1630-1631 
physiology of, 1629-1630 
substances affecting flow, 1637? 
Splanchnicectomy, 835£ 

Spleen, 1212-1239 
abscess of, 1234 
accessory, 1224 

anatomy, 1213, 1213/ 1215-1216 
arterial blood flow, 1214/ 1215 
cross-sectional, 1215/ 
gross specimen, 1214/ 
lymph drainage, 1215 
microanatomy, 1216/ 
venous flow, 1215 

autoimmune disorders and, 1223-1226 

blunt injury, 438 1 

cysts, 1233-1234, 1233f, 1234/ 

disorders, 1219-1230 

ectopic, 1234-1235 

embryology, 1213 
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erythrocyte removal, 1216-1217 
functions, 1216? 
history, 1212-1213, 1213£ 
lacerations, 393 
metastatic disease to, 1230 
mobilization of, 1222/ 1235/ 
operative indications, 1219-1220 
pathophysiology, 1217-1219 
physiology, 1216-1217 
ruptured, 43 7/ 1221 / 
salvage technique, 392 
trauma centers triage, 446-447 

traumatic injuries, 392-393, 392/ 1220-1223, 1221t, 1223/ 
vascular disorders of, 1233 
Splenectomy 
complications after, 393 
diagnostic, 1231-1233, 1231? 
iatrogenic, 1231 
immunizations after, 1218 
incidental, 1230-1231 
indications for, 1220t, 1235t 
operative techniques, 1235-1237, 1236/ 
outcomes, 12171 
partial, 1236 

preoperative vaccinations, 1235 
for splenic artery aneurysms, 1644 
Splenic artery 
anatomy, 1213 

aneurysm, 1233, 1640, 1643/ 1644, 1644f, 1645f 
origin of, 805 
Splenic salvage, 400 

Splenic vein, 806, 875, 916, 923, 1215, 1233 
Splenomegaly, 1231 
Sports hernia, 1184-1185 
Squamous cell carcinomas (SCCs), 618, 2013 
anal canal, 1155, 1155/ 
anal margin, 1154, 1154/ 
double free-flap reconstruction, 2046/ 
esophageal, 676t, 678 
head and neck, 618 
lip, 622-623 

modified Nigro regimen for, 1155£ 
risk factors, 2024? 
sinonasal, 617, 620-622 
staging, 1155£ 

superior sulcus tumor, 1377/ 
ulcerative, 2013? 

Src family kinases, 93, 94 b 
SSR-149,415, 200 
St. Jude Medical Epic Valve, 1453 
St. Jude Medical Regent Valve, 1452/ 

ST-segment elevation myocardial infarction (STEMI), 1464-1465 
Stab wounds, 323 

Standard criteria donors (SCDs), 534 
Staphylococcus scalded skin syndrome, 231 
Staphylococcus spp. 
infected aortic aneurysms, 1564, 1759 
infection after brain injury, 349 
S. aureus, 462 

after lung transplant, 586 

community-acquired methicillin-resistant, 132, 136 
infected aneurysms, 1565/ 
lymphadenopathy and, 1849 
methicillin-resistant, 143, 200, 1564 
sialadenitis, 612 
in sinusitis, 614 
vancomycin-intermediate, 143 
vancomycin-resistant, 143 
in ventilator-associated pneumonia, 462 
S. epidermidis, 1556-1557 
Stapled anopexy, 1139, 1140/ 

Starvation 

in ICU patients, 177/ 

lypolysis during, 13 

malnutrition and, 25 

metabolic response to, 32 1, 1804, 1805/ 

metabolism in, 18 

protein metabolism in, 177/ 

response to, 24/ 


Starzl, Thomas, 542 

STAT (signal transduction and activator of transcription), 111/ 
Statins, 1470, 1578, 1736 
Stavaptan, 200 
Steatorrhea, 816£ 

Stem cells, 69, 273, 739, 2042 

Stensen duct, 612 

Stents 

for endovascular treatment, 1540 
in esophageal cancer, 682 
liver abscesses and, 888 
migration, 1547 

perioperative instent thrombosis, 246-247 
renal artery, 407 
Sternal clefts, 1398, 1401/ 1856 
Sternal flail, 374/ 

Sternal fractures, 382, 382/ 

Sternohyoid muscles, 1283 
Sternotomy, primary median, 375 
Steroids 

adrenal production of, 1325, 1326/ 
after snakebites, 470 
in Crohn disease, 776 
impact on wound healing, 63 
precursors, 10 
for ulcerative colitis, 1061 
Stethoscopes, 609 
Stevens-Johnson syndrome, 900 
Stewart-Treves syndrome, 2019 
Stomach 
anatomy, 686/ 

arterial blood supply, 686/ 
innervation, 687, 688/ 
lymphatic drainage, 686, 687/ 
vagal innervation, 687/ 
angiodysplasia, 1052 
GI motility and, 1030-1031 
gross anatomy, 685-687 
microscopic anatomy, 687-689 
traumatic injury, 396 
Stool. See also Defecation 
collection in the rectum, 1136-1137 
DNA screening, 1076-1077, 1100 
Streptococcemia, 232 
Streptococcus spp., 889 
infected aortic aneurysms, 1759 
S. pneumoniae, 614 
S. viridans, 1564 
Streptokinase, 85, 377 
Streptomycn, 487 
Streptozocin, 1942 
Stress 

body response to, 27-31 
catabolism, 1805/ 
energy requirements and, 1807 
fetal, 1811 

homeostatic responses, 28-31 
hormone response to, 154 
metabolism, 1805 
responses to, 31-33, 124-125 
surgical, 32-34 

Stress gastritis, 461-462, 710-712, 1048-1049 

Stress tests, 594, 1468 

Stressors, caloric requirements in, 1771 

Stretch forces, 319 

Stretch marks, 55 

Strictureplasty, 779-780, 780/ 781/ 

Stroke 

causes of, 1540 
hemorrhagic, 1585 

mechanical circulatory support and, 1489 
pathogenesis of, 1585-1586 
Stroke volume, 31, 169/ 

Subarachnoid hemorrhage, 349 
Subclavian artery 
anatomy, 1598 
aneurysm, 1603/ 1605/ 
narrowing, 1604/ 

Subclavian artery-to-pulmonary artery shunt, 1425 


154 


Index 


Subclavian catheter, 39/ 

Subclavian vein, 1778 
Subdural hematomas 
CT scan, 346/ 
head injury and, 337 
management of, 347-348 
trauma centers triage, 446 
Subglottic carcinomas, 626 
Sublingual glands, 611-613 
Submandibular glands, 611-613, 613f, 615, 617/ 

Submucosa, intestinal, 740 
Substance P, 120 
Substrate metabolism, 22-23 
Subungual melanoma, 2001/ 

Succinylcholine, 239, 23 9t 
Sucralfate, 703, 1048 
Sucrose, digestion of, 746 
Sufentanil, 241 1 
Sugammadex, 239-240 
Sugirua procedure, 925, 926/ 

Suicide genes, 275 
Sulfamylon dressings, 481 
Sulfasalazine, 1060-1061 
Sulfate ions, 190-191 
Sulfotransferases, 18 
Sulindac (Clinoril), 1087 
Sunburn, depth of, 216 
Sunitinib, 63, 796, 945 
Superficial femoral artery, 1675/ 

Superficial femoropopliteal vein, 1561/ 1562/ 

Superficial musculoaponeurotic system (SMAS), 2061 
Superficial spreading melanoma (SSM), 2002 
Superficial vein thrombophlebitis, 1782-1783 
Superior gluteal nerves, 1170 
Superior mesenteric arteriogram, 1123/ 

Superior mesenteric artery (SMA), 738, 805 
acute thrombosis of, 1633 
anatomy, 1019 
anatomy of, 1629-1630 
aneurysm, 1646-1647, 1647/ 
duplex scan, 1635/ 
embolus, 1638/ 
endartectomy, 1641/ 
ischemia, 1638/ 
occlusion, 1639/ 1643/ 
stenosis, 1639/ 
vascular territory, 739/ 

Superior mesenteric vein (SMV), 738, 806, 875 

Superior pancreaticoduodenal arcades, 805 

Superior thyroid arteries, 1283 

Superior thyroid veins, 1283 

Superior vena cava (SVC) syndrome, 1423 

Supernumerary kidney, 1946 

Superoxide, 97, 121, 517/ 

Superoxide dismutase, 19 
Supraclavicular adenopathy, 843 
Supracondular fractures, 439 
Supraduodenal artery, 877 
Supraglottic carcinomas, 625 
Supraglottis, 625 
Suprapiriform foramen, 1170 
Supravesical fossa, 1166 
Supravesical hernias, 1192, 1193/ 

Surfactants, 156, 1819 

Surgeons, in cancer treatment, 277-282 

Surgery 

catabolic response to, 37 

outcomes measurement, 288-289, 288^ 293 

process compliance, 288£ 

proficiency in, 3-9 

quality of care, 289-290 

selective referrals, 288^ 

Surgical care 

performance measures, 292 1, 293t 
quality measures, 291-297 

Surgical Care Improvement Project (SCIP), 137t, 287-291, 298/ 
Surgical Infection Society, 140 
Surgical infections, 132-146. See also Infections 
antimicrobial agents, 143-145 
diagnosis, 133 


pathogens, 143 
prevention of, 133 
treatment, 133-134 
Surgical patients 
cardiac risk stratification, 246? 
circulation monitors, 252 
consciousness monitors, 252 
monitoring of, 251-253 
ventilation monitors, 252 
Surgical Safety Checklist (WHO), 304, 305* 

Surgical site infections (SSIs), 132-146 
cardiac surgery, 136t 
diagnosis of, 138 
management algorithm, 138 
potential, 138 

prevention, 134-137, \3St, 136? 
process compliance and, 288-289 
therapy, 138-139 
wound classification and, \34t 
Sustained low-efficiency dialysis (SLED), 183-184 
Sutures, materials used for, 61 
Swallowing, mechanics of, 633-635 

Swanson metacarpophalangeal joint arthroplasty (SMPA), 2059, 2059/ 

Sweat chloride test, 1903 

Sweat gland carcinoma, 2015, 2016 

Swiss cheese model, 299 

Syme amputation, 1688-1689, 1690/ 

Symmers pipestem fibrosis, 892 
Syncope, 1451 
Syndactyly, 2057, 2057/ 

Syndrome of inappropriate ADH secretion (SIADH), 200, 200^ 1346 
Synovial sarcoma, 2021 1 
Syphilis, 1443, 1596 

Systemic inflammatory response syndrome (SIRS), 133 
acute pancreatitis and, 820 
after traumatic injury, 461 
development of, 127 
distributive shock and, 152 
in fluid therapy, 197 
overview, 126-127 
pathogenesis of, 109 
signs of, 152t 

Systemic lupus erythematosus (SLE), 77, 1030 

T 

T cell dependent (TD) responses, 508 

T-cell depletion antibodies, 599 

T-cell growth factor. See Interleukin-2 (IL-2) 

T cell help, 508 

T cell-independent responses, 508 
T cell-independent (TI) responses, 508 
T-cell receptors (TCRs), 102, 502-503, 502/ 

T cells. See T lymphocytes 
T-helper cells, 508, 512 
T lymphocytes 
activation of, 101, 502-503 
gut epithelium, 743 
immune responses and, 504/ 
in inflammation, 100-103 
naive, 100-101 
recruitment of, 110 
signaling by, 102/ 
transplant immunity and, 500 
Tables, use of, 6 
Tachycardia, 148, 379, 446 
Tachykinins, 120 
Tacrolimus 
adverse effects, 561 
after lung transplantation, 584 
efficacy, 599 

in immunosuppression, 584 
in kidney/pancreas transplants, 599 
mechanism of action, 563 
in pancreas transplantation, 599 
in renal transplantation, 540, 541 
for ulcerative colitis, 1062 
Takayasu arteritis, 1443, 1603, 1603/ 

Talar neck, 430 

Tamoxifen (Nolvadex), 1249, 1260, 1261, 1263, 1263/ 

Tandem Heart pVAD, 1493, 1494/ 
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Tar burns, 230, 231/ 

Targeted molecular therapies, 273-274 
Taurine, 97 

Taussig-Bing anomaly, 1431 
Technical decontamination, 488 
Tegenaria agrestis (hobo spider), 472, 473/ 

Telangectasia, 1790-1791 
Telbivudine (Tyzeka), 896 
Telomerases, 266 
Temperature 
control of, 135 

effect of inhalation agents, 238 
pH management and, 477 
specific heat formula, 458 
water balance and, 195-196 
Temporal lobectomy, 350 
Tendinous arch, 1170 
Tensile strain, 319 

Tension pneumothorax, 328, 370-371, 372/ 376 

Tentorial herniation, 520 

Teratomas 

fetal surgery for, 1837 
hepatic, 1930 
lung, 1864 
mediastinal, 18 65/ 
sacrococcyteal, 1837 
Terazosin, 1339 
Terbutaline, 1985 
Terlipressin, 910 
Terrorism, 486-496 
barriers to disaster response, 495* 
biologic weapons, 486-487 
casualty outcomes, 495* 
chemical weapons, 487-488 
explosive weapons, 489-492 
hospital casualty management, 492-494 
nuclear weapons, 488-489 
planning for, 494-495 
radiologic weapons, 488-489 
reporting, 494-495 
triage, 492-494 
Testicles, descent of, 1886 
Testicular artery, 1169 
Testicular torsion, 1954 
Testicular tumor, 1954-1955 
Testosterone, 18, 1952 
Tetanus immunization, 454 
Tetanus prophylaxis, 228, 391, 470 
Tetanus toxoid, 481 
Tethered spinal cord syndromes, 1897 
Tetracaine, 243? 

Tetracycline, 454, 1703, 1940 

Tetrahydrobiopterin (BH4), 1572 

Tetralogy of Fallot (TOF), 1425, 1430-1431, 1430/ 

Thalassemia, 1225-1226 
Theophylline, 569 
Thermal entrainment, 1528 
Thermal injury, 38. See also Burn injuries 
Thermogenesis, nonshivering, 1806 
Thermoregulation, 521, 1806 
Thermoregulatory drive, 477 
Thiamine, 40? 

Thiazide diuretics, 210, 1309, 1617, 1940 
Thienopyridines, 85, 1470 
Thigh, fasciotomy, 420/ 

Thiopental, 454 
Thiopurines, 776 
Thoracic aorta 

aneurysms, 1706-1718, 1707/ 1711* 
endografting, 1548 
Thoracic duct, 1414/ 

Thoracic epidural analgesia, 462 
Thoracic injuries 
classification of, 371? 
empyema, 382-383 
rib fractures, 382-383, 383/ 
sternal fractures, 382, 382/ 

Thoracic outlet, 1403/ 1602/; 1604/ 

Thoracic outlet syndrome (TOS), 1397-1403, 1401-1403, 1403/ 1604 
Thoracic spine injuries, 436 


Thoracic trauma, 436-437 
Thoracic tumors, 1861-1864 

Thoracoabdominal aortic aneurysms (TAAA), 1548, 1548/ 1719-1733 
Thoracoepigastric vein, 1250/ 

Thoracostomy, 328 
Thoracotomy 
axillary, 583 

emergency department, 332, 375 
fourth intercostal space posterolateral, 583 
for intralobar sequestration, 1857 
left anterolateral incision, 375f 
for penetrating trauma, 333/ 
resuscitative, 332 
for rib fractures, 382 
Thoratec IVAD, 1498/ 

Thoratec pVAD, 1498/ 

Thorax, nomenclature, 1393/ 

Thrombi, 76-77 
Thrombin, 70, 71, 84, 1773 
Thrombin-thrombomodulin (TM) complex, 71 
Thromboangiitis obliterans, 1605 
Thrombocytopenia, 84, 910 

Thrombocytopenic purpura, 1223-1224, 1224-1225 
Thrombocytosis, 125 
Thromboelastography (TEG), 549 
Thromboembolism, 294, 455, 1489 
Thrombolysis, 86, 86* 

Thrombolytic therapy, 1552-1553 

Thrombophlebitis, 1250/ 1566, 1782-1783 

Thromboplastin, 14 

Thrombosis, 74-76, 78-82 

Thrombosis syndrome, 84 

Thrombospondin 1 (TSP-1), 272, 276t 

Thrombotic thrombocytopenia purpura (TTP), 1224-1225 

Thromboxane A 2 , 70, 85 

Thrombus, 73/ 

Thumb 

absence of, 2059/ 
aplasia of, 2058 
duplication, 2057-2058, 2058/ 
hypoplasia, 2058 
Thymic cysts, 1860 
Thymoglobulin, 599, 604 
Thymomas, 1419-1420, 1421* 

Thymus, resection, 1422/ 

Thyroglobulin, 1286 

Thyroglossal duct cysts, 1282, 1847-1849, 1848/ 

Thyroid antibodies, 1286 
Thyroid cancer 
incidence of, 261 
oncogenes in, 264 
papillary, 1292 
radioiodine therapy, 1297 
staging of, 1295-1296, 1296* 
surgical procedures, 1296, 1298-1300 
treatment considerations, 1292-1298 
tumor classification, 1292-1295 
Thyroid gland 
anatomy, 1318/ 

airway relationships, 1283, 1283/ 

Cernea classification, 1284/ 
fascial relationships, 1283 
lymphatic relationships, 1284-1285, 1284/ 
muscular relationships, 1283 
neurologic relationships, 1283-1284 
parathyroid relationships, 1285 
surgical implications of, 1283-1285 
vascular relationships, 1283 
carcinomas, 610* 

congenital abnormalities, 1282-1283 
embryology, 1282-1283 
functional disorders 

hyperthyroidism, 1288-1289 
hypothyroidism, 1289 
thyroiditis, 1289-1291 
imaging techniques 
computed tomography, 1287-1288 
cross-sectional imaging, 1287-1288 
magnetic resonance imaging, 1287-1288 
nuclear medicine, 1286-1287 
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Thyroid gland ( continued) 

positron emission tomography, 1287, 1287/ 
ultrasonography, 1287 
laboratory tests, 1285-1286 
malignancies, 1292-1298 
metastatic disease of, 1295 
nodular disease, 1291-1292 
physiology, 1285 
surgical implications, 1282-1283 
surgical procedures, 1298, 1298/ 1299/ 1300-1301 
Thyroid hormone, 30 
Thyroid lymphoma, 1295, 1295/ 

Thyroid nodules, 1291-1292 
Thyroid peroxidase autoantiboeies (TPOAbs), 1286 
Thyroid peroxidase (TPO), 1285 
Thyroid-releasing hormone (TRH), 696/ 

Thyroidectomy, 1294? 

Thyroiditis, 1289-1291 
Thyrotoxicosis, 1289, 1290 

Thyrotropin-releasing hormone (TRH), 1348?, 1876 
Thyrotropin-stimulating hormone (TSH), 1285, 1286 
Thyroxin-binding globulin (TBG), 1285 
Thyroxine (T 4 ), 1285 
free, 1285-1286 
total, 1286 
Tick bites, 472 

Ticlopidine (Ticlid), 1040, 1470 

Tigecycline, 143 

Tinidazole, 890 

Tirofiban (Aggraster), 85 

Tissue damage, 31 

Tissue expanders, 275, 2043 

Tissue factor pathway inhibitor (TFPI), 71, 462 

Tissue factor (TF), 70, 74, 78, 217 

Tissue inhibitor of metalloproteinases-1 (TIMP-1), 2 76t, 1580, 1708-1709 

Tissue inhibitor of metalloproteinases-2 (TIMP-2), 27 6t 

Tissue necrosis, 60-61 

Tissue oxygenation, 434 

Tissue plasminogen activator (TPA), 72, 757 

Tissue repair, 217 

Tissue typing, 567 

To Err Is Human (IOM), 298 

Tobacco, 453, 609, 675. See also Smoking 

Tocolysis, 1984-1985 

a-tocopherol, 228 

Toddlers, palm burns, 229 

Toe transfer, 2053, 2054/ 

Tokyo subway system, 488 

Tolazoline, 482, 1876 

Tolbutamide response test, 817 

Tolerance, 504, 505, 507, 508 

Toll-interleukin-1 receptor (TIR) domains, 123 

Toll-like receptors (TLRs), 108/ 122-123, 742, 1580-1581 

Tolvaptan, 200 

Tongue carcinomas, 622, 623 

Tonicity, 191 

Tonsilar fossa, 623 

Topical antimicrobials, 199-200, 199t 

Torsion, abdominal, 1201 

Torsion injury, brain, 337 

Total artificial hearts, 1502 

Total atrioventricular transplant technique, 571/ 

Total body potassium (TBK), 190 

Total body surface area (TBSA), 214 

Total body water (TBW), 189-190, 1811, 1811/ 

Total colonic aganglionosis, 1916 

Total energy expenditure (TEE), 1806-1807 

Total joint replacement, 136? 

Total lung capacity, 1816 
Total parenteral nutrition (TPN) 
in acute pancreatitis, 823 
for children, 1808, 1811 
in critical care, 27 
in Crohn disease, 776 
formulations, 180 
GI tract effects, 41 
indications, 37 

for infants, 1808, 1809, 1811, 1886 
management of septic patients, 43/ 


nutrition formulations, 38-41 
postinjury care, 461 
potential complications, 41, 42? 
as primary therapy, 37-38 
as secondary therapy, 38 
standard central venous solution, 39/ 
for surgical patients, 37 
techniques of, 45-46 
vitamin requirements, 40? 

Total urinary nitrogen (TUN), 25 

Totally extraperitoneal laparoscopic repair, 1182-1184 

Tourniquets, 420 

Toxemia of pregnancy, 454-455 

Toxic acute tubular necrosis, 182 

Toxic colitis, 778 

Toxic epidermal necrolysis (TEN), 203/ 231 

Toxic exposures, 2019 

Toxic megacolon, 1063 

Toxic multinodular goiter, 1288-1289 

Toxic shock syndrome, 138, 1311 

Trace elements, 41 1 

Trachea 

airway stents, 1417-1418, 1418/ 
anatomy, 1415 
blood supply, 1417 
neck injuries and, 366 
postintubation lesions, 1420/ 
surgical airways, 1415 
tracheomalacia, 1417-1418 
tumors, 1417, 1418/ 

Tracheal intubation, 432 

Tracheobronchial tree, 220-222, 378, 1871-1872 
Tracheoesophageal displacement index (TEDI), 1832 
Tracheoesophageal fistula, 1864-1870, 1866/ 
Tracheogram, 1380/ 

Tracheoinnominate artery, 1419/ 

Tracheomalacia, 1417-1418, 1869-1870 
Tracheostomy, 611, 612/ 

Transabdominal preperitoneal repair (TAPP), 1182, 1183/ 

Transabdominal ultrasonography, 844 

Transaminases, 844, 888, 893 

Transcapillary refill, 153 

Transcription factors, 1036 

Transcutaneous oxygen measurements, 1535, 1535/ 
Transcutaneous portal cava shunt (TIPS), 548 
Transduodenal intraoperative pancreatography, 399 
Transesophageal echocardiography (TEE), 252, 379, 447 
Transferrin, 18, 745 

Transforming growth factor |3 receptor II, 1071 
Transforming growth factor (3 (TGF-(3) 
in adhesion prevention, 757 
in cancer biology, 269-271, 270/ 
characteristics, 107t 
overview, 114 
secretion, 906 
synthesis of, 1575 
in wound healing, 48 

Transforming growth factor (3 type II receptor (T|3RII), 
270/ 

Transfusions, 158-159, 160, 176, 479 
Transhepatic portography, 560 
Transient hypoxemic respiratory failure, 469 
Transient ischemic attack (TIAs), 1584, 1586-1587 
Transjugular intrahepatic portosystemic shunts (TIPS), 
920-922, 922/ 937 
Transnasal feeding catheters, 43-44 
Transoral partial glossectomy, 622 
Transplant immunity, 500 
Transplantation 
B cells in, 507-508 
cardiac, 565-566 
donor evaluation, 596 
genetic determinants, 499-500 
immune response to, 503-504 
immunity related to, 500 
immunology of, 497-514 
immunosuppressive therapy, 506-507 
initial experiments, 498/ 
islet cells, 602-605 
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islets, 602-607 
liver, 542-564 

alcoholic-liver disease and, 544-545 
biliary atresia and, 547 
contraindications, 543-544 
disease-specific survival, 545-548 
etiologies, 544/ 

fulminant hepatic failure and, 547 
hepatic malignancy and, 546-547 
immunosuppression after, 561-563 
indications for, 542-543 
King’s College criteria for, 547? 
nonalcoholic steatohepatitis and, 545/ 547 
primary biliary cirrhosis and, 547 
primary sclerosing cholangitis and, 547-548 
recipient hepatectomy, 550-551 
rejection, 561-563 
urgent listing criteria, 543? 
organ harvesting, 497-499 
organ preservation, 515-531 
pancreas, 590-607 , 597f 
pancreas, solitary, 601-602 
pancreas-kidney, 592-595, 592/ 594/ 598/ 
terminology, 498 1 
vascular anastomosis and, 497 
waiting lists, 594-595 
Transplants, rejection of, 500 

Transporter associated with antigen processing (TAP), 501 
Transposition of the great arteries, 1432-1435, 1432/ 
Transsphincteric fistula-in-ano, 782/ 

Transtentorial herniation, 338, 343-344 
Transthoracic echocardiography (TTE), 447 
Transthyretin levels, 227 
Transvenous endomyocardial biopsy, 565 
Transversalis fascia, 1166-1167 
Transverse mandibular buttress, 357 
Transverse maxillary buttresses, 357 
Transverse rectus abdominis myocutaneous (TRAM) flaps, 
275, 279-371, 2044, 2048-2049, 2048/ 2049/ 
Transversus abdominis muscle, 1161, 1161/ 1165 
Trapdoor fracture, 358 
Trastuzumab (Herceptin), 273-274 
Trauma. See Specific injuries; Specific systems 
centers for care, 313, 314t, 446-447 
coagulopathy and, 458? 
hypothermia in, 478-479 
registries, 432 
secondary survey, 456-460 
shock, 152-153 
timing of surgery, 460 

Trauma and Injury Severity Score (TRISS), 319 
Trauma care 

historical developments, 310t 
trauma systems and, 312-313 
Trauma in pregnancy, 450-456 
blunt, 453-454 

cardiopulmonary resuscitation, 454 
critical care management, 454 
diagnostic modalities, 453 
fluoroscopy, 453 
initial assessments 
fetal assessment, 453 
fetal monitoring, 453 
history and physical, 452-453 
operative management, 454 
penetrating, 454 
Trauma systems, 314-316 
access to, 314t, 315/ 316/ 

Trauma team composition, 331 
Traumatic brain injury (TBI) 
assessment of breathing in, 328 
coagulopathy in, 459 
evaluation on arrival, 344/ 
evidence-based medicine, 342 
functional recovery, 440-441 
hypothermia in, 478 
intracranial hypertension and, 312, 459 
management of, 459 
pediatric, 436 


pediatric patients, 434-436 
prehospital evaluation of, 343/ 
treatment of, 343/ 344/ 

Traumatic injuries 
biomechanics of, 319 
blunt trauma, 319, 323-324 
challenges of, 325 
chest, 370-385 

mortality peaks after, 311-312, 312/ 
motor vehicle collisions, 318-322 
orthopedic, 322 
outcome assessments, 316-319 
patterns of injury, 322 
penetrating trauma, 321-323 
scoring system, 316-319 
vascular, 325 1 

Traumatic optic neuropathy, 355 
Traumatic pseudoaneurysms, 1710 
Trazodone, 1029-1030 
Trench foot, 480 
Trephination, 347 
Treponema pallidum, 122 
Triage 

in chemical agent attack, 488 
errors of, 492-493, 493t 
field decision scheme, 318/ 

Field Triage Decision Scheme, 329, 330/ 
of mass casualty incidents, 492-494 
prehospital care, 329 
revised trauma scores and, 317, 317? 

Triage plans, 312 
Triamterene, 1334 
Triangle of Calot, 967/ 

Triangle of Koch, 1428 
Trichilemmonas, 1089 
Tricuspid regurgitation, 1458 
Tricuspid valve, 379, 1458 
Tricyclic antidepressants, 1029-1030 
Triglycerides 
dietary, 1808 
ingested, 747 
medium-chain, 747, 1809 
metabolic syndrome and, 713 
mobilization, 14, 28 
storage of, 13 
transport of, 13, 747 
Trigone, 1449 

Trigonocephaly, 2069, 2070/ 

Triiodothyronine (T 3 ), 1285-1286 
Trimethadione, 815 

Trimethoprim-sulfamethoxazole, 540, 563 

Triolein breath test, 815 

Tripod fractures, 357 

Trisomy 21, 1889 

Troponins, 379, 1468 

Truncal obesity, 1330 

Truncal vagotomy, 704-705, 704/ 

Truncus arteriosus, 1435-1437, 1435/ 1436 
Trunk 

cosmetic procedures, 2064-2067 
patterns of injury, 322? 
vascular injuries, 418 
Trypsin, 747, 811, 819-820 
Trypsinogen, 747, 815 
Tubercle of Zuckerkandl, 1283 
Tuberculosis, 518 
Tuberculosis scrofula, 1850 
Tuberculous pericarditis, 1507 
Tuberous sclerosis (TSC), 858 
Tubular duplications, 1926 
Tuftsin, 1217 
Tularemia, 487 

Tumor-infiltrating lymphocytes (TILs), 275, 277, 2011 
Tumor-jaw syndrome, 1312 

Tumor necrosis factor receptor (TNFR), 108, 108/ 
Tumor necrosis factors (TNFs) 
abdominal aortic aneurysms and, 1700 
characteristics, 106? 
effect on F-selectin, 92 
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Tumor necrosis factors (TNFs) ( continued) 
in host defenses, 133 
in inflammation, 108-112 
production of, 1580 
proinflammatory forms, 30 
release of, 36, 101 
Tumor suppressor genes, 264 
Tumstatin, 272 

Tunica vaginalis, 1168-1169, 1887 
Turcot syndrome, 1084, 1087 
Turner syndrome, 1439, 1710, 1957 
Turribrachycephaly, 2070/ 

Twin-to-twin transfusion syndrome (TTTS), 1840 
Typhoid carriers, 1004 
Tyrosine, 16, 1329 
Tyrosinemia, 548 

U 

Ubiquitin, function of, 15 
Ubiquitin pathway, 10 
Ulcerative colitis, 1056-1068 
bile duct carcinoma and, 1004 
clinical features, 1057-1060 
Crohn disease versus, 1061* 
diagnosis, 1060, 1061* 
epidemiology, 1056-1057 
etiology, 1056-1057 
extraintestinal manifestations of, 1059/ 
medical management, 1060-1061 
pathology, 1057, 1058/ 
risk factors, 1056-1057 
treatment, 1062-1067, 1062/ 1062*, 1064* 

Ulcers, bleeding, 1045* 

Ulnar artery, 1598, 1606/ 

Ultrasonography 
B-mode, 1515 
color-flow, 1516 
description, 1514 
diagnostic, 844, 846/ 1559 
Doppler, 1515-1516 
duplex, 1514-1516 
GI tract, 1204 
intraoperative, 950-952 
during pregnancy, 1987, 1990-1991 
prenatal, 1839 
preoperative, 1296 
techniques 

ankle-brachial index, 1522-1523, 1522* 

Doppler analogue waveform analysis, 1524 
exercise testing, 1524 
peripheral artery duplex scanning, 1524 
segmental limb pressures, 1523-1524 
upper extremity arterial evaluation, 1526 
velocity patterns, 1524 
Umbilical anomalies, 1922 
Umbilical hernias, 1185-1186, 1186/ 1886 
Uniform Anatomical Gift Act, 521 
Uniform Drinking Age Act, 1984, 442 

United Network for Organ Sharing (UNOS), 521, 534, 547, 567, 916 
United States Pharmacopeia, 306 
Univentricular heart, 1443-1444, 1444/ 

University Health System Consortium, 304 
University of Michigan Protocol, 302* 

University of Washington, 219* 

University of Wisconsin, 530, 530* 

Unna boots, 64 
Upper airway, 244/ 244* 
thermal injury, 220 
Upper extremities 
anatomy, 1598-1599 
arterial disease, 1598-1607 
arterial evaluation, 1526 
arterial occlusive disease, 1605-1607 
arterial stenosis, 1529* 
duplex scanning, 1528-1529 
ischemia, 1600* 
occlusive disease 

clinical examination, 1600-1601 
imaging, 1601-1605 
laboratory testing, 1601 


medical history, 1599-1600 
signs and symptoms, 1600 
segmental pressures, 1602 
Urachal abnormality, 1949 
Urachal cyst, 1950/ 

Urea cycle, 16/ 

Uremia, 411 
Uremic acidosis, 209 
Ureter 

anomalies of, 1947-1949 
megaureter, 1949 
reconstruction, 409/ 
repair, 410/ 

traumatic injury, 407-409 
Ureteral duplication, 1947-1948 
Ureteral ectopia, 1948 
Ureteral injury, 409/ 

Ureterocele, 1948 
Ureteroneocystostomy, 409 
Ureteropelvic junction, 1947 
Urethra, 411-413, 412/ 1951-1952 
posterior valves, 1951-1952, 1951/ 

Uric acid, 122 

Uridine diphosphate-glucuronyl transferases, 18 
Urinalysis, 388 
Urinary bladder 
anomalies of, 1949-1951 
augmentation, 1951/ 
exstrophy, 1949/ 
monitoring of pressure, 460 
neck injuries and, 411 
traumatic injuries, 290-293, 409-411 
Urinary fistulas, 778 
Urinary obstruction, 1839-1940 
Urinary retention, 1195 
Urinary stasis, 452 
Urinary tract infections, 142-143 
Urine, 25, 148, 161, 1812 
Urodilatin, 194 
Urogenital diaphragm, 1171 
Urogenital organs, 1135 
Urokinase, 377 

Urokinase plasminogen activator (uPA), 74 

Ursodeoxycholic acid, 548, 720, 1060 

Ursodiol, 908, 1079 

Uterine cancer, 1261 

Uterine leiomyosarcomas, 2029 

Uterine rupture, 453 

Uterus, 452, 1983-1984, 1984/ 

Uveitis, 1059 

V 

V2 selective drugs, 200 
Vaccines, 277, 894. See also Immunizations 
VACTERL association, 1896-1897 
Vacuum-assisted closure (VAC) devices, 66 
Vagal nucleus of the tractus solitrus, 692/ 

Vagina, anomalies, 1955, 1955/ 

Vaginal agenesis, 1955 
Vaginal bleeding, 453 
Vagus nerve (CN X), 368, 666, 807 
Valganciclovir, 519, 563 
Valproate, 547, 900, 1940 
Valve lysis, 1678 
Valve prostheses, 1458-1459 
Valves of Houston, 1130 
Valvulae conniventes, 739 
Valvular heart disease, 1449-1451, 1458-1459, 
1487-1488 

Valvuloplasty, 1792/ 1793 

Van Praagh and Van Praagh classification, 1435, 1435/ 
1436* 

Vancomycin, 136 

Vancomycin-resistant enterococci (VRE), 143, 462-463 

Vancomycin-resistant staphylococci, 462-463 

Vanishing bile duct syndrome, 511, 562-563 

Van’t Hoff equation, 192 

Varicella zoster virus, 899, 900 

Varicies 

bleeding, 918*, 926, 926/ 927 
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esophageal, 918-927, 919/ 
gastric, 927 

in portal hypertension, 917 
rupture, 917* 

Varicocele, 1955 

Vasa recta, 738 

Vascular anastomosis, 497 

Vascular cellular adhesion molecule-1 (VCAM-1), 93 
Vascular diagnostics, 1514-1537 

Vascular endothelial growth factor (VEGF), 66, 271, 757 
Vascular infections, 1556-1558, 1563 
Vascular injuries 
diagnosis of, 414-416 
epidemiology of, 414 
intracavitary, 415 
management, 416-417 
military-specific applications, 421 
operative management, 417-421 
outcomes, 421 

physiologic consequences of, 414 
postoperative management, 421 
soft signs of, 415 
treatment of, 417* 

Vascular malformations, 2071 
Vascular prosthesis infections, 1556-1563, 1558/ 
Vascular rings, 1441-1443, 1442, 1870-1871 
Vascular surgery 
prophylactic antibiotics, 137? 
surgical site infections, 136* 

Vasculitis, pericarditis and, 1507 
Vasoactive intestinal peptide (VIP), 120, 741 
Vasoconstriction, in hypothermia, 477 
Vasoconstrictor agents, 162* 

Vasodilation, 49, 164 

Vasopressin, 163, 926, 1010 

Vasopressin receptor antagonists (VRAs), 200 

Vasopressors, 163 

Vasospasm, 1526, 1528 

V(D)J recombination, 507 

Vecuronium, 239 

Velocity patterns, 1524 

Velpeau hernia, 1194 

Vena cava, 279/ 1760-1761, 1966-1967 

Vena cava filter (VCF), 462 

Veno-occlusive disease, 914-915 

Venom 

production in Duvernoy glands, 467 
of snakes, 467-469, 468*, 469 
spider, 473 
Venospasm, 1794 
Venous catheters, 463 
Venous disease, 1532-1534, 1777-1801 
Venous filling index (VFI), 1533 
Venous flow, 1532 
Venous insufficiency, 64-65 
Venous occlusion plethysmography, 1528 
Venous recovery time (VRT), 1534 
Venous stasis disease, 716 
Venous thrombectomy, 1782 
Venous thromboembolic disease, 462, 1777-1778 
Venous thromboembolism (VTE) 

Caprini risk factor score, 79/ 
forms of, 462 

hypercoaguable states and, 77-78, 77* 

prohylaxis, 80* 

prophylaxis, 303 

risk factors, 77 

standard therapy, 1778-1780 

treatment algorithm, 1779/ 

Venous thrombolic disease, 714-715 
Venous valves, 1793-1795 
Venovenous bypass, 467, 551/ 

Ventilation 

high-frequency and oscillatory, 1821/ 

in infants, 1818 

mechanical 

acute respiratory failure and, 460-461 
alveolar gas volume in, 174/ 
fluid responsiveness and, 169* 
strategies for, 175-176 


in trauma patients, 459-460 
weaning from, 176 
monitors, 252 

Ventilation/perfusion ratio (V/Q), 1818-1819 
Ventilator-associated pneumonia (VAP) 
diagnosis of, 462 
incidence of, 303/ 
physiology of, 462 
posttraumatic, 462-463 
prevention of, 302, 302*, 462 
Ventilatory support, 1820 

Ventricular assist devices (VADs), 1483, 1493-1494 
Ventricular fibrillation, 203 
Ventricular free wall rupture, 1467-1468 
Ventricular pressure tracings, 1511/ 

Ventricular septal defect (VSD), 1427-1429, 1427/ 1467 

Ventriculostomy catheters, 350 

Verbal notes, 7 

Verbal scores, pediatric, 434? 

Verner-Morrison syndrome, 866-867, 867/ 867* 

Verrucous carcinoma, 1154-1155 
Vertebral anomalies, 1897 
Vertebral artery 
anatomy of, 366/ 
color flow image, 1519/ 

Doppler ultrasound, 1518-1519 
neck injuries and, 365-366 
operative approach to, 367/ 
reverse flow, 1519/ 

Vertical mandibular buttress, 357 
Very late antigen 4 (VLA-4), 93 
Very low-density lipoproteins (VEDE), 13, 747 
Vesalius, 147 

Vesicoureteral reflux, 1948-1949, 1948/ 

Vesicourethral system, 1949 
VHL gene, 264 
Vibration syndrome, 1605 

Video-assisted thoracoscopic surgery (VATS), 377, 1879, 1880/ 

Vietnam War, 313 

Villi, small-intestine, 743 

Viperidae family (snakes), 466, 467 

Vipomas, 866-867, 866*, 867/ 867* 

Viral hemorrhagic fever, 487 
Viral infections 
hepatitis, 545-546 
organ donation and, 519 
patient screening for, 594 
posttransplant, 602 
Virchow node, 675, 843 
Virchow triad, 75/ 455 
Virchow’s law, 2069 
Virtual colonoscopy, 282 
Virtual cross-match, 532 
Virtual reality, 228 

VISA. See Staphylococcus spp., vancomycin-intermediate 
Visceral angina, 1640/ 

Visceral arteries, 1529-1532 
Visceral peritoneum, 1200 
Visual notes, 6 
Vital signs, 1825* 

Vitamin A, 40*, 62, 1309 
Vitamin B 1? 747 
Vitamin B 2 , 747-748 
Vitamin B 12 , 40*, 1021 
Vitamin C 

in collagen stabilization, 51/ 
iron absorption and, 745 
nutritional formulae, 461 
requirements, 40* 
transport of, 747 
in wound healing, 62 
Vitamin D 

chronic deficiency, 1310 
conversion to active form, 745 
deficiency, 1311 
intoxication, 1309 
requirements, 40* 
synthesis of, 1308/ 

Vitamin E, 40*, 62-62, 461 
Vitamin K, 40*, 568, 844, 1021 
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Vitamins 

absorption of, 747-748 
requirements, 178-179 
Vitelline duct, 1921 
Vitronectin, 271 

Voiding cystourethrogram (VCUG), 1947, 1948/, 1951/ 
Volume loss, 31 
Volume-pressure curves, 173/ 

Volutrauma, 1820 
Voluven, 197 
Volvulus, 762 
Von Gierke disease, 1931 

Von Hippel-Lindau syndrome, 264, 858-859, 1337, 
1941 

Von Langenbeck palatoplasty, 2068/ 

Von Recklinghausen disease, 785-786 
Von Willibrand factor (vWD), 70, 74, 82 
Voriconazole, 143, 464 

VRSA. See Staphylococcus spp., vancomycin-resistant 
W 

Waiting lists, for transplants, 594-595 
Wakayama syndrome, 812 
Waldemyer ring, 620, 1130 
Wallgraft Endoprosthesis, 419 
Wandering spleen, 1234-1235 
Wangensteen-Rice invertogram, 1897-1898 
Warfarin 

complications of, 84-85 
in elderly patients, 446 
pericarditis and, 1507 
therapeutic use, 78 
for thromboembolic disease, 1779 
Warren splenorenal shunts, 924/ 

Wasp stings, 474 
Water 

absorption of, 744-745 
balance 

evaporation of, 195-196 
sodium concentration and, 193 
water loss and, 195-196 
loss, 195-196, 195* 
retention, 911 

Water moccasins (cottonmouths), 467, 468/ 

Watershed infarcts, 561 
Watershed regions, 419 
Waterston shunt, 1431 
Weight 

energy requirements and, 1807* 
homeostasis, 713 
monitoring, 199 
total body water and, 189 
Wharton duct, 612 
Wharton jelly, 1884 
Whipple procedure, 848 
Whipple triad of hypoglycemia, 817, 1942 
Whipple’s triad, 862 
White blood counts (WBC), 139 
WHO metabolic rate equation, 26* 

Williams syndrome, 1438 
Wilms tumor 
adult, 1967 

associated conditions, 1963-1964, 1963* 
basic science, 1964 
bilateral, 1966 
epidemiology, 1963-1964 
histology, 1965/ 
imaging, 1965/ 
neonatal, 1967 
pathology, 1964 
pediatric patients, 1861-1862 
presentation, 1964-1965 
staging, 1964-1965, 1965* 
treatment, 1965-1966 
venous involvement, 1966-1967 
workup, 1964-1965 
Wilson disease 

acute liver failure and, 899, 900 

cirrhosis and, 906 

copper metabolism and, 19 


liver disease and, 909 
liver transplantation and, 548 
Wireless capsule endoscopy 
in GI bleeding, 1044-1045 
Wiscott-Aldrich syndrome, 1227 
Witzel jejunostomy, 45 
Work, fuel conversion for, 22 
Working memory, 4 
Workplace injuries, 215 
World Health Organization (WHO), 301, 304 
World War 11,313 
Wound care 

of burn injury patients, 219* 
for chronic wounds, 64-65 
facial wounds, 273, 2041 
factors affecting, 272*, 2041* 
negative-pressure, 66 
open wounds, 59 
problem wounds 

evaluation of, 272-273, 2040-2041 
management of, 271-277, 2039-2045 
nonsurgical therapy, 273-274, 2041-2042 
preservation of function, 273, 2041 
preventative treatment of, 273, 2041 
surgical delay, 276/ 2044/ 
surgical therapy, 274-277, 2042-2045 
Wound classification, 134* 

Wound healing, 48-69, 55-57 
factors affecting, 272, 2040 
inflammatory cascade, 58/ 
normal, 48-57 
of open wounds, 57-61 
optimization of, 65-66 
role of edema in, 60 
role of exudates in, 61 
role of oxygen, 59-60 
role of tissue necrosis, 60-61 
schematic, 50/ 51/ 
stem cells in, 69 
systemic factors in, 62-64 
timeline of, 49 
Wounds 

bacterial colonization, 59 
chronic, 64-65 
contraction of, 57 
desiccated, 62 
dressings, 62, 67* 
infections, 1197 
management, 199-200, 199* 
surgical incisions, 61-62 
Wrist joint, 2057/ 

Wyeth-Ayerst Crotadilae Antivenin Polyvenin, 470, 471 
X 

X-rays, 453, 488 
Xanthine, 517 

Xanthine dehydrogenase, 517 
Xanthine oxidase, 517, 517/ 

Xeroderma pigmentosa, 2012 
Ximelagatran, 84, 1780 

Y 

Years of potential life lost (YPLL), 309-310 

Yellow fever, 487 

Yolk sac tumor, 1954-1955 

Yolk stalk, 1921 

Z 

ZAP-70, 102, 102/ 

Zebrafish, 264 
Zinc, 19, 63 

Zollinger classification, 1185* 

Zollinger-Ellison syndrome, 864-866, 1942 
Zona fasciculata, 1325 
Zona glomerulosa, 1325, 1609 
Zona reticularis, 1325 
Zygoma fractures, 357-358 
Zygomycetes, 615 
Zymogen granules, 803, 811 
Zymogens, 747 


